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Observational evidence suggests that atmospheric energy fluxes are a major contributor to the decrease of the Arc-
tic pack ice, seasonal land snow cover and the warming of the surrounding land areas and permafrost layers. To
better understand the atmosphere-surface exchange mechanisms, improve models, and to diagnose climate vari-
ability in the Arctic, accurate measurements are required of all components of the net surface energy budget and
the carbon dioxide cycle over representative areas and over multiple years. This study analyzes and discusses vari-
ability of surface fluxes and basic meteorological parameters based on measurements made at several long-term
research observatories near the coast of the Arctic Ocean located in USA (Barrow), Canada (Eureka), and Russia
(Tiksi). Tower-based eddy covariance and solar radiation measurements provide a long-term near continuous tem-
poral record of hourly average mass and energy fluxes respectively. The turbulent fluxes of the momentum, sensible
heat, water vapor, and carbon dioxide are supported by additional atmospheric and surface/snow/permafrost mea-
surements (mean wind speed, air temperature and humidity, upwelling and downwelling short-wave and long-wave
atmospheric and surface radiation, snow depth, surface albedo, soil heat flux, active layer temperature profiles etc.)
In this study we compare annual cycles of surface fluxes including solar radiation and other ancillary data to de-
scribe four seasons in the Arctic including spring onset of melt and fall onset of snow accumulation. Particular
interest is a transition through freezing point, i.e. during transition from winter to spring and from summer to
fall, when the carbon dioxide and/or water vapor turbulent fluxes change their direction. According to our data,
in a summer period observed temporal variability of the carbon dioxide flux was generally in anti-phase with wa-
ter vapor flux (downward CO2 flux and upward H2O flux). On average the turbulent flux of carbon dioxide was
mostly negative (uptake by the surface) in summer indicating that the Arctic terrestrial sites are generally net sinks
for atmospheric CO2 during the growing season when surface is extensively covered with vegetation. This study
also shows that the sensible heat flux, water vapor, and carbon dioxide fluxes as well as air temperature exhibit
clear diurnal cycles during the Arctic summer. During the Polar winter and cold seasons, the sensible heat flux,
water vapor and carbon dioxide fluxes were small and mostly irregular when the ground is covered with snow and
air temperatures are sufficiently below freezing. The work is supported by the U.S. National Science Foundation
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