Vegetation biomass, leaf area index, and NDVI patterns and relationships along two latitudinal transects in arctic tundra
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Analyses of vegetation properties along climatic gradients provide first order
approximations as to how vegetation might respond to a temporally dynamic climate. Until LAI and NDVI
recently, no systematic, detailed field study of tundra vegetation had been conducted along _ _ _
bioclimatic transects that represent the full latitudinal extent of the arctic tundra biome, although North American Arctic Transect Yamal Arctic Transect
see McGuire et al. (2002) for a synthesis of existing high latitude transects. Since 1999, we o -
have been collecting data on arctic tundra vegetation and soil properties along two such 0 0.7
transects, the North American Arctic Transect (NAAT) and the Yamal Arctic Transect (YAT). The g 06 -
NAAT spans the arctic tundra from the Low Arctic of the North Slope of Alaska to the polar desert i3 < :5'
» . . . . . . : — -
of Cape Isachsen on Ellef Ringnes Island in the Canadian Archipelago. The NAAT is described in B el
detail in Walker et al. (2008), and Epstein et al. (2008) analyzed the patterns of aboveground | | 02 -
vegetation biomass along the NAAT as a function of summer warmth index (SWI - sum of mean d N 0.1 -
monthly temperatures > 0°C). The Yamal Arctic Transect located in northwest Siberia, Russia, e | Fiic| me | qir| mislor es [w | & [k o = [ i o s T 0 [ 2 [0 ] 2] s low|welams] 1 |2 |1 2 oo
presently ranges from the forest-tundra transition at Nadym to the High Arctic tundra on Belyy | Soee | Soen | Fadn | Derose G Cati Ve By n_— . ‘ e i ‘ i ‘ o
Ostrov off the north coast of the Yamal Peninsula (described in Walker et al. 2009). ” “
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Our locations along the North American Arctic Transect were situated (from south to north) near Happy Valley, 1.0 1.0 4
Sagwon, Franklin Bluffs, Deadhorse (Alaska), and Green Cabin (Banks Island), Mould Bay (Prince Patrick Island) and 0.5 0.5 - I I . I l:
Cape Isachsen (Ellef Ringnes Island), all in Canada. The latitudinal extent ranges from approximately 69°N to 79°N. o _ 0.0 - : m B =
Our Yamal Arctic Transect (northwestern Siberia, Russia) locations were situated near Nadym, Laborovaya, T2 | T2 | T2 | T2 | Ti2 | ORr | mesc | wer Al Al [ R R AR N I - A - -
Bovanenkova (Vaskiny Dachi), Kharasavey, and Belyy Ostrov. The latitudinal extent of this transect ranges from Happy | Sagwon | Sagwon | Frankin |Deadhorse Green Cabin Mould Bay | lsachsen N . o . D_f 3
approximately 65°N to 73°N. At a minimum of two sites per location, using a combination of 50m x 50m grids, 50m R e : ik G b b
transects, and réleve plots, we systematically sampled leaf area index (LAI), Normalized Difference Vegetation Index
(NDVI), species composition, vegetation biomass, and soil characteristics. SOUTH > NORTH SOUTH > NORTH
Figure 2 - Leaf Area Index (LAI) and Normalized Difference Vegetation Index (NDVI) for each site along both transects.
g LAI and NDVI vs. Vegetation Biomass Components
me i, 1\ Transect Lk _ .
15 e w ,_ B, : - 1323 . — 500
Kharasavey ] . '_r' . RN ' o 450 ‘. ,‘
X bl i o o Pt = 37.265e> %% E
h . XD N . 800 Y 02 0 o1 a @ 400
v 'y iy a 20 W € 700 * IV o 350 A
" vl ' E’ 600 / E 300 //y= 342 28x + 110.44
Pt Iy o e 8 500 = O 250 A -
SR SN North American “+ - retic Ocean = / m A R?=0.3722
! |, | sovmuor D Arctic Transect 2 400 - = - > 200 A A
o e & o 4 L | 'a 300 i g 1%
| B/ e o\ i Y \f o a . 2 100 2
[ oo, W /B 37 vl L 200 i= = S 50 o
| | :-:-d.- P , _ . _ Subzana A 100 - ] o 0
2. s 7 Subzons B B | | | 1
Bew 1 | - 0 0.25 0.5 0.75 1
. - : ; Subzone D 0.00 0.20 0.40 0.60 0.80 - :
it | ;. = 7 M e Hand-held NDVI
— otioniey | | e Do o o Figure 3 - Photosynthetic biomass (g m-2) as a function of hand-held NDVI for all site. Overstory biomass (g m-2) as a
oY | function of LAI for all sites.
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The summer warmth indices (SWI - sum of mean monthly temperatures greater than 0°C) range from EI 0.4 E.' Sas v = 0.0002x2 + 0.0162x + 0.2675
44.1 °C months to 6.5 °C months from south to north. Site-averaged LAI ranges from 1.51 to 0 along & 0.30 = BT & 0.30 R? = 0.8731
the transects, yet can be highly variable at the landscape scale. Site-averaged hand-held NDVI ranges L 0.20 / y= R‘ x + 0. T 020
from 0.67 to 0.26 along the transects, and is less variable than LAI at the landscape scale. Total < 016 & =0-916 < 0.10
aboveground live biomass ranges from approximately 700 g m—< to < 50 g m-2 along the NAAT, and ' |
from approximately 1100 g m-2 to < 400 g m-2 along the YAT (not including tree biomass at Nadym). 0.00 0.00 | | |
LAI and NDVI are related logarithmically (r2 = 0.58, not shown) for the dataset. LAI is significantly 0.0 10.0 20.0 30.0 40.0 50.0 0.0 10.0 20.0 30.0 40.0 50.0
related to total aboveground (live plus dead) vascular plant biomass (r2 = 0.37), although there are a SWI (°C months) SWI (°C months)
few outliers in the dataset at sites where prostrate shrubs are below the LAI sensor. NDVI is related
as a power function with photosynthetic biomass (r2 = 0.62). In general, for the same bioclimate ] _
. . . — - — O
substantially greater on the YAT compared to the NAAT. Some of this difference can be accounted for for the NAAT and YAT. NDVI on the Yamal remains high in areas with lower summer temperatures.
by the differences in measured non-vascular biomass. Since reindeer grazing on the Yamal Peninsula
should reduce vegetation biomass to a greater extent than caribou grazing in North America, grazing E-IIERT;UEi N P SO Ty . e , e e .
differences are likely not responsible for biomass differences. However, different glacial and Biogeosciences doi: 10.1028/20070G000555. o oy STEE: FIYIDMASS PSS Crbss T THT IEMPESHTe gracient Of T sTEE Hndrs, OUnal O Beopnysieal ressarn -
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