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UAF " One node in a global Arctic Nerwork




77e University of Alaska Farrbanks. a reasurefiouse of
arcric geosparial imnformarnon

»  /Internarional Arcric Researc/r Center
({ARC)

»  /ustiture of Arcric Brology (IA5)

°  Geophysical lnstitute (G1)

. Warer and Environmenital Researc/
Center (WERC)

o Joolik Field Station (7F75)




We are proposig.

A prototype Arctic GLS nerwork node based ar t/e University of Alaska
Larrbanfs (OAF),

Develop a web-based geoboranical arlas jocused on /e 7oolik Lake
Lield Station and the Nort Slope.



Locus on e geoboranical dala sers

o Jegetarion

o Soils

o Landforms
* Geology

o [vadrology

» Remore sensing
dala

Lundy Fiord, Avel Heiberg [sland
Crizical mnformaiion Jor

researc] anid. ..



...5crence support ar te 10o0lik Field Station and
Kuparuk River region
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Wiy Zoolik Lake and Kuparuk River regron?

Plhoro. Rich Flanders

o Long fiistory of researc/;
assoclared withh Arctic LTER,

Lmnavair Creefk site, and many
sizes along the Dalton Highway.

o Prudfioe Bay arnd t/e Tras-
Alaska Prpeline are within /e
Kuparuk River region, enfiarncing
e applied aspects of 1e G/S.

o Availabiliry of many npes of
sparial data nor available
elsewsere.

o Luisiing fiierarchiical
geoboltanical allas of t/2e region.



Live UAF subnodes mireraciing fo serve Nori#
Slope geospartial infornalion

GEOGRAPHIC INFORMATION

L4 Geograpliic lnjormation Nerwork of Alaska (GINA)

Netwons oF fLasua

UNIVERSITY of ALASKA

* A Region Supercompuring Center (ARSC)

o Joolik Lake Freld Starion GLS

» Alaska Geobotany Center (AGC)

- o Warer and Environmernial Kesearc/r Center (WERC)



Alaska Geograpliic lnjformation Network
(G/INVA)

GEOGRAPHIC INFORMATION

Nerwory or fluasu

UNIVERSITY of ALASKA
Fart of GINA's goals are fo.

o /nfegrate geospatial mformation and satellite image data iifo e
URIVersity s mission of providing fgh-qguallty educatrion and basic research
opporiuniies.

o Create new capabiliry jor serving Alaska s needs fo monitor natiural
resources, narural fazards, and the epjects of climare change.

GINASs role in the proposed node.

o Gualteway 1o 1oolik Lake G/S, t/he Geobotanical Arlas, and othier Nortt Slope geospatial databases with links o
olther Staltewide, nationdl, and crrcum-arcric clearigRouses.



Arcric Region Supercompuring Cernter
(ALSC)

ARSC

WWW.drsc.edu

Lart of ARSCs goals are t0.
* Support 11g/ performance computarional researcs i Science and engimneering willl an enprasts on
/11g/ latitudes and the Arciic.
* Provide h1gh performance compHianondl, Visualizarion, nemorking and dala SI107age 17esources Jor

researchiers within the Universiry of Alaska (UA), other academic and screntific mmstitutions, and
government agerncies.

ARSCs role in the proposed rode.

o Provide 10 GINA the /1g/; speed computational, nermworking, and dala SI0rage 7esources neécessary
Jor fuandling nmassive anounls of sparial imjornuarnion.



Jo0lif freld Siarion GLS Facility

\K FIELD s7,
" 7o,

ARCTIC BIOLOGY

Fart of the facility s goals are l0.
* Support the scrence mission of e Station Dy providing f1g/7 qualiry

maps, GIS-based products, and analysis 1o users.
o Support managemernt of the 1o0olik Lake natural resources.

Z7%e jfacility s role in the proposed rode.

o Provide the link between users in e field and the geobotanical
G/

o Fully develop the Toolik Narural Resource 7ool and otter tools for
application of the Geobotanical G/S! I~




Alaska Geoborany Center (AGC)

AGCS goals are l0.

» [aplore and understand global nortiern 7egions.

trough GLS, remote sensing, and ecosystent analysis.
o Lducare students and the public abour northerin systents

and Issues.

AGCS role in the proposed rode.

o Develop and manage data within the Arctic
Geoboranical Atlas.
o [Fully documernt the Atlas information t/7oug/h
publicarions and digital meladala.
o Develop a web-based [IMS interface for the Arlas.




Warer arnd Environmernial Researc/
Center (WERC)

WERCs role 7n the proposed node.

o Help develop the visualization products of te
geobotanical allas.

o Provide the /igh resolution DEM jor the Kuparuk
Rrver basin.




Componerniss of a UAF node

r Northern Alaska GIS Network

Zoolik G[SH AGC H WEA’C’] UIZ; North
Faciliyy Slope

rodes nodes




Lurt of an ARCSS arnd Crrcum-Arciic GLS NVerwork
\

Crrcum-Arctic GIS Network
UNESCO/Grid-Arendal

For example: / \\\

OIéef narronal G/S nermworks

ARCSS US Arcric G/S Network

/
VECOADCCIOSS
/ i/lGﬂC

Other
Alaska G/S
Nodes

g ]

Orher Nortk
UAF Slope
nrodes nodes




A web-based
Circumpolar Arciic Geoboranical Ailas

HOME | ATLAS STRUCTURE | MAPS | PHOTO DICTIONARY | CONTACT US

»  Collection of geobotanical maps and supporting documerniation jor e Arcric.

o Cuvent collection is a jusion of tree large G/LS ejjorzs.
—  Crrcumpolar Arctic Vegetation Mapping project,
—  Ruparufk River basin geobotanical allas,

—  Prudhoe Bay geobotanical atlas and cumulative impact stdles.

o Maps are currently in PDF jormar.



Lrocesses of Arclic cluange
operare across sparial scales
ar difjer by /5 orders of

7714 9TITHUE.

o Documernting and predicting
change requires a broad range
of map scales.

o The fizearchiy of maps i te
Atlas cover scales spanning [/
orders of magnitide.

Event frequency (log of years)

Event frequency (log of years)

Conti I Drift and Geological Uplift

Natural changes

Climate fluctuations associated
with glaciations

Annual fluvial erosion
and deposition

Snowbank
formation
and melting

S Megascale

Material sites, gravel mines,
roads and large gravel pads

Roadside
dust

Spatial data bases
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77e 4-Dimensional Framework of t/2¢ Arctic
Ceoboranical Arlas

L. Horizontal Dimension: Extent of Coverage

1. Vertical Dimension: Hierarchy of Scales

: Circumpolar Scale Geology
u l Hydrology
/ / .’ Landscape Scal Soib
RUNEQE e Uk 11 Vegetation
l Depth Dimension:
— Regional Scale Area Attributes
Plot Scale
\J
1V, Time Dimension: Historical Change . . .
t >
1 I T I

1975 1985 1995 2005




o Planer 1o plant scales. §
scales mn all for some

areas of e Kuparuk
River basin.

Lrerarchiy of map scales

- Circumpolar Arctic - -
- 7,100,000 sqkm N5 25

22.sqkm

Toolik Lake

AT

2o
Permanent Study Plots at Each Grid Point \ / ™ 2 o
1x1-m %

Research Grids at Intensive Study Sites ~~ ~. "~ . | | 7 :

7 .7 sqkm
Study Regions = S~
-
S
P
S T,
Upper Kuparuk River Region s il

&S

Imnavait Creek

Kuparuk River Basin
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Global-scale. 1/7¢ CAVIM

Circumpolar Arctic Vegetation
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Vegerarion plus & ancillary data sers

Making the Circumpolar Arctic Vegetation Map

The denof e Circumpola Arcic (CAVM gt A
_-a-u-“mh m.ll. 1995
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Informarion avarlable from the CAVM jfor nortiern Alaska

Maximum NDVI

North Slope, 1:4,000,000

150'W | 145'W | 140w\
|:| Dry Prostrate Dwarf-shrub Shrub Tundra and
Tundra and Barrens ather Shrublands
[[] Moist Sedge, [ ]wet Sedge Tundra
Dwarf-shrub Tundra (nanacidic) [ Neodie Leaf Forest
] Maist Tussock-sedge,
Dwarf-shrub Tundra (sandy, acidic) Bwaer  [ice
[] Moist Tussock-sedge, [l shadovsiNo Data
Shrub Tundra (nonsandy, nonacidic)

Arctic Bioclimate Subzones R )

Seward
Peninsula

Intensive Study Sites

86N Subzone D

50 100 150 200 km Y LA j\é

Landscape Units Generalized Bedrock Geology
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L[rerarchy of Databases jor 12e Kuparuk River basin

Northern Alaska
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77 regional scale. Some Kuparuk River Basin dalabases

Kuparuk River Region (1:250,000 scale)

Vegetation
il [ ]Barrens
E Moist non-acidic tundra and dry tundra
’ Moist acidic tund
o Current dala bases mclude. Shrube
Wet tundra

: ]éﬁﬂg]’dﬁ é)’ Water

> Avdrology g Soude and ice

*» Jegerarion Il No data

’ /VDV/ Methane Flux

» Active layer deptt T =

o Methane flux Fs

[
» Mosr are derived from remole-sernsing arobey /
data, Landsar MSS. porw s v
o Geoboranical maps are needed ar 1/is pas
Tz False Color Infrared Image : =
15 R 14911 '\
q f >

» Maps ar the t/iis scale and all other e
scales within the basm need fo be co-

registered 10 a conmmnon figh-resoliiion
lopograpliic base nap.
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GLACIAL GEOLOGY wwe UPPER KUPARUK RIVER REGION

LANDYORMS w e UPPER KUPARUK RIVER REGION




Recenr application of /.25, 000-scale database

Vegetation of the Upper Kuparuk River Region in relationship to glacial geology and surficial geomorphology
A Research Experience for Undergraduates (REU) project
C.A. Munger and D.A. Walker, Alaska Geobotany Center, Institute of Arctic Biology, University of Alaska Fairbanks

Poster presented at the 54th Arctic Science Conference, Fairbanks, AK, September 22-24, 2003,

Introduction: The main factors controlling mesoscale vegetation patterns in the Upper Kuparuk River Region are landscape e
age and surficial geomorphology. The complex topography of the region is the result of glacial deposits from three major

glaciations: the Sagavanirktok (mid- Pleistocene), Itkillik 1, and Itkillik 1l (late Pleistocene). Surficial geomorphological features

are created through alluviation, colluviation, and periglacial processes . This poster examines the relationship between vegetation,

glacial geology, and surficial geomorphology in the Upper Kuparuk River Region through area analyses of the three maps.

Glacial Geolog Surficial Geomorphology iy s, s s g e o e o i

Vegetation Complexes Sy s ey Mk e s
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Vegetation Vegetation and Glacial Geology Vegetation, Glacial Geology, and Surficial Geomorphology

The vegetation of the region is divided into eleven vegetation complexes, which are T e e Fes e e sy e r g e g el ar (H FiE S Sagavanirkiok I, [tkilik I, and Itilik Il glacial deposit surfaces each have characteristic surface geomorphological features.
subdivided into 33 plant community types and 17 subtypes (M.D. Walker, et al 1994; I e DT e DU R ST D BT G Older surfaces tend to have more well developed and poorly developed hillslope watertracks, shrub tundra, and poor fens
Walker and Walker 1996, Walker unpublished). The zonal ciimax vegetation is tussock R P e e, than younger surfaces. Younger surfaces have more lakes, nonsorted circles, gelifluction features, siripes, and snowbeds.
tundra, Sphagno-Eriophoretum vaginatum consisting of tussock cotlongrass, Eriophorum et e e Al of thesa pattems are a reflection of a rendl towareis morb paaty, wefter upIARd surtaces and Inling of akes in lowand Stes.
vaginatum, a mixture of dwarf shrubs, and mosses. Dryas integrifoliae-Caricetum «ltkillk | surfaces have a more irrsgular topography, steeper siopes, and have many small glacial lakes, kames, and
bigelowii, is common on nonacidic surfaces. Pty —
<ltkillk Il surfaces are the youngest, the most hetsrogeneous, and are characterized by racky terrain, only slightly
aftened moraine crests, and steep flanks. —
The most notable relationship between landscape age and vegetation is the increase in moist acidic tundra and . Sagavanirktok | Il | o kil 1

decrease in moist nonacidic tundra over time. Moist acidic tundra (MAT) covers 27% of the total Itkillk II area, 43%
of the Itkilik | areas, and 66% of total Sagavanirktok | areas. Moist nonacidic tundra (MNT) covers 44% of the Itkilik
Il areas, 17% of total Itkilik | areas, and only 1.5 % of the Sagavanirktok | areas

The development of acidic tussock tundra depends on long-term site stability, This is explained by a
of vegetation succession by which peat formation (paludification) and ice aggradation lead to restricted drainage, a
general acidification of the soils, and the intraduction of Sphagnum mosses to wet hill slopes. The mosses gradually
change the soil chemistry, hydrology, and soil thermal properties resulting in continued peat formation, acidic mires

L i
Orjacenm epar . e g in colluvial basins, extensive water frack development, and tussock tundra on gentle hill siopes (Valker and Walker
- 1996).

arsrs, Gt nrcans A ocarr
chraah o Gem. o 1 G e

Tt ol vl canpie oo

Giacial soqonco n tho Cortral Brooks Range. Modfied from Harmiton (3 el e st

Fos Glaciaion Phase
Foosns Neogadlo =
Torest i T rsadvan (e w2 | Conclusions

I ikl Younger advengs (107) w The ptteme ofvegetaton and micoreit are cleartydiferent on he hree ciferent aged surfaces, Oder suraces are wetter, more

St tundia. phago Sicohoreiun vagiel e Flestooene Oldor advans (64 P — = peaty with acidic tundra; whereas the younger surfaces are drier with nonacidic vegetation and more snowbed vegetation
i T et e e, [ 2. There aro more waleriracks on the older surfaces and more stony areas and imegular microrelef on the younger surfaces

3. The relationship between landscape morphology and vegetation likely have major significance to a wide variety of terrestrial and aquatic
ecosystem properties, such as carbon storage, trace-gas production, wildife use, and stream chemistry.

ko Pleistocena| - Sagavarirkick River

Farly Plasooms | Anakiuwik Fver

Toorenay | Gummghtomtan | oo o = Literature cited:
B ame Hamilton, T.D. 2003. Glacial Geology of the Toolik Lake and Upper Kuparuk River Regions: A contribution to the Geobotanical Allas of the
e (W] G Kuparuk River Region. Biological Papers of the University of Alaska 26, Institute of Ardtic Biology, University of Alaska, Fairban
‘Walker, M.D. Walker, and N.A. Auerbach. 1994. Plant communities of a tussock tundra landscape in the Brooks Range Foalh\\ls Alaska.
Jouma\ of Vegetation Science 5:843-866
Rowngnaton oS pos - Velind Cantapalls o etz Acknowledgments: Walker, D.A. and M.D. Walker. 1996. Terrain and Vegetation of the Imnavait Creek Watershed. Ecological Studies 120:73-108.

Walker, D.A; Unpublished database. Hierarchic GIS of the Kuparuk River Region. www.geobotany.ual.edu. Alaska Geobotany Center.

Thanks to Tako Raynolds, Hirmar Maier, and Christine Martin for alltheir help. This project was funded through NSF grant OPP 9908329

University of Alaska, Fairbanks.

REU Student project poster presented ar the 54141 Arctic Scrence Conference Farrbanks, AK, 2/7-24 Sep 2005
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Landscape scale. Geobolanical maps of t2e 10olik and lmnavair Creef
7€g1071S
Toolik Lake Region (1:5000 scale)

» Databases mnclude.
o Jegerarion (primary, secondary,
rertiary)
o Landform
» Surface geonmorpliology
* Glacial geology
o Percent water cover
o Jopographiy
o Hvdrology
o NDVZ

rajona o Saix rotundtola

......

Tomesthysour aitess Cares bigaiaws.
N Salu chamissanis Carex squatius.
Desshampaia sacaphionn

o /[nformation registered 1o an ortfioploro
lopographiic nap.

Glacial Geology Map  Creet by Tam . tasiios
s RIVF

o Legend terminology and color schenes
are compatible and fierarchical ar all

scales.
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ARCSS) CALIM Grids

Toolik Lake & Imnavait Creek 1:5,000 scale ARCSS Grids

Imnavait Creek, AK

e

o 100 meter UTM grid

| e a——

0200 40 600 800 1600 Meters
— —

o [ x /[ ko grids with 100-m
grid pomnt spacing,
registered 1o orti0phiolo
lopographiic maps and CIR
aerial photograp/lis.

o Simitlar CALM grids exist
ar 7oolik, lmnavarr Creef,
Prudhoe Bay Wesr Dock,
Berry Pingo, Barrow,
Argasuk, Council, Quartz
Creef and other
mnternariondal sizes.

» Addrrional grids are
needed ar Franklin Blufs
and Sagworn fo examimne e

Jull bioclimare gradient mn
northern Alaska.



Ceoboltanical maps of tre ARCSS/ CALM grids

o Geobotanical data incliude vegeration and 8
anctllary data sers.

o Currently, geobotanical maps avarlable jor
e grids ar lmnavair Creek and Toolik Lafke.

Toolik ARCSS/CALM Grid (1:500 scale)

Vegetation - Dominant Comn

Die ue
Histachios Spha-Arius aiios, Betun satm
Mierschios wpha-Arctus apine, Sali puches ||

614400 N

7614200 N

Tomeathyaoun sltens Cares bigaios. Onber

. Sali chwmissans Carex eauatius W Popuius balmnters

Desshampsin sacspitonn -

Ranincuius pedatiidus Pos gauia

000N




Llioto Dictionary.: (inks fo map legernds

GPD - Community Types: Moist Uplands hup//www geobotany uaf edw/arcticgeobot/detmstup. html#sphrub_e..

o Photos and descriptions of legend unils.

Geobhotanical Photo Dictionary

BOME | AT1AS STRECTURE | MAPE FHOTONICTIONARY | CONTACT LS

o Plans call for similar linfs fo PDF files of
 otst Uplands critical literature, and Fxcel files for the
L ACHAC suRsTRATRS SUpporiing plor imjormarion (vegeranor,
Solls, site Jaclors).

ILCIRCUMNEUTRAL SUBSTRATES

LMOIST UPLANDS: ACIDIC SUBSTRATES

rubellum-Eriopho

L MOIST UPLANDS: CIRCUMNEUTRAL SUBSTRATES
Tomentleypnaam nitens-Carex bigelowit menthyprum nitens-Carex Wgelowtt

lof2 172103 3:43 PM
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Llor-scale; [x/-m ploLs ar grid pomis
Microtopography of Toolik Lake Grid

70020 N 7113800 N LD K MHE v i N

1989 Microsite
! Topography and
3 Canopy Structure

Explanation:

‘This matrix of plots shows
the microtopography and
vegetation structure at the
72 1 x 14m plots at the
gridpoints of the Imnavait
Creek Grid. The lower
layer in cach pair of plots
shows microtopography of
the ground surface. The
upper layer shows the height
of the vegetation canopy

at each of the 100 points

in the plots. The colors
portray the microtopography
height classes according to
the legend below.
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B -

Sample point
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1989 Species Composition

at the Top and Bottom
of the Plant Canopy
/ [ JPKClgj WZMZ I'hese matrices of points portray the species at the
top and bottom of the plant canopy at 100 points in
each | x 1-m plot. Colors represent the growth form
/_wp/oy and the symbols plus color represent species.
Evergreen Shrubs Farbs
[ T b A,
& Ol e 7 kg R L aiplen
@ Cigute bypunten o7 ahein LT S
Q) Oyt et
T Dryeractymish = schyutes M Mette e
O Eotmen Lol oy Y Eaam dipass
i Caten gy =7 dasbnr L e
W Tembsbmalybe—m & Nmbrtalinibion
. = Tttt o - 2 Sulimiarty uguiegl ' arwlm
o [O-cmm intervals, 1op and botion of Do s 3
=33 i : “*u L1
the plant canopy. i e
TERRNee  iEET
Grampoid Moneeols Sphagrem
p Sawaskii e
o Plots are permanently located so e e
mdividual pomnts can be resampled v —
. O Meorem it 7 mbwebu -' .'-.'-'"
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CAGA - Toolik Grid Plot Maps

Detail of specres niaps

http://www. geobotany . ualedu/arcticgeobot/thgdplit. html

Toolik Grid Plot Maps
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Species Composition at Top of Plant Canopy

Colors represent plant
Junctional ppes.

Stuape and color represernt planr
species.



Map legend also /fuas links fo /e FPholo Dictionary for species proros

GPD - Lichens hatp/fwww.geobotany uaf edu/arcticgeobot/dsplichen |

Species Composition at Top of Plant Canopy

Tivis mwwsrix af plots porteays sive species el the fop of Mee gilant canopy at
100 poimes ek 1 x Jom plor. Colors represens the grovth forws and the
symbols plus color represent species
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Glacial Geology of e Toolik Lake
and

Upper Kuparuk River Regions

by
" Thomas D. Hamilton

TTworough documentation of mapped
mformarion m peer-reviewed liferatire.
(tor example, Hamilion's description of
glacial geology unirs, IAL Biological
Fapers Serres No. 26)

Documerntation of G/ files 1o National
Standards (Content Standard for Digrial
Ceospatial Metadata, CSDGM).



ArcSDE Architecture

Internet

Web Server ArcGIS Custom Cllents
Clients

Services

Oracle
SQL Server
DB2/Informix




Vision jor a Web-tased 7oolif-Kuparuk River
Ceoboranical Arlas

Link GINA, ARSC, Zoolif G/S jacility, and AGC 7o jormn a nort/iern
Alaska node of /e Arctic G/S!

Develop a /i1ghly mmferactive, /11g/1-speed, Jilly funclional web-based
tizerarchic geobolanical GLS 1o serve tie researcs: needs of te 1oolik
Lield Station and others working witfun e Kuparuk River Basi.
Convert the exisiing maps jrom PDF files o ArclMS files so the dala
are available and jully fincrional over e Web. A major lask 7o
aAccompliss] 1is is fo co-register all maps 10 a commion f1gf-7esoluiion
1opograpriic base map.

Develop the researc/; lools, applications and analyses needed by
researchiers lo access and use data. Fully develop /e 1oolik Natural
Resource 7ool.

Develop visualizarion prodicts and user jizendly miteryaces jfor e
public and schools fo access and use /1e Aas.

Lully documernt the data within e Ailas 17ough publicarions and
Lederal metadala starndards.



Lossible protonpe for GISs ar other Arctic locations. ..

...Lmplasis on e nodes.
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Verzical dimension. scale of niaps

Macroscale Megascale
Macroregion

v

Mesoscale
Microregion Mesoregion

v

Microscale...
Mesosite Macrosite

v

..Microscale
Microsite

(Delcourt and Delcourt, 1988)

Climate
Green biomass and vegetation indices

LINKING

-
-

Trace-gas flux

SCALE, LOCAIIONS, AND
EXAMPLE RESEARCH TOPICS

Extension of Flux Study findings to the circumpolar
Arctic

* Global flux estimates for trace gases, water and energy

/ Circumpolar Arctic (10,000,000 sq km)

Regions (10 - 10,000 sq km)
* Regional patterns of vegetation, NDVI, and fluxes

related to climate and large-scale geologic features
* Regional measures of CO2 flux (alrcraft)
* Hydrology of major rivers

Landscapes (0.1 to 10 sq km)
* Landscape controls on vegetation, NOVI, sodl carbon,
and active layer

* Tower measurements of CO2, ET, and soil heat flux
* Linkages between terrestrial and freshwater systems

Plots (0.1 - 100 sq m)
* Influence of site factors on species, vegetation

communities, NDVI, and sosls
« Spatial and temporal variation of trace-gas (CO2, CHy)
energy and H20 flux

(Walker and Walker, 1991)

INTEGRAIION,
MODELING

~— |9POW INON/ION ADOUDD) ——
- OPOW JSOJOULIDT OUODR]

~———— |9PO IBOPPA ———
e |OPOUL B DOLINS-PULD| i

Iy

(NZD) IPPON WasASOd] PISUSD
FOPOW O30UASOUNY -PUEY] DY
SIO DRPDIOIOH

-
-
-




Deptty dimension.: Map themes or altribures
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Jime dimension. fAisioric c/anges
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G118 A mearns ro bring /e pieces fogeler




G/S s Key ool Jor answering scienfijic and socrelal
GUESITIONS

€ . . .
pe Societal concerns regarding caribou

Contaminants

Lor example.

o [s there a relations/up between vegelarion, waler cover,
lopography and caribou calving success.”

o [s the distribution of annosphierically-transporied contaninanils
controlled by the Arctic Front? And are levels of contaminaris
related 1o phiytogeograpliic subzones.?”

o [s there any danger [fion: conlaninaniis i eanng caripou fiunted
auring the migration of te Central Arctic Herd?

1980-82 Central Arctic Caribou Herd during calving



