
Toolik Field Station All Scientists Meeting – Portland, OR, February 1-2, 2019

Atmospheric research in the Arctic: 
current projects and future challenges

Hélène Angot

Atmospheric Research Laboratory: http://instaar.colorado.edu/arl/index.html

Group Leader: Detlev Helmig

http://instaar.colorado.edu/arl/index.html


Atmospheric research in the Arctic: 
current projects and future challenges

Atmosphere

Biosphere



Atmospheric research in the Arctic: 
current projects and future challenges

Atmosphere

Biosphere



Introduction: Ozone

Atmosphere

Biosphere

 Stratospheric O3: Protective layer



Introduction: Ozone

Atmosphere

Biosphere

 Tropospheric O3: 

 Climate pollutant

 Air pollutant



Introduction: Ozone

Biosphere

 Tropospheric O3: climate pollutant



Introduction: Ozone

Atmosphere

Biosphere

 Tropospheric O3: secondary air pollutant

Not emitted directly but instead forms when precursor gases react in the presence of sunlight.



Introduction: Ozone

Atmosphere

Biosphere

 Tropospheric O3: secondary air pollutant

Not emitted directly but instead forms when precursor gases react in the presence of sunlight.



Introduction: Ozone

Atmosphere

Biosphere

 Tropospheric O3: health effects



Atmosphere

Biosphere

 Tropospheric O3: damage to vegetation

Introduction: Ozone



Introduction: Ozone

Atmosphere

Biosphere

 Tropospheric O3: damage to vegetation

 Leaf injury



Introduction: Ozone

Atmosphere

Biosphere

 Tropospheric O3: damage to vegetation

 Crop yield reductions



Introduction: Ozone

Atmosphere

Biosphere

 Tropospheric O3: damage to vegetation

 Carbone sequestration reduction



Introduction: Ozone

Atmosphere

Biosphere

 Radiative forcing

 Health effects

 Damage to vegetation

Accurate 
understanding of 
O3 sources/sinks

Long-term global 
monitoring of 

atmospheric O3

concentrations



Existing monitoring stations
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Global daytime average O3 (nmol/mol) at 2702 non-urban sites

in Dec-Jan-Feb for the 2010-2014 period (Gaudel et al., 2018).
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O3 record at Toolik Field Station

Atmosphere
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 2007-2013: A synthesis of existing and new observations of air-snowpack

exchanges to assess the Arctic. Sept 2010-Aug 2011 O3 record.

 2013-2018: Soil-snow-atmosphere exchanges of mercury in the interior arctic

tundra.

 2017-2020: Biogenic volatile organic compounds and the fate of ozone in the

changing Arctic.

Sept 2014-present O3 record.

O3 (ppbv)

Summer 2019: 

field campaign ends
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Biosphere
Van Dam et al., JGR, 2016

Diurnal cycles are mostly driven by nighttime

destruction - NOT daytime photochemical

production.

What is destroying O3 at “night” at TFS?
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What’s destroying O3 at night?

Biogenic volatile organic compounds and the fate of ozone in the changing Arctic

• Detlev Helmig, Univ. of Colorado, P.I.

• Dylan Millet, Univ. of Minnesota, co-P.I.

• Lu Hu, Univ. of Montana, co-P.I.
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Biogenic organic compounds

Peñuelas and Staudt, 2010

BVOCs produced by plants are involved in plant growth, reproduction and defense.
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Biogenic organic compounds

Formation of photochemical 

oxidants such as O3

Ozonolysis (destruction)

Addition of O3 to C=C double bonds
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Why do we observe a destruction of O3 at night?

Box model

O3

BVOCs
Nighttime 

boundary layer 

height

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 𝑁𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠
𝑉𝑜𝑙𝑢𝑚𝑒 × 𝑁𝐴𝑣𝑜𝑔𝑎𝑑𝑟𝑜
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Future challenges

Sensitivity to length of the growing season?

Change in abundance of plants with high terpenes emission capacity?
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Future challenges

Hantson et al., 2017

Δ 2100-2000 emissions (in gC/yr/m2) of monoterpenes 

under a RCP 4.5 emission scenario. 



Existing long-term monitoring stations

Atmosphere

BiosphereWorld biomes based upon the type of dominant plant.

Barrow
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Future challenges

1. Long-term O3 monitoring

2. Long-term BVOCs monitoring



Thank you for your attention

The crew:

Jacques Hueber Helene Angot

Brendan 

BlanchardDetlev Helmig


