Investigation of the Permafrost Table through Multi-resolution Object Oriented Fuzzy Analysis, North Slope, Alaska
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Photo looking south across Galbraith Lake toward Atigun Pass
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Project

This investigation examined the changing surface conditions of a study area near
Toolik Lake, Alaska (see below) and sought to differentiate the surficial geology
and geomorphology, largely influenced by glacial activity, as well as ecology of
the region, in order to characterize the state of the permafrost table. The study
was conducted utilizing remotely sensed images and datasets; as well as, field
data, in order to conduct analysis of the landscape over multiple years. This
information was subsequently used as proxy data to make observations of the
state of the permafrost table which underlies this landscape. This type of
study yielded continuous estimates of the ground conditions without the
need for a lengthy ground campaigns that could have proved difficult in a region such as this.
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Data

g 2 Data implemented for this project

g Niis O RN SR e g included an Advanced Land Imager and
L . T . N S ) Landsat TM scene; as well as, a Digital
T wewo  doa000 420000 Elevation Model with its derivative data.
B, , e Jﬁ souinfiit | Hyperion hyperspectral data was also
S B, e

utilized for this project to obtain spectral
characteristics of the ground surface
along with field data collected with an ASD spectral radiometer. Destriping of the Hyperion
image was conducted within ENVI and the Eclipse development platform utilizing the Java
IDE. All images were atmospherically corrected to retrieve at-surface-reflectance values by
using Fast Line-of-sight Atmospheric Analysis of Spectral Hypercubes or Empirical Line
Calibration where appropriate in order to facilitate cross
scene analysis of the images.
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Landsat TM? (left)

True Color Composite: R3: G2: Bl
Landsat Thematic Mapper image of
the study area captured in August of
1985

Spectral Data Cube (above)

Generated from the Hyperion image near Toolik Lake,
Alaska

Hyperion Hyperspectral Swath* (left):
Red: 32 Green: 22 Blue: 16

Landsat ETM+* (right)
True Color Composite: R3: G2: Bl
Landsat Enhanced Thematic Mapper
image of the study area captured in
July of 1999

VNIR (bands 8 - 57) 0.427 - 0.925 um
SWIR (bands 77 - 224 0.912 - 2.395 um

Spect. Resolution ~10 nm
Resolution (m) 30.38 m
Scene Width 7.7 km

Process Flow

Field Data Collection (below):
Photo of data collection using the ASD Spectral

Radiometer take July 2007 near Galbraith Lake.

Digital Elevation Model® (below):

Shuttle Radar Topography Mission (SRTM) data has been used for this project with
spatial resolutions of 2 arc seconds. This model has been oriented with north toward the
lower left of the scene, also displays the Dalton Highway, Alaska Pipeline and water
features for reference. (Note: this is not SRTM data and has only been used in this figure)
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Land Cover® (above)
Previously constructed land cover classification of a
portion of the study area which has been included in the
discovery portion of the classification. Known surfaces
are compared to spectral profiles in order to catalogue

the properties of materials.
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object-oriented classification of the Results

Covert to ALl image and SRTM. Since classes By using object-based classification of multisensor and

R(GJ'&CEH;V are only partially defined at this multitemporal data we utilize contextual information in
- ) point, the model had difficulty addition to spectral properties for identifying surface units.

dis.tinguishing between some of th? We expect that this approach will yield more reliable results Rich
‘ umt. types. .Note that .thls than pixel-based classification for mapping land cover and 5 Rich Fens
classification s only partially e gurface properties resulting in improved accuracy in change detection. @@ Riparian Shrublands
landsat completed. With respect to “Result 27, using processing steps such as those employed by () Shrub Tundras

(Raw) Leverington and Duguay (1997) or Nelson et al. (1997)%, who achieved average S y
errors less then 10%, results with a high degree of accuracy will hopefully be
produced on a much smaller scale.

Landsat Processing Step (above)

Landsat derived classifications are not represented on this poster;
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Landsat will splice into the data flow process in place of ALI.

Using an object oriented multi-scale segmentation approach, this study employed Definiens
Professional, an image analysis application that, among other things, allowed fuzzy analysis of data and in-
tegration of multiple data types within the same project. Working in conjunction with ENVI (Environment
for Visualizing Images), a model based on spectral properties of the surface materials yielded more robust
results than a standard pixel based classification derived from a training set.

% Definiens Professional Earth - [Toolik - Seg75 of 1: Classification (Linked)] =< Definiens (left) _

- roos Export windon A screen capture of an ongoing surface

File Wiew Image Objects Classification  Process  Tools  Expor indow  Help _ w . . L . .
- =5Ix| classification within Definiens Professional 5

: ikl — - — L . . . .

i = “lT W OO | B 6o 32 S “ l]|| t!ﬂ| & ;E' B | .*| l “lSEE'?5 -4t | - = “|:J-t|§| = | (Definiens AG). This classification was conducted
IR =l x| N ; e & =l x| as a test in the surface exploration phase using a
vode Dlassiy Bandd I3 L basic training set and a nearest neighbor

== mage =11} . . . . .

Image Data Pieel | |BandS 2 (= | % [T classification that took into consideration ALI
E:Qﬂ? 1 (] 4. bands 1-9, Elevation, Slope and Aspect.
] Bllelol @ | |RE
| A
IR = FFE = - -
| Fuzzy Classification
..... . RDad &I '{l‘T_r.rl N .
..... . Structures & Flar'kjng — A ThlS example ShOWS a lake Wlth 10W
=4 Dry Sites @ | BT fornation 2 +] x| \ concentrations of suspended sediment in
EJE o Adde Complex '- | Vae |a] ' the water column. Note that using the
- ' INanacidic | undra "-I H ., e ..
...... g Dry Nonacidic Tundre E ) E:l::n':tpg;?[fg:fas'" 0,950 | current class definitions and training set
------ {2 Dry Monacidic Tundre = : Lake, River or Pond [ 0.648 ! the classification identified this lake
..... {j";;aﬁfehe'j Comple:x : Riparian Complex 0433 = '\ correctly as a lake or pond with low
2-() Moist Sites L ﬁ Alternative Assign... Value \ sediment with a membership value of
L 3 Lake or Pond [Low. 5...  0.350 .
..... {3 Moist Acidic Comple:x o L:k: DFrlivz:-lnr[F'D;:d[ neds > 0.950 (scale 0.000-1.000). Alternative
..... i idi F by ' . ’ / . . .
) Moist Nonscidic Complex SIS 5ol Riparian Complex 0.433 . assignments for this class include lake,

=@ Shrublands |ﬁ . : : Snowbed Camples 0.295 . . .

----- @ Riparian Comnple: ﬂ ok Barren Rock 0.283 : river or pOIld with hlgh SuSpended
.. Salgla-Alneri = i E_fﬁ’hﬂcig': EﬂmdP'HEH ) 3315‘31 : sediment in the water column with a

=@ W ater ‘= ichen Covered Rocks : l . ) .

_____ @ Lok or Pond (Low, 5ed. il L Dry Monacidic Tundra.. 0,164 , membership value of 0.648 and Riparian
..... i igt . p= § ‘wet Nonacidic 0.108 ! Complex with a membership value of
= @ Lake, R"’Ef]”r Fond ':H['_]';"M E : Mu:uliat Acidic Comolex n.1|]:|[1 ]*f / ; 493P p

L 11 > = B o o : L 11 > , . .

4| 4| » | [ Groups 4 Inheritance / . e 4| 4| » | [ Festures } Classifica
FE | l EX

=g | Membership | Mirimumn Dist. | Mean Dist. | Critical Samples | Nurmber of Sampl o] | Zl[=- = Object features ‘s
;I =g EMDErENIp I LIEL, 234 LY=L, rcal o ampile: UrmDer o o ampis: ;I ; | ClaSS Deﬁnltlons

Lake or Pond [Low. Sed.) 0.950 0421 2636 H I [+ »  Clazs-Related features . L .
“ |Lake, River or Pond [High Sed.) 0,643 4.043 19.121 0 12 = Hw Scens features For this example, class definitions and regions
= |Ripanan Complex 0.493 6.591 39.060 0 i ] for trainin here n in all
E snowbed Complex 0. 296 11.340 21.939 0 1 = selected for t a_ ] 5 W ere not adequate 4
~ |Baren Rock 0.289 11.564 Ba11e 0 E3 = cases to fully distinguish between all classes. In
~ |Dmp Acidic Comples 0.254 12,736 J3.608 a 10 = . : .
. Lichen Covered Raocks 0.213 14.419 24825 0 19 -r i v | particular, more information afld/ o paraf‘nete.rs

v Monacidic Tundia Oxvnio-Drvint 0,164 16.822 0948 0 B hd are needed to separate out units such as “Moist
(1901, 1140 = (415955, 22 Meters, 75941 [user defined channel mixing  Linear (1,00%) 33 % |Seq?S(1 [5] 40022 Objects Y Acidic Tundras” and “Moist Nonacidic Tundras”.

Comparison of the Original Classification
and the Derived Test Classification

An enlarged comparison of the original primary
vegetation classification (top left) with the test
classification of the data set consisting of the ALI image
and the topographic information from the SRTM DEM.
(below left). Points of note:

1 — While it is clear that continued work on defining units
needs to be conducted, it is promising to see that with
only limited effort it is possible to start pulling some
surfaces cover types out of the data. Most notably in this
example, Barrens and Fens.

2 — Classes need to be more defined to yield results that
allow for more confidence in the model. In particular for
this example, “Moist Acidic Tundras” and “Moist
Nonacidic Tundras” need more work.

3 — While not all materials were identified correctly the
general shape of many units has been extracted relatively
well.

A Source of Error

There are several factors that should be mentioned as
possible error sources for this particular example. While
the main goal of the classification was vegetation
mapping, we haven't examined yet how much the spectral
signatures of the underlying soils influenced the
classification. Moreover, the elapsed time between the
compilation of the original land cover map and the ALI
image acquisition is great enough to cause actual surface
changes.

Original Land Cover Classification® (above)
Vegetation map featuring primary vegetation for a portion of
the study region. (see Legend)

Previous studies conducted have utilized datasets that were largely moderate spatial and low spectra
resolution. This study employed datasets that are also moderate spatial resolution but were reinforced with
high spectral resolution data provided by Hyperion, resulting in a more accurate assessment of the surface
materials and increased confidence in the model. Additionally, by first segmenting the datasets it was
possible to utilize textual and contextual information that is typically lost in a pixel based classifications.
This type of processing also allowed for automated processing of other datasets which facilitated an efhicient
temporal study and produced datasets that have undergone the same processing steps. This reduced the
possibility of processing mistakes, increased confidence in the resulting surface classifications and
subsequently, increased confidence in the resulting subsurface characterization of the permafrost table
located, in most cases, at shallow depths below.
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