
Isoprene emissions in Australia determined through inversions 
of satellite measurements of formaldehyde using GEOS-Chem

Jesse W. Greenslade1, Jenny A. Fisher1,2, Clare 
Paton-Walsh1, Paul Palmer3, Luke Surl3 
1 Centre for Atmospheric Chemistry, School of Chemistry, University of 
Wollongong
2 School of Earth & Environmental Sciences, University of Wollongong
3 The Tropospheric Chemistry and Earth Observation Modelling Group, University 
of Edinburgh

Air Mass Factor (AMF)

HCHO Comparison

Current outputs

References:

Isoprene is emitted in large quantities by forests and shrubs, around 600 Tg/yr [Guenther et al., 2006], 
affecting NOX, HOX, ozone, and aerosols. The MEGAN biogenic emissions model, used in GEOS-Chem and 
many other atmospheric chemistry models, is poorly calibrated for Australia [Emmerson et al., 2016].
MEGAN is based on global extrapolations of plant types, emission factors, soil moisture, and other 
parameters. Satellites provide a global measurement of HCHO, a primary product of isoprene, which can 
be used to constrain and improve estimates of isoprene emissions. 
We examine HCHO from 2005-2013 over Australia and plan to estimate isoprene emissions using GEOS-
Chem simulations and satellite based measurements from the Ozone Monitoring Instrument (OMI). The 
process includes filtering pyrogenic and anthropogenic influences, along with estimating the effect of the 
low NOX levels prevalent across Australia.
Examination and recalculation of OMI HCHO requires several pieces of information – including cloud 
properties and an a priori shape factor. This poster examines the process and effect of recalculating an 
air mass factor (AMF) over Australia using two methods employing GEOS-Chem.
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GEOS-Chem V10.01

OMI dataset
We use HCHO vertical column retrievals from the 
Ozone Monitoring Instrument on the NASA Aura 
satellite
*) 14-15 swaths/day ~ 1 000 000 pixels.
*) 50-70% filtered out due to clouds and quality flag
*) Measurement uncertainty 1e14 molec/cm2

*) Background levels roughly 1e14 molec/cm2

*) Problem with highly negative pixels exists
*) Currently these are screened as done in Zhu et al., 
2016: oustide [-5e15 to 1e17] molec/cm2

OMI measures radiance from reflected sunlight – this light has 
travelled along a slanted path, giving us a slant column (SC)

The AMF is the ratio between the slant column and the vertical 
column, also equal to the ratio of optical depths [Palmer et al, 
2001].

*) Scatter plot shows original (Y) vs recalculated (X)
*) Slope over land pixels: Y = 1.1X – 2.78e+15
*) r2 = 0.76
*) values outside of [-5e15, 1e17] are filtered (as in Zhu 
et al., 2016)
*) Relative change from original vertical columns shown 
for average over 2005/01/01 to 2005/01/08
 
   Columns  :         Land,      Ocean
     Original  : 5.131e+15,  3.728e+15 
     Updated : 4.959e+15,  2.686e+15

*) Global CTM output at 2x2.5 lat 
by lon, 47 levels to TOA.
*) Used GEOS-5 met fields
*) Tropospheric chemistry scheme
*) Inventories include GFED4s, 
EDGAR, MEGAN. 

A change in the modelled a priori 
shape factor can drastically 
change the total column. 
The other main factors are the 
scattering weights and reference 
sector corrections.

[Millet et al., 2006]

OMI uses an array of 60 detectors. 
Each one has been independently 
degrading over time – leading to a 
dynamic ‘row anomaly’ and time 
dependent errors.

Using measurements over the 
remote Pacific Ocean (from 160-
140 West) a correction based on 
modelled background HCHO can 
be established for each of the 60 
sensors.

Mean change (std) caused by RSC:
-1.49e15 (1.88e15), This is a 
change of ~32% 

Isoprene yield can be calculated through modelling HCHO 
yield and concentration in a region, as originally shown in 
Palmer et al. 2003.

Sensitivity to smearing needs to be accounted for. This is 
done using a model run with isoprene emissions uniformly 
halved and finding grid boxes where the isoprene 
concentrations are overly affected.

Millet et al., 2006, show that isoprene to dominates the 
continental HCHO production in the USA, however, Australian 
forests may emit more monoterpenes. This needs to be 
analysed.

The affect of model resolution on both isoprene to HCHO 
yield and smearing needs to be examined.

Reference Sector Correction

*) OMI HCHO calculated using 
GEOS-Chem a priori and reference 
sector correction
*) swaths from 8 days gridded to 
0.25 by 0.3125 degrees latitude by 
longitude.

Summary
This work will establish a top down estimate of isoprene emissions over 
Australia, using satellite detected HCHO. Thus far a recalculation of OMI 
HCHO vertical columns has been performed using GEOS-Chem a priori and 
background values.

Correction method follows Abad 
et al., 2016

‘Old’ refers to 
the original 
OMI vertical 
column, new 
refers to my 
recalculated 
column.

January simulated surface isoprene, and HCHO, then recalculated OMI HCHO.

GEOS-Chem estimates of HCHO can be seen to be higher than those recalculated using OMI 
data. 
GEOS-Chem HCHO may overestimate Australian HCHO due to high isoprene background 
values, due to overly high biogenic emissions in MEGAN.

Future goals
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