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Synthesis of the Effects of the Climate Gradient and Substrate
on Vegetation in the Alaskan Arctic at the ATLAS Sites: 1998-2001
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The Quartz Creek site on the Seward Peninsula had SWI of 32˚C and demonstrates how a system much like that of the Arctic Foothills in northern Alaska
might respond to warming. Shrub biomass in the water tracks is much higher, and the tussock tundra systems display greater tussock height and more
sedge biomass. The maritime climate of the southern Seward Peninsula near treeline, represented by Council, supports abundant shrub-tundra plant
communities with high biomass, and suggests that a special maritime variant of Subzone 5 is justified. It appears that climate warming will likely result
in increased phytomass, LAI, and NDVI on zonal sites. Acidic areas supporting abundant shrub phytomass will likely demonstrate the greatest changes.
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Quartz Creek
Our ATLAS Sites

Barrow, Arctic Coastal Plain (coastal acidic tundra)
The site is located in Subzone 3 (N 71 19 17.6, W 156 36 29.3) on a fairly homogenous flat residual surface (unaffected
by thaw-lake processes). Most of the surface is either featureless or has flat-centered ice-wedge polygons. The primary plant
community is Saxifraga cernua–Carex aquatilis. This type commonly occurs on moderately drained, zonal sites near the
coast and is dominated by graminoids (Alopecurus alpinus, Carex aquatilis, Dupontia fisheri, Eriophorum angustifolium,
Poa arctica), forbs (Cardamine pratensis, Cerastium jenisejense, Chrysosplenium tetrandrum, Petasites frigidus, Saxifraga
cernua, S. hirculis, S. hieracifolia, S. nelsoniana, Stellaria laeta and mosses (Oncophorus wahlenbergii, Polytrichastrum
alpinum, Polytrichum strictum and Sarmentypnum sarmentosum). Prostrate and semi-erect willows (Salix rotundifolia, S.
planifolia ssp. pulchra) are common in some areas.
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Deadhorse, Arctic Slope (moist nonacidic tundra)
This site is located just south of the town of Deadhorse in Subzone 4 (N 70 09 42.4, W 148 27 49.6). The site is flat, and
moderately well drained. The primary plant community is Eriophorum triste, Carex membranaceae, Dryas integrifolia, Salix
arctica, Tomentypnum nitens, and Distichium capillacium (moist graminoid, prostate dwarf-shrub tundra).
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Franklin Bluffs, Arctic Slope (moist nonacidic tundra)
This site is located along the Dalton Highway in Subzone 4 (N 69 40 29.5, W 148 41 35.0) on a relatively flat surface that
ranges from standing water to dry conditions. The majority of the site is mesic, and the primary plant community is
Eriophorum triste, Carex membranaceae, Eriophorum vaginatum, Dryas integrifolia, Salix arctica, Tomentypnum nitens,
and Drepenocladus uncinatus (moist graminoid prostate dwarf-shrub tundra).
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Total Aboveground Phytomass (TAP)
We found that total above ground phytomass (TAP) increases with summer temperature on both acidic (MAT) and
nonacidic (MNT) parent materials, but the regression lines diverge as SWI increases (Figure 16). At the northern
coast, the phytomass is similar for both MAT and MNT, but by the southern end of the gradient there is a 225%
increase in biomass on MAT sites, and a 50% increase on MNT sites. This increase in phytomass is reflective of
the increasing SWI as we move south, with more than a 3-fold increase in SWI from our furthest north site at
Barrow (9˚C) to our furthest south site at Council (34˚C). A 5˚ increase in the SWI from Barrow to Quartz Creek
(65˚N, SWI: 32˚C) correlates with about a 115 g m-2 increase in the aboveground phytomass for zonal vegetation
on acidic sites and about 60 g m-2 on nonacidic sites. The only anomaly is the lower phytomass at the Atqasuk
site (vs Barrow), but this is likely due to the sandy, leached, nutrient-poor soils at Atqasuk, which lies within a late
Pleistocene-age sand sea (Carter, 1981).
Between all sites, shrubs account for most of the aboveground phytomass increase on acidic substrates, whereas
mosses account for most of the increase on nonacidic soils. The phytomass of shrubs increased 12-fold in MAT
as SWI increased, but MNT shrub phytomass showed no correlation with temperature (Figure 17). The reason for
the discrepancy in the shrub response are major differences in the species composition of acidic and nonacidic
tundras. The dominant shrubs in MAT are Salix pulchra and Betula nana. These shrubs exhibit large changes in
growth-form with increased temperature. In MNT, Dryas integrifolia, Salix reticulata and Salix arctica are the
dominant shrubs, and all are very short or prostrate, and show little change in height in response to temperature.
The dominant MNT erect shrubs are Salix richardsonii and S. glauca, but these are usually scattered and do not
form a major component of the MNT plant canopies, even at the southern end of the temperature gradient.
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Dry barrens (frost scars)
1. Anthelia juratzkana - Luzula arctica (barren active acidic frost scars, 3)
2. Racomitrium lanuginosum - Pertussaria dactylina (stabilized acidic frost scars, 9)
3. Saxifraga oppositifolia - Tofieldia pusilla (active nonacidic frost scars, 10)

Results and Discussion
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Atqasuk, Arctic Slope (sandy acidic tussock tundra)
This site is located in Subzone 4 (N 70 27 52.2, W 157 27 02.6) on a broad flat stabilized sandy plain near the west end of
the Atqasuk runway. The site is notable for its total lack of nonsorted circles (frost boils). This is typical of tussock tundra in
the sand region, but very unusual elsewhere on the Arctic Coastal Plain. The lack of cryoturbation promotes a leached soil
and species-poor vegetation. The dominant community is tussock tundra with small tussocks (<15 cm high). Only six vascular
species were recorded in the relevé of this site (Eriophorum vaginatum, Ledum palustre ssp. decumbens, Vaccinium vitisidaea, Cassiope tetragona, Pedicularis lapponica, and Carex bigelowii). The moss canopy is poorly developed, and lichens
are common between the tussocks, but generally in poor condition. In slightly moister areas, Carex bigelowii is the dominant
sedge.
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The large response of MNT mosses to increased summer warmth was an unexpected result and one of the most
interesting observations (Figure 18). The phytomass of mosses increased by 250% on the MNT sites as SWI
increased. Previous studies have noted that mosses greatly affect the thermal, hydrologic, and nutrient properties
of the soils, and are one of the main factors that control the transitions of zonal vegetation from MNT to MAT near
the southern boundary of Subzone 4 (Walker et al, 1998). It is possible that soil surface temperature could be greatly
affected by this increase in mosses, and decrease the activity of frost boils, which play an important role in nutrient
availability and a variety of other ecosystem properties that maintain the nonacidic ecosystems. This strong increase
in MNT moss phytomass has not been previously observed and needs to be confirmed with further studies. The
phytomass of the other plant functional types generally increased with warmer temperatures, except for the sedges
in nonacidic tundra, and the lichens in acidic tundra. As we moved from the Arctic coast southward to the MNT/MAT
boundary, it was very interesting to observe the changes in the dominant growth forms (Figure 20). The dominant
growth forms near the coast (in order of dominance) for MAT was mosses, graminoids, lichens, then shrubs, versus
on MNT it was graminoids, mosses, shrubs, then lichens. By the MNT/MAT boundary, the dominant growth forms
for MAT had shifted to shrubs, mosses, graminoids, and lichens, and for MNT it had shifted to mosses, graminoids,
shrubs and lichens.
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Oumalik 1/MNT, Arctic Slope (moist nonacidic tundra)
This site (Figure 6) is located in Subzone 4 just north of the MNT-MAT vegetation
transition boundary from Subzone 4 to Subzone 5, at the northern edge of the Arctic
Foothills (N 69 43.95, W 155 51.78). The site is a nonacidic loess site on a gentle slope
(6-8º). Dominant species in the grid are Dryas integrifolia and Carex bigelowii. There
are abundant low shrubs of Salix glauca 25-30 cm tall.
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Sagwon MNT, Arctic Slope (moist nonacidic tundra)
This site (Figure 8) is located in Subzone 4 just north of the MNT-MAT vegetation transition
boundary from Subzone 4 to Subzone 5, on the top of a hill (N 69 26 00.3, W 148 40 12.3).
The site is mesic, and the primary plant community is Carex bigellowii, Erophorum
vaginatum, Dryas integrifolia, Salix reticulata, Salix richardsonii, Tomentypnum nitens,
and Hylocomium splendens (moist graminoid, prostate dwarf-shrub tundra).

Figure 8

Leaf Area Index (LAI)
LAI is positively correlated with SWI on acidic sites (Figure 19). There is approximately a 150% increase in MAT
LAI across the more than 3-fold increase in SWI. On the nonacidic sites the LAI/SWI relationship is unclear. Since
the phytomass increase on MNT sites is due primarily to the increase in mosses, the LAI of these sites could not
be adequately measured as the LICOR LAI-2000 sensor used for measurements is too large to insert into the moss
layer. While this instrument offers a means to quickly obtain large quantities of LAI information for the vascularplant component of Low-Arctic vegetation, we have concluded that it is of limited use in high moss areas as well
as for extremely low-growing prostrate vegetation that is common on wind-blown sites and in the High Arctic.

Leaf Area Index (LAI)

Oumalik 2/MAT, Arctic Slope (moist acidic tundra)
This site (Figure 7) is located in Subzone 5 just south of the MNT-MAT boundary (N 69
44.12, W 155 52.17). The dominant species include Eriophorum vaginatum and Betula
nana. The MAT site is about 1/2km south of the Oumalik-1 on an ecotone between MNT
and shrubby MAT.
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Sagwon MAT, Arctic Slope (moist acidic tundra)
This site (Figure 9) is located in Subzone 5 just south of the MNT-MAT boundary (1 km
south of Sagwon MNT), on a 3 degree slope just below the crest of a hill (N 69 25 32.6,
W 148 41 33.6). The site is mesic, and the primary plant species are Eriophorum vaginatum,
Betula nana, Ledum decumbens, Vaccinium vitis-ideae, Hylocomium splendens, Sphagnum
spp., and Dicranum spp.
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Ivotuk 1/MAT, Arctic Slope (shrubby acidic tussock tundra)
This site (Figure 11) is located in Subzone 5 on a 4˚ east-facing shoulder to midslope (N
68 28.83, W 155 44.52), and is considered to be the zonal vegetation for the Ivotuk region.
The dominant vegetation includes Betula nana, Salix planifolia ssp. pulchra, Ledum
palustre ssp. decumbens, Rubus chamaemorus, Vaccinium uliginosum, and V. vitis-idaea.
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Council is considered a special variant due to its
unique location on the edge of treeline combined
Figure 12
with the maritime climate of the southern Seward
Peninsula. This site represents a maritime variant
of Subzone 5. The site considered to best represent
zonal vegetation at Council, Site C3, supports
much greater aboveground phytomass than that
observed on any of the other zonal sites within the Alaska ATLAS transect (See
Results and Discussion). While not necessarily representing zonal vegetation, other
community types typical to the Council area are represented at Sites C1 (forest) and
C2 (tundra).
Figure 13. Council, Seward Peninsula. The Shrub site. (low shrub tundra)
This site (C3) demonstrates zonal vegetation representative of the Council area. It is
located on about a 5 degree slope with south-west aspect, approximately 1 km
Figure 13
upstream from the mouth of Ophir Creek. Most of the land surface is covered by
shrubs up to a meter and a half in height. The primary plant community is moist
Betula glandulosa-Salix glauca-Hylocomium splendens. This type commonly occurs
on moderately well-drained slopes in this area. Intermixed with the shrubs are clearings usually one to 5 meters. in diameter. The clearings predominantly
consist of moist Pentaphylloides floribunda, Vaccinium uliginosum, Festuca altaica, Hylocomiumsplendens, and Salix reticulata. Figure 14. Council
Forest site (C1). It is located in an open white spruce forest on a gentle 3 degree south-facing toe slope above Melsing Creek, undisturbed since logging
80 years ago. The primary plant species are Picea glauca, Salix sp., Vaccinium uliginosum, and Hylocomium splendens (open forest/low shrub). Figure
15. Council Tundra site (C2). It is a flat basin dissected by several small drainages located 5 miles west of Council. The primary plant community
is moist Betula nana, Ledum decumbens, Rubus chamaemorus, and Sphagnum fuscum (erect dwarf shrub moss).
Council photos by Jason Beringer
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Normalized Difference Vegetation Index (NDVI)
The NDVI is positively correlated with SWI on both acidic and nonacidic soils, but on nonacidic parent material
the NDVI is consistently lower than that of the acidic substrates (Figure 20). Mean MaxNDVI on acidic substrates
varies from 0.36 to Atqasuk to 0.52 at Quartz Creek, while that on the nonacidic substrates varies from 0.27 at West
Dock to 0.48 at Sagwon. We were able to gain a clearer picture of the effect of substrate (by removing climate as a
variable) on NDVI at Oumalik and Sagwon, where large areas of both acidic and non-acidic tundra exist at each
site. At Oumalik, the mean MaxNDVI is 0.51 on acidic soils compared to 0.37 on nonacidic soils, and at Sagwon
the MaxNDVI is 0.53 on the acidic sites compared to 0.46 on the nonacidic sites. This higher NDVI in MAT vs
MNT is not unexpected, and is consistent with earlier studies (Shippert et al 1995; Walker et al 1995, 1998). The
regression of NDVI vs TAP provides a basis for predicting the possible effects of summer warming in much of the
Low Arctic. It is a reasonable assumption that temporal changes to NDVI resulting from climate change might
replicate the differences that occur along spatial climate gradients because increased warming is likely to cause
increased shrub growth (Chapin et al 1996, Sturm et al 2001). The amount of shrubs is strongly correlated with
NDVI and summer warmth, particularly in acidic tundra. A 5˚C increase in the SWI is approximately equivalent
to a 1-2˚C increase in the mean July temperature. Since a 5˚C increase in the SWI results in about a 115 g m-2 increase
in above-ground phytomass for MAT and a 60 g m-2 increase for MNT, a similar change could conceivably occur
with a 1-2˚C change in the mean July temperature caused by global warming.
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The sandy substrates at Atqasuk had the lowest productivity and NDVI of all the mesic sites, despite relatively warm
temperatures compared to the coastal sites. Low nutrient availability accounted for low productivity, and relatively
high lichen cover, which has low spectral reflectance in the near-infrared channels, accounted for the low NDVI
values.

Barrens
Dry tundra
Moist tundra
Wet tundra
Low to tall shrubs
Spruce forest
Ocean/Lakes
Shadows
Snow Figure 23

Dry tundra
4. Novosieversia glaciale - Dryas integrifolia (forb-rich dry nonacidic tundra, 15)
5. Lecanora epibryon - Dryas integrifolia (crustose-lichen dominated dry nonacidic
tundra on nonsorted stripes, 16)

0
Snowbed
6. Astragalus umbellatus - Cassiope tetragona (shallow nonacidic snowbed, 18)
7. Cassiope tetragona - Salix arctica (shallow nonacidic snowbed with dwarf willows, 19)
8. Dryas integrifolia - Carex bigelowii (moist nonacidic tundra, 8)
9. Dryas integrifolia - Carex bigelowii - Salix glauca (shrubby nonacidic tundra, 8a)
10. Dryas integrifolia - Carex bigelowii - Equisetum arvense (horsetail-rich nonacidic tundra, 14)
11. Arctous rubra - Sausurrea angustifolia (bearberry nonacidic tundra, 11)
12. Arctagrostis latifolia - Carex bigelowii (moist grassy nonacidic tundra, 2c)

25

0

Ivotuk Shrub Grid Vegetation Map

A1

25

50 MILES
50 KILOMETERS

Ivotuk Shrub Grid Aerial Photograph

A11

Moist acidic tundra (shrubs < 50 cm tall)
13. Hylocomium splendens - Carex bigelowii (Carex bigelowii acidic tundra, 2a in I3)
14. Sphagnum lenense - Eriophorum vaginatum (Sphagnum-rich acidic tussock tundra with
dwarf shrubs, 7)
14a. Shrubby facie of Sphagnum lenense - Eriophorum vaginatum
Moist acidic tundra (shrubs > 50 cm tall)
Dwarf-birch shrublands
15. Betula nana - Eriophorum vaginatum (shrubby acidic tussock tundra, 1)
16. Betula nana - Carex bigelowii (dwarf-birch shrubby acidic Carex bigelowii
tundra, 2a in I2)
17. Betula nana - Rubus chamaemorus (dwarf-birch dominated acidic water track
margin, 5)
Willow shrublands
18. Salix planifolia ssp. pulchra - Carex bigelowii (willow shrubby acidic
Carex bigelowii tundra, 2b)
19. Salix planifolia ssp. pulchra - Eriophorum angustifolium (willow-dominated
nonacidic water track margin, 4)
Wet tundra
20. Eriophorum angustifolium - Salix planifolia ssp. pulchra (wet water track centers
with flowing water, 6)
21. Eriophorum scheuchzeri - Calliergon sp. (water tracks, 13)
22. Nostoc commune - Calliergon sp. (flarks, wet areas between solifluction features, 17)

Microsites:

#’s in parentheses correspond to second number at grid points on maps
1. Tussock (1)
2. Intertussock space or featureless (2)
3. Active frost scar (3a)
4. Stabilized frost scar (3b)
5. Water track (4)
6. Moist water-track margin (5)
7. Wet water-track margin (6)
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GPS grid center: N 68° 28.75’, W 155° 44.14’

Scaling Up to Circumpolar
We used the results of our analyses along the ATLAS transect for extrapolation of
phytomass density for the Circumpolar Arctic. Phytomass data from the ATLAS sites
was used in conjunction with the MaxNDVI map developed for the Circumpolar Arctic
Vegetation Mapping (CAVM) project to develop a map of Phytomass Density covering
subzones 1 - 5 (Figure 27). While the CAVM map of MaxNDVI gives a visual
impression of the variation in phytomass across the Arctic, there was some uncertainty
regarding biomass at high NDVI values greater than about 1000 g m-2 due to the nonlinear relationship between NDVI and phytomass. By stratifying the circumpolar NDVI
data according to subzones, and using ATLAS phytomass data from within these
subzones, we were able to develop a regression of TAP as a function of NDVI. A
regression of phytomass vs. MaxNDVI was then developed (Figure 26). Phytomass
within each subzone was calculated as the sum of the phytomass values in all the pixels
in each NDVI class in the given subzone. Analyses were performed for the three
subzones on the Arctic Slope, Alaska (subzones 3-5), and the five subzones of the
circumpolar Arctic. Extrapolation to the whole Arctic using a five-subzone zonation
approach to stratify the circumpolar NDVI and phytomass data showed that 60% of
aboveground phytomass is concentrated in the low-shrub tundra (Subzone 5) (Fig
28);whereas the High Arctic (Subzones 1,2, and 3) has only 9% of the total. Estimated
phytomass density in subzones 1-5 is: 47; 256; 102; 454; and 791 g m-2, respectively.
Our extrapolation of the phytomass values to the circumpolar
Arctic provides a first approximation of total phytomass for the
circumpolar region, but it is based on very few data at the end
points of the climate gradient and a nonlinear regression that
has considerable uncertainty at high NDVI values. More reliable
estimates will require extending these types of studies into
Subzones 1, 2, and 3 and the shrubbier portions of Subzone 5.
Future studies should also examine variation of biomass in wet
and dry sites across the arctic climate gradient and at higher
elevations.
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Council presents a special situation in that
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with only a 2.2˚C increase in SWI above
MNT Graminoids
MAT Mosses
Quartz Creek (just 50 miles NW of Council),
300
MNT Mosses
the zonal representative vegetation shifts from
MAT Lichens
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tussock tundra to shrub-tundra. While it is
MNT Lichens
technically still within Subzone 5, its proximity
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Phytomass
to the southern coast of the Seward Peninsula
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and tree line suggests its classification as a
Plant Functional
special maritime variant of this subzone. Total
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zonal site (Council C3) is more than twice as
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high as at Quartz Creek (Figure 16), and more
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than 6 times higher than Barrow. It is 2-fold
SWI (˚C)
higher than any of the other MAT sites,
and 2.5 times higher than any of the MNT sites. This large increase in biomass above the other sites is
due primarily to the significant increase in shrub biomass. Mean shrub biomass for this site was 2135 g
m-2, versus that of the other 2 highest sites (Quartz Creek=427 g m-2; Oumalik=465 g m-2). Leaf area
index was 2.3 (versus 0.75 at Barrow). NDVI was 4% greater than that of Quartz Creek, and 25% greater
than Barrow. While total aboveground biomass was much higher at Council than at any of the other MAT
or MNT sites, LAI and NDVI did not show the same dramatic increase (Figures 19 & 20). In summary,
Council is a warm maritime climate that is representative of dense shrub tundras such as those in the
Alaska Yukon River drainage, as well as in Russia within the Anadyr River drainage, and European Russia
(west of the Urals).
MAT Graminoids

Phytomass (g m-2)

Land Cover
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Quartz Creek, Seward Peninsula (tussock tundra)
This site (QC1) is located in Subzone 5 in the interior of the Seward Peninsula (N 65 25.70, W 164 38.61) and demonstrates
zonal vegetation representative of the Quartz Creek area. It is located on the shoulder of a hill above Mauze Creek on a 4
degree west-facing slope. Most of the land surface in this area is tussock tundra, with low shrub communities in the drainages.
The primary plant species are Eriophorum vaginatum, Ledum decumbens, Rubus chamaemorus, and Sphagnum sp. (tussock
graminoid/dwarf shrub).

Figure 15
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*Not shown here (for lack of room) are the Ivotuk 2/Shrub andIvotuk 4/Moss sites.

Figure 14
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Ivotuk 3/MNT, Arctic Slope (moist nonacidic tundra)
This site (Figure 10) is located in Subzone 5 just south of the Ivotuk MAT site (N 68 28.72, W
155 44.28). It contains a complex of nonacidic tundra types associated with a limestone substrate.
The dominant vegetation is a horsetail-rich variation of nonacidic tundra often occuring downslope
of snowbeds on circumneutral mesic uplands/hillslopes in association with fine calcium-rich soils.
Common plants include Arctous rubra, Carex bigelowii, Dryas integrifolia, Equisetum arvense,
and Kobresia sibirica. The moss carpet includes Tomentypnum nitens and Hylocomium splendens.

Our group is also involved in a collaborative effort
with other ATLAS investigators in preparation of an
Arctic climate gradient transect paper pulling together
key datasets collected during this project, from carbon
flux and hydrology to vegetation and ground
conditions. We will be analysing and describing these
trends and their implications for the future. Key values
derived from these datasets are currently being pulled
into an Arctic Transect Reference Matrix (Fig 22).
Ivotuk Vegetation Legend:

1000

West Dock, Arctic Coastal Plain (moist nonacidic tundra)
The site is located on the Arctic coast within the Prudhoe Bay Oil Field in Subzone 3 (N 70 22 30.2, W 148 32 57.8). It is
a fairly homogenous flat surface that is either featureless or has flat-centered ice-wedge polygons. The primary plant
community is Carex aquatilus, Eriophorum triste, Dryas integrifolia, Salixovalifolia, Tomentypnum nitens, and Distichium
capillacium (moist graminoid, prostate dwarf-shrub tundra).
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efforts for the ATLAS
Chapin/Beringer/Copass
Barrow
Mean July Temp (MJT)
Hinzman
Atqasuk
Summer Warmth Index (SWI)
project have resulted not
McGuire/Clein
West Dock
Ground Surface Temp (GST)
Nelson/Shiklomanov
Howe Island
Liquid Precipitation
only in a large quantity of
Oechel/Vourlitis/Zulueta
Deadhorse
Mean July Incoming Radiation
Ping/Michaelson
Pipeline Crossing
Snow Water Equivalent (maximum spring)
geo-referenced data that has
Romanovsky/Sazonova
Oumalik 1 - MAT
Snow Depth
Sturm/Liston
Oumalik 2 - MNT
Mean Active Layer Thickness
led to some extremely
Walker/Epstein/Knudson/Jia
Franklin Bluffs
Mean Annual Temp. at Base of Active Layer
Pump Station 2
Soil Carbon in the Active Layer
interesting discoveries of our own,
Sagwon MNT
Carbon in the Top Meter of Soil
Sagwon MAT
pH of the Top of the Mineral Horizon
but it has directly facilitated the
Happy Valley
pH of the Top of the Organic Horizon
Toolik Lake - MAT
Soil Texture
creation of a host of maps that are already being recognized by scientists
Toolik Lake - MNT
% Sand, Silt and Clay of Soil
Ivotuk 1/MAT
Thickness of the Soil Organic Horizon
and agencies outside the project as useful tools to help answer their own
Ivotuk 2/Shrub
Volumetric Soil Moisture of the Top Mineral Horizon
Ivotuk 3/MNT
Gravimetric Soil Moisture of the Top Mineral Horizon
questions and facilitate their research. These products include vegetation
Ivotuk 4/Moss
Total Mean Biomass (g/m2)
Quartz Creek
Biomass by Plant Functional Group (g/m2)
2
and microsite maps of the 100 m MNT, MAT, Moss, and Shrub grids
Council
Leaf Area Index (LAI)
Max NDVI (AVHRR)
at Ivotuk (Figure 24 & 25) and the Seward Peninsula MSS-derived Land
Integrated Seasonal NDVI
Onset of greenup
Cover Map at 50 m resolution (figure 23). Data reports for both the
Length of green season
NDVI x PAR/GEE
Seward Peninsula and Barrow-Atqasuk-Oumalik-Ivotuk have also been
Mean July CO2 Flux
Figure 22
Bowen Ratio
created, complete with photographs of sites/grids and analyses of the
data (Edwards et al, 2000; Walker et al, 2002). Our ATLAS work
is also associated with the Circumpolar Arctic
Vegetation Mapping (CAVM) Project, which is
MSS-derived Land Cover Map of the Seward Peninsula
discussed in brief below. Products from the CAVM
project include Circumpolar Arctic maps of
Topography, Maximum NDVI, Bioclimate Subzones,
AREA OF MAP
Floristic Regions, Substrate Chemistry, Landscape
Units, Phytomass Density, and Vegetation
Physiognomy.
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The ATLAS project was developed to determine the effect of changes in climate on key parameters of Arctic
ecosystems. The focus of our group has been to determine the effect that climate change may have on arctic
vegetation and closely associated factors. Specifically, we have examined the effects of summer warmth on leaf
area index (LAI), total aboveground phytomass, and normalized difference vegetation index (NDVI) across the
three arctic bioclimate subzones (Subzones 3-5) in northern Alaska and into the subarctic at Council. We have also
investigated the relationship of these factors with differences to geologic substrate. We conducted our field research
at ATLAS sites within these subzones during the summer months of 1998-2001, from the coastal acidic tundra of Barrow a i r b
a
ank
on the Arctic Slope (71˚N) to the moist acidic low shrub of the Seward Peninsula at Council (64˚N). Summer warmth,
s, A lask
defined as the sum of mean monthly temperatures greater than 0˚C, was used as a key index (SWI) for comparisons between
the sites. The SWI varies from 9˚C at Barrow to 34˚C at Council.From Barrow to Quartz Creek (65˚N, SWI = 32˚C), a 5˚ increase in the SWI correlates
with about a 115 g m-2 increase in the aboveground phytomass for zonal vegetation on acidic sites and about 60 g m-2 on nonacidic sites. Between all
sites, shrubs account for most of the aboveground phytomass increase on acidic substrates, whereas mosses account for most of the increase on nonacidic
soils. LAI is positively correlated with SWI on acidic sites, but on the nonacidic sites the relationship is unclear as the field instrumentation was unable
to capture differences other than that of the erect vascular plant component of the plant canopy. The NDVI is positively correlated with SWI on both acidic
and nonacidic soils, but on nonacidic parent material the NDVI is consistently lower than that of the acidic substrates. One of the most interesting
observations was the large increase in mosses at warmer temperatures in nonacidic environments. The increase in mosses on nonacidic sites could affect
the soil surface temperatures and decrease the activity of frost boils, which play an important role in nutrient availability and a variety of other ecosystem
properties that maintain the nonacidic ecosystems. The sandy substrates at Atqasuk had the lowest productivity and NDVI of all the mesic sites, despite
relatively warm temperatures compared to the coastal sites. Low nutrient availability accounted for low productivity, and relatively high lichen cover,
which has low spectral reflectance in the near-infrared channels, accounted for the low NDVI values.
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The Quartz Creek site, on the other hand, presents a more realistic picture of how a system much like that
of the Arctic Foothills in northern Alaska might respond to warming. Shrub biomass in the water tracks
is much higher, and the tussock tundra systems display greater tussock height and more sedge biomass.
While it does not support the high-biomass shrub-tundra plant communities to the extent that Council
does, these communities are certainly present. Based on our analyses, it appears that climate warming in
the Arctic will likely result in increased phytomass, LAI, and NDVI on zonal sites. It is also likely that
acidic areas supporting abundant shrub phytomass will demonstrate the greatest changes.

Key Conclusions

.
.

Total plant phytomass, LAI, and MaxNDVI increase
with temperature along the climate gradient in
northern Alaska. The exception is the Atqasuk site,
where the sandy substrate inhibits productivity.
The phytomass and NDVI are lower on MNT than
on MAT. The principal cause of the different response
to temperature is the different species composition
of the two tundra types. The shrubs in MAT increase
in height and biomass with greater summer warmth;
whereas most shrub species in MNT are prostrate
dwarf shrubs that show little change in stature with
increased summer warmth.
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