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A B S T R A C T   

The environment may constrain economic growth potential. In other words, economic growth cannot be pursued 
in spite of ecological limits any longer. Here we present an economic growth indicator adjusted by taking into 
account the current tendency of national economies to overcome the availability of natural resources and 
ecological dynamics. We combine two indicators: 1) the Output Gap, a measure of production capacity of the 
economy based on the difference between actual and potential GDP, as a per cent of potential GDP; 2) the 
difference between the Ecological Footprint and the Biocapacity of a country, systemic indicators representing 
the extent to which a country operates within or beyond ecological limits. That combination gives rise to the 
Biocapacity Adjusted Economic Growth indicator which enables a categorization of countries based on assess-
ment of growth patterns in line or not with sustainability principles.   

1. Introduction 

All countries consider economic growth a priority. Many of them aim 
to couple economic policies and sustainability choices, especially in the 
environmental field. The approval of the Agenda 2030 and the Sus-
tainable Development Goals on September 25th 2015 (UN, 2015) tes-
tifies this tendency. In particular, the European Union deserves a 
mention, since from its foundation, Article 2 of the Maastricht Treaty 
codifies that: 

“The Community shall have as its task, by establishing a common 
market and an economic and monetary union […] to promote 
throughout the Community a harmonious and balanced develop-
ment of economic activities, sustainable and non-inflationary growth 
respecting the environment, a high degree of convergence of eco-
nomic performance, a high level of employment and of social pro-
tection, the raising of the standard of living and quality of life, and 
economic and social cohesion and solidarity among Member States.” 

The article quoted has been commented on a great deal and one of 
the elements often found is that it contains potential internal contra-
dictions. How, for example, can high employment and low inflation 
coexist with long-term growth respecting the environment? The ratio-
nale for the conflict is that economic growth, according to a mainstream 

approach, tends to produce greater demand for resources whose scarcity 
is a stimulus to price increases. And price stability is one of the main 
economic policy objectives, especially in the EU. 

In the field of sustainability studies, the debate on the adequacy of 
economic growth and its measure (i.e. GDP) for orienting human 
behaviour and actions has been rising for many years; nevertheless, the 
main aim of policy makers is still economic growth. However, an 
effective solution for solving this problem lies on acknowledgment of the 
complementarity of information from different indicators rather than on 
complete replacement of GDP. In particular, this goal depends on what 
the economic and environmental potentials are, and how these can 
fruitfully complement each other. 

To get out of a logic for which development takes place by 
“consuming” ecological resources and not, on the contrary, taking 
advantage by multiplying them, it is essential to refine the measurement 
metrics and quantify whether there really is a trade-off between eco-
nomic growth and environmental protection. Moreover, according to 
Bastianoni et al. (2019), sustainability should be understood in a sys-
temic viewpoint to recognize the fundamental role of the environment 
and resources it provides to mankind to thrive. Thus: “the extensive aspect 
prevents from partial or myopic approaches that privilege one aspects (e.g. 
that of one single component in isolation or only the economic aspect) calling 
for measures and thresholds that reflect global conditions” (Bastianoni et al., 
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2019). 
Our paper focuses on these elements, proposing a growth indicator 

that aims at conceiving an assessment of economic growth adjusted for 
environmental sustainability and ultimately becoming a key perfor-
mance indicator for policy makers and analysts. For the first component 
we propose to use a measure that indicates the differential between 
current production and full production. In a similar way we propose a 
similar indicator for environmental potential. 

The current literature (e.g. Adelle and Pallemaerts, 2009; Bohringer 
and Loschel, 2004; Tampakoudis et al., 2014) typically addresses the 
problem by separating growth and sustainability indicators, the latter 
being related to social, governmental or environmental dimensions. 
Other studies present measures of cross-layer correlations between 
economic, financial and environmental flows in different layers based on 
reciprocity (e.g. Hanna, 2010; Ruzzenenti et al., 2015; Vozzella et al, 
2019). 

Multi-factorial productivity measures (MFPs) provide an aggregate 
picture of the economy, with a retrospective approach, where the 
environment is included in the indicators as a productivity factor 
contributing in terms of natural capital. 

An attempt to combine growth and environmental factors was pro-
posed by the OECD in 2016 (OECD, 2016), when the Environmentally 
Adjusted Multifactor Productivity (EAMFP) was introduced. This indi-
cator measures a country’s ability to generate income from a given set of 
inputs, while accounting for the consumption of natural resources and 
production of undesirable environmental by-products. It corresponds to 
the share of pollution-adjusted output growth that is not explained by 
changes in the use of inputs (residual growth). Therefore, for a given 
growth of input use, the EAMFP increases when GDP increases or when 
pollution decreases. As part of the growth accounting framework un-
derlying the EAMFP indicator, the growth contribution of natural capital 
and growth adjustment for pollution abatement indicators are derived:  

• Growth contribution of natural capital - measures to what extent a 
country’s growth in output is attributable to natural resource use;  

• Growth adjustment for pollution abatement - measures to what 
extent a country’s GDP growth should be corrected for pollution 
abatement efforts - adding what has been undervalued due to re-
sources being diverted to pollution abatement, or deducing the 
excess growth which is generated at the expense of environmental 
quality. 

To solve these issues, OECD has also proposed the measure of 
pollution-adjusted GDP growth. Pollution-adjusted GDP growth ac-
counts for both the economic (GDP) and environmental (pollution) as-
pects of growth performance. OECD evaluates countries where 
economic growth occurred at the expense of environmental quality, and 
must thus be adjusted downwards. On the other hand, it also shows 
countries that managed to reduce the emissions intensity of their eco-
nomic growth and hence should have their income growth adjusted 
upwards. Correctly reflecting such abatement efforts is important 
because they require directing scarce resources towards improvements 
in environmental quality rather than to producing marketed goods. 

A first problem of this indicator is that it does not identify the po-
tential for exploitation of environmental resources and their sustain-
ability, but it focuses only on the growth due to pollution abatement. A 
second issue that remains unresolved in the OECD measure is that 
pollution in itself does not measure the environmental capacity to sup-
port economic growth. The latter should be more linked to the envi-
ronmental budget (i.e., the amount of renewable resources) that each 
country inherently own thanks to its stock of natural capital. By high-
lighting this link, each country can understand how to optimise envi-
ronmental resources and adopt coherently sustainable policies. The 
environmental budget can be appraised in terms of biocapacity, that is a 
physics-based entity that belongs to the Ecological Footprint method-
ology (Wackernagel and Rees, 1996; Borucke et al., 2013; Lin et al., 

2018); it has in fact a systemic logic, referring to the entire system under 
study rather than focussing on a single punctual aspect. 

Due to its ability to keep track of human consumption, Ecological 
Footprint results have been often combined to some socio-economic 
indicators. Moran et al. (2008) have combined the UN-HDI (Human 
Development Index; Anan and Sen, 1992) and Ecological Footprint, in 
order to monitor progress of Nations in advancing human well-being 
without compromising their biocapacity. Results of that combination 
revealed that countries with the highest HDI values tend to have high 
per capita Ecological Footprints (Moran et al., 2008). A similar 
approach, starting from the HDI/EF relationship, has been proposed by 
Wackernagel et al. (2017) who observed high HDI and (unfortunately) 
high EF for countries that show progress towards the Sustainable 
Development Goals. This relationship clearly demonstrates that there is 
still the need of integrated approach in assessing countries’ ranking and 
the development of integrated approaches in which all the sustainability 
dimensions are taken into account (Wackernagel et al., 2017; Bastianoni 
et al., 2019). 

A positive correlation between Ecological Footprint and GDP has 
been demonstrated, among others, by Jorgenson and Burns (2007); 
Niccolucci et al. (2007); Patrizi et al. (2010); Galli et al. (2012); Wein-
zettel et al. (2013). Coscieme et al. (2016) have also showed a cross- 
country correlation between ecological deficit and GDP, but no corre-
lation between GDP and ecological surplus (being the surplus a measure 
of natural capital rather). Our proposal is based on different measures to 
capture the capability of policy makers to address strategic decisions 
aimed at finalizing both the economic and the ecological developments. 

Recently, the Global Footprint Network (GFN) and the United Na-
tions Environment Programme Finance Initiative (UNEP FI) launched 
the project E-RISK (Environmental Risk in Sovereign Credit analysis): 
the project proposes improved analytics able to take into consideration 
the growing natural resource constraints for sovereign credit risk. Ac-
cording to the promoters, “environmental risks are material, unevenly 
distributed between countries and not adequately reflected in sovereign 
credit risk analysis” (UNEP FI and GFN, 2012; 2016). 

Sumaila et al. (2015) proposed an index (ECO2) combining ecolog-
ical and financial debits to assess consequences on the overall economic 
performances of countries due to ecological deficit. The results show 
increasing ecological deficits due to trading of natural resources for 
financial gains. 

In this paper we aim to identify a single indicator for biocapacity 
adjusted economic growth by calibrating potential growth with consis-
tent measures of sustainability. On one side, we apply the so-called 
output gap (instead of GDP) to capture the potential (and not the 
actual) growth. On the other, we adjust the output gap with the con-
sumption (or, possibly, the creation) of biocapacity, in order to identify 
the impact of policy choices. 

For this reason, we go into both growth measures and environmental 
sustainability measures in greater depth, in order to define an indicator 
that can provide a snapshot of a country’s current position and indicate 
possible strategies for an optimal growth (i.e. better economic and 
environmental performances at the same time). 

2. The measure for potential growth 

If we want to identify a growth measure that is useful for defining 
economic policy strategies that are more consistent with the capacity of 
the environment to support them, we must first look for a measure that is 
not a backward looking production measure – that is based on historical 
measures –, but rather one that estimates forward looking potential, 
based on the gap between the actual growth and the economically 
feasible future growth margin, taking into account the inputs that are 
not fully used. This measure is called Output Gap (OG). A measure of this 
kind is decisive for us in determining the room for manoeuvre that policy 
makers can have to direct a growth pattern in line with sustainability 
criteria. 
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While this measure is well known in economic literature, it is an 
original contribution within the ecological studies because it gives the 
opportunity to measure the impact of economic policy on sustainability. 

Comparing the actual with the full production, we estimate how 
single countries may reach a certain growth and how, adjusting this 
metric, they do that consuming ecological factors. 

The OG refers to the production capacity of the economy (i.e., the 
productive resources, entrepreneurial capabilities and production link-
ages, determining the capacity of a country to produce goods and ser-
vices), i.e. to the difference between actual and potential GDP, as a per 
cent of potential GDP. Typically, during a recession, actual economic 
output decreases below its potential; therefore, we record a negative OG. 
In contrast, when an economic upturn occurs, output increases above its 
potential level, producing a positive OG. A positive OG means that 
growth is above the trend rate and is inflationary. A negative OG means 
an economic downturn with unemployment. 

The issue at the heart of the debate is the nature of the OG, which is 
not directly observable but needs an estimate. In fact, the OG is a 
measure to calculate the difference between potential and actual 
growth, i.e. a key indicator that is used to understand the potential 
development if a full production would be reached. 

When a country is characterized by this gap, policy makers may 
adopt many different strategies: some of them are ecologically sustain-
able, some are not. 

In other words, one estimate rather than another may lead to policies 
that are diametrically opposed. A restrictive policy in the presence of an 
unfavourable cycle would most likely be pro-cyclical with severe effects 
on economic prospects. 

To avoid arbitrary choices, we use the OG from OECD Economic 
Outlook (2015). Table 1 shows the OG for OECD countries according to 
the OECD model for the years 2012–2015. We identify different values 
(positive and negative), due to the difference between potential and 
actual growth. We have selected four countries (Australia, Germany, 

Israel and United States) that in 2014 show either positive or negative 
values. 

To sort countries by the OG, we can also estimate the normalised 
value as a function of the minimum value with the Eq. (1): 

Output Gap norm =
OutputGapj,t − min[OutputGap]t

σ[OutputGap]t
(1)  

where OutputGapj,t is the OG of country j at year t, min[OutputGap] is the 
minimum OG observed in year t, and σ[OutputGap]t is standard deviation 
for all OutputGapj,t . 

Almost all values in Table 1 are negative. This means that actual 
economic output is below its potential, which is mainly due to the 
impact of the financial crisis on growth and in particular on consumer 
demand. When we observe positive OG values, it means that an econ-
omy is outperforming expectations because its actual output is higher 
than the economy’s recognized maximum capacity output. 

The level and direction of movement of the OG is seen as providing 
indications about prospective inflationary pressures in product and la-
bour markets, giving them a role to play in the conduct of economic and 
monetary policy. For example, when there is a negative potential output 
in a Member State, European rules require a correction of the structural 
budgetary balances, i.e. ’adjustment’ or ’restrictive’ manoeuvres. A 
positive potential output does not require this type of intervention, but 
could on the contrary suggest that the crisis is driven by cyclical factors, 
such as a fall in demand, and therefore requires counter-cyclical, 
expansionary demand-supporting manoeuvres. 

For this reason, we will use the OG as an indicator of potential 
growth to be adjusted with biocapacity information for the measure of 
sustainability consistent in terms of the strategy adopted by policy 
makers. 

3. The measure for sustainability 

The Ecological Footprint Accounting (EFA) (Wackernagel et al., 
2017) is an environmental accounting tool composed of two metrics (the 
Ecological Footprint and the biocapacity) able to account for the na-
ture’s contribution to human well-being expressed in global hectares (i. 
e. surface-equivalent biologically productive hectares) (Galli et al., 
2007, Galli, 2015). This method aims to quantify, aggregate and express, 
in terms of ecosystem services values, both human consumption and 
Biosphere supply of resources (Galli et al., 2014; Mancini et al., 2018). 
Additivity and equivalence are the two main principles behind EFA. 
Additivity allows to sum-up all biologically productive space required to 
meet human demand. Equivalence allows to express different land types, 
characterized by different productivity, in a common unit of measure-
ment (Lin et al., 2018). As such, by definition (Wackernagel et al., 2017; 
Borucke et al., 2013):  

• The Ecological Footprint (EF) is a measure of the demand populations 
and activities place on the biosphere in a given year, given the prevailing 
technology and resource management of that year. 

• The biocapacity (BC) is a measure of the amount of biologically pro-
ductive land and sea area available to provide the ecosystem services that 
humanity consumes - our ecological budget or nature’s regenerative 
capacity. 

The EF tracks anthropogenic requirement and land appropriation as 
a consequence of consumer demand. 

The BC tracks Nature’s ability to produce ecosystem services within a 
country, a region or the whole planet. The BC is the counterpart of EF 
and reflects the current and actual productivity of ecosystems consid-
ering prevailing technologies and management practices rather than the 
theoretical productivity of such ecosystems (Goldfinger et al., 2014). 

EF and BC are expressed in global hectares (gha) i.e. hectares with 
world average productivity (Rees, 1996; Galli et al., 2007), obtained by 

Table 1 
Output Gap of the total economy OECD countries (2014) [expressed as % of 
GDP]. Data extracted on 15 Jul 2019 10:55 UTC (GMT) from OECD. Stat. The 
highlighted values correspond to the examples discussed along the paper.  

Country OG 2014 OG NORMmin 

Australia − 1.181  3.904 
Austria − 2.001  3.652 
Belgium − 1.795  3.716 
Canada − 0.706  4.050 
Chile 0.293  4.357 
Czech Republic − 2.482  3.504 
Denmark − 1.555  3.789 
Estonia − 0.711  4.048 
Finland − 4.881  2.768 
France − 1.842  3.701 
Germany 0.326  4.367 
Greece − 13.894  0.000 
Hungary − 3.163  3.296 
Ireland − 3.871  3.078 
Israel 0.979  4.567 
Italy − 5.432  2.599 
Japan 0.444  4.403 
Korea − 0.624  4.075 
Luxembourg − 1.399  3.837 
Mexico − 0.611  4.079 
Netherlands − 2.608  3.466 
Norway − 0.250  4.190 
Poland − 2.057  3.635 
Portugal − 6.865  2.159 
Slovak Republic − 3.205  3.283 
Slovenia − 5.979  2.431 
Spain − 11.021  0.882 
Sweden − 2.087  3.626 
Switzerland − 0.455  4.127 
United Kingdom − 0.675  4.060 
United States − 2.758  3.420  
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means of scaling factors, namely Yield and Equivalence Factor. Each 
global hectare represents the same fraction of the Earth’s total bio-
productivity and can be considered as an average hectare of all land 
types combined. Land types considered in the EFA are: cropland, grazing 
land, built-up land, forest land, fishing grounds and carbon uptake land. 
These land types originate products and services included into five 
leading consumption categories: food, shelter, transportation, goods and 
services and wastes (currently only the area required to sequester 
anthropogenic CO2 emissions is considered). 

The Global Footprint Network (GFN) annually provides EF and BC 
data for more than 200 Nations, under the name of National Footprint 
Accounts (NFA). EFA of a country expresses the EF of consumption (EFC) 
of their inhabitants quantifying the demand of biologically productive 
land and sea area required to maintain their consumption’s pattern 
considering the in house production (EFP: EF of production within 
country’s geographical boundaries), adding the EF embedded in im-
ported goods (EFI) and subtracting the EF embedded in exported goods 
(EFE). Therefore, the EFA adopts a consumer-based approach (Borucke 
et al., 2013). A more detailed description of EFA can be found in Borucke 
et al. (2013) and Lin et al. (2018). 

Since EF and BC are expressed in the same unit (i.e. gha), the com-
parison between the demand (EF) and availability (BC) highlights the 
ecological balance. Namely, as seen before, the difference between the 
two entities may result in a deficit or a surplus expressed in ecological 
terms. When in a country (or even at the World level) the EF is greater 
than the BC, an ecological deficit occurs (EF > BC) (at the global level 
this situation is called overshoot); conversely when the ecological bal-
ance is positive (BC > EF) the country runs an ecological surplus (Bor-
ucke et al., 2013). In other words, in this case we can identify the 
difference between EF and BC as an Ecological Gap as a counterpart of 
the Output Gap used in the economic/financial analysis. As recently 
recognized by Syrovátka (2020), however, the interpretation of the 
national ecological balance needs to be carefully handled in deriving 
and assessing the sustainability level of a nation. In fact, when an 
ecological deficit occurs it can be both at the expenses of national bio-
capacity or by depleting global biocapacity. Anyhow, the ecological 
deficit can be understood as a first environmental alarm that a policy-
maker should take into account besides the economic growth. 

NFAs make use of extensive data sets largely from national and in-
ternational statistical and scientific bodies like UN agencies or countries’ 
annual statistics in areas like agriculture, forestry and energy. Domestic 
production and trade are taken into consideration for consumption (or 
final demand) calculation. Data gaps are filled in with the help of a 
variety of governmental, academic or private sources. The margin of 
error of NFA based on shortcomings of the data sources is hard to 
quantify even though each year a quality-assurance process is followed 
to validate the calculations (Lin et al., 2018). 

With the aim of measuring the degree of environmental sustain-
ability, we estimate the Ecological Gap as the difference between 
Ecological Footprint and biocapacity (EF-BC). For each country j, we 
then compute Δ(EF-BC) in a period t (in our case between 2013 and 
2014) to highlight the dynamics of sustainability. We underline the 
“dynamics of sustainability” because we use the momentum (or, a 
derivate) of biocapacity and not the stock of it. This way, our proposal 
focuses on the dynamics of growth and ecological consumption. The 
indicator is then oriented to show the nature of policy makers decisions. 

In order to standardize this variable with positive values, we 
compute the gap between Δ(EF-BC)j,t and minΔ(EF-BC), that is the 
country where we observed the minimum dynamics. Finally, we scale 
the previous difference with the standard deviation of all the Δ(EF-BC)j,t 

Finally, to obtain a positive measurement of this indicator, we can 
calculate its standardised value using the following formula: 

Δ(EF − BC)norm;j,t =
Δ(EF − BC)j,t− min[Δ(EF − BC)]t

σ[Δ(EF − BC)]t
(2)  

where Δ(EF − BC)norm allows to rank all the countries by the delta in 
biocapacity consumption. This indicator is always positive; only the 
country min[Δ(EF − BC)]t records a 0 value: the period 2013–2014 
shows that the min[Δ(EF − BC)]t was recorded in Poland (Table 2). 

4. The biocapacity adjusted output gap. Our proposals 

The analysis of growth and how it is combined with the environ-
mental variable can be dealt with in two ways: on the one hand, the two 
dimensions can be kept separate and how to govern growth according to 
the desired environmental sustainability variable can be evaluated; on 
the other hand, we build a synthetic indicator that can relate both di-
mensions (economic growth and ecological potential) in a single mea-
sure. In the first part of this section we evaluate how to interpret the two 
dimensions (growth and environmental sustainability) separately; then 
we will propose an adjusted growth indicator by means of biocapacity. 

4.1. Economic growth and ecological Sustainability. Country position 

After selecting 2014 as a reference year (GFN, 2018), we estimate 
how the expected trajectory could depend on the EF and BC values, 
proxies of environmental potential exploitation. 

We choose four countries that show differences in Output Gap and 
Ecological Gap (the latter being equal to EF–BC). These are character-
ized by different potential growth (positive and negative) and Δ(EF–BC) 
observed over the period: Australia (negative OG and negative 
Δ(EF − BC)j,t), Israel (positive OG and negative Δ(EF − BC)j,t), Germany 
(positive OG and positive Δ(EF − BC)j,t), and United States (negative OG 
and positive Δ(EF − BC)j,t). The four countries reveal four different 
combinations in terms of OG and Ecological Gap dynamics. Our in-
dicators are designed in order to classify all the potential trajectories of 
countries and how policy makers may calibrate their interventions in 
order to optimize the biocapacity adjusted economic growth. Data on 
OG and EF parameters for the selected countries are shown in Table 3. 

Table 2 
Ecological Gap (i.e. EF – BC), Delta 2014–2013 (Data from GFN, 2018).  

Country EF-BC 2014 EF-BC 2013 Delta 

Australia  6.100  6.583 − 0.483 
Austria  5.091  5.238 − 0.148 
Belgium  5.920  2.954 2.965 
Canada  7.264  1.381 5.883 
Chile  3.240  1.111 2.130 
Czech Republic  4.814  3.525 1.289 
Denmark  6.341  0.830 5.511 
Estonia  6.179  5.549 0.630 
Finland  5.308  1.791 3.517 
France  3.912  3.339 0.573 
Germany  4.262  1.215 3.047 
Greece  3.508  0.995 2.513 
Hungary  2.818  0.721 2.096 
Ireland  3.921  0.501 3.420 
Israel  3.894  5.727 − 1.833 
Italy  3.506  1.109 2.397 
Japan  3.958  0.272 3.686 
Korea  5.030  0.880 4.150 
Luxembourg  11.499  − 0.786 12.285 
Mexico  1.763  0.084 1.678 
Netherlands  5.138  0.362 4.776 
Norway  5.247  2.704 2.543 
Poland  3.657  12.962 − 9.305 
Portugal  2.902  0.354 2.548 
Slovak Republic  3.410  0.151 3.258 
Slovenia  3.890  3.297 0.593 
Spain  3.020  0.823 2.197 
Sweden  5.805  0.289 5.516 
Switzerland  4.065  1.926 2.139 
United Kingdom  4.013  2.547 1.466 
United States  7.580  0.271 7.309  
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Since high levels for the Δ(EF − BC)j,t show higher ecological de-
mand, the best strategy should perform at top left of the Cartesian plane. 
Typically, OG and EF are positively correlated (in 2014 the correlation 
coefficient was 0.18), in line with previous studies in which a positive 
correlation has been found between EF and GDP (Niccolucci et al., 2007; 
Patrizi et al., 2010; Galli et al., 2012; Weinzettel et al., 2013). In other 
terms, the Δ(EF − BC)j,t is a proxy of the ecological risk to be paid in 
order to push up the economic growth. The larger the Δ, thehigher the 
risk not to reach the growth targets. It quantifies the amount of addi-
tional biocapacity needed by a country to meet inhabitants’ re-
quirements obtained through trade of goods and therefore paid out by 
the economy of the country, or contracting an ecological debt with 
future generations for overconsumption of natural resources (leading to 
a lower future biocapacity) or excessive emissions of CO2. 

If we compare the OG values with the ecological sustainability trend 
of the country represented by the Δ(EF − BC)j,t , we obtain 4 combina-
tions as represented in Fig. 1. The best case (Higher Growth Higher 
Sustainability, HGHS) is when a positive growth potential (OG greater 
than 0) meets a higher sustainability (Δ(EF − BC)j,t < 0). On the other 
side, the worst case is characterized by negative output gaps and positive 
Δ(EF − BC)j,tvalues. This case may be defined Lower Growth and Lower 
Sustainability (LGLS). The other two cases (HGLS and HGLS) are inter-
mediate combinations. Due to the positive correlation between eco-
nomic performances and resource consumption (e.g. the 
abovementioned correlation between GDP and EF), HGLS and LGHS are 
easily understandable; at the same time HGHS and LGLS are rather 
counterintuitive and, for this reason, the status of HGHS, though desir-
able, is hard to achieve. 

Fig. 2 shows how the four countries are combined in terms of the two 
dimensions. More specifically, the country with the best tendency in our 
matrix is Israel, because its positive OG is associated to a lower 
Δ(EF − BC)j,t, meaning that it is able to obtain a positive OG while 
reducing its ecological deficit (i.e. a positive but decreasing EF-BC) in 
time. 

On the opposite side, the United States are in the worst combination, 
since the negative OG is combined with a tendency to a lower sustain-
ability. Australia and Germany are in two intermediate positions, the 
former with good ecological and bad economic performance, the latter 

with bad ecological and good economic performance. 

4.2. A proposal for a biocapacity adjusted growth indicator 

The analysis of potential economic growth and the EF in relation to 
BC, i.e. the approach followed in section 4.1, allows the positioning of 
countries along the two dimensions identified to be highlighted, but 
does not allow a clear and synthetic representation of economic per-
formance and ecological risk. 

Following the experience of risk-adjusted performance indices 
introduced in finance (Sharpe, 1966, Treynor, 1965, Gabbi, 2005) aimed 
at comparing portfolios by synthesising returns and volatility, we pro-
pose the construction of an indicator capable of summarising to an 
extent the capacity of a country’s economic growth in relation to its 
ecological demand. 

Our Biocapacity Adjusted Growth indicator (BAG) is the ratio be-
tween the two dimensions already described above: the normalized OG 
on one side, and the Delta norm on the other (Eqs. (1) and (2)). Its 
rationale is that the economic growth potential (as numerator of the 
ratio) is conditioned by the biocapacity exploitation potential (as de-
nominator of the ratio) (Eq. (3)). 

BAG =
OutputGapnorm

Δ(EF − BC)norm;j,t + 1
(3)  

where Δ(EF − BC)norm;j,t is an estimate of increasing ecological risk and a 
proxy for the sustainability of growth, as well as being a measure of the 
trend in biocapacity consumption. The higher the value of the denom-
inator of the ratio, the more serious the ecological situation of the 
country appears. 

A high value of the indicator, which is desirable, may depend on two 
factors: on the one hand, in the case of a high level of growth with 
respect to the potential of the production factors (with a positive output 
gap), the numerator increases. On the other hand, if the country man-
ages to “save” its biocapacity and in particular if the trend is improving, 
the denominator decreases. 

To our knowledge, this is the first contribution to the literature on 
sustainability that applies at the level of a single indicator 

Table 3 
Output Gaps, Ecological Footprint, biocapacity and Δ(EF − BC).for the 4 selected countries.  

COUNTRY Output Gap (EF − BC)2014  (EF − BC)2013  Δ(EF − BC)j,t  COUNTRY POSITION 

Australia − 1.181  6.100  6.583 − 0.483 LGHS 
Germany 0.326  4.262  1.215 3.047 HGLS 
Israel 0.979  3.894  5.727 − 1.833 HGHS 
United States − 2.758  7.580  0.271 7.309 LGLS 

Source: NFA 2018 edition referred to year 2014; Global Footprint Network 

Fig. 1. OG and Delta (EF-BC) country combinations.  

Fig. 2. OG and Delta (EF-BC) combinations for 4 countries (2014).  
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simultaneously a measure of growth potential (the output gap) and an 
environmental potential, based on the dynamics of Ecological Footprint 
and biocapacity. 

Compared to the OECD measure introduced in 2016 (EAMFP), we 
avoid using GDP that is backward looking, replacing it with a forward 
looking measure (OG). Moreover, with regard to the sustainability 
component, we do not use pollution measures but systemic sustain-
ability measures, such as biocapacity. 

The indicator can be considered as an estimate of the country’s 
economic performance corrected for environmental risk. 

In other words, this indicator is a measure of “sustainability risk” that 
could even direct the dynamics of investment towards one system or 
another also on the basis of its ability to physically support new infra-
structure, settlements, processes and the like. 

Based on the variation of growth and environmental sustainability 
factors and not on their level, the BAG provides a prospective trend 
indicator of the decisions taken by policy makers, and less conditioned 
by country-specific dependent factors on which government authorities 
are unlikely to structurally change. 

From this point of view, the BAG is more consistent with the logic 
used in the financial sphere to assess debt sustainability, especially 
public debt. If policy makers allocate the financial resources raised on 
the capital markets (especially bonds) for investments that lead to an 
improvement in the BAG, it can be considered that the debt is, all other 
things being equal, more sustainable and therefore deserves a higher 
rating. 

Table 4 summarizes the BAG factors and the final value for the OECD 
countries. By means of Eq. (1) we estimated OutputGapnorm for all the 
OECD countries in 2014. Due to the formula, all the OutputGapnorm 
values are positive. Only the min[OutputGap] assumes value 0, and in 
2014 it was assumed by Greece, while the highest level (4,567) was 
assumed by Israel. 

The most virtuous value for Δ(EF − BC)normwas recorded by Poland, 
with the best decrease in biocapacity consumption in the considered 

period. The Δ(EF − BC)norm ranges from 0 (Poland) to 6.326 
(Luxembourg) giving the signal of the pattern of unsustainable decisions 
for each country. 

The BAG indicator allows to summarize in which terms the growth 
potential of a country (OG norm) can be pursued in relation to the trends 
in environmental sustainability, especially considering the trend of 
biocapacity consumption in the country. 

Since the two factors may have different dynamics, the positioning of 
the country in the ranking of the indicator may in some cases benefit 
more from the growth factor, in others from the environmental 
component. 

As expected, among the four countries we selected in our paper, 
Israel highlights the best of the BAG values for its position as an HGHS 
country. In contrast, the United States has the lowest value (among the 
four countries analyzed) for its LGLS position. 

5. Conclusions 

Economic growth and environmental protection are often on the 
political agenda, albeit with different accents. The indicators used to 
assess the effectiveness of policy makers’ choices are rarely comparable. 
Nor has any attempt been made to find synthetic indicators to define 
objectives and measure results for sustainable economic growth, in the 
environmental sense. 

Our contribution is aimed at proposing a ratio whose meaning is to 
categorize countries in terms of potential growth adjusted by their trend 
in biocapacity consumption. The Biocapacity Adjusted Growth (BAG) in-
dicator has been introduced to highlight the position of the country in a 
given moment, distinguishing four positions according to the level of 
growth and the trend in ecological consumption. 

The originality of our contribution lies in the possibility of identi-
fying, on the one hand, the positioning of each country in terms of 
sustainable growth. The proposed indicator makes it possible to identify 
in a synthetic way the growth potential of an economy and the rate of 
consumption of biocapacity, the latter being considered a significant risk 
factor for further economic prosperity, due to the supportive role played 
by Natural Capital for human activities. The indicator also has signifi-
cant applicability to economic and environmental policies, in line with 
EU objectives. By measuring growth factors that are neutral in terms of 
consumption of the Ecological Footprint, it is possible to identify the 
potential growth of each country with a view to ensuring its own 
sustainability. 

Aggregating indicators into a synthetic indicator often implies loss of 
information. For this reason, it has been necessary to propose an analysis 
of single indicators before combining them. Anyhow, in the case of in-
dicators, appropriate disaggregation of information may help under-
stand how and why a result has been obtained, and the way in which 
that information can be used. 

In terms of policy implications, we suggest a way to find out the 
potential for economic growth exploiting the balance between EF and 
BC. Maximising the BAG ratio is possible only coupling highly sustain-
able growth policies in environmental terms. 

Though the values of EF and OG used and computed here are not up 
to date, the purpose of the paper was to illustrate how to combine and 
possibly interpret information through the construction of a synthetic 
indicator, rather than present a worldwide diagnosis of countries. 

A further application of the proposed indicator is more strictly 
financial. By intercepting the potential growth component and corre-
lating it for the biological capacity to bear it, BAG is an indicator that 
financial analysts and rating agencies can incorporate into sovereign risk 
assessment models. 

Countries that make economic policy decisions are able to positively 
influence this indicator in a direction that is clearly more sustainable in 
the medium and long term. With a time horizon that is similar to that of 
the maturities of public debt bond issues and which favours a “through- 
the-cycle” approach, characterised by less volatile estimates and able to 

Table 4 
OGNorm min, Delta Norm and BAG for the OECD countries. Source: OECD. Stat 
and NFA 2018 edition referred to year 2014; Global Footprint Network.  

Country OG NORMmin Delta Norm BAG 

Australia  3.904  2.585  1.089 
Austria  3.652  2.683  0.992 
Belgium  3.716  3.596  0.809 
Canada  4.050  4.451  0.743 
Chile  4.357  3.351  1.001 
Czech Republic  3.504  3.104  0.854 
Denmark  3.789  4.342  0.709 
Estonia  4.048  2.911  1.035 
Finland  2.768  3.757  0.582 
France  3.701  2.895  0.950 
Germany  4.367  3.619  0.945 
Greece  0.000  3.563  0.000 
Hungary  3.296  3.441  0.742 
Ireland  3.078  3.829  0.637 
Israel  4.567  2.189  1.432 
Italy  2.599  3.429  0.587 
Japan  4.403  3.807  0.916 
Korea  4.075  3.943  0.824 
Luxembourg  3.837  6.326  0.524 
Mexico  4.079  3.218  0.967 
Netherlands  3.466  4.126  0.676 
Norway  4.190  3.472  0.937 
Poland  3.635  0.000  3.635 
Portugal  2.159  3.473  0.483 
Slovak Republic  3.283  3.681  0.701 
Slovenia  2.431  2.900  0.623 
Spain  0.882  3.370  0.202 
Sweden  3.626  4.343  0.679 
Switzerland  4.127  3.353  0.948 
United Kingdom  4.060  3.156  0.977 
United States  3.420  4.869  0.583  
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capture the more robust components of credit risk estimates. 
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