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Map of Iceland showing the locations of 
the ground-based volcanic cloud 
monitoring instruments
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OPC, ScanDOAS, and NicAIR II at 
Þorvaldshraun, 10 km northeast of the 
main eruption vent
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NicAIR II IR camera with narrowband 
filters 8.6, 10.0, 10.87 mm and broadband 
8 – 13 mm
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Apparent cloud top height measured 
from NicAIR II 10 mm images
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Actual cloud height derived from 
apparent cloud height and cloud location
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(a)Schematic field of view from the perspective of the camera 
showing apparent plume height

(b)Schematic side-view illustrating the effect of transport towards 
the camera on actual versus apparent plume height



Time series of the daily average SO2

flux measured by DOAS
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Time series of daily averaged gas ratios
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(a)H2O/CO2

(c)CO2/SO2

(e)SO2/HCl

(b) H2O/SO2

(d) SO2/H2S 

(f) SO2/HF



Gas ratios and the calculated emission of 
each gas relative to SO2 based on the 
DOAS flux rate of 9.6 Mt SO2

11/21/2017 9

Gas ratios
[mol/mol]

25 % - 75 %
percentiles

Emissions
[Mt]

H2O/CO2 5 – 16

H2O/SO2 18 – 98 H2O: 49 – 263 (34 – 394)

CO2/SO2 0.3 – 2 CO2: 5.1 (3.6 – 7.6)

SO2/H2S 9 – 13 H2S: 0.4 – 0.6 (0.3 – 0.9) 

SO2/HCl 46-79 HCl: 0.07 – 0.1 (0.05 – 0.2)

SO2/HF 34-122 HF: 0.02 – 0.09 (0.02 – 0.1)



Radar-detectable cloud above the 
eruption site (indicated in red) detected 
by the C-band radar close to Egilsstaðir
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What we have learned- total gas 
emissions
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• Total amount of emitted by the eruption as measured by 

ground based instruments is 9.6 Mt SO2 and 5.1 Mt CO2

• Optical-thickness and scattering of light make this an 

underdetection

• Within Iceland in 2015, a total of 0.06 Mt SO2 and 3 Mt CO2

of anthropogenic pollution were emitted

• Since 1978, an an annual basis, only Pinatubo in 1991 

released more SO2 than this eruption, while summing over 

1979-2017, Kilauea has emitted more SO2



What we have learned- particles in the 
atmosphere
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• The background dusty conditions produces such high particle 

counts, that the additional particles provided by the eruption 

have a very small impact on the total number of particles. 

• The passing over of meteorological clouds triggered the 

development of a radar-detectable eruption cloud. 

• The conditions when the eruption cloud was most frequently 

observed by the radar are the same conditions that allow for 

the pooling of gases as measured by the in situ SO2 sensor, 

specifically during low wind speeds and when there was a 

change in wind direction, and often in the morning. 

• The radar-detectable cloud above the eruption site detected by 

the radar mostly consisted of droplets, with some particles, and 

it was coupled in behavior with the behavior of the gas cloud.



What we have learned- Optimizing 
measurements in future eruptions
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• We should continue to cultivate the use of as many 

different techniques as possible. 

• In all sets of data: the SO2 fluxes, the ratios of other gases 

to SO2, and the cloud heights, it is seen that the tables are 

populated due to the diversity of instrumentation and 

techniques. 

• The environmental challenges were so great, that few 

measurements were systematically obtained by any one 

single approach. 



Thank you
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