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Themes of Talk
• Provide an overview of 

the geobotanical atlas 
and the hierarchy of 
maps. 

• Examples of 
application of the 
hierarchy of GIS 
databases for 
vegetation change 
analysis at Toolik and 
the circumpolar Arctic.

• Integrated landscape-
based mapping 
approach.

AT THE END: Class discussion of the 
links between vegetation classification, 
mapping, remote sensing and their 
future in vegetation science and 
international vegetation research. 



Toolik-Arctic Geobotanical Atlas

• Addresses  need for vegetation maps at multiple scales for 
science and science management at the Toolik Arctic Observatory. 

• Extrapolation of plot-level research to broader regions and the 
circumpolar Arctic.

http://www.arcticatlas.org/



• Arctic Observatory for the U.S. Arctic Research Program
• Arctic Long-term Ecological Research Program
• GIS program serves science and management needs. 

Toolik Field Station

Photo courtesy of Toolik Field Station



The T-AGA brings together  over 30 years of mapping in 
northern Alaska and Circumpolar Arctic. 

• Prudhoe Bay Geobotanical Atlas 
(Walker 1980)

•  
• Kuparuk River Watershed (FLUX, 

Muller et al.  1998)

• North Slope mapping (ATLAS, Muller 
et al. 1999) 

• Circumpolar Arctic Vegetation Map 
(CAVM Team 2003)

• Arctic Alaska Tundra Map (CAVM, 
Raynolds et al. 2006)

• Toolik Lake hierarchy of maps (R4D, 
1990s-2009)

http://www.arcticatlas.org/

• All use a similar integrated geobotanical mapping approach and legends.
• Assembled into a web-based atlas to standardize the maps so that data is readily 

available in a common format.

The Atlas is organized principally by component projects that my lab has been involved with since the 1970s.
These include:
Circumpolar Arctic Vegetation Map (CAVM Team 2003)
Arctic Alaska Tundra Map (CAVM, Raynolds et al. 2006)
North Slope mapping (ATLAS, Muller et al. 1999)
Kuparuk River Watershed (FLUX, Muller et al.  1998)
Toolik Lake hierarchy of maps (R4D, 1990s-2006)
Prudhoe Bay Geobotanical Atlas (Walker 1980)



Key aspects of the 
hiearchical series of maps

• Use of the integrated terrain-unit mapping approach for 
most maps.

•  Linkage of legends and color schemes between scales.
• Use of the Braun-Blanquet approach as the standard for 

plant community nomenclature where ever possible.
• Links to other supporting data. Detailed descriptions of all 

units, permanent plots data (photographs, vegetation, site 
and soil information, plant species), and important 
literature. 

• Common geobotanical mapping approach at all 
scales. Includes vegetation, surface geomorphology, 
landforms, NDVI,  and other landscape variables.



Hiearchical map browser by area and theme



Hierarchy of maps 
discussed here

• Global (circumarctic) 
scale: Circumpolar 
Arctic Vegetation Map

• Regional (state of 
Alaska) scale: Alaska 
Arctic Tundra 
Vegetation Map

• Subregion scale: 
Upper Kuparuk River 
region

• Landscape scale: 
Toolik Lake grid

• Plot and plant scale: 
Toolik grid plots



Circumpolar Arctic Vegetation Map (CAVM)
• 13-year international effort to 

make a vegetation map of the 
Arctic.

• First detailed map of an entire 
global biome.

• 1:7.5 M scale.

CAVM Team, 2003. Circumpolar Arctic 
Vegetation Map: Anchorage, AK, 
Conservation of Arctic Flora and 
Fauna (CAFF) Map No. 1, U.S. Fish 
and Wildlife Service.

Methods described in Walker et al. 
2005. Jour. Veg. Sci., 16-267-282.



Description of map themes



Description of Floristic Provinces theme



Links to map of Beringia Floristic Province 
and subprovinces



Details of Floristic Provinces and Sectors



Descriptions of Bioclimate subzones 
themes



Description of Subzone A



CAVM Vegetation map Web page



Coding on the CAVM
• Alphanumeric codes refer to 15 physiognomic-level vegetation 

units



Description of CAVM vegetation map units



Mesotopographic gradient

The methods used in making the CAVM allows for creation of 
regional maps that give much detail regarding the plant 

communities. 
Bioclimate 
subzones

Floristic 
provinces

Substrate
pH

3 subprovinces 
(sectors)

3 subsubzones

3 pH classes

7 mesotopographic microsites

1

43

2 Four-part 
framework for 
mapping and 

identifying plant 
communities in 

different regions.



Regional-level mapping: The Alaska Arctic 
Tundra Vegetation Map

• Derived from the CAVM 
database.

• Back side of map provides 
detailed information and 
literature sources of plant 
communities along 
toposequences in each 
bioclimate subzone, floristic 
province, and substrate pH 
class. 

Raynolds, M.K., Walker, D.A., and Maier, 
H.A., 2006. Alaska Arctic Tundra 
Vegetation Map, Conservation of Arctic 
Flora and Fauna (CAFF) Map No. 2: 
Anchorage, AK, U.S. Fish and Wildlife 
Service.

Raynolds et al. 2005. Phytocoenologia 35: 
821-848. 



Framework for plant communities:
Example for Subzone C 

Raynolds et al. 2005. Phytocoenologia 35: 821-848.



Approach for naming communities

Followed the Russian approach 
of using dominant plant growth 
forms followed by dominant 
species because there are few 
communities that have formal 
internationally accepted names 
according the Br.-Bl. approach. 

Synonyms, authors, and 
habitats described in the 
literature within the subzone 
and floristic subprovince are 
listed below in smaller font.

If a Braun-Blanquet community 
name exists, it is listed first. 



Coding on the Alaska arctic tundra 
vegetation map

• Additional decimal 
code refers to 
vegetation of specific 
regions on the map.

• The legend provides 
more details 
regarding dominant 
plant communities 
within large 
landscapes.

S2.1



Web page for Alaska Arctic  tundra 
vegetation map legend



Descriptions of 
plant 

communities
• 2-species plant-community 

names, that include the 
dominant species and a 
differential or characteristic 
species. 

• Photos.
• Habitat information.
• Common plant functional 

types and species.
• Links to species photos.
• General description.
• Other names and citations 

in the Alaska literature.



Species photos in photo library



Species photos
• Family, common name, growth form.
• Synonyms used on other T-AGA maps.
• Photos
• Links to more complete descriptions. 



Landscape level mapping: Hierarchy of GIS 
databases for the Kuparuk River/Toolik Lake region

• Mapping was done for  the 
Toolik Lake LTER, ARCSS 
FLUX and ATLAS projects.

•  5 scales. Middle 3 scales 
published on the Walker 
and Maier (2008) map.



Landscape-level mapping: Hierarchy of 
Toolik Lake vegetation maps

• 3 scales of maps for the 
Upper Kuparuk River 
and Toolik Lake region, 
AK.

• Legends provide 
information on 
vegetation physiognomy 
and dominant plant 
communities.

Walker, D. A., and H. A. Maier. 2008. Geobotanical 
Maps in the Vicinity of the Toolik Lake Field 
Station. Biological Papers of the University of 
Alaska, No. 28.



Map unit descriptions for the Toolik Lake map

• General physiognomy of map unit.
• Typical plant communities with GIS code used in the database.
• Links to full community descriptions, and photos.
• Description of typical habitats for plants communities.
• Area and percent of map. 



Toolik Grid Map

• 1 x 1-km CALM 
grid for long-
term monitoring 
of landscape 
change at grid 
points 

• Grids surveyed 
in 1989-90 at 
Imnavait Crk. and 
Toolik Lake.

• Grid points at 
100-m interval

• Active layer, 
snow depth, 
plant species 
change 
measured 
regularly. 

Walker and Maier, 2008. Biol. Papers Univ. of AK No. 28.



Supporting data: Information behind the maps



Toolik Lake 
data



Plot 
location 

map



Plot 
Index

• Plant communites.
• Microsites.
• Link to photos, 

species, and 
environmental 
data.



Complete plot information
• Photos
• Site information
• Species information
• Soils information (description, 

chemical and physical properties).



Summary tables:

• Plot species cover-
abundance data.

• Plant growth form 
summaries

• Plot environmental 
data.

• Soils data.



Plot-level mapping: Toolik Grid 
plots

1 x 1-m permanent plot at each grid point

Walker, Walker, Auerbach, et al. In prep.  Biol. Papers Univ. of AK.

Canopy height,and 
microtopography

Species
Bottom of Canopy

Species
Top of Canopy



1 x 1-m plots
• Frame is relocated on 

permanent 1 x 1-m plots with 
fixed holes for the vertical 
legs and three registration 
points that are nailed into the 
tundra and aligned with grid 
points defined by the grid of 
monofilament fishing line.

• The frame is leveled and the 
distances from the bottom of 
the frame to the top of the leg 
holes are measured.

• At each point the species at 
the top of the canopy and at 
the moss layer or ground 
surface are recorded.

• The distances from the 
bottom string to the top and 
bottom hits are measured.



Maps of Grid Plots

Grid plot spacing: 100 m Point sampling spacing within 
plots: 10 cm

Links to species photos.

Sampled four times at 6-yr 
intervals: 1990, -96, 2002, -08



Other features of the Toolik-Arctic 
Geobotanical Atlas



Several options to view and download data

The Google 
Earth option



Further links to plant species photos and 
descriptions….

Tephroseris 
frigida

Androsace chamaejasme



Links to more 
species 

information: 

e.g. U.S. PLANTS 
Database



Or other sources:



Bibliography and Glossary



Applications of the hierarchy of maps

• Circumpolar — How are the spatial and 
temporal patterns of vegetation photosynthetic 
activity affected by changes to summer sea-ice 
and  summer land temperatures? 

• Circumpolar spatial analysis: M.K Raynolds, Ph.D. 
thesis

• Temporal analysis: U.S. Bhatt et al. submitted.

• Landscapes — Where in arctic landscapes are 
the changes occurring the fastest?

• Toolik Lake Region: C. Munger et al. 2008

• Plants  — Are the structure and composition of 
plant communities being affected by the on-
going changes?

• Toolik Lake and Imnavait Creek Grids: Gould et al. in 
prep.

Circumpolar NDVI

Toolik NDVI

Toolik plant communities



Spatial and temporal analysis of circumpolar 
vegetation and productivity Patterns

Vegetation Productivity: Max NDVI

Raynolds, M. K. 2009. Circumpolar analysis of vegetation and greenness. 
University of Alaska Fairbanks, Ph.D thesis.



Vegetation

Temperature Precipitation

Climate

Elevation Soil chemistry

Substrate

Landscape agePermafrost

Factors affecting circumpolar vegetation patterns 
and production

Raynolds, M. K. 2009. A geobotanical analysis of circumpolar arctic vegetation, climate, and 
substrate. University of Alaska, Fairbanks. 260 p. Ph.D. Thesis, University of Alaska Fairbanks.

Theory of CAVM mapping, and goal of my research



Area of subzones, average NDVI and total biomass 

Total area = 7.1 x 106 km2, average NDVI = 0.32, Total biomass = 2.5 x 1012 kg

0

500.0000

1000.0000

1500.0000

2000.0000

A B C D E

Area (1000 km2)
NDVI x 1000
Biomass (kg x 10^9) 

Published in Raynolds et al. 2006, Remote Sensing of Environment, 102:271-281

Bioclimate MaxNDVI



Land surface temperatures: 
Summer Warmth Index (SWI)

SWI: Mean 1982-2003

SWI = Sum of monthly mean temperatures > 0 ˚C

Raynolds et al. 2008, Remote Sensing of the Environment, 112:1884-1894. 

Bioclimate Subzones

Max NDVI



Low NDVI 
Subzone A

High NDVI 
Subzone E

NDVI vs. SWI

Raynolds et al. 2008, Remote Sensing of Environment, 112: 1884-1894.



Where is NDVI greater or less than expected based on the 
the NDVI-SWI relationship? 

less NDVI than 
expected

more NDVI than 
expected

Raynolds et al. 2008, Remote Sensing of Environment, 112: 1884-1894.



Landscape age vs. NDVI

Glacial geology map based mostly on Ehlers & Gibbard, 2004.

Age x 1000 years
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Raynolds and Walker. 2009, Can. J. Remote Sensing

Mean NDVI of landscapes older than last 
glacial are much greener.
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Importance of environmental variables in boosted 
regression tree analysis of NDVI

Raynolds, M. K. 2009. A geobotanical analysis of circumpolar arctic vegetation, climate, and 
substrate. University of Alaska, Fairbanks. 260 p. Ph.D. Thesis, University of Alaska Fairbanks.



Importance of environmental variables in controlling 
vegetation  

Raynolds, M. K. 2009. A geobotanical analysis of circumpolar arctic vegetation, climate, and substrate. University of Alaska, 
Fairbanks. 260 p. Ph.D. Thesis, University of Alaska Fairbanks.

•  BRT was used to 
calculate the most 
important factor 
controlling each 
vegetation type.

•  The vegetation 
map was then 
colored according 
to environmental 
variables having 
the strongest 
control over each 
type.  

• Gives indication of 
where changes in 
climate are more 
likely to result in 
major vegetation 
change.



Temporal analysis of circumpolar linkages between 
Arctic sea ice, summer land temperatures and 

photosynthetic activity (NDVI), 1982-2008  

Bhatt, U.S. et al. 2009 in prep.



Division of Arctic Ocean and associated land masses 
according to Russian Arctic Atlas and CAVM floristic 

provinces

Uma Bhatt, D.A. Walker, M.K. Raynolds, J. Comiso, H.E. Epstein, G.J. Jia. 2009 in prep.

• Analysis of 50-
km buffers 
seaward and 
landward along 
each sea coast 
and also for 
entire non-alpine 
tundra area.

• 1982-20008 
AVHRR data to 
analyze trends in 
sea ice 
concentration, 
LST, and NDVI. 



• Mid July Sea-Ice 
percentage 
cover 

• Summer warmth 
index (SWI)

• Max NDVI
• Integrated NDVI 

Bhatt et al: Yamal LCLUC 
Workshop, Moscow, 28-30 Jan 
2008, and EGU 2008.

Pan-Arctic trends: Sea 
ice, land temperatures, 

and NDVI, 1980-2008



Summary of trends

• Sea ice is strongly decreasing 
throughout the Arctic except 
the Greenland Sea. The 
strongest most significant 
trends are in the E. Siberian to 
E. Chukchi region.

• Summer warmth is 
increasing most strongly in the 
Beringian region between the 
E. Siberian Sea and the E. 
Chukchi and also in the 
Canadian High Arctic and 
Greenland. Relatively small 
increases are seen between 
the W. Kara and Laptev seas. 

• NDVI is increasing most 
strongly in North America, 
particularly the Canadian High 
Arctic and Greenland. 
Negative trends in Chukotka 
and Bering Sea region.

Bhatt et al., 2010. Earth Interactions.

SUMMARY OF TRENDS:
•Sea ice is strongly decreasing throughout the Arctic except the Greenland Sea. The strongest most significant trends are 
in the E. Siberian to E. Chukchi region.

•Summer warmth is increasing most strongly in the Beringian region between the E. Siberian Sea and the E. Chukchi and 
also in the Greenland Sea and Baffin Bay. Relatively small increases are seen between the W. Kara and Laptev seas. 

•NDVI is increasing most strongly in the E. Chukchi and Beaufort regions, and also Davis Straight. Negative trends are 
occurring in several areas, most notable along the E. Kara Sea and Laptev Sea.



Landscape-level analysis: Toolik Lake study 
by Corinne Munger et al.

• How does glacial history, 
surficial geomorphology, 
and elevation affect 
patterns of vegetation?

• How is the pattern of 
vegetation greenness 
affected by terrain 
variables?

• How have the patterns 
changed during the 
satellite record?

Glacial Geology
Surficial 

Geomorphology Vegetation

Slope Angle Slope Aspect Elevation

1:25,000-scale GIS database of the Toolik 
Lake/ Upper Kuparuk Region region

Munger, C. M. 2007. Spatial and temporal patterns of vegetation, terrain, and greenness in the Toolik 
Lake and Upper Kuparuk River region. M.S. Thesis, University of Alaska Fairbanks, Fairbanks.

Research questions:

SLIDE 6:
Our primary research questions, used the regional GIS to address three questions related to the spatial and temporal patterns of vegetation:
1.  How does glacial history, surficial geomorphology, and elevation affect patterns of vegetation?

2. How is the pattern of vegetation greenness affected by terrain variables?
3. How have the patterns changed during the satellite record? 



• Acidic tussock tundra (dark yellow) covers less of the younger landscapes. 
• Nonacidic tundra (tan color) is most abundant on the youngest surfaces . 
• Younger surfaces also had more lakes, more area of dry tundra, fewer wetlands, 

and fewer shrublands.

Proportion of vegetation types on 
different aged glacial surfaces

Relationship between glacial geology
 and vegetation

Age of surface

Munger, C. A., D. A. Walker, H. A. Maier, and T. D. Hamilton. 2008. Spatial analysis of glacial geology, surficial geomorphology, and vegetation in the 
Toolik Lake region: Relevance to past and future land-cover changes. Pages 1255-1260 in D. I. Kane and K. M. Hinkel, editors. Ninth International 
Permafrost Conference. Institute of Northern Engineering, University of Alaska Fairbanks, Fairbanks.

SLIDE 12:
The GIS analysis showed that there were distinctive trends of vegetation with surface age:  
1. Acidic tussock tundra (dark yellow) covers less of the younger landscapes. There was 61% cover of tussock tundra on the oldest surfaces, 38% on the 

intermediate -age surfaces, and 24% on the youngest surfaces.
2. There was a corresponding increase in moist nonacidic tundra (tan areas) on the younger surfaces, with 39% cover on the youngest surfaces, 17% on the 

intermediate-age surfaces, and 2% on the oldest surfaces 
3. Younger surfaces also had more lakes, more area of dry tundra, fewer wetlands, and fewer shrublands. 



Surficial geomorphology

• Older surfaces 
have greater cover 
of water tracks.

• Younger surfaces 
have more dry, 
well-drained sites, 
stony areas, and 
irregular 
microrelief, more 
lakes.

Munger, C. A., D. A. Walker, H. A. Maier, and T. D. Hamilton. 2008. Spatial analysis of glacial geology, surficial 
geomorphology, and vegetation in the Toolik Lake region: Relevance to past and future land-cover changes. Pages 
1255-1260 in D. I. Kane and K. M. Hinkel, editors. Ninth International Permafrost Conference. Institute of Northern 
Engineering, University of Alaska Fairbanks, Fairbanks.

SLIDE 10:

Similar analyses were done relating the vegetation to the surficial geomorphology map, which shows the characteristics periglacial features such as non-
sorted circles, stripes, ice-wedge polygons, and water tracks that could be interepreted at the 1:25,000 scale of the base images used in mapping. 



NDVI of the Upper Kuparuk-Toolik Lake region

Shippert, M. M., D. A. Walker, N. A. Auerbach, and B. E. Lewis. 1995. Biomass and leaf-area index maps derived 
from SPOT images for Toolik Lake and Imnavait Creek areas, Alaska. Polar Record 31:147-154.



Landsat-TM NDVI on different aged 
glacial surfaces

• Older surfaces 
have higher 
values of NDVI 
than younger 
surfaces.

Walker, D. A., N. A. Auerbach, and M. M. Shippert. 1995. NDVI, biomass, and landscape evolution 
of glaciated terrain in northern Alaska. Polar Record 31:169-178.

Munger, C. A., D. A. Walker, H. A. Maier, and T. D. Hamilton. 2008. Spatial analysis of glacial 
geology, surficial geomorphology, and vegetation in the Toolik Lake region: Relevance to past 
and future land-cover changes. NICOP Proceedings.

This graph shows the distribution of 35 equally spaces NDVI classes for each of the 3 different-aged glacial surfaces. Remember that the Sagavanirktok is 
the oldest surface and the Itkillik II is the youngest.

There is a clear trend of higher NDVI values with age of the surfaces. 
This is in keeping with the GIS analysis that showed that the older surfaces have greater cover of shrub-rich tussock tundra and shrub-filled water tracks, 
whereas younger surfaces have more dry, well-drained sites, stony areas, and irregular microrelief. 

Shrub cover is likely the most important factor that affects canopy greenness.  The highest NDVI values occur in portions of the landscape with abundant 
shrubs, such as water tracks, on moderate slopes, and on older glacial surfaces.



Moss cover — an insulative mat that strongly affects 
thermal properties of the ground surface

• Thicker moss mats 
on the older 
surfaces.

• Less heat flux.
• Summer thaw of 

active layer is more 
shallow.

• Mosses also affect 
the hydrology and 
flux of nutrients 
through the system, 
and hence 
photosynthetic 
activity.

Photo: D.A. Walker

SLIDE 2:
Changes in plant biomass are expected due to climate warming and will have an important influence on surface heat flux. 

In tundra regions the plant cover acts as an insulative layer that  affects the flux of heat into and out of the surface. The amount of vegetation 
on the surface is thus important for a wide variety of properties related to permafrost, including the n-factor, which is an index of the insulative 
properties of the tundra surface, the active layer depths, and permafrost temperatures.



August 3, 1985 August 8, 1995 August 4, 1999 July 21, 2002

Temporal changes in Landsat-derived NDVI

Munger, C. M. 2007. Spatial and temporal patterns of vegetation, terrain, and greenness in the Toolik 
Lake and Upper Kuparuk River region. M.S. Thesis, University of Alaska Fairbanks, Fairbanks.

2003 image is pretty much left out in the rest of my analysis because of its earlier acquisition date



Upland water tracks; likely 
related to shrub advance.

Roadside areas of the Dalton 
Highway; enhanced shrub growth, 
dust disturbance, thermokarst; 
also changes along underground 
gas pipeline just north of the 
road.

Alluvial fan of the Atigun river; possible 
draining and revegetation of an old river 
channel.

Vicinity of intensive 
research site at 
Toolik Field Station; 
may be related to 
the large number of 
research plots and 
human activity in 
the area.

Areas of greatest change 1985-99

Munger, C. M. 2007. M.S. Thesis, University of Alaska 
Fairbanks, Fairbanks.

I analyzed the surface types of four distinct areas that appeared to show especially large amounts of change between 85 and 99.
There appears to be a variety of surface types that showed especially high change.  The large amount of change in area 1 appears to correspond with upland 
watertracks, area 2 appears to be related to the effect of dust from the Dalton highway,  area 3 is possibly due to human activity near Toolik Lake, and change 
in area 4 exists upon an alluvial fan of the Atigun River.



Species at top of canopy

Species at bottom  of canopy

Plot-level analysis: 20 years of change to the 
Toolik and Imnavait Crk. grid plots

• Grids are sampled every 6 years as part of the 
International Tundra Experiment (ITEX) project.



Changes in plant canopy height and cover of plant growth 
forms (1989-2008), 

Toolik and Imnavait Creek Grids
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Copper River Delta vicinity, AK
Photo: D.A.Walker

Summary

• The Toolik-Arctic Geobotanical Atlas is still a work in 
progress that consolidates over 30 years of geobotanical 
mapping in northern Alaska and the circumpolar Arctic.

• It has proven to be a useful tool in many studies including 
multi-scale analyses such as the on-going “Greening of the 
Arctic” project.

• The approaches developed at Toolik Lake would be even 
more useful if extended south of the Arctic tree line and to 
other Arctic Observatories.



The CAVM integrated terrain unit 
mapping approach as developed for 

northern Alaska 

D.A. Walker 
Alaska Geobotany Center
Institute of Arctic Biology, 
University of Alaska Fairbanks

Presented at the 2nd International CBVM Workshop, Helsinki, Finland, 12-14 Mar 2010
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Introduction
• The mapping methodology is distinct from development of 

the mapping legend. It refers to the process of delineation 
of the map polygons. 

• Existing maps of the arctic and boreal region have a 
multitude of scales, legends, projections, languages and 
mapping approaches. Most areas have no good existing 
detailed vegetation maps.

• A 6-step integrated mapping method was used for making 
the Circumpolar Arctic Vegetation Map with specific 
reference to the Alaska North Slope, where the method was 
first applied.



74

Division of the mapping effort by geographic regions
Alaska: 
• Northern Alaska, Skip Walker.
• Seward Peninsula, Martha Raynolds. 
• Southwest Alaska, Carl Markon and Steve Talbot. 
Canada: 
• Northern Arctic Canada, Bill Gould and Larry Bliss. 
• Southern Arctic Canada, Bill Gould, Dietbert 

Thannheiser, Steve Zoltai, and Helmut Epp.
Greenland: Fred Daniels and Christian Bay. 
Svalbard and Scandinavia: Arve Elvebakk, Bernt 

Johanasson. 
Iceland: Eythor Einnarsson, Gudmundur Gudjonsson.
Russia:  
• European Russian, Sergei Kholod, I.S. Iljina, T.K. 

Yurkovskaya; 
• West Siberia, Sergei Kholod, Natasha Moskolenko, 

Liya Meltzer 
• Taimyr Peninsula, Sergei Kholod, Nadya Matveyeva, 

Raisa Schelkunova, 
• Franz Josef Land, Sergei Kholod 
• Yakutia, Alexei Polezhaev, Valentina Perfilieva, 
• Chukotka, Alexei Polezhaev, Adrian Katenin.

Floristic provinces

74

The labor of making the map was divided up according to individuals with the best regional knowledge of the respective parts. The boundaries in Russia 
somewhat followed those of Yurtsev’s Arctic Floristic regions.



The 6-Step Integrated Vegetation Mapping Method

• Consolidation of  information 
from many source maps onto 
a single map.

• Map polygons are coded with 
many attributes in a GIS 
database.

• In areas where the vegetation 
is poorly known, terrain 
attributes help determine the 
dominant vegetation. 

75From Walker et al. 1999. Int. J. Remote Sens. 21: 4551-4570.

Similar approaches
• Landscape units of the “Landschaft” approach in Russia (Minkin et al. 2002).
• The landscape-guided approach used in Europe (Zonneveld 1980, 1989).
• The geobotanical mapping method developed for northern Alaska (Walker et al. 1980).
• Integrated terrain unit mapping approach (ITUM) used by ESRI in the U.S. (Dangermond and 

Harnden 1990).

In Arendal, in 1996, we agreed to an approach, whereby we would integrate information from many map sources to make the map. This method has had 
various names, but it conforms probably most closely to the integrated mapping approach defined by Dangermond and Harding, who developed a method 
that was particularly well suited for mapping large regions using geographic information technology. 



The ecological and practical 
reasons for a landscape-

guided mapping approach 
are most clearly described 

by Isaac Zonneveld:

Zonneveld, I.S.,  1988, The ITC 
method of mapping natural and 
semi-natural vegetation, in 
Küchler, A.W., and Zonneveld, 
I.S., eds., Vegetation mapping: 
Handbook of vegetation science: 
Boston, Kluwer Academic 
Publishers, p. 401-426.

Zonneveld, I.S., 1989, The land unit 
- A fundamental concept in 
landscape ecology, and its 
applications: Landscape 
Ecology, v. 3, p. 67-86.



The cartographic and GIS data-
management advantages of the 
integrated mapping approach 

are most clearly explained in an 
obscure but excellent 

publication.

Dangermond, J., and Harnden, 
E., 1990, Map data 
standardization:  a 
methodology for integrating 
thematic cartographic data 
before automation: ARC 
News, v. 12, p. 16-19.



Remote sensing products:
1. AVHRR false color infrared image (USGS, 

Fleming 1997)
2. Max NDVI (USGS, Fleming 1997)
3. AK vegetation land-cover classes 

(Fleming 1997)
4. Topography, hydrology, and coastal 

boundaries (GTOPO30 global DEM, 
Gesch et al. 1999).
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• All maps were photographically 
reproduced to 1: 4M scale.

Maps from literature sources: 
5. Vegetation (Spetzman 1959, 

Ecosystems of Alaska, Joint 
Federal State Land-Use Planning 
Commission 1973)

6. Surficial geology (Karlstrom 1964 
and Willims 1977)

7. Bedrock geology (Beikman 1980 and 
Moore et al. 1994)

8. Soils (Reiger et al. 1979)
9. Percent water (Sellman et al. 1975)
10. Phytogeographic subzones and 

Floristic subprovinces (Yurtsev 
1994, Elvebakk 1999)

Step 1: Obtain source maps

Step 1: Obtain source maps

Remote sensing products:
• AVHRR false color infrared image (USGS, Fleming 1997)
• Max NDVI (USGS, Fleming 1997)
• AK vegetation land-cover classes (Fleming 1997)
• Topography, hydrology, and coastal boundaries (Digital Chart of the World, ESRI 1997)

Maps from literature sources: 
• Vegetation (Spetzman 1959, Ecosystems of Alaska, Joint Federal State Land-Use Planning Commission 1973)
• Surficial geology (Karlstrom 1964 and Willims 1977)
• Bedrock geology (Beikman 1980 and Moore et al. 1994)
• Soils (Reiger et al. 1979)
• Percent water (Sellman et al. 1975)
• Phytogeographic subzones and Floristic subprovinces (Yurtsev 1994, Elvebakk 1999)

All maps were photographically reproduced to 1: 4M scale.
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Selection of base image or images

• The base image is the key first 
step because it provided a 
common base and scale on 
which all map boundaries are 
adjusted.

• For the map of northern 
Alaska, the base image was 
the same as for all areas 
mapped for the CAVM: the 
mosaic of false colored near-
infrared AVHRR images with 1-
km pixel resolution developed 
by the U.S. Geological Survey.

• On this image, the first 
boundaries are those that 
define the map extent.

From the outset, it was important that we define the spatial domain of the map. There were a lot of ways we could have done this based on various 
definitions of the Arctic. There was some pressure to conform to political boundaries and include areas outside of the tundra. However, the general 
consensus was that for the purposes of this map, we should confine ourselves to the true biological Arctic, which is the region north of the Arctic treeline, 
with an Arctic climate, and an Arctic flora. This meant that some areas that might be perceived as part of the Arctic such as the Aleutian Islands or the 
majority of Iceland, were outside the boundary of the map.

Should also point out that this image was base map used for making the CAVM. It in itself was a very important step. It was produced by Mike Fleming at 
the USGS office in Anchorage. It is a mosaic of AVHRR data from two years that show the Arctic at maximum greenup in the summer and with minimum 
coverage of snow, clouds or ice. This was truly a critical step in making the map because it provided a standard base on which we could draw the map 
polygon boundaries ADJUSTED TO THE TERRAIN FEATURES.



Map extent 

• Most map polygon 
boundaries were adjusted 
to the boundaries of visible 
landscape features on this 
image.

• The first boundaries define 
the extent of the map. In 
this case the southern 
boundary was defined by 
tree line, which was 
determined by a 
combination of features 
visible on the image, and 
as mapped in the Alaska 
Regional Profiles (Selkregg 
1975).
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Northern Alaska

The six-step mapping proceudure that we followed was outlined in a paper published in the International Journal of Remote Sensing in 1999. Not all of the 
Arctic was mapped using this method. It was used primarily in areas where there were not already fairly good vegetation maps. Areas of Russia, Iceland, 
and Svalbard had good maps, so in these areas, the most critical factor was to adjust the map boundaries to conform to a uniform legend system and to a 
standard base map, which was a mosaic of AVHRR satellite images
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Other global products that were used

Bioclimate subzones:  Adopted primarily from 
Russian subzones (Yurtsev 1994) as modified 
by Elvebakk (1999), but boundaries were 
adjusted somewhat to conform landscape 
boundaries that clearly affect climate. 

MaxNDVI
<0.03

0.03-0.14
0.15-0.26
0.27-0.38
0.39-0.50
0.51-0.56
0.57-0.62

>0.62

MaxNDVI:  Used to help define areas of 
high or low vegetation productivity. 
Particularly for defining extent of Low 
Arctic shrublands and High Arctic 
barrens.

Digital chart of the World:  Used to define 
coastlines, lake boundaries, and 
positions of rivers.



DCW and remote sensing products
AVHRR False-CIR image (Fleming 1997)

Topography (DCW)

Hydrology and coastlines (DCW) AVHRR Landcover Classification (Walker)

AVHRR  Maximum NDVI

Map domain

All maps reproduced at 1:4M scale and registered to map domain
 and AVHRR False-CIR.
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Northern Alaska portion of the AVHRR base map.



Published and derived maps

Ecosystems (Spetzman 1959)

Topography

Surficial geomorphology
 (Karlstrom et al 1964)

Bedrock geology (Beikman 1974, Moore 1980) Soils (Rieger et al 1964)

Percent water  (Sellman et al. 1975)

Landscape units
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Northern Alaska portion of the AVHRR base map.



Landscape Unit map

• Photo-interpreted from the AVHRR CIR image.
• Shows the major landscape units (mountains, hills, plains, 

floodplains.
• The landscape units are based on Russian “Landschaft” units 

(Minkin et al. 2001). 
• The most important terrain map of the lot because it fixed many 

of the boundaries for vegetation and other units. 

Landscape units:
•Lakes
•Ocean
•Plains
•Plateaus
•Hills and low mountains 
without altitudinal belts
•Mountains with altitudinal 
belts
•Floodplains and deltas
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Northern Alaska portion of the AVHRR base map.



Legends and detail simplified 
to contain only information 
of known relevance to the 
vegetation (e.g. acidic and 
nonacidic bedrock types 
from geology maps).

All boundaries are adjusted to 
conform with the AVHRR 
base map.

Polygon boundaries drawn on 
mylar overlays of the 
source maps at 1: 4M scale.

Minimum polygon size 3.5 mm 
except for linear features (2 
mm).
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Step 2: Simplify source maps



Bedrock geology Map, 1:3M scale 
(Moore 1980 generalized by ABR)

•Many units, many unimportant to vegetation

Retain geology important to 
vegetation:

1. Acidic sedimentary rocks (sandstones, conglomerates, 
shales, etc.)
2. Acidic felsic rocks, primarily intrusives
3. Nonacidic sedimentary rocks or mixtures with 
nonacidic sources (mainly limestones, dolomites, etc.)
4. Ultramafic rocks, primarily basic intrusives
5. Volcanic rocks.

Adjusted and simplified bedrock 
geology map, 1:4M scale

• Boundaries adjusted to terrain on AVHRR image.
• Units grouped in units important to vegetation.

Example of simplified map
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1. All maps were photographically reproduced at 1: 4M scale.

2. Boundaries were all adjusted to the AVHRR CIR image and DEM 
coastlines, lakes and rivers and landscape unit boundaries.
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Step 3: Create Integrated Terrain Unit Map (ITUM)

Landscape Unit Map

11 Integrated Terrain Unit Map 



ITUM polygon map



Simplified Legend for North Slope Integrated Terrain Units

Mountains  
1. Acidic mountain complex with coarse deposits, extensive bedrock
2. Nonacidic mountain complex with coarse deposits, extensive bedrock
3. Acidic plateau, basin, or plain complex
4. Nonacidic plateau, basin, or plain complex
5. Glaciated valley and moraine complex
Hills 
6. Acidic hill complex with rare bedrock outcrops
7. Acidic hill complex with occasional bedrock outcrops
8. Nonacidic hill complex with rare bedrock outcrops
9. Nonacidic hill complex with occasional bedrock outcrops, 
Plains
10. Acidic plains, <25% lakes
11. Acidic plains,  25-75% lakes
12. Nonacidic plains, <25% lakes
13. Nonacidic plains 25-75% lakes
14. Deltas and coastal wetlands (saline)
Riparian areas
15. River floodplain complex
Water and glaciers
16. Water or lake complex (>75% water cover)
17. Glacier complex (>75% glacier cover)



Step 4: Create Integrated Vegetation-Complex Map 
(IVCM)

Vegetation map units are derived from information on the ITUM plus 
information from the various vegetation map sources (landcover 
classification, NDVI, vegetation maps).
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11 Integrated Terrain Unit Map 



IVCM boundaries

IVCM overlaid on the 
AVHRR image

Clean IVCM polygon map ready for 
digitizing

•Each polygon assigned a unique polygon ID 
number.
•Attribute file created containing string of 
geobotanical  attributes for each polygon. 



Mountains 
1. Acidic mountain vegetation complex with coarse rubbly deposits, extensive bedrock, and vertical 
zonation
2. Nonacidic mountain vegetation complex with coarse rubbly deposits, extensive bedrock, and 
vertical zonation
3. Acidic plateau, basin, or plain vegetation complex
4. Nonacidic plateau, basin, or plain vegetation  complex
5. Glaciated valley and moraine vegetation complex
Hills 
6. Acidic hill vegetation complex with rare bedrock outcrops, no vertical zonation
7. Acidic hill vegetation complex with occasional bedrock outcrops, no vertical zonation
8. Nonacidic hill vegetation complex with rare bedrock outcrops, no vertical zonation
9. Nonacidic hill vegetation complex with occasional bedrock outcrops, no vertical zonation
10. Low- to high-shrub vegetation tundra complex on uplands
11. Subalpine shrubland vegetation complex
12. Mixed evergreen and deciduous forest complex on uplands (border area with Canada)
Wetlands
13. Acidic mire vegetation complex, <25% lakes
14. Acidic mire vegetation complex, 25-75% lakes
15. Nonacidic mire vegetation complex, <25% lakes
16. Nonacidic mire vegetation complex 25-75% lakes
17. Coastal mire vegetation complex (saline)
Riparian areas 
18. River floodplain vegetation complex
19. Bottomland evergreen forest vegetation complex
20. Bottomland deciduous forest vegetation complex
Water and glaciers 
21. Water or lake vegetation complex (>75% water cover)
22. Glacier complex (>75% glacier cover)

Vegetation Complex legend



Step 5: Derivation of plant-community look-up 
tables

These tables relate the IVCM map to published information regarding the plant 
communities.

A map showing locations of all known vegetation-study locations was overlaid on the 
the PFM to find the relevant literature sources. This information is used to 
construct a table showing the vegetation within each combination of floristic 
province, bioclimate subzone, substrate type, and position on the 
mesotopographic gradient.

Codes are given to the major described plant communities, and another look-up table 
is constructed giving the various properties of the plant communities (e.g. 
biomass, productivity, horizontal structure) derived from the literature or 
estimated.
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10. Bioclimate subzones and 
floristic provinces

Step 5: Derivation of plant-community look-up tables

These tables relate the IVCM map to published information regarding the plant communities.
Map showing locations of all known vegetation-study locations was overlaid on the the PFM to find the relevant literature 
sources to construct a table showing the vegetation within each combination of floristic province, bioclimate subzone, 
substrate type, and position on the mesotopographic gradient.
Codes are given to the major described plant communities, and another look-up table is constructed giving the various 
properties of the plant communities (e.g. biomass, productivity, horizontal structure) derived from the literature or estimated



Maps for creating look up tables
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Modified boundaries of bioclimate subzones 
and floristic subprovinces 

Locations of good plant community information

Step 5: Derivation of plant-community look-up tables

These tables relate the IVCM map to published information regarding the plant communities.
Map showing locations of all known vegetation-study locations was overlaid on the the PFM to find the relevant literature 
sources to construct a table showing the vegetation within each combination of floristic province, bioclimate subzone, 
substrate type, and position on the mesotopographic gradient.
Codes are given to the major described plant communities, and another look-up table is constructed giving the various 
properties of the plant communities (e.g. biomass, productivity, horizontal structure) derived from the literature or estimated



Vegetation tables (Walker 1999)
Plant communities 

from literature

Primary, secondary, tertiary plant communities in 
each combination of subzone, vegetation 

complex



Toposequences for each subzone 
(Elvebakk 1999)
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From Elvebakk, A., 1999, Bioclimatic delimitation and subdivision of the Arctic, in Nordal, I., and Razzhivin, V. eds., The 
Species Concept in the High North - A Panarctic Flora Initiative: Oslo, The Norwegian Academy of Science and Letters, p. 
81-112.

The sequence of plant communities along topographic gradients in the Arctic had previously been described generally for each bioclimate subzone by 
Elvebakk 1999.
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Framework for table of plant communities for CAVM

For northern Alaska:
• 3 subzones
• 2 subprovinces
• 3 pH classes
• 7 mesotopographic 

microsites 

Locations of good plant community informationGeneralized mesotopographic gradient

Bioclimate subzones Substrate pHFloristic subprovince

The table on the back of the Alaska map includes the dominant plant communities that are described in the literature for each combination of bioclimate 
subzone, floristic province, substrate pH, and position along the mesotopographic gradient (toposequences).



Plant community information summarized in tables 
on Alaska tundra vegetation map

Raynolds et al. 2005. Phytocoenologia 35: 821-848.
Raynolds et al. 2006. Alaska Arctic Tundra 
Vegetation (1:4 000 000), CAFF Map No. 2. 98

The supporting tables for the CAVM contained more detailed reference to specific communities described in the literature and expanded the toposequence 
concept to include lists of plant communities along the conceptual toposequence for each Bioclimate subzone, floristic province and major substrate type.



Step 6: Final vegetation map and other derived 
maps

• The draft vegetation maps were produced with reference to look-up 
tables.

• Legends and colors for the map can be modified considerably based on 
look-up tables.

• Separate maps can also be derived showing dominant plant growth 
forms, biomass, horizontal structure also based on information in look-
up tables.

• Or any of the other geobotanical attributes that went into making the 
IVCM. 99

10. Bioclimate subzones and 
floristic provinces

Step 6: Final vegetation map and other derived maps

Vegetation map is produced by overlaying the IVCM with the PFM with reference to look-up tables.
Separate maps can also be derived showing dominant plant growth forms, biomass, horizontal structure.
Or any of the other geobotanical attributes that went into making the IVCM.



Draft Vegetation Complex Map



Other types of vegetation maps 
derived from the look-up tables

Simple Vegetation Map
(same classes as Landsat-derived map)

Dominant Plant 
Functional Types

Biomass

Horizontal Structure Primary Production



Other  types of maps  derived from the 
geobotanical GIS database

Landscape types

Substrate pH Bioclimate 

Percent water

Surficial geology Floristic subprovince 



Russian Landschaft 
maps 

Landscape 
types

Bioclimate 
zonation 

Surficial geology Vegetation

1. Zonal, subzonal 
altitudinal, longitudinal 
units. 

2. Landscape types (hills,  
mountains, plains, etc.).

3. Types of lithogenic base 
of landscapes (mainly 
soil texture).

4. Vegetation map 
boundaries were adapted 
and integrated from 1:4M 
scale maps  of Russian 
vegetation.



CAVM 
Vegetation

Landschaft 
Vegetation Russian 

vegetation map 
units converted 
to CAVM units.

• 121 vegetation units 
for Russia.

• Zonation dominates 
color scheme

• Reduced to 15 
units.

• Plant physiognomy 
dominates color 
scheme.

• Descriptions of plant 
communities in Russia 
followed the same approach 
used in Alaska (plant 
communities described for 
each subzone, floristic 
province, substrate, 
mesotopographic position).

• First Russian map followed 
traditional Russia 
hierarchical legend with 
subzones at the highest 
level. 

• Final CAVM legend had only 
15 map units, but detail of 
original communities is in 
the look-up tables (87 
communities in Alaska, 
about 150 in Russia). 



Additional terrain 
boundaries from soil, 

geology, 
geomorphology, and 

wetland maps

Additional vegetation 
boundaries from NDVI 
and vegetation maps

Landscape Unit 
map

(interpreted from 
AVHRR imagery and 

DEM)

Integrated 
Terrain Unit 
Map (ITUM)

Integrated 
Vegetation-

Complex Map 
(IVCM)

Information from 
lookup tables

Vegetation and thematic  
maps  derived from GIS 

database

Summary of integrated mapping method


