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New observations to interpret future changes & test our current understanding of tropospheric chemistry in 
the Arctic tundra

To assess our current knowledge and address any discrepancies, we’ll probe model biases in:
(1) Environmental Factors (land cover, temperature, meteorology)

(2) Emissions (EF inputs, sources, source relationship to environment)
(3) Chemistry (Vertical mixing, OH reactivity, secondary formation)

MEGANv2.1 predicted biogenic emission (June 2019)
BVOC flux  = emission factor × PFT fraction ×⨍(T, light, LAI, soil moisture, leaf age, CO2) 

PFT based on CLM4 model
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Toolik Field Station field campaign captured the onset of BVOC emissions in the Arctic tundra (May – June 2019)

Observation
Model



Isoprene MACR+MVK

GEOS-Chem captures the observed isoprene (and MVK+MACR), acetone, and acetaldehyde abundances within 
the combined model and observation uncertainties (±25%)

Acetaldehyde Acetone

Observation
Model

Kudos to FlexGrid developers (Jiawei Zhuang, Jintai Lin, Melissa Sulprizio) who made the customized nested version so easy! 

Model set up: 0.25° nested simulation for Alaska in v13.3.2; GEOS-FP; CEDS; GFAS; MEGANv2.1



Simulated isoprene mixing ratios are less sensitive to assimilated air temperature compared to the observed 
relationship
Isoprene emissions are more sensitive to a warming future than what MEGANv2.1 suggested

Isoprene vs temperature during daytime 

Caveats: the relationship between mixing 
ratios and temperature could be skewed by if 
any model errors in mixing height dynamics. 
Future direct flux measurements via the eddy 
covariance method will help resolve this.   



But, some of the most striking differences are the significant model underestimations for methanol, 
formaldehyde, formic acid, and acetic acid by a factor of 3-12.

Formaldehyde Methanol

Observations     Base model    No biomass burning    3×biogenic methanol

GC v13.3.2 includes secondary production of methanol 
from CH3O2 + OH and self-reaction of CH3O2 from 
Bates et al., 2021e

Observed formaldehyde increase exponentially with air 
temperature, likely pointing to a systematic model underprediction 
of its secondary production from biogenic precursors.



PTR-ToF-MS + GC-MS/FID identified 78 atmospheric VOCs at Toolik Field Station

Mass-to-charge ratio (m/z)

Does the model miss a significant amount of reactive organic carbon in the Arctic?



Added “unmeasured”, but modeled species
(Ethane, lumped C4 or higher Alkanes) 

Urban SE US Forest

The most comprehensive assessment of Reactive Organic Carbon (ROC) in the Arctic to date

5.3 μgC sm-3 in observations

4.8 μgC sm-3 in GEOS-Chem

7.1 μgC sm-3 as our best estimate

Heald et al., 
2020



OH reactivity [s-1] = kOH, X 
* [X] 

Other Environments: 
Mixed deciduous forests = 1 – 42 s-1 

Coniferous forests = 8 – 25 s-1  

Boreal Forests = 3 – 31 s-1  

Remote Ocean = 0.1 - 1 s-1 

0.5 s-1 in GEOS-Chem

0.7 s-1 in observation

HCHO and other ‘missing VOCs’ account for nearly half of the observed OH reactivity in Alaskan arctic tundra

isoprene

MT

HCHO



Summary

• GEOS-Chem captures the observed isoprene (and its oxidation products), acetone, and acetaldehyde abundances within 
the combined model and observation uncertainties (±25%).

• But it underestimates other oxygenated VOCs including methanol, formaldehyde, formic acid, and acetic acid by a factor 
of 3 to 12.

• The negative model bias for methanol is attributed to underestimated biogenic methanol emissions for the Alaska tundra 
in MEGANv2.1, likely due to its emission factor being too low.

• Observed formaldehyde increases exponentially with air temperature, pointing to a systematic model underprediction of 
its secondary production from biogenic precursors, even in this low NOx environment.

• HCHO and other ‘missing VOCs’ account for nearly half of the observed OH reactivity in Alaskan arctic tundra.
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