Biomass, NDVI, and LAl Data and Relationships
Across Spatial Scales in Arctic Tundra
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Circumpolar Scale

Data Collection Sites along the North America and Eurasia Arctic Transects
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North American Arctic Transect
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(Photos D.A. Walker and H.E. Epstein)




North America Arctic Transect
A - Isachsen B- Mould Bay C-Green Cabin D -Sagwon MNT E - Happy Valley
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Eurasia Arctic Transect
A - Krenkel B - Ostrov Belyy C - Kharasavey D -Vaskiny Dachi E - Laborovaya




Spatial Biomass Extrapolations using Field-Based
Biomass-NDVI Relationships

Raynolds et al. 2012 (RSL)
y = 0.3826In(x) - 1.6492 Epstein et al. 2012 (ERL)
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Circumpolar Aboveground Biomass Dynamics

Epstein et al. 2013 (NOAA Arctic Report Card)
Bhatt et al. 2013 (Remote Sensing)
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Regional Scale
Data from Primary ATLAS Sites (northern Alaska)
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NSF Biocomplexity of Patterned Ground — further development and completion of
the North American Arctic Transect (NAAT)

North ‘T‘meficat‘\mﬁc Biocomplexity of Patterned Ground
. Data Report
Dalton Highway, 2001-2005
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NAAT Synthesis —
Biomass, NDVI, and LAI
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NAAT Synthesis — Vegetation Type Biomass (absolute) vs. SWI
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NAAT Synthesis — Vegetation Type Biomass (relative) vs. SWI

¢ Vascular
A Non-Vasc

Biomass (%)

Summer Warmth Index (°C)

® Lichens
m Mosses
+ Forbs
¢ Shrubs
A Gram

Biomass (%)

Summer Warmth Index (°C)

(Epstein et al. 2008 JGR)



Comparison with Eurasian Arctic Transect (2007-2010)
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LAl and Total Aboveground
Biomass along both transects
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Relationships between LAl / NDVI (hand-held) and biomass

Overstory Biomass (g m=2)
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Landscape Scale

Ivotuk (Western Alaska Transect — Subzone E) 1999

Ivotuk MAT (photo by D.A. Walker) Ivotuk Shrub Tunra
www.geobotany.uaf.edu/atlas/atlas_sites.htm| Y X ) Ivotuk Vegetation:

Field names and codes are listed in parentheses. Codes in parentheses
correspond to the first number at grid points on the vegetation maps.

- l)r\ barrens (frost scars)
. Anthelia jura Luzula arctica (barren active acidic frost scars, 3)
saria dactyling (stabilized acidic frost scars, 9)
ofieldia pusitle (active nonacidic frost scars. 10)

iale - Dryas integrifolia (forb-rich dry nonacidic tundra, 15)
s epibryon - Dryas integrifolia (crustose-lichen dominated dry nonacidic
tundra on noasorted stripes, 16)

Snowbed
6. Astragalus umhellars - Cass ragona (shallow nonacidic snowbed,

7. Cassiope fetragona - Salix arctica (shallow ponacidic snowbed with dwarf Willows. 19)

Carex bigelewii (mwist nonacidsc twndra, 8)

ia - Carex bigelowii ! [ y cidic tundra, Sa)
Carex bigel E J Al 1-nich nonacidic tundra, 13)
rbe

2¢)

\lniu acidic tundra (shrubs < 50 cm tall)
scomitum splendens - Carex bigelowii (Carex bigelowii scidic tundra 2 13)
enum lenense - Eriophorum vaginat phagnum-rich acidic tssock tundra with
wart shrubs. 7)
14a. Shrubby face of Sphagnum lenense - Eriophorum vaginatum

P

S j . 950 2 st acidic tundra (shrubs > 50 cm tall
N ,,,“‘X,.iu"/ p aLA . ; o )
LR VA 20 . \ < B vwart mm. shrublands
15, Be Eriophorum vagine. (shrubby acidic tussock tundra, 1)
i - Carex bigelowii (dwarf-birch shrubby acidic Carex bigelow
undra, 2a in 12
17. Be I-Alu nara - Rubus chamaemorus (dwarf-birch dominated acidic water track
margin, 5)
B Witlow shrubtands
18 \4/np!.| folia ssp. pulchra - Carex bigelowii (willow shrubby acidic
Carex bi, i tundra, 2b)
19. \4lr| J-Yum I - Eriophovian angustifolium (willow -dominated
nonacidic water track m n, 4)

Wet tundra

20. Eriopheorun gustifoliun - Salix planifolia ssp. pulchra (wet water track centers
with flowing water, 6)

21, Eriophorion scheuchzeri - Calliergon sp. (water tracks. |

22. Nostoc commune - Calliergon sp. (flarks, wet areas l‘.um 1 solifluction features. |

Ticrosites
#'s in parentheses correspond to second number at grid points on maps

1. Tussock (1)
2. Intertussock space o
3. Active frost scar (
4. Stabilized frost scar
s \\alc{!r_uk “)
ater-track margin (5)

. Methods: o
.,.JE‘,:I . "f" 3 T B 3 i METERS
¥ . Aerial photographs for Ivetuk 2. Ivotuk 3, snd Ivotuk 4 were rectified using ENV/
ware and Adobe Photosbop o eliminate oblique view angle pr
ke pendicular to the ground. Adobe |-h<u.-\|n~p software was used 10
nerate maps from these e,
sults of grid point surveys were use e  the appropriate ange for particalar
ation types. When ges are associated with more than one Vegetation type,
knowledge of the site from field work was applicd to isolate areas and classify each individually

Vegetation mapping. acrial photo rectifi er layout by J. A. Anderson and D, A, Walker
at the Tundra Ecosystem Analysis and Mapping Laboratory, Univessity of Colorado at Boolder, March
1999,

Ivotuk Mossy Tussock Tundra Ivotuk MNT



Ivotuk (Western Alaska Transect — Subzone E) 1999

- Four 100 x 100 m grids (MAT, MNT, ST, MT)

- LAl and NDVI collected bi-weekly at 20 random grid points
(same grid points sampled at each time period)

- Biomass samples were harvested bi-weekly near 10 of the 20 random grid points
(again, same grid points used each time period)
(20 x 50 cm quadrats — all 20 grid points sampled at peak growing season)
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MAT
y = 0.0061x + 0.58
R2=0.93
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y = 0.60x 0-056 y = 0.0018x + 0.62
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Hyperspectral Data

Deadhorse

Buchhorn et al.
2013 (RS)

Ivotuk 1999 — Grid-point variability , ' NON-ACIDIC
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Ivotuk — 1999 Seasonal Hyperspectral Sampling
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Ivotuk — 1999 Seasonal Hyperspectral Sampling
Discriminant Function Analysis

Bratsch et al. (in prep.)
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Summary / Acknowledgements

1) Aboveground biomass, NDVI, and LAl data have been collected at a wide range of plots
across northern Alaska (ATLAS, NSF Biocomplexity — NAAT), the western
Canadian Archipelago (NSF Biocomplexity — NAAT) and northwestern Siberia
(NASA LCLUC).

2) These data have been and can continue to be used to develop biomass-NDVI-LAI
relationships across spatial scales (circumpolar, regional, landscape, plot / plant
community). Synthesis of this information across the NAAT and EAT is being
conducted as part of a new NASA LCLUC project.

3) These relationships have been and can continue to be used along with satellite-based
remote sensing information to extrapolate biomass quantities and dynamics
across space and time scales.

4) We have begun to use hyperspectral information to develop biomass-spectral
relationships at the landscape / plant community levels, where coarser spectral
indices (e.g. NDVI) are insufficient to distinguish among vegetation types (NASA
pre-ABoVE).




