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Figure S1 — Map of the Italian administrative Regions.
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Figure S2 — Map of the Italian sites monitoring NO, concentrations considered for the study.
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Figure S3 — Map of the Italian sites monitoring PM10 concentrations considered for the study.
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Figure S4 — Map of the Italian sites monitoring Oz concentrations considered for the study.




Supplementary S2 — Emissions Trend

Table S1 — SNAP Classification

SNAP - macrosector

SNAP code

Description

01

Combustion in energy and transformation industries

02

Non-industrial combustion plants

03

Combustion in manufacturing industry

04

Production processes

05

Extraction and distribution of fossil fuels and geothermal energy

06

Solvent use and other product use

07

Road transport

08

Other mobile sources and machinery

09

Waste treatment and disposal

10

Agriculture
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Figure S5 — Emission trend for SOx (on the left) and NOx (on the right) by SNAP sector for the period 1990-2015 elaborated
for the national official submission 2017 used for the simulations of the MINNI model.
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Figure S6 — Emission trend for PM2.5 (on the left) and PM10 (on the right) by SNAP sector for the period 1990-2015
elaborated for the national official submission 2017 used for the simulations of the MINNI model.

NMVOC emissions 1990-2015
1200000

1000000

800000

600000 e

NMVOC (ton/yr)

400000

200000

NH; (ton/yr)

2005 2010

06

1990 1995 2000

——01 =02 —&03 =04 =05

Figure S7 — Emission trend for NMVOC (on the left) and NH; (on the right) by SNAP sector for the period 1990-2015
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elaborated for the national official submission 2017 used for the simulations of the MINNI model.



Supplementary S3 — Meteorological anomalies (2003-2010)

S3.1 Temperature
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Figure S8 — Temperature (850-hPa) anomalies elaborated from the NCEP/NCAR Reanalysis. Image provided by the
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NOAA/ESRL Physical Sciences Laboratory, Boulder Colorado from their Web site at http://psl.noaa.gov/.



S3.2 500-hPa geopotential height

ML NOPAJESAL Fhyaical Sciences Cvision)

=

IR T o SE {6 1GE GE 25C S0E 35 ME 45
500mb Geopotential Height {m) Composite Anomaly (1981-2010 Climatology)
171703 to 12/31/03

NCEP/NCAR Reanalysis

M NOPA/ESRL Physieal Sciencea Diviaien
=

oW 150 1M S SE O IE 1S ZE ASE ME 3B HE A4S

500mb Geopotential Height {m) Composite Anomaly (1981-2019 Climetalagy)
1/1/05 to 12/31/05

NCEP/NCAR Reanalysis

WQRA fESRL Phygiaal Soiancas Diviaian

B TP T s 1GE 15 20E 95 E BE 4

S09mb Gespotential Hefght (m) Composite Anomaly (1831-2010 Climetology)
/07 o 12/31/07

NCEF/NCAR Reanalysis

104, /ESRL Phyaical Soiences Division|

20 154 1@ SA ¢ SE  (0E 1% 20E 5E S0 ASE  MOE 4SE
500mb Geopotential Hefght {m) Compasite Anamaly (1981-2010 Climatology)
1/1/08 o 12/31/08

NCEP/NCAR Retnalysis

Figure S9 — 500-hPa geopotential height anomalies elaborated from the NCEP/NCAR Reanalysis. Image provided by the
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NOAA/ESRL Physical Sciences Laboratory, Boulder Colorado from their Web site at http://psl.noaa.gov/.



S3.3 Precipitation rate
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Figure S10 — Precipitation rate anomalies elaborated from the NCEP/NCAR Reanalysis. Image provided by the
NOAA/ESRL Physical Sciences Laboratory, Boulder Colorado from their Web site at http://psl.noaa.gov/.
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Figure S11 — Near surface temperature trend (K yr™) for the period 2003-2010 computed from Copernicus Climate Data
Service.



Supplementary S4 — Model simulation validation
Definition of model evaluation statistics

The performance statistical indexes used to compare modelled and observed values are reported in the following
definitions

MB (Mean bias)

RMSE (Root mean squared error)

1/2
(M = 0;)? /
n

RMSE = (

corr (correlation coefficient)

1 ~o(M;—M\[0,-0
o= g () (222)

where the letters O and M stand for observations and model results, respectively, the subscript i indicates the time step,
the overbars indicate the time average over n time intervals, while the symbol o indicates the standard deviation.



Supplementary S5 — Trend results

S5.1 NO,

The following table shows the results for NO, slopes for all the stations with a significant trend (p<0.05) per Region,
type and zone all over the Italian territory. The rows in red show different behaviour between observed and modelled
data (increasing trend in observations and decreasing one in simulations).

Table S2 — Results of observed and modelled trends for NO, concentrations per stations with p<0.05.

airbase_ Region Type Zone rangeiobj range_asilg ranoge%__lobs ranoge%jsim
code (pg m-"yr") (ng m-"yr’) (%o yr?) (% yr?)
IT0499A | TRENTINO background | suburban 0.56 (0.40 - 0.72) -0.17 (-0.24 - -0.10) 4.04 (2.82 -5.52) -4.01 (-5.29 - -2.64)
IT0507A | TRENTINO traffic urban -1.00 (-1.30 - -0.73) | -1.21(-142--1.01) | -2.81(-3.56--2.15) | -6.27 (-7.05 - -5.57)
IT0O508A | TRENTINO traffic urban -1.05 (-1.45 - -0.70) | -0.44 (-0.52--0.38) | -4.10(-5.39--2.89) | -5.19 (-5.86 - -4.64)
IT0554A | PIEMONTE background | urban -1.17 (-1.89 - -0.44) | -2.09 (-2.63--1.64) | -2.13(-3.25--0.82) | -3.98 (-4.79 - -3.20)
IT0591A | TRENTINO background | urban -0.84 (-1.16 - -0.53) | -0.75 (-0.95--0.60) | -2.40(-3.12--1.59) | -3.43 (-4.16--2.84)
1IT0702A EI(\)/II{I/&%N A traffic urban -2.71(-3.20 - -2.23) | -0.40 (-0.64 - -0.20) | -4.64 (-5.20--3.93) | -1.29 (-2.03 --0.67)
IT0705A | LOMBARDIA traffic urban -0.92 (-1.59 --047) | -1.14(-1.66 --0.69) | -1.55(-2.56--0.81) | -1.79 (-2.52--1.12)
IT0770A | LOMBARDIA background | urban -1.22 (-1.99 - -0.40) | -0.91 (-1.29 --0.56) | -2.04 (-3.08 --0.71) | -1.68 (-2.35--1.07)
IT0771A | LOMBARDIA traffic urban -1.86 (-2.51--1.09) | -0.91 (-1.18 --0.69) | -2.51(-3.30--1.52) | -2.74 (-3.42--2.16)
IT0775A | LOMBARDIA background | suburban | -0.85(-1.32--0.39) | -0.11(-0.22--0.03) | -2.80 (-4.12--1.37) | -1.32(-2.44--0.38)
IT0777A | LOMBARDIA traffic urban -1.61 (-2.30--0.79) | -0.77 (-1.08 - -0.53) | -2.61(-3.47--1.35) | -2.31(-3.12--1.64)
1T0839A | LOMBARDIA background | urban -0.54 (-0.90 - -0.17) | -0.38 (-0.62 --0.22) | -1.50(-2.37--0.48) | -1.27 (-2.00 - -0.74)
IT0854A | LIGURIA background | urban -1.37(-2.17--0.52) | -1.64 (-1.87--1.40) | -2.83 (-4.11--1.17) | -4.31(-4.79 - -3.78)
IT0861A | TOSCANA traffic urban 4.26(3.29 -5.22) -0.61 (-0.97 - -0.32) 6.57 (4.82 - 8.82) -2.23(-3.32--1.22)
IT0O912A | LOMBARDIA background | urban 1.19 (0.67 - 1.75) -0.88 (-1.09 - -0.68) 3.27(1.77 - 5.09) -2.38 (-2.88 - -1.90)
IT0963A | VENETO background | urban -1.17 (-1.64 - -0.61) | -1.24 (-1.46--0.99) | -2.99 (-4.11--1.67) | -2.98 (-3.38--2.43)
FRIULI
1IT0966A | VENEZIA background | urban -0.54 (-0.91 --0.09) | -1.27(-1.47--1.08) | -1.93(-3.05--0.32) | -4.76 (-5.32--4.12)
GIULIA
IT0977A EQIZ)LSETA background | rural -0.68 (-0.96 - -0.39) | -0.07 (-0.12 - -0.04) _10.046(.;5182).29 o -2.33(-3.56 - -1.18)
IT1005A | LIGURIA traffic urban -1.01 (-1.84--0.11) | -0.97 (-1.11--0.84) | -2.07 (-3.57--0.23) | -4.96 (-5.42 - -4.39)
IT1010A | LOMBARDIA background | urban -1.65 (-2.55--0.87) | -0.75(-1.03--0.42) | -3.26 (-4.61--1.83) | -1.83 (-2.41 --1.05)
FRIULI
IT1098A | VENEZIA traffic suburban | -1.06 (-1.83 --0.20) | -0.81(-0.96 - -0.68) | -2.49 (-3.86--0.49) | -3.76 (-4.30 - -3.27)
GIULIA
IT1104A | LOMBARDIA traffic urban -4.92 (-6.20 - -3.77) | -1.00 (-1.23--0.76) | -6.95(-8.13--5.69) | -2.64 (-3.20 - -2.07)
IT1120A | PIEMONTE background | suburban | -0.91 (-1.41--0.51) | -1.98(-2.31--1.63) | -2.07 (-3.02--1.23) | -4.73 (-5.26 - -4.02)
IT1125A | PIEMONTE traffic urban -1.06 (-1.54 - -0.48) | -1.57(-1.93--1.22) | -2.50(-3.46--1.20) | -4.36 (-5.16--3.51)
IT1143A | LIGURIA traffic urban -0.76 (-1.13 - -0.34) | -1.48 (-1.67--1.32) | -2.14(-3.09--1.01) | -5.35(-5.76 - -4.88)
IT1153A | LOMBARDIA traffic urban -0.99 (-1.35--0.68) | -0.54 (-0.72--0.44) | -2.48 (-3.27--1.75) | -1.99 (-2.55--1.65)
IT1174A | LOMBARDIA background | rural -1.01 (-1.34 - -0.68) | -0.50 (-0.73--0.30) | -2.91(-3.74--2.04) | -1.70 (-2.41 --1.04)
IT1176A | LAZIO background | urban -0.93 (-1.47 - -0.40) | -1.55(-1.90--1.20) | -1.71(-2.63--0.76) | -2.95(-3.47--2.38)
IT1177A | VENETO background | urban -1.37 (-1.66 - -1.06) | -0.67 (-0.96--0.39) | -3.13(-3.69 --2.52) | -2.11(-2.92--1.28)
IT1203A | LOMBARDIA background | suburban | -0.95(-1.32--0.59) | -1.02(-1.39--0.70) | -2.66 (-3.56 --1.72) | -2.51(-3.29 --1.77)
IT1207A | SICILIA traffic urban -2.85(-3.60 - -1.73) | -1.48 (-1.75--1.22) | -4.66 (-5.60 --3.08) | -6.57 (-7.47 - -5.65)
IT1246A | PIEMONTE background | urban -0.83 (-1.18 - -0.50) | -0.59 (-0.78 - -0.46) | -2.66 (-3.57--1.68) | -4.15(-5.21--3.39)
IT1247A | PIEMONTE background | urban -0.55(-1.03 - -0.12) | -0.52 (-0.68 --0.37) | -1.61(-2.79--0.37) | -3.63 (-4.50 - -2.65)
IT1286A | LOMBARDIA traffic urban -1.44 (-2.25--0.71) | -0.48 (-0.79--0.26) | -2.88 (-4.14--1.52) | -1.49 (-2.34--0.83)
IT1335A | TRENTINO traffic urban -0.52 (-0.88 - -0.20) | -0.78 (-0.95--0.60) | -1.41(-2.27--0.56) | -5.38 (-6.25 - -4.41)
IT1336A | VENETO traffic urban -3.27 (-3.87--2.74) | -0.59 (-0.81--0.37) | -5.28 (-5.95--4.68) | -1.91 (-2.54 --1.25)
IT1409A | TOSCANA traffic urban -0.81 (-1.15--047) | -0.57 (-0.68 --0.45) | -1.82(-2.49--1.10) | -2.59 (-3.04 --2.13)
IT1422A | ABRUZZO traffic urban -2.01 (-3.24--043) | -1.26(-1.43--1.10) | -2.51(-3.72--0.58) | -6.08 (-6.69 - -5.57)
IT1453A | VENETO background | urban -1.36 (-1.81--0.84) | -0.89 (-1.11--0.71) | -2.78 (-3.45--1.82) | -2.45(-2.99 --2.01)
IT1459A | LOMBARDIA background | suburban | -0.95(-1.46--0.37) | -1.32(-1.70--0.97) | -2.31(-3.35--0.96) | -3.16(-3.92 - -2.43)
IT1463A LOMBARDIA background | suburban 0.57 (0.10 - 1.16) -0.33 (-0.72 - -0.01) 2.01(0.34-4.42) -0.79 (-1.69 - -0.02)




IT1544A | LIGURIA industrial urban 0.96 (0.55-1.54) | -1.24(-1.42--1.06) | 2.77(1.50-4.86) | -4.72 (-5.21 - -4.20)




S5.2 PM10

The following table shows the results for PM10 slopes for all the stations with a significant trend (p<0.05) per Region,
type and zone all over the Italian territory.

Table S3 — Results of observed and modelled trends for PM10 concentrations per stations with p<0.05.

airbase_ Region Type Zone rangegob_f range?sil_rll range%__lobs range%jsim
code (ug m-"yr) (ug m-"yr") (Y% yr) (Y% yr?)
IT0559A | LOMBARDIA industrial suburban | -2.59(-3.14 --2.17) -0.81 (-1.37 - -0.20) -5.08 (-5.88 --4.43) | -2.11(-3.38--0.55)
IT0705A | LOMBARDIA traffic urban -1.85(-2.30 - -1.44) -1.26 (-2.04 - -0.48) -3.42(-4.16--2.71) | -2.36 (-3.58 --0.94)
IT0707A | LOMBARDIA background | urban -2.25(-2.80 - -1.68) -0.98 (-1.53 - -0.42) -4.53 (-5.38--3.53) | -2.61(-3.92--1.19)
IT0709A | LOMBARDIA background | urban -1.99 (-2.83 - -1.09) -0.94 (-1.41 - -0.37) -3.69 (-4.97--2.18) | -2.75(-3.87--1.16)
IT0776A | LOMBARDIA traffic urban -1.86 (-2.23 - -1.44) -0.79 (-1.09 - -0.47) -4.56 (-5.23--3.71) | -3.26 (-4.28 - -2.08)
IT0940A | EMILIA ROMAGNA | background | urban -0.72 (-1.21 - -0.05) -1.19 (-1.64 - -0.67) -1.99 (-3.24 - -0.14) | -3.36 (-4.45--2.05)
IT0953A | LAZIO background | urban -0.60 (-0.98 - -0.11) -0.55 (-0.86 - -0.09) -1.98 (-3.04--0.37) | -1.90 (-2.85--0.31)
IT1079A | SICILIA traffic urban -0.88 (-1.26 - -0.45) -0.93 (-1.17 - -0.66) =222 (-3.06--1.17) | -3.91 (-4.68 - -2.96)
IT1104A | LOMBARDIA traffic urban -1.56 (-2.11 - -1.00) -1.31 (-1.78 - -0.84) 324 (422--2.14) | -3.55(-4.59--2.41)
IT1159A | EMILIA ROMAGNA | traffic urban -1.21 (-1.70 - -0.82) -0.65 (-1.18 - -0.16) -2.74 (-3.63--1.94) | -2.08 (-3.48 - -0.55)
IT1247A | PIEMONTE background | urban -1.51 (-1.98 - -1.02) -0.68 (-1.09 - -0.21) -4.15 (-5.09 - -3.00) | -3.48 (-5.20--1.20)




S5.3 03

The following table shows the results for O;-MDAS (Apr/Sep) slopes for all the stations with a significant trend
(p<0.05) per Region, type and zone all over the Italian territory. The rows in red show different behaviour between
observed and modelled data (increasing trend in observations and decreasing one in simulations).

Table S4 — Results of observed and modelled trends for O;-MDAS (Apr/Sep) concentrations per stations with

<0.05.

airbase_ Region Type Zone rangegol{f range?sil_lll range%__lobs range%?lsim
code (pg m-"yr") (ng m="yr’) (% yr?) (% yr)
IT0499A | TRENTINO | background | suburban | 1.10 (021-2.10) | -0.67 (LOL--0.56) | 133 (0.24-268) | -0.79 (-L18 - -0.66)
IT0505A | TRENTINO | background | rural S145 (-191--098) | 030(071--0.17) | -113 (-147--0.78) | -0.33 (0.77--0.19)
IT0508A_| TRENTINO _ | traffic urban 154 (1.06-201) | -0.56(-0.84--038) | 198(134-2.63) | -0.63 (:0.94--043)
IT0858A | LIGURIA background | urban 207(105-359) | 049 (097--0.03) | 212(1.03-392) | -0.40 (-0.78 - 0.02)
IT0867A_| LAZIO traffic urban 367(220-588) | 079 (1.23--050) | 482(2.58-930) | -0.75 (-L14--0.48)
IT0883A | TOSCANA | background | rural S1.08(-1.70--046) | 0.79 (-122--040) | 095 (146--042) | -0.69 (-1.04-033)
IT0888A | LAZIO industrial | suburban | -3.27(-3.98--2.36) | -1.06 (-1.70--0.52) | -3.26 (387--2.41) | -0.94 (1.48--047)
IT0948A | TOSCANA | background | urban 119(027-205) | 070 (-122--024) | 118(026-2.14) | -0.60 (-1.02--0.21)
IT0953A | LAZIO background | urban | -3.39 (4.54-2.44) | -1.40(234--0.73) | -3.00 (387--2.24) | -1.23 (-1.99 - -0.66)
moogga | YAMLE | background | rural 4.64(-623--2.40) | 0.62(-1.17--0.19) | -3.80 (482--2.17) | -0.65 (-1.21 - -0.20)
IT0989A | LAZIO background | rural -6.92 (-7.64--645) | 058 (0.71--047) | 431 (469--411) | -0.60 (0.74--049)
ITI0I7A | LOMBARDIA | background | suburban | -2.51 (341--1.58) | -1.74(284--0.93) | -2.05 (2.74--134) | -1.42(:2.25--0.78)
Imi0aga | pol | backgrond | uban | 2,60 (3.57--155) | -143(210--085) | 228 (3.05--140) | -1.20(-1.72-0.73)
ITITI0A | TOSCANA | background | urban | -0.86(-136--0.21) | -1.I5 (-1.65--0.68) | -0.86 (-1.34--022) | -0.94 (-1.32--0.57)
ITII74A | LOMBARDIA | background | rural 3.52(-5.04--2.32) | 0.66(-1.63--0.09) | 274(3.74--1.87) | -0.54 (-1.31--0.08)
ITII82A | UMBRIA traffic urban 142 (0.68-223) | 0.79(-123--036) | 153(071-250) | -0.73 (111 --034)
ITII9IA | TRENTINO | background | rural S1.62(-2.89--020) | 070 (-118--030) | -124(217--0.16) | -0.68 (-1.12--0.30)
ITI203A | LOMBARDIA | background | suburban | -4.81 (-5.80- 4.14) | 094 (-190--0.16) | -3.33 (3.90--291) | -0.78 (-L52--0.14)
FRIULI
ITI216A | VENEZIA | background | suburban | 240 (171-3.72) | -0.89 (-1.65--029) |  2.94(2.01-486) | -0.76 (-1.38 - -0.25)
GIULIA
ITI236A | TOSCANA | background | rural 5529 (-5.98-432) | 079 (-141--024) | 413 (462--3.50) | -0.65 (-1.14--020)
ITI246A | PIEMONTE | background | urban | -2.03 (3.16--0.89) | -0.67 (-127--021) | -1.63 (2.46--0.74) | -0.60 (-L13--0.19)
ITI247A_ | PIEMONTE | background | urban | 438 (:538--3.40) | 094 (-150--0.50) | -3.36(3.95--2.68) | -0.87 (-1.36--0.47)
ITI279A | SARDEGNA | industrial | suburban | -2.45 (3.66--1.31) | 084 (132--043) | 232 (334--129) | -0.73 (-L.14--0.38)
ITI397A | SARDEGNA | industrial | suburban | -1.80 (2.99--047) | 087 (131--0.52) | -1.81 (2.90--049) | -0.77 (-L13 - -0.46)
ITI427A_| SARDEGNA | traffic urban | 151 (-2.72--0.66) | 038 (-0.50--0.35) | -1.60(2.76--0.74) | -0.40 (:0.51 - -0.36)
FRIULI
ITI474A | VENEZIA | background | rural 261(0.78-460) | 079 (-149--0.19) |  255(071-493) | -0.67 (-1.24--0.17)
GIULIA
FRIULI
ITI478A | VENEZIA | background | rural 383 (-5.57-217) | 056 (-121--0.13) | 3.17(439--1.93) | -0.55 (-1.16--0.13)
GIULIA
ITISISA | PIEMONTE | background | suburban | -3.23 (445--1.82) | 066 (0.81--0.58) | -2.61 (3.50--1.54) | -0.68 (-0.83 - 0.60)
ITISI9A | PIEMONTE | background | rural 2.84(334-241) | -L14(-159--0.86) | -2.17(253--1.89) | -1.00 (-1.39 - -0.76)
ITI576A | SARDEGNA | industrial | suburban | 229 (089-337) | -1.04(-146--0.57) |  2.96(1.08-480) | -0.86 (-1.19--048)




