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Farm resilience during the COVID-19 pandemic: The case of California 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• We surveyed 364 direct market farmers 
in California to assess their resilience to 
the COVID-19 pandemic in 2020. 

• Farmers that increased their use of on-
line sales and marketing were more 
resilient to the impacts of the pandemic. 

• Farmers with larger-scale farms and 
more on-farm crop and livestock di-
versity were also more resilient. 

• Greater use of non-direct-to-consumer 
market channels (e.g., wholesale) was 
associated with less resilience to the 
pandemic. 

• Policies and programs can help direct 
market farmers, especially direct-to- 
consumer farmers, strengthen resilience 
to crises.  

A R T I C L E  I N F O   
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic caused significant shocks to U.S. food systems at multiple scales. While 
disturbances to long-distance supply chains received substantial attention in national media, local supply chains 
experienced mixed impacts. As broad closures of schools, restaurants, and other businesses sourcing from local 
farmers removed key marketing channels for many direct market farmers, consumer interest in Community 
Supported Agriculture (CSA), farmers markets, and on-farm and online direct farm sales increased. 
OBJECTIVE: In this paper, we examine the resilience and vulnerability of farmers during the March 2020 through 
December 2020 period of the COVID-19 pandemic. We focus on California farmers and ranchers engaged in 
direct market sales. 
METHODS: Through a widely disseminated survey, we collected responses from 364 farmers and used these data 
to answer the following questions about direct market farmers in California: 1) What were direct market farmers' 
experiences of the pandemic from March 2020 through December 2020? 2) Which factors (e.g., relationships, 
institutions, market channels) did farmers report enhanced their resilience during the pandemic? 3) Which 
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individual and operational factors were significantly associated with resilience during the pandemic? And finally, 
4) how do the farmer-reported factors compare to the statistically significant factors associated with resilience? 
We created three dependent variables—ability to respond to the pandemic, concern about pandemic impacts, 
and change in profitability—to operationalize several aspects of resilience and examine their association with 
individual and operational characteristics through a series of ordered logistic regression models. 
RESULTS AND CONCLUSIONS: Across both the quantitative models and the farmer reported factors, we found 
that farmers who increased their use of online sales and marketing during the first year of the pandemic, had 
larger-scale farms, and had more on-farm crop and livestock diversity were more resilient to the shocks of the 
pandemic. We also found that greater use of non-direct-to-consumer market channels was associated with less 
resilience. The characteristics of the farming operations played a relatively larger role in predicting resilience 
compared to the individual characteristics of the farmers surveyed. 
SIGNIFICANCE: This study gives a detailed picture of how California direct market farmers fared during the 
pandemic and the characteristics associated with greater resilience. As short and long-term disruptions become 
increasingly common in agriculture, policies and programs can leverage support to direct market farmers, 
particularly direct-to-consumer farmers, as a strategy to strengthen farmer resilience.   

1. Introduction 

In 2020, as a result of worldwide shutdowns and restrictions put in 
place to control the spread of the COVID-19 pandemic, the global food 
system began experiencing a myriad of unprecedented shocks in the U.S. 
with uncertain long term repercussions (Darnhofer, 2020; Johansson 
et al., 2020; Weersink et al., 2021). The numerous pandemic-related 
disruptions exposed vulnerabilities in the food system, particularly the 
fragility of the industrialized agricultural and concentrated food pro-
cessing systems that underpin much of global food production (Altieri 
and Nicholls, 2020; Montenegro de Wit, 2021; Robinson et al., 2021). 
The uncertainties about the stability of global supply chains during the 
onset of the pandemic also led to an apparent shift in consumer pref-
erence for locally-and regionally produced food (Hiller, 2020; Peyton, 
2020). 

Concerns over personal health, food safety, and food availability 
motivated consumer interest in receiving food directly to their door or 
neighborhood to lessen their risk of COVID-19 exposure (Danovich, 
2020a; Pretty, 2020). Farmers and ranchers (hereafter collectively 
referred to as “farmers”) that used direct market channels, which we 
refer to as direct market farmers, were well poised to reap the benefits of 
this shift in demand. Direct market farmers sell their products without 
intervening brokers, buyers, or distributers, either directly to the final 
consumers (e.g., through farmers' markets, Community Supported 
Agriculture subscriptions, or farm stands), or through direct sales to 
businesses and institutions (e.g., restaurants, grocery stores, schools, 
hospitals) (Low et al., 2015; UC SAREP, 2017; USDA NASS, 2016). 

In the Northern Hemisphere spring of 2020, as shelves went empty in 
grocery stores, many direct market farmers involved in their local and 
regional food systems were able to pivot to new market channels by 
leveraging established relationships in local food supply chains (Thil-
many et al., 2020). Community Supported Agriculture (CSA) member-
ships saw significant expansions in enrollment (Bachman et al., 2021; 
Danovich, 2020b; Ricker, 2020; Thilmany et al., 2020). Many direct 
market producers also turned to the internet to sell their products to 
reach this growing customer base (Lamb, 2020; Meuwissen et al., 2021; 
Schreiber et al., 2022; Thilmany et al., 2020; Weersink et al., 2021). 
Online food sales reached records heights in the early months of the 
pandemic (Fairhurst, 2020; Wiggers, 2020). These shifts appeared to 
build on trends documented by the U.S. Department of Agriculture's 
(USDA) Economic Research Service, which noted a 35% increase in sales 
through direct market channels from 2019 to 2020 (Whitt et al., 2021). 

While some direct market farmers experienced increased demand, 
supply chain dynamics also introduced new challenges that may have 
left direct market farmers vulnerable to the disruptions of the pandemic. 
Prior to the pandemic, direct market farmers were already challenged by 

the increasingly centralized power of agribusiness and food processing 
companies (Holt-Giménez and Altieri, 2013; Horst and Marion, 2019; 
Patel, 2013) and economic hardships from competing with large-scale 
industrial agriculture (Akram-Lodhi and Kay, 2010a, 2010b; Galt, 
2013; van der Ploeg, 2018). While direct market farmers may have 
benefited from a nimble ability to pivot to new market channels, such as 
shifting to online sales, these changes also complicated operational lo-
gistics, adding to administrative workloads (Bachman et al., 2021). 
Social distancing also added new challenges for direct market farmers, 
particularly those who sold through farmers markets, where some pro-
ducers saw significant reductions in sales, funding, and access to casual 
workers (O'Hara et al., 2021; Taylor et al., 2021). Small and medium 
scale producers and socially disadvantaged farmers were also less likely 
to receive federal pandemic aid (Rappeport, 2022; USDA FSA, 2021), 
deepening pre-existing inequities between these farm types and large- 
scale agriculture. 

Research is still emerging about how the pandemic affected and 
continues to affect direct market farmers in various global contexts, so it 
will take time to have a robust picture of how farmers have fared during 
this global crisis. Though some have argued that the U.S. food sector 
largely returned to “normal or near-normal” operations by the end of 
2020 (Weersink et al., 2021, p. 2), questions remain about how actors 
throughout the food system coped, and what factors enabled some 
producers to remain resilient throughout the first year of the pandemic. 

Direct market farmers have much potential to contribute to food 
production during economic shocks such as those experienced during 
the pandemic, and may play an increasingly important role in food 
production in coming years. Direct market farmers can help support 
sustainable agriculture through increased farmer profits, support for 
local economies, and by providing higher quality products to consumers 
(UC SAREP, 2017). Their experience during the pandemic is thus 
important to examine to understand how to support and encourage their 
resilience. 

California is a uniquely important state to examine direct market 
farmers in this context. California is the largest producer of agricultural 
products (crops and livestock) in the U.S. (USDA ERS, 2021) and has the 
highest percentage of direct market sales in the country, accounting for 
about a third of the U.S. total (USDA NASS, 2016). Yet, despite Cal-
ifornia's prominence in agricultural production and its robust direct 
markets, the pandemic's disruptions deeply affected agricultural supply 
chains and producers, causing an estimated direct impact on California 
agriculture of between $5.9 and $8.6 billion in 2020 (ERA Economics, 
2020). Given these factors, California provides an important case study 
to understand how U.S. direct market farmers fared during the COVID- 
19 pandemic. 

To this end, we asked the following questions about direct market 
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farmers in California: 1) What were direct market farmers' experiences 
during the first year of the COVID-19 pandemic (March 2020 through 
December 2020)? 2) Which factors (e.g., relationships, institutions, 
market channels) did farmers report enhanced their resilience? 3) Which 
individual and operational factors were significantly associated with 
resilience during the pandemic? And finally, 4) how do farmer-reported 
factors compare to the statistically significant factors associated with 
resilience? We focused on direct market farmers (those who sell directly 
to consumers and directly to businesses and institutions, such as res-
taurants, schools, or hospitals) rather than solely those who use direct- 
to-consumer market channels (e.g., farmers markets, CSAs, farm 
stands), because we wanted to track how farmers fared who sold 
through a variety of market channels as a result of the pandemic's social 
distancing restrictions and subsequent economic stresses. 

Multiple frameworks exist to understand resilience and vulnerability 
in modern agri-food systems, and to contextualize farmers' ability to 
respond to both short- and long-term disruptions (Cabell and Oelofse, 
2012; Darnhofer, 2014). Vulnerability, resilience, and adaptive capacity 
are interrelated and often contested concepts used in these frameworks 
(Gallopín, 2006; Petersen-Rockney et al., 2021), and they describe both 
the susceptibility of a farm system to disruptions, as well as its ability to 
respond (Petersen-Rockney et al., 2021). Farm resilience addresses as-
pects of vulnerability, sensitivity, and exposure, with particular focus on 
a farm's ability to respond to internal and external stresses (Tittonell 
et al., 2021). 

In this paper, we understand resilient farmers as those able to 
“integrate and balance” three capabilities: 1) respond to short term 
stresses through coping or “buffering” capabilities (Darnhofer, 2014, p. 
467); 2) respond to longer-term or larger scale stress through “adaptive” 
capabilities (p. 468), and 3) transform their operations to address major 
stresses (e.g., climate change) (p. 468). All three of these capabilities can 
help farmers respond to sudden shocks and unexpected events 
(Darnhofer, 2014; Darnhofer et al., 2010), such as a wildfire or the ef-
fects of the COVID-19 pandemic. Given the shorter time scale of the first 
ten months of the pandemic (compared to long-term adaptation required 
by climate change), in this paper we focus on farmers' coping and 
adaptive capabilities. 

Our study adds to a developing body of literature on the impacts of 
the COVID-19 pandemic by focusing on the experiences and responses of 
direct market farmers in California. The highly disruptive first year of 
the pandemic offers an unparalleled opportunity to examine the resil-
ience of farmers and their operations. Bringing our data into dialogue 
with previous studies on direct market farming can help identify ap-
proaches to support transitions to more resilient and equitable food 
systems that are capable of withstanding future shocks and disasters. 

1.1. Study site overview 

California had 70,521 farmers in 2017 and is the state with the 
highest value of agricultural goods production in the United States, 
worth $45.1 billion in 2017 (USDA NASS, 2017a). Despite being a 
powerhouse of industrial and export-oriented agriculture that feeds into 
national and international food systems, as noted above, California also 
accounts for nearly a third of all direct market sales in the U.S. (USDA 
NASS, 2016). In 2017, direct marketing was a $5 billion industry in 
California, accounting for one-ninth of all agricultural product sales in 
the state. The 2017 USDA Census of Agriculture reported that 7623 
farms (10.8% of all California farms) sold $782 million worth of food 
directly to consumers, and that 4301 farms (6.1% of all California farms) 
sold $4.4 billion worth of food directly “to retail markets, institutions, 
and food hubs for local or regionally branded products” (USDA NASS, 
2017a, p. 10). These numbers underscore the scale of direct market sales 

in California. 
California is also a geographically and socially diverse state. While it 

contains areas across a range of different growing conditions (e.g., the 
temperate salad bowl of the Salinas Valley versus the summer heat of the 
Central Valley), due to its Mediterranean climate, most of its low 
elevation growing environments can support year-round produce 
growth and production. Farmer-consumer relationships within the state 
are also diverse; Rural Northern Californian CSA farmers are most likely 
to be satisfied with their work, while Southern Californian CSA farmers 
are least likely to be satisfied (Galt and Munden-Dixon, 2019). This 
variation could be an important factor in understanding how regional 
geographies and consumer dynamics might have impacted farm resil-
ience during the first year of the pandemic. 

2. Methods 

2.1. Survey design and implementation 

We conducted an online survey of direct market farmers in California 
to understand their resilience to economic and social disruptions expe-
rienced during the first year of the pandemic. The survey was designed 
and administered through Qualtrics online survey software and was 
available in both English and Spanish. The survey gathered data on 
farmer demographic characteristics (e.g., age, race/ethnicity, gender, 
years of farming), farm operation characteristics (e.g., size, location, 
type of production), responses to the impacts of the COVID-19 pandemic 
(e.g., changes in market channels and production as well as collabora-
tion with other actors), and enabling and constraining factors to their 
response to the impacts of the COVID-19 pandemic (e.g., institutional or 
community support). The questions were focused on farmers' experi-
ences of and responses to the first ten months of the pandemic (March 
2020 through December 2020). Due to the relatively small proportion of 
direct-to-consumer and direct-to-retail/institutions farmers in the state 
(10.8% and 6.1%, respectively) (USDA NASS, 2017a), a random sample 
of all California farmers would have been insufficient to capture an 
adequate sample size of the target population. Instead, we used a pur-
poseful sampling technique to target direct market farmers through 
several sources. 

The survey was sent to farmers through three routes: 1) the Cali-
fornia Department of Food and Agriculture's (CDFA) Certified Farmers 
Market Producers, which contains contact information for all farmers 
who are certified to participate in the state's certified farmers markets; 2) 
organic farmers certified by the non-profit California Certified Organic 
Farmers (CCOF) and engaged in direct marketing (CCOF maintains data 
on the market channels used by each farmer it certifies); and 3) Cali-
fornia farmers listed on LocalHarvest, an online directory of direct 
market farmers. For the first two lists we were able to distribute the 
survey directly to farmers' email addresses, while LocalHarvest sent the 
survey link internally to their farmer listserv. This sampling strategy 
allowed us to calculate response rates for each list and calculate an 
overall estimated response rate. Given our dissemination channels, 
farmers selling through farmers markets and farmers that are certified 
organic are likely over-represented in our sample relative to all direct 
market farmers in the state. 

Participants were first contacted via email on January 19, 2021 and 
invited to participate in the online survey. Four reminder emails were 
sent between February 25th and March 17, 2021, and the survey was 
closed on April 19, 2021. We offered a $20 Amazon e-gift certificate 
incentive to survey respondents who completed the survey. The incen-
tive was offered based on previous research that indicates that cash 
incentives increase participation, retention, and the quality of responses 
(Göritz, 2010). 
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A total of 364 farmers completed the survey and met the inclusion 
criteria, with a total response rate of 16.1% based on the three distri-
bution lists we used.1 We received 360 completed surveys in English and 
four in Spanish. Our analysis includes direct market producers that met 
the following criteria: an owner-operator, partner, or hired manager in a 
farming operation in California in 2020; sold through direct market 
channels in 2020; and produced crops (including produce, nuts, flowers, 
fiber, and feed) or raised livestock (including bees). While the farmers in 
this sample sold their products through a variety of market channels, 
including non-direct market channels (i.e., wholesale), we label them all 
as “direct market farmers” for the purposes of this study since all use at 
least one form of direct marketing. 

To ensure our survey sample was representative, and therefore 
generalizable to the broader direct market farmer population of Cali-
fornia, we compared our sample to the population of direct-to-consumer 
farmers in California from the USDA Census of Agriculture.2 We focused 
on geographical and ethnoracial representation, two factors for which 
we had directly comparable data between the sample and the USDA 
Census of Agriculture. 

Fig. 1 shows the geographical representation of California farms 
selling directly to consumers from the 2017 Census of Agriculture (USDA 
NASS, 2017a), compared to our 2020 sample of direct market farmers. 
Appendix A shows the comparison in more detail. Overall, our sample 
was relatively representative of the geographic dispersion of direct 
market farmers in the state. There was a geographical affinity bias given 
our affiliation with UC Davis: we have higher than proportional numbers 
for many Northern California counties (especially Yolo, Sonoma, and 
Humboldt Counties) and lower than proportional numbers for counties 
in the southern part of the San Joaquin Valley (Fresno and Tulare 
Counties) and some Southern California areas (Ventura and San Diego 
Counties). Lower than proportional numbers in the San Joaquin Valley 
likely means that we did not reach many of the Hmong and Latinx 
growers there. Despite not being proportional at the county level for all 
counties, we do consider our sample large enough to generalize about 
the experiences of direct market farmers in California, and for robust 
comparisons between Southern California (n = 41) and the rest of the 
state. 

The ethnoracial demographic characteristics of survey respondents 
are displayed in Table 1 and generally reflect the population of direct 
market farmers in California. This indicates a lack of response bias vis-a- 
vis race and ethnicity and indicates good overall representativeness of 
the direct market farmers in the state. 

2.2. Analysis 

Data analysis was conducted using R software (version 4.0.3). We 
created a series of three ordered logistic models to understand the fac-
tors associated with self-reported resilience during the pandemic. Or-
dered logistic regression was chosen due to the ranked ordering of the 
categories composing the dependent variables. Independent variables 
were chosen based upon relevant hypotheses and available literature on 
farm resilience, including gray literature and news reports during the 
months of the pandemic, and refined through a bi-directional stepwise 
selection procedure to find the best model fit according to the lowest 
Akaike Information Criterion (AIC). The independent variables we chose 
to predict resilience, their hypothesized relationship with resilience, and 
the literature that supports this hypothesis, are included in Table 2. 

Whether a farmer received federal pandemic assistance was used as a 
control variable in all the regressions to help isolate the relationship 
between gross sales and the dependent variables, and the dependent 
variable increase in profitability and its relationship with the independent 
variables. We grouped the independent variables according to farmers' 
individual characteristics and operational characteristics to evaluate the 
roles of each separately. We then examined individual and operational 
characteristics combined. Providing three model specifications for each 
dependent variable helps to identify the differences across individual 
and operational variables, and to test the robustness of statistically 
important variables across models. 

We calculated AIC values of each model to compare the strength of 
the various sets of independent variables (individual, operational, 
combined) to explain the dependent variables. The AIC is useful in 
selecting the most explanatory model relative to those included in the 
set, which is appropriate for logistic regression with no R2 value. 

2.2.1. Dependent variables 
To measure resilience during the pandemic, we used three measures 

of farmer-reported operational resilience. For the first two measures, 
farmers were asked to rate their agreement with the following state-
ments: 1) “Overall, our operation was able to respond to the pandemic,” 
which became the dependent variable ability to respond to the pandemic, 
and 2) “I am concerned with how the pandemic has impacted our 
operation,” which became the dependent variable concern about 
pandemic impacts. Agreement for both was measured through a modified 
Likert scale containing three responses: disagree, neither agree nor 
disagree, and agree (coded as 1, 2, and 3, respectively). A positive co-
efficient indicates a likely increase in the likelihood that a farmer would 
report agreement and a negative coefficient indicates a likely increase in 
the likelihood of reporting disagreement. The third measure of resilience 
is change in profitability, derived from a question asking, “From March 
2020 through December 2020, how did your operation's profitability 
change overall?” Responses were on a modified Likert scale of: 
decreased, no change, and increased (coded as 1, 2, and 3, respectively). 
For this variable, a positive coefficient indicates a greater likelihood of 
reporting increased profitability while a negative coefficient indicates a 
greater likelihood of reporting decreased profitability. 

2.2.2. Independent variables 

2.2.2.1. Individual characteristics. Individual characteristics included in 
the models below are: race is white, gender is male, under 55 years old, first- 
generation farmer, and online farmer network participant. Each was coded 
as a binary variable (yes = 1, no = 0). Participation in an online farmer 
network was derived from a question asking whether an online farmer 
network helped them respond to the challenges of the pandemic. We 
assumed a respondent that checked this option was involved in the 
network, and therefore used it as a proxy for participation in an online 
farmer network. Facebook groups are listed in the survey as an example 
of online networks. Other examples include listservs and group chats, 

1 Response rate was calculated as follows. First, before sending the survey, we 
removed duplicate emails between the distribution lists to ensure farmers 
received the survey only once. To determine the number of survey recipients, 
we counted the number of direct market farmers included in each list, then 
removed individuals that had an email that bounced (this resulted in 894 for 
the CDFA list and 638 for the CCOF list). Since we did not have access to emails 
for the LocalHarvest list, we estimated overlap between LocalHarvest and 
CDFA, and between LocalHarvest and CCOF, to determine the number of 
farmers who received the survey twice (and would have then been double 
counted in our survey recipient number). We estimated this overlap using our 
survey question about whether farmers had a LocalHarvest account and 
determined that 15.2% of farmers from the CDFA list and 6.1% of the CCOF list 
had a LocalHarvest account. We then multiplied these percentages by the 
response numbers from the CDFA and CCOF lists and removed these numbers 
from the LocalHarvest survey recipient number, reducing it from 898 to 723. 
Summing the unique recipients from each list (894 CDFA +638 CCOF +723 
LocalHarvest) resulted in 2255 total survey recipients, of which 364 responded, 
resulting in an overall response rate of 16.1%. While a higher response rate is 
desirable, getting farmers to respond in the midst of a pandemic was a chal-
lenge, and we consider this high enough to be representative of the population. 

2 We compared direct-to-consumer farmers in the USDA Census of Agricul-
ture to direct market farmers in our sample because we believe there is suffi-
cient overlap between the two groups for comparison. 
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and more organized networks such as FarmsReach (www.farmsreach. 
com) that provide online tools, support, and connection opportunities 
for farmers to communicate with each other, find suppliers, and expand 
their networks. 

2.2.2.2. Farm characteristics. Farm characteristics included in the 
models are: farm age, whether the operation was organic certified, 
whether the farm used unpaid family labor, a crop and livestock diversity 
index, gross farm sales, percentage direct market sales, farm resources index, 
two market channel indices—a direct-to-consumer market channels index 
and a non-direct-to-consumer market channels index, change in use of online 
sales (during the pandemic), farming region is Southern California and 
received pandemic assistance from government agencies or NGOs. Farm 
characteristics are defined below. 

Farm age measured the number of years since the operation was 
established. We use farm age as opposed to “multigenerational farm” as 
the majority of survey respondents were first generation farmers. 
Organic certified was marked yes if any part of the operation was certified 
organic in 2020. Used unpaid family labor was marked yes if the opera-
tion used any unpaid family labor from March 2020 through December 
2020. We originally planned to use number of year-round employees as a 
variable, however it was strongly correlated with gross farm sales. Thus, 
we could not include it in multiple regression models. 

The crop and livestock diversity index is a composite index of the 
number of crop and livestock types produced and raised on the opera-
tion in 2020. Crop types include: vegetables, fruit, nuts, wine grapes, 
grains and pulses, oil crops, fiber crops, animal feed, flowers/orna-
mentals, seed crops, nursery stock, and other. Livestock types include: 
chickens (layers), chickens (boilers), hogs and pigs, sheep and lambs, 
goats and kids, dairy cattle, beef cattle, llamas or alpacas, bees, and 
other. Each crop or livestock type selected was scored as a one and the 
resulting index is a sum of the scores, ranging from 0 to 22 possible crop 
and livestock types. 

Gross farm sales includes all revenues from the farm operation, 

Fig. 1. Geographical representativeness of the survey sample compared to the 2017 USDA Census of Agriculture Source: authors' data and USDA NASS (2017a).  

Table 1 
Survey sample of California direct market farmers compared to the population of 
direct-to-consumer (DTC) farmers.   

Survey respondent 
demographics 

Demographics for all 
California  
DTC producers (USDA) 

Number* Percentagea Number** Percentagea 

American Indian and 
Alaska Native 13 4.3% 301 3.9% 

Asian 19 6.6% 604 7.9% 
Black or African 

American 6 2.3% 84 1.1% 
Latino or Hispanic 39 12.8% 1320 18.1% 
Native Hawaiian and 

Other Pacific Islander 1 0.3% 68 0.9% 
White (non-Hispanic) 263 85.9% 6463b 88.4% 
Prefer not to answer 16 5.6% – – 
Other 16 5.3% – – 
Total size 364  7623***   

* Number columns do not add up to their total size since categories are not 
mutually exclusive. 

** Calculated from the proportion of the total number of California famers by 
race/ethnicity who “sell directly to consumers” (USDA NASS, 2017b). For 
example, California had 2153 farms with American Indian or Alaska Native 
producers (USDA NASS, 2017b, p. 1), of which 14% sell directly to consumers 
(USDA NASS, 2017b, p. 2). 

*** Total from U.S. Census of Agriculture (USDA NASS, 2019, p. 88). 
a Percentage columns not total to 100% since categories are not mutually 

exclusive. 
b White (non-Hispanic) numbers are estimated from the overall California 

2017 Census of Agriculture data; 13,148 Latino/Hispanic producers identify as 
white racially, which we used to calculate the proportion of the 113,717 white- 
identifying producers in California who identify as Latino/Hispanic (the result is 
11.6%). Using that percentage, an estimated 845 white Hispanic DTC producers 
were taken out of the original 7308 white category, resulting in 6463 white 
(non-Hispanic) producers. 
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including sales of goods and services, in 2020. Though both acres farmed 
and gross sales can serve as metrics for farm scale (Whitt et al., 2021), 
we used gross farm sales rather than acres operated as a measure of scale 
of the operation in order to compare scale across crop and livestock 
operations that have vastly different acreages. Percentage direct market 
sales was the percentage of gross farm sales from direct-to-consumer, 
direct-to-retail, and direct-to-institution market channels in 2020. The 
data was collected on an ordinal scale where gross farm sales included 
categories of less than $2500 to $500,000 or more, summed for an index 
ranging from one to eight and percentage direct market sales included 
categories of 1–10% and 91–100%, summed for an index ranging from 
one to six. 

The farm resources index was compiled using a series of questions 
asking about the resources the operation had access to from March 2020 
through December 2020. Resources included processing equipment, 
packaging equipment, non-refrigerated storage for raw products, large 
scale refrigeration capacity, and vehicles to transport products. Each 
resource selected was summed for a final index score ranging from zero 
to five. 

Market channels used by respondents at any time in 2020 (including 
the months prior to the pandemic) were disaggregated into two indices 
according to the type of marketing: direct-to-consumer market channels 
index and non-direct-to-consumer market channels index. The direct-to- 
consumer market channels index includes sales to Community Sup-
ported Agriculture (CSA), farmstands, you-pick, farmers markets, and 
nurseries. The non-direct-to-consumer market channels index includes 
direct-to-retail, − restaurants, − universities, − schools, and -non-educa-
tional institutions (e.g., hospitals, prisons); wholesale; and services and 
other non-farm good sales (e.g., event rentals, Airbnb, or other 
agrotourism). 

Change in use of online sales and marketing measures whether a 
farmer's use of online sales and marketing decreased, increased, or saw 
no change from March 2020 through December 2020. The variable was 
coded as decreased =1, no change =2, and increased =3. 

Farming region is Southern California is categorized as Imperial, Los 
Angeles, Orange, Riverside, San Bernardino, San Diego, Santa Barbara, 
and Ventura Counties. All other 50 counties are included in Northern 
California. Two farmers that produced in both Southern and Northern 
California were given an NA for this variable. 

3. Results 

Our results proceed as follows. We begin by discussing the charac-
teristics of our sample of direct market farmers and their operations, the 
market channels they used and how those changed during the pandemic, 
and their reported experience during the pandemic. We then discuss 
factors statistically associated with resilience according to our 

Table 2 
Independent variables expected to predict farmer resilience to the COVID-19 
pandemic included in the ordered logit regression models, with expected 
relationship.   

N Mean St. 
Dev. 

Expected 
relationship 
with resilience 

Supporting 
literature 

Race is white 
(Yes = 1) 

339 0.78 0.42 + (Bowens, 2015; 
Minkoff-Zern and 
Sloat, 2017; Ricker, 
2020; Taylor et al., 
2022) 

Gender is male 
(Yes = 1) 

339 0.46 0.50 + (Fraser et al., 2005; 
Jones-Bitton et al., 
2020) 

Under 55 years 
old (Yes = 1) 

334 0.55 0.50 +/− (Darnhofer, 2010; 
Mase et al., 2017; 
Peerlings et al., 
2014) 

First 
generation 
farmer (Yes 
= 1) 

340 0.68 0.47 − (Holt-Giménez, 
2002; Munden- 
Dixon et al., 2018) 

Online farmer 
network 
participant 
(Yes = 1) 

341 0.06 0.24 + (Carlisle, 2016; 
Šūmane et al., 
2018) 

Farm age 331 20.13 22.47 + (Darnhofer, 2010; 
Holt-Giménez, 
2002; Kautsky, 
1988; Mann and 
Dickinson, 1978) 

Crop and 
livestock 
diversity 
index 
(0− 22) 

344 3.17 2.13 + (Bowles et al., 
2020; A. S. Davis 
et al., 2012; Maggio 
et al., 2018; Perrin 
et al., 2020; 
Petersen-Rockney 
et al., 2021; 
Tamburini et al., 
2020) 

Gross farm 
sales (1–8) 

263 4.86 2.34 + (Hamann, 2021; 
Ramgopal and 
Lehren, 2020; 
Whitt et al., 2021) 

Organic 
certified 
(Yes = 1) 

362 0.44 0.50 + (Brzezina et al., 
2016; Perrin and 
Martin, 2021; 
Perrin et al., 2020) 

Percent direct 
market sales 
(1–6) 

266 4.89 1.57 + (Galt, 2013; Low 
et al., 2015; 
Marusak et al., 
2021) 

Region =
Southern 
California 

362 0.17 0.37 − (Galt and Munden- 
Dixon, 2019) 

Farm resources 
index (0–5) 

363 2.05 1.30 +/− (Low et al., 2015; 
O'Connell et al., 
2021) 

Used unpaid 
family labor 
(Yes = 1) 

352 0.38 0.49 + (Aguilar et al., 
2022; Alpízar et al., 
2020; Galt, 2013; 
Suryanata et al., 
2021) 

Direct-to- 
consumer 
market 
channels 
index (0–5) 

358 1.43 0.91 + (Galt, 2013; 
Kloppenburg et al., 
1996; Low et al., 
2015; Marusak 
et al., 2021) 

Non-direct-to- 
consumer 
market 
channels 
index (0–7) 

358 1.18 1.23 − (Galt, 2013; 
Kloppenburg et al., 
1996; Low et al., 
2015; Marusak 
et al., 2021)  

Table 2 (continued )  

N Mean St. 
Dev. 

Expected 
relationship 
with resilience 

Supporting 
literature 

Change in use 
of online 
sales and 
marketing 
(1–3) 

359 2.34 0.62 + (Bachman et al., 
2021; Erjavec et al., 
2021; Hsiao and 
Tuan, 2021; 
Schreiber et al., 
2022) 

Notes: Gross sales is measured as less than $2500 = 1; $2500–$4999 = 2; $5000– 
$9999 = 3; $10,000–$24,999 = 4; $25,000–$49,999 = 5; $50,000–$99,999 = 6; 
$100,000–$499,999 = 7; $500,000 or more = 8. Percent direct market sales is 
measured as 1–10% = 1; 11–25% = 2; 26–50% = 3; 51–75% = 4; 76–90% = 5; 
91–100 = 6. Change in use of online sales and marketing is measured as 
decreased =1; no change =2; increased =3. 
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multivariate regression analysis, and factors that farmers reported hel-
ped them withstand the challenges of the first year of the COVID-19 
pandemic. 

3.1. Summary statistics 

The majority of direct market farmers within the survey sample 
identified as white and were first generation farmers (78% and 68%, 
respectively) (Table 2). About half of farmers identified as male (46%) 
and were under 55 years of age (55%). Six percent of farmers partici-
pated in an online farmer network. 

Most farms in the sample were located in Northern California (83%). 
The average age of the farms studied was 20 years, and 44% of the 
operations were organically certified. The average score for crop and 
livestock diversity across operations was 3.17. In other words, out of the 
22 types listed, the average operation cultivated or raised slightly over 
three types of crops or livestock. 

In terms of on-farm economics, the average farm in the sample 
brought in gross sales between $25,000–$49,999. Of gross farm sales, on 
average 76–90% were from direct market sales. Operations had access to 
an average of two out of the five resources listed, which included ve-
hicles, refrigeration, dry storage, processing equipment, and packaging 
equipment. Thirty-eight percent of respondents used unpaid family 
labor on their operation (Table 2). 

The dependent variables, which were related to farmers' experiences 
during the first year of the pandemic, are displayed in Table 3. They 
show varied opinions of, and responses to, the March 2020 through 
December 2020 portion of the pandemic. The majority of respondents 
(68%) felt that they were able to respond to the pandemic during March 
2020 through December 2020. At the same time, 60% were concerned 
about how the pandemic had impacted their operation. Thirty percent of 
respondents reported increases in profitability, while 43% reported 
decreases in profitability (with no change reported by 27%). 

When asked about their marketing channels, 86% of farmers 
answering this question reported using at least one direct-to-consumer 
channel and 62% reported using at least one non-direct-to-consumer 
channel. Farmers overall reported greater use of direct-to-consumer 
channels compared to non-direct-to-consumer channels during 2020. 
The average farmer in the sample reported using one of the five direct- 
to-consumer channels listed (CSA, farmstands, you-pick, nurseries, and 
farmers markets) and two of the seven non-direct-to-consumer market-
ing channels (direct-to-retail, − restaurants, − universities, − schools, 
and -non-educational institutions (e.g., hospitals, prisons); wholesale; 
and services and other non-farm good sales) (Table 2). 

Forty-six percent of our respondents reported using online marketing 
channels during March 2020 through December 2020. Fifty percent of 
those farmers who reported using online market channels during that 
time reported no change in their use of online sales, 42% reported 
increasing their use of online sales, and 8% reported decreased use. The 
number of direct market farmers involved in online marketing in our 
sample is substantially higher than reported by a 2015 study of direct 
market farmers, which found that only 8% used online marketing 
(O'Hara and Low, 2020), suggesting a possible upward trend towards the 
use of online markets among direct market farmers. 

One of the largest shocks to farmers during the first few months of the 
pandemic was disruptions to market channels (Johansson et al., 2020; 
Ransom et al., 2020; Yaffe-Bellany and Corkery, 2020). Fig. 2 shows the 
changes that farmers made in the market channels they used between 
March 2020 through December 2020. The market channels that had the 
largest number of farmers adding them during the pandemic were online 
sales and CSAs (Fig. 2). In contrast, the channels that farmers reported 

losing the most were farmers markets and restaurants. Farmers markets 
and farmstands saw both substantial overall growth and loss. The net 

change of additions and losses across all market channels was positive 
2%,3 signifying that while there were certainly losses across all market 
channels, there were gains in others that kept participation across the 
various market channels relatively stable. 

3.2. Factors associated with resilience 

The following paragraphs summarize results from farmer percep-
tions of factors that enabled them to withstand or even prosper during 
the challenges of the pandemic (Tables 4–5) and from the combined 
regression models (Table 6). Table 6 describes the results of a series of 
ordered logistic regressions estimating the relationships between the 
characteristics of producers and their operations and each measure of 
resilience. Several tests were performed to improve confidence in our 
model selection. A test of parallel lines found no indication that the ef-
fect of the independent variables varied for different levels of the 
dependent variables, except for the direct-to-consumer channels index (p 
< 0.05) in Model 4, first generation farmer (p < 0.05) and direct-to-con-
sumer channels index (p < 0.01) in Model 7 and farm age in Model 8 (p <
0.05) (Brant 1990). Given that proportional odds held for 92 of the 96 
independent variables across the nine models fitted, we believe that the 
dependent variables are more appropriately treated as ordinal compared 
to nominal. An examination of correlation coefficients and variance 
inflation factors (VIFs) showed no signs of multicollinearity among the 
independent variables; all independent variables had a variance infla-
tion factor score of 2.0 or less. Finally, a Hosmer-Lemeshow and Lipsitz 
test indicated a good fit of the data to the ordinal logistic models 
(Fagerland and Hosmer, 2016). 

The pseudo R2, a measure of the predictive power of a model 
appropriate for logistic regression, is 0.45 for Model 7 measuring ability 
to respond to the pandemic, 0.36 for Model 8 measuring concern about 
pandemic impacts, and 0.29 for Model 9 measuring change in profitability. 
The best model fit among the various models is signified by the lowest 
AIC value, with a difference of two between models' AICs considered 
substantial (Burnham and Anderson, 2002). A comparison of each 
model's AIC shows that operational variables (Models 4–6) are the most 
important for predicting resilience (AIC = 367.20–475.93) compared to 
the individual variables (Models 1–3) (AIC = 558.16–705.12). The 
combined models (Models 7–9) that consider both individual and 
operational factors have the best model fit indicated by the lowest AIC 
values (AIC = 366.37–466.49). 

3.3. Individual characteristics 

3.3.1. Race 
Reports surfaced during the pandemic showing that BIPOC farmers 

(Black, Indigenous, and people of color) were more vulnerable to its 
disruptions (Rappeport, 2022; Ricker, 2020; Taylor et al., 2022), and 
several of our models show a similar effect of race. Race is white emerged 
as an important, positive predictor of resilience in the individual char-
acteristic models: change in profitability was positive and significant at 
the >1% level and ability to respond to the pandemic at the 6% level. These 
results align with the inequities BIPOC farmers experience in the U.S. 
agrifood system (Bowens, 2015; Minkoff-Zern and Sloat, 2017). How-
ever, when holding operational factors constant in our combined 
models, race is white becomes non-significant (p > 10%) in each model, 
although the direction of the relationships remains the same. When 
operational characteristic variables are added into the model, they 
reduce the effects of race is white. However, since operational charac-
teristics such as farm scale (represented by gross farm sales) are partially 
determined by race (from structural racism in U.S. agriculture, see 
Discussion), these models should not be interpreted to mean that racial 

3 This was calculated from the average of farm-level net changes in market 
channels during the pandemic (channels gained minus channels lost). 
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inequalities in pandemic effects and response do not exist. This is evi-
denced by the correlation between race is white and gross farm sales (r =
0.2, p = 0.0008). Even though this correlation does not approach the 
level that creates a problem of multicollinearity, the correlation is 
consistent with how racialization influences important farm character-
istics through structural racism. 

3.3.2. Gender 
Gender is male was not significantly associated with resilience in any 

of the models. Unlike race, it was not significant in the farmer charac-
teristic models, and this did not change with the inclusion of farm 
characteristics. This finding countered research indicating that the 
stresses of farming (e.g., unpredictable weather, animal disease, eco-
nomic stresses, overwork, burden of paperwork/bureaucracy, media 

Table 3 
Dependent variables indicating farmer resilience to the COVID-19 pandemic included in the ordered logit regression models.   

DI NAD AG DC NC IN N Mean St. 
Dev. 

Min Max 

Overall, our operation was able to respond to the pandemic (ability to respond) 45 70 244    359 2.55 0.71 1.00 3.00 
I am concerned with how the pandemic has impacted our operation (concern about 

pandemic impacts) 
53 90 216    359 2.45 0.74 1.00 3.00 

From March 2020 through December 2020, how did your operation's profitability change 
overall? (Change in profitability)    

155 95 109 359 1.87 0.85 1.00 3.00 

Notes: DI = disagree; NAD = neither agree nor disagree, AG = agree; DC = decreased; NC = no change; IN = increased. 

Fig. 2. Number of farmers reporting changes in use of each market channel, March 2020 through December 2020.  
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criticism, and social isolation) tend to affect women more than men in 
general farming populations (Booth and Lloyd, 1999; Brumby et al., 
2013; Fraser et al., 2005; Jones-Bitton et al., 2020). It also countered 
pandemic-specific international studies on both the general farming 
population and small-holder farmers indicating that women farmers 
were more vulnerable than their male counterparts to the stresses of the 
pandemic (de Paz et al., 2020; Kantamneni, 2020; Parry and Gordon, 
2020). However, our findings do align with research highlighting the 
specific benefits of direct market farming for women farmers such as 
empowerment, gender equality, and caring for the community, envi-
ronment, and oneself, that has led to a higher prevalence of satisfaction 
in farming for female direct market farmers (Jarosz, 2011; Tijani and 
Yano, 2007; Wells and Gradwell, 2001; Zirham and Palomba, 2016). 
These benefits may have translated to greater resilience to the impacts of 
the pandemic for women direct market farmers and suggests that 
women direct market farmers in California may have been similarly 
capable of adapting to the pandemic's challenges. 

3.3.3. Farmer age 
Similar to other studies that found that younger farmers are more 

capable of adaptation (Darnhofer, 2010; Mase et al., 2017; Peerlings 
et al., 2014), farmers under 55 years of age were associated with a 
greater likelihood of reporting that they were able to respond to the 
challenges of the pandemic (p = 0.04). Other studies show that younger 
farmers were more able to pivot to digital commerce during the 
pandemic (Erjavec et al., 2021), which were a helpful tool in responding 
to the pandemic's disruptions (Meuwissen et al., 2021; Tittonell et al., 

2021). 

3.3.4. First generation farmer 
While limited research on new and first-generation farmers shows 

that they are more vulnerable to stressors (Holt-Giménez, 2002; Mun-
den-Dixon et al., 2018), we found that they were more likely to report 
being less concerned about the impacts of the pandemic (p = 0.06). 

3.3.5. Online network participation 
Farmers that were involved in an online farmer network were more 

likely to report feeling less concern about the pandemic impacts (p =
0.07) and were more likely to report no change or an increase in prof-
itability during the pandemic (p = 0.02), most likely given the benefits 
of connectivity to other farmers and their knowledge and resources 
(Carlisle, 2016; Šūmane et al., 2018). 

3.4. Operational characteristics 

3.4.1. Farm age 
While we expected older farms to have more established market 

channels, community support systems, lines of credit, and accumulated 
on-farm capital that would help them to respond (Darnhofer, 2010; 
Holt-Giménez, 2002; Kautsky, 1988; Mann and Dickinson, 1978), when 
controlling for all other variables in the model, farm age was not asso-
ciated with any measure of resilience. 

3.4.2. Production diversity 
The crop and livestock diversity index was positively associated with 

ability to respond to the pandemic (p = 0.03) and change in profitability (p 
= 0.06) from March 2020 through December 2020. In other words, 
farmers with a greater diversity of crops and livestock were more likely 
to agree that they were able to respond to the pandemic and report no 
change or an increase in profitability compared to farmers with fewer 
types of crops and livestock. These findings from the regression models 
were supported by farmer perceptions. Forty-four percent of farmers 
listed production diversity as an operational attribute they felt helped 
them respond to pandemic-related challenges, the second most frequent 
attribute selected (behind market channels) (Table 5). Our results 
confirm the growing literature on the benefits of on-farm diversity 
(Bowles et al., 2020; A. S. Davis et al., 2012; Tamburini et al., 2020), 
including in the context of farmers responding to disturbances (Maggio 
et al., 2018; Perrin et al., 2020; Petersen-Rockney et al., 2021). 

3.4.3. Gross farm sales 
Gross farm sales was positively associated with ability to respond to the 

pandemic (p = 0.10) and change in profitability (p < 0.00), and negatively 
associated with concern about pandemic impacts (p = 0.08), controlling 
for whether the farm received federal pandemic assistance. Larger-scale 
operations were thus significantly more likely to withstand or benefit 
from the shocks caused by the pandemic, presumably because of their 
larger buffering capacity in the form of capital to allocate to new 
problems. This aligns with studies indicating that small-scale, diversified 
farmers were less likely to be eligible for federal pandemic relief funds, 
and larger-scale farms received a greater share of pandemic assistance, 
making it more difficult for smaller-scale operations to recover from the 
financial challenges of the pandemic (Hamann, 2021; Ramgopal and 
Lehren, 2020; Whitt et al., 2021). 

3.4.4. Organic certification 
Whether a farm was organic certified did not emerge as an important 

operational characteristic in any of the models, despite studies indi-
cating that organic farms can have greater resilience due to production 
diversity, increased input autonomy, and access to high-end markets 
(Brzezina et al., 2016; Perrin and Martin, 2021; Perrin et al., 2020). The 
greater diversity of production typical on organic farms may have been 
captured by the production diversity index while the higher-value 

Table 4 
Farmer-reported relationships and institutions that helped farmers respond to 
pandemic-related challenges.   

N Percent St. Dev. 

Family 341 63% 0.48 
Customers 341 46% 0.50 
Employees 341 29% 0.45 
Farmers market management 341 28% 0.45 
Farmers 341 23% 0.42 
Government pandemic assistance 341 23% 0.42 
Nonprofit 341 14% 0.35 
Volunteers 341 13% 0.34 
Restaurants 341 8% 0.27 
Online farmer network 341 6% 0.24 
UC Cooperative Extension 341 3% 0.17 
Farm coop 341 3% 0.16 
Marketing boards 341 1% 0.12 
Other 341 7% 0.25 
None of the above 341 5% 0.22 
Prefer not to answer 341 1% 0.09 

Notes: Yes = 1 for all items. 

Table 5 
Farmer-reported operational attributes that helped farmers respond to 
pandemic-related challenges.   

N Percent St. Dev. 

Market channels 342 55% 0.50 
Production diversity 342 44% 0.50 
Size of the farm (acres cultivated) 342 34% 0.48 
Crop varieties 342 33% 0.47 
Ability to sell products online 342 28% 0.45 
Number of employees 342 19% 0.39 
Land tenure 342 17% 0.38 
Access to equipment 342 16% 0.37 
Labor arrangement 342 15% 0.35 
Types of livestock 342 9% 0.28 
Ability to expand cultivation 342 7% 0.25 
None of the above 342 10% 0.30 
Prefer not to answer 342 5% 0.21 

Notes: Yes = 1 for all items. 
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Table 6 
Ordered logistic regression models predicting resilience to the COVID-19 pandemic according to individual-level, farm-level and combined individual-farm-level 
variables.   

Dependent variable: 

Ability to 
respond to 
the 
pandemic 

Concern 
about 
pandemic 
impacts 

Change in 
profitability 

Ability to 
respond to 
the 
pandemic 

Concern 
about 
pandemic 
impacts 

Change in 
profitability 

Ability to 
respond to 
the 
pandemic 

Concern 
about 
pandemic 
impacts 

Change in 
profitability 

Model Model Model Model Model Model Model Model Model 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

Race is white 0.524* − 0.448 0.809***    0.452 − 0.229 0.465  
(0.276) (0.281) (0.262)    (0.360) (0.360) (0.336)  
p = 0.058 p = 0.111 p = 0.003    p = 0.210 p = 0.525 p = 0.167 

Gender is − 0.098 0.174 − 0.255    0.213 − 0.168 − 0.186 
male (0.239) (0.224) (0.211)    (0.336) (0.302) (0.291)  

p = 0.682 p = 0.439 p = 0.227    p = 0.527 p = 0.579 p = 0.524 
Under 55 0.669*** − 0.308 0.581***    0.726** − 0.279 0.463 
years old (0.239) (0.224) (0.212)    (0.343) (0.314) (0.291)  

p = 0.006 p = 0.168 p = 0.007    p = 0.035 p = 0.375 p = 0.112 
First 0.007 − 0.226 0.160    0.413 ¡0.675* 0.487 
generation (0.258) (0.244) (0.227)    (0.354) (0.352) (0.322) 
farmer p = 0.980 p = 0.356 p = 0.481    p = 0.244 p = 0.055 p = 0.131 
Online 0.445 ¡0.876** 1.012**    0.404 ¡1.005* 1.440** 
farmer (0.529) (0.435) (0.452)    (0.703) (0.560) (0.610) 
network p = 0.400 p = 0.044 p = 0.026    p = 0.567 p = 0.073 p = 0.019 
participant          
Farm age    − 0.003 0.006 − 0.009 0.002 0.004 − 0.005     

(0.007) (0.008) (0.007) (0.008) (0.009) (0.007)     
p = 0.651 p = 0.439 p = 0.191 p = 0.792 p = 0.680 p = 0.463 

Crop and    0.189** 0.008 0.117* 0.215** − 0.016 0.132* 
livestock    (0.091) (0.070) (0.068) (0.096) (0.073) (0.070) 
diversity index    p = 0.037 p = 0.914 p = 0.088 p = 0.025 p = 0.830 p = 0.061 
Gross farm sales    0.173** ¡0.146* 0.245*** 0.153* ¡0.151* 0.251***     

(0.088) (0.082) (0.079) (0.092) (0.085) (0.082)     
p = 0.048 p = 0.075 p = 0.002 p = 0.096 p = 0.077 p = 0.003 

Organic    0.152 0.317 0.108 0.156 0.427 0.205 
certified    (0.359) (0.314) (0.309) (0.369) (0.335) (0.325)     

p = 0.671 p = 0.314 p = 0.727 p = 0.672 p = 0.203 p = 0.528 
Percent direct    0.079 ¡0.176* 0.121 0.052 − 0.128 0.075 
to market sales    (0.098) (0.098) (0.089) (0.101) (0.102) (0.094)     

p = 0.421 p = 0.073 p = 0.177 p = 0.608 p = 0.208 p = 0.426 
Region = Southern    − 0.617 0.268 ¡1.032*** − 0.487 0.142 ¡0.908** 
California    (0.396) (0.387) (0.393) (0.409) (0.396) (0.404)     

p = 0.120 p = 0.489 p = 0.009 p = 0.234 p = 0.719 p = 0.025 
Farm resources    ¡0.248* 0.240** − 0.132 ¡0.242* 0.241** − 0.113 
index    (0.131) (0.120) (0.111) (0.135) (0.123) (0.115)     

p = 0.060 p = 0.047 p = 0.236 p = 0.073 p = 0.050 p = 0.323 
Used unpaid    − 0.031 − 0.059 − 0.248 0.008 − 0.127 − 0.283 
family labor    (0.334) (0.293) (0.286) (0.352) (0.306) (0.299)     

p = 0.927 p = 0.841 p = 0.387 p = 0.982 p = 0.677 p = 0.345 
Direct-to-    − 0.081 − 0.043 0.135 − 0.119 − 0.021 0.141 
consumer channels    (0.178) (0.168) (0.155) (0.184) (0.174) (0.162) 
index    p = 0.650 p = 0.798 p = 0.383 p = 0.518 p = 0.904 p = 0.384 
Non-direct-to    − 0.132 0.335** ¡0.347*** − 0.199 0.419*** ¡0.437*** 
consumer channels    (0.142) (0.142) (0.128) (0.146) (0.149) (0.135) 
index    p = 0.353 p = 0.019 p = 0.007 p = 0.175 p = 0.005 p = 0.002 
Change in use of    0.871*** ¡0.536** 1.123*** 0.785*** − 0.389 0.888*** 
online sales    (0.275) (0.251) (0.250) (0.291) (0.260) (0.262)     

p = 0.002 p = 0.033 p = 0.00001 p = 0.008 p = 0.136 p = 0.001 
Observations 334 334 334 236 236 236 234 234 234 
Pseudo R2 (McFadden's) 0.10 − 0.02 − 0.14 0.44 0.34 0.26 0.45 0.36 0.29 
AIC 558.16 628.19 705.12 368.69 428.99 476.22 367.91 425.36 467.28 

Note: AIC stands for Akaike information criterion. Standard errors are listed in parentheses. 
* p < 0.1. 
** p < 0.05. 
*** p < 0.01. 
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markets of organics were likely overshadowed by the demand for local 
products, regardless of certification status. 

3.4.5. Percent direct market sales 
The percent direct market sales was not significant in any of the 

combined models, suggesting that a diversity of market channels that 
included intermediary and wholesale channels may have been impor-
tant. This finding may have been different had we measured percent 
direct-to-consumer sales distinct from direct market sales broadly, given 
that direct-to-consumer marketing has been associated with higher farm 
survival rates in local food systems than other non-direct-to-consumer 
market channels (Low et al., 2015). However, our study did allow us 
to differentiate use of direct-to-consumer and non-direct-to-consumer 
market channels, as discussed in the market channel diversity para-
graphs below. 

3.4.6. Regional differences 
Region is Southern California was significantly and negatively asso-

ciated with change in profitability (p = 0.03). This means that farmers 
operating in Southern California were more likely to experience a 
decrease in profitability during the pandemic compared to those in 
Northern California counties. This corresponds well with a California 
regional analysis showing that CSA farmers in Southern California felt 
less supported by their members than those in Northern California, and 
that Southern California grocery shoppers rank lowest (out of the four 
regions used) in positive attitudes towards direct marketing and highest 
in their valuing of organic (Galt and Munden-Dixon, 2019). Because 
organic systems in California can be large-scale industrialized produc-
tion systems (using primarily wholesale and intermediated markets), 
they may not be embedded in the same socio-economic systems that 
define local and regional food systems (Brinkley, 2017; Brinkley et al., 
2021; Cabell and Oelofse, 2012; Guthman, 2014; Trivette, 2019). We 
suspect that direct market farm products in Southern California may not 
have received the same interest as in Northern California, although 
further research is needed to draw strong conclusions. 

3.4.7. Farm resources index 
The variable farm resources index was associated with less resilience 

during the pandemic. Greater access to farm resources was negatively 
associated with the ability to respond to the pandemic (p = 0.07) and 
positively associated with greater concern about pandemic impacts (p =
0.05). Farmers echoed this finding; only 16% listed equipment as an 
important operational attribute that helped them respond to pandemic 
challenges. While a surprising finding, multiple factors may be operative 
here. On the one hand, direct market farmers that owned more on-farm 
resources may have been over-leveraged by credit taken out to purchase 
those resources (e.g., farm equipment loans) (Low et al., 2015) and 
subsequently more vulnerable to the economic shocks they may have 
experienced during the first year of the pandemic. On the other hand, 
farmers who had to shift their operation during the pandemic to acquire 
additional storage, vehicles, or packaging equipment likely had to 
manage extra expenses and stress associated with finding these re-
sources. Further research would be needed to understand this in more 
depth. 

3.4.8. Family support 
While difficult to measure quantitatively in our models, the majority 

of respondents (63%) said that their families helped them through the 
pandemic (Table 4). Family was also the most selected response to the 
relationships and institutions that helped farmers respond to pandemic- 

related challenges, which supports existing research on the benefits of 
unpaid family (Aguilar et al., 2022; Alpízar et al., 2020; Galt, 2013; 
Suryanata et al., 2021). Following these findings, we expected the var-
iable used unpaid family labor to be important to resilience in the ordered 
logistic regressions. However, it was not found to be significant across 
any measure of resilience, suggesting that other forms of familial sup-
port—emotional, household work, childcare, elder care, etc. and even 
paid work on the farm—were likely important for farmers but were not 
captured in our regression models. 

3.4.9. Market channel diversity 
While previous research suggested that farms with a higher number 

of direct-to-consumer market channels would fare better during the 
pandemic (Galt, 2013; Low et al., 2015; Marusak et al., 2021), our re-
sults proved more complex. We found no significant associations be-
tween a higher score on the direct-to-consumer market channels index and 
resilience. However, the non-direct-to-consumer market channels index 
emerged as strongly associated with less resilience. Use of a greater 
number of non-direct-to-consumer channels such as wholesale, retail, 
and institutions were positively associated with concern about the 
pandemic impacts (p < 0.01) and negatively associated with change in 
profitability (p < 0.00). This indicates that while multiple marketing 
channels may have been difficult for farmers to juggle during the 
pandemic, those that were direct-to-consumer fared better than non- 
direct-to-consumer channels. 

Types of market channels were also important according to farmers. 
When asked to select the top five attributes that most helped their 
operation respond to the pandemic, 55% of farmers chose the market 
channels their operation used; this was also the most selected response 
(Table 5). 

3.4.10. Online sales and marketing 
Change in use of online sales and marketing is positively associated with 

ability to respond to the pandemic (p < 0.01) and change in profitability (p 
< 0.00). In other words, farmers who reported an increase in online sales 
and marketing were more likely to agree with the statement that their 
operation was able to respond to the pandemic and report an increase in 
profitability. This is in line with other pandemic research indicating that 
online sales played a central role in supporting farm resilience during 
the pandemic (Bachman et al., 2021; Erjavec et al., 2021; Hsiao and 
Tuan, 2021; O'Connell et al., 2021; Schreiber et al., 2022). Specifically, 
when direct-to-consumer market channels were shut down due to 
pandemic-related restrictions, online platforms and social media acted 
as a key intermediary between farmers and consumers (Danovich, 
2020a; Lamb, 2020; Meuwissen et al., 2021; Pretty, 2020). 

Within the sample, 42% of farmers reported increasing their use of 
online sales and marketing during the pandemic. When asked in a 
separate question to select the five operational attributes that most 
helped them respond to the pandemic, 26% selected their ability to sell 
products online (Table 5). 

4. Discussion 

The COVID-19 pandemic provides an opportunity to increase our 
understanding of the factors that support farm resilience, particularly 
farming operations' ability to cope with and adapt to short- and medium- 
term disruptions. Despite substantial news coverage of booming CSA 
memberships, the most common response from farmers was that they 
experienced a decrease in profitability during the early stages of the 
pandemic (43%, compared with 30% who reported increases in 
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profitability) and most (60%) expressed concern about the impacts of 
the pandemic, underscoring the challenges many farmers faced during 
the first ten months of the pandemic (Table 3). Though farmers added or 
increased sales through some direct market channels such as farm stores, 
CSAs, and grocery stores, they also reported declines in sales to more 
public-facing channels such as farmers markets and restaurants that 
closed or reduced operations due to public health mandates. Overall, 
this created little net change across all market channels (a 2% net in-
crease), but likely created a new set of logistical stresses and/or chal-
lenges for farmers who had to navigate these changes. Additionally, 
multiple farmers wrote in open survey responses that labor and input 
shortages, increased costs of operating to meet safety measures and sell 
in individual quantities, and a lack of USDA meat processing facilities all 
led to reductions in profitability. 

Still, out of the 364 farmers who participated in our online survey, 
the majority of our respondents (68%) felt able to respond to the chal-
lenges that the pandemic posed and 56% of our respondents either saw 
no change (27%) or experienced an increase in profits (30%) (Table 3), 
suggesting some level of overall resilience to its impacts. Our analysis 
shows that several factors were particularly important to a farmer's 
response to the pandemic: market channels, online sales and marketing, 
farm scale, and on-farm diversity. Each of these were in the top five most 
highly ranked operational attributes that farmers said helped them to 
respond to the pandemic (Table 5) and statistically significant at the 5% 
level or lower across multiple measures of resilience in our regressions 
(Table 6). 

The farmers in our study reported that the most important opera-
tional attribute that helped them respond to the challenges of the 
pandemic was their market channels. However, our findings revealed a 
complex relationship between market channel diversity and farmer 
resilience to economic shocks like the pandemic. We found that the 
number of non-direct-to-consumer market channels a farmer used was 
one of the most statistically significant variables across our combined 
models (Models 8–9) and highly significantly associated with less 
resilience to the pandemic. In other words, the more non-direct-to- 
consumer market channels a farmer used, the less resilient they were 
to the impacts of the pandemic. 

We also found that, on average, farmers in the sample gained most of 
their income from direct market sales. However, interestingly, direct 
market channel diversity was not statistically significantly associated 
with resilience as we expected. Farmers explained in open responses on 
the survey that this was because expanding into new market channels 
added to operational logistics and required a greater investment of time 
and resources to manage, a phenomenon detailed by Bachman et al. 
(2021). As noted by Esquivel et al. (2021), each market channel came 
with its own buyer requirements in terms of food safety protocols. These 
varying standards were likely exacerbated during the pandemic when 
greater sanitation protocols were put in place. With fewer in-
termediaries, direct-to-consumer channels including CSA, farmstands, 
online sales, you-pick, and nurseries, had fewer requirements to meet. 
Overall, these findings suggest that having a higher diversity of direct 
market channels might not support farm resilience during periods of 
disruption because the logistical pivots required to adjust a farm's 
operation to meet the demands of the new channel can be challenging 
for farmers to manage. 

Online sales, while not selected as frequently as market channels, 
were also reported by farmers as important to responding to the 
pandemic and were highly significantly associated with resilience in our 
models. An increase in the use of online sales and marketing meant that 

farmers were likely to feel more able to respond to the challenges of the 
pandemic and report an increase in profitability. This aligns with other 
research on direct market or small-scale farms during the pandemic that 
found that online resources were helpful to overcome barriers to public 
vending (Danovich, 2020a; Lamb, 2020; Meuwissen et al., 2021; Pretty, 
2020). However, online tools for sales and marketing require resources 
(e.g., a stable internet connection) that not all farmers have access to. 
One farmer explained in the survey: “We are in desperate need of rural 
bandwidth to utilize online resources. We have little to no cell coverage, 
and spotty and unreliable satellite internet service. This hampers our 
ability to increase sales outlets online.” Moreover, farmers indicated that 
online sales involved more work to manage, package, and ship products. 
This suggests that while some farmers benefited from an increased use of 
online sales and marketing, others may have been at a disadvantage due 
to their lack of access to the internet and time and labor constraints. 

Farm scale and production diversity were also important to farmers 
and associated with resilience in our regressions, although less statisti-
cally significant compared to market channels and online sales and 
marketing. Larger-scale operations, measured by acres cultivated in 
farmer reported factors and gross farm sales in our regressions, may 
have had a greater ability to withstand shocks due to economies of scale 
and eligibility for and share of federal disaster relief (Rappeport, 2022; 
USDA FSA, 2021). Production diversity, or the number of crop and 
livestock types raised on the farm, may have allowed farmers to pivot to 
alternative market channels and address new product demands during 
the pandemic, as detailed by (Måren et al., 2022). These findings on 
production diversity align with research suggesting that higher levels of 
on-farm diversification support greater farm resilience (Altieri, 1998; 
Ebel et al., 2022). 

Despite the general importance of operational characteristics, two 
farmer characteristics were statistically significant in the combined 
models with 5% significance or greater: farmers who were under 55 and 
those involved in online farmer networks were both statistically signif-
icantly more resilient to the impacts of the pandemic. Studies on farmer 
resilience during the COVID-19 pandemic found that collaborating with 
other farmers (Prosser et al., 2021), participating in a locally embedded 
food system (Perrin and Martin, 2021), and/or having high inter-
connectivity with other food systems actors (Coopmans et al., 2021) 
contributed to risk mitigation and resilience. Other pandemic-specific 
research indicates that younger farmers used digital market channels 
most frequently during the pandemic (Erjavec et al., 2021), which also 
aligns with our findings and existing literature. 

While not significant in the combined models, we still believe that 
race is important to resilience because of the likelihood that its signifi-
cance was absorbed by other variables, such as gross farm sales, that 
have been strongly influenced by structural racism in agrifood systems. 
As noted in the Results section (3.3. Individual characteristics), race is 
white was a significant predictor of resilience in the individual charac-
teristic models (1–3). This finding is similar to a recent study of young 
farmers under forty that found that BIPOC farmers experience chal-
lenges with farming (e.g., access to capital, land, and federal programs) 
at heightened rates compared to their white counterparts (Ackoff et al., 
2022). Land and capital access and operation size are strongly impacted 
by legacies of structural racism in U.S. agriculture that overwhelmingly 
benefitted white farmers, through, for example, the genocide of Native 
Americans, the enslaving of millions of Africans forced to labor in U.S. 
agriculture, the 1868 Homestead Act (Sherraden, 2005), USDA's docu-
mented racial discrimination (Gilbert et al., 2002), and Japanese and 
Japanese American internment (Minkoff-Zern et al., 2011) to name but a 
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few. Thus, race in the U.S. is structurally tied to operational size and 
resources. Not surprisingly, adding operational characteristics to the 
combined model reduces the significance of race, but this needs to be 
interpreted with the knowledge that structural racism deeply influences 
the distribution of land and resources in agriculture (Calo and De Mas-
ter, 2016; Horst and Marion, 2019; Minkoff-Zern, 2018; White, 2018). 

4.1. Policy implications 

Taken together, these findings have interesting implications for 
policies and practices aimed at supporting long-term resilience in the 
agrifood system. Given the strong negative association between resil-
ience and non-direct-to-consumer market channels, more effort can be 
made by industry, extension, NGO, and/or government programs to 
support direct-to-consumer markets. Local procurement policies for 
governments and businesses of all scales could also provide stronger 
support for direct market farmers. One promising recent example of this 
is USDA's $400 million in funding to support Regional Food Business 
Centers, announced September 2022 (USDA, 2022a). These centers will 
provide technical assistance, coordination, and capacity building to 
small and mid-size food and farm businesses, with the goal of creating a 
“more resilient, diverse, and competitive food system.” While this pro-
gram will provide much-needed funding to support local and regional 
food systems, it will require considerable coordination with regional 
support networks, including extension specialists, farm lending in-
stitutions, and other local government and NGO actors to provide the 
necessary support and realize the goals of the program. 

Increased research to better understand the role that direct market 
farmers play in increasing farmer well-being and ecological and eco-
nomic resilience could further the development of direct-to-consumer 
markets. Direct market farmers may provide important environmental 
services through their often diversified and regenerative farming prac-
tices (Björklund et al., 2009). Efforts to quantify the benefits of these 
practices would help to support a shift to carbon taxes or subsidies for 
socially and ecologically regenerative practices and help level the 
playing field for diversified, direct market farmers. 

The use of online sales and marketing was identified as a helpful 
response strategy to the disruptions of the pandemic in several studies 
(Meuwissen et al., 2021; Tittonell et al., 2021) as well as our own. Given 
that the pandemic may have induced a long-term or permanent shift 
towards online sales (Coresight Research, 2021; Danovich, 2020a; Held, 
2020; Lamb, 2020; Marvar, 2021; Pretty, 2020), efforts to 1) train 
farmers on how to set up their own or tap into existing online retail 
platforms, 2) provide farmers with startup funds to establish an online 
presence or set up an online storefront, and 3) invest in infrastructure 
that increases rural broadband internet capacity could help farmers 
access online markets and networks. This can in turn support their 
resilience in the face of future shocks. Farmers in rural areas who lack 
reliable access to an internet connection, farmers with fewer financial 
resources, and immigrant farmers who may need language assistance 
when navigating online sales and marketing platforms will be particu-
larly important to support in this area, though further research is needed 
to understand which communities need the most support and the forms 
of support that are needed. 

Finally, increased efforts could be made to support young and un-
derserved farmers. Our results that farmers under 55 years of age were 
more resilient to the impacts of the pandemic, coupled with recent 
findings that 86% of farmers under 40 adopted regenerative farming 

practices (Ackoff et al., 2022), suggest that continued efforts can be 
made to invest in the next generation of farmers to support their access 
to land and resources. Efforts such as USDA's NEXTGEN funding op-
portunity do so by supporting the training of the next generation of food 
and agriculture professionals at minority-serving institutions (USDA 
NIFA, 2022). Our results on BIPOC farmers and extensive research on 
BIPOC and other underserved producers indicate that they need more 
support to be resilient to disruptions and thrive in the food system. A 
recent $300 million USDA funding opportunity to partner with organi-
zations that increase access to land, capital, and markets for vulnerable 
farmers is a promising start (USDA, 2022b), though localized efforts at 
the state and county levels will also be needed. Additional steps to 
support these efforts are detailed by other scholars (Calo, 2020; Carlisle 
et al., 2019). 

4.2. Limitations and areas for future research 

Despite our survey's relative representativeness (Fig. 1, Table 1), we 
suspect that the experiences of certain types of farmers were omitted. 
Most prominently, our survey was distributed through email and 
administered through an online instrument, which means that farmers 
without easy access to online technologies were likely underrepresented 
in our findings. Secondly, more time-constrained farmers, for example 
those with small children or other time-consuming caretaking re-
sponsibilities, might not have taken our survey. Third, immigrant and/ 
or marginalized farming communities may not have found the survey 
accessible (e.g., because of language barriers beyond Spanish, or a lack 
of access to the internet or computers and smartphones to take an online 
survey). Future research should target these groups to ensure that their 
experiences are represented in pandemic-related research. 

Our findings also indicated that gender was not a statistically sig-
nificant variable in our combined models. However, it is possible that 
our survey did not reach some of the most vulnerable and/or struggling 
women farmers during the pandemic because they either did not have 
internet access, did not have time to take the survey, or did not partic-
ipate in the listservs we used for distribution. Further research, partic-
ularly with BIPOC women farmers, could confirm or add nuance to these 
results. 

Additionally, this study is cross-sectional and captures farmers' 
experience during only one part of the pandemic. Longitudinal research 
studies could capture farmers' experience over time as the impacts of the 
pandemic continue to unfold. As of this writing, farmers are still expe-
riencing the effects of the pandemic on local, national, and global supply 
chains (Gayman, 2021; Johansson, 2021; Mitchell, 2022; Tomascik, 
2021). This underscores the periodicity of the pandemic (i.e., the pre- 
vaccine period, post-vaccine period, and the surges of variants), as 
well as its geographic variability due to varied restrictions and market 
impacts. Pairing quantitative research with qualitative interview-based 
research would also help provide a more granular understanding of 
farmers' experiences during the pandemic. 

While this study looks at resilience within direct market farmers, it 
would be helpful to conduct comparative studies on how direct market 
farmers fared relative to those with only intermediary market channels, 
and whether the type of product produced by direct market farmers (e. 
g., non-perishable commodity crops compared to fresh produce or value- 
added products) impacted operational resilience differently during the 
pandemic or other exogenous shocks. 
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5. Conclusion 

The pandemic's impact has been experienced globally, its time frame 
ambiguous and unpredictable, and its initial stressors from multiple 
directions. Farmers have had the formidable task of responding to these 
multiple stressors all at once, each with varying degrees of impact, 
rather than adapt to one sudden, short-term crisis or slow-building issue 
over time. Because it was unknown whether the shocks in 2020 would be 
long term or not, farmers had to decide whether to focus on short-term 
shifts to buffer the pandemic's impacts (e.g., having family and volunteer 
labor help with labor shortages, using less external-input intensive 
production practices) or longer-term adaptive changes that involved at 
least partial transformations of the operation's business model (e.g., a 
shift to more diversified production systems, expanding to online market 
channels for the foreseeable future). 

Given this unprecedented context, understanding which underlying 
factors were associated with direct market farm resilience to the pan-
demic's disruptions can help guide larger transitions towards sustainable 
and resilient regional food systems that can buffer, adapt to, and even 
transform these operations in response to short- and long-term crises. 
Because this study focused on California direct market farmers, who 
represent over a third of U.S. direct market farmers (USDA NASS, 2016), 
these findings can offer important insight on how U.S. direct market 
farmers fared during the first ten months of the pandemic. 

Our combination of findings on the role of certain farm and farmer 
characteristics in strengthening resilience largely aligns with the liter-
ature on resilience, coping, and adaptive capacity, while adding nuance 
particular to local food systems and exogenous shocks. Specifically, we 
found that for California's direct market farms, those that were more 
resilient to the shocks of the pandemic had: 1) direct-to-consumer 
(rather than through intermediary) market channels, 2) greater use of 
online sales and marketing, 3) larger-scale farms, and 4) more on-farm 
crop and livestock diversity. While farming operation characteristics 
played a relatively larger role in predicting resilience compared to the 
individual characteristics of the farmers surveyed, we did find that 
farmers under 55 years of age and those involved in online farmer net-
works were both more resilient to the impacts of the pandemic. Addi-
tionally, white farmers fared better than BIPOC farmers as shown in our 
farmer characteristic models (1–3). This inequality will hopefully be 
addressed by continued USDA priorities around promoting next- 
generation farmers from underrepresented races and ethnicities in U.S. 
agriculture but will need to be addressed by state and county-level 
policy and non-governmental support as well. 

Our research also suggests that direct markets alone were not enough 
to ensure on-farm resilience, despite long-standing and widespread 
celebration of the social embeddedness of alternative food networks 
acting to blunt the rough edges of commodity markets (Feagan and 
Morris, 2009; Galt, 2013; Hinrichs, 2000). Percentage of sales through 
direct markets did not strongly influence any of the dependent variables 
used as proxies for resilience. In other words, direct market farmers still 
faced numerous problems despite being socially embedded through 
their direct market relationships. 

Taken together, these findings suggest that direct market farmers 
were generally able to respond to the impacts of the first ten months of 
the pandemic, but also experienced a number of challenges that might 

have been alleviated by increased policy, market, and extension/ 
educational support, as well as increased access to cellular and internet 
services. Large-scale disruptions are becoming increasingly common as 
extreme weather and climate are accompanied by social disruptions 
(Swanson et al., 2014). Additionally, future pandemics appear inevi-
table (M. Davis, 2005; Mayer and Lewis, 2020). The advantage of 
shorter supply chains and diversified farming systems that help farmers 
buffer and adapt to these disruptions are substantial. Policy and other 
institutional support for all farmers to enhance farm-level agro-
biodiversity and short supply chains through direct market farming, 
with an additional focus to support BIPOC farmers because of the dis-
advantages they have faced, will be important to create a more resilient 
and equitable food system in the years to come. 
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Appendix A. Survey respondents by county, compared with all farms selling directly to consumer in the 2017 Census of Agriculture

*County included in Southern California region in our analysis. 
^NASS 2017a, pp. 280–284. 
^^The sum is >364 since 31 respondents farm in more than one county. 
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