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a b s t r a c t

We calculated an Ecological Footprint Analysis (EFA) at a regional scale. EFA captures the human impact
on the environmental system by identifying the amount of biologically productive land necessary to
support a person’s level of consumption and waste generation. EFA is a commonly used metric of
sustainability because it is easy to conceptualize and the calculation is relatively straightforward.
Utilizing free, readily available data, we calculated an EFA for a region in southern Colorado. Gathering
existing data at a regional scale is difficult because data are often collected at national or state levels. The
lack of data is further confounded by the fact that data are often collected at intervals greater than one
year. Variables that were missing data for certain years were estimated using linear interpolation. Data
not available by county were scaled to the region from state or national level data. Thirty-five variables
from 1980 to 2005 (26 years) were collected and used to calculate a time-dependent EFA and the
resulting trend was visually examined. The available biocapacity in the region did not decrease during
the period, but per capita biocapacity decreased due to population growth. Per capita biocapacity was at
a period high of nearly 41 ha per person (ha/ca) in 1980 and steadily decreased to a low around 31 ha/ca
in 2005. Ecological footprint remained constant over the 26-year period, varying from a low of 5.1 ha/ca
in 1997 to a high of 5.5 ha/ca in 1985. A steady ecological footprint combined with a decreasing per capita
biocapacity, implies the ecological reserve is decreasing and, thus, the region is moving away from
sustainability. Although per capita consumption did not increase substantially during the 26 years, more
people are drawing on a fixed quantity of resources. Our methodology is a simplified approach to EFA and
does not follow standards that are currently being established. Adhering to the suggested standards
would require obtaining data sets that consist entirely of national data. The national level data are
replaced with data specific to the geographic area under examination when they are available. Although
national data may represent the sub-national region under study, that substitution requires further
investigation, especially in large, geographically and culturally varied nations such as the US. Never-
theless, this simplified methodology provides enough detail that stakeholders can identify areas of the
system on which to focus attention to improve sustainability of the system.

Published by Elsevier Ltd.
1. Introduction

Ecological Footprint Analysis (EFA), more appropriately called
environmental footprint (Eaton et al., 2007) analysis, is a commonly
used metric of sustainability because it is straightforward in theory
and easy to conceptualize. EFA attempts to capture human impacts
on the regenerative capacity of an environmental system
(Chambers et al., 2000) by identifying the amount of bioproductive
land required to support a person’s average annual consumption
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and waste production (Wackernagel and Rees, 1996). Since
Wackernagel and Rees (1996) introduced it, EFA methodology has
been continually evolving as researchers have attempted to
improve the methodology (e.g., Lenzen and Murray, 2001; Luck
et al., 2001; Medved, 2006; Monfreda et al., 2004; Wackernagel,
2009). In general, EFA categorizes bioproductive land into one of
six types: energy, arable, forest, pasture, built, and sea. Land that
does notmeet one of these six categories is deemed non-productive
and is not included in EFA accounting (Chambers et al., 2000).
Furthermore, as part of the methodology, twelve percent of the
land used to be set aside for biodiversity (Chambers et al., 2000, but
see Noss and Cooperrider, 1994 for discussion of the appropriate
percentage), but is no longer practiced (Global Footprint Network,
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2009). EFA calculates the supply (biocapacity) of land available to
support a population and the demand (ecological footprint)
a population places on these six land categories by estimating how
much land is being used to support the population. The biocapacity
in a given region is compared to the ecological footprint of the
population by subtracting demand from supply. Examining this
balance sheet over time will reveal if there is an ecological reserve
or deficit and if a population is moving toward or away from
sustainability as defined by the EFA method.

This metric has been applied to numerous systems. For instance,
EFA accounting has been conducted at global (e.g., WWF 2008),
national (e.g., Erb, 2004; Lammers et al., 2008; Lenzen and Murray,
2001; Medved, 2006; Wackernagel and Yount, 1998; Wackernagel
et al., 1999, 2004a; WWF, 2008), regional (e.g., Graymore et al.,
2008; Huang et al., 2007; Pulselli et al., 2008; Zhao et al., 2008),
and municipal (e.g., Collins et al., 2006; Scotti et al., 2009; Wood
and Garnett, 2009) spatial scales. EFA has been conducted at
industry or product level (e.g., wine e Niccolucci et al., 2008,
university campuse Li et al., 2008, tourism - Patterson et al., 2007),
and individual or household levels (e.g., Chambers et al., 2000) as
well. Some researchers have conducted EFA analysis by comparing
and contrasting multiple spatial scales (e.g., Lenzen and Murray,
2003; Luck et al., 2001).

We conducted conventional EFA accountingusing the compound
approach as introduced by Wackernagel and Rees (1996) and
expanded by Chambers et al. (2000) because it ismore inclusive and
robust compared to the component-based approach (Chambers
et al., 2000). In general, an EFA calculation requires four sets of
variables: 1) the size of thepopulation in the regionof interest, 2) the
amount of consumables in various categories used per individual, 3)
the amount of energy of various types consumed per individual, and
4) the amount of biologically productive land, as defined by EFA,
available in the region of interest. The consumption variables
include the biotic resources such as meat, dairy, fruits, and vegeta-
bles. Consumption is usually calculated by adding the quantity of
imported consumables to the amount produced in the systemunder
study and subtracting the amount exported from the system. The
remaining quantity is assumed to be consumed by the population
(Chambers et al., 2000; Wackernagel and Rees, 1996). The energy
balance element of the calculation considers both locally generated
energy and, if known, energy embodied in traded goods (Chambers
et al., 2000;Wackernagel andRees,1996). Primary fuel consumption
is adjusted for carbon content and used to derive the amount of
forested land necessary to sequester the resulting CO2 emissions
(Chamberset al., 2000). Lastly, the area (inhectares) of eachof the six
land categories of biologically productive land is measured to
calculate thebiocapacity. Eachof these sets of variables is used inone
of three accounting type ledgers to determine the supply (bio-
capacity) and demand (ecological footprint) of the environmental
system (Chambers et al., 2000; Wackernagel and Rees, 1996).

Note that we deviate slightly from the naming convention
commonly employed in an EFA (e.g., Chambers et al., 2000;
Wackernagel and Rees, 1996) in an attempt to make the text
easier to follow. It is typical for the population’s ecological footprint
to be denoted with EF and the per capita ecological footprint
identified with ef. To be consistent with this format, we have
deviated from the convention by representing the population’s
biocapacity (typically denoted as BCp) as BC and the per capita
biocapacity as bc (compared to the frequently used BCc). The
amount of land area appropriated per capita (aai) for each major
consumption item (ci) is estimated by dividing ci by the population
of the region (N). The average demand or ecological footprint per
capita (ef) is computed by summing all the ecosystem areas
appropriated (aai) by all purchased items in the annual consump-
tion of goods and services. Each item is converted into a footprint
value, represented as hectares per capita (ha/ca). Often these areas
are adjusted to express a world average and are converted to global
hectares (e.g., Global Footprint Network, 2009). An ecological
footprint (EF) for the entire system or region is calculated by
multiplying ef by the population size (N). The biocapacity for the
population (BC) is the number of hectares of each of the six bio-
productive land categories in the area under study. A per capita
biocapacity (bc) is calculated by dividing the region’s BC by the
population of the region.

An ecological balance is calculated by subtracting EF from BC to
determine if there is an ecological deficit or reserve. If EF exceeds
BC, an ecological deficit exists and the system is considered
unsustainable regionally. Conversely, the system is considered
sustainable if there is an ecological reserve (ef < bc or EF < BC).
However, because we question the accuracy of identifying a system
as sustainable (see Heberling and Hopton, 2012), we identify
a system’s movement toward or away from sustainability by
examining the ecological balance. A system is considered moving
away from sustainability if the ecological reserve is decreasing or, if
there is an ecological deficit, the deficit is increasing through time.

2. Materials and methods

The data needs of traditional EFA accounting are relatively
straightforward, although they can be intensive. EFA requires food
consumables such as meat, dairy, fish, fruits and vegetables, animal
feed, roots and tubers, and pulses (i.e., legumes), and per capita
energy consumption. This level of detail creates difficulty when
analyzing sub-national regions because it is often difficult to obtain
data for local areas, especially parts of states. To overcome this
quandary, researchers often approximate values for many of the
variables or use values from disparate years (e.g., Bagliani et al.,
2008). This occurs because data on consumption patterns are
more likely to be collected for national and even state level rather
than for smaller political units. Thus, depending on the data
required, we were limited by data availability due to the regional
nature of our study and the requirement for 26 consecutive yearly
(1980e2005) values. Rather than calculating a national EFA and
scaling it to the region by multiplying by the population of the
region, we decided to reduce the number of variables to those that
were necessary to calculate the EFA for the region. Because our goal
was to calculate a simplified ecological footprint for the region and
not necessarily a more detailed ecological footprint as calculated in
Wackernagel et al. (2005), we attempted to restrict our variables to
data specific to the region (i.e., county data). However, because data
for some essential components of a footprint analysis were not
available at the individual or county level, we had to utilize data
that were not specific to the region.When necessary, data that were
available only at the state or national level were scaled to the region
of study based on per capita rates in the larger systems (Table 1).
Data that were reported less frequently than annually were linearly
interpolated to fill missing years.

2.1. Data, variables, and sources

We selected variables easily obtained and freely available,
thereby enabling a calculation that could be undertaken by virtu-
ally any entity interested in conducting its own EFA. Most variables
were recorded as reported from the original data source (Table 1).
However, biocapacity was calculated for some land categories,
rather than using a reported value from the data. Specifically, arable
land was reported for each county in the National Agricultural
Statistics Service (NASS) report at 5-year intervals (NASS, 1984,
1989, 1994, 2009a, 2009b). Pasture was estimated using the NASS
reports by subtracting the hectares of arable land from total



Table 1
Scale and source of data for the variables used to calculate ecological footprint for the SLB. Data available at scales other than county were scaled to the county level based on
population levels in each county for a given year.

Scale Variable Purpose/Notes Source Website Specific data link

National
Consumption of
animal products
(lbs/capita)

Includes bovine,
buffalo, sheep, goat,
non-bovine, milk,
cheese, butter, eggs,
and fish categories

USDA Economic Research
Service

www.ers.usda.gov www.ers.usda.gov/Data/FoodConsumption/
FoodAvailQueriable.aspx

Cereal
consumption
(lbs/capita)

Includes cereals,
wheat, and maize
categories

USDA Economic Research
Service

www.ers.usda.gov www.ers.usda.gov/Data/FoodConsumption/
FoodAvailQueriable.aspx

Fruit &
vegetable
consumption
(lbs/capita)

Includes vegetables,
fruit, animal feed,
roots, tubers, and
pulses consumption

USDA Economic Research
Service

www.ers.usda.gov www.ers.usda.gov/Data/FoodConsumption/
FoodAvailQueriable.aspx

State
Fossil fuel
(Gj/year)

Includes coal, natural
gas, and petroleum
consumption

Energy Information
Administration

www.eia.doe.gov www.eia.doe.gov/emeu/states/state.html?
q_state_a¼co&q_state¼COLORADO

Nuclear electric
consumption
(million kWh)

Energy Information
Administration

www.eia.doe.gov www.eia.doe.gov/emeu/states/state.html?
q_state_a¼co&q_state¼COLORADO

Hydro-electric
consumption
(million kWh)

Energy Information
Administration

www.eia.doe.gov www.eia.doe.gov/emeu/states/state.html?
q_state_a¼co&q_state¼COLORADO

Wood and waste
consumption
(trillion BTU)

Energy Information
Administration

www.eia.doe.gov www.eia.doe.gov/emeu/states/state.html?
q_state_a¼co&q_state¼COLORADO

County
Population
(persons)

Bureau of Economic Analysis www.bea.gov www.bea.gov/regional/reis/default.cfm?
selTable¼CA1-3&section¼2

Land area (ha) US Census Bureau www.census.gov quickfacts.census.gov/qfd/states/08000.html
and for US

Built land (ha) Census-designated
places based on
1990 and 2000 data

US Census Bureau www.census.gov www.census.gov/geo/cob/bdy/pl/pl90e00/
pl08_d90_e00.zip

Forest including
deforestation (ha)

1987, 1997, 2002
and treated as a constant

USDA Forest Service www.fia.fs.fed.us www.fia.fs.fed.us/tools-data/spatial

Arable land (ha) 1982, 1987, 1992,
1997, 2002, 2007

USDA Agricultural Statistics www.agcensus.usda.gov http://www.agcensus.usda.gov

Calculated
Pasture (ha) Total farmland minus

arable land; values
reported as “D” in
report are listed as
values from adjacent
survey

USDA Agricultural Statistics www.agcensus.usda.gov

Sea (ha) No sea category in
biocapacity in SLB

No sea category in
biocapacity in SLB

Forest harvest (MBF) 1. USDA Forest Service 1. Data generated by
Bruce F. Short,
Biological Resources
Staff Officer, San Luis
Valley Public Lands Center

1. Bruce F. Short, Biological Resources
Staff Officer, San Luis Valley Public
Lands Center, 1803 West Highway 160,
Monte Vista, CO 81144,
bshort@fs.fed.us,
phone (719) 852-6225

2. USDA Natural Resources
and Conservation Service

2. National Resources
Inventory 2001 Annual
NRI, Urbanization and
Development of Rural
Land, July 2003 (and see
www.nrcs.usda.gov/
technical/land)

2. USDA, Natural Resources
and Conservation Service,
National Resources
Inventory 2001 Annual
NRI, Urbanization and
Development of Rural
Land, July 2003 (and see
www.nrcs.usda.gov/
technical/land)

Energy land (ha) Based on CO2 production
and subtracted from forest land.
Thus, biocapacity is zero.

Non-productive
land (ha)

Total land area minus
the sum of EF land area

Total land area minus
the sum of EF land area
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farmland. Forest was estimated from United States Department of
Agriculture (USDA) Forest Service data and subtracting the amount
of harvested forest for each county. Built land was obtained from
the US Census Bureau from the land area reported for each Census-
designated place in each county. Because the region is land-locked
and there is minimal surface water in this high desert, there was no
bioproductive area for the sea category. Lastly, energy land is the
amount of forested land required to sequester CO2 produced from
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Fig. 1. Per capita biocapacity (bc) compared to per capita ecological footprint (ef) for 26
years in the San Luis Basin (a) and United States (b).
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energy consumption. This value was 0 ha on the supply side of the
equation because it is not a supply, per se. Energy land is obtained
by subtracting from forest the area necessary to sequester CO2 and,
therefore, does not exist before CO2 is produced.

Energy consumption data for the State of Colorado were ob-
tained from the Department of Energy’s Energy Information
Administration (EIA; EIA, 2006). We assumed that EIA data calcu-
lated on a per capita usage and multiplied by the population of the
SLB were sufficient to estimate the energy consumption. We
justified this assumption by comparing coal and natural gas
consumption in the SLB to their consumptive use for the State of
Colorado. SLB regional consumption differed by approximately 1.8%
(coal) and 0.33% (natural gas) of estimated consumption based on
EIA state use (USEPA, 2010). In addition, we estimated propane use
based on heating degree days in the SLB and were within 7.8% of
propane consumption based on EIA state use (USEPA, 2010). We
decided the more readily available EIA data adequately represented
consumption for these sources. Using EIA data for Colorado,
consumptionwas calculated as per capita for the state and included
coal, natural gas, petroleum, nuclear, hydroelectric, and wood and
waste categories. An added benefit of using EIA data, the petroleum
category includes motor fuel, thereby capturing energy consump-
tion for transportation in the SLB. Energy consumption was con-
verted to area of forest and the corresponding energy land required
for CO2 absorption, following Chambers et al. (2000).

Per capita food consumption for the US, from USDA Economic
Research Service (USDA-ERS, 2009), was used to estimate food
consumption for the region under study. Because datawere already
in quantity consumed, it was not necessary to subtract exports from
imports and production to estimate consumption. Each food item
was assigned to an appropriate land category and a per capita
footprint was calculated for each food item by dividing the kg
consumed by the global yield for that kind of land and dividing the
result by the population of the region. The footprint for each land
category was summed to produce the amount of land required to
support levels of consumption of the population of the region.

Global yields were used because it is unlikely that most items
consumed in the region were produced in the region. Global yields
were taken from Chambers et al. (2000: 70e73) and were assumed
to be constant for all years. Ideally, global yields and conversion
factors (see below) would be calculated for each year and would
result in a better estimate of the EFA for a region. However, more
accurate annual values are unlikely to have a large influence on the
results because it is unlikely they would change very much on
a year-to-year basis or during the length of our study period.
Another compromise in our analysis is that many items are not
included in this EFA, for reasons discussed above.

Many studies suggest converting footprints into global hectares
(gha) in order to allow comparison of EFAs between systems (e.g.,
Wackernagel et al., 2004b; Wiedmann and Lenzen, 2007). A global
hectare is “normalized to the area-weighted average productivity of
biologically productive land and water in a given year” (Global
Footprint Network, 2008). In other words, a global hectare is the
global average of productivity (i.e., kg produced) per 1 ha of land or
water and facilitates comparison between EFAs for different
nations. Equivalence factors and yield factors are necessary to
convert actual ha into gha and they can be obtained from the
literature for certain years (e.g., Chambers et al., 2000;Wackernagel
and Yount, 1998), but a complete set is difficult to obtain without
additional expense. To overcome this lack of factors, we recorded
values from Chambers et al. (2000) and McIntyre et al. (2007) for
alternative calculations using gha. However, our goal was not to
produce a mechanism by which regions can be compared but
rather to enable a region to analyze their movement toward or
away from sustainability and manage accordingly. Moreover,
because the purpose of our study was practical, rather than
academic in nature, we decided to use local hectares as theworking
unit (in actuality, our ef values were in world average hectares
because much of what the population of a typical region in the US
consumes likely comes from outside the local area). Lastly, as an
a priori comparison, we conducted an EFA for the US to compare the
methodology employed for SLB, using the same variables and data
sources (Table 1).

3. Results

We were able to assemble 26 years (1980e2005) of data con-
sisting of 35 variables (Table 1) and to estimate biocapacity and
ecological footprint for those years. Biocapacity shows a decreasing
trend for the 26-year period, beginning at a peak of nearly 41 ha per
capita (ha/ca) in 1980 and decreasing to around 31 ha/ca in 2005
(Fig. 1a). Ecological footprint was relatively flat, varying from a low
of 5.10 ha/ca in 1997 to a high of 5.5 ha/ca in 1985 (Fig. 1a). Sub-
tracting ef from bc provides the ecological balance and reveals the
SLB had an ecological reserve, although it was declining, during the
period examined. The reserve was at a period high of 35.08 ha/ca in
1980 and declined steadily through 2005 when the ecological
balance was 25.93 ha/ca.

Biocapacity for the US shows a decreasing trend for the 26-year
period, peaking at more than 4.1 ha/ca in 1980 and steadily
decreasing to nearly 3.1 ha/ca in 2005 (Fig. 1b). Ecological footprint
increased during the same period, with a period low of nearly
4.8 ha/ca in 1982 and peaking at 5.6 in 2005. The ecological balance
indicates the US is in deficit during the entire 26-year period
(Fig. 1b).
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4. Discussion

4.1. Biocapacity (supply)

Although the SLB appears to have an abundance of biocapacity,
this is a result of low population density and large area of pasture
and arable lands. These two land types typically increase the
human carrying capacity of a system and are heavily weighted in
EFA as is evident in the high productivity values they are assigned
in the methodology. Moreover, an abundance of forest is available
to sequester CO2 and provide renewable wood products. However,
it must be remembered the SLB is part of a larger system and
resources produced in the region help support that larger system,
including the rest of the US and world.

The decrease in bc seems to be due, primarily, to population
growth in the region. An increasing population draws on a rela-
tively fixed supply of bioproductive land in the SLB, resulting in
a decreasing amount of bioproductive land per person. Specifically,
biocapacity of forest declined from 22.93 ha/ca to 18.56 ha/ca and
pasture declined from 12.13 ha/ca to 7.17 ha/ca (Fig. 2). Arable land
was variable during the 26-year period, starting at 5.67 ha/ca in
1980, peaking in 1990 at 5.96 ha/ca, declining to 5.13 ha/ca in 2000,
and rising to 5.33 ha/ca in 2005 (Fig. 2). During this period, built
land increased slightly during the 26 years (from 0.12 ha/ca to
0.15 ha/ca; Fig. 2). In absolute terms, the number of hectares of
arable land increased, the hectares of forest remained constant, and
the hectares of pasture decreased in the SLB region during the 26
years. The results suggest the overall decline in BC for the region
was minimal, especially when compared to the decline in bc
(Fig. 1a). Hence, as the population size increased, more people were
drawing on the same number of hectares of resources, resulting in
fewer resources available per person. This indicates the decrease in
biocapacity of forest and pasture land categories were due to
population growth and the bc available from these land categories.
Conversely, although biocapacity of arable land was variable, there
was an overall decrease (Fig. 2), indicating an increase in the supply
of total hectares of arable land in the region that did not quite keep
pace with population growth. Lastly, the amount of built land
increased from 4572 ha in 1980 to an estimated 7350 ha in 2005.
This is an increase of more than 60% and represents land that
typically, according to EFA accounting, was agricultural land. In
summary, the overall decrease in biocapacity in the SLB in these
calculations is largely due to population increase. If the regionwere
a self-reliant, closed system, the carrying capacity of the system is
far from reached and many more individuals could be supported.
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Fig. 2. Available biocapacity (bc) for the five footprint land categories over a 26-year
period in the San Luis Basin, Colorado. Note that built-up land has no biocapacity
and is not included in the figure.
However, because the SLB provides resources to support the larger
system, and draws on resources from outside the region (i.e., it is
not a closed system), the excess biocapacity should be evaluated
with that in mind.
4.2. Ecological footprint (demand)

Unlike the US (e.g., Wackernagel and Yount, 1998; WWF, 2008),
the average ecological footprint of individuals in the SLB decreased
slightly (with some variation) during the time analyzed (Fig. 1),
although we have not figured out how to estimate confidence
intervals (see USEPA, 2010). However, although ef showed a general
decrease, the total EF for the SLB increased slightly likely due to an
increase in population in the SLB.

Examining the individual land categories and the energy foot-
print can help identify components responsible for trends (Fig. 3).
Overall, demand placed on each of the land categories remained
relatively constant during the 26-year period, except for forest
(Fig. 3). Per capita demand on pasture, arable, built, sea, and energy
lands have remained stable, as consumption did not increase
dramatically during the period. However, during the same period
the area of forest remained constant while forest harvest increased
from 23 973million board feet (MBF) in 1980 to 35 251MBF in 1989
and has been declining since to 4444 MBF in 2005. This coupled
with the increase in population resulted in a decrease in area of
forest available per capita in the region.

Focusing on energy land, there was a general increase in total
energy consumption from fossil fuels for the region. However,
although there was some variability, per capita energy footprint
revealed a slight decline for coal, natural gas, and petroleum
consumption (slope ¼ �0.0021, �0.002, and �0.004, respectively)
in the 26-year period; however, assumptions in our methods make
these estimates uncertain. Energy consumption from nuclear and
hydroelectric was nonexistent. Wood and waste usage, however,
increased during the first 6 years of the period analyzed and has
been decreasing both per capita and for the population since 1986
(Fig. 4). The US Census Bureau provides a category of number of
homes using wood for heating and this value for the SLB decreased
from 1990 to 2000 census from 3750 to 2327 homes (US Census
Bureau, 1990, 2000), suggesting that such a reduction is realistic.
4.3. US ecological footprint analysis

Because EFAs usually reveal patterns for the USwhere ecological
deficit (ef > bc or EF > BC) is the rule, as demonstrated by the
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Fig. 3. Ecological footprint (ef) and the demand placed on each of the six land cate-
gories over a 26-year period in the San Luis Basin, Colorado.
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Fig. 4. Energy consumption (ha per person) by major energy source over a 26-year
period in the San Luis Basin, Colorado.
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Fig. 5. Ecological balance (ha/ca) of the different land categories in the SLB. Balance
equals biocapacity per capita minus the ecological footprint for the SLB region. Positive
values represent a surplus of biocapacity and negative values represent a deficit of
biocapacity.
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analysis for Utah (McIntyre et al., 2007), and because the analysis
for the SLB reveals an ecological reserve, we decided to conduct an
EFA for the US to test the methodology employed for SLB, using the
same variables and data sources (Table 1). This analysis indicated
the US has an ecological deficit and ecological footprint had already
exceeded biocapacity by 1980. EFAs for the US usually identify an
ecological deficit occurring around 1970 (e.g., Global Footprint
Network, 2009). The differences in the results between US and
SLB increased our confidence that our methodology captured
trends in the SLB, rather than merely duplicating that of the larger
system. Note that conversion of US land areas to gha does not show
an ecological deficit, but does indicate a trend away from sustain-
ability. This discrepancy is likely due to missing variables on the
demand side of the equation.

4.4. Global hectares

Converting ha into gha increases ef by less than 10%, or about
0.5 ha and available bcmore than doubles. For example, in 1980 the
ef was 5.41 ha (5.94 gha) and bc was 40.61 ha (88.06 gha). The
ecological reserve was 35.20 ha (82.13 gha). In 2005 ef was 5.13 ha
(5.51 gha), bc was 31.21 ha (72.37 gha), and the balance was
26.08 ha (66.86 gha). Of course, the conversion from ha to gha
would be better using year specific yield and equivalence factors,
but the difference likely would be minor. For example, Lammers
et al. (2008) report an equivalence factor for energy land of 1.36
in 1980 and 1.38 in 2003 in their time-series analysis of Ireland.
However, our interest was in trends (i.e., is the system moving
toward or away from sustainability), not necessarily the actual
value and may not be worth the added expense or difficulty.
Nonetheless, we think using ha is acceptable if one is not
comparing between different regions.

4.5. Examination of sustainability

Whether using ha or gha, our analysis suggests the SLB is
moving away from sustainability, on both a per capita basis (Fig. 1a)
and a population basis. Although the ef remained relatively flat
during the 26 years (which would suggest the SLB was not moving
away from sustainability), available bc decreased because of
increasing population size. These trends reveal a decreasing
ecological reserve (the space between the two lines is decreasing;
Fig.1a). The decrease in the ecological reserve over the 26 years was
amplified on a population level examination. The EFwas increasing
and BC was decreasing through time (Figs. 1a and 5). This was
evident in the individual land categories as well. For example, per
capita food consumption (e.g., meat, cereal, fruit and vegetable, and
fish) increased during the period, requiring more bioproductive
land to satisfy the consumption and the amount of available arable
and pasture land per capita decreased. The overall result was
a decreasing surplus of bioproductive land (Fig. 1a) that was
available to support the population in the SLB. If the trend
continues, efwill eventually overshoot bc, resulting in an ecological
deficit.

Although our analysis suggests the ef is relatively low, one
potential flaw was the large number of missing variables that
represent embodied energy in goods and services. For example,
Utah Vital Signs reported over 2 gha/ca were required to meet the
consumptive levels for Utah in 1990 and about 1.5 gha/ca in 2003
(McIntyre et al., 2007). When compared to the food and energy
consumption for Utah in 1990 (5.26 gha/ca) and 2003 (5.82 gha/ca),
it is not an inconsequential quantity. However, these variables do
not represent such a large part of EFA that they alter the trends
captured by food and energy consumption. It is important to note
that a portion of data in that report came from both US and Utah
consumption rates and may or may not accurately represent
consumptive levels for the Utah population.

The trends in the SLB were not unexpected. Because of the
economic, environmental, and social characteristics of the SLB, we
did not expect a substantial amount of change to occur during the
26 years examined. The SLB is an agricultural-based region and has
many traits that accompany this type of society (e.g., San Luis Valley
Development Resources Group, 2007). Moreover, the SLB functions
as a resource exporting region, providing much of its bioproductive
land and resources to support larger systems, which include those
of Colorado, the US, and the world (San Luis Valley Development
Resources Group, 2007).

4.6. Strengths and weaknesses of methodology

Although therewere several methodologies used early on in EFA
accounting, recently there has been a push to standardize the
methods (e.g., Global Footprint Network 2009; Wackernagel,
2009). Specifically, a couple of groups have proposed their meth-
odology as a standard (e.g., Kitzes et al., 2009 - Global Footprint
Network, Best Foot Forward; Venetoulis and Talberth, 2008 -
Redefining Progress) and a number of organizations are following
these standards. Unfortunately, these groups do not publish their
complete methodologies or data, in part because they provide
a commercial EFA calculating service. Because the groups do not
provide the information free of charge or make it readily available,
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it is difficult to conduct an EFAwith limited budgets which was one
of our goals. Moreover, this standardization has some drawbacks
that make the calculation more difficult than it need be. First, the
standard recommends starting with national level data and
replacing with data specific to the geographic area under exami-
nation when they are available. However, a subsystem or region
may not reflect a national average, or levels of consumption may
not be typical and this could be concealed using national data. Thus,
scaling these variables to the population of the subsystem may not
adequately represent the subsystem. Second, these groups do not
make the factors that are necessary for conversion to a common
normalized unit (gha) readily available. Our goal in this project was
not to create a “better” or more accurate EFA; rather, it was to make
the methodologymore accessible and usable for the end user while
still being adequate for sustainability analysis.

5. Conclusions

The simplified EFA conducted captured a trend indicating the
SLB was moving away from sustainability. There are a number of
strengths and weaknesses to the methodology we employed. The
greatest strength of our methodology is the use of readily available
data that makes the methodology available to any entity interested
in computing their ecological footprint to determine if their system
is moving toward or away from sustainability. The greatest weak-
ness of our methodology may be the exclusion of potentially
important variables. The lack of data at sub-national scales resulted
in the exclusion of well over 100 variables that are typically
included in a traditional footprint account. All of the variables
usually included in the embodied energy component, as well as
some other variables, were excluded. In addition, the footprint
methodology in general does not take into account exports of
natural resources that may lower the biocapacity. Another limita-
tion is the lack of data for each year of our study. For example, we
had data at five-year intervals for agricultural production from the
Census of Agriculture and ten-year intervals for population and
housing variables from the Decennial Census of Population and the
census years did not align (i.e., decennial censuses were 1980, 1990,
and 2000 whereas the agricultural censuses were 1978, 1982, 1987,
1992, 1997, and 2002). We used linear interpolation to estimate the
values for missing years. Because of these imputations, we were
limited in performing statistical analysis on trends in the results
(e.g., a ManneKendall test for trends or time-series analysis). Such
interpolation would bias the trend; especially if a measure of
uncertainty was available and we could statistically test the trend
(USEPA, 2010). Nonetheless, after calculating the ecological foot-
print for the US using the same variables employed in our study, we
are confident the methodology does an acceptable job capturing
trends in an EFA for a region, which was a central goal of this
project. Although important, the embodied energy component of
a typical ecological footprint account generally accounts for less
than the food and energy consumption components. For instance,
Lammers et al. (2008) found that less than 1 ha per capita was from
the embodied energy component. These weaknesses, then, need to
be balanced with the availability of the method and its relative ease
of use. However, there is enough detail in the account that stake-
holders can identify areas of the system onwhich to focus attention
to improve sustainability of the system.
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