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Supplementary Figure 1.  
 
a) Four-engine aircraft about to land on King George Island (62°S, South Shetland Islands). Research 
stations operated by Argentina, Brazil, Chile, China, South Korea, Peru, Poland, Russia, and Uruguay 
are also located on the island33, where Chile operates one of the busiest Antarctic airfields. Although 
we did sample on King George Island, we avoided sampling at the airfield because we aimed to assess 
the influence of light-absorbing impurities on the albedo of more representative areas. 
 
b-c) We took snow samples about 3-km South of the airfield on King George Island that are likely 
more representative on a regional scale. Samples were taken at 8 sites on King George Island (Table 
1), always several kilometers away from the airfield. 
   
Photographs taken by the authors.  
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Supplementary Figure 2 
 
Site groupings. In each box, the central mark (red stripe) indicates the median, and the edges indicate 
the 25th and 75th percentiles. The whiskers extend to the maximum and minimum data excluding 
outliers. Measurements of the Black Carbon (BC) concentration and the Ångström exponent at these 
sites were subjected to an Analysis of Variance (ANOVA) (Table S1) and a Tukey’s Honestly 
Significant Difference Test (Table S2). 
 
Plots were generated by using Python’s Matplotlib Library58.  
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Supplementary Figure 3 
 
a) Snow algal field on Collins Glacier (King George Island);   
 
b) Closer look at the snow surface shown in a); 
 
c) Although we avoided sampling on algal fields, the footprint of the algal pigment appeared on some 
filters corresponding to samples from Petermann Island, Robert Island, King George Island, and Doumer 
Island. We measured the absorption Ångström exponent (!) corresponding to these samples (Fig. S2). 
However, due to uncertainties regarding the apportioning of light absorption to Black Carbon (BC) and 
algae contributions, the BC concentration determined from these samples was not included in Figs. 2-3. 
 
Photographs taken by the authors.  
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Supplementary Figure 4 
 
Frequency distributions of the measurements of absorption Ångström exponent (!) in snow samples. The 
(mean ± standard deviations) are indicated below. 
 
a) Antarctic Peninsula and associated archipelagos (!=2.5±0.5) (excepting samples where algae presence 
was apparent); 
b) Union Glacier (!=2.0±0.3); 
c) Samples with snow algae (!=4.9±0.6). 
 
Plots were generated by using Python’s Matplotlib Library58.  
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Supplementary Figure 5 
 
Ground-based measurements of the albedo carried out at Union Glacier Camp (see Table 1 for 
details). 
 
a) Spectral albedo measured in December 2015, 
b) Broadband (SW) albedo measured in December 2017.   
 
Plots were generated by using Python’s Matplotlib Library58.  
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Supplementary Figure 6 
 
Broadband albedo reduction due to given Black Carbon (BC) concentrations, according to the 
parameterization by Dang et al.41. 
 
a) Albedo reductions under overcast conditions (∆#!"#$%&); 
b) Albedo reductions under cloudless conditions (∆#!"'()). 
 
Plots were generated by using Python’s Matplotlib Library58.  
 
 
  

0.5 1 2 3 5

0.001

0.002

0.005

0.01

BC Concentrations HngêgL

A
lb
ed
o
R
ed
uc
ct
io
n
-
O
ve
rc
as
t

Snow Grain Radii
200 mm 400 mm
600 mm 800 mm
1000 mm

0.5 1 2 3 5

0.001

0.002

0.005

0.01

BC Concentrations HngêgL

A
lb
ed
o
R
ed
uc
ct
io
n
-
C
le
ar
S
ky

Snow Grain Radii
200 mm 400 mm
600 mm 800 mm
1000 mm



	

 

 
 
 
Supplementary Figure 7 
 
Cloud fraction (CF) averaged for December, January and February (DJF) over the period 1981-
2019. Data from ERA5 reanalysis46 were used. 
 
Plots were generated by using Python’s Matplotlib Library58.  
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Supplementary Figure 8 
 
Monte Carlo simulations for estimating the snow that melts sooner due to Black Carbon (BC) 
deposition from research stations on King George Island.   
 
a) BC-impacted area. The histogram was built up by randomly generating surface values over the 
range 8-48 km2. 
 
b) Albedo reductions (∆#). The histogram was built up by randomly generating ∆# values over 
the range 0.001-0.004. 
 
c) Snow that melts sooner. Each value in the histogram was rendered by Eq. (13), using as inputs 
the values in a) and b). The mean and the standard deviations of these simulations were used for 
estimating the snow that melts sooner every summer due to BC deposition from local sources on 
King George Island: 0.4±0.2 Mt, which translates to about 0.6±0.3 kt of snow per bed; there are 
11 research stations with a total of 700 beds on King George Island33.  
 
Plots were generated by using Python’s Matplotlib Library58.  
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Supplementary Figure 9 
 
Monte Carlo simulations for estimating the snow that melts sooner due to Black Carbon (BC) 
emissions associated with tourism in the Antarctic Peninsula and associated archipelagos.   
 
a) BC-impacted area. The histogram was built up by randomly generating surface values over the 
range 100-500 km2. 
 
b) Plausible albedo reductions (∆#). The histogram was built up by randomly generating ∆# 
values over the range 0.001-0.004. 
 
c) Snow that melts sooner due to BC deposition associated with tourism in the Antarctic Peninsula 
and associated archipelagos. Each value in the histogram was rendered by Eq. (13), using as inputs 
the values in a) and b). The mean and the standard deviations of these simulations were used for 
estimating the snow that melts sooner every summer due to BC emissions associated with tourism 
in the Antarctic Peninsula and associated archipelagos: 4.4±2.3 Mt, which translates to about 
83±43 tons per visitor; an average of 53,000 tourists visited the region from the season 2016-17 to 
the season 2019-202036.  
 
Plots were generated by using Python’s Matplotlib Library58.  
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Supplementary Figure 10 
 
Clusters of 72-h backward trajectories for December, January and February (DJF) days over the 
period 2010-2020.  
 
a) Collins Glacier (Dome), King George Island;  
b) Hope Bay, Trinity Peninsula;  
c) Mikkelsen Harbor, Trinity Island;  
d) Union Glacier, Ellsworth Mountains.  
 
Back-trajectory analysis suggests that long-range transport (from Patagonia, for example) has only 
a minor role as a source of light-absorbing aerosols in Antarctica. 
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Supplementary Figure 11 
 
Clusters of 72-h backward trajectories for December, January and February (DJF) days over the 
3-month period before sampling.  
 
a) Collins Glacier (Dome), King George Island;  
b) Hope Bay, Trinity Peninsula;  
c) Mikkelsen Harbor, Trinity Island;  
d) Union Glacier, Ellsworth Mountains.  
 
Back-trajectory analysis suggests that long-range transport (from Patagonia, for example) has only 
a minor role as a source of light-absorbing aerosols in Antarctica. 
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Supplementary Table 1. Analysis of Variance  (ANOVA) results showing the statistically 
significantly different site groupings for measurements of the BC concentration and the Ångström 
exponent shown in Fig. 2. Outputs show degrees of freedom (DF), F static and associated p value 
(Prob>F). Site Grouping 1 = Union Glacier. Grouping 2 = Deception Island, Livingstone Island, 
Trinity Island and Trinity Peninsula. Grouping 3 = Arctowski, Charlotte, Cuverville, Doumer, 
Collins Glacier, Maxwell Bay, Petermann, Detaille, Robert, Greenwich, Halfmoon. 
 

Source DF 
Sum of 
Squares 

Mean 
Square F Ratio 

Prob > 
F 

Black Carbon:     
Site 
groups 2 110.8 55.4 23.7 <0.0001 
Error 119 278.0 2.3   
Total 121 388.9    
Angstrom:      
Site 
groups 2 6.6 3.3 17.4 <0.0001 
Error 119 22.3 0.2   
Total 121 28.9    

 
 
 
 
  



	

Supplementary Table 2. Tukey's Honestly Significant Difference Test outputs showing pair wise 
comparisons between the site groups (Fig. S2). The 3 site groupings are significantly different 
from each other for BC and only group 1 (Union Glacier) is significantly different for Ångström 
values. Site Grouping 1 = Union Glacier. Grouping 2 = Deception Island, Livingstone Island, 
Trinity Island and Trinity Peninsula. Grouping 3 = Arctowski, Charlotte, Cuverville, Doumer, 
Collins Glacier, Maxwell Bay, Petermann, Detaille, Robert, Greenwich, Halfmoon. 
 

Group 
Comparison 

group Difference Std Err Dif Lower CL Upper CL p-value 
Black Carbon:      

2 1 2.5 0.4 1.6 3.3 <0.0001 
2 3 1.4 0.3 0.7 2.2 <0.0001 
3 1 1.0 0.3 0.2 1.8 0.0106 

Angstrom:       
2 1 0.6 0.1 0.3 0.8 <0.0001 
3 1 0.5 0.1 0.3 0.7 <0.0001 
2 3 0.1 0.1 -0.1 0.3 0.6224 

 
 
 
  



	

Supplementary Table 3. Black Carbon (BC) (units ng/g) minimum and maximum, 25% and 75% 
quartile, and median, reported for each of the site groupings (Fig. S2). Site Grouping 1 = Union 
Glacier. Grouping 2 = Deception Island, Livingstone Island, Trinity Island and Trinity Peninsula. 
Grouping 3 = Arctowski, Charlotte, Cuverville, Doumer, Collins Glacier, Maxwell Bay, 
Petermann, Detaille, Robert, Greenwich, Halfmoon. 
 

Grouping 1 0.00% minimum 0.6 

 25.00% quartile 1.2 

 50.00% median 1.9 

 75.00% quartile 2.6 

 100.00% maximum 3.8 

Grouping 2 0.00% minimum 0.9 

 25.00% quartile 3.0 

 50.00% median 4.4 

 75.00% quartile 5.0 

 100.00% maximum 8.1 

Grouping 3 0.00% minimum 0.6 

 25.00% quartile 1.7 

 50.00% median 2.9 

 75.00% quartile 3.8 

  100.00% maximum 8.0 
 
 
 
 
  



	

Supplementary Table 4. Black Carbon (BC) (units ng/g) mean and standard deviation of each 
site grouping (Fig. S2). One-way t-tests are also reported to evaluate that the BC values of each 
grouping are significantly different to 0 and 1, respectively.  Site Grouping 1 = Union Glacier. 
Grouping 2 = Deception Island, Livingstone Island, Trinity Island and Trinity Peninsula. Grouping 
3 = Arctowski, Charlotte, Cuverville, Doumer, Collins Glacier, Maxwell Bay, Petermann, Detaille, 
Robert, Greenwich, Halfmoon. 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

  Mean Std Dev 
Hypothesized 

mean 
T-test 

statistic 
Degrees of 

freedom p-value 
Grouping 1 1.9 0.8 0 13.1 32 <0.0001 

   1 6.3 32 <0.0001 
Grouping 2 4.4 1.9 0 14.2 38 <0.0001 

   1 10.9 38 <0.0001 
Grouping 3 2.9 1.5 0 13.7 49 <0.0001 
      1 9.0 49 <0.0001 


