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Statement"of"the"problem"
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•  Despite%the%importance%of%vegetaPon%to%studies%of%ecosystem%change,%all%
methods%of%studying%vegetaPon%pa>erns%and%change%rely%on%rather%sparse%
ground-based%data%collected%during%ArcPc%expediPons%over%the%past%
century.%

•  Only%a%few%areas%have%been%intensively%sampled%and%mapped,%mainly%in%the%
vicinity%of%permanent%ArcPc%observatories.%%

•  Although%an%abundance%of%vegetaPon%plot%data%have%been%collected%for%
various%projects,%much%of%the%informaPon%is%project%specific%and%is%based%
on%sampling%protocols%that%are%difficult%to%compare%across%sites.%%

•  Many%lack:%
1.  Accurate%locaPon%informaPon%and/or%are%not%permanently%marked,%making%it%

impossible%to%accurately%resample%these%sites%or%link%them%to%satellite-based%
observaPons.%

2.  Accurate%taxonomic%informaPon.%DeterminaPons%not%supported%by%voucher%
collecPons,%parPcularly%for%the%cryptogam%species,%which%limits%the%
extrapolaPon%potenPal%of%spaPal%distribuPon%models%that%use%these%data.%%

3.  SupporPng%photos,%soil,%environmental,%and%spectral%data.%



Overview"of"the"talk"

•  Hierarchic%framework%for%vegetaPon%studies.%
•  Circumpolar-scale%pa>erns:%

–  RelaPonship%of%vegetaPon%structure%and%NDVI%to%zonal%pa>erns.%
•  Regional-scale%pa>erns%related%to%sea-ice%and%climate:%

–  Regional%pa>erns%related%to%glacial%history%and%parent%material.%%
–  IPY%ArcPc%transects%(North%America%and%Eurasia):%

•  Methods%of%measuring%vegetaPon%spectral%properPes.%
•  What%we%learned.%

•  Landscape-scale%pa>erns.%
•  Plot-scale%observaPons.%%

–  ArcPc%VegetaPon%Archive.%
•  RecommendaPons.%
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A"hierarchic"framework"for"studying"Arc1c"vegeta1on"
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Remote"sensing"
and"ground>based"
monitoring"tools" Scales,"size"of"areas,"typical"topics,"other"resources"

Integra1on"and"
modeling"tools"



Plot5based%studies%of%plant%communi9es%are%the%founda9on%for%
vegeta9on%studies%at%all%scales%
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Remote"sensing"
and"ground>based"
monitoring"tools" Scales,"size"of"areas,"typical"topics,"other"resources"

Integra1on"and"
modeling"tools"
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Hierarchy"of"mapping"scales"for"
northern"Alaska"reflects"this"hierarchic"

framework"

Circumpolar:"
•  Circumpolar%biodiversity%and%producPvity%

variaPon%due%to%global%climate,%land%
temperatures,%sea-ice%distribuPon.%

Regional:"
•  VariaPon%due%to%geology,%macro-

topography,%climate,%glacial%and%marine%
history,%parent%material,%large-scale%
disturbance%regimes."

Landscape:"
•  VariaPon%due%meso-topography,%landscape%

water%and%snow%distribuPon.%"
Plot:%%

•  VariaPon%to%due%to%pa>erned%ground,%micro-
topographic%variaPons,%small%scale%
disturbances.%



CAFF"Circumpolar"
Vegeta1on"studies"

7%CAVM%version%published%in%the%ArcPc%Biodiversity%Assessment,%
Terrestrial%Ecology%chapter,%Ims%et%al.%2013.%

The%ConservaPon%of%ArcPc%Flora%and%
Fauna%(CAFF)%has%promoted%a%
Circumpolar%perspecPve%for%studying%
the%ArcPc.%%
%
Some%vegetaPon-related%products%
include:%
•  PanArcPc%Flora%(PAF)%(Elven%et%al.%2011).%
•  The%Circumpolar%ArcPc%VegetaPon%Map%(CAVM%

Team%2003).%
•  A%CircumBoreal%VegetaPon%Map%(Talbot%&%

Meades%2011).%
•  Three%chapters%for%the%ArcPc%Biodiversity%

Assessment%(ABA%MeltoJe%2013).%
•  ArcPc%VegetaPon%Archive%(Walker%et%al.%2014).%
%
These%products%provide%a%consistent%
framework%for%studying%circumpolar%
ArcPc%VegetaPon.%
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Arc1c"bioclimate"
subzones"

Alaska%Geobotany%Center:%h>p://
www.arcPcatlas.org/maps/themes/
cp/cpbz%

•  Russian%zonal%%
approach%(Yurtsev%
1994%and%
predecessors).%%

•  Modified%by%Elvebakk%
(1999)%for%the%Pan-
ArcPc%Flora.%

•  Five%subzones%based%
on%dominant%plant%
growth%forms%and%
mean%summer%air%
temperatures.%



Correspondence"between"CAVM"subzones"and""
AVHRR>"derived"total"summer"warmth"at"the"ground"surface"
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Inset"map:"CAVM%bioclimate%
subzones.%

Main"map:"ZonaPon%derived%
from%AVHRR-derived%ground%
surface%temperatures.%%
•  Summer%warmth%index%(SWI)%is%

the%sum%of%mean%monthly%
temperatures%above%0˚C%%
(1982-2003)%(Raynolds%et%al.%
2008).%

%
•  Strong"general"

correspondence"between"
the"two"maps.""

Raynolds%et%al.%2008,%RSE.%



Discrepancies"between"the"CAVM"and"SWI"zonal""maps"
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•  All%climate%staPons%along%
the%coast.%

•  Interior%of%the%Yamal%
Peninsula%is%warmer%than%
depicted%on%the%CAVM.%%

Overall,%the%SWI%map%
provides%more%detail%

regarding%steep%temperature%
gradients%in%mountains,%on%

islands%and%coasts.%

CAVM%subzones% SWI%subzones%
Yamal"and"Gydan"peninsulas,"Russia"
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Climate
Land Surface Temperature

Summer warmth index
Precipitation

Sea Ice
Distribution
Longevity

Vegetation
Structure
Composition        NDVI
Biomass

Terrain
Soil

Bedrock
Topography

Human and wildlife land use
Forage availability

Desertification, grassification, shrubification
Firewood availability

IPY"Greening"of"the"Arc1c"Project"
Examined%the%quesPons:%%
•  How%do%circumpolar%and%regional%NDVI%trends%relate%to%sea-ice%and%land-

temperature%trends?%%
•  And%to%in%situ%measurement%of%vegetaPon%composiPon%&%structure%and%

the%environment?%

Significance"of"sea>ice,"climate"and"vegeta1on"
change"to""

Arc1c"Social"Ecological"Systems."

Sea>ice"and"Time>Integrated"NDVI"
change""

(1982>2014)"

Bha>%et%al.%2010,%updated%to%2014.%
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TI>NDVI"increasing"and"sea"ice"decreasing:"
•  Beaufort"Sea"(+,+)"
•  Baffin"Bay"(+.+)"
"
TI>NDVI"decreasing"and"sea"ice"increasing:"
•  East"Bering"(>,>)"
"
TI>NDVI"is"decreasing"and"sea"ice"
decreasing.""
•  Barents"(>,+)"
"

"
"

Are"changes"in"sea>ice"affec1ng"regional"land"temperatures"and"
greening"pa5erns?"

Sea>ice"and"TI>NDVI"change""
(1982>2014)"

East%Bering%Sea%

Beaufort%Sea%

Baffin%Bay%

Barents%
and%west%
Kara%seas%

Bha>%et%al.%2010,%updated%to%2014.%



Examples"of"regional"1me>series"trends"in"open"water,"summer"
land"temperatures,"MaxNDVI"and"TI>NDVI"
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Bha>%et%al.%2010,%updated%to%2014.%

Regional"divisions"in"marine"environment"with"
corresponding"phytogeographic"sectors"on"land"

East%Bering%Sea%

Beaufort%Sea%

Baffin%
Bay% Barents%

Sea%

Treshnikov%(1985%modified)%&%Yurtsev%(1994)%%

MaxNDVI%%+35%"""TI-NDIV%+19%"

Beaufort""Sea"

SWI%+2%%%%%%%%%%%%%%%%%Sea%Ice%%>"49"%%

South"Barents""Sea"

MaxNDVI%%>2%"""TI-NDIV%>3%"SWI%%%>6%%%%%%%%%%%%%Sea%Ice%%>39"%%

East"Bering"Sea"

SWI%%%+5%%%%%%%%%Sea%Ice%%+3%% MaxNDVI%%>5%"""TI-NDIV%>8%"

MaxNDVI%%+40%"""TI-NDIV%+64%"

SWI%%%+109%"""Sea%Ice%%>"53%%
Baffin"Bay"



How"does"the"in>situ"vegeta1on"relate"to"the"pa5erns"seen"
from"space?"%
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North"America"Arc1c"
Transect"(NAAT)"

Raynolds%et%al.%2012.%Remote%Sensing%Le/ers.%

Eurasia"Arc1c"
Transect"(EAT)"

NAAT:"ConPnental%ArcPc%
climate,%relaPvely%low%grazing%
intensity,%mix%of%geologic%
substrates.%%
"
EAT:"MariPme%ArcPc%climate,%
high%reindeer%grazing,%
relaPvely%consistent%marine%
sediments%(loams%and%sands)%
at%most%sites.%
"

Examined"regional"
differences"in"zonal"NDVI>
biomass"rela1onships"along""
two"Arc1c"bioclimate"
transects."



Sampling"protocol"along"the"Eurasia"
Arc1c"Transect"(EAT)"
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!

!  Five%50-m%transects,%500%point%measurements%at%0.5-m%intervals%(species%composiPon%top%and%bo>om%of%
plant%canopy,%spectrometry,%LAI,%NDVI,%thaw%depth).%

!  Five%5-m%relevés%(species%composiPon,%site%factors,%soil%properPes,%soil%temperature%(i-bu>ons).%
!  Five%20%x%50%cm%biomass%harvests%(sorted%according%to%plant%growth%forms,%live-dead,%woody-foliar).%
!  1%soil%pit%with%complete%descripPon%and%soil%analysis.%

Grid%on%zonal%vegetaPon,%Krenkel,%Hayes%Island,%Russia.%%



 
NDVI%&%LAI%Soils%

Field%data%collected:%

Plant%Biomass%%

 

Ground%temperatures%

AcPve%layer%

Plant%Cover%and%species%
composiPon%

Integrated"field"studies"of"permafrost,"soils,"vegeta1on"
and"spectral"proper1es"
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Biomass clip harvest 

8 7 6 

5 4 

1 3 2 
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"""""""""""""""""""""""""""""""""20"x"50"cm"clip"harvest"
"""""""""""""""""""""""""""""""
%%%%%Forbs%%%%%%%%%%%%Graminoids%%%%%%%%%%%Dwarf%Shrubs%%%%%%%%%Horsetails%%%%%%%Mosses%%%%%Lichens%
%
%
%%%%Live%%%%%%Dead%%%%%%%%%Live%%%%%%%%%Dead%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Live%%%%%%%%%Dead%%%Live%%%%%%%%%%Dead%%%Live%%%%%%%%%%Dead%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Evergreen%%%%%%%%Deciduous%
%
%%%%%%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Woody%%%Foliar%%%%Woody%%%%Foliar%
%
%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%Live%%%Dead%%%%%%%%%Live%%%Dead%

Biomass"sor1ng"according"to"plant"func1onal"types%

18%
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NDVI"vs."total"
aboveground"
phytomass"

rela1onship"is"
nearly"the"
same"along"

both"transects."

Raynolds%et%al.%2012,%RSL.%



Differences"in"biomass"and"
canopy"structure"along"the"

two"transects."
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NAAT" EAT"

Generally"more"cryptogam"
biomass"along"the"EAT."
(More"mari1me"climate?)""

More"evergreen"shrubs,"
graminoids"and"total"vascular"
plant"biomass"along"the"NAAT."
(Less"grazing?)"

Green"vascular>plant""biomass"
generally"lower"in"the"High"
Arc1c"of"the"EAT"(colder,"
snowier"condi1ons?)."

Total"vascular"and"nonvascular"aboveground"biomass"

Total"vascular"aboveground"biomass"

Live"foliar"frac1on"highlighted""

"""""""""""""""""""Total"live"foliar"

High"Arc1c"""""Low"Arc1c" High"Arc1c"""""Low"Arc1c"

20%



Understanding"the"varia1on"in"horizontal"and"ver1cal"structure"of"vegeta1on""
with"respect"to"summer"temperature"is"the"key"to"understand"zonal"varia1on"of"

spectral"proper1es."

21%

Factors"affec1ng""the"NDVI/Biomass"rela1onship:"
•  Horizontal"structure"(cover"of"plants"vs."bare"soil),"
•  Ver1cal"structure"(number"of"layers,"height"of"the"vegeta1on),"
•  Amount"of"dead"or"woody"vs."green"foliar"biomass,"
•  Dominant"plant"func1onal"types.""

A:"No%shrubs.%%
B:"Prostrate%dwarf%shrubs%(<10%cm%tall).%
C:"Hemi-prostrate%dwarf%shrubs%(<25%cm%

tall)%and%prostrate%dwarf%shrubs.%
D:"Erect%dwarf%shrubs%(<50%cm%tall).%
E:"Erect%dwarf%shrubs%and%low%shrubs%

(>50%cm%tall).%

Shrub"stature"is"par1cularly"important.%



Theore1cal"ver1cal"and"horizontal"structure"of"zonal"Arc1c"
vegeta1on"
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•  Erect"shrubs"(>20"cm"high)"are"
generally"absent"in"the"High"
Arc1c,"but"increase"
exponen1ally"in"height"and"
cover"in"the"Low"Arc1c."

"
•  Horizontal"covers"of"mosses"

lichens"and"graminoids"
increase"most"strongly"with"
temperature"(and"soil"
moisture)"in"the"High"Arc1c."

(Based%on%Walker%et%al.%2005,%Table%1,%and%informaPon%from%Matveyeva%and%Chernov%1998).%%
22%



But"to"fully"understand"the"NDVI"informa1on,"we"also"need"to"examine"other"
parts"of"the"landscape,"par1cularly"what"is"happening"in"riparian"habitats."
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•  Ver1cal"and"horizontal"structure"of"erect"shrubs"increases"drama1cally"with"temperature"
in"Low"Arc1c"riparian"areas"compared"to"zonal"sites"(note"change"of"ver1cal"scale"for"
riparian"ver1cal"structure).""
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Height""and"growth"rings"of"Salix%lanata%along"the"Arc1c"Alaska"
coastal"temperature"gradient"

24%

Coastal"temperature"gradient"
along"the"Dalton"Highway"

Maximum"height"of"willows"in"open"
tundra"vs."riparian"habitats"

Growth>ring"widths"of"Salix%lanata%
in"open"tundra"environments.%%

•  Riparian"willows"show"
strong"growth"response"to"
increased"temperature"
south"of"Prudhoe"Bay.""

•  Open"tundra"willow"
response"is"rela1vely"
subdued."

•  Likely"due"to"rela1vely"
warm"soils"and"high"
nutrient"fluxes"along"
streams"compared"to"cold"
nutrient>poor"soils"of"
open"tundra"sites."

Walker.%1987,%Can.%J.%Bot.%
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•  The"zonal>biomass"—"
NDVI"rela1onship"may"
be5er"be"described"by"
two"equa1ons:"

•  High"Arc1c"(strong"
linear"rela1onship"
below"about"500"g/
m2),"

•  Low"Arc1c"(nearly"flat"
above"about"500"g/
m2)."

Raynolds%et%al.%2012,%RSL.%

High"Arc1c"
(subzones"A,"

B,"C)"

Low"Arc1c"
(subzones"D"and"E)"



Conclusions"from"EAT"and"NAAT"biomass"effort"
Biomass"trends:"%
•  InterprePng%the%NDVI-biomass%relaPonships%requires%a%be>er%

understanding%of%the%ground%condiPons.%
•  The%previous%interpretaPon%of%the%biomass%NDVI%relaPonship%as%a%

conPnuous%curve%may%be%be>er%interpreted%as%two%curves%that%represent%%
a%state%transiPon%from%dominance%of%prostrate%shrubs%to%erect%shrubs%at%
the%High/Low%ArcPc%boundaries.%%

Methods:"
•  More%transects%and%sampling%are%needed%to%confirm%these%trends.%
•  With%some%modificaPon,%this%relaPvely%simple%sampling%method%used%

along%the%EAT%could%be%used%by%other%researchers%to%monitor%ArcPc%
phytomass%consistently%across%the%ArcPc.%

•  A%network%of%sampling%locaPons%could%be%set%up%at%many%locaPons%
including%most%of%the%ArcPc%Observatories.%

•  More%effort%is%needed%to%sample%riparian%and%other%habitat%types%along%the%
climate%gradients.%

% 26%



A"closer"look"at"the"prostrate>shrub/erect"shrub"
transi1on"at"the"regional"scale,"North""Slope,"Alaska"
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Landsat-derived%classificaPon%by%Muller%et%al.%1999.%IJRS.%

•  Boundary%between%graminoid,%prostrate-dwarf-shrub%tundra%and%graminoid%erect-
dwarf-shrub%tundra%is%striking.%%

•  Corresponds%to%a%climaPc%boundary%(subzone%D%and%E)%and%pH%boundary%(nonacidic%and%
acidic).%



Kuparuk"River"region"(southern"part"of"the"NAAT)"

28%

LANDSAT""
False>color"infrared" Vegeta1on""

North"of"the"pH""
boundary:"Abundant%
bare%soil%(frost%boils)%and%
dead%sedge%vegetaPon,%
few%erect%shrubs,%low%
NIR%reflectance.%%
%
South"of"the"pH""
boundary:"Abundant%
erect%shrubs,%high%NIR%
reflectance.%%
%
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Landscape>level"rela1onships"
Map"themes"for"the"Upper"Kuparuk"River""

29%



Landscape>level"analysis""
Glacial"geology"&"SPOT>derived"NDVI"rela1onships""

in"the"Upper"Kuparuk"River"region"

•  Younger"to"older"surfaces"spanning"about"
125,000"years"

•  General"increase"in"NDVI"and"total"landscape"
biomass/unit"area"with"landscape"age.%

•  Note:"The"structure"of"the"landscape"
changes"with"age,"with"a"lot"more"water"
tracks"(drainages)"with"large"amounts"of"
shrubby"biomass.""

30%Walker%et%al.%1995,%Polar%Record%

125,000"yr"old"60,000"yr"old"

11,500"yr"old"



Linkage"of"Upper"Kuparuk"River"glacia1on"study"to"
plot"NDVI"and"biomass"data"
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60"plots:"Biomass"&"NDVI"(PS>2,"SPOT)"(Walker"et"al."1995)"



Analysis"of"Toolik"NDVI>biomass"rela1onship"
by"different"groupings"of"the"plot"data"
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Biomass"vs."Field"NDVI"

Individual"plots"

Centroids"of"16"community"
types"
R2"="0.856"

R2"="0.267"

Centroids"of"4"broad"
physiognomic"groups"
R2"="0.909"

Comparison"of"SPOT"NDVI"vs."Field"NDVI"

Centroids"of"vegeta1on"
map"categories""

Range"of"mean"NDVI"values:%%
Field:"0.52%(dry%nonacidic)-0.83%(shrublands)%
SPOT:"0.40%–%0.53%

R2"="0.899"

Shippert%et%al.%1995,%Polar%Record%



Interpreta1on"of"vegeta1on"at"all"scales"is"based"on"plot>level"
surveys"of"vegeta1on,"soils"and"site"factors"""

33%

Walker%et%al.%in%
Reynolds%and%
Tenhunen%
(1996).%%

Toposequence%at%Imnavait%Creek%(Sagavanirktok%glacial%surface,%125,000%yr%old)%



Plot>level"observa1ons"
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The%ideal,%uses%the%Braun5Blanquet%approach%plus%some%
modern%addi9ons:%%
•  Homogenous"cover.%
•  Minimal"sample"area:"sufficient%to%contain%>95%%of%species%in%the%

associaPon.%%
•  Replicated:"in%plant%associaPons%that%repeat%themselves%in%the%

landscape.%
•  Plant"species>cover"es1mates:%all%species%(vascular%plants,%lichens,%

mosses).%
•  Canopy"structure:%height%and%horizontal%cover%of%vegetaPon%layers,%

cover%of%plant%funcPonal%types.%
•  Site"descrip1on:%coordinates,%elevaPon,%photos,%slope,%aspect,%soil%

moisture%regime,%snow%regime,%pH,%landform,%parent%material,%geology,%
surface%geomorphology,%ALT,%disturbance%types%and%degree,%stability.%

•  Permanently"marked"corners.%
•  Clip"harvest"for"biomass."
•  Soils:%profile%descripPon,%collecPon%of%top%mineral%horizon%for%physical%

and%chemical%analyses.%
•  Spectral"proper1es:"hand-held%LAI,%spectroscopy.%%%
%



Alaska"Arc1c"Vegeta1on"Plot"Archive"
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Fisher,%%S.%Hennekens,%M.K.%Raynolds,%J.%Sibik,%M.D.%Walker,%L.M.%Wirth%

%%
Collaborators:%K.%Boggs,%T.%Boucher,%H.%Bültmann,%D.J.%Cooper,%F.J.A%Daniëls,%J.J.%Ebersole,%S.C.%

Elmendorf,%W.A.%Gould,%B.D.%Hollister,%C.%Iverson,%A.%Kade,%M.T.%Jorgenson,%M.T.%Lee,%M.H.%MacKenzie,%
R.K.%Peet,%U.%Schickhoff,%V.%Sloan,%S.S.%Talbot,%C.E.%Tweedie,%S.%Villarreal,%P.J.%Webber%

%
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The"European"Vegeta1on"Archive:"A"methodology"for"handling"
massive"vegeta1on"databases."

%

61"databases,"1,027,376"plots"

Vegetation Databases for the 21st Century
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The"Arc1c"vegeta1on"archive"is"modeled"aqer""
the"European"Vegeta1on"Archive"(EVA)."
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Turboveg"
Database"management"system"
for"the"storage,"selec1on,"and"
export"of"vegeta1on"data"
(relevés).""

!  Free"for:"
•  private"use"
•  students"
•  ins1tutes"or"universi1es"which"

don't"have"sufficient"
resources"to"buy"the"soqware."

!  Easy"import"into"vegeta1on"
analysis"programs"(e.g.,"JUICE,"
Twinspan,"Canoco,"Excel,"
Mulva).%%

Hennekens,%S.%M.,%&%Schaminée,%J.%H.%J.%(2001).%
TURBOVEG,%a%comprehensive%data%base%
management%system%for%vegetaPon%data.%
Journal%of%Vegeta:on%Science,%12,%589–591.%

Species"data"and"a"select"set"of"environmental"header"
data"are"in"a"single"Turboveg"database"and"separate".csv"

files"for"each"dataset"

h>p://www.synbiosys.alterra.nl/turboveg/%
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Data"portal"

2013."Alaska"Arc1c"Geoecological"Atlas"
data"portal"
"
•  Housed"at"the"Geographic"Informa1on"

Network"of"Alaska"(GINA),"UAF."

•  Includes"the"AK>AVA"(plot"archive)"and"AK>
AMA"(map"archive)."

•  Web"Link:"h5p://alaskaaga.gina.alaska.edu/"
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A"synthesis"of"data"from"Arc1c"Alaska"vegeta1on"plot"studies"+"
remote"sensing"and"map"products"derived"from"these"studies."

Three"major"components"of"the"geoecological"atlas%

Plot%Archive%Map%Archive%

Data%Portal%

39%



"
Data"currently"in"the"AK>

AVA"Plot"Archive"

40%

•  16"completed"datasets."
•  1603"plots."



Preliminary"
cluster"analysis"
of"AK>AVA"data"

Full"dendrogram"showing"
all"relevés"

•  1603%plots%analyzed%
according%to%florisPc%
similarity.%

•  17%high-level%clusters%
(above%the%red%line)%show%
the%highest%“separaPon%
power”%(next%slide).%

%
•  The%two%bo>om%color%

bars%show%the%habitat%
type%and%datasets%of%the%
plots.%%

Sibik%et%al.%2015%in%prep.%41%



Sibik%et%al.%2015%in%prep.%

Sibik%et%al.%2015%in%prep.%

Cluster"A:"Wet%tundra,%wet%snowbeds,%riparian%shrublands,%poplar%groves,%azonal%and%pioneering%communiPes:%%684%plots.%
Cluster"B:"Acidic%tundra%types%including%tussock%tundra,%dry%dwarf-shrub%heaths:%233%plots.%
Cluster"C:"Most%alpine%plant%communiPes%with%high%cover%of%forbs%and%grasses:%269%plots.%
Cluster"D:"Dry%non-acidic%tundra%and%steppe%tundra%vegetaPon:%382%plots.%

Preliminary"cluster"analysis"of"AK>AVA"data:"Top"4"and"top"17"subclusters:"sorted"by"
habitat"type"and"dataset.""
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Recommenda1ons"for"monitoring"future"
biomass"and"produc1vity"changes"

1.   Arc1c"Observatories:"Fulll%vegetaPon%surveys%at%all%locaPons,%with%permanently%
marked%and%replicated%vegetaPon%monitoring%plots%established%in%the%full%range%of%
habitat%types.%%

2.   Consistent"criteria,%including:%%%
•  Methods%for%marking%plots.%
•  Methods%for%surveying%plants%and%the%environment.%
•  Full%species%lists%for%the%vascular%plants,%bryophytes,%and%lichens.%
•  Methods%for%collecPng%and%analyzing%phytomass%and%ground-based%spectral%

data.%%
3.   Periodic"resurveys"(perhaps%every%5-10%years)%including%ground-based%

measurements%of%biomass,%leaf-area%index,%and%NDVI.%%
4.   Link"informa1on"to"maps"using%InternaPonal%standards%for%vegetaPon%classificaPon%

and%mapping.%
5.   Coordinated"observa1ons"by"other"specialists"on%the%same%plots%(e.g.,%soil%

scienPsts,%permafrost%scienPsts,%remote-sensing%specialists,%and%animal%ecologists).%%
6.   Areas"of"special"concern"and"“hotspots”"of"produc1vity"or"biodiveersity:%Need%to%

also%survey%criPcal%areas%not%represented%at%the%observatories.%%
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Conclusion"
•  Although%space-based%methods%of%monitoring%are%the%only%means%to%

detect%circumpolar-scale%pa>erns%of%producPvity%and%biomass%changes,%
the%satellite%data%cannot%detect%changes%to%diversity%of%ArcPc%species%or%
many%of%the%subtle%structural%changes%or%changes%to%ecosystem%
processes%that%can%only%be%observed%with%coordinated%ground-based%
monitoring.%

•  Moving%forward%with%our%exploraPon,%descripPon,%and%analysis%of%the%
vegetaPon%in%the%ArcPc%tundra%biome%will%require%greater%a>enPon%to%
unified%collaboraPve%approaches%to%improve%sampling%and%sharing%of%plot%
informaPon.%%

•  High%priority%should%be%given%to%developing%plot-based%survey%methods%
and%datasets%that%lend%themselves%to%hierarchical%studies%at%landscape,%
regional%and%panarcPc%scales%using%remote%sensing.%
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