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Table S1. List of the 50 monitoring sites that have supplied eBC mass concentration datasets to this study. The table includes detailed information such as the location of each site, the type of site (UB, Urban 
Background; TR, Traffic; SUB, Suburban Background; RG, Regional Background), the instrument used for measurements, and specific measurement details including altitude and measurement height. The table 
presents eBC mass concentration and absorption coefficient (babs) data from various countries, including Finland (FI), Sweden (SE), United Kingdom (UK), Netherlands (NL), France (FR), Spain (ES), Greece (GR), 
Romania (RO), Germany (DE), Switzerland (CH), and Italy (IT). The eBC mass concentration values are reported in units of µg m-3. The type of data received indicates whether it is compiled as eBC mass concentration 
or absorption coefficient. The data is categorized as either hourly averaged (supplied by data providers) or raw data, which refers to raw data obtained directly from the instrument with original time resolution. 
Level 2 data refers to quality-checked hourly averaged data that has been downloaded from the EBAS database. 

Region Site 
City 

Country 
Type Acronym Coordinates 

Altitude 
(m.a.s.l.) 

Instrument 
measurement 

height [m] 
Data received Data source Data coverage 

Northern 
Europe 

Mannerheimintie Helsinki-FI TR HEL_TR1 
60.1697, 
24.939 

10 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

01/01/2011- 12/31/2019 

Mäkelänkatu Helsinki-FI TR HEL_TR2 60.196, 24.952 25 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

01/30/2015- 12/31/2019 

Töölöntulli Helsinki-FI TR HEL_TR3 60.190, 24.916 24 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

11/01/2010- 30/12/2015 

Kehä I Helsinki-FI TR HEL_TR4 60.241, 25.025 15 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

01/01/2012- 12/28/2012 

Tikkurila Helsinki-FI TR HEL_TR5 60.289, 25.039 22 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

Years 2014, 2016 & 2018 

Leppävaara Helsinki-FI TR HEL_TR6 60.220, 24.811 13 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

Years 2015 & 2017 

Kallio Helsinki-FI UB HEL_UB 60.1872, 24.950 18 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

01/04/2012-12/31/2019 

Rekola Helsinki-FI SUB HEL_SUB1 60.331, 25.075 29 AE33 4 7 (λ) eBC 
RI-URBAN 
(Hourly) 

05/01/2017-31/05/2017 

Itä-Hakkila Helsinki-FI SUB HEL_SUB2 60.291, 25.112 41 AE33 4 7 (λ) eBC 
RI-URBAN 
(Hourly) 

03/01/2018-23/10/2018 

Pirkkola Helsinki-FI SUB HEL_SUB3 60.234, 24.922 27 AE33 4 7 (λ) eBC 
RI-URBAN 
(Hourly) 

31/12/2018-31/12/2019 

SMEAR II Hyytiälä, FI RB SMR_RB 61.847, 24.295 

181 AE33 4 7 (λ) eBC & 7 (λ) babs 
RI-URBAN 
(Hourly) 

15/03/2018-31/12/2021 

181 AE31 4 7 (λ) eBC & 7 (λ) babs 
RI-URBAN 
(Hourly) 

31/05/2006-17/11/2017 

181 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

18/06/2013-09/05/2021 

Hornsgatan 108 
Stockholm-

SE 
TR STH_TR 59.3171, 18.048 25 AE33 4 7 (λ) eBC 

RI-URBAN 
(Hourly) 

14/10/2014-31/12/2019 
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25 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

04/11/2015-05/12/2016 

Torkel 
Knutssonsgatan 

Stockholm-
SE 

UB STH_UB 59.316, 18.057 

48 AE33 24 7 (λ) eBC 
RI-URBAN 
(Hourly) 

10/14/2014 -12/31/2019 

48 MAAP 24 eBC 
RI-URBAN 
(Hourly) 

10/02/2014- 11/3/2015 

North-
Western 
Europe 

BAQS 
Birmingha

m-UK 
UB BIR_UB 52.455, -1.928 143 AE33 3 7 (λ) eBC 

RI-URBAN 
(Hourly) 

03/19/2019- 2/23/2022 

North Kensington London-UK UB LND_UB 51.521, -0.213 

27 AE22 2.8 2 (λ) eBC 
RI-URBAN 
(Hourly) 

01/01/2009- 11/07/2019 

27 AE33 2.8 7 (λ) eBC 
RI-URBAN 
(Hourly) 

01/01/2020- 01/01/2022 

Marylebone Road London-UK TR LND_TR 51.522, -0.1546 

35 AE22 3 2 (λ) eBC 
RI-URBAN 
(Hourly) 

16/03/2009-31/12/2019 

35 AE33 3 7 (λ) eBC 
RI-URBAN 
(Hourly) 

01/24/2020- 01/01/2022 

Western 
Europe 

Winkelhorst 
Enschede-

NL 
UB NLD_UB1 52.234, 6.919 38 MAAP 3 eBC 

RI-URBAN 
(Hourly) 

04/29/2015-12/31/2021 

Nijensteinheerd 
Groningen-

NL 
UB NLD_UB2 53.246, 53.246 -1 MAAP 3 eBC 

RI-URBAN 
(Hourly) 

05/04/2015-12/31/2021 

Jamboreepad Heerlen-NL UB NLD_UB3 50.900, 5.986 98 MAAP 3 eBC 
RI-URBAN 
(Hourly) 

04/09/2015- 12/31/2021 

Ruyterstraat 
Nijmegen-

NL 
UB NLD_UB4 51.838, 5.856 28 MAAP 3 eBC 

RI-URBAN 
(Hourly) 

04/30/2015- 12/31/2021 

Europalaan 
Veldhoven-

NL 
UB NLD_UB5 51.407, 5.393 22 MAAP 3 eBC 

RI-URBAN 
(Hourly) 

05/21/2015- 12/31/2021 

Noordbrabantlaan 
Eindhoven- 

NL 
TR NLD_TR1 51.444, 5.444 18 MAAP 3 eBC 

RI-URBAN 
(Hourly) 

28/04/2015-31/12/2021 

Graafseweg 
Nijmegen- 

NL 
TR NLD_TR2 51.841, 5.857 28 MAAP 3 eBC 

RI-URBAN 
(Hourly) 

26/05/2015-31/12/2021 

NL01487 (RPW) 
Rotterdam- 

NL 
TR NLD_TR3 51.891, 4.481 2 MAAP 4 eBC 

RI-URBAN 
(Hourly) 

01/01/2010-31/12/2021 

NL01488 (RZW) 
Rotterdam-

NL 
UB NLD_UB6 51.894, 4.4876 0 MAAP 4 eBC 

RI-URBAN 
(Hourly) 

01/01/2010- 12/31/2021 
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NL01492 (RDM) 
Rotterdam- 

NL 
TR NLD_TR4 51.914, 4.48 -1 MAAP 4 eBC 

RI-URBAN 
(Hourly) 

01/07/2007-31/12/2021 

Paris-13 Paris-FR UB PAR_UB 48.828, 2.359 57 AE33 2.3 7 (λ) eBC 
RI-URBAN 
(Hourly) 

01/01/2016-12/31/2019 

Haussmann Paris-FR TR PAR_TR 48.874, 2.330 42 AE33 3.8 7 (λ) eBC 
RI-URBAN 
(Hourly) 

01/01/2016- 12/29/2019 

ATOLL Lille-FR SUB LIL_SUB 50.611, 3.1403 70 AE33 20 7 (λ) eBC 
RI-URBAN 
Raw data 

01/01/2017-31/12/2019 

SIRTA Paris-FR SUB PAR_SUB 48.7086, 2.1588 162 AE33 15 7 (λ) eBC 
RI-URBAN 
(Hourly) 

01/01/2014-30/12/2020 

South-
western 
Europe 

Longchamp 
Marseille-

FR 
UB MAR_UB 43.305, 5.394 73 AE33 3 7 (λ) eBC 

RI-URBAN 
(Hourly) 

01/01/2017-12/31/2019 

Palau Reial 
Barcelona-

ES 
UB BCN_UB 41.387, 2.115 

80 AE33 4 7 (λ) eBC & 7 babs 
RI-URBAN 
(Hourly) 

04/03/2015-9/20/2020 

64 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

01/13/2009- 3/31/2021 

UGR Granada-ES UB GRA_UB 37.18, -3.58 

680 AE33 15 7 (λ) eBC 
RI-URBAN 
(Hourly) 

01/01/2014-12/31/2019 

680 MAAP 15 eBC 
RI-URBAN 
(Hourly) 

01/01/2006-31/12/2020 

CIEMAT Madrid-ES UB MAD_UB 40.456, -3.725 669 AE33 4 7 (λ) eBC 
RI-URBAN 
(Hourly) 

14/01/2013-31/12/2019 

Burjassot Valencia-ES UB VLC_UB 39.51, - 0.42 40 AE31 15 7 (λ) eBC & 7 babs 
RI-URBAN 
(Hourly) 

01/09/2017-12/7/2020 

South-
Eastern 
Europe 

Thissio Athens-GR UB ATH_UB 37.973, 23.718 105 AE33 4 7 (λ) eBC & 7 ATN 
RI-URBAN 
(Hourly) 

01/01/2017-12/31/2019 

Demokritos Athens-GR SUB ATH_SUB 37.99, 23.82 270 AE33 6 7 (λ) babs 
RI-URBAN 
(Hourly) 

11/01/2017-31/12/2019 

Eastern 
Europe 

INO 
Bucharest-

RO 
SUB BU_SUB 44.348, 26.029 93 AE33 15 7 (λ) eBC 

RI-URBAN 
Raw data 

27/02/2014-11/01/2022 

Central 
Europe 

Winckelmannstra
sse 

Dresden-DE UB DDW_UB 51.036, 13.730 120 MAAP 3.5 eBC 
RI-URBAN 
(Hourly) 

01/01/2017-12/31/2019 

Nord Dresden-DE TR DDN_TR 51.087, 13.7630 112 MAAP 4 eBC 
RI-URBAN 
(Hourly) 

01/01/2017-31/12/2019 
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TROPOS Leipzig-DE UB LEJ_UB 51.352, 12.434 113 MAAP 4 babs_670nm 
EBAS 

Level 2 
01/01/2009-12/31/2020 

Mitte Leipzig-DE TR LEJ_TR1 51.344, 12.377 111 MAAP 4 babs_670nm 
EBAS 

Level 2 
04/01/2017-26/12/2019 

Eisenbahnstrasse Leipzig-DE TR LEJ_TR2 51.345, 12.406 120 MAAP 4 babs_670nm 
EBAS 

Level 2 
17/01/2009-31/12/2020 

Bollwerk Bern-CH UB/TR BER_UB 46.951, 7.440 536 AE33 4 7 (λ) babs 
RI-URBAN 
(Hourly) 

01/01/2015- 12/31/2021 

Università Lugano-CH UB LUG_UB 46.011, 8.9572 

287 
AE33 & 
MAAP 

3 babs 880nm 
RI-URBAN 
(Hourly) 

11/03/2021- 12/31/2021 

287 3 babs 670 nm 
RI-URBAN 
(Hourly) 

11/03/2021- 12/31/2021 

Kaserne Zurich-CH UB ZUR_UB 47.3775, 8.5305 409 AE33 3 7 (λ) babs 
RI-URBAN 
(Hourly) 

01/01/2012- 12/31/2021 

Pascal Milan-IT UB MLN_UB 45.464, 9.188 

118 AE33 2.5 7 (λ) eBC & 7 babs 
RI-URBAN 
(Hourly) 

06/08/2018-11/04/2019 

118 MAAP 2.5 eBC 
RI-URBAN 
(Hourly) 

06/02/2013-21/11/2021 

Senato Milan-IT TR MLN_TR1 45.464, 9.188 121 AE33 2.5 7 (λ) eBC 
RI-URBAN 
(Hourly) 

12/06/2019-22/11/2021 

Marche Milan-IT TR MLN_TR2 45.464, 9.188 129 AE33 2.5 7 (λ) eBC 
RI-URBAN 
(Hourly) 

12/06/2019-22/11/2021 

Ispra IPR_IT RB IPR_RB 45.8, 8.633 209 
EBAS 

MAAP 
9 babs_670nm 

EBAS 
Level 2 

16/09/2008-31/12/2020 
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Table S2. eBC mass concentration statistics (minimum, maximum, mean, data coverage%, and seasonal mean concentrations) of monitoring 
sites in μg m-3 between 2017-2019. UB, Urban Background; TR, Traffic; SUB, Suburban Background; RG, Regional Background. 

Region Site Instrument Min Max Mean 
Data 

Coverage% 
Autumn 

(SON) 
Winter (DJF) 

Spring 
(MAM) 

Summer 
(JJA) 

Northern 
Europe 

HEL (TR1) MAAP 0.02 8.38 0.68± 0.56 87.4 0.71 0.71 0.65 0.65 

HEL (TR2) MAAP 0.01 16.37 0.97± 0.85 98.5 1.01 0.93 0.9 1.03 

HEL (TR5) MAAP 0.02 9.74 0.81± 0.88 24.2 0.78 0.83 0.77 0.85 

HEL (TR6) MAAP 0.01 10.52 0.67± 0.68 65.3 0.76 0.78 0.51 0.63 

HEL (UB1) MAAP 0.01 7.14 0.45± 0.42 98.6 0.46 0.58 0.4 0.34 

HEL (SUB1) AE33 0.03 26.95 0.96± 1.92 

98.8 0.99 1.24 1.02 0.60 HEL (SUB2) AE33 0.01 17.58 0.96± 1.20 

HEL (SUB3) AE33 0.01 30.31 0.74± 1.30 

SMR (RB) AE31 0 3.62 0.17± 0.21 68.1 0.2 0.27 0.11 0.14 

SMR (RB) AE33 0 3.09 0.28± 0.29 87.3 0.31 0.25 0.29 0.26 

SMR (RB) MAAP 0 4.55 0.19± 0.22 88.9 0.21 0.26 0.17 0.14 

STH (TR) AE33 0.03 30.4 0.88± 0.68 91 0.92 0.77 0.96 0.87 

STH (UB) AE33 0.01 4.72 0.31± 0.29 88.1 0.33 0.33 0.35 0.24 

North-
Western 
Europe 

BIR (UB) AE33 0.02 14.96 0.76± 0.82 97.4 0.9 0.87 0.75 0.59 

LND (UB) AE22 0 13.5 0.84± 0.92 95.3 0.92 1.16 0.71 0.6 

LND (TR) AE22 0.1 18.3 2.94± 2.24 96.6 3.13 3.03 2.53 3.01 

Western 
Europe 

NLD (UB1) MAAP -0.5 11.2 0.74± 0.78 98.5 0.82 1.1 0.62 0.41 

NLD (UB2) MAAP 0 24.64 0.57± 0.74 97.8 0.58 0.88 0.48 0.33 

NLD (UB3) MAAP 0 10.41 0.85± 0.88 99.5 0.9 1.12 0.78 0.6 

NLD (UB4) MAAP 0 9.89 0.88± 0.75 98.8 0.96 1.17 0.77 0.62 

NLD (UB5) MAAP 0 15.82 0.96± 0.93 99 1.06 1.34 0.83 0.61 

NLD (UB6) MAAP 0 11.63 0.90± 0.78 98.3 0.98 1.2 0.79 0.63 

NLD (TR1) MAAP 0.03 11.19 1.37± 10.3 99 1.57 1.64 1.23 1.06 

NLD (TR2) MAAP 0 15.66 1.53± 1.12 98.7 1.58 1.7 1.46 1.37 

NLD (TR3) MAAP 0 11.12 1.67± 1.23 98.1 1.89 1.98 1.51 1.3 

NLD (TR4) MAAP 0 12.28 1.26± 0.99 97.8 1.36 1.59 1.17 0.93 

PAR (UB) AE33 0.07 18.49 1.46± 1.43 93.3 1.72 1.71 1.25 1.14 

PAR (TR) AE33 0.11 18.68 2.48± 1.72 96.7 2.78 2.82 2.24 2.13 

LIL (SUB) AE33 0.03 35.25 1.01± 1.24 62.9 1.17 1.2 0.94 0.72 

PAR (SUB) AE33 0.01 13.32 0.64± 0.70 95.4 0.68 0.76 0.57 0.53 

South-
Western 
Europe 

MAR (UB) AE33 0.06 27 1.61± 1.46 90.8 1.72 2.15 1.22 1.38 

BCN (UB) AE33 0.04 20.85 1.51± 1.53 52.9 1.62 1.68 1.34 1.37 

BCN (UB) MAAP 0 23.1 1.30± 1.26 92.1 1.35 1.36 1.26 1.24 
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GRA (UB) AE33 0.06 17.67 2.08± 2.04 66.2 2.31 2.92 1.48 1.48 

GRA (UB) MAAP -0.15 25.46 1.95± 2.00 91.9 2.23 2.92 1.3 1.37 

MAD (UB) AE33 0 79.11 1.35± 1.83 69 1.47 2.4 0.89 0.82 

VAL (UB) AE31 0 17.84 1.48± 1.34 48.6 1.68 1.73 1.09 1.1 

South-
Eastern 
Europe 

ATH (UB) AE33 0.06 32.66 1.76± 2.29 96.1 1.81 2.5 1.49 1.24 

ATH (SUB) AE33 0 9.5 0.82± 0.55 83.8 0.84 0.86 0.83 0.78 

Eastern 
Europe 

BUC (SUB) AE33 0 91.32 2.13± 3.05 48.2 1.91 2.54 2.99 1.25 

Central 
Europe 

DDW (UB) MAAP 0.05 9.21 0.68± 0.66 99.8 0.78 0.89 0.62 0.43 

DDN (TR) MAAP 0.05 11.15 1.05± 0.78 99.8 1.13 1.32 0.95 0.8 

LEJ (UB) MAAP 0.02 13.23 0.92± 1.03 96.4 1.09 1.26 0.84 0.54 

LEJ (TR1) MAAP 0 18.41 1.82± 1.35 98.3 1.89 2.14 1.75 1.47 

LEJ (TR2) MAAP 0.01 16.7 1.52± 1.22 75.7 1.35 1.96 1.41 1.44 

Bern 
(UB/TR) 

AE33 0.03 12.99 1.07± 0.79 96.5 1.12 1.35 0.93 0.88 

ZUR (UB) AE33 0 27.68 0.79± 0.69 99.5 0.97 0.95 0.63 0.61 

LUG (UB) MAAP 0 4.91 0.59± 0.52 99.6 0.45 0.72 0.47 0.20 

MLN (UB) AE33 0.01 18.61 3.15±2.90 58.1 2.45 5.01 2.32 1.34 

MLN (UB) MAAP 0.02 19.11 2.55± 2.50 100 2.84 4.67 1.65 1.1 

MLN (TR1) AE33 0.13 12.74 2.02± 1.47 84.1 2.48 3.47 … 1.33 

MLN (TR2) AE33 0.14 17.86 3.37± 2.35 76.6 4.5 5.16 2 2.3 

IPR (RB) MAAP 0 11.85 1.45± 1.55 87.7 1.47 2.79 0.89 0.63 
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Table S3. Aethalometer model statistics (PM size, mean relative contribution%, mass concentrations ug m-3 at 95% confidence interval (CI), and seasonal mean relative contribution%) using AAET= 1, AAERC= 2, 
Sandradewi et al. (2008) during 2017-2019. 

Region Site name PM size 

Mean 

relative % 

eBCT 

Mean 

relative % 

eBCRC 

eBCT ug m-3 eBCRC ug m-3 

eBCT mean 

relative % 

 summer (JJA) 

eBCT mean 

relative % 

winter (DJF) 

eBCRC mean 

relative % 

summer (JJA) 

eBCRC mean 

relative % 

winter (DJF) 

Northern 

HEL_SUB2 PM1 65.65 34.35 0.61; 95% CI [0.10, 1.79] 0.35; 95% CI [0.04, 1.14] 

71.26 64.99 28.74 35.00 HEL_SUB3 PM1 68.68 31.32 0.49; 95% CI [0.06, 1.53] 0.24; 95% CI [0.02, 0.76] 

HEL_SUB1 PM1 69.47 30.50 0.63; 95% CI [0.07, 1.90] 0.33; 95% CI [0.02, 1.09] 

SMR_RB PM10 89.17 10.83 0.25; 95% CI [0.04, 0.73] 0.03; 95% CI [0.00, 0.14] 93.79 88.35 6.21 11.65 

STH-TR PM1 86.66 13.34 0.77; 95% CI [0.14, 1.91] 0.11; 95% CI [0.00, 0.38] 90.82 80.03 9.18 19.97 

STH-UB PM1 75.41 24.59 0.22; 95% CI [0.05, 0.60] 0.08; 95% CI [0.00, 0.30] 83.44 68.76 16.56 31.24 

Western 

PAR_TR PM2.5 87.71 12.29 2.17; 95% CI [0.55, 5.06] 0.31; 95% CI [0.00, 0.99] 92.65 81.27 7.35 18.73 

PAR-UB PM2.5 85.82 14.18 1.23; 95% CI [0.27, 3.31] 0.22; 95% CI [0.00, 0.8] 92.82 76.01 7.18 23.99 

PAR-SUB PM1 71.41 28.59 0.46; 95% CI [0.04, 1.44] 0.18; 95% CI [0.01, 0.62] 85.18 56.08 14.82 43.92 

LIL_SUB PM1 69.40 30.60 0.68; 95% CI [0.14, 1.76] 0.33; 95% CI [0.04, 1.01] 74.71 63.17 25.29 36.83 

North 

Western 
BIR_UB PM2.5 74.45 25.55 0.57; 95% CI [0.10, 1.58] 0.19; 95% CI [0.04, 0.56] 76.64 68.95 23.36 31.05 

South 

Western 

BCN_UB PM10 84.09 15.91 1.29; 95% CI [0.21, 3.72] 0.22; 95% CI [0.00, 0.69] 92.73 75.76 7.27 24.04 

GRA_UB Total 70.18 29.82 1.45; 95% CI [0.28, 4.41] 0.63; 95% CI [0.09, 2.03] 76.16 62.66 23.84 37.34 

MAD_UB PM10 82.90 17.10 1.12; 95% CI [0.13, 3.84] 0.23; 95% CI [0.00, 0.88] 83.33 78.14 16.67 21.86 

MAR_UB PM2.5 80.23 19.77 1.26; 95% CI [0.29, 3.28] 0.35; 95% CI [0.02, 1.18] 86.11 71.24 13.89 28.76 

South Eastern 
ATH_SUB PM10 75.73 24.27 0.62; 95% CI [0.19, 1.48] 0.20; 95% CI [0.02, 0.52] 81.24 65.54 18.76 34.46 

ATH_UB PM10 69.16 30.84 1.15; 95% CI [0.20, 3.77] 0.60; 95% CI [0.07, 2.06] 74.10 59.22 25.90 40.78 

Eastern BUC_SUB PM10 61.43 38.57 1.35; 95% CI [0.17, 4.24] 0.77; 95% CI [0.06, 2.60] 76.38 50.34 23.62 49.66 

Central 

BER_UB PM2.5 72.86 27.14 0.78; 95% CI [0.17, 1.93] 0.28; 95% CI [0.04, 0.79] 78.39 68.70 21.61 31.30 

ZUR_UB PM2.5 75.34 24.66 0.59; 95% CI [0.10, 1.54] 0.20; 95% CI [0.03,0.59] 80.89 68.64 19.11 31.36 

MLN_TR1 PM10 77.59 22.41 1.50; 95% CI [0.45, 3.41] 0.53; 95% CI [0.07, 1.88] 84.00 64.89 16.00 35.11 

MLN_TR2 PM10 82.15 17.85 2.68; 95% CI [0.75, 6.11] 0.69; 95% CI [0.07, 2.34] 87.70 68.98 12.30 31.02 

MLN_UB PM10 74.38 25.62 2.21; 95% CI [0.37, 6.41] 0.94; 95% CI [0.01, 3.29] 85.51 61.35 14.49 38.65 
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Table S4. Aethalometer model statistics (PM size, mean relative contribution%, mass concentrations ug m-3 at 95% confidence interval (CI), and seasonal mean relative contribution%) using AAET= 0.90, AAERC= 
1.68, Zotter et al. (2017) during 2017-2019. 

Region Site name PM size 

Mean 

relative % 

eBCT 

Mean 

relative % 

eBCRC 

eBCT ug m-3 eBCRC ug m-3 

eBCT mean 

relative % 

summer (JJA) 

eBCT mean 

relative % 

winter (DJF) 

eBCRC mean 

relative % 

summer (JJA) 

eBCRC mean 

relative % 

winter (DJF) 

Northern 

HEL_SUB2 PM1 46.51 53.49 0.42; 95% CI [0.06, 1.23] 0.54; 95% CI [0.07, 1.72] 

53.56 45.68 46.43 54.32 HEL_SUB3 PM1 50.46 49.54 0.36; 95% CI [0.04, 1.09] 0.38; 95% CI [0.04, 1.19] 

HEL_SUB1 PM1 51.22 48.78 0.45; 95% CI [0.05, 1.40] 0.51; 95% CI [0.05, 1.66] 

SMR_RB PM10 78.50 21.50 0.22; 95% CI [0.03, 0.66] 0.06; 95% CI [0.00, 0.25] 86.91 76.29 13.09 23.71 

STH-TR PM1 72.66 27.34 0.65; 95% CI [0.11, 1.66] 0.23; 95% CI [0.00, 0.65] 76.98 64.75 23.02 35.25 

STH-UB PM1 58.35 41.65 0.17; 95% CI [0.03, 0.45] 0.14; 95% CI [0.02, 0.46] 67.81 50.50 32.19 49.50 

Western 

PAR_TR PM2.5 72.35 27.65 1.79; 95% CI [0.44, 4.21] 0.69; 95% CI [0.13, 1.80] 78.05 65.01 21.95 34.99 

PAR-UB PM2.5 70.38 29.62 1.01; 95% CI [0.22, 2.72] 0.45; 95% CI [0.06, 1.39] 78.78 58.85 21.22 41.15 

PAR-SUB PM1 52.84 47.16 0.34; 95% CI [0.01, 1.12] 0.29; 95% CI [0.03, 0.96] 69.68 33.69 30.32 66.31 

LIL_SUB PM1 50.92 49.08 0.49; 95% CI [0.09, 1.30] 0.52; 95% CI [0.08, 1.55] 57.49 43.26 42.51 56.74 

North 

Western 
BIR_UB PM2.5 57.36 42.64 0.44; 95% CI [0.08, 1.23] 0.32; 95% CI [0.07, 0.91] 59.95 50.76 38.38 50.11 

South 

Western 

BCN_UB PM10 68.82 31.18 1.06; 95% CI [0.16, 3.09] 0.45; 95% CI [0.05, 1.34] 79.41 58.80 20.59 41.20 

GRA_UB Total 51.97 48.03 0.98; 95% CI [0.19, 2.78] 1.10; 95% CI [0.15, 3.75] 59.47 42.48 40.53 57.52 

MAD_UB PM10 67.24 32.76 0.91; 95% CI [0.10, 3.13] 0.44; 95% CI [0.04, 1.62] 67.66 61.92 32.34 38.08 

MAR_UB PM2.5 63.70 36.30 0.99; 95% CI [0.21, 2.57] 0.62; 95% CI [0.11, 1.93] 70.56 52.95 29.44 47.05 

South Eastern 
ATH_SUB PM10 58.63 41.37 0.48; 95% CI [0.12, 1.19] 0.34; 95% CI [0.08, 0.83] 65.27 46.16 34.73 53.84 

ATH_UB PM10 50.72 49.28 0.81; 95% CI [0.12, 2.65] 0.95; 95% CI [0.12, 3.19] 57.03 37.92 42.97 62.08 

Eastern BUC_SUB PM10 40.55 59.45 0.93; 95% CI [0.00, 2.98] 1.20; 95% CI [0.16, 3.95] 59.65 25.87 40.35 74.13 

Central 

BER_UB PM2.5 54.97 45.03 0.59; 95% CI [0.11, 1.51] 0.48; 95% CI [0.10, 1.23] 61.62 49.89 38.38 50.11 

ZUR_UB PM2.5 58.29 41.71 0.45; 95% CI [0.07, 1.19] 0.34; 95% CI [0.06, 0.95] 64.66 50.50 35.34 49.50 

MLN_TR1 PM10 60.68 39.32 1.14; 95% CI [0.34, 2.55] 0.88; 95% CI [0.18, 2.88] 68.31 45.28 31.69 54.72 

MLN_TR2 PM10 65.90 34.10 2.12; 95% CI [0.60, 4.81] 1.25; 95% CI [0.25, 3.69] 72.26 50.66 27.74 49.34 

MLN_UB PM10 56.99 42.95 1.62; 95% CI [0.28, 4.88] 1.52; 95% CI [0.10, 5.07] 70.68 40.92 29.32 59.08 
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Table S5. Results of the Theil-Sen nonparametric estimator of the slope with Mann-Kendall tests computed throughout the year (annual) for 
stations providing more than 9 years of eBC mass concentration with 75% valid data and the common period 2012-2020. (CI): 95% confidence 
intervals computed by bootstrapping the data. The statistically significant (ss) trends of each site are represented by *** for p-value < 0.001, ** 
for p-value < 0.01, * for p-value < 0.05, + for p-value < 0.1, and ns for not significant. 

Site 
Slope > 9 years of data 

[95% CI range] % yr-1 

P-value 

> 9 years of data 

Slope 2012-2020 

[95% CI range] % yr-1 

P-value 

2012-2020 

BCN_UB -4.69 [-4.99; -4.30] 0.00 -5.37 [-6.27; -4.33] 0.00 

GRA_UB -2.80 [-3.15; -2.45] 0.00 -2.41 [-3.35; -1.40] 0.00 

LND_UB -5.82 [-6.44; -4.86] 0.00 -8.32 [-9.52; -7.40] 0.00 

LEJ_UB -3.43 [-4.28; -2.60] 0.00 -3.60 [-5.02; -2.01] 0.00 

NLD_UB6 -4.75 [-5.27; -4.21] 0.00 -4.79 [-5.68; -3.89] 0.00 

ZUR_UB -1.66 [-3.73; 0.44] 0.11 -10.00 [-2.85; 2.43] 0.91 

LND_TR -8.38 [-8.40; -7.92] 0.00 -10.45 [-10.87; -9.92] 0.00 

LEJ_TR2 -4.06 [-4.64; -3.32] 0.00 -3.30 [-4.25; -2.16] 0.00 

NLD_TR3 -5.69 [-6.05; -5.32] 0.00 -6.06 [-6.60; -5.41] 0.00 

NLD_TR4 -4.65 [-4.93; -4.24] 0.00 -5.42 [-5.93; -4.65] 0.00 

PAR_SUB -5.68 [-6.69; -4.55] 0.00 -5.92 [-7.15; -4.56] 0.00 

IPR_RB -3.57 [-4.06; -3.07] 0.00 -3.28 [-4.26; -2.34] 0.00 

SMR_RB -3.87 [-5.02; -2.37] 0.00 -6.36 [-8.14; -3.66] 0.00 

 

Table S6. Results of the piecewise linear regression computed throughout the year (annual) for stations providing more than 9 years of eBC 
mass concentration with 75% valid data. No: the number of breakpoints; RMSE: root mean squared error expressed in µg m-3; MAE: mean 
absolute error expressed in µg m-3. 

Site Breakpoint No. Date of Breakpoint 
Standard error 

(uncertainty) 
Slope Adj. R2 RMSE MAE 

BCN_UB 1 2/1/2019 8.74 -0.008 0.54 0.34 0.24 

GRA_UB 1 1/1/2009 5.75 -0.007 0.5 0.38 0.25 

LND_UB 1 7/1/2009 3.10 -0.008 0.43 0.37 0.26 

LEJ_UB 1 4/1/2015 30.57 -0.005 0.2 0.43 0.28 

NLD_UB6 1 6/1/2013 10.65 -0.006 0.49 0.27 0.18 

ZUR_UB 1 1/1/2015 5.69 -0.001 0.19 0.31 0.18 

LND_TR 1 8/1/2011 6.37 -0.071 0.86 1.11 0.82 

LEJ_TR2 1 5/1/2012 11.04 -0.008 0.42 0.43 0.3 

NLD_TR3 1 7/1/2012 10.65 -0.015 0.75 0.38 0.27 

NLD_TR4 1 6/1/2014 21.67 -0.010 0.66 0.35 0.25 

PAR_SUB 1 2/1/2013 6..50 -0.005 0.3 0.28 0.19 

IPR_RB 1 7/1/2014 19.11 -0.008 0.29 0.53 0.35 

SMR_RB 1 12/1/2010 10.11 -0.001 0.22 0.11 0.08 
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Figure S1. Complied eBC mass concentrations data converge and data capture in each year during the minimum and maximum data available 

ranged from 2006 to 2022 measured by MAAP or aethalometers. The blank area represents 100% missing eBC data between 2006-2020, which is 

either unavailable in our database or not compiled for this study. The color bar extends to the bold green area, indicating 100% data availability 

during that period of the year.  
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Figure S2. The relationship between eBC concentrations from MAAP and NO2 concentrations in BCN_UB with (red circles) and without (grey 

circles) DDE using three years of data. Data were averaged over 24 hours., Slope, intercept and correlation coefficient are very similar indicating 

a non-significant effect of DDE on eBC concentrations data. 
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Figure S3. Source apportionment of eBC mass concentration applying aethalometer model applied for 23 sites using AE33 eBC data during the 

study period (2017-2019), Location of the sites and geographic regions are highlight using different colours. The results are presented based on 

AAET= 0.90, AAERC= 1.68, Zotter et al. (2017). 
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Figure S4. 100% stacked histograms of monthly variation as a result of the source contributions of eBCT and eBCRC through the application of 

the aethalometer model based on AAET= 1 AAERC= 2. These histograms depict the results obtained from AE33 eBC mass concentration datasets 

at 23 different sites. The stacked bars within each site's column represent the relative contributions of eBCT and eBCRC  
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Figure S5. Official national annual emissions of BC (in kilotonnes per year) for GNFR sectors. C (Other stationary combustion, which includes residential and commercial heating), F (Road traffic), and I (Off-road), 

for member states included in the trend analyses of this study. Data obtained from CEIP (2023).  Black arrows indicate the period of BC covered for trend analysis in the city of the respective country. The emissions 

from stationary combustion activities can be categorized into commercial and institutional sector, residential sector, and other stationary sectors such as agriculture, forestry, fishing, and military sectors. Pollutants 

mainly related to residential wood combustion processes are emitted from other stationary combustion activities. In terms of road transport emissions, the main pollutants are gasoline exhaust, diesel exhaust, liquified 

petroleum gas (LPG) exhaust, and non-exhaust emissions. Off-road transport includes emissions from non-road mobile machinery used in various sectors such as commercial (e.g. transportable equipment), residential 

(e.g. gardening and handheld equipment), agriculture, forestry and fishing (e.g. harvesters, cultivators), manufacturing industries and construction (e.g. excavators, loaders, bulldozers), and other categories such as 

military, land-based railways, and recreational boats. CEIP, 2023, EMEP Center for Emission Inventories and Projections.  https://www.ceip.at/data-viewer-2/overview-dataviewers-2022 

 

https://www.ceip.at/data-viewer-2/overview-dataviewers-2022
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Figure S6. Slopes and corresponding confidence intervals (CI) of Theil-Sen analysis, and the standard errors (SE) of the estimated breakpoints using segmented package with piecewise regression. 
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