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« Ground observations a
— Data collected and data rep
— Vegetation analysis

« Hierarchy of mapping and NDVI
« Hand-held measurements of NDVI
* Quickbird (60-cm resolution)
* Landsat ETM+ (15 m)
 Landsat TM (30 m)
 AVHRR (1 km)
 AVHRR (12.5 km and 50 km)

« The roles of climate, substrate and disturbance (Walker
et al. 2009)



North American * + '
Arctic Transect .

R Bioclimate
Toolik Lake - Subzone A
[ SubzoneB |
ey Subzone C ff-
Subzone D
[ Subzone E

Bioclimate subzones as mapped by
CAVM Team 2003

Along the tundra bioclimat

10° C change in the MJT
10-fold change in zonal bioma
10-fold change in productivity
5 to 10-fold change in vascular-plant
diversity
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Forest-tun
Nadym and Kh

Subzone E: Laboro
Subzone D: Vaskiny Da
Subzone C: Kharasavey
Subzone B: Ostrov Belyy

Red line is the 2009 helicopter path.



Much
change usin

Plants absorb red light and reflect NIR radiation.

E Red ' Near infrared : Middle infrared ==

Alfalfa

o~ Maple traes
—=== Dry silt loam
== Moist silt loam
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(http://internet1-ci.cst.cnes.fr:8100/cdronvceos/titlep_htm)

» Chlorophyll absorbs red light for photosynthesis and reflects near infrared light.

* NDVI = (NIR-R)/(NIR + R). The difference between the reflectance in the NIR and R porti
the spectrum is a measure of the photosynthetic capacity of the surface. The difference is
divided by the sum of the reflectances to adjust for variations in the index due to slope and
shadows.

« NDVI is much greater in vegetation with high chlorophyll content.



A hierarchi
greenness

Plant- to plot-scale:
— Ground measurements of 5 x5 m p
— Quickbird 60-cm pan-sharpened pixel si

Landscape- to Regional-scale:
— Yamal 1-km AVHRR data from CAVM.
— Landsat ETM 30-m pixel size (USGS GLS 1990).

Global scale:
— Global 12.5 km data: NDVI (Pinzon).

— Global sea-ice, land-temperature and NDVI data: 25-km pixels
based on Comiso sea-ice and temperature and cubic
convolution of 8-km GIMMS NDVI.
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T-51

Soil pit

T-52 T-53 T-54 T-55




 Transects

* Plots

e Soils

Top mineral horizon collected for
chemical and physical analysis 8

Soil pit profile descriptions



Data Report of the
2007 and 2008 Yamal Expeditions:
Nadym, Laborovaya, Vaskiny Dachi, and Kharasavey

‘-
X
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DA Walker, ME Epstein, ME. Leibman N.G. Moskalonkn, P. Orekhov, J.P.
Kugs, G.V. Matyshax, E. Kaarieid~v. B.C. Forbes, EM Bardowr, K Gotreak
Alaeka Gaozorany Conter, Inathaite of Arcsic Qiokogy, Univarsty of Alvexa Fassanks, AK
oorrs

i « Thaw
et e e e * Photos of
SIS P s Sy ey G Relevé data

» Cover abundance
» Soil chemical and ph
» Site factors
il + Biomass by plant functional
: + Photos of relevés
Soil pits
» Descriptions
* Photos
Ostrov Belyy:
Vascular plant species list
Bird list
Mammal list
Log of expedition




Total live and dead above-ground biomass
including trees
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Axis 3

Yamal Transect NMS Qualitative Ordination - excluding Nadym
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Axis 1

JJ Frost et al. 2010, Yamal LCLUC Workshop



Yamal Transect NMS Qualitative Ordination - excluding Nadym

VAVATL: AVA
VAN YAV VA,
NDSVAVAY LYAVAVAVAN

sandy clay loam ‘,'.‘

JJ Frost et al. 2010, Yamal LCLUC Workshop




Ordinatio

Yamal Transect NMS Qualitative Ordination - excluding Nadym

Complex bioclimate gradient
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Complex soil texture/moisture gradient

X and Y axes are interp
complex environmental gra
with numerous variables cova
along each axis:

—  Xaxis: soil texture/ pH/ moisture gradient

— Y axis: latitude/ climate/ microrelief
gradient
JJ Frost et al. 2010, Yamal LCLUC Workshop
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Yamal Transect NMS Qualitative Ordination - excluding Nadym

Complex bioclimate gradient

R36

R55A

Sites and Substrates
@ Ostrov Belyy - loamy
A Ostrov Belyy - sandy
RS4A @ Knharasavey - loamy
A Kharasavey - sandy
@ Vaskiny Dachi - loamy
A Vaskiny Dachi - sandy
— @ Laborovaya - loamy
A A Laborovaya - sandy
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Complex soil texture/moisture gradient

JJ Frost et al. 2010, Yamal LCLUC Workshop



Relations

NDVI

ooo0o0000
OFRNWAUIOIN W
1 | |
.
4

moisture

NDVI vs volumetric soil

Ay =0.0043x+0.4655——

R*=0.25162

80

Variable r-squared

Volumetr
Sand

30

0 . 0 20 40 60
0 5 10 15 Volumetric soil moisture (%)
Organic thickness (cm)
NDVI vs. Shrub biomass NDVI vs. CEC
1| 1
0.8 T3 0.8
> o 1
E = : B s Aansc
: y = 0.0004x + 0.53 4
0.2 2 y =0.007x + 0.5101
. R#=0.24991 0.2 R? = 0.1899
T 0 T T
0 200 400 600 0 10 20
Shrub biomass (g) CEC (meq/100 g)

Mg :

CEC 0.2048

Clay% 0.20359

— key biometric relationship

key environmental relationship

« Strongest NDVI relationships are with some plant cover variables (e.g. pct.

cover of evergreen shrubs, acrocarpous mosses, deciduous shrubs, LAI,

moss height, organic thickness).

 Also strong environmental correlations (e.g. vol. soil moisture, pct. sand,
latitude, SWI) mostly related to soil moisture and warmth gradients.
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Corona - Aubust 1968 i'ckblrd_' A Ruickbird < Npyi
July 20037 ¥ 7 S Wadi)
False-color. = ". "/ + Fildt

Panchromatic-sharpened 60-cm picture of productivity pattern
resolution Quickbird images provide  relationship to geology, hydrolog

detailed view of shrub expansion at and patterned ground.
Frost et al. 2010. Yamal LCLUC the plant level, and ”
Workshop.




GLS-1990 mosaic

September). D
land-cover classifi
the whole peninsula.

* Land-cover maps produced s
each LCLUC location.

* May be possible to get consistent
classification for whole area by combining
all decadal and mid-decadal mosaics to
get one coverage displaying MaxNDVI for
all pixels.

Maier and Walker. 2010. Poster at 21 Yamal LCLUC Workshop 17



Enhanced TM (ETM+) derive

False-color image Land-cover map

* 15-m resolution panchromatic band is used to enhance the 30-m resolution TM data.

» Single ETM+ scene covers all of Ostrov Belyy.
» Unsupervised classification used 15 spectral clusters. Salt marshes classified separately

* NDVI map shows clear relationship of productivity with respect soil moisture (predominantly
moist loamy soils in the north vs. dry sandy soils in the south).

Maier and Walker. 2010. Poster at 2"d Yamal LCLUC Workshop



Yamal 1-km AVHRR ND

bio

More bio
is needed fro
shrublands and
cryptogamic tundra &

USGS data set used for the Not available for temporal
CAVM » analyses.
NDVI Biomass (g/m2)
W <003 B -5

0.03-038 [ | 50-300
0.39-050 [ | 300-500
051-056 | | 500-750

0.57-0.62 750-1000
Courtesy of M.K. Raynolds. 2010. >062 [ >1000 "




Analysis of NDVI with Lan

NDVI with
Landschaft
boundaries

N

e Q %‘\‘ 'J ;7
." . =g
o

Courtesy of M.K. Raynolds. 2010.

Loamy upla
Landschaft doe
areas (e.g. O. Bely

Broad river channels have
amount of lakes in the valleys.

1-km data is not fine enough to resolv
patterns within the highly eroded upland

NDVI on marine terrace uplands and drainages of
differing soil texture

PEAT UPLANDS LOAMY/CLAY UPLANDS SANDY UPLANDS SANDY DRAINAGES
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wn date

Expansion of the major river valleys and mosaic of
smaller drainages is occurring very rapidly.

Need better understanding of the rate of growth of the
drainage networks.

Need models and high-resolution imagery to address
expansion of drainage networks



Circumpolar a
sea ice affect t

Arctic Tundra Vegetation March Sea-lce Extent Max NDVI

» 80% of Arctic tundra is within 100 km of ice-covered seas (100% is within 350 km).

« Changes is summer sea-ice distribution should affect land temperatures and the productivity of
tundra.

« Models have shown that melting the sea ice will affect land temperatures and permafrost even at
great distances from the Arctic Ocean

Sea Ice: http://www.arctic.noaa.gov/reportcard/figures/seaice2009fig1.jpg Vegetation and NDVI: http://www.arcticatlas.org/maps/themes/cp/cpvg
22



Pe

Max-NDVI % trend 1982-2009

TREND

e Time-Integrated NDVI and Maximum NDVI
(percent change,1982-2008)
|

l

180
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E. Bering |
E. Chukchi

Beaufort
Can. Arch.

90E Baffin Bay

Davis Str.
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Barents

W. Kara

E. Kara
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W. Chukchi

W. Bering

-8 -4 0 4
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60W 60E

B TI-NDVI _|
B MaxNDVI -

12 16

Bhatt et al. 2009 submitted, Earth Interactio
Arctic wide: +5%
Much greater change in North America (+9%) than in Eurasia (+3%).

Large increases in (10-15%) in the High Arctic (northern Canada and Greenland) and the
Beaufort Sea area.

Other analyses (not shown) revealed strong positive correlations between NDVI and Iand23
temperatures and strong negative correlations with the percentage of coastal sea ice.



Arctic plants respond
environment (summer

Social factors affecting
Iand(-:cover, land-use change

ultural <« Political

It is usually not possible to ascribe
causality to the changes —e.g., o -y
climate change, reindeer, HiGE S
IandSIideS’ Or a VehiC|e trail_ Effect of social changes on 4 Feedback effects of disturbances

disturbances E to the social system

Disturbance factors

Geomorphic «— Zoogenic

P

Fire Anthrop
\’ v\v\e‘athere{emsl /

climate change
4

NDVI is a good integrator of the
tOtaI Changes to plant Effect of disturbance on site Feedback effects of site i i
productivity, but is a poor tool s § | e wsmrrtors e | | g
for determining the causes.

factors
disturbance on
vegetation

Feedback
effect of

Feedback
of

Site factors (plant environment)
Landforms <«—— Hydrolog'

e
s°"§.\‘\‘ / / Permafrost

Microclimate

Changes in plant limiting factors (e.g., heat, A Feedback effect of vegetation changes
light, nutrients, water, space, site stability) to site factors

Vegetation factors

Vegetation Structure

<

P = > Plant
composition health

!
\ /

Vegetation greenness (fPAR)

Walker et al. 2009. Environmental Research Letters
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Overgrazing Trampling

» Effects on reindeer on NDVI are unknown at present because of lack of
control areas to study the effects (exclosures). Photos: Bruce Forbes.
» Potential major effect in sandy areas.



Strong greening on landslide slopes
cover extensive areas of the Yamal.

Biomass

Before o . e
Iandslides AILET 1alTfusiides

Low-willow shrublands develop on landslides
during 200-yr succession, greatly changing
biomass and NDVI.

S PP F
N
o g
Y @’b ® Mortmass B Mosses O Herbs
N Undershrubs @ Dwarf-birch  m Willow
Key:
A — stable areas 1 — young landslide
B — shear surface 2 — old landslide
C - landslide body 3 — very old landslide

T —
Ukraintseva and Leibman et al.

Photos D.A. Walker 2000, 2007, 2008



Infrastructure

:l Quarries

Road network

» Potential large effects
on reindeer assess to
rangelands Brigade borders

——— Offroad vehicle track

D Affected area

* Locally important but
still relatively small
extent.

* Need development
scenario models to
help predict and plan N
for expansion of road  ASTER TERRA uNIR image

21.7.2001 (15 m resolution)

networks. Quickbird-2 image 15.7.2004 i

(2.4 m resolution)

E N
; 1
A L]

. Brigade 8: 200 km? out of total 796 km? summer pasture

Timo Kumpula: Yamal LCLUC Workshop, Moscow, 28-30 Jan 2008.




Mo

Sensitivity of soil N to warming, grazing, and
differences in soils

Clayey Sandy

600 R — 200 . — A
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Time Time

Yu, Q. et al. 2009 AGU poster: Simulating the effects of soil organic nitrogen and grazing on arctic
tundra vegetation dynamics on the Yamal Peninsula, Russia



Vegetation component:

Collaborative efforts:

Whe

Subzone A to complete the Eurasia
Finish vegetation analysis of Yamal trans
Comparison of Eurasia and NAAT transects.

More detailed ground studies of azonal environme
landslides, shrublands, lichen rangelands, wetlands).

Models to examine NDVI-disturbance relationships.
Models to examine vegetation-permafrost relationships.

Local examination of the climate-drivers for sea-ice, land
temperatures, phenology, for the global and Yamal NDVI analysis.

Models to help predict expansion of road networks (?).

Models to help predict expansion of hydrological networks and
expansion of shrublands (?).
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New G

New GIMMS-NDVI,, for Arctic Regions
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Pinzon and Tucker 2009
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Stud

101 & 1* East Bering Sea

102 & 2 Chukchi Sea

103 & 3 Beaufort Sea

104 & 4 Canadian Arch. Straits
105 & 5 Hudson Bay

106 & 6 Hudson Strait

107 & 7 Davis Strait

108 & 8 Baffin Sea

109 & 9 Lincoln Sea

110 & 10 Greenland Sea

111 & 11 Denmark Strait

112 & 12 Norwegian Sea

113 & 13 Barents Sea

114 & 14 White Sea

115 & 15* West Kara Sea

116 & 16 Laptev Sea

117 & 17 East Siberian Sea
118 & 18 Russian Arctic Basin
119 & 19 American Arctic Basin
120 & 20* East Kara Sea

121 & 21* West Bering Sea

Uma Bhatt, D.A. Walker, M.K. Raynolds, J. Comiso, H.E. Epstein, G.J., Jia, J. Pinzon, and C.J. Tucker, 2009 submitted, Earth Interact‘ion§2



Circum
and s

Sea Ice Concentration and Summer Warmth Index
(percent change,1982-2008)

Summer Warmth Index (SWI)

50% ice conc. % trend 1982-2008 {percent change, 1982-2008)

80

N. Hemis. »
N. America »
Eurasia

E. Bering
E. Chukchi
Beaufort
Can. Arch. «
Baffin Bay |«
Davis Str.
Grnind Sea
Barents «
W. Kara

E. Kara «
Laptev

E. Siberian
W. Chukchi
W. Bering

-60 -40 -20 0 20 40 60 80
Sea Ice Area  Summer Warmth Index

-100 -85 -70 -55 -40 -256 -10 -1 1 10 25 40 55 70 85 100 -200-100-75 -50 25 -10 -5 -t 1 5 10 25 50 75 100 200

Coastal sea ice: strongly decreasing throughout the Arctic except coastal areas o
Greenland Sea and parts of the Bering Sea. The strongest most significant trends are
E. Siberian to Chukchi, and E. Kara regions (-40 to -44%).

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

33
Bhatt et al. 2009 submitted, Earth Interactions.



Maximum NDVI (MaxNDVI) unitless
(magnitude change, 1982-2008)

Magnitude of Change (1982-2008)

Time Integrated NDVI (unitless) B TI-NDVI Trend

-0.4 0.2 0 0.2 0.4 0.6
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Maximum NDVI (unitless) B MaxNDVI Trend
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" 60E
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* General increases except in W. Chukchi and Bering seas.

« By far the largest changes are in the Beaufort Sea/northern Alaska
area.

34

Bhatt et al. 2009 submitted, Earth Interactions.



The e

Social factors affecting
land-cover, land-use change

Cultural <« Political

Demographic «

Economic

Effect of social changes on Feedback effects of disturbances
disturbances to the social system

Disturbance factors

Geomorphic «—— Zoogenic

Fire \ v}.m" {ﬂml ‘/.'Amhropogemc

climate change

Feedback
effect of of

Feedback

Effect of disturbance on site Feedback effects of site vegetation vegetation
factors changes to disturbance factors changes on change on
disturbance social

Site factors (plant environment) factors

/ Landforms <«—— Hydrolog\ )
s°"i-‘\.\ / / Permafrost

Microclimate

Direct effect of
disturbance on
vegetation

Changes in plant limiting factors (e.g., heat, Feedback effect of vegetation changes environmen
light, nutrients, water, space, site stability) to site factors a
plant production
Vegetation factors

composition.

Vegetation Structure
Species 4+ I ‘,\‘ Plant

composition_ l L health
Phenology

* A wide variety of
vegetation-related
factors affect NDVI.

Walker et al. Environmental B85
Research Letters, 2009

Vegetation greenness (fPAR)




CEC vs. %Silt Relative lichen biomass vs. %Sand
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Nenets camp on Yamal in Salix low shrub
tundra

Relndeer grazmg Sallx thlckets in Nenets Okrug If they

Forbes etial. 200913 INAS JEN SINRINREIES grow over = 2 m high, herders can lose sight of animals.

Photos courtesy of Bruce Forbes.



