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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.
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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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Table 1.3

Frequencies of major issues appearing in the Jira database

Major Theme (NFA-No.) Frequency

Data quality 24

Land use 6
Quality 5

Yield factors 4
Equivalence factors 3

Scale (Spatial + Temporal) 2(1+1)
Aggregation 0

‘False concreteness’ 0

Utility 0
Energy-centrism 0

Total 44

Some of the main critical themes (*) considered in this paper affecting the Footprint

Calculator are summarised below:

e *Aggregation — in adding the consumption categories (food, housing, and

transportation), it is not possible to see individual scores for these categories.

e *(Spatial) Scale — national information (from the National Footprint Accounts) are used

to ‘inform’ the calculation of the Footprint Calculator.

e Energy-centrism — a country that uses 95 percent of renewable energy will affect

household energy consumption qualitatively although not necessarily quantitatively.

There is also a cultural aspect here because heating and cooling are not extensively or

intensively used.

e *Data quality — the survey needs to be culturally tailored for use, e.g. tropical countries.

Three of these themes will be detailed in the next sections of this chapter, including (1) (spatial)

scale, (2) aggregation, and (3) data quality.
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1.4.2 (Spatial) Scale

The literature indicates that spatial scale data, in particular, are problematic because of the
‘arbitrary’ boundaries that are imposed on the data. Some authors have suggested using
‘bioregions’ instead to address this issue. However, this continues to be an issue that cannot be
casily resolved for the National Footprint Accounts. Spatial scale continues to also impact the
Footprint Calculator (not only through the National Footprint Accounts, but also) through
aggregation that overlooks specific locations, such as the study area as a biological corridor.
These areas cannot be construed equally to the national level, for example, because of the
lifestyles lived by peasant farmers ‘campesinos’ who reside in the Alexander Skutch Biological
Corridor. This flaw provides a basis for performing the ficldwork in the corridor and is a major

rationale for this study.

1.4.3 Aggregation

The problem of aggregation has affected the data two-fold and, therefore, is another major issue
that needs to be considered as being impactful on this study. First, aggregation occurs for the
National Footprint Accounts when data are compiled at the national scale. The six categories of
the National Footprint Accounts (crop land, grazing land, forest land, fishing grounds, built-up
land, and carbon) can counteract this by dividing the data accordingly. However, they are still
amalgamated at national level in the outputs for the Ecological Footprint and biocapacity and,
hence, are susceptible to criticisms concerning national boundaries used rather than
environmental units.

Second, for the Footprint Calculator, aggregation operates using the National Footprint
Accounts to inform global Footprints, but also through spatial scaling from the individual or
household level to town level (in the case study) and onwards from the local to the regional scale
(for the corridor). This can be both positive and negative, and some have espoused that having a
single (amalgamated) value in the Ecological Footprint can be beneficial (e.g., Giljum 2012; as
essential for communication, Wiedmann and Barrett 2010). For example, having one value can
simplify the results, which can then be deployed to inform governance (decision-making and

policy-setting).
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1.4.4 Data Quality

Like the issue of Aggregation, Data quality impacts the National Footprint Accounts more than
the Footprint Calculator. However, because the National Footprint Accounts are deployed in the
Footprint Calculator, it is a relevant criticism. There are calculation-based issues that could affect
Data quality (refer to Table 1.2). As shown in Table 1.3, the more frequent issue is associated
with some aspect of ‘Data quality’. This could be attributable to the quality of data reported to
governments and input into United Nations datasets used in the National Footprint Accounts.
Additionally, this issue could be compounded by whether information has been updated recently
using recent sources and up-to-date information.

As for the Footprint Calculator, Data quality could become an issue stemming from
participants’ understanding questions and properly answering them (without the aid of the
interviewer, as would be the case of online participants — who are not guided in the process of
answering the Footprint Calculator online survey). Furthermore, the quality of questions is an
important consideration of any survey, including the questions posed by the Footprint Calculator.
It can be challenged, for example, whether the questions (listed in Appendix 3) are exhaustive.
Are questions pertaining to food, housing, and transportation the only questions necessary to
fully determine the Ecological Footprint based on this survey? For example, the survey does not
enquire about food quality (e.g., organic), although it does enquire about the consumption of
processed foods. Regarding the use of renewable energy (Question 9), Costa Rica as an example
uses 95 percent of renewables (and soon it will reach 100%), so this question will not be very
variable for this country. Lastly, air transportation (Question 15) is not the norm in most
developing countries, including Costa Rica, where participants did not fly every year — if they
ever did.

Indeed, some of the questions in the Footprint Calculator are more effective at
deciphering whether a person resides in a developed or developing country. For example,
developing countries tend to be more dependent on what they produce (agriculture) and,
therefore, more likely to answer to consuming unprocessed, unpackaged, or locally grown food
(Question 2). Similarly, Question 5 provides either a low or very high number option for the
number of household occupants — this effectively determines whether the subject is in a
developed (low household number) or low- to medium-income or developing (high household

number) country. The amount of garbage produced in a typical American household (in a
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developed country), for example, would be substantially greater than what a low- to medium-

income/developing country would generate. As previously mentioned, the final question

(Question 15) does not apply to most people in developing countries.

Although poverty is recognised to some degree in the questionnaire (e.g., housing

materials in Question 4), many of the other questions are problematic for various reasons:

Meat and seafood are expensive and may affect Question 1.

Similarly, for Question 2, processed foods are less affordable.

For Question 3, there may be running water in a house — in developed countries — but
this does not mean that people can afford to pay for their water bills and, therefore,
actually have running water.

If they live in informal settlements, their house may be made from cheap/scrap
materials (Question 4).

Poor people may be unable to afford to buy contraception (unless publicly funded), so
may have larger families (Question 5).

Impoverished people will likely occupy smaller dwellings due to affordability
(Question 6).

Question 7 is problematic because although it asks whether there is electricity in the
house (and possibly differentiates between developed or developing countries), it
assumes that residents will use the electricity if they have it — which may not be the
case, as for example in areas experiencing ‘energy poverty’.

Their homes may not be very energy efficient, again due to affordability of modern
appliances, etc. (Question 8).

People who cannot afford to buy much food will not generate much trash (Question
10).

Poverty may cause people to either carpool — perhaps with friends and family if there
is no official carpool programme in place (Question 13), walk more, or cycle (if they
can access a cycle) or, otherwise, use public transportation (Question 14).

Very poor people cannot afford to fly (Question 15).

The survey assumes that people understand some concepts that uneducated people may

never have come across before. For example, participants may not understand what it means to

be ‘energy efficient’ in the home or otherwise. Likewise, they may not know the amount of
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renewable energy their house or country uses. Question 10 about garbage is, again, problematic
because it compares the amount of garbage generated per household by comparison to
neighbouring houses. But, what about isolated properties where people cannot see their
neighbours, as in rural areas? For Question 12, participants may not know the fuel efficiency of
vehicles — unless they are car-savvy. The survey can be construed as being more relevant to
urbanites because of questions surrounding public transport, for instance, that may not be as
relevant to country folk.

Importantly, there is an ignorance of ‘tropical’ climates in the survey. For example,
Question 4 assumes that the type of housing material is based on preference, but may be based
more on what is locally grown and readily available (e.g., straw/bamboo) — that is most
appropriate for the climate. A country that has much clay, for instance in the UK, would use
more bricks because clay is readily available and easy to acquire cheaply. The same can be said
about using adobe in countries that deploy soil for building blocks. These ‘preferences’ could be
attributed to climate and what can be locally sourced or, otherwise, to ‘culture’. In fact, the
Footprint Calculator survey is not very culturally informed — and culture constitutes more than a
translation of the survey in different languages. In Costa Rica, for instance, people use fans as
the only cooling implement and they do not heat their homes, as it is unnecessary in tropical
countries. Therefore, the survey climatically biased (e.g., ‘temperate-centric’), and comes from

the angle of an affluent urbanite (living in a wealthy nation) who can afford to buy things.

1.4.4.1 Quality Scores

According to Lin et al. (2018, p 4), national results for each country are calculated based on as
many as 15,000 data points from various datasets. A quality assurance (or QA) process is used to
validate these calculations. Quality scores are assigned as part of these QA stages. Finalised
National Footprint Accounts are reviewed by the Global Footprint Network on a country-by-
country basis in the last QA step, when also quality scores are assigned that denote the reliability

of these results (www.footprintnetwork.org/data-quality-scores). Accordingly, criteria for these

quality scores are determined for each country in the National Footprint and biocapacity
accounts. Each allotted quality score is made up of (1) a time series score between 1 and 3 and

(2) the latest year score, A to D (Table 1.4).
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Table 1.4 Criteria for qualifying National Footprint Accounts results (Source:

www.footprintnetwork.org/data-quality-scores)

Score Criteria
3A No component of BC or EF is unreliable or unlikely for any year
3B No component of BC or EF is unreliable or unlikely for the latest
data year

Some individual components of the EF or BC are unlikely in the
latest data year
The total EF and BC time series results are not significantly

affected by unlikely data

3C No component of BC or EF is unreliable or unlikely for the years
prior to the latest data year

Some individual components of the EF or BC are unlikely in the
latest year

Total EF and BC values are unlikely or unreliable in the most
recent data year, but the ability to ascribe creditor/debtor status is

unaffected in latest year

3D No component of BC or EF is unreliable or unlikely for the years
prior to the latest data year

Some components of the EF or BC are very unlikely in the latest
year

EF and BC results in the latest year are significantly impacted by

the unlikely or unreliable values, making them unusable

2A EF or BC component time series have results that are very
unreliable or very unlikely, except in the latest data year

The total EF and BC time series results are not significantly
affected by unlikely data

No EF and BC results in the latest year are significantly affected
by unlikely data

2B EF or BC component time series have results that are very

unreliable or very unlikely, including the latest year
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Score

Criteria

The total EF and BC time series results are not significantly

affected by unlikely data

2C

Total EF or BC time series and component EF and BC time
series results are unreliable or unlikely, especially in the latest
year

The total EF and BC time series results are not significantly
affected by unlikely data

The unlikely or unreliable values have most likely not impacted

the creditor/debtor status in the latest year

2D

Total EF or BC time series and component EF and BC time
series results are unreliable or unlikely, especially in the latest
year

The total EF and BC time series results are not significantly
affected by unlikely data

EF and BC results in the latest year are significantly impacted by

the unlikely or unreliable values, making them unusable

1A

Several components of the EF or BC are very unreliable or
unlikely, except the latest year

The EF and BC time series results are significantly affected by
unlikely data, and are unusable

No EF and BC results in the latest year are significantly affected
by unlikely data

1B

Several components of the EF or BC are very unreliable or
unlikely, except the latest year

The EF and BC time series results are significantly affected by
unlikely data, and are unusable

The total EF and BC results in the latest year are not significantly
affected by unlikely data

1C

Several components of the EF or BC are very unreliable or

unlikely
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Score Criteria

The EF and BC time series results are significantly affected by
unlikely data, and are unusable
The unlikely or unreliable values have not impacted the

creditor/debtor status

1D There is too much unreliable or unlikely data to make any

conclusions about the timeline or latest year of this country

It is noteworthy from the website referring to quality scores

(www.footprintnetwork.org/data-quality-scores) that, over time, it is possible to improve the

quality of the results through collaborations with researchers, especially for those countries that
have government agencies that can do so. For Costa Rica, as the national case study of focus in
this paper, a score of 3A represents the highest quality possible outcome, where ‘No component
of BC or EF is unreliable or unlikely for any year’. This means that the National Footprint
Accounts are most reliable here. This is important because the accounts are employed in the

Footprint Calculator, as outlined in Chap. 4.

1.5  Aims

This paper examines the Ecological Footprint and biocapacity accounting both from a critical
approach of existing literature as well as its conceptualisation (the scientific basis) and
methodology in application. The specific paper aims are:

(1) To present literature searches as background to the Ecological Footprint and
biocapacity accounting from a critical approach to contextualise and justify the
investigation.

(2) To select a few key criticisms in a case study application to demonstrate the
limitations and consider potential solutions based on Footprint Calculator outputs.

(3) To consider the possible contributions that the Ecological Footprint and biocapacity
accounting can make as a sustainability metric, despite its limitations.

These aims are foundational to this paper and provide a basis for its structure.
In the next chapters, the existing literature on the Ecological Footprint (Chap. 2) and

biocapacity (Chap. 3) will be delineated to provide enough background information to readers,

25



expanding on the theoretical and conceptual frameworks already presented in this chapter. A
detailed case is presented for Costa Rica, including the methods (Chap. 4), based on farmers’
survey-interviews completed in the study area. The findings are considered in comparison to the
country’s Ecological Footprint and biocapacity (Chap. 5). Error analysis pertaining to the case
study application as well as solutions and lessons learned, including a sensitivity analysis based
on the Footprint Calculator, form the bulk of Chap. 6, which also includes its contributions.
Finally, in Chap. 7, research limitations appear along with the contribution, recommendations,

and suggestions for future research as part of the conclusion.

1.6 Conclusions

Amid the theoretical framework covered, this background information sets the stage for the
remainder of the content. The conceptual framework presented in this first chapter is
foundational for the remainder of this paper. In particular, the acronyms (included in this
chapter) along with a glossary of the important terms are relayed as comprehensively as possible,
including with some important equations and data sources (that will be revisited later, in Chap.
6). Defined concepts included here offer a reference point for later chapters, including that of
ecological overshoot. At the onset, however, it is important to understand that the Ecological
Footprint and biocapacity accounting methodology encompasses two variables, that of

consumption set against production at various scales.
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CHAPTER 2: The Ecological Footprint

Ecological Footprint and biocapacity accounting is approached in this paper from a systems
perspective. Natural capital is seen as the foundation for all socioeconomic potential and action.
Without nature, we are unable to capitalise on resources that are necessary to provide services,
without which humanity would suffer. Using the Ecological Footprint measured in global
hectares, it has been estimated that roughly 12 billion global hectares exist as highly productive
land (Wackernagel 2014) to support all life on Earth and human activities. If this is treated as
Earth’s carrying capacity, then it sets an upper boundary for resource exploitation. The two main
threats to this life support system are human population size and consumption behaviour beyond
basic life needs. Lavish lifestyles based on excessive consumption on a mass scale can cause
problems of dwindling resources that need safeguarding. In this chapter, the literature that
supports this framework is delineated to set the stage for the Ecological Footprint as a
consumption-based composite indicator. The chapter conveys the evolution of this sustainability
metric from a theoretical perspective that is grounded in the socioenvironment as well as
(ecological) economics in order to track the development of this composite indicator.

The Ecological Footprint is a composite indicator that comprises six components,
including crop land, grazing land, forest land, fishing grounds, building-up land, and carbon. All
components are consumption-based, except for the carbon Footprint that solely represents
wastes. The consumption-based components are really production-based because production
needs to precede consumption and the two are inevitably tied. For this, a systems approach is
mandatory, so that all components are seen connected to the whole — of the Ecological Footprint.
In fact, one of the unique characteristics of the Ecological Footprint is its comparability to
biocapacity in the determination of global ecological overshoot (Fang et al. 2015; Wackernagel
2014).

The Ecological Footprint itself cannot be separated from its components nor biocapacity,
which is needed to support consumption. Biocapacity represents the natural production behind
the resources needed for consumption to be possible. When there is a biocapacity deficit,
consumption eventually suffers because it is circumscribed by limited resources. Although it is
counterintuitive to consider the two (the Ecological Footprint and biocapacity) separately, for the

sake of conveying different aspects of Ecological Footprint and biocapacity accounting, the two
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will be isolated in this and the next chapter (Chap. 3) in order to focus on each independently as
a different part of the whole.

This chapter begins by relaying the evolution of the Ecological Footprint since its
introduction in the early 1990s by Rees and Wackernagel. It proceeds by building the context for
its development as a sustainability metric, specifically as a performance indicator. Lastly, it is
placed within an integrated (systems) theoretical framework based on environmental and
socioeconomic (sustainability) aspects most specific to ecological economics and emerging
environmental accounts. This needs to be framed from a systems approach that is necessarily

securely grounded in sustainability.

2.1 Ecological Footprint Evolution
The Ecological Footprint was established first conceptually before the methodology was more
rigorously developed. Conceptually, the Ecological Footprint is part of an accounting system that
contextualises it relative to biologically productivity (or ‘bioproductivity’) measured by
biocapacity. As a land-based composite indicator (Borucke et al. 2013), the Ecological Footprint
simply encompasses the amount of land required to sustain human consumption. The accounting
system, namely Ecological Footprint and biocapacity accounting, is based on global hectares
(gha) that represent a hectare calibrated using an equivalence factor to ensure comparability at
global scale. In addition, a yield factor is also deployed in its calculation to account for different
levels of productivity around the world affected by natural (e.g., climate) and human-induced
factors (e.g., soil fertility). According to Johannesson et al. (2020, p 3), for example, two
coefficients are deployed to convert areal size from hectares to global hectares: equivalence
factors (EQF) account for differences in productivity between land types; and yield factors (YF)
account for different productivity between the same land types but in different countries. In this
way, local-regional Footprints and biocapacity can be compared to world-average productivity.
By comparing the Ecological Footprint to biocapacity results, it is possible to decipher
whether nations are ‘in the red’ or ‘in the green’, respectively meaning that they are either in
ecological deficit (EF > BC) or have an ecological reserve (EF < BC). This is tied to ‘ecological
overshoot’ through the persistent excessive use of biocapacity relative to the resources available
to support human life and activities. This can be assessed at various scales, because the

Ecological Footprint is known to be a cross-scalar measure (cf. Wackernagel 2014). This reflects
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human impacts at different scales, from the local — including the built environment — to regional
and global levels. It is possible to attain such results based on the level of interest for aggregating
results for the Ecological Footprint and biocapacity. Most often, however, the national scale is
employed, unless the Footprint Calculator is used to assess individual-household or community
level (to the regional) scales, as in the current study. The Footprint Calculator, which will be
addressed in more detail later (Chap. 4), is a global Footprint calculator with inputs from the
National Footprint Accounts.

The National Footprint Accounts, therefore, are an important resource available from the
Global Footprint Network to access information at national-regional level. There are two main
tools available from the Global Footprint Network, the National Footprint Accounts and
Footprint Calculator, with the former appearing as a data explorer for over 200 countries (see

Open Data Platform: https://data.footprintnetwork.org/#/). The current edition of the accounts is

the 2018 Edition, which is based on data from 2016. There is much published based on the
National Footprint Accounts, and some of these publications appear — usually as methodological
updates — each year with new editions (e.g. most recently, Lin et al. 2018). In addition, a
Working guidebook to the National Footprint and biocapacity accounts (Lin et al. 2019) is
updated each year as a ‘manual’ to the accounts. By comparison, the Footprint Calculator is a
popular instrument for assessing Footprints, but it has not been scrutinised to the same extent that
the National Footprint Accounts have been examined (with the exception of work on the
contributions of personal Footprint calculators by Collins et al. 2018, 2020). Perhaps this is the
next logical step in Footprint evolution.

A recent focus has been on using Earth Overshoot Day to build awareness and work
towards sustainability. This uses the yearly calendar to pinpoint where different countries are
positioned relative to resource consumption based on a date that indicates when their resources
for the entire year have been consumed. The earlier in the year for Earth Overshoot Day, the
worse off a nation is in terms of its sustainability prospects. High-income countries, such as
Canada and the United States, have their Overshoot Days in the first half of the year. For
example, in 2019, Canada’s Overshoot Day was March 18, 2019 relative to the most recent
global Earth Overshoot Day of July 29, 2019 (https://www.overshootday.org/). The Earth
Overshoot Day was delayed by 3 weeks because of the coronavirus (COVID-19) in 2020

(https://www.overshootday.org/newsroom/country-overshoot-days/). By comparison, less
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developed (low- to medium-income) countries appear later in the year, as for instance Costa Rica

had an Overshoot Day on August 10, 2020 (https://www.overshootday.org/). Whether a country

is in a position of ‘weak’ or ‘strong’ sustainability could be quantified using the month that
Overshoot Day occurs; this can also be conveyed at the global scale. Such an approach also
fosters a sense of sustainability in the measure because of the way that it is used. More
specifically, by using time as an indicator of resource availability versus depletion, it is possible
to stimulate longer term thinking and planning. Perhaps such an increased awareness since 2010
has been impacting the human expenditure of resources and augmented conservation efforts.

An essential way that the Ecological Footprint has emerged has been as part of
sustainability. “Weak’ sustainability is measured when deficits are evident (Galli et al. 2018;
Pearce and Atkinson 1993; Wackernagel et al. 2006), for instance, whereas ‘strong’
sustainability can be achieved when reserves exist and are maintained to put off going into a
situation of ecological overshoot, especially at the global scale. Nationally, at least, it is still
possible to exchange resources through traded commodities. However, when humanity reaches a
situation of global overshoot, competition for resources is augmented and even resource
exchange could not overcome issues of resource depletion in circumstances of weak
sustainability. Trade has, therefore, become increasingly subject in the work produced by the
Global Footprint Network. Part of this address has been because of criticisms of an ‘antitrade
sentiment’ inherent in the methodology (e.g., McManus and Haughton 2006; van den Bergh and
Grazi 2014; van den Bergh and Verbruggen 1999 — Chap. 6 addresses such criticisms in more
detail).

To tackle this, a systems approach is increasingly recognised, where inputs from foreign
trade into countries counterweigh outgoing resources traded out of countries. It is important to
realise that importing from other nations is not an ideal situation for nations. The reason for this
is that it weakens economies that are dependent on other countries and subject to prices in the
global market. This consideration has led to comparisons between countries regarding their
current and projected positions globally. Nations that are self-sufficient and not reliant on others
(or dependent) for traded inputs are in stronger positions to sustain their economies because their
resources can support their populations (cf. Wackernagel and Beyers 2019). Such nations,
including Canada, have abundant resources — either because of their greater natural inheritance

of biocapacity or because their populations are not depleting their resource base (Wackernagel
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and Beyers 2019), so that the land can continue to regenerate and support the population. By
contrast, island nations that have a small landmass — as for example Japan, the United Kingdom,

and so on — are more limited by their natural capital and reliance on trade.

2.2 Sustainability Metrics
In order to assess our current status and progress in attaining sustainability at any scale, it 1s
necessary to be able to qualify it using performance indicators. The Ecological Footprint is one
of such indicators that enables us to ascertain whether we are living sustainably within the
Earth’s limits. Carrying capacity will be addressed in the next chapter (Chap. 3) and is one of the
essential aspects that needs to be determined at various scales, including at the planetary level.
This has been an area of research interest recently, as planetary health and the boundaries needed
to attain this are being addressed (Cucek et al. 2015; Fang et al. 2015; Hiyh et al. 2016; O’Neill
ct al. 2018).

The Ecological Footprint is a composite indicator that includes different components
(crop land, grazing land, forest land, fishing grounds, built-up land, and carbon), including five
that are based on production and only one (carbon) that is a waste component (Fig. 2.1, based on
the Global Footprint Network 2019). Built-up land assumes that urbanisation is taking up
previously productive land that could have been used for agriculture (as crop land). Criticisms
have targeted that the Ecological Footprint only considers anthropogenic land use (utility theory,
e.g. Venetoulis and Talberth 2008) and does not recognise non-productive land, but this is
considered in the built-up land component — although under the assumption that cities are

occupying formerly productive land.
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Fig. 2.1 Components of the world’s Ecological Footprint, 1961-2016 (Source: Global
Footprint Network 2019)

As an environmental indicator, the Ecological Footprint only indirectly considers human
activities and behaviour. Unlike the Human Development Index, which is based on three
variables, namely life expectancy, per person gross domestic product (GDP), and a combined
educational indicator, consisting of adult literacy rates and primary, secondary, and tertiary
school enrolment rates. However, this socioeconomic metric lacks the ability to integrate the
environmental dimension that the Ecological Footprint focuses on as a measure (Strezov et al.
2017). The Ecological Footprint has been correlated to the Human Development Index, however,
in order to check its performance against a human-based index (e.g., one that considers
socioeconomics). The research by Lin et al. (2018) concluded that countries that score high on
the Human Development Index have a high Footprint, so that there is a direct (positive)
correlation between the two measures. This is mainly attributable to the carbon Footprint that has
been observed (as the ‘energy Footprint’) to convey wealth, even at household level (cf. Minx et
al. 2009). Although this linkage can broaden the human dimension being considered by the

Ecological Footprint, it does not on its own merit represent a full integration of this aspect.



Arguably, this can be executed through the questions in the Footprint Calculator that will be
presented in Chap. 4.

2.3 Systems Approach

The Ecological Footprint and biocapacity accounting is a unique methodology because of its
comparison of human consumption with the Earth’s natural capital, its ability to assimilate
wastes, and regeneration capacity. It inherently adopts a systems approach that considers inputs
and outputs as well as flows and stocks or components in the system (e.g., Borucke et al. 2013;
Mancini et al. 2017; Niccolucci et al. 2009, 2011). It has been conceptualised as a simple input-
output (I-O) system, where inputs include the natural stocks that support human life and
activities. Human outputs are also considered in the system through its components that include
wastes from production, such as CO, emissions from manufacturing. It is possible to derive
stocks from the available flows of global hectares per year.

As a cross-scalar metric, the methodology allows for calculations of the Ecological
Footprint and biocapacity at various scales, from the individual (household) level using the
Footprint Calculator, to the regional scale with accumulation of responses in a bottom-up
approach — for instance, as part of a multiregional input-output (MRIO) model. Otherwise, it is
possible to use the National Footprint Accounts for a top-down approach that allows for
national—global level calculations. The former (bottom-up) approach provides contextualisation
based on local influences, such as cultural aspects that influence the balance between nature’s
production (biocapacity) and human consumption. However, the information is acquired in a top-
down approach based on national government data. The ecosystems approach (cf. Allen et al.
1993) is appropriate to encapsulate the multi-scalar characteristic of the methodology because of

its similar multilevel approach or multifaceted approach to landscapes.

2.4  Integrated Sustainability

The integrated human-nature interactions captured by the methodology allows for a social-
ecological systems approach that combines ecological and economic sustainability (Common
and Perrings 1992). Trade is an example of how the latter (economics) is considered in the
Ecological Footprint and biocapacity accounting. Systems thinking is relevant here, as it

concerns a holistic approach to both simple and more complex relationships between different
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subsystems (Ostrom 2009), including the work by Daly (e.g., 2008) who considered natural
resources to be a subsystem supporting the economic sector (another subsystem) in the
ecosphere. It is integrative, furthermore, as it is relevant to all three components of environment
and socioeconomics. For example, Virapongse et al. (2016) relayed the potential of social-
ecological systems integrated between the natural and social sciences, as for example to address
management issues through applied transdisciplinarity and the concept of social-ecological
resilience (cf. Adger et al. 2005; Max-Neef 2005). Another systems framework by Fischer et al.
(2015) shows social-ecological systems across scales (landscape, regional, global) in addition to
temporal dynamics, as part of a multifaceted ecosystem approach (cf. Allen et al. 1993).

There are various applications of sustainability, as for instance as environmental
sustainability that focuses on the use of natural resources (Lozano 2008), that allow for
interdisciplinary engagement with the development of the concept as it emerges. An integrated
approach is preferred (e.g., for resilient dynamic, adaptive complex systems, cf. Fiksel 2006;
Folke 2006). Although defining it can be challenging, according to Costanza and Patten (1995),
the general notion of sustainability recognises that ‘a sustainable system is one which survives
and persists’. The context of course is important, as are the spatial-temporal considerations that
should accompany any definition of sustainability (Brown et al. 1987).

Like sustainability, systems thinking embraces an interdisciplinary perspective from an
integrated sustainability framework for the environmental and socioeconomic dimensions of
human consumption impacting the Ecological Footprint. Midgley (2000), for instance, developed
a systemic intervention model that incorporates judgement, critique, and action. The latter
component is especially interesting because of its emphasis on ‘action for improvement’ (p 132).
This can benefit from a holistic approach, such as that of social-ecological systems operating
within overlapped natural and cultural spheres of causation, encompassing biophysical actualities
(of the material world) that are socially relevant (e.g., Vasseur et al. 2017). The association
between parts emphasises relationships in the systems perspective and is, thereby, considered to
be part of systems science as well as an ‘organismic approach’ (Hammond 2003), with the living
organism denoting an open system (von Bertalanffy 1950). This conveys the notion of a ‘layered
structure’ (Checkland 1999), but also different scales of operation within a system — as with
subsystems (Ostrom 2009), conveying the organized nature of the whole based on relationships

between its parts.

34



2.5 Conclusions

Although it has been strictly classified as an environmental composite indicator (Strezov et al.
2017), the Ecological Footprint and biocapacity accounting methodology integrates human
activities, as through its consideration of economic factors such as trade. To be an integrated
sustainability metric, it needs to consider the environmental and socioeconomic dimensions as
well as entail the cultural domain that may impact other aspects. The Ecological Footprint, as the
demand-side of the methodology, encapsulates human lifestyles influencing resource use and the
incumbent generation of wastes. In this way, it functions as a simple [-O system, where flows are
controlled by the pull from human demand to consume resources. This is affected by the level of
development for societies, but also by population size and other factors. The next chapter (Chap.

3) of this paper examines carrying capacity with a focus on biocapacity.
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CHAPTER 3: Biocapacity Accounting

The focus of this chapter is on the biocapacity side of the Ecological Footprint and biocapacity
accounting. This is based on measuring natural capital for a land-based metric. Global hectares
are the unit for establishing comparable portions of land around the world that support
humanity’s consumption. This represents the resource base (natural capital) that supports human
life and activities. It can be characterised as the ‘carrying capacity’ because it poses an
environmental limit to human consumption. In this way, biocapacity is a fundamental part of the
Ecological Footprint and biocapacity accounting. When the Ecological Footprint is set against
biocapacity, a full picture of the environmental situation can be presented and interpreted at
different scales (e.g., Wackernagel 2014). Biocapacity acts like a ‘measuring stick’ for
consumption and, thereby, performs a vital function in the accounts. This chapter addresses
biocapacity as entailing production and, therefore, as a resource base for humanity. It is what sets
it apart from other performance indicators in that it provides a baseline for comparison (Fang et
al. 2015), from where performance and sustainability can be assessed and monitored.

For there to be resource appropriation, there first needs to be resources. Without
biocapacity for comparison, it is difficult to gauge the status of the Ecological Footprint. For this
reason, it is unrealistic to separate these two sides (EF and BC) of the accounts. Nevertheless, the
ambition of this chapter is to consider biocapacity on its own in order to gain an understanding of
it that is independent of its counterpart, the Ecological Footprint. Natural resources provide a
basis for biocapacity as part of natural capital. Nature also provides ecosystem services that are
often overlooked, but are a vital part of our natural inheritance and resource base.

This chapter focuses on biocapacity, but with the caveat that the Ecological Footprint is
always hoovering in the background (as the two are inseparable and will only be isolated here for
the purpose of scrutiny). The chapter begins by examining biocapacity from the perspective of
carrying capacity, which is really addressing the environmental boundaries to consumption at the
planetary level. It then adopts another angle by framing biocapacity through the lens of
production — such as net primary production (or NPP) — before considering the two sides of the
Ecological Footprint and biocapacity when deliberating ‘ecological overshoot” and our current

status of global ecological deficit.
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3.1  Biocapacity as ‘Carrying Capacity’

How much natural capital is available at the planetary level or nationally operates as an upper
limit to supply human demand. This defines the notion of ‘carrying capacity’ that is normally
expressed at the global scale. It is what the Earth can sustain in terms of either human population
(life) or the need for natural resources to supply food, energy, and so on, necessary for human
activities.

It is not certain what the Earth’s maximum capacity for the human population is,
although it is expected that the world’s population could reach as many as 12.7 billion people by
2100 (with 95% certainty, United Nations 2019a, p 5 —see Figure 1). According to the United
Nations Department of Economic and Social Affairs Population Dynamics (United Nations
2019a), it is projected that by 2030 the world’s total population could reach 8.6 billion people
(projected from data shown in Fig. 3.1 based on United Nations 2019b). However, the population
growth rate has been diminishing (it is currently 1.1% per year, as in Fig. 3.2 based on United

Nations 2019b), so this could be closer to 8.5 billion.
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Fig. 3.1 Total world population, 1950-2020 (Source: United Nations 2019b)
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Fig. 3.2 World population change, 1950-2020 (Source: United Nations 2019b)

If we use Earth’s existing biocapacity to indicate our current state of carrying capacity, it
is possible that the Ecological Footprint and biocapacity accounting methodology can contribute
to assessment and planning to prevent exceeding Earth’s carrying capacity — in other words,
living within Earth’s planetary boundaries. There is some suggestion already, for instance, that
the carrying capacity of the world was reached since 1970 — when both the Ecological Footprint
and biocapacity were roughly 2.7 global hectares per person (Fig. 3.3, based on the Global
Footprint Network 2019; see also Figure 1 in Lin et al. 2018, p 7) — and has since been breached
by our persistent demand for natural resources. These resources have been dwindling over the
years (Fig. 3.4, based on data from the Global Footprint Network 2019), with most countries

experiencing resource deficits).
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Fig. 3.3 The Ecological Footprint and biocapacity time series for the world, 1961-2016

(Source: Global Footprint Network 2019)
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Fig. 3.4 The difference between world biocapacity and the Ecological Footprint, 1961—
2016 (Source: Global Footprint Network 2019)
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If this is the case, then Earth’s carrying capacity may be less than the upper limit used by
the United Nations prediction models based on population growth. This means that Earth’s
carrying capacity may be closer to 4 billion people for a population-based estimate (see Figure 1
in United Nations 2019a, p 5). The implication of this is that we currently have a ‘population
overshoot’ of almost 4 billion or nearly double Earth’s carrying capacity. This overshoot has
triggered resource depletion over time because of increased demand as the population continues
to grow. This is especially true for the carbon Footprint (cF), as countries become more

industrially developed and consumptive (Fig. 3.5, based on the Global Footprint Network 2019).
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Fig. 3.5 Components of the world’s Ecological Footprint, 1961-2016 (Source: Global
Footprint Network 2019)

However, population (and human capital) alone cannot be the only basis for determining
Earth’s carrying capacity, and biocapacity (or natural capital) has an equally important role to
play. Biocapacity —as the biologically productive area of the Earth’s surface — can be measured
using net primary production (NPP) based on biomass productivity. Satellite imagery can help us

to discern this, as for example 31 percent of the Earth is covered in forest (Blomgqvist et al.
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2013b; also see Giampietro and Saltelli 2014). All producers should be included, however — and

not just forests. This includes crops (human production) among biocapacity.

3.2  Framing Production

In the balance between human and natural capital, humans operate like other animals as
consumers. However, we are also considered to be producers because we affect production
through crops and by planting trees and, thereby, so affect crop and forest lands. Grazing animals
arc also selected by humans as part of cultivation, so they too are part of our production. Fish
farming is expanding these days and should likewise be included in human productivity
calculations along with natural and artificial (e.g., fish farms) fishing grounds. Built-up land
constitutes a growing area of human use and creation for city-dwelling and movement
(transportation and infrastructure). These are the five components of biocapacity (production)
that have counterparts in the Ecological Footprint (consumption). The latter includes crop and
grazing lands used for food procurement as well as drawing upon fishing grounds for this
consumption. Forests supply food products, but also wood products for use. Built-up land is used
up for living and transport, when it could be available for other land uses, such as crop land (if
suitable). Nevertheless, urban agriculture is growing and could construe a multiuse in urban
areas.

The carbon Footprint is the only aspect of consumption that denotes a waste product
based on the human release of CO, through respiration and is affected by human population size
(and that of other animals). In addition, humans contribute to the production of this gas through
combustion processes in energy production and so on — so that it is affected by manufacturing
intensity and development level. Therefore, the carbon Footprint should reflect the latter
(industrial development) more explicitly than the Ecological Footprint. Through acidification, it
is also possible for humans to augment CO> production in soils, waters, and more, as carbonic
acid develops in the presence of water. On the other hand, carbon is consumed through
vegetation growth (of trees, but also other plants, including phytoplankton, crops, etc.). It is
noteworthy to mention here that carbon sequestration is an ecosystem service. Soils capture
carbon, as too do plants and animals, as an inorganic component of ecosystems. They are known
to perform an essential ecosystem service of carbon capture and storage as a natural

(physicochemical) carbon sink. Likewise, rocks (such as limestone) lock away carbon in the
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longer term and are also natural (physical) carbon reservoirs. Such storage is only temporary
(either in the short- or longer term) and cannot represent carbon consumption. Therefore, it is

necessary to decipher between flows and stocks of the components of this methodology.

33 Ecological Overshoot

Since the 1970s, the world has been in ecological overshoot where the Ecological Footprint
exceeded biocapacity (see Fig. 3.3). This means that since then consumption (demand) has been
greater than production (supply), causing ecological deficit in some countries, especially those
with low natural capital. This discrepancy (between the Ecological Footprint and biocapacity)
can present another way to quantify the severity of ecological deficit and, thereby, provide
another measure of ‘weak’ versus ‘strong’ sustainability. The Ecological Footprint is known to
be higher in developed countries due to the behaviour of such populations to consume goods and
services rather than contributing towards production in agriculture and so on. According to Lin et
al. (2018, p 9), the Ecological Footprint continues to grow annually at a rate of 2 percent. In a
situation of global ecological overshoot since the 1970s, this suggests that the environment has
been experiencing degradation in a situation of persistent and worsening global overshoot.
However, the world’s Ecological Footprint (measured in number of Earths) has stabilised in the
past (e.g. early 1970s, 1980s, 1990s into 2000) and most recently seems to have plateaued since
2010 (Fig. 3.6, based on data from the Global Footprint Network 2019). Moreover, most recently
the coronavirus pandemic (COVID-19) in 2020 is already known to have delayed Earth
Overshoot Day by 3 weeks to August 22 (from July 29, 2019, refer to

https://www.overshootday.org/).
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Fig. 3.6 The world’s Ecological Footprint (bars), 1961-2016 (Source: Global Footprint
Network 2019)

The implication of this is that more people need to live within the resources and
ecosystem services provided by 1 Earth in order to prevent the Ecological Footprint from
increasing over time (see Figure 3 in Lin et al. 2018, p 10). Living within 1 Earth is equivalent to
the biocapacity available on the planet, which is calculated to be 1.6 global hectares per person
(for the Global Footprint Network 2019; 1.7 gha per person according to Lin et al. 2018, p 14 for
the 2018 Edition of the National Footprint Accounts). In this way, it is possible to sustain Earth’s
current population. However, even in some developing countries, the Ecological Footprint is
greater than 1 Earth and has been so for the world as a whole since 1970 (see Fig. 3.6).
According to Lin et al. (2018, p 15; also, Table 3.1), the current world Ecological Footprint of
2.8 global hectares per person remains far above the biocapacity available to each person. In
other words, the current world average of 1.7 Earths (based on the Global Footprint Network
2019) needs to be reduced either by curtailing consumption or increasing production (and/or

efficiency) in order to counteract persistent overshoot.
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Table 3.1

Summary of a selection of national Footprint data — 2016 data are shaded (Source:

Global Footprint Network 2019)

Location | Year BC BC (gha) EF EF (gha) EF (No.

(gha/capita) (gha/capita) Earths)
Canada 2016 15.12 | 548788594.7 7.24 | 280880693.6 4.75
Canada 1970 23.12 | 496057008.2 9.22 | 197794068.4 3.41
China 2016 0.96 | 1373628876 3.62 | 5195885897 2.22
China 1970 0.91 | 765349868.3 1.06 | 890223488.4 0.39
Costa Rica | 2016 1.55| 7552943.64 2.68 | 13027739.12 1.65
Costa Rica | 1970 43| 7946907.51 2.51| 4637842.85 0.93
USA 2016 3.65 | 1174980442 8.1 | 2611053058 4.97
USA 1970 4.6 | 964109444.8 10.37 | 2172630366 3.83
World 2016 1.63 | 12169283366 2.75 1 20509032352 1.69
World 1970 2.71 1 10016193932 2.721 10073811315 1.01

34 Conclusions

One of the unique characteristics of the Ecological Footprint and biocapacity accounting is the

ability to compare supply versus demand. In this way, it is possible to ascertain whether there is

a net reserve or deficit. The latter is indicative of humanity overshooting its consumption beyond

what is available from the Earth’s natural resources. This chapter has focused on the balance

used in the determination of the carrying capacity of an environment and to define production as

well as ecological overshoot. Importantly, humanity needs to stay within the boundaries set by

nature (e.g. 1 Earth) for sustainability to ensue. Admittedly, there is more to sustainability than

just the environment, and it is necessary to also consider socioeconomics as well as cultural

aspects that may influence it.

In the next chapter, a case study from Costa Rica will provide the basis for analysis

(Chap. 4) and discussion (Chap. 5) of a developing country. Rural peasant farmers (or

‘campesinos’) located in the Alexander Skutch Biological Corridor will provide a basis for a

cross-scalar examination of the Ecological Footprint. Importantly, by examining producers, it is

possible to consider a more than typically ‘balanced’ population sample. The results will be
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compared to the national score for Costa Rica and deployed to scrutinise the human impact on

the environment.
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CHAPTER 4: Case Study — Methods

This chapter employs a case study in an investigation of Costa Rica’s national Ecological
Footprint and biocapacity. Sampling farmers in the Alexander Skutch Biological Corridor as the
study area, this chapter relays the methods used in the study, including surveys based on the
Footprint Calculator with follow-up interviews. In this way, it is possible to discern the regional
environmental performance of these farmers and learn from them (at household—regional level)
how to improve environmental performance in a biological corridor. This contributes to an
understanding of cross-scalar variations in environmental performance on the basis of the
Ecological Footprint in particular. It also allows for a critical approach to the Footprint
Calculator used to survey at these scales. Although the Footprint Calculator outputs information
about consumption (and the Ecological Footprint), it is lacking details about production
(biocapacity). Therefore, the function that biocapacity serves to contextualise the Ecological
Footprint is missing and, thus, it is not possible to discern ecological overshoot and assess
environmental sustainability to the degree possible with the National Footprint Accounts — at
country level.

Costa Rica was recently awarded as the United Nations Champion of the Earth for 2019.
According to Delahaye (2019), in the policy leadership category especially, Costa Rica was
recognised for its role in nature protection and fighting against climate change. The country is
aiming to decarbonise, achieving net zero carbon emissions, by 2050 in accordance with the
Paris Climate Agreement and the United Nations Sustainable Development Goals. To achieve
this ambition, the country will not produce more emissions than can be offset through actions
such as maintaining and expanding its forests. It already produces low emissions (0.4% of world
emissions), but Costa Rica seeks to wholly produce renewable energy by 2030 when electric
buses and taxis will be deployed. In 2017, also according to Delahaye (2019), the country ran on
renewable energy for a record of 300 days; and 95 percent of its energy is already renewable.
Costa Rica has counteracted deforestation since 1987 and has since become half forested, which
augments its biocapacity in order to offset emissions.

According to the National Footprint Accounts (Global Footprint Network 2019), in 2016
Costa Rica had an annual per person GDP of $9592 per person; with a total population of
4,857,274 people. Its biocapacity per person was 1.6 global hectares and its Ecological Footprint
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2.7 global hectares per person (see Table 3.1), establishing a net deficit of -1.1 global hectares
per person (based on the difference between the EF and BC, according to the Global Footprint
Network 2019 — based on data from 2016 in the 2019 Edition of the National Footprint
Accounts). Fig. 4.1 conveys the data since 1961, using the Ecological Footprint Explorer to
output data for Costa Rica (country code = 48) available online from the Global Footprint

Network (2019) and published every year for over 200 countries and regions.

Per Capita BC & EF, 1961-2016

lehajfcapita)

e BioCgpPerCap  semEFRConsPerCap

Fig. 4.1 Time series for Costa Rica’s biocapacity and the Ecological Footprint,

1961-2016 (Source: Global Footprint Network 2019)

The data since 1961 convey a biocapacity that was initially around 6 global hectares per
person and has since been gradually diminishing — to 1.6 global hectares per person in 2016 (see
green line in Fig. 4.1). The Ecological Footprint was over 2 global hectares per person in 1961
and has since oscillated, but has not exceeded 3 global hectares per person (1996) — it reached
2.8 global hectares per person in 1979 and is currently approximately the same as before the
2008 financial crisis, being 2.7 global hectares per person in 2007 (see Fig. 4.1). This conveys
some recovery in the country’s economy that can be tracked through spending (consumption).

The lines (of the Ecological Footprint and biocapacity) crossed in 1991 — a couple of decades
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later than 1970 for the world (as conveyed in previous chapters) — at 2.4 global hectares per
person — see Fig. 4.1. As demonstrative of the level of consumption in the country, the
Ecological Footprint is influenced by local demand, but is also sensitive to global events — such
as the global financial crisis and most recently COVID-19. A reason for this is Costa Rica’s link
to global markets, as for instance in terms of food exports.

When the Ecological Footprint of consumption (EF¢) is subtracted from biocapacity
(BC), as ‘net’ graphs (Fig. 4.2, based on 2016 data from the Global Footprint Network 2019),
there is evidence of a steep drop in forest land that stabilised around 1986. There is also a decline
evident since 1993 for grazing land and a steady decline in the fishing grounds component. Crop
land also remained stable between 1961 and 2016. Built-up land is problematic, as there is zero
change evident — which is questionable for the country. Also, the carbon Footprint is mostly
represented in the EFc because of the negative values conveyed by the carbon component.
Actually, if one examines the country spreadsheet (Country Trends), the column for the carbon
component is zero for biocapacity (production). This is unrealistic because of the relationships
evident between biocapacity and the carbon cycle, as for instance including carbon sequestration
by plants. However, as noted in Chap. 1, a sequestration rate (constant) is deployed in the
accounts to correct for this at the global level. Arguably, this represents the greatest challenge to
precision in encapsulating actual biocapacity. It has been advocated (e.g., Herwich 2011;
Hertwich and Peters 2009) that household consumption is the greatest contributor to national
carbon Footprints. Household income and householder age have been investigated among
demographic variables as well as socioeconomic factors that influence the lifestyles of

households (e.g., Jones and Kammen 2011; Shigetomi et al. 2014, 2015).
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Fig. 4.2 Net per person biocapacity (BC — EFc) for Costa Rica, 1961-2016 (Source:
Global Footprint Network 2019)

Since most countries are in ecological deficit (Rees and Wackernagel 2013), where their
consumption exceeds their biocapacity (EF > BC), it is perhaps not surprising that Costa Rica
has maintained a slight deficit, since most countries have. Wackernagel and Rees (1996) noted
that a technological fix can have a major influence on sustainability through resource efficiency,
allowing people not to have to reduce their material standards of living (as set in the framework
by Haberl et al. 2004, Fig. 5, p 209). According to Wackernagel et al. (2006), ecological deficits

can be reduced through various actions, including:

o by reducing the demand for natural capital with resource-efficient technology;
o reducing human consumption, but not necessarily the quality of life;

. reducing population size; and

. through investments in natural capital, such as by implementing methods of

resource extraction that enhance bioproductivity.
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These authors have espoused that, “...a Footprint smaller than the available biocapacity is a
necessary condition for ‘strong sustainability’, a stance which asserts securing people’s well-

being” (p 108). We will now turn to examine this as it relates to the case study for Costa Rica.

4.1 Research Question
The research question driving this case study is:

e What is the Ecological Footprint of farming households located in the Alexander Skutch

Biological Corridor of Costa Rica?

It was not possible to include an assessment of biocapacity in this investigation because of the
use of the Footprint Calculator, which does not output biocapacity information. For this reason,
as stated already, determining ecological overshoot at this scale was not possible. Scale-wise, the
focus is housechold—community level Footprints in the corridor, representing the local-regional
spatial scale in southern Costa Rica. The location is the Alexander Skutch Biological Corridor,
that connects the upland region to lower parts of the corridor along the main river valley. More
specifically, Daugherty (2005) identified the central (core) location of the study area in the
Alexander Skutch Biological Corridor as linking Los Cusingos Neotropical Bird Sanctuary with
the Las Nubes Biological Reserve through the Rio Pefias Blancas. This area is connected to

Mexico and Panama as part of the Mesoamerican Biological Corridor.

4.2 Case Aim and Objectives

This research examines the Ecological Footprint at the household—community scale in order to
decipher contributing variables affecting local-regional Footprints in the Alexander Skutch
Biological Corridor, Costa Rica. Farmers located in this study area were approached to complete
Footprint Calculator surveys to help inform their consumption across the main categories of the

calculator, including food, housing, and transportation (http://www.footprintcalculator.org/).

These categories were based on the Footprint Calculator survey.

According to a news release by the Global Footprint Network (2010): “The calculator
takes users through a series of questions about their lifestyle, and determines their Ecological
Footprint — the amount of land area it takes to produce all the resources they consume and absorb
their CO; emissions. It also identifies their greatest areas of resource consumption and translates

this into the number of planets we would need if everyone lived that way.” The Ecological
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Footprint can be deployed as an educational tool (Barrett et al. 2005; Lenzen and Murray 2003;
McManus and Haughton 2006) to help communities understand the impacts that their lifestyle
choices may have on the environment. In the current study, however, the reverse was the case —
and the Ecological Footprint was informed by study participants who inadvertently provided
lessons learned (refer to section 5.2). As mentioned previously, this tool does not output
information regarding biocapacity, so that it was not possible to determine how much of the
biocapacity was being taken up by their Ecological Footprint. However, the national figures can
help to inform this assessment. Furthermore, the ‘one planet’ approach (1 Earth) was adopted to
replace biocapacity for comparisons in the sustainability assessment.
The Footprint Calculator has already been applied — with geographically-specific
information — to countries such as the United States, Australia, Switzerland, and Calgary
(Canada), including Spanish-speaking countries such as Ecuador, Peru, and Argentina (Global
Footprint Network 2010). This is a relevant consideration because geographical location matters
— in addition to lifestyle choices — in controlling national variables that may be impacting the
Ecological Footprint due to societal influences on ecological demand (Global Footprint Network
2010). However, it should be noted here that this is a global calculator and does not differentiate
between countries, using inputs from the National Footprint Accounts more broadly than country
level. Consequently, it is necessary to adopt an integrated sociobiophysical approach, based on
social-ecological systems — which, according to Haberl et al. (2004), have overlapping natural
(biophysical) and cultural (symbolic) spheres of causation in order to calibrate the instrument to
its location of use in interpreting the outputs.
The purpose or overarching aim of this case study was to assess the environmental
performance of farmers in the study area in Costa Rica. More specifically, the objectives of this
case study are:
(1) To sample centrally within the study area in the Alexander Skutch Biological
Corridor, Costa Rica.

(2) To survey the farmers in the corridor using the Footprint Calculator to assess their
Ecological Footprint (consumption only) in terms of food, housing, and transportation
— which are the consumption categories in the Footprint Calculator.

(3) To compare the regional findings with national results using the most recent available

National Footprint Accounts.
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This will allow the results of the study to inform one of the chief criticisms of the Ecological
Footprint and biocapacity accounting regarding aggregation (see Chap. 6), as well as help to
contextualise the findings for biocapacity at the national scale. Specifically, by examining a part
of the country that is a biological corridor, it is possible to ascertain a lower boundary for the
national results. From this, one can ask the question: What lessons can be learned from the
corridor’s Footprint? This will be the major contribution of using this case study in Costa Rica’s

corridor, in addition to a critical approach to using the Footprint Calculator.

4.3 Study Area Sampling

There are at least 2000 farmers located in the Alexander Skutch Biological Corridor,
representing some 600 households (Luis Angel Rojas per comm 2020). Therefore, a sample of at
least 96 participating farms was needed for an overall representation at the 95 percent confidence
level (based on Eq. 4.1). The minimum sample size was determined using the following

equation:
~ 22
n=pgER?  (Eq40)

where p (‘p hat’) is the sample proportion (X/n) and § (‘q hat’)=1 - p or = n - X/n — where X =
number of sample units that possess the characteristics of interest and n = sample size. zy2 18
based on the z-score and E is the margin of error based on the estimated accuracy. In this case, £
is set at an error margin of 10 percent. The derived p value is around 50 percent and § is,
therefore, set at 50 percent. This works out to be 600 samples required based on a two-tailed
distribution, set to cover a broader range of the distribution due to uncertainty, where z,» = 1.96.
The required minimum sample size is, therefore 96 households.

Based on Fig. 4.3 (modified from Monge 2018, p 38, Figure 3), it is possible to estimate
the land area in the core corridor (in bright green), which spans elevations between 500 and 2500
m located in the greater corridor (ASBC in green). Towns in the study area are situated between

1500 and 2000 m in elevation (see Fig. 4.3).
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Fig. 4.3 The Alexander Skutch Biological Corridor — ASBC, including the towns: 1 =
Santa Elena; 2 = Trinidad; 3 = Quizarra; 4 = Montecarlo; 5 = San Francisco; 6 = Santa

Marta; and 7 = San Ignacio (Source: https://cobas.juturna.ca/#/)

The study area towns presented in this study include Santa Elena (SE, 1, including the
‘barrio’ or neighbourhood of Trinidad, 2), Quizarra (QA, 3), Montecarlo (MO, 4), San Francisco
(SF, 5, and Santa Marta, 6), and San Ignacio (SI, 7). The latter three towns (or ‘pueblos’) were
added because of a limited sample size in Montecarlo. These towns allowed for broader
sampling from the interior (core) corridor outwards towards its eastern border, roughly dissecting
the corridor across the middle (see Fig. 4.3). Survey areas were chosen based on landmarks
located throughout the towns and systematically sampled along the roadways in vicinity of these
landmarks (e.g., Coffee Pan, library, football field, school, etc. in Santa Elena), which usually
entailed main roadways. Snowballing was integrated by exclusively following up on ‘producing’

households, where there were farmers or those with crops or livestock, as indicated by
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participating neighbours. Also, our driver and field guide (Alex Fonseca) was instrumental in
directing us to people that he knew were campesino households.

The execution of the survey-interviews was performed in Spanish-speaking groups in
February to March 2020 — after the Faculty of Environmental Studies Research Committee at
York University approved the research proposal. Surveying was supervised by the lead
researcher (the author), who trained surveyors before initiating the fieldwork. This involved
going over the paperwork to be completed during the course of the fieldwork, as outlined in the
next section. Importantly, our driver and field guide (Alex Fonseca) became the first participant
in the study, so that the fieldworkers could practise executing the work in a safe environment
before heading out. Each group comprised a female and male because women — who were at
home during the day, when the survey-interviews were executed — felt more comfortable when
answering the door and seeing another female. For this reason, the groups included Jean Carlo
Vargas Mena accompanied by Mary Thornbush and Sharon Gonzalez Benavides with Maickel
Benavidas Jiménez. Alex Fonseca accompanied the group during these visits to monitor and
further oversee the safety of the survey groups.

Consent to participate was acquired on the spot by the surveyors (without signing in some
cases) because of a known preference by corridor participants to give oral consent. This
approach was necessary because of a known lack of trust by farmers in the study area for signing
to give consent. However, in practice, some of the participants did end up signing the consent
form because they knew our driver and field guide (Alex Fonseca) — who ultimately functioned
as ‘our gatekeeper’ to access the communities (cf. Spencer et al. 2014). Incentives were not
systematically deployed in this study, and we relied on the goodwill of campesinos to participate.
However, wherever possible, we offered to purchase something of interest from the participant
as a type of incentive, including plants, and more. Participants were very kind and, in some
cases, offered for us to sample some of their produce, such as organic oranges, and some offered
us refreshments. Because this is a well-researched area, there was an added question at the end of
the survey (in the follow-up questions part) asking participants how many times prior they had

been asked to participate in such research.
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4.4 Data Collection

The study incorporated both quantitative and qualitative research methods in a mixed methods
approach (after Gray and Morant 2003). This was executed using survey-interviews comprising
both closed-ended questions (in the Footprint Calculator survey portion) and open-ended
questions in a follow-up short interview with participants. The latter was designed as a short
interview so as to accommodate up to 5 minutes of interaction with participants in order to
minimise the overall time of the survey-interviews. The research process involved five stages
(Box 4.1) executed by a surveying team of three campesinos from the study area accompanied by
the author as lead researcher, in two teams of two surveyors, and took no more than a half-hour
(and, ideally, as close as possible to 20 minutes) at each household. All five stages are elaborated

in the next subsections.

Box 4.1 Stages in the Research Process

Stage 1: Informed Consent (2—5 minutes) — conveying information about the research topic
and main study objectives; oral consent (signed form by researcher on behalf of the
participants) — if agreed, proceed to Stage 2

Stage 2: Demographic Information (2 minutes) — written responses to preliminary questions
regarding demographics and farm attributes — proceed to Stage 3 when completed

Stage 3: Farmer Survey (10—15 minutes) — closed-ended questions, with responses written
on paper and later transferred to online Footprint Calculator (via the Global Footprint Network

website: http://www.footprintcalculator.org/) to obtain a final score — proceed to Stage 4 when

completed

Stage 4: Follow-Up Questions (5 minutes) — open-ended questions structured around
responses to Stage 3 survey; any added commentary — proceed to final Stage 5 when
completed

Stage 5: Wrap-Up (1-3 minutes) — any final questions or clarification on any of the previous

stages

Each of the two groups followed the protocol outlined in Appendix 1 based on these five
stages. The datasheet was completed by the same people in each group during the fieldwork. It
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was designed to accommodate Spanish as the spoken language, so that all questions in the
Footprint Calculator survey were translated using the Footprint Calculator website

(https://www.footprintcalculator.org/) Espariol version.

4.4.1 (1) Informed Consent

Because of the aforementioned known distrust among campesinos to give signed informed
consent, this was attained orally on site. In the first step of the research process, informed
consent was obtained at cach household when potential participants were first approached.
Surveyors briefly introduced the research scope and ambition (Appendix 2). If those approached
agreed to participate, then surveyors were instructed to sign on their behalf, denoting oral
consent. In some cases, however, participants agreed to sign the consent form. Several
participants expressed interest in having follow-up information sent to them in some way (e.g.
pamphlet, presentation) to disseminate the study findings, informing them of the findings. Their
addresses were noted in anticipation of this future contact. Importantly, those approached were

household heads who represented the entire household.

4.4.2 (2) Demographics

The purpose of collecting demographic information was to know more about the study
participants in order to have details of their household configuration and farms independently of
the Footprint Calculator survey and follow-up questions. Because the question asking about the
number of people in their households was already included as part of the Footprint Calculator
survey (see Question 5 in Appendix 3), this was excluded from the demographic questions.
These were closed-ended questions (with set ranges and options). Annual income was asked in
US dollars rather than in the national currency of colones. The reason for this was because the
options for this question were based on a GDP per person of 9592 for 2016 (Global Footprint
Network 2019, Open Data Platform), entered in the survey as US$10,000. However, there was a

mixture of currency responses noted (see Appendix 1).

4.4.3 (3) Farmers’ Surveys
The Footprint Calculator is available online from the Global Footprint Network

(https://www.footprintcalculator.org/). It uses three major consumption categories (food,
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housing, and transportation) to determine the Ecological Footprint of those completing the
survey — at whichever scale deployed. In this case, households of peasant farmers ‘campesinos’
form the level of analysis, which was aggregated locally to encompass the towns in the study
area within the corridor. Sample size for the farmers’ surveys was based on a minimum of 96
surveys (see section 4.3). To reiterate from section 4.3, this was established based on a margin of
error set at 10 percent and equal probabilities (of previously unknown standard deviation) set to
50 percent for a two-tailed distribution at 5 percent significance level (p = 0.05, 95% confidence
level).

The Footprint Calculator survey is available in Spanish from the Global Footprint
Network website. A summary of the questions asked appears in Appendix 2 (see Appendix 1 for
the Spanish version). These questions are used in combination with the National Footprint
Accounts to determine the global hectares consumed for each surveyed household. In practice,
however, not all these questions were asked in order to keep the time of the survey-interviews
closer to 20 minutes. For this reason, questions that participants would not have known the
answers to (e.g., Q12 on car efficiency, Q9 on renewable energy) or irrelevant questions to the
study area (e.g., Q13 on carpooling, Q15 on flying) were excluded and ‘general’ responses used,
as indicated (in underlined, bold) in Appendix 3. Moreover, some answers tended to be repetitive
(e.g., Q3 on housing type, Q4 on house construction — to some extent, as these were the same
across households in the study area). In fact, some became so obvious that it was unnecessary to
ask them, and they were dropped later in the study to reduce the survey time; for example, all
properties had electricity (Q7) and nobody travelled by train (Q14) — as there is no local train
service. This will be discussed in detail later in the next chapter (Chap. 5) as part of the fieldwork
findings.

According to David Lin (pers comm 2020) of the Global Footprint Network (Oakland,
CA), there are quite a few steps before even beginning the calculation used by the Footprint
Calculator. The National Footprint Accounts is the base dataset, which must be categorised into
consumption categories. This is done first by applying the National Footprint Accounts as an
environmental extension to a Multi-Region-Input-Output (MRIO) model. From this MRIO
model’s outputs, the Global Footprint Network then develops the Consumption Land-Use Matrix
(CLUM) based on category concordances. Then CLUM serves as the basis of a hybrid top-down

and bottom-up calculator. All these processes are quite complex, and there are very few
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publications on this. One recent publication by Collins et al. (2020) addressed role of personal
Footprint calculators in helping people understand how to live within the limits of one planet.
This article also contains a mini review of previously published articles and books dealing with

calculators to consider the contribution of personal Footprint calculators.

4.4.4 (4) Follow-up Interviews

Semi-structured follow-up interviews were based on the following main survey questions:
1. What type of crops do you grow, and in what proportion?

How much do you grow in a year?

Where do you sell your crops?

Are you participating in Fair Trade or organic farming?

Do you use fertilisers or pesticides?

Do you benefit from Payments for Ecosystem Services?

A R R

Have you ever been approached before to complete a survey or an interview? If so, how
many times and when?

These questions were administered in person in the presence of a translator, obtained with oral
informed consent. Up to four survey-interviews per group per day across 12 days in February to
March 2020 was enough to draw a sufficiently large sample in excess of 96 farming households
located in the corridor to enable engaging with a variety of household demographics, farm sizes,
and crop types. The interviews were structured around the survey responses from each farmer
survey (completed by household heads) based on the Footprint Calculator, divided into the three
main sections of the consumption categories: food, housing, and transportation. The short
follow-up interviews were intended to supplement the closed-ended questions on the farmers
survey (based on Footprint Calculator), and expanded upon these to provide context using a few

open-ended questions and any added commentary.

4.4.5 (5) Wrap-up

In this final portion of the research process during the fieldwork component, participants were
asked for questions of their own either to clarify the research process, tools or instruments, and
the study’s rationale. They had the opportunity to clarify any confusion or voice any concern.

They could also add to their answers at this point or return to a question or point. Importantly, a
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final question is whether they had been previously approached (at any time before) to volunteer
as research participants in other studies. The reason for this question was to assess whether
individual participants, as well as the survey sample, has been overexposed to studies and,

consequently, is considered to be ‘exhausted’.

4.5  Data Analysis
The quantitative results based on the Footprint Calculator (farmers’ surveys) contained details
regarding Earth Overshoot Day — the date on which as much from nature has been extracted as

the Earth can renew the entire year — e.g. July 29, 2019 (https://www.overshootday.org) for all of

humanity. It was August 10, 2019 for Costa Rica (refer to section 2.1). Generally, Earth
Overshoot Day has been arriving carlier each year for the world tied to the number of Earths that
humanity requires to support its resource needs and lifestyles (see Fig. 3.6). However, because of
the COVID-19 (coronavirus) epidemic, this has been reduced to August 22, 2020 this year for

the world (https://www.footprintnetwork.org/our-work/earth-overshoot-day/). The Global

Footprint Network is asking that such a contract of the Ecological Footprint occur by design
rather than disaster.

A vital output for data analysis is the Ecological Footprint itself in global hectares (gha) —
defined as the biologically productive (or ‘bioproductive’) area with world average productivity
that is required to provide what the person consumes. Currently, 1.75 Earths are needed to
sustain human consumption (Global Footprint Network 2019), which is determined by dividing
all the planet’s productive area by the number of its inhabitants. This result can be compared at
different scales to the entire planet, at national level, regionally, and so on — so that a regional
comparison can be made within the study area. By adopting the Footprint Calculator, it is
possible to discern individual-household responses that can be aggregated to the household—
community level (e.g., towns) in the determination of a local-regional Ecological Footprint
(local representing the towns and regional the Alexander Skutch Biological Corridor).

The qualitative analysis of follow-up (semi-structured) interview content was transcribed
in English onto a summary table (in addition to other tables available for demographics and the
results of the Footprint Calculator, which are available in a spreadsheet). These results will

appear in the next chapter (Chap. 5). This content was linked to household demographic
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information attained from participating farms. The entire process of documenting the follow-up
interviews involved an analytic journey (cf. Spencer et al. 2014) based on four stages:
(1) design and sampling — where the Footprint Calculator survey was transcribed from

the Global Footprint Network website (https://www.footprintcalculator.org/) and the study area

and towns chosen based on preliminary visits to the corridor and maps (e.g., Montoya and
Martinez 2015, p 17), as well as a calculated lower limit for sample size to be as evenly as
possible distributed among the corridor towns;

(2) data generation/collection — during the fieldwork phase, through the execution of the
survey-interviews in Spanish-speaking groups, where responses were recorded on paper by
completing the ficldwork datasheet (see Appendix 1) after informed consent was attained (orally,
but sometimes in writing) according to the form in Appendix 2;

(3) analysis — that involved amassing statistics and creating tables and graphs for the
dissemination of the results to be deployed in the final stage; and

(4) reporting — covered in the next chapter, denoting the findings.
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CHAPTER 5: Case Study — Findings

It should be noted at the onset of this chapter that the participation rate in this study was
extremely high. Very few households declined being part of the study because they had either
already participated in a study (e.g., the previous day) and did not wish to partake of another or
for no given reason. This makes for a participation rate exceeding 95 percent (for a total of 120
participating households). Only producing households were included in this sample, so some of
them could not participate in the study, although they would otherwise have done so (and these
were excluded from the participation rate). People were very generous with their time, especially
as they were not normally compensated, and answered all questions to the best of their ability
and understanding. They were more likely to participate if the survey-interviews did not exceed
20 minutes.

We will now turn to the findings of the case study based in the Alexander Skutch
Biological Corridor of Costa Rica. These results are presented here according to the general
structure of the survey-interviews, according to demographics, farmers’ surveys, and follow-up
interviews. Some discussion appears alongside these findings for elaboration and to provide

some context.

5.1 Findings with Discussion

There are 14 results (in gha) among the Footprint Calculator outputs. Additionally, there are
another two results — one is the identification of Earth Overshoot Day and, the other, the
proportion of the carbon Footprint set against the total Ecological Footprint. Besides getting an
Ecological Footprint calculation in global hectares, one is also provided in the number of Earths
(no. Earths) required to sustain the lifestyle of the person who completed the survey. Again,
although there is no biocapacity for comparing the Ecological Footprint outputs, the number of
Earths can be deployed for comparison to a one planet (or 1 Earth) level needed to sustain
resources at the global scale. As noted in Box 5.1, to reiterate, it is ideal to keep the latter to 1
Earth in order to prevent ecological overshoot at a global scale. The results are also conveyed
using land types (for the six components) as well as five consumption categories, including food,
housing, and mobility as well as goods and services that are also outputted with the results.

These results are output for each participant (household heads representing household
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consumption) in the survey-interviews, with the results presented in this chapter according to the

towns sampled as well as overall for the corridor.

Box 5.1 Footprint Calculator Outputs

Your personal Earth Overshoot Day is: E.g., 16 May

[Information: If everyone lived like you, Earth Overshoot Day would be on this day. This means
by this date we would have used as much from nature as Earth can renew the entire year. In 2018,
Earth Overshoot Day for humanity is August 1.]

If everyone lived like you, we would need E.g., 2.7 Earths

[Information: How do you compare? Average number of Earths: USA 5, Germany 3.2, China 2.1,
S. Africa 2.0, and Brazil 1.8]

Why can’t I get my Footprint score within the means of one planet?

By land type — Built-up land, Forest products, Crop land, Grazing land, Fishing grounds, carbon
Footprint

By consumption category — Food, Shelter (or Housing), Mobility, Goods, Services

E.g., *4.6 Your Ecological Footprint (global hectares or gha)

[Information: Your Ecological Footprint is the biologically productive area required to provide
everything you consume. The Ecological Footprint can be compared to biocapacity, which is the
productive area that exists on our planet, in your country, or in your region. |

A global hectare (gha) is a biologically productive hectare with world average productivity. A
hectare is 10,000 square metres or about 2.5 acres. Currently, our planet has about 1.7 global
hectares available per person. That’s all the Earth’s productive area divided by the number of
people alive today.]

E.g., *7 Your carbon Footprint (CO; emissions in tonnes per year)

E.g., *53 Your carbon Footprint (% of your total Ecological Footprint)

Transcribed by Mary Thornbush, Faculty of Environmental Studies, York University (Email:

mthornbu@yorku.ca) based on: http://www.footprintcalculator.org/.
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5.2 Demographics

Table 5.1 provides a summary of the descriptive statistics (average + standard deviation, sample
size) for the different locations sampled during the course of the fieldwork. Across the six towns,
overall, in the corridor sample there were 36 percent female participants in this study.
Participants’ average age was 55 & 15 years (n = 117) and they had been at their farms an
average of 26 + 18 years (n = 111). Their average farm size was 6 £+ 13 hectares (n = 114) and
the income derived from that property was US$1641 = $2294 based on those participants that
revealed their specific income (n = 55) — rather than the set ranges. San Ignacio represented the
youngest sample on average. Santa Marta had participants who were the longest (on average) on
their farms, although the sample size was very small in these towns. The average declared farm
size appeared to be largest in San Francisco, and smallest in Montecarlo and Santa Marta —
where the average self-reported income was the lowest. The place that specified the highest
average income from their farms was Santa Elena in the core corridor.

As evident in Fig. 5.1, there is a strong positive linear relationship between income and
the Ecological Footprint (» = 0.436). This correlation is stronger than for the positive linear
correlation evident between income and the carbon Footprint (» = 0.316). This suggests that a
higher income is increasing the Footprint in the study area. This finding is supported by other
studies (e.g., consumption as income dependent, Fiala 2008; addressed by Levett 1998; Minx et
al. 2009; and the assumption (consumption divided by income) made by Wackernagel 1998),
that also found income to be associated with larger Footprints. Lenzen and Murray (2001)
addressed this in some detail, suggesting that demographic factors (including income,
expenditure, size, and the location of households) be examined because for an income increase of
10 percent they found the Ecological Footprint to increase 3.8 percent. Moreover, they posited
high-income consumption to be less ‘land disturbing’ than at low incomes (Lenzen and Murray
2001, p 244, Fig. 1), since the production of necessities (food, energy) is more land-disturbing
than that of luxuries (recreation, financial services). In addition, household expenditure can be
held as a better proxy for land use than income because not earning money and spending it exerts
environmental pressure. Furthermore, the Ecological Footprint is lower in larger households due
to the effects of sharing.

How does the Ecological Footprint account for reuse, recycling, and shared things? It

only seems to entail the impact of reduced (or not) consumption. In Portugal, for example, Galli
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et al. (2020) found Almada to have the highest per person Footprint in 2016 likely due to its
proximity to Lisbon, as the capital city and region in Portugal with the highest incomes, affecting
the spending power of residents (Almada had the highest purchasing power attributable to
tourism). Similarly, van den Bergh and Verbruggen (1999) considered changing income to have

an indirect effect on consumption through changes in spending.

Table 5.1 Descriptive statistics of study sample demographics
Location Gender Average Years at Farm Size Annual
(Females: | Age (Years) Farm (hectares) | Income (US$)
Males)

Santa Elena 13:37 59.2+£139, |272+16.5, |57+13.4,n 23644+

(SE=50) n=47 n=42 =46 3001.6,n =23

Quizarrd (QA = | 11:19 53.6+£15.0, |265+17.5, |54+85n |14354+

30) n =730 n=30 =30 1522.4,n=13

Montecarlo 3:7 53.9+129, [205+17.7, |1.6+13,n |476.0+388.4,

(MO =10) n=10 n=10 =9 n=>5

San Francisco 9:8 545+17.0, (2721192, [93+224,n | 10875+

(SF=17) n=17 n=16 =17 19953, n=28

Santa Marta 2:1 52.7+179, |373+32.1, |1.4+£1.0,n |730.0+664.7,

(SM = 3) n=3 n=3 =3 n=2

San Ignacio (SI | 5:5 46.6 =153, |[23.3+187, |[2.7+25 n |1175.0+

=10) n=10 n=10 =9 1260.6,n =4

Corridor (CR = | 43:77 5544149, |263+17.7, |55+129,n|1641.5+

120) n=117 n=111 =114 2293.5,n =355
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5.3 Farmers’ Surveys

These surveys were based on the Footprint Calculator. For the six components based on land
type of the Ecological Footprint (Fig. 5.2), the results convey the greatest standard deviation for
grazing land and fishing grounds (Table 5.2), which reflects the disparate responses in these two
components (see Table 5.2). The most critical components among the sampled population were
the carbon Footprint and crop land (see Fig. 5.2) — which is perhaps unsurprising for farmers.
However, the carbon Footprint was higher than expected and it was sensitive to transportation
(e.g. distance travelled) — and the standard deviations were also greatest for these components,

indicating more varied responses relating to them than the other components (see Table 5.2).
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Table 5.2 Summary findings for the six Ecological Footprint components

Sample Crop Grazing | Forest land Fishing Built-up Carbon
land land grounds land (gha)

SE50| 0.8+04 0.1£0.1 0.4=+0.1 0.1£0.1 0.1 0.1 1.5+0.9

QA30| 08+04 0.0£0.1 0.4=+0.1 0.1£0.1 0.1£0.0 1.3+£0.3

MOIO| 0.8+04 0.1 +0.1 0.4+0.1 0.0+0.1 0.1+0.1 1.5+0.5

SF17| 0.7+0.2 0.0+0.1 0.4+0.1 0.1+0.1 0.1+0.0 1.5+04

SM3 | 0.7+0.1 0.0+0.1 0.3+0.1 0.0+0.1 0.1£0.0 1.2+0.2

SI1o | 0.8+0.5 0.1 +0.1 0.4+0.1 0.1+0.1 0.1+0.0 1.3+04

Average | 0.8+0.3 0.1+0.1 0.4+0.1 0.1+0.1 0.1+0.1 1.5+£05

The consumption category with the highest average was food, followed by goods and
services and housing, with mobility last (Fig. 5.3). Of these categories, responses were most
varied concerning food, goods, and mobility (and least varied — or more consistent — for housing

and services) — Table 5.3.
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Table 5.3 Summary findings for consumption categories of each town
Sample Food Housing Mobility Goods Services
SES0 0.9=+0.6 0.5+£0.2 0.4+0.7 0.5+04 0.6+£0.3
QA30 0.8+0.6 0.5+£0.2 0.3+0.2 0.5+04 0.6 0.1
MOI10 0.9=+0.7 04+0.2 0.3+0.3 0.7+0.7 0.7+0.1
SF17 0.7+04 0.5+0.2 0.4+0.3 0.7+04 0.6+£0.1
SM3 0.7+0.2 0.5+0.3 0.3+0.3 04+0.5 0.5+0.0
SI10 0.9=0.8 0.5+0.2 0.2+0.2 0.5+04 0.6+0.2
Average 0.8+0.6 0.5+0.2 0.4+04 0.6 0.5 0.6+0.2

According to the Global Footprint Network (2019), Earth Overshoot Day for Costa Rica

was August 10, 2020 (see section 2.1). The result was similar to the corridor average (August 17,

2020) acquired for households in this sample. According to the Global Footprint Network

(2019), Costa Rica’s Ecological Footprint was 2.7 global hectares per person in 2016 (compared

to 2.8 gha per person for the world then). By comparison, in Table 5.4, the towns in the study

area within the corridor are overall very similar. The Ecological Footprint of participating
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households in the study area was 2.9 global hectares (Fig. 5.4), with around half of this total
attributable to carbon emissions (on average 4.2 tonnes/year of COz). The standard deviation
around these values tended to be low, especially for the Ecological Footprint. This indicates that
there was not very much disparity in the household Ecological Footprint between the corridor
towns sampled, with averages between 2.4 and 3.1 global hectares at the extreme, respectively
for Santa Marta and Santa Elena — a difference in the averages amounting to 0.7 global hectares.
These results suggest that these small-scale farmers are not living within 1 Earth, as their average
score was 1.7 Earths (see Table 5.4) — this is comparable to Costa Rica’s 1.7 Earths for 2019
(Global Footprint Network 2019; see Table 3.1). This finding is surprising because one would
expect small-scale farmers to have less of an environmental impact as producers, which helps to
balance consumption. However, since the Footprint Calculator does not input information for
biocapacity (e.g., as evident for the carbon component), perhaps there is overestimating their

environmental impact and hindering their measured overall environmental performance.

Table 5.4 Summary of the Footprint Calculator results for each town
ID Earth Overshoot No. Earths EF (gha) cF (CO; % Total EF
Day emissions,
tonnes/year)

SES0 20-Aug 2020 + 1.8+0.8 3.1+14 44425 494 +6.3
69.1

QA30 03-Sep 2020+ 62.9 | 1.6 £ 0.5 2.7+0.8 3.8+0.9 492 +5.7

MO10 | 08-Aug 2020 + 1.8+0.4 3.0+£0.7 44+13 50.2+9.0
55.7

SF17 08-Aug 2020 + 1.7+0.3 2.9+0.5 44+1.1 52.2+6.8
37.4

SM3 16-Sep 2020 +£39.6 | 1.3 £0.1 24+04 3.5+£0.6 50.0 + 3.5

SI10 06-Sep 2020 £ 65.6 | 1.6 £ 0.6 2.7+1.1 3.7+1.2 473 +6.1

Average | 17-Aug 2020+ 56.3 | 1.7 £0.5 2.9+08 42+1.5 50.3+7.0
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5.4 Follow-up Interviews

The results of the follow-up interviews are summarised next — based on the English translation
provided by the Spanish-speaking surveyors who helped to execute the fieldwork (see
Acknowledgements). In this section, each of the seven (open-ended) interview questions will be

portrayed individually in terms of their findings.

5.4.1 Q1: What type of crops do you grow, and in what proportion?

There were four main or primary crops in the study area. They were coffee, followed by cattle
(cows), and then grass (for cattle) as well as sugarcane (Fig. 5.5). Secondary crops included
lychees, pepper, and cacao as well as fruits and vegetables and so on — in quantities of <2
hectares (except for SF02, where 3 hectares of land were being protected). These constituted a
total of 267.2 hectares. Commonly, coffee was grown as the primary crop and sugarcane or cows
with grass for cows as secondary crops. Crops were sometimes mixed, with up to four crops
listed; but more often there were monocultures (in 75 cases, or 78%), where only one crop was

grown — usually coffee (Fig. 5.6). It should be noted, however, that pastoral farming (mostly

69



cattle and some pigs) sometimes occurred alongside arable farming. It was less common to grow

a mixture of crops beyond four crops, although this did occur in the study area.
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Fig. 5.5 Quantities of crops grown in the study area reported by farmers in the corridor

(3. =267.2 hectares, n = 107)
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5.4.2 Q2: How much do you grow in a year?

It should be noted first that 2019 was used as the year for these estimates. Coffee was the easiest
crop to monitor in terms of annual yields (Table 5.5). A total for the study area was 2927 fanegas
(n="177), where 1 fanega or bushel = 46 kilograms or about 100 pounds (a total of 2927 kg or
6452 1b). This was grown in a total of 142 hectares (n = 76), for a yield of 21 kilograms per
hectare or 45 pounds per hectare. An average of 38 & 54 fanegas (or 1748 kg = 3854 Ib) of
coffee were produced in 2019 based on self-reported data from the collected sample. They were
grown on an average of 2 + 2 hectares of land. This makes for an average yield intensity of 0.54
fanega per hectare, or roughly 25 kilograms or 55 pounds per hectare. The standard deviations,
however, are greater than the averages — so, there is much disparity in the average yield intensity

of coffee crops.
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Table 5.5 Crop yields self-reported for 2019 in the study area

Fanegas | Sugarcane Income Land size for coffee Total income
(Ib) (USS) (hectares) (USS)
Total | 2926.5 673,775.0 11,700.0 142.4 81,080.0
Average 38.0 61,252.3 1063.6 1.9 1725.1
StDev 53.5 104,187.6 1071.9 2.1 2464.9
n 77 11 11 76 47

The income generated from this production totalled USS$81,080 (n =47). On an average
houschold basis, this amounts to US$1,725. This means that these farming households are living
on <US$2000 per year based on their agricultural production for coffee. For this reason, other
crops often accompany this primary crop, as demonstrated in Table 4.2, for example cattle and/or
grass. Some (newer) crops that are becoming more popular are lychees, peppers, and roots;
however, more traditional crops such as cacao, bananas, plantains, citrus, and other fruits and
vegetables are still planted. Chickens are sometimes also kept to produce eggs — either for

household consumption or to be sold.

5.4.3 Q3: Where do you sell your crops?

Approximately half of participants (51%) mentioned that they sold their crops to CoopeAgri
(Fig. 5.7), although there were a few that referred to other cooperatives. For example, Volcafe
was referred to in Montecarlo (5%), Quizarra (1%), and Santa Marta (1%). CoopeCedral (1% in
San Francisco and 1x in Santa Marta) and others, such as CENADA, were also mentioned.
Animals were sold at auction (9%). In some cases, products were sold locally to other people
(12%) and to family and neighbours or other farmers. A woman’s organisation (Amacobas) also
supported agricultural production in at least a couple of cases in Quizarrd. In one case, produce
(vegetables) was being sold at the supermarket and local school. Sometimes people were

producing — either partly or wholly — for their own consumption (11%).
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5.4.4 Q4: Are you participating in Fair Trade or organic farming?

Eighty percent of the farmers who participated in this study responded ‘No’ to this question.
Only 18 percent of farmers participated in some way (either partly or wholly). Most of them
needed this question to be elaborated and the author suspects that more than the three cases noted
in Table 5.6 were unfamiliar with ‘Fair Trade’ in particular. This could be because Fair Trade is

only possible with cooperatives, so that a single family cannot usually be certified Fair Trade.

Table 5.6 Summary of Fair Trade and organic farming results (z = 120)

Yes No Does not know

21 (17.5%) 96 (80.0%) 3 (2.5%)

Some farmers did express an interest in practising organic farming. However, as stated by
SEO1: ‘Organic products need more money, time, and people and [they are] more difficult to sell,
as there is no market to sell locally’. Another participant (QA13) wanted to establish an organic
farm, so did not use a lot of chemicals, but found that it is difficult; and hoped that in 2 years

they could produce organic vegetables. Others (e.g., QA17), were of the opinion that, ‘there is no
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profit to produce organic coffee’. Another participant (QA19) noted that, ‘it is better, but no; it is
hard to be organic, [and] people need convincing’. For example, in the case of SF12 — who
expressed that, “if [one] wants to make land organic, [they need to produce] less because trees
grow so fast; so, it is necessary to use both organics and chemicals’. At least six individuals
desired to become more organic in their farming practice, while some 10 already used organic

farming.

5.4.5 QS5: Do you use fertilisers or pesticides?

Seventy percent of those interviewed reported using some proportion of chemicals to enhance
their farming. Nearly a third (29%) used natural (nonchemical) approaches. Only one case
seemed to lack understanding of this question, so that evidently most farmers were aware of this
issue (Table 5.7). In their responses to this question, participants expressed a desire to use
organic fertilisers such as manure. They usually qualified a “Yes’ response by saying ‘not so
much’ (SE14) and that they ‘try to use as much as needed’ and no more because they are ‘trying
to be organic’; in other words, ‘A little fertilisers and pesticides when needed; trying to be
organic’ (SE40). Also, for example: ‘Yes, [but] tries to change; wants to protect the
environment’ (SE20). Some reduce their frequency of use, if not the quantity, for example
(SE26): “Yes, not often — when needed (2 or 3 times per year)’ and (SE50): ‘Try using only
fertilisers, but sometimes use pesticides (1 per 1.5 years)’. Others provided some explanation of
reduced use: ‘Yes, both — but minimum,; [trying] to protect the environment, e.g. using trees and
using less chemicals’ (MO07). Some explained that, ‘it is hard to farm without pesticides’

(SE46).

Table 5.7 Summary of fertiliser and pesticide use results (n = 120)

Yes No Does not know

84 (70.0%) 35 (29.2%) 1 (0.8%)

The Hemileia vastatrix ‘roya’ fungus is another problem that they resolve through
pesticide use: ‘[Try] to reduce chemicals, but bacteria comes twice per year’ (SE48). Another
person mentioned that: “Yes — this year because of fungus problem; people know about the bad

of pesticides; the community tries to Blue Flag and think about the next generation’ (MOQ09).
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The Blue Flag programme was also referred to by another participant (QA16) and, therefore,
merits explanation.

Costa Rica’s ‘Blue Flag Ecological Program’ is concerned with water quality, and was
originally established in 2002 to protect the country’s beaches from pollution (source:

https://web.archive.org/web/20160412220826/http://www.visitcostarica.com/ict/paginas/mapas/a

reasurf.asp). It allows for multi-stakeholder engagement, including citizen participation. Among
its assessment criteria are water-related quality (affecting oceans, coasts, and potable water) as
well as environmental education plus security and administration. This means that these
participants are concerned for pollution-related issues that affect their water supply, including
garbage, industrial waste, and run-off water (as into rivers).

One participant claborated that, “No — [does] not use chemicals for almost 15 years, but
[uses] natural things to keep clear of bugs and fungus; keep trees by themselves’ (QAO08). They
were more inclined towards using fertilisers than pesticides, as for example (QA03): ‘Yes, uses
fertilisers, but less so pesticides’; similarly (SF10): ‘No fertilisers, but ... a little pesticides
(rarely)’. Another farmer noted: ‘Rarely — leaves the grass that cuts behind as ground cover and
to fertilise crops’ (SF08). Organic fertilisers were used by at least four participants, with one

mentioning the use of ‘manure for fertiliser’ (SI07).

5.4.6 Q6: Do you benefit from Payments for Ecosystem Services?
By far, the most incomprehensible question was this one (followed by Fair Trade in Q4). The
interviewer had to explain — with few exceptions — what this meant in their own words at almost
all of the follow-ups. In reality, this question should have been omitted from the study, that
concerned only small-scale farmers. Payments for Ecosystem Services is practiced more by large
landowners, since payments are based on the acreage forested that is being set aside — so that
land size matters. Most people (106 participants or 88%) answered ‘No’ here without further
elaboration. Those that did say more, in some cases, provided commentary on unrelated aspects.
This latter point also indicates confusion in understanding this question.

Those who responded positively tended to connect it to CoopeAgri. One person
explained that: ‘Some people came long time ago — they gave some trees to replant and 100,000
colones in equipment’ (SE40) — also (SI08): A few years ago, they gave some trees (likes to

have trees)’; similarly (MO10): ‘CoopeAgri gave ... some trees’. One individual mentioned that
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he: ‘Participated with CoopeAgri for conservation of [the] Penas Blancas River’ (QA16);
likewise: ‘A few years — with CoopeAgri’ (SF06). A participant was closely aware of it: ‘No, but
... knows about that because [works] for the cooperative’ (S106). Another participant
commented that: “No, but Amacobas produce 500 trees per year for Blue Flag” (QA09). In a
couple of instances, those participants who admitted to not knowing about this, wished to learn

more (e.g., SI10).

5.4.7 Q7: Have you ever been approached before to complete a survey or an interview? If
so, how many times and when?

Some 26 participants (22%) had not been interviewed before and this was their first interview. It
was important to ascertain this because of the phenomenon of ‘interview exhaustion’ that could
occur within a community such as this one that is linked to a university. A few people noted that
Los Cusingos had dropped by as well as more commonly students — mostly from York

University.

5.5 Conclusions

This chapter has provided some reassurance that the case study brings a novel contribution by
reaching almost a quarter of new participants in the study area. It also conveys a lack of
familiarity among case study participants regarding concepts such Payments for Ecosystem
Services and Fair Trade. Perhaps this is the product of individual familiarity of farmers and does
not reflect the knowledge of policymakers and (educated) town officials. The local context is
extremely important here, as most participants in the case study were uneducated and reliant on
outreach from experts from places such as York University, Los Cusingos, CoopeAgri, and so
on.

Although some of the main findings have been presented in this chapter, the next chapter
includes other material derived from the survey-interviews that has not been addressed so far in
this paper. Furthermore, a discussion of the implications of the findings and consideration of the
potential solutions will ensue (Chap. 6). As revealed in the current chapter, though, the
Ecological Footprint of study area households comprising small-scale peasant (campesino)
farmers was on average greater than the national value published in the 2019 Edition of the

National Footprint Accounts. This implies that aspects of their lifestyles need to be scrutinised
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and suggestions made for (behavioural) change, assuming that the results are revealing of their

lifestyles and not attributable to error (which will be considered next).
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CHAPTER 6: Implications

It is important to consider the ramifications of the fieldwork findings for the sampled study area
in comparison to Costa Rica at the national level and globally to the world. This chapter revisits
the fieldwork results from the study area in the Alexander Skutch Biological Corridor, and
examines the solutions presented by the Footprint Calculator, for the categories of city, energy,
food, and population. It is important to do this because some local-regional lifestyle or cultural
trends in the corridor may operate to lower or augment the Ecological Footprint (and
biocapacity), offering lessons learned or solutions.

When compared to the world’s Ecological Footprint of 2.8 global hectares per person for
2016 (Global Footprint Network 2019), Costa Rica’s Ecological Footprint is similar at 2.7 global
hectares per person. To achieve strong sustainability, nations need to maintain a low Ecological
Footprint and maximise their biocapacity in order to avoid getting into deficits and ecological
overshoot. Overall, Costa Rica has a biocapacity that is sufficiently large (1.6 gha per person, the
same as for the world’s biocapacity per person, according to the Global Footprint Network 2019)
to support its current Ecological Footprint, so that it is in a slight deficit (of -1.1 gha/person).
This deficit is likely greater than the anticipated deficit for the study area in the Alexander
Skutch Biological Corridor. The reason for this is that these are producing households that grow
crops and, thereby, their (arable farming) production activities should curtail their carbon
Footprint, which is a substantial part of their total Ecological Footprint. Nevertheless, more cattle
(pastoral farming) in the corridor could further contribute to methane release — although this
waste product is not specifically measured by the Ecological Footprint and biocapacity
accounting at present.

According to Lin et al. (2018, p. 9), Earth’s ecological overshoot commenced in the
1970s and continues to grow at an average rate of 0—4 percent per year. For Costa Rica, as
examined in the previous chapter (Chap. 5), ecological overshoot began in 1991, some 20 years
later. Ecological overshoot is indicative of the depletion and degradation of natural capital
accompanied by an accumulation of wastes (in the atmosphere and elsewhere). Ecological
overshoot can be seen through deforestation, biodiversity loss, soil degradation, fisheries

depletion, and climate change (Lin et al. 2018).
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This chapter revisits the findings from the previous chapter (Chap. 5) in an overview and

discussion of the current state in the study area of the Alexander Skutch Biological Corridor

compared to the national situation for Costa Rica. Solutions are presented and considered in view

of the fieldwork results. The lessons learned from these solutions as well as stemming from the

fieldwork are outlined and scrutinised, including sensitivity analysis. Finally, the fieldwork

contributions appear last in this chapter before the conclusions.

6.1

Results for the Corridor

From the previous chapter (Chap. 5), the following points can be gleaned:

Demographics — mostly men in their mid-50s participated in the survey-interviews in the
corridor case study. The average participant had resided on their farm for over 25 years
and were landowners. Their land was on average approximately 5 hectares in size and
they reported making <US$2000 per year.
Farmers’ surveys — Out of 120 participants in this study, the average carbon Footprint
was calculated at the household level to be <1.5 global hectares. The Ecological Footprint
of participating households was on average almost 3.0 global hectares. These small-scale
farmers scored highest on crop land as a land type and consistently lowest for the
components grazing land and fishing grounds. The highest values were received on
average for the consumption category of food. On average, their Earth Overshoot Day (in
the study area: August 17, 2020) roughly corresponded to the national result of August
10, 2020 (refer to section 2.1). Households in the corridor required >1.5 Earths to meet
their resource requirements.
Follow-up interviews — Based on the seven supplementary questions asked, it was
possible to discern the following:
o Q1: What type of crops do you grow, and in what proportion? Coffee was by
far the most frequently grown crop by these farmers, including mainly as a
monoculture crop, but also as part of a mixed crop system that tended to include
up to four primary ‘staple’ crops. Among their main produce was coffee as well
cattle and grass, plus sugarcane; followed by lychees, pepper, and cacao as

secondary (and newly introduced) crops.
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Q2: How much do you grow in a year? Farmers produced nearly 3000 fanegas
(or bushels) in 2019 on almost 150 hectares of land. This resulted in
approximately 138,000 kilograms or about 14 million pounds, an average annual
yield of almost 1000 kilograms or 10,000 pounds per hectare. Their average stated
annual income from this production was in the area of US$81,000, or <US$2000
per household, each year.

Q3: Where do you sell your crops? The top buyer of their produce — purchasing
about half of their products — was by far CoopeAgri. However, there were another
13 buyers.

Q4: Are you participating in Fair Trade or organic farming? Although most
farmers did not understand what ‘Fair Trade’ represented; nevertheless, they were
enthusiastic about fair dealings with others as well as participating in organic
farming.

QS5: Do you use fertilisers or pesticides? They preferred using fertilisers over
pesticides, especially organic fertilisers (manure). The farmers understood the
benefits of using both of these, but also considered harsh chemicals that are
harmful to the environment. They commented that they worked with the Blue
Flag Ecological Program wherever possible. Their use of artificial pesticides was
reduced as much as possible, especially to combat the roya fungus; they were also
cognisant of the need to spray as infrequently as possible in order to promote soil
health.

Q6: Do you benefit from Payments for Ecosystem Services? This was the least
developed of the responses in the follow-up interview. Participants often gave
simple ‘Yes’ or ‘No’ answers. Those that elaborated on their response sometimes
veered off topic or referred to forestation efforts by Los Cusingos or CoopeAgri.
They were largely unaware of any national benefits programme.

Q7: Have you ever been approached before to complete a survey or an
interview? If so, how many times and when? This final question in the follow-
up interview gauged the level of ‘exhaustion” among the sampled participants.

Almost a quarter of them were newly surveyed and had not been previously
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interviewed. Among those that had been interviewed before, they mentioned

(York University) students and people from Los Cusingos and CoopeAgri.

6.1.1 Error Analysis

The percentage difference of reported income has been based on the demographics section
enquiring about annual income versus information on yields provided in the follow-up interview.
The proportions have been calculated to assess the human error in reporting these figures — to
ascertain the consistency of information. Based on a subsample of 10 samples (Table 6.1), where
there was overlap in the responses, it was possible to determine an error derived using the

following equation:

Absolute value of the change

% dif ference = Average of the two numbers X 100% (Eq. 6.1)
Table 6.1 Calculations of percent (%) difference for reported income
ID V1 (US$) V2 (US$) V1-V2 (V1 +V2)/2 [VI-V2/(V1+
V2)/2] x 100%
SE08 | 200 200 0 200 0.0
SE16 | 400 400 0 400 0.0
SE17 | 3000 1200 1800 2100 85.7
SE18 | 400 400 0 400 0.0
SE20 | 3000 3000 0 3000 0.0
MOO02 | 80 80 0 80 0.0
MOO04 | 220 100 120 160 75.0
MOO0S5 | 1800 1000 800 1400 57.1
SFO1 | 800 200 600 500 120.0
SF02 | 800 400 400 600 66.7
Total | 10,700 6980 3720 8840 404.5

Half of the subsamples reveal no difference, indicating consistent reporting. However, the

remainder of the values in the subsample add up to a difference of 405 percent because
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participants provided inflated values for the first value (V1) in the demographics portion of the
questions — at the start of the survey-interviews. This could be because the second value (V2)
was for specific yields and they did not provide all yields (for all crops) or that their annual
income is based on something other than the specific agricultural yields that they reported.

As for the standard error, it was possible to determine this based on the following

equation:

Standard deviation

J/Sample size

Standard error = (Eq. 6.2)

Based on the previous chapter (see Chap. 5), for demographic information it is possible to
discern that annual income had the highest standard deviation (StDev) values. When the standard
error is calculated, it appears that the standard error is inflated for annual income — likely
because of high initial reported income during the demographics portion of the survey-
interviews. It should be noted here that although the sample size was low in Montecarlo (7 = 10)
for the reported annual income, its standard error is still lowest among the towns and corridor
standard error — conveying a consistency in responses.

For the Ecological Footprint, results were selected for a standard error check (Table 6.2)
where standard deviation values were highest — based on Table 5.5 in the previous chapter. This
error analysis conveyed that Earth Overshoot Day and % Total EF (of the cF) had the most
inflated standard deviation values across all Ecological Footprint components and consumption
categories. The average standard error for Earth Overshoot Day was the greatest of all at 5 days
for all corridor towns sampled. The other calculated standard error result for % Total EF was

below 1 percent, as shown in Table 6.3.
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Table 6.2 Standard error of self-reported annual income

Location Annual Income (US$) Standard Error
Santa Elena (SE = 50) 2364.4 £3001.6, n =23 625.9
Quizarra (QA =30) 14354 £1522.4,n=13 422.2
Montecarlo (MO = 10) 476.0 £388.4,n=>5 173.7
San Francisco (SF =17) 1087.5£1995.3,n=28 705.5
Santa Marta (SM = 3) 730.0 £ 664.7, n =2 470.0
San Ignacio (SI=10) 1175.0 £ 1260.6, n =4 630.3
Corridor (CR = 120) 1641.5 £2293.5, n =55 309.3

Table 6.3 Standard error of the Ecological Footprint results

Location (n) | Earth Overshoot | Standard Error % Total EF Standard Error
Day (StDev) (StDev)
SES0 69.1 9.8 6.3 0.9
QA30 62.9 11.5 5.7 1.0
MO10 55.7 17.6 9.0 2.9
SF17 37.4 9.1 6.8 1.7
SM3 39.6 229 3.5 2.0
S110 65.6 20.8 6.1 1.9
CRI120 56.3 5.1 7.0 0.6

Evidently, sample size did affect the standard error. It was not possible, however, to
sample at least 50 people in each town because of temporal and monetary constraints on the
fieldwork. Also, towns were not of equal sizes (Table 6.4, based on estimates from our field
guide, Alex Fonseca). Based on these estimations, Montecarlo, San Francisco, and especially
Santa Marta were underrepresented in this sample. The rationale for including the latter towns
was to compensate for the small sample size in Montecarlo. The original plan was to sample only
three towns located in or towards the core corridor, but this had to be expanded because of
Montecarlo. Conversely, Santa Elena and Quizarra were oversampled, and only San Ignacio had
an adequate proportion of sampling executed. However, the error associated with over-sampling

and under-sampling was balanced for the corridor. Besides affecting the standard error, the small
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sample size, particularly in Montecarlo, San Francisco, and especially Santa Marta caused
problems for performing parametric statistical testing (e.g., ANOVA) at town level, which would

require at least 30 samples.

Table 6.4 Estimated houscholds in the sampled towns (the lowest differences are shaded)

Town Sample | Estimated Population Size Proportional Sample Difference
Size
SES0 450 (TD5 =100) = 550 29 (6) =35 50 -35=+15
QA30 250 16 30-16=+14
MO10 200 13 10-13=-3
SF17 350 23 17-23=-6
SM3 350 23 3-23=-20
ST10 150 10 10-10=0
Total 1850 120 +29 - (-29) =58

There is nearly a perfect linear relationship (» =0.999) between the carbon Footprint
outputs in CO; emissions (tonnes/year) and as a land-based measure (gha) — Fig. 6.1. This attests
to the low error associated with the conversion between the two units. It was interesting to
examine this because some authors (cf. Galli et al. 2012; Wiedmann and Minx 2008; Wright et
al. 2011) have criticised or cautioned against the error associated with the land conversion (to
gha) in the Ecological Footprint. However, in the current study, the linear relationship is almost
perfect, indicating insignificant error attributable to this conversion from the CF (based on

tonnes/year) to cF (expressed in gha).
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Fig. 6.1 Linear relationship between measurements of the carbon Footprint

Additionally, a positive linear correlation (» = 0.908) was evident between the Ecological
Footprint and its carbon Footprint component (Fig. 6.2). However, there is one outlier (SE12)

that slightly augments the strength of this relationship (from » = 0.888).
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Fig. 6.2 Linear relationship between the Ecological Footprint and carbon Footprint

6.2 Solutions

As part of the outputs from the Footprint Calculator, in addition to examining the results, there
are solutions that need to be considered. These appear related to city, energy, food, and
population themes (Box 6.1) that stem from the results (as an output), so will be addressed in this
chapter. Of these, the most relevant to the research in the corridor is food. These are rural
communities that still function based on unpaved country roads — although this is changing, as
the main road through the corridor was being widened in preparation for paving at the time of the
fieldwork (Fig. 6.3). This indicates that the corridor is urbanising, as evident through its
connections with the road network, connecting it to other places and encouraging commuting
with nearby cities, such as San Isidro del General. Additionally, farms are being sold and

subdivided into housing lots.

86



Box 6.1 Solutions

City — With 70-80% of the world’s population expected to live in cities by 2050, smart urban
planning and development strategies are crucial to managing our resources.
Visit your city’s website and challenge your city leaders to support sustainability policies.

More information: http://www.overshootday.org/take-action/cities/

Energy — Renewable energy is a direct path to reducing your Ecological Footprint and
addressing climate change.

Can you take transit, bicycle or walk instead of driving solo at least once a month? Once a
week?

More information: http://www.overshootday.org/take-action/energy/

*Food — Diet and cutting food waste are powerful sustainability levers.

More information: http://www.overshootday.org/take-action/food/

Can you be a smarter shopper and reduce food waste? Can you try a new vegetarian recipe

once a month? Once a week?

Population — Addressing population size is essential to creating a sustainable future for all

within our planet’s ecological budget.

You can choose the size of your family to affect our long-term Footprint. Support women’s
rights and access to family planning.

More information: http://www.overshootday.org/take-action/population/

Transcribed by Mary Thornbush, Faculty of Environmental Studies, York University (Email:

mthornbu@yorku.ca) based on: http://www.footprintcalculator.org/.
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Fig. 6.3 Paving of the main road through the corridor (Alexander Skutch Biological
Corridor, photo by M. Thornbush, March 2020)

Some 95 percent of energy is renewable in Costa Rica (e.g., Delahaye 2019). This should
make for a reduced Footprint; however, transportation is still a consideration here, as most
people use inefficient private vehicles to get around town. Additionally, most people in this study
did not rely on public transportation (buses, as there is no train) and a majority did not bicycle —
although some were seen to walk locally. Almost none of the study participants travelled
regularly each year by airplane. Most of their driving was done on a ‘solo’ basis because of a
lack of a car-share scheme in the study area. The household carbon Footprint (cF = 1.5 gha)
represents about half of the Ecological Footprint. This is mostly attributable to driving private
vehicles, especially where farm locations are separate (sometimes distant) from the place of
residence. Rather than living in town, perhaps it is more prudent for some of these families to
live on a farm homestead and use public transportation (bus) more often, where possible. One
50-year-old woman (QA30), for example, stated that she had to walk 2 kilometres to get to the

nearest bus stop in Quizarra.
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As regards population, there are >500 farming households in the corridor and >2000
people (see Table 6.4). Population growth is steady, with most couples having up to two
children. There are women’s organisations in the area, including Amacobas that supports
women’s rural livelihoods.

The area that really needs focus to reduce the household Ecological Footprint in the study
arca (from an average 1.7 Earths) is wrapped up in food. There is a lack of variety in the meals
that some of these campesinos are having because they depend on what is grown locally or even
on their own farms. It should be noted, however, that there are local stores in these towns where
food items can be purchased. Although these foods tend to be locally sourced, not all of them are
organic and most receive chemical sprays from the farmers. Traditional diets have an abundance
of beans, rice, and corn as well as eggs. Meat is normally ingested at least once per week and a
minority of farmers eat fish and seafood. However, generally, the grazing land component is low
in the participating houscholds, so perhaps meat consumption is not at issuc here. Food scraps
are composted by households. There is a free recycling programme, but household waste costs
for disposal. Some farmers, however, are either burying or burning non-compostable waste, and

this behaviour could be improved with educational outreach activities.

6.3 Lessons Learned

Households that were living ‘in harmony’ with the environment had Ecological Footprints of 1
Earth (or 1.7 gha), but there were no cases observed to have less than this value. These cases,
where participants were living at 1 Earth, can be construed as exemplary, therefore, where
lessons can be learned based on the fieldwork results. The data include information on Earth
Overshoot Day for 2020 (EOD 20) as well as components of the Ecological Footprint (crop land
= CL, grazing land = GL, forest land = FL, fishing grounds = FG, build-up land = BL, and
carbon = cF) and consumption categories (food = F, shelter or housing = H, mobility = M, goods
= @, and services = S) in addition to the Ecological Footprint (EF, gha) and carbon Footprint
(CF, CO2 emissions, tonnes/year), including its proportion (%) of the Ecological Footprint (Table
6.5a). Three cases in Santa Elena (namely, SE39, SE40, and SE47) are noteworthy, and Quizarra
had two (namely, QA09 and QA19). These five exemplary cases will be taken in turn and

analysed so that lessons can be learned based on this information.
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Table 6.5 Cases with exactly (a) 1 Earth and (b) 2 Earths (shaded cells denote the most

disparity)
(a) 1 Earth
ID EOD20 |[CL |GL |FL |FG|BL |c¢F |F H |M |G |S |EF |CF |%
SE39 |13 Dec |04 |0 04/0 |01]08]04]07 (01]0 |05]18 |22 |42
SE40 | 09 Jan* | 0.5 |0 02/0 |01]0805(04(03]0.1{04|1.7 |24 |50
SE47 |27 Dec | 0.6 |0 02(011]01]07]08[031(02]0 [04]1.7 |21 |43
QA09 | 22Dec |05 |0 020 [01]09 |05/04 (040 [04]1.7 |26 |51
QA19 | 08 Jan* | 0.6 | O 021010107 (0704 (010 [04]17 |2 40
(b) 2 Earths
1D EOD20 |CL |GL |FL |[FG |BL|c¢F |F |H (M |G |S |EF |CF | %
SE10 {26Jun | 0.8 |0.1 |05]0.1 02|19 |08]0.6 |05 (090735 |54 |53
SE42 | 02 Jul 0510 (060 [02]2 021 091060734 |58 |59
SE48 | 01 Jul 0.8 101 105(01(02(1.7|09(06 |04]08]|06|34 |5 51
MOO0O2 [30Jun |06 |0.1 |O5(0 (022 0305 (021710734 |59 |59
MOO04 | 04 Jul 08 1011040 |01]1.8 (070301 |16]|07]|33 |52 |54
SFO1 |{28Jun [ 0.6 |0 060 [0.2]2 0407 [05]|1.1]107|34 |58 |58
*2021

These cases (at 1 Earth) had Earth Overshoot Days later in the year, in December or

January 2020 (of the following year, in 2021), meaning that resources are available throughout
the entire year and even into the next one. Crop land is within 0.6 global hectares and forest land
within 0.4. Both grazing land and built-up land are consistently zero and 0.1, respectively; and
fishing grounds are also low at 0.1 global hectares. The carbon Footprint based on global
hectares (cF) is kept within 0.9 (<1 gha), with CO emissions kept within 2.6 tonnes per year
(CF). The proportion of the Ecological Footprint attributable to the carbon Footprint (cF) is
within 51 percent, so constitutes approximately half of the Ecological Footprint. Consumption
categories pertaining to food, housing, mobility, goods, and services are respectively within 0.8,
0,7,0.4, 0.1, and 0.5 global hectares. The household Ecological Footprint itself is within 1.8
global hectares. This suggests that a household Ecological Footprint of 1.8 global hectares can

still be considered as living within 1 Earth. However, because in 2016 there were 1.6 global
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hectares of biocapacity on the planet (see Table 3.1, based on the National Footprint Accounts,
2019 Edition; Global Footprint Network 2019), our Ecological Footprint should be constrained
to within that amount of biocapacity — to sustainably support our activities.

By comparison, six cases with a worse Ecological Footprint of 2 Earths appear in Table
6.5b. These cases represent an Ecological Footprint that is exactly one magnitude higher than
those in the previous table (see Table 6.5b). It is evident for these cases that the carbon and
Ecological Footprints have the most inflated results (the greatest difference), and for the
consumption categories it is goods (see shaded cells in Table 6.5).

Doubling the Ecological Footprint to 2 Earths increases the impact evident with 1 Earth,
which indicates small-scale farmers in the corridor who have a low Ecological Footprint but are
living in poverty. This means that having a low Ecological Footprint is environmentally
beneficial, but has consequences for the standard of living (refer to discussion on the quality of
life in, e.g., Holmberg et al. 1999; Kitzes et al. 2009; Levett 1998; Wackernagel 1998). For this
reason, it is necessary to consider the Ecological Footprint and biocapacity from an integrated
sustainability approach that considers the environmental as well as socioeconomic implications.
Another issue arising from living at 1 Earth is that health may be impacted, improved due to a
cleaner environment (where there is a low environmental impact stemming from consumption);
however, this effect could be counteracted if there are insufficient funds available to farmers for
healthcare.

At exactly 2 Earths, the Earth Overshoot Day moves up in the year to June or July 2020
(so, at mid-year). Crop land increases up to 0.8 (from 0.6 gha), grazing land to 0.1 (from zero),
forest land to 0.6 (from 0.4), fishing grounds 0.1 (same upper boundary), and built-up land to 0.2
(from 0.1) global hectares — see Table 6.5. The carbon Footprint component is now more than
double (up to 2.0 gha), and its emissions are within 5.9 tonnes per year, so double. The
proportion of the Ecological Footprint represented by the carbon Footprint is up to 59 percent, an
increase of 8 percent at the upper end — which is the least increase evident in the shift from 1 to 2
Earths, apart from fishing grounds. This suggests that the proportion of the carbon Footprint in
the total Ecological Footprint and fishing grounds are the least responsive to doubling the
number of Earths. The household Ecological Footprint itself increases up to 3.5 global hectares,

nearly double.
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6.3.1 Sensitivity Analysis
An exercise entailing ‘sensitivity analysis’ is where variable changes are adopted from the
suggested solutions in order to improve the household Ecological Footprint. The variables that
could be altered here are as follows:

(1) Question 1: Changing to a vegan diet (food);

(2) Question 8: Reducing wastes and recycling (housing); and

(3) Question 10: Increasing the use of public transport (transportation).
These changes are applied to a subsample of disparate households in the corridor (the first
households in each town examined in the 1 Earth and 2 Earths analysis — see Table 6.5). The
number of Earths resulting from these improvement scenarios appear in Table 6.6, and the other
results are in Table 6.7.

It is evident that these changes allow the 1 Earth cases to be reduced to <1 Earth when a
vegan scenario (1) is employed. It is noteworthy that a vegetarian or vegan diet may not be
considered to be healthiest, but there is an effect on the Ecological Footprint observed in this
study based on case results. Importantly, in all cases, it is possible to reduce the impacts to <2
Earths with the other scenarios, especially by reducing wastes and recycling (e.g., MOO02). The
tallied differences in Table 6.6 suggest that the changes employed in the housing scenario (2) are
most impactful on the household Ecological Footprint — based on the number of Earths, and the
least effective is the food scenario (1), with the transportation scenario (3) as middling in its
effectiveness. Put together, however, these scenarios can have substantial impacts (with a total
difference of 5 Earths for the three improvement scenarios). Such an analysis could be extended
to include more improvement scenarios that entail more questions in the different parts of the

Footprint Calculator.
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Table 6.6 Scenarios and their effects on the number of Earths (original no. Earths is shaded)

Scenario Variable Change(s) ID No. No. Difference
Earths | Earths | (No. Earths)
1 Question 1: Changing to a vegan diet —no | SE39 | 1 0.9 0.1
meat, eggs, and dairy; ‘Never’ selected QA09 |1 0.8 0.2
for all items SE10 |2 1.6 0.4
MOO02 | 2 1.8 0.2
SFO1 |2 1.9 0.1
(1) Total Difterence = 1
2 Question 8: Reducing wastes and SE10 |2 1.1 0.9
recycling — no wastes generated, but MOO02 | 2 0.9 1.1
recycle paper and plastics SFO1 |2 1.2 0.8
(2) Total Difference = 2.8
3 Question 10: Increasing the use of public | QA09 | 1 1 0
transport — no private vehicle used (car or | SE10 | 2 1.8 0.2
moped), all km transferred to bus (as MOO02 | 2 1.3 0.7
there is no train service available) SFO1 |2 1.7 0.3
(3) Total Difference = 1.2
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Table 6.7

Sensitivity analysis performed on a subsample of households with exactly 1 Earth

and 2 Earths (original results from Table 6.5 are shaded)

1 Earth (1)
ID EOD20 |CL|GL |FL |FG|BL |¢F |[F ([H (M (G |S EF | CF | %
SE39 | 13Dec [04 |0 0410 0.1 08|04 (07 (0.1 (0 0.5 |18 |22 |42
QAQ09 [22Dec |05 |0 0210 0.1709]05 (04 (04 |0 04 | 1.7 |26 |51
SE39 (21Jan* |03 |0 0410 0.10.7(03]0.7(0.110 04 |16 |2 43
QAO09 |23 Mar* |03 |0 0210 0.110.7]03 (040310 03 1.4 )21 |53
1 Earth (3)
ID EOD20 |CL |GL |FL |FG|BL |c¢cF |[F ([H (M |G |S EF | CF | %
QA09 [28Dec |05 (0 03]0 0.1 0805 (04 (0310 0.5 1.7 124 (49
2 Earths (1)
ID EOD20 |CL |GL |FL |FG |BL |¢F |[F ([H (M (G |S EF | CF | %
SE10 |26 Jun 08101 [05]01 (021908 [0.6]05 (09107 |35 |54]|53
MOO02 | 30 Jun 0.6 101 |05]0 0212 [03]05(02 17107 (34|59 |59
SFO1 | 28 Jun 0.6 10 060 0212 |04 (0705|1107 |34 58|58
SE10 (21 Aug |05 |0 0510 011404 06031090527 (42 |54
MOO02 | 16 Jul 05101 |05]0 02119]02 (04 (0217106 |3.1 55|60
SFO1 | 05 Jul 0.6 10 0.6 0 0211904 0705|1106 33 56|58
2 Earths (2)
ID EOD20 (CL |GL |FL [FG |BL|c¢cF |F |H M |G |S EF | CF | %
SE10 [15Nov |05 |0 0.310.11]0.1709]0.6 |06 (0310 0.5 1.9 |25 |45
MOO02 | 23 Feb* [ 0.4 |0 0210 0.10.7]05 (040210 0.4 | 1.5 |2.1 |48
SFO1 [09Nov |03 |0 0410 0.1 1.1703 (070510 0.5 ]2 3.1 [ 54
2 Earths (3)
ID EOD20 |CL|GL |FL |FG |BL |c¢cF |[F ([H M (G |S EF |CF | %
SE10 |22 Jul 0.7 10 0.5/011]0.1(1.6(0.7 {06 [031]09 (06 |3 4.6 | 52
MOO02 {08 Oct [0.6 |0 0310 01(1.1(05]05(02 (06|05 22 33|51
SFO1 |27 Jul 0510 0510 021170310704 (09 (0.7 |3 4.9 | 56
*2021
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6.4 Contributions

The fieldwork component contributed towards supporting youths in the corridor during paid
surveying in February to March 2020. The fieldwork findings reveal the need for further workers
to engage with this community in outreach activities to educate them about food alternatives
(e.g., vegetarian or vegan diets) to reduce their food Footprint and the crop land component.
Their use of pesticides is still problematic, as evidenced by the lack of protective garments and
gear worn by farmers spraying chemicals. More research needs to be devoted to exploring the
impact that this has on cancer rates and other health implications.

In addition, some of the added comments during the survey-interviews revealed a need to
educate communities in the corridor about recycling and improved waste management.
Although, some people already reuse items, such as tires, plastics bottles, metal, and more (Fig.
6.2), some people are still burning their garbage (e.g., paper) and/or burying it (putting it in a
hole) based on the perception that, ‘if you cannot see it, then it’s okay’ (QAZ20). This has
implications for their carbon Footprint, as does too the lack of a local car-share scheme and their
dependence on inefficient private vehicles for transportation. However, this should be
counteracted by the fact that they are producing biomass by cropping (coffee, sugarcane, grass,
etc.), which fixes carbon. It should also be noted that this contribution that these producing
households make to production stands in contrast to urban households that are not engaging in

urban agriculture.
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Fig. 6.4 Photos showing recycling (plastic, cardboard, and cans) and reuse of tires

(Alexander Skutch Biological Corridor, photos by M. Thornbush, March 2020)
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6.5 Conclusions

This chapter has revisited the general findings from the case study in the corridor. It has drawn
from these results to present tailored suggestions to reduce the Ecological Footprint, especially as
regards the crop land component and food consumption category — although not exclusively.
Notably, it is important to consume food that is locally grown and encourage organic farming in
the study area. As observed in the previous chapter (see Chap. 5), there is already an interest
among these small-scale farmers to use organic fertilisers and reduce the amount or frequency of
pesticide application. Organisations such as CoopeAgri can encourage this transition by either
reducing taxes and/or subsidising farmers wanting to make the switch. It is also important to
educate these farmers on organic methods as well as waste management. Payments for garbage,
but not recycling, in combination with farm-based composting work well. However, there are
still misconceptions about burying garbage and/or burning it (especially paper) that need to be

addressed.
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CHAPTER 7: Conclusion

In this final chapter, the chief contributions of this paper are presented and function to justify the
research. A deliberation of the research limitations also appears here, before suggesting ideas for

future research. Finally, there are some concluding remarks for wrapping up this paper.

7.1 Contribution
This study has considered various criticisms of the Ecological Footprint and biocapacity
accounting with a focus on the Footprint Calculator. In other words, it has presented the issues
from a critical approach. Such an approach has involved scrutinising the Footprint Calculator as
the instrument of choice in the field surveys as well as the National Footprint Accounts, on
which they draw. These tools are not without their problems, as for instance noted in the carbon
component of the National Footprint Accounts that attributes zero to biocapacity. The latter
needs to be incorporated into the spreadsheet (e.g., Country Trends for Costa Rica —
country _code = 48). This issue is also reflected in the Footprint Calculator — that does not
measure production (biocapacity) and only the Ecological Footprint (consumption). Such
criticisms have been drawn from a variety of sources, including published literature and other
unpublished sources (e.g., Jira — Issue Tracker in Chap. 1, see section 1.4.1). One of the chief
criticisms, for instance, has been the focus on consumerism in the developed world — that has
augmented the carbon Footprint in particular. In contrast, the study area is in a developing
country, where the participants were chosen from peasant farmers ‘campesinos’ who are
struggling with poverty. In this way, the issue of poverty has entered the research, making the
instrument relevant not only to environmental issues but also socioeconomic ones. However,
truly, the Ecological Footprint is simply deficient in this area as it is an environmental composite
indicator (Strezov et al. 2017). There is potential to incorporate more of the human impacts on
the environment, however, by considering the environmental quality of managed ecosystems
(e.g., Erb 2004).

More specifically, the case study in the corridor has helped to ascertain the issues
currently confronting farmers in the area. For example, many expressed the need for further
education in the area of recycling and waste management — to supplement what the Blue Flag

Ecological Program is already doing in the area to raise awareness of environmental issues (refer

98



to section 5.4.5). Education is also needed in the academic sector to improve the Ecological
Footprint and biocapacity accounting, especially to assist in understanding its limitations (this
has been recently tackled by the Footprint Data Foundation by way of its recently formed SAC).
This could also form part of future research and outreach associated with such endeavours. The
current study has already solicited issues from farmers through commentary provided at the end
of the interviews. It is suggested here that the recommendations in this study are presented to
CoopeAgri to give back to the community by helping them to fulfil their requests for further
cducation in waste management (relevant to the Blue Flag Ecological Program) and to provide
more financial support for organic farming and reduced taxes (down for 8%) in attempts to bring
them out of poverty. Moreover, it is possible to give back to the participating communities
(corridor towns) in the case study through a presentation that relays the study findings while
contributing to outreach and education.

Although an interesting exercise, the investigation has not been able to change the survey
and only make recommendations (in section 7.4) on what needs to be altered. To make the
necessary changes, the survey would no longer be comparable to existing results (cf.
Johannesson et al. 2020), and would prohibit any cross-temporal comparison based on past
results. As it is, cross-temporal comparisons based on the National Footprint Accounts are
necessarily edition-specific because of the constraints emplaced by the changing equivalence
factor. It is, therefore, problematic to instigate the changes needed for the Footprint Calculator to
become less development biased. This is also a problem that exists in the National Footprint
Accounts — on which the Footprint Calculator is calibrated for national scores — that cannot be
corrected, but needs to be understood as part of the applicability of the instrument and its
interpretative error. For instance, developed nations are usually the ones with better quality
scores or the ability to improve their data through available government agencies, as indicated on
the quality scores website (www.footprintnetwork.org/data-quality-scores) and addressed in

Chap. 1 (see section 1.4.4.1).

7.2  Limitations
It is noteworthy that as the selected research instrument, the Footprint Calculator is not perfectly
tailored to the corridor, and limitations of deploying this tool to measure the Ecological Footprint

of farming households in the Alexander Skutch Biological Corridor is an important
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consideration. As detailed in Chap. 1 (see section 1.4.1), the questions are not equally distributed
among the three categories (of food, housing, and transportation), with food (and to some extent
transportation) not receiving enough attention. Some other questions that could be asked in the
food category, for example, could address organic food production and consumption, quantities
of food produced and consumed, types of processed foods consumed, and how exactly food is
being acquired for consumption if not produced by the consumer. It should also be noted that the
Footprint Calculator, in its current form, does not account for any geographical or cultural
anomalies in the data — specific to Costa Rica, as for instance that fans are used but not heaters or
air conditioners. Furthermore, poverty is a socioeconomic issue that may not manifest in the
outputs but, nevertheless, is an underlying issue affecting the responses — as to why people do
not fly every year, have inefficient vehicles and houses, eat meat and fish once per week and
consume more beans, rice, and eggs (although this is also cultural), and are not purchasing much
clothing and consuming many items (like newspapers, etc.).

This study has been limited as already noted by criticisms posed towards the National
Footprint Accounts and Footprint Calculator (see Chap. 1, section 1.4.1). However, there are also
limitations posed by the case study. For one, as a case study it does not reflect all places in the
world and can only truly represent itself — as part of a rural environment in a developing country,
where peasant farmers or ‘campesinos’ were asked to complete the survey-interviews. It is also
questionable how generalisable the findings can be to other tropical countries (and other
developing countries), as this was not an explicit study ambition. Participants in the study area
were sampled according to where they resided in the corridor, as along the main roads in towns.
Snowballing was also deployed, to some extent at the sampling locations, and this has its own
issues — as for example people will tend to recommend people they know, who could be more
like them and, therefore, reduce diversity in the sampled population. On the other hand,
neighbours are also not always aware of who their neighbours are and their information may be
misleading — or they could not easily answer questions that compare them to other neighbours
contained in the Footprint Calculator survey (e.g., Question 10). This conveys the urban-
centricity of the instrument because it assumes that neighbours are within a close proximity to
cach other, which is not normally the case in a rural setting.

Importantly, there were limitations imposed by time and funding, so that it was not

possible to sample more corridor households, as in the towns of Santa Marta, San Ignacio, and
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Montecarlo (see Table 6.4). In hindsight, it would have been more prudent to reduce the number
of samples in Santa Elena and sample more of the households in these towns (Santa Marta, San
Ignacio, Montecarlo). Trinidad is a ‘barrio’ or neighbourhood in Santa Elena, so was treated as
part of this town in the case analysis. To reduce error between researchers or surveyors doing the
tieldwork, the number of people who executed the survey-interviews were kept to a minimum so
that the same people could, as consistently as possible, deliver the survey-interviews. However,
this inadvertently limited the number of people that could be included in the study — both as

surveyors and participants — and impacted sample size.

7.3 Future Research

More research is needed to decipher the impact that income has on answering questions in the
Footprint Calculator survey, as poverty has been shown to affect how questions are approached
and answered. Similarly, more work 1s needed to study the impact of industrial development (as
it affects income) on the Footprint Calculator. Moreover, it would also be interesting to test the
survey on urbanites in countries with different levels of development to see whether city-
dwellers are any closer to the ‘target audience’ than those participants in the current study, who
were rural-dwellers (townspeople) in a developing country. This study has already contributed to
doing this by examining rural communities. Importantly, although some authors (e.g., Strezov et
al. 2017) have classified the Ecological Footprint as wholly in the environmental dimension of
sustainable development (see their Table 2 and Figure 2, p 248), the social and economic
dimensions are also indirectly represented through the Footprint Calculator, as responses are
influenced by the socioeconomic situation (including poverty) as well as cultural aspects of
participants. Language is not the only factor that restrains participation, as poverty could impose
illiteracy — including computer illiteracy — and limited access to the Internet could also impact
who uses the Footprint Calculator online. Lastly, this study did not execute ANOVA, but this
statistical analysis could be incorporated into future studies deploying the Footprint Calculator
through its components and categories. More studies are needed to examine the Ecological
Footprint (and biocapacity) in Costa Rica to add to the published literature (e.g., Adams and
Ghaly 2006 for agroindustries in its coffee industry; Kissinger and Rees 2010 regarding trade;
van Vuuren and Smeets 2000). In particular, it would be interesting to continue to develop more

improvement scenarios, as presented in Chap. 6 (section 6.3.1).
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7.4  Recommendations

There are some implications of this study. For one, it is evident based on the case study that more
government intervention is needed to support rural farmers in the corridor, as the poverty in this
study area is easily evident. The major buyer of produce from these rural farmers is CoopeAgri
(and VolCafe in Montecarlo, as well as other organisations listed in Fig. 5.7). There is an
impetus for government to work with the cooperatives more closely and oversee their business
with the local farmers. For example, one of the farmers (QA19) suggested that there are existing
funds that farmers cannot access, even if they may quality for them, because forms need to be
completed and the cooperative is not helping them with administrative outreach.

As regards the Ecological Footprint, their high scores on the crop land component and
food consumption category, in particular, convey their reliance on the land for food production
and consumption. On the other hand, grazing land and fishing grounds were generally not high
scores among the participants. They are similar to rural-dwellers anywhere else in the world in
that they depend on private vehicles that are inefficient but are, nevertheless, used to get around
town and to work. It would help to have them reside on their farms in order to reduce the amount
of work-related travel time associated with getting to farmlands. The household heads were not
accustomed to taking public transport, however, although some of their household occupants
(mainly wives) did use it when necessary.

Stemming from the follow-up interviews, it was evident that produce yields did not
necessarily reflect hectarage or income. This indicates that there is varied intensity of land use in
the study area, which can be proxied using mass over area data (see Chap. 5). It was also
discovered during the course of the fieldwork that CoopeAgri keeps tracks of yields produced in
the corridor (in a database) and this could be deployed somehow to supplement information on
local biocapacity based on what is locally produced for the region. This would help to inform the
biocapacity portion of the accounts that is currently excluded (and not addressed) by the
Footprint Calculator. Another highlight here is the necessity to improve the livelihoods of these
local producers (e.g., through efforts towards poverty alleviation) and improve soil health and

fertility as well as produce quality (e.g. support organic production).
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7.4.1 Applying the Footprint Calculator

It is necessary to test the Footprint Calculator in developing regions in order to overcome any
existing shortcomings. The chief concern in altering the Footprint Calculator the actual survey
cannot be changed in order for it to maintain its comparability across nations and years (in the
case of repeated studies) — a criticism also cf. Johannesson et al. (2020). It should be noted,
however, that changes have already been made to the National Footprint Accounts since their
inception based on published criticisms and suggestions for improvement — using the equivalent
factor is an example of this. For the accounts, this means that the edition needs to be specified in
the published literature relaying findings that are specific to an annual edition. Arguably,
however, it is not enough to ‘calibrate’ using the National Footprint Accounts if the survey
questions are inappropriate, biased, or blind in some regard that impacts the results. A
conundrum, therefore, exists in that it is necessary to ‘acculturate’ the Footprint Calculator
survey (and change it in order for it to be improved) but, on the other hand, this could restrict and
nullify cross-temporal and/or -spatial comparisons. What can be done to overcome this perhaps
is to encourage people to complete the Footprint Calculator with every new edition of the
National Footprint Accounts.

In the current application of the case study conducted in the corridor, for instance, not all
questions were relevant (and they were assumed — and a consistent default used, as evident in
Appendix 3 — and not asked in order to reduce the survey time). These included questions
pertaining to carpooling (when no car-share scheme was formally in place) or the amount of
renewable energy used (with the national constant of 95% deployed). Moreover, participants did
not fly on a regular basis — each year, so that the question asking how often participants fly each
year became irrelevant. The same was true for the use of trains, where there is no train service in
the area. In addition, most of their vehicles are inefficient, so this was kept as the default option
because most people could not provide this information. All houses sampled in the corridor have
electricity and are made from either brick or concrete or, otherwise, wood, so this was likewise
reflected in the questions asked. Similarly, in all cases, their houses were freestanding and had
running water. Finally, when performing fieldwork based on such survey-interviews, it is
important to keep it short — and even 30 minutes was too long for most people. Therefore, it is
advised that the entire process be kept up to 20 minutes. This means ascertaining defaults for the

sample and dropping some questions wherever and if possible. From experience, people
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responded well when told that the entire survey-interview process would take no longer than 20

minutes of their time.

7.5  Concluding Remarks

The use of a detailed case study in this research greatly helped to contextualise and test the
application of the National Footprint Accounts through the Footprint Calculator. More could be
done to acculturate the survey, more than translating it to Spanish and other languages. Studies
such as these help to calibrate the instrument to socioeconomic as well as cultural factors that
will undoubtedly impact responses and performance. Such regional-scale studies also inform
national results and offer a means of differentiating the top-down approach through bottom-up
testing and verification. It is necessary that more work is executed, ultimately, to provide
confidence levels or limits — such as a confidence interval of 95 percent, as in this study — as
quality indicators used in conjunction to information on estimation procedures (sampling size,
measurement protocols, quality control procedures, and so on, cf. Birigazzi et al. 2019 see
Johannesson et al. 2020; Kitzes and Wackernagel 2009) to the Ecological Footprint and
biocapacity accounts in order to make explicit the error associated with the data and its
application. Lastly, this paper has revealed socioeconomic and cultural aspects of the study
sample through responses provided in the case. The case study has been instrumental to not only
identify further research and outreach activities still needed, but also to convey some existing
limitations evident even in the Spanish version of the Footprint Calculator as the instrument
deployed in the field investigation. While it is important to consider the issues with the National
Footprint Accounts as an input into the Footprint Calculator, calibrating the instrument (as a
global Footprint calculator) to measuring different cultural perspectives is difficult. The main
reason for this is that changing questions for specific versions (e.g., Spanish) would create a
disjuncture between other versions, making any comparison inappropriate. However, it is
possible to tailor it to some extent through certain omissions and defaults understood to represent
general responses based on preliminary testing. In this case, our field guide (Alex Fonseca) was
chosen as the first study participant in the training process. This included getting the surveyors
ready for the field surveys, but also helped to tailor the survey instrument to the participants. One
of the key recommendations was to keep the process as brief as possible in order to retain

participant attention and cooperation.
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APPENDIX 1: Fieldwork Datasheet

(2) Demographics: (2 minutes)

Participant age and gender

Age: <30/30-60/>60 years old
Gender: Male/Female

Are you an owner or tenant farmer?

Owner/Tenant

Years at farm

<1/1-10/>10 years

Farm size

<10/10-20/>20 hectares

Annual income

<US$10,000/US$10-40,000/~US$40,000

(3) Footprint Calculator: (15 minutes)
ALIMENTOS

1. Con qué frecuencia comes productos

Nunca/Ocasionalemente/Frecuente/Muy
Frecuente (carne roja, cerdo, pollo, pescado,

huevos, productos lacteos)

pecuarios?

- Carne de vaca o cordero? %
- Cerdo? %
- Pollo? %
- Pescado o mariscos? %
- Huevos, queso y/o productos lacteos? %

2. Cuantos de los alimentos que comes son no

procesados, no envasados o cultivados

localmente?

Ningunos % Todos
(menos que 320 kilémetros = km/200 milles

de distancia)

- Qué cantidad de tu dieta se compone

dealimentos frescos, sin embalaje?

%

- Cuanto de tu dieta es cultivada or producida

localmente?

% (amenos de 320 km/200 millas de

distancia)

ALOJAMIENTO

3. Qué tipo de vivienda describe tu hogar?

Independiente, sin agua corriente/
Independiente, con agua corriente/
Departamento de varios pisos/Duplex, casa
adosada, o edificio con 2-4 unidades/

Condominio de lujo
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4. Con qué material estd construida tu casa?

Paja o bamboo/Madera/Ladrillo o

cemento/Adobe/Acero o otro

5. Cuantas personas viven en tu hogar?

Solo yo (1)/... 10+

- Cual es el tamaiio de tu casa?

Pequeiitio (5 m? o 50 pies
cuadrados)/Pequeiio

16 m? 0 175 pies cuadrados/Mediano
49 m? o 523 pies cuadrados/Grande
141 m? o 1520 pies cuadrados/Gigante
465 m? o 5008 pies cuadrados

6. Tienes electricidad?

No/Si

- Qué tan eficiente es tu casa en el consumo

de energia?

Poco = Muy ineficiente/Por debajo del
promedio/Promedio/Por encima del
promedio/Disefio centrado en la eficiencia =

Muy

7. Qué porcentaje de la electricidad de tu casa

proviene de fuentes renovables?

Bajo % Alto (directamente o mediante la

compra de energia limpia)

8. Comparado con tus vecinos, cuanta basura

generas?

Mucho menos/Menos/Igual/Mas/Mucho mas

- Qué es lo mas parecido a tus compras
mensuales de ropa nueva, calzado y/o

articulos deportivos?

Minimo a ninguno/No mucho/Promedio/Por

encima del promedio/Mucho

- Con qué frecuencia compras una nueva?

» ELECTRODOMESTICOS

Nunca,
raramente/Infrecuentemente/Ocasionalmente/

A menudo/Muy a menudo

» ELECTRONICA Y GADGETS

Nunca,
raramente/Infrecuentemente/Ocasionalmente/

A menudo/Muy a menudo

» LIBROS, REVISTAS Y
PERIODICOS

Nunca,

raramente/Infrecuentemente/Ocasionalmente/

A menudo/Muy a menudo
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- Qué se acerca mas a sus compras anuales de

muebles para el hogar?

Minimo a ninguno/No mucho/Promedio/Por

encima del promedio/Mucho

- Cuanto reciclas?

Poco o nada/Algunos/Mitad/Mas/Todo

» PAPEL
» EL PLASTICO Poco o nada/Algunos/Mitad/Mas/Todo
MOVILIDAD - Automovil: Cero (0 km o 0 milles) ... Muy

9. Qu¢ tan lejos viajas en automadvil o
motocicleta cada semana? (como conductor o

pasajero)

Legos (800 km o 500 milles)
- Ciclomotor: Cero (0 km o 0 milles) ... Muy
Legos (800 km o 500 milles)

10. Qué¢ distancia viajas en transporte publico

cada semana? (autobus, tren, etc.)

No tan lejos (0 km or 0 milles) ... Muy lejos
(800 km o 500 milles)

- Qué distancia viajas cada semana por tren?

0 km o O milles ... 800 km o 500 milles

- Qué distancia viajas cada semana por

autobus?

0 km o O milles ... 800 km o 500 milles

11. Qué distancia viajas por avion cada afno?

Nada (0 horas) ... Mucho (200 horas)

Results:

Earth Overshoot Day:

No. Earths:

Component: Crop land __ /Grazing land
___/Forest land __ /Fishing grounds
___/Built-up land ___ /Carbon
Category: Food _ /Housing __ /Mobility
___/Goods __/Services

EF:

cF:
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(4) Follow-up questions: (5 minutes)

1. What type of crops do you grow, and in
what proportion?

2. How much do you grow in a year?

3. Where do you sell your crops?

4. Are you participating in Fair Trade or

organic farming?

- Do you use fertilisers or pesticides?

5. Do you benefit from Payments for

Ecosystem Services?

(5) Wrap-up (3 minutes)
- Have you ever been approached before to

complete a survey or an interview?

If so, how many times and when?

- Do you have any questions or comments to

add?
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APPENDIX 2: Research Outline for Informed Consent

(1) Informed Consent: (5 minutes)

Date: February/March __, 2020

Name of Participant: Farmer’s first name, e.g. Marvin’s farm

Research Name: The Ecological Footprint as a Sustainability Metric: Implications for

Sustainability

Researcher: Mary Thornbush, Faculty of Environmental Studies, York University; email:

mthornbu@yorku.ca

Purpose of the Research: This study looks at the Ecological Footprint of farmers in the
Alexander Skutch Biological Corridor. This research like all MES Major Research will be
published in YorkSpace and may be published on the FES website if nominated for the

Outstanding Paper Series.

What You Will Be Asked to Do in the Research: With your permission, we will (1) collect
some information about farming household demographics and farm attributes; (2) use the
Ecological Footprint Calculator to survey farmers; and (3) have a short interview to follow up

on the survey. All of this will take no more than half an hour of your time to complete.

Voluntary Participation: Your participation in the study is completely voluntary and you may
choose to stop participating at any time. Your decision not to volunteer will not influence the
nature of any relationship you may have with the researcher(s), study staff, or York

University, either now or in the future.

Legal Rights and Signatures: (Oral Consent — Signed by surveyor on behalf of participant)
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L, , consent to participate in The Ecological Footprint as a

Sustainability Metric research project conducted by Mary Thornbush. I understand the nature
of this study and wish to participate. I am not waiving any of my legal rights by signing this

form. My signature below indicates my consent.

1. I agree that my participation may be audio-recorded: Yes No

2. I agree that my participation may be video-recorded: Yes No

3. I agree to be identified by name — first name only: Yes No

4, I agree to be quoted by name: Yes No

5. I would like to receive a copy of the final research paper, at the following email or

postal address, if provided:

6. I agree to allow tape-recorded records, videos and/or digital photographs in which |
appear to be used in teaching, academic presentations and/or publications based on this
research. I am aware that I may withdraw this consent at any time without penalty.

Yes No

Participant Signature Date

Researcher Signature Date

Risks and Discomforts: We do not foresee any risks or discomfort resulting from your

participation in the research. You have the right to not answer any particular questions.

Benefits of the Research and Benefits to You: Farming households in the Alexander Skutch
Biological Corridor will benefit from your participation to study the Ecological Footprint of
farming households in the area. Your information, collected during this research, will remain

confidential.

Withdrawal from the Study: You can stop participating in the study at any time, for any
reason, if you so decide. Your decision to stop participating, or to refuse to answer particular

questions, will not affect your relationship with the researchers, York University, or any other
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group associated with this project. If you withdraw from the study, all associated data

collected will be immediately destroyed wherever possible.

Confidentiality: Unless you specifically give your permission, all information you supply
during the research will be held in confidence and your full name will not appear in any report
or publication of the research. The information that you provide will be recorded based on
information given by the Spanish-speaking surveyor. The interview may be audio-recorded
and digitally photographed, and handwritten notes will also be taken as part of the record,
along with the electronic transcription of the information using the Footprint Calculator

website (www.footprintcalculator.org) from the Global Footprint Network online.

Confidentiality will be provided to the fullest extent possible by law and only your first name

will appear in published materials.

Questions About the Research? If you have questions about the research in general or about
your role in the study, please feel free to contact my supervisor, Dr Martin Bunch, either by

telephone at (416)736-2100 ext. 22630 or by email (bunchmj@yorku.ca). This research has

been reviewed and approved by the FES Research Committee, on behalf of York University,
and conforms to the standards of the Canadian Tri-Council Research Ethics guidelines. If you
have any questions about this process, or about your rights as a participant in the study, please

contact the Office of Research Ethics, telephone 416-736-5914 or email ore@yorku.ca.
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APPENDIX 3: Footprint Calculator Survey
(in English, but used to survey in Spanish)

Food:

1. How often do you eat animal-based products? (beef, pork, chicken, fish, eggs, dairy
products) Never/*Occasionally (really likes veggies — occasional meats, eggs/dairy)/Very
often

Add details to improve accuracy:

- Beef or lamb? Pork? Poultry? Fish or shellfish? Eggs, cheese, and/or dairy?

Often (nearly every day)

2. How much of the food that you eat is unprocessed, unpackaged or locally grown? (<320
kilometres/200 miles away) None/All/*30%

Add details to improve accuracy:

- How much of your diet is fresh, unpackaged foods?

- How much of your diet is locally grown or produced? (<320 kilometres/200 miles away)

Housing:
3. Which housing type best describes your home? Freestanding, no running

water/Freestanding, running water/Multi-storey apartment/*Duplex, row house or building

with 2-4 housing units/Luxury condominium

4. What material is your house constructed with? Straw/bamboo/*Wood/Brick or
concrete/Adobe/Steel or other

5. How many people live in your household? Just me/10+/*2

6. What is the size of your home? Tiny/*Medium (86 m? or 922 feet?)/Huge

7. Do you have electricity in your home? *No/Yes

8. How energy efficient is your home? Hardly/* Average (modern appliances, climate
controls)/Very

[Information: How often do you run your heater or air conditioner? Do you use energy-
efficient appliances and lighting? If you live in an energy-efficient house designed for passive
heating and cooling or live in a mild climate where heating and cooling are unnecessary, adjust

your answer towards ‘very efficient’.]
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9. What percentage of your home’s electricity comes from renewable sources? (either directly
or through purchased green power) Low/High/*12% (95%)

[Information: About 14% of global primary energy consumption came from renewable, hydro,
and nuclear in 2016, according to the BP Statistical Review of World Energy (June 2017).]

10. Compared to your neighbours, how much trash do you generate? Much less/*Same/Much
more

Add details to improve accuracy:

- What comes closest to your monthly new clothing, footwear, and/or sporting goods
purchases? Shirts or underwear or socks/* Average

- How often do you purchase new:

Household appliances *Occasionally (I sometimes replace out-of-date appliances with new
models)

Electronics and gadgets *Occasionally (I replace out-of-date models and occasionally buy a
new gadget)

Books, magazines, and newspapers *Occasionally (I read some news online and subscribe to a
couple of magazines or newspapers)

What comes closest to your annual new household furnishings purchases? *Average (new
bedding and a lamp or table, just to spruce things up)

How much do you recycle: Plastic/Paper/*Some

Transportation:

11. How far do you travel by car or motorcycle each week? (as a driver or passenger)

Car: Zero/Very far/*213 kilometres or 133 miles

Moped: Zero/Very far/*5 kilometres or 3 miles

[Information: If you only walk or cycle, choose zero. Both walking and bicycling reduce your
Footprint and improve your well-being.]

12. What is the average fuel economy of the vehicles you use most often?

Car: Inefficient/*7 litres per 100 kilometres or 34 miles per gallon/Efficient or electric

Moped: Inefficient *5 litres per 100 kilometres or 45 miles per gallon/Efficient or electric
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[Information: Depending on the electricity source (% renewable versus % non-renewable), the
fuel economy of a typical electric vehicle may range 2 to 6 litres per 100 kilometres or 40 to
150 miles per gallon.]

13. When you travel by car, how often do you carpool? Never/*60% — Occasionally/Always
14. How far do you travel on public transportation each week? (bus, train, etc.) Not very
far/Very Far/*34 kilometres or 21 miles

Add details to improve accuracy:

- How far do you travel each week by train? *16 kilometres or 10 miles (0 kilometres)
- How far do you travel each week by bus? *18 kilometres or 11 miles

15. How many hours do you fly each year? None/Many/*6 hours

Transcribed by Mary Thornbush, Faculty of Environmental Studies, York University (Email:

mthornbu@yorku.ca) based on: http://www.footprintcalculator.org/. (* = set default)
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GLOSSARY
(Source: Lin et al. 2019, pp 56-62)

Biological capacity ‘biocapacity’ — the ability of ecosystems to assimilate and regenerate what
people consume. Biocapacity refers to an ecosystems’ capacity to produce biological materials
used by people and to absorb the wastes generated, under current management schemes and
extraction technologies. It is determined by multiplying the actual physical arca by the yield
factor and the appropriate equivalence factor, expressed in global hectares or gha (see section

1.2.1).

Biological productivity ‘bioproductivity’ — the land surface area that supports significant
photosynthetic activity and the accumulation of biomass used by people. It excludes non-
productive areas and marginal areas (e.g., deserts, high seas, the poles) where vegetation 1s
patchy or altogether missing. In other words, biomass that is not of use to humans is also not
included. The total biologically productive area on land and water in 2016 was approximately 12

billion hectares.

carbon Footprint (cF) — measures CO, emissions associated with fossil fuel use, which in the
accounts are converted into biologically productive areas necessary for absorbing this CO; as a
waste product. It is considered to be a competing use of bioproductive space, since increasing
CO2 concentrations in the atmosphere represents a build-up of ecological debt. Some carbon
Footprint assessments express results in tonnes released per year, without translating this amount

into area needed for sequestration.

Consumption — use of goods or of services that embodies all the resources, including the energy
necessary to provide it to the consumer. ‘Consumption components or categories’ typically
include food, shelter, mobility, goods, and services, often with further resolution into
subcomponents. To avoid double counting, consumables are allocated to only one component or

subcomponent.
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Consumption Land Use Matrix (CLUM) — allocates the six major Footprint land uses (crop
land, grazing land, forest land, fishing grounds, built-up land, and carbon) to the five basic
consumption components (food, shelter, mobility, goods, and services). Matrices are used for
subnational (e.g. state, county, city) Footprint assessments. In this case, national data for each
cell are scaled up or down depending on the unique consumption patterns in that subnational

region compared to the national average.

Conversion factor — a generic term for factors used to translate a material flow expressed within
one measurement system into another one. For example, a combination of two conversion

factors—"yield factors’ and “equivalence factors™— translates hectares into global hectares.

Double counting — counting the same Footprint area more than once. Double counting errors
may arise in several ways. For example, when adding the Ecological Footprints in a production
chain (e.g., wheat farm, flour mill, and bakery), the study must count the cropland for growing
wheat only once to avoid double counting. When land serves two purposes (e.g. a farmer
harvests a crop of winter wheat and then plants corn to harvest in the fall), it is important not to
count the land area twice. Instead, the yield factor is adjusted to reflect the higher bioproductivity

of the double-cropped land.

Ecological debt — the sum of annual ecological deficits. Humanity’s Footprint first exceeded

global biocapacity in the early-1970s, and has done so every year since.

Ecological or biocapacity deficit/reserve — The difference between the biocapacity and
Ecological Footprint of a region or country. An ecological deficit occurs when the Footprint of a
population exceeds the biocapacity of the area available to that population. Conversely, an
ecological reserve exists when the biocapacity of a region exceeds its population’s Footprint. If
there is a regional or national ecological deficit, it means that the region is importing biocapacity
through trade or liquidating regional ecological assets or emitting wastes into the global
commons such as the atmosphere. In contrast to the national scale, the global ecological deficit

cannot be compensated for through trade, and is therefore equal to overshoot by definition.
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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.

The Ecological Footprint is measured in global hectares (gha).

- Ecological Footprint of consumption (EFc) ‘consumption Footprint’ — the most
commonly reported type of Ecological Footprint, defined as the area used to support a
defined population's consumption. The consumption Footprint (in gha) includes the area
needed to produce the materials consumed and the area needed to absorb CO (waste)
emissions. Determined as a nation’s primary production Footprint plus the Footprint of
imports minus the Footprint of exports (see section 1.2.1). The national average or per
person Consumption Footprint is equal to a country's Consumption Footprint divided by

its population.

- Ecological Footprint of exports (EFg) — the sum of the Footprints for all of the
resources harvested and all of the waste generated within a geographical region. For
example, if a country grows cotton for export, the ecological resources required are not
included in that country’s consumption Footprint and rather are included in the
consumption Footprint of the country that imports the t-shirts. However, these ecological

resources are included in the exporting country’s primary production Footprint.

- Ecological Footprint of imports (EF1) — the Footprint embodied in domestically

consumed products which are imported from other countries.

- Ecological Footprint of production (EFp) ‘production Footprint’ — the Footprint
embodied in domestically produced products which are exported and consumed in

another country.

Ecological ‘overshoot’ — global overshoot occurs when humanity’s demand on nature exceeds
the biosphere's supply or regenerative capacity; and leads to a depletion of Earth’s life-

supporting natural capital and a build-up of waste. At the global level, ecological deficit and

137



overshoot are the same, since there is no net-import of resources to the planet. Local overshoot

occurs when a local ecosystem is exploited more rapidly than it can renew itself.

Equivalence factor (EQF) — a productivity-based scaling factor that converts a specific land
type (crop land, grazing land, forest land, fishing grounds, built-up land, or carbon) into a
universal unit of biologically productive area, a global hectare. For land types with productivity
higher than the average productivity of all biologically productive land and water arca on Earth
(e.g., crop land), the equivalence factor is greater than 1. In a given year, equivalence factors are

the same for all countries.

Global hectare (gha) — biologically productive hectares with world average biological
productivity for a given year. Global hectares are needed because different land types have
different productivity. Because world bioproductivity varies slightly from year to year, the value

of a global hectare may change slightly from year to year.

Intertemporal yield factor (IYF) — a scaling factor that accounts for changes in the world-

average yield of the same land use type over time.

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 land, fishing
ground, and built-up land. Forest land serves two distinct, competing uses: Forest products and

CO2 sequestration.

Natural capital — all of the raw materials and natural cycles on Earth. Footprint analysis
considers one key component, life-supporting natural capital, or ecological capital for short. This
capital is defined as the stock of living ecological assets that yield goods and services on a

continuous basis.

Productivity — the amount of biological material useful to humans that is generated in a given

area. In agriculture, productivity is called ‘yield’.
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Primary product — the biological material humans will harvest and use. For example, a fallen
tree is a raw product that, when stripped of its leaves and bark, results in the primary product of
roundwood. Primary products are then processed to produce secondary products like wood pulp

and paper.

Secondary product — all products derived from primary products or other secondary products

through a processing sequence applied to a primary product.

Yield — the amount of regenerated primary product, usually reported in tonnes per year, that

humans are able to extract per area unit of biologically productive land or water.
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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