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A hierarchical habitat-type framework 

for Arctic terrestrial biodiversity 

monitoring and analysis

The circumpolar 
Arctic vegetation map, 

plot archive, and classification



Overview of talk

• Need for an international circumpolar perspective

• History

• Circumpolar Arctic Vegetation Map (CAVM) 

• Arctic Vegetation Archive (AVA) 

• Arctic Vegetation Classification (AVC) 

• The habitat-type framework of the classification



Why a circumpolar framework?
• A common international approach is needed for classifying and mapping 

Arctic vegetation and as a framework for other forms of terrestrial 

biological diversity across the Arctic as they responds to climate and 

anthropogenic forces at multiple scales.

• CAFF endorsed the circumpolar vegetation framework through: 

• Pan Arctic Flora (PAF)

• Circumpolar Arctic Vegetation Map CAVM).

• Circumboreal Vegetation Map (CBVM), 

• Arctic Vegetation Archive (AVA)

• Arctic Vegetation Classification (AVC) 

• The PAF and CAVM provided a consistent way to analyze plant, fungi, and 

terrestrial ecosystem biodiversity across the Arctic for the  Arctic 

Biodiversity Assessment (Meltof et al. 2013).



History: 
Arctic Workshop, Boulder, 1992

First international meeting of arctic 
vegetation scientists.

Evolved out of the IBP Tundra Biome and 
MAB.

Began the task of a global synthesis of 
arctic vegetation with a resolution 
sufficient to produce:
• Vegetation plot database
• Comprehensive synthesis of 

phytosociological information
• Circumpolar arctic vegetation map

Walker, M. D., Daniëls, F. J. A., & Van der Maarel, E. (1994). Circumpolar arctic vegetation: 
Introduction and perspectives. Special Features in Journal of Vegetation Science, 5(6), 757–920. 



History:
Important paper by Boris Yurtsev at the Boulder 

workshop

Boris A. Yurtsev (1932-2004)

Yurtsev, B. A. (1994). The floristic division of the Arctic. Journal of Vegetation Science, 5(6), 765–776.

Laid the foundation for the CAVM and AVC.



History: 
Yurtsev’s boundaries for the Arctic Zones

Yurtsev, B.A. 1994. Journal of Vegetation Science. Floristic division of the Arctic, 5: 765-776.

Bioclimate subzones Floristic  Subdivisions

North-south subdivisions East-west subdivisions

• Defined the 
biogeographic 
boundaries of bioclimate 
subzones and major 
phytogeographic 
subdivisions of  the 
Arctic  tundra biome for 
the Pan Arctic Flora, the 
CAVM, and AVA. 



History:

A – Papaver subzone, no shrubs
B – Dryas subzone, prostrate dwarf shrubs
C – Cassiope subzone, hemiprostrate dwarf shrubs
D – Betula subzone, erect dwarf shrubs
E – Alnus subzone, low shrubs

Shrub heights and microtopography along the 
bioclimate gradient

Bioclimate Subzones 
• Defined mainly by summer temperature and 

dominant plant growth forms on zonal sites

• The tundra region north of the Arctic 
tree line, characterized by an Arctic 
climate, Arctic flora, and tundra 
vegetation.

• Excludes maritime treeless regions 
with a boreal climate, and boreal 
flora (e.g. the Aleutian Islands, much 
of Iceland, maritime Atlantic Islands). 

Based on Yurtsev (1994) & Edlund (1990)

The Arctic Zone



History: 
Yurtsev’s floristic subprovinces

• Primarily an E-W longitudinal framework.

• Defined distinct floristic regions where geographic and historical  influences affected 
the evolution of the Arctic flora. 

• 5 provinces, 22 subprovinces

Derived from Yurtsev (1994), modified by Elvebakk et al. (1999).



The 1st and 2nd versions of the CAVM 

• Derived from MODIS & AVHRR imagery 
and 7 other data layers.

• 1-km pixel resolution.
• Preserves the map extent, projection 

and units of the vector version. 
• More useful than the  vector map for 

modeling applications.

Raynolds & Walker. 2018. 48th Annual International 
Arctic Workshop, Boulder, CO.  April 4–8, 2018. 

Version 2 (raster version)Version 1 (polygon version)

• Hand-drawn boundaries 
interpreted from AVHRR 
imagery.

• Useful for broad regional 
stratification of vegetation.



Applications of the CAVM

Circumpolar Phytomass 
(Raynolds et al. 2008)

Change in circumpolar 
greenness patterns in 

relation to sea ice 
(Bhatt et al. 2010)

Circumpolar 
Biodiversity 

Assessment (Daniëls et 
al. 2013)



Applications: 
Monitoring Arctic Greenness

NOAA Arctic Report Card

Epstein et al. 2017. NOAA Arctic Report Card



Applications: 
Hierarchy of vegetation 

maps for the Arctic LTER at 

Toolik Lake, AK

• The CAVM is the top level of a 
seven-level hierarchy of 
geoecological maps centered on 
the Arctic Long-Term Ecological 
Research site at Toolik Lake, AK.

• Consistent legends and map 
colors.

Walker, D. A. et al.  (2010). Circumpolar geobotanical 
mapping: A web-based plant-to-planet approach for 
vegetation-change analysis in the Arctic. Viten Fra Skog Og 

Landscap, 125–128. 



The hierarchy of 
map scales 
depends on a 
foundation of 
plot-level 
observations

Walker, D. A., et al. (2016).  Environmental Research Letters, 11(5), 055005. 

Hierarchy of map scales 



Vegetation-plot data
• The fundamental 

units of vegetation 
information used for 
classification and 
analysis.

• A circumpolar arctic 
vegetation archive of 
plot data (AVA) has a 
habitat-type 
foundation modelled 
after the European 
Vegetation Archive.

Fred Daniëls sampling wet tundra vegetation in subzone A, Isachsen,, Canada.



The Alaska Arctic Vegetation Archive 
(AVA-AK)

• Prototype arctic archive for Arctic Alaska

• Part of the Global Inventory of Vegetation Databases (GIVD)

Walker, D. A., et al. (2016).  Phytocoenologia, 46, 221–229.



Prague Arctic Science Summit Week 2017

Walker, D. A., Daniëls, F. J. A., 
Matveyeva, N. V., Šibík, J., Walker, M. D., 
Breen, A. L., et al. (2018). Circumpolar 
Arctic Vegetation Classification. 
Phytocoenologia, 48, 181–201. 

• Reviewed the status of the 

AVA and AVC.

• Circumpolar Vegetation 

Classification paper 

published in 

Phytocoenologia 



Inventory of Arctic plot datasets

Approximately 31,000 
vegetation plots were 
identified for potential 
inclusion in the AVA.

Good representation  
of Yurtsev’s floristic 
subprovinces.



Panarctic Flora (PAF)

• A standardized list of accepted names for all arctic 
vascular plants (Elven et al. 2011). 

• The Pan Arctic Species List (PASL) combines the PAF with 
circumpolar lists of bryophytes, and lichens (Raynolds et 
al. 2013).

• Elven, R., Murray, D. F., Razzhivin, V. Y., & Yurtsev, B. A. (2011). Annotated checklist of the 
panarctic flora (PAF): vascular plants. Natural History Museum, University of Oslo.

• Raynolds, M. K., et al. (2013). The Pan-Arctic Species List (PASL). CAFF Proceedings Series 

Report Nr. 10, 92–95.



Habitat-type foundation for the 
hierarchical maps and the AVA

Partial list of habitat types from Walker et al. 2018



Next steps for the AVA

• Assemble archives similar for other regions of the Arctic 
(AVA-CA, AVA-GR, AVA-SV, AVA-RU).

• Develop classification and analysis.of the AVA-AK data.

• Cross walks with the EcoVeg (U.S.) and Canadian Bioclimatic 
Ecosystem Classification (BEC) approaches.

• 2019 Arctic Science Summit Week in Archangelsk, toward a 
Russian arctic vegetation archive (AVA-RU). 



Applications to biodiversity 
monitoring

• Cross walks between international arctic vegetation archives 
and classifications:
• Arctic veGetation Archive and Classification (AVA & AVC)

• European Vegetation Classification (EVC) 

• Canadian Bioclimatic Ecosystem Classification (BEC)

• EcoVeg and U.S. National Vegetation Classification

• Hierarchical vegetation maps (= habitats) provide a 
framework for examining species and habitat change across 
all scales.

• Plot-level vegetation data extremely useful for a wide range  
of diversity studies.

• Greenness index of the Arctic Report card useful for 
monitoring vegetation biomass change.
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