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Abstract. Aerosol properties have been monitored by 1 Introduction
ground-based in situ and remote sensing measurements at
the station for atmospheric research located in Ispra, on théir-suspended particulate matter (PM) affects more people
edge of the Po Valley, for almost one decade. In situ meathan any other pollutant worldwide (WHO, 2014), and the
surements are performed according to Global Atmosphergecognition of the relationship between PM concentrations
Watch recommendations, and quality is assured through th&nd health outcomes (increased mortality or morbidity) has
participation in regular inter-laboratory comparisons. Sun-led authorities to establish limit values for Ry/and PN 5
photometer data are produced by the Aerosol Robotic Net{mass concentrations of particles with an aerodynamic diam-
work (AERONET). Data show significant decreasing trendseter smaller than 10 and 2.5 um, respectively) in ambient air
over the 2004-2010 period for a number of variables, in-in many countries around the world. As a consequence, mea-
cluding particulate matter (PM) mass concentration, aerosopures were taken to reduce emissions of PM and PM precur-
scattering, backscattering and absorption coefficients, angors from various sources and PM concentrations have al-
aerosol optical thickness (AOT). In situ measurement dataeady decreased in several regions across the world (e.g., Be-
show no significant trends in the aerosol backscatter ratiogum et al., 2008; Murphy et al., 2011; Terseth et al., 2012).
but they do show a significant decreasing trend of aboutHealth improvements should therefore be expected.
—0.7+£0.3%yr ! in the aerosol single scattering albedo Airborne particles, however, also have an impact on cli-
(SSA) in the visible light range. Similar trends are observedmate through several mechanisms, among which is di-
in the SSA retrieved from sun-photometer measurementsiect aerosol radiative forcing, resulting from the scattering,
Correlations appear between in situ PM mass concentratioRackscattering, and absorption of sunlight (IPCC, 2007, and
and aerosol scattering coefficient, on the one hand, and eFeferences therein). On the global scale, aerosols are esti-
emental carbon (EC) concentration and aerosol absorptiomated to cool the earth system (e.g., Chen et al., 2011; Oh
coefficient, on the other hand. However, no increase in theet al., 2013). A recent study showed that applying maximum
EC/PM ratio was observed, which could have explained thefeasible reduction air pollution abatement strategies would
decrease in SSA. The application of a simple approximatioriéad to a fast additional global warming fL..0°C by 2030,
to calculate the direct radiative forcing by aerosols suggest®n top of the+1.2°C due to the increase of long-lived green-
a significant diminution in their cooling effect, mainly due to house gas concentrations (Kloster et al., 2010). Fast warming
the decrease in AOT. Applying the methodology we presentshould be avoided as much as possible, since adaptation to
to those sites, where the necessary suite of measuremerf@st changes is particularly difficult (see Shaw and Etterson,
is available, would provide important information to inform 2012).
future policies for air-quality enhancement and fast climate In this paper, we present ground-based remote sensing
change mitigation. and in situ aerosol data obtained over the period 2004—
2010 at the station for atmospheric research located in Is-
pra (IPR), Italy. We discuss the trends observed in,BM
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mass concentration, aerosol scattering, backscattering anéinderson and Ogren (1998). The aerosol absorption coeffi-
absorption coefficients, aerosol optical thickness, and inteneients at 450, 550 and 700 nm are derived from 7-wavelength
sivel variables (aerosol backscatter ratio and single scatteraethalometer (Magee AE31) measurements. Absorption co-
ing albedo) calculated from these measurements. These daédficients are calculated, using a scheme based on Weingart-
were not included in the recent article by Collaud Coen etner et al. (2003), and correction coefficiegigs= 3.60, 3.65,
al. (2013), which dealt with decadal trends of in situ aerosoland 3.95 for 470, 520, and 660 nm, respectively. The absorp-
optical properties, because the data series from IPR are stition coefficients calculated for these wavelengths are inter-
less than 10 yr long. However, the consistency between indepolated to 450, 550, and 700 nm, respectively, using the ob-
pendent remote sensing and in situ data at IPR lend robusserved wavelength dependence of the light absorption. The
ness to the observed trends. We estimate their impact on thaerosol absorption coefficient at 660 nm compares very well
direct radiative forcing by aerosols, and we discuss how thegslope= 0.97,R? = 0.94 over 2008) to the aerosol absorption
application of our methodology to similar data sets obtainedcoefficient at 670 nm, measured with a multi-angle absorp-
across the world would lead to important information regard-tion photometer (MAAP) (Putaud, 2012). The MAAP itself
ing the impact of current air-quality policies on changes inwas recently shown to “compare excellently with the pho-
aerosol direct radiative forcing. toacoustic reference” instrument (Mdller et al., 2011). The
instrumentation took part in all the inter-laboratory compar-

) isons organized in the frame of EMEP, EUSAAR, and AC-

2 Experimental TRIS between 2006 and 2010, and IPR station was favorably

The station for atmospheric research of the European Comaudlted by the World Calibration Centre for Aerosol Physics

mission — Joint Research Centre of Ispra (IPR) is located in a(WSCaCr:nATg Ifrllol\\lﬂvzr;?ezgrliga with Nafion drvers before enter-
semi-rural area (4219 N, 8°38 E, 209 ma.s.l.), on the edge P Y

. ) ing instruments. However, the RH at the instrument inlets
of the Po valley, one of the most polluted regions in the world . .
. . sometimes exceeds the recommended value of 40 % during
(see van Donkelaar et al., 2010). It lies several tens of kilo-

. summer. Scattering, backscattering, and absorption data were
meters away from large pollution sources.

Full chemical, physical, and optical characterization of therefore subsequently corrected for hygroscopic growth us-

aerosols started gradually between January 2000 and NovenJ monthly diurnal cycles of their enhancement factors, as

ber 2003. PMs gravimetric analyses are performed from established from hygroscopic tandem diffusion mobility ana-
o TTES . . lyzer (HTDMA) measurements and extensively discussed in
quartz fiber filters collected daily according to the refer-

ence method EN19027 with two important modifications: Adam etal. (2012). In short, the particle hygroscopic growth

a carbon monolith denuder is used to minimize the sam-faCtor GF(RH) atany RH is estimated from GF(90), assum-

: . . ; ing that GF(RH)= (1 — RH)™”. This “y law” allows us to
pling artifacts for organic carbon, and samples are weighe . ; . .
. T . . calculate the particle diameter in e.g., dry conditions. As-
at 20+ 5% relative humidity (RH) to limit the contribu- . . . .
. . suming that particles are spherical, the volume of water in
tion of water to the aerosol mass. Py chemical analy-

. X rticl instrumental RH i in he differen -
ses are performed following the recommendations of thepatces atinstrumenta s obtained as the difference be

. o : tween the particle volume at instrumental RH and at 0%
co-operative program for mqmtormg anc_i evaluation of theRH. In addition, the aerosol refractive index at instrumen-
Iong-rgnge transmission of air pollutants in Europe (EMEP)'taI RH is retrieved by minimizing the difference between the
OTga”'C qarbon (OC) and elemental carbon .(EC) are deterélerosol scattering and absorption coefficients derived from
mined using the EUSA.AR—Z protocol (Cavall e_t al.,, 2010). measurements and computed from the Mie theory, and ex-
Aerosol oppcal properties are measured according to the reci:;:')ressed as the refractive index of a mixture of dry aerosol
ommendations of the _Global Atmosphere Watch program ol .,y water. The refractive index and the number size distri-
the World Meteorological Organisation, and special require-) oo of the dry aerosol are then used to compute the op-
Esgt; Aeroanttth(.e/ /m%iasg;?\;?:;%h Arg;_a;ltrsuc(tAu(r;Ozgjectacal properties of the dry aerosol. The corrections for the

P- ' ) ' erosol hygroscopic growth in the nephelometer are high-
Clouds and Trace Gases Research Infrastructure Networkz

(http://www.actris.nét All aerosol physics instruments sam- (;teldr;at::e _Sg [;Omge(;trr? 02:22;15':: _g;g?)/ro?ll)lfzorre?]zlr;brggrrglnal
ple isokinetically from a manifold equipped with a R : P ’ P

: - ) 0
inlet operated at ambient RH. They are described in Adamtlon coe_fflment, they are even smalle_r (m_edmnl %, 90th .
ercentile= —3 %), because absorption is much less sensi-

et al. (2012). Briefly, the aerosol scattering and backscatteF . : .
- . : . ive to particle diameters than scattering. As a consequence,
coefficients are measured with an integrating nephelomete

i f th I i i f-
(TSI 3563) at 450, 550 and 700 nm, and data are correcteéq © correcnop of the aeroso scatterlpg and absorption coe
. " : : icients from instrumental to dry conditions (0 % RH) results
for angular non-idealities and truncation errors according to.

in marginal changes in single scattering albedo (SSA) (me-

Lintensive variables are independent from the aerosol concendian —2 %, 90th percentile-4 %). _
tration, while extensive variables are proportional to the amount of ~ All in situ aerosol data from IPR can be retrieved from the

particles. EBAS data bankHttp://ebas.nilu.nd/
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Figure 1. Variations in PM 5 at IPR: logarithm of the monthly  Figure 2. Variations in the aerosol scattering coefficient at 550 nm

mean values (squares), least mean square fit (line), and residuaés IPR: logarithm of the monthly mean values at instrumental RH

(crosses, right axis). Error bars show the standard deviation of th¢open circles), at 0% RH (squares), least mean square fit of the log-

log of the monthly averages. arithm of the monthly mean values at 0% RH (line), and residuals
(crosses, right axis). Error bars show the standard deviation of the
log of the monthly mean values at 0% RH.

Level 2.0 data retrieved from sun-photometer measure-
ments were taken from the Aerosol Robotic Network

(AERONET) web site lfttp://www.aeronet.ngwithout fur- cept the aerosol single scattering albedo derived from sun-
ther processing, except for the interpolation to suitable wavephotometer measurements and the ratio aerosol absorption
lengths, based on the Angstrém exponents obtained from theoefficient/elemental carbo®? ~0.15-0.16).

sun-photometer measurements themselves.

3.1 Aerosol extensive variables

3 Results and discussion 3.1.1 Ground-level characteristics

As in Collaud Coen et al. (2013), long-term trends were StUd'PMz_g, monthly averages calculated from daily gravimetric

|e|d zigcgzrdg]g f?gir\]NeV?/?herhelad St ?npprgach (\:Veatherrhfi;d %tnalyses at 20 % RH show an obvious seasonal cycle (Fig. 1),
a ) by 9 a 'east mean square approximar, . maxima in winter and minima in summer. This is mainly

t|0_h monthly averages of a_eroso_l characteristics (or their I()g'due to meteorology (less horizontal and vertical pollutant dis-
arithms) to analytical functions like:

persion in winter due to a higher frequency of stagnant condi-

3 tions and temperature inversions), which strongly influences
Y(t) = A+BI+Z(C’< cos2km -1/12) the shape of the aerosol vertical profiles at IPR (Barnaba
k=1 et al., 2010). The significant decreasing trend in loggBM
+ Dy sin(2kr - 1/12)) + E(1), 1) (=3.3+0.4%yr 1) corresponds to a decrease in Pivbf
about—10%yr 1.
wherert is time (in months) starting from January 2004, A comparable seasonal cycle is observed for all other

is a constantB is the slope of the trend;; and D (k =1, aerosol extensive variables measured in situ. Monthly aver-
2, 3) are the parameters describing seasonal variations in thages of the total aerosol scattering coefficient at 550 nm at
experimental data, anfi(¢) is the residual noise, which is instrument RH (circles) and at 0% RH (squares) are shown
plotted in Figs. 1-6. According to a commonly adopted rulein Fig. 2. A significant decreasing treng2.84 0.5 % yr 1)
(see Collaud Coen et al., 2013, and references therein), trends observed in the logarithm of the aerosol scattering coeffi-
are significant at the 95 % confidence level when the sBpe cient at 0% RH, too. Variations of the aerosol scattering at
is greater than twice its standard deviatign(Table 1). 450 and 700 nm are very similar to those of the scattering at
As none of the aerosol extensive variables we monitor550 nm.
are normally distributed, but rather closer to lognormal dis- Seasonal and inter-annual variations are also observed for
tributed, logarithms of the extensive variable monthly aver-the aerosol backscattering coefficient at all three wavelengths
ages were considered for trend analyses. In contrast, leaghot shown), with very similar patterns compared to that of
mean square fits were applied directly to monthly averageghe aerosol total scattering coefficient.
of aerosol intensive variables, since their distributions are Monthly averages of the aerosol absorption coefficient at
closer to normal distributions. No autocorrelation in the noise520 nm (Fig. 3) show a similar seasonal trend to aerosol
E(t) was observed for most of the variables we studied;mass concentration and scattering coefficient (maxima in
the correlation coefficienR? of the linear regressions be- winter, minima in summer). The slope of the trend in the
tween E(¢) and E(t — 1) is less than 0.05 for all data ex- logarithm of the aerosol absorption coefficient at 520 nm

www.atmos-chem-phys.net/14/9129/2014/ Atmos. Chem. Phys., 14, 91A®86 2014
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Table 1. Slope, standard error of the slope, and trends of variables observed at IPR, or calculated from observations performed at IPR
(2004-2010).

Variable Slope Standard error  Trend
Log(PM 5, pg n3) —33%yr! 0.4%yrl Negative
Log(aerosol scattering at 550 nm, ki —2.8%yr1 0.5%yrl Negative
Log(aerosol absorption at 550 nm, k) —1.1%yr?! 0.3%yr1 Negative
Log(aerosol optical thickness at 440 nm) —4.0%yr! 1.8%yrl Negative
Log(aerosol optical thickness at 675 nm) —25%yr1 1.3%yr1  Onlyjust significant
Log(aerosol absorption optical thickness at 440 nm) +1.0%yr 1 1.0%yr 1  Not significant
Log(aerosol absorption optical thickness at 675 nm) +1.2%yr‘1 0.9%yr‘1 Not significant
Aerosol backscatter ratio at 520 nm —0.1%yr 1 0.3%yr 1  Not significant
Aerosol scattering Angstrom exponent +0.1%yr 1 0.4%yr1 Not significant
Aerosol single scattering albedo from in situ measurements, 550 nm, 0% RH —0.6%yr1 0.2%yrl Negative
Aerosol single scattering albedo at 440 nm from sun-photometer measurements ~ —0.6%yr1 0.3%yrl Negative
Aerosol single scattering albedo at 675 nm from sun-photometer measurements  —0.8 %ylfl 0.3 %yrfl Negative
Estimated direct aerosol radiative forcing (green light) —(=0.9Wnm2yr1 o02wm2yrl Positive
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Figure 3. Variations in the aerosol absorption coefficient at 520 nm Figure 4. Variations in the aerosol optical thickness at 440 nm at
at IPR: logarithm of the monthly mean values at instrumental RH IPR: logarithm of the monthly mean values (squares), least mean
(open circles), at 0% RH (squares), least mean square fit of the logsquare fit of the logarithm of the monthly mean values, and residuals
arithm of the monthly mean values at 0% RH (line), and residuals(crosses, right axis). Error bars show the standard deviation of the
(crosses, right axis). Error bars show the standard deviation of théog of the monthly averages.

log of the monthly mean values at 0% RH.

2010 period, with negative slopes- (standard errors) of
(—1.1+£0.3%yr 1) is not as steep as that for scattering, but —4.04+1.8 and—2.5+ 1.3%yr ! at 440 and 675nm, re-
it is still significant. The same applies to the aerosol absorp-spectively.
tion coefficients at 470 and 660 nm, which show similar sea- The aerosol absorption optical thickness (AAOT) was
sonal and long-term variations. also derived from the sun-photometer measurements per-
formed from Ispra between February 2004 and April
2010. Much less clear seasonal variations are observed
in AAOT compared to AOT, and the slopes of the long-

o _ _ _ term trends (not shown) are not significastl(0+ 1.0 and
The variations in the aerosol optical thickness (AOT) mea-1 1 24 0.9%yr ! at 440 and 675 nm, respectively.

sured from Ispra at 440 (Fig. 4) and 675nm show clear

seasonal variations with maxima generally observed from3 2 Aerosol intensive variables

March to October. Seasonal median values of the AOT at

440 nm are 0.20, 0.34, 0.39, and 0.25 for winter, spring,3.2.1 Ground-level data

summer, and autumn, respectively. Possible explanations for

this include increased production of secondary aerosol, and’he aerosol backscatter ratio (defined as the ratio between
enhanced transport of pollution plumes from the Po Valleythe truncation-corrected aerosol backscattering coefficient
(mountain breeze) during warm months. The trends in theand the truncation-corrected aerosol total scattering coeffi-
logarithm of AOT are only just significant over the 2004— cient) at 550 nm (corrected to dry conditions or not) does

3.1.2 Variables derived from sun-photometer
measurements

Atmos. Chem. Phys., 14, 912%4136 2014 www.atmos-chem-phys.net/14/9129/2014/
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Figure 5. Variations in the aerosol backscatter ratio at 550 nm atFigure 6. Variations in the aerosol single scattering albedo at

IPR: monthly mean values at instrumental RH (open circles), at 0 %250 nm at IPR: monthly mean values at instrumental RH (open cir-
RH (squares), least mean square fit of the monthly mean values &€s), at 0% RH (squares), least mean square fit of the monthly
0% RH (line), and residuals (crosses, right axis). Error bars showmnean values at 0% RH (line), and residuals (crosses, right axis).

the standard deviation of the monthly mean values at 0% RH. Error bars show the standard deviation of the monthly mean values
at 0% RH.

not show any significant trend—0.1+0.3%yr 1) over
the 20042010 period (Fig. 5). This is consistent with theAOT440>0.2, i.e., 3% of the median SSA value retrieved
absence of significant increase .14 0.4%yr 1) of the at our station between 2004 and 2010. The aerosol SSA at
aerosol scattering Angstréom exponent between 440 andoth wavelengths shows a significant decreasing trend with
700 nm (not shown). The absence of significant trends forSlopes equal te-0.6+ 0.3 and—0.8+0.3%yr * at 440 and
both the backscatter ratio and the Angstrém exponent sugf 75 nm, respectively, over periods where AQF> 0.4, i.e.,
gests no consistent change in the mean diameter of the 1002Pout 25 % of the time at IPR (not shown).
600 nm particles, the main scatterers of visible light at IPR. ~ The trends over the 2004-2010 period in aerosol SSA
Monthly averages of the aerosol SSA at the wavelengthmontmy means calculated from aerosol scattering and ab-
of 550 nm (at both instrument and 0% RH) are shown onsorption coefficients, derived from measurements performed
Fig. 6. Significant decreasing trends in the aerosol SSA ar@t ground level, are almost identical to the trends in SSA data
observed, with slopes equal t60.740.2, —0.6+ 0.2, and derived from sun-photometer measurements, which are rep-
—0.7+0.3%yr ! at 450, 550, and 700 nm, respectively. resentative for- 1 to several kilometers around the measure-
These slopes are not affected by the correction of aerosdhent site, and for the whole atmospheric column.
scattering and absorption coefficients from instrumental to
dry conditions (0 % RH). 3.3 Origin and impact of the observed changes in
Since they do not directly depend on aerosol concentra-  @erosol characteristics
tion, intensive characteristics are much less variable than ex-
tensive properties, which renders long time trends quite ro-As indicated by the regressions in Fig. 7a and bpBNhass
bust. Furthermore, considering random uncertainties of 1¢concentrations and aerosol scattering coefficients at 550 nm,
and 30 % for the aerosol scattering and absorption coeffion the one hand, and EC mass concentrations and aerosol
cients, respectively (based on evaluations of our instrumentgbsorption coefficients at 520 nm, on the other hand, are re-
atthe WCCAP, and uncertainties related to data conversion téated to each other. Therefore, an increase of the EC contri-
0% RH), the uncertainty of the aerosol SSA estimated frombution to PV s would be a straightforward explanation for
the law of propagation of errors is 8% only for the median the decrease of the aerosol single scattering albedo. Indeed,
SSA value. particles between 100 and 600 nm in diameter are the main
contributors to both the scattering and absorption coefficients
3.2.2 Aerosol single scattering albedo derived from sun ~ and PM s mass concentration at IPR. Such anincrease in the
photometer measurements EC/PM 5 ratio was actually observed over the 2000-2006
period, but no such increase has been observed since then.
Level 2.0 aerosol SSA data at 440 and 675 nm derived fronTChanges in the EC content of BMlalone can, therefore, not
sun-photometer measurements performed at IPR could bexplain the trend observed in the aerosol SSA from 2004 to
obtained from AERONET for the period February 2004— 2010.
April 2010. Level 2.0 SSA data are available for episodes It is apparent from Fig. 7b that the ratio absorption
where AOTy4 > 0.4 only, and, according to Dubovik et coefficient/EC concentration increased between 2005 and
al. (2000), the uncertainty of the aerosol SSA at 440nm2010, especially for the largest values, which, in IPR, are
retrieved from sun-photometer measurements is 0.03 foobserved during cold months. This is confirmed by the

www.atmos-chem-phys.net/14/9129/2014/ Atmos. Chem. Phys., 14, 91A®86 2014
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sun photometer at 440 and 675 nm, and the Angstrém equa-
tion (see Schuster et al., 2006, and references therein). The
aerosol single scattering albedo and backscatter ratio in the
mixed boundary layer (MBL) were calculated using monthly
diurnal cycles of RH in the MBL, as derived from 1yr of
vertical profiles obtained from radiosondes launched from
Milan — Linate airport (about 70km SW of IPR) from Oc-
tober 2004, and the hygroscopic enhancement factors es-
tablished in Adam et al. (2012). Figure 9 shows that the
aerosol direct radiative forcing remained negative but de-
creased (in absolute value) over the 2004—-2010 period by
0.9+ 0.2Wn12yr—1, If the aerosol AOT had been constant
(and equal to the mean value observed in 2005), the annual
increment in direct aerosol forcing, due to the decrease in
aerosol SSA, would have beearD.34 0.1 W nT2yr—1 only.

In contrast, if the aerosol SSA had remained equal to its mean
2005 value, the observed change in the aerosol direct climate

1 . . - . .
(+7il%yr‘  Fig. 8). Th's might t_)e due to increasing forcing due to the decrease in the AOT would have reached
concentrations of other light-absorbing substances such aio 8+ 0.2WnT2yr-L. As changes in the aerosol backscat-

bro.W'; cgrpon (dr(]e_tehcted %SbOC). du;lngdcold rrt\.or;[hstpver thlster ratio did not show any significant trend, they did not lead
period, during which wood burning for domestic neating was,, any significant trend in the direct radiative forcing either.

usEd more dand deOr:'e in rllgggern I(;aclzyh(llzl?(GAs \Sivata b alsggé The decrease of the aerosol direct cooling effect calculated
aywood an ine ( ) an ylek and Wong ( )for IPR’s area is therefore mainly due to the change in the

used Eq. (2) to assess the aerosol direct radiative forcing aatlerosol AOT, and marginally amplified by the decrease in the
the top of the atmospheti@;; 261050l SSA

absorption coef. (520 nm) at 0% RH (n)

EC (ug m™)

Figure 7. Regressions between monthly average@dpthe aerosol
scattering coefficient and PM, mass concentration, an@) the
aerosol absorption coefficient and EC mass concentration.

significant increase in this ratio over the 2005-2010 period

Fa= —bFrT?(1— Ac)[wpa(l— Rs)*> — 2(1— w)Rslda, (2)

where Fr is the solar constant (1366 W), b is the frac-
tion of daylight, T is the transmissivity of the aerosol-free
atmosphere (0.76¢ is the cloud coverp and S5 are the  In the Po Valley (northern Italy), where atmospheric pollu-
aerosol single scattering albedo and average upscatter fration levels are extraordinarily high because of large emis-
tion, respectively,Rs is the ground surface albedo, adg  sions and poor vertical and pollutant horizontal dispersions,
is the AOT (all dimensionless). We estimated the changeparticle concentrations decreased over the last decade, while
in the aerosol direct radiative forcing at 550 nm for clear European directives and other international protocols aiming
sky (Ac = 0) with a constant surface albe®y =0.175 (as to reduce people exposure to particulate pollution were im-
obtained from MODIS (the Moderate Resolution Imaging plemented. In fact, at the regional background station IPR
Spectroradiometer) measurements at 550 nm). The AOT atNW of the Po Valley), not only have PM mass concentra-
550nm was interpolated from the AOT measured by thetions at ground level decreased since 2004, but the aerosol

4  Conclusions
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ble to estimate how much radiative forcing could be “saved”
by changing the SSA of pollution aerosols, i.e., by conceiv-
ing and implementing policies to mitigate the emission of
light-absorbing particles (e.g., soot), whether AOT decreases
or not. Furthermore, since sufficient evidence exists of rela-
tionship between “black carbon” concentrations and short-
and long-term health effects (Janssen et al., 2012), introduc-
ing limit values for “black carbon equivalent” or EC concen-
tration in ambient air would be a win—win measure for both
air-quality enhancement and fast climate change mitigation.

=
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