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Abstract

The theoretical concept of a foodshed is neatly a
century old, while the tools used to model them—
computer software coupled with spatial and statis-
tical datasets—are ever-evolving. In a previous
study (Galzki, Mulla, & Peters, 2014), foodshed
maps have been created in Southeastern Minnesota
that display the potential for local food system
capacity in the region. Several assumptions were
made based on data and software limitations that
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make the former results quite theoretical; this study
attempts to move those results closer to reality by
updating, where relevant. We utilized data pro-
duced by a model developed at the University of
Minnesota to more effectively estimate regional
food expenditutes to create a representative diet in
the region. We used current land-use data along
with site-specific crop yields to analyze the poten-
tial food capacity of the region. We used optimiza-
tion software to allocate food supplies to 53 cities
in an attempt to feed all residents in the region and
minimize food transportation distances. Improve-
ments in software capacities allowed us to incor-
porate larger datasets, resulting in more detailed
maps and statistics that better represent the poten-
tial of local foods in the region. The optimization
model indicated the region is capable of sustaining
its population entirely on locally derived foods.
Each resident can be fed on approximately one-
third of a hectare (0.85 acre) of land in the region.
The average distance a unit of food travels from
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farm to grocery store was found to be 15.6 km (9.7
miles). Results also show that 90% of the cultivated
land remains in surplus after meeting the food
demands of the region, minimizing the impacts on
the local agroeconomic system. The surplus of
pasture land is smaller, but over half the pasture
land in the region is in surplus after food needs atre
met. We explore an alternative land-use scenario
that removes environmentally sensitive cropland
from cultivation to illustrate the impact conserva-
tion efforts may have on a potential local food
system. The updated results of this study bolster
the evocative effect of mapping foodsheds and
provide a more realistic illustration of how the
region could sustain itself on locally derived foods.
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Introduction
The term foodshed was originally introduced as
analogous to watersheds. Instead of geographical
landforms guiding the flow of water to an outlet, as
in a watershed, foodsheds describe the economic
forces that guide the flow of where food is pro-
duced and how it is transported to an outlet such
as a city where it is consumed (Hedden, 1929). This
concept introduced neatly a century ago was revis-
ited to help illustrate how food systems work and
to suggest that food sources must be protected
(Getz, 1991). Foodsheds have been recently used
to discuss a more locally reliant food system
addressing issues such as food security and sus-
tainability concerns as well as social and envi-
ronmental impacts of food systems (Hendrickson,
Kloppenburg, & Stevenson 1996; Bills, Peters, &
Wilkins, 2009). The importance of a local food
system is reflected in the benefits associated with it;
these include local economic impacts, health and
nutritional benefits, increased food security and
sustainability, potential energy usage reductions,
increased use of ecologically sound production and
distribution methods, and the enhancement of
social equity and democracy for a community
(Feenstra, 1997; Martinez et al., 2010).

While foodsheds started as a conceptual idea,
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recent attempts to map them are producing visuals
that illustrate local food system potential. A
number of foodshed maps have been created for
areas across North America as well as areas
overseas (Peters, Bills, Wilkins, & Fick, 2009; Hu,
Wang, Arendt, & Boeckenstedt, Boeckenstedt, &
Hu, 2011; Kremer & DeLiberty, 2011; Musavi &
Holden, 2013). These often represent theoretical
footprints that display what a local food system
could look like on the landscape. An optimization
model developed for New York State (Peters et al.,
2007) considered an ideal diet, census population
data, agricultural land-use data, and site-specific
crop yield data to display the geographical extent of
food demands in New York. This model was
adapted to a region in Southeastern Minnesota by
Galzki et al. (2014) and further updated here.

This study is one of a set of research projects
funded by the University of Minnesota Southeast
Regional Sustainable Development Partnership as
part of its Southeast Foodshed Planning Initiative.
The region has a decades-long local foods history
that has cultivated a system continually growing
and evolving today. This is evidenced by the num-
ber of producers, community supported agtriculture
farms, farmers markets, cooperative grocery stores,
value-added local products on the shelves of
natural food and mainstream groceries alike, as well
as current developments around institutional mar-
kets, ageregation and distribution centers, and
financing tools. Furthermore, fertile soils found in
Southern Minnesota yield a high agricultural pro-
ductivity in the region. When estimating each
state’s ability to supply itself with local foods,
Timmons, Wang, and Lass (2008) found that
Minnesota has the highest potential in the country;
the study estimated the state can supply 90% of its
food needs with locally grown food. Due to the
amount of current local food framework and sup-
port mechanisms coupled with the high potential
for agricultural food production, this region is a
prime candidate for analysis of local food capacity.

Study Area

A 15-county region was defined in Southeastern
Minnesota that acts as a boundary for both popu-
lation data and agricultural production potential
data within the foodshed model. Individual
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foodsheds are centered on population centers. It is
assumed all food is delivered to this center directly
from where it is produced, and the population will
acquire food products from it. A population center
was generated for every grocery outlet in the
region, which resulted in 53 cities being used in
attempt to represent the current system of food
distribution (Figure 1). A Thiessen polygon analysis
of these cities was used to aggregate census block
data. In other words, residents of rural areas
surrounding the 53 cities were assigned to their
nearest population center, as it was assumed this is
where they would acquire grocery products. The
total population in the region is just over 620,000
people, which is largely dispersed in small towns
and rural areas. Over 40 of the population centers
have 10,000 or fewer residents. Rochester, the
largest population center in the region, has 115,000
residents based on the Thiessen polygon analysis.

Materials and Methods

To determine potential food supply in the region,
production zones were created which act as food
supply points within the optimization model. For-
mer studies utilizing this model employed 5 km
(3.1 mi) by 5 km (3.1 mi) production zones (Galzki
et al., 2014; Peters et al., 2009). Frontline’s pre-
mium solver platform with an LP/QP (linear
programming/quadratic programming) extended
engine was utilized for this optimization (Frontline
Systems, Inc., 2005). This extension, designed for
large scale optimizations, implies higher computing
power and increased the amount of data that can
be accommodated by the model. Production zone
size was decreased to 2 km (1.2 mi) by 2 km (1.2
mi) to increase detail in resulting maps and sta-
tistics. The amount of perennial and cultivated land
was calculated for each zone. Within the model,
annually cultivated lands create a supply of fruits,

Figure 1. Extent of the Study Area in Southeastern Minnesota and the 53 Cities Used as Distribution

Points with Aggregated Population

* Northfield,

. .Farlb?ult
gvmn‘lato- .
° JOwat s
° o Watonna Roches
Waseca o o |0 .
City Population . o La Crescent
* <10,000 * . e
® 10,000-49, — \ Albe.rt Lea .Austm N )
@ 50,000 - 115,000 U . o
0 25 50 100

km

Volume 7, Issue 3 / Spring—Summer 2017

183




Journal of Agticulture, Food Systems, and Community Development

ISSN: 2152-0801 online
http:/ /www.foodsystemsjournal.org

vegetables, and grains in the region and also
include considerations for livestock feed. Since
cultivation in Minnesota is restricted by its growing
season, anticipated use of preserved and processed
foods, such as canned vegetables in the winter,
were also considered. Perennial lands, which
represent pastured areas, are used to supply meat,

milk, and eggs in the region.

Food demand in former studies has been
based on a theoretical ideal diet based on food
guide pyramid recommendations (Peters et al.,
2009; Galzki et al., 2014). This 2300 kcal day- diet
consisted of 170 g (6 oz.) of meat per person per
day, with 40% of total calories coming from fat.
This ideal basket of food originally created with
New York climate considerations was termed a
human nutritional equivalent and was adapted to
Minnesota growing conditions covered in detail in
previous work (Peters et al., 2007; Galzki et al.,
2014). The diet accounted for seasonal food
availability, as well as storage and processing losses

with preservation methods.

To create a diet that more closely represents

what residents in the area are con-
suming, recent eCONOMIC survey
data were analyzed. The most
recent consumer expenditure
survey at the time of analysis (U.S.
Bureau of Labor Statistics, 2013)
was utilized; this survey details
categorical food expenditures and
how they vary based on 10 demo-
graphic categories. In a process
outlined by Wang (2011) and
refined by Dietrich (2013) as part
of the University of Minnesota’s
Southeast Foodshed Planning
Initiative, these data were coupled
with American Community Survey
county-level demographic statis-
tics to determine region specific
food expenditures (U.S. Census
Bureau, 2013). The consumer
expenditure survey has two data
categories that weren’t considered
because their constituents are too
ambiguous to fit into the food-
shed model. Food away from
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home largely represents restaurant expenses, and
the miscellaneous foods category includes things
such as frozen meals, spices, and condiments. By
excluding these categories, the representative diet
created considered only at home common food
expenditures (Table 1).

The categories found in the consumer expen-
diture survey were aggregated into 7 groups for
easy comparison to the ideal diet used previously
by the model: grains, meat and eggs, fruit, vege-
tables, dairy, oils, and sweets. Since the ideal diet
was modeled in portion size and not expenditures,
prices for all constituents of the ideal diet were
determined using historic 2008 retail food prices
from the Bureau of Labor Statistics (n.d.) or fruit
and vegetable prices from the Economic Research
Service (n.d.). All prices were determined in 2008
US dollars for consistency. Once all commodity
prices had been catalogued, the ideal diet was com-
pared to regional consumer expenditures, and all
portion sizes in the ideal diet were scaled to match
current Southeastern Minnesota expenditures.
Recent estimates of average daily per capita calorie

Table 1. Categories and Brief Descriptions of the Consumer
Expenditure Survey Used

Category

Brief Description

Cereal

Flour, cereal, rice, pasta, etc.

Bakery products

Bread, cakes, rolls, cookies, etc.

Beef All cuts of beef excluding canned

Pork All cuts of pork excluding canned ham
Other meat Hot dogs, lunchmeat, lamb, etc.
Poultry Chicken, turkey, other poultry
Seafood Canned, fresh, and frozen seafood
Eggs Eggs

Milk products

Fresh milk and cream

Other dairy

Butter, cheese, ice cream, yogurt, etc.

Fresh fruit

Apples, bananas, citrus, etc.

Processed fruit

Frozen fruit, juices, dried, canned

Fresh vegetables

Potatoes, lettuce, carrots, etc.

Processed vegetables

Frozen and canned vegetables, dried beans, etc.

Sweets

Sugar, candy, jam, etc.

Oils

Margarine, oils, salad dressings, etc.
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intake for the United States are just under 2,600
kcal (USDA Economic Research Service, 2014), so
the representative diet was scaled to reflect these
data (Appendices 1 and 2).

Based on consumer expenditure analysis, dis-
tinct variance was observed in the ideal diet used in
previous studies and the representative diet created
here. Most notably, expenditures on vegetables in
the region were half of what the food guide pyra-
mid recommends for the ideal diet. The region is
also spending less on meat and eggs. The regional
expenditures are much higher for dairy products
than the ideal diet, and sweets, grains, and fruit
expenditures are slightly more than what is seen in
ideal diet expenditures (Figure 2).

The representative diet created for the region
was then translated into agricultural land demand
by analyzing crop yields for each of the constitu-
ents of the diet. The original model used New
York state crop yields; the model was adapted to
Minnesota specific crop yields using five-year
USDA National Agriculture Statistics Service
(USDA NASS) (2011) data for all counties in the
region. Crop yield goals were used when NASS
data were not available (Rosen and Eliason, 2005).
Processing losses, as well as adjustments for
inedible portions, were both accounted for.

Additionally, feed crops were considered when
determining land demands. A setving of beef, for
instance, includes both the pasture land needed for
grazing cattle in addition to annually cultivated land
used to grow livestock feed. Because of these
considerations, meat and dairy products require
both pasture and cultivated land within the model.
Food demand was determined for each of the
53 cities based on the representative diet and popu-
lation data. Supply of both cultivated land and
pasture land was calculated for each of the 2 km
(1.2 mi) by 2 km production zones created in the
region. Straight-line distances from each produc-
tion zone to each city were also calculated, which
the model used to minimize the sum of delivery
distances from farm to supply point. The structure
of the optimization was described previously by
Peters et al. (2009). Frontline’s Risk Solver Plat-
form was used to carryout optimization within
Microsoft Excel (Frontline Systems, Inc., 2005). A
single spreadsheet was used containing a variable
matrix that allowed the optimization software to
explore every possible allocation scenario of deliv-
ering food products, derived from both cultivated
and pasture lands, from each of the 6000 produc-
tion zones to each of the 53 cities used in the
region. The variable matrix was constrained by

Figure 2. Comparison of the Proportion of At-Home Expenditures for the Ideal Diet and the Representative
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both the production potential within each zone and
by the maximum production demanded by each
population center. A distance matrix was used in
the model that contained distances from each of
the 6000 zones to each of the 53 cities. Finally, an
equation summed the total distances of delivered
food products for each allocation scenario, and the
optimization determined the scenario with the
lowest delivery distance in which either all food
demand was met, or all agricultural supply was
exhausted in the region.

Alternative Land-use Scenario
An alternative land-use scenario was explored to
determine the potential impact of removing mar-
ginal cropland from cultivation in environmentally
sensitive landscapes. Based on the constituents of
the representative diet used, pasture land is both in
higher demand and lower supply in the region. In
this alternative scenario, a portion of annually culti-
vated lands was converted to pasture land where
cropland was both marginal for productivity and
environmentally vulnerable based on the indices
described below. Annual cultivation in vulnerable
areas can lead to environmental concerns such as
soil degradation and surface water contamination.
By removing a portion of land from cultivation,
these issues can be addressed; also increasing the
supply of pasture land would result in a decrease in
foodshed size, implying reduced delivery distances.
Two indices were employed to determine
lands suitable for removal from cultivation. The
crop productivity index (CPI) was developed by
the Natural Resources Conservation Service in
Minnesota and represents a rating of potential
yvield of one soil against another. Ratings range
from 0, or lowest productivity, to 100, or
maximum productivity (Minnesota I'T Services,
n.d.). Due to a marginal production potential,
cultivated land was selected based on 30 m grid
cells with CPI ratings of 50 or less to be
considered for conversion to pasture. A second
index, the environmental benefits index (EBI),
ranks lands based on their potential ecological
benefit. The EBI values land that would benefit

! The Universal Soil Loss Equation is a widely accepted
empirical formula developed by the USDA that estimates soil
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when removed from cultivation based on three
different ecological concerns. The first represents
a soil degradation risk based on the Universal Soil
Loss Equation.! The index also evaluates lands
that have potential for providing quality habitat
based on several habitat considerations. Finally, a
high value is given to lands associated with a
surface water quality risk based on both proximity
to surface waters and overland flow paths. Each
component contributes 100 points to the EBI
with values ranging from 0 to 300; higher values
indicate areas that would more strongly benefit
from removal of annual cultivation (Minnesota
Board of Water & Soil Resources, n.d.). Lands
where CPI is under 50 were intersected with areas
that had EBI scores above 150 to represent both
low-productivity and ecologically valuable land
parcels. Characteristics of such lands suitable for
conversion include cultivated areas with steeper
slopes, shallow topsoil, close proximity to surface
waters, or areas important for local biodiviersity.

Results
Even though daily caloric intake in the represen-
tative regional diet increases by nearly 300 kcal, the
diet is made up of more products with higher food
yields per acre, such as grains, and is lacking in
meats and vegetables, which have lower food yields
per acre. Due to the breakdown of the representa-
tive regional diet, it requires a smaller agricultural
footprint than one following food guide pyramid
recommendations with fewer caloties. Based on
this regional representative diet and Minnesota
specific crop yields (Appendices 1 and 2), each
person in the region requires 0.16 ha (0.39 ac) of
cultivated land and 0.18 ha (0.46 ac) of pasture land
to supply their nutritional demands for the year.
The ideal diet used in a previous study within the
region required the same amount of cultivated
land, but an additional 0.05 ha (0.12 ac) of pasture
land was needed, making the agricultural footprint
of the ideal diet larger despite how it provides
fewer calories.

Using the updated regional diet, total agricul-
tural land demand per person in Southeastern

erosion by rainfall impact and surface runoff (USDA ARS,
n.d.).
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Minnesota is just under 0.35 ha yr (0.85 ac yr).
With 620,000 residents in the region, this translates
into a total agricultural land demand of approxi-
mately 214,000 ha (530,000 ac). According to the
Multi-Resolution Land Characteristics Consorti-
um’s (2011) National Land Cover Dataset, the 15-
county study area in Southeastern Minnesota
contains neatly 1,700,00 ha (over 4,000,000 acres)
of agricultural land cover including both perennial
pasture land and annually cultivated land, which is
more than enough to sustain the population on
local foods. However, within the region, 85% of all
agricultural land is devoted to annual cultivation.
Most of the western portion of the region contains
flatter slopes and productive soils, where cultiva-
tion is focused. The eastern edge of the region is
dominated by high-relief bluff lands draining to the
Mississippi River and is where more of the pasture
land exists. The proportion of cultivated and pas-
ture lands, as well as their locations within the
region, largely influence foodshed size and food
delivery distances.

Considering food demands of the represen-
tative regional diet, regional population data, and
the availability of cultivated and pasture land, the
model concluded that it is feasible for Southeastern
Minnesota to feed itself entirely on locally derived
foods. The extent of each foodshed is again largely
determined by the proximity of a city to cultivated
and pasture land. The model outputs are mapped
and illustrate both cultivated foodsheds and
pasture foodsheds (Figures 3 and 4).

Of the 1,426,000 ha (3,500,000 ac) of annually
cultivated land in the region, less than 10% is
needed to provide the entirety of cultivated food
demands of the population. Cultivated land is both
in higher supply in the region and in lower demand
based on the constituents of the representative
diet, which is reflected in the small footprint

defined by cultivated foodsheds and small food
delivery distances relative to pastutre land consid-
erations. The average distance a unit of cultivated
food travels within the modeled scenario is 10.8
km (6.7 mi).

As for pasture lands, 250,000 ha (620,000 ac)
exist in Southeast Minnesota. Of these available
pasture lands, just under half are needed to provide
for the local pasture food demand. Smaller supply
of pasture lands coupled with a higher dietary de-
mand translate into larger foodsheds and increased
food travel distances. A unit of food derived from
pasture land travels an average of 30 km (18.6 mi)
to get from farm to distribution center. When
cultivated and pasture food distances are combined
based on their proportion of the total regional diet,
the average distance each unit of food travels
within the region is 15.6 km (9.7 mi).

The amount of agricultural land needed to
meet food demands is only part of the actual areal
coverage of the foodshed. Agricultural lands are
intermixed with forest lands, urban areas, surface
water, wetlands, and other land forms. Delivery
paths are also included in the foodshed footprint,
so if a parcel of agricultural land is not adjacent to
the city it’s delivered to, the cells along the delivery
route are included. Thus, actual size of the food-
shed footprint differs from agricultural land
demanded in resulting statistics (Table 2).

Alternative Land-use Scenario

In this hypothetical scenario, cultivated lands that
were defined as low productivity and ecologically
valuable were removed from annual cropping
practices to increase pasture land availability.
Again, the overall goal is to explore the impact of
one potential scenario of utilizing the large surplus
of cultivated land in the region to benefit soil and
water resources. Approximately 26,000 ha (63,000

Table 2. Agricultural Land Demand, Foodshed Footprint Size, and Food Delivery Distances for the Current

and Alternative Land-use Scenarios

Current Land Use

Alternative Scenario

Cultivated Pasture Total Cultivated Pasture Total
Agricultural Land Demand (ha) 98,600 114,700 213,300 98,600 114,700 213,300
Foodshed Footprint (ha) 328,000 1,505,200 1,546,000 342,800 1,569,600 1,618,800
Food Delivery Distances (km) 10.8 29.9 15.6 11.1 23.7 14.2
Volume 7, Issue 3 / Spring—Summer 2017 187
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Figure 3. Cultivated Foodsheds in Southeastern Minnesota
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Figure 4. Pasture Foodsheds in Southeastern Minnesota
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ac) were removed from cultivation and added to
the potential supply of pasture land, which repre-
sents less than 2% of the available cultivated land
in the region. This small-scale conversion would
not only reduce potential pressure on soil and
water resources in vulnerable areas, it also
decreases the average total food delivery distance
from 15.6 km (9.7 mi) to 14.2 km (8.8 mi). Since
the model optimizes delivery distances and not
foodshed footprint size, the footprint actually
increases. This data artifact is a reflection of smaller
more dissected parcels of pasture land that are
closer in proximity to cities. Although they reduce
delivery distances and satisty the optimization, they
require an increased number of delivery paths and
thus a slight increase in footprint size (see Table 2).

Discussion

Soil and water conservation is simply one example
of how an agricultural land surplus can be explored
to further increase the benefits of utilizing local
foods. From an economic standpoint, 90% of the
regional cultivated land could be dedicated to com-
modity crops. When regional NASS land rental
rates are used to value this land surplus, it could
provide over $800 million to the local economy. If
agricultural land in Southeastern Minnesota is
dedicated solely to provide local foods to Minne-
sotans, the 15-county area could supply all of the
cultivated food demands and over 70% of the
pasture food demands to the entire state’s popu-
lation of over 5 million people. When figuring the
other 30% of pasture food needs could easily be
met by Minnesota lands outside this region, one
can conclude that Minnesota can theoretically be
fed entirely on Minnesota grown foods based on
the assumptions made in this study.

Although assumptions are made throughout
this modeling process that create theoretical
results, recent updates to the methodology and
data inputs make these results much closer to
reality than past iterations. The results found here
illustrate local food potential in the region and have
been disseminated to local stakeholders, stimulat-
ing interest in local foods and advancing the
regional/local foods conversation. Demand for
local foods in the region continues to grow, as do
the number of farms that produce them (Low &

Volume 7, Issue 3 / Spring—Summer 2017

Vogel, 2011; Martinez et al., 2010; National Farm
to School Network, 2017; National Restaurant
Association, 2014). Most of the growth to date has
been associated with direct-to-consumer market-
ing. With consumer interest expanding beyond
direct domestic purchases, the complex challenges
of developing robust, fully-functioning local food
systems have become more apparent. In addition,
promotion of local food systems and associated
sustainable production practices are now being
embraced for their multiple social and natural
resource benefits by professional societies such as
the American Planning Association and the
Academy of Nutrition and Dietetics (Ametican
Planning Association, 2007; Tagtow et al., 2014).
For the first time, the environmental impacts of
food production and the idea of sustainable diets
for long-term food security have been included in
the recommendations for revised federal dietary
guidelines (Dietary Guidelines Advisory Commit-
tee, 2015). In Minnesota, public health and other
partners are now also attempting to increase access
to local foods as a health-improvement and equity
strategy (Minnesota Department of Health, n.d.;
Minnesota Food Charter, n.d.). This has also
increased institutional demand for local foods in
school and hospital cafeterias. Such demand
significantly outweighs available supply, and public
institutions purchasing large quantities of food
cannot match the premium prices producers have
been receiving via direct-to-consumer or tight
intermediary markets such as restaurants. These
developments are amplifying the ongoing chal-
lenges of aggregating supply from numerous farm-
ers to meet high demand, adequate transportation,
timely distribution, and satisfactory farmer income
and livelihood. The results from this study provide
additional information and encouragement to
decision-makers in business and government to
promote supportive policies and enterprise devel-
opment investments in their local food systems.
Foodsheds in this study were created with
widely available data. The original model developed
for New York was updated with Minnesota spe-
cific crop yields, but it could be replicated for
nearly any part of the country based on local crop
ot soil productivity data. Other data including
population and land-use are available nationwide.
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With relative ease, this model could create food-
sheds in neatly any part of the United States, or
worldwide if appropriate data exists. Therefore
local food potentials could be explored in nearly
any geographical area and may lead to similarly
informative results.

Conclusions

Based on the methods explained in this study, the
15-county region in Southeastern Minnesota has
the theoretical capacity to feed itself entirely on
locally derived foods. The model found that New
York State could only feed one-third of its popu-
lation on local foods. Although the extremely large
population of New York City is an outlier affecting
these results, it is encouraging to note the results of
the model in the Midwest without the influence of
a very large metropolitan area. The average dis-
tance a unit of food would travel in Southeastern
Minnesota is 15.6 km (9.7 mi) compared to 49 km
(30 mi) in New York State. Alternative land man-
agement techniques can be explored that not only
reduce this travel distance to 14.2 km (8.8 mi), but
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Appendix A. Constituents of the Ideal Diet for Summer Months
as Well as Average Yields for Southeastern Minnesota and
Estimated Consumption for Each Processed Constituent

Estimated Consumption

Average Yield (g/person/day)
GRAINS
Wheat 43 bu/ac 219.7
Rye 30 bu/ac 1.5
Corn 145 bu/ac 17.5
Oats 73 bu/ac 11.0
VEGETABLES
Carrots (fresh) 400 cwt/ac 16.7
Endive/escarole (fresh) 180 cwt/ac 0.3
Lettuce (fresh) 300 cwt/ac 22.1
Spinach (fresh) 150 cwt/ac 2.2
Squash, winter (fresh) 300 cwt/ac 3.9
Beets (canned) 10 t/ac 1.2
Bell peppers (fresh) 200 cwt/ac 2.4
Cabbage (fresh) 400 cwt/ac 2.3
Cauliflower (fresh) 150 cwt/ac 0.8
Cucumbers (fresh) 250 cwt/ac 3.3
Eggplant (fresh) 250 cwt/ac 0.5
Onions (fresh) 500 cwt/ac 11.7
Snap beans (fresh) 3t/ac 4.3
Tomatoes (fresh) 270 cwt/ac 36.7
Green peas (frozen) 1.5t/ac 3.3
Green peas (canned) 1.5t/ac 3.5
Potatoes (fresh) 167 cwt/ac 41.2
Sweet corn (fresh) 7 t/ac 11.2
FRUIT
Blueberries (fresh) 50 cwt/ac 6.8
Strawberries (fresh) 100 cwt/ac 24.4
Apples (fresh) 140 cwt/ac 88.9
Cherries (fresh) 45 cwt/ac 3.1
Grapes (fresh) 60 cwt/ac 19.5
Plums (fresh) 80 cwt/ac 33.8
Pears (fresh) 100 cwt/ac 32.3
Apple juice 8,840 lbs/ac 106.8
Grape juice 4,180 lbs/ac 46.8
DAIRY
Milk — whole (3.7%)* 4,917 lbs/ac 987.3
PULSES
Beans - black 2,361 lbs/ac 0.6
Beans — kidney 2,361 lbs/ac 0.6
Soybeans 47 bu/ac 0.7

Volume 7, Issue 3 / Spring—Summer 2017

193



Journal of Agticulture, Food Systems, and Community Development
ISSN: 2152-0801 online
http:/ /www.foodsystemsjournal.org

Estimated Consumption

Average Yield (g/person/day)
NUTS AND SEEDS
Sunflower seeds 1,105 Ibs/ac 0.3
MEAT AND EGGS
Beef* 1,561 Ibs/ac 37.0
Pork* 1,800 Ibs/ac 30.8
Chicken* 1,577 Ibs/ac 47.8
Eggs™ 3,721 Ibs/ac 26.6
OILS
Canola oil 1,527 Ibs/ac 1.0
Soybean oil 2,823 Ibs/ac 16.5
Sunflower oil 1,517 Ibs/ac 0.1
SUGARS
Beet sugar 30,000 lbs/ac 70.3

* Yield values represent pounds of processed edible product
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Appendix B. Constituents of the Ideal Diet for Winter Months
as Well as Average Yields for Southeastern Minnesota and
Estimated Consumption for Each Processed Constituent

Estimated Consumption

Average Yield (g/person/day)
GRAINS
Wheat 43 bu/ac 214.0
Rye 30 bu/ac 1.5
Corn 145 bu/ac 17.1
Oats 73 bu/ac 10.7
VEGETABLES
Carrots (fresh) 400 cwt/ac 33.9
Squash, winter (fresh) 300 cwt/ac 7.9
Spinach (frozen) 150 cwt/ac 14.8
Beets (canned) 10 t/ac 1.4
Cabbage (fresh) 400 cwt/ac 2.6
Cauliflower (frozen) 150 cwt/ac 1.7
Onions (fresh) 500 cwt/ac 13.3
Snap beans (frozen) 3t/ac 2.8
Snap beans (canned) 3t/ac 2.8
Tomatoes (canned) 270 cwt/ac 59.1
Green peas (frozen) 1.5t/ac 3.2
Green peas (canned) 1.5 t/ac 3.4
Potatoes (fresh) 167 cwt/ac 40.2
Sweet corn (frozen) 7 t/ac 6.2
Sweet corn (canned) 7 t/ac 6.2
FRUIT
Apple juice 8,840 lbs/ac 104.0
Grape juice 4,180 Ibs/ac 45.6
Blueberries (frozen) 50 cwt/ac 4.2
Strawberries (frozen) 100 cwt/ac 20.3
Apples (fresh) 140 cwt/ac 99.9
Cherries (frozen) 45 cwt/ac 1.9
Plums (canned) 80 cwt/ac 25.6
Pears (fresh) 100 cwt/ac 36.4
DAIRY
Milk — whole (3.7%)* 4,917 Ibs/ac 999.3
PULSES
Beans — black 2,361 Ibs/ac 0.6
Beans — kidney 2,361 lbs/ac 0.6
Soybeans 47 bu/ac 0.8
NUTS AND SEEDS
Sunflower seeds 1,105 Ibs/ac 0.3
MEAT AND EGGS
Beef* 1,561 Ibs/ac 374
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Estimated Consumption

Average Yield (g/person/day)

Pork* 1,800 lbs/ac 31.2
Chicken* 1,577 Ibs/ac 48.4
Eggs* 3,721 Ibs/ac 26.9
OILS

Canola oil 1,527 Ibs/ac 1.0
Soybean oil 2,823 Ibs/ac 16.7
Sunflower oil 1,517 Ibs/ac 0.1
SUGARS

Beet sugar 30,000 Ibs/ac 71.0

* Yield values represent pounds of processed edible product
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