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1. Abstract 
Isoprene is the most largely emitted biogenic hydrocarbon in the atmosphere with a global 
emission flux of 400-600 Tg yr-1, as estimated by the MEGAN emission model (Guenther et al. 
2006). However, due to the large spatiotemporal variability of the emitting source and to the 
limited representativity of field studies, current model estimates are expected to bear 
substantial uncertainties, in particular over areas where field measurements are scarce or 
inexistent. 

The source inversion of atmospheric observations provides an independent approach for 
estimating the isoprene emission strengths and is used to complement the bottom-up 
approach. Here we use an inverse modeling scheme constrained by formaldehyde (HCHO) 
columns retrieved from the GOME-2 (Global Ozone Monitoring Experiment-2) satellite sounder 
between 2007 and 2012. More precisely, the discrepancy between formaldehyde columns 
calculated by the IMAGESv2 global CTM is minimized and those observed from GOME-2 by using 
the adjoint model method. This method allows for the optimization of the emission strengths at 
the model resolution while providing a differentiation among the different emission categories 
(anthropogenic, biogenic, biomass burning).  

The global top-down isoprene emissions are found to remain close to the a priori inventory. The 
satellite constraints suggest moderate emission decreases of about 10% over Europe and North 
America, reaching 20% over Australia, whereas over Equatorial Africa, South Africa and Russia 
emission increases of about 15% are inferred. Locally, however, the inferred changes often 
reach 100%. The updated biogenic emission estimates are compared with independent regional 
bottom-up and top-down literature estimates and are available at the GlobEmission website 
(http://www.globemission.eu).  
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3. Introduction 
Isoprene is the most largely emitted biogenic non-methane volatile organic compound 
(NMVOC) in the atmosphere. Global annual isoprene emissions are estimated at 400-600 Tg, 
and account for about 50 % of all global NMVOC emissions (Guenther et al., 2006). Next to the 
role of isoprene as an important precursor of organic aerosol and of tropospheric ozone (Kroll et 
al., 2006; Fiore et al., 2011), it affects the OH levels in the atmosphere, and therefore it impacts 



the atmospheric oxidation capacity (Lelieveld et al., 2008). For these reasons correct estimates 
of isoprene emissions are of major importance in environmental and climate science. 

The Model of Emissions of Gases and Aerosols from Nature version 2 (MEGANv2) is the most 
commonly used bottom-up isoprene inventory. It parameterizes the emissions as functions of 
temperature, radiation levels, soil moisture stress, and leaf age (Guenther et al., 2006). The 
model incorporates the results of numerous field and laboratory surveys, and includes a high 
resolution database for the distribution of plant functional types and of their basal emission 
rate. However, due to a large spatiotemporal variability of the emitting source, substantial 
uncertainties remain (Müller et al., 2008).  

Satellite observations of formaldehyde (HCHO), a high-yield product of isoprene oxidation, have 
been used to provide useful constraints on isoprene emissions in numerous studies. HCHO 
columns from GOME, SCIAMACHY and OMI sensors have been used to derive isoprene 
emissions over North America (Palmer et al., 2003, Millet et al. 2008), South America (Barkley et 
al., 2008, 2009, 2013), Europe (Curci et al., 2010), Southeast Asia (Fu et al., 2007), Africa (Marais 
et al., 2012), and on the global scale (Shim et al., 2005; Stavrakou et al. 2009). 

In this study we provide a global satellite-based isoprene emission inventory for 2007-2012, 
based on top-down constraints provided from HCHO vertical columns obtained from the GOME-
2 instrument. In Section 4 the a priori isoprene emission estimates, the IMAGESv2 model, the 
GOME-2 retrievals and the inverse modeling technique are briefly presented. Section 5 presents 
the comparisons between a priori and a posteriori isoprene emission estimates. Finally, the 
conclusions are presented in Section 6. 

4. Data and model description 
The global IMAGESv2 chemical transport model provides the global distribution of over 100 
chemical constituents ōŜǘǿŜŜƴ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ŀƴŘ the lower stratosphere, at a resolution 
of 2ox2.5o and 40 vertical levels. The model is thoroughly described in previous publications 
(Stavrakou et al., 2013, and references therein). Diurnal variations in the photorates and in the 
concentrations are accounted through correction factors computed via a diurnal cycle 
simulation with a 20-minute time step. Diurnal profiles are used to estimate the HCHO model 
columns at the overpass time of GOME-2 (9.30am) from the daily average. 

The a priori isoprene emissions (MEGANv2-ECMWF) are taken from Stavrakou et al. (2013). 
They are based on the MEGANv2 model (Guenther et al., 2006) coupled to the MOHYCAN 
canopy model (Müller et al., 2008), and include (i) land use changes on global scale based on the 
study of Ramankutty and Foley (1999), and isoprene emissions from oil palm plantations in 
Malaysia and Indonesia (Koh et al., 2011; Miettinen et al., 2012), (ii) lower isoprene emission 
rates from tropical forests as suggested from the field study of Langford et al. (2010) conducted 
in Northern Borneo, and (iii) corrections in ECMWF solar radiation fields based on surface solar 
radiation data in China, India, and Japan (Wild et al., 2009; Xia, 2010).  

The GOME-2 HCHO columns and their error characterization are thoroughly described in De 
Smedt et al. (2012). The retrieval settings were chosen so as to minimize the effect of spectral 
interferences, to contend with ozone absorption at low solar zenith angles, and to address 



instrumental drifts. Monthly GOME-2 HCHO columns binned onto the resolution of IMAGESv2 
are used in the inversion. Cloudy pixels (>20%) and oceanic data are excluded from the monthly 
means. The error in the observed columns is taken equal to an absolute error of 2x1015 molec. 
cm-2 which is added to the retrieval error, and is generally comprised between 30 and 40%.  
 
The modelled columns are confronted with the HCHO column data following a 4-month spin-up 
at the satellite overpass time. The mismatch between the HCHO columns observed by GOME-2 
and calculated by IMAGESv2 model is minimized using the adjoint model technique  (Fig. 1). This 
technique allows for the optimization of the emission strengths at the model resolution for 
three emission categories : anthropogenic, pyrogenic and biogenic (isoprene and terpenes), 
using an error correlation scheme detailed in Stavrakou et al. (2009). In this study the error on 
biogenic emissions is set at a factor of 2.5.  
 

 

Fig. 1: The discrepancy between observed formaldehyde columns (A) and those calculated by the IMAGESv2 model 
(B) is minimized using the adjoint method (D) to obtain updated formaldehyde columns (C). 

5. Results 
Fig. 2 illustrates the a posteriori isoprene emissions and the emission increment with respect to 
the a priori in 2010 and Table 1 summarizes the a priori and a posteriori isoprene emissions in 
Tg/yr for 2007-2012 over 10 regions and on the global scale. The updated emissions lie close to 
the a priori. The satellite observations suggest an interannual variability of the emissions that is 
similar to the one of the a priori inventory with highest emissions in 2010, known as one of the 
warmest years of the 20th century. Moderate emission decreases are deduced above big regions 
like North America and Europe (10%), whereas increases by 15-20% are found over South and 
Equatorial Africa, Russia and Eastern South America. The strongest decrease (20%) is inferred 



over Australia. However, locally, stronger emission changes reaching 100% are suggested (Fig. 
2).   

On the global scale, the top-down results are found to be at the low end of previous bottom-up 
estimates, and by about 10-20% lower than a previous inversion study using SCIAMACHY HCHO 
columns (Stavrakou et al. 2009). Arneth et al. (2011) showed that strong discrepancies among 
bottom-up estimates arise when an emission model is driven by different climatologies and/or 
vegetation distributions (Table 2). The a priori isoprene emissions from our study are close to 
the value of 383 Tg/yr in Arneth et al. (2011) obtained by using the same emission model and 
vegetation map as in our case but with a different climatology.  

Over Europe, the observations suggest a decrease of the emissions by about 10%. This decrease 
is corroborated by previous estimates from bottom-up and top-down studies. The updated 
isoprene emissions are within the same range as in the EMEP inventory (Simpson et al. 1999), 
the NatAir inventory (Steinbrecher et al. 2009) and top-down emissions from an inversion study 
using OMI HCHO observations (Curci et al. 2009). Moreover, the inferred decrease of the 
isoprene emissions in July 2008 from 1.7 Tg to 1.4 Tg brings the optimized emission estimate 
closer to the value of Karl at al. (2009) for July 2004 (0.8 Tg), despite a persistent 
overestimation, especially over high latitudes, most likely related to higher uncertainties in the 
GOME-2 HCHO columns in those regions (Fig. 3). 

  
Fig. 2: Left: Global annual optimized isoprene emissions in 2010 (kg/grid). Right: Percentage isoprene emission 
increments in 2010 with respect to the a priori inventory.  

A decrease by almost 12% in the isoprene emissions is derived over North America (Fig. 4). This 
is in close agreement with the bottom-up estimates of the BEIS2 inventory (Palmer et al. 2003), 
but lower than the GEIA bottom-up estimate (Palmer et al. 2003) and the MEGAN estimate 
(Millet et al. 2008) (Table 2). The top-down estimates based on a linear regression of HCHO 
columns and isoprene in the GEOS-Chem CTM (Palmer et al. 2003; Millet et al. 2008) are found 
to be both higher than our results. However, the inferred decrease in our study is in line with 
the decrease of MEGAN isoprene estimates over US suggested by the field study of Warneke et 
al. (2010) based on airborne measurements over North America. 



 

 

Table 1: Interannual variability of the a priori and a posteriori isoprene emissions (in Tg/yr) between 2007 and 2012 
for the 10 regions defined in the lower panel and globally. The average increment per region for the period 
between 2007 and 2012 is given in the panel.  

 

Over South America the emission updates exhibit similar seasonal and interannual patterns 
throughout the entire period, with enhanced emissions during the dry season (September-
November) in the eastern South America and lower emissions during the wet-to-dry transition 
(May-June) in the western South America (Fig. 4). Similar updates were derived from previous 
work based on SCIAMACHY measurements (Stavrakou et al. 2009) and corroborated by 
methanol columns retrieved from the IASI (Stavrakou et al. 2011) and TES satellite sensors 
(Wells et al., 2013). The emission enhancement during the dry season in eastern South America 
could be explained by the fact that the deep-rooted trees present in this region are less 
sensitive to drought (Saleska et al., 2007), and therefore have a stronger emitting capacity than 
assumed in the MEGAN model, which incorporates the effect of soil moisture stress on the 
emissions. On the other hand, the declining isoprene emission flux in the end of the wet season 
in the western Amazon could be the result of leaf abscission during the wet season and net leaf 
flushing with the onset of the dry season (Barkley et al., 2009; Myneni et al., 2007).  

Region 2007 2008 2009 2010 2011 2012 

 Prior Post . Prior Post. Prior Post. Prior Post. Prior Post. Prior Post. 

North America 33.5 32.4 30.0 27.5 29.8 24.7 34.1 30.3 34.2 30.0 33.8 27.8 

Western South America 109.1 107.4 105.1 101.3 111.2 104.8 117.4 109.2 107.5 109.3 114.2 98.6 

Eastern South America 29.5 34.8 27.3 31.6 29.8 31.6 31.9 37.1 27.9 32.5 29.5 36.2 

Europe 6.9 6.9 6.0 5.2 6.2 5.6 7.8 7.5 6.9 6.3 7.0 5.8 

North Afr.+ Mid. East  2.6 2.6 2.4 2.2 2.5 2.3 2.8 2.5 2.6 2.4 2.5 2.3 

Equatorial Africa 65.5 88.1 64.1 74.6 66.1 77.0 69.6 78.4 66.3 73.9 65.8 68.8 

South Africa 9.7 14.5 9.6 10.1 10.1 10.9 10.5 11.9 10.3 10.9 9.9 10.3 

Russia 9.6 11.9 9.2 10.0 8.0 10.3 9.5 10.6 9.6 10.6 10.6 13.7 

Southeast Asia 35.0 37.4 33.1 35.1 37.1 38.8 37.6 38.6 35.1 36.4 36.1 36.1 

Australia 38.3 33.6 35.2 30.6 37.5 27.4 41.1 31.2 39.7 31.4 39.3 32.1 

Global 340.6 370.5 322.8 328.9 339.2 334.3 363.3 358.1 340.8 344.4 349.4 332.4 

Region: Coordinates:   

 

 min lat - max lat  min lon - max lon 

North America 13 75 -170 -40 

Western South America -60 13 -90 -52 

Eastern South America -35 5 -52 -36 

Europe 36 75 -15 50 

North Afr.+ Mid. East  15 37 -20 65 

Equatorial Africa -15 15 -20 55 

South Africa -35 -15 -20 55 

Russia 37 75 50 179 

Southeast Asia -10 37 65 170 

Australia -50 -10 110 179 
 



Table 2: Comparison of a priori and a posteriori isoprene emission to literature estimates. The isoprene emissions 
are expressed in Tg/yr. For studies that provide both bottom-up and top-down emissions, bottom-up estimates are 
marked by * and top-down by ** . 

Region Coordinates A priori A posteriori Literature Reference 

 lat lon     

Global -90  90 -180 180 372.5-419.8 328.9-370.5 574.6 Levis et al. (2003) 

     548.5 Sanderson et al. (2003) 

   514.5 Naik et al. (2004) 

   500-750 Guenther et al. (2006) 

   521.3 Lathière et al. (2006) 

   410**  Stavrakou et al. (2009) 

   532-766 Ashworth et al. (2010) 

   242-1118 Arneth et al. (2011) 

Europe 20  72 -20  40 5.6-6.7 4.8-6.3 4.5 Simpson et al. (1999) 

   3.3-3.5 Karl et al. (2009) 

   4-5 Steinbrecher et al. (2009) 

 20  58 -20  25 3.7-4.3 3.0-3.8 2.8* Curci et al. (2009) 

     2.7**  

N. America 1 25  60 -130  -65 4.3-5.6 3.2-5.1 8.0* Palmer et al. (2003) 

     2.9*  

   6.4**  

 25  50 -130  -72 3.9-5.0 2.6-4.3 5.5* Millet et al. (2008) 

   4.6*  

   4.3**  

S. America -30  10 -90  -30 127.5-144.6 127.8-141.4 322.3* Barkley et al. (2008) 

     205.4**  

Africa -36  35 -20  52 72.2-82.2 
 

80.7-104.5 
 

87.3* Marais et al. (2012) 

   68.0**  

Southeast Asia 2 -10  50 70  140 33.0-37.2 35.1-38.4 56.0* Fu et al. (2007) 

   52.0**  
1 These data are expressed in Tg/month since the respective studies focus on the summer period 
2 Fu et al. (2007) uses a non-rectangular region within these coordinates 

 
Fig. 3: Comparison between the a priori and a posteriori isoprene emissions above Europe in July 2008 against the 
isoprene emission inventory of Karl et al. (2009) in July 2004. 



 

Fig. 4: Seasonal variation of a priori (blue) and optimized (green) isoprene emission estimates through 2007-2012.  

Over Africa, the optimized emission fluxes are found to be by about 15-30% higher than the 
MEGAN estimate, the increase being more significant (ca. 50-70%) in Southern Africa. However, 
the recent top-down estimate by Marais et al. (2012), which is based on OMI HCHO columns, 
suggests a decrease of isoprene emissions by 22% with respect to the bottom-up estimate, 
probably related to lower observed OMI HCHO column densities compared to GOME-2.  

Finally, in Southeast Asia, the optimization provides support to the a priori estimates, 
corroborating the reduction of isoprene fluxes based on the OP-III campaign flux measurements 
in Borneo (Langford et al. 2011) which was implemented in the a priori inventory (Stavrakou et 
al. 2013).  

6. Conclusions 
We have derived satellite-based global isoprene emissions constrained by formaldehyde 
columns retrieved from the GOME-2 instrument through 2007-2012. These estimates are found 
to lie close to the a priori inventory. The satellite constraints suggest moderate emission 
decreases of about 10% over Europe and North America, whereas over Equatorial Africa, South 
Africa and Russia emissions are increased by about 15%. Locally, the emission updates are much 
stronger and reach 100%. The updated biogenic emission estimates are compared with 
independent regional bottom-up and top-down literature estimates and are found to be broadly 
consistent with most independent inventories. The satellite-based isoprene emission fluxes are 
freely available via the GlobEmission project website (www.globemission.eu). 

 

http://www.globemission.eu/
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