Recent dynamics of arctic tundra vegetation: Remote sensing, field observations, and simulation modeling
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Numerous studies have evaluated the dynamics of arctic tundra vegetation throughout the past several decades, using remotely sensed proxies of vegetation, such as the
Normalized Difference Vegetation Index (NDVI). While extremely useful, these coarse-scale satellite-derived measurements give us minimal information with regard to how . SIMULATING EFFECTS OF CLIMATE CHANGE AND GRAZING ON TUNDRA VEGETATION
these changes are being expressed on the ground, in terms of tundra structure and function. In this analysis, we used a strong regression model between NDVI and Model SEttlng
aboveground tundra phytomass, developed from extensive field-harvested measurements of vegetation biomass, to estimate the biomass dynamics of the circumpolar arctic (a) (b)
tundra over the period of continuous satellite records (1982-2010). We found that the southernmost tundra subzones (C-E) dominate the increases in biomass, ranging from ArcVeg simulations were conducted with field collected parameters:
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Phenology of vegetation is a sensitive and valuable indicator of the dynamic responses of terrestrial
ecosystegrzlws to c?imate change. Therefore, it is important to reduce uchertaintiespin detecting phonological Understanding the responses of the arctic tundra biome to a changing climate requires knowledge of the complex interactions among climate, soils, and the biological system.
changes, to better understand.and predic’t ecosystems dynamics. Here, changes in phenology over the past This study investigates the individual and interactive effects of climate change and reindeer grazing across a variety of climate zones and soil texture types on tundra vegetation
several élecades across the northern high-latitude region (> 600N) wer’e examined by calibrating and community dynamics using an arctic vegetation model that incorporates reindeer diet, where grazing is a function of both foliar nitrogen concentration and reindeer forage
analyzing time series of the Moderate Resolution Imaging §pectroradiometer (MODIS) and the Advanced preference. We found that grazing is important in addition to the latitudinal climate gradient in controlling tundra plant community composition, explaining about 13% of the
Very High Resolution Radiometers (AVHRR). Over the past decade (2000-2010), an expanded length of the total variance in model simulations for all arctic tundra subzones. The decrease in biomass of caused by grazing such as lichen, deciduous shrub and graminoid plant functional
growing season (LOS) was detected by MObIS largely due to an earlier start of, the growing season (SOS) types (PFTs) is potentially dampened by climate warming. Moss biomass had a nonlinear response to increased grazing intensity, and such responses were stronger when
by 4.7 days per decade and a delayed end of tI’1e growing season (EOS) by 1.6 days per decade. There was warming was present. Our results suggest that evergreen shrubs may benefit from increased grazing intensity due to their low palatability, yet a growth rate sensitivity analysis
3 sig.nificant difference between North America and Eurasia in phenology baséd on MODIS data &p< 0.01) suggests that changes in nutrient uptake rates may result in different shrub responses to grazing pressure. Heavy grazing caused plant communities to shift from shrub tundra
In Northern America, SOS advanced by 11.5 days per decade, and EOS was delayed by 2.2 days per ' ' towards moss, graminoid-dominated tundra when evergreen shrub growth rates were decreased in the model. In response to warming, moss, lichen and forb biomass increased
decade. In Eurasia S,OS advanced by 2.1 cllays per decade an,d EOS was delayed by 3.5 c.Iays per decade in High Arctic sites and declined in Low Arctic sites. Initial vegetation responses to climate change during transient warming (TW) are different from the long term equilibrium
SOS ha.s likely advénced due to the war.ming Arctic during ,April and May. Our MODIS résults suggest that.in responses (EW) due to shifts in the controlling mechanisms (nutrient limitation vs. competition) within tundra plant communities.
recent decades the longer vegetation growing seasons can be attributed to more advanced SOS rather than

delayed EOS. However, AVHRR detected longer LOS over the past three decades, largely related to delayed
EOS rather than advanced SOS. Further inter-calibration between the sensors is needed to resolve the

inconsistency and to better understand long-term trends of vegetation growth in the Arctic. B A T | 7 7 ACKNOWLEDGEMENTS - Funding sources S
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