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ABSTRACT
In this paper, starting from the approach described in Chiarini et al. (2017), who have provided a subjective
measure of the environmental impact of cities (subjective EIC) at the country level, we extend the analysis
comparing their indicator with the objective measure of the environmental impact of cities (objective EIC)
suggested by Agenda 2030, namely mean levels of fine particulate matter (PM2.5 and PM10). The comparison between subjective and objective indicators of the EIC is a novelty in the panorama of the available
studies, and provides useful results for policy analysis. In fact, the relative ranking of countries changes according to the metric adopted, and the analysis of association with macroeconomic indicators of development
and growth reveal that subjective and objective EIC indicators might influence/be influenced by different
macrofactors.
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INTRODUCTION
Several studies in the framework of quality of life,
but also in the domains of poverty and deprivation,
have found that subjective and objective indicators
may tell a rather different story. Usually, objective indicators were found to be weak predictors of satisfaction in related life domains (Cummins, 2000). With
reference to urban sustainability, we can expect that
measures based on subjective perception of pollution

and measures based on the actual level of pollutant
concentration may give a different picture.
This paper investigates both types of information. Specifically, country rankings according to both
measures are provided. The question we ask is twofold: (1) what explains the differences in the rankings;
(2) is there a criterion to guide the researcher/policy
maker to trust more one measure or the other one according to specific circumstances? The two questions
are deeply linked to each other and raise the issue of
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combining both indicators in order to increase their
usefulness for policy makers.

sky, Portnov and Barzilai, 2010; Mínguez, Montero
and Fernández-Avilés, 2013).

THEORETICAL BACKGROUND

MATERIALS AND METHODS

Urbanisation has been a fundamental feature of
economic development, as documented in several
papers (see, for instance, Galor, 2005; Chiarini and
Marzano, 2014), albeit its role in fastening the improvement of economic conditions has been debated
by recent literature (Jedwab and Vollrath, 2015).
Moreover, the development of cities, and, especially in the less developed countries, megacities,
is a serious concern for scholars investigating the
issue of urban sustainability (Button, 2002). This is
witnessed by the fact that in the 2030 Agenda for
Sustainable Development (United Nations, 2015),
the issue of sustainable cities is listed among the
17 sustainable development goals adopted in 2015.
With regard to goal 11, promoting sustainable cities,
one of the targets to pursue by 2030 is listed as reducing ‘the adverse per capita environmental impact
of cities, by paying special attention to air quality
and municipal and other waste management’. To
this scope, one of the recommended indicators is the
annual mean levels of fine particulate matter (e.g.
PM2.5 and PM10) in cities.
The main idea of this paper is to compare objective indicators (such as environmental quantitative
measures) and subjective indicators (such as individual perceptions). Subjective indicators of environmental discomfort deserve to be considered since
individuals may differ not only in their exposure to
environmental risk but also in their sensitivity to exposure (Schmit and Lorant, 2009). The analogies and
discrepancies of both kinds of indicators could support decision making and policy analysis as regards
to sustainability in urban areas vs. rural areas.
Studies that address the impact of pollution frequently resort to the use of both objective and subjective measures of environmental quality: the application fields range from epidemiology where the
interest is in estimating the impact on health (Orru
et al., 2018) to quality of life for the influence on life
satisfaction (Liao, Shaw and Lin, 2015) to housing
economics for the effect on housing prices (Berezan-

Subjective indicator: data and variables
The subjective measure of the environmental impact
of cities (Estimated Environmental Impact of Cities, EEIC) has been estimated on microdata from
the 2013 wave of the European Union Statistics on
Income and Living Conditions (EU-SILC; Eurostat,
2013).
The total final sample size consists of 184,876
households living in 26 European countries (23 EU
countries plus Norway, Switzerland and Serbia):
the within country sample size ranges from 3,630
households in Luxembourg to 15,703 in Italy.
The two main variables of interest are the indicator of environmental risk and the degree of urbanization, which represent the response variable and
the key predictor in the estimated models, respectively. Differently from Chiarini et al. (2017), who
measured environmental risk in terms of noise and
air pollution, given the scope of our analysis, here
we focus the attention only on self-reported problems of pollution where the household lives. This
is coded as a dummy variable that equals 1 if the
household perceived to be exposed to the risk of
pollution. The degree of urbanization is a categorical regressor with three categories: large urban area,
small urban area, rural area.
To derive the subjective indicator at the country
level, for every country first we estimated a probit
regression for the probability of perceiving pollution and then we computed the average marginal effect of the degree of urbanization on that probability. The average marginal effect has been computed
by contrasting large urban area with rural area.
Therefore, the indicator shows the difference in the
predicted probability to report environmental risk
when living in a large urban area and when living
in a rural area. This difference is averaged across
all households living in a country. More methodological details, which include also the selection of
the control explanatory variables, can be found in
Chiarini et al. (2017).
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Objective indicator
The objective indicator is based on the concentration of particulate matter (PM). It is well known that
anthropogenic sources (such as traffic emissions or
combustion activities) tend to produce more fine
particulate (PM2.5, i.e. particles whose diameter is
2.5 micrometers at most) whereas natural sources
are responsible for producing more PM10 particles
(i.e. particles with a diameter of 10 micrometers at
most).
The information about the population weighted
annual means of PM2.5 and PM10 has been retrieved
from the European Environmental Agency (EEA),
with reference to year 2013. For every country, the
objective indicator is derived as the PM2.5/PM10
ratio. Therefore, high values of this ratio signal that
PM10 mainly consists of fine particles, that are likely to be found in urban areas, where usually a high
density of human activities is found. This ratio is
frequently used in spatial and/or temporal analyses
(Munir, 2017; Talbi et al., 2018).

RESULTS AND DISCUSSION
The two indicators have been compared across countries by looking at the relative ranking of countries
and by investigating the relationship between every
indicator and country-level macroeconomic factors
accounting for per capita GDP and growth rate.
By plotting the countries in a plane, with the x axis representing the PM ratio and the y axis representing the subjective indicator, and taking the medians
of both indicators as reference lines (the red lines,
Fig. 1), we see that the countries are scattered randomly in all four quadrants. The most industrialized
European countries (Germany, Italy and France) combine above the median values of both indicators. The
cleanest European countries (the Nordic countries)
combine below the median values for both indicators. For other countries, high scores on one indicator
are paired with relatively low scores on the other, and
vice versa. Greece deserves to be mentioned as the
country that ranks first in the subjective indicator and

Figure 1. Subjective indicator (EEIC, y axis) vs. objective indicator (PM2.5/PM10 ratio, x axis)
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Figure 2. Subjective indicator (EEIC, left panel) and objective indicator (PM2.5/PM10 ratio, right panel) vs. per
capita GDP and growth rate

last in the objective indicator. This unusual combination of values of both indicators qualifies Greece as
an outlier, which should be investigated further.
In the whole, as a general result, the two rankings
do not show any association (Spearman coefficient
–0.06).
The next issue we want to investigate is whether
the two measures reflect different correlations with
country level factors reflecting economic conditions
and business cycle. To this end we plotted every indicator on per capita GDP and growth rate in real
GDP. This information was extracted from the Eurostat database5 and it is expressed as average during
2009–2012.

5

From Figure 2, no significant association seems
to emerge between per capita GDP and growth rate
with the subjective indicator (on the left) whereas
there appears to be some evidence of a positive linear
correlation between growth rate and the objective indicator (bottom right panel).
CONCLUSIONS
The subjective and objective measures of urban sustainability emerge as two different domains of the
environmental impact of living in cities. Plausible
explanations of the absence of correlation between
the two indicators may concern: (i) issues of popula-

http://ec.europa.eu/eurostat/data/database.
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tion density and/or concentration of polluting activities in urban areas; (ii) individual sensitivity to environmental issues, that is the threshold of subjective
acceptance of pollution, that in turn can be affected
by institutional features, environment-related legislation, cultural and psychological aspects.
For example, for countries where polluting industries are located away from residential areas, we can
expect low levels of subjective indicator associated
with even high values of objective indicator. This
source of discrepancy may be mitigated in our case
by the use of the PM2.5/PM10 ratio, which accounts
for the share of emissions due to anthropogenic activities run in urban environments.
Furthermore, in countries where environment-related legislation is not very strict (where, for instance,
citizens can circulate by using old cars), we expect
larger objective EIC, and a sort of acquaintance with
high levels of pollution, that could explain low perception. This observation has much to do with the
explanation that reminds to cultural aspects. In countries where attention to environmental issues is widely present in the public opinion, it is expected that
the threshold of acceptance of environmental pollution might be particularly low. Therefore, where the
environmental culture is more lively, the presence of
high levels of the subjective EIC might be contrasted
with low measures of the objective measurement of
the pollution.
These evidences suggest two orders of considerations. First, in the analysis of sustainability, a multidimensional approach which combines both subjective
and objective information could prove to add useful
insights to enrich the understanding. Second, while
targeting policies aiming to pursue the goal of sustainable cities, it can be of help to expand the analysis beyond the realm of urban-mobility management
practises. Specifically, policies targeted to limit the
emissions should not disregard the business cycle dimension of air pollution, that is its positive association with the growth rate of GDP. Nevertheless, due
to the uncorrelation between objective and subjective
indicators, an improvement in the concentration of
emissions does not automatically entail an improvement in the perception of urban sustainability.
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