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ABSTRACT

The Ecological Footprint is a popular sustainability metric that informs human consumption and
can be set against bioproductivity at various scales as a land-based composite indicator. It was
introduced by Rees and Wackernagel and, since the early 1990s, has been developed by
members of the Global Footprint Network. When applied in evidence-based decision-making,
the National Footprint Accounts at the national scale can provide information for policymakers
and governments to establish regulations that ensure sustainability. It is, therefore, crucial that
the Ecological Footprint and biocapacity accounting be recognised as a measure of human
resource consumption (demand) set against natural capital (supply). Governments would do well
to adopt it alongside financial accounts to represent natural capital and its use. Although, as a
sustainability metric, the Ecological Footprint is considered to wholly represent only the
environmental dimension as a biophysical indicator, arguably it can do more than that as a
consumption-based indicator. Based on a time series since 1961, it is possible to track cross-
temporal changes of land-type categories (crop land, grazing land, forest land, fishing grounds,
built-up land, and carbon) of the Ecological Footprint and biocapacity accounting for a specific
annual edition of the accounts. This information conveys whether a country is in ecological
deficit or reserve and what may be contributing to such a national trend. Although the analysis is
often executed at national scale, it is possible to access other scales. The study area in the
Alexander Skutch Biological Corridor (‘the corridor’) of Costa Rica represents a local-regional
case that is compared to its national environmental performance based on the Ecological
Footprint and biocapacity. Farmers in the core corridor were surveyed in the case study using the
Footprint Calculator as a measure of environmental performance on the consumption categories
of food, housing, and transportation used in this global Footprint calculator to address 15 main
questions involved in the assessment. Thus, their resulting Footprints are discussed here through
comparison to the national level as a special case in the corridor. By doing so, it is possible to
discern the difference that regional Footprints can have from national figures. This becomes
important especially for large countries that have local-regional differences in their consumption

and production of natural capital.

1



FOREWORD

This research made it possible to answer the question: What is the Ecological Footprint of
farming households located in the Alexander Skutch Biological Corridor of Costa Rica? The
study in Costa Rica represents a case application of the Ecological Footprint using the Footprint
Calculator. Although this is an online tool that is widely available — including in Spanish, it may
still be inaccessible to some people who are computer illiterate or cannot access a computer or
the Internet. These ‘campesinos’ are a self-sufficient people, who are aware of technology, but
unable to afford it, thus, limiting their access. This was a field-based investigation that applied
the Footprint Calculator as a survey with follow-up interviews. These survey-interviews were the
basis by which to gain information about peasant farmers located in the Alexander Skutch
Biological Corridor (or ‘corridor’) at various scales, such as the individual (household) to local
(town) to regional (corridor) levels. Therefore, through the case study, it was possible to measure
the Ecological Footprint regionally in the corridor, making cross-scalar comparisons possible
through regional-national comparisons as well as locally between towns. It is also possible to
glean relevant experience in executing the survey-interviews as part of mixed methods, with
previous exposure gained through a qualitative research methods course used to prepare up to
seven open-ended questions for the interview portion.

The specific contributions (according to the plan of study) are as follows:

1. Component on sustainability metrics: section 1.2 LO2 in the plan — to gain in-depth
knowledge about the National Footprint Accounts; also, section 1.2.1 LS1 to gain hands-
on experience with the National Footprint Accounts, including the accounts for Costa
Rica; and section 1.2.3 L3 to execute primary research in the Alexander Skutch
Biological Corridor of Costa Rica and write a major paper that contributes to the
Ecological Footprint literature, e.g. through publications;

2. Component on systems theory, especially section 2.1.1 LS1 that includes courses abroad
in Costa Rica and section 2.1.2 LS2 developing field-intensive research applying the
Ecological Footprint at the local-regional scale in the corridor; and

3. Component on sustainability, including section 3.2 LO2 to gain a strong working
knowledge of a country case study for Costa Rica to enable application; and section 3.2.1

LS1 with Costa Rica provided field-based application that informs about context at the
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national scale; section 3.2.2. LS2 involving reconnaissance associated with fieldwork to
collect data for a major paper (monograph) through engagement with a case study used to
access local knowledge; and, finally, section 3.2.3 LS3 to publish the research through

the monograph, but also through other articles submitted to academic journals.
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CHAPTER 1: Introduction

This chapter conveys the theoretical and conceptual frameworks for the research. This includes
intersecting literature on sustainability metrics (such as Ecological Footprint and biocapacity
accounting), systems theory, and sustainability. The paper aims revolve around literature
scarches that are approached from a critical perspective to help inform the application and
contribution of Ecological Footprint and biocapacity accounting as a sustainability metric.
Ecological Footprint and biocapacity accounting is intricate and requires time to
understand the meaning of its concepts and overarching methodology, with its equations,
constants, and idiosyncrasies. It has been heavily criticised in the academic literature, and this
will be the basis of the critical approach adopted in this paper. This introductory chapter lays out
the theoretical framework and rationale necessary to understand and justify the need for the
Ecological Footprint and biocapacity as a sustainability metric. To begin, however, it is
necessary to provide an overview of this system of biophysical accounts and give the reader the
necessary background needed to both frame its deployment as well as its development since the
early 1990s. In this way, the literature review presented in this chapter provides a context for its
conceptualisation (in the conceptual framework) and methodology, including equations and data

sources.

1.1 Overview
The Ecological Footprint and biocapacity accounting can be deployed to inform human
consumption or demand set against the world’s bioproductivity or supply of natural resources. It
seeks to answer the question: ‘How much of the regenerative capacity of the biosphere is being
occupied by human activities?’ (Wackernagel et al. 2007). Advocated in the early 1990s by
William Rees and Mathis Wackernagel at the University of British Columbia, Canada (e.g., Rees
1992, 1996; Rees and Wackernagel 1996; Wackernagel and Rees 1996), the Ecological Footprint
is considered to wholly represent the environmental dimension of sustainability.

In this paper, the author advocates that the Ecological Footprint does more than represent
just the environmental dimension, even though it is a land-based composite indicator
encompassing six land-type categories (crop land, grazing land, forest land, fishing grounds,

built-up land, and carbon). As a consumption-based metric, the Ecological Footprint conveys



information regarding consumer choices that impact trade and food security. As such, it has
socioeconomic ramifications that need consideration additionally as part of the socioeconomic
dimension of sustainability. Researchers have already, for instance, calibrated it against the
Human Development Index (Lin et al. 2018), as a socioeconomic indicator of sustainable
development, so that it can already reach these dimensions rather than just biophysical aspects.

Furthermore, this work contributes a case study application in the Alexander Skutch
Biological Corridor of Costa Rica by considering the country’s National Footprint Accounts in a
time series since 1961. It is possible to track the overarching Ecological Footprint and
biocapacity as well as individual land-based categories to augment understanding specific land
types, such as crop land and carbon, that are influencing the country’s overall Footprint. Finally,
a critical examination of the methodology (both the National Footprint Accounts and the

Footprint Calculator) appears last to clarify caveats in the findings and its application.

1.2 Theoretical Framework

Three main areas of concentration convey the theoretical frameworks that are most relevant to
this study. Driving the Ecological Footprint as a sustainability metric is a ‘full-world” model
affecting the global carrying capacity as conveyed by Daly (1991, 2005, 2015). It is stipulated,
for instance, that a world where resources are finite (according to a closed-loop or one-world
model), is limited by its resource availability and constrained by planetary boundaries (Cucek et
al. 2015; Fang et al. 2015; Steffen 2015; Galli et al. 2016), or thresholds that restrict
consumption. This provides the basis for the Ecological Footprint (e.g., as mentioned by
Wackernagel and Rees 1996). For this reason, it is critical to understand the stocks and flows
(Mancini et al. 2017) available for production that are used up in consumption and that generate
wastes.

Systems theory conveys the interconnectedness of people to nature and the impacts of
human-environment interactions. It recognises the relevance of scale in the operation of systems,
including stocks (resources converted to goods or products) and flows (services), as recently
acknowledged by the Global Footprint Network (e.g., Mancini et al. 2017). The research by
Haberl et al. (2004) on the MEFA framework presents an exemplary (holistic) framework, that
can be applied to address socioenvironmental (or ‘sociobiophysical’) systems, encompassing

material and energy flows as well as economic growth and social well-being. It also denotes an



integrated approach, such as found in social-ecological systems, that are relevant to this research.
Systems theory also presents the possibility of knowledge-to-action and systemic intervention
based on the interconnectedness of components within systems (cf. Midgley 2000).

The research focuses on a balanced approach within a sustainability framework that calls
for environmental and socioeconomic components. This means that both the environment (as
indicated by the land-based sustainability indicator represented by the Ecological Footprint and
biocapacity accounting) and society — encompassing both economics as well as society at large —
are both important factors in integrated sustainability.

Theretore, the theoretical framework is based on the (three) components pertaining to the
arca of concentration entailed in this research. The components are:

(1) sustainability metrics, as part of sustainability accounting used to convey
environmental performance through the balance of the Ecological Footprint and
biocapacity;

(2) systems theory, conveying the Earth as a closed system and, therefore, subject to a
full-world model; and

(3) sustainability as an integrated framework guiding social-ecological aspects of the
research.

First, as a sustainability metric, the Ecological Footprint has been defined as an
environmental composite indicator (cf. Strezov et al. 2017) that weighs human consumption
(demand) against the average amount of land (global hectares or gha) necessary each year for
production (supply) and to assimilate the generated waste (e.g., Wackernagel and Rees 1996).
Highly developed (high-income) countries, for instance, are highly consumptive and, thereby,
possess a large Ecological Footprint and demonstrate weak sustainability (cf. Wackernagel et al.
2006). This was encapsulated more recently by Lin et al. (2018), who conveyed a steadily
increasing per person world Ecological Footprint at the expense of gradually declining world
biocapacity (see their Figure 1, p 64).

Norstrom et al. (2014) noted three ways to enhance the likelihood of achieving the United
Nations Sustainable Development Goals, among them adopting an integrated perspective, as
represented by social-ecological systems (Virapongse et al. 2016; cf. Vasseur et al. 2017), as
well as recognising cross-scalar interactions and thresholds. Accordingly, there is also the need

to recognise the sociobiophysical context. These ambitions will form part of the proposed



research by employing an integrated perspective that is outlined in the second and, particularly,
third components of the area of concentration (e.g., systems theory, sustainability) and by
deploying the Ecological Footprint as a cross-scalar sustainability metric (e.g., Wackernagel et
al. 1999).

The use of a sustainability assessment tool as the Ecological Footprint can benefit the
determination of ecological deficit, for instance, which could impact ecosystems as well as
energy and food security at the national level and, thereby, also influence human well-being
(Sumaila et al. 2015). Ecological overshoot is occurring and affecting planetary health (cf. Cugek
et al. 2015), indicating that ecological capital stocks are being depleted and that waste is
accumulating (Borucke et al. 2013). This affects the planet’s regenerative capacity as well as its
ability to absorb wastes (Wackernagel et al. 2002). Authors, such as Kitzes et al. (2008), have
proposed that this challenge be approached through resource management, such as of food and
energy consumption, and spurred ecosystem production to augment the pool of natural capital.

Authors advocating a full-world model (e.g., Daly 2008) have already stressed the
necessity of containing human economy (industry) and population. This includes stocks and
flows of raw material inputs and waste sinks processed within the economic sphere (or
‘ecosphere’). Such an ecological economic system operating in steady-state equilibrium would
still encourage qualitative development, though not quantitative growth. In fact, authors are
espousing ‘strategic sustainable development’ from a systems approach that endorses social-
ecological sustainability within the boundaries or limits of the ecosphere (Robeért et al. 2002).

Material flow accounting (e.g., material Footprint), for instance, considers the domestic
extraction of natural resources as well as imports minus exports (Giljum et al. 2006). According
to these authors, material flow accounting integrates financial resources and physical information
within an accounting framework that can be used to inform policy. As a methodological
approach, for instance, material flow accounting can also be deployed as an assessment tool for
ecoefficiency policies. It draws on the full-world model by setting the economy as a subsystem
embedded within the environment (e.g. Costanza et al. 2014; also espoused by others from a
socioeconomic perspective of the ‘socioeconomic metabolism’, e.g. Haberl et al. 2006, 2009,
2017). It relies on inputs of natural material and energy flow (asserted by Mancini et al. 2017 as

natural capital stock and flows), depositing its wastes back into the natural system.



Such a metabolism approach recognises the organism as a system (Fischer-Kowalski and
Hiittler 1998; Fischer-Kowalski and Haberl 2015) that is capable of undergoing change through
sociometabolic transitions as part of sustainability transitions (e.g., Fischer-Kowalski 2011;
Markard et al. 2012). This includes macro (landscape) transformations occurring across
timescales of decades to centuries, as in the Viennese understanding of social-ecological
transitions according to Fischer-Kowalski and Rotmans (2009), comprising natural and societal
metabolic processes. This was encapsulated by Haberl (2001, 2002; Haberl et al. 2007) as a
system of ecological energy flows affecting net primary production (Fischer-Kowalski and
Haberl 1998). The indicators involved can be grouped according to input, output, consumption,
and trade, with trade indicators — including, for instance, domestic material consumption and
total material consumption — relaying natural resource use and national consumption patterns
(Giljum et al. 2006) and vice versa, since they are coevolving. These authors considered the
Ecological Footprint as their second method of natural resource accounting as a sustainability
measure.

In an ecosystems approach (see Figure 5 in Allen et al. 1993, p 13), ecosystems are
impacted by humans from a full world understanding that is necessarily multifaceted. The spatial
relationships between multiple species evident in communities are apparent in the landscape,
while process and function focus on material and energy (matter-energy) flows. According to
Allen et al. (1993), these fluxes are affected by decisions based on what is important at the time,
so depend on specific spatial and temporal scales setting the context. The model is essentially
biophysical because of its emphasis on interacting biota and environment in ecological systems

set in a spatiotemporal context.

1.3 Conceptual Framework

The most critical concepts relevant to this research are the ‘Ecological Footprint” and
‘biocapacity’. The former is a measure of resource consumption comprising the demand for
natural capital and the latter is the natural capital itself measured through bioproductivity.
Making up the Ecological Footprint are the six components of crop land, grazing land, forest
land, fishing grounds, built-up land, and carbon as the carbon Footprint (cF — see Box 1.1 for
relevant abbreviations after Lin et al. 2019). Carbon is the only waste-based component (Lin et

al. 2019), while all remaining components of the Ecological Footprint are based on land



productivity. Importantly, the Ecological Footprint has two main counterparts — that of
consumption (EF¢) and production (EFp), as denoted in Box 1.1. These terms also appear in the
Glossary, that is based on Lin et al. (2019), and appears at the end of this paper. As exhaustively
as possible, it conveys the important concepts necessary to comprehend this system of

sustainability accounting.

Box 1.1 Acronyms

(Source: Lin et al. 2019, p iv)

BC = Biocapacity

cF = carbon Footprint

CO; or CO2 = Carbon Dioxide

COz-eq. = Carbon Dioxide Equivalents

EF = Ecological Footprint

EFA = Ecological Footprint Analysis

EFc = Ecological Footprint of Consumption

EFp = Ecological Footprint of Production

EQF or EQFs = Equivalence Factor(s)

FAO = Food and Agriculture Organization of the United Nations
FAOSTAT = Food and Agriculture Organization Corporate Statistical Database
GAEZ = Global Agro-Ecological Zones

GFN = Global Footprint Network

GHG or GHGs = Greenhouse Gas(es)

gha = Global hectare

Ha = Hectare

IEA = International Energy Agency (Paris, France)
IPCC = Intergovernmental Panel on Climate Change
IYF = Intertemporal Yield Factor(s)

NFA or NFAs = National Footprint Accounts

NPP = Net Primary Production

t C = Tonne Carbon




UN COMTRADE = United Nations International Trade Statistics Database

wha = World average hectare

The Ecological Footprint and biocapacity accounting has been approached recently from
a stock-flow perspective (Mancini et al. 2017, p 127). New definitions have been derived from
this endeavour, as follows:

e Biocapacity — ‘world-average hectare-equivalents (a stock-equivalent measure) that are
available to provide the amount of ecosystem service flows actually regenerated by the
biosphere every year’.

e Ecological Footprint —the ‘hectare-equivalent units that are or would be needed to
produce, in a year, the amount of ecosystem service flows humans actually use in that
year’.

Given these new definitions, global hectares acquire a different meaning:

e Global hectares (gha) — are (still) not a measure of land use, but rather measure the
inherent capacity of biosphere assets to produce useful biomass and services for
appropriation by humans.

Understanding the difference between flows and stock in crop land, for instance, what is the

natural capital in stock form that allows the growing of crops, and how to account for it, may

address the problem of quality loss of the soil and the sustainability of management practices.

A similar rationale may be applied to other land types, in consideration also of deforestation,

collapse of fisheries, and accumulation of CO; in the atmosphere.

1.3.1 Equations

The way that the Ecological Footprint is calculated is based on the GAEZ (Global Agro-
Ecological Zones) model that ascribes a level of productivity to different biomes globally and so
affects equivalence factors (EQF) used, themselves calculated through suitability indexes derived
from GAEZ (Table 1.1 modified from Lin et al. 2019). For instance, the model considers crop
land to be the most productive land-use type, followed by forest land, then shrub and grassland

(or grazing land), and so on. There is an assumption that built-up land occupies formerly
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productive crop land. For this reason, its EFc and BC (see Box 1.1) values are the same each
year, as evident in the most recent published National Footprint Accounts 2019 Edition (Global
Footprint Network 2016). It should be noted that equivalence values change with each edition of
the National Footprint Accounts, which sets the entire cross-temporal record (since 1961) for

each new edition.

Table 1.1 EQFs for different land types (modified from Figure 11-1 in Lin et al. 2019, p 54)

Land Type Equivalence Factor (gha/wha)
Crop land 2.52
Grazing land 0.46
Forest land 1.29
Fishing grounds (Marine, Inland) 0.37
Built-up land (or Infrastructure) 2.52
Carbon 1.29

The main equations used are detailed in Box 1.2 based on Lin et al. (2019). Some of these
equations depend on inputs either as data from a database (e.g., Eq. 6-2: World Resources
Institute Global Land Cover Classification Database 2008) or estimates and specific figures
derived from known sources (e.g. Eq. 6-2: Gulland 1971; Eq. 6-1: Pauly and Christensen 1995).

Some of these sources are outdated and considered later in Chap. 6 (Data Quality).

Box 1.2 Equations
(Source: Lin et al., 2019, Appendix A, pp 63—66)

Equation 2-1: Calculation of Ecological Footprint of Consumption
EF = EFp+ £F/— EFr
Corresponding with (the Footprint of consumption = production + imports — exports)

associated with the product or waste




Equation 2-2: Calculation of biocapacity for Single Land Use Type
BC=A x VF + [VF * £QF
Biocapacity of a given land-use type = (its area within a country) (yield factor) (intertemporal

yield factor) (equivalence factor)

Equation 2-3: Ecological Footprint of Yearly Product Extraction or Waste Generation

EFp= Pl¥y* VF x FQF IV

Ecological Footprint associated with a product or waste = (amount of product extracted or
waste generated/national average yield for product extraction or waste generated) (yield factor
of a given land-use type within a country) (equivalent factor for given land-use type)

(intertemporal yield factor of a given land-use type)

- Equation 2-3b: Ecological Footprint of Yearly Product Extraction or Waste Generation
(Simplified)

EFp=PVy* £QF * 1V

Substitute Yy (world average yield for product extraction or waste absorption) for Yy and

remove YF from Eq. 2-3

Equation 2-4: Calculation for Yield of Derived Products
Y2 =¥’ x EXTR
Yield of derived product = (yield of parent product) (extraction rate)

Equation 6-1: PPR for Yield of Aquatic Species

PPR= CC * DR * (1/TE) 77V

Primary production required = (carbon content of fish biomass = 1/9 according to Pauly &
Christensen, 1995) (discard rate of bycatch = 1.27, applied to all fish species, according to
Pauly & Christensen, 1995) (1/transter efficiency of aquatic ecosystems = 10% according to

Pauly & Christensen, 1995) exp. (average fractional trophic level for given species — 1)

Equation 6-2: Yield for Aquatic Species
Yield = 1/PPR + APP




Yield for aquatic species or Y4 = (1/primary production requirement) (available primary
productivity that can be sustainably harvested, based on the estimate by Gulland (1971), from
cach hectare of continental shelf area * PPR for world average harvested fish/area of

continental shelf from World Resources Institute Global Land Cover Classification Database)

Equation 10-1: Yield Factors Simple Calculation
VA = W Vif
Yield factor for a given country and land type = yield for country and land type/world average

yield for given land type

Equation 10-2: Yield Factors Extended Calculation

YENE =S Aw/S Ay, where Ay = Py/Yy and Ay = Pn/Yw

Yield factor for a given country and land type = sum (area required to produce given product
quantity using world average land)/sum (area harvested for a given product quantity in given
country), where

Area harvested for a given product quantity in a given country = amount of given product
extracted, or waste generated in a country/national yield for product extraction, and

Area required to produce a given product quantity using world average land = amount of given

product extracted, or waste generated in country/world average yield for product extraction

Equation 10-3: Intertemporal Yield Factor Calculation

IYFw;= Y (Pw,ij/Ywp)/ 2 (Pw,ij/Yw,j)

World average intertemporal yield factor in year = sum (world amount of product harvested or
CO; emitted for product i in year j/world product-specific yield for product 7 in the base
year)/sum (world amount of product harvested or CO2 emitted for product 7 in year j/world

product-specific yield for product 7 in year j)

There are additional equations apparent in publications, as for example for the carbon
component of the Ecological Footprint (refined more recently by Mancini et al. 2016):
carbon_EF = (Pc * Socean)/Yw * EQF, with Y= AFCS/0.27 and AFCS = NFP/AF, where:

— Pc is the world’s annual anthropogenic emissions of CO2 measured in Mt COz;
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— Socean 1s the fraction of anthropogenic COz emission that is sequestered by oceans in a given
year. Data from Khatiwala et al. (2009) are currently used in National Footprint Accounts and
the oceanic uptake fraction for the year 2010, for example, was 28 percent (Borucke et al. 2013;
Lazarus et al. 2014);

— EQF is the equivalence factor used to weight forest land. The GAEZ-based method assigns
forest land a value, indicating that a hectare of world-average forest is that many times as
productive as a world average hectare of land; see Table 1.1);

— Yw is the annual rate of CO» sequestration per hectare of world average forest land;

— AFCS is the average forest carbon sequestration, expressed int C ha™'yr';

—0.27t C (t CO2)™" represents the share of C within the CO» molecule and is used to convert
tonnes of carbon into tonnes of CO2;

— NFP (Net Forest Production) is the total annual production of biomass in forests, expressed in
tons of carbon per year (t C yr™"). Depending on the system boundaries under study, NFP can be
defined as Gross Primary Production (GPP), Net Primary Production (NPP), Net Ecosystem
Production (NEP) and Net Biome Production (NBP); and

— AF represents the total forested area on the Earth, expressed in hectares (ha).

1.3.2 Data Sources

The National Footprint Accounts are produced by the Global Footprint Network each year using
the most recent data from the United Nations, as for example FAOSTAT and COMTRADE
databases, reports available from the Intergovernmental Panel on Climate Change (IPCC), and
data from the International Energy Agency (IEA). The most recent data are available for 2016
and these have been used to determine the 2019 Edition of the National Footprint Accounts
deployed in this paper. Details of the methodology, including software and protocols, are
included in the working guidebook available from the Global Footprint Network (Lin et al.
2019). Data sources for the National Footprint Accounts are also conveyed in detail by Lin et al.
(2019 — see their Appendix B, pp 67—71). There are several tables containing this information for
the six components, livestock trade calculations, plus biocapacity. Because data sources have a

significant impact on data quality, it will be considered next.
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1.4 Quality Analysis

A critical approach adopted in this research forms the foundation of this section. Here, criticisms
are addressed based on literature reviews that identify problems with the methods and data
presented in this paper. These criticisms are rendered and summarised categorically as major
themes. These themes include a focus on aggregation, spatial scale, and data quality. They draw
from both issues stemming from the National Footprint Accounts as well as the Footprint
Calculator. Besides presenting the criticisms, this section also conveys some recommendations
for overcoming the shortcomings of the Ecological Footprint and biocapacity accounting based
on a synthesis of the available literature, with added commentary by the author. One of the
critical recommendations is for the use of existing quality scores to help inform the margin of
error in the National Footprint Accounts, that would then affect the Footprint Calculator.

Before one can criticise the Footprint Calculator, it is necessary to inspect the National
Footprint Accounts because they are weighted in their results at national level. In this section,
both the Footprint Calculator and the National Footprint Accounts are necessarily approached
from a critical perspective. In this section, first, the criticisms are presented based on four main
themes (aggregation, spatial scale, energy-centrism, and data quality). The section ends with
recommendations that in part justify the need for this study, but also reveal certain caveats and

call for further research and enquiry.

1.4.1 Ciriticisms

The Footprint Calculator is based on the National Footprint Accounts at the national spatial
scale. For this reason, it is necessary to consider issues with the National Footprint Accounts as
well as the Footprint Calculator. These are already being considered by the Scientific Advisory
Committee (or SAC) of the Footprint Data Foundation, targeting the National Footprint
Accounts. The author’s original critical themes compiled from the literature appear in Table 1.2.
These themes includes counts of the literature sources identified for each major theme based on
the Zotero bibliographic database developed during the course of the author’s role as Research
Assistant to SAC during the term of this research at York University. By the end of her term, the
database included 80/139 (almost 60%) annotated items according to Weaknesses as well as
Strengths and suggestions. In these references, there were 240 instances where the themes in

Table 1.2 were mentioned in these sources (see Table 1.2).
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Table 1.2

Criticisms addressed by the literature arranged according to (10) emergent themes

Major Themes

Selection of Sources

1) Aggregation (45) — a simplistic and
reductionist measure that uses one value for
the Ecological Footprint; counteracted by six
components that help to differentiate it; also, a

Footprint Family has been suggested

Barrett et al. (2005); Borucke et al. (2013);
Bossel (1999); Cranston et al. (2010); Curry
& Maguire (2011); Erb (2004); Fang et al.
(2015); Galli et al. (2011, 2012, 2016, 2020);
Gasparatos et al. (2009); Giampietro &
Saltelli (2014); Goldfinger et al. (2014);
Hoekstra & Wiedmann (2014); Kharrazi et al.
(2014); Kitzes & Wackernagel (2009); Kitzes
et al. (2007, 2009a); Lawn (2007); Lenzen &
Murray (2001, 2003); Mayer (2008);
McManus & Haughton (2006); Minx et al.
(2009); Peters et al. (2008); Richardson
(2019); Senbel et al. (2003); Singh et al.
(2012); Solarin & Bello (2018); Troell et al.
(2002); van den Bergh & Grazi (2014, 2015);
van den Bergh & Verbruggen (1999); van
Vuuren & Smeets (2000); Wackernagel
(1998, 2014, 2019); Wackernagel & Yount
(2000); Wackernagel et al. (2002); Wiedmann
& Barrett (2010); Wiedmann & Minx (2008);
Wiedmann et al. (2006, 2007); Zhang et al.
(2017)

2) Scale (30):

2a) Spatial scale — arbitrary spatial scale used
to calculate the Ecological Footprint, e.g.
national boundaries affected by geopolitics
and culture with no environmental meaning;

regions need to be defined from an

Barrett et al. (2005); Blomqvist et al. (2013a,
2013b); Borucke et al. (2013); Cranston et al.
(2010); Erb (2004); Fang et al. (2015); Fiala
(2008); Galli et al. (2012, 2016); Gasparatos
et al. (2009); Giampietro & Saltelli (2014);
Goldfinger et al. (2014); Haberl, Erb, &
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Major Themes

Selection of Sources

environmental perspective, e.g. bioregions;

some regions already used, e.g. for Asia

2b) Temporal scale — a static measure that is
incapable of making predictions, e.g. any
potential effects on future loss of
bioproductivity; there is a need to consider the

long-term in sustainability

Krausmann (2001); Kitzes (2013); Kitzes &
Wackernagel (2009); Kitzes et al. (2009b);
Lenzen & Murray (2001); Lenzen et al.
(2007); Mayer (2008); McManus & Haughton
(2006); Moftatt (2000); Senbel et al. (2003);
Solarin & Bello (2018); Troell et al. (2002);
van den Bergh & Verbruggen (1999);
Wackernagel (2014); Wackernagel et al.
(2004a); Wiedmann et al. (2006, 2007)

3) ‘False concreteness’ (25) — creating false
concreteness because of hypothetical rather
than actual land use, but real flows are used

from real areas of land

Blomgqvist et al. (2013b); Erb (2004); Galli et
al. (2011); Giampietro & Saltelli (2014);
Goldfinger et al. (2014); Grazi et al. (2007);
Haberl et al. (2001); Holmberg et al. (1999);
Johannesson et al. (2020); Kharrazi et al.
(2014); Kitzes & Wackernagel (2009); Kitzes
et al. (2007); Lenzen & Murray (2003);
Levett (1998); Mancini et al. (2017); Mayer
(2008); Monfreda et al. (2004); van den
Bergh & Grazi (2014, 2015); van den Bergh
& Verbruggen (1999); van Vuuren & Smeets
(2000); Wackernagel (2014); Wackernagel &
Yount (2000); Wackernagel et al. (2004a);
Wiedmann et al. (2006)

4) Utility (3) — draws heavily from utility
theory and an anthropocentric version of
environmentalism; therefore, counts
biocapacity only in terms of portions of the
Earth which can be of direct use by people,
¢.g. biocapacity calculations exclude 36

billion hectares of land considered too

Kitzes et al. (2008); Lamb et al. (2014);,
Venetoulis & Talberth (2008)
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Major Themes

Selection of Sources

unproductive — by excluding significant
natural arecas from estimates of biocapacity,
the accounts do not recognise the
interdependence of all ecosystems — from a

systems approach

5) Quality (33) — a measure of extensive

production, but does not consider intensive

production and its environmental impacts, e.g.

land degradation

Blomgvist et al. (2013b); Borucke et al.
(2013); Curry & Maguire (2011); Erb (2004);
2008); Fang et al. (2015); Fiala (2008); Galli
etal. (2011, 2012, 2016); Giampietro &
Saltelli (2014); Kharrazi et al. (2014); Kitzes
& Wackernagel (2009); Kitzes (2013); Kitzes
et al. (2007, 2008, 2009b); Lenzen & Murray
(2001, 2003); Lenzen et al. (2007); Mancini
et al. (2017); McManus & Haughton (2006);
Rees & Wackernagel (2013); Solarin & Bello
(2018); Troell et al. (2002); van den Bergh &
Grazi (2014); van den Bergh & Verbruggen
(1999); Venetoulis & Talberth (2008);
Wackernagel (1998, 2019); Wackernagel et
al. (2004a, 2004b); Zhang et al. (2017)

6) Land use (18) — single land-use functions
are considered, when that may not be the
reality, in order to avoid double-counting;
however, neglect of multiple use can bias the
Ecological Footprint upwards; furthermore, it
is an incomplete environmental measure
because it does not consider water use,

persistent pollutants, and biodiversity

Borucke et al. (2013); Goldfinger et al.
(2014); Holmberg et al. (1999); Kharrazi et
al. (2014); Kitzes (2013); Kitzes &
Wackernagel (2009); Lenzen et al. (2007);
Mayer (2008); McManus & Haughton (2006);
Peters et al. (2008); Troell et al. (2002); van
den Bergh & Grazi (2015); van den Bergh &
Verbruggen (1999); Wackernagel (2014);
Wiedmann & Minx (2008); Wiedmann et al.
(2006, 2007); Wright et al. (2011)
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Major Themes

Selection of Sources

7) Energy-centrism (11) — the Ecological
Footprint is dominated by energy, e.g. carbon
Footprint — ecological overshoot is mostly
attributable to the carbon Footprint, due to the
hypothetical conversion of energy to land use,
using one strategy (reforestation) to assimilate

wastes

Barrett et al. (2005); Fiala (2008); Galli et al.
(2020); Giampietro & Saltelli (2014);
Johannesson et al. (2020); McManus &
Haughton (2006); Minx et al. (2009); Strezov
et al. (2017); van den Bergh & Grazi (2014);
van den Bergh & Verbruggen (1999); Zhang
et al. (2017)

8) Equivalence factors (21) — use of
equivalence factors is problematic, e.g. if the
EQF goes down one year, so does the
Footprint because less biocapacity is assumed
to be utilised; morcover, EQFs do not address
large productivity differences within land-use
types; various assumptions exist, e.g. that
built-up land occupies productive land; can
estimate EQFs based on net primary

production (NPP)

Galli et al. (2011, 2012); Gasparatos et al.
(2009); Goldfinger et al. (2014); Ferguson
(2002); Haberl et al. (2001); Kitzes &
Wackernagel (2009); Kitzes et al. (2007);
Johannesson et al. (2020); Lenzen & Murray
(2003); Lin et al. (2018); Monfreda et al.
(2004); Singh et al. (2012); van Vuuren &
Smeets (2000); Venetoulis & Talberth (2008);
Wackernagel (1998); Wackernagel & Yount
(2000); Wackernagel et al. (2002, 2004a,
2004b, 2019)

9) Yield factors (18) — vast countries (such as
Canada) can stretch over climatic zones;

could use local yields

Ferguson (1999, 2002); Galli et al. (2011,
2012); Gasparatos et al. (2009); Goldfinger et
al. (2014); Haberl et al. (2001); Johannesson
et al. (2020); Kitzes et al. (2007); Lenzen &
Murray (2001, 2003); Lenzen et al. (2007);
Lin et al. (2018); Monfreda et al. (2004);
Wackernagel (1998); Wackernagel & Yount
(2000); Wackernagel et al. (2004a, 2004b)

10) Data quality (36) — data (from official
statistics) do not have an error margin, and
cannot be quantified, e.g. land use,

production, and consumption data are

Barrett et al. (2005); Blomqvist et al. (2013a);
Clifton (2010); Collins & Flynn (2007);
Curry & Maguire (2011); Ferguson (2002);
Galli et al. (2016); Gasparatos et al. (2009);
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Major Themes Selection of Sources

primarily from the FAO Statistical Database, | Giampietro & Saltelli (2014); Holmberg et al.
International Energy Agency, and IPCC (1999); Johannesson et al. (2020); Kitzes
(2013); Kitzes & Wackernagel (2009); Kitzes
et al. (2007); Lawn (2007); Lin et al. (2018);
Mayer (2008); Mancini et al. (2016);
McManus & Haughton (2006); Minx et al.
(2009); Monfreda et al. (2004); Peters et al.
(2008); Richardson (2019); Senbel et al.
(2003); Troell et al. (2002); Venetoulis &
Talberth (2008); Wackernagel (1998, 2014,
2019); Wackernagel & Yount (2000);
Wackernagel et al. (2004a); Wiedmann &
Minx (2008); Wiedmann et al. (2006, 2007);
Wright et al. (2011); Zhang et al. (2017)

Personnel working for the National Footprint Accounts use Jira software as an issue
tracker (or data cleaner — formerly Bugzilla). Items raised here are presented alongside a
classification of the thematic issue(s) involved. A selection of (44) issues recorded in the Jira
database were made on the basis that they were either representative of other issues addressed
and/or raised substantial issues. Out of 305 issues currently recorded in Jira, this sample denotes
a range of issues that are mostly either still ‘To do’ or ‘In progress’ (totalling 121 open issues),
while some 184 issues are ‘Done’.

Many of the issues recorded in the Jira database relate to calculations and updating
sources, and these issues fall under Data quality (Table 1.3). Quality and Land use also appeared
at least five times and represent issues associated with double-counting and potential causes for
an inflated Ecological Footprint value. Issues such as Aggregation, ‘False concreteness’, Utility,
and Energy-centrism are not specifically raised in the selection of 44 items from the Jira
database. Nevertheless, these issues are recognised in the literature as problematic (see Table
1.2). However, they tend to be more overarching or general issues that cannot easily be remedied

or resolved.
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