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a b s t r a c t

This research presents a study of visits to farmers' markets, a rapidly growing urban phenomenon in the
U.S., from a geographic perspective. Although the social and economic impacts of farmers' markets have
received considerable attention recently, examining farmers' market access in space-time is still lacking
in the existing analytical frameworks. This study challenges conventional food access measures that have
been primarily focused on the spatial separation between markets and consumers' homes and proposes a
more realistic space-time based strategy. A survey was conducted on twelve markets in Tucson, Arizona.
Analysis results show that majority of market patrons went to a market that was different from the one
nearest to their homes, and the market choice, including the geographic location and the associated
market operating time, was highly affected by patrons' other daily activities. The particular types of
activities combined with farmers' market trips were found to vary temporally and fluctuate based on
patron's employment characteristics. Our study suggests that conventional food access measures should
be used in caution to assess farmers' market access as these measures can lead to an overestimate of the
travel consumers are willing or even able to incur.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Geography of food access represents one of the important
research themes to geographers (Chen & Clark, 2013; Clarke, Eyre,
& Guy, 2002; Dai & Wang, 2011; Horner & Wood, 2014; Lee & Lim,
2009; Leslie, Frankenfeld, & Makara, 2012; McEntee & Agyeman,
2010; Smoyer-Tomic, Spence, & Amrhein, 2006). While uneven
access to various food opportunities and spatial distributions of
food deserts have long been the focus in food access studies, visits
to farmers' markets have recently received considerable attention
(Brown, 2001; Ruelas, Iverson, & Kiekel, 2012; Sanderson, Gertler,
Martz, & Mahabir, 2005; Tong, Ren, & Mack, 2012). In contrast
with conventional grocers, farmers' markets are often non-
continuous but regularly recurring venues, often outdoor, where
local farmers gather to sell their products directly to consumers.
Therefore, suchmarkets tend to provide fresh agricultural products,
serving as important venues for providing locally produced foods
(Gale, 1997; Sanderson et al. 2005; Sommer, Herrick, & Sommer,
1981).

Faced with growing competition from large-scale food
g).
producers and retailers, U.S. farmers' markets underwent a major
decline for much of the twentieth century. Through massive global
food networks, corporations and high yield growers take advantage
of economies of scale to maintain a competitive edge over smaller
operations (Alwitt & Donley, 1997; Gale, 1997; Gandee, Brown, &
D’Souza, 2003; Singh, 1994; Singh, Hiremath, & Comer, 1991).
Today, in most urban settings, supermarkets provide customers
with the option of one-stop shopping nearly any hour of the day.
With a typical food item shipping between 1500 and 3000 miles,
conventional grocers are able to provide a wide variety of produce
without being heavily impacted by growing seasons (Smith &
MacKinnon, 2007). While some characterize this system as effi-
cient (Gale, 1997; Gandee et al. 2003), it involves tremendous waste
and inflated costs due to increases in food volume and intermediary
expenses (Andreatta & Wickliffe, 2002; Gandee et al. 2003; Singh
et al. 1991). Also as food travels further, increased environmental
costs are incurred, freshness and nutritional value of produce are
diminished, and the linkage between individuals and their food is
obscured (Åsebø, Jervell, Lieblein, Svennerud, & Francis, 2007;
Frazier, 2007; Heisley, McGrath, & Sherry, 1991; Kirwan, 2006;
McGrath, Sherry, & Heisley, 1993; Sommer et al. 1981; Wolf,
Spittler, & Ahern, 2005; Zepeda & Li, 2006).

In recent decades, growing environmental awareness on the
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part of consumers together with increasing concerns for ethics and
dietary health have prompted a dramatic rise in availability of
“healthy” food options and direct food markets (Brown,
2003;Hinrichs, 2000; Kirwan, 2006; Schmidt, Kolodinsky, DeSisto
& Conte, 2011). Accordingly, farmers' markets have gained signifi-
cant population in urban neighborhoods and from 1970 to the
present, the number of farmers' markets in the U.S. have climbed
from 340 to more than 8000 (USDA, 2015a). By reconnecting con-
sumers with producers and promoting the consumption of locally
produced goods, the benefits of farmers' markets have been iden-
tified as strengthening local economies, reducing demand on fossil
fuels, increasing access to fresh, nutritious produce, and enhancing
the degree of social interaction in shopping (Capstick, 1982; Carpio
&Wohlgenant, 2006; Díaz-Knauf, Vargas, Aguilar,& Sommer,1992;
Lockeretz, 2001; Lyson, Gillespie, & Hilchey, 1995; Moore, 2006;
Onianwa, Wheelock, & Mojica, 2005; Sanderson et al. 2005;
Sommer et al. 1981; Zepeda & Li, 2006). By selling directly to
local patrons, growers avoid third party distribution and retail
costs, thereby increasing their profit margins and simultaneously
reducing consumer costs (Kirwan, 2006; La Trobe, 2001; Lencucha,
Williams, Capjack, & Gross, 1998). As a result, these markets serve
as crucial venues for small to medium-scale growers who are often
unable to compete in more conventional outlets (Andreatta &
Wickliffe, 2002; Brown, 2002; Kezis, Gwebu, Peavey, & Cheng,
1998; Payne, 2002). When contrasted with conventional grocers,
however, the reduced prices of farmers' market produce may only
be apparent when compared with costs of similar quality, organic
foods.

The same qualities that render farmers' markets practical and
competitive venues for small-scale growers conversely detract
from the accessibility and convenience they afford customers. Due
to the periodic nature of farmers' markets combined with limited
locale means, they are inherently less convenient than most con-
ventional grocers and therefore contend with a unique set of
challenges. Among other various obstacles, limited hours of oper-
ation (due to the constraints imposed on small farming operations
by restricted workforces) at few, discrete locations have been
identified as two major obstacles (Govindasamy et al. 1998). To the
best of our knowledge, no existing studies have considered farmers'
markets' unique spatio-temporal characteristics in evaluating their
accessibility. Further, the ways consumers accommodate markets'
participation in space-time have remained unexplored and less
clear.

This paper examines access to farmers' markets in the context of
their unique space-time characteristics. Comparing with traditional
measures of food access e focusing on a distance from home, we
highlight that food access varies based on markets' operating times
as well as by customer daily travel agenda. This study aims to
investigate how various consumers integrate market participation
into their daily activity programs and how their access to a farmers'
market can be more realistically understood and evaluated in space
and time. In the next section, we provide a review of previous
research on farmers' markets and food access. This is followed by a
description of the study area and survey design. Section 4 analyzed
the types of trips made by farmers' market patrons and how these
vary in space and time. Finally, discussion and conclusions are
provided.

2. Background

Owing to the critical linkage between diet and health, there is a
comprehensive literature on the topic of food access. Where food
access is uneven across socioeconomic lines, similar disparities can
be seen in consumption of healthy foods. Studies such as those by
Power (2004) and Kirkpatrick and Tarasuk (2003) demonstrated
strong correlations between income level and health quality of food
eaten. While it should not be assumed that low levels of con-
sumption always equate to lack of availability (Dibsdall, Lambert,
Bobbin, & Frewer, 2003), studies (Alwitt & Donley, 1997; Ball,
Timperio, & Crawford, 2009; Chung & Myers, 1999; Hendrickson,
Smith, & Eikenberry, 2006) indicated that stores offering greater
selections of products, especially supermarkets, are less likely to be
located in lower income areas. Even in instances where poor and
affluent areas have access to similarly priced items, the variety and
quality of foods may still differ substantially (Alcaly & Klevorick,
1971; Morland, Wing, Diez Roux, & Poole, 2001).

In general, a range of studies noted that socioeconomic status
can pose a critical barrier to healthy food access. Lower socioeco-
nomic status, often assessed using a combination of multiple var-
iables including income, education and occupation, has been found
to be highly correlated with purchases or consumption of less
healthy food (Darmon and Drewnowski 2008; Galobardes,
Morabia, & Bernstein, 2001; Hulshof et al. 1991; Mishra, Ball,
Arbuckle, & Crawford, 2002; Rankin et al. 1998). Research also re-
ported food access disparities among different racial/ethnic groups.
For example, studies showed that racially mixed, predominantly
black or minority neighborhoods have fewer supermarkets or
healthy food stores than predominantly white ones (Block& Kouba,
2006; Moore & Diez-Roux, 2006; Morland & Filomena, 2007; Raja,
Ma, & Yadav, 2008), and such a pattern remained even after the
relevant socioeconomic covariates were controlled for (Powell,
Slater, Mirtcheva, Bao, & Chaloupka, 2007). Other barriers to food
access include language (Jacobus & Jalali, 2011; Kunkel, Mastro,
Ortiz, & McKinley, 2013; Vahabi & Damba, 2013), cultural prefer-
ence (Shaw, 2006; Vahabi & Damba, 2013), gender (Caraher, Dixon,
Lang, & Carr-Hill, 1998; Donkin et al. 1998) and disabilities (Huang,
Rosenberg, Simonovich, & Belza, 2012).

Among others, a substantial body of food access research has
focused on the geographic context by examining the spatial sepa-
ration between markets and consumers' homes given that conve-
nience of market locations has been identified as a critical factor
affecting customer participation (Govindasamy et al. 1998; Huang
et al. 2012; Jack & Blackburn, 1984). Such a proxy has been found
to produce varied results depending on the method of measure-
ment employed (Apparicio, Cloutier, & Shearmur, 2007; Ball et al.
2009; Clarke et al., 2002; Smoyer-Tomic et al. 2006). One com-
mon strategy used in a multitude of studies (Chung &Myers, 1999;
Cotterill & Franklin, 1995; Groom, 1966; Morland et al. 2001)
evaluates accessibility based on a count of markets present within a
defined geographic area (e.g. county, zip code, neighborhood, etc.),
generally dividing markets into types or classes, and then
comparing these numbers with the overall socioeconomic charac-
teristics of the region.

Alternative food accessibility assessment relies upon the travel
distance/time between individual market locations and the resi-
dences of prospective customers (Rose and Richards 2004;
O'Dwyer & Coveney, 2006; von Oppen, Njehia, & Ijaimi, 1997;
Yeager & Gatrell, 2014). In some studies, mode of transportation
has also been incorporated. Kunreuther (1973) demonstrated dif-
ferences in food market selection between low and medium-
income familiesdin part due to the substantial proportion of
low-income families using public transportation or walking, and
the limited availability of public transportation. In another study,
Dai and Wang (2011) found greater spatial accessibility to food
stores in less advantaged socioeconomic neighborhoods in south-
west Mississippi, but concluded these neighborhoods were still at a
disadvantage due to lack of car ownership. Suarez-Balcazar,
Martinez, Cox, and Jayraj (2006) specifically considered mode of
transport to farmers' markets in low-income, predominantly Afri-
caneAmerican Chicago neighborhoods.
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Regardless of the specific metric employed, each of these
traditional food access measures are static and oversimplify the
problem of accessibility by ignoring the space-time constraints
(Kwan & Weber, 2003). This can be especially problematic for
evaluating farmers' markets considering that they have highly
limited availability in space and time. Contrasted with conventional
supermarket chains which operate on a nearly continuous basis
and at more locations, farmers' markets take place periodically
(often recurring on aweekly basis) and are held at limited locations
(Payne, 2002). A market may be inaccessible to a potential
customer despite being located in close proximity to his/her home
if the market's hours of operation do not coincide with times when
that individual is available. Studies that ignore such constraints
unavoidably produce exaggerated estimates of accessibility.

Additionally, traditional food accessibility measures focus solely
on the link between home and market and fail to account for more
individuals' complex daily activity-travel. For example, in reality,
individuals are more likely to reduce overall travel by merging
multiple errands/activities into the same trip (Hanson, 1980;
O'Kelly, 1983; McLafferty & Ghosh, 1987; Thill & Thomas, 1987;
Kwan, 1999; Popkowski Leszczyc & Timmermans, 2001). In this
sense, a market may be highly accessible to an individual regardless
of its distance from the her home, if it happens to fall at a conve-
nient time and place along her normal activity path. For these
reasons any realistic evaluation of food access must take into ac-
count the daily activities and travel patterns of (potential) con-
sumers (Ver Ploeg et al. 2009). Thus far, however, little food access
research has considered these travel characteristics except for a
recent study in Horner andWood (2014) where individuals' activity
patterns were considered in describing individuals' food
environment.

Such food-obtaining travel characteristics are rarely recognized
in examining visits to farmers' markets. Although previous research
has considered employment characteristics of farmers' market
patrons, none has tried to understand patron participation in the
context of space-time constraints. While several studies have
characterized farmers' market customers in terms of employment
status and occupation, none hereto considered the quantity and
schedule of work hours or offered any explanations for observed
employment patterns. For example, Gallons, Toensmeyer, Bacon,
and German (1997) asked respondents to identify their profession
and household income but did not differentiate between part-time
and full-time employees or inquire concerning normal work hours.
Wolf et al. (2005) reported whether market patrons in San Luis
Obispo were employed full-time, part-time, or not at all and
compared this with a sample of residents who did not shop at
farmers' markets. In comparison, fewer farmers' market patrons
were found to be full-time workers (52% vs. 59%) and more were
either employed part-time (19% vs. 17%) or without employment
(29% vs. 24%).

Presently, little research examined the spatial and temporal
structure of food purchasing trips. There is a need to better un-
derstand the types of activities commonly combined with travel to
food markets. In the case of farmers' markets this need is particu-
larly acute, due to their strong spatial and temporal constraints.
Potential customers, including those otherwise disposed to pur-
chasing local products, are easily discouraged or precluded from
participation in cases where the narrowwindows of operation and/
or the location of the farmers' market are inconvenient
(Govndasamy et al. 1998). We would like to note that many factors
can affect farmers' market access, including race and class (Alkon&
McCullen, 2011; Slocum, 2008), but in this study we are more
interested in examining what additional constraints the spatial and
temporal characteristics associated with farmers' markets can pose
to different consumers and howconsumers weavemarket trips into
their daily travel agenda to accommodate these constraints. The
study contributes to a more realistic understanding of the obstacles
that hinder consumer's participation in a farmers' market, which
can be critical because the success of farmers' markets highly de-
pends upon their ability to attract sufficient patronage (Atkinson &
Williams, 1994).

3. Methods

Tucson, Arizona is selected as the setting for this study and is
well-suited due to the increasing emergence of farmers' markets
throughout the city. The city has a diverse demographic profilewith
a high Hispanic population, a large seasonal fluctuation of retirees,
and wide gaps in income and educational attainment. The warm
desert climate allows for farmers' markets, supplied by growers
from Tucson and near-by communities, to operate year-round. Yet
the continuous availability of local foods is not always matched
with adequate demand. Despite the growing number of markets in
the city, many struggle with insufficient patronage. At least five of
the markets that started operating during the past three years were
forced to close and two others have changed locations due to
inadequate sales, thus highlighting the importance of under-
standing the demand distribution in the region and identifying
sites and operating times that are most accessible to prospective
customers.

Our survey was conducted between March and December of
2011. During the survey period, there were approximately sixteen
(16) weekly farmers' markets operating in Tucson with an addi-
tional five to six (5e6) occurring less frequently or held just outside
the city limits. As a general rule, these markets ran for four to five h,
with the most popular window of time (shared by eight of the
markets) being on Saturdays between 8am and 2pm. Tucson's
farmers' markets vary considerably in number of vendors, variety of
goods, prices, atmosphere, and patron volume. Among all the
markets in the city, we were only able to obtain permissions from
twelve. Fig. 1 displays the locations of markets in the Tucson area,
highlighting those ultimately included in the study. St. Phillips
Plaza is the site of two separate markets (held on different days).
Two of these markets have been operating for over a decade and
have loyal customers, while on the other hand four of the markets
only began operating within the past year. Weekly patronage at
these farmers' markets ranges from 75 to 150 at the smaller mar-
kets to 550e750 at two or three of the larger markets.

Despite the omission of several markets, the study sample
represents well a range of variability in terms of geographic loca-
tion andmarket age and size. The DowntownMercado, for instance,
is located downtown outside themain public library just a couple of
blocks from the main bus terminal, and consists of one or two food
vendors (only one of which sells his own fresh produce) and an
additional four to five artisans and jewelers. This market caters to
passing foot traffic and downtown business people on their lunch
breaks. In contrast, the Tucson Farmers' Market at St Philips Plaza,
hosts over 60 different vendors, and attracts over 3000 weekly
customers with an array of produce, processed farm goods, free-
range and grass-fed beef, lamb, and poultry, baked goods and
more. Booths at this market are highly coveted among vendors and
there usually is a long waiting list of applicants.

It is worthy to note that, the Community Food Bank (CFB) in
Tucson, Arizona operated four farmers' markets within the city
limits and one in Marana in low-income neighborhoods to reach
underserved populations. In Arizona, food access is a critical issue
and a great number of families are food insecure and in need of food
assistance. The USDA (2015b) estimated that in 2012 through 2014
about 16.6% of the state population on average benefited from the
federal food assistance program, the supplemental nutrition



Fig. 1. Locations of Tucson area farmers' markets.
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assistance program (SNAP). The CFB works to alleviate problems of
food insecurity and hunger in Southern Arizona partly through
initiatives like the Farmers' Market Nutrition Program (FMNP)
providing vouchers to low-income and minority ethnic pop-
ulations. These vouchers along with WIC (Women, Infants, and
Children) vouchers and food stamps can be redeemed at each of the
CFB markets. Two CFB markets are moderately sized, with about 15
vendors and the other two are smaller, weekly farm stands with
one to three vendors. The most established and successful of the
CFB markets is the Santa Cruz River Farmers' Market, named one of
“America's Top 10 Farmers' Markets” (Eating well, 2007). The Santa
Cruz market changed sites midway through the study providing
two separate locations for analysis. Both locations are displayed in
Fig. 1.

Informationwas obtained by means of a five-page survey which
was generally completed in less than 5 min. The survey was
administered at the selected markets over the course of eight
months. Questions ranged categorically from socioeconomic char-
acteristics (e.g. age, ethnicity, sex, household size, and education)
and employment attributes to shopping behaviors and commuting
patterns. Specifically, participants were asked to disclose their
normal work schedules, commuting times, mode(s) of trans-
portation, food venue preferences, and average amounts of time
and money spent at the farmers' market(s). All survey materials
were provided in both English and Spanish. While it was not
empirically demonstrated, the make-up of survey respondents
appears representative of the overall socioeconomic profile of
market patrons.

The final section of the survey requested the locations of re-
spondents' homes and workspaces (where applicable) as well as
the sites and types of activities patrons participated in immediately
prior to visiting the farmers' market and those they would engage
in immediately after. To protect participant confidentiality these
locations were generalized to the geometric center of the one
square mile city block. Farmers' market locations were not gener-
alized in the same fashion but were treated according to their exact
coordinates.

Without knowing participants exact travel routes, the
assumption was made that all travel followed the shortest route
involving the least travel time. Travel distances and times between
locations were calculated separately for motorists and bicyclists/
pedestrians using Esri's Network Analyst extension (Esri, 2014). We
employed two street networks built on geometrically identical
street layers (including traffic light locations and traffic flow di-
rection) but using different speed limit properties. For those trav-
eling by car, bus or motorbike the network was based on actual
speed limits, whereas all city streets on the bicycle/pedestrian
network were assigned a constant speed of 13 mph. Althoughmore
accurate estimations of bus travel time would require building
additional networks involving bus route information and the
associated schedules, these individuals represent a minority of re-
spondents in this study and car networks have been used to
approximate the travel.

4. Results

4.1. Summary

In total 118 people from twelve different farmers' markets
responded to the survey. We estimated that the number of re-
sponses obtained at a single market varies between 1% and 11% of
the markets' weekly patrons resulting in an overall response rate of
3%. The significant variability of sample sizes between individual
markets renders many comparisons between individual markets
unreliable. Therefore, we grouped the twelve markets into three
categories based on operating times, namely weekday mornings
and early afternoons (8ame2pm), weekday evenings (3pme8pm),
and weekends. A summary of responses from the three groups is
provided in Table 1 and the market distributions by operating time
are mapped in Fig. 2. No differentiation is made between times of
day onweekends because all weekend markets were held between
8am and 2pm.

Regardless of market locations and the demographics of proxi-
mate neighborhoods, customers at Tucson farmers' markets
generally exhibit socioeconomic characteristics similar to those
observed at farmers' markets nation-wide; namely, they tend to be



Table 1
Number of individual farmers' markets and survey respondents in each operating
time category.

Market operating time No. of markets No. of responses

Weekday mornings and early afternoons 4 (33%) 39 (33%)
Weekday evenings 2 (17%) 25 (21%)
Weekends 6 (50%) 54 (46%)
Total 12 (100%) 118 (100%)

J. Mack, D. Tong / Applied Geography 63 (2015) 43e54 47
Caucasian and well-educated (Adrian & Vitelli, 1982; Brown, 2002,
2003; Capstick, 1982; Carpio & Wohlgenant, 2006; Gandee et al.
2003; Mukiibi, Bukenya, Molnar, Siaway, & Rigdon, 2006;
Onianwa et al. 2005; Payne, 2002; Sanderson et al. 2005). Most
respondents were found to be non-HispanicWhite (77%) and had at
least some college education (88%). A similar demographic profile
(70% non-Hispanic White) was also observed at the two CFB mar-
kets included in this study. In contrast to studies such as those by
Govindasamy et al. (1998) and Kezis et al. (1998) who highlighted a
majority of farmers' market customers between the ages of 35e54
and 45e54 respectively, the predominant age of customers in this
study is split evenly between 25 and 34 years (27%) and 55e64
years old (also 27%).

Among all the 118 respondents, 99 participants provided infor-
mation on their activities and the associated locations necessary for
analyzing their travel patterns. Out of these 99 individuals, 58%
traveled to a farmers' market by means of personal automobile or
motorbike, 24% on bicycle,10% on foot and 6% by bus.We found that
transportation to farmers markets is significantly less dependent
on personal cars than that to a general food store. An analysis of the
Tucson 2008e2009 NHTS (national household travel survey) add-
on survey indicated that over 90% of respondents used personal
cars for general food access. Compared with the study in Suarez-
Balcazar et al. (2006) where three fourths of the total 64 partici-
pants used a car and about one fourth walked or employed public
transportation for farmers' market visits in Chicago, market patrons
in Tucson display a much greater propensity for traveling by bike.
Considering the differences in layout and infrastructure (including
Fig. 2. Farmers' marke
relatively limited availability of public transportation and more
bike friendly streets in Tucson), these differences are not surprising.

Among all the survey responds, about 25% reported not having
any paid employment (including retirees, students without jobs
and individuals actively seeking employment), which is nearly half
the amount expected considering these groups constitute approx-
imately 47% of Tucson residents (2011 ACS estimate, US Census
Bureau). In contrast, previous studies such as those by Kezis et al.
(1998) and Wolf et al. (2005), observed greater proportions of un-
employed and part-time employed individuals participating in
farmers' markets. It is unclear whether this divergence can be
explained by differences in the study areas, the periods of time
when the studies were conducted, or some other variable/combi-
nation of variables. The remaining participants are 39% part-time
employed and 36% full-time workers.

Among the reasons cited by patrons for choosing to attend a
particular market, convenience of location was the most prevalent
(67% overall). This is especially true of respondents who attended
weekday evening markets (76%). Other common motivations
include convenience of time (25%), awareness (25%) and product
quality (20%). These motivations are followed by social atmosphere
(18%) and product variety (11%). Type of payment accepted was
only named by 4% of respondents. An additional 6% of patrons
named “other” motivators such as the presence of specific vendors
and products or a market setting coinciding with the community
supported agriculture pick-up location.

In disclosing how much time one generally spent at a farmers'
market, an equal proportion of patrons reported spending between
15 and 29 min or between ½ hour and 1 h (33% respectively), while
19% spent less than 15 min. Those who spent the least amount of
time were customers of weekday morning/afternoon markets. In
terms of money spent, overall 43% of respondents purchased be-
tween $16e$25 worth of products, followed by 25% who spent
between $6e$15 and 17%who spent $26e$50. In general, we found
that weekend market visitors tend to spend more than weekday
visitors: about 31% of patrons spent greater than $25 at weekend
markets comparing with that of 14% at weekday markets. A weak
but significant correlation (r ¼ .29, p-value ¼ .002) was found
t operating times.
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between the time patrons spent at a farmers' market and the
amount of money they spent.
4.2. Characteristics of farmers' market trips

Overall, 58% of trips to farmers' markets originated at home and
64% concluded at home with a total of 82% either started or ended
at home. Such findings appear to support the use of proximity from
home as a suitable measure of access to a farmers' market. But
these statistics conceal the full range of travel patterns associated
with farmers' market patrons. A further investigation found that
the majority of the patrons (65%) visited markets that are different
from the one nearest to their homes. Such trips accounted for about
61% of weekend market visits and 78% of weekday market visits.
The average estimated travel time between respondents' homes
and themarket they attendedwas 13mine nearly 5minmore than
the 8 min estimated travel time between their homes and the
closest farmers' market.

The fact that people do not necessarily visit the market nearest
to their home can be partially explained by the observation that in
the attempt to minimize their travel people tend to combine
multiple activities into a single trip (Kwan, 1999; O'Kelly, 1983). As
mentioned previously, people often need to conduct various ac-
tivities at different places throughout a day. A farmers' market visit
might bemore convenient on theway to, during, or back from these
activities. For example, the survey results indicate that only about
40% of market visits occurred as single-purpose trips originating
and ending at home. Thus a significant amount of farmers' market
trips occurred in connection with other errands and activities.

To further examine the multi-stop trip characteristics associated
with a farmers' market visit, we introduce the calculation of addi-
tional travel due to the farmers' market visit. For each respondent i,
two travel times were first estimated: Ti, the total travel time from
the respondent's preceding activity (A) to the subsequent activity
(B) with a stop at the farmers' market (F), and T

0
i , the travel time

between A and B assuming no stopping at the farmers' market. The
difference of the two travel times, Tf

i ¼ Ti � T
0
i , is considered the

additional travel time individual i traveled out of theway of his base
route in order to attend the market. Fig. 3 provides an example of
how additional travel is calculated where T

0
i is shown in a dashed

line, and Ti is illustrated in a solid line. In this example, the route Ti
is 20 min and T

0
i is 15 min with the additional travel 5 min. The

overall travel time Th
i for a single-purpose trip with home as both

the origin and destinationwas also evaluated for each respondent i.
The average additional travel time (Tf

i ) for survey respondents was
10.6 min, about half the average travel time of 20 min (Th

i ) that is
home-based and single-purpose. Note that for thosewho have their
visits originating and ending at home, Th

i � Tfi is zero. The paired t
test Th

i � Tf
i revealed a significant difference between both travel

times, highlighting that accessibility measures based solely on
distance from home can exaggerate how far patrons are willing to
travel.

An analysis of pre-market and post-market activity matrix
(Table 2) indicates that second to home-linked visits, patrons tend
A

F

B

T = 20 min

T' = 15 min

Fig. 3. Illustration of the additional travel time calculation.
to combine farmers' market visits with other shopping or with
work. For example, 23% of patrons combined their trips to a
farmers' market with other shopping (no differentiation was made
between food, clothing or other types of shopping), the majority of
which either made the farmers' market their first stop after leaving
home (9%), or their last stop before returning home (8%). An
additional 15% visited a market in conjunction with work (either
during their lunch break or as part of their commute). About 10%
respondents combined recreational activities with market visits,
and 8% reported engaging in social or family activities immediately
before or after attending a market.

Trips linked to farmers' market visits also vary based on market
time (weekday morning/afternoon, weekday evening or weekend)
as well as the employment status of a customer. Fig. 4(a) mapped
the additional travel time involved in a farmers' market visit for
people of different employment status considering market opera-
tion times. In general, unemployed and part-time workers exhibi-
ted a similar travel patterns: their additional travel tends to be
longer for visiting markets that operate during weekday mornings/
afternoons and weekends than weekday evenings. Comparatively,
full-timeworkers demonstrated a consistency in spending a similar
amount of additional time traveling to a farmer's market during
different time periods, with a slightly less amount for weekend
market visits. Dividing the additional travel time by the total travel
time involved in the entire trip, Fig. 4(b) maps the proportion of
overall travel dedicated to farmers' market visits. The figure shows
that comparing with unemployed and part-time workers, full-time
workers travel the least out of their way to a farmers' market
among all the time windows. Weekday evenings are the time that
the three groups all spent the least amount of additional time on a
market visit.

Fig. 5 illustrates the employment status distribution during each
of the three operating time windows. Among the 118 respondents,
42 were found to be full-time workers, 46 part-time workers and
30 unemployed or retired people. By comparing the percentages of
observed patrons (solid lines) with the expected (dashed lines)
assuming that patrons have no market time preference, Fig. 5 in-
dicates a significant variation in consumers' market time prefer-
ence. While part-time employed patrons favored weekend
markets, full-time workers preferred both weekday evenings and
weekend markets. Although part-time and full-time workers
showed the least interest in visiting the weekday morning/after-
noon markets, unemployed patrons showed a noticeable prefer-
ence for visiting weekday morning/afternoon markets. A detailed
discussion of effects of market operating times is provided in the
following section.

4.3. Effects of operating times

The previous analysis depicted a general effect of market oper-
ating times on various patrons. In the following session, we will
examine in detail how travel and the types of activities linked with
farmers' market visits fluctuate based on market operating times
when patrons have various levels of space-time constraints. For
each of the three market categories, we summarized the prior and
post market activities based on four groups, homeehome,
workework, and work-home (work-home trips include trips from
work to home as well as home to work), which account for 79% of
all the prior and post market activity combinations.

4.3.1. Weekday morning/afternoon markets
Fig. 6(a) can be used to help explainwhy among all employment

groupsmore additional travel is incurred duringweekdaymorning/
afternoon trips than any other times as depicted in Fig. 4(a).
Fig. 6(a) shows that a larger proportion of single-purpose trips



Table 2
Pre-market and post-market activity matrix.

Post-market activity

Home Work or school Recreation Shopping/errands Social or family Other

Pre-market activity Home 41% 3% 2% 9% 1% 1%
Work or school 6% 6% 1%
Recreation 6% 2%
Shopping/errands 8% 5%
Social or family 2% 1% 1% 2%
Other 2%

J. Mack, D. Tong / Applied Geography 63 (2015) 43e54 49
(homeehome, workework activity combination) occur within this
timeframe. Expectedly, these single-purpose trips are mainly made
by respondents who do not work (also see Fig. 5); whereas in-
dividuals with full-time employment generally have less flexibility
in the morning prior to work (over 95% respondents work Mon-Fri
between 8am and 5pm or 9ame6pm). On the other hand, 45% of
weekday morning/afternoon patrons with full-time employment
travelled to a market directly from work and returned without
combining any other errands or activities. In many cases these trips
occurred during patron's lunch breaks when they had limited time
for further activities. The limited time available to patrons during
this time period is also reflected in the brevity of their stay at the
markets. In the survey, one third of respondents from weekday
morning/afternoon markets reported spending less than 15 min at
the market (compared with 12% at weekday evening markets and
11% at weekend markets).

Not all farmers' market trips during weekday mornings/after-
noons are single-purpose. There is a notable peak in market trips
combined with other shopping among both full-time and part-time
employed customers (see Fig. 6(a)). Compared with the average
additional travel time for all survey respondents (13 min), the
average additional travel time for trips combined with other
shopping (23 trips total) is only 7 min. This demonstrates that
during the weekday morning/afternoon time frame, customers
incline to arrange shopping activities along routes that minimize
overall travel more.
Fig. 5. Attendance percentages by market operating times.
4.3.2. Weekday evening markets
On average, respondents who attended weekday evening mar-

kets traveled between eight and ten (8e10) minutes out of their
Fig. 4. Additional travel out of consu
way. Weekday evenings are the times when many individuals are
commuting home from work. For example, of the customers at
weekday evening farmers' markets, 62% of full-time and 33% of
part-time workers visited the market on their way home from
work. Overall, people visiting a market as part of their commute
gained an average of only 3.6 additional minutes to their travel (and
specifically 2.6 min for the commute home from work), making
them the most efficient consumers in arranging market visits along
their routes. In addition, such customers did not participate in any
other activities during the evening. Many factors may contribute to
the least travel commuters are willing to incur, including fatigue
mers' way to a farmers' market.



Fig. 6. Common trip combinations of farmers' market visits by market operating times.
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fromwork day, traffic congestion and eagerness to return home (to
prepare and eat dinner, fulfill family obligations, relax, etc.).

Weekday evening travel is also influenced by other forms of trip
chaining (combining the market visit with other shopping, recre-
ational and social activities) which together account for another
43% of visits by unemployed and part-time employed individuals.
Although weekday evening patrons travelled the shortest distance
out of their way to attend farmers' markets, the entire trips that
full-time employed patrons traveled between prior activity,
farmers' market and post activity on weekday evenings are nearly
ten (10) minutes more than they did during other market operating
times. Thus, full-time workers' visits to evening markets are com-
bined with longer trips (frequently the commute home from work
as mentioned early) but incur the least deviation from the base
travel route.

4.3.3. Weekend markets
Interestingly, although majority respondents do not work dur-

ing weekends, travel toweekend farmers' markets differs markedly
between patrons with full-time jobs and those with part-time or no
employment. As we noticed in Fig. 4(a) that for customers in the
latter two categories, additional travel on weekends is greater than
weekday evenings but less thanweekdaymornings and afternoons,
whereas weekends are the category of shortest additional travel
time among full-time employees. Some understanding of these
trends can be obtained through a further analysis of trip-chaining
behaviors.

The combination of farmers' market trips with other shopping,
recreational and social activities was much more prevalent on
weekends than during the week. In conjunction with trips to
weekend farmers' markets, those who work full- or part-time
tended to conduct other shopping/errands on the same trip,
while unemployed or retired individuals more frequently com-
bined market visits with recreational activities. We also found that
although a much greater proportion of unemployed or retired pa-
trons linked market visits with recreation, the majority of these did
so prior to attending the market. Regardless of employment status,
about 62% of weekend patrons returned home directly after the
market visit.

Differences in travel time may also be a result of the types of
activities combined with market visits. For example, individuals
appear more willing to travel long distances for recreational or
social enjoyment than they do when shopping or running errands.
Since a greater proportion of unemployed and retired patrons
combined farmers' market visits with recreational activities
whereas employed customers linked their trips more frequently
with shopping, this would contribute to the discrepancies in their
additional travel times as observed in Fig. 4.

4.4. Motivations of farmers' market trips

The motivations behind each individual's choice to visit a
particular farmers' market also have a perceivable influence on
travel characteristics. A summary of motivations and the additional
travel time associated with each is shown in Table 3. Considering
the possibility of two equally important motivations, respondents
were allowed to select up to two motivations. Contrasted with an
overall additional travel time of 12.9 min, different motivations can
be seen to either limit or extend the amount of extra travel patrons
are willing to incur. The most common reason identified for
choosing a particular market was convenience of location, followed
by convenience of operating time and awareness of available
markets. Convenience of location was associated with the shortest
amount of additional travel (10.6min). This is followed by variety of
goods (11.9 added minutes), which is reasonable as 75% of those
who named product variety also cited convenience of location.

Full-time employees, who constitute roughly 36% of total survey
respondents, were the most apt to weight convenience of location
as an important factor when selecting a market (nearly 80%). In
comparison, 67% of part-time workers and 50% of unemployed or
retired customers identified locational convenience as an impor-
tant deciding factor. Customers whose choice of market was based
on convenience of operating time (26% of full-time patrons, 24% of
part-time and 27% of unemployed or retired) traveled an average of
14.2 additional minutes, slightly longer than the overall average of
12.9 min. This indicates that when choosing convenient market
times, consumers were willing to travel longer distance.

Patrons whose choice of market is also influenced by market
awareness and those motivated by awareness of a market traveled
the furthest out of their way to attend. In cases where a market is
selected based on an individual's limited awareness, other famers'
markets may operate at more convenient times and/or locations
but be unknown to the customer. Therefore, longer additional
travel times in this category may result from individuals failing to
attend the most conveniently located market. Fig. 7 illustrates a
single purpose trip originating and ending at home wherein a pa-
tron bypasses five closer (and presumably unknown) markets in



Table 3
Expressed motivations for farmers' market visits. Respondents were allowed to select up to two motivations.

Motivation No. of responses Avg. additional travel time (min)

Convenience of location 70 10.6
Convenience of time 27 14.2
Quality and freshness of products 21 12.0
Variety of goods 13 11.9
Social atmosphere/familiarity 19 13.6
Awareness 26 16.4
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order to attend the one he is familiar with. As noted, high additional
travel times were also observed among patrons motivated by a
market's social atmosphere or their familiarity with vendors and/or
patrons at a particular market. It is possible these increased travel
times reflect a greater willingness to travel for social enjoyment
than for purchasing food alone.

5. Discussion

Farmers' markets represent a unique case of accessibility mea-
surement due to their periodic operating hours and sparse loca-
tions. Our study indicated that food access evaluated based on
home referencemay lead to an overestimate of the amount of travel
people incur. It is common for individuals to reduce their overall
travel by combining multiple activities into the same trip. Based on
the survey, we found that nearly 60% of farmers' market visits were
combined with other activities or originated from non-home places
and 65% of patrons attended a market that was different from the
one nearest to home. Given this, conventional food access measures
based on distances fromhome do not provide a realistic assessment
of access or convenience. Our study highlights the important role of
space-time constraints in food access assessment and underlines
the need for more realistic evaluation of access to farmers' markets.

Our results indicate that choices of when and where to attend
farmers' markets are limited by individuals' space-time constraints
as well as by market's space-time availability and motivations of
Fig. 7. A trip made to a farmers' market bypassing closer
prospective customers. Employment status was highlighted in this
study as one space-time constraint variable which greatly affects
the types of trips individuals make during different time windows.
Patrons with full-time employment combine their trips to farmers'
markets with other activities (generally the work-home commute
or shopping/errands) more efficiently than those who work less
than full time. Unemployed or retired people travel furthest out of
their way on farmers' market visits and usually travel either as a
single purpose trip from home or in conjunction with recreational
or social activities.

Patrons of Tucson area farmers' markets demonstrated clear
temporal patterns in the types of activities they combined with
farmers' market visits as well as the additional travel time associ-
ated with these visits. On weekday mornings/afternoons, unem-
ployed customers often travel to markets as single-purpose trips
from home. By contrast, in addition tomore prevalent work-related
trips, part-time and full-time employed customers more frequently
accomplish additional shopping while traveling to a farmers'
market. Patrons generally incur the least additional travel when
attending weekday evening markets, however, those with full-time
jobs travel even less out of their way on weekends. Such imple-
mentations may be a product of greater time constraints of full-
time workers during the week and a heightened desire to
conserve as much free time as possible. Individuals with part-time
or no employment were found to participate in many different
activities in conjunction with weekday evening markets.
markets potentially due to the patron's unawareness.
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We also found that themotivations behind one's choice to attend
a particular market also have perceivable impacts on the amount of
additional travel the patron is willing to incur. On average, people
who selected a market based on the convenience of the location
traveled slightly less than those motivated by convenience of
operating time. Patrons who cited “awareness” of market options
travel furthest. As illustrated in Fig. 7, even in cases where a good
match between market and patron exist (based on convenience of
location, convenience of time, and proper motivation on the part of
the prospective customer) individuals will forego attending the
farmers' market if they do not know it is an option. In the city,
currently advertising for farmers' markets is minimal and people
often rely on word of mouth or chance encounters, such as driving
past a market while running errands, to learnwhen andwhere they
are held. Increased promotion of farmers' markets through effective
advertising could improve public awareness of farmers' markets
and thereby increase the pool of potential customers.

Mode of transportation, although not a central focus of this
study, is a critical component in determining individual's access to a
market. Of the twelve markets included in the study, only three had
patrons who traveled to the market by means of public trans-
portation. A closer examination of market and bus stop locations
revealed these three particular markets to be in closer proximity to
bus stops than all other study markets (Fig. 8). When a search
radius of 200 m was applied to each market site, ten markets were
identified as having at least one bus stop in the search range,
however, reducing the search radius to 50 m (which may be more
realistic considering people may not walk as far with groceries)
narrowed the results to just four farmers' markets. While there
appears to be a coherent link between market proximity to bus
stops and bus rider patronage, future research should be done to
investigate travel time thresholds based on different modes of
transportation. Notably, three of the four market sites highlighted
as most accessible to bus riders are operated by the Tucson Com-
munity Food Bank.

Farmers' markets operated by the Food Bank are unique in their
purpose of enhancing nutrition and food security among under-
served, low income populations. Of the four food bank markets,
Fig. 8. Map of farmers' marke
two were included in the study, the Santa Cruz River Farmers'
Market and the Community Food Bankmarket. The degree towhich
food bank markets succeed in reaching low-income populations
cannot be directly measured as no income questions were included
in the survey, however, some assessment can be made of these
markets' success in reaching minority ethnic populations.
Compared with all other markets, patrons at food bank markets are
slightly more ethnically diverse. For example, 14% of patrons at food
bank markets (compared with 9.5% at all remaining markets)
identified themselves as Hispanic/Latino and more customers rode
the bus to food bank markets (9% versus 4%).

6. Conclusions

This study provides an important case study of the space-time
constraints affecting all forms of service provision and activity
planning. Static measures of accessibility (such as travel time from
home) are shown to overestimate the amount of travel individuals
are willing or even able to incur for visiting farmers' markets.
Additional travel time is presented in this study as a preferable
alternative to distance from home as it accounts for the tendency
people have to cluster multiple activities into a single trip. The
types of activities combined with trips to farmers' markets and the
amount of additional travel time incurred vary temporally
throughout the week and fluctuate based on patron employment
characteristics.

These findings have significant implications for future farmers'
market planning. Communication with local farmers and market
managers in Tucson revealed several less successful markets which
were seeking to relocate in hopes of increasing business. Addi-
tionally, on an ongoing basis the Tucson Community Food Bank
opens new markets and farm stands with the aim of promoting
health and nutrition among underserved populations. In both of
these common scenarios, properly evaluating the accessibility to
prospective market locations (either in general or to a specific
target population) is essential to their success. In the past, many
such evaluations have either been absent or have been limited to
informal, heuristic approximations, yet this study clearly
t proximity to bus stops.
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demonstrates convenience of market location and operating hours
are the key determinants of participation.

When specific populations are targeted, efforts should be made
to configure markets conveniently within that population's shared
activity spaces, and to select operating times which are most
compatible with individuals' travel schedules. While market trips
are frequently linked to home, less emphasis should be placed on
minimizing distance from home. Instead, market operators, public
health and nutrition officials, city planners and others who are
responsible for siting farmers' markets should evaluate accessibility
in space-time; this will require a better understanding of the types
of trips commonly associated with farmers' market visits during
different windows of time. Patrons with full-time employment, for
example, are most likely to attend weekend farmers' markets, and
to do so in conjunction with other shopping/errands, or else on
weekday evenings as part of their work-to-home commute. For this
population it would be best to configure markets in proximity to
weekend shopping hubs or on the major commuting O-D routes in
the city.

While the findings of this study are specific to patrons of
farmers' markets in Tucson, Arizona, the methods outlined have
direct application to other locations and types of service providers.
Through gaining a more realistic understanding of how the
behavior and availability of potential participants fluctuate in space
and time, marketing and allocation strategies can better address
issues of convenience and accessibility. Future research in this area
will be directed toward developing more detailed models of indi-
vidual activity patterns and trip formations.
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