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Abstract

Future food production will be constrained by the
scarcity of fossil fuel and fresh water as well as
increasing intensity and unpredictability of weather
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events and climate changes. The assurance of food
security and equity for many consumers is compli-
cated by concentration of ownership of land and
other production resources, as well as a global
corporate food systems model that is driven by
profit at the expense of people and the environ-
ment. To assess potential alternatives to the
contemporary global food chain, well focused
research is needed on local food production and
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food webs where small- and midscale family farms
provide economic viability for rural communities
and their regions. We suggest multiple and inte-
grative research priorities in production, enterprise,
and farm economics, environmental impacts of
farming at different scales, and social and commu-
nity consequences of value adding and economic
multipliers in local food webs and systems as well
as the structure of agriculture. Research into key
questions on food security and how it relates to
increased food sovereignty is clearly needed to
assess creative food system alternatives for the
future.

Keywords
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production, food systems, food systems research,
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Introduction and Rationale
Growing debate in the research and development
communities is bringing focus to local and regional
food web options and their potential to promote
food sovereignty. The current globalized food
system — highly dependent on fossil fuels, fresh
water, stable climate, and uninterrupted supply
lines — is not likely the only model for long-term
food security for all or even a majority of people.
Concentration in land ownership, sources of pro-
duction inputs including improved seed dominated
by a few corporations, and tightly controlled
processing and marketing infrastructure all
contribute to the potential fragility of a single,
industrial-model food system, which is especially
dangerous for consumers with limited economic
and natural resources. Corporations with power
and control in the food system find little incentive
to reach people in food deserts in poor areas, to
assure equity of access to food at a reasonable
price, and to promote long-term food security for
economically disadvantaged groups. There is
limited research directed toward potential of locally
based food chains or webs that depend on local
capital and labor and production resources internal
to the farm, and that are designed to serve people
and effectively employ capital to that end.
Although the Green Revolution was highly
successful in raising production, improving
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economic conditions for farmers with fertile land
and access to needed inputs, and reducing costs of
key commodities, the negative environmental and
social impacts of this singular strategy are now
becoming apparent. How do we critically evaluate
the broader consequences of the first Green
Revolution, and thus anticipate and avoid results
that may only concentrate and exacerbate hunger
and other environmental and social costs? There is
accord on the need for food security, but ongoing
questions about the costs and benefits of achieving
a degree of food sovereignty.

What types of research are needed to better
understand the unintended consequences of well-
meaning food system strategies, and evaluate
creative alternatives, adaptations, and integration of
multiple opportunities? There are unanswered
questions about life-cycle costs of long food chains
and contrasting with those of local food webs.
While considering obvious efficiencies of scale,
there are researchable issues regarding the potential
of small- and midscale family farms to adequately
teed local people; to generate jobs through the
development of on-farm and off-farm new busi-
ness enterprises; to add value on the farm and in
the rural community; to diversify labor options and
land ownership in rural communities and small
towns; and to inform individuals and communities
about the process of establishing regional food
networks. The economic multiplier effects of local
processing and food sale through farmers’ markets,
community supported agriculture, and locally
owned grocery stores have yet to be quantified in a
rigorous way. Research on the health and eco-
nomic impacts of food-related illnesses such as
diabetes and obesity could reveal how fresh and
local fruits and vegetables may replace less expen-
sive, highly processed and calorie-dense foods.
These questions are critical to evaluation of local
food systems. Can tastier or more nutritious plant
varieties be profitable if we reduce the need for
“shipability” and “uniformity”? Can youth increase
their consumption of quality food through their
engagement in school or community gardens,
helping reverse rising obesity rates among children
(Creamer &Dunning, 2012)?

Research is also needed to better understand
local food systems that recycle nutrients, water, and
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energy to reduce costs. The cycling of human waste
could be integral to future resource-efficient sys-
tems when studies provide viable technologies.
Essential to creating a research agenda that objec-
tively evaluates alternatives is an educational model
that promotes creating thinking in the combining
of theory and practice; in the integration of
production, economic, environmental, and social
concerns; and in better understanding of food
webs and farming as human activity systems. Focus
in the future on a research agenda that evaluates
local food systems using methods from both
biological and social sciences can help us better
understand food security and sovereignty. A
number of key issues were presented in the
“Sustainable Agricultural Systems Science White
Paper” from the U.S. Department of Agriculture
(USDA) Research, Education, and Economics
Division in 2012, and these are included in the
following discussion of future food system
research priorities (Office of the Chief Scientist,
USDA, 2012). An articulate presentation of the
rationale for diversified farming systems based on
agroecological models as compared to industrial
agriculture was provided by Kremen, lles, and
Bacon (2012).

Specific Weaknesses in Current

Food Systems

We recognize serious challenges that must be faced
during the current century in producing enough
food for a growing human population, with many
people concerned about improving their diets,
while at the same time maintaining an environment
favorable to us and other species. Dependence on
a finite and potentially exhaustible fossil fuel
reserve requires a new metric for evaluating energy
efficiency (Zencey, 2013), overexploitation of fresh
water requires seeking more efficient irrigation
technologies (Postel, 2013), and complacency bred
by two centuries of relatively benign climate must
be redirected into the creative design of more
resilient and durable food systems (Renner, 2013).
Coupled with the drastic concentration of wealth
and land resources in the hands of a few corpora-
tions and individuals, these global realities give
reason to pause and assess how we might better
prioritize research in farming and food systems.
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We need to mobilize people and scarce resources
to meet future food needs with attention and
compassion to the importance of food security and
supply, of equity in access to food, and a degree of
food sovereignty. It is time to take seriously the
statement that was agreed upon at the founding of
the United Nations and supported by the Brundt-
land Report (WCED, 1987) that food is a human
right.

As we are currently imbedded in a monetary
and policy environment that promotes globaliza-
tion of economic activity and food trade, we
devote limited research to alternatives such as local
food systems and how we can “reconnect food,
nature, and community” (Wittman, Desmarais, &
Wiebe, 2010) in ways that promote a degree of
local control and food sovereignty. Food sover-
eignty was a term “coined to recognize the political
and economic power dimension inherent in the
food and agriculture debate and to take a pro-
active stance by naming it. Food sovereignty,
broadly defined as the right of nations and peoples
to control their own food systems...has emerged
as a critical alternative to the dominant neoliberal
model for agriculture and trade” (Wittman et al.,
2010, p. 2). Since the economic interests of multi-
national business and political forces in national
government are aligned to drive most of the food
research agenda, the global system is unlikely to
meet the economic needs of most small farmers
and rural people, and the food needs of other
marginalized citizens. It is time to dedicate more
research attention to local food systems and
explore their potential to increase production
diversity and resilience, improve nutrition and
health outcomes, decrease hunger, restore rural
economic viability, and improve the environment.
We also need to investigate the importance of food
sovereignty in a complex, unpredictable, and
increasingly risky future.

Sustainable Small- and Midscale

Food Production

The need to increase food production and availa-
bility by at least 70 percent by 2050 has been
widely reported (Godfray et al., 2010), while some
food requirements could be met by solving crop
loss in the field and waste in the system that
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currently result in at least 30 percent loss before
food reaches the table (Parfitt, Barthel, &
Macnaughton, 2010). There is limited research on
the current contributions and potentials of small-
scale and local food production since the majority
of investment over the past eight decades has
focused on refining the large-scale, chemical-
intensive, industrial model that has dominated in
the North. Among many priority research ques-
tions about small- and midscale farms are these:

e Efficiencies of resource use and production
in diversified systems;

e Potentials of crop and animal integration
for efficient resource use and resilience;

e Enterprise stacking with multiple animal
species;

e Designs for multiple cropping systems and
their mechanization;

¢ Biological intensification to increase
production and resource use efficiency;

e Nutrient cycling on farms and from rural
communities, including human waste;

e Permaculture systems with perennial and
annual species plus animals;

e Aquaculture integrated with on-farm feed
sources and water cycling;

e Perennial polycultures for integrated grain
and forage production;

e Spatially vertical production systems and
small-scale urban farming; and

e Urban production systems based on waste-
water recycling.

In addition to the above research questions
appropriate to small- and midscale farms, we also
need to know how community gardens, urban
farms, and personal home gardens can contribute
to addressing immediate issues of hunger and
access to fresh and healthy produce. While the
resurgence in interest is far less than that which
resulted in the 20 million “victory gardens” that
helped supply 40 percent of the U.S. population
with their fruits and vegetables during World War
11, such gardens may alleviate hunger and negative
health outcomes and should be evaluated as part of
a vibrant local food system.
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Economic Opportunities for

Local Food Systems

Although economies of scale are generally
attributed to large, mechanized farms, in fact there
are many options to achieve similar results at a
smaller scale. Hall and LeVeen (1978) reported that
most efficiencies can be reached on modest-sized
farms, and that many other measures beyond
labor-saving technologies should be studied to
understand small-farm economics. From analyses
of farm size and resource use in Iowa corn-and-
soybean farms, Tegtmeier and Duffy (2004)
reported that most efficiencies of scale were
achieved by farms of 640 acres (259 hectares).
There is substantial data today on the total costs of
growing food far from where it is consumed, yet
applied research is needed to better understand the
multiple benefits of sustainably produced local
foods and improve understanding of the local
multiplier effect in rural communities (Halweil,
2002). Among the important research areas are
these:

e Impacts of farm size on production
efficiency using metrics of labor and other
inputs;

e Labor vs. technology trade-offs on small-
and midscale farms;

e Measures of food-safety and food-quality
components affected by distance to market;

e Optimum equipment size and economies of
mechanization scale for small, local farms;

e FEconomics of on-farm and local processing
of farm products for local sale;

e Multiplier effects of food dollars spent for
locally grown and/or processed farm
products;

e Added value to farm enterprises from direct
or other models of local marketing;

e Economic resilience as a consequence of
multiple enterprises and integration either
on the farm or in a contiguous region; and

e Connecting regional food networks to meet
temporary or ongoing needs in other
regions.
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Environmental Impacts of Small-

and Midscale Farms

Loss of biodiversity in rural landscapes has been
attributed to increases in farm size, specialization in
one or a few enterprises, large-scale mechanization
including equipment size and irrigation systems,
and removal of livestock from most farms. A case
study of three townships in Iowa with data from
1937 to 2002 substantiates these claims (Brown &
Schulte, 2011), with observations of larger fields,
more row crops, fewer forages and small grains,
and loss of rural infrastructure. There is ongoing
debate about environmental impacts related to
farm size and application of technologies (Mortis
& Burgess, 2012), but general agreement that
smaller farms are managed with greater attention to
each acre, appreciation of biodiversity and
preservation of nonfarmed areas, and concern for
maintaining a diversity of farm enterprises and
integration of crops and livestock (Ahnstrém,
Hoéckert, Bergea, Francis, Skelton, & Hallgren,
2009). Research areas that need attention include:

e Participation of small-, mid-, and large-scale
farms in conservation programs;

e Farming practices related to environmental
conservation on different farm sizes;

e Enterprise diversity and animal integration
related to environmental impacts of farms;

e Impacts of free-range livestock enterprises
on the environment;

e Intensive rotational grazing of livestock and
its environmental impacts;

e Preservation of ecosystem services on
small-, mid-, and large-scale farms; and

e Attitudes of farm owners about long-term
conservation of natural resources.

Community and Rural Infrastructure

From the pioneering research in the Central Valley
of California in the 1940s (Goldschmidt, 1948) to
the present, there is convincing evidence that farm
size is associated with local community economies,
services, and quality of life. In fact, the results of
the original studies were so controversial and
negative toward large-scale agriculture that the
California Farm Bureau attempted to squelch the
initial research results and prevent Goldschmidt
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from receiving his degree from UCD. Recent
research confirms many of Goldschmidt’s results,
and the impacts of corporate, industrial-model
farming are even more accentuated with
contemporary trends toward consolidation of land
in fewer holdings (Lobao & Stofferahn, 2008).
Although we may operate in a more transparent
research environment today, there is still an
overwhelming level of research support from
private industry and public-sector grants to support
improvements in the dominant model of industrial
agriculture, and researchers interested in small
farms and local food systems often depend on
small grants from the federal government, private
foundations, or nonprofit organizations. Some
research priorities for the future include:

e Impact of land, labor, and production
resource distribution in rural communities;

e Quality of rural infrastructure and
communities related to farm size and farm
numbers;

e Food availability and quality related to
strength of local small-farm production;

e Equity of access to food as related to local
production and distribution webs;

e Impacts of local small- and midscale farms
on food security, sovereignty, and/or
cultural identity;

e Potentials for continuity over generations
on smaller-scale sustainable farms;

e Effects of public policies to optimize
contributions from local, small-, and
midscale farms; and

e FHconomic and policy incentives to develop
regional food networks.

Finally, research must address the price-to-
access conundrum. All consumers need access to
healthy and fresh products, and thus we must
avoid the disparity of two food systems: one for
the wealthy with access to expensive fresh food,
and one for the poor with access only to fast food
and highly processed, calorie-dense options.
Keeping food “cheap” is a societal issue, and the
cost cannot be borne by farmers alone. If we
continue to expect food prices to stay low at
farmers’ expense, then the erosion of the farming
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population (average age is now 59) will continue,
without young people available to replace those
transitioning out. Can we research and evaluate
alternative models in which access and affordability
of farmland are increased to those who can bring
creative ideas to farming and food systems?

Conclusions: A Call for Research

and Education

The potential for change in farming and food
systems research priorities to consider local
“foodsheds” (Getz, 1991) and provide objective
analysis of local foods versus those from a “global
everywhere” (Kloppenburg, Hendrickson, &
Stevenson, 1996) will depend on the results of the
above research agenda plus the investigation of
many related topics. We must keep in mind that
the research results from studies of controversial
topics may get little attention from farmers and
other decision-makers, depending on their invest-
ment in the current industrial farming paradigm
(Francis, 2010). It is difficult to objectively assess
the long-term impacts of a move toward streng-
thening local, diversified, value-adding, and small-
and midscale food systems since relatively little
research has been done compared to that on large-
scale systems. Improvements will be driven in part
by public awareness of the challenges in our
current food system, and largely by educating the
next generation of scientists in holistic, systems-
oriented, transdisciplinary studies such as those
presented in agroecology (Lieblein, Breland,
Francis, & Ostergaard, 2012; Lieblein & Francis,
2007) and systems dynamics (Maani & Maharaj,
2004). Extension also plays a role in educating the
public about local food systems (Dunning,
Creamer, Massey Lelekaks, O’Sullivan, Thraves, &
Wymore, 2012).

Given the magnitude of global food chal-
lenges, projected increases in human population,
losses of biodiversity and ecosystem services from
rural landscapes, and growing interest in local
foods through farmers’ markets, CSAs, and direct
purchase from farmers, it clearly is time to
thoughtfully examine other alternatives. Questions
of how to achieve food equity, food security, and
local food sovereignty should be addressed as part
of the future projections for a comprehensive
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agenda for research. To rely entirely on a global,
specialized, and narrowly owned and tightly con-
trolled industrial food system would appear to be
ill-advised in light of the many emerging con-
straints on its sustainability. The human potential
for creativity and contributions to future sustain-
able food systems can only be realized by exploring
new paradigms that are outside the mainstream,
and this we owe to coming generations. It is
important to heed the words of Nobel laureate
René Dubos that “Trend is not destiny.” =
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