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S1. 2015 episode (6 June) 

 

Figure S1.1. Radiosonde data (2015 episode). Midnight and midday potential temperature, relative humidity, wind direction and speed 

in Barcelona (0–5,000 m above sea level). Horizontal dotted lines represent mixing layer height (MLH). MLHs are shown for noon 

data.  
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Figure S1.2. Surface meteorological parameters (2015 episode). (a): Barcelona wind speed and direction (10 m above ground level 

(AGL)). (b) Barcelona temperature, relative humidity, solar radiation, (c) Parets (25 km northward, downwind of Barcelona) wind 

speed and direction (10 m AGL) and (d) Parets temperature, relative humidity, solar radiation. 
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Figure S1.3. (a) NO and (b) NO2 concentrations observed in Barcelona during the 2015 episode. A reduction in the NOx concentrations 

is evident during the weekend. 

 

Figure S1.4. Episode 2015. RAMS/HYPACT back-trajectories of arrival in Barcelona (Ciutadella) the 6 (day of episode) and 7 June. 

Vectors are average wind from 0–1,000 m AGL (sigma levels), and the shaded areas represent the total number of particles 

accumulated on the vertical of the site. (a–d) crossing the Western Mediterranean with east and southeast winds during June 3–5, and 

from France with west winds on the 5 June (e,f) From the South, along the East coast of Spain (Mediterranean influence) with the 

Mediterranean Gyre circulation, and from the North, through the Gulf of Lyon, sweeping the South of France.  
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Figure S1.5. Dispersion sequence of the Barcelona plume (emitted from the centre of the city) along with the average wind field at 0–

800 m AGL, which explains the transport pattern. Before June 6, the transport is directed northward, and there is no recirculation 

(sea-land) of the emissions. On and after June 6 (coinciding with the Tramontana winds), there is sea-land recirculation along the 

Barcelona coast. The plume completes a full rotation every day, and Barcelona is situated at the centre of a convergence zone for 

airflows coming from the Gulf of Lion. These airflows move southward parallel to the coast during the night and merge with the 

emissions from the south and southeast, influenced by sea breezes and the Mediterranean circulation. 
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Figure S1.6. Episode 2015. Simulated O3 along the cross section Barcelona-Vic. Horizontal winds projected together with vertical 

wind.s 
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 S2. 2018 episode (4 and 5 August) 

 

Figure S2.1. Radiosonde data (2018 episode). Midnight and midday potential temperature, relative humidity, wind direction and speed 

in Barcelona for 0–5,000 m above sea level.. Horizontal dotted lines represent mixing layer height (MLH). MLHs are shown for noon 

data with some missing due to technical issues. No radiosonde data for the night of the 7 August. 
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Figure S2.2. Surface meteorological parameters (2018 episode). (a): Barcelona wind speed and direction (10 m above ground level 

(AGL)). (b) Barcelona temperature, relative humidity, solar radiation and (c) Parets (25 km downwind of Barcelona) wind speed and 

direction (10 m AGL) and (d) Parets temperature, relative humidity, solar radiation. 
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Figure S2.3. (a) NO and (b) NO2 concentrations observed in Barcelona during the 2018 episode. A reduction in the NOx 

concentrations is evident during the weekend. 

 

Figure S2.4. Episode 2018. RAMS/HYPACT back-trajectories of arrival in Barcelona (Fabra) the 4 and 5 of August 2018 (days of 

episode). Vectors are average wind from 0–1,000 m AGL (sigma levels), and the shaded areas represent the total number of particles 

accumulated on the vertical of the site. Top row, before the episode, bottom row during the episode. 
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Figure S2.5. Episode 2018. Simulated O3 along the cross section Barcelona-Vic. Horizontal winds projected together with vertical 

winds. 
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S3. 2019 episode (29 June)  

 

Figure S3.1. Radiosonde data (2019 episode). Midnight and midday potential temperature, relative humidity, wind direction and speed 

in Barcelona for 0–5,000 m above sea level. Horizontal dotted lines represent mixing layer height (MLH). MLHs are shown for noon 

data, some missing due to technical issues. No radiosonde data for the midday of 30 June, 1 July, and for the night of the 2  July. 
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Figure S3.2. Surface meteorological parameters during (2019 episode). (a): Barcelona wind speed and direction (10 m above ground 

level (AGL)). (b) Barcelona temperature, relative humidity, solar radiation, (c) Parets (25 km northward, downwind of Barcelona) 

wind speed and direction (10 m AGL) and (d) Parets temperature, relative humidity, solar radiation. 
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Figure S3.3. (a) NO and (b) NO2 concentrations observed in Barcelona during the 2019 episode. A reduction in the NOx concentrations 

can be observed on the weekend. 

 

Figure S3.4. Tropospheric NO2 concentrations observed by TROPOMI–ESA during the 2019 episode. 
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Figure S3.5. Episode 2019. RAMS/HYPACT back-trajectories of arrival in Barcelona (Fabra) the 29 of June (day of episode). Vectors 

are average wind from 0–1,000 m above ground level (AGL) (sigma levels), and the shaded areas represent the total number of 

particles accumulated on the vertical of the site. (a–c) Crossing the Western Mediterranean with east winds, and from central Europe 

with north winds. (d–f) From the South, following the coast (Mediterranean inputs) with the circulation of the Mediterranean Gyre, 

and from the North, with a characteristic entry through the Gulf of Lyon, sweeping across southern France (continental Europe 

contributions). 

 

Figure S3.6. Episode 2019. (Top row) Simulated O3 concentrations (colour scale) and average wind fields (vectors) at (top row) 

surface level and at (bottom row) 600 m above ground level. 
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S4. Photochemical model configuration 

The model configuration can be found in Torre-Pascual et al. (2023) and the specifics for the simulations in 

this study are shown below. 

  

Figure S4.1. Spatial simulated coverage shown in the manuscript within d02 (9 km) – Iberian Peninsula – and partial view of the 

domain d03 (3 km) – Northern Iberian Peninsula – on its topographic map. The line shows the extension of the atmospheric cross-

section analysed in Barcelona. 
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Table S 4.1. Defined vertical levels for the WRF simulation and correspondence with, CAMx levels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WRF level 

number 

CAMx level 

number 
WRF η level 

Approximate height of the 

CAMx layer interface (m above 

ground level)  

1 1 1 Surface 

2 2 0.9975 20 

3 3 0.9950 40 

4 4 0.9925 60 

5 5 0.9900 80 

6 6 0.9875 100 

7 7 0.9850 120 

8 8 0.9800 150 

9 9 0.9700 235 

10 10 0.9550 355 

11 11 0.9400 480 

12 12 0.9250 590 

13 13 0.9100 730 

14 14 0.8950 850 

15 15 0.8800 1,000 

16 16 0.8650 1,100 

17 17 0.8500 1,250 

18 18 0.8350 1,400 

19 19 0.8200 1,500 

20 20 0.8050 1,650 

21 21 0.7900 1,800 

22 22 0.7750 1,900 

23 23 0.7600 2,000 

24 24 0.7450 2,200 

25 25 0.7300 2,400 

26 26 0.7150 2,500 

27 27 0.7000 2,700 

28 28 0.6850 2,800 

29 29 0.6700 2,950 

30 30 0.6550 3,100 

31 31 0.6400 3,300 

32 32 0.6250 3,500 

33 33 0.6100 3,650 

34 34 0.5950 3,800 

35 35 0.5800 4,000 

36 36 0.5650 4,150 

37 37 0.5500 4,300 

38 38 0.5350 4,500 

39 39 0.5200 4,700 

40 40 0.5000 4,900 

41 41 0.4800 5,200 

42 42 0.4600 5,500 

43 43 0.4400 5,750 

44 44 0.4200 6,000 
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Table S 4.2. Summary of WRF parameterizations. 

Parameter Option 

Shortwave Radiation MM5 Shortwave radiation scheme (Dudhia, 1989) 

Longwave Radiation Rapid Radiative Transfer Model (RRTM) (Mlawer et al., 1997) 

Surface Model Noah LSM (Alapaty et al., 2008) 

Microphysics WSM6 (Hong & Lim, 2006) 

PBL Yonsei University (YSU) (Hong, Noh & Dudhia, 2006) 

SST OISST (Reynolds et al., 2007) 

Table 4.3. Spatial characteristics of the domains used in WRF and CAMx. 

Domain Spatial 

Resolution 

WRF 

 Number of grids 

CAMx 

 Number of grids 

d01 27 km × 27 km 162 ×162 160 × 160 

d02 9 km × 9 km 195 × 150 193 × 148 

d03 3 km × 3 km 393 × 186 389 × 182 
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