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The Arctic is experiencing rapid ongoing warming far
in excess of global averages, causing structural changes
in tundra ecosystems including vegetation change and
permafrost thaw. One such change of relevance for
tundra-climate feedback effects is the increase in above-
ground vegetation, often referred to as the greening of
the Arctic. Following 3−4 years of decline—for reasons
that are widely debated—tundra greenness as derived
from satellite observations increased again during 2015
and 2016 (Epstein et al 2017). The greening trend
is generally associated with shrub expansion, how-
ever, increases in tundra productivity is not restricted
to areas with shrub cover (Beck and Goetz 2011).

The effects of increased shrub abundance on
tundra-atmosphere interactions are expected to be
multiple and complex, involving both biogeophysical
and biogeochemical feedback effects on the climate
system. Biogeophysical feedbacks, related to the sur-
face energy balance, include lower albedo and thus
more solar radiation being absorbed at the surface.
During the growing season, the increase in available
energy at the surface is generally expected to result in a
higher flux of latent heat (evapotranspiration) to the
atmosphere (Chapin et al 2005, Zhang et al 2014).
Biogeochemical feedbacks include increased photo-
synthetic assimilation of atmospheric CO2 with more
above-ground vegetation. This may partly counter-
act the permafrost-carbon feedback, where thawing
permafrost as a response to warming will mobilize pre-
viously frozen soil organic carbon, leading to increased
emissions of CO2 and CH4 (Schuur et al 2015).

Despite the importance of tundra vegetation
characteristics, few studies have explored differences
in tundra-atmosphere interactions under differing
amounts of shrub cover. Writing in Environmen-
tal Research Letters, Lafleur and Humphreys (2018)
present a study where they test the hypotheses
of increased turbulent heat fluxes and higher net
CO2 uptake with increasing shrub abundance. They
performed eddy covariance measurements of the land-
atmosphere exchangeofCO2 ,water andenergy in three

closely located tundra sites with varying shrub cover in
Canadian Low Arctic.

Contrary to expectations, Lafleur and Humphreys
(2018) did not observe increased evapotranspiration
with highest shrub cover, despite lower albedo at that
site. Instead, as result of more available energy they
found higher sensible heat flux, which constitutes a
direct pathway for warming the atmospheric bound-
ary layer. At the same time, Lafleur and Humphreys
(2018) observed both increased spring CO2 emissions
and higher summertime net CO2 uptake, resulting in
an approximately twice as strong sink for atmospheric
CO2 at the high shrub site compared with the low shrub
site. Increased carbon cycling rates with higher shrub
cover can be expected, as a denser canopy is able to
photosynthetically assimilate more atmospheric CO2
per unit area, and at the same time plant respiration
rates would be higher.

However, as for most studies on arctic tundra
greenhouse gas exchange, Lafleur and Humphreys
(2018) did not perform their measurements during the
wintertime period. It can be hypothesized that win-
tertime carbon emissions also scale with vegetation
cover, which can at least partly offset greater sum-
mertime CO2 uptake. The historical lack of flux
measurements of energy and greenhouse gases during
the long arctic winter period is limiting our under-
standing of tundra-atmosphere interactions. Recently,
work has been done on studying the non-growing sea-
son (cf Pirk et al 2016, Zona et al 2016) and ongoing
research efforts within the Arctic-Boreal Vulnerabil-
ity Experiment (ABoVE) are specifically targeting this
period. Further research initiatives should be directed
towards reducing the wintertime knowledge gap.

The finding that sensible heat but not latent heat
flux increased with greatest shrub cover challenges the
established view of the biogeophysical feedback effects
from arctic shrubification. Lafleur and Humphreys
(2018) argue that similar rates of latent heat flux
across sites may be related to compensatory effects;
that less solar radiation reaches the soil surface at the
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site with greatest shrub cover, which would limit soil
surface evaporation. Also, shrub species can efficiently
reduce stomatal conductance during periods with high
vapour pressure deficit. More studies are needed, both
for evaluating the representativeness of this finding
in other tundra areas as well as for exploring the
mechanisms behind minor or no increase in evapo-
transpiration with higher shrub cover.

To advance knowledge on tundra-atmosphere
interactions in a changing Arctic, there is a need
for coordinated year-round monitoring of greenhouse
gases, water, energy and supporting environmen-
tal characteristics. Large scale research infrastructures
such as ICOS (Integrated Carbon Observation Sys-
tem) and NEON (National Ecological Observatory
Network) as well as integrated long-term monitor-
ing programmes such as GEM (Greenland Ecosystem
Monitoring) are able to capture environmental changes
and detect trends. However, the number of flux moni-
toring stations in the Arctic is still few and not sufficient
to cover the heterogeneous response of arctic tun-
dra ecosystem types to climate change. Whereas the
overall tendency of arctic vegetation has again turned
towards greening, there is large spatial and temporal
variability across the tundra both in terms of magni-
tude and direction of vegetation change (Bhatt et al
2017). Ground-based observational networks need to
be geographically comprehensive enough to capture
such environmental changes that are not uniform in
time and space.

Moreover, in order to improve simulations of cli-
mate feedbacks in the Arctic, terrestrial ecosystem
models need to be better integrated with observations
(Fisher et al 2018). Measurements of key variables can
be used to improve model parameterizations and to
constrain model results. The lack of increased evapo-
transpiration with increased shrub cover as observed in
the field (Lafleur and Humphreys 2018) is in disagree-
ment with circumpolar modelling results (cf Zhang
et al 2014), which may partly be related to e.g. scaling
and site representativeness. However, it also indicates
a need to develop model parameterizations of key
processes for typical arctic vegetation types. Discrep-
ancies between modelling results and observational
data can provide helpful information about knowl-
edge gaps, emphasizing the unique synergy that the

combination of observations and models can bring.
More efficient knowledge transfer, coordination and
integration between measurement and modelling
groups across the globe are needed to reduce uncer-
tainties in simulations of environmental changes in the
Arctic and associated biogeophysical and biogeochem-
ical feedbacks.

Acknowledgments

This study was supported by the Danish Ministry of
Energy, Utilities and Climate and the Danish Ministry
of Higher Education and Science.

ORCID iDs

Magnus Lund https://orcid.org/0000-0003-1622-
2305

References

Beck P S A and Goetz S J 2011 Satellite observations of high
northern latitude vegetation productivity changes between
1982 and 2008: ecological variability and regional differences
Environ. Res. Lett. 6 045501

Bhatt U S et al 2017 Changing seasonality of panarctic tundra
vegetation in relationship to climatic variables Environ. Res.
Lett. 12 055003

Chapin F S III et al 2005 Role of land-surface changes in Arctic
summer warming Science 310 657–60

Epstein H et al 2017 Tundra Greenness Arctic Report Card 2017
ed C Derksen, R Brown, L Mudryk, K Luojus and S Helfrich
(Silver Spring, MD: NOAA) (www.arctic.noaa.gov/
Report-Card)

Fischer J B et al 2018 Missing pieces to modeling the Arctic-Boreal
puzzle Environ. Res. Lett. 13 020202

Lafleur P M and Humphreys E R 2018 Tundra shrub effects on
growing season energy and carbon dioxide exchange Environ.
Res. Lett. 13 055001

Pirk N et al 2016 Snowpack fluxes of methane and carbon dioxide
from high Arctic tundra J. Geophys. Res. - Biogeosci. 121
2886

Schuur E A G et al 2015 Climate change and the permafrost carbon
feedback Nature 520 171–9

Zhang W, Jansson C, Miller P A, Smith B and Samuelsson P 2014
Biogeophysical feedbacks enhance the Arctic terrestrial carbon
sink in regional Earth system dynamics Biogeosciences 11
5503–19

Zona D et al 2016 Cold season emissions dominate the Arctic
tundra methane budget PNAS 113 40–5

2

https://orcid.org/0000-0003-1622-2305
https://orcid.org/0000-0003-1622-2305
https://orcid.org/0000-0003-1622-2305
https://doi.org/10.1088/1748-9326/6/4/045501
https://doi.org/10.1088/1748-9326/6/4/045501
https://doi.org/10.1088/1748-9326/aa6b0b
https://doi.org/10.1088/1748-9326/aa6b0b
https://doi.org/10.1126/science.1117368
https://doi.org/10.1126/science.1117368
https://doi.org/10.1126/science.1117368
http://www.arctic.noaa.gov/Report-Card
http://www.arctic.noaa.gov/Report-Card
https://doi.org/10.1088/1748-9326/aa9d9a
https://doi.org/10.1088/1748-9326/aa9d9a
https://doi.org/10.1002/2016jg003486
https://doi.org/10.1002/2016jg003486
https://doi.org/10.5194/bg-11-5503-2014
https://doi.org/10.5194/bg-11-5503-2014
https://doi.org/10.5194/bg-11-5503-2014
https://doi.org/10.1073/pnas.1516017113
https://doi.org/10.1073/pnas.1516017113
https://doi.org/10.1073/pnas.1516017113

