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ACRONYMS AND ABBREVIATIONS
COICOP
IO
CLUM
ga
gha
ha
MRIO
NFA
nha
NPP
wha
Footprint

Classification of Individual Consumption by Purpose
input-output (economic analysis)
Consumption Land Use Matrix
global acres
global hectare
hectare
multi region input output
National Footprint Account
national hectare
net primary productivity
world hectare
short version of Ecological Footprint

Note: One hectare is equal to 2.47 acres (and a global hectare is equal to 2.47 global acres). Results in
the ‘State of the States’ report are expressed in acres, while the scientific background study uses
hectares. This report is based on the National Footprint Accounts , edition 2014.
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1. PURPOSE OF THIS REPORT
This report explains the principles of Ecological Footprint and Biocapacity accounting used for calculating
the Ecological Footprint and biocapacity results of the States of the United States, as presented in the
“State of the States” report.
Ecological Footprint Accounting measures humanity’s demand on the biosphere by comparing human
consumption of renewable goods and services (Ecological Footprint) with the Earth’s ability to provide
these goods and services (biocapacity). These are calculated as the area of five bioproductive land
classes required to meet human demands for renewable resources and carbon sequestration, using
current management schemes and extraction technologies. Both Ecological Footprint and biocapacity
are measured in global hectares (gha), a hectare of land with globally average productivity, and together
they represent all the competing human demands for biologically productive space. Hence, the
Ecological Footprint is a relevant environmental indicator for tracking degradation of ecological assets,
depletion of natural reserves, biodiversity loss,1 and ecosystem collapse.

Figure 1: Humanity’s Ecological Footprint per capita by components compared to per capita biocapacity on the
planet (dashed green line shows biocapacity per person). Results are shown in global hectares. One hectare is equal
to 2.47 acres.

1

While the Footprint does not measure biodiversity loss directly, it tracks global pressures on biodiversity and can
be used to complement other measures of ecosystem-specific impacts on biodiversity (Galli et al., 2014).
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2. ECOLOGICAL FOOTPRINT AND BIOCAPACITY METHODOLOGY
Ecological Footprint
Ecological Footprint and biocapacity accounting answers a simple research question: How much do
people demand from biologically productive surfaces (Ecological Footprint) compared to how much can
the planet (or a country’s productive surfaces) regenerate (biocapacity)?
Economic activities fundamentally depend on ecological assets and their capacity for provisioning
primary resources and life-supporting ecological services. Managing an economy’s resource dependence
is becoming a central issue for decision-makers, particularly for planners and economists. Adequate
access to ecological assets is a necessary condition for economic success and lasting development gains.
Global Footprint Network uses U.N. data sets to calculate the Ecological Footprint and biocapacity of
nations, including the United States. The calculations are based on over 6,000 data points per country
and year. Therefore the Footprint can be disaggregated into components. Because of data gaps,
National Footprint Accounts probably underestimate biocapacity deficits.
Table 1: Major categories in Ecological Footprint and biocapacity accounting. The forest biocapacity
serves two competing uses: absorbing CO2 for the Carbon Footprint and providing forest products such as
timber and firewood.
Ecological Footprint
demand types
Crops
Grazing Products
Seafood
Carbon Footprint
Forest Products
Built-up Land

Biocapacity
areas
Cropland
Grazing Area
Fishing Grounds
Forest
Built-up Land

The Ecological Footprint, in its most basic form, is calculated using the following equation:
EF = D/Y

Equation 1

Where D is the annual demand of a product and Y is the annual yield of the same product (Borucke et al,
2013). Yield is expressed in global hectares. In practice, global hectares are estimated with the help of
two factors: the yield factors, which compare national average yield per hectare to world average yield
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in the same land category; and the equivalence factors, which capture the relative productivity among
the various land and sea area types.
Taking into account these factors, the formula of the Ecological Footprint becomes:
EF = (P/YN)*YF*EQF

Equation 2

where P is the amount of a product harvested or waste emitted (equal to D above), Y N is the national
average yield for P, and YF and EQF are the respective yield factors and equivalence factors for the
country and land use type in question. The yield factor is the ratio of national-to-world-average yields,
which is calculated as the annual availability of usable products and varies by country and year.
Equivalence factors translate the supply of or demand for an area of a specific land use type (e.g. world
average cropland or grazing land) into units of world average biologically productive area expressed in
global hectares. These factors can vary by land use type and year.

Biocapacity
The calculation of a country’s biocapacity begins with the total amount of bioproductive land and sea
available in that country. “Bioproductive” refers to areas of land and water that support significant
photosynthetic activity and accumulation of biomass. Barren areas of low or dispersed productivity are
ignored. This is not to say that places such as the Sahara Desert, Antarctica, or the alpine environments
of various countries do not support life; simply that their production is too widespread to be directly
harvestable and is negligible in quantity.
Biocapacity is an aggregate measure of the amount of area available, weighted by the productivity of
that area. It represents the ability of a biosphere to produce crops, livestock (pasture), timber products
(forest) and seafood; as well as the biosphere’s ability to uptake CO2 in forests. It also measures how
much of this regenerative capacity is occupied by infrastructure (built-up land). In short, it measures the
ability of the available terrestrial and aquatic areas to provide ecological services. A country’s
biocapacity for any land use type is calculated as:
BC = A*YF *EQF

Equation 3

Where BC is the biocapacity, A is the available area of a given land use type, and YF and EQF are the
yield factors and equivalence factors, respectively, for the land use type in question in that country.
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3. CONSUMPTION LAND USE MATRIX (CLUM) METHODOLOGY
National CLUM
The CLUM indicates the Ecological Footprint associated with purchases in major consumption
categories. A CLUM is unique to the economic system of a country, and can often highlight surprising
findings that reveal important underlying features of a nation’s consumption and its impact on
ecological systems.
CLUMs are also used as reference points. The National CLUM describes consumption pattern at the
national level. By using data that compares national average consumption in various categories with
local consumption, an estimate of a local CLUM can be calculated. This approach is used for estimating
the consumption Footprint of sub-national populations, for example cities or states. (See description
below.)
The most common way to generate CLUMs is to use environmentally extended Input Output models –
tying consumption also to expenditure categories. Input-Output (IO) analysis is a mathematical tool
widely used in economics to analyze the flows of goods and services between sectors in an economy,
using data from IO table.
Within the CLUM, there are two broad classifications:
1. Areas that are under direct short-term influence by households, such as direct consumption
under the broad categories of food, shelter, personal transportation, goods, and services.
2. Areas that are under long-term or indirect influence by households, such as gross fixed capital
formation and government expenditure.
Gross fixed capital formation may be due to household investment (e.g. new housing), investment by
firms (e.g. new factories and machinery), or investment by government (e.g. transport infrastructure).
Government consumption relates to the ongoing consumption associated with the functions of the
government, some of which might directly and materially benefit households.
Within the areas of direct short-term influence, the top level row categories are: food, housing, mobility
(or personal transportation), goods, and services. Each top-level category is further broken down into
sub-categories given by COICOP classifications.
Two categories of particular interest are “Electricity, gas and other fuels” under Housing, and “Operation
of personal transport equipment” under Mobility. These categories include direct emissions from
households due to fossil fuel combustion (e.g. gasoline for transportation and natural gas for heating)
which are not passed through the IO analysis.
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The columns list each land use type and the total, therefore each cell refers to the Ecological Footprint
on a certain land use type resulting from final purchases falling under each consumption category. For
example, the grazing land Footprint associated with tobacco purchases is 0.05 gha per capita.
The CLUM is generated by using environmentally extended Multi Region Input Output model (more info
below).

Sub-National CLUM
The sub-national CLUM containing all six major Footprint components is generated through a scaling
procedure from the national-level data.
In the case of the “State of the States” report, we used differences in expenditures as a way to adjust
the national CLUM to the one at the state level. Household Expenditure (HHE) was used as a scaling
factor for all Footprint components. HHE was adjusted by using Consumer Price Index (CPI) to fix the
different price levels at national and state levels. In addition, energy intensity data was used to scale the
carbon Footprint component related to electricity. Energy intensity is the ratio of carbon dioxide
emissions (1000 Metric Tons) to electricity net generation (MWh) and is used for adjusting the electricity
category of the carbon Footprint. Since there were no HHE data available by state, the regional HHE
numbers (for Northeast, Midwest, South, and West) were used to approximate the distribution of
expenditures. To estimate household expenditures by state, these regional distributions then were
scaled to the state specific overall average household income.

4. BIOCAPACITY CALCULATION DETAILS, STATE BY STATE
The biocapacity for each state was calculated by allocating the U.S. biocapacity proportional to each
state’s relative average productivity.
Relative bioproductivity was extrapolated from the Atlas of the Biosphere produced by the Center for
Sustainability and the Global Environment (SAGE) at the University of Wisconsin. We used the Net
Primary Productivity data (NPP) from this publication. Even though it has low global resolution, it is
globally consistent. NPP is the net amount of energy the plants of a particular piece of land accumulate
over a year. NPP can also be understood as the amount of mass a plant gains (or how much it grows)
over this period of time. NPP is calculated by subtracting the plant's respiration (the total amount of
energy/mass lost by the plant as it breathes) from the gross primary productivity (the total amount of
energy/mass taken in by the plant) (Foley et al., 1996; Foley et al., 2005).
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Cropland Yield Factor
The cropland yield factor for the U.S. is 1.10 (wha/ha) based on ratio of yield between the U.S. crop land
and the world as a whole, weighted over different crop types.

Forest Yield Factor
The forest yield factor for the U.S. is 1.24 (wha/ha) calculated based on the ratio of annual increment
per hectares over global forest average yield.

Built-up land or Infrastructure
The built-up or Infrastructure yield is set equal cropland yield: In the Global Footprint Network National
Accounts Methodology (Borucke et al., 2013), built-up land yield is assumed to be the same as that for
cropland because urban areas are typically built on or near the most productive agricultural lands.

Equivalence Factor
Equivalence Factor (EQF) is a scaling factor for converting actual areas in hectares for each land type to
their global hectares’ equivalence. In order to have consistent and comparable measure EQF is applied
both to Footprint and biocapacity.
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5. KEY RESULTS FOR THE UNITED STATES’ ECOLOGICAL FOOTPRINT

Figure 2: The United States’ Ecological Footprint per capita by components. The dashed green line shows the per
capita biocapacity in the U.S. The per capita reduction in biocapacity is mainly driven by the change in population
size.
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Figure 3: The planet’s biocapacity by country.

The U.S. Footprint is larger than the biocapacity of the United States, even though the per capita
biocapacity is more than double the global average. In fact United States ranks third in the world among
countries with the most overall biocapacity; only Brazil and China have larger biocapacities, as shown in
Figure 3.
The U.S. Footprint can be split into area types (as shown in Figure 2) as well as consumption category. To
do this, Footprint data was split into consumption categories using environmentally extended MultiRegional Input Output assessments (ee-MRIO). MRIO is a mathematical tool used for analyzing flow of
resources through multiple economies. Global Footprint Network uses environmentally extended MRIO
with global cover, built on top of the NFA Ecological Footprint of production results. Using financial
information that maps the link between economic sectors and physical information about Footprint
intensities of those sectors, the GTAP Multi-Region Input Output data allows researchers to break the
overall demand, documented by NFAs, into its sector components. GTAP, provided by Purdue
University, stands for Global Trade Analysis Project, and it is a leading global MRIO data set. MRIO uses
financial flows as a proxy for Ecological Footprint flows through national economies (segregated into 57
sectors), and in multilateral sectoral-level trade. Using Footprint intensities (gha/per dollar) then turns
the financial MRIO into an environmentally extended MRIO, which allows us to generate a Consumption
Land Use Matrix (CLUM) that presents final demand by land type. CLUM results highlight underlying
features of a nation’s or state’s consumption patterns.
Consumption in MRIO is organized in three main groups: 1) short-term consumption paid for by
households (HH); 2) short-term consumption paid for by government (GOV), such as police equipment,
school supplies for public schools, health care, paper for public administration; and 3) lasting goods and
11

services, or “gross fixed capital formation” (GFCF), such as construction of housing, bridges, roads, and
factories.
The first component is further broken down into five categories: food, housing, personal transport,
goods and services. This breakdown provides the basic data to identify the size of the various Ecological
Footprint components, which enables government and private sector decision-makers to focus on
potential areas and strategies to reduce overall Footprints.
Based on the U.S. 2010 CLUM results, the subtotal of all short-term household consumption categories
accounted for 78 percent of the total consumption. Figure 4 shows how much each category
contributed to the Ecological Footprint.
Each household sub-category had a different contribution to the U.S. Ecological Footprint. Whereas
“Personal Transportation” and “Housing” mainly affected the carbon and built-up land Footprint, “Food”
put more demand on cropland, grazing land, and fishing grounds. The major contributor to the U.S.
overall Footprint in 2010 was individual transportation at 1.33 gha per person.

Figure 4: Composition of U.S. Footprint by consumption category.

Overall demand (Ecological Footprint) also can be compared to the available biocapacity, state by state.
The results are shown in the map in Figure 5. The map represents to what extent the Ecological
Footprint exceeds biocapacity (or vice versa) for each state. A deficit represents a net dependence on
ecological capacity from elsewhere. In an ecologically constrained world, this could become an
economic risk.
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Figure 5: The biocapacity deficit and reserves of U.S. states (2010 data).
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Five factors determine the size of a state’s biocapacity deficit (or reserve). On the demand side, the
Ecological Footprint is a function of population size, the goods and services each person consumes, and
the resource and waste intensity of these goods and services. Reductions in population, individual
consumption, and the resources used or wastes emitted in producing goods and services all result in a
smaller Ecological Footprint. On the supply side, biocapacity is determined by the amount of biologically
productive area available, and the productivity of that area. However, increases in productivity may
come at the expense of greater resource use or waste production. If so, the degree to which biocapacity
gains are offset by an increased footprint must be taken into account in determining the net impact on
the resource balance.

6. CONCLUSION
Life, including human life, competes for biologically productive surfaces. The United States is well
endowed with such surfaces. But U.S. citizens’ demand for such surfaces is high: The U.S. population
demands twice the renewable natural resources and services that are available within our nation's
borders.
The availability of such surfaces and demand for them varies state by state. The states with the largest
biocapacity reserves both in absolute terms and percentage wise are Alaska, South Dakota, and
Montana. For instance, Alaska’s biocapacity exceeds 25 fold what its residents demand from nature.
South Dakota contains four times more biocapacity than what its residents consume. . The states with
the largest biocapacity deficits in absolute terms are California, Texas, and Florida. Proportionally,
Californians use over 8 times more than what California provides, Texans nearly 3 times more, than
what they have, and Floridians 3.5 fold of what Florida regenerates.
In the end, each state is unique, and states can trade resources. But states that manage their resources
carefully may be better positioned for a future in which natural capital becomes increasingly scarce and
more valuable.
Considering future pressures on biocapacity as the world population continues to expand (as most
assessments predict), and as demand or climate-driven resource constraints may become more
prevalent, paying attention to biocapacity assets—and managing demand for those assets—become
essential strategies for states and nations to increase resilience and maintain prosperity.
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Glossary of Footprint Terms
Biocapacity: The capacity of ecosystems to produce useful biological materials and to absorb waste
materials generated by humans, using current management schemes and extraction technologies.
Carbon Footprint: The carbon Footprint measures CO2 emissions associated with fossil fuel use. In
Ecological Footprint accounts, these amounts are converted into biologically productive areas necessary
for absorbing this CO2. The carbon Footprint is added to the Ecological Footprint because it is a
competing use of bioproductive space, since increasing CO2 concentrations in the atmosphere is
considered to represent a build-up of ecological debt.
Consumption Land Use Matrix (CLUM): Starting with data from the National Footprint Accounts, a
Consumption Land Use Matrix shows the six major Footprint land uses (shown in column headings,
representing the five land types and CO2 area) allocated to the five Footprint consumption components
(row headings). For additional resolution, each consumption component can be disaggregated further.
These matrices are often used as a starting point for sub-national (e.g. state, county, city) Footprint
assessments. In this case, national data for each cell is scaled up or down depending on the unique
consumption patterns in that sub-national region compared to the national average.
Ecological Footprint: A measure of how much area of biologically productive land and water an
individual, population or activity requires to produce all the resources it consumes and to absorb the
waste it generates, using prevailing technology and resource management practices.
Equivalence factor: A productivity-based scaling factor that converts a specific land type (such as
cropland or forest) into a universal unit of biologically productive area, a global hectare.
Global hectare (gha): Global hectares are the accounting unit for Footprint and biocapacity accounts.
These productivity weighted biologically productive hectares allow researchers to report both the
biocapacity of the earth or a region, and the demand on biocapacity (the Ecological Footprint). A global
hectare is a biologically productive hectare with world average biological productivity for a given year.
Land or area type: The Earth’s approximately 12 billion hectares of biologically productive land and
water areas are categorized into five types: cropland, grazing land, forest, fishing ground, and built-up
land. Forests serve two distinct, competing uses: Forest products and CO2 sequestration.
National Footprint Accounts: The central data set that calculates the Footprint and biocapacity of the
world and more than 200 nations from 1961 to the present.
Primary product: In Footprint studies, a primary product is the least-processed form of a biological
material that humans harvest for use. There is a difference between the raw product, which is all the
biomass produced in a given area, and the primary product, which is the biological material humans will
harvest and use.
15

Productivity: The amount of biological material useful to humans that is generated in a given area. In
agriculture, productivity is called yield.
Yield factor: A factor that accounts for differences between countries in productivity of a given land
type. Each country and each year has yield factors for cropland, grazing land, forest, and fisheries.
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