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A B S T R A C T   

The paper introduces the methodology of partially ordered sets to evaluate sustainable human development 
indicators. It shows its importance to the integration of human and environmental indicators, clarifying the 
limitations of composite indicators and emphasising the need to move towards higher levels of conceptual 
consistency and solid informational pluralism, incorporating richer social and environmental spaces towards an 
analytical structure that avoids subjective, arbitrary and potential obscure choices of variables in the analysis of 
sustainable human development. The paper uses Hasse diagrams and sensitivity analyses to evaluate the evi-
dence offered by the new pressure-adjusted human development index (PHDI). The results indicate that the 
introduction of CO2 and material pressure indicators produce an excessive number of incomparabilities and 
affect the role of GNIpc in the determination of countries’ partial rankings.   

1. Introduction 

A new chapter has been written in the history of integrating envi-
ronmental dimensions into the Human Development Index (HDI): UNDP 
(2020) has officially proposed a new pressure-adjusted human devel-
opment index (PHDI). The index combines indicators of greenhouse gas 
emissions and material footprint that are used to adjust human devel-
opment achievements in relation to the environmental pressures that 
they produce. By doing so, UNDP distils a 20-year academic dispute on 
how ‘to green’ the HDI (Morse, 2003; Hirai, 2017; Kalimeris et al., 2020) 
and consolidates a reorientation of the political objectives of the human 
development agenda towards sustainability goals. 

During this time much of this debate has concentrated on the choice 
of suitable environmental variables used to complement the human 
development picture, focusing mostly on pollution indicators (e.g. air, 
soil and organic water pollutants) and on natural resource consumption 
indicators (e.g. energy and minerals, forest coverage, arable land, water 
withdrawals). On the side of pollution, CO2 emissions has often been 
used either as a unique environmental factor alongside HDI dimensions 
(De La Vega and Urrutia, 2001; Togtokh, 2011; Bravo, 2014; Biggeri and 
Mauro, 2018) or as part of wider environmental accounts (Tarabusi and 
Palazzi, 2004; Costantini and Monni, 2005; Hermele, 2010; Pineda, 
2012; Jain and Jain, 2013; Türe, 2013; Ray, 2014; Xiao et al., 2018; 
Liang et al., 2019; Hickel, 2020; Jin et al., 2020). Similarly, on the side of 
natural resource consumption, material footprint and forest coverage 

have been the most used factors (Costantini and Monni, 2005; Hermele, 
2010; Jain and Jain, 2013; Türe, 2013; Ray, 2014; Xiao et al., 2018; 
Liang et al., 2019; Jin et al., 2020). Thus, it seems that in the formulation 
of the new PHDI, UNDP has just considered two sets of factors already 
established in the literature. 

In addition, distinct academic contributions have put forward 
different formulas to tackle environmental variables in the formulation 
of a ‘green’ HDI. Whereas the majority suggested to include environ-
mental variables as independent dimensions (Tarabusi and Palazzi, 
2004; Hermele, 2010; Jain and Jain, 2013; Ray, 2014; Bravo, 2014; 
Biggeri and Mauro, 2018; Jin et al., 2020), there is a well-established 
procedure to adjust the HDI by the use of a discounting formula (e.g. 
De la Vega and Urrutia (2001) and Costantini and Monni (2005) dis-
count gross domestic income and Pineda (2012), Türe (2013) and Hickel 
(2020) discount the overall HDI). Some others such as Distaso (2007) 
and Liang et al. (2019) added environmental variables to correct specific 
HDI variables, whereas Xiao et al. (2018) opted for adding the envi-
ronmental dimension on top of the overall HDI. On the same line, 
Neumayer (2013) conceptually suggests complementing the HDI with 
genuine savings and the ecological footprint as measures, respectively, 
of weak and strong sustainability. Chhibber and Laajaj (2008) also put 
forward a proposal for including two kinds of environmental costs, 
namely, those inflicted to countries’ own nature and people through air 
pollution, soil erosion and poor water quality and those imposed on 
other countries through CO2 emissions, ocean acidification and 
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biodiversity loss. Within this context, UNDP’s proposal of using a 
planetary boundaries framework (Rockström et al., 2009a, 2009b; 
Steffen et al., 2015) allows the PHDI to dialogue with all these issues. 

Another line of research defines sustainability as the relative effi-
ciency of converting resources in terms of human development out-
comes (Assa, 2021; Mahlberg and Obersteiner, 2001; Despotis, 2005). 
More concretely, the use of data envelopment analysis (DEA) and the 
triple Index approach has from its inception been concerned with the 
issue of converting income, wealth and human capital into quality-of- 
life indicators (Mariano and Rebelatto, 2014; Mariano et al., 2015; 
Morais et al., 2013). More recently, Ferraz et al. (2020) expanded this 
framework by introducing the Capability Index Adjusted by Social Ef-
ficiency (CIASE) and Panagiotis and Giannis (2021) developed the Value 
Efficiency Analysis (VEA) to examine the effectiveness of countries in 
translating income into key human capabilities. Whilst this is a much 
valuable and welcome field, it leaves some loose (conceptual and 
empirical) ends, in particular in regard to the lack of reference of 
environmental elements and the need for a broader and more analyti-
cally rigorous approach to confront the incomparabilities and tensions 
between different dimensions of the HDI. 

Given this context, the objective of this paper is to introduce a poset 
analysis, namely, a tool for working with partially ordered sets, that is, 
with rankings that are not complete (Fattore and Bruggemann, 2017). As 
much as we engage with conceptual and empirical issues, our main 
research question is essentially methodological. We apply an empirical 
assessment tool advocated by Sen, 1970a, 2017 to examine the newly 
proposed PHDI. This can be justified on four grounds. First, it offers a 
more solid conceptual use of the capability approach in the analysis of 
sustainable development indexes; secondly, it faces the key empirical 
issue of incomparabilities among different dimensions that is part of the 
debate between weak versus strong sustainability; thirdly, it empirically 
scrutinises the newly proposed PHDI, examining how it changes previ-
ous HDI rankings and demonstrating, fourthly, it shows how differences 
in rankings can also happen at all levels of human development. To our 
knowledge, this is the first investigation to explore the use of poset 
analysis to the key and recurrent issue of integrating sustainability issues 
into the HDI. 

This paper critically addresses key vulnerabilities in the elaboration 
and analysis of sustainability and development indicators, namely: the 
addition of variables without assessing their informational contribution 
to the composite indicator, the elaboration of composite indicators 
without a solid conceptual structure and the usual dismissal of in-
comparabilities in merging environmental and social variables in un-
derstanding the main messages behind these composite indicators. We 
make a case for poset analysis on the grounds that it best reflects Sen’s 
capability perspective and that it translates a conceptual weak vs strong 
sustainability debate, based on a priori arguments, into an evidence- 
based general approach informed by Hasse diagrams. 

The paper is organised into five parts. The first part provides a 
conceptual analysis of the use of the CA in examining sustainability is-
sues. The second part introduces the poset analysis and the terminology 
used to navigate within diagrams known as Hasse diagrams. They are 
very useful to display the trade-offs among different informational 
spaces and can supplement aggregate indicators, showing in the case of 
the HDI how comparabilities vary among different groups of countries. 
The third part presents the data and software used in the paper. The 
fourth part examines the key poset results of combining social and 
environmental indicators. The fifth part discusses the main implications 
for the elaboration of sustainable human development indicators and 
offers some concluding remarks. In particular, we show how neither the 
efficiency approach nor the PHDI are sufficient answers to solve the 
problem of integrating sustainability indicators within the capability 
approach. 

2. Sustainability and the Capability Approach 

The capability approach is one of the perspectives informing the 
human development paradigm. It has been developed by Amartya Sen, 
Martha Nussbaum and a rich and diverse community of capability 
scholars during the last decades (Robeyns, 2017; Comim, 2018). Start-
ing from his famous “Equality of What” (1979) lecture till the recent 
revisions of his social choice work (2017, 2020), Sen has linked the 
approach, first and foremost, with his defence of informational 
pluralism in normative evaluations. More specifically, he sees the CA as 
a key strategy for broadening the informational basis of social evalua-
tions within the context of social choice theory (Qizilbash, 2007; 
Comim, 2018). Sen argues that the CA (2009: 232) “does not, on its own, 
propose any specific formula about how that information [on capabil-
ities or other informational spaces] may be used” nor any blueprint 
about how to deal with conflicts. In this regard, he emphasises that we 
should not expect resulting indicators to produce complete rankings 
(Sen, 2017). The main reason for that, and his consequent defence of 
partial rankings, is that different people may not agree on the impor-
tance of distinct outcomes and as a result, the best we can do is to look 
for some agreed common basis among them (Sen, 2002). His argument 
clearly reflects his advocacy for democratic consensus. It is not an 
exaggeration to claim that Sen has been arguing for the use of partial 
rankings for the last 50 years (Sen, 1970a, 1970b, 2017). What is 
remarkable is that this key aspect of CA remains fully ignored in the 
debates about the HDI. 

Whereas in complete rankings we can always compare any pair of 
alternatives (indicating whether one is superior to another or whether 
we are indifferent between them), in partial rankings this total compa-
rability is not secured, but it is possible to find grounds for some 
comparability between distinct options. Thus, Sen (1970b) introduces 
the term partial comparability as a generic term to be used for every case 
of comparability lying between full comparability and non- 
comparability. In this sense, partial rankings might reflect a minimum 
standard, a lower limit of comparability among alternatives that can be 
asserted without contradiction of any other rankings. Rankings can then 
be different in terms of their specific ordering of options and as how they 
assemble different criteria. From this perspective, the analytical possi-
bility of incompleteness in ranking alternatives is not an embarrassment 
but rather freedom from what Sen has called “the tyranny of required 
completeness” (Sen, 1985: 20–21). 

Alternatives or options are often represented by different informa-
tional spaces. An informational space is a class or category of informa-
tion that refers to a common conceptual basis, such as utilities, 
resources, rights, primary goods and capabilities, among others. The 
capability as an approach is pluralist and as such it may include all 
relevant informational spaces. This is different from capability as an 
informational space that represents specific vectors of functionings 
(different beings and doings of an individual, a country, etc). In the case 
of the HDI, the index is composed of two kinds of informational spaces, 
namely functionings (health and education) and resources (standard of 
living). The main advantage of using functionings or even capabilities as 
informational spaces is that functioning indicators are objectively 
defined, avoiding biases and distortion metrics problems associated with 
conversion of resources into valuable doings and beings and the use of 
subjective evidence in welfare economics (Sen, 1985, 1996). We can 
argue that there are three essential tenets to Sen’s approach (Sen, 1993, 
2000, 2009, 2017):  

1. informational pluralism: it is about the admissibility of different 
informational spaces (such as resources, subjective well-being, 
rights, primary goods, functionings and capabilities) in normative 
assessments; 
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2. comparative analysis: it concentrates on the practical reason behind 
choices and avoids using ideal objectives as reference points; rather, 
it focuses on alternatives that are possible to be contrasted; 

3. reasoned scrutiny: it makes room for further scrutiny and reassess-
ment; it takes into account that people’s views depend on their 
positionality and as such can reflect their different interests. This 
puts public reason and public scrutiny at the centre of the process of 
normative evaluations. Without informed debates and interactive 
discussions, it is difficult to achieve impartial results and reflected 
evaluations. 

The road of informational pluralism is paved with partial rankings 
because the sheer complexity and practical difficulty of defining what is 
individually and socially best imposes limitations that should be 
acknowledged. Partial rankings are at the centre of Sen’s CA because 
they articulate informational pluralism required for comparative anal-
ysis and reasoned scrutiny. They offer an operational tool to face the 
difficulties and challenges in trying to achieve consensus about 
normative evaluations. When full agreement cannot be achieved for all 
options, the best we can do it to achieve partial resolutions in comparing 
alternatives. This is essential for the discussion about bringing together 
social and environmental aspects of sustainable human development. 
Quite often the processes of integration of social and environmental 
indicators in the context of the HDI entails a view of weak sustainability1 

in the sense that they allow trade-offs between distinct variables, being 
“inconsistent with the principles of ecology, and inconsistent with the 
planetary boundary framework”, as argued by Hickel (2020). 

At the core of this issue is the concept of incomparability. By 
incomparability we understand a situation that happens when “the 
order of objects due to one indicator contradicts the order of another 
indicator” (Bruggemann and Patil, 2011: 5). Indeed, incomparabilities 
between human and environmental aims might turn geometrical means 
and discount formulas insufficient to tackle issues about what should be 
relevant for an operational definition of value (Biggeri and Mauro, 
2018). It is important to distinguish between social and technical in-
comparabilities because one thing is the irreducibility among different 
visions about what is important in life and another about technical 
difficulties in integrating a broad set of various and conflicting points of 
view (Munda, 2004). The problem is that the concept of sustainable 
development, in its different formulations, tends to amalgamate 
different viewpoints without making explicit their tensions and con-
flicts. This is not the case of indicators such as the Genuine Progress 
Indicator (GPI) more focused on consumption of resources, monetary 
outcomes and sustainable incomes, but it becomes the case whenever 
environmental factors have not only an instrumental but a constitutive 
(intrinsic) role (Ramos et al., 2018; Kalimeris et al., 2020; Fox and 
Erickson, 2020), as it happens with the PHDI. 

The demands of sustainability are also closely associated with the 
claims for intergenerational justice and impartiality towards future 
generations that can be affected by overexploitation of natural and 
environmental resources (Anand and Sen, 2000). Although from a 
capability perspective, all resources should be seen as imperfect in-
dicators of human well-being (Sen, 2009), in the context of sustain-
ability, environmental resources can be understood as proxies for a 
general concern with intra and intergenerational equity, given that what 
really matters are the freedoms that current and future generations will 
have to lead worthwhile and meaningful lives. We should also remark 

that freedoms from pollution and other forms of environmental degra-
dation (such as natural hazards) are also important to be considered. The 
demands of sustainability call attention to possible incomparabilities 
between human and environmental factors for the current and future 
generations. 

The use of partial rankings, together with informational pluralism, 
comparative analysis and reasoned scrutiny are necessary elements in 
grounding the creation of human and environmental indicators on Sen’s 
CA. In this paper we emphasise the use of partial rankings, but this does 
not mean that the other elements should not be kept in mind. In what 
follows we move from this conceptual background into operational tools 
such as the use of posets and Hasse diagrams as part of a capability 
perspective. 

3. Poset Analysis: Key Concepts 

Proposals for integration of environmental dimensions in the HDI 
have regularly ended up with the elaboration of composite indicators 
(CIs). Their use has evident potential merits. They provide a more 
comprehensive picture than the use of single indicators, offer a 
normative benchmark for handling multidimensionality and might 
facilitate political action based on evidence. Indeed, it might even sound 
strange prima facie to criticise CIs because they often deliver more 
comprehensive accounts of the reality. Within this context, bringing on 
board incomparabilities among different variables seems to be positively 
related to plural and richer informational spaces rather than to a limi-
tation. However, there are different levels of incomparabilities within 
and between rankings that could result in CIs concealing important 
differences among its elements. For instance, in the case of the HDI, 
countries can be perceived as successful because of their high rates of 
economic growth rather than because they are able to translate their 
affluence in health and education achievements to their populations. 
More importantly perhaps, we might not even realise the presence of 
trade-offs derived from conflicting variables when comparing countries 
by their overall HDI. One example might be helpful here. The United 
States has a GNIpc of USD 83.826 and compared with the UK’s GNIpc of 
USD 46.071 (both in 2017 PPP) is clearly in advantage. But if we include 
another attribute, the CO2pc (in tonnes, 2018), the US produces a value 
of 16.6 t whereas the UK produces only 5.6 t. In this last case, the UK is in 
a much better situation than the US. We could also mention that in the 
UK people have higher life expectancy at birth than in the US (81.3 
versus 78.9) but that the US has higher mean years of schooling (13.4 
versus 13.2 years). As much as collapsing all variables into a single 
composite indicator can be politically helpful to call attention to the 
importance of the planetary pressures in shaping human development, 
looking at their incomparabilities might provide a richer picture. 

One alternative, such as the one advocated by UNDP (2020), is the 
use of a dashboard approach as a way of complement the use of com-
posite indicators. Nonetheless, this exercise is not without their own 
practical challenges because the interpretation of many indicators in a 
dashboard might be difficult without a clear notion of weights or rele-
vance of the separate pieces of information. These difficulties might 
even be magnified in the particular case of the HDI and PHDI that are 
calculated for a large number of (189) countries. It seems that we are 
methodologically left to choose between two evils: the first represented 
by CIs that are criticised (Fattore, 2016; Barclay et al., 2019) for being 
extremely subjective, arbitrary, potentially misleading and prone to 
obscure essential information, hiding key qualitative differences among 
different indicators and the second epitomised by dashboards that leave 
all value judgments and complexity at the discretion of their users. But 
poset (partially ordered sets) analysis might provide a fruitful path for 
overcoming this concrete empirical dilemma and in so doing, it could 
give concreteness to CA’s defence of partial rankings (Comim, 2021). 
This argument does not depend on whether HDI’s informational spaces 
are actually characterised by capabilities, functionings or mixed di-
mensions, but rather on the role of the capability approach as a key 

1 The analytical categories of comparability and non-comparability are not 
the same as the ones for weak and strong sustainability. Whereas the first group 
refers to how we analyse indicators, the second is much broader, including 
actions and policies. For instance, society can move forward towards stronger 
notions of sustainability even under the circumstances that academics maintain 
full comparability in their composite indicators. We are grateful to one of the 
anonymous reviewers for alerting us to this important distinction. 
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element of Sen’s social choice approach (Hirai, 2021; Sen, 2017). 
The creation of CIs (by adding dimensions or by using discount 

factors) entails the transformation of different attributes into a common 
metric and the generation of complete orderings. In simple terms, a 
complete ordering is generated whenever every pair of alternatives can 
be ranked against each other. In the case of two alternatives x and y we 
could say that either x is better than y or x is equal to y or x is worse than 
y. Mathematically and empirically speaking, complete orderings can be 
seen as particular cases of partial orderings (Bruggemann and Patil, 
2011; Fattore and Bruggemann, 2017). In the case of the HDI, a com-
plete order means that we can always compare the situation between 
two countries. In other words, we could say that either a country A is 
better than a country B, or a country A is worse than a country B or 
simply that they are equal (or have the same performance). Countries 
can be defined as objects in a set X of countries and evaluated according 
to a set of attributes Q that would include variables q1, q2, q3, etc., such 
as those related to health, education, income or the state of the envi-
ronment. Thus, the situation of a country can be defined by a vector of 
attributes that can be ordered as a binary relation to other countries. 
These comparisons are normally defined by a set of properties such as 
reflexivity (one object can always be compared with itself), anti- 
symmetry (if a country A is better than a country B and a country B is 
better than a country A this means that the countries are identical) and 
transitivity (if a country A is better than a country B and a country B is 
better than a country C this implies that a country A has to be better than 
a country C). 

Thus, whenever we can say that one country is better or worse or 
equal than another, we can claim that they are comparable, and when 
this does not happen, we say that they are incomparable (for a given 
attribute). The important point about CIs is that they can hide in-
comparabilities found among their different dimensions. How should we 
assess the development of a country, vis-à-vis another, with (for 
instance) a higher GDPpc but a higher pressure on ecosystem services? 
Shall we collapse the different dimensions into a common metric and 
pretend that these incomparabilities does not exist? The interesting 
point to explore here is that there is a partial2 equivalence between the 
categories of comparability and incomparability and the concepts of 
weak and strong sustainability given that they all assume a range of 
substitutability options (Neumayer, 2001, 2013; Jain and Jain, 2013). 
To the extent that they overlap, both comparability and substitutability 
are grounded on notions of commensurability of different dimensions 
(Nussbaum, 1990). What is important about the poset analysis is that it 
can translate a conceptual debate justified by a priori arguments into an 
evidence-based general approach. In other words, in the case of a poset 
analysis both alternatives (comparability and incomparability) can be 
tackled simultaneously. 

Following Bruggemann and Patil (2011) and Fattore et al. (2012) we 
define a chain or a linear order as a partial order P where two elements 
are comparable and an antichain when this is not the case. In an extreme 
situation where all objects could be arranged in a simple sequence, we 
would have a complete order. But this is not what normally happens. In 
particular, when we bring together environmental and social variables 
there are several conflicts among the different dimensions that are either 
hidden by CIs or left open with dashboards. Alternatively, the use of 
posets allows us to empirically scrutinise trade-offs between different 
variables and dimensions. More concretely, we can consider all different 
social and environmental attributes of different countries and represent 
them as sets of ordinal data. The profile of a country can then be rep-
resented by a collection of rankings for all the different attributes. The 

partial order of the profile of a country would indicate that this profile 
would be equal or worse than the profile of a different country when all 
its attributes are equal or lower than the attributes of the other country. 

In the case of the HDI, countries that have better attributes than 
others can be organised in chains. We can then have a ranking of 
countries where countries that are above in the ranking are those that 
have better values for all attributes than the subsequent ones. These 
chains have heights that are defined by the number of objects (in the 
case of HDI they are countries) in their ranking. But when countries 
cannot be compared, for instance, because they perform better in one 
attribute and worse in another, we say that we have an antichain. If we 
consider the number of elements in the largest antichain we can then 
define the width of the poset. Sometimes it is useful to have a visual 
representation of these partial orders. For this reason, we use a Hasse 
diagram. We can define a Hasse diagram as a visual representation of all 
combinations of partial rankings, with their comparabilities and in-
comparabilities (Caperna and Boccuzzo, 2018). The main advantage of 
using this representation is that it provides an overall picture of all 
comparabilities and incomparabilities in sets of objects and their cor-
responding attributes. It can provide evidence about the level and 
density of incomparabilities found among different variables. Whenever 
objects (in the case of HDI and PHDI we refer to countries) can be 
compared they are connected by a line, which means that they are also 
transitive. We call successors of particular elements in a Hasse diagram 
downsets, as we call their predecessors upsets. 

In the example we discussed above between the US and the UK they 
would be clearly in a position of an antichain, given that their attributes 
are not fully comparable. But if we were to include Switzerland in this 
comparison with higher (or equal) values for all attributes (GNIpc of 
USD 69.394, life expectancy at birth of 83.8, mean years of schooling of 
13.4 years and CO2pc of 4.3 t), we could have a chain with Switzerland 
on top and the UK and the US on the second line. We could expand this 
ranking by including for instance Saudi Arabia that has a poorer per-
formance on all variables mentioned here (GNIpc of USD 47.495, life 
expectancy at birth of 75.1, mean years of schooling of 10.2 years and 
CO2pc of 18.4). The resulting Hasse diagram would have 3 levels 
(heights) (1.Switzerland, 2.US and UK and 3.Saudi Arabia) with a width 
of 2 because of the incomparabilities between the US and the UK. 

Finally, it is important to acknowledge that not all attributes (social 
or environmental) play the same role in the characterisation of a given 
state-of-affairs. Some attributes can make conceptual sense but can 
provide little, if any, comparative or discriminatory power. For this 
reason, it is useful to consider attribute-related sensitivity measures that 
can show how an attribute influences (locally, around an object or 
globally, for the entire poset) the position of objects in a Hasse diagram. 
This involves a comparison between several posets obtained from 
different data matrices originated from distinct sets of attributes 
(Bruggemann and Patil, 2011). Measures of distance are conceptualised 
by counting ordinal changes between any two pairs. In the case of the 
HDI, we can count the ordinal differences that countries have in their 
GNIpcs and compare with the ordinal difference that they have in 
another variable, say, life expectancy. The main point here is about 
comparing ordinal rankings corresponding to distinct informational 
bases. Thus, measures of sensitivity can be obtained by counting the 
mismatches using downsets. 

4. Data 

The capability approach is quintessentially pluralist. This means that 
it invites the use of a wide variety of types of data. In principle, one could 
use the CA to combine spaces as diverse as resources, subjective well- 
being and rights, without any reference to capabilities as informa-
tional spaces. In the case of the HDI, two dimensions, namely, health and 
education, are used as proxies for capabilities whereas one dimension, 
represented by GNIpc (gross national income per capita) indicates levels 
of resources. In the elaboration of the new PHDI, additional measures of 

2 The equivalence between these concepts is only partial because the con-
cepts of weak and strong sustainability are about technical possibilities that 
might not be fully reflected by country orderings, given that public choices are 
also influential at a point in time. We are grateful to one of the anonymous 
referees for raising this point. 
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CO2pc (carbon dioxide emissions per capita) and material footprint per 
capita are used to denote the challenges of shifting away from fossil fuels 
and closing material cycles (UNDP, 2020). They are transformed in 
indices and their arithmetic mean represents an adjustment factor that 
multiplies the HDI. In the exceptional case that a country puts no 
pressure on the planet, there is equality between their HDI and PHDI; 
otherwise, the PHDI falls below the HDI (i.e. by discounting it) in the 
proportion of this pressure. 

In this paper, disaggregated HDI data per dimensions and per 
country was obtained for 2019 from the table of the HDI and its com-
ponents (UNDP, 2020). Data about life expectancy at birth (in years - 
Lexp), expected years of schooling (in years - eys), mean years of 
schooling (in years -mys) and GNIpc (2017 PPP, purchase power parity, 
in US dollars -gni) were compiled for 189 countries. Similarly, data for 
the dimensions of the PHDI was obtained for 2019 from the table of the 
PHDI for the same set of countries (UNDP, 2020). In this case, data for 
CO2pc and material footprint per capita were not used in tonnes but in 
the format index that inverts their scales. By doing so they are harmonic 
with HDI variables and thus the interpretation of the results becomes 
more intuitive (i.e. the higher their figures, the better the situation that 
they describe). A quick look at the resulting correlation matrix (Fig. 1) 
discloses three main patterns: first, it displays a positive association 
between material footprint (matfoot) and carbon dioxide emissions per 
capita (CO2); secondly, it highlights how these environmental elements 
show a strong negative association with all other economic and social 
variables and finally, it indicates how all these last sets of variables are 
also strongly positively associated among themselves. 

The software PyHasse, developed by Professor Rainer Bruggemann, 
was used in its “pro” version, kindly shared by him. More specifically, 
the modules mHDC17_3.py and sensitivity24_5.py were used to produce 
the Hasse diagrams and the corresponding similarity analysis. When all 
attributes (variables) were merged we had complete data for 169 
countries which were represented in the Hasse diagrams by three-digit 
ISO codes. 

5. Results 

Both the HDI and the PHDI are composite indicators and as such 
lump together incommensurable features of countries, hiding conflicts 
among their different dimensions. To a certain extent, the complete 
rankings that they provide are artificial once they hide these conflicts 
and incomparabilities. This problem is particularly salient considering 
the idiosyncratic nature of the integration between social and environ-
mental variables and the unsolved controversies about weak vs strong 
sustainability. However, the use of a Hasse diagram can unveil with 
precision all chains and antichains involved in ranking the countries 
based on their multidimensional profiles and clarify where conflicts are 
more relevant for an evidence-based characterisation of sustainable 
human development. 

Fig. 2 displays the Hasse diagram for the 2019 HDI. Several results 
are worth noticing. First, even before considering the integration of 

environmental variables, there are quite a few incomparabilities among 
the HDI variables. Secondly, this means that the official UNDP classifi-
cation of countries within four groups (very high human development, 
high human development, medium human development and low human 
development) oversimplifies their differences, dismissing the complex 
picture that emerges from the consideration of incomparabilities be-
tween different attributes. Thirdly, the density of incomparabilities is 
not homogeneous along the diagram. We can see a clear picture of the 
distribution of these incomparabilities per level in Fig. 3. One could 
(correctly) object to the use of a measure of total number of in-
comparabilities on the grounds that it could be promoted by a higher 
density of number of countries placed at these intermediary levels (the 
higher the absolute number of countries in a given level, the higher the 
absolute number of incomparabilities). To solve this problem, we can 
consider the average number of comparabilities. A comparison between 
the total and the average number of incomparabilities confirms the ev-
idence of a heterogeneous (almost in the format of an inverted U) den-
sity of incomparabilities along the poset. 

This Hasse diagram shows that all those countries on its first line, 
from Austria to the UK (GRB), are the ones with the best attributes but 
that they all have incomparabilities among themselves and for this 
reason they are not fully comparable. This does not happen, however, 
when we look at the countries on the second line, linked by a line. This 
is, for example, the case of Belgium and Canada, but not of the US and 
the UK which are not linked by a line despite their ordering. Countries at 
the bottom of the chain in the Hasse diagram are those with the worst set 
of attributes. Whereas the best attributes situate the countries in the 
higher categories, the worst ones place them in the lower categories of 
the Hasse diagram. The attributes are also defined by their power of 
discrimination, as explained by the sensitivity analysis below. 

Overall, this Hasse diagram includes 9526 relations of comparability 
and 4670 relations of incomparability. A simple spearman correlation 
matrix suggests that the associations between all variables are very high 
(for instance, the correlation between r Lexp&eys = 0.839; r Lexp&mys =

0.761; r Lexp&gni = 0.87). However, this does not imply that one variable 
can be used to represent others, least that these correlations imply a 
harmonious picture. Rather, it suggests that we should be more cautious 
in comparing countries that are in the middle of the distribution vis-à-vis 
those at the top or at the bottom. 

An important question to answer is how do the different attributes 
(variables of the HDI) influence the position of countries in the HDI 
Hasse diagram? In other words, what would be the impact of the 
removal of a specific variable from a data matrix? Fig. 4 displays the 
results of the global sensitivity analysis of the HDI indicators. It shows 
that mean years of schooling (mys) and life expectancy at birth (Lexp) 
are the key influential attributes in defining the ranking of countries in 
the HDI Hasse diagram. This corresponds to the original purpose of the 
index, meant to convey more people’s capabilities than their available 
resources (Hirai, 2017; Sen, 2009, 2017; Anand and Sen, 2000). 

The inclusion of the environmental factors, namely, CO2pc and ma-
terial footprint per capita, as part of an adjustment factor in the PHDI, 

  CO2 ma�oot lexp eys mys gni 
CO2 1      
ma�oot 0,516 1     
lexp -0,487 -0,616 1    
eys -0,458 -0,605 0,799 1   
mys -0,517 -0,607 0,771 0,813 1  
gni -0,722 -0,792 0,726 0,705 0,698 1 

Fig. 1. Correlation matrix among key variables.  

F. Comim and T. Hirai                                                                                                                                                                                                                        



Ecological Economics 198 (2022) 107470

6

changes radically the ranking among countries. The number of compa-
rability relations among the different attributes and countries is reduced 
to mere 138 (from 9526) and the number of incomparabilities jumps to 
14,058 (from 4670). As a result, the Hasse diagram loses its power of 
discrimination; the antichains are dominant and the height of the posets 
is reduced from 15 to 3 levels (Fig. 5). The associations between human 
and environmental variables are negative and very high, ranging from r 
= − 0.753 between CO2 and Lexp to r = − 0.903 between CO2 and GNIpc. 

The correlation between CO2 and material pressure (matf) is r = 0.799. 
But the overall degree of incomparability goes to 0.99. 

Fig. 6 shows how the inclusion of the environmental variables pro-
vides an asymmetry in the incomparabilities, making the situation even 
more complex at the upper level. This differs from the almost inverted U 
shape (Fig. 3) in the case of the HDI without environmental variables. 

Regarding the influence of each variable in the PHDI by means of the 
global sensitivity analysis, it is remarkable how the environmental 

Fig. 2. Hasse diagram of 2019 HDI variables.  
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variables exhibit a very high discriminating and comparative power in 
the reordering of the previous HDI ranking. Even the scale of the 
sensitivity values changes, moving from a maximum of 1100 for the HDI 
(Fig. 4) to a maximum of 5950 for the PHDI (Fig. 7). The variables CO2 
and material pressure influence much more the position of countries in 
the Hasse diagram than the other human variables previously did. They 
also promote a much higher number of internal conflicts in the data. 
Moreover, there is a key undesirable result that takes place in the PHDI 
poset: the gni becomes the third most influential factor, perverting the 
original purpose of the HDI of emphasising not the means (as resources) 
but the ends (as health and education) of development. As a conse-
quence, income has more comparative power in the PHDI than in the 
HDI. 

If incomparabilities are caused by conflicting indicators, it is likely 
that they will change (in density or levels and distribution) as we 
consider alternative sets of indicators. We illustrate this possibility for 
the 6 variables (attributes) that compose the PHDI. Fig. 8 presents the 
results of producing Hasse diagrams based on different combinations 
between socio-economic and environmental variables. If we read these 
different Hasse diagrams in a 3 × 3 matrix format, we can see that at 3 ×
1 (the element at the third row and first column of the Hasse diagram) 
there is a reproduction of the HDI diagram that we can use as a 
benchmark (Fig. 2). All the other Hasse diagrams include either CO2 
emissions or material pressures in order to show the impact on the 
rankings that would be caused by incorporating an environmental var-
iable into different readings of the HDI. It is interesting to note that when 
we combine both environmental variables (as displayed at the third 
column), the height (level) of the poset decreases up to 3 (as we can see 
at 1 × 3 and 2 × 3) with the maximum number of incomparabilities at 
14000. Nevertheless, when we consider only one of them (as in the cases 
of 1 × 1 and 1 × 2) the height of the poset increases to 5 and 4, 
respectively. These results reinforce the early conclusions that envi-
ronmental variables enhance the discriminatory powers of the rankings. 

However, should we take seriously the commitment of grounding the 
HDI and the PHDI on the CA, there is a potential problem in increasing 
the magnitude and distribution of incomparabilities within the inclusion 
of CO2 and material pressures indicators. 

Such information is usually hidden when composite indicators pre-
sent their evidence in the format of complete rankings, as it is the case 
with the PHDI. However, this methodological decision in handling the 
interaction between human and environmental indicators is not without 
consequences. 
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Fig. 4. HDI sensitivity analysis.  

Fig. 5. Hasse diagram of 2019 PHDI variables.  
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6. Discussion and Concluding Remarks: Implications for the 
Elaboration of Sustainable Human Development Indicators 

CIs have an important role of mediation between social values and 
desired policies. They have the power to shape mechanisms for change, 
such as incentives, regulations, etc. and can provide useful guidance and 
coordination among different agents. The human development 
approach, with its corresponding HDI, has been remarkably instru-
mental in the promotion of valuable capabilities in the last 30 years 
(UNDP, 2020; Hirai, 2017) and its recent move towards a sustainability 
evaluative framework deserves to be celebrated. Indeed, the importance 
of a joint assessment of human and planetary pressure indicators within 
a single framework cannot be overstated. 

But this might come at a cost of making complete rankings based on 
composite indicators more of a challenge. And this happens because 
these new rankings based on the PHDI may hide much higher levels of 
incomparabilities than those already present in the HDI. This is a 
neuralgic point for sustainability indicators where the debate between 

the degree of substitutability and incommensurability of their different 
dimensions and variables has been constant from its inception (Bell and 
Morse, 2008; Neumayer, 2013; Davies, 2013). 

Poset analysis shows that the debates between weak vs strong sus-
tainability can benefit from empirical evidence from Hasse diagrams and 
sensitivity analysis where the conflicts can be identified for different 
groups of countries (or the most convenient unit of measurement). In the 
case of the HDI we were able to assess the overall level of in-
comparabilities and how they were distributed in different levels 
(groups). We were also able to verify how the discriminatory power of 
the original HDI variables was affected when environmental variables 
were included. Moreover, we saw how the new variables increased the 
level of incomparabilities in the poset and how they affected the impact 
of previous variables in the definition of the new poset. 

Similarly, it indicated where the problem resides, namely, on the top 
level of countries where most of the incomparabilities can be found. By 
doing so it provides more systematic evidence about conflicts among the 
variables than the case-by-case exercise of listing differences in PHDI- 

   
 

 
  

  
 

Hasse with ma�oot, lexp, eys, mys and gni Hasse with CO2, lexp, eys, mys and gni Hasse with CO2,, ma�oot, eys, mys and gni 

Hasse with CO2and gni Hasse with CO2 ,ma�oot, lexp, eys, mys Hasse with  CO2,ma�oot, lexp, mys and gni 

Hasse with lexp, eys, mys and gni Hasse with  CO2, ma�oot, and lexp Hasse with  CO2, ma�oot, lexp, eys and gni 

Fig. 8. Alternative Hasse diagrams based on PHDI variables.  
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HDI rankings (UNDP, 2020, chapter 7). Composite sustainable human 
development indicators should pay particular attention to the issue of 
incommensurabilities because otherwise they will invariably become 
indicators of weak sustainability, missing part of the essence of the 
concern with sustainability that it is about the intrinsic value of nature. 

The elaboration of sustainable human development indicators 
should take into account not only the theoretical nexus that may 
conceptually justify the relevance and role of the choice of dimensions 
and variables but also key empirically-based tenets such as:  

- the structure of the rankings that they generate;  
- the discriminatory power of the different variables (attributes) that 

they include;  
- the density, level and distribution of incomparabilities (within their 

respective chains and antichains);  
- the empirical significance of groups or levels of countries (objects) in 

terms of the public policies;  
- the effects of new variables on old ones in comparative rankings. 

Our results show that Sen’s partial rankings become even more 
important when considering composite indicators with environmental 
variables. Posets can advance the debate on sustainable human devel-
opment indicators by providing an evidence-based framework for 
tackling incomparability issues that are so dear to sustainability debates. 
They can also provide more conceptual consistency for the elaboration 
of sustainable human development indicators. In the particular case of 
the new PHDI, the poset evidence suggests that the introduction of 
environmental variables caused a dramatic change in the structure of the 
rankings in terms of the incomparabilities that they generate. They also 
changed the distribution of incomparabilities in the different levels and 
the role of variables, such as the one of GNIpc. 
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