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Bolivia Campaign

• Southern hemisphere high ALTitude Experiment on particle Nucleation And growth (SALTENA)

• An intensive campaign aiming to understand the nucleation characteristics at Chacaltaya
• GAW station, 5240 m

• 6 months: December 2017 – May 2018

• State-of-the-art aerosol and trace gas instrumentation

Bolivia

Peru Brasil

Slide from Victoria Sinclair
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2. FLEXPART

3. log-polar 
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formation

4. grid cell 
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7. clustering 
results

5. iterative 
k-means clustering 
algorithm (KCA)

6. silhouette 
scoring (SS)

1. WRF coarse reanalysis data

high-res. meteo data

- gaussian filter (GF)

- quantile transform (QT)

- remove low influence cells

Can we develop a method to identify the source regions of air at CHC?



1 . WRF Simulations

• 6 month WRF simulation with 
nudging 

• Output meteorological 
variables every 10 minutes

• 4 domains – inner domain has 
a resolution of 1 km.
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2 . FLEXPART Simulations

• Backward simulations every hour from Chacaltaya
• Release 20 000 particles every hour at a height of 10 m
• Particles advected backwards for 96 hours (4 days)
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2 . FLEXPART Simulations

• Backward simulations every hour from Chacaltaya
• Release 20 000 particles every hour at a height of 10 m
• Particles advected backwards for 96 hours (4 days)
• Obtain the source-receptor relationship (SRR, seconds)

• Value for each grid cell (x,y,z) as a function of “arrival” time
• SRR is related to the particles’ residence time in the output grid cells
• Same SRR if one particle is present for 1 hour or if 2 particles are present for 

0.5 hour (per unit mass)
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Arrival time = time air mass
was sampled at the station

Receptor = Chacaltaya
station in our case

Source= the physical source
(not where the particles were
released from!)
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3. Log polar grid 
transformation
• Increased resolution over the 

sampling stations, decreased 
resolution for regions far away

• Gradual increment/decrement in 
the resolution (no kinks for the 
data analysis) 

• Reduced dataset storage space: 
• 60 to 0.6 gigabytes
• Data analysis is also much faster  



4. Grid cell preprocessing



5. Clustering Method
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Perform k means clustering on time series from each grid point -> 
output is a label of cluster number for each grid cell

For each grid cell belonging to each cluster sum SSR -> output cluster 
total SSR (seconds) as a function of time
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Step 2

For each “arrival” time get the total SSR over all clusters. For each 
cluster divide the cluster SSR by the total SSR -> output % 
contribution to total SSR of each cluster

Number of clusters = 18. Decided based on 
silhouette score and to be relevant to our problem
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5. Clustering Method

6.5.2020

Perform k means clustering on time series from each grid point -> 
output is a label of cluster number for each grid cell

For each grid cell belonging to each cluster sum SSR -> output cluster 
total SSR (seconds) as a function of time

For each “arrival” time get the total SSR over all clusters. For each 
cluster divide the cluster SSR by the total SSR -> output % 
contribution to total SSR of each cluster

Step 3
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Cluster 1

Cluster 2

Two ”idealised” 
examples of  SSR 
timeseries

Blue: individual grid 
points belonging to 
the cluster

Black: sum of all 
grid boxes in that 
cluster



5. Clustering Method
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Perform k means clustering on time series from each grid point -> 
output is a label of cluster number for each grid cell

For each grid cell belonging to each cluster sum SSR -> output cluster 
total SSR (seconds) as a function of time

For each “arrival” time get the total SSR over all clusters. For each 
cluster divide the cluster SSR by the total SSR -> output % 
contribution to total SSR of each cluster

Step 4
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Sum of SSR over all 18 clusters at time t

SSR of cluster n at time t.



6. Silhouette Scoring



7. Clustering results



7. 
Clustering 
results



7. Clustering results



8. Vulcano
correlation 
between sampled 
SO4 at Chacaltaya
station and the SRR 
clusters



Conclusions

• A clustering method using SRR timeseries can identify source 
areas of air masses sampled at Chacaltaya

• We can quantify the various air mass influences at Chacaltaya
• We can identify source regions for SO4 (Volcano), Nitrates, 

Organics (La Paz)
• Future plans: use cluster data to understand other observations
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