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Context: Characterise and improve understanding about sources of local Arctic pollution, interactions between 
chemistry and dynamics, and radiative effects, relative to mid-latitude sources, under wintertime conditions.   
Objectives:  
 What are the emission sources and formation pathways of Arctic wintertime aerosols? 
 What is the role of chemical-dynamical-radiative interactions in and above the Arctic boundary layer (ABL)? 
 What are the contributions of local and remote sources to Arctic aerosols, and potential radiative effects in 

winter and spring? 
Main results: 
Participation in the ALPACA pre-campaign in November-December 2019, funded by IPEV and LEFE, in 
collaboration with University Alaska Fairbanks/UAF (Simpson/Mao, Fochesatto), allowed French groups to deploy 
and test instrumentation for the first time in Arctic winter, and to develop an improved observation strategy for 
the main international ALPACA campaign in January-February 2022 (delayed by 1yr). 
Measurements of emission tracers (CO, CO2), inorganic aerosol precursors (SO2, NO, NO2), oxidants (O3, NO, 
NO2), as well as particulate matter/PM, using small light-weight sensors were tested over a range of 
temperatures during the campaign. Detailed validation showed excellent agreement with routine U.S. EPA-Alaska 
DEC data at a routine monitoring site in downtown Fairbanks (see Figure top left below). The use of light-weight 
sensors to undertake detailed profiling of CO, PM2.5 and meteorology using a pulley system up to 20m on the 
side of a building in downtown Fairbanks, was also demonstrated (Roberts et al. in prep 2022). Profile data 
showed complex vertical layering with evidence for pollution trapping by strong inversions. These sensors have 
been further developed for deployment on a tethered balloon (helikite) payload for the 2022 campaign and for 
deployment on drones in future campaigns. 
Aerosol filters collected in central Fairbanks were analysed for aerosol composition and isotopes. The analyses 
helped to define a new sampling strategy for the 2022 campaign (e.g. need for diurnal cycles) and to understand 
the different oxidative regimes encountered in and outside Fairbanks. Preliminary oxygen isotope mass balance 
on atmospheric nitrate showed two NOx oxidation regimes during the campaign. During “clean conditions”, O3 
seems to be the main NOx to nitrate oxidant (∆17O values close to 19 ‰) while in “polluted” conditions, since O3 
is fully titrated by intense NOx emissions, other oxidants appear to be significant in the NOx to nitrate conversion 
(∆17O < 19 ‰) (see Figure bottom left). In order to elucidate oxidation mechanisms responsible for low ∆17O 
values, synchronized NO2 (on coated denuders), O3 (on coated filters) and atmospheric nitrate (high-volume 
aerosol filter) sampling will be performed during the main campaign for isotopic analysis.  
Analysis of mast (radiative flux, winds, temperatures), aerosol lidar and radiosonde data is being used to study 
the surface energy budget and boundary layer structure and evolution including dynamical controls of surface 
temperature inversions during the campaign, as illustrated below (see Figure right). Aerosol lidar data provided 
information about the boundary layer height, cloud presence and optical depth as well as aerosol layers 
(detected above 150m). Very strong radiative cooling episodes, of up to −40 W m-2, were found in the surface 
energy budget, preferentially under clear-sky conditions, and were, surprisingly, associated with elevated wind 
speeds, strong enough to sustain mixing (and a weakly stable regime). These elevated wind speeds appear to be 
caused by a drainage or topography-driven flow from the surrounding hills. The presence of such flows is 
associated with large turbulent sensible heat fluxes (> 10 W m-2) and may be an important factor influencing the 
breakdown of surface based inversions (Maillard et al., 2022).  
Meteorological and chemical-aerosol modelling: The WRF model was run for winter 2019 with different 
boundary layer/surface-atmosphere schemes and variable resolutions and validated against available data. Runs 
at 1 km resolution are able to capture cold episodes reasonably well, including surface temperature inversions 
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and light winds, but with a warm bias at the surface. However, the model faces difficulties in simulating the 
surface cold flow event. Runs with an improved Arctic version of the WRF-Chem model (Ioannidis et al., 2022) are 
being used to investigate contributions of local and remote pollution sources over Alaska during winter. 

             

 

 
 

Left figure (top): Low-cost sensor measurements of gases and PM pollution in central Fairbanks compared to EPA air quality 
monitors (NCORE) from 28 Nov. to 14 Dec. 2019. Pollution episodes are shown during 4-13 Dec. 2019 (Roberts et al., 2022). 
Left figure (bottom): Temporal evolution of ∆17O in sub-micron atmospheric nitrate and surface mixing ratios of nitrogen oxide 
(NO) and difference (DIF NO) between total nitrogen species (NOy) and NO in central Fairbanks, Alaska. Each ∆17O horizontal 
bar represents the duration of the nitrate filter sampling. Error bars represent the uncertainty of the isotopic measurements 
(Albertin et al., 2022). NO and NOy data from EPA-Alaska DEC. 
Right figure: ALPACA pre-campaign measurements from 4 to 8 Dec. 2019. Panel a: lidar attenuated scattering ratio. Panel b: 
near-surface temperature gradient at UAF field site (black) and Fairbanks airport (red). Panel c: wind speed (black) and 
direction (red) at UAF. Panel d: surface energy balance at UAF, with net radiative flux Rn, turbulent sensible heat flux H, 
ground conductive heat flux G, heat storage in snowpack, and residual delta-Energy. Adapted from Maillard et al. (2022).  

Future of the project: ANR CASPA (Climate-relevant Aerosol Sources and Processes in the Arctic (2021-2025), with 
funding for participation in the main ALPACA in Fairbanks, Alaska in January-February 2022, followed by data 
analysis and meteorological/chemical-aerosol modelling. 
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