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Abstract

This paper develops an index to assess intergenerational justice in the domain of environment
and natural resources in Portugal. Given the conceptual and operational challenges associated with
directly measuring intergenerational justice, the analysis adopts a strong sustainability perspective,
focusing on whether current environmental trajectories are consistent with preserving natural
capital for future generations. The proposed framework interprets long-term policy targets as

implicit intergenerational social contracts and evaluates performance relative to these benchmarks.

The index is constructed using a parsimonious set of indicators covering five key dimensions:
climate change, forests and biodiversity, circular economy, water pollution, and freshwater
consumption. These indicators are derived from official data sources and designed to reflect both
environmental pressures and the state of natural capital, while maintaining a clear link to public
policy objectives. A composite indicator is then obtained through the aggregation of these
dimensions, allowing for a synthetic and policy-relevant assessment of environmental

performance.

The results for the period 2015-2023 reveal a heterogeneous pattern across dimensions. While
improvements are observed in climate change mitigation and forest management, these are offset
by a persistent deterioration in circular economy indicators and increasing pressure on water
resources, particularly in terms of freshwater consumption. The aggregate indicator shows only
modest improvement over the period and remains at levels inconsistent with intergenerational

sustainability.

The findings highlight the importance of strengthening policy efforts in areas where
performance is deteriorating or stagnating. More broadly, the proposed index provides a
transparent and consistent tool for monitoring environmental sustainability over time, supporting

both policy evaluation and public debate on intergenerational justice.
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1. Introduction

The objective of this paper is to update and develop an index of intergenerational justice in the
domain of environment and natural resources’. Assessing intergenerational justice in this context
poses significant operational challenges, particularly due to the difficulty of quantifying a concept
that depends on uncertain future conditions and complex interactions between environmental,
economic, and social systems. To address these challenges, the analysis adopts a related but more
operational concept, strong sustainability, defined as maintaining a level of natural capital for

future generations that is at least equivalent to that inherited by current generations.

The measurement of intergenerational justice in environmental domains is further complicated
by the large number of available indicators and data sources. Environmental information is
produced by multiple institutions, including the Portuguese National Statistics Institute (INE),
Eurostat, the Portuguese Environment Agency (APA), the OECD, and other specialized databases
such as EFFIS. While this wealth of information is valuable, it also creates difficulties in
synthesizing results into a coherent and policy-relevant assessment. Moreover, the complexity of
operationalizing intergenerational justice makes it necessary to define a consistent and transparent

framework for selecting and aggregating indicators.

At the international level, composite indices such as the Environmental Performance Index
(EPI), developed by Yale and Columbia Universities, provide a broad assessment of environmental
performance across countries. The EPI evaluates 180 countries based on multiple indicators related
to climate change, environmental health, and ecosystem vitality. According to the most recent
available results (EPI 2024), Portugal ranks 26th globally. While its performance is relatively
stronger in environmental health, it performs less favorably in “forests”, “waste per capita” or
“agriculture”, when compared to other Western countries. These results highlight the need for
continued progress in environmental monitoring and policy.

However, the objective of this paper is not to provide an international comparison, but rather

to analyse the evolution of environmental sustainability within Portugal. Focusing on a single

country allows for a more detailed and policy-relevant assessment, aligned with national targets

! This paper was developed within the framework of a broader project conducted by the Institute of Public Policy Thomas Jefferson -
Correia da Serra for the Calouste Gulbenkian Foundation, which resulted in the report “What Future Are We Leaving to The Next
Generations? (An Intergenerational Justice Index for Portugal)” (Pereira et al., 2025). The present paper builds on previous work
(Pereira et al., 2023; Pereira, Nobre and Esteves, 2024) by refining the methodology and offering a more detailed analysis of the
environment and natural resources dimension. We would like to thank the Calouste Gulbenkian Foundation for supporting this research
and participants at a Gulbenkian workshop to discuss a previous version. All remaining errors are our own.
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and institutional frameworks. In this context, the index developed in this paper emphasizes a

limited set of indicators directly linked to policy objectives and regulatory commitments.

There are some intergenerational justice indexes (IJI) both at international and national levels,
including Vanhuysse (2013), Vanhuysse and Tremmel (2019), and Domingos and Vieira (2021),
as well as recent environmental performance assessments by the OECD (2023). Based on this
literature and policy relevance criteria, five key dimensions are selected: climate change; forests
and biodiversity; circular economy; water pollution; and freshwater consumption. These

dimensions capture both the state of natural capital and the pressures exerted by economic activity.

The indicators are selected based on their relevance for public policy, the availability of reliable
and regularly updated data, and consistency with established methodological guidelines for
composite indicators (OECD, 2008). Preference is given to indicators derived from official sources
with a consistent production history, ensuring that the index can be updated on an annual basis.
Furthermore, priority is given to indicators that are directly or indirectly influenced by public

policies, reinforcing the link between the index and policy evaluation.

I Environment and Natural Resources
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The remainder of the paper is structured as follows. Section 2 discusses the conceptual
challenges of measuring intergenerational justice and motivates the use of a strong sustainability
framework. Section 3 presents the dimensions, methodology, and indicators. Section 4 reports the
empirical results for the period 2015-2023. Section 5 concludes with a discussion of the main

findings and their implications for public policy.
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2. Intergenerational Justice and Strong
Sustainability in Environmental and Natural
Resource Policy

2.1. Is it possible to measure intergenerational justice in the environment
and natural resources?

The objective of this section is to clarify that, although multiple normative frameworks of
intergenerational justice exist, operationalising this concept in the domain of environment and
natural resources over a meaningful time horizon (e.g. 50 years) is not feasible in a fully consistent
manner?. This limitation is not merely technical but reflects deep conceptual and informational
constraints. For this reason, the notion of intergenerational justice has, in recent decades, been
increasingly replaced in applied analysis by the concept of sustainability. Nevertheless, it remains
possible and useful to measure outcomes that are related to intergenerational justice, even if they
do not constitute a direct measure of it. In particular, it is often easier to identify trajectories that
are incompatible with intergenerational justice than to define conditions under which justice is

fully achieved.

To frame this argument, consider two canonical approaches to intergenerational justice?,
alongside the case of environmental change. A first approach, grounded in a notion of
intergenerational reciprocity, can be interpreted as requiring that each generation leaves to the
next at least the equivalent of what it inherited. This perspective echoes the idea, associated with
Thomas Jefferson, that the Earth should be treated as a usufruct, rather than as property, and
therefore transmitted across generations without degradation. A second approach, rooted in
distributive justice and associated with the Maximin/Leximin criterion, considers that justice is
achieved if the least advantaged members of future generations are at least as well off as the least

advantaged in the present generation.

2 The challenges discussed here are not specific to environmental and natural resource domains but are common to the broader problem
of measuring intergenerational justice across different sectors, such as housing or health. However, these challenges are particularly
acute in the environmental context, as further discussed in this section. In his seminal work, John Rawls (1971) addresses the issue
explicitly in sections “44. The Problem of Justice between Generations” and “45. Time Preference”, noting that “there is no need to
stress the difficulties of this problem” as it places severe, if not impossible, demands on any ethical theory (p. 284).

3 For a detailed discussion of alternative normative frameworks of intergenerational justice, see Manuel Valente and Axel Gosseries
(2023), who provide a comprehensive overview of reciprocity-based and distributive approaches.
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In both cases, the evaluation of intergenerational justice requires comparing welfare levels
across generations, which in turn depend on the stock of assets transmitted over time. These assets
include natural, physical and human capital, from which flows of goods and services are derived.
However, even under this simplified representation, the operationalisation of intergenerational

justice faces severe informational and conceptual limitations.

A first difficulty arises from demographic uncertainty. The size and composition of future
populations are inherently uncertain, yet they influence the evaluation of per capita resource
availability and welfare. Current projections for Portugal suggest a significantly smaller and older
population in the coming decades. Whether population size should enter the assessment of
intergenerational justice is itself a normative question. A utilitarian perspective focused on average
welfare suggests that what matters is welfare per capita, rather than total population, thereby

avoiding ethically problematic conclusions associated with population expansion®*.

A second difficulty concerns the non-observability of future preferences. It is not possible to
anticipate how future generations will value different dimensions of natural capital, such as
ecosystem services, nor the opportunity costs they will associate with the depletion of non-
renewable resources. This introduces a fundamental identification problem: intergenerational

welfare comparisons require information that is, by construction, unavailable.

A third limitation relates to the measurement of natural capital itself. Existing estimates of
resource stocks are conditional on current technological and economic conditions, and therefore
reflect what is known and economically exploitable today. They do not provide a complete or

stable measure of the underlying resource base, nor of its future productivity.

A fourth difficulty, particularly relevant in the context of climate change, concerns the global
nature of environmental externalities. Intergenerational justice cannot be analysed solely within
national boundaries, as the distribution of mitigation efforts across countries raises additional
questions of international equity. It is not clear that equal proportional reductions in emissions are

consistent with a fair allocation of responsibility between developed and developing economies.

These challenges become more explicit when considering a utilitarian framework of

intergenerational justice. Under such an approach, efficiency requires that natural resources be

4 Under a utilitarian framework, social welfare is typically defined as the aggregation of individual welfare levels. In its more restrictive
and commonly adopted form, this implies a focus on average (per capita) welfare rather than total welfare, thereby avoiding the
ethically problematic implication that increases in population size, holding individual welfare constant, necessarily improve social
welfare. For a critical discussion, see Brian Barry (1991).
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allocated so as to maximise the present value of net benefits across generations’. At the same time,
a constraint on the non-declining stock of capital particularly natural capital may be imposed to
reflect intergenerational equity concerns.6 Operationalising this framework would require detailed
knowledge of the composition and productivity of different forms of capital over time, the
preferences of future generations, and the appropriate intertemporal discount rate. The choice of
discount rates is especially critical, as illustrated by the well-known debate between Stern and
Nordhaus: higher discount rates reduce the present value of future benefits and therefore weaken

the case for current investment in mitigation.

An alternative framework, based on the Maximin/Leximin principle, does not resolve these
difficulties. Applying this criterion requires identifying the least advantaged individuals in future
generations, which in turn depends on the evolution of both aggregate resources and their
distribution. In a Rawlsian interpretation, this would involve comparing the distribution of primary
goodsrights, opportunities, income and wealth across generations. Such an exercise is not
operational, as it requires detailed knowledge of future economic and social structures. Moreover,
a strict application of this principle would reject policies that reduce the welfare of the current
worst-off cohort to benefit future generations whose least advantaged members are better off than

those today.

In the context of environmental policy, these conceptual challenges translate into practical
difficulties in determining optimal levels of investment in mitigation and adaptation. The benefits
of such investments are largely realised in the future, while the costs are incurred in present. As a
result, the evaluation of these policies is highly sensitive to the choice of discount rate and to
assumptions regarding intergenerational redistribution. In a Rawlsian framework, this would
imply the use of different discount rates depending on whether resources are effectively transferred

from richer to poorer generations or vice versa, further complicating the analysis’-

In summary, both reciprocity-based and Maximin approaches to intergenerational justice face

substantial obstacles when applied to the domain of environment and natural resources. These

5 This formulation assumes a zero probability of human extinction. While this assumption may be considered strong, similar analytical
challenges arise when considering a finite but sufficiently long sequence of future generations (e.g. 50 overlapping cohorts), suggesting
that the core difficulties are not driven by the infinite horizon per se.

% In addition to maintaining the aggregate value of the capital stock, some interpretations of intergenerational justice impose a critical
threshold on natural capital, below which substitution with other forms of capital is not considered acceptable. This reflects the notion
of “strong sustainability”, where certain environmental assets are viewed as non-substitutable.

7 In a Rawlsian framework, the choice of discount rate becomes particularly complex, as it should reflect normative considerations
regarding intergenerational redistribution. In principle, different discount rates could be justified depending on whether transfers occur
from richer to poorer generations, from poorer to richer generations, or between generations with similar welfare levels. This stands in
contrast with standard approaches in welfare economics, where a uniform discount rate is typically applied.
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obstacles arise from fundamental limitations in information, uncertainty about future conditions,
and normative ambiguity. As a result, intergenerational justice cannot be directly measured in a
consistent and operational manner. The following section therefore shifts the focus towards
measurable environmental and resource-based indicators that, while not constituting a direct
measure of intergenerational justice, provide meaningful information about whether current

trajectories are compatible with avoiding measuring intergenerational injustice directly.

2.2. From Intergenerational Justice to Strong Sustainability: What Can and
Should Be Measured?

A useful starting point is a simple and widely acknowledged asymmetry between present and
future generations. As argued by Brian Barry (1991), current generations have the capacity to
affect the welfare of future generations, whereas the reverse is not true. This asymmetry is central
to any discussion of intergenerational justice. Decisions taken today through investment,
consumption, and environmental use generate both benefits and costs that will materialise in the
future. Capital accumulation and technological progress may enhance future welfare, but
irreversible damages to natural systems, including climate change, biodiversity loss, or soil

degradation, impose long-lasting constraints on future well-being.

This asymmetry has clear normative implications. Even if one refrains from attributing formal
rights to future generations - an issue that remains debated in the literature® - it is sufficient to
recognise that present generations bear responsibilities towards the future. These responsibilities
arise in a context of uncertainty and risk, particularly in environmental domains characterised by

long-term dynamics and potential tipping points.

Climate change provides a particularly relevant illustration. While there is uncertainty regarding
the precise threshold beyond which global warming may trigger irreversible or catastrophic effects,
there is broad scientific consensus on the existence of anthropogenic climate change. In this
context, policy choices involve a trade-off between current costs and future risks. Ambitious
mitigation policies may impose higher costs on present generations, while insufficient action

increases the likelihood of severe and potentially irreversible damage in the future.

8 Several authors argue that future generations cannot be considered bearers of rights in a strict sense, as they do not yet exist and
therefore cannot hold claims in the present. This position reflects a broader debate in political philosophy regarding the ontological
and normative status of future individuals. Nevertheless, the absence of rights attribution does not preclude the existence of moral
obligations on the part of present generations.
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Importantly, the risks associated with these policy choices are asymmetric. An excessively
stringent mitigation target such as an early commitment to carbon neutrality can be revised
downward considering future technological developments or new information. In contrast,
insufficient mitigation efforts today may lead to substantially higher future costs or, in the extreme,
to the crossing of irreversible thresholds associated with large-scale environmental disruption.
From an economic perspective, this asymmetry reflects the presence of irreversibility and deep
uncertainty, which strengthens the case for precautionary behaviour. The precautionary principle

thus emerges as a rational response to asymmetric risks.

Although the specific preferences of future generations are unknown, it is possible to identify
outcomes that are unambiguously undesirable. As noted by Brian Barry (1991, p. 248), while we
cannot anticipate the exact preferences of future individuals, it is highly unlikely that they would
value outcomes such as increased exposure to environmental hazards, ecosystem degradation, or
large-scale climate impacts. This observation provides a minimal normative foundation for action:

avoiding clearly harmful trajectories does not require precise knowledge of future preferences.

The approach adopted in this paper builds on this idea. Rather than attempting to define and
measure intergenerational justice directly an objective that, as discussed in the previous section, is
not operationalthe focus is placed on avoiding severe forms of intergenerational injustice. This
perspective is broadly consistent with a contractualist interpretation of justice, while remaining

compatible with economic reasoning under uncertainty.

In the environmental domain, this approach is closely aligned with the concept of strong
sustainability. Under this framework, certain components of natural capital are considered critical
and non-substitutable, implying that their degradation beyond specific thresholds is not
acceptable. This contrasts with weaker notions of sustainability, where different forms of capital

are assumed to be substitutable.

In practical terms, policy evaluation should focus on whether current trajectories respect critical
limits in the use of natural resources and environmental systems. In the case of climate change,
this translates into the concept of a finite carbon budget consistent with achieving carbon
neutrality. Even though Portugal represents a small share of global emissions, it is still subject to
a national carbon budget that reflects its contribution to global mitigation efforts. Exceeding this
budget would imply shifting adjustment costs to future generations and increasing the risk of

irreversible environmental damage.
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More broadly, sustained economic growth and population dynamics are expected to increase
global material and energy consumption in the coming decades’. In this context, achieving strong
sustainability requires a progressive decoupling along three key dimensions: (i) the decoupling of
well-being from material consumption; (ii) the decoupling of material consumption from energy
use; and (iii) the decoupling of energy use from fossil fuel consumption. Only when these processes
are sufficiently advanced culminating, in the climate dimension, in carbon neutrality can it be

argued that current generations are no longer depleting environmental capital.

International and regional policy frameworks can be interpreted as explicit expressions of an
intergenerational contract. The Paris Agreement establishes global commitments to limit
temperature increases, while the European Green Deal sets the objective of achieving carbon
neutrality by 2050. These frameworks provide observable benchmarks against which national
performance can be assessed. Although such agreements may be revised over time, they represent
the current collective commitment and therefore constitute a relevant reference for empirical

analysis.

The indicators developed in this paper are grounded in this perspective. Rather than measuring
intergenerational justice directly, they assess whether current environmental trajectories are
consistent with avoiding critical thresholds and respecting agreed policy targets. In this sense, they
operationalise a concept of strong sustainability that serves as a pragmatic and measurable proxy

for avoiding intergenerational injustice.

9 The projected increase in global material consumption reflects the combined effect of population growth and rising levels of material
well-being per capita. These dynamics reinforce pressures on natural resources and energy systems, highlighting the importance of
decoupling processes in achieving sustainable development.
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3. Dimensions, Methodology and Indicators for
Assessing Intergenerational Justice in
Environmental and Natural Resource Policy

The proposed framework for analysing intergenerational justice in the domain of environment
and natural resources is structured around five key dimensions, introduced earlier in the paper:
greenhouse gas emissions (climate change), water pollution (capturing the presence of multiple
contaminants), freshwater consumption (in relation to renewable water availability), circular

economy and solid waste, and biodiversity and forests (assessed as natural capital stocks).

These dimensions are selected to provide comprehensive coverage of both ecological systems
and patterns of resource use. On the one hand, they capture the state of critical ecosystems namely
biodiversity and forests. On the other hand, they reflect the pressures generated by human activity
through resource use and environmental degradation, including water pollution, greenhouse gas
emissions, and freshwater consumption. Together, these dimensions allow for an integrated
assessment of the sustainability of current trajectories and their implications for the availability of

natural resources to future generations.

3.1. Climate Change

In the domain of climate change, the relevant intergenerational “social contract” can be
interpreted through internationally agreed policy targets, most notably those established under
the Paris Agreement and reinforced by the European Green Deal. In particular, the objective of
achieving carbon neutrality by 2050 provides a clear long-term benchmark for assessing
intergenerational responsibility. This objective implies that greenhouse gas (GHG) emissions must

follow a declining trajectory over time, converging to net-zero emissions.

This trajectory is constrained by the concept of a carbon budget, defined as the cumulative
amount of CO, emissions that can be released while maintaining global temperature increases
within specified limits. Allocating this budget across countries provides a benchmark for national
emissions paths, which must be consistent with a gradual and sustained reduction in emissions

over time.

In Portugal, climate policy is defined through a set of national and European frameworks,

including the Roadmap for Carbon Neutrality 2050 (RNC2050), the National Energy and Climate

9
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Plan 2030 (PNEC 2030), and the Climate Framework Law!’. These frameworks establish
intermediate and long-term targets, most notably a reduction of at least 55% in GHG emissions by
2030 relative to 2005 levels (excluding land use, land-use change and forestry — LULUCF).
Figure 2 presents the evolution of GHG emissions in Portugal (excluding LULUCF)'! alongside
the benchmark trajectory implied by this target. The data show a clear downward trend over the
period, with emissions declining from 85.9 MtCO,e in 2005 to 53 MtCO,e in 2023, corresponding
to a reduction of approximately 38%. However, this decline has not followed a smooth trajectory.
After a steady reduction until 2013-2014, emissions increased temporarily between 2015 and

2017, before resuming a declining path.

90,000
80,000
70,000
60,000

50,000

e GHG emissions (excluding LULUCF) Benchmark emissions

Source: Authors’ calculations based on Eurostat data on greenhouse gas emissions excluding land use, land-use change and forestry
(LULUCE).

Relative to the benchmark trajectory, Portugal’s performance has been uneven. While emissions
were broadly aligned with the benchmark in the early years, deviations became more pronounced
in the mid-2010s, reflecting a temporary slowdown in the decarbonisation process. More recent

years show a renewed convergence towards the benchmark, particularly after 2019. Overall, the

10 Portugal’s climate policy framework is primarily defined by three key documents: the Roadmap for Carbon Neutrality 2050
(RNC2050), published in 2019; the National Energy and Climate Plan 2021-2030 (PNEC 2030), approved in 2020; and the Climate
Framework Law, enacted in 2021. These documents establish the national strategy and targets for greenhouse gas emissions reduction.
11 Greenhouse gas emissions exclude land use, land-use change and forestry (LULUCF), in line with standard reporting practices for
policy targets. Data are sourced from the Portuguese Environment Agency (APA) and Eurostat.
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evidence suggests that, although Portugal is progressing towards its climate targets, the adjustment

path has not been fully consistent over time.

The decarbonisation pathway can be interpreted in three complementary ways. First, continued
GHG emissions contribute to global warming, implying that current generations are leaving future
generations with a degraded climatic environment. Second, the transition to carbon neutrality can
be understood as an implicit intergenerational contract, whereby current generations commit to a
sustained reduction in emissions to ensure a stable climate system. Third, this commitment is also

international, reflecting coordinated efforts across countries under the Paris Agreement.

The indicator proposed for this dimension captures two key aspects of this process. First, it
measures the distance to carbon neutrality, reflecting how far current emissions are from the long-
term objective. Second, it captures the consistency of the adjustment path, assessing whether
emissions evolve in line with the benchmark trajectory.

To define the benchmark, a linear reduction in emissions is assumed, consistent with European
policy targets. Let GEE; denote the benchmark level of emissions in year t, and k the annual
reduction in emissions. The benchmark trajectory is defined as:

GEE; = GEE,q95 — k(t — 2005)
where k is determined by the target of a 55% reduction in emissions between 2005 and 2030.
Observed emissions can be decomposed into the benchmark level and a deviation term:

GEE, = GEE; + D,

To reduce short-term volatility, deviations are computed as the absolute value of the average

deviation over the previous three years:
1 t
D =I5 Z (GEE; — GEE}) |
i=t-2

This component captures whether the adjustment path is being followed consistently over time.
Both positive and negative deviations are considered negative for intergenerational justice. The
former because it means an overburden of future generations for an increased need of mitigation

and the latter on current generations.

The second component reflects the distance to carbon neutrality, defined as:

11
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GEEZOOS - GEE;OSO

Combining these elements, the intergenerational justice indicator for climate change is given
by:

IJit=1— - D
/h GEE5005 — GEEpse|  *

The indicator takes values between 0 and 1, with higher values indicating closer alignment with
a trajectory consistent with carbon neutrality and a balanced intergenerational distribution of

mitigation effort.

3.2. Forests and Biodiversity

Forests constitute a central component of natural capital transmitted across generations.
Beyond their productive value, forests provide a wide range of ecosystem services, including
carbon sequestration, soil protection, water regulation, and biodiversity preservation. As many of
these services are not priced in markets, forest management is often subject to inefficiencies,

leading to underinvestment and suboptimal land-use outcomes.

In the context of intergenerational justice, forests are particularly relevant because they
combine stock and flow dimensions. The stock of forest resources determines the long-term
provision of ecosystem services, while short-term shocks, most notably wildfires, can significantly
reduce both the stock and the associated flows. In Portugal, these dynamics are especially
important, given the frequency and intensity of fire events and the structural challenges affecting

forest management.

Given the multidimensional nature of forest systems and data availability constraints, this
analysis focuses on two complementary indicators: (i) net greenhouse gas (GHG) removals
associated with land use, land-use change and forestry (LULUCF)'?, and (ii) forest management

quality, proxied by the share of forest area under Forest Intervention Zones (ZIF)."

12 LULUCEF stands for Land Use, Land-Use Change and Forestry, a sector that captures emissions and removals associated with land use
and forest dynamics.
13 Forest Intervention Zones (ZIF) were established by Decree-Law No. 127/2005 and later revised by Decree-Law No. 67/2017.
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3.2.1.Forests, Wildfires and Land Use (LULUCF)

Net GHG emissions from the LULUCF sector provide a synthetic measure of the environmental
performance of forests, consistent with EU accounting rules', capturing their role as a carbon sink.
Negative values correspond to net removals, while positive values indicate that forests act as a
source of emissions.

Figure 3 presents the evolution of LULUCF emissions in Portugal, together with a five-year
moving average used to smooth short-term volatility. The data show that, in most years, Portugal’s
forest sector acts as a net carbon sink, with removals typically ranging between 5 and 13 MtCO.e.
However, this pattern is subject to significant volatility. In particular, the year 2017 stands out,

with net emissions of 10.2 MtCO.e, reflecting the impact of severe wildfire events.

15
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Source: Authors’ calculations based on Eurostat data on net greenhouse gas emissions from land use, land-use change and forestry
(LULUCE).

This volatility is closely linked to wildfire dynamics. Fire episodes lead to immediate emissions
and reduce the stock of forest biomass, with persistent effects on carbon sequestration capacity.

Even when forest cover is eventually restored, the recovery of ecosystem services occurs gradually

14 See Annex III of Regulation (EU) 2018/841 for the accounting rules governing emissions and removals in the LULUCF sector within
the European Union.
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over several years. As a result, periods characterised by more frequent or severe wildfires are

associated with a deterioration of natural capital available to subsequent generations.

As mentioned, to account for these dynamics, the indicator is based on a five-year moving
average of LULUCF emissions, as shown in Figure X. This approach reduces the influence of
extreme events while preserving the underlying trend. The benchmark LULUCF*corresponds to
the level of carbon removals required to support climate neutrality’®, reflecting the role of forests

in offsetting residual emissions.

The intergenerational justice indicator is defined as:

ot |%Z§:t__4LULUCFi|__k <1
Ja == oLucE 1 - k<

i, =1 ifk>1

Higher values of the indicator reflect a stronger contribution of forests to carbon sequestration
and, therefore, to long-term climate stability. Lower values indicate reduced capacity of the forest

sector to provide this service, either due to structural factors or to the occurrence of extreme events.

3.2.2. Forest Management and ZIF

In addition to ecological dynamics, the sustainability of forests depends critically on
management practices. In Portugal, forest management is characterised by structural challenges,
including fragmented land ownership, incomplete cadastral information, weak coordination
among landowners, and limited public intervention capacity. These factors contribute to inefficient

management and increase vulnerability to disturbances such as wildfires.

Forest Intervention Zones (ZIF) provide a mechanism to address some of these challenges by
promoting coordinated management across contiguous forest areas. ZIFs are designed to improve

planning, reduce fire risk, and enhance the sustainable use of forest resources.

Figure 4 presents the evolution of the area covered by ZIFs in Portugal between 2015 and 2023.
The data show a substantial increase, from approximately 913 thousand hectares in 2015 to
around 1.98 million hectares in 2023. This represents more than a doubling of the area under

coordinated management within less than a decade.

15 The Roadmap for Carbon Neutrality 2050 (RNC2050) estimates the carbon sink effect of forests between 9 and 13 MtCO,e, with a
central value of approximately 11 MtCO,e. Over the past two decades, this level has only been reached in a limited number of years
when considering five-year averages.
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This expansion reflects progress in addressing structural constraints in forest governance.
However, the indicator should be interpreted with caution, as the existence of a ZIF does not
guarantee effective management, but rather indicates the presence of institutional conditions that

make such management more likely.

The corresponding indicator is defined as:

ZIF Area,

It , = ————
Iz Forest Area,

An increase in this ratio reflects an improvement in the conditions for sustainable forest
management and, consequently, a higher likelihood of preserving forest capital and ecosystem

services over time.
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Source: Authors’ calculations based on data from the Portuguese Institute for Nature Conservation and Forests (ICNF) on Forest

Intervention Zones (ZIF).

3.3. Circular Economy, Waste Reduction and Treatment

The transition from a linear to a circular economy shares important conceptual parallels with
the decarbonization of economic systems, particularly in terms of resource efficiency and
intertemporal sustainability. A linear economy is characterized by a sequence of resource
extraction often involving non-renewable inputs followed by production, consumption, and
ultimately waste generation. From both a resource depletion and waste accumulation perspective,
this model implies a deterioration of the natural capital available to future generations, who are

likely to inherit fewer resources and higher levels of environmental degradation.
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This intertemporal imbalance raises fundamental questions regarding the implicit social
contract between present and future generations. Within this framework, the key challenge lies in
identifying measurable indicators that allow for the monitoring of whether current economic
trajectories are consistent with a fair and sustainable allocation of environmental costs and benefits
across generations. In the context of the circular economy, two core dimensions emerge as
particularly relevant: the reduction of waste generation and the improvement in waste treatment

outcomes, especially through recycling.

At the policy level, the European Union has placed the circular economy at the center of its
environmental strategy. Under the 8th Environment Action Programme, the EU has defined
priorities for 2030 that include reducing material and consumption footprints, as well as promoting
regenerative consumption models. These objectives'® are reinforced by a broader policy
framework, including the Circular Economy Action Plan, the Resource Efficiency Roadmap'’, and
the Raw Materials Initiative'®, all of which are embedded within the European Green Deal.
Furthermore, these policy commitments are aligned with the United Nations Sustainable
Development Goals, particularly those related to sustainable cities and responsible consumption

and production, which emphasize both waste generation and waste management practices.

Building on the concept of indirect reciprocity, and the notion of an implicit intergenerational
social contract, ensuring a sustainable trajectory does not necessarily require immediate
environmental improvement, but rather a credible path towards reduced environmental
degradation over time. In this context, the evolution of both waste generation and waste treatment
processes becomes central. Accordingly, this dimension of the analysis is operationalized through
two indicators: one capturing the dynamics of waste generation, and another reflecting progress

in recycling and waste treatment efficiency.

16 Adopted in March 2020, the Circular Economy Action Plan aims to reduce waste generation, promote recycling, and support the
transition towards a circular economic model. The plan introduces a set of initiatives covering the entire product life cycle, including
product design, production processes, consumption patterns, and waste management. It seeks to ensure that waste is minimised and
that resources are retained within the EU economy for as long as possible (European Commission, 2020). Available at:
https://environment.ec.europa.eu/strategy/circular-economy-action-plan_en (accessed November 6, 2022).

17 The Resource Efficiency Roadmap, developed under the Europe 2020 Strategy, emphasises the efficient use of natural resources and
outlines a long-term vision for structural and technological transformations up to 2050, with the objective of decoupling economic
growth from resource use.

18 The Raw Materials Initiative, launched by the European Commission in 2008, aims to ensure secure and sustainable access to raw
materials within the European Union, recognising their strategic importance for economic development and industrial competitiveness.
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3.3.1. Waste Generation Reduction: Targets, Performance and Indicator

Municipal solid waste (MSW) generation per capita is a central indicator of resource efficiency
within a circular economy framework. Higher levels of waste generation reflect both intensive use
of material inputs and the accumulation of environmental burdens, implying a deterioration of
natural capital available to future generations. From an intergenerational perspective, a sustained
reduction in waste generation is therefore a necessary condition for aligning current consumption

patterns with long-term environmental sustainability.

In Portugal, the evolution of MSW per capita over the last decade reveals a persistent upward
trend. After a temporary decline between 2011 and 2013, waste generation increased steadily,
reaching 505 kg per capita in 2023, compared to 453 kg in 2012. This represents an increase of
approximately 11.5% over the period. Portugal, which initially exhibited levels below the EU-27
average, has since converged towards it. In addition, MSW generation in Portugal remains
significantly higher than in countries with stronger environmental performance, such as Sweden,
and substantially above levels observed in countries with comparable economic development, such
as Romania. This pattern suggests that the increase in waste generation is not solely driven by

income dynamics but reflects structural inefficiencies in waste prevention.
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Source: Authors’ calculations based on Eurostat data, Municipal waste by waste management operations. Data extracted on 26 March

2025.
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Waste policy in Portugal is defined under the Plano Estratégico para os Residuos Urbanos
(PERSU), which establishes national targets aligned with European environmental objectives. The
PERSU 2020 set a target of reducing MSW generation by 10% relative to 2012 levels,
corresponding to 409 kg per capita by 2020. This target was not met, as waste generation increased
over the period instead of declining. The subsequent policy framework, PERSU 2030, introduced
new reduction targets defined relative to 2019 levels, reflecting an adjustment to the observed
trajectory.

The revision of targets raises a methodological issue regarding the appropriate benchmark for
evaluating performance. Using only the updated targets would disregard past deviations, while
strictly maintaining the original trajectory would ignore the current policy framework. The
benchmark adopted in this paper preserves the reduction path implied by PERSU 2020 up to 2019
and, from that point onwards, assumes a moderated reduction of 11% by 2030 relative to 2019
levels. This “non-renegotiated intergenerational benchmark” maintains the original commitment
while incorporating updated policy constraints, avoiding an implicit relaxation of intertemporal
responsibility.

Based on this benchmark, the intergenerational justice indicator for waste generation is defined
as:

CRU; — CRU3 30
CRU2019 - CRU;O30

gis, =1 t

where CRU.denotes the observed level of MSW per capita in year t, CRU/represents the
benchmark level for that year, and CRU, 3, corresponds to the target level for 2030. The indicator
is normalised between O and 1, with higher values indicating closer alignment with the

intergenerationally consistent trajectory.

The term D‘captures short-term deviations from the benchmark path and is defined as the

average deviation over the previous three years:

. CRU; — CRU;
i=t2" 3

CRU2019 - CRU;OSO

Dt =

This component penalizes persistent deviations from the target trajectory, ensuring that the
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indicator reflects not only the distance to long-term objectives but also the consistency of

adjustment over time.

The structure of this indicator is consistent with the approach adopted for the climate change
dimension, where performance is also evaluated relative to a predefined reduction pathway. In
both cases, the indicator captures the extent to which current outcomes align with a credible

intertemporal trajectory, rather than solely with endpoint targets.

3.3.2.Recycling of Municipal Waste

The recycling rate of municipal solid waste constitutes a key indicator of progress towards a
circular economy, reflecting the capacity of an economy to reintroduce materials into productive
use and reduce dependence on primary resource extraction. From an intergenerational
perspective, higher recycling rates mitigate the accumulation of waste and contribute to preserving

natural capital, thereby reducing the environmental burden transferred to future generations.

The European Union established binding targets for the recycling of municipal waste under the
Waste Framework Directive, setting a minimum recycling rate of 50% by 2020, 55% by 2025, 60%
by 2030, and 65% by 2035. These targets define a long-term trajectory of continuous

improvement, broadly consistent with a linear increase in recycling rates over time.

Figure 6 presents the evolution of municipal waste recycling rates in Portugal and the EU-27
since 2000, together with the implied trajectory required to achieve the 2035 target. The EU
exhibits a relatively stable upward trend, increasing from 27% in 2000 to around 48-50% in recent
years, remaining broadly consistent with the path required to meet the long-term objective. In
contrast, Portugal shows a markedly different pattern. After a period of convergence between 2005
and 2014, during which recycling rates increased from 15% to 30%, progress stagnated. Since
2014, recycling rates have remained close to 30%, with only minor fluctuations, reaching 30% in

2023.

This divergence implies a growing gap between Portugal and the trajectory required to meet
European targets. While the graphical projections illustrate the acceleration in recycling rates that
would be necessary for Portugal to reach 65% by 2035, these adjusted paths are not used as
benchmarks in the construction of the indicator. Recalibrating targets based on observed
underperformance would amount to a renegotiation of the implicit intergenerational contract,

reducing the level of ambition required from current generations.
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This divergence implies a growing gap between Portugal and the trajectory required to meet
European targets. While the graphical projections illustrate the acceleration in recycling rates that
would be necessary for Portugal to reach 65% by 2035, these adjusted paths are not used as
benchmarks in the construction of the indicator. Recalibrating targets based on observed
underperformance would amount to a renegotiation of the implicit intergenerational contract,

reducing the level of ambition required from current generations.
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Source: Authors’ calculations based on Eurostat data, Municipal waste by waste management operations, recycling, kilograms per

capita. Data extracted on 26 March 2025.

The benchmark adopted in this paper therefore follows the trajectory implied by the European
targets, assuming a linear path towards a recycling rate of 65% by 2035. This approach ensures
consistency with the long-term objective of a circular economy and provides a stable reference

against which national performance can be evaluated over time.

Based on this benchmark, the intergenerational justice indicator for recycling is defined as:
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TRRM; o35 — TRRM;
TRRM3y35 — TRRM>005

t

1]15.2 =1

where TRRM, denotes the observed recycling rate in year t, TRRM; represents the benchmark
recycling rate for that year, and TRRM,,3 corresponds to the long-term target of 65%. The
normalisation relative to the 2005 level reflects the starting point of the adjustment process. The
indicator is bounded between 0 and 1, with higher values indicating closer alignment with the

trajectory consistent with achieving a circular economy.

Short-term deviations from the benchmark trajectory are captured by the term Dt, defined as

the average deviation over the previous three years:

1 ot X
3 > i—;_,(TRRM; — TRRM;)
- TRRMjy35 — TRRM3005

Dt

This component penalizes persistent deviations from the expected path, ensuring that the
indicator reflects not only progress towards the long-term target but also the consistency of the

adjustment process over time.

The structure of this indicator mirrors that used in the waste generation and climate change
dimensions, combining a long-term convergence component with a short-term deviation penalty.
This ensures that the assessment of intergenerational justice captures both the distance to a fully

circular economy and the credibility of the transition path.

3.4. Water Pollution

Water pollution constitutes a critical dimension of environmental sustainability, with direct
implications for ecosystem integrity and human well-being. From an economic perspective, water
pollution reflects negative externalities associated with agricultural, industrial and urban activities.
These externalities are particularly relevant in groundwater systems, where contamination is

persistent and often costly, if not impossible, to reverse.

Groundwater resources play a central role in the hydrological cycle and in the provision of water
for human consumption, agriculture and industry. They also contribute to maintaining surface
water systems, including rivers and lakes. The degradation of groundwater quality therefore
generates both environmental and economic costs, reducing the availability of usable water and

affecting ecosystems that depend on these resources. From an intergenerational perspective, this
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is especially relevant, as aquifer contamination may persist over long periods, effectively

transferring environmental costs to future generations.

In this context, water quality is best assessed using threshold-based indicators. Rather than
evaluating pollution relative to aggregate use or population levels, the relevant question is whether
pollutant concentrations remain within safe limits that ensure the long-term usability of water
resources. This approach is consistent with a sufficientarian perspective, whereby sustainability

requires maintaining environmental conditions above critical thresholds.

The analysis focuses on two key pollutants widely used in the literature as core indicators of
groundwater quality: nitrates (NO3;”) and phosphates (PO4*). These pollutants are strongly
associated with agricultural activity, particularly the use of fertilizers, and represent the main
sources of diffuse water pollution. Their widespread monitoring and high data availability make

them suitable proxies for assessing trends in water quality over time.

The data are obtained from the Portuguese National Water Resources Information System
(SNIRH), managed by the Portuguese Environment Agency. This system provides detailed and
georeferenced measurements of pollutant concentrations across multiple hydrogeological units,

allowing for a spatially disaggregated assessment of groundwater quality.

For each pollutant 6 € {NO3, PO,}, an indicator is constructed based on observed concentrations
relative to two reference values: a maximum acceptable concentration mg, above which water
quality is considered critically degraded, and a target level target,, below which water quality is
considered satisfactory. These reference values are defined by the monitoring authority and reflect

regulatory standards and measurement methodologies'®.

The sub-indicator for each pollutant is defined as:

H
1 . mg — obsgy,
I]]4,,9 = EZ min (max(m' 0), 1)
h=1
where obsg;, denotes the annual average concentration of pollutant fin hydrogeological unit h,

and H is the number of units.

This formulation ensures that the indicator takes values between 0 and 1. When concentrations

are below the target level, the indicator assumes value 1, reflecting satisfactory water quality.

19 Reference values for water quality indicators should be defined by the institutions responsible for data collection, as they depend
on the specific methodologies and measurement standards applied.
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When concentrations exceed the maximum threshold, the indicator takes the value 0, indicating

severe degradation. Intermediate values reflect partial compliance with the defined thresholds.

The overall water pollution indicator is then defined as the geometric mean of the two sub-

indicators:

IIg = J1114,N03 Jaro,

The use of a geometric mean implies limited substitutability between pollutants, ensuring that
poor performance in one dimension is not fully offset by better performance in the other. This
reflects the ecological reality that different types of contamination can independently compromise

water quality.

From a policy perspective, this indicator highlights the importance of preventive action. The
cost of restoring contaminated aquifers is typically very high and often economically prohibitive,
whereas maintaining water quality through appropriate regulation such as controlling fertiliser use
or improving waste management can prevent long-term damage. This reinforces the need to

prioritise conservation over remediation in water resource management.

More broadly, the monitoring of this indicator provides a useful tool for evaluating policy
coherence. It can reveal inconsistencies between environmental objectives and sectoral policies,
particularly in agriculture, where production incentives may conflict with water quality goals.
Given that the social and environmental costs of water pollution are widely shared, while the
benefits of polluting activities are often privately appropriated, effective policy design requires

aligning incentives with long-term sustainability objectives.

3.5. Freshwater Consumption

Freshwater availability constitutes a critical constraint on environmental sustainability,
particularly in regions subject to increasing climatic stress. Southern Europe, including the Iberian
Peninsula, is expected to experience an increase in both the frequency and intensity of droughts
under climate change scenarios, as documented by the IPCC and the European Environment
Agency. In this context, the relationship between water consumption and renewable water

availability becomes a central dimension of intergenerational sustainability.

From an economic perspective, freshwater can be understood as a renewable natural capital

stock, whose sustainable use requires that extraction does not exceed long-term recharge. When
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water withdrawals systematically exceed available resources, the resulting overexploitation
generates persistent environmental and economic impacts. In surface water systems, excessive
withdrawals reduce river flows and reservoir levels, compromising aquatic ecosystems and
biodiversity, and limiting the capacity of water bodies to dilute pollutants. In groundwater systems,
overextraction leads to declining water tables, increasing the risk of contamination, saline intrusion
in coastal areas, and long-term depletion of aquifers. These effects are often slow to reverse and
may require costly remediation or infrastructure investments, thereby shifting the burden of water

scarcity to future generations.

The assessment of intergenerational justice in this domain therefore requires analysing water
consumption relative to available resources, rather than in absolute terms. A widely used indicator
for this purpose is the Water Exploitation Index plus (WEI+), which measures total freshwater use
as a share of renewable water resources. Values below 10% are typically associated with no water

stress, while values above 20% indicate increasing levels of scarcity.

For Portugal, available evidence suggests moderate levels of water stress at the national level,
with WEI+ values generally ranging between 10% and 20%. Similar conclusions emerge from
alternative indicators, such as the “Level of water stress” used in the context of the Sustainable
Development Goals. However, these aggregate measures mask substantial regional heterogeneity.
When calculated at the level of river basins, several regions exhibit significantly higher levels of

water stress, including cases of severe or even extreme scarcity.

This spatial heterogeneity is particularly relevant for policy design, as water availability and
usage patterns vary significantly across regions. Moreover, the environmental impacts of water
extraction depend not only on the level of use, but also on the source of water. The extraction of
surface water affects river flows, reservoir levels and aquatic ecosystems, while the overuse of

groundwater affects aquifer sustainability and may lead to long-term depletion.

For this reason, the analysis distinguishes between two complementary dimensions: surface
water consumption and groundwater extraction. These two sources of water are associated with
different ecological dynamics and therefore require separate indicators. At the same time, they are
jointly relevant for assessing overall pressure on freshwater resources, as water use in a given

region typically depends on a combination of both sources.

The overall indicator of freshwater consumption is therefore defined as the geometric mean of

two sub-indicators, capturing the sustainability of surface water use and groundwater extraction.
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This approach ensures that excessive pressure in one dimension is not fully offset by lower pressure
in the other, reflecting the limited substitutability between water sources from an ecological

perspective.

Surface Water Consumption

The sustainability of surface water use depends critically on maintaining minimum ecological
flows in rivers and reservoirs. Water withdrawals that reduce flows below these thresholds can
disrupt aquatic ecosystems, compromise biodiversity, and alter the natural functioning of river
systems. These ecological thresholds commonly referred to as environmental or ecological flows

vary across rivers, reflecting differences in hydrological and ecological conditions.

From an intergenerational perspective, the key issue is not water use per se, but whether current
withdrawals compromise these minimum ecological conditions. Unlike non-renewable resources,
underuse of surface water does not generate benefits for future generations. Intergenerational
impacts arise only when water use exceeds sustainable limits, thereby degrading ecological
systems. This implies that the relevant benchmark is threshold-based: consumption is neutral when

it remains within ecological limits and becomes detrimental when it exceeds them.

Water scarcity may be severe in some river basins while others experience surplus, resulting in
moderate national averages that fail to capture local ecological pressures. Similarly, annual
averages may conceal short-term periods during which river flows fall below critical ecological

thresholds.

Temporal variability is particularly relevant in the context of hydropower generation. Although
hydroelectric production does not consume water in net terms, it can significantly alter river flows
through strategic reservoir management. Water may be retained during periods of low electricity
prices and released when prices are higher, resulting in intra-day or intra-week fluctuations in river
flows. While annual averages remain unchanged, these fluctuations may lead to periods of
extremely low or even zero flow, with significant ecological consequences. This reflects a clear
externality, as hydropower operators do not fully internalize the environmental costs associated

with flow variability.

These challenges are further amplified in transboundary river systems. In the Iberian context,
water flows are influenced by upstream management decisions in Spain. Although bilateral

agreements establish minimum flow requirements, these are typically defined in terms of annual
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averages rather than continuous ecological thresholds. As a result, compliance with average flow

requirements does not guarantee the protection of ecosystems from short-term flow disruptions.

To address these limitations, this paper proposes an indicator based on high-frequency (daily)
flow data, allowing for a more accurate assessment of ecological conditions. The indicator
measures the proportion of time during which river flows remain above a minimum threshold,

interpreted as a proxy for ecological flow conditions.

Letr € {1,2, ..., R}denote each monitored river, and x{ the share of days in period tduring which
the flow of river r remains above the minimum threshold. The overall indicator is defined as a

weighted average across rivers:

R
Piby =) w x
r=1

where w,represents the relative importance of each river, measured as the ratio of its historical
flow to total national flow. To reduce the influence of short-term climatic variability, the indicator

is computed as a three-year moving average.

Ideally, the minimum threshold for each river would correspond to its ecological flow. However,
in the absence of systematically defined ecological flow data, the threshold is approximated using
the 10th percentile of the historical flow distribution for each monitoring station. This provides a

conservative proxy for low-flow conditions below which ecological stress is likely to occur.

An additional advantage of this approach is that it provides a benchmark anchored in the
historical distribution of river flows. By construction, the threshold reflects low-flow conditions
observed in the past, allowing the indicator to capture whether current conditions are becoming
more extreme relative to historical patterns. An increase in the frequency of flows below this
threshold may therefore reflect not only short-term variability, but also a structural increase in

hydrological stress driven by climate change or sustained increases in water withdrawals.

It should be noted, however, that this benchmark does not necessarily correspond to an
ecologically optimal threshold. If historical water use was already unsustainable, the percentile-
based approach may understate the true ecological requirements. Nevertheless, in the absence of
consistent ecological flow data, this method provides a transparent and data-driven approximation

of minimum flow conditions.

Finally, it should be acknowledged that the indicator reflects both human pressures and climatic

variability. For instance, severe droughts may lead to a deterioration in the indicator even if water

26
Policy paper 42



withdrawals remain unchanged. However, this is not a limitation but rather a relevant feature of
the measure. It reflects the vulnerability of water systems to climatic conditions and highlights the
need for adaptive management. Given the expected increase in drought frequency and long-term
growth in water demand, failure to adjust consumption patterns and regulatory frameworks may

result in persistent ecological degradation, constituting a form of intergenerational injustice.

Groundwater Consumption

Groundwater resources differ fundamentally from surface water in that they function as a stock
rather than a flow. Their sustainability depends on the balance between extraction and natural
recharge, which is determined primarily by precipitation and soil characteristics. Excessive
withdrawals may reduce the level of aquifers, increase the concentration of pollutants, and in some
cases lead to irreversible degradation of water reserves. As a result, groundwater must be managed

as a form of natural capital whose preservation is essential for long-term sustainability.

From an intergenerational perspective, the key concern is whether current use leads to a
persistent decline in groundwater stocks. While short-term fluctuations are consistent with normal
use of the resource, sustained reductions in aquifer levels indicate overexploitation. Such dynamics
impose costs on future generations, either through reduced water availability or through the need
for costly mitigation measures, such as deeper extraction, water treatment, or alternative supply

infrastructure.

A further challenge in assessing groundwater use arises from data limitations. In Portugal, the
monitoring of groundwater extraction is incomplete, particularly in the case of private wells used
for agricultural purposes. As a result, official consumption data may underestimate actual
withdrawals. Evidence from irrigated areas and recommended water use per hectare suggests that
total groundwater use may exceed reported values, limiting the reliability of consumption-based

indicators.

Considering these limitations, this paper adopts an alternative approach based on the evolution
of groundwater stocks rather than direct measures of extraction. This approach is consistent with
a sufficientarian perspective, whereby sustainability requires maintaining resource levels above
critical thresholds. Instead of estimating the difference between annual recharge and consumption,

the analysis focuses on observed changes in aquifer levels over time.
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The data are obtained from the Portuguese National Water Resources Information System
(SNIRH), which provides detailed information on groundwater conditions, including monthly
piezometric levels, depth to water table, and percentile-based measures of groundwater
availability. These data cover many monitoring stations distributed across multiple groundwater

bodies, allowing for a spatially disaggregated analysis.

The proposed indicator measures the extent to which groundwater levels fall below historical
benchmarks. For each groundwater body m € {1,2, ..., M}, the indicator uses the annual average

percentile p, ,,,, computed relative to the historical distribution of water levels.

Two threshold levels are considered. Observations below the 20th percentile are interpreted as
severe stress conditions and receive a full penalty. Observations between the 20th and 50th
percentiles are interpreted as moderate stress and receive a proportional penalty that increases as

the percentile decreases.

Formally, the indicator is defined as:

05 Yo —=Dtm ¢
11152—1—_ E [ 20% T 03 xzb%—so%

where:
* pm €(0.2,0.5) is the annual average percentile for groundwater body min year t;
o xé'orﬁjo is a binary variable equal to 1 if the percentile is below 20%;
* X304 _sou iS @ binary variable equal to 1 if the percentile lies between 20% and 50%.

The indicator takes value 1 when all groundwater bodies are above the 50th percentile,
indicating no stress, and decreases as a larger share of groundwater bodies experience moderate

or severe depletion.

This approach captures the extent of groundwater stress while remaining robust to
measurement limitations in extraction data. It also allows for a clear interpretation in terms of

intergenerational sustainability: persistent declines in groundwater levels indicate that current
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generations are depleting a shared resource, increasing the costs of water provision for future

users.

It should be noted that short-term deterioration in the indicator may reflect temporary climatic
conditions, such as droughts. However, repeated or persistent declines point to structural
imbalances between water use and recharge. In such cases, the absence of effective regulation may

lead to inefficient allocation mechanisms, often resembling a “first-come, first-served” system.

This dynamic creates perverse incentives. For example, users may invest in deeper wells to
secure access to water, increasing private costs without addressing the underlying scarcity
problem. Since the total volume of groundwater is ultimately constrained, such behavior leads to
an inefficient and unsustainable equilibrium. Without appropriate regulation, groundwater
extraction may therefore result in long-term depletion of the resource, constituting a clear form of

intergenerational injustice.

Taken together, the two indicators provide a comprehensive assessment of freshwater
sustainability by capturing both flow-based and stock-based dimensions of water use. While the
surface water indicator reflects the extent to which river flows remain above ecological thresholds,
the groundwater indicator captures the evolution of underlying water reserves and the persistence
of extraction pressures over time. These two dimensions are complementary but not
interchangeable. Surface water systems are more sensitive to short-term fluctuations and
management decisions, whereas groundwater systems reflect longer-term imbalances between
extraction and recharge. From an intergenerational perspective, both are critical: excessive
pressure on surface water may lead to immediate ecological degradation, while sustained
depletion of groundwater stocks imposes longer-term constraints on water availability. The
combined use of both indicators, through a geometric mean, ensures that unsustainable use in one
dimension is not fully offset by better performance in the other, thereby providing a more robust

measure of overall freshwater sustainability.
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4. Environmental and Natural Resources:
Results (2015-2023)

This section presents the results of the intergenerational justice indicators for the environmental
dimension in Portugal. Table 1 reports the values of all indicators and sub-indicators for the period
2015-2023, while illustrates their evolution over time. While the levels of the indicators are
informative, the analysis focuses primarily on their trends, as these reflect the direction and

sustainability of current environmental trajectories.

Environmental
Climate Water JI (p.p. base
Change Forests and Biodiversity Circular Economy Pollution = Water Consumption year 2015)
1, I, 1L, U, Oz,  1JI, Il I, Oisy  Ils;  IjIs I Igng

2015 0.18 0.81 0.28 0.38 0.52 0.30 0.41 0.63 0.47 0.83 0.65 0.41
2016 0.24 0.71 0.28 0.37 0.45 0.34 0.39 0.7 0.41 0.72 0.56 0.42
2017 0.15 0.37 0.33  0.34 0.38 0.33 0.36 0.7 0.34 0.65 0.49 0.36
2018 0.18 0.35 0.38  0.37 0.29 0.33 031 0.62 0.37 0.55 0.46 0.36
2019 0.21 0.32 0.44 0.42 0.21 031 0.26 0.66 0.34 0.44  0.39 0.36
2020 0.32 0.25 0.51 0.46 0.15 0.30 0.22 0.63 0.33 0.4 0.37 0.38
2021 0.36 0.27 0.56 0.50 0.13 0.30 0.22 0.65 0.32 0.48 0.40 0.40
2022 0.37 0.57 0.58 0.58 0.14 0.31 0.23 0.67 0.32 0.46 0.39 0.42
2023 0.41 0.55 0.60 0.59 0.14 0.34 0.24 0.63 0.33 0.45 0.39 0.43

Source: Authors’ calculations.

The aggregate environmental indicator (1j1;;) shows a modest improvement over the period,
increasing from 0.41 in 2015 to 0.43 in 2023. This evolution, however, is neither linear nor robust.
After a deterioration between 2016 and 2019, the indicator recovers gradually in the subsequent
years. Despite this improvement, the overall level remains low, indicating that environmental

conditions in Portugal continue to be far from a trajectory consistent with intergenerational justice.

Climate change (1j1,) exhibits the most consistent improvement over the period, increasing from
0.18 in 2015 to 0.41 in 2023. This reflects a sustained reduction in greenhouse gas emissions and

a closer alignment with the benchmark trajectory. Nevertheless, the indicator remains well below
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the upper bound, indicating that significant gaps persist in relation to long-term objectives,
particularly carbon neutrality. This confirms that, despite progress, current emissions levels still

imply a transfer of environmental costs to future generations.

The forest and biodiversity indicator (1j1,) shows a marked improvement, rising from 0.38 in
2015 to 0.59 in 2023. This evolution is driven primarily by improvements in forest management,
as captured by the ZIF indicator (j1,,), which increases steadily over the period. In contrast, the
LULUCF component (y1,,) exhibits significant volatility, particularly reflecting the impact of
extreme wildfire events. The sharp deterioration observed around 2017 continues to influence
subsequent years due to the moving average structure of the indicator. Overall, the results suggest
that while institutional improvements in forest management are progressing, ecological

vulnerabilities, particularly related to fire risk, remain significant.

In contrast, the circular economy indicator (1j1;) shows a clear and persistent deterioration,
declining from 0.41 in 2015 to 0.24 in 2023. This negative trend is driven by both sub-components:
waste generation (1j1,,) and recycling rates (115,). The increase in waste generation per capita and
the insufficient improvement in recycling performance indicate a growing divergence from policy
targets. This suggests that Portugal has not been able to implement effective policies to transition

towards a more circular economic model, resulting in an increasing burden on future generations.

The water pollution indicator (171,) remains relatively stable throughout the period, fluctuating
between 0.62 and 0.70. This stability suggests the absence of significant structural changes in the
underlying drivers of water quality, particularly in relation to agricultural practices. While the
indicator does not show a clear deterioration, it also does not exhibit meaningful improvement.
From an intergenerational perspective, this stagnation is problematic, as it implies that existing

pressures on water quality are being maintained over time rather than reduced.

The freshwater consumption indicator (1j15) presents a declining trend, decreasing from 0.65 in
2015 to 0.39 in 2023. This deterioration reflects increased pressure on both surface water and
groundwater resources. The surface water component (1j15,) declines steadily, indicating more
frequent instances of flows below ecological thresholds. At the same time, the groundwater
component (1j15,) shows a marked reduction, reflecting increasing stress on aquifer levels.
Together, these results point to a growing imbalance between water use and resource availability,

suggesting that current consumption patterns are not sustainable in the long term.

31
Policy paper 42



0,80

0,70 7 —

0, 0,7
067
0,60 8;€< \0,62/0 66— 63—0:65 0,63
0,5

,58—0,59
0,50 6\0’49\0 4 6/0,50/0

4
0,40 e == 34/0,3>‘81§(Z’327;8igé:&§37—8;§§
0,30 ’ /0,3
1/

2
0’20 /0; \ ,2
0’1 0’1 0,18/0

0,10
0,00 0,00—90,0 0.0F—0,00—0,01
]\-0,05 -0,06 0,05—0,03
-0,10
2015 2016 2017 2018 2019 2020 2021 2022 2023
— =—Climate change — =—TForests and Biodiversity Circular economy

— =—Water pollution — =—Water consumption — =Variation Environmental 1JI
(p-p- base year 2015)

Source: Authors’ calculations.

Taken together, the results reveal a heterogeneous pattern across environmental dimensions.
While some progress is observed in climate policy and forest management, this is offset by
significant deterioration in circular economy indicators and increasing pressure on water
resources. The overall picture is one of partial and uneven progress, with several key areas

exhibiting dynamics that are inconsistent with intergenerational sustainability.
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5. Conclusions: Intergenerational Justice in
Environment and Natural Resources and
Policy Implications

This paper develops a framework to assess intergenerational justice in the domain of
environment and natural resources, based on a set of indicators aligned with a strong sustainability
perspective. Rather than attempting to measure intergenerational justice directly the proposed
approach focuses on identifying whether current trajectories are consistent with avoiding
intergenerational injustice. This is achieved by evaluating performance relative to long-term policy

targets, interpreted as implicit intergenerational social contracts.

The results reveal a heterogeneous pattern across environmental dimensions in Portugal. While
progress is observed in climate change mitigation and forest management, this is offset by a
persistent deterioration in circular economy indicators and increasing pressure on water resources.
In particular, the trends in waste generation, recycling performance, and freshwater consumption
point to structural imbalances that are inconsistent with long-term sustainability. Even in
dimensions where performance is relatively stable, such as water pollution, the absence of

improvement suggests that existing pressures are not being effectively addressed.

Overall, the aggregate indicator shows only modest improvement over the period analysed and
remains far from levels consistent with intergenerational justice. This indicates that current
environmental policies, while effective in some areas, are insufficient to ensure a sustainable
trajectory across all relevant dimensions. The results highlight the importance of addressing not
only environmental outcomes, but also the underlying policy and institutional frameworks that

shape resource use and environmental pressures.

A key contribution of this paper is the development of a consistent and transparent set of
indicators that allow for the monitoring of intergenerational sustainability over time. In a context
where multiple indicators coexist without a unified framework, the proposed index provides a
synthetic and policy-relevant measure of environmental performance. By combining different
dimensions into a single metric while preserving their individual interpretation, the framework

facilitates both diagnosis and policy prioritization.

From a policy perspective, the findings suggest that greater emphasis should be placed on areas

where performance is deteriorating or stagnating, particularly in the circular economy and water
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management. The persistence of negative trends in these domains indicates either insufficient
policy intervention or ineffective implementation. Addressing these challenges requires not only
regulatory measures, but also the alignment of economic incentives with long-term sustainability

objectives.

More broadly, the annual monitoring of these indicators can support informed decision-making
by providing early signals of unsustainable trends. By making intergenerational considerations
explicit in the evaluation of public policies, the proposed framework contributes to a more forward-
looking approach to environmental governance. In this sense, the indicators developed in this
paper constitute a practical tool to support the design and evaluation of policies aimed at

preserving natural capital for future generations.
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