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Aerosol light absorption measurements 

The aerosol absorption coefficient (babs) and its associated equivalent black carbon 

concentration (eBC) were determined from aethalometer measurements (model AE31, Magee 

Scientific Inc.) at 7 wavelengths (370, 470, 520, 590, 660, 880 and 950 nm), with a native 

time resolution of 5 minutes. The babs and eBC were calculated from the raw attenuations 

(ATN) according to equations (1) to (4) (Zotter et al., 2017): 
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ATN is the attenuation of a light beam transmitted through a filter on which aerosols are 

continuously collected, and I0 and I denote the intensity of a light beam through an empty and 

particle-laden spot of a filter tape, respectively. A filter change was automatically triggered at 

ATN = 125, as recommended by the manufacturer. bATN is the attenuation coefficient, Q the 

flow rate, A the spot size onto which particles are collected during the sampling interval t. 

Scattering by the filter fibers enhances absorption of the light by the aerosols collected on the 

filter tape. As the filter gets loaded by light absorbing aerosols and ATN increases, nonlinear 

loading effects become apparent. To compensate for these effects, the algorithm developed 

by Weingartner et al. (2003) was used to derive the final absorption coefficient babs where  

and ,  are factors to compensate for multiple scattering of the filter fibers and the 

loading effect, respectively:  

= ∙ ,          (3) 

The site-specific  values were determined from the data set by the approach described in 

Weingartner et al. (2003) and yielded values of 1.28, 1.22, 1.19, 1.15, 1.15, 1.11, 1.11 for the 

wavelengths of 370, 470, 520, 590, 660, 880 and 950 nm, respectively.  



Figure S1: Relative humidity at the instruments intake (hourly values). 

 

  



 

 

Figure S2: Time series in 2014 of the meteorological parameters recorded at Pha Din, plus the 
aerosol absorption coefficient (hourly values, panel d bottom) and biomass burning / traffic related 
eBC (estimated using the aethalometer model, panel d top). Black boxes denote high biomass 
burning episodes. 

 

  



 

 

Figure S3: Time series in 2015 of the meteorological parameters recorded at Pha Din, plus the 
aerosol absorption coefficient (hourly values, panel d bottom) and biomass burning / traffic related 
eBC (estimated using the aethalometer model, panel d top). Black boxes denote high biomass 
burning episodes. 

 

  



 

 

Figure S4: Time series in 2016 of the meteorological parameters recorded at Pha Din, plus the 
aerosol absorption coefficient (hourly values, panel d bottom) and biomass burning / traffic related 
eBC (estimated using the aethalometer model, panel d top). Black boxes denote high biomass 
burning episodes. 

 

  



 

 

Figure S5: Time series in 2017 of the meteorological parameters recorded at Pha Din, plus the 
aerosol absorption coefficient (hourly values, panel d bottom) and biomass burning / traffic related 
eBC (estimated using the aethalometer model, panel d top). Black boxes denote high biomass 
burning episodes. 

 

  



 

Figure S6: Time series in 2014 of the single scattering albedo (dry laboratory conditions, top panel), 
the scattering angstrom exponent and absorption angstrom exponent (middle panel) at Pha Din, 
plus the aerosol absorption coefficient (hourly values, bottom panel).  

 

 

  



 

Figure S7: Time series in 2015 of the single scattering albedo (dry laboratory conditions, top panel), 
the scattering angstrom exponent and absorption angstrom exponent (middle panel) at Pha Din, 
plus the aerosol absorption coefficient (hourly values, bottom panel).  

 

  



 

Figure S8: Time series in 2016 of the single scattering albedo (dry laboratory conditions, top panel), 
the scattering angstrom exponent and absorption angstrom exponent (middle panel) at Pha Din, 
plus the aerosol absorption coefficient (hourly values, bottom panel).  

 

 

  



 

Figure S9: Time series in 2017 of the single scattering albedo (dry laboratory conditions, top panel), 
the scattering angstrom exponent and absorption angstrom exponent (middle panel) at Pha Din, 
plus the aerosol absorption coefficient (hourly values, bottom panel).  

 

  



 

 

Fig S10: Comparison of the absorption angstrom exponent (AAE) measured by AERONET in Son La 
with the AAE measured ground-based in-situ at Pha Din. Left: individual data points; right: statistics. 

 

  



 

Fig S11: Source regions for BB and traffic eBC mass concentrations during the wet season, derived 
from 3-day FLEXTRA back-trajectories. The 3-day FLEXTRA back-trajectories were mapped into a grid 
with a horizontal resolution of 0.5°x 0.5° (trajectory density shown in panel A). For each trajectory in 
an individual grid cell the aerosol/meteorological parameters measured at Pha Din at the time of the 
trajectory arrival is assigned to the cell, and the average of all values assigned to a grid cell is formed. 

 

  



 

Fig S12: Source regions for BB and traffic eBC mass concentrations during NE monsoon, derived from 
3-day FLEXTRA back-trajectories. The 3-day FLEXTRA back- trajectories were mapped into a grid with 
a horizontal resolution of 0.5°x 0.5° (trajectory density shown in panel A). For each trajectory in an 
individual grid cell the aerosol/meteorological parameters measured at Pha Din at the time of the 
trajectory arrival is assigned to the cell, and the average of all values assigned to a grid cell is formed.  

 

  



 

Fig. S13: Left: MODIS true color picture for a selected day with peak biomass burning pollution levels 
detected at Pha Din (March 4, 2014). The red lines denote the cloud edge line for all other days 
during the same high biomass burning time period (traced manually by eye). Right image: Same 
image type, but for a day during the wet season (pictures: NASA Worldview). 

Fig. S13shows a MODIS true color picture for a selected day with peak BB pollution levels detected at 
Pha Din (March 4, 2014) with winds from SW. The image shows the brownish BB plume upstream of 
Pha Din and a dense cloud cover further eastwards. There is a sharp North-South line defining the 
cloud cover edge running along the Hoang Lien Son mountain range, which represents the end of the 
Ai Lao Son mountain range, the southernmost point of the Himalayas. Fig. S13 also includes the 
cloud edge line for all other days during the selected high BB episode (traced manually by eye). It 
shows that this line remains very stationary during the entire period, and the same situation has also 
been consistently observed for most other time periods with high BB activity detected at Pha Din 
during 2014 – 2018. This cloud cover has also previously been identified by weather radar studies to 
be a low level stratocumulus system at around 2000 m asl which consistently exists over Northern 
Vietnam during the BB season (Loftus et al., 2016). 

As this consistent cloud presence coincides with a peak intensity of biomass burning at upwind 
locations, these air masses also contain increased aerosol concentrations, which in turn have the 
potential to cause substantial aerosol-cloud interactions. While these aerosols are not decisive for 
cloud formation, they are affecting corresponding cloud microphysical properties such as effective 
droplet radius and cloud albedo. A possible influence of the BB aerosol on the characteristics of the 
stratocumuli downwind of the mountain range has been discussed (Loftus et al., 2016), but field 
studies focusing on aerosol-cloud interactions are largely missing for the area so far. Future aerosol-
cloud interaction studies focusing on aerosol activation and aerosol microphysical properties upwind 
and in-cloud may provide new insights into the cloud condensation nuclei properties of the biomass 
aerosol, including Pha Din as upwind station. Pha Din is approximately 60 to 80 km upwind of the 
cloud cover edge during the peak BB plumes from SW. 

 

  



References 

Weingartner, E., Saathoff, H., Schnaiter, M., Streit, N., Bitnar, B. and Baltensperger, U. (2003). Absorption of 
light by soot particles: determination of the absorption coefficient by means of aethalometers. Journal 
of Aerosol Science 34: 1445-1463. 

Zotter, P., Herich, H., Gysel, M., El-Haddad, I., Zhang, Y., Močnik, G., Hüglin, C., Baltensperger, U., Szidat, S. 
and Prévôt, A.S.H. (2017). Evaluation of the absorption angström exponents for traffic and wood 
burning in the aethalometer-based source apportionment using radiocarbon measurements of ambient 
aerosol. Atmos. Chem. Phys. 17: 4229-4249. 

 


