Project information
Keywords
Arctic, climate change, winter disturbance, pollutants, multistress, Svalbard, Poland, vegetation
Project title
Ecosystem stress from the combined effects of winter climate change and air pollution - how do the impacts differ between biomes?
(WICLAP)
Year
2017
Project leader
Jarle W. Bjerke, NINA
Geographical localization of the research project in decimal degrees (max 5 per project, ex. 70,662°N and 23,707°E)
Five localities provided as indicated in the guidelines. 1: Ny-Ålesund area, 78.9115 °N 12.0593 °E (example from Gluudneset). 2:
Longyearbyen area, 78.2494 °N 15.4353 °E (example from Hotellneset-Vestpynten). 3: Hornsund, 76.9373 °N 15.8892 °E. 4: Tromsø,
69.6544 °N 18.9099 °E (Example from Holt Climate Laboratory). 5: Beskid Zywiecki (alpine parts of Poland) 49.4489 °N 19.0782 °E.
Participants

Current project participants from Fram Centre institutions: Dr. Hans Tømmervik, NINA; Dr. Dagrun
Vikhamar Schuler and coworkers, Meteorologisk institutt. Associated partner: Stein Rune Karlsen and
coworkers, NORUT. In addition, partners from the Polish Institute of Geodesy and Cartography
(IGiK), Warsaw University, Opole University and University of Sheffield. Administrative
responsibility: Research Director Cathrine Henaug, NINA.
Flagship
Terrestrial
Funding Source

The Polish-Norwegian Programme of the EEA Norway Grants (project ID 198571)
Summary of Results

For the academic communication of results, we have published many of our findings in peer-reviewed
journals; see list under “Published/Planned publications”. This list now includes 17 publications, of
which 11 are in international peer-reviewed journals. We have also shared our findings in conference
presentations, reports and proceedings, including the Arctic Report Card. Tømmervik recently
organized a science workshop funded by Svalbard Science Forum/RCN, which attracted many
Norwegian and international scientists interested in the state of Arctic vegetation. We are also currently
preparing additional articles based on results gathered during this project. These are also listed under
“Published/Planned publications”.

Here follow a summary of our recent findings and their implications. These adds to the summary of
results provided in our 2015 and 2016 reports to the flagship.

We have documented that the winter climate of Svalbard is under rapid change (Vikhamar-Schuler et
al. 2016, Journal of Climate). We have provided evidence that recent winter warming events have
caused major dieback of key tundra plants in Svalbard. The two perennial dwarf shrubs Cassiope

tetragona and Dryas octopetala were suffering from frost drought and anoxic ice conditions after
warming events had reduced the snow cover, either exposing the tundra in midwinter or turning the
snow cover into ground-ice. Both situations are potentially deadly for tundra plants, especially plants
with overwintering buds above the soil surface. See Bjerke et al. 2017, Science of the Total
Environment. A news article based on these results are under preparation.

The study by Bjerke et al. (2017) was based on vegetation surveys undertaken in 2014 and 2015. Our
data from 2016 and 2017 show that the damage to tundra plants is still prevailing, and that many other
species, including mosses and lichens, show signs of decline in cover in areas that have been snow-free
or covered in ice in midwinter (Bjerke et al. in prep.).

A more detailed study on the applicability of using spectral leaf properties using a handheld
spectrometer in evaluation of health status was undertaken on tundra plants of contrasting health. This
study shows that the reflectance in red edge region of the electromagnetic spectrum is strongly linked
to plant health. The Red Edge Normalized Difference Vegetation Index (RENDVI) measured in situ
showed strong relationship with remotely sensed RENDVI, suggesting that remotely sensed damage to
tundra vegetation is best detected and monitored using this index (Zagajewski et al. in review).

Our estimates of recent trends in Arctic tundra green biomass will soon be reported in the Arctic Report
Card (Epstein et al. in press). Since this flagship report goes online immediately, we cannot provide
any highlights from the Arctic Report Card here before it is published.

Two studies initiated during WICLAP’s “sister project” EWWA (flagship funding 2012-14) was
adopted by WICLAP and completed as part of the WICLAP project. We have shown that mosses
damaged by frost drought during winter are not able to regain previous growth rates during subsequent
no-stress years. This implies that sublethal stress impacts on moss growth can have long effects after
the stress event. Given the key importance of mosses for soil insulation, shelter and carbon
sequestration in high-latitude regions, such persistent impacts may ultimately affect important
ecosystem functions (Bjerke et al. 2017, Functional Ecology).

An extreme icing event hitting the world’s northernmost botanical garden in Tromsø, in subarctic
Norway, rendered an opportunity to study the impacts of ice encasement on alpine garden plants from
six continents. We found that mortality was negatively correlated with terrain slope, that cryptophytes
were most vulnerable, and that good soil drainage improved all plants’ survival. The study revealed
that botanical garden studies may be a valuable supplement to field studies, as plants of different
origins could be studied under similar climatic conditions (Bjerke et al. 2017, Norwegian Journal of

Geography).

We have also shown that plant and fungal samples collected in the Longyearbyen area contain
relatively high concentration of nickel, and this is assumed to originate from coal dust from the mining.
Moderate concentration of lead, mercury and caesium (Cs-137) in soil and biological samples probably
originate from sea aerosols. These elements may constitute a baseline stress element for the tundra
vegetation causing higher sensitivity to other types of stress, for example frost drought (Kłos et al.
2017, Ecological Chemistry and Engineering S).

Overall, we have in this project thus far provided extensive evidence that Svalbard vegetation is under
change due to stressful impacts from changing winter climate, and additional results supporting this
view is to be published in 2018. The rapid and massive changes in winter climate may result in major
changes to the vegetation composition of Svalbard’s tundra that will far exceed the changes imposed by
a slightly warmer, relatively speaking, summer climate. Through our contribution to the Arctic Report
Card, we place the unique studies undertaken in Svalbard and mainland Scandinavia in a pan-Arctic
perspective.

We are also providing new knowledge on winter climate change and changes in air pollution, and
biological responses, on a temperate-alpine area (Poland). These results are in review and in
preparation.
Master and PhD-students involved in the project

Bjerke and Tømmervik are co-supervisors for a PhD student, Rachael Treharne, at the University of
Sheffield through the ACCE doctoral training partnership funded by the British Natural Environment
Research Council, to which NINA is a so-called CASE partner (https://acce.shef.ac.uk/people/casepartners/). The student is associated with WICLAP and did fieldwork for her thesis at Svalbard in 2015.

Elmar Ritz, a student at the Institut für Geographie und Geoökologie at Karlsruhe Institute of
Technology wrote in 2017 a diploma thesis on WICLAP-related topics, with Bjerke and Tømmervik as
supervisors. Title of thesis: The contribution of mosses and dwarf shrubs to the greenness of subarctic
ecosystems.
For the Management

This project addresses several priorities of international climate and pollution agendas. The studies
contribute to our knowledge on an understudied, but highly important, element of climate change,
namely the frequency, magnitude and spatial extent of winter warming events and their impacts on
ecosystem health at different latitudes. Parallel studies of ecosystem pollution by heavy metals and
other types of pollutants, and temporal variability in ecosystem pollution, enhance our knowledge of
the combined stressors of climate change and air pollution on different biomes. Knowledge of
biological and societal consequences of these phenomena is enhanced, and the most vulnerable and
stressed areas and ecosystems are being detected and identified.

As the project relates to climate and pollution at several levels – from extremes histories, via impacts
on natural ecosystems and agroecosystems, to impact projections for the future – the results are of high
relevance to the population at large in both countries involved and the entire EU, the nature
management and agricultural sectors, and to the development of industry and livelihood.
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WICLAP consortium: WICLAP website: www.wiclap.eu (frequently updated project website with
news)

NINA:

Vinterforstyrrelser

og

htp://www.nina.no/Forsknin//rroseekaer/iinaerkliaa/ICLAPr
website in Norwegian).

Interdisciplinary Cooperation

luftforurensning:
(frequently updated

The project consortium includes researchers from several disciplines: meteorology-climatology,
physical geography – especially related to earth observation, chemistry, ecology, and physiology. This
interdisciplinary cooperation resulted in several research articles on various disciplines.
Budget in accordance to results

The entire funding from the Fram Centre for 2017 was consumed within this calendar year, and
funding was allocated between the three Norwegian institutes according to the budget provided in the
proposal. The entire funding this year was allocated to coverage of time consume. The funding
obtained allowed us to work on and complete more manuscripts, some still being in review or in
preparation. With the additional support from the Svalbard miljøvernfond, we were also able to do
another season of field work, with strengthened our datasets. The Fram Centre funding is a very
welcome addition, especially in light of the slightly reduced funding from EEA without allowing to
reduce ambitions of the project plan, and the steadily increasing costs of undertaking fieldwork at
Svalbard. The funding has also provided opportunities to participate in two highly relevant workshops,
one on Arctic browning and one on Arctic plant biomass; see list of communicated results. These
participations have resulted in new research and collaboration opportunities.
Could results from the project be subject for any commercial utilization
Yes
If Yes

The enhanced competence on drivers of environmental change and nature vulnerability gained by the
Norwegian institute researchers make the personnel more attractive for consultancy assignments in
environmental sciences. Know-how consulting is in such a context a commercial product. For example,
Bjerke was elected as member of a national expert committee for testing the international IPBES
framework for assessment of a Norwegian habitat system. Norut and Meteorologisk Institutt also apply
their acquired research results and increased competence in development of services of potential
commercial utilization. Our Polish partners at the Institute for Geodesy and Cartography (IGiK) have,
as one of their main roles, development of commercial products relevant for environmental and
agricultural sectors. This project helps them to improve their earth observation-based products, and this
is in line with the EEA call, namely to enhance the competence of Polish institutions in their fields of
expertise.
Conclusions

The added funding from the Fram Centre has been invaluable for the project. It has strengthened our
data collection scheme and provided better opportunities for dissemination of scientific results highly
relevant for the scientific community and for national and international management policies for the
Arctic and other seasonally snow-covered regions.

