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Distinguer les effets des polluants dans l'air a I'aide de nombreux
instruments

Résumé

La pollution atmosphérique constitue une menace majeure pour la santé humaine. Loin d'étre unidimensionnelle,
la pollution de l'air est multiforme, ce qui complique 1’étude des conséquences de polluants multiples dans des
études quasi expérimentales. En sélectionnant les instruments optimaux a partir d'un large ensemble de variables
instrumentales de météorologie d’altitude, nous démélons l'impact de cing polluants atmosphériques dans une
évaluation compléte de leur impact sanitaire a court terme dans les plus grandes zones urbaines de France sur
2010-2015. Nous constatons que des niveaux journaliers plus élevés d'au moins deux polluants atmosphériques,
l'ozone et le dioxyde de soufre, conduisent le jour méme a davantage d'admissions aux urgences liées aux
maladies des voies respiratoires. Les enfants et les personnes agées sont les plus touchés. Un niveau plus élevé
de monoxyde de carbone conduit a davantage d’admissions aux urgences pour les maladies cardiovasculaires,
tandis que des niveaux plus importants en particules fines (PM2.5) et en dioxyde de soufre conduisent a une
augmentation du taux de mortalité journalier. En supposant un contexte de cing polluants atmosphériques, nous
montrons qu'un analyste qui aurait ignoré dans son modéle la présence de l’ensemble des polluants
atmosphériques aurait tiré des conclusions partiellement fausses.

Mots-clés : polluants de I’air, santé, admissions aux urgences, mortalité, couche limite planétaire, IV Lasso

Disentangling the effects of air pollutants with many instruments

Abstract

Air pollution poses a major threat to human health. Far from unidimensional, air pollution is multifaceted, but
quasi-experimental studies have been struggling to grasp the consequences of the multiple hazards. By selecting
optimal instruments from a novel and large set of altitude-weather instrumental variables, we disentangle the
impact of five air pollutants in a comprehensive assessment of their short-term health impact in the largest urban
areas of France over 2010-2015. We find that daily higher levels of at least two air pollutants, ozone and sulfur
dioxide, lead to more respiratory-related emergency admissions on the same day. Children and elderly are
mostly affected. Carbon monoxide increases emergency admissions for cardiovascular diseases while particulate
matter and sulfur dioxide are found responsible for increasing the daily mortality rate. Assuming a five air
pollutants context, we show that an analyst who ignored the presence of interrelations between air pollutants
would have reached partially false conclusions.

Keywords: air pollution, health, emergency hospital admissions, mortality, planetary boundary layer, IV Lasso

Classification JEL : C26; C55; 118; Q51; Q53



1 Introduction

To protect human health, urban environmental regulations increasingly rely on ambient pollu-
tant concentrations both to inform and take actions. Thanks to the high frequency monitoring
systems in place in large cities, local authorities may implement driving restrictions, impose
lower speed limits or ban industrial activities when a pollutant concentration exceeds a regula-
tory threshold. The avoided damage when concentrations fall are central to the design of these
environmental policies, first and foremost damage from the respective health impacts of pol-
lutants forming the urban air pollution mixture. Whereas recent quasi-experimental evidence
relative to global air quality is clear-cut, disentangling the effect of distinct air pollutants has
been a long-discussed challenge. While having received considerable attention, it remains a key
difficulty in observational studies. In the discussions for updating the global air quality guide-
lines, the World Health Organization has set “Causality and independence of effects including
multi-pollutant effect estimates as a basis for joint health impact assessment” as a key point for
debate, highlighting the relevance of describing and regulating jointly several pollutants (WHO,
2018).!

In this paper, we conduct a large-scale quasi-experimental study of the short-term concomi-
tant effects of five air pollutants on daily emergency admissions and mortality in the largest
urban areas of France over 2010-2015. We focus on the impact of daily air pollutants levels
on same day health outcomes. We address the challenge posed by the highly correlated daily
variations of air pollutants by leveraging a novel and large set of instruments which describe ex-
tensively altitude weather conditions e.g. winds or temperature profiles. By mining predictive
relationships to find instruments for each air pollutant separately, we disentangle the concomi-
tant effects of the main pollutants of the urban mixture. Our first contribution is to provide
causal evidence on the separate effects of five air pollutants on both short-term morbidity and
mortality, in the real urban environment, while controlling for the other pollutants. Our sec-
ond contribution is to suggest a novel set of instruments which allows precise estimations when
leveraged with the IV-Lasso method by Belloni et al. (2012). We define multipollutant effects
as the sum of each air pollutant impact, while controlling for the presence of the others: we do

not consider interactions nor threshold nor non-linear effects.

!The three other discussion points are (i) the shape of the concentration-response function and the identification
of thresholds and effects at very low or very high pollutant levels, (ii) effects at different exposure duration times
(long-term, short-term) and (iii) considerations regarding vulnerable sub-groups or windows of susceptibility.



Concerns about extrapolating associational estimates have been voiced insistently (Currie
et al., 2011, Dominici et al., 2014, Bind, 2019), but causal estimation remains challenging. Air
pollution is not allocated randomly through time and space and may serve as a surrogate for
a number of economic and population variables (e.g. traffic, industrial activities, bank holi-
days...), therefore the well-known challenge to isolate exogenous air pollution variations, even
at high frequency. While causal estimates are considered as the gold standard to inform public
policies, quasi-experimental studies are still scarce, and typically not able to isolate a given
pollutant effect, but rather a cocktail of several ingredients. To identify air pollution effects, the
quasi-experimental literature has been very creative in finding external shocks affecting air pol-
lution independently of health outcomes. Authors have taken advantage of plausibly exogenous
shocks such as airport congestion (Schlenker and Walker, 2015), daily boat traffic (Moretti and
Neidell, 2011), changes in local traffic (Currie and Walker, 2011, Kanittel et al., 2016, Simeonova
et al., 2018) or recession (Chay and Greenstone, 2003). The nature of the shocks underpinning
the estimations entails quasi-random variations of air quality - but not pollutant-specific varia-

tions.

Car traffic engender emissions of particulate matter, carbon monoxide and nitrogen oxides
as primary pollutants, and indirectly ozone, a secondary pollutant formed from primary sources.
A lower economic activity entails a slowdown in emissions from industry, reducing among
other sulfur dioxide and particulate matter. Pollutant concentrations often vary together as they
share some common sources, but approximating air pollution by a unidimensional phenomenon
might be questionable, not least because some air pollutants are strongly anti-correlated due to
chemical equilibrium. As a result, studies relying on these global sources of variations are not
well suited to separate the causal effect of distinct air pollutants. Some recent studies resort
to finding exogenous shocks specific to one pollutant e.g. Halliday et al. (2019) who use vol-
cano eruptions whose chemical composition is very specific, hence justifying a single-pollutant
model. Using change in wind directions as instruments, Deryugina et al. (2019) show that the
PM2.5 impact on elderly mortality is more robust than that of other pollutants, instrumenting
jointly for three pollutants (particular matter, carbon monoxide and ozone). Yet a broader set
of instruments may increase the ability to separate the impact of more air pollutants - showing
that not only PMs may be impacting daily mortality. In contrast, most of the existing literature

is based on single-pollutant models and authors generally acknowledge that the given pollutant



under study may serve as a surrogate for another.”

In parallel, the emergence of novel econometric and data science techniques has fostered
the hope that the causal effects of each air pollutant could be more precisely estimated (Carone
et al.,, 2020). In this spirit, a number of studies intend to explore multi-pollutant exposure
consequences with random forest or clustering over pollution profiles but remain ultimately
correlative evidence (Zanobetti et al., 2014, Bobb et al., 2015, Tavallali et al., 2020). This paper
moves beyond both literature by using a wide set of physical instruments allowing to separate
the short-term impact of five air pollutants in a quasi-experimental setting and over a broad
set of outcomes.> We here observe and consider simultaneously six long-regulated hazardous
pollutants which have been the focus of the first and often-revised national and international
standards for protecting human health: particulate matter of less than 2.5 micrometers PM2.5,
of less than 10 micrometers PM10, carbon monoxide CO, nitrogen dioxide NO2, ozone O3
and sulfur dioxide SO2. On a relatively small sample, we bridge the gap between on one
hand, quasi-experimental studies which often lacked sufficiently distinct exogenous shocks to
disentangle air pollutant effects, and on the other hand, associational studies using data-mining

techniques within multi-pollutant models.

For this study, we use a novel and large set of instruments, altitude weather variables: ther-
mal inversions, planetary boundary layer height, altitude winds and altitude pressures derived
from a general climate model - the LMDZ model, from the Laboratoire de Météorologie Dy-
namique.* We exploit the richness of a great number of instrumental variables to predict each
pollutant variation. Indeed, the atmosphere dynamics, such as wind effects, plays a key role
in the mixing, the chemistry and the dispersion of urban air pollution and thus in the ambient
air pollution inhaled by the population. The exclusion restriction for this type of IV strategy
is that, after largely and flexibly controlling for surface weather variables and city-specific sea-

sonal fixed effects, changes in altitude weather variables are unrelated to changes in population

2This is in particular true for observational studies, as opposed to lab experiments where gases exposure are
under the experimenter controls. Although informative, the later are reduced in scope for obvious ethical reasons
and may thus be confined to non-representative populations and exposure.

3The long-term causal impact is beyond this study while conveying greater consequences than short-term es-
timates. For instance, the International Agency for Research on Cancer has recently classified PM mixture as
carcinogenic to human (IARC, 2013).

*http://1mdz.1md. jussieu. fr/ This model among others contributes to fueling Intergovernmental
Panel on Climate Change (IPCC) reports (See (Hourdin et al., 2006) and (Dufresne et al., 2013)).
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health outcomes except through their influence on air pollutant concentrations. The specifi-
cation includes very flexible month-by-year-by-city fixed effects and day-of-the-week-by-city
fixed effects, so the estimates are identified from deviations within month-year-city cells on
similar week days,’ and we control for daily temperature, humidity, precipitations and wind
strength specified as polynomials of order two, and sunlight and presence of snow. Control-
ling for surface weather is important inasmuch as they have a direct effect on health and are
correlated to our instruments, so a number of robustness checks to the main specification are
examined. Individually, some of these instruments have been used to instrument a unidimen-
sional air pollution component. Arceo et al. (2016), Jans et al. (2018), Chen et al. (2018) and
Sager (2019) rely on thermal inversions, an inversion of the gradient of vertical temperature
profiles which favors polluted conditions. Deryugina et al. (2019) and Anderson (2019) use
wind characteristics. Schwartz et al. (2016) use surface wind speed and the planetary boundary

layer height, a key driver of ground-level air quality although still under-used in the literature.

To derive pollutant-specific causal effects, we use optimal instrument selection among a
high-dimensional set of altitude weather variables, relying on the econometric theory by Bel-
loni et al. (2012, 2016) and Chernozhukov et al. (2015).° These recent techniques allow us
to select instruments in an optimal way, avoiding ad-hoc selection and enhancing precision in
a setting where it is decisively needed. Compared to the literature drawing causal inference
from the unpredictable components of weather variations, the originality here is to use a large
set of altitude weather conditions as opposed to a sub-component, and let the data reveal the
underlying strongest relationships. We may indeed find many other and more complex phe-
nomena linking altitude weather variables to ground-level pollution by leveraging the rich set
of instruments at hand. Isolating different exogenous reasons for each pollutant variation with
an [V-Lasso, we prove the empirical added-value of these recent high-dimensional econometric
methods, whose applications are too often confined to repeating the existing analysis. Indeed,

it is in practice very rare to rely on a naturally-large set of instruments.

This study contributes to the recent literature in economics which estimates the health effects

5In other words, the assumptions we need to draw up a causal statement is that we correctly account for
the direct effect of surface weather on health, and that across dates within a city-month-year cell, variations in
altitude weather phenomena have no direct impact on population health, except through variations in air pollutant
concentrations.

For another application, in a different context, see Gilchrist and Sands (2016)



of air pollution in quasi-experimental settings (Currie et al., 2011, Schlenker and Walker, 2015,
Deryugina et al., 2019). We combine daily air pollutant concentration data with administrative
data on location-specific daily mortality and emergency hospital admissions for cardiovascular
and respiratory diseases across age-groups. These data cover over six years (2010-2015) the ten
largest urban areas of France, where about 40% of the French population lives. Our results show
that ozone and sulfur dioxide impact positively emergency admissions for respiratory diseases,
independently from each other and even after controlling for the other pollutants. Quantitatively,
we find 4% more respiratory admissions when O3 goes up by + 10 pg/m™3 (about half a
standard deviation) and 7% more respiratory admissions when SO2 goes up by + 1 pug/m=
(two-third of a standard deviation). These aggregate effects are mostly driven by emergency
admissions of young children and elderly. Although not in all specification, some of the models
suggest an additional impact of carbon monoxide on respiratory emergency admissions. On
cardiovascular diseases, we find an impact of carbon monoxide: + 100 pg/m =3 (about half a
standard deviation) leads to 4% additional emergency admissions. Moreover, we find an effect
of PM2.5 on cardiovascular-related mortality: + 10 jzg/m 3 (about a standard deviation) leads
to a 5% higher mortality rate for deaths with at least one cardiovascular cause (or a 2% increase
in the mortality rate). An increase by + 1 pg/m 2 of SO2 translates to a 10% higher mortality
rate for deaths with at least one respiratory cause (or a 2% increase in the mortality rate). These
short-term health effect estimates are significant even when controlling the family-wise error

rate of at least one false rejection out of the five hypothesis tests (one per candidate pollutant).

Our last contribution is to shed light on the shortcomings of single-pollutant models com-
pared to multi-pollutant models, by providing an extensive comparison of the results in both
paradigms. If most pollutants can be found as having a strong causal effect on short-term health
in single-pollutant models, multi-pollutant models offer a more nuanced picture. In single-
pollutant models, there may be pollutants acting as surrogate for the others, entailing mislead-
ing conclusions. For all outcomes, we reject the equality of estimates from single-pollutant IV's
with these of a multi-pollutant IV-Lasso. When instruments are specifically chosen for each
pollutant, we reject equality between single and multi-pollutant models for mortality outcomes.
These results may question the proxy paradigm which often is the rule in empirical analysis.
For instance, if NO2 has been advocated as a good candidate to proxy for all pollutants in Levy
et al. (2014), we find no effect of this pollutant (at short-term) when other pollutants enter the

equation. In addition, controlling for four other pollutants and selecting optimally the instru-



ments allow to eliminate the odd finding that O3 leads to a decrease in mortality or emergency
admissions. This spurious result is usually explained by the strong negative correlation that this

pollutant has with other pollutants.’

More generally, our results tie into the literature intending to design policy instruments in
a multi-pollutant context e.g. Montero (2001), Ambec and Coria (2013), Fullerton and Karney
(2018). Rich economic valuation of environmental policies taking several major pollutants
into account, such as Holland et al. (2018) or Clay et al. (2019), substantially rely on integrated
assessment models where the health impact measurement is a key step, and is taken from studies
which generally use the proxy approach. This paper contributes to quantifying the respective
marginal benefit in reducing distinct pollutants, in a context of increasing interest in regulating
air pollutants jointly. In addition, our result put into question the current implementation of
Air Quality Indexes, which are generally specified as maximum over pollutant sub-indexes,
ruling out concomitant effects. Real-time AQI information about air pollution has been shown
critical for defensive investment and protective behaviour (Neidell, 2009, Zhang and Mu, 2018,
Barwick et al., 2019).

The article proceeds as follows. In the second section, we introduce background information
on pollutants, estimation of health impacts and on pollutants’ interaction with weather condi-
tions. In the third section, we present jointly the data and the mechanisms at work. Then, we
present and discuss the empirical strategy and the instruments’ selection procedure in the forth

section. Finally, we present our results and then conclude.

2 Background

2.1 Air pollution or air pollutants?

Air pollutant concentrations are highly correlated in the urban setting but air pollution is without
doubt multidimensional in its nature and consequences. The air we breathe contains particulate
matter of various sizes and various gases, which may affect differently our health. In this paper,
we consider the air pollutants which gather the strongest evidence according to WHO (2018):
PM, O3, NO2, SO2 and CO. These are pollutants in WHO’s “Group 17, which “should be

"For instance, Deryugina et al. (2019) observed this finding in models controlling for PM2.5 and ozone when
studying all-cause mortality in the U.S. > 65 population.



considered of greatest importance in the process of updating the WHO Air Quality Guidelines”.
In terms of regulation, the pollutants considered in this paper have been the main focus of
international, national and local air quality standards - being therefore monitored as part of
policy packages.® Following the history of policy packages which first focus on industrial
pollution and subsequently on traffic-related pollution, pollutant concentrations have known
distinct trends. For instance, emissions of SO2 and CO have been drastically cut in the last
decades.’ Contrary to the other pollutant concentrations displaying negative trends in most
U.S. and European cities (SO2, CO, PMs, NOx), ozone concentrations are not at all decreasing.
Curbing population exposure is a challenge as it is not emitted directly by human activities,
but formed from emitted pollutant precursors (e.g. see Deschenes et al. (2017)). Although non
exhaustive in air quality potential hazardous substances, this paper focuses on the long-regulated

and high-stake main pollutants - including PM2.5.

Sharing some common sources leads naturally to strong correlations between pollutants
and paves the way to approximating air pollution as a unidimensional phenomenon. We here
provide some background information on the pollutants sources, gathered from the CITEPA!”
2019 report on French emissions from 1990 to 2017. In 2017, emissions of SO2 were for 50%
coming from the manufacturing industry, for 25% from the energy industry and for 25% from
the building/housing sector. Comparatively, the share of emissions from the transport sector is
negligible (< 2%). In contrast, the primary source of NOX is the transport sector (63% of emis-
sions). The transport sector originates as well particulate matter (31% of emissions of PM10)
and carbon monoxide (17% of the emissions of CO). The primary source of emissions of CO
and PM2.5 remains the housing/building sector (respectively 45% and 50% of emissions). CO

and PM2.5 are produced as well by the manufacturing industry sector (about 30% of emissions

8In the U.S. Clean Air Act of 1970, mandatory air quality standards were set for sulfur dioxide, nitrogen oxides,
carbon monoxide, ozone and particulate matter (SO2, NOx, CO, O3, PM10). In the E.U. in 1980, a directive first
set air quality limits and guide values for sulfur dioxide and particulate matter (PM10). The 2008 European
directive “on ambient air quality and cleaner air for Europe” unifies successive pollutant-specific directives and
requires member states to guarantee that limit values shall not be exceeded. In this directive is first introduced a
standard for PM2.5 (only on the yearly average concentration though), and gathered standards for SO2, CO, NO2,
03, PM10 (for within-day average concentrations along various duration) but also for lead and benzene. Data on
these pollutants are very scarce or nonexistent over our time period and cities.

9Between 1990 and 2016, sulfur oxide and carbon monoxide emissions dropped respectively by 91 % and 69
% in the EU (European Union emission inventory report 1990-2016, EEA report, 6/2018).

10Technical Reference Center for Air Pollution and Climate Change, State operator for the French Environment
Ministry, the Citepa meets reporting requirements for air pollutants and greenhouse gas emissions from France in
different inventory formats. https://www.citepa.org
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of CO and PM10 come from manufacturing industries).

Yet, approximating air pollution by a unidimensional phenomenon may be dubious. In
particular, ozone tends to be anti-correlated with other pollutants in urban settings (Munir et al.,
2012). NO2 is the precursor of O3 in the reaction NO2 + O2 <+ NO + O3. There are at least
two effects explaining the anticorrelation of O3 with the other pollutants: NO2 disappears in
the process of producing O3 in a slow reaction (to a lesser extent it is also the case for CO).
Additionally, primary pollutant NO is unstable and reacts quickly with O3, and it is usually
produced in conjunction with PMs by traffic. The latter is known as the urban decrement:
primary pollution can at first reduce the concentration in O3 at the local level.!! The data

section complements and illustrates how pollutant concentrations are interrelated.

Given the multidimensional and intricate aspect of air pollution, the need for novel research
to better characterize the health effects of multipollutant exposures has been discussed for in-
stance in Mauderly et al. (2010), Vedal and Kaufman (2011) or Johns et al. (2012). While
multi-pollutant approaches are widely regarded as desirable, the challenges of implementing
them are vast (Dominici et al., 2010) and most of existing literature is based on single-pollutant
models. Because some pollutants are highly correlated, the results of many regression models
become highly unstable when incorporating more than one pollutant, and very often impre-
cise. In the quasi-experimental literature in economics, while this challenge is acknowledged in
many studies, only partial solutions have been found. Schlenker and Walker (2015) exploits the
differential impact of their airport taxi time instruments interacted with wind speed on CO and
NO2 to conclude that CO is responsible for the majority of the observed increase in hospital ad-
missions, while both pollutants in isolation would appear as significantly impacting emergency
admissions. The instruments are weak for ozone which is therefore excluded of the analysis.
Arceo et al. (2016) study how infant mortality in Mexico City is related to levels of CO and
PM10. While not individually significant in the two-pollutant model, the two pollutants are
jointly significant in predicting infant mortality and both significant in isolation. They construct

a pollution index using the principal components method in order to generate a single endoge-

1A simple way to explain it from Munir et al. (2012): At the local level freshly emitted nitric oxides (NO)
produced by road-traffic react with ozone molecules and produce nitrogen dioxides (NO2). Hence road-traffic
provides a local sink for ground level ozone resulting in ozone concentration in urban areas being lower than the
surrounding rural areas. This phenomenon of lower ozone concentration in urban areas is referred to as ozone
urban decrement.

10



nous variable that captures information on fluctuations of both pollutants. One notable excep-
tion is Deryugina et al. (2019), who estimate a three pollutant model for the impact of PM2.5,
CO and O3 on the three-day mortality rate of Medicare beneficiaries and even a five pollutant
model in the appendix, adding SO2 and NO2 when studying one-day mortality. They find that
their IV estimate for PM2.5 impact on mortality is robust for simultaneously instrumenting the
other pollutants. Their results on mortality are broadly comparable to ours, although less pre-
cise (in particular, SO2 appears with a large but insignificant coefficient), while we rely on a
much smaller sample. They also observe that ozone tends to spuriously appear as decreasing the
mortality rate given its negative correlation with other pollutants. Our study offers a proposal to
disentangle the correlated variations between five pollutants with a method specifically tailored

to address the issue, which is applied to all-age morbidity and mortality outcomes.

2.2 Exposure to Pollutants and Health

An extensive literature shows statistical association between air pollution and various health
outcomes. Air pollutants are able to accumulate in or pass through lung tissues, thereby trigger-
ing or enhancing the severity of respiratory infections. Fragilizing the defense of the respiratory
tract, they may favor acute inflammation. Further than endangering respiratory health, air pol-
lution has been shown associated with the onset of acute cardiovascular events (e.g. cardiac
arrhythmia, emergency room admissions), including accelerations of the heart rate (Cakmak
et al., 2014). Although widely consistent across a number of settings, most of the existing

observational studies refer to correlative evidence.

In the recent literature, concerns rose over the potential endogeneity of environmental expo-
sure which lead environmental economics to an increasing focus on causal methods (Deschenes
and Meng, 2018). Air pollution levels reflect economic activity and air pollution exposure de-
pends on how individuals sort across the territory (Banzhaf and Walsh, 2008) which leads to
bias in naive regression approaches. With longitudinal data, some of this bias can be accom-
modated with fixed effects (seasonal variation, location-specific heterogeneity) with estimation
relying on within-location temporal variations - e.g. Burkhardt et al. (2019). They would cap-
ture for instance cross-sectional and time invariant location-specific population characteristics,
such as (the invariant component of) socio-economic background. Yet, because human behav-
ior is intrinsically tied to air pollution, important confounders might be forgotten. In our daily

observational setting, one potential issue may arise from population daily movements in and out

11



the urban areas we consider. Population presence is a driver of air pollution (through e.g. car
or heater uses) and a prerequisite to hospital visits, death counts, number of crime, accidents...
Even more, pollution may just reflect traffic jam or economic upsurge, associated with stressful
conditions or extended hours-of-work which may not be unrelated to population health. These
mechanisms caution against approaches relying on solely absorbing local seasonal fixed effects
when population movements or traffic circumstances are subject to unexpected shocks and jus-

tify an IV approach.

Yet, in spite of their limitations, correlative evidence has been broadly confirmed by the
quasi-experimental literature. The first findings of the quasi-experimental literature were on the
link between air pollution and infant health, birth outcomes and infant mortality (see Currie et al.
(2011) and references therein). More recently, evidence on the morbidity and mortality effects
of air pollution in other population groups have been added. Deryugina et al. (2019) focus
on the senior U.S. population (65 and older) and address the difficult task of measuring the
substantial number of life-years lost due to premature deaths induced by air pollution (PM2.5)
within this population. Schlenker and Walker (2015) provide a thorough analysis of respiratory
and heart-related hospitalizations attributable to air pollution (CO) in communities living near
California airports. Schwartz et al. (2016) find a causal association between local air pollution
(PM2.5) and the number of daily deaths in the city of Boston.

2.3 Altitude weather variables for causal inference

In the quest for isolating quasi-random variations of air pollution - that is variations plausibly
orthogonal to specific-population sorting or confounding human activities, weather instruments
gathered particular attention. Indeed, atmospheric mechanisms impact air pollutant concentra-
tions on the ground, while being arguably disconnected from human activities when relative to

altitude phenomenon.

Our first instrument is the height of the planetary boundary layer. The planetary bound-
ary layer (PBL) is the part of the atmosphere that is directly and strongly influenced by the

presence of the surface of the earth.'? Pollutants are trapped within this vicinity of the earth.

12The air near the ground is indeed sensitive to friction forces with the surface. These forces become negligible
in the upper layers where wind circulation is global (the free atmosphere). The planetary boundary layer height is
usually defined by the discontinuity in one or several atmospheric variables.

12



Roughly, the higher the height of the planetary boundary layer (PBLH), the larger the air vol-
ume available for pollutants, and the lower the concentration.!* Concentrations are expected
to be loosely proportional to the inverse of the height (IBLH) due to a dilution effect on the
vertical axis, a relationship which we can check on our data. PBLH varies according to various
factors. The height of the planetary boundary layer responds to heating flux between the sun
and the earth and therefore displays a diurnal pattern. While displaying a seasonality related
to surface weather, PBLH may also move under unpredictable large-scale air movements. The
planetary boundary layer height reacts to subsidence, which brings the top of the layer down-
ward in a high pressure diverging area. It may also be modified when a horizontal movement
of cold air brings it under a warmer layer of air (frontal inversion at the top of the planetary
boundary layer).'* If some of these phenomena do have a seasonal nature and are partially re-
lated to ground-level weather, there is no reason to expect that health would be affected by these
phenomena conditional on seasonal and ground-level weather conditions. This makes PBLH a

strong candidate for instrumentation.

Another distinctive potential instrument is the occurrence of a thermal inversion. Thermal
inversions have been used by other authors to instrument air pollution e.g. on mortality in
developing countries’ cities, Arceo et al. (2016) and closer to us, Jans et al. (2018). Planetary
boundary layer height is often defined by the presence of a thermal inversion at the top: the
temperature, which usually decreases with height, sharply increases at the top of the PBL.'
A thermal inversion acts as a lid over the air motion beneath, because an air parcel which is
cooler than its environment tends to move down. Its role over pollutant concentrations is widely
acknowledged. Thermal inversions are thus closely related to boundary layer height (during the
day, it is a thermal inversion that defines the boundary layer height) but they may be multiple
and varying in strength within the boundary layer height. During a thermal inversion, polluted
air is trapped beneath the inversion height (a warmer layer of air blocks the vertical movement).
However, whereas thermal inversions may or may not happen (dummy variable), the height of

the planetary boundary layer may always be defined (and is a continuous variable).

Therefore, aside from its height, other characteristics related to the planetary boundary layer

13See for instance Levi et al. (2020) for more details.

14See Stull (2016) for further details.

SDuring a thermal inversion, warmer air is held above cooler air; the normal temperature profile with altitude
is inverted.
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may influence directly pollutant concentrations: thermal inversions, but also winds character-
istics (Deryugina et al., 2019, Anderson, 2019) which play a role in air pollution dispersion.
Among altitude weather variables, there is a wide set of potential candidates which fulfill the

conditional exclusion restriction.

3 Data

In this section, we describe the data sources which have all in common the following scope: the
ten most populated urban areas in France over the 2010-2015 period. Table A.1 in Appendix
reports the population, and Figure 1 the geographical location and extension of urban areas.
The largest urban area is the Paris region where more than twelve million people live. Most of
the other urban areas have about a million inhabitants. The urban areas are well spread out on

the French territory.

Within these urban areas, many cities do have worrying air pollution levels. Figure A.1
shows the annual mean of particulate matter in municipalities belonging to the ten urban areas,
compared to WHO guidelines. The vast majority of cities and in particular the most populated
do not respect the guidelines for yearly means in 2014. For instance, Rennes, the smallest
urban area in our sample, do not respect the guidelines relative to particulate matter of less than

2.5pum. In the rest of the paper, we call “cities” the urban areas.

3.1 Atmospheric weather characteristics

Data. The altitude weather data come from the LMDZ model (Hourdin et al., 2006), an atmo-
spheric general circulation model developed and maintained by the Laboratoire de météorologie
dynamique (Z is for zoom).'® It simulates the full atmosphere over a 3D grid. The develop-
ment of the model is tested and improved by comparison with atmospheric observations (field
or satellite data). The model configuration used to obtain our dataset (stretched grid to zoom
over France, with large-scale atmosphere dynamics constrained towards prescribed atmospheric
conditions) has been successfully used to simulate a realistic meteorology consistent with ob-

servations at the daily time scale (Coindreau et al., 2007, Cheruy et al., 2013).

"More precisely, the data come from the LMDZOR version, the atmosphere component of the climate model
IPSL-CM described in Dufresne et al. (2013) and used for IPCC reports. The LMDZOR version was prepared
for the phase 6 of CMIP (coupled model intercomparison project). See http://lmdz.lmd.jussieu.fr/ for a general
presentation.
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LMD?Z thin grid and urban areas
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Figure 1: Geographic Location of the Ten Most Populated Urban Areas in France (black areas),
LMDZ numerical simulation grid (blue dotted lines) and points representing the urban areas on
this gI‘ld (cyan CI'OSS). (Source: Insee, 2010; LMDZ)

A large set of potential instruments. We were provided the output of an hourly recon-
stitution of the atmospheric variables for the 2010 to 2015 period along a grid ~ 50 km x 50
km in which cities are located (the model is used with a zoomed grid over France, see Figure
1). Many variables are present, most importantly, PBLH; but also along a vertical grid parame-
terizing altitude through pressure levels, wind characterizations (direction, strength), humidity,
temperature, and altitude corresponding to the pressure levels. In total, the atmosphere is rep-
resented with 79 layers indexed by pressure levels. The first layer corresponds to the layer of
air between the surface and pressure level 101,2 kPA (=~ 200 m above the surface) and the 79th
layer reaches 1,5 Pa (= 78 km above the surface). In particular, the vertical profiles of tem-
perature (temperature gradient) allow to reconstitute thermal inversions indicators within the
boundary layer. We acknowledge that measurement errors in the instruments are not taken into
account in our approach although likely given that ultimately, these variables are the output of

a model.

From the model output which is at the hourly by urban area level, we build an extensive set

of 328 instruments at the daily by urban area level to match health data. We first build a set
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of variables related to our four main instruments: the planetary boundary layer height PBLH,
its inverse IBLH, thermal inversion (TI) presence and thermal inversion strength. PBLH and
IBLH are directly obtained at the hourly level from the model output. We compute thermal
inversions at the hourly level from temperature altitude profile by considering the first and the
ninth layers (ground-level and at 98.1 kPa ~ 450m) similarly to Jans et al. (2018) and define a
thermal inversion when ground-level temperature is the lowest, and thermal inversion strength
as the difference of these two temperatures.!” For these four hourly instruments, we build daily
average and daily measures specific to six moments of the day (0 to 4 am., 4 to 8 am, --- ,
until 8 p.m. to midnight), that is (1 + 6) statistics times for each 4 variables, hence 28 dimen-
sions. We consider different moment-of-the-day in an attempt to capture differential impacts
according to when pollution is mostly emitted (e.g. a thermal inversion during the morning cir-
culation peak is expected to be more damaging than when occurring during the night). As IBLH
is expected to provide the maximal explanatory power, we also add interactions of within-day
averages of IBLH with urban area indicators to capture potential geographical variations of the
phenomenon, that is 10 cities x6 moments of the day, 60 dimensions in addition.'® To this set
of 88 instruments, we add daily averages of other model output variables varying through the
79 layers: zonal wind (wind strength when blowing in the direction west to east, ), meridional
wind (wind strength blowing in the direction south to north v), total wind strength /2 + v2
and altitude of pressure levels (altitude corresponding to each layers which are defined by fixed
pressure levels) measured from the 20th to the 79th layer (from 1,5 to 78 km above the surface)
- that is 240 dimensions: 60 layers x4 variables.!® Table B.1 in the appendix recap the instru-
ments. We exclude the 19 first layers of the model, below altitude ~ 1,5km to prevent using
close-to-the-surface weather as an instrument. Indeed, altitude weather variables are arguably
less likely than surface variables to have a direct impact on health. Table 1 reports descriptive

statistics on 16 of these instruments providing an overview of the substantial daily variation,

17We also experienced with more complex measures of inversion such as defining a thermal inversion when at
least 50% of the layers between 101,2 kPa (=200 m) and 89,7 kPa (= 1,2 km) have temperature above temperature
at ground level (in the lower layer). As it does not make differences in the results, we resort to the simplest measure.

8We also tried to add the same set of 60 interactions with thermal inversions but it did not improve the precision
and kept the result similar.

%In a previous version of this work, we also included altitude humidity in the set of instruments with the
agnostic view that any weather variable measured in high altitude could enter as a credible instruments. The
exception was altitude temperature: misspecification in surface temperature controls could become an issue as
surface temperature is known to have a direct impact on health. Given that there is evidence of a direct impact of
humidity on mortality (Barreca, 2012) we now treat humidity as temperature in our specification: it only appears
as a surface-level control and not as an instrument. In the appendix, we nonetheless report our main results when
we amplify or restrict the set of instruments.
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including between layers.

3.2 Ground-level weather data

Weather conditions play a key role in human activity and air pollution formation, but also di-
rectly on health (Deschénes and Greenstone, 2007). Plus, ground-level weather data is likely
correlated to altitude weather data, so that it is important to condition on ground-level weather
in our regression, the assumption being that high altitude atmospheric variations are exogenous
with respect to health, except through pollution, conditional on ground-level weather controls.
We hence consider a full set of weather conditions. Data come from Météo France and are
available on an hourly basis for our ten urban areas. We consider six weather parameters: tem-
perature, rainfall, wind speed, sunshine exposure, presence of snow and humidity. Measure-

t’2()

ment stations are located at nearby airport,” except for Paris, where the measurement station is

located in a garden in the center of Paris urban area.

In our regressions, ground-level weather are specified as polynomials of order two for daily
temperature, rainfall, humidity and wind strength; and linear controls for sunshine and for the
presence of snow, variables described in Table 1. Given their importance for our identification

strategy, we perform a number of robustness to their specification.

3.3 Pollutant data

Air quality is measured by regional associations called AASQA (associations agréées de
surveillance de la qualité de I’air), which are grouped in a national federation called ATMO
France. The Ministry of Environment delegates the surveillance of “regulated” pollutants to the
AASQA. They operate numerous air quality measurement stations all over France. We con-
sider the stations located in the 10 more populated urban areas. We focus on a rich set of air
pollutants: the 6 pollutants that are widely available on an hourly basis are carbon monoxide
(CO), particulate matter of less than 2.5 micrometers (PM2.5), particulate matter of less than 10
micrometers, nitrogen dioxide (NO2), ozone (O3) and sulfur dioxide (SO2). We usually have

1

data for several monitoring stations per urban area,?! which we average at the urban area and

208pecifically for sunshine exposition in Lille, we use the measurement station in Lillers, nearby Lille, as this
parameter was not available in Lille-Lesquin airport station over the whole studied period.
2I'We have at least one monitoring station for each pollution in each urban area.
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Table 1: Descriptive Statistics

Daily Observations, Ten Most Populated Urban Areas in France, 2010-2015

D1 Mean D9 # Missing Values
Pollutant concentrations (j1g/m~3)
PM2.5 6.5 16.5 30.1 5,451
PM10 12 25.8 43.3 7,389
NO2 17.1 37.4 59.8 6,790
03 18.7 51.5 81.6 5,661
CcO 179.7 407.6 691.9 7,525
SO2 0 1 2.8 6,792
Air Pollutant Index
Air Pollutant Index —1.4 0 1.7 0
Emergency admissions per 100,000 inhabitants
All admissions 8.7 14.6 20.6 0
Cardiovascular Diseases 0.9 1.6 2.4 0
Respiratory Diseases 0.5 1.4 2.1 0
Digestive Diseases 0.8 1.4 2.1 0
Mortality Rate per 100,000 inhabitants
Mortality Rate 1.4 2.1 2.9 0
with at least one cause from:
- Cardiovascular Diseases 0.5 0.9 1.3 0
- Respiratory Diseases 0.2 0.5 0.8 0
- Digestive Diseases 0 0.2 0.4 0
Ground-level Weather Variables
Precipitations (mm) 0 0.1 0.3 93
Temperature (degree Celsius C°) 4.4 13.2 22 15
Wind Strength (m/s) 1.7 3.5 5.7 98
Relative Humidity (%) 55.3 73.1 89.2 19
Sun Light 10.7 54 106.9 253
Snow (Dummy) 0 0.021 0 0
Subset of Instruments From Altitude Weather
PBLH (m) 399.5 889.8 1,408 0
IBLH (1/m x 1,000) 0.7 1.4 2.5 0
Thermal Inversions (# Hours during the day) 0 0.2 0.5 0
Thermal Inversion Strength (T%p — T, C°) —2.5 —1.2 0.4 0
Zonal Wind (Layer 20) (m/s) —4.1 3.5 12 0
Zonal Wind (Layer 40) (m/s) —5.8 12.9 32.1 0
Zonal Wind (Layer 60) (m/s) —13.3 8.2 36.6 0
Meridional Wind (Layer 20) (m/s) —8.2 —-0.4 7.5 0
Meridional Wind (Layer 40) (m/s) —23.5 —-3.1 15.9 0
Meridional Wind (Layer 60) (m/s) -7.2 -1.3 3.6 0
Total Wind Strength (Layer 20) (m/s) 2.5 8.2 15.3 0
Total Wind Strength (Layer 40) (m/s) 8 22.5 38.9 0
Total Wind Strength (Layer 60) (m/s) 4.5 17.5 38.6 0
Altitude Pressure of Layer 20 (m) 1,350 1,485.5 1,758.1 0
Altitude Pressure of Layer 40 (m) 9,793.8 10,123.7 10,423 0
Altitude Pressure of Layer 60 (m) 28,157.7 28,777.7 29,416.7 0
Total Observations 21910

Sources: AASQA, ATIH, Insee, Météo France, LMDZ.



daily level on a constant set of monitoring stations. Table 1 presents descriptive statistics on the

sample.

To gauge the impact of aggregated ambient air pollution, we create a pollutant index with a
principal component analysis (PCA) over the 6 standardized pollutants concentration and keep
the first component as the pollution index.”> As we have missing values in pollutant concentra-
tion, the PCA is combined with an EM algorithm to deal with missing values (Josse and Husson,
2012). The index is therefore available even though one or several pollutant concentrations are
missing (keeping observations for which all six pollutants are observed leads to drop 80% of
the sample while most of the time only one pollutant measurement is missing). We do not use
the normative indexes because they are designed as communication tools and consist in a large

simplification of the information.?’

Table 2: Correlations Between Pollutant Concentrations

Air Pollution index ~ PM2.5 PM10 NO2 o3 CO SO2
Air Pollution index 1 0.85 0.82 0.77 —0.47 0.77 0.42
PM2.5 0.85 1 0.83 0.40 —0.32 0.46 0.27
PM10 0.82 0.83 1 0.53 —0.14 0.40 0.26
NO2 0.77 0.40 0.53 1 —0.22 0.69 0.24
(OX] —0.47 —0.32 —-0.14 —0.22 1 —0.40 —0.08
CcO 0.77 0.46 0.40 0.69 —0.40 1 0.22
SO2 0.42 0.27 0.26 0.24 —0.08 0.22 1

Source: AASQA and Authors computations.

Table 2 shows how pollutants are correlated. Two important points should be noted for
what follows. First, PM2.5 are a subsample of PM10 (60 to 70% of PM10 particulates are
PM2.5 particulates according to Airparif).”* To preview our results, we will not be able to
disentangle their effect separately as we will find no clear distinction in their response to our
instruments. Second, O3 is anticorrelated with all pollutants, in particular to its precursors NO2

and CO. On average, high levels of nitrogen oxides are associated with low levels of ozone. This

22 Arceo et al. (2016) use a similar index approach when considering the joint effect of PM10 and CO.

2n the decree of the 22 of July, 2004, the air quality indexes are presented as a communication tools, a simple
qualitative information, which should be an integer between 1 and 10. It is specified that they are not meant to
inform public action. In addition, the index design is by now old and has been questioned - its design is currently
being updated to be aligned with the European Air Quality Indexes, which has only five classes.

24Bilan de la qualité de Iair 2017.
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emphasizes the multi-dimensional aspect of air pollution, which should ideally not be treated as
a whole. The dynamics of O3 is singular as it is a secondary pollutant, reacting with the other
pollutants (see section “Background”). These elements emphasize how ambient air pollution is
multifaceted. Notably, if there exists an air pollution common component, ozone tends to vary

in opposition.

3.4 Dalily health data

The first data set is obtained from the ATIH (Agence Technique de I’ Information Hospitaliere)
that gathers an administrative and exhaustive database which records all admissions in public
and private hospitals, the PMSI (Programme de médicalisation des systemes d’information). Its
primary use is to compute hospitals’ funding based on their activity. By final diagnostic and
by urban area in which the hospital is located, we were provided the daily count of emergency
admissions. Further, this information breaks down by age groups defined as 5-years breakdown
(0-4, 5-9, up to 75-79 plus over 80). More precisely, an emergency admission is an entrance
through the hospital emergency unit that led to an admission from patients coming from their
residence (i.e. not transferred from another hospital) or from public space.?> Therefore, pro-
grammed admissions, long-term and recurring care are excluded. The diagnostic used here is
coded at the end of the patient stay. It represents the main diagnostic which gave rise to the
highest care resources. We divide the daily count of admissions by the age-range and urban-
area corresponding population (2013 legal population produced by INSEE, the French national
statistical office). In the regression, our variable of interest is the emergency rate of admission

per 100 000 inhabitants (of the corresponding age group, when applicable).

In addition, we consider two sources for mortality rates: INSEE’s data on civil registry
records and Inserm’s data CépiDc (Epidemiological Center on the Medical Causes of death) on
death causes. Each death is recorded in both data sets, with civil information but no medical
information in the first while the second records medical information but is anonymous. From
the civil registry as produced by INSEE at the municipality level, we observe for each urban

areas mortality rates by age groups. From the extraction of CépiDc, we observe for each urban

Z3When due to hospital organization, emergency room is the main entry point, doctors should not use the code
“emergency” systematically but only when the individual situation in the views of the patient, his relatives or his
general practitioner is an emergency.
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area mortality rates related to either cardiovascular or respiratory diseases,”® but we do not
observe age. After similarly normalizing with the legal population, our variable of interest is
the mortality rate per 100 000 inhabitants. On average in our sample, there are 2.1 deaths per
100,000 inhabitants a given day, 0.9 related to at least one cardiovascular cause and 0.5 related
to at least one respiratory cause, 1.4 emergency admissions for respiratory diseases and 1.6

emergency admissions for cardiovascular diseases (Table 1).

4 Empirical strategy

4.1 The causal damages of air pollution: preliminary evidence.

In this section, we provide basic preliminary evidence on the detrimental impact of air pollu-
tion on health by relying on isolated instruments. We show how these instruments are strong
predictors of air pollution. We make a case empirically for the need to rely on instrumentation
for eliminating confounders. We caution against single-pollutant models when instruments are

far from being pollutant-specific.

Eliminating confounders. In this section, we empirically evidence that air pollution is
intrinsically linked with some observed human activities, thereby suggesting that potential con-
founders might be plenty and that instrumentation is required. We also show that the “unex-
pected”?’ component of our instruments is not related to human activity as captured by various
proxies. As an example of a potential confounding effect, air pollution could capture the popu-
lation presence in the urban area (through e.g. car/heaters use, congestion, polluting economic
activities). Inbound and outbound trips variations may therefore correlate with air pollution
variations. For instance, mobile phone data have been used to infer urban emissions inventory
in the environmental literature (Gately et al., 2017). Hospital emergency admissions typically
increase with the population at risk (e.g. touristic areas tend to have a boom in emergencies ad-
missions correlated with inbound tourism). Both statements if true entail a spurious correlation

between air pollution and hospital emergencies admissions through a simple population volume

26That is, death events which contains at least one cause encoded with “I” or “J” from CIM-10 chapters (the
same codes are used to categorize emergency admissions).
?TUnexplained by other covariates and usual seasonal patterns
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effect.8

To empirically assert this claim, we exhibit correlations between various proxies of popu-
lation presence and on one hand air pollution and on the other hand hospital emergency ad-
missions. We regress the PCA-derived index of air pollution Y (or the rate of emergency
admissions) over dummies indicating whether the date is a bank holiday, belongs to an hol-
iday, or to an extended week-end (a bank holiday adjacent to a week-end) with a wide set of
seasonal and weather controls. In addition, we include the hostel occupancy rate to capture “un-
expected” visits in the urban area. In our data, hostel occupancy is on average 69% on Tuesday
and Wednesday but 50% and 55% on Friday and Saturday, suggesting that hostel occupancy is
not only holiday-induced but also driven by business travel hence economic activity. Denoting

these proxy for population volume as V', the regression writes
cht = ‘/c/td + Xétb + Nd,c + Ymy,c + €t (1)

Nd,c» Ymy,c are respectively day-of-the-week, and month-year fixed effect which are specific to
the urban area to capture usual pattern of pollution in our period. We additionally introduce a
wide set of weather controls X ; specified as polynomials of order two for temperature, rainfall,
humidity and wind strength; controls for sunshine and for the presence of snow. Table 3 reports
the result of this regression for four outcomes. First in columns (1) and (2), air pollution is
lower on bank holidays or extended-weekend, when the outbound journeys are the highest (but
also when the economic activity tends to decrease). When the urban area experiences a higher
number of inbound trips, as captured by hostel occupancy, air pollution is higher as well. Strik-
ingly, the direction of the correlations is the same when the outcome is instead the total hospital
emergency admissions in columns (3) and (4). The latter suggests that hospital emergencies
react to human activities such as day trips (or reduced staff) at the daily level, in much the same
way as air pollution. This simple exercise emphasizes that air pollution and hospital admis-
sions are intrinsically linked with human activity?® and confounders are possibly numerous. To
eliminate concerns about spurious correlations arising just because air pollution is a very good

proxy for any human activities, one may use instrumentation. Columns (5), (6), (7) and (8)

28This is in general acknowledged in studies controlling for holidays dummies in regressions. Nevertheless,
big cities do experience daily-level population variations which are not holiday-induced on a regular basis (e.g.
business travels linked to economic activity, visitors of particular events such as festivals...).

2For instance, air pollution reacts at daily frequency to strike events (Bauernschuster et al., 2017), which may
have unintended health consequences (Adda, 2016, Godzinski and Suarez Castillo, 2019).
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show that provided that we have controlled correctly with ground-level weathers and seasonal
fixed-effects, the residuals variations of our instruments (IBLH and thermal inversions) are not
linked with our proxy for human activities, supporting (but not demonstrating) the exclusion

restriction statement.

Table 3: Air pollution, Hospital Emergency Admissions and Human Activities

Dependent variable:

Air pollution All hospital emergencies Inverse of PBL height Thermal inversions
@ @ 3 “ &) ©® @ ®)

Hostel Occupancy 0.279*** 0.507*** 0.017 —0.027
(0.067) (0.107) (0.061) (0.018)

Bank holiday —0.282%** —0.248*** —1.310%** —1.249%* —0.007 —0.005 0.005 0.001
(0.030) (0.030) (0.074) (0.074) (0.027) (0.029) (0.007) (0.007)
Holidays —0.067** —0.041 —0.142*** —0.095%** 0.010 0.011 —0.0002 —0.003
(0.029) (0.029) (0.032) (0.032) (0.022) (0.021) (0.006) (0.006)
Extended W-E —0.058** —0.070** —0.107** —0.129*** —0.016 —0.017 —0.007 —0.006
(0.027) (0.027) (0.049) (0.049) (0.026) (0.026) (0.007) (0.007)
Observations 21,459 21,459 21,459 21,459 21,459 21,459 21,459 21,459

All regressions includes month-year and day-of-the-week fixed effects, interacted with city fixed effects; and weather controls. Standard
errors are clustered at the month-year-city level. Hotel occupancy is derived from the INSEE frequentation survey (See Godzinski and
Suarez Castillo (2019) for a description of the data). Hospital emergencies aggregate all emergencies (source: PMSI). Significance:
*p<0.1; **p<0.05; ***p<0.01

Instrumenting Air Pollution Variations. Among our set of potential instruments, the in-
verse of planetary boundary layer height (IBLH) stands as a natural choice given the well-
identified physical mechanism which ties this instrument to air pollution. Figure A.2 shows
how an increase from IBLH leads to a close to linear increase of 5 pollutant concentrations
out of 6, as expected from a vertical dilution effect where pollutant concentrations would be
inversely proportional to boundary layer height.*® Figure A.2 clearly shows how all pollutant
concentrations except O3 are driven upward when the boundary layer height goes down, condi-
tional on weather controls and city-level temporal patterns of pollution. Therefore, we see the
limitation of using IBLH to instrument a single pollutant: it triggers for sure an increase in most

of the air pollutants, but a decrease in ozone. This is a form of exclusion restriction violation: as

30These figures are built upon the unusual component of both variables to emphasize that the link between both
variables does not arise merely from seasonality. Nevertheless, without controls and seasonal fixed effects, the
same patterns can be observed (see Figure B.1 in Appendix).
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these instruments are not pollutant-specific they may capture complex variations in air pollution

mixture.

In fact, the very same limitation applies to the instrument built on thermal inversion. We

report in Table 4 the results of the following regression - which mirrors Figure A.2:
Pct - thn + Xctb + Qge + Bmyc + €t (2)

P, is either a given pollutant concentration or a pollution index, X, the aforementioned ground-
level weather controls and seasonal fixed effects (day-of-the-week x city and month-year X
city). In addition to the inverse of the planetary boundary layer height / BL H;, we test as well
the number of hours with thermal inversion during the day 7'/.;. All pollutants except SO2
respond strongly to both instruments. O3 responds negatively, in the opposite way compared
to the other pollutants, probably because of the increases in concentration in nitrogen oxides.
For the sake of comparison between mono-pollutant models and multi-pollutant models which
are hindered with more missing values as they require to observe all pollutants at each date,
we report the results for two distinct samples, the full sample (A) for which a pollutant index
can be computed, and the restricted sample (B) where PM2.5, O3, CO, SO2 and NO2 are all
observed, which is the focus in the rest of the paper. The second panel of Table 4 reproduces the
regression from equation (2) but with normalized air pollutant concentrations and instruments
so as to characterize the respective shock triggered by both instruments. We observe that a
standard deviation in IBLH triggers relatively more variations in particulate matters and carbon
monoxide. In contrast, the number of hours under thermal inversion triggers relatively less
negative variations in ozone compared to IBLH and more in sulfur dioxide and nitrogen oxides.
If each pollutant has a specific health-impact and is more or less affected by the instrument,
the composition of the instrument-induced air pollution shock would be reflected in the health

impact estimates.

Reduced form evidence. Although triggering a complex shock, both instruments induce a
strong and plausibly exogenous deterioration in air quality. We resort to the following regression

to provide preliminary evidence on the causal detrimental effect of air pollution on health:
Rct = th(s + Xctd + Qd,c + Emyc + Vet (3)

with R the rate of admissions in emergency (or of deaths) per 100 000 inhabitants in urban

area c and date ¢ with the same set of weather controls and seasonal patterns. Importantly,
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Table 4: Effect of the Inverse of Planetary Boundary Layer Height and of Thermal Inversions
on Pollutant Concentrations.

Pollution Concentration (pg/m~3)

index PM2.5 PM10 NO2 03 CcOo SO2
(A) (B)

IBLH.; ?247.0%* 249.2** 24392 2567.9"* 476.1"** -2.814.3*** 31,079.0""* —-31.5
(15.8) (26.7) (162.7) (198.1) (171.1) (216.3) (3,753.2) (22.8)

TI.4 0.4 0.4*** 2.8%** 3.5%* 7.0 —2.0%** 24 .8*** 0.5%**
(0.04) 0.1 0.5 0.6) 0.5 0.7 (8.4) 0.1
Obs. 21,459 6,135 16,095 14,220 14,875 15,968 14,109 14,820
F-Stat 1050.2 291.5 610.1 432.9 324.6 292.8 352.0 49.18

Pollution Scaled Concentration
index PM2.5 PM10 NO2 03 CcO SO2
(A) (B)

IBLH.; 023" 023" 0.18*** 0.15%** 0.02*** —0.09*** 0.10%** —0.01
(scaled) (0.01) (0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Tl 0.10"*  0.09*** 0.05*** 0.05*** 0.07*** —0.02*** 0.02%** 0.06***
(scaled) (0.01) (0.02) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Obs. 21,459 6,135 16,095 14,220 14,875 15,968 14,109 14,820
F-Stat 1050.2 291.5 610.1 432.9 324.6 292.8 352.0 49.18

IBLH (resp. TI) stands for the Inverse of Planetary Boundary Layer Height averaged by date and urban
area (resp. the number of hours with a Thermal Inversion by date and urban area). All regressions includes
month-year and day-of-the-week fixed effects, interacted with urban-area fixed effects, and weather controls.
Standard errors are clustered at the month-year-urban-area level. The F-statistics corresponds to the hypothesis
of joint nullity of the two instruments. Significance: *p<0.1; **p<0.05; ***p<0.01



our exclusion restriction condition is that altitude weather variables influence air pollution at
given ground-level weather, and should not impact health directly. Our identification strategy
only mobilizes variations within month-year-city cells through a flexible and wide set of fixed
effects. That is we only compare admissions or mortality and altitude weathers between similar
working days in the same city a given month. This flexible set of fixed effects already captures
large amount of ground-level weather variations.*! The first order threat to identification is the
potential confounding effect of ground-level weather variables, which are both correlated to
our instruments and may have a direct impact on health, in particular, ground-level temperature
and humidity. These variables are therefore not used in the instrument set, although present
in LMDZ model output. To limit concerns about spurious findings, we introduce a number of
weather controls, introduced as polynomial in temperature, humidity, rainfalls, wind strength,
sunlight and snow, and perform a number of tests when altering or amplifying this set. We show
however that once accounted for month-year-city fixed effects, the direct and very short-term

link between mortality or emergencies and ground-level weather is in fact rather weak.

Table A.2 in Appendix shows that indeed, both instruments are associated with an increase
in both respiratory and cardiovascular mortality rate. As for emergency admissions, respiratory
emergencies respond positively to thermal inversions and cardiovascular emergencies to the
inverse of planetary boundary layer height. Under the assumption that these effects are mediated
only by the instrument-induced variations in air quality, these results provide strong evidence
on the short-term detrimental effect of air pollution on health. As a falsification test, we add
digestive diseases as a common emergency admissions, and another potential cause of death.
As expected, we find no effects of the inverse of the boundary layer nor of thermal inversions

for these outcomes.

4.2 Multi-pollutant models and optimal instruments

Instrument selection. Starting from the first stage equation 2, we expand the set of instru-
ments under consideration. From the very large set of 328 potential instruments, we perform
an optimal selection following Belloni et al. (2012, 2016). Optimal selection should be un-

derstood as unveiling a true predictive power, not as an unprincipled over-fitting of the data at

3 For instance, 82% (resp. 53%) of the variance of temperature (resp. humidity) in our sample is captured with
month-year-city fixed effects. This aggregate level of analysis is often used to evidence the temperature-mortality
link, and is not used in our analysis.
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hand. The instrumental variable setting is particularly fitted for using prediction tools coming
from the machine learning literature for traditional econometric identification. In a two-stage
least square, the first stage can be thought of as a prediction step in the service of estimation
(Mullainathan and Spiess, 2017). Model selection is performed thanks to the LASSO (Least
Absolute Shrinkage and Selection Operator, Tibshirani (1996)). It introduces a penalization
to the OLS objective, the errors’ sum of squares, by adding a scalar penalty multiplied by the
[1-norm of the (possibly high-dimensional) parameter of interest. The solution has a limited
number of non-zero coefficients, whose number depends on the penalty level: as such it per-
forms model selection. In our setting, the high dimensional parameter is the effect of many

altitude weather characteristics on pollutant concentrations.

To abstract from seasonality, we first take out the estimated seasonal fixed effects from
any of the variables considered in the following equations: pollution, ground-level and altitude
weather characteristics, health outcomes. Lower case letters designate residuals from linear
regressions over month-yearxcity and day-of-the-week x city fixed effects. Selection on these
effects is not appropriate: we want to maintain the conditional exclusion restriction and use
identifying variations which do not come from mere seasonality. We therefore study all vari-
ables after partialling-out seasonal fixed effects, which boils down to a Frisch-Waugh transfor-
mation. This is the first step of the treatment required for panel data in such a setting (Belloni

et al., 2016). The selection equation thus writes:
_ k k
Pket = WetT) + xctb + €kt (4)

where £ indexes pollutants, py.; the residual variation in air pollutant £ concentration at date
t in urban area c, and w,; s a high dimensional set of instruments built from the altitude weather
variables®? and 7* is a high dimensional vector to be estimated. We formulate the assumption
that n* is at least approximately sparse, i.e. that only a “small” number of dimensions of this
vector is non negligible. That is, only some of the introduced instruments variables do have
a non negligible impact on pollutants’ concentration. The pollutant-specific set of selected

instruments are derived from the following penalized minimization problem, for each k (for the

3For IBLH, PBLH, and thermal inversion number of hours and strength, we build many possible functions of
the variable at the city-date (c, t) level: averages over 24 hours; over 6 time windows of 4 hours and specific to
the city. For IBLH we allow for various predictive patterns per city. We add daily average altitude variables in
60 altitude layers: altitude pressure, zonal wind, meridian wind and wind strength. The full set of instruments
comprise 328 variables.
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sake of readability, the index k is not mentioned):

argmin » (pe — wan — v4b)* + X ¢4ln;] 5)
mb oy J

where j indexes the instruments set. In this step, there is no selection on ground-level weather
controls. The parameter b is not penalized, to maintain the exclusion restrictions, for similar
reasons to these applying to seasonal fixed effects.® Belloni et al. (2012) show how to choose
“rigorously” the penalty A and the instrument-specific penalty loadings ¢; to ensure asymptotic
convergence and inference in a I'V-setting where LASSO is used to select instruments in a first
step. The unfeasible choice which guarantees favorable performance is to take for each j a
penalty ¢, associated to 7; which dominates the noise by verifying %ﬂ > 20| Do D, Terket,
where N is the number of observations, and ¢ a constant greater than 1 - which is possible
by allowing ¢; to depend on z and e. This condition ensures that the “regularization event”
(correct selection) happens with high probability. In practice, as € is unobserved, Belloni et al.
(2012) suggest to use an iterative algorithm, first using conservative penalty loadings and then
plugging estimated residuals and so on. Belloni et al. (2016) shows how to modify the penalty
choice to take into account within-group dependence in € - introducing a clustered version of
the IV Lasso for panel data, which is used here. We start from routines developed in the hdm
package implementation (Chernozhukov et al., 2016) and additionally implement selection by
clustered-lasso and allow for unpenalized dimensions. To use the clustered-lasso version, we
specify the level of clustering as the month-year-city level. This level of clustering stems from
the choice of the unobserved heterogeneity specified as month-year-city fixed effects that are
differentiated in the procedure and then define the level for clustering robust standard errors.
However, in a classic IV setting, a natural choice of clustering would have been the city-level,
to allow for arbitrary serial correlation within a given location across all dates. We can not
define robust standard errors at these levels without strongly biasing downward the standard
errors because of the small number of clusters. As a check for our main results inference, we
compute wild cluster bootstrap standard errors at these alternative levels of clustering under
the null hypothesis of no pollutant effect, following Cameron et al. (2008) who advocate this

technique to tackle the issue of clustering with a small number of clusters.

3However, seasonal fixed effects are somewhat too numerous to be forced into the model in the same way.
Theoretical properties after selection from a high dimensional set of instruments, conditional on covariates, assume
the later to be low dimensional.
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The I'V-Lasso method is attractive as complex relationships between altitude weather vari-
ables and air pollution may be recovered from the data, taking an agnostic and data-driven
approach on the dimensions which should enter the first stage: which specific variables, mea-
sured at which hours-of-the day, altitude layers or in which city? It avoids an ad hoc choice of
variables and ensures that the selection is reproducible. At the same time, a strong first stage
should improve the precision of our estimates. Other estimators could have been considered
in a setting where the exclusion restriction applies to a high number of instruments, which are
possibly interacting. We favored a Lasso selection because in our setting, not all instruments are
expected to be worthwhile which fits precisely in the Lasso sparsity assumption.>* In addition,
with the selection step we can clearly identify, per pollutant, which instruments are active in the

estimation.

For each pollutant, which instruments will be selected? We present selected instruments in
Table 5 on the five-pollutant sample : each pollutant is regressed over the selected variables. Af-
ter selection, we run OLS on selected instruments and the same ground-level weather variables
controls. This is known as post Lasso estimation and alleviates the Lasso bias which shrinks
point estimates toward zero. To compare the relationships with altitude weather between pol-
lutants, all the variables are standardized in this table. Cluster-lasso with the rigourous penalty
selects 3 instruments for CO, 3 for SO2, 10 for O3, 14 for NO2 and 15 for PM2.5. Different
dimensions are selected, and when the same dimension appears for several pollutants, the sign
and magnitude differ. Thermal inversions and planetary boundary heights are selected for all
air pollutants. Leaving O3 and geographical differences apart, all air pollutants respond posi-
tively to the following atmospheric phenomena: thermal inversion strength (as the temperature
gradient is higher, the lid is more hermetic, and air pollutants cannot escape above), presence of
thermal inversion, inverse of planetary boundary payer height (the lower the planetary boundary
layer, the lower the volume available and the higher the air pollutant concentration). Selected
characteristics of thermal inversions and planetary boundary layer, as the times of the day or
the precise indicator considered, however differ among air pollutants. Wind patterns are almost

exclusively selected for predicting PMs. For instance, altitude zonal wind coming from the west

340n one hand, instead of having many weak instruments, which would favor estimators such as JIVE (Hansen
and Kozbur, 2014), many of them are clearly strong. On the other hand, the regularization of the first stage with the
LASSO could have been replaced by other forms of regularization, as presented in Carrasco and Tchuente (2015),
to keep all the instruments active in the estimation. However, among our instruments, if some of them are known
to be related to air pollution, some of them are likely weak or close to noise when it comes to form the conditional
expectation of pollutants given the instruments, which suggest to favor a selection setting.
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Table 5: Lasso Selection of Instruments for Predicting Pollutant Concentrations.

PM2.5 CcO 03 NO2 SO2
Thermal inversions
- #Hours between 0 and 4am 0.02
(0.01)
- #Hours between 8 and 12am —0.03***
(0.01)
- #Hours between 8 and 12pm 0.03%**
(0.01)
- Strength between 0 and 4am 0.03* 0.03** 0.02 0.07***
(0.02) (0.01) (0.02) (0.01)
- Strength between 4 and 8am 0.02
(0.02)
Planetary Boundary Layer
- Height Inverse (Day Average) 0.06** —0.01
(0.02) (0.01)
- Height Inverse (0-4 am) 0.08*** 0.05%**
(0.02) (0.01)
- Height Inverse (4-8 am) 0.01
(0.01)
- Height Inverse (8-12 am) 0.003 0.06%**
(0.02) (0.01)
- Height Inverse (4-8 pm) 0.11%** —0.05%** 0.07***
(0.02) (0.01) (0.01)
- Height (0-4 am) 0.001 0.07***
(0.01) (0.01)
- Height (8-12 am) 0.02
(0.02)
- Height (0-4 pm) 0.04**
(0.02)
- Height Inverse (0-4 am - Nice) —0.06™**
(0.01)
- Height Inverse (4-8 am - Nice) 0.10%**
(0.02)
- Height Inverse (8-12 am - Nice) 0.03**
(0.01)
- Height Inverse (0-4 am - Lille) 0.05%**
(0.01)
- Height Inverse (4-8 am - Lille) 0.09%**
(0.01)
- Height Inverse (8-12 am - Lyon) 0.06™**
(0.02)
- Height Inverse (0-4 am - Paris) 0.07***
(0.02)
- Height Inverse (8-12am - Nantes) 0.03%**
(0.01)
- Height Inverse (0-4pm - Nantes) —0.02**
(0.01)
- Height Inverse (4-8pm - Nantes) 0.02%*
(0.01)
- Height Inverse (8-12pm - Strasbourg) 0.06™**
(0.01)
- Height Inverse (8-12pm - Marseille) 0.07***
(0.01)
Altitude wind
- Zonal wind (layer 20) —0.12%** 0.05%**
(0.02) (0.01)
- Zonal Wind (layer 40) —0.02
(0.02)
- Meridional Wind (layer 32) 0.06***
(0.01)
- Total strength (layer 38) 0.02
(0.09)
- Total strength (layer 39) —0.08
(0.09)
- Total strength (layer 45) —0.04**
(0.02)
- Total strength (layer 52) 0.02*
(0.01)
Altitude Pressure levels
- Average (layer 25) 1.07%**
(0.12)
- Average (layer 46) —0.20%**
(0.02)
- Average (layer 78) —0.13%**
(0.03)

Selected (Optimal Constraint) 15 3 10 14 3
Weather controls Yes Yes Yes Yes Yes
Observations 6,135 6,135 6,135 6,135 6,135
R2 032 0.30 0.48 0.53 0.05
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This table presents post-clustered-lasso models by pollutants on the sample where the five pollutants are simultaneously observed. The optimal “rigorous” lasso constraints is used. Before
all regressions, we partial out fixed effects. For each pollutants, a first step of instruments’ selection is performed with no selection on weather controls. Then, OLS is run per pollutant on

the set of selected instruments, which are shown here. Significance: *p<0.1; **p<0.05; ***p<0.01



(resp. from east) predicts a lower (higher) concentration, which is coherent with clean oceanic
winds from the west and/or polluted air imported from the eastern regions. However, the oppo-
site sign for altitude zonal wind appears for NO2. Consistent with Table 4, thermal inversions
patterns seems to have a stronger relationships with NO2 and SO2 than they have for PMs and
CO. Thermal inversion strength is selected for SO2 with a rather strong magnitude (0.07), while
5 dimensions describing thermal inversions are selected for NO2. All 5 dimensions appear with
a positive coefficient indicating that thermal inversions conditions (occurrence, strength) favor
higher concentrations of NO2 at various moments of the day. For predicting COs, IBLH is
selected at two distinct moments of the day, 8-12 a.m. and 4-8 p.m. - possibly related to high
traffic emissions at these hours. Patterns in IBLH are numerous for PMs, and city-specific pat-
terns are also often selected for NO2. As for O3, this pollutant stands out with negative signs
on thermal inversions and IBLH, and selection of PBLH with a positive sign. CO selection is
somewhat close to the selection NO2 (2 instruments selected for CO are also selected in the
largest selection set for NO2), but NO2 may be distinguished from CO with the other dimen-
sions. Table 5 suggests distinct relationships between these altitude weather variables and each
pollutant, which is a first requirement to be able to disentangle the role of the various pollutants.
The exceptions are PM2.5 and PM10: the first models one obtains after Lasso are very similar
for both pollutants, and therefore PM 10 is excluded in the rest of the analysis. The final pooled-
instrument set for the five air pollutants has 35 selected dimensions: 20 related to the planetary
boundary layer height, 6 related to thermal inversions, 7 related to altitude winds, 3 related to

altitude pressure.

After the lasso selection and with the pooled selected instruments (one set of instruments
has been selected for each pollutant), we run a two stage least squares with multiple pollutants,
taking into account the same ground-level weather controls. In this post-lasso IV, the first stage

writes as follows

(s)

Pket = wci % + o€+ Uy (6)

where w(®) are altitude weather variables selected by Lasso in a first step among w. The full first
stage is reported in Tables A.3 and A.4, with previously Lasso-selected dimension in bold. Once
controlling for the instruments selected for the other pollutants, thermal inversions patterns (oc-
curence, strength) are unambiguously affecting positively NO2 and SO2, while the relationship
with other pollutants is less clear-cut and depends on moments of the day. IPBLH patterns are

strong predictors of PMs, CO, O3 and NO2, although the precise magnitudes, signs, involved
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moments of the day or interactions with cities depends on each pollutant. Wind patterns are
mostly related to PMs, and to a lesser extent to the other pollutants. Pressure altitudes are also

strong predictors for all pollutants with various magnitude, layers and signs.

The second stage is as follows

K
Tact = Zﬁcték + xctﬁ + Vet (7)
k=1

where each Py 1s derived from the post-lasso first stage linear regression, and r is the rate of
emergencies admissions or of mortality, possibly indexed by age a, and z ground-level weather
controls. Note that we consider a linear specification for the impact of air pollutants on r,
which excludes cocktail (interactions) or threshold effects (non-linearities). Lasso selection for
interaction or non-linear terms did not lead to select strong instruments, as opposed to linear

terms, preventing further analysis.

5 Results

We first disentangle separately the impact of distinct air pollutants on three short-term health
outcomes using the Lasso-selected set among the large set of potential altitude weather instru-
ments. To discuss the shortcomings of single-pollutant models, we then provide results when

considering separately distinct pollutants instead as it is classic in this literature.

5.1 Disentangling the impact of distinct air pollutants

In this section, we derive pollutant-specific causal estimates within multi-pollutant specifica-
tions. Table 6 presents our main set of results, derived from Equations 6 and 7 in the post-lasso
IV setting. The five-pollutant specification is run for mortality and emergency admissions re-
lated to cardiovascular, respiratory or digestive diseases, the later being a placebo outcome.
We consider these results as giving the separate impact of pollutants, once controlled for the
other main pollutants.>> Being agnostic beforehand on which pollutants out of the five impact

each outcome, we have to test five null hypotheses (no effect of a given pollutant) per outcome.

3We never consider both types of particulate matter together as we did not succeed in disentangling their
separate effects, even in regressions with only these two pollutants. This is probably because they are strongly
interrelated: PM2.5 represents a large subset of PM10. Their most significant predictors tend to be the same,
hampering our identification strategy.
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False rejections of at least one null hypothesis are thus about five times more likely to happen
by chance than if we were only considering a single treatment dimension. Accordingly, we re-
port the significance level with the Bonferroni-Holm multiple hypothesis testing correction for
controlling the Family-Wise Error Rate (FWER, the probability of at least one false rejection) at
level a. As explained in Holm (1979), we rank the 5 p-values obtained for each outcome from

the smallest to the highest and successively compares them to the threshold £, %, , 5, o until

5040302
the m-th p-value falls above the m-th threshold. If m > 1, we reject the m — 1 assumptions
of no pollutant effect with control of the FWER at level a. We focus on the sample where all
the considered pollutants are observed, a condition which significantly alters the sample size.
That is why we also provide intermediate multi-pollutant specifications based on more obser-
vations but the same set of instruments in Tables A.5, A.6, A.7 and A.8 in the Appendix with

an emphasis on the main culprits within the five-pollutant models - to discuss regularities.

For daily emergency admissions for respiratory diseases, we find compelling evidence
of the detrimental and pollutant-specific effect of two pollutants: ozone (O3) and sulfur dioxide
(S0O2). They are found to have a positive and independent effect from other pollutants with
a control of the FWER at 5%. A standard deviation of O3 (24ug/m™3) causes 10% more
emergency admissions for respiratory diseases while in addition, a standard deviation of SO2
(1.51.g/m~3) causes an increase by 10%. These impacts are very stable when we successively
add more pollutants to the equation to test both the sample-robustness due to missingness in air
pollutant measures and to accounting for other observed pollutants. Table A.5 in the Appendix
reports a response between 7 to 13% to an O3 standard deviation and between 8 to 11% to a SO2
standard deviation, depending on which pollutant enters the model. While CO has no significant
effect in our main and most complete specification, we tend to be cautious in excluding its effect
on respiratory diseases. First because in models up to 4 pollutants based on more observations,
estimates in Table A.5 are statistically significant. Second, because as detailed later, when
studying the short-term timing of the effects of air pollutants, the impact of carbon monoxide
is significant in five-pollutant models as long as two lags in concentrations are introduced. One
potential explanation is that in some estimations, the impact of carbon monoxide may still be
confounded with that of NO2 (correlation of 0.69).

Overall, these results are consistent with the evidence from controlled per-pollutant

chamber-exposure on small samples of volunteers, which evidence impaired respiratory func-
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tions for all these three pollutants (e.g. for SO2, Johns and Linn (2011), for O3 and CO, Ferris Jr

(1978)). O3 has a well-known effect on respiratory functions, which is mediated by a number

of mechanisms (see e.g. for a review, Bromberg (2016)). Our results offer, however, a larger

external validity and evidence of worst health consequences (hospital admissions) in the general

population. We find no effect of PM2.5 at short-term on emergency admissions for respiratory

diseases, while they have the potential to cause lung inflammation. One reason might be that

the frontier between particulate matter and sulfur dioxide is porous as the latter can serve as a

primary pollutant for a sub-component of the former, in which case sulfur dioxide might be a

better proxy to sulfur-rich particulates than total particulate matter.

Table 6: Causal effect of Air Pollutants on Mortality and Morbidity

Multi Pollutant IV-Lasso Models

Emergency Admissions Mortality
Respiratory  Cardiovascular  Digestive  Respiratory  Cardiovascular  Digestive
PM2.5 0.0009 0.0008 —0.0036 0.0019 0.0042** 0.0010
(0.0024) (0.0021) (0.0018) (0.0011) (0.0016) (0.0007)
CO 0.0002 0.0007** —0.0001 0.0001 0.0001 —0.00002
(0.0003) (0.0003) (0.0002) (0.0001) (0.0002) (0.0001)
03 0.0056** 0.0020 —0.0026 —0.0007 0.0012 0.0006
(0.0019) (0.0018) (0.0017) (0.0010) (0.0015) (0.0006)
SO2 0.0957** —0.0250 —0.0049 0.0381* 0.0196 —0.0020
(0.0350) (0.0342) (0.0296) (0.0159) (0.0238) (0.0109)
NO2 0.0026 —0.0028 0.0010 0.0004 0.0007 —0.0007
(0.0027) (0.0026) (0.0021) (0.0014) (0.0019) (0.0008)
Observations [6,135] [6,135] [6,135] [6,135] [6,135] [6,135]
Instruments 35 35 35 35 35 35

This Table presents the results of post-clustered-lasso IV models. Before all regressions, we partial out fixed effects. All variables are first regressed
on month-year and day-of-the-week fixed effects both interacted with city fixed effects and then replaced by the corresponding residuals. A first
step of per-pollutant clustered-lasso selection is performed, conditional on weather variables which are forced into the model (no selection), selected
instruments are then pooled and enter a regular IV estimations. Standard errors are clustered at the month-year-city level, consistently with the post
clustered-lasso estimation. In this Table, we correct significance for testing 5 hypothesis - that is one per pollutant - separately for each outcome,
using the Bonferroni-Holm method. Multiple Hypothesis Testing adjusted significance: * Null rejected with control of the FWER<O0.1; ** Null

rejected with control of the FWER<0.05
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For cardiovascular diseases, the unique air pollutant which is ever significant in multi-
pollutant specifications is carbon monoxide (CO) - as reported in Table 6 and complementary
Table A.6 in the Appendix. Quantitatively, a standard deviation of CO (216pg/m~3) causes
9% more emergency admissions for cardiovascular diseases. The five pollutant model estimate
is the highest, the single-pollutant model is the lowest estimate but will still imply a 3% re-
sponse of cardiovascular emergency admissions to a standard deviation in CO concentration.
The well-known accidental poisoning deaths caused by a high-level of carbon monoxide ex-
posure are just the tip of the iceberg. Carbon monoxide causes adverse effects by combining
with hemoglobin, preventing the blood from carrying oxygen. Therefore, the mechanisms of
action of carbon monoxide are well understood and established (hypoxia induced by formation
of carboxyhemoglobin), although the most recent research suggests other potential mechanisms

to investigate.

For the mortality rate related to respiratory diseases, we find evidence of a detrimental
impact of SO2 although only controlling for the FWER at 10%. A one standard deviation of
SO2 would imply an increase by 14% of respiratory-related mortality - or 2% of the mortality
rate, which is a relatively large effect compared to the literature, and given that SO2 levels are

much below what they were two decades ago.*

Our results suggest that even at extremely
low level, SO2 harmful effect is still there. This is broadly consistent with the evidence on
emergency admissions, which are not necessarily vital emergencies and are very frequent at the
youngest age. In larger samples involving less pollutants as reported in Table A.8 this impact
is very stable and at least of 3% and PM2.5 appears as well with a positive impact on this type
of mortality but with more marginal significance levels (10% in the main specification before

correcting for multiple hypothesis testing).

For the mortality rate related to cardiovascular diseases, we find strong evidence of the
detrimental effect of particulate matter PM2.5 both in the most complete specification (Table 6)
and across varying-pollutant models in Table A.7. Quantitatively, a standard deviation of PM2.5
(11pg/m™3) causes an increase between 1.5 and 2 % of the mortality rate, or 5 to 9% of the

cardiovascular-related mortality. We may compare our PM2.5 estimate to that from Schwartz

36502-induced mortality has been recently studied in China where the average level of SO2 concentration is
way above typical concentrations in Europe. Kan et al. (2010) and Chen et al. (2012) point to a statistically
significant association at short-term in single-pollutant model but which tend to disappear when controlling for
NO2. Evidence in Europe is somewhat older. e.g. (Tertre et al., 2002)
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et al. (2016), which find for Boston over 2000-2009 with an IV strategy, that for an increase by
about 6419 /m 3 of PM2.5 leads to an increase by 0.9% of daily deaths. Our estimate is of similar
magnitude - only slightly higher. Particulate matter are thought to exacerbate pre-existing in-
flammatory diseases (oxidative stress induced by inhaled particles, causing lung inflammation).
A PM-induced lung inflammation mechanism is widely suggested by the literature, while the
evidence on PM-induced cardiovascular events need to be strengthened, in particular pointing
out the mechanisms (Scapellato and Lotti, 2007). Many mechanisms, and therefore a number
of associated diseases involving exposure to PMs are possibly mediating death outcomes. We
can not exclude that other weakening factors are at play at the individual level to lead to death,

especially since the eldest are the most affected population (see next section).

One may however ask why we see no effect of particulate matter on cardiovascular dis-
eases emergency admissions®’ in Table 6 while this pollutant impacts cardiovascular mortality.
In addition, we may ask why we see no effect of carbon monoxide on cardiovascular-related
mortality which would be expected if emergency admissions were largely vital emergencies.
Several assumptions may be formulated. First, although cardiovascular events could be medi-
ated by PMs, the impact could be acute enough to lead directly to death, without the occurrence
of an emergency admissions on average - in particular if the eldest are concerned.*® Second,
it could be the case that we do not have enough statistical power to find a small effect. Third,
PMs could act in a context of complex co-morbidities, involving a cardiovascular mechanism
but not only - in particular because they are themselves a mixture with various potential toxi-
cological pathways. Last but not least, it could be the case that the existing evidence of PMs
on short-term emergency admissions is confounded by the impact of other pollutants. In 2017
in France, among persons hospitalized for a stroke 12,5% died in hospital (on the day of the

admissions or later)*

and probably the persons with the most severe events did not reach the
hospital. In our data, we observe 80% more admissions than deaths related to cardiovascular
diseases. Therefore and especially with an analysis at the daily level, cardiovascular emergency
admissions are on their vast majority not followed by a death event on the same day - and

perhaps, short-term cardiovascular emergency and deaths with at least a cardiovascular cause

37This does not exclude the role of PMs in cardiovascular events due to long-term exposure.

3In 2006, 58% of the deaths in the French population happened in an hospital - a proportion which was rather
stable over the previous decade. This proportion typically decreases with age as the eldest die relatively more at
home (IGAS, 2009).

3 ATIH, Analyse de I’activité hospitaliére, bilan 2017
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events may be described with distinct causes. In this sense, our approach lacks specificity by
focusing on aggregated outcomes. From Franchini and Mannucci (2007), “Particulate matter
are the type of air pollutant that causes the most numerous and serious effects on human health,
because of the broad range of different toxic substances that it contains”. Thus one interpreta-
tion of our results could be that PMs mediate a larger number of more severe events, building
on co-morbidities which may explain its link with mortality, while CO may help in triggering

cardiovascular emergencies not necessarily as severe as those leading to deaths.

Finally, we perform a falsification test by examining our models’ results on emergency ad-
missions for digestive diseases (the other most common emergency admissions, with our two
main outcomes) or on mortality related to digestive diseases - for which we do not reject a
null impact of all five air pollutants. In addition, we test whether our standard errors are ap-
propriate in size. In our baseline, we only allow arbitrary correlation within city-month-year
cells - our fixed effects level, but we could allow for arbitrary correlation within city clusters of
observations. To account for the small number of cluster, we do not resort to cluster robust stan-
dard errors at the city-level (which are biased downward) but compute wild clustered bootstrap
standard errors (Cameron et al., 2008) and report the associated p-values for testing the null
hypothesis of no effect of a given pollutant. Results are reported in Table A.9, with indications
on the control of the FWER under this alternative set of p-values. Virtually all our main results
are confirmed but the impact of SO2 on respiratory-related mortality which is still significant at
the 5% level but not after accounting for testing five distinct hypotheses. Results on pollutants
with a higher number of selected instruments (that is PMs, O3) turn to be even more significant
while results on pollutants with a smaller number of selected instruments (SO2, CO) are then
only significant at the 2% level, that is with a control of the FWER at 10%. In the rest of the

paper, we stick to the clustering at the month-year-city level.

5.2 Contrasting Mono-Pollutant and Multi-Pollutant models

Since the existing short-term literature mostly relies on single-pollutant models, we now turn to
the comparison of single-pollutant and multi-pollutant estimates to provide some hindsight on
the limitations of single-pollutant results. With such a strategy, a single pollutant could drive
all the results attributed to other pollutants. This may be mitigated by having pollutant-specific
instruments. In this paper, our main set of results are derived within multi-pollutant models

with lasso-selected and pollutant-specific instruments. These results may be compared with
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two other setups: single-pollutant models with lasso-selected and pollutant-specific instruments
or the single-pollutant models with a simple 1V, with first stage as in Table 4. Both strategies
ignore the exclusion restriction violation due to the presence of other pollutants, but the former’s
first stage is tailored to predict each pollutant while the later does not adapt the instrument set
to the pollutant under scrutiny - but consider two strong hand-picked instruments: IBLH and

TI. We consider the sample where all five pollutants are observed to perform the comparison.*

We begin with simple IV results reported in Table 7, where in columns (1P-IV) each co-
efficient is from a separate regression, the dependent variable being either emergency admis-
sions for respiratory or cardiovascular diseases or respiratory or cardiovascular-related mortal-
ity. The later estimates are broadly comparable to the existing literature, which do not control
for the presence of other pollutants. For each specific pollutant, concentrations are expressed in
pg/m~3. Quantitatively, + 10 pg/m =3 in PM2.5 (about a standard deviation) leads to + 12%
more respiratory-related mortality, + 7% more admissions for cardiovascular-related mortality
and a emergency admissions for cardiovascular diseases higher by +4%. For CO, +200 pg/m ™3
(about a standard deviation) leads to +6% more cardiovascular admissions, +11% of the cardio-
vascular mortality rate and + 16% of the respiratory mortality rate. Notably, all pollutants are
found to have an effect on both types of mortality rates. In addition, ozone is even found to
have a large and negative effect on mortality rates, a finding at odds with the existing medical

literature and in particular with chamber experiments.*!

As ozone concentration is strongly
anti-correlated with the other air pollutant concentrations, a high concentration of ozone most
probably proxies for the absence of the other air pollutants. In addition, negative variations of
ozone triggered by the instrument are accompanied by positive variations in all other pollutants
(Figure A.2). This result indicates that the exclusion restriction does not hold in single-pollutant
models and in particular when pollutants are interrelated. To study O3, we will need to control
at least for the other pollutants involved in equilibrium with O3, that are anti-correlated (carbon
monoxide, nitrogen oxides). Omitted controls and the exclusion restriction violation lead to
some pollutants variations acting as a surrogate for the others’ variations. These results seem in

sharp contrast with our main multi-pollutant results, reported in columns labelled (SP-IVLasso).

“OWhile single-pollutant models could be run on larger samples, we show in appendix Tables B.5, B.6, B.7
and B.8 that single-pollutant IV-Lasso models estimates are very stable across samples used for selection and/or
estimation, so the conclusion are similar if we compare multi-pollutant models and single-pollutant models on
their respective “natural” sample for estimation.

“'However, it was also observed by Deryugina et al. (2019).
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To go beyond these qualitative comparisons, we report p-values for testing for the equality of
coefficients across both specifications. We simultaneously estimate each single-pollutant model
jointly with the five-pollutant model by GMMs which allows for testing a linear constraint of
equality between both model coefficients. We also report the hypothesis which will be rejected
if we control the Family-Wise Error rate for testing for five equality of coefficients at 1, 5 or
10% level. We strongly reject equality of estimates between both approaches, and systemati-

cally across outcomes for ozone.

Single-pollutant models with pollutant-specific instruments, as selected by Lasso and re-
ported in columns (1P-IVLasso) in Table 8, provide better results than simple I'Vs. They tend to
be more consistent with multi-pollutant models. The impact of ozone on respiratory emergency
admissions - even without controls for the anti-correlated pollutants - appear as expected posi-
tive and significant. The negative effect of ozone on respiratory mortality tends to persist - and
disappears only when controlling for other pollutants. Aside from the particular case of ozone,
there are many significant effects which disappear when other pollutants are introduced. For in-
stance, our results suggest that NO2 is as a general fact a surrogate for the other pollutants. NO2
is found to affect our three health outcomes in all single-pollutant models whereas this effect
never survives in the five-pollutant context. In terms of pathology, the surrogate phenomenon
tends to be the strongest for the mortality rate: single-pollutant models tend to accuse almost
all of the available pollutants, which is not the case in multi-pollutant models that designate
particulate matter or SO2. For emergency admissions, the issue seems less relevant as except
for the effect of NO2 on cardiovascular emergencies, we do not reject equality of coefficients
across specifications. All in all, our results suggest a cautionary review of the literature based

on single-pollutant models when instruments are not pollutant-specific.

5.3 Robustness and further results

Results by Age Group. We then conduct an heterogeneity analysis along the age ladder. We
restrict the pollutants entering the model to those found to have significant impact in the gen-
eral population, a choice which preserves the sample size. We report as well the more noisy
estimates derived within the baseline five-pollutant models. We note that these results by age
are not as precise as our main results (we do not attempt any MHT correction here) but they
may still provide some useful information. Results are graphically reported in Figure 2, and

corresponding Tables are provided in Appendix B.9. For respiratory diseases, both hands of the
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Table 7: Comparison of Single Pollutants in Classical IV and Multi Pollutants models with

Lasso-selected Instruments.

Panel A: Mortality

Respiratory Cardiovascular
(5P-1VLasso) (1P-1V) Equality Test  (5P-IVLasso) (1P-1V) Equality Test

PM2.5 0.0019* 0.0056*** p = 0.0324* 0.0042** 0.0066*** p>0.1
(0.0011) (0.0014) (0.0016) (0.0018)

CO 0.0001 0.0004*** p = 0.0091** 0.0001 0.0005*** p = 0.0535
(0.0001) (0.0001) (0.0002) (0.0002)

03 —0.0007 —0.0050***  p = 0.0021*** 0.0012 —0.0059***  p = 0.0002***
(0.0010) (0.0012) (0.0015) (0.0016)

NO2 0.0004 0.0081"**  p = 0.0008*** 0.0007 0.0089***  p=0.0010***
(0.0014) (0.0019) (0.0019) (0.0024)

SO2 0.0381** 0.1283*** p = 0.0268* 0.0196 0.1295** p = 0.0305*
(0.0159) (0.0430) (0.0238) (0.0533)

Instruments 35 2 35 2

Observations 6,135 6,135 6,135 6,135

Panel B: Emergency Admissions
Respiratory Cardiovascular
(5P-IVLasso) (1P-1V) Equality Test  (5P-IVLasso) (1P-1V) Equality Test

PM2.5 0.0009 0.0047* p>0.1 0.0008 0.0061** p = 0.0850
(0.0024) (0.0025) (0.0021) (0.0026)

CO 0.0002 0.0003 p> 0.1 0.0007*** 0.0005** p>0.1
(0.0003) (0.0002) (0.0003) (0.0002)

03 0.0056*** —0.0040*  p = 0.0003*** 0.0020 —0.0056**  p = 0.0055**
(0.0019) (0.0022) (0.0018) (0.0024)

NO2 0.0026 0.0101*** p = 0.0593 —0.0028 0.0054* p = 0.0337
(0.0027) (0.0033) (0.0026) (0.0031)

SO2 0.0957*** 0.2134** p>0.1 —0.0250 0.0290 p>0.1
(0.0350) (0.0814) (0.0342) (0.0571)

Instruments 35 2 35 2

Observations 6,135 6,135 6,135 6,135

This Table compares the results of single pollutant models estimated with a classical IV with multi-pollutant models after Lasso selection.
Columns (5P-IVLasso) correspond to multi-pollutants regressions estimated with an IV Clustered-Lasso. In columns (1P-IV), each coefficient
corresponds to a separate regression with one pollutant and two hand-picked strong instruments. We test for the equality of coefficients by
estimating jointly SP and 1P models by solving the joint GMM model, and report the p-value for the hypothesis of equality of coefficients. These
p-values are adjusted for clustering at the city-month-year level. Significance: *p<0.1; **p<0.05; ***p<0.01. Multiple Hypothesis Testing
adjusted significance: * Null rejected with FWER<O0.1; ** FWER<0.05; *** FWER<0.01
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Table 8: Comparison of Single and Multi Pollutants models with Lasso-selected Instruments.

Panel A: Mortality

Respiratory Cardiovascular
(5P-IVLasso) (1P-IVLasso) Equality Test (5P-IVLasso) (1P-IVLasso) Equality Test

PM2.5 0.0019* 0.0035*** p = 0.0509 0.0042*** 0.0045*** p>0.1
(0.0011) (0.0008) (0.0016) (0.0011)

CO 0.0001 0.0003*** p>0.1 0.0001 0.0004*** p>0.1
(0.0001) (0.0001) (0.0002) (0.0001)

03 —0.0007 —0.0022%** p = 0.0236* 0.0012 —0.0016 p = 0.0029**
(0.0010) (0.0008) (0.0015) (0.0012)

NO2 0.0004 0.0042%** p = 0.0037** 0.0007 0.0055*** p = 0.0014**
(0.0014) (0.0011) (0.0019) (0.0016)

SO2 0.0381** 0.0718*** p=0.0137* 0.0196 0.0659** p=0.0171*
(0.0159) (0.0178) (0.0238) (0.0262)

Instruments 35 15;3;10;14;3 35 15;3;10;14;3

Observations 6,135 6,135 6,135 6,135

Panel B: Emergency Admissions
Respiratory Cardiovascular
(5P-IVLasso) (1P-IVLasso) Equality Test (5P-IVLasso) (1P-IVLasso) Equality Test

PM2.5 0.0009 0.0007 p>0.1 0.0008 0.0018 p>0.1
(0.0024) (0.0018) (0.0021) (0.0015)

CO 0.0002 0.0003 p>0.1 0.0007*** 0.0004* p>0.1
(0.0003) (0.0002) (0.0003) (0.0002)

03 0.0056*** 0.0038** p>0.1 0.0020 0.0003 p>0.1
(0.0019) (0.0015) (0.0018) (0.0016)

NO2 0.0026 0.0063*** p>0.1 —0.0028 0.0040** p = 0.0052**
(0.0027) (0.0021) (0.0026) (0.0020)

SO2 0.0957*** 0.0840** p>0.1 —0.0250 —0.0242 p>0.1
(0.0350) (0.0385) (0.0342) (0.0379)

Instruments 35 15;3;10;14;3 35 15;3;10;14;3

Observations 6,135 6,135 6,135 6,135

This Table compares the results of single and multi pollutant models after Lasso selection, for four health outcomes. Columns (5P-IVLasso)
correspond to multi-pollutants regressions. In columns (1P), each coefficient corresponds to a separate regression with one pollutant and the
pollutant-specific selected instruments. Before all regressions, we partial out fixed effects (month-year x city and day-of-the-week x city) and
variables are replaced by the corresponding residuals. A first step of per-pollutant clustered-lasso selection is performed, conditional on weather
variables which are forced into the model (no selection). In five pollutant models, selected instruments are pooled in SP models, in 1P model only
pollutant-specific instruments are used. Standard errors are clustered at the month-year-city level, following the post clustered-lasso estimation.
We test for the equality of coefficients by estimating jointly SP and 1P models by solving the joint GMM model, and report the p-value for the
hypothesis of equality of coefficients. These p-values are adjusted for clustering at the city-month-year level. Significance for unadjusted p-values
*p<0.1; **p<0.05; ***p<0.01. Multiple Hypothesis Testing adjusted significance: * FWER<0.1; ** FWER<0.05; *** FWER<0.01



age distribution stand out with the largest impacts. Emergency admissions are higher for young
children (less than 4) by 9% when O3 is higher by one standard deviation (+244g~2) and by
11% when SO2 is higher by one standard deviation (+1.5..¢~3). For the eldest (> 80), it would
be higher by respectively 7% and 12%.

As expected, and although not always statistically significant, the impact is concentrated on
the eldest age group (> 80) for mortality and cardiovascular diseases. +11 pg/m=3 of PM2.5
(one standard deviation) leads to an increase in the mortality rate of the eldest by 2.5% and the
impact of SO2 on the mortality rate is the highest of the eldest.*> For cardiovascular diseases,
a standard deviation of CO (216 ug/m~2) implies emergency admissions higher by 6.6% for
the 80 and plus age group. This is consistent with air pollution affecting a fragile population,
and may raise questions about harvesting effects (that is, mortality displacement). The latter is

however not dealt with in this paper, at least for health events displacement over a few days.

Specification of Weather Controls. Accounting correctly for ground-level controls is one
of the requirements of our exclusion restriction. We provide in Table 9 three robustness ex-
ercises relative to weather controls for each health outcome. Column (1) reports the baseline
result where controls are specified as a polynomial of order 2 in temperature, average precipi-
tations and average wind strength, plus controls in humidity, in sunlight and a dummy for the
presence of snow. From the literature, the most sensitive control in our specification is tem-
perature. Its impact on human health has long been documented - and although we do not use
directly altitude temperature in our estimation, ground-level temperature is not unrelated with
our instruments. Precipitations have an impact on human activities (e.g. remain home) and on
air pollution, but no clear short-term impact on health. Studies on the temperature-mortality link
typically focus on extreme temperature e.g. Barreca et al. (2016). In column (2), we replace
average temperature and average precipitations with both their daily minimum and maximum -
each entering the specification with a polynomial of order two. Estimates remain basically the

same while the cardiovascular point estimate decreases in significance at the 5% level.

Ideally and given the non-linear link between mortality and temperature, weather controls

should be preferably specified as bins. It is for instance the case in (Deryugina et al., 2019)

“2We do not observe mortality rate by both age and causes due to privacy protection reasons. We consider in
this section all-causes mortality.
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Figure 2: Causal Effect of Main Pollutants by Age Group. Note: Post IV Lasso models with 90%
confidence intervals are represented. Causal effects are estimated either with all five pollutants (triangle) or with
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where ground-level weather controls are specified in 29,000 theoretical interactions between
17 bins of minimum and maximum temperature intervals, deciles of daily precipitations and
wind-speed for a sample size of 1.9 million observations, 300 instruments, and county, state-
by-month, and month-by-year fixed effects. Our weather controls are certainly not as flexible.
However, we tend to absorb more variations in our set of fixed effects (city-by-month-by-year
+ day-of-the-week-by-city) letting only a few observations left for identification within month-
year-city cells. In the end, the impact of ground-level weather on health outcomes is found
rather weak (see Table A.10 in Appendix) and we show in the Appendix Table B.3 that start-
ing from the simplest specification to the full specification of ground-level controls does not
affect our results. Our sample size does not allow as many ground-level interactions as done
in Deryugina et al. (2019). Yet this does not preclude an issue in the validity of our exclusion
restriction due to misspecification of ground-level weather controls. To address this concern,
in column (3), temperature control is further specified with the daily number of hours spent
in each decile of temperature. Both precision and point estimates are very close to column (2),
except for the cardiovascular emergency outcome where significance falls at 10% level. Finally,
in column (4), the main controls are all specified in bins: temperature, wind strength and hu-
midity are specified with the number of hours in quartile bins of the variable, and precipitations
in three intervals as the median precipitation is zero. While the estimates on respiratory and
cardiovascular emergencies remain very similar, mortality rate estimates lose their significance,
and decreases in magnitude. However, with this quite demanding weather controls specification
and consistent with the fact that the sample size is binding rather than the exclusion restriction
invalid, restricting the set of pollutants to PM2.5 and SO2 leads to recover our main set of re-
sults with a larger sample where both pollutants are observed and instruments specific to both
pollutants. We conclude that in this most demanding specification, we succeed in disentangling
the effect of five air pollutants on respiratory and cardiovascular emergency admissions but we
can not disentangle the impact of more than two pollutants on mortality rates.

Finally, we report in the online appendix two additional robustness exercises relative to air
pollutant measurement error and to delayed effects. In this paper, we measure air pollutant con-
centrations with the 24-hour average over a constant set of hourly-monitoring stations located
within the urban area. Instead of the average, we use day minimum and maximum to test how
our baseline results would change and report the updated results in Table B.4 in the Online
Appendix. In addition to gauging how robust are our estimates to concentration measurements,

this test may possibly inform on health sensitivity to sustained versus acute pollutant concen-
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Table 9: Causal effect of Air Pollutants on Health Outcomes. Robustness checks to weather
controls.

Emergency admissions

Respiratory Diseases Cardiovascular Diseases
@ @ 3 ) @ @ 3 €]
PM2.5 0.0009 0.0017 0.0036 —0.0002 0.0008 0.0020 0.0037 0.0012

(0.0024) (0.0022) (0.0029) (0.0024) (0.0021) (0.0021) (0.0026) (0.0023)

Cco 0.0002 0.0001 0.0001 0.0001 0.0007*** 0.0006** 0.0004* 0.0005**
(0.0003) (0.0003) (0.0003) (0.0003) (0.0003) (0.0002) (0.0002) (0.0002)

03 0.0056***  0.0056***  0.0053*** 0.0040* 0.0020 0.0020 0.0015 0.0010
(0.0019) (0.0019) (0.0020) (0.0022) (0.0018) (0.0018) (0.0018) (0.0019)

NO2 0.0026 0.0038 0.0036 0.0036 —0.0028 —0.0015 —0.0013 —0.0015
(0.0027) (0.0028) (0.0026) (0.0027) (0.0026) (0.0029) (0.0026) (0.0025)

SO2 0.0957***  0.0942***  0.1034***  0.1141*** —0.0250 —0.0069 —0.0146 —0.0119
(0.0350) (0.0343) (0.0360) (0.0350) (0.0342) (0.0325) (0.0332) (0.0340)

Weather Controls Baseline Min/Max Bins (1) Bins (2) Baseline Min/Max Bins (1) Bins (2)
Observations 6,135 6,135 6,135 6,135 6,135 6,135 6,135 6,135
Instruments 35 38 37 40 35 38 37 40
Mortality with Respiratory Causes Mortality with Cardiovascular Causes
€)) (2) (3) “) 1) (2) (3) “
PM2.5 0.0019* 0.0026** 0.0029** 0.0012 0.0042***  0.0048***  0.0055*** 0.0032*

(0.0011) (0.0011) (0.0014) (0.0012) (0.0016) (0.0016) 0.0021)  (0.0018)

co 0.0001 —0.00002 0.0001 0.0001 0.0001 0.00001 0.00004 0.0002
(0.0001) (0.0001) (0.0001) (0.0001) (0.0002) (0.0002) (0.0002) (0.0002)

03 —0.0007 —0.0005 —0.0007 —0.0006 0.0012 0.0010 0.0011 0.0011
(0.0010) (0.0010) (0.0010) (0.0010) (0.0015) (0.0014) (0.0015) (0.0015)

NO2 0.0004 0.0010 0.0006 0.0013 0.0007 0.0015 0.0013 0.0013
(0.0014) (0.0016) (0.0015) (0.0014) (0.0019) (0.0021) (0.0020) (0.0018)

SO2 0.0381** 0.0412** 0.0337** 0.0244 0.0196 0.0179 0.0258 0.0191
(0.0159) (0.0164) (0.0160) (0.0155) (0.0238) (0.0227) (0.0241) (0.0228)

Weather Controls Baseline Min/Max Bins (1) Bins (2) Bins (2) Bins (2) Bins (2) Bins (2)
Observations 6,135 6,135 6,135 6,135 6,135 6,135 6,135 6,135
Instruments 35 38 37 40 35 38 37 40

This Table presents the results of post-clustered-lasso IV models. Weather controls are in the baseline (1) a polynomial of order 2 in
average temperature, average precipitations and average wind strength, a linear control in sunlight and in humidity and a dummy for the
presence of snow. In specification (2), temperature and precipitations are specified as an order two polynomial in their daily minimun
and maximum. In specification (3), temperature control is specified with the daily number of hours spent in each decile of temperature.
In specification (4), temperature, wind strength and humidity are specified with the number of hours spent in quartile bins of the variable,
and precipitation in three intervals. All variables are first regressed on month-year and day-of-the-week fixed effects both interacted
with urban area fixed effects and then replaced by the corresponding residuals. A first step of per-pollutant clustered-lasso selection
is performed, conditional on various weather variables specification (1) to (4) which are forced into the model (no selection), selected
instruments are then pooled and enter a regular IV estimations with the same weather controls. Standard errors are clustered at the
month-year-urban area level. Significance: *p<0.1; **p<0.05; ***p<0.01



trations. Estimation with min and max leads to results consistent with our baseline estimation.
Throughout the whole analysis, we have assumed that the impact of air pollution on short-term
health indicators was exclusively contemporaneous. In this last part, we check whether we find
lagged effects when introducing day-level leads and lags in the IV, with both contemporaneous
and lagged instruments. For most of our results, these regressions suggest that the (short-term)

effect is mostly contemporaneous.

6 Conclusion

This paper shows how distinct pollutants have strong and independent effects on the short-term
respiratory health of the urban population. We develop a two-step strategy, showing first how
air pollution is causally linked to daily emergency admissions and mortality rates and second
how optimally selecting many more instruments allows to disentangle the effects of several
pollutants. We provide causal evidence on the separate effects of ozone and sulfur dioxide on
respiratory diseases, jointly and independently, in the real urban environment, and controlling
for the other pollutants. Moreover, we find a significant impact of carbon monoxide on car-
diovascular diseases as well as of particulate matter and sulfur dioxide on the mortality rate,
while controlling for the other pollutants in presence. Our results suggest a reassessment of the
evidence derived in single-pollutant models, by providing a comparison with multi-pollutant
models. In addition, we show how high dimensional data from a general climate model can be
leveraged to provide a large set of instruments which prove very insightful for clean evidence
of ambient pollution levels on health. Our results point out to large effects of relatively small
amounts of ozone, sulfur dioxide, carbon monoxide and particulate matter, borne in priority by
children and elderly. While European norms have improved air quality as e.g. carbon monox-
ide is concerned, ozone concentrations are not at all decreasing in modern European cities.
Moreover, our estimates could be considered for the production of a short-term pollution index
reflecting the joint and independent impact of several pollutants - as opposed to the current stan-
dard of aggregation, a maximum over air pollutant sub-indexes, or for designing age-specific
public alert. That being said, effective communication about air quality or correct economic
valuation of multi-pollutant environmental policies remain complex questions which lie outside
the scope of the present paper. This work only considers a limited number of air pollutants
in the pool of pollutants suspected to jeopardize human health and well-being. However, this

paper contributes to the discussion by proposing a framework which could, when the data is
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recorded and available, be extended to allow for more substances - proving useful in a world

where the unveiling of new sources of dangers is becoming more and more frequent.

The recent literature has emphasized the need for tackling the total health effect associated
with the exposure to multiple pollutants, including non-linearities and interactions (Bobb et al.,
2015), but a fully convincing method would have to deal with causality as well. In this paper,
we have focused on deriving linear causal estimates within a multi-pollutant framework, but
emphasize that future research bringing the theoretical econometrics literature on nonparametric
instrumental variables to implementation could be promising continuation for our application.
The problem is not simple in our view: in the first stage one needs a regularization step to
incorporate the many instruments in the spirit of Belloni et al. (2012) or Carrasco and Tchuente
(2015) and in the second stage, finding a causal response function for five pollutants means
finding a non parametric function of five arguments, which is very computationally and data
intensive. However, the air pollution mixture effects, modeled in a non-parametric way, may
provide better insight into the features of the air pollution mixes which lead to the worst health
impacts. Indeed, in the words of the WHO, high-impact future research should focus on “the
shape of the concentration-response function, the identification of thresholds and the effects at

very low or very high pollutant levels”.
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7 Appendix

Table A.1: The Ten Most Populated Urban Areas in France

Urban area Population in thousands
Allage 04 over70
Paris 12,470 845 1,203
Lyon 2,259 152 249
Marseille - Aix-en-Provence 1,744 103 231
Toulouse 1,312 81 137
Bordeaux 1,195 67 135
Lille 1,182 80 111
Nice 1,006 52 171
Nantes 934 61 97
Strasbourg T 45 89
Rennes 708 46 70

For Lille and Strasbourg urban area, only the French part is considered.

Source: 2013 census
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Table A.2: Mortality Rate, Emergency Admissions, Inverse of Planetary Boundary Layer
Height and Thermal Inversions

Dependent variable, per 100 000 inhabitants:

Emergency Admissions Mortality

Respiratory  Cardiovascular  Digestive  Respiratory = Cardiovascular  Digestive

1) 2) 3) “) ®) (6)
IBLH., 5.11 7.82* 222 10.35** 7.44** —2.00
(5.08) (4.04) (3.59) (2.29) (3.13) 1.27)
Observations 21,459 21,459 21,459 21,459 21,459 21,459
1) 2) 3) “) ®) (6)
TI.: 0.05*** 0.02 —0.001 0.03*** 0.03*** —0.005
(0.02) (0.01) (0.01) (0.01) (0.01) (0.004)
Observations 21,459 21,459 21,459 21,459 21,459 21,459

IBLH stands for the Inverse of Planetary Boundary Layer Height averaged by date and urban area. TI stands for the number of
hours with a thermal inversion a given date in the urban area. All regressions includes month-year and day-of-the-week fixed
effects, interacted with urban area fixed effects; and weather controls. Standard errors are clustered at the month-year-urban area
level. Significance: *p<0.1; **p<0.05; ***p<0.01
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Table A.3: Post Lasso First Stage : Air Pollutants and Instruments (Part I)

# Selected

Planetary Boundary Layer
- Height Inverse (Day Average)

- Height Inverse (0-4a.m.)

- Height Inverse (4-8a.m.)

- Height Inverse (8-12a.m.)

- Height Inverse (4-8p.m.)

- Height (0-4a.m.)

- Height (8-12a.m.)

- Height (0-4p.m.)

- Height Inverse (0-4a.m. - Nice)

- Height Inverse (4-8a.m. - Nice)

- Height Inverse (8-12a.m. - Nice)

- Height Inverse (0-4a.m. - Lille)

- Height Inverse (4-8a.m. - Lille)

- Height Inverse (8-12a.m. - Lyon)

- Height Inverse (0-4a.m. - Paris)

- Height Inverse (8-12a.m. - Nantes)

- Height Inverse (0-4p.m. - Nantes) S

- Height Inverse (4-8p.m. - Nantes)

- Height Inverse (8-12p.m. - Marseille)

- Height Inverse (8-12p.m. - Strasbourg)

PM2.5 co 03 NO2 S02
(15) 3) (10) (14) 3)
0.122°**  0.092* 0.000  -0.161***  0.055
(0.039) (0.051) (0.024) (0.027) (0.044)
0.133°**  0.076*** 0.015 0.101***  -0.034
(0.025) (0.019) (0.019) 0.017)  (0.029)
20.090%**  -0.056** -0.004 -0.016 0.032
(0.030) (0.023) (0.019) 0.018)  (0.035)
0.024 0.063** 20020  0.087**  0.021
(0.029) (0.025) (0.018) (0.019) (0.035)
0.018 0.068°**  -0.035**  0.136***  0.020
(0.021) (0.023) (0.014) (0.018)  (0.026)
0.001 0.049***  0.082°**  0.018* 0.005
(0.015) (0.013) (0.011) (0.010) (0.020)
-0.026 -0.000 0.005 0011 -0.016
(0.020) (0.016) (0.017) 0.015)  (0.030)
0.096***  0.093*** 0.028 0.036** 0.007
(0.021) (0.021) (0.020) (0.014)  (0.026)
-0.026 0011 -0.002 -0.050* -0.004
(0.040) (0.035) (0.044) (0.027) (0.040)
0.031 -0.040 0.098** 0.046 -0.053
(0.059) (0.044) (0.044) (0.039)  (0.052)
0.042 0.012 -0.001 -0.034 0.023
(0.026) (0.023) (0.022) (0.023) (0.031)
0.011 0.004 -0.033** 0.014 0.052
(0.035) (0.017) (0.015) 0.016)  (0.037)
0.053 0.019 0.025 -0.003 0.042
(0.036) (0.016) (0.018) 0.016)  (0.033)
0.068***  -0.017 0.023** 0.031 0.013
(0.020) (0.020) (0.011) (0.019) (0.020)
0.079 0.056*** -0.001 0.064**  0.023
(0.053) (0.021) (0.025) 0.016)  (0.027)
-0.010 0.006 0.012 0.018*  -0.050**
(0.020) (0.014) (0.012) (0.011) (0.020)
0.047* 0.006 20026 0.024%* 0.024
(0.023) (0.015) (0.013) 0.012)  (0.016)
-0.010 -0.002 -0.008 0.008 0.011
(0.013) (0.013) (0.008) 0.011)  (0.014)
0.011 0.021 -0.013 0.058***  0.033
(0.018) (0.023) (0.018) 0.011)  (0.022)
0.003 0.013 0.001 0.054**  0.020
(0.014) (0.015) 0.013)  (0.016)

(0.012)
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Table A.4: Post Lasso First Stage : Air Pollutants, Instruments and Weather Controls (Part 1I)

PM2.5 CO 03 NO2 SO2
# Selected (15) 3) (10) (14) 3)
Thermal inversions
- Hours between 0 and 4a.m. -0.009 -0.020 0.020* 0.010 -0.009
(0.019) (0.015) (0.011) (0.011) (0.019)
- Hours between 8 and 12a.m. -0.013 -0.003 -0.048+** -0.009 -0.019
(0.018) (0.017) (0.011) (0.012) (0.024)
- Hours between 8 and 12p.m. -0.0347%** 0.002 -0.016%* 0.036%** 0.012
(0.012) (0.009) (0.007) (0.008) (0.018)
- Strength between 0 and 4a.m. 0.074%** 0.083##* -0.008 0.040%** 0.069*
(0.028) (0.027) (0.018) (0.016) (0.036)
- Strength between 4 and 8a.m. -0.060%* -0.082%%:* 0.037%* 0.002 0.013
(0.030) (0.029) (0.018) (0.017) (0.039)
Altitude Wind
- Zonal Wind (Layer 20) -0.121%%%  (,038%** 0.037%#:%* 0.052%#%*%  (,053%%*
(0.018) (0.011) (0.012) (0.011) (0.020)
- Zonal Wind (Layer 40) -0.016 -0.015 -0.006 -0.011 -0.032*
(0.017) (0.013) (0.011) (0.011) (0.018)
- Meridional Wind (Layer 32) 0.055%#* 0.020%* -0.015 -0.037%** -0.019
(0.014) (0.009) (0.009) (0.009) (0.015)
- Total Wind Strength (Layer 38) 0.012 -0.064 0.061 0.087 -0.015
(0.092) (0.060) (0.063) (0.060) (0.096)
- Total Wind Strength (Layer 39) -0.066 0.051 -0.068 -0.083 0.025
(0.094) (0.060) (0.065) (0.060) (0.099)
- Totla Wind Strength (Layer 45) -0.044** 0.004 -0.029* -0.009 -0.007
(0.020) (0.016) (0.016) (0.013) (0.022)
- Total Wind Strength (Layer 52) 0.001 -0.025 0.038:* -0.010 0.000
(0.020) (0.016) (0.013) (0.012) (0.021)
Altitude Pressure levels
- Average (Layer 25) 1.316%** 0.418%%:* -0.273%#* 0.420%#:* 0.416%%*
(0.155) (0.105) (0.092) (0.091) (0.152)
- Average Pressure (Layer 46) -0.075 -0.051 -0.137#%%  -0.115%%*  -0.118**
(0.060) (0.042) (0.034) (0.030) (0.048)
- Average Pressure (Layer 78) -0.063 -0.095%3#:* 0.057%%#:% -0.122%:%* -0.063
(0.043) (0.027) (0.021) (0.027) (0.043)

All variables are scaled with their in sample standard deviation. All regressions includes month-year and day-of-the-week fixed
effects, interacted with urban area fixed effects. Standard errors are clustered at the month-year-urban area level. Significance:
*p<0.1; **p<0.05; ***p<0.01
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Table A.5: Emergency Admissions for Respiratory Diseases: Causal effect of Air Pollutants in
Multi-Pollutant Models.

Models from I to 5 pollutants

Emergency Admissions for Respiratory Diseases per 100,000 inhabitants

1- 22 3 4 _5-

PM25  0.0006 | —0.0014 —0.0005 0.0022  —0.0004  0.0009
(0.0010) | (0.0015) (0.0019) (0.0020)  (0.0020)  (0.0024)
[16,095]

Co 0.0003*** 0.0007***  0.0007***  0.0004 0.0005**  0.0002
(0.0001) (0.0002)  (0.0002)  (0.0003) (0.0002)  (0.0003)
[14,109]

03 0.0039*** 0.0078***  0.0071*** 0.0060°* 0.0054"** 0.0064*** 0.0056***
(0.0010) (0.0013)  (0.0016)  (0.0016)  (0.0018)  (0.0017)  (0.0019)
[15,968]

NO2  0.0050*** 0.0014  0.0038*  0.0037  0.0026
(0.0015) (0.0027)  (0.0021)  (0.0024)  (0.0027)
[14,875]

SO2  0.0852*** | 0.1030*** 0.0878**  0.0760** 0.0957"**
0.0187) | (0.0253) (0.0310)  (0.0313) (0.0350)
[14,820]

Obs.  [in bracket] | 11,573 9,027 8,513 8,935 6,992 7,795 6,135

Inst. 35 35 35 35 35 35 35 35

This Table presents the results of post-clustered-lasso IV models. In column labeled 1, each coefficient corresponds to a separate regression with one
pollutant. Other columns correspond to a multi-pollutants regression. All regressions use the 35 instruments of the baseline model. Significance:

*p<0.1; **p<0.05; ***p<0.01
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Table A.6: Emergency Admissions for Cardiovascular Diseases: Causal effect of Air Pollutants
in Multi-Pollutant Models.

Emergency Admissions for Cardiovascular Diseases per 100,000 inhabitants

Models from 1 to 5 pollutants

-1- | -2- -3- -4- -5-

PM2.5  0.0002 0.0011 —0.0007 0.0026  —0.0007  0.0008
(0.0008) | (0.0011) (0.0015) (0.0016)  (0.0017)  (0.0021)
[16,095]

Cco 0.0002*** 0.0003***  0.0004** 0.0007*** 0.0007***  0.0007***
(0.0001) (0.0001)  (0.0002)  (0.0002) (0.0002)  (0.0003)
[14,109]

03 0.0007 0.0010  0.0004  0.0026* 0.0022  0.0014 0.0020
(0.0009) (0.0013)  (0.0015) (0.0014) (0.0016) (0.0017)  (0.0018)
[15,968]

NO2 0.0022** —0.0019  0.0019 —0.0024 —0.0028
(0.0011) (0.0024)  (0.0019)  (0.0023)  (0.0026)
[14,875]

SO2 0.0025 | —0.0100 —0.0284 —0.0237 —0.0250
(0.0151) | (0.0221) (0.0293)  (0.0295) (0.0342)
[14,820]

Obs.  [in bracket] | 11,573 9,027 8,513 8,935 6,992 7,795 6,135

Inst. 35 35 35 35 35 35 35 35

This Table presents the results of post-clustered-lasso IV models. In column labeled 1, each coefficient corresponds to a separate regression
with one pollutant. Other columns correspond to a multi-pollutants regression. All regressions use the 35 instruments of the baseline model.
Significance: *p<0.1; **p<0.05; ***p<0.01
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Table A.7: Mortality Rate for at least a Cardiovascular cause: Causal effect of Air Pollutants in
Multi-Pollutant Models.

Mortality (Cardiovascular cause) per 100,000 inhabitants

Models from I to 5 pollutants

-1- | -2- -3- -4- -5-

PM2.5  0.0028"** | 0.0024*** 0.0029** 0.0033**  0.0039"**  0.0042***
(0.0007) | (0.0009) (0.0014) (0.0013)  (0.0015)  (0.0016)
[16,095]

Cco 0.0002*** 0.0003**  0.0001  0.0003* —0.00003  0.0001
(0.0001) (0.0001)  (0.0001) (0.0002) (0.0002)  (0.0002)
[14,109]

03 —0.0008 0.0008  0.0008  0.0008  0.0004  0.0006 0.0012
(0.0007) (0.0009) (0.0012) (0.0012) (0.0013) (0.0013)  (0.0015)
[15,968]

NO2  0.0024** —0.0003  0.0007  0.0023 0.0007
(0.0008) (0.0017) (0.0014) (0.0017)  (0.0019)
[ 14,875]

SO2 0.0407** | 0.0267* 0.0333  0.0328 0.0196
(0.0111) | (0.0159) (0.0204)  (0.0216) (0.0238)
[14,820]

Obs.  [in bracket] | 11,573 9,027 8,513 8,935 6,992 7,795 6,135

Inst. 35 35 35 35 35 35 35 35

This Table presents the results of post-clustered-lasso IV models. In column labeled 1, each coefficient corresponds to a separate regression
with one pollutant. Other columns correspond to a multi-pollutants regression. All regressions use the 35 instruments of the baseline model.
Significance: *p<0.1; **p<0.05; ***p<0.01
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Table A.8: Mortality Rate for at least a Respiratory cause: Causal effect of Air Pollutants in
Multi-Pollutant Models.

Mortality (Respiratory cause) per 100,000 inhabitants

Models from 1 to 5 pollutants

-1- | -2- -3- -4 - -5-

PM2.5  0.0025** | 0.0019*** 0.0023*** 0.0019**  0.0024**  0.0019*
(0.0004) | (0.0006) (0.0009) (0.0009)  (0.0010) (0.0011)
[16,095]

Cco 0.0002*** 0.0002**  0.0001  0.0002* 0.00004  0.0001
(0.0001) (0.0001)  (0.0001)  (0.0001) (0.0001)  (0.0001)
[14,109]

03 —0.0014*** —0.0001  0.0003 —0.0006 —0.0010 —0.0001 —0.0007
(0.0005) (0.0007)  (0.0008)  (0.0008) (0.0009) (0.0009) (0.0010)
[15,968]

NO2 0.0031*** —0.0007 0.0012  0.0016  0.0004
(0.0006) (0.0014)  (0.0009) (0.0013) (0.0014)
[14,875]

SO2 0.0316** | 0.0230** 0.0361**  0.0305** 0.0381**
(0.0081) | (0.0109) (0.0142)  (0.0148) (0.0159)
[14,820]

Obs.  [inbracket] | 11,573 9,027 8,513 8,935 6,992 7,795 6,135

Inst. 35 35 35 35 35 35 35 35

This Table presents the results of post-clustered-lasso IV models. In column labeled 1, each coefficient corresponds to a separate regression
with one pollutant. Other columns correspond to a multi-pollutants regression. All regressions use the 35 instruments of the baseline model.
Significance: *p<0.1; **p<0.05; ***p<0.01

65



Table A.9: Main Results and Wild-bootstrap p-values.

66

Dependent variable:

(Respiratory) (Cardiovascular)  (Cardiovascular)  (Respiratory)
PM2.5 0.0009 0.0008 0.0042 0.0019
(Baseline) p=0.7118 p =0.6828 p=0.0091** p =0.0957
(Wild Bootstrap) p=0.7778 p =0.7257 p = 0.0020*** p=0.1772
CO 0.0002 0.0007 0.0001 0.0001
(Baseline) p=0.4215 p=0.0091** p=0.4221 p=0.5526
(Wild Bootstrap) p =0.4204 p=0.0170* p =0.5596 p=0.5195
03 0.0056 0.0020 0.0012 —0.0007
(Baseline) p = 0.0039** p =0.2831 p =0.3945 p=0.5115
(Wild Bootstrap)  p = 0.0000*** p=0.3403 p=0.3634 p=0.4434
NO2 0.0026 —0.0028 0.0007 0.0004
(Baseline) p=0.3398 p=0.2841 p=0.6991 p=0.7787
(Wild Bootstrap) p=0.5015 p=0.0791 p=0.7077 p =0.7497
SO2 0.0957 —0.0250 0.0196 0.0381
(Baseline) p = 0.0063** p =0.4642 p = 0.4082 p=0.0166"
(Wild Bootstrap) p=0.0190* p =0.5405 p =0.5245 p =0.0390
Observations 6,135 6,135 6,135 6,135

Baseline p-values p are obtained by clustering by month-year-city cells and are compared to p-values obtained using an alternative wild-
bootstrap inference. They are built with 1,000 bootstrap samples by bootstrapping by city and clustering standard errors by city. In this
Table, we correct significance for testing 5 hypothesis - that is one per pollutant - separately for each outcome, using the Bonferroni-Holm
method. * Null rejected with FWER<O0.1; ** FWER<0.05



Table A.10: Causal effect of Air Pollutants on Mortality and Morbidity with Weather
Controls.

Multi Pollutant IV-Lasso Models

Emergency Admissions Mortality
Respiratory Cardiovascular Digestive Respiratory Cardiovascular Digestive
PM2.5 0.0009 0.0008 —0.0036* 0.0019* 0.0042*** 0.0010
(0.0024) (0.0021) (0.0018) (0.0011) (0.0016) (0.0007)
Cco 0.0002 0.0007*** —0.0001 0.0001 0.0001 —0.00002
(0.0003) (0.0003) (0.0002) (0.0001) (0.0002) (0.0001)
03 0.0056*** 0.0020 —0.0026 —0.0007 0.0012 0.0006
(0.0019) (0.0018) (0.0017) (0.0010) (0.0015) (0.0006)
SO2 0.0957*** —0.0250 —0.0049 0.0381** 0.0196 —0.0020
(0.0350) (0.0342) (0.0296) (0.0159) (0.0238) (0.0109)
NO2 0.0026 —0.0028 0.0010 0.0004 0.0007 —0.0007
(0.0027) (0.0026) (0.0021) (0.0014) (0.0019) (0.0008)
Snow —0.0030 0.0092 0.0036 0.0014 0.0125*** 0.0023
(0.0066) (0.0065) (0.0059) (0.0036) (0.0045) (0.0020)
Precipitations —0.1695*** —0.0048 —0.0192 —0.0026 0.0722* 0.0135
(0.0496) (0.0513) (0.0447) (0.0298) (0.0396) (0.0181)
Precipitations? 0.0331 —0.0218 —0.0471 0.0308 —0.0371 0.0066
(0.0347) (0.0305) (0.0306) (0.0206) (0.0252) (0.0158)
Temperature 0.0012 0.0004 0.0036 0.0075*** 0.0029 —0.0002
(0.0033) (0.0030) (0.0028) (0.0018) (0.0024) (0.0010)
Temperature? —0.0005 —0.0005 0.0002 —0.0003 —0.0006* 0.0002
(0.0004) (0.0004) (0.0004) (0.0002) (0.0003) (0.0001)
Wind strength 0.0121 0.0078 —0.0003 0.0079 0.0049 —0.0048*
(0.0099) (0.0092) (0.0077) (0.0048) (0.0069) (0.0027)
Wind strength? —0.0008 —0.0010 —0.0007 —0.0002 0.0002 —0.000004
(0.0010) (0.0010) (0.0008) (0.0005) (0.0007) (0.0003)
Humidity 0.0062*** 0.0002 —0.0027** —0.0005 —0.0004 0.0001
(0.0017) (0.0016) (0.0013) (0.0009) (0.0013) (0.0005)
Humidity? 0.0001* —0.00001 —0.00002 0.000003 —0.00002 —0.00003**
(0.00005) (0.00004) (0.00004) (0.00003) (0.00003) (0.00001)
Sunlight —0.0011*** —0.0001 —0.0007* —0.0007*** —0.0009*** —0.0001
(0.0004) (0.0004) (0.0004) (0.0002) (0.0003) (0.0001)
Observations [6,135] [6,135] [6,135] [6,135] [6,135] [6,135]
Instruments 35 35 35 35 35 35

This Table presents the main results of post-clustered-lasso IV models with weather controls. Significance: *p<0.1;
**p<0.05; ***p<0.01
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8 Online Appendix

Table B.1: Instruments list.

Specification Dimensions

Planetary Boundary Layer 74
- Height Daily average, 6 moments of the day -7
- Height Inverse Daily average, 6 moments of the day -7

Per urban area, 6 moments of the day - 60
Thermal inversions 14
- #Hours Daily average, and for 6 moments of the day -7
- Strength Daily average, and for 6 moments of the day -7
“Layered” Variables 240
- Zonal wind Daily Average for 60 altitude layers - 60
- Meridional wind Daily Average for 60 altitude layers - 60
- Total strength Daily Average for 60 altitude layers - 60
- Altitude Pressure levels Daily Average for 60 altitude layers - 60
Total 328
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Figure B.1: Pollutant concentrations and Inverse Planetary Boundary Layer Height: Raw Cor-

relations.

Note: On top of the regression line, for each quantile from p5 to p95 of unusual inverse

boundary layer height, are represented the mean of unusual pollutant concentration.



Table B.2: Causal effect of Air Pollutants on Health Outcomes. Robustness checks to the specification
of the Initial Set of Instruments.

Emergency admissions

Respiratory Diseases

Cardiovascular Diseases

@ (@) [€)) ) ® @ (@) 3) @ (6)
PM2.5 0.0009 0.0009 0.0004 0.0009 0.0022 0.0008 0.0007 —0.0005 0.0008 0.0019
(0.0024)  (0.0024) (0.0028) (0.0023) (0.0023) (0.0021)  (0.0021) (0.0021) (0.0021) (0.0021)
Cco 0.0002 0.0002 0.0003 0.0002 0.0002 0.0007***  0.0006** 0.0008***  0.0007***  0.0006**
(0.0003)  (0.0003) (0.0003) (0.0003) (0.0003) (0.0003)  (0.0002) (0.0003) (0.0003) (0.0003)
03 0.0056***  0.0057*** 0.0051** 0.0056***  0.0050** 0.0020 0.0014 0.0006 0.0019 0.0019
(0.0019)  (0.0019) (0.0025) (0.0019) (0.0020) (0.0018)  (0.0018) (0.0019) (0.0019) (0.0020)
NO2 0.0026 0.0027 —0.0016 0.0024 0.0024 —0.0028  —0.0021 —0.0057 —0.0027 —0.0031
(0.0027)  (0.0027) (0.0042) (0.0027) (0.0026) (0.0026)  (0.0026) (0.0035) (0.0026) (0.0026)
SO2 0.0957*** 0.0882***  0.2000***  0.0951*** 0.0678* —0.0250  —0.0310 0.0315 —0.0240 —0.0349
(0.0350)  (0.0335) (0.0721) (0.0348) (0.0361) (0.0342)  (0.0334) (0.0531) (0.0345) (0.0346)
Instruments Ref Ref + Ref - Ref + Ref - Ref Ref + Ref - Ref + Ref -
City x TI City x IPBLH Humidity Alt. Pressure City x TI City x IPBLH Humidity Alt. Pressure
Full Set 328 388 268 388 268 328 388 268 388 268
Selected Set 35 38 24 36 32 35 38 24 36 32
Obs. 6,135 6,135 6,135 6,135 6,135 6,135 6,135 6,135 6,135 6,135
Mortality with Respiratory Causes Mortality with Cardiovascular Causes
€)) (@) 3 ) ®) 1) 2 3) @ ®)
PM2.5 0.0019* 0.0017 0.0022* 0.0019* 0.0018* 0.0042*** 0.0043***  0.0047***  0.0043***  0.0043***
(0.0011)  (0.0011) (0.0012) (0.0011) (0.0011) (0.0016)  (0.0016) (0.0017) (0.0016) (0.0016)
Cco 0.0001 0.00004 0.00002 0.0001 0.0002 0.0001 0.0001 0.0001 0.0002 0.0002
(0.0001)  (0.0001) (0.0001) (0.0001) (0.0001) (0.0002)  (0.0002) (0.0002) (0.0002) (0.0002)
03 —0.0007  —0.0009 —0.0004 —0.0007 —0.0003 0.0012 0.0012 0.0016 0.0013 0.0016
(0.0010)  (0.0010) (0.0011) (0.0010) (0.0010) (0.0015)  (0.0014) (0.0015) (0.0015) (0.0016)
NO2 0.0004 0.0006 0.0015 0.0004 0.00004 0.0007 0.0013 0.0011 0.0007 0.00004
(0.0014)  (0.0014) (0.0018) (0.0014) (0.0014) (0.0019)  (0.0019) (0.0024) (0.0019) (0.0019)
SO2 0.0381**  0.0351** 0.0192 0.0382** 0.0325** 0.0196 0.0099 0.0141 0.0177 0.0164
(0.0159)  (0.0153) (0.0271) (0.0159) (0.0160) (0.0238)  (0.0229) (0.0399) (0.0241) (0.0244)
Instruments Ref Ref + Ref - Ref + Ref - Ref Ref + Ref - Ref + Ref -
City x TI City x IPBLH Humidity Alt. Pressure City x TI City x IPBLH Humidity Alt. Pressure
Full Set 328 388 268 388 268 328 388 268 388 268
Selected 35 38 24 36 32 35 38 24 36 32
Obs. 6,135 6,135 6,135 6,135 6,135 6,135 6,135 6,135 6,135 6,135

This Table presents the results of post-clustered-lasso IV models. We vary the initial set of instruments to compare with the reference presented in column
(1). In column (2), we add the interactions between city and thermal inversions by moment of the day (6 moments of the day times 10 cities). In columns
(3), we withdraw IBLH’s same 60 interactions. In column (4), we add humidity measured in 60 altitude layers. In column (4), we withdraw altitude
pressure variables measured in 60 altitude layers. Standard errors are clustered at the month-year-urban area level. Significance: *p<0.1; **p<0.05;
***p<0.01
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Table B.3: Causal effect of Air Pollutants on Health Outcomes: Robustness Checks by Adding

Successively Weather Controls.

Emergency admissions

Respiratory Diseases

Cardiovascular Diseases

@ @ 3 ) (6] @ @ 3 ) ()
PM2.5 0.0011 0.0011 0.0007 0.0009 0.0009 0.0007 0.0008 0.0005 0.0005 0.0008
(0.0025)  (0.0025)  (0.0025)  (0.0024)  (0.0024) (0.0021) (0.0021) (0.0021) (0.0020)  (0.0021)
Cco 0.0001 0.0002 0.0002 0.0002 0.0002  0.0006** 0.0006** 0.0007** 0.0007** 0.0007***
(0.0003)  (0.0003)  (0.0003)  (0.0003)  (0.0003) (0.0003) (0.0003) (0.0003) (0.0003) (0.0003)
03 0.0056*** 0.0058*** 0.0058*** 0.0054*** 0.0056***  0.0023 0.0023 0.0023 0.0021 0.0020
(0.0018)  (0.0019)  (0.0019)  (0.0019)  (0.0019) (0.0017) (0.0017) (0.0018) (0.0018)  (0.0018)
NO2 0.0015 0.0017 0.0010 0.0024 0.0026  —0.0030 —0.0034 —0.0037* —0.0030 —0.0028
(0.0022)  (0.0023)  (0.0022)  (0.0027)  (0.0027) (0.0023) (0.0022) (0.0022) (0.0026)  (0.0026)
SO2 0.0834**  0.0998*** 0.1024*** 0.0972*** 0.0957*** —0.0298 —0.0198 —0.0228 —0.0244 —0.0250
(0.0334)  (0.0341)  (0.0348)  (0.0351)  (0.0350) (0.0336) (0.0336) (0.0339) (0.0340) (0.0342)
Temperature 1 1 1 1 Ref. 1 1 1 1 Ref.
Humidity 1 1 1 1 Ref. 1 1 1 1 Ref.
Sunlight 0 1 1 1 Ref. 0 1 1 1 Ref.
Precipitations 0 0 1 1 Ref. 0 0 1 1 Ref.
Wind Strength 0 0 0 1 Ref. 0 0 0 1 Ref.
Observations 6,236 6,177 6,156 6,135 6,135 6,236 6,177 6,156 6,135 6,135
Mortality with Respiratory Causes Mortality with Cardiovascular Causes
@ @ 3 (C)) (©) @ (@) 3 @ (&)
PM2.5 0.0014 0.0016 0.0018 0.0019* 0.0019*  0.0031*  0.0032*  0.0034** 0.0039** 0.0042***
(0.0011)  (0.0012)  (0.0012)  (0.0011)  (0.0011) (0.0016) (0.0017) (0.0017) (0.0016) (0.0016)
Cco 0.0001 0.0001 0.0001 0.0001 0.0001 0.0002 0.0002 0.0002 0.0002 0.0001
(0.0001)  (0.0001)  (0.0001)  (0.0001)  (0.0001) (0.0002) (0.0002) (0.0002) (0.0002) (0.0002)
03 —0.0003  —0.0001  —0.0002 —0.0008 —0.0007  0.0019 0.0020 0.0019 0.0014 0.0012
(0.0009)  (0.0009)  (0.0010)  (0.0010)  (0.0010) (0.0013) (0.0013) (0.0014) (0.0014)  (0.0015)
NO2 —0.0010  —0.0005  —0.0005 0.0004 0.0004  —0.0002  0.0006 0.0006 0.0008 0.0007
(0.0012)  (0.0012)  (0.0012)  (0.0014)  (0.0014) (0.0016) (0.0016) (0.0016) (0.0019)  (0.0019)
SO2 0.0368**  0.0396**  0.0405**  0.0374** 0.0381**  0.0174 0.0147 0.0161 0.0188 0.0196
(0.0153)  (0.0159)  (0.0158)  (0.0158)  (0.0159) (0.0230) (0.0235) (0.0235) (0.0238)  (0.0238)
Temperature 1 1 1 1 Ref. 1 1 1 1 Ref.
Humidity 1 1 1 1 Ref. 1 1 1 1 Ref.
Sunlight 0 1 1 1 Ref. 0 1 1 1 Ref.
Precipitations 0 0 1 1 Ref. 0 0 1 1 Ref.
Wind Strength 0 0 0 1 Ref. 0 0 0 1 Ref.
Observations 6,236 6,177 6,156 6,135 6,135 6,236 6,177 6,156 6,135 6,135

This Table presents the results of post-clustered-lasso IV models. We vary the initial set of linear weather controls by adding controls one by
one to compare with the reference presented in column (1). All variables are first regressed on month-year and day-of-the-week fixed effects
both interacted with urban area fixed effects and then replaced by the corresponding residuals. A first step of per-pollutant clustered-lasso
selection is performed, conditional on various weather variables which are forced into the model (no selection), selected instruments are then
pooled and enter a regular IV estimations with the same weather controls. Standard errors are clustered at the month-year-urban area level.

Significance: *p<0.1; **p<0.05; ***p<0.01
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Table B.4: Causal effect of Air Pollutants Daily-Minimum and Daily-
Maximum. Post-Lasso IVs.

Panel A: Daily Maximum
Emergency Admissions Mortality
Respiratory ~ Cardiovascular ~ Respiratory = Cardiovascular

PM2.5 —0.0006 0.0005 0.0017** 0.0032***
(0.0016) (0.0014) (0.0007) (0.0010)
CO 0.0002 0.0001 0.00004 —0.000004
(0.0002) (0.0002) (0.0001) (0.0001)
03 0.0035** —0.0012 —0.0003 0.0005
(0.0016) (0.0016) (0.0007) (0.0011)
NO2 —0.0025 0.0012 —0.0001 —0.00001
(0.0025) (0.0022) (0.0011) (0.0016)
SO2 0.0215** —0.0081 0.0062 0.0051
(0.0097) (0.0090) (0.0044) (0.0068)
Observations [6,135] [6,135] [6,135] [6,135]
Instruments 31 31 31 31

Panel B: Daily Minimum
Emergency Admissions Mortality
Respiratory ~ Cardiovascular ~ Respiratory  Cardiovascular

PM2.5 —0.0062 —0.0004 —0.0003 0.0035
(0.0043) (0.0039) (0.0020) (0.0029)
CcO 0.0004 0.0012** —0.00004 —0.0004
(0.0005) (0.0005) (0.0003) (0.0004)
03 —0.0015 —0.0004 0.0002 0.0009
(0.0023) (0.0021) (0.0012) (0.0016)
NO2 0.0016 —0.0074 0.0061** 0.0061
(0.0056) (0.0051) (0.0028) (0.0038)
SO2 0.1422 —0.0156 0.0757 0.0698
(0.1352) (0.1270) (0.0605) (0.0772)
Observations [6,135] [6,135] [6,135] [6,135]
Instruments 38 38 38 38

This Table presents the results of post-clustered-lasso IV models. Significance: *p<0.1; **p<0.05;
EETS
p<0.01



Table B.5: Mortality From at Least One Respiratory Cause. From Single-pollutant
to Multi-pollutant Models, Sample and Instruments Selection.

Mortality rate (Respiratory)
Models with 1 or 5 pollutants

-1- -1- -1- -5-
PM2.5 0.0026*** 0.0032%** 0.0035*** 0.0019*
(0.0005) (0.0008) (0.0008) (0.0011)
CO 0.0002*** 0.0004*** 0.0003*** 0.0001
(0.00005) (0.0001) (0.0001) (0.0001)
03 —0.0016*** —0.0021*** —0.0022*** —0.0007
(0.0005) (0.0007) (0.0008) (0.0010)
NO2 0.0035*** 0.0036*** 0.0042*** 0.0004
(0.0006) (0.0011) (0.0011) (0.0014)
SO2 0.0289*** 0.0680*** 0.0718*** 0.0381**
(0.0075) (0.0179) (0.0178) (0.0159)
Sample (Ap) or (B)
Estimation (Ap) (B) B) B)
Instruments Selection (Ap) (Ap) (B) (B)
Model features
Distinct IVs 5 5 5 1
Observations 14109 to 16095 6135 6135 6135
Instruments 19;17;17;20;9 19;17;17;20;9 15;3;10;14;3 35

Notes: Except for the last column, each coefficient is derived from a separate single-pollutant model. The last column
corresponds to a multi-pollutant model. Samples (Ap) are pollutant-specific: each sample corresponds to the sample
where the given pollutant concentration is not missing. Sample (B) is the sample where none of the five pollutants is
missing. First, we partial out fixed effects: all variables are first regressed on month-year and day-of-the-week fixed
effects both interacted with urban area fixed effects and then replaced by the corresponding residuals. A first step of
per-pollutant lasso selection is performed on the instrument selection sample, conditional on weather variables which
are forced into the model (no selection), selected instruments are then pooled and enter a regular IV estimations on the
estimation sample. Standard errors are clustered at the month-year-urban area level. Significance: *p<0.1; **p<0.05;
***p<0.01
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Table B.6: Mortality From at Least One Cardiovascular Cause. From Single-
pollutant to Multi-pollutant Models, Sample and Instruments Selection.

Mortality rate (Cardiovascular)
Models with 1 or 5 pollutants

-1- -1- -1- -5-
PM2.5 0.0029*** 0.0048*** 0.0045*** 0.0042%**
(0.0007) (0.0011) (0.0011) (0.0016)
CO 0.0002*** 0.0004*** 0.0004*** 0.0001
(0.0001) (0.0001) (0.0001) (0.0002)
03 —0.0006 —0.0017* —0.0016 0.0012
(0.0007) (0.0010) (0.0012) (0.0015)
NO2 0.0030*** 0.0055*** 0.0055*** 0.0007
(0.0009) (0.0014) (0.0016) (0.0019)
SO2 0.0366™** 0.0775*** 0.0659** 0.0196
(0.0105) (0.0258) (0.0262) (0.0238)
Sample (Ap) or (B)
Estimation (Ap) (B) B) B)
Instruments Selection (Ap) (Ap) (B) (B)
Model features
Distinct IVs 5 5 5 1
Observations 14109 to 16095 6135 6135 6135
Instruments 19;17;17;20;9 19;17;17;20;9 15;3;10;14;3 35

Notes: Except for the last column, each coefficient is derived from a separate single-pollutant model. The last column
corresponds to a multi-pollutant model. Samples (Ap) are pollutant-specific: each sample corresponds to the sample
where the given pollutant concentration is not missing. Sample (B) is the sample where none of the five pollutants is
missing. First, we partial out fixed effects: all variables are first regressed on month-year and day-of-the-week fixed
effects both interacted with urban area fixed effects and then replaced by the corresponding residuals. A first step of
per-pollutant lasso selection is performed on the instrument selection sample, conditional on weather variables which
are forced into the model (no selection), selected instruments are then pooled and enter a regular IV estimations on the
estimation sample. Standard errors are clustered at the month-year-urban area level. Significance: *p<0.1; **p<0.05;
***p<0.01
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Table B.7: Emergency admissions for respiratory diseases. From single-pollutant
to multi-pollutant models: sample and instruments selection.

Emergency admissions for respiratory diseases
Models with 1 or 5 pollutants

-1- -1- -1- -5-
PM2.5 0.0005 0.0012 0.0007 0.0009
(0.0010) (0.0018) (0.0018) (0.0024)
CO 0.0002** 0.0004** 0.0003 0.0002
(0.0001) (0.0002) (0.0002) (0.0003)
03 0.0035*** 0.0031** 0.0038** 0.0056***
(0.0010) (0.0014) (0.0015) (0.0019)
NO2 0.0033** 0.0048** 0.0063*** 0.0026
(0.0015) (0.0019) (0.0021) (0.0027)
SO2 0.0644*** 0.0873** 0.0840** 0.0957***
(0.0188) (0.0382) (0.0385) (0.0350)
Sample (Ap) or (B)
Estimation (Ap) (B) B) B)
Instruments Selection (Ap) (Ap) (B) (B)
Model features
Distinct IVs 5 5 5 1
Observations 14109 to 16095 6135 6135 6135
Instruments 19;17;17;20;9 19;17;17;20;9 15;3;10;14;3 35

Notes: Except for the last column, each coefficient is derived from a separate single-pollutant model. The last column
corresponds to a multi-pollutant model. Samples (Ap) are pollutant-specific: each sample corresponds to the sample
where the given pollutant concentration is not missing. Sample (B) is the sample where none of the five pollutants is
missing. First, we partial out fixed effects: all variables are first regressed on month-year and day-of-the-week fixed
effects both interacted with urban area fixed effects and then replaced by the corresponding residuals. A first step of
per-pollutant lasso selection is performed on the instrument selection sample, conditional on weather variables which
are forced into the model (no selection), selected instruments are then pooled and enter a regular IV estimations on the
estimation sample. Standard errors are clustered at the month-year-urban area level. Significance: *p<0.1; **p<0.05;
***p<0.01
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Table B.8: Emergency admissions for cardiovascular diseases. From single-pollutant
to multi-pollutant models: sample and instruments selection.

Emergency admissions for cardiovascular diseases

Pollutant in the model: (D) (D) (D) ®))
PM2.5 0.0001 0.0019 0.0018 0.0008
(0.0008) (0.0016) (0.0015) (0.0021)
(6[0) 0.0002** 0.0004** 0.0004* 0.0007***
(0.0001) (0.0002) (0.0002) (0.0003)
03 0.0009 0.0002 0.0003 0.0020
(0.0009) (0.0015) (0.0016) (0.0018)
NO2 0.0023* 0.0030 0.0040** —0.0028
(0.0012) (0.0019) (0.0020) (0.0026)
SO2 0.0055 —0.0127 —0.0242 —0.0250
(0.0143) (0.0339) (0.0379) (0.0342)
Sample (Ap) or (B)
Estimation (Ap) B) (B) B)
Instruments Selection (Ap) (Ap) B) (B)
Model features
Distinct IVs 5 5 5 1
Observations 14109 to 16095 6135 6135 6135
Instruments 19;17;17;20;9 19;17;17;20;9 15;3;10;14;3 35

Notes: Except for the last column, each coefficient is derived from a separate single-pollutant model. The last column
corresponds to a multi-pollutant model. Samples (Ap) are pollutant-specific: each sample corresponds to the sample where
the given pollutant concentration is not missing. Sample (B) is the sample where none of the five pollutants is missing.
First, we partial out fixed effects: all variables are first regressed on month-year and day-of-the-week fixed effects both
interacted with urban area fixed effects and then replaced by the corresponding residuals. A first step of per-pollutant
lasso selection is performed on the instrument selection sample, conditional on weather variables which are forced into
the model (no selection), selected instruments are then pooled and enter a regular IV estimations on the estimation sample.
Standard errors are clustered at the month-year-urban area level. Significance: *p<0.1; **p<0.05; ***p<0.01
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Table B.9: Causal effect of Air Pollutants on Emergency Admissions Outcomes By Age Group.
Post-Lasso IVs models.

Emergency Admissions for Respiratory Diseases

(0-4) (5-14) (15-59) (60-79) (= 80) (0-4) (5-14) (15-59) (60-79) (> 80)

03 0.027 0.001 0002  0.012* 0.015 0.021*  0.003**  0001*  0.006**  0.021**
p=0.111 p=0738 p=0150 p=0016 p=0397 p=0071 p=0046 p=0054 p=0032 p=0.030

S02 0.702%* 0.036 0.001 0069  0.783**  0.428**  0.062** 0.017 0.063  0.574%**
p=0025 p=0513 p=0977 p=0472 p=0015 p=0028 p=0046 p=0.147 p=0227 p=0.002

PM2.5 —0.013 —0.003 0.001 0.009* 0.001
p=0545 p=0329 p=0705 p=0.085 p=0.950

co —0.001  0.0005  0.00002 0.0l 0.002
p=0578 p=0254 p=0899 p=0382 p=0335

NO2 0.055**  0.0001 0.002 —0.004  —0.031
p=0017 p=0984 p=0315 p=0561 p=0217

Observations 6,135 6,135 6,135 6,135 6,135 11,416 11,416 11,416 11,416 11,416
Mean Dep. Var 5.5 0.5 0.5 1.9 7.3 5.5 0.5 0.5 1.9 7.3
Instruments 35 35 35 35 35 26 26 26 26 26
Emergency Admissions for Cardiovascular Diseases
(0-14) (15-59) (60-79) (> 80) (0-14) (15-59) (60-79) (> 80)

Cco —0.00004 0.0002 0.001 0.007* 0.00004 0.00004 —0.0003  0.004***

p=0.816 p=0.115 p=0.113 p=0.055 p=0481 p=0457 p=0416 p=0.002
PM2.5 0.001 —0.001 —0.009 0.037

p=0680 p=0.648 p=0189 p=0.182

03 —0.001 00003  0.0003 0.032
p=0335 p=0813 p=0964 p=0.168

NO2 —0001  —0.001  —0.002  —0.035
p=0527 p=0625 p=0818 p=0.288

S02 0.002 —0.018 0.021 —0.107
p=0951 p=0427 p=0843 p=0.802

Observations 6,135 6,135 6,135 6,135 14,109 14,109 14,109 14,109
Mean Dep. Var 0.1 0.6 3.5 13.2 0.1 0.6 3.5 13.2
Instruments 35 35 35 35 17 17 17 17

Note: Each column correspond to a multi-pollutants post-clustered-lasso I'V-regression. Before all regressions, we partial out fixed effects. All
variables are first regressed on month-year and day-of-the-week fixed effects both interacted with urban area fixed effects and then replaced by the
corresponding residuals. A first step of per-pollutant lasso selection is performed, conditional on weather variables which are forced into the model
(no selection), selected instruments are then pooled and enter a regular IV estimations. Standard errors are clustered at the month-year-city level.
Significance: *p<0.1; **p<0.05; ***p<0.01
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Table B.10: Causal effect of Air Pollutants on Mortality By Age Group. Post-
Lasso IVs models.

Emergency Admissions for the Mortality Rate
(0-14) (15-59) (60-79) (> 80) (0-14) (15-59) (60-79) (> 80)

PM2.5 0.0002 0.001 0.013* 0.047 0.0004 0.001 0005  0.052%**
p=0899 p=0526 p=0056 p=0.149 p=0564 p=0.163 p=0306 p=0.007

S02 0.012 0.019 0.025 1.020%* 0.006 0.002 0.083 0.411
p=0535 p=0360 p=0830 p=0050 p=0598 p=0.893 p=0195 p=0.153

co 0.0001  0.00002  —0.0001  0.003
p=0536 p=0888 p=0900 p=0414

03 —0.0004  —0.001  —0.003 0.012
p=0764 p=0352 p=0633 p=0.684

NO2 —0.003*  —0.002 0.006 —0.002
p=0089 p=0349 p=0521 p=0.966

Observations 6,135 6,135 6,135 6,135 11,487 11,487 11,487 11,487
Mean Dep. Var 0.1 0.5 4 22.1 0.1 0.5 4 22.1
Instruments 35 35 35 35 27 27 27 27

Note: Each column correspond to a multi-pollutants post-clustered-lasso IV-regression. Before all regressions, we partial
out fixed effects. All variables are first regressed on month-year and day-of-the-week fixed effects both interacted with
urban area fixed effects and then replaced by the corresponding residuals. A first step of per-pollutant lasso selection
is performed, conditional on weather variables which are forced into the model (no selection), selected instruments are
then pooled and enter a regular IV estimations. Standard errors are clustered at the month-year-city level. Significance:
*p<0.1; **p<0.05; ***p<0.01
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Table B.11: Lagged effects. Post-lasso IVs.

Respiratory Emergencies ~ Cardiovascular Emergencies ~ Cardiovascular Mortality Respiratory Mortality

(D 2 3) 4 ) (6) (@) (3
03 (t+1) 0.0003
(0.0023)
03 (1) 0.0041** 0.0015
(0.0019) (0.0022)
03 (t-1) 0.0008 —0.0003
(0.0019) (0.0011)
03 (1-2) 0.0008
(0.0017)
CO (t+1) —0.0001
(0.0002)
Co (v 0.0006** 0.0002** 0.0003*
(0.0003) (0.0001) (0.0002)
CO (t-1) 0.0002 0.00003 0.00001
(0.0003) (0.0001) (0.0001)
CO (t-2) 0.0002 —0.00002
(0.0003) (0.0001)
PM2.5 (t+1) —0.0001
(0.0020)
PM2.5 (1) 0.0037** 0.0042*
(0.0015) (0.0024)
PM2.5 (t-1) —0.0006  —0.0011
(0.0016) (0.0019)
PM2.5 (t-2) —0.0007  —0.0002
(0.0012) (0.0014)
SO2 (t+1) 0.0367 —0.0078 0.0035
(0.0469) (0.0238) (0.0155)
S02 () 0.0463* 0.0378 0.0032 0.0053 0.0211**  0.0203*
(0.0277) (0.0328) (0.0183) (0.0203) 0.0101)  (0.0119)
SO2 (t-1) ~0.0012 0.0010 0.0053 0.0126 0.0058 0.0054
(0.0258) (0.0184) (0.0159) (0.0183) (0.0095)  (0.0102)
SO2 (t-2) 0.0052 0.0067 —0.0028  —0.0002  —0.0015
(0.0285) (0.0145) (0.0149) (0.0090)  (0.0092)
NO2 (t-1)
NO2 () —0.0007
(0.0036)
NO2 (t-1) —0.0011
(0.0036)
NO2 (t-2) —0.0021
(0.0027)
Observations 4,144 3,652 11,676 11,672 6,885 5,783 10,963 10,036

Before all regressions, we partial out fixed effects. All variables are first regressed on month-year and day-of-the-week fixed effects both interacted with urban area fixed effects
and then replaced by the corresponding residuals. Compared to the contemporaneous IV equation, the set of instruments is the same, but is inflated with all instruments’ lags,
before selection. A first step of per-pollutant lasso selection is performed, conditional on weather variables which are forced into the model (no selection), selected instruments
are then pooled and enter a regular IV estimations. Standard errors are clustered at the city-level. *p<0.1; **p<0.05; ***p<0.01

79



anbuidwa anbLWOU090401L UOHESI[OPOW dUN
¢ 9jues |eyded np ajeqo|b

uolysab aun,p Japed uo-jnad : aibeqe} 3o [00ojE,p
UOIJEWIIOSUOD ‘uoiuan.d ap sjuswapodwo)
INOZ9OIVr 'S - ¥3IN3IO 'd

2ouel4 ua sesieuodel suonejueidwi sa
alvSN3Ig-101dOL 'V

SaJ|eoueq suolewoul,p
Jied e asAjeue aun : J\d XNe }PIO Bp 104}90,7]
SM3AINZVHA 'V - N31adN0og 1

G661 99uue,| 9p IS3A Bl 5P 9)ANoe,p Hoddey

siedueyy sanbiwouodg

-0JoBW sajapow buio ap sayoudoud 10 sainpnig
3040 - I3SNI - 8wses3 - uoisingld

el op UoidalId - dVINTHJID - 82uBl] ap enbueg

apouad anbuoj uns jyduosap jeysuod
nuaAai np asewnd abeped o7
ZNO4HVN 'S - 31130 9

€11 & g6 sabed - (9661) 2zL .U UoISINgId

J6 8IWOU09T SUEBP IHOS BjoIE - NYYd NON

. annoadsiad

ua asiw aun ‘abewoyd 18 ||NY a1ud sual| sa
3ANOZEOOVr 'S

ejep
|oued Wul-193JOM PBYDJEW UO UONeUIWEXDa) B
:s|enualayip sebem Aisnpul-iajul Jo 8ous)sisiod
NIINVYIAN '3 - XNOO 'd

sas|eduel) S9UUOP INS USWIEXSJ UN :Salle|
-BS ap $9||9110}08s SBIYDIRIDIY SOp doue)sISIad
NIYNYN '3 - XNOO 'd

aI9uNjoBNUEBW BLSNpuUL,|
ans anbuidwa apnje aun : 10[dwa }8 suoneay||
-enb ‘jouuonesiuebio Juswabueyo ‘aibojouyos |
NVN3IIHO 'N

€661-0/61 @pouad el uns apnj aun

ouel ua uonesliienb

Jed |leAel} Sp SpuBWSp E| 9P SUONEW.IO)SUe} S8
NIYNVYIN '3 - XNOO 'a

anbjwouo29 8|9A2 o sasudaljus sap jusw
-9SS[}SOAUI ‘}IP2J0 NP 9ydJew np suonoapaduw)
F¥NFD '9-HOO0T19 1

¢ Buniepn Jo anjep e aiayy sl Usypp
:AulepadUN pUe JUSWISOAU| B|qISIaNaL|
10711d3s "9 - 3¥NPD "9 - NIIq4N09 T

UOIUSAUI 8UN J8}aAaIq 8p XIoyD &7
vIavi 'l

¢, uoneoylienb ap sainjonis sap 9|9
-puadap ailejes-lo|dwa g)0)se[D,| 9P UoHEN[eAd,]
13HONVYd ‘N - LNONYHOQ ‘9

JUSWISSSIISAAUL,| Op
21109y} B| 9p Ssjuadal sjuswaddojaasp sanbjanpd
OM|IQISISADLII 19 SPNYILISOUI JUSWISSSIISIAU]
10711A3S-NIT0D ‘9
-34NPO ‘g -NJIAYN09 T

apuews|e

10 asieduely sanbpjod sap anbiwouoog asAjeue
aun : siebeugw sabejjeqwa,p sjoyogp sa

NOIYIND "Ud - AFT1IN343A D
JUBIBSSIISBAUL| B [84njoUofU0d IAING
ATYMNISOH 4

G096 ©

096 ©

€096 ©
2096 ©

1096 ©

1096 ©

9096 ©

sig
§0S6 ©

§096 ©

056 O

€056 ©

2056 ©

1056 ©

Y16 O

€6 O

L6 ©

L¥6 ©

0lL¥6 ©

uojjen|eAd,p sjuawa|a sanbjanb - Juswabo| ne
9ple,p saINsaw ap sanbiwouodg-osoew spedw|
JHIVIN 'd "¥3ILYVSSAT ‘A

Q)NoIIp Us JNd Xne soey sisinbueq

so| : ue|iq ap 1odep ne Juswaled ap Jnejep Nq
JTUAINONOT 'O ‘LOTAIS-NITOD ‘g
‘NAIa¥Nog r ‘HOOT1d 1

o1ignd |endoy,] op anbiwouoodd aibgielss e|

Jluyap Jnod ajjsuysnpul 81wouody,| ap sHodde s
3INOZEOIVr 'S

13SOAULP UOISIOP BT

AIVMNISOY 4

$9|geJAno sinol

ap S}ayd Sop U0I30a1109 Bl op anbijeid 18 suosy |
QIVTIIVIN A

o119S 9p S)WLIXS SOp

awg|qold a7 - sajiqow sauuakow Jed abessi
JNNOHIY-NNYD "IN - AVHIAYT'd

sanbjwouod9

10 sanbisnels SjUSWY|D | SOUBIH UD S}BYOIP ST
NOIYIND 'd

1eqop Np sjuswsale sanbjend

¢ 9luaje,p 9|l ap suawougyd No uoew.Io}

ap awajgo.d : aouelq ud sauna| sap abewoyo a7
JLNVO T

¢, s9||9-juauodwi abe Jed sainjonis sa
13HONVEG 'd

saunal sap |leaes; np

1002 np juswassiege un,p 10jdws,| Ins sjoyd so7
JALNVO T

- ¥3ILYVYSSAT 'd - OINND 'Ud - 31130 'O

wJs} Buo| pue wnipaw ay) 4oy
|opow OIWOU008-0I0 W [ENUUE UE - SNIAVINY
ALNOd 'N - ¥3ILHVSSAT ‘A

sajou Xnap : auabol
-9)ay uonendod aun suep |leAes} Np uolieday
13HONVTE 'a

a)lesjal e| ap abeg,| Ins sepn}o XnaQg
3SSNO¥g 'O - L1IHONVTE ‘d

¢ 10jdwa|
NS |IBABJ} NP JN02 NP 8duanjul,| 1S9 9||anp
LNOWYOQ g

uopeAouul
pue uonnedwod Juswdojers( @ yoleasay
13N9NA '3 - NOd3dO ‘9

21|qnd 99IA18S NP SaNbIWOUOJY0IOEW SS|IP
-ow xnediouud sap sajoudoid sap uoneyuasald

(da) omew
‘souelq ap anbueg ‘(33SNI) snepewy sadinb3

siaoUBUY
SO0 S9p UOISSIWISUEY) o [eulbiew ulqo] ap D
FH4NDO '9-HO0T9 1

|lendeo np ajewndo ainjonuis e| ap sau

-09y} sap anbuidwa uonen|eAd aun : sasieduel)
soslidasjus Sap JUSWSOUBUY SP SUOISIOPP ST
1071d3S-NIT02 "9 - N3Iadnog

aJadau ap sjuiod sanbjanb

: lepded np ajewndo ainjonujs e| INs s8LO9Y} S8
10711@3S-NIT02 "9 - NJIaydNog T

6016 ©

80¥6 O

L0v6 ©

9016 ©

S0v6 ©

016 O

€016 ©

2016 ©

L0¥6 ©

61€6 O

81€6 O

L1€6 ©

91€6 ©

Gl€6 O

¥1€6 ©

€1€6 O

[43R9)

L1€6 9

01L€6 ©

SI8JoUBUl SO0UD SOP UOISSIWSUER)
1 Jijonpoud JuswasslsaAul| ap aiqelold
34N3PD "9 -HO0T19 1

auusgdoina aaoadsiad

aun suep sieduely soljgnd xneasal spuelb sa
3INOZ9OOVr 'S

xnes|qe} 9| : sejueleA - SNG-0oIN
1377188 r

sojoudoud 18 uopejuasaid : SNG-0IOIN
1377188 T

anbuojsiy
10 anbipun( uonejussaud : Jyoulsee|y ap e} 8
advivr 'd

sasudajua sap saouewlopad }@ anbibojou
-|09} sws|weuAp ‘s|jpuuopesiueblo uoerouu|
ILLOIN - ¥31aNVSSNOYdg 'O

/23713NO "A - NYNIZHO 'N

anbjwouoog
}eqop 9] : aJejoUOW o SNbIWOoUodY uolun
3SSNOY-13IMY3 'H

2InjeJgyll| B 8P SNABI BUN : [leA.l)
op a1j40,p sjuswapodwod 38 aBewoyd ap saaIng
S3SVO Yo

ajeroawwod anbiyjod el snod

suoneoldwi }o syusogl sjuswaddolensp : a)e}
-Jedw| 80USINOUOD }8 [eUOHEUISIUI BOJBWIWOD
JLVNY3gG-SVrnoL

Aysuabolsjay

YlM S|8pow Uoss|od 0} Spoyawl pooya!|
wnuwixew opnasd jo uoneo)dde ue :uoyeAouul
pue uonnedwod yuswdo|eAap pue yoieasay
13N9NA "33 NOd3dD ‘9

1| jusjed

Jewndo pue g g ¥ aAijesadood uou ‘ealeladoo)
N3INHOW ‘d

12 YNOVON3 'd ‘13N9NA '3 ‘NOd3IHO 9

SOUIUN0D Pazijeusnpul Al Jofew ayy
10} S90UBPIAS [eouidwa :apel) pue ABojouyos ]
JLVYNH3IE-SVYIrNOL T 18 Y3INOVIN 'V

ymoub

snouaBopua pue Wil 8y} UIYlIM Uuoljeulplood
03713N9 "A 12 NYNITHO 'N

(z661 uonEWNSOR)

SNIAAVINY 3|2POW 3] SUEp [EUOHEUIS)

-Ul JUSWBUUOJIAUS,| }© INBLIIXS 8IS0 7]
3SSNOY-TIMAT H

SAONPOIIUI BJOU BUN "SB[e10dWs)}
-S9||aNPIAIPUI SBQUUOP NS BLIPWOUO0DD,T
JH1S3INIS 'd

(o]euly uoISIan) Z66 1 SIqUISAON

(uoision a191) 2661 UINP

11VO np ss|ess)

-e|}nw suoieoobau sap a1ped 8| suep aouel
©B| 9p S92IAI9S 9P XNeuoleulsjul sabueyos sa
OIldV1S |

apeu] "D'3 ay} 0} uoneosidde uy - uonadwod
Joapadwl ypm suonouny Jodwi O1Lou09a-010B N\

J1LVYNY3G-SVrNOL T
‘SNILYVIN-VHIIAITO T

60€6 ©

80€6 O

L0€6 ©

90€6 ©

§0€6 ©

0€6 ©

€0€6 ©

¢0€6 O

10€6 O

6026 ©

8026 ©

1026 ©

9026 ©

§026 ©

026 ©

€026 ©

2026 O

sanus,p
uoisenssip ap salbgjel)s }@ sanbibojouyosy xioyd
VNOVON3 ‘d ‘NOd3¥D "9 'SAVAY ™M

anbujawou029-010eW a)anbew aun Jed sana
S8IWOU029 Xna( - ,$99|dno) aubews||y-aoueld,
J1VYNY3g

-SYFNOL ' 'ISSNOY-13MY3 'H ‘1377148 11

oslijesouab Inajel

-9|900B,p 8|9POW UN Suep sgjijesnes ap askjeue
: JuswaddojoAgp-ayoiayoal Us JUSWISSISaAU|
Nv3¥NA 'O 18 NOd3Yo ‘g

sanbuidwa sjeynsal sanbjanb : gz61 sindep
aouel4 Us Inajeolidiynw 1o Inajel9|eooe sjohg
YIINDOVIN 'V

SWa-onIN
1377189 r
soasedwod
sanblwouoos saouewlopuad : subews||y - soueld
eje 371vy 'd

6861 &

6161 8p Juejus,| 8P J08.IP 100D NP UoKen|eAs aun
HIIAYVY.LNOW " 12 3aNV1O '

auabopus
90UESS|010 B 9p S8l09Y) Sop eweloued un
03773NS "a® I1aviay ‘g

sanbiweuAp
10 SO}|ESNED : UOIELUSOUOD 13 ||} ‘UOleAOUU|
NOd3d0 ‘9

S9|UUBIYP SBIRIUISP XNBP SBP SIN0D
ne aouel4 E| 8p 9JNjoBJNUBW INBLIPIXS S0ISWIIOD
Np S}eyNsal s8] SUBP B140,p }o dSpuBWSP 8P S}oyT
3SSNOY 'H

|euoneussjul

JUSWAUUOIIAUS,| 18 JNSLIGIXS 90I9WIWOD

o7 - aied swaisiol | - SNIAVINY djgpow o7
3SSNOY 'H

uoijeaouur Jonpoud pue ymmoib snousBopug
377vd 'd1©03713N9 ‘d

so||alueneA sajeludoid

- aiped awIxnag - SNIAYNY dl9pow 87
1371199 e

slesouab uonejussaid

- aiped aigiweld - SNAAVIAY depow &7
SN3AvY adinb3

salleles-xuud apenbew aun suep

asAleuy uonexapuIsap €| op saouanbasuod so
J1VYNY3IE-SVYrNOL T3 377vd 'd

JInpoid ap uoieAouUl }8 8oUESSI0ID ‘B)ARRdWOoD
377vd 'd1©03713N9 'd

€86/ 9p ainjdni | : saule|eS Sap uonexspu|
J1VYNY3IE-SVFNOL 1318 377vY 'd

HOST3aM 18 HNY ‘AT1S139 op Uoixaol e op
yuswabuojoid un - salleuIpIO Salledul| SB|poW
$9| SUep 9)lIE3UIIOONINW B| 3P S}BYS 18 UOID8RQ
3SSNOY 'H

sasudanua

SOp JUsWIB)BPUS Jo d}jIge)yold ‘uoneNWNOOY
AIVEINITd ‘W I8 ITIOAVL T

ndvd NON

1026 ©

€L6 O

[43%:33)

L1169

0Ll69

6016 ©

8016 ©

1016 ©

9016 ©

§S0L6 ©

016 ©

€016 ©

2016 ©

1016 ©

§006 ©

006 ©

€006 ©

2006 ©

1006 ©

sanbjwouod] sasayjuAg 42 sapny3 Sap Uol4d2.41Q D| 2P |IDADJ 2P S4UWNI0P S3p 24SI




aleyusw|dwod a)iesjal ap
uonduoSNOS }o 8jual e| dp [eluowijed jusjeAinby
10711A3S "9 - NIIHVA o

sagssed sainjouofuod
sap 8)dwod us asud aun : [ainjouofuod Joueq
1S0¥d 'O -SIN3ANv 'O

yoeolidde apis A|ddns
© 1UOISIOaP JUsWaIN] BU} JO SUONE|NWISOIDIA
10771Aa3S ‘9 - NAHVN o

JIe} ©p Xnejuowiyew syuawapodwod se
Oodind v

S9sIESUBI) SOIUUOP NS UOKeWIISS dun

8[94A2 np spiod

9| : JUBUBOUBUY SP SJUIBIIUOD }O JUSWSSSIISOAU|
ATYMNISOY "4 - NOd3dO 'd

6661 - 3S3Q €| 8p sHANOE S3p ue|ig

plelabzyi4 1o ouensuy) Jed
a9sodoud apueg-assed aujy np uopewixosdde,
H3AINYNOL "A-T

ejep youal4 uo Apns [eouidwa pue uonebisanul
[EO1}9108Y} :S8|qEpE} JO SWIS} Ul S9|qesuou

10 2oud aAije|al ay) se ajes abueyoxa [eal 8y
13NIND 'V

- NVYANTIND 'H - LNIOIHA-QHVY1IV 'O

anbjwouodsoioew aydoidde
aun : gjues ap sesuadop sop SjUBUIWISIOP S8
NIIHVA o

9661 10 2861 dus uonesy
-1lenb Jed sjnod sap jo 10jdwa,| 8p UoKN|oA
1S0¥d "D - AYOAID 'd - J1ddnv 's

J10308s BulnjoejnuBW Sy} WOy

SWUIl Yyoual4 Jo [dued B UO UOKEN|BAS UE :uoioun)
uononpoud ayebaibbe ayy ul sinoy Jo Ajaonpold
3AYVYOVT 'Ud - VITIIANVIO 'UD

1aA8] wuly ay3 Je Jamod Buuieblieq siaxiom pue
S9|WOU09d 9|eds ‘suifiew 3sod aoud Bunewnsy
3ASSIHIVIN T - ZLV1dS3A 'H - NOd3HO '9

Bury] 1o Joyxeg
op 9poyldW k| : salleye sap 8[okd nNp uonoesx3
HIINYNOL AT

(NYg) Xnew.ou s|9aJ sa21}oudq Sap Ja1ydl

np Jiued e enbuidwe apni aun : 9661 10 0661
aJjus aouel ua siojdwa p xnj} sap uonnjoAl
SI0LNVYHNA o

sane)lienb sajgeleA sap 1o sjpued

SOp B1)PWOU09,| JNod SYS SOPUBILOD-0I0B)\
13nona 3

JINILS3A

anbiweuAp uonENWISOIOIW 3P S|9poW 37

« $9|E100S sanbijijod 1@ uolNnguisIpay » UoISIAIQ

1002 uos e auljenb

nad Iojdwa,| p 9}101SE[R,| OP UOKEWNSS BUN
VTIaNVIO 'Ud

JleAel} np aysJew

np awua) Buo| ap anbiAjeue spsnbew sun
JINVIVS ‘9

aouel4 ud 1ojdwa-uou np uolisodwoosp aun
FINVIVS ‘g - IND0YV1 'O

60/000C ©

80/000C ©

£0/000C ©

90/000C ©

§0/000C ©
¥0/000C ©

€0/000C ©

¢0/0002 ©

10/0002 ©

6166 O

8166 O

1166 ©

9166 ©

§166 ©

¥166 O

€166 ©

sig

¢l66 O

2166 O

1166 O

AT

anbiignd uonouoy el ap 18 9Ald INaj08s Np B)lel)al
op sawib9l sap saiedwod syNGLUIU0d sue|ig
NIIHVYIN Y - SOYO3T 'I4 - NITOD "Ud

8|e1oos anbyyjod sun,p sjeye sep uonen|eal
INY Np 810S }8 UoiasuLp jJeiuod

W3IAOZ dT

8661 - 3S3Q €l dp SoNARoe Sap ue|ig
JUSWISSSIISOAULP UOISID

-9p B| suep saJgloueUl SS)UIBIU0D Sap Joedwl,]
ATVMN3ISOY ‘4

90Uel4 JO 9SED BUj} [YIomawel}
OJWeuAp e Ul SUoISuad - Siajsuel) jeuonelausb
-J9)u1 0} pajjdde sanbiuyos} uoneINWISOIDIN
N3IHVIA 'Y - 1INNOG 'O

sanbjuyos} uoissaibal ajuenb jo uoneordde uy
2661-6961 @ouel4 ul sapijenbaul sabepy
VTTINVIO 'UD - NOd3dHO '9

saouewlopad }o 10jdwsa ‘uoneAouy|
ONNI'N - NOd3d0 ‘9

uolenwisosolw Jed aapoadsold ap
IBSS® UN : Salle|es sep uoisiadsip el &p uoinjoAl
NIT0D 'Ud

BIUNSE( SUBP SBIRILIED SBp UOHES||OPON
NIT70D 'Ud

aleuoneuajul uosies
-edwod ua asAjeue aun ¢, d1UUSIIP Bl Bp JNGIP
9] sindap siojdwa ua ayou snid 8oUESS|0JD dun

10NDOVr 'V - ANJFHONA 'S

Salleuuoe)s-uou salgs sap anbpeld aping
JINVIVS ‘9

¢ ¥661-6.61 @pouad e| Ins sajlanpiAlpul
SUOIIN|OAD SB| B]|9-}-8}0|j8J BRI UD djnofe
InajeA e| suep saulejes sap Jed e| 9p UOHRN|OAD,T
S1H3av yL'vy

anbiwouoogoioew syosoidde
aun : agjnole unajeA e| suep salleles sep ued e
AIN3OId O

anbpsej@

apuewWap }o 9SSSYA-HGIP 8GIN09D & djulod
op Olel} 9p S|9POW un : dulegn uopsabuo)
YIIHLY3g d'r

ejeq |aued uo
|9POA [BANJONU}S DIWEUAQ € JO UOHEWNST ([9Ad]
wuly 8y} Je siano||ids ypm BuisiuaApy pue ssjes
ONNI ‘N -13Nn9Na 3

asleduely uonejul | Ins s)sa) : $)s09

SNUSW }9 SOANe|S) SUONe|UI SOp BL}OWASY
13ANvV4 71 -S109NaA '3 - LINNOG 'X

¢ Aa1j04 Aseyauopy aAiepowod

-0y UE }oNpuo) JOUISA0S) SAIJBAISSUOD) B ue)
ANVONOHNON 'V

/661 - Sanbjwouoo] sasayiuAs
10 S3pN}J S8p UoNoalId Bl 9P SPNAOE SIP U

9661
19 G/61 13Ud SINdjOe) SBp 8jeqo|b ajiAnonpoid e
ISSVIr ‘N - OAQYVYOJV

SWJI4 Youal JO [dUBd & W0} 9OUSPIAT - Jomod
Bujuiebieg pue saoualayiq abep) Buizienbg
9Y3943971Z 'V - XNO9 ‘d

- VTI3NVIO YD - ONHVO 'd

0166 ©

6066 O
8066 O

1066 ©

9066 O

§066 O

¥066 O

€066 O

2066 ©

1066 ©

7186 ©

€186 O

¢l86 O

1186 9

0186 ©

6086 O

8086 O

1086 ©

9086 ©

5086 ©

BupnjoenuEW Youai4

Ul [9A8] WY 8Y} Je SsisAleue 01}aWou008 uy
SUONJEAOUU| JO SSBOONG [BI0JOWIWOY BY |
713avyd T - YNOVYON3 'd

-13N9NAd 0 - 137dve 'O

« $9J0AD ssaulsng |eay »
uonesijgpow e| ap sajwl| 3o spoddy
INFHONA 'S - LINNOG X

966 Ud 8oueld e| inod
a|jouuonesguab ayjIgeIdwod ap apnig aun
0Qayvoov 1

SN3IAVIAY 3|2pow np uolejussald
1N3OI¥d "0 - NOANVHOIN 'H

aujesed

v - 9jeuoneu gyiqejdwoo el e asudanus p
a)jIgeydwod e| 8 - s8)dwod xne abes

-sed a7 - so)Anoe Jed asudaius,p s8ydwod sa
anvyd3aony 'd

2oualiadx3 youal4 8y} :Sjunoddy
woY Joj sjunNoooYy ssauisng Buisn
NOYdVYHO 3T - ANVY3IONY 'd

S9||910}08S
S9QUUOP XNE SB|[eNpPIAIPUl SegUUOp sap abessed
sasudanua,p allelpawiajul swalshs o
sosidanua,p s8|qejdwod seguuop so

101449 1 - anvy3aony 'd

aInjesall| e| p snAdal aun
alleypuow anbpyjod 18 @ouepuadapul ‘ONIqIPRID
ANVONOHNON 'V

sesldanus sap uones
-1|e00| €| NS 9}I|EOSY B] O SoUBN|UL,| JBINSB
H3AIINHOS 1T - INIG3IANOH '

sieduely-sioulyo

‘sloulyo-sieduely anbiwouodgoIoew anbixa
Buibany ONOS - BueIxBUIA ONVHZ

|esauab awib

-84 np syiejoul spoedse se| : sjiesjal el ap aby
37vd 'd-373d 'd1

[9AS] Wy 8y} Je sisAjeue

DI}BWIOU029 UY - 80Uel4 Ul WasAs juajed ay)
asn 0} suoieAow ay) pue Abajelsis uoneudoiddy
viavy - 13nsna ‘3

siedueyy

anbinaoewleyd 1nsjoss o) suep 9|[ayYdo9 p
SJUSWISPUAI }8 8YdIaYdal B 8p SHAIONPOId
1HO3™ddNY "4 - ONNI'N

30900, ap sAed spuelb sanbjanb ins apnje aun
¢ XNBUIWOU Sallejes sap assieq

e| & sa)IpIBu $3] 80USPIAY UB BJ}8W Uo-INad
13NNOSG X

Juoneyu) ejeys

-I9AQ Xapu| 8dlid Jewnsuo) youai4 ay} seoq
¥3711NO31 4

9661 - Senbjwouod3 sesaYUAS 1o
S8pny3 sep uonoallg Bl 8p SSHIANOR Sep ue|ig

leuonen b6

¢sanuoyny Asejouoly Jo Aal 1oL,
-ul Ue JO Jo wnuqlinbasiq juswisau| Buines

e Jo 9ouanbasuo) sy} :sajey salaju| [eay ybiH
slogna 3

7086 ©

€086 ©

2086 ©

1086 ©

2.6 ©

€¢L6 O

[44139]

1.6 ©

026 ©

6116 ©

81169

L1169

9116 ©

SL16©

1.6 ©

€169

cLl69

m

JUSWISSSE|O9p 9p
snssao0.d }o saunaf sap ajjauuoissajold uorasu|
JILAVO T - LOIDYOL 'O

uole|nwnooe |eyded

10} SoLeUSds :ss800.d uonisuel} ay) Buiziiewlo4
1371Ha e

[8PON IND3 Yyouald jjews e BuizAleuy
1378a e

sa|jon ]
seguuop Ins asAleue aun : anbjBojouyos} sielq o7
NVYN3I3HO ‘N - 13n9Na '3

aouel4 Us sjuswapedap

Sap uoljesi|eloads 18 $a)IAIOe SOp Uolesle|0d
3ANIG3ANOH '

S9||anpIAIpul S@guuop ap Jiped e ashleue

aun : 8dUBI4 Ud S8jeuofeulaiul sasldaljua sa
d]VSN3Ig-10IdOL 'V - INIGIANOH ‘N

1oA97 Wi 8y} Je sisAleuy du}BWOoU0d] uy
anje jusjed pue aji7 Jusjed ‘JuswisaAu| 9 o
ONNI'N-13n9Nad '3

9)Inba 1o 9ouepUadap JNS SUOKNQUIUOD XNaQg
Y3INIO 'd

¢ SI9YIONN J18Y} Uled] 0} sl 8beinod

-u3 o} saniienbau| sonpay )l seoq :Aed Jo urel|
NIYNVYIN "3 - XNOO "a

Jnquysipal

aw)sAs un,p anbiyjod ayjiqe)s 1o uonisuel |
YIAIINHOS 11

anbiwouoog
obeiped ap sjusW?|9 : 9||ouUoIssajoid oxe) e
YIAIINHOS 11

slouly)-sieduel anbiwouosgoloew anbixa
Buibsnx ONOS - BueixBuIA ONVYHZ

¢, S9||a1njouoluod Jusw
-9|Nas $9||9-JUOS QHAIOE,P XNE) SBP SUOIXB)} S8
10ONDOVr 'V

£,80UapIAG By} SI Buosys

MOY :Pa}ISIASI JUBWIYOUDI}BI [BOSI JO SO0 8y |
AYY3IS-INVSId T

‘ZNO4HYIN 'S ‘S109NA "3 - ¥N0D "Hd

ouel Jo ased
8y} :NYIVN 8y} Jo ainseaw ay) uo sjedids saoud
-sabem Jo suoneoly1oads JuaIalIp Jo aouaNjul 8y |
ZNO4HVI 'S - LINNO9 'X

|leAes; np sjualedde a)ia

-jonpoud e| op S8}USIDI SUOIN|OAD SBpP asAleuy
1ONDOVI 'V - LO03D™O04 '© - INFHONA 'S
UOIJESI|9POW 3P IESSS UN : UlEdLIDWE

jusaunuUOd np ules ne anbugwAse uonesbaul,]
1HO3YddNY "4 -¥NOJ 'ud

uoneoo|eal

juswAojdwa pue uoljeAouul |e
03773N9 'A - NYNIFHO 'N

aully | 9p 9AIeI9do0d BLodY} BT

03713NO 'A - NYNIFHO 'N

sAanns ssauisnq

youaid Jo Apnjs ayj 0} uoneoldde ue :sjppow
jusuodwod paAlasqoun pue sisAjeue Jojoe-
1YVION3T'4-Z040 0

L1269

016 ©

6016 ©

806 ©

106 ©

906 ©

§0.6 ©

0.6 ©

€06 ©

206 ©

10,6 ©

196 ©

€196 ©

296 ©

1196 ©

0196 ©

6096 ©

8096 ©

2096 ©

9096 ©




anbiydeiboab uoneunsap

10 Inayoes Jed asAleue aun - aubews|y, ap 1@
aouel e| ap uopenodxa,| B SeouBWLIONad
ITIVAVHEIS 'S - NIAIONV.1 O

sasudaljus s9| suep
so|qejsul siojdwa sap UoKesI|i}n o 8INSajy
XNOY 'S - HIVIOaT '

asieduely auysnpul,| suep
SJ1109)48,p SUOIONPAI }8 suoles!|esoleq
aQyavIs 'd - 1y934anv 'd

Joued-opnasd Jed ayooidde aun
1 90UBI4 US SUIUIWD) SJIAIJOR,| O UOHN|OAD, ]
Nv31344Ng 'S-vVS4v 'O

v.61€ Gv6 suonesoush

s9| JInod aapoadsoid  asAleue  :sapnop
uy ap abe,| uojes s)ies}as us pedap ap suonIpuoD
AO¥Y43A09 'd-Nv3L344ng’'s

3INILSIJ UOHBINWISO.DIW

9p 9|gpow np dple| B QOpy0Z uozuoy|
e suonoafoid lgnd Inajoas np sajienas sa
13VYIVM '3 - 1OTTId3S ‘9 - Irvadve

S8.90UBUI UOU S319100S S8p SliIgejual B Jenjen]
149vOIld 'O

aoueld el nod uoisiraad
us ajsngol snid sebeugw Sop UOHBWIWOSUOD
op uonenb BuN  SIBA - JOWWOSUOD B

sajuaIaylp suoisuadold }o SNUBABI Bp SBINPNIS
130NOd 'H - LANNO4G X

« ISNOJ3Y » 8jenbus | ap Jiped e
uswiexaal un : sjpuuolesiuebio syuawabueyo 1o
salBojouyos} sajjeAnou ‘sabe sinajjieAes |

1438NV 'd - NVINVNV 'S

aseD youai
By} UO sHnsay dwos :Ajigeurelsns 1gag d1and
1HO4NOW "8 - NIAIONV.T 'O - LONISSIOa T
s|euoneunnpy Jo ase) ay)

:Buijoeuoogng snsiaA Bunel|iyy

AYVTIIS 'd - ¥371dSvd 'S

aNnblI}EWOU0090I0IW UBWEXD UM ¢, JoAoUU| &
S99ALId SUONE}OUI S| S|I-JUSSSIOIO0E S}OARIG ST
394V13T O - 13N9ONAa 3

90UapIAg
[oAST-WiIH :92I0OAN Y} JO ainpnss oby By}
pue uonesjuebiQ aoe|dylopy ‘salbojouyoa] maN
¥IO0Y ‘W - 1N0YVI '3 - Ld39nV 'd

SjuBJUS SOp 2J1e|0dS

JlusAsp 9| Jns sjuated sap abewoyd np joedwi,
Jana'w

¢ 9lewndo juawa|eosty |j9-}se solew

uou ss9|dnod sa| Jed sjuejus sap uoneleddp e
JHOVOVY ‘N

sauuly

sop sanpoalgns suondsosad so| sed syooidde
aun : JI}SOAULP UOISIO9p Bl 9P SJUBUIWLIBIP SO
H3ITdSYY 'S - 137N09VYN 'V

sieduely sadnoib sap uones||eoo)
S|eJUBWIBUUOIIAUS  uohe|nBoy
HIAONIATIY ‘N - 4371IdSvd 'S
awuJa) Buo| e uonosfoid

aun :sogbe soauuosiod sap oouepuadop e
adv1g3y ‘0 -33Na N

ap Xioyo 1o

§0/50029

¥0/50029

€0/50029

20/50029

10/S00¢O

Y1/¥002O

€1/¥002O

¢L/¥002O

L 1170029

01/¥002O

60/70029

80/¥0029

£0/¥0029

90/¥0029

§0/¥0029

¥0/¥0029

€0/¥0029

20/¥0029

saAnoadsiad ss| 19 uonenys e| Jns s9||
sajonbus sa| suep sswudxs ayARdwod BT
dIv1031 ' - L¥39nv 'd

eale 0INd 8y} J0} [9POW-0I0BW [[ewS B :3Z\
1HO4NON "9 - S31dvd
-00vyddvad ‘W - 13INNOE X - Ad439 'O-'d

¢, SaWWay 9|
1o sawwoy sa| aJjus sajeleles sgjiiebaul s9| Ins
joedwi [anb : sawuly S8 SUEP B|EJIPUAS BOUBSDId

1113d 'd-dIvIO3T'N

06 SeguUE S8p uly
| B 90UBIH E| Op SBD 97 ¢, SO||SNPIAIPUl SOPUUOP
op Jed e sousees sep ossieq e| B soupibu
op ©S0UB)SIX9,| OOUSPIAG US SIJOW  UO-Nad

3AvOHNO4 ‘N - ddN0osIg 'd

UOJJeWILUOSUOD ap Jusapodwod Jo
uoneoo|e,p anbiweuAp ‘sabeusw sap aulowlied
1HO4NOW "9 - Ad439 'O-'d

066 S99UUE SBp SINOD
ne |leAes; np gjiAionpoud el op Juswassiusjel 8

N3IIHVYIN
" - 3AvOdNO4 ‘N - Ad439 'O'd - NOdvea 'H

¢, 9I31Ied ap
Ul Us 9||9-)-auIPIp SalEes sap djAonpoid e
a)Anonpoud 1o aliejes ‘eby
NOd3YO ‘g - 1438nV 'd

oAld Inajoas 8| suep sue
ajuenbuid ap snid ep soueles sap uojenys e
143anv 'd

0Z0z uozioy,| e anbjwouod9-oioew uoosfoid
aun : aouessiosn }@ sanbiydeiBowop suopnjoAy
1HO4NOW ‘9

- dIV1'N - HI09349 'S - 3avOdN0O4 ‘N

- NOAOY3A T - A4439 'O-'d

¢00¢ - 3S3Q &l 3p sNARoe sop uejig

2661

-9861 opouad e| uns asAleue aun : sasieduely
so|jauisnpul sasudanue Sap uopesijeuoleulsul
jo slodwap uononisap ‘siojdwa,p uopesd
ZYVINVYEM 418 dJNODSIg 'd

S3||9NPIAIPUI S9UUOP Sp
Jped e uonewnss sun : sasieduely sesudajus
s9| Jnod anbugydsowye uopnnjjodop ap 1N0d 87

AANVH'T - Y43ONIAIIE 'N

saywy| Jo uonejeld
odwoo ep seolpul ST
HI093YO 'S -13HNVIN ‘4

[SUEIE)
saunal sep opieb Jo BuIUIWY [lBABL) 8P B3O
33909-14390d ‘1 - ONV19 37°'d - ANOHO 'd

yoeoidde uone|nwisoow

V - owsayos uoisuad Joyas ajeAud yousyy
ay} ul sisAjeue |euonnquisip |euonelsausbenu| -
uolje|nwisololw Jed ayooidde aun -

oAud np soleles sap a)lel}al ap awa)shAs o] suep
|]auuonelgugbesul uonnquisipal e ap askjeuy -
LINIONIA 'V - 1AVHIVM '3

uononpoud ap sinajoey
$9| INS SUOISUB} J [leAes} ©p sdws) Np uoloNPaY
dIVIO3aT'N

-1l : sAked sep oy

10/70029

11/€0029

01/€0029

60/€0029

80/€002O

£0/€0029

90/€0029

§0/€0029

¥0/€002O
€0/€002O

20/€002O

10/€002O

91/20029

§1/20029

¥1/20029

€1/20029

20Ukl | Jnod uopeyulp su

9jaiAned ap sajHos-s8.1ud
sop asAleue aun : sNuaAaJ Seq sap anbjweuAp e
WN3AOZ ‘d-T

6661 dleljiuey
2ll0)SIH 1@ /66) SdI9UleD Jo saunsr sayenbue
sep senss| suojewnss sop  uosieledwod
sun - BlUESSQ  UOHE|NWISOIOIW  Sp  S9pow
9| suep sanbiydeibowsp sjuswapodwod sa7

33908-14390Y |

¢ ainyouofuod

op sojonbua xne sesudanus sep sasuodal
S9| Xnalw ne sji-juswnsal uoluidop sapjos s
aliH 4

S99UIBYD SBLIYS ‘ajuspodId
oguue,| op Xud Xne no 8xy oguue aunp
xud xne sa)dwod : xneuoneu saydwod ss| suep
SWN|OA 8P SUOIIOU SSJUBIRYIP SS| INS SUOIXS|DY

Y3IIHLY3E 'd- T

3INILS3A uonE|NWISoIoIW

op olopow np ople| B OSS9|IBIA soUBINSSE,P
|eiougD awibgy Np sawiojel siol} 8p uonen|en
13VHTIVM '3 - LOTIAFS "9 - Irvadva T

anbjwouods

-oj0eW abejpnoq un - asieduel BILIOUOIY,|
INS  UOBEDIUNWWOD B 8p J0  uojewloul|
op sealbojouyos) sajEAnoU  sep  joedwil]
3AvOHNO4 'N - NOAOY3A T - SINIANV O

yoeoudde uonouny uoonpoud e

UO paseq 99UBI IO} SOUSPIAS OLJSWOUOI0IIIN
¢siondwoo Jadesyd 0} puodsal Swily Op MOH
YIONIa3

‘N - T3MO3H "L - NOd3d0 '9 - 4dN0Jsig ‘d

S}9ays aoueleq Youdl4 8y} Joy Siseq G6-YST
sy} uo syo0)s |eyded paxy Jo uonewnss pue
(4D049) seuas juswisanul ayy jo uonejodosey -
sieduesy xneuoneu
sojdwod s8] suep GE-OJS U oxy |ejded
np |Nojed 18 40g4d 9p sauds sap uonejodonay -
1INVHIYE 'O
¢ XIoyd sap aouepuadopiaul |i
-}-e A : s9|dn0d Sap UIBS NE YYAJOE,P UOESSD T
13VYIVM '3 - LOTTIa3S ‘9
1002 - 3S3A | dp syiARoe sep uellg
sje)nsaJ sap askjeue
aun :jeyoep Jioanod Sp piepuels us juejqey
led g|d op soleuoneussiul sanbpspels so7
HVYNSIHL 'A - Y3INYIAVL 1T - NIINOVIN "4
¢, SiueingJeo sap xud xne ynig np xud
Nnp uoIssiwsuel} e| suep aU}PWASE aun |I-}-8)sIx3
YIAONIA3IY ‘N - 4dNOJSId 'd - SINIANV 0
¢, 9sieduely 9)oy109ds aun ‘sawalxe
sofe xne oJAOEpP XNE} SOpP uoloNpPas BT
QYOAID 'd - ¥3INYNOS "A-T

« sabeusw
sop usadoins |sued, np sed I snuanal
op Joupus|eo jo 9jasaned e| uns opnsoubeiq

W3AOZ 'd-T
Ayjiuay pajejdwod ul abueyod ainyny
UlSeQ [9poW UONE|NWISOIDIW

Jo sisAleue uy

¢1/200¢o

11/20029

01/20029

60/20029

80/20029

£0/20029

90/20029

§0/20029

¥0/20029

€0/20029
¢0/200¢9

10/20029

L1/10029

91/10029

S1/10029

youal4 8y} U sinojaeyaq olydeisbowsap Buljjepoy
33909-14390d |

Ansnpur Buunjoenuew
youal4 9y} ul [9As] wly 8y} e  sisAjeue
ue SISYIOM PI|IS SS9| pue pa|s ‘|epded
usamjeq  Ajuejusws|dwod  pue  uonnyisqns

VTTINVIO YO - 44N02SIg d

aleuoneu a}|iqeydwod ap 1o
9|eds]) 90IN0S BP SAJIBIPIWISIUI SUORWWOSUOD
ajjus uosleledwod op aibojopoylow  Bun

INVSId 'S - 3TO0A3INIANOD o
INIINVF "0 - ¥3IHLY39 'd- T

anud
19 01|gnd sInajoss sap sallejes sap uosieledwo)
HIINYNOS Al

sallejes seq s9| NS s9[eI00s sabieyod ap
sjuawaba)e,p

syysodsip  sep  sjeye  sep  uonenjeAl
Z1V1dS3a 'Y - NOd3dD ‘9

S||SNPIAIPUI SBYUUOP INS BSABUE BUN : SINBJOE)
ap opuewsp }o [eyded np abesn,p 00 ‘G}jeosiq
YTIANVIO 'UD - NOd3HO ‘9

s)leljol op saiobeln saynuue,p

jeynoe; en) e uomsinboep spysodsip seT
13W3anvo ‘ud r

000¢ - 3S3A el 3p sdyAoe sap uejlg

IS1oA.11 ‘B)len)al el e pedaq
10771d3S "9 - NIIHVIN

ejep |aued Buisn juswssasseal [eouidwa

uy :[opow ymoib mojog pajuswbne ayy Buiss ]
73S107°0 - 3avod¥N04 ‘N

- d¥4N0JsIg 'd - SIN3ANV "0

sogbaibe

ue|lq ap seguuop op JiUed e JusWSSSSIAULP
sjuswapodwoo sop ougusboigley| op opnie
aun ¢, @doin3 us |I-}-oUUOOUO) JIPRID NP [eued 87
13aXO3H UL - Nanvag v

apanonpoud ap snjdins np uopedal 38 UOHNIOAT
FHIVINIT-NNVEE |

¢, sowQ|dip-uou xne Issne 9|9
-}-apjoud 1ojdwa,| ap souess|old e| ap asudal e
olany 's

ymoib 4ao 4o yusw
ainseaw 8y} pue AWOU0dd Mau 8y -

dld np 9ouess|olo e| ap
INsaw |} S|WOU0IP J||9ANOU B -
FERRIaleERRE]
ejep Auedwod |enpiAlpul uo
paseq uonen|eAs ue :9oueld Ul uoljezuaindwoy -
S9||aNPIAIPUI S9UUOp ap Jied
B UOIJEN|BAD SUN : SOUBIH US UONEeS)ewIou]| -
73MO3H "UL - NOd3dO ‘9
sabem pue juswAojdwaun [e207]
VIT3aNVIO U0
jo/dwa,|
B SaJgI1oUBUY SUONE)IoUl }8 uluIwg) [aiued sdws |
JINVIVS '€ - IND0YV1 D
¢ @J1e1us) no aujsnpul ¢, sastidaijus sapuelb
no sajjad : JUSWISSSIISOAUL,| Op JuBWaSSHUS|eYy
SIoLNVYHNA 'd

apNyuBoUl 19 9

¥1/10029

€1/10029

¢L/10029

L1/1002O

01/10029

60/10029

80/10029
£0/10029

90/10029

§0/10029

¥0/10029

€0/10029

20/10029

10/10029

€1/00029

¢1/00029

11/0002 ©

01/000C ©




sosieduely sasudainus sap 9j|ie}
e| ins Joedw) : sgueles 06 18 0Z ‘0L op S|ines sa
YIINVAIHO 'V-'d - ANVYNIY-I030 'N

1obuz,p

saqUnod sap asAjeue| suoddenb 8] ¢ douelq
Us SIA B| 8p JN0D NP UOHNIOAY,| Bp Jlosw ‘DdI]
NIQNOJ '3 - 04310 ‘I

SJUBJSUOD XIid B SBWN|OA DBAB UOISIOA — |, SWO]
0002 8seq ua dwissal IONVSIIN 8jgpow 7
NOWIS 'O - NIFT™ O

ejeQq |sued Buisn suoneoyoadg aaig

jo uosuedwo) e :sepoly ainjpuadxy yjesH
ANV¥E30A 'L - S3I1Z3AvVA 1 - AN0g1V ‘A

20Ul UB g|d NP 9||oLISaWILI} 9OUESS|0ID B 8p

[994 sdwa) us uoIsIAgId Bp 8010J8X8 UM - SB9SIASI
SINdjeA sop SoldS sap o sa9gnd sinsjea
saualwaid sap salas sap saiedwod sabejueny
Y3IIAONIN "0

apel] Jo sulbiejy aAlsusix3 pue

SAISUSJU| By} Uo punol Aenbnin ay) Jo 10843 ayL
ANNVIV1 'O - ONONg I

$9NbIWOU0290IOIW S89UUOP

Jed ayoosdde ‘eginole inajen e| ap abeped
NILNVND 'S - QHOAID 'd - 710S394ve "A

¢, buse) ap sainpaodoud s9)

J3)10jdX8 JUSWIWOD : BYONEQS,| B UOHEUIWLISI]
1073HLVYY o

- 3Y43ON04 ‘A - 1advHY3g3v o
ejeq Aouanbal4 paxip
Buisn Jojedlpu]  BUIYDIMS-AONIEN  SAlENEND

sawifoy olwouody Bunosieq
1377vL 4 -Irvaydva

€00z ud abeusw

op ouoboled Jed sjeuoijeu ayjigeldwod e
ap sabeusw sap 8)dwod np uopisodwoddp aun
ANVNAVY 'J-d31AIvV131's

- NV3SS3d ‘N - SFTVSNOD 'O - ANVTI3E 'A

punoiBoeq [eonalosay) swos :A)jigeulelsns

0} sayoeoidde Jayjo pue sbuires jau paysnipy
SNOYVN ‘A - XNIHOVO 37T - LIHONVIG ‘A
awLd)

Buo| e sjjenusjod souessiosd 19 sjonad np Xud
NOWIS 'O - NINDITNOd '3 - ANNVIVT 'O
sabeusw sap

sanbiebieud suojewwosuod sep xud-sgjonsel
SNOYVN ‘A - 24310 '

sasieduel) S9UUOp INS 9SABUE UN : SHBJSUBI}
op xud 1o oyeosy ‘ednosbenul Sos8WIWOD
ATIVAVHYIS 'S - ¥3T1dSVY 'S - NILNVNO 'S
sjonbus, p S99UUOP SSP B 91UOLUOD S1)9WOU0II |
op uopnsanb ajBUIB}Y,| NO "¢ Jesgpuod |-ineq
J7TNIOLLINVH.A X - SAIZIAVA 1

sn|dins ap sa)dwoo sa| Jed ayooidde aun : g00zZ
B 0G6| 9p 9ouesslol e| ap sjnyy sap abened o
NOWIS "O - ¥3INNOId 'V-'d - INNVIV1 'O

¢, 9|qe)s lojdwa | sian

paidayosew no addel; : salieiodwa} syesuod S
H3ANTIM T~ QHOAID °d

e :oouel4 Ul

§0/01L02O

¥0/01L029

€0/0102O

20/01L029

10/0L0CO

S1/60029

¥1/60029

€1/60029

¢1/6002O

11/60029

01/60029

60/60029

80/60029

10/60029

90/60029

§0/60029

¥0/60029

ma

ejeq youaig uo sisAjeuy swi|-[eay v

JUmoln dao Bunsesalod ul djgoH saoines

pue Ansnpu| ul shkening Aouspusa] ssauisng oQ
YIIAONIN "0 - I3SSNOY-13IMET 'H

sjewlo

ssauisng youai4 9y} Jo Joyedipu] Alyuow v
H3IAONIW 3lIgIsYD - TIAVTO juaineq
£002-6t61

‘aouel4 ud agjnole inajeA e| ap abeped a7
H3INNOId 'V-'d

adAjoj01d un : |leABI} NP SYDJBW B JBINWISOIDIN

NOHONVEdvea 37°L
- 13HONVG 'd - 137dvEe '

S$8|[3NplApul

soguuop Jns  anbuidwe  ayooidde  aun
uolN|oAd

uos ap 19 a9-ualq np ssjuesodwod sa) Jashjeuy
VsS4V 'O

@ouel JO 8seD
ay) :Auap|3 oy} Jo Bujeg-|oM puE ALNOSS [e100S
L13VYIVM '3 - 43908 ‘W

suel} Joxew Joge|
Youdi4 BY} UO paseq SOUSPIAS BWIOS ¢ SBUOISIY
JojJew Joge| 8Inddsul 0} PSJUOLJUOD S OUYA

1073HLYY "d - NIANOD "I - A4439 N

nuiuo9 ua Jnajesipul un Jed ayooidde aun

1 90UBI4 UD SOJIAISS SB| SUEP }o aJalnjoejnuew
ausnpul| suep enbiydeisboeb uonesnussu0)
NOSSNYD 1 - INVIYHE 'V - 137dva '
¢s1abis|\ Aq pajoayy Ajleay saolld aly

NINVF 1-NILNOg X

weiboid

o9juelens) UeOT UYoual{ B WOJ SOUSPIAT
- sjensuo)  ypasy  pue  diysinsusidenuz
HVINSIHL 'A - ¥3vys 'd-399v13T1 0

¢, 91qeydwod sysoidde
aun Jip anb : sjojdwa,p XNy }o UOKES|[BUOIEUIB)U|
NOSSN¥YO "1- LIHONV1E 'A - 137dve ‘N

¢ suone|al saj|anb : aAjoe BIA ap 8[okd
np uopewlojp o senbjydelBowp suopnjony
3JANOW3TLNOL "4 - L13HONV1E 'd

as|eduely 9ouauadxa | INs IN0Jal Jo SaWS|UBdIW
xnedioud : senbiydeiBowgp suonosfoid so
O71VvO 314 - L1IHONVIE 'd

sasieduely

S9||9NPIAIPUI SSRUUOP INS UONBWISS : saslidanua
sep gyAnonposd je uonesswolbbep seiwouody]
1NVIYE 'V - 10S394vE A

pue||es 107 8y} W0} 80UspIAg

$90lid Uo suone|nbay |1ejey Jo s1oayg syl
J9Y3IA "L - NILNOY X - 44N0JSIg 'd

sanbjweuAp
:sosieduesy JNd s
18vOIld "0

uigny op [eSned 8jgpow Np aIped
9| suep UOHEN[EAY BuUN : glues Ud [eJow egly
NOd3YO g - AN0g1v 'A

¢, sjuswassl|qelp, p
suoneauo s9| 19 oleles loldwa,|
Ins sjoyge sjenb :ssuleqi Sayouelq S8U0Z

AdvT11IS 'd - LOT3HLVY o

nad slew ss|qejual

€0/6002O

20/60029

10/600¢O

€1/80029

¢1/80029

11/80029

01/80029

60/80029

80/80029

£0/8002¢9O

90/80029

§0/80029

¥0/80029

€0/80029

20/8002¢9O

10/80029

[ANAS]

L1/20029

lleAes} np @ginp e| op a|dwaxs,|

juonoejsies  ep  solgeueA  s9|  Jejaudieju
VS4dv 'O

souelq

104 sped :8PAY 8T By} JeAo uondwnsuod
1ONISSIog T

19)IE|N S)E)ST |eaY YOUudI4 BU} WO dOUSPIAT
JusW)saAU| 8jesodio) pue anjep [essle|jod
HVINSTIHL 'a - ¥3VvHS 'd - ASNVHO 'L
yoeolidde adA} 395 e :9oueIq

ur syooys aoud |lo 0} asuodsas Buibuey) syl
NOHONVEYYE 37°L

20Ul U Jnauadns juawaublasus,|

ap uopesneIoowp 1o uopeoiisse|
NVAVL "D - ANOF1V 'A

uawexagl

un : 8ouel4 US BIANED,p-Ulew ap 38 lojdwa,p xnj4
149vOIld O

¢, 9sieduel) aoUess|ouD e
uns ajos3ed np xud np suopeueA sap joedwi |aNH
NOSSNYD "1-1374ve '

suusgdoins uosiesedwod aun : [leAel}
ne uopoejsies }o gues ‘sjesjal e| B uopelidsy
aNvydg3a "L - 13HONVY9 'd

Qjues e| ap Seo 9|
1 UONEONPY,| BP SBJIBJPUOW UOU S)UBIBPUSI SO
N3IIND31 1- ANOETV 'A

olele|es anbiweuAp
suopesijoo  ap  sjuswabaly
d3avys ‘a

(0002-£661) sadnoib sa| suep yoddns ap
sa}IAloe sap splod o abesuadal ‘uonesyisionq
18vOId "0 - Z31VZNOD 1

uoisioap
uoneoo| sjueid uo soxe} [eoo| jo joedwi 8yl
QYVTIIS 'd - LOT3HLVY '

sasudanua

so| suep soleueles sajebaul 3o dpAonpoid
alus uonepl e op uonejaudisjuies  Bun
XNOY 'S - 19N0OM 'V

¢, sa||lenpialpul sasuodal sa| Jasgpuod |I-ine4
uoluido,| op auoay |
[4vd434 ‘N - Nvig 'O

¢, anbiBojouyoa} a19)uoyy €| B S9||0
-Juos sasieduely (so|jaLysnpul) sesudanua so
ERXLAERRe]

sobe sina||ieAe} s8] Zayo [IeAed)
np aniiqiued el op oYolIdw JD0O UN,pP UoHBWSS, ]
VsS4V O

2002

-4861 : sesieduely sasudalua sap |eyded np nod
np ajgeidwod uonenjeAg,p aibojopoyiew aun
NILNVNO 'S - NILNOd X

sue z| Jns ajjainjons askjeue aun

salleuaped xnediouud sas ap }o aouel

e| op uoneuodxs,| e sogiedwod SsouBWIONSd
ATIVAVHYE3S 'S - NIAIONV.1 'O - @dv1lIS 'd

alpejew Jnod saousasqe
S| SUBp |[lBABI} 8D SUOIIPUOD S8p 9jQ) o7
QHOAID 'd - VS84V 'O

o ssjeuotied

01/.0029

60/.0029

80/.0029

10/.0029

90/.0029

§0/.0029

¥0/.0029

€0/.0029

¢0/200¢©

10/20029

S1/90029

¥1/90029

€1/90029

¢1/90029

11/900¢©

01/90029

60/90029

80/90029

£0/90029

A

ejeq AoAING [9ASI-WI4 YIM ymol indinQ
Buunjoejnuel 8y} jo Buisedssio oujeweseduoN
FH3IIANOY T-NvId 'O - NvIg '©

sadA} sanbiydesbowsp

sOoyd  sep B suopoeal 3@ sanbufjeue
sojoudoid ‘sebeuyiyo :eyenas op sawalsAs
sop  sopondwi  sjuswabebusp  sinajedlpu|
QIVHANO "4~ - L1IHONV1G 'd

£10Ipaid s[apow O11}BWOU0IB0I0BW OP JeyM
uswAojdwaun pue abueyo oydeiBowaq
1073HLYY H - QYVHANO ‘41

salle[es s9|
18 gyAponpoud e Uns sjoye : sesudaljue sa| suep
aNnujuod UoKEewWIo) Bl 8p Jusiedde juswapual o7

VYHOWNVZ 'd- NOd3H0 g - 1434dNv 'd

Qouel4 Ud sa|jozeb so
14vOId 'O

¢, SUOINJOAD SB||aNnb : SBWWSY 18 SaWWoYy
alue JodlIp JOIp Op Sjesas op sgiedsiq
AOY43Ad09 ‘d - Nv31344Ng 'S - LANNOE 'O

sosudalue so| Jed sgleles xne
89sien uojedpiped e| uns uonenwis ep spnig
XNOY 'S - INOVYH 'H

aINILS3AA
uojje|nwisololw dp djgpow 9| suep sanbiyd
-esBowgp sjusweuodwod Ssep uonesigpow e
EE[eN]

asieduel) uonIpa,| Sp Sie)Nsal

siolwaid 39 uopnejussaud : 3YYHS Sjenbus ]
13770d 'd - NONDSYNOA ‘d

-aNVY830 'L - 13HONVI9 'd

uosiedwod ueouaWy-0douel e Jo
sjuswsale awos :0g abe Jaye jexJew Inoge| ay |
Nv19 'd - L13HONVY19 'd - 1¥39nV 'd

aJaunjoEjNUEW
uoponpoisd e| ap uoisinaud B] ap ||dwax3
: sanbjwouodsgosoeW UoISIARId 18 81njouofuod

op seojgnbus  xne  ss|eNpIAlpUl  sasuoday
1HVHH34 "N - 3SSNOY-13IMY3 'H-NvIg 'O
leuids uonepul

SA 10bBie} 9|qIpesd yYSN ey} pue eoduelq Ul
uojjejjul Jo [apow BuIYOHMS-AONIBIN SO)e)S-0M)
Z113H 9

« sayienb nad/sayienb » sjgpow un,p podde
: sallejes-xud ajonoq o abewoy)
NIAIONVY.1 O - A4439 'O-'d

‘auysnpul,|
SUEP SJUSWSSSIISAAUl S| Jns  aInjouofuod
op ajonbua,| suep suoISIA9S SBP Jnajedlpul un
sasdaus Sop JUSWSSSSAAUL| JIOADId

RS\ SEERN]

3a00.1 @p shed | g ep |aued

un suep }e 8ouel{ US BOUBSSIOIO }8 UOKEINp3
gV °'N - NIASONV. 10

anbjwouods asAjeue,| ap sjusw

ud :ojeosy 9ouUaLNOUOD BT
H¥3771dSvd 'S

#00Z - senbjwouoo] sesayjuis
10 sepnyz sep uonoallg | dp SeNAOE Sep uellg

-aublesus xned

90/90029

§0/90029

¥0/90029

€0/90029

20/90029

10/900¢9

91/50029

§1/50029

¥1/50029

€1/50029

21/50029

11/6002O

01/50029

60/50029

80/50029

10/50029

90/50029




uopewnse,p
SOpoylpW  S8p  UOZLOYpP JNO} un  :oInd
auU0zZ US }@ 9ouel{ UD B|jPRUSOd SOUESSIOI)

1NVLINOW V18 NJINDIT'N

ajdwex3 yousi4 sy} :10}09s
[e3uSY By} uo saipisgng Buisnoy jo joedw) ayy
NIIATHL O 18 AWFHLIT-NIVISIYO O

SION 1o
Buipuig :syuswalinbay [eyde) pue ymois) Ipai)
ANV 'O - ANNOEV1 O

¢ Sjuswisanul Aousiole

ABiaua U0 saAlUBOUI [BOSl O} Sployasnoy
ale aAjsues MoH ‘dn jeay oy Buiung
XNOYNVIN 'V - NOHDINIG-NISSNVA ‘W-T

S|9POJ\ 9914 dlUOpaH oujawelediwes
pue oL}eWEIRd JO UoslEdWO) YV (30l BuisnoH
e |eujsnpu| snoplezeH jo joedw| ayj
AMSSOLYM 'V - AWTFHLIT-NIVISIYND O

uoisuad ap juejuow np ay|iqisiAg.d 1o

so})leljol sap sawloyas sap uonesldde,p sajjepo
1439nv 'd

8961 sindap aouel4 us 9Aud InNajosas

Np XNBLE|ES SNUSAS) SOP SN|IBJOA B 8P UOHN|OAT
INIVO "W - ZONYVHO ‘d - ANVYN3Y-I03D 'N

¢ sebejigy jo
suofjeuop sa| Jed S9SLOAB} S|I-juos sasudaljua,p
uonjeaso e| 1@ sjediound souspisal B 8p jeyoe,
ILNIgYYD ‘g

uonoafoud jo
abeseqal : || alunsaq ajopow np sailydelbolq sa
ONIYVIN 'V - ONA31 'V - L373HOVE '

¢(0102-0861) @ouelS Ul JaldyNW ainypuadxe
JUSWUIBA0B 8y} JO UOHNIOAS pue 8zIS YDIYM
H3INNOId 'V-'d - ANIOWIT ‘W - aNv310 'O

uononpold onsawop

JO Juswssasse 8y} uo sanssl [eolBojopoyia
‘0102 Ul 80UBI4 IO} JUNODDY B}||9}eS SP|OYaSNOH
AOY "0 - ¥3INNOSSIOd 'V

SISUD 6002/800¢ SUp JO 8B SY) Ul SWil4 Yydousi4
QOISOIS ' - 394V13T O
-S108NA "A - 131109 ‘A - SINNVEVO 'A-'d

souBINSULIBPUN pue 81nsodxd :sisjsesiq [ednjeN
ANWIHLIT-NIVISIEO 'O

ejep youal4 Wwoly 8ouspiAg : Alsnpul

|eydsoy ayy ur juswAed paseq-Ayanoe Buonpouu
ZVYWTIA "3 - J3NTIM 1 - NIVAT "4 - INOHO 'd

;eale oing
By} Ul « WnIpunuoy uedsusais) » B Bldy} SEA
JAVT O

Awouode youai4 8y} uo
joedW| BY} pUB SHOOUS BY} JO BINjeU By} :8oud IO
adnv3ao 'O - advNy3g ‘g-r

siea A AUIYL JseT ey} Buung yexen
INogeT youal4 ay) uo Ajjigeisu] Jo UONN|OA]
LOGHVIN O - 1a¥VHY3g3Y o

lleAes) np 3o [ejded

np ajenb e| ap ainssw sunp ypodde, : aouelq
ue sinsjoey sep leqolb gyAnonpold el Jenjeal
H3INNOId 'V-'d

- INVINOW 'V - SANNVEVYO ‘A-'d

60/71029

80/7102O

L0/¥1029

90//¥1029

S0/71L02O

¥0/71029

€0/7102O

20/¥1029

L0702

SL/€1L02O

Y1/€102O

€L/€102O

¢L/€L0eO

L1/€LOCO

0L/€1029

60/€1029

80/€1029

L0/€1029

¢ 11318 JINd Sep 8yARoe |

10 Q%Y op sesuadop so| uns dousploul dj|enb
s 9)Aedwoo ap sajod xne uonedioiued e
13AVNY3g-131404 ‘A - 0931139 'O

aoueuy 21gqnd
ul s}sa) Ajjiqeuleisns Jo sjwi| pue uonejaidisiul
Y3INNOId 'V-'d - NIINO3T ' - ANV D

SoIPISANS BIBIP|IYD JO WIOKSL
youal{ B JO UojenjeAs uy juone ed joyiew
J0qe| 9ewWwa) Joaye 8Ied PlIyd JO }s00 8y} seoq

1094VIN 'O - QHOAID 'd

S|opow JIWeUAp 0} PapUSIXS PoYdBW UI-moyD
ay] - sa|qeleA ¥o0js jo uonebaibbesip jeiodwa ]
Y3IINNOSSIOd VY

¢ Juawabo| ap suonipuod sa| Ins Joedwi [gnb
}o allejouow obejuere [anb : NTH us JalgeH
N3IAIHL O

Jejo-a0edsa uonesijgpow
aunp podde :g|ensusw  9ousnbay  sun
e |ojdw3 s)onbus,| ap aAnoadsosnas uonesiin

Y3INNOId V-d - LNVLNOW 'V - NOAOY3A 'L

swJoyal
youalq4 o0} uopeoydde ue :sapiigel uoisuad
9}ep-0}-paniooe JO Suolen|eAd 0IO|W/oioew Julor

Z3NIW 37°S - L1IHONV19 'd

juswabeue

aNUBASY JO BOUSSaId By} Ul Uollewlsy puewaq
HINTIM 1

- ¥3™AI4 4 - FTIN304LINVHA X
8002

e 0BGl Op JUBWASS||de}e NEBAlU Ne UOolEewW}sd
aun : sebleyo ep syuswabale Jo |IeAel} np N0
HIINOIY ‘A - NILNVND 'S - 131100 'A

anbu}awou029 uolen|eAd aun : ajgeinp
juswaddojpaop ne  91pop  jodwip PRI 8
XNOYUNVIN 'Y

alunsaQ ajepow np apie,| e 0y0Z
uozloy,| B salleonsusq ses ap sanbiisugoeieo
sep }@ VdVvl 9P oo np suoposfoid

AOY "0 - LOGHYI D

sue Gz ap Jnojne saunaf sa|

Ins asAjeue aupn ¢, Jaj|leAel} ap saunaf sulepad sji
-JuabeINoo9p YSY S| JNSSSEONS UOS 19 |INY o7
QYVIIA 'V - NIVOHVE 'O

01L0Z 12 066}

Us SJUBIYIP SyINQUISIPal Xneued sap : sabeusw
s9| Jns juesodas salo}eblgo  SjusWAAR|RIH
QYVOIA 'V - J3INNONYT "4 - NVN13AIT 'V
yoeolddy uoissaibay sjjuenp |euolipuodun uy
:90uel4 Ul abep\ wnwiulpy 8y} Jo 108Y3 Janolids
1089VIN 'O - QHOAID d - LadVHY393V o
sieduel) a)leljal ap sw)sAs 9| suep uonnguisipal
}J@ uoisuad op juejuow op  sauled:
1373HOVE ‘N - LY38NV 'd

19)Jew Jnoge| ybnoy e ojul Buusjus ajdoad

BunoA uo souspire youal juonessusb paliess vy
AYVOIA 'V -ONA31 V- INIVO '

9ouel4 ul 8j9Ad ssauisnq

ay) pue abe-Buines| |00yoS ¢Ja)|ays e se |00yoS
QYVOIA 'V -0NA3T V- INIVD '

90/€1029

§0/€1029

¥0/€102O

€0/€1029

coeld

-20/€1029

LogLd

-L0/€1L02O

V1121029

€L/2102O

47450143}

L1/21029

0L/21029

60/2102O

80/2102O

10/21029

90/21029

§0/21029

¥0/21029

Joineyag olweukqg Bunsa | ¢suononpay
oold  padx3y  Aposwod  siewnsuo)  oQg
HANTIM 71 -H3IHAIS d

sasldaujua sap aouewlopad }o ajeuejes anb
131100 'A-ANVN3Y-1030 'N

sauoz aslidiajul ueqin youal4 8y} Jo
uoljesauan) jsii4 8y} Jo uonenjers wua]-buoT v
NIIATHL "D - NILNVND 'S - YOAID 'd

¢S108y3 Aj@XiI 8y} 81e Jeym
:adoin3 ul salljod |B9SIH 9ANOUISaY
3ANDIdYT A - NIVIAY3Y O

swiq
youal{ wWio} douspiAg pue Alosyl :solweukq
podxg pue spenuod 8y9dwooul  ‘Bujules

¥IONIAV4 'H - ONONE ‘I - LAYVHY3F3V o

01nd U0z e| Jnod enbujgwouodgoIoRW

oopow ‘JZIN O|9pOW NP UOISISA B||dANOU ET
SNOYHVIN A - INOIdVT A

- O3INYVYD ‘W - O¥3T0 ' - 13T7™dvE N

SN[e\/SNUOg, Youald 8y} Jo ased
8y} :UONEXE| UDBIS) JO J08YT [eJUBWIUOIIAUT BY |

NILNOg X
ITIN304LINVHA X

wesboud sauteqin

SOUOUBI4 SOUOZ 8} JO UONeneAd Uy :S}oaye
juswaoe|dsip pue suondwaxs Xe} paseq-ooe|d
Adv1IIS 'd - LOT3HLYY H - QHOAID °d

1002 us 8jlwop e
saue|es ap lojdws,| Jnod jodwi,p 31paJo ud jodwi,p
UOIONPaJ B| 8P UOHEWIOJSUBI} B| 8P uohenjeAl

AOY ‘A - LOgYVIN "D

wooq
-Ageq 9| sindep suonelguab anua soyjeboul sa
N3INOITNOd '3 - OSNOW "0 - 04310 "F-IN

800C

19 8/61 onud g)Anonpoisd Bl op JusWSSSHUS|El
9] Jo osleduel 9IWOU0DY,| Bp uonesUelus} el
QYVOIA 'Y - ¥3EITUHOS 'V

Xneuopeu se}dwod sa| suep uopasul
uos 39 XNEosy S9|QJJU0D Sap aseq e| Ins sasud
-9J)US SOp SYINWISSIP SHAIOE,| B8P UOHEN(EAD,T

10AVYNNY-LOANOT O

so[epow siol}
op uosiesedwod aun : snid }o Sue GG Sap J}AROE,|
Ins sajleljo) sep sawloyal sap joedwi Jajeloid

13HONVE 'd - Ad439 "W - L373HOVE '

suonensn||l Ma} Y :Hoday
ISSNOJI4-UBS-ZJIBIIS By} JO SUOHEPUBWILIOISY
13HONVY1E 'A - INIVO ‘W - 04310 '

sisAjeue uoissaibal a|yuenb e
$002-9261 9ouel4 ul sanijenbaul abepp
INIVO "IN - NIANOD '3 - ZONYVHO 'd

s Lysnpul sAed ydes ap 9ouessIolD e Ins g0z
19 /002 9p saiaioueuy suoljeqinuad sep joedwi, ]
anbjwouoo9 osud B B BJIIOUBUY BSUD B 8Q

OSNOW ‘O - IN9IdVT'A
H3INYINO4 ‘- - ANONODIHE O
s|Injs pue abe Aq pajenuaiayip

Jnoge|  :siepew  AysusboisioH
HINSVYM N - 439049 '

- QdOAID 'd -

Ananonpoud

€0/21029

¢0/210¢o

10/21029

LL/11029

9L/11029

SL/11029

V111029

€L/11029

[4713%0143}

LL/ILLOCO

0L/11029

60/11029

80/11029

£0/11029

90/11029

S0/1L1029

0/11029

X1

saadnolb saguuop ap sed 9| suep a}vuaboIvY,|
Sp SUONES|[9POW  SBP  AJAND  US  SasIW
1@ s@joudoid : xnesAlu-jINW NO S|JXIW S|8japow
‘sollojegle S)oye B ‘soxly S)oye € S9I9po

S31Z3aAva 1

Iwop e sguejes ap (o[dwsa,|
unod jodwip uopoONpaI EB| 9P UOKEN[eAd Bun
10949VIN "D

39SQ Uones|ipow sun : /002
e 986l SOUUB SBP S|BINPUO[UOD SO0y XNe

208} UIBOLQWE }9 sieduel) |leAes) NP saydlew saT
NOWIS 'O - OVITdNO "9 - NOHONvVEdva 31 'L

sose olWweuAQ pue oielS oy} usamiaq
sur :eyeueao) Ateurg suo ypm 360 [euonpuoD
S31Z3AVA - LAYVHY3E3VY '

S9UIBYO X1d B SBWIN|OA DBAE UOISIBA - Z 9WO |
000Z @seq Ua awsags abuesgpy ajgpow a7
N3INOITNOd '3 - OSNOW ‘O - INNVIV1 'O

- 3SSNOY-13IMYI 'H - SINNVEVDO ‘A-'d

¢ol109ds-10308s |ejdeo
uewny juensas-jIAID s| :sdeb abem ayeaud-olgngd
VINOINVY "L - Ad439 "N

sas|eduely saguuop Jns uoneoldde aun : sajgeab
-UBYO® S90IM9S Xxne sobueyos sedlnes saQg

HO3Nd ‘4
- HONdNA 'S - NOSSNYO 1 - 137dva ‘N

inajesijiin,| ap apinb
1 Z @luisaq a[apow nNp sa)iesjal 00|q 87
H3INN3IHO '3 - 13HONV19 'd

sjeynsaJ siaiwald 38 sanbysugioeled sajediound
1Z olulseg UOoNEINWISOIOIW 8P  Sjgpow 97
ZANIN IS

Y3INNIHO '3 - NV3L344Ng 'S - LIHONVIEG 'd

o1|gnd @16ap puodas np syjueubiasua

sop sed 97 - o)elsas us spedop s9| JUns
€00z 9P SWI0Rl B 9p Joyd,| op uonen|eAd aun
JHYION04 'Ad - A4439 ‘N - NOLvdvE '

6661
© 806 9P 9oUBIH US SR.BIWLWI SBP UOIEAUSIUOD
el e uopeonddy - anbiydeibosb uonesnusouod
e| Jainsaw Jnod xneAou e sepoyipw sap podde,]

AdvlIS 'd - LOT3HLVYY o

sIeBuel}® SIBIUBNOP SylIE) SBp Bssieq e| &
sasleduely sasiudasua sap uopoesl e
ANNVYIVT 'O - ONONg I

¢, 9SO
e| saide swus} uskow op BOUESSIOI B||BND
INIVO ‘N - A4439 "IN - NINDITNOd '3
-3NOIdVT 'A - SANNVYEVO "'A-'d

sanbiignd sanbpyjod
ap uonenjeag,| Jnod sanbujowouodd sepouisy
QHOAID 'd

¢ sallelodwa} sjesjuod sap joedwi [anb : aAijoe
SIA 9P INGop Ud sajjpuuolIssajold sallojosfel) saT
QYOAID 'd-00sv19 'S

josejeq a@akojdwy

-1afojdwg payojew e woiy SISNIOA\ Se|y Swi]
-|INd YduaI4 UO S2USPIAT - SUOIISOH [EDIYDIBISIH
pue sabepy Ul seoualeylq ulbuQ |euoneN
139N0d T - LadvHY3g93v o

€0/11029

20/11029

10/110CO

81/01029

21/01029

91/01L029

§1/01L029

¥1/0L029

€1/0102O

¢L/01L029

L1/0L02O

01/0102O

60/01L029

80/01029

£0/01L029

90/01L029




Ansnpu| [e)idsoH ayj jo ase)

8yl SeINguiy paAlesgoun uo uoppedwod
H3ANTIM 11— INOHO 'd

jAwouoo3 ayy (Alurew) sty

:sJojeoipu| Juswdojpaa a|geulelsng

J0o} S8UN0D N3 usamiaq sadualsaylg ayL
NVY3ILVid O —INOZHO ‘N

= INVY3H3IL-IVEHO3 'S — ONITO d-I
¢, aqiojeinque a1biniyo el ap Juswaddojarsp
ne anquuoo s9||9-Juo a|qeleald
pJoooe snos esiw 8p ainpgooid e| 19
Sallejlie} suoneyoul 9| ainsaw ajjanb sueq
ZVINTIA '3 — ZLNOYOVT-IAVNIZYO 'V

¢ did np xud-awnjon abeyed

9| 9||o-}-assney  anbugwNU  BJWOU099,7
dV4VZ 'a-'r - LVNILN3d ‘9 - "Iv1031 N
- d3ILVH ‘4 - 1advHY393v 1

s|ouueyo

peaids [esn pue uopnjod Jie :suondnisip
Hodsueyy ognd Jo sjoaye yjesy wis)-Joys
OTIILSVYO Z349VNS ‘N — IMSNIZAOD 'V

Xxneuoleu sa)dwod sap ndino/ndu|
uonesijgpow  e| OIUOIAY  d|9pow 97
ANVIYg 'V — S10394N09 'V

uonenwisosolw Jed ayoosdde aun

: so)lleBaul 9| 10 SIA 8p NEBAIU 9] UNS WAL
op assney aun,p swlis} uskow ap s}olg
NV3LL0Ig TV — FHANV '

Z @lunsaq 9[apow nNp uIds ne gjjepow
e| suep [e100s juslpelb un,p uonoNpoJul]
NIT'A

— 13409 ‘4 - ZLNOYOVT-IAVNIZYD 'V
10219 €102 Ud

10/dwa,| Ins DD NP }8l8,| 8P Uonen|eAd p
XneAel} sap juswsayodoiddes jo uonesidoy
OTIILSVYO Z34VNS "' — NINOW o

anld-o11gnd aAiBIOgE|I00 %Y
e| e aple,p syyisodsip xnap ap uosiesedwo)

1Nvd3aL'n

- 13avNyd3g9-131400 'A— 09371139 O
ayonequie,p

suojjesepgp  sep  Jied B uopen|BA®

. I\ Se| suep ayonequia,| e awid
INVIONT 'V — LNONNVY34 'd

¥102-G¥6l ‘@oueiq ul

jusw/Aojdw3-}8S puE SjUlBISUOD |elouBul
1OX-S39€03IO 'S

- ILNIgHVYO ‘g - d3anva v

1 1L0C pue G661
usemjaq souelq ul Ayenbeul uopdwnsuo)

HIITYAIHO ‘-0

ealy 0ing ay} ul

9ouapiAg :sdnyew pue Ayaonpold ‘saoud
uo uonesijeqolf jo sjoaye aApedwos-oid
MVd 'W-33T'H'S

ymmolb |elojoas

pue swulj SAJBAOUUI JO SJUIBLSUOD [BIOUBUIY
HIITYAIHO ‘-0

£0/61029

90/61029

§0/610¢9

€0614
¥0/610¢O

€0/610¢9

¢0/610¢9

10614
10/610¢9

¢L/1810C¢O

11/81029

01/810¢9

60/81029

80/810¢9

£0/81029

90/81029

§0/81029

X

Hels sanjiger xe| a1auypn Buiyoung
¢Xe] awWoou| youal4 8y Spuejsiepun oyp
XN3AYv1H

sa||anpIApUl
}o  so|euoes  ssguuop Ins  ashjeue
s|gnop aun : xud s Ins JDID NP Joue,]

OT1ILSYO Z34VNS ' - NINON'H

[9A9| |ed1Bojouyos} yim

Aten salsnpul ssoloe spoedwi JuswAojdwsa
pue Ayanonposd Joge| ‘uopezuaindwod
INVIONT 'V - ¥3ITVAIHO ‘-0

£S91JUNOD BBJE
oing ssoloe oousbionq :Buioueuly SIS
OVNDIAVS '4-XNOY 'S

Joineyag 1oxJep
yodx3 pue ysiy Mo|4-yse) :Asuopy si awi|
INONNVY3d 'd

s}oaye uonisodwod

pue Ayjeussixe Buibuejyussip :S8WO2NO
joslew  Joge) pue  diysioumoswoH
XN3AAYVY1 H - Y3IMVAIHO 'N-O0

a||e1i0)08s040BW BYd0Idde
aun Jed aduel{ Us UOIejUI| Bp UOIESI|OPOIN
NITIA M

1102-0661] ‘@ouei4 Ud XNEDO| [IBAR) NP
sayoJew 18 anbjuyos) saiboid ‘uonesyend
ANVYO "N - ZONYVHO 'd

92IAJSS [IAID [J)UBD Yousi
By} Ul S80USSQE paje|al-Uledy U0 oAes|
>o1s 10} pouad Buiiem Aep-suo 8y} Jo s}oey3
IMSNIZAOO 'V

-Z1NOYIOVI-IAVNIZVO 'V

punog-1amoT-0197 8y} Je uolun
Aiejauoly e ul uoneulpioo) Aoljod |edsiq
ANOVAAVO '9 - d4dvsSsSNnog r

S9)NESANOU }o Uolewlsaal

: obuesg|\ anbujgwouod90I0BW S]9POW 87
(J0s911-9@) IHONOLYVC 'H

- NOSSVIN '3 - ONV1931 'd

- dvvzanla ‘O - Z3aNY3I4NA SV

(oosuy)

NOWIS 'O - 431344V "D - ¥3AHM 'g-'IN

- ANOVdAVO ‘g - Irvadvea T

alunsaq afepow np Jied e uopoafosd aun : 0661

J© 096l @MU S99uU suopelougb sop aIaNS

oyoedeoul sues d)lesjol US SIA Bp doueladss,

13d09 "4 - ZLNOYOVT-IAVNIZYD 'V

sanbiydeiBowgp so0yd xne 38 anbiwouos9

Qouess|ol0 e| e sd)jesnal op sasuadop sop

oY|IqIsuas }o suoisuad sep uopexapulp sa|bay

19N0OX "N - SI0gNd A

9oUBl4 WOJ) S0USBPIAT :SjusWaaIby [aAe]
-Aiysnpu| ul Bumpes Jooj4 abepy Buipueisiapun

XNOY 'S -¥3AILNVYO '3 - 3¥39N04 'd

uoiisodwoosp

indinQ-indu] ue :juswhoidws ul uondwnsuod

¥0/81029

€0/81029

20/81029

10/81029

01/£1029

60/.1029

80/.1029

£0/L1029

90/.1029

G0/2102¢9

¥0/21029

€0/21029

¢0/L1029

10/21029

leuy pue opely ‘ABojouyos) 1o} Bupunodoy

H3IINNOSSIOd 'V - Mvd '

20Ul UB B}el}al 18 9Aud sulowlied
d3IO0d ‘N
- ONIMVN 'V - SI0gnd "A - L3IHONVIG 'L

¢ 9NIgejual s|jenb jo senbnsugloeled so|jenb

: OlWS ne sgueles sap juekojdws sasudanus sa
ILNOH INVINITS I - ANVYHO ‘W - SYNOVWN 'V

¢ 0102 op ssyelal

SOp SWIOJRI B| 9P SIOIUDS SBP SYIAIOE,| NS Joedul
|1onb : ayesja1 e B HEdop ap abk,| ap JusWaAdeY
19NOX "IN 18 S10GNAd "A

sasAjeue AyAnisuss
10} 9SED B S|opow JOSQ Ul SWUoaI [elnonas
Y3IINNOSSIOd 'V - ANOVANVD ‘9

lopow ozaln
WoJy SUOSSa)| :sJald N [BOSY PUE SBAIND JoyeT]
H3IINNOSSIOd 'V - ANOVJNVO ‘9

ealy oing
Y} ulypm sduel4 Joj |spow 398a V 3Z313N
HIINNOSSIOd 'V - ANOVJNVO ‘g

aouel ul sabe Jap|o je yiom 0} Ajoeded yyesH
¥390d ‘N
- 1S0dd O - I70dvO '3 - 13HONVIE ‘d

aseqejeq dAlelSIUILPY
youali4 B woij 9oUspIAg - uonezieroads [ejuepn
Jo apig dii4 ay] :8210AIQ Jaye Ayjenbau| Japusg

ZVY10S 'V - IINIFgYVO 'g - 1INNOG 'O

jley paads-ybiH youal4 oy} Jo joeduw| ay} woly
80UBPIAT :S8sSBUISNg JUB|d-IIN|A JO uoneziuebio
|[euslelu] 8y} pue  SjSO)  UOREDIUNWIWOD
NIIAFHL O - I9YVT1IT 'O - ZONHVHO 'd

JuswaJnal pue ‘}dieoal aouepayul jo Buiwiy

By} ‘UOISIOAE MSIY (S9SOJ BY) [|BWS O} Bwi|
1OX-S39H039 'S - ILNIgHVO ‘9

uaisued Jaljigowwi,| 9p senbiuopay xud sa7

¢ BNA 08AB 2IqUIBYD NO IN0Y INS d4)oud-
SIHINOd ‘W

¢s1eak oz ul sabueyd
|eIoUBUY  Sployasnoy  youal4
13H1Y39 1 - aYvNy3d 'g- 1

sjoyew ubialoy

ul SaIAOW Ueduswy Jo aouewlopad 8010 xoq
ay} uo Aoeuid auljuo Jo Joayd BARNGUISIPaI By L
SFIN3d ¥ -0931139 O

sjosjiew ublaio) pue 2)}SSWOP U} U
sajuedwod youal4 Jo seouewlopad pasedwo)
3TNV O - INOVHAVO ‘9

- INONOOIYE "O-T - Ifvayve 1

aluisaq Jnod a|nNPoW un,p UOONJISUOD

‘S|IA ep sulos op sesuadop sep suonosfoid
JIYINSYOV18P O - 19NOM N - AVID O
s9||auuolssaj0idoloos saLI0B)ed SajuaIRYIP SOp
|eleles nuaAal 8| Jns xud sap }o SJIAIOE,| 9p 1oy
H31344V1 'O - A¥vNy3g 8-

ase) youai4 ay] ¢senfeA Auadoid [erosswwo)
ojul pazieyde) sjyousag sauoz esudiojuy aiy
S3IHINOd ‘N

souel Ul XE}

pappe-anjeA 8y} J0 8ouspIoUl BWIBY| PUB [BNUUY
10OXY-S39H03ID 'S

yolym  iyyeam

L1/19102O

01/91029

60/91029

80/91029

£0/91029

90/91029

§0/91029

¥0/91029

€0/910¢9

¢0/91029

10/9102O

61/510¢9

81/51029

L1/51029

91/51029

S1/51029

V1/51029

€1/51029

[4%:120043)

sasudasua sayjad s9| suep
agy us lojdws,| uns sanbignd sepie sap joy3
QISOIS ' - 13AVYNy3g-131404a ‘A

¢, seinsse aJjue sgyedsip

sajjenb : a)lel}as €| ap abe,| }o aI9LIED Bp BINP
e| uojes uoisuad 8p juBjUOW NP uUOREINPOW BT
14¥39NVv 'd

113, 9p anbygnd

uonouoy) el ap gNANdeINe,| Bp wucmmc_c.tmﬂm_u so7
N3INDITNOd "318 ONA31 'V

‘IHOIHOVINGI "S ‘NOHJINIE-NISSNVA “W-T

dduel4{ US €102-6.61

apouad e| ns sjodwi S104} 8p 8pNIY : BNbILIOUODY
9[pko  ne  seoleosy SeRedal Sap  SYNSE(T
MVd ‘W -¥31344v1°O

90UEI Ul JI0JeIS[900E [eloUBUY JO SOUSPIAS ON
ayvNy3g 'g-r

- SV139O-ONIHIV ‘A - INOVAAVD ‘9
ajjsuuonelgugbelul 19 ajjpuuOln

-elougbliajul sayooidde : 9Aud Insjoses 8| suep
d)les}a) 9p awWsAs np juswapuas ap soledsiq
ONIYVI 'V - S108Nad A

¢, dlpejew

inod |leAel} ep sjolle sep 9aInp | Uns alpejew
uopesiuwapulp awaisAs np joedwi| is8 |ohd
143vO3Y 'O - 19NOM ‘N

OVHIITOS-TI4VAH ‘A - VWITVH N3G 'V "IN
AuIqo JuswuosiAug [e100g Buunses|y

18393 V-AT'L'S

uolfay sued sy} wouy 90UspIAg

:uojepodsuel] olgnd uequn jo sypedwi ayl
NIIATHL 'O - HIAVA 'L

sieduely

S}leJ}a) 9p SWISAS Np JuswWapuUSl 8P SINajedlpu|
ONIYVI 'V - SI09Na "A

sjepow

Aoljod  Aieyouow 0} obusjeyo e Buissaippy
uoljenba Jajn3 peap Bupyjem ay

Y3IINNOSSIOd 'V

¢ dIN

ap ooueladss,p suieb sep abeped |anb : ayesal
us aIA 9p 9aInp jo aIguIEd Ud agssed 8aing
Jlvdvy 'S - 14349nv 'd

lesejep [8A3]-Jawnsuod

youal4 Buisn uopeneas uy  jsaseyoind
Jed mau joedw| uopjexe} [9nj S30P MOH
EREREN/\N

AWFHLIT-NIVISIHO 'O - QHOAID °d

SMO|4 gor pue sajndsiq Joge]

1S0¥d 'O - ZdVINVYM "4 - ISSIVHd 'H
sajebaibbe Alusuenb payuil-uieyos Joj senssi Jayjo
pue ymoib o} suonnqujuod aAlppe Bupndwo)
IVNOS 'H -

YIINNOSSIOd 'V - @4VSSNOg T - ANVNYY 4
uo|SS909Y

jeals) 9y} 9oUIS SoUBI4{ Ul doUdlISSY SbeA
OISJIS ' - ANVHO ‘N

- XN3AAyv1 o - Ifvaydva r - L43vN3any 'd

¢, abejueaep s|-jusubieds snusal sjney sa7
JHOUVIVT 'd - ILNIGYVYD "9

L1/GL02O

01/51029

60/5102O

80/51029

10/51029

90/51029

§0/51029

¥0/51029

€0/51029

20/51029

10/G102O

SLivL02O

V1/v102O

€LY1L02O

[4%4745]

LLIvL0ZO

0L/¥1L02O




sjuswinisul Auew ypm
sjuejnjiod Jie jo sjoays ay) Bujbuejussig

OTILSVYO Z3JVNS'W — IMSNIZA0O 'V

SO|[oNPIAIPUI SBRUUOP JNS 8sAleue
aun :(z0oz Ue sasudasus sep algloueUl
uonenys e| Ins aJlejues asuo e| ap joedwi,]

SVYNIA'4—1100S 'S—3JT N —I9H0ID T
AOYY3INONA V- Nv3adng ‘9
SO|[oNPIAIPUI SBUUOP NS UOHEN[BAS BUN

‘gouel
ua sasudaljua sap 9JIAlE,| ap anbiweuAp
e[ Jns 1oedwi : QIAQD 9SUO 8p d9uue aun

SVNIAN'4—1100S 'S—JT'W—I9dH0ID T
AOYY3INONA 'V - Nv3dng ‘9

wo)sAg 9A1109|9S-UON
e Ul Ssjuswanslydy Alepuodeg-jsod pue
sjulesjsuo) Ayoeden ‘seoualajeld SWUapNIS

11Nvg3HL 'O — IHOIHO349 'N

8IA 8p NesAlu
np ainsew j8 sialiqowwi xud sep essneH

NITSIN 'O — NIT'A

oleog
0} suinjy pue ABojouyos| uoREWION]|

I4VMHSYT 'd — d4vsSsSNod T —d3anveg 'v
8Jeys 10geT] pue Jemod 18xen
aydvssnog T —d3anva 'v

sisfleue
ue : suonouy [eeds pue uonebaibes
awnhep ‘uonebalbes |lenuapisay

VA3HdONS 'Z — 394NIOIANZS 4
HOLINOYVMVS '8 — VNVITVO 1

spodx3 |aneT]
-WJI4 Youal4 Woiy S0USPIAT :UOIBAOUU| UO
9215 Jo)Jel Jo Joedw| snosusbois}eH 8yl

Z1M3aW TN - NJIND3T'IN
anvaod3d vV - NOIHOV 'd

YoloN

XE| B JO UOI}ONPOJU| 8y} WOl 9oUspIAg
SWI4 Yduai4 Ul 8dUBpIOAE XB |
9d3gNILOY ‘W —d3nva v

anbiewo

9}ljiqeusjnos e| ap anbiwouodd ayjigeidwo)

HONOTI3T 'L — NIVNE3O "W-r

¥0/12029

€0/12¢02O

¢0/12¢02¢o

10/1202O

G1/0¢02O

¥1/020¢9

€1/0¢0¢O

¢1/0202¢O

11/0202¢O

01/0202¢9

60/0¢0¢O

mx

¢Missiw Aioysuel) ‘ssauiddey jusuewlad
:Bureg-jlom aaoalgns jo aouaysisiad ay
HINTIM 1

suolbal youai4

Jo Jabiow 8y} woly SOUSBPIAT ¢ SWIO)eI
uofjez|jeljued aAl@oJad SUBZIIO Op MOH
H3INTIM 1

Aouayadwioo 8100 0} doue)sIp

pue Jamod jeyiew ‘Bulyopmsg 1onpoid
OTIILSYO Z34VNS ‘N — NINOW o
@oueld ul

sBuluie [ejuaied pue a1eop|iyd dAI}09||0D
¢,Ss97 puads pue Buppuopy deay

vd0d 'd

uoNeJIUSdUOYD PUE BleysS Jjoid ‘uonadwo)
337 'Y — advssnoga r

VSN 8y} pue adoun3 4o} . 4dO

1994 |esy, JO Sjewns3 pseseg diejdsM v
NIVINSIO ‘N

suo|sua)x3

Jyouag juswAholdwaun jo dn-exel 8yl
XN3AA¥VY1 W — MINILHONOY9 ‘9

¢, salsljesousb

suloapaw sap sanbijesd ap sueO9 Sap sajje
-Jusjale. aJiejuold UoUBAIBIULP SBUOZ S
NOT3ALNIA g~ TOHTIS T

S9JUNOY POUBAPY SWOS Ul dleys Joge]

NOddITIHd "L = 1H3OX 11— 31130 '9
pappe-anjeA ,sjooyos

ybiy ui AyeuabolaleH ¢||e 10} 9ouUd||99X3
OTIILSVYDO Z3¥vNsS ‘W — ddOAID 'd
9ouBlI4 Ul 0G JOAO UOeW.IO}

8]dN0d JO SjueUIWIBISP DIWIOU0DS PBISPUDD)
ZV10S 'V — 13d09 "4 — 1INNO9 'O
uoneAouul Jodwi,p P90 NP uojen|eAs
1TA3QIrAvH "9 —13aNNg 'S

synpoJid ap auobaeo

}Jo asonew Jed asAleue aun : asieduely
alwou0%9,| op asonew  aidws,]
NOWIS 'O — WVMHOW "M

nuaAal 9| Ins

jodwi| ap spinquisipal jo sallelebpng sioye
: so|lwey sop }o so|dnoo sep uonisodw|
JOMAIHIS 'V — JHANV '

ejeq OOl Youal4 wolj aduapiAg ¢, pibiy
alow sabepy ayew sabepy wnwiuly oq

OT1ILSVO
Z34vNS ‘W — XNOY 'S — ¥3lLNvo 3
uonngusig
abepy oYy bBuoje uoneuep  Bunioldx3
SOAJUSOU| [BIOUBUI{ Ppue safjeusd PIIUD

H3INTIM 11— Vd0d 'd

80/020¢9

10/02029

90/02029

§0/02029

¥0/0202¢9

€0/02029

¢0/0202¢oO

10/02029

G1/61029

¥1/61029

€1/61029

¢L/6102cO

11/61029

01/610¢9

60/61029

80/61029




