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King o e ealth services; and so forth. A North American
-l et v;vetli" in the morning has already used far more ener
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r_ngOdS e feczﬁl y.lmportant for the transportation of ourselves
ood: ,indusmes 'ear\ éces, for the production of gas for heating, cookingl
e e res;e :;t ai a feedstock for fertilizers and plastics. But one:
b de};ates ) @? ave any sense of this extreme oil dependence
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9,1 Introduction

9.1.1 The changing state of fossil fuel availability and its
potential to impact food production systems

The world today faces enormous problems related to population a
resources. These ideas have been discussed intelligently and, for the

part, accurately in many papets from the middle of the last century (€
Ehrlich, 1968; Meadows et al, 1972; Odum, 1971; Hubbert, 1969,
However, these concepts largely disappeared from scientific and p
discussion, in part because of an inaccurate understanding of both.
those earlier papers said and the validity of many of their predic
(Hall and Day, 2009). Today, most environmental science textbooks |
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ond half, the im oa-t of the s 01.1 supply grew year by year; in thg sec:
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appear to be mo dulat:dm supply. The impacts of the peak and decline
plateau” at the poak hsomewhat by the continuation of an “undulatin
_of the world, anIZi Zo;xfe ;egli)nifs;d:tiﬁni in cc;conomic growth for mud%
the opini o still-abundant natural gas.
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possible, the inves(:nizérillfs gicgliiiici E‘Haﬂ. et al, 2008), and even were that
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Clearl : “

- Campb)élﬁgoegg a;x a "bumpy plateau” in oil production, as predicted

e o 001 .th s‘petroleum faxtraction declines, it causes prices to

ienoe but the 1ncrease‘d oil price constrains economic growth
ses 0il use and prices to the point that demand rise§ aga'm’

d - .
80 on—the chickens and eggs can keep going for some time. That is

hy many “peak oilers” speak
cmand brcos g, peak of a bumpy plateau. However, if potential

then the difference b
1 : . ce between a steady or ini
pply and an increasing demand presumably would cont);rills ﬁ]:;;?g

No substitutes for oil have been developed on anything Hke the scale
required, and most of those that exist are very poor net energy perform-
ers. Despite considerable potential, renewable sources (other than hydro-
power or traditional wood) currently provide less than 1% of the energy
used in the United States and the world. Until 2008, the annual increase
in the use of each fossil fuel was generally much greater than the fotal
production (let alone increase) in electricity from wind turbines and pho-
tovoltaics (ELA, 2010a). Our new sources of “oreen” energy simply increase
along with (rather than displacing) the traditional ones.

Petroleum possesses important and unique qualitative attributes,
including a very high energy density and transportability (Cleveland,
2005), that lead to high economic utility and the magnitude of current
use that makes its future supply prospects worrisome, including its role
in food production. The relation between petroleum supply and poten-
tial demand will be the continuing issue, rather than the point at which
oil actually runs out. Barring the continuation of our present worldwide
recession, demand will continue to increase as human populations,
petroleum-based agriculture, and economies {especially Asian) continue
to grow. Petroleum supplies had been growing most years since 1900 at
2-3% per year, a trend that most investigators think cannot continue and
in fact ceased in 2005 (e.g., Campbell and Laherrere, 1998; Heinberg, 2003).

How much oil and gas are left in the world? A lot remains, although

probably not a lot relative to our increasing needs, and maybe not a lot
that we can afford to exploit with a large financial and, especially, energy
profit. We will probably always have enough oil to oil our bicycle chain
But will we have anything like the quantity that we use now at prices that
allow for the things we are used to having? The issue of how much oil
remains usually does not develop from the perspective of “When will v
run out?” but rather “When will we reach ‘peak oil’ globally?” Worldwide,
we have consumed a little more than a trillion barrels of oil. The curre
debate centers on whether 1, 2, or even 3.5 trillion barrels of econom
cally extractable oil remain to be consumed. Fundamental to this debate,
yet mostly ignored, is an understanding of the capital, operating, a
environmental costs to find, extract, and use whatever new sources of.
remain to be discovered and to generate whatever alternatives we i
choose to develop. Thus, the investment issues, in terms of both m
and energy, will become ever more important.

Several prominent geologists have suggested that the peak produ
rate of conventional oil occurred for the world in 20042005 (e.g., Deffe
2005; Campbell, 2010). A preliminary peak of all petroleum it
(including unconventional oil, natural gas liquids, and so on) occ
in 2008. This peak was surpassed in 2010-2011, mainly due fo incre
production in biofuels. If global demand regains its prerecession gr
regardless of technology or price, global petroleum supplies will 1

'I 2 > .
Historical energy costs of production and transport

0 i
/ ngl:épt‘);;avrvl; aiucu‘l.tul"al transitions increased productivity and
e e gn fnfuﬂlcri'as farrr'lers grew and supplied food. The first
e 1 nsition Orgblm raft animals to mechanized tractors that took
o a Whj}efn o ce'?tury gEIA, 2q02). The second took place after
B tanks, plonen oo ; mi It.a'ry-mdustnal complex shifted from produc-
: fertifize » and munitions to mass-producing tractors, combin
rs. This shift from draft animals to machines,’ combin:ilz
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Table 9.1 Use of Draft Animals and Tractors on Mid-Atlantic States Farms,
1940-1954

14.0
Percentage of mid-Atlantic M_E.GE_IJ 2 190
states farms reperting: 1940 1945 1950 1954 ,g '

10,0
Horses/mules and no tractors 41.5 243 15.8 6.6 E 80
Horses/mules and tractors 24.9 317 25.3 17.2 § 6'
Tractors only 8.1 18.4 383 55.8 g 0
No tractors or horses/mules 254 25.6' 20.6 204 g %0 j ,

g 20F
Source: U.S. Census Bureau, United States Census of Agriculture, 1954, Washington, DC: E 0 , '
USCB, 1956/1957. 04 : i
1960 1970 1980 1990 ' ‘
. : . 2
The general trend of agriculture in the United States has been supple- 000 010
menting human labor, initially with animal power and later with fossil == Nitrogen (N) =@ Phosphate (P,05) = Potash (K,0)

fuels. The net result has been a very large increase in the amount of grain
produced per farmer per year. Less commonly understood is that there
has been a great deciease in the productivity of each unit of energy invested.
Perhaps the single most important way in which fossil fuel contributed to
agricultural productivity was the widespread application of the Haber-
Bosch process to fertilizer production following World War Il when large-.
scale ammonium production facilities were no longer needed to produce
ordnance. In addition, there was a widespread application of fossil fuels
in the extraction of phosphorus in Florida and Morocco. Finally, a whole.
suite of additional agrochemicals, pesticides, and herbicides were pro:

duced that require fossil fuels as

Although draft animals and fossil-fuel-powered machines improved
the efficiency of human labor on farms, yields did not rise substantia
until the advent of chemical fertilizers and hybrid seeds, especially int
1960s. Steinhart and Steinhart (1974) studied the rising energy inputs in

U.S. agricultural production and

the food system were nearly 10 times that of the food energy consupy
by Americans. Pertilizer use grew quickly after the 1950s and then level
out after concerns arose about eutrophication of wetlands and waterw
and improved application techniques became available (see Figure %
Cleveland (1995a) found improving agricultural efficiency after the 1
was reached in 1978 for the ratio of food energy output per unit of energy
input, reversing the near-linear increase in energy inputs.
The mechanization of farming also reduced the number of crop typ.
grown on each farm. On average, farms in 1900 produced five diff
crop types. By 2000, this number was reduced to one (Dimitri et al., 2
In 2010, a single farmer driving a 60-foot-wide field cultivator tractor
able to work 43 acres in one hour, burning only 0.32 gallons of diese
acre (University of Minnesota Extension, 2009). It appears that both;
and energy efficiency have increased recently (Cleveland, 1995z, 199

igure 9.3 US. fertilizer consumpti

. T ption, 1960-2008. (From US. D t

Oﬁltf}ilciltur‘e, 2010a, Fertilizer use and price Jonline database acceig:cri I;:lelnt;éf
, http://www.ers.usda.gov/Data/FertilizerUse/) h

1.3 Current national patterns of food
production and distribution

;e;ei:ati;zlzility of cheap oil has led to the changes in the agriculture
we now practice. We use massive, but d i
and to produce the agricultural pr ’ os b anentty
! : . products we need, plus a large quantit
or ;i(p.oi ctl We use gfen.ehcally modified (but highly fertilizer %egencrlle;g
2 yie < Feeii 'varletles, large quantities of petroleum-requiring pesti-
Zs,Tahn 2Oertlhzers on a single species to generate massive output per
'ew.)tEdet 07.‘U.S. Agriculture Census indicates that the total land area
voted. }(]) agéicu‘lltlural production is 922 million acres. This is a decline
[ an 6 million acres since 2002. At the same tim
s . e, farm ex
_:d tt(? purchase feeds_, tertilizers, chemicals, and gasoline and othepreflzlseiz
es 1.mat‘ed to have increased from about $40 billion in 2002 ¢ d
billion in 2007, o
ikewise, the availabilit i
: y of cheap oil has also changed consumpti
Arjrl't]s. '1.-"01‘ instance, based on the 2007 U.S. Agriculturf Census, airxle)wl::}il
N;encan consumes 2,775 keal per day, 28% more than in 197(’) (USDA
é bc're2 tixan 3,700 1‘<ca1 are available per capita per day in the Uniteci
ricalut 7% of food is wasted by final consumers (Kantor et al,, 1997)
"\ ;10 Sg)nsTim%sSai'e also eating more meat compared to the pasé
A, . The 1.5, livestock population consumes more th
- an seven
; r‘ii rIlnuch grain as the_ LS, human population consumes directly; if
- were consumed in a plant-based diet, it could feed 840 million
{Pimentel and Pimentel, 2003).

a feedstock.

found that by 1970 the energy inputs in
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As the tastes of American consumers change and the demand
increases for produce not traditionally available year-round and not
grown in a particular area, the distance produce travels has increased,
and the energy consumed by this transport has also increased. Pirog and
Benjamin (2003} at lowa State University, as noted eailier, indicate that
on average fresh produce travels 1,500 miles, Weber and Matthews (2008)
calculate that the total freight required for food and food products in 1997
amounted to approximately 1.2 trillion tonne-km (0.82 trillion short ton-

mi), or 12,000 tonne-km (8,200 short ton-mi) per household. They estimate }
the average final delivery distance of food to be 1,640 km (1,020 mi), with

total supply chain transportation of 6,760 km (4,200 mji).

In Onondaga County, New York, the 2007 U.S. agricultural census
indicates that the number of farms declined from 725 in 2002 to 692 in
2007, with a 1% reduction in the land area devoted to farms. Additionally,

the county grew more grains for feeds than in the past (see below). A } |
quick walk through the top four grocery chains operating in Syracuse and §.

Onondaga County shows that many of the fruits, vegetables, grains, an
other food items now come from other states such as California an
Florida, as well as from other countries such ds China, Chile, and Mexico

The same liberalization of markets that hefps boost U.5. export
also increases competition for American farmers and growers. Now,
Florida orange groves compete for market share with not only Californi
but also Brazil. Upstate New York apple farmers find competition from
Washington State and Chinese fruit shipped halfway around the world
This global specialization and competition is predicated on large amount
of cheap fossil fuels, mostly petroleum products. .

9.1.4 Overview and history of the city of
Syracuse and Onondaga County

The Syracuse Metropolitan Area is located within Onondaga Counl
in central New York State (see Figure 94). Syracuse is the subject o
Urban Long-Term Research Area (ULTR A-Ex) study through a grant fro
the National Science Foundation. Some of the questions that drive
research include: What is the socioecological metabolism (SEM) of a R
Belt city? How has it changed over time? How might it be vulnerab
future external factors such as restrictions in oil availability? How m
city revitalization emphasizing natural ecosystem processes via g
infrastructure affect the SEM at both the city/regional and the househ
neighborhood levels in the future? _
In order to begin to answer these questions, one must first have a pr
understanding of the metabolism of the city and its surroundings, mea
the stocks, flows, and investments of energy used now to feed and emplo
residents of the city and the surrounding population in Onondaga Col

" chapter nine:  The potential of Onondaga Couitty
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ajor roads. (Original map, cre-

community geographer.)

ga County and the city of Syracuse (inset) as well as m

ated in ESRI Arcview 9.2 by Aileen Guzman, Syracuse University College of Geography,

Figure 9.4 New York State map, with Ononda
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Table 9.2 Population and Fconomic Statistics for Onondaga County, 1990-2008
2006-2008 Change

This perspective includes food as an especially important energy flow. Owr
study focuses on the food energy production and demand in Syracuse and
Onondaga County, as well as the associated fossil energy required to grow,

process, and deliver the food products to the consumer. 1950 2000 (est.) 1990-2000 (%)

Prior to the 1700s, Onondaga County was home to some two thou- Total population 468,973 458,336 452,633 )
sand members of the Onondaga tribe (Hodge, 1907), who lived well on Housing units 190,878 196,633 — +3‘0
the abundant fish, game, and agriculture. Ephraim Webster was the first Persons per unit 2.46 2,33 — -5 .3
European-American to settle Onondaga County, in 1786. Disbanded sol- Registered passenger 208,515 264,831 278,200 2'7
diers from the Revolutionary War were granted tracts of fand in Upstate vehicles? ! *
New York and further displaced many of the Onondaga {(Anderson and Mef}“ travel time to work 18.3 19.3 18.7 +5.5
Flick, 1902). By 1825, Onondaga County had a population of over 48,000 (min) ’
and nearly 78,500 hectares (194,000 acres) under cultivation (Macauley, Persons per square mile 601 587 581 23
1829). However, only 100 homes purportedly existed at that time in the | Persons in commercial 178,212 177,360 182,964 _0.4'
city of Syracuse (Macauley, 1829). Syracuse grew in population and prom: employment i ‘
inence after the completion of the Erie Canal in 1825 and by 1835 had Persons in industrial 49968 38354 35,417 -3
reached a population of 4,100 (Anderson and Plick, 1902). The chief eco : -employment -

Roadway mileage” 30324 30520 30815 +0.6

aomic driver in the 19th century was salt production.

By 1855, Syracuse had grown from a small village to a city of mor
than 25,000, The salt industry fueled the economic and population growt
of the city. It was later replaced by the chemical, automotive, electrica
devices, and metals industries. By 1902, over 150 separate industrie
employed the 130,000 residents fiving in Syracuse (Anderson and Flick
1902). The population of the city peaked iri 1950 at 218,830, while the count;
reached a peak population of 472,746 in 1970 (see Figlue 9.5). Industria

No data available for 1990; earliest it
iots Deporit of Moror Vemc]es}.aval able data at county Zevgl from 1996 (New York

.No data available for 1990; earliest il
Siste Dopmramnt o8 Transportaﬁon],aval able data at county level from 1998 {New York

=prociuct.ion began declining in the 1970s and continues to decline to this
ay. As 1_11dus.tr§es left the area, the population began to decline. The main
conomic activity in Onondaga County today is in the commercial sec-
or—.namely, health care, education, and retail—although agriculture
tinues to be an important source of economic production. '
: The ]‘_:JosF—World War II trend in land development in Onondaga
ounty, like in a majority of the United States, has been a migration fro%n
e city and inner suburbs to new suburban developments built on for-
erly .product'ive farmland (Kunstler, 1993). This urban-to-suburban
ration continues today, as the city population continues to decline at a
 faster than the relatively stable county population (see Figure 9.5) The
mber of housing units increased by 3% from 1990 to 2000, a time when

500,000

450,000 / 479,746
400,000 - . /
350,000 1 /
300,000
250,000 /'
/ 4-—-—-""!__-"'--____

j‘;g’zzz T .- 220,583 ~~ . population declined by 2.2% (see Table 9.2).
100000 1= 9.1.4.1 A brief history of inputs and outputs in Onondaga County
50,000 - ar %lergy and especially biomass were the major energy inputs into
o b nondaga County. Forests provided wood for heat, Firewood

S'a'!c)lufndant. In the United States, some 5 million acres per year were
¢ ﬁfr new farmlansl (Schurr, 1960). In 1850, the per capita consump-
I firewood was estimated to be 4.5 cords,’ with more than 90% of it

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2

" m—— County population === City population B Peak populationin

Figure 9.5 Syracuse and Onondaga County population, 1900-2000. (¥
Census Bureau, 2000

rd is & measure of wood, comprisi i
‘ , prising a stack 4 feet wide, 4 feet high, and 8 feet 1
ated to contain 20 million BTU (or 21 GJ) when burned (USDA, 2%04). i etone
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consumed in the household (Schurr, 1960). To keep comfortably warm, Table 9.3 Tsti . .
an American family would use 17.5 cords of firewood a year. Firewood Hmated Fnergy Use in Onondaga County in 1990 and 2000
remained the primary fuel for home heating until coal overtook it in the Total energy
late 19th century (EIA, 2002). in P etajollsﬂes Gigajoules

Energy inputs into the commercial and industrial sectors also relied wa_wi__ _per capita
heavily on solar inputs. The salt industry used wood to boil saltwater in 1950 2000 Change 1990 2000 Change
kettles initially, then solar salt works were incorporated in 1821 reduc- Residential energy use 24.9 29.8 20% 53 65 o
ing the biomass fuel need (Anderson and Flick, 1902). The remainder of Commercial energy use 259 3'2 5 259, o 230A>
energy inputs came from mills that tapped into the region’s hydrological Industeial energy use 124 13-2 _Wo 70 30%
power (also solar) and small amounts of imported oils for light. Fossil fuels Transportation energy use  34.2 35.6 4°/D . I
became available initially in the form of small amounts of coal imported Total 97‘7 110‘9 14‘; 2;2 2472 IZ%

: ) b %

from Pennsylvania. The importance of coal grew with the advent of the
coal-fired boiler used in most trains and ships by the 19th century.
Syracuse lies at a natural intersection of east-west and a north-south
low elevation transportation corridors. Draft animals such as mules and
horses provided the propulsion to barges on the Erie Canal and local
transportation by carriage. Locomotive service began in 1839 when the rail
line from Albany to Utica was extended to Syracuse (Anderson and Flic
1902). In 1926, the city boasted that the area was serviced by six interurb:
electric lines and that 181 passenger trains arrived and departed ea
day (City of Syracuse, 1926). Personal automobiles replaced the streetca
in the early 20th century. The first Franklin automobile, which was
duced in Syracuse, was sold in 1902. Over the next few decades, the lig
and heavy rail systems in Syracuse were dismantled or rerouted, and
automobile became the transportation vehicle of choice. Home fur
previously fueled with coal, were switched over to “cleaner” home
ing oil. Eventually, a majority of furnaces were replaced when natur
service was installed in the city and later the surrounding areas.

Onondaga County energy consumpti i
ount ption was estimated by Ngo and Pataki (2008): N
State level historical energy consumption (EIA, 2010b) was prorated base(d on)pogxaﬁgﬁ

consumption ir}creased 16% (see Table 9.3). Residential and commercial sec-
renergy use increased greater than 20%, and transportation energy con-
mption increased by 4%. Industrial energy use declined slightly.

1. Can we feed the current population of the city of Syracuse and of
Omnondaga County from local agricultural production?

‘Has Onondaga County been calorically self-sufficient in agricultural

production over the last century?

‘What changes to the current production and distribution systerns

~would be necessary to meet the nutritional needs of the present citi-

9.1.4.2 Trends in Onondaga County energy
consumption, 1990-2000

Onondaga County experienced a 2.2% decline in population from
2000 (see Table 9.2), and the population of the city of Syracuse decliny
even faster rate—from 163,860 in 1990 to 147,306 in 2000, a decline
Rolf Pendall (2003) has termed the phenomenon in central Ne
“sprawl without growth.” Between 1982 and 1997, central New Yor
includes Syracuse, Utica, and Rome} urbanized more than 160,0
despite a population decline (Pendall, 2003). The trend in reloca
urban neighborhoods to suburban locations requires increased e
sumption to power larger suburban homes and for transportati
fonger commutes and travel from suburban neighborhoods to
shopping centers. Many times, these suburban developments
the highest quality farmland. From 1990 to 2000 in Onondaga
total anthropogenic energy consumption increased 14%. Per c

ow would a decline in fossil fuel availability affect local food

imated food production and use by constructing:

emand model that calculates the farm-derived f.
: - cod d
mans in Onondaga County emand from

ipply model that calculates historical caloric production and crop

ds from U.S. Department of Agriculture (USDA) published statis-
.on the area and production of major crops in Onondaga County
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and also a spatial analysis of historical farmland in Onondaga

County
3. A foodshed model that calculates the land needed to sup

county’s population over time

4. An energy-flow model that quantifies the current fossil energy costs
for agricultural inputs and transportation and examines the change
in energy consumption associated with a potential shift from
national/global food supply chains to local food production and

delivery.

port the

e the outputs of these models to examine

We then synthesize and compar
sustainability of the county. Our detailed

historical food security and self-
methods are described below.

9.2.1 Demand model: Food requirements of
Onondaga County residents

For the demand m
(USDA, 2005; FAQ, 2010) o estimate the daily
able to feed the average Onondaga County res
in diet and food availability may have existed regionally,
the diet of the average citizen in Syractse and
different than that of the average Ameri
that Syracuse is considered an “average
urposes, with gross domestic product, age,
thought to be similar to the national mear.
We calculated annual food d
the city of Syracuse by multiplying
(in keal) for a given year by 365 days, and then by the respective popul
tion. Results are reported in Tcal (1 x 10° kcal). Similarly, to calculate
food requirement by weight to feed Syracuse and Onondaga County re

dents, we used FAO and USDA food availability statistics by food ty
and by individual crop. The recommended USDA diet includes sev
major categories: sweeteners, grains, dairy, meats and other proteins, f

and oils, fruit, and vegetables. We assigned individual foods and foi
subgroups to these major categories (for example, see Table 9.4). We th
calculated the annual food supply quantity needed, by weight (in M),
meet demand from Syracuse and Onondaga County by multiplying 1

food supply quantity in kg/person/yr by the respective populations.

9.2.2  Supply model: Historical production

supply model was to determine crop yiel

Our objective with the
d the total caloric output of major cro

metric tons per hectare an

odel, we used historical US. per capita food availability
amount of calories avail-

ident, Though differences
we assume that
Onondaga County is no
can. This seems reasonable, given
» American city for marketing
ethnic makeup, and 80 on

emand in keal for Onondaga County and
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T b i V i Y y n
a le 9-4 U.S per Caplta FOOd A al]abillt b Meight, Calories, and P].'Otei

Supply in 2007
Food suPply Food supply Protein supply
em . qluan.tlty (kcalfcapita/ quantity
= (kg/capitalyr) day) (g/capita/day)
r(:;ms 170 925 26.9
ereals 111.6 . 830 ‘
Sweeteners 67.6 62 o
Fats and oils 40.2 83(9} s
Oil crops ' 54 61 ’e
Vegetable oils 29.1 661 o
Animal fats 5.7 108 01
Fruits 111 ile 0‘1
Vegetables (incl. 186 iy
potatoes} ¥ >
Meat and other 16
8
rateins 602 534
--Bovine meat 41,2
: . 114 '
Pig meat 29.7 131 s
Poultry meat 50.7 199 :
. 18.
Eggs 14.3 54 v
Tree nuts 3.8 27 08
Pulses (legumes) 42 39 g
Fish, Seafood 241 38 iy
gaury 2538 373 2?8
rand total 938.2 3555 IlOlI

the daily per capita food availability

_'bzrrces: U.5. Department of Agri
griculture, 2005, Nutrient availabili i
gsg(siii ?lf);roifg Zag)éokhﬂpu{ t{] wmgv.ers.usda. gov/Data/ Pogdcglsiﬁapsl?gn[?lﬁin;isg iljasii
him; griculture Organization, 2010 J Tin
) , , FAOSTAT fi i
abase accessed July 25, 2010, http:// faostat.fac.org /site/ 368/%%?&1]:3?;;2:]18&5 fontine

() i i :
.?ﬁ:ﬁ? :Zco:unty from historical data appearing in the U.S. Agriculture
o 1-03 ensus from 1910 to 2007. The U.S. agricultural census pub-
e a o :;JOC;I;?:; ia‘;fal aqr'l}? t[}}g Sumber of acres in production for It;)ach
. el. The A has also estimated cr: ion i
Lo county le timated crop production in
a0 g y for the years between agricultural censuses, starting
W . .
theelitlei(:ed the crops with the highest total annual production, based
fe rel 'lnce to our study and availability of data: oats, whea’c, rain
. corny 31dage from corn, alfalfa hay, other hay, beans, potatoésgr e,
i nomsi,ae;:l Cz;pplfs. 'I‘fhere are several important vegetable crops gltrm}\:n:
unty—for example, onions, garli i
o or 2 , garlic, and, in lesser amount
es, squash, zucchini, and others—but the data series for these cropss’;
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are less contiguous, and the caloric output from these vegetables is much
smaller than the major crops listed above.

Agricultural production is measured in bushels (most grains), cwt
(hundred 1b; eg. potatoes), or short tons (e.g., hay). Farmland har-
vested is reported in acres. To calculate agricultural production in cal-
ories, yields are first expressed by weight, using a pounds-per-bushel
conversion factor (University of Missouri Extension, 2010) and then
converted to kilograms (0454 kg =1 1b). Finally, we multiply by 2.47
acres/hectare and divide by 1,000 (1,000 kg = 1 metric ton) to deter-
mine yield in metric tons/hectare for each crop. We used caloric values
for each crop (in raw form) from the USDA Nutrient Data Laboratory
(USDA, 20104d) to calculate total output in calories and correct for water
weight differences between harvest weight and percent water in the
USDA database.

We used data obtained from the U.5. agricultural census from 1910
to 2002 to determine the area devoted to farmlands in Onondaga County
historically. The current area devoted to farmlands was obtained from
the Onondaga County Planning Agency. For the city of Syracuse, we

obtained historical land use from 1950 to 2000 from the Onondaga County

Planning Agency. The most current land use maps and data {2008} were
obtained through the Syracuse University community geographer.

These data are based on the 2008 tax parcel map from the Syracuse City

Assessor’s Office.

We analyzed the distance from farms to the two major farmers’ mar-
kets located in Syracuse, namely, the Central New York Regional Farmers
Market and the Downtown Syracuse Farmers Market. We attempied to

obtain a current list of farms participating in those farmers’ markets, bul
that information was not available publicly. We therefore relied on daf
from the Farmers Market Federation of New York (2010) to estimate €
average distance from farms to the farmer’s markets using the distan

calculator of ArcGIS.

9.2.3 Foodshed model: Land area requirements calculated
from top-down and bottom-up analyses

The term foodshed originated with Walter Hedden (1929) and was 1€
troduced in 1991 by Arthur Getz (1991; see Peters et al., 2009 for furt
history of the concept). The foodshed model is used to calculate the
area required to produce the nutritional requirements for a given po
tion. The analogy of a watershed is apt, in that the foodshed is de
- by a structure of supply. Though not strictly defined, Kloppenburg
(1996) noted that foodsheds have no fixed or determinate bound
They are a function of pultiple and overlapping features such as
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communities, soil t iciti : iti i
conu (K}dppenbergyie;i[e’g;\ﬁl;mes, cultural traditions, and culinary pat-
. For t}I:e pu}'poses of this chapter, we will use the term foodshed to
note the ag‘ncultural land area requirement to meet the nutritional
E_eeds-'of a defmeFl population, specifically, Onondaga County. Using the
1st011ca1. local yields calculated from the production analysis and th
demand in tons calculated above, we were able to determine gqe histori ?
foods‘hed {in hectare;s) for Onondaga County and the city of Syracuse \S\?e
iul;sit;;céited grox-y y1el'ds for components of the representative diet wl‘lere
ffuits’ Supgr;:)r S}}C;':SO’Z t}cr.lflds for Onondaga County were unavailable (e.g,,
, We“ce_llculated the hectares of food production required to meet
he nutnt%onal demands of Onondaga County residents for each of th
seven major categories of the USDA recommended diet—sweetenerse
grains, dairy, meats and other proteins, fats and oils, fruit, and ve :
tables—by dividing demand in tons by the local yiefd (in !tonnes/ E;)

lt\Ifxlt,l wil comp.ared it with the land in agricultural production and the
; ; ta .lag area in the county to determine the relative food security. Our
- detailed methods for determining land area requirements for each food
- category follow. °

9.2.3.1 Sweeteners

An average American eats 69 kilo
grams of sweeteners per year (FAQ,
2010). The amount of sweeteners in the American diet haspinciasec(i 19‘%;

rom 1970 to 2005 (Wells and Buzby, 2008). We assumed sweeteners could

be generated locally from sugar beets. They are adaptable to cold weather

limates and are grown currently in 12 U.S. states (Asadi, 2007). The aver-

g_x%e 3}rlileds f(o)r U.s. sugar 'beets are about 40 metric tons (wet) per hectare,
of which 17% by weight is extractable sugars-—meaning an average yielci

7 tonnes of sugar per hectare (Asadi, 2007). To estimate the historical

yields, we assumed that early 20th-century yields would follow a trend

imilar to corn productipn, with 1910 yields being approximately a third
current yields and a linear trend in increasing production levels.

9232 Graims

._%ave;age.Americap eats 111 kilograms of grains per year. We assumed
m:v e;t is the grain of choice for Syracuse and Onondaga County resi-
ts an represents 80% of grain demand. Corn and ¢ :

inder of grain demand (20%). o products meet

92.3.3 Dairy
verage American consumes 250 kilo i

: : grams of dairy products per year.
k.Sbecfi milk consumption to represent dairy demand. The denliansdr folr
1X before losses was divided by the average production of dairy cows
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Table 9.5 Yearly Ration for Lactating Dairy Cows and Assumed Equivalent
Food Demand
% of food Assumed for model
{(by weight)  Tons/yr/head calculations

Corn silage 60% 14,42 13.1 metric tons
Alfalfa hay 13% 3.05 Hay: 4.5 metric tons

79
Orchard grass 7% 1. ‘
SBOM (48%) 5% 1.12 Soybeans: 2 metric tons

beans 2% 0.53 : .

zoo};he;raMS 10% 244 Corn: 2.2 metric tons
Distillers grain 3% 0.61

for the year to determine the number of lactating cows needed to sngort
dairy demand in Onondaga County. To estimate the hectares .ne? ed fo
produce the feed for these cows, we used the average yearly ration O(;ee
Table 9.5) for dairy cows from the Virginia Cooperative Extension (2007).

9.2.3.4 Meats and other proteins

We took the USDA Food and Nutrient Intakes by Region data and deter-

mined percentages of meats consumed in the Northeast (see Tab-lec?b). V\tf
mutliiplied these percentages by the annual demand _for meat pro uctls

determine how much of each commodity was required. We then calcu
lated the hectares of land to support production of each type of meaf. W
assumed fish were imported and could not be'har'vestedulocaljy for th}
study. We also assumed that the food production in the “nuts” categor
need not be produced by large monoculture crops, but could be success
fully grown in urban, suburban, and rural areas.

*» Beef: An average beef animal weighs 1,200 pounds and yield
approximately 456 pounds of beef (Thiboumery and Jepson, 20!
We assumed that beef cattle’s diet is similar to that of dairy cows

Table 9.6 Proportion of Meat/Other
Protein by Type Consumed on -
Average in the Northeastern US

Meat product  Percent consumed
Beef 32%
Pork 20%
Chicken 20%
Eggs 12%
Fish 10%
Nuts 6%
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Pork: The average hog weighs 250 pounds and produces 133 pounds
of pork (Thiboumery and Jepson, 2009). Hogs require an average
5.9 kg of grain for every net kg of animal product (Pimentel and
Pimentel, 2003),

Chicken: The average broiler weighs 55 pounds and contains 3.75
pounds of meat (USDA, 2010c; PoultryHub, 2010). Chickens require
2.3 kg of feed (grain) for every kg of animal product (Pimentel and
Pimentel, 2003),

Eggs: The average chicken produces 290 eggs per year. Each kg of eggs
produced requires 11 kg of grain feed (Pimentel and Pimentel, 2003),
Fish: This source of protein is exchuded from this study because, other
than recreational fishing, all seafood is imported into Onondaga
County.

9.2.3.5 Fats and oils

Soybean oil is the most commonly used oil in the United States for food
consumption. A 60-Ib. bushel of soybeans yields 11 lb. (18%) oil and 47
Ib. soybean meal (North Carolina Soybean Producers Association, 2007).
We assumed that 80% of the fats and oils category could be met through
soybean oil, and the remaining demand could be met by butter, as a
coproduct of milk production. We multiplied oil consumption by 5.55

approximate tons of total soybeans that need to be grown. Then, we
divided that value by the yearly estimated soybean yield to calculate the
hectares needed to meet 0il demand. Pre~1960 yields were not available
and were assumed to be 1.0 tonnes/ha.

9.2.3.6  Fruit

e used New York State data to determine the yield per acre of common
crops. We weighted the different yields per hectare by multiplying
unds per acre for 1992 for each commodity by the total acres in pro-
fon to determine the total pounds produced. We then determined for
th commodity the percentage of total production, We multiplied the
erage yield per acre by the percentage produced to calculate a weighted
age yield per acre for all fruit in New York State (see Table 97). We
n converted the vield from Ib./acre to tonnes/ha: 15,250 1b, facre = 6.919
/acre = 2.8 tonnes/ha. We used this value to estimate fruit yields in
aga County.

9 2.3.7  Vegetables

sed the average of bean yields (1.3 tonnes/ha) and yields for potatoes
by year) for Onondaga County to estimate the land area needed to
egetable demand,

tots are included in vegetable category by the USDA.
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Table 9.7 Fruit Yield Data for New York State
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1992 yield Percent of total Average yield -
{million 1b.) production (Ib.facre) Farm inputs Energy Pl‘g:!tl; 1t<;:al Total kc?l
u ou i
Apples 1,170 72% 17,500 Food ype {petroleum) outputs (food}  input ratio inPutf;;Eio
Sweet cherries 2.2 <1% 3,953 Grains 6,532,000 (keal/ha) 19,149,000 o/
Tart cherries 31 1.9% 5,904 (average of (keal /ha) @ 31
Peaches 14 <1% 6,998 con and
Pears 33 2% 14,750 - heat)
Grapes 360 0% 9,792 (‘::ezn;rst 27.39(G]/ha) 99.1 x 17% n/a 0.62:1
Blueberries 14 <1% 1,910 S eet) ; sugar (GJ/ha)
Strawberries 87 <1% 3,450 J /284,000 (keal/ha) 2(5122841000 n/a 4.02:1
Total 1,620 100% cal/ha)
b Vegetables 2,740,000 (kcal/ha} 4,954,000 n/a 1.81:1
These figures were used to estimate average fruit yield for Onondaga County. {cry beans) (keal /1 B8l:
Source; U.S, Department of Agriculture, 2010, Pruit historic data, [online database accessed Truits 18,000,000 ha)
July 25, 2010], hitp:/ /wwivnass.usda.gov/ Statistics_by_State/New_York/ Historical_ (appl /000,000 (kcal/ 9,587,000 n/a 0.53:1
Data/Pruit/Fruitindex htm. apples) ha) (kcal/ha} )
Feed: 30 (kcal); 1 (keal milk
X ’ 6.015:1 .
fossil Fuels: 36 protein} ° 0.075:1
(kcal)
9.2.4 Energy requirements of food production and transport Peed: 19 (keal); fossil 1 (kcal chicken — 0.024:1 0.136:1
fuels: 22 (keal) ; T R
, protein)
. 9241 .Pood p.roductwn . ' . Feed: 122 (keal); 1 (keal beef 00051
Besides solar insolation, energy inputs into agriculture come from three, fossil fuels: 78 protein) e 0.021:1
major sources: {kcal)
Feed: 65 (kcal) x 1 (keal pork
0.015: :
1. FHluman labor 0.5 (waste); fossil protehlq}) 511 0.10:1
2. Fossil fuel inputs used in mechanical equipment Fuels: 35 (keal)
3. Fossil fuels used in the fabrication of chemical fertilizers an Feed: 20 (kcal); 1 (kcal egg 0.030:1 0.085:1
pesticides fossil fuels: 13 protein) o o
. : {kcal)
Irrigation, when required, sharply increases energy inputs. Irrigated co b 1,827,000 (kcal/ha)  7584000x18%  n/a 0.75:1
requires about three times the ener of rain-fed corn to produce simil ybeans) oil (keal/ha
q BY P : )

yields (Pime

ntel et al,, 2004).
Prior studies have examined the embodied energy

roducts (see Steinhart and Steinhart, 1974; Pimentel and Pime

1979, 2003). We used the most recent energy input/output data avail
(Pimentel and Pimentel, 2003, 2008) to estimate the total energy in]
required to produce the agricultural outputs in Onondaga Count
2007. For example, to calculate the total input energy to produce cor
Onondaga County, we took the actual yield in keal and divided by 4
(a food to input energy ratio of 4.23:1 from Pimentel and Patzek, 200
This method was used also to estimate the current energy requite

produce the food needed to meet demand in Onondaga County in 208
We broke down food production and demand into the seven

rce:2 Oggi[}%lt;lb D., and Pimentel, M., Foed, énergy and society, 3rd ed. (Boca Raton, FL: CRC

:_ént da{ab.:;ls.e [(e)gi]a:rnremsgtta(})}i jskegnculhug,i\lut{i;nt Data Laboratory, 2010, USDA national

; accessed April 4, 2010}, http:/ /www.nal. i
mp/search/ (used to caleulate per total keal for dairyﬁ:}i)\icken, beef, azsdd;.c?lz}r/ﬁm/

egories used above and used the energy i imati i
e Tonle o ergy input estimations described

sing the energy input/output data shown i

d ' in Table 9.8 and the
output frqm 2007 derived from the supply model above, we

r_atecl ];he agricultural energy inputs. Likewise, we used the ’out-
om the demand model to estimate the agricultural energy inputs

ed to satisfy the total f. .
daga.CounSt(y otal food demand for the city of Syracuse and
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Table 9.9 Efficiency of Agricultural Transport Modes : 3 can be attributed to rising yields and the shift to more productiv
BTU per ton mile _ keal per fonn e-kmd : stuch as hybrid corn. However, given the rising populaIt)ion ancll‘ ceiigcops
‘ a
choices, both the demand and foodshed models estimate that at no tin]flz

Tractor-trailer® n/a 340 i th

Box truckd 5346 3,663 in }:t, e 20th a1.1c§ le.t cent.uries has Onondaga County had the potential

1-ton pickup trucke 9,928 6,802 (;)noe SdEIf-Slclszlment in agric_:_ﬂtural production. The fand in production in
ndaga County in 2006 is only 15% of the land needed to satisfy food

demand according to the demand model. Today, the land in producti
wouid CI;O::E sOufficient for even a low meat or vegetarian diet pHence ic«.)rlé
conclude that Ononda iy bsidy fr
o e that o peoplgeat fgs;:glr. must receive a net energy subsidy from
We estimate that the actual agricultural production i

:. Cqun’ty rec;.{u‘ires 1.16 million barrelsg(7.1 Petajou%)es) of otill??q;rilvg:r?? (\1\2%1?
* dairy requiring the largest percentage of energy inputs. The consum’ ti

- of th‘e equivalent of 2.5 million barrels of oil (15.1 Petajoules) woufdlgn
equired to feed the population in Onondaga County. )

Transporting the food consumed in Onondaga County represents 11%

f the totall energy inputs. If the county were able to produce half of th0
ood required to feed its population, the transportation energy requi y
ments would be cut by 43%. By e

Our results are detailed below.

z Pimentel, 1980.
b 13 mpg * 2 tons = 26 ton mi per galton. At 139,000 BTU/gal of diesel, BTU per

ton mile = 5,346
¢ 14 mpg* 1 ton = 14 ton mi per gallon. At 139,000 BTU/ gal of diesel, BTU per

ton mile = 9,928
43,9683 keal /BTU

9.2.4.2 Transportation
Energy consumption for food transportation is a function of the dis-
tance from farm to processing and distribution centers, the distance
from the distribution centers fo retail grocery stores, and the efficiency
of the mode of transportation. Transport by tractor-trailer makes up the
majority of long-haul transportation for agricultural products, followed
by transportation by rail. To compare the short-distance transportation.
by smaller vehicles (i.e, box-style delivery trucks and I-ton pickups),”
with the efficiencies from long-haul transport, we tabulated the energy
used (converting from BTU per ton-mile to keal per tonne-km) for eac
mode (see Table 9.9). '

We assumed that 10% of the current food demand is currently metb
Jocal food production, and half of that local food is transported by dehi
ery box-trucks and pickups. We assumed the remaining food produc
are transported by tractor-trailer. We used the estimated food demand f¢
Onondaga County for 2007 from the demand model above. From thes
assumptions, we calculated a rough estimate of food transport energ
consumption. Our goal was to examine the energy savings or cost ass
ated with increased local food production. We then calculated the tra
portation energy inputs for two alternate scenarios:

).3.1  Human food requirements for Syracuse
and Onondaga County

he Eopulation ir} Onondaga County peaked in the 1970s. The estimated
oric and metric tons of food demand, however, continued to grow

ough the 1990s before falli 1 g
A ing slightly by 2006 (see Table 9.10 and

.2 Food production in Onondaga County

Id increased for most field crops from 1900 through 200
ps, such as beans, alfalfa, and hay, did not have a gear trz,n? (E;;%}l;fgtﬁ: '
.-_T?tal foqd produf:tion (in kecal) was relatively high in the early 20th -
tury, declined until reaching a low in the 1930s, then rose again (see -
ure 9."7), despite the fact that the total area farmed in Onondaga Count; o
eclined since at least the 1940s (see Figure 9.9). i
here .has been a large shift in crops grown over time. Initiall.j:r
-portion of local crops consisted of oats and potatoes, presim
for I}ol‘ses and human consumption. Agriculture in énoncﬁi .
y since the 1960s has been dominated by corn and dairy "'I'ﬁ)ro.
E.bBy 2007, dairy production accounted for 22% of total pra
energy content i :
(SE); Tablg);.n). , and corn was nearly two-thirds of._g

1, 50% of food is produced locally and 50% of this food is transpo"

by box-truck and 1-ton pickup to market.
2. 100% of the food is produced locally, with half of the food tr

ported by box-truck and half by 1-ton pickup trucks.

9.3 Results

The human food demand in Onondaga County reached a peakin 1
610 Tcal and then fell stightly to 589 Tcal by 2006.

Onondaga County farms have increased their caloric outputsin
1930s despite a consistent decline in the area dedicated to farming
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and De

Caloric Demand,

Table 9.10 Per Capita kcal, Population,
Ono

:dents, 19102006

ndaga County Resi

Demand (kt)

Global econe

Onondaga
County

Syracuse

Onondaga
County

Demand (Tcal)

Onondaga
200,298
241 AGD
291,606

Population

Syracuse
137,249

-
6 g
g
8 BT 8
&E‘“ @D
- A
© g
50
g o

Year
1910
1920
1930
1940
1950
1960
1970

192.1
232.0

136.6
166.5
163.8
172.2

253
306
309
343

180

219

171,717
209,326
205,967

2,368

2,868

234.8
266.7

216

221

295,105
341,719

2,868

220,683
216,038
197,208
170,105

2,749
2,749

04 168.6 330.2
376.1

217

423,028

156.9
159.8
153.9
140.7

455

206
185
213

472,746
463,920
468,573

2,868
2,982

435.8

508
610

1980
1990
2000
2006

440.6

163,860

3,561

101 505 4378
589

183

458,336
452,978

147,306

3,557
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420.7

130.6

140,658

3,565
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Figure 9.8 Agricultural yield in metric tons per hectare from 1910 to
Onondaga County.
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Onondaga County and Syracuse o Number of farm
S

The total agricultural land in Onondaga County has declined from
177,251 hectares in 1900 {91% of the county) to 61,763 hectares (30%) in
2006 (see Figure 9.10). At the same time, the number of farms in the county_i
decreased from 4,564 in 1990 to 692 in 2007 (see Figure 9.11). Aside fro
the decrease in the total land area and number of farms in Onondaga
County, the total land area allotted for crops has declined, from 97,824
‘hectares in 1924 to 43,020 hectares in 2007, Likewise, the area of croplan
harvested has also declined from 91,114 hectares in 1924 to 37,238 hectart
in 2007 (see Figure 99). ; -
Not all lands devoted to farms are harvested. Based on these result
about 50% of the total farmland is harvested. The rest of the land is use

CFi i -
 Figure 9.10 Totalland area (in thousand hectares) in farms for Onondaga County,

1900 200;. ‘I TOm U S CenSuS B u HItE‘d ;iﬂt £ A ri ” E\
; wh tirea Ly U
i . ) -] CBHSI ] Gf g ciiliiire arious

ither ivi
mmu.ne;si cﬁiszrtrgl storage,. living quarters, or forested land or simply
_ . e same time, based on Figure 911, we can observe tha}t

ot all land devoted to crops is utili
- t
ise ranges from 7% to SV ilized. The area of total eropland ot in

Tuble 9.11 Production of Major Crops in Onondaga County in 2007

Am . j
250 Product _ oun(t 1E:;‘or.im:ed Calorn(e; pli())duced
ca
200 I o Oats 33 27
Wheat ’
Y B m 6.2 22
& B_H Corn 7
5 150 = 80.2 293
3 §Y e 239 08
2 100 4 —E— ean :
g m Potat 04 (est.) 14
1] otatoes 04
50 | LI LLL 5 : 0.3
oybeans 75 053
Silage 265 '
0 T T 3 T T Ha ' ﬂ/ a
1500 1920 1940 1960 1980 2000 y 19.1 n/a
B Landinfarms = — = Total land available Alfalfa 321
" Dairy 198 n/a
99.
Figure 9.9 Total cropland and harvested cropland {in thousand hectz __Eggs 2.6 3 2
Onondaga County, 1900-2007. Using linear best 6t lines. The difference b “Beef 0.04 3
the two lines appears to be fallow land or unharvested crops. (From U Chicken x 25
Bureau, United States Census of Agriculture [various editions], Washingt _th . *
USCB, 1900-2007) o 617 (without forage, 300) 161
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Fignre 9.11 Number of farms in Onondaga County, 1900-2007. (From U.S. Census
Bureau, United States Census of Agriculture [various editions], Washington, DC:

USCB, 1900-2007) ignre 912 Agricultural footprint to feed the population of Onondaga County as

. calculated from the demand model and hi i i :
. - farmland in production and total avaig}l:n}l{csigﬁflaiilygiiig;c?éndaga County VS'_
9.3.2.2 * Distance from local farms to farmers’ matkets : ga County.

The average distance of farms participating in the downtown Syracus
Parmers Market is 13 miles, while that for the regional farmers’ marke
was 17 miles. These two were chosen for the analysis because they ar
the two most popular farmers’ markets in Syracuse. Aside from thes
two markets, there are six other farmers’ markets located throughou

able 9.12). Transportation ener iti

gy adds an additional 447 Tcal of ener
nputs (see Table 9.13a), for a total of 4,047 Teal to grow and transpc?rjg
ood to Onondaga Com:\ty grocery stores, The energy required to trans-
ort goods to the area is approximately 11% of the total energy inputs.

Table 9.12 Hstimated Fossil Energy Inputs Required to Meet Onondaga County

Onondaga County that are open during the summertime (New York Sta 3
Department of Agriculture and Markets, 2010). The closest farm that par Food Demand in 2000
ticipates in the two farmers’ market is located approximately 7 miles awa : Demand Energy output/ Estimated input

ategory (Tcal)® mput ratiob requirements (Tcal)
9.3.3 Foodshed model iweeteners 105.7 0.62 170
The foodshed model combines population data, per capita demand 21.6 0.53 41
specific categories of food, and historical yields for crops in Onondag 64.2 0.073 879
County to estimate the number of hectares required to grow. f . 1432 293 49
locally to feed the residents of Onondaga County. Given the assumj s and oils 1315 0.41 01
tions in the foodshed model, at no time in the 20th century or si ak 97.9 - _
could Onondaga County been self-sufficient in food productio Chicken 20 _ 0.136 147
Figure 9.12). Pork 20 0.10 200

eas 31 0.021 1,476
’ : ; : 11.7 0.085

9.3.4 Energy cost of feeding today’s population bles 209 e 3?71

The Onondaga County caloric human food requirement for 200
estimated to be 559 Tcal (2.3 Petajoules), and the energy inputs re '
to produce this much food was estimated at more than 3,600 Tca
Petajoules), equivalent to approximate}y 2.5 million barrels of ©

3,664

1% ation FA y
ulatecl as: Onondaga po jH On X O per CaPita caloric av allab].ht fUI' 2000 3
Iable 9.8. ’
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Table 9.13 Transportation Energy Required for Agricultural Products to Onondaga County

Energy
consumed (Tcal)

Efficiency
{keal/tonne-km)

Average
distance (km) :
i 1 ket; importe
(a) 2000 demand, assuming 10% Iocal production and transportation with an average 44 km from farm to max P
a ,

Kilotonnes

Kilotonne-km

delivered

Mode

f 3,300 km

394 (90%)
22 (5%)

food assumed to travel an average distance o

442 (99%)

0.3

340
340
3,663

1,300,000

3,300

Tractor-trailer

Imported food
Local food
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963
482

482

Tractor-trailer
Box truck

1.8
3.3

11 (2.5%)

6,502

11 (2.5%)

1-ton pickup

447

Total

(b) Scenario: 50% local food production and transportation

246 (90%,)
16
5.8

340
340

3,300 722,300
3,663

219 (90%)
109 (5%)

Tractor-trailer

Imported food
Local food

4816

Tractor-trailer
Box truck

2,408

55 (2.5%)

55 (2.5%)

16.4
272

6,802

2,408

1-ton pickup

Total

(c) Scenario: 100% local food production and transportation by small tracks only

16.0

3,663
6,802

2,090,840
2,090,840

104,542 (50%) 4
44

Box truck

Local food

29.8

104,542 (50%)

1-ton pickup

45.8
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Table 9.14 Estimated Energy Inputs into Specific Crops Important in
Agricultural Production in Onondaga County in 2007

Calories EROI ratio Energy

Metric tons  Geal/metric  produced  used to derive inputs
Product produced? ton®  (Tcal): energy costd {Teal)
Oats 12.7 3.1 41
Wheat 22.7 24 9.4
Corn 293 29 100
Rye 0.8 24 0.3
Beans 14 1.8 0.8
Potatoes 0.3 1.2 . 0.2
Soybeans 253 4.2 6.1
Silage 240,718 0.8 196 4.0 48.8
Hay 19,183 1.7 0.03 5.0 6.6
: Alfalfa 30,112 23 0.07 6.2 11.0
- Dairy (2002) 99.2 0.1 1,360
Bggs 33 0.1 3%.0
eef 25 0.02 119.5
hicken 1,339 6,842.3 0.003 0.1 0.03
- Total 1,706

New York Agricultural Statistics Service, Onondagn County farm stotistics, August 2009
‘{Albany: New York Agricultural Statistics Service, 2009)

Pimentel, D., and Pimentel, M., Food, energy and society, 3rd ed. {Boca Raton, FL: CRC Press,
'2008)

calculated in Table 9.11
;Pimentel, D., and Pimentel, M., Food, eng

rgy and society, 3rd ed. (Boca Raton, FL: CRC Press,
008); also as calculated in Table 9.8

erefore, food production and transport to meet the requirements
f Onondaga County residents requires approximately 6.4 (3,600/559)

1 of embodied energy (fossil fuel and other inputs) to produce 1
| of food energy. We estimate that actual agricultural production in
7 in Onondaga County required 1.7 Teal (7.1 Petajoules) of energy
uts, with dairy requiring the largest percentage of energy inputs

espite the decreased efficiency of small trucks when compared
arge tractor-trailers, shifting half of the food production to the iocal
lwould reduce agricultural transportation energy costs by about 39%
 Table 9.13b). If all of the food were grown locally, the transportation
18y demand could by reduced by 90% (see Table 9.13c). This is because

e large distances we assume for imported food. Were we to grow food

00 miles away and ship it by tractor trailer this might require less
¥ for shipping than local food.
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meat diets. They assumed that a vegetarian diet requires 0.5 acres (0.2 ha)
450 1 per capita, while a diet with small amounts of meat and dairy per day
40 ] (2 oz} requires 0.6 acres (0.24 ha) per capita in New York State. A diet more
consistent with the current average diet, with a large amount of meat,
350 1 requires more than 2 acres (0.81 ha). To compare our results fo those of
“ Peters et al, we multiplied these land area requirements by the city and
£ 300 county population to determine the foodshed for the region over time.
_% 250 - Next, we compared the foodshed calculation outputs against the land in
3 production and all available Jand in Onondaga County to determine the

g 2007 proportion of food needs that could be met by local production.
é 150 - The total number of hectares needed exceeds the farmland in produc-
tion (see Figure 9.13). Using the required hectares per capita for the range
100 1 of diets from Peters (vegetarian, light meat, and heavy meat) to estimate
50 |  the historical foodshed for Onondaga shows that the land in production
: i ; from 1910 through 1960 could support the county’s population at a lower

0= ol0 1990 1930 1940 1950 1960 1970 1980 1990 2000 2006

-level of meat consumption. By the 1970s, however, hectares required for
he population exceeded the available land, even for a vegetarian diet. As
early as 1920, a dief rich in meat required a foodshed that exceeded the
land in production, and after 1930, it exceeded the total land within the
ounty borders (see Figure 9.13).

The land in production in 2000 satisfies only a fraction (17%) of the
eavy meat diet’s land requirement described in Peters et al. (2007, 2008)
and our demand model and only 56% and 67% of the land needed to sustain
 light meat or vegetarian diet, respectively (see Table 9.15). Interestingly,
ccording to Peters et als estimates, the land area requirement for the city
f Syracuse could be met for a vegetarian or light meat diet by the produc-
ion in the surrounding area of Onondaga County.

. We compared the output from our demand analysis and the high
at foodshed from Peters et al. (see Figure 9.14). Both models calculate a
imilar number of hectares to support the population in 2006 (356 vs. 366
chectares), even though their methods differ, By the 2000s, the demand
alysis estimates a decreasing land area needed to support the popula-
n. In earlier decades, however, the demand model estimates a much

her land area is required to support the population, a reflection of
orer yields in the past.

e Vegetarian s Light meat wmm Heavy meat
- - . Landin production m=mm Onondaga Co. total ha

Figure 9.13 Agricultural footprint to feed tl.le population of Onondaga County a ;
calculated with Peters et al. {2007) assumptions.

94 Discussion

Our analysis indicates that, despite being situated in a I.nodgratseilty };1:
ductive agricultural county with only slqderate popul;hc::nt 161;003{’ e
despite recent increases in th(; fFrOd;IEhVﬁ;}; t()fhir?izzl Etmt(ai f((}) rafOOd Ofpth
1ction for the county is insufficient o m od of th
Sounty or even the city of Syrac},}seilomy.}?;?ﬁ”/z1 gfi éﬁi ;i)ir;?; clls(inel atghr
\ i is time. If all posst e, th
Cl;cl)t ué?tliggociig:);\?;;ui;t;iductiof in 1920) were utillized, it would b
I;osgible to feed the city and county a redufced«protem diet. . i
The most important implications of this study rellate to tdes p]t:;)\ o

that oil, now heavily used for growing and. transporting 1;;)\]%1‘ 1mthi(—; e
oped world, may be much less available in the_ future.I j de his ot
is important in determining the degree to whlch' local food p du
could feed Syracuse, it also shows that transportahot;1 P:nerl%y apgdaH
important than the energy necessary to grow the food itselt, esp )

a protein-intensive diet.

NLOCHZ”fOOd

ondaga County is bordered by four counties that do not have large
es and also produce a large amount of agricultural products. Peters,
ills, Wilkins, et al. (2009} calculate that the food demand of the city of
use and the surrounding population centers could be met by the
unding area. They discuss the arbitrary nature of “local” food
uction and the varying definitions offered other studies. It seems

941 Land area requirements

he area in acres required to fe
Peters et al. (2007, 2008) calculated t : . :
p?)pulation center in Upstate New York, basing the}r study on thg:
with increasing land requirements: vegetarian, light meat, an
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Iable 9 15 FaIIIlland Need.ed fOl‘ FOOd Self SufflCIGI‘LC fOr the RESIdentS Of ﬂ'l.e Clt Of S Tacuse a.nd Of Onondﬂga C U.Ilty

Land area requirement (ha)

Population {2000)

Land area
requirement

I’ercént
satisfied

Land in

production (2000)

Onondaga

Onondaga

County
417,668
371,252

Syracuse

County
458,336
458,336
458,336
458,336

Syracuse

(ha/capita)

Diet

15%

63,301
63,301
63,301
63,301

134,235

147,306
147,306
147,306
147,306

0.91
0.3

Ouwr demand model
Heavy meat*

17%

119,318

1

56%

110,000

35,353
29,461

0.24
0.20

! Peters foodprint acreage (2007).

Light meat?

67%

91,667

Vegetarian
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* Demand analysis

igure 9.14 Comparison of the hectares required to feed human population of
Onondaga County based on {a) our dema

nd model and (b) Peters et al. (2007)
igh-meat-diet land requirements.

easonable, given the relatively low population density in the surround-

g counties—112 people per square mile versus the relatively higher 588
eople/sq. mi. in Onondaga County (USCB, 2010)—that the production in
e five-county region could meet the food demand of the combined pop-

lation. Of course, transporting food from longer distances would mean
Nl increase in transportation energy costs.

.3 Land quality/urban farming potential

acant land in Syracuse has tested positive for high levels of lead and
lier contaminants (Johnson and Bretsch, 2002). Urban gardeners in other
ajor cities have demonstrated the potential for producing large amounts
ood in small areas using intensive farming methods and increased
anual labor (see Dervaes Family, 2010; Allen, 2010). Cubans were able
roduce copious amounts of organic food on previously contaminated
during the “Special Period” after the Soviet Union cut off their subsi-
ed oil, using a composting system and raised beds to ensure soil gual-
Altieri et al,, 1999),
ill Allen, a leader in urban agriculture, trains community mem-
0 grow nutritious, affordable food, assuring the urban population
1ce of fresh food despite the prevailing political or economic forces
hape their area (Allen, 2010). His systems approach to urban farm-
ptures compostable materials from the waste stream, which allows
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his gardens to create new soil and use the heat from the composting pro-
cess to heat small greenhouses. More importantly, the nonprofit Growing
Power improves the health, self-esteern, and self-sufficiency of the eco-
nomically disadvantaged. A future study under the Syracuse ULTRA-Ex
will examine the potential for food production on vacant urban lands and
will compare using that same land to grow trees to increase ecosystent
services to the urban population.

Our study assumed that vacant land could be repurposed into farms
that achieve the average yields in Onondaga County. However, as Hall
et al. (2000) note, in most cases the best farmlands are those already in
production, and bringing additional land into production means incorpo-

rating more marginal, less productive lands. The soil in currently vacant '
or fallow farmland may be of poorer guality. Sprawl and suburbanization §

have also claimed many of the former fertile farmlands. In many cases,
the topsoil and vegetation are stripped during construction. After the
foundations are built, infill and a thin layer of topsoil are added. Until the
new grass and plantings take root, the entire area is subject to soil erosion.

On the other hand, suburban lawns might be considered as good farm-
land close to farmers, with the forest mostly cleared, irrigation systems

installed, and fertile soil.

94.4 Diet

This study assumed that the local population would shift theil curre :

diet of highly processed and convenient food to a diet high in fresh foo
that is available only on a seasonal basis. A local food diet might requir
increased food preparation time and a change in menu and shopping ha
its, and foods that were previously available yearround would becom
scarce when out of season.

The results of this study and others (Pimentel and Pimentel, 200
2008; Peters et al., 2007, 2008) demonstrate that the percentage of meat an
dairy products in a region’s diet strongly affect the land area required !
support that population. Our data show that Onondaga County is mo
likely to become self-sufficient if residents adopt a vegetarian or low me
diet. Reducing the meat intake to a few small portions per week, as in U
Peters et al. scenario, would decrease the additional area needed to
the population in Onondaga County from more than 350,000 to aro
100,000 hectares.

9.4.5 Energy inputs

Our boundaries for the energy inputs into agricultural production e__ix
the distribution point. To be sure, further energy is consumed to packi
process, store, and display the food, as well as the energy required
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consumer to travel to and from the store, refrigerate,
the food. It was our assumption that the distﬁbutimztz]tfz’r;n ed thzn cook
ing energy costs would be comparable in a locally based fogoé asr: tcook—
the current American system, but this may not be the case. Local f} . dem .
duction would require the construction or addition of processin eoa pro-
to handle the large volume of locally produced fruit and vegeta%lzgpl‘?;lty
prold‘ucts pose a similar dilemma. Local butchering and meat—proc;-‘:s 'eat
facilities would need to be encouraged or rules relaxed to allow farmej u:g
sell directly to the public. Also, consumers themselves would have tosdo
more of the processing, for instance, canning and freezing to extend secf
sonal foods. These practices may increase energy consumption, as indivi?l-
ual consumers are less efficient than large processing and canning facilities
The energy subsidies needed to produce a kilocalorie of food ener ,
do not increase along the trend line as suggested by data published %Y
Steinhart and Steinhart (1974) and in fact indicate an increasing efficac ¢
One average kcal of food energy requires a minimum input of approx:;?-.
mately 6 keal of fossil energy, down from 9 or 10 in 1970. This decline in

Jinputs is consistent with the results of Cleveland (1995a), who calculated
that agricultural efficiency had improved after reaching a low in 1978 and
by 1990 the ratio of food output per unit of energy had increased to levels
-comparable with the 1950s.

- Although some 3,700 keal of food is available per capita per day (FAO
010), Kantor et al. (1997) have estimated that on average 27% of food proi
uced on American farms is not consumed by the population. They deter-
iined that the largest proportions of food loss are in the fresh produce,
airy, and grains categories. Less waste occurs in categories such as meat,
ils, and sweeteners, The USDA estimates that this ratio has remained
irly consistent since the 1970s (Kantor et al, 1997). For our demand
nodel, which calculates caloric demand based on population, available

lories, and eating habits, we assumed net consumption of food is 27%
‘than the gross food availability across all food categories. However,
difficult to say whether a local food system might incur more or less
ste than in the current system.

Potential implications of a low-energy future on
~agricultural self-sufficiency in Onondaga County

ntel estimates that the energy spent on growing, processing,
porting, storing, and preparing food is approximately 19% of U.5.
gy consumption (pers. comm.). We found that just over 4,000 Tcal
etajoules) was required to grow and transport the food demand
1ondaga County. This is equivalent to 15% of the 111 Petajoules of
y-estimated to be consumed each year in the county. Our calcula-
es not include the energy to process, store, or prepare food. Our




314 Global econontic and environmental aspects of biofuels

chapter nine:  The potential of Onondaga County

315

just-in-time system of food production and delivery, and out reliance on
long-distance shipping by tractor-trailer, however, renders us vulnerable
to any future energy supply disruptions.

The price of fertilizers increased rapidly in the summer of 2008 as
energy prices reached an all-time high, before falling back by the end of the
year (Huang, 2009). Increased competition for grain exports and falling per
capita production led toa “run on rice” Jater that year, as developing nations
held tightly to their excess supply and other nations scrambled to secure
imports (Christiaensen, 2009). In a future with decreasing energy availabil-
ity and increased variability of crop yield due to climate change, this type
of event may continue to plague developing nations and could raise food
commodity prices for consumers living in exporting nations such as the
United States. For these reasons, communities may need to assess their food
security and encourage more local and sustainably grown food.

If the production rate of oil, the economy, and fuel prices maintain
an undulating plateau as some energy analysts predict, food prices could
also destabilize and fluctuate rapidly. Farmers’ future profits could b
reduced during periods of increasing fuel prices; during economic down
turns, collapsing food prices could be equally devastating.

It is also important to note that over time, land under agricultur
production degrades. A highly productive piece of farmland requi
increased fertilizer inputs to majntain high yields. Similarly a more mar
ginal farm can raise yields by increasing the amount of fertilizer used
However, this relationship is nonlinear, and at high levels of fertilizer u
the response becomes asymptotic (Hall et al. 2000). Hall et al. (2000) beli
that as the farmlands degrade over time due to nitrient depletion and €
sion, any disruption in inputs would reduce yields to a level belo
original yields obtained on the site without inputs (see Figure 9.15). Lo
produced soil nutrient additives, such as compost, require human an
sil energy inputs to separate, collect, compost, and then apply to the
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Figure 9.15 Isopleths of agricultural yield. (From Hall, C. A. S, Perez, C. L., and
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0.4.7 Possible impact of biofuel production on food productior

A dedline in the availability of petroleum products, especially ga
and natural gas, could increase the demand for liquid biofuels an
mass to heat homes during the cold Northeast winters. Subsid
mandates by the US. government have already led to increas
production for ethanol (Vedenov and Wetzstein, 2008). In 2006,
U.S. corn crop was converted to ethanol (USDA, 2010e). Biofuels ca
transported through petroleum pipelines (water is soluble in eth
pipes would corrode) and therefore must be shipped by tanker:
rail car. Since the energy return on energy invested for ethanol 18
precariously low (by some accounts, negative), increasing the
distance of ethanol can turn a marginal net energy positive fuel i
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