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Erebus: Height = 3794 amsl,  37.9 km from Arrival Heights research laboratory (220 amsl). Bearing from AHTS: 20E.
Persistent passive degassing (no explosive events). Phonolitic Volcano (most active in Antarctica). Rich in halogens. 
Prior measurements: Zreda-Gostynska (1997): chemical traps, Oppenheimer (2008): Open-path MIR-FTIR, 

Boichu (2011): Max-DOAS BrO, NO2, O3



20190403
Erebus measurements:
• MIR-FTIR system located AHTS. NDACC filters.
• Sun path (day arc) skims the top of Erebus twice a year:

~3rd - 5th April & 6th – 9th September. SZA ~ 84.5, 1130-1215NZST
• Opportunistic (serendipitous?) measurements:

-Good weather
-Degassing plume
-AntNZ tech available to take measurements 
(among other duties) 

• Since 1996, only 7 days, limited filter sets. 
• Spectra acquisition time per filter ~ 2mins

Date Instrument Res (cm-1) Filter set (Lauder ID)
7th Sept 1996 Bomem DA2 0.02 ‘3’ Non-NDACC
9th Sept 2001 120M 0.0035 2,3
6th Sept 2003 120M 0.007 2,3,4,5
5th April 2009 120M 0.0035 2,3,4,5
5th April 2018 125HR 0.0035 2,3,4,5,8,A
3rd April 2019 125HR 0.0035 2,3
5th April 2019 125HR 0.0035 2,3



Not the first time….:

Only other hi-res volcanic plume measurements….:

Stremme, NDACC newsletter, Vol 7, Nov 2018. Popocatépet, Mexico



.....and fresh off the press, thanks Wolfgang!….:



What to do with these measurements?:
• We have 7 days over 20 years…some may say a sparse dataset...So what can we do?

• A test for SFIT4 profile retrievals, can we construct a robust retrieval strategy? Should be able to.

-Stremme, 2001 (Earth and Planetary Science Letters 301 (2011) 502–510)

used SFIT2 _v394 to analyse low res (0.5cm
-1

) volcanic plume spectra. Column retrievals of HF, HCl, SiF4 and SO2

-Taquet, 2019,, res =@ 0.02 (HF, HCl), 0.1 cm-1 (SO2, SiF4), PROFFIT, v9.6 Column, not profile?

-Keys, 1996 (GRL), SFIT1, HCl profile scaling.

With the Hi-res spectra can we perform profile retrievals, (instead of apriori profile scaling)?

• If retrievals are successful what can we do?

Emission estimates? No. Not sufficient plume or meteorological data to infer any emission rates

Species ratios: Yes. A good use. Large number of species absorption features in Hi-res spectra.

• Initially concentrate on HCl and HF: easy targets

-Prior measurements have detected HCl and HF in the plume 

-Erebus a rich source of halogens

-Back ground amounts in stratosphere, not common in the troposphere.



Through plume

Non plume (background)

What spectra looks like: HCl: 20180405 spectra 



Analysis steps:

• Start with NDACC retrieval strategy as a base. 
• NDACC IRWG AHTS station layer used (48 layers 0.2-120km). No need to adapt.

• Expand a single MW. Only single MW required (due to high spectral resolution)
• Two step analysis: 

Fit background 

Fit plume spectra (Using background fit as apriori for interfering species and basis for main species) 
• Apriori increase (guess) @ lower levels 4-5, 100x-1000x @ 3km, 4km (consistent with Erebus height) 

(underestimate plume apriori, over estimating leads to retrieval oscillations, as Sa too high)
• Sa Levels 7-12 increased (2.4-4km)

• SNR: spectra specific. ~200-400

Robust: Same recipe used in all cases, just minor tweaks required. Retrieved profile enhancements at correct height. 

gas.profile.HCL.sigma =      
0.1 0.1 0.1 0.1 0.1     

0.1 0.1 0.1 0.1 0.1      

0.1 0.1 0.1 0.1 0.1      
0.1 0.1 0.1 0.1 0.1      

0.1 0.1 0.1 0.1 0.1      
0.1 0.1 0.1 0.1 0.1      

0.1 0.1 0.1 0.1 0.1      

0.1 5.0 5.0  5.0  5.0
5.0 5.0 0.01 0.01 0.01      

0.01 0.01 0.01 

15  HCL     Retrieved amount from state vector:
5.36E-10,    7.53E-10,    9.81E-10,    1.76E-09,    2.50E-09,    

2.92E-09,    3.12E-09,    3.21E-09,    3.28E-09,    3.31E-09,    

3.26E-09,    3.20E-09,    3.12E-09,    3.01E-09,    2.93E-09,    
2.88E-09,    2.88E-09,    2.91E-09,    2.99E-09,    3.12E-09,    

3.24E-09,    3.22E-09,    2.99E-09,    2.53E-09,    1.99E-09,    
1.59E-09,    1.39E-09,    1.23E-09,    8.70E-10,    4.06E-10,    

1.31E-10,    6.66E-11,    2.68E-11,    8.52E-12,    2.41E-12,    

1.01E-12,    4.73E-10,    2.58E-10,    1.53E-13,    1.22E-13,    
1.27E-13,



Example: HCl: 20180405 analysis. SFIT4_v0944



An interesting example: HF: 20180405

Through plume

Non plume (background)



Enhancement altitude too low

20180405: HF Bad fit. Spectra = 2 scan average...



2 scan average, yuk, no wonder couldn’t fit.
Forward

Backward scan

HF 20180405



HF 20180405 Forward scan only. Good fit.

Enhancement at correct altitude



Results:
• Analysis of HCl and HF: 7 events in total.

Reanalysis of 1996 spectra from Keys
• Look at species ratios (HCl/HF): 5 events

Derived HCl:HF ratio comparable to prior studies.
• Not enough information for emission estimates

Uncertainty analysis:
Using SFIT4 output. Standard error analysis
Same Sb’s as in NDACC retrievals except:
temp.random: additional 10K in 2-4km range (guess)

Example: Uncertainties sources (HCl: 20190405, SNR=400) (%):
Smeas=    0.075                 
Ssmooth=    0.100
Sint1 (retrieval params)=    0.001     
Sint2 (intf. spec.)=    0.323 
Stemp_sys=    0.227              
Stemp_rand=   12.908
SSZA(%)=    0.398           
SZeroLev_1(%)=    1.959
SLineInt_HCL(%)=    2.030
SLineTAir_HCL(%)=    0.035        
SLinePAir_HCL(%)=    0.068           
SEmpPhsFnc(%)=    0.001           
SEmpApdFcn(%)=    0.008
Other species spectroscopic uncertainties <0.1%

Single Line:
SLineInt_HCL @ 0.0035cm-1 ~2%
SLineInt_HCL @ 0.007cm-1   ~8%
SLineInt_HCL @ 0.02cm-1     ~40%
Low res: 0.5cm-1 ?% (Multiple lines used in practice)



Summary:
• First Hi-res spectra of Erebus plume (single absorption line can be analysed)

• SFIT4 profile retrieval technique using  a single MW is robust

• Confirmation of HCl:HF ratio in accordance with prior studies.

• Long term sporadic monitoring of Erebus plume composition (continue to take such measurements).

• Future work: retrieval of other species and isotopes:

CO2, H2O, CH4, CO, OCS, 

SO2 (visually , very little), SiF4 (visually none)

H35Cl, H37Cl 

• Currently an opportunistic (serendipitous?) measurement.  

Thank you.


