THE O UNIVERSTITY OF ALBERTA

DEM Urainadge As Ancillary gata to Enhance Digital

LANDSAT Classifilcation Accuracies

, - BY
/

. \

Knut OYat Niemann

~

\
+

A THESIS

SUBMITTED TO THE FACULT
IN PARTIAL FULFILMENT OF
THE DEGREE OF DOCTOR

OF GRADUATE STUDIES
THE REQUIREMENTS FOR
OF TPHILOSOPHY.

-

DEPARTMENT OF GEOGRAPHY

SPRING, 1988



National ibrary
of Canada

i+l

o Canada

Canadian Thewes Serviee ervice dea thde

OMaawer o ’w,nh
WA NG

NOTICE

The qualty of this microformis heavily dependent upon the
quahty ot the onginal thesisssubnutted for rucrofinung
Every gffort has been made to ensure the highest quahty of
reproduction possible

If pages are missing. contact the university which granted
the degree

Some pages may have indistinct print especially it the
original pages were typed with a poor typewriter nibbon or
it the university sent us an inferior phQtocopy

Previously copynghted matenals (journal articles. pub
lished tests, etc ) are not hitred

.

Reproduction in fultor in part of fhis microfBrm s govermed
by the Canadian Copyright Act. R5C 1970 ¢ © 30

NL-339 (r. 88/04) ‘

(S

Bibliothéque nahiongle

o1

Canahionnese

y

"~ AVIS

La quahte de cette nucroforme depend grandement de 1a
quanhté de la these sounuse ao microtMage Nous avons
tout fait pour assurer une Qualté supencure de reproduc
tion ) '
S omanque des pages. veullles Aveg
Funiversite gun a confere le grade

communiquert

La qualte dimpression de certames pages peut Lusaer 3
deswer. surtout s1les pages ongmales ont ete dactylogra
prrees a larde d'un ruban useé ou st Funiversite nous a fad
parvenir une photocopie de qualité inteneure

Les documents qui font déja l'objet &un dront dauteur
(articles de revue. tests publies, ete )gne sont pas
microfilmes

la roprﬁhu:tcon, méme partielie de cette microtforme et
soumise a la Lor canadienne sur le drot dauteur. SR
1970 ¢ G330 ,

i

3
it



Permission h been granted

to the National Library of-

Canada .to- microfilm ¢this
thesis and to lend or sell
copies of the film.

The author (copyright owner)
has reserved other
publication rights, and
neither +the thesis nor
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written permisaipn.

~

ISBR

L'autorisation a.été accordée
a Ja Bibliothdque nationale
du Canada de microfilmer
cette thése et de préter ou
de vendre des exempféires du
film.

L'auteur (titulaire du droit
d'auteur) se réserve les
autres droits de publication;
ni la thége ni de 1longs
extraits de celle-ci ne
doivent étre ‘imprimés ou
autrement reproduits sans son
autorisation écrite.

0 315-42839 2



THE UNIVERSITY OF ALBERTA

RELEASE FORM

NAME OF AUTHOR: Knut OlAf Niemann - s

TITLE OF THESIS: DEM\Dralpage as Ancillary Data to Enhance
LY 7
Digital LANDSAT Clasgification Accuracies.

.

DEGREE: Doctor-of Philosophy

YEAR TH1S DEGREE GRANTED: Spring, 1988

-

Permission 1s_hereby granted to THE UNIVERSITY OF ALBERTA

. -

LIBRARY to reproduce single copies of this thesis and to
lend or sell such cop%es for private, sCholarly' ar
scientific research purpéses only.

* The auéhor reserves other publication rights, and neither
the thesis nor extensive extracts from ;t may be pripted o;

otherwise reproduced without the author’s written

permission. : : .

- #301,10745-78 Ave
Edmonton, Alberta
Canada 4
TEeE 1P7

>~ Dpate: November 12, 1987



) . THE UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH

-

The undersigned -certify that they have read, and

fecommend to tﬂe Faculty of Graduate Studies and Research

‘

~for the acceptance, a thesis entitled "DEM Drainage as
‘Ancillary Data to Enhance Digital LANDSAT Classification
N

Accuracies" sdﬁnntted by Knut Olaf Niemanmn in partial

fulfilment of the requirements for the degree of Doctor of
: ~ . r, B
Philosophy. ‘

g;KiQh%€¥4

—— .

Date: November 12, 1987 . - B Y
\ .



Abstract

'

Studies integrating digital elevation models (DEMs) with

multispectral digital satellite ddata have typically concentrated

e

on geographic areas characterized by moderate to high topographic

' . 7
relief. Variables such as elevation, slope gradient and aspect

‘coné!ibute most significantly to the zonation of vegetation 1in

! i . PRI
these environments. In .dreas where relief is low, veietation

\

zonation is based not on individual form elements but rather on

physical processes

(l A

The purpos of this research was to integrate multispectral

process data in such a low relief environment. For

N
N

thts a study grea was chosen in the Boreal forest of west central
<

Alberta where the zonation of vegetation is based, to a large
*
extent, on landscape drainage. An initial classification of
T
forest cover based on LANDSAT multispectral,déia yielded overall

« \ » B

classification accuracies of 58% with six cluséers representing
closed coniferous, deciduous, mixed coniferous/deciduous éiGer,

: )
and open soil. Seéparation of wetjland from upland -areas was
}
impossible.

-

A DEM was developed from a digitized 1:50000 topographic map
sppet. The differential geomet¥y of the DEM was mapped as, a
series of coverages: slppe, aspect, and directional curvatures
(down - and across slopei: Two additional coéerages, relief and'a

flow path model, were ‘also developed ‘nd mapped.

iv
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A data set was created by which landscape drainage could Dbe

L

evaluated. Sixty sites, 20 for each of three dralnaqeafldgses,

N

were interpreted from serfal photographs and digitized from @q

1:50000 dgb sheet. The surface torm data at each site were

”

extracted from the digital data base. *~A univari:ate analysig of

drainage using the form variables résulted i1n a 45¢ to 47%
1Y
S ¢ .
explanation of the observed variation. Mult:variate analysis

cdmbining- slope gradient, across and down slope curvaturés;
relief, and flow paths increased the explanation to 68%.

The lnlt%al S1R=MSS based clusters were reclustered inputting
the surface form variasles reéultlng in 21 clusters. These were
labelled usiné the spéctral values as well as the form data
Aefined by the drainaqe)modelling. The resulting classification

accuracy was significantly increased from SSZ to 73% with two

additional foregt cover classes being represented - muskeg/fen
I
and mixed coniferous. This increasé in accuragy was also
- .

significant in that it showed that .DEM information from an area
of moderate to low relief could be used to improve digital

classifications.
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INTRODUCTION

1.1 Background

The need for the automated classification of digital remotely
sensed data has long Déen recognized. Satellite d;{a nave‘proven
to be of Dbenefit 1n a number of applications 1in resource
management. Hegyi and Quenet (1982) and Hegg and Driscoll (1982),
for. example, 1list areas of application where the classificaﬁion
of digital satellite data has been of benefit in the maintenance
of forest resouyce inventories. The sheer volume of data which 1is
collected by the various sensors renders the use of traditional
manual interpretive techniques unfeasible. The only viable
approach in dealing with such large volumes of data 1s to wuse
computer - based classification procedures. In addition to the
iarge dat® volumes, the growing importance of geographic
information systems has introduced the need to access information
inq a digital format based on a spatial resolution unit which is

of relevance to the user. ™~

The utility of computér based classification using digital
satellite data, however, has often been offset by poor acdhracy
and the inadequacy of the data for differentiation of coéver
classes. There are a number of reasons for these problems. The
first reason involves the spatial and the spectral resolution of

L
the sensor system and the resulting data. If the feature to be

—

mapped is smaller than the spatial resolution of the data it will

'
1
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not be i1dentified. A second,.more fundamental reason can be seen
by a comparison of approaches to autdmated clas§1fication and
e
visual (manual) inspection. Over a period of time a methodology
for the visual interpretation oﬁ imagery has been developed which
uses multiple lnterpreﬂétive elements. These photo elements
1nclgge tone, texLure. size, snépe, shadow, pattern, and site.

P
Each of these élements contributes to the overdll understanding

Q@ .

of the observed feature. The conventional approach to the
automated classificatiqn of rfmotely sensed data takes advantage
of only one of tnése elements: spectral 51gnature,‘ which 1s
analogous to the photd glement tone. Some attempts have been made
to incorporate the other interpretive elements into the
classification process. The three most commonly attempted
integration procedures involve the use of texture, pattern, and
site. Spectral variability has been used to define the element
texture. This can be accomplished through the calcuylation of the.
standard deviation‘ of‘tne spectral.values within a designated
size of néignbournood (Goodenough et al., 1986).‘ The §resulting
standérd deviation image is then used as an additional data set
in AEne classification brocedure. Contextual classifiers dealing
with spéctral patterns have also been develéped~(§ee for example
Tilton, 1983 and  Harris, 1985). - The imgrovements in
classification acéhracy acnieved tnrough the use of textural
and/or contextﬁal information in addition to ;atellitg derived
multi§gectfa1 data has been limited. Harris (1985), for example,
reported a 3.4% reduction in classification error with the
introduction of contextual information.

The' technique which shows the dreatest ' potential for
t‘a

M 1
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improvement 1s the use -of site information. The po®ition of a

pixel 1in the landscape can be dealt with in a variety of ways

' .

depending on the nature of the classification. Soil
characteristics Rave been digitally overlaid with other

multispectral data ‘to improves classifiquions. Similarly,

topographic informétion has been incorporated with multispectral
data. It 1is this final element, site, which has the greatest
. J *

potential to improve the classification accuracy and s

<

investigated in this study. : q

A number of stugies nave\béen‘f:borted in the literature which
have integrated ancillgfy and LANDSAT data. Boresjo (1984) used a
digital teﬁplate to exclude\non-Wetland areas. Tni; mask was
constructed by digitizing areas delineated as wetland on
ubpograpnic maps. Only the data falling within the wetland
designated areas were interpreted. -

Saterwhite et al. (1984) recognized that dAifferent vegetation
communities, with similar specé%al characteristicl, were
associated with different geomoépnic areas. Separation of these

-vegetative communities was -ﬁOSSiplO 'through the use of a

geomorphic mask. An interpretation of the major geomorphic unﬂ’:s:
LY

basin, alluvial fan, and mountainous areas was made. DUigital

masks, outlining each of these units were constructed and the,

vegetation cover was.classified for each’separately. Loveland

and Johnston (1983) incorporaied soil survey data, in additisn to

a slope coverage, with the LANDSAT derived cover types to develop

sophisticated crop analysis models. Soil survey and slope data

, were used to determine the irrigation potential of an area.

3



LANDSAT derived cover classes were incorporated into this model

to inventory crop type, determine water requirements and predict

potential energy costs. .

“Niemann  and Langford (1984) used slope igradient and soil-

\ .y

survey data to imbrove wildlangq classification accuracles.
Effects of both slope and aspect were corrected for through the
use of digital terrain data. WePland areas were stratified

through the use_ of soil maps. Areas which had poorly arained

-

organic soils were classified separately from the well drained
uplands. walsh (1980) found that by incorporating ﬁata from

digital elevation models, a %ufficiently detéiled forest

classification could be developed ynich was useful ,fof mapping
coniferous classes. Strahler et al. (1978) noted that the 1low

classification ‘accuracies of forest cover classes resulting from
N

low spatial and spectral resolution ‘could be  mproved by
. : N\
exploiting the ecological preferences of vegetation species. By
introducing slope gradient .and aspect and elevation intb their
tlassification process, they concluded that elevation contributed

. 1{ . - )
the most to improve the classification accuracy, while slope and

~

aspect contributed the least. -
~ .

Franklin and LeDrew.(1984) and Franklin (1987) incorpdrated
digital terrain .with LANDSAT data to facilitate the digital
mapping’ of land classification unjts. It was concluded, as was

the case with Strahler et al. (1978), that of the terrain

>

o
variables used, elevation contributed the most to improve the

MSS- based classification. Mapping accuracy increased from 46 to

*

65 percent by incorporating elevations with tnq’uss data, while

4

slope and aspect only contributed-an additional 1% to improving

-

S
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the final classification. A common featurg in these studies using
digital elévatibn models was that they were located in moderate
to .high relief environments where either zonation of veget;tion
occurred by elevation or on the bases of siope gradierft or
aspect. Low relief areas may have similar terrain/vegetation

relationships, but the interaction between the landform elements

and vegetation cover may not be that simplistic.

! .

1.2 Redearch Objectives and Hypothesis

-
L)

The objective 1in tni§ research project was to 1rystigate. the
possibility of lmproviné cla;sification results obtained through
the analysis and >dnterpretation. of digital data by the
integration of ancillary data sources. There were fundamental
differences between this study and previous studies which have
attempted to 1qtegrate the various data sources. While earlier
studies have addressed problems of ancill?ry datsrintegration in
areas of moderate to high relief, where the effgcts of individual
terr&n components sucnlhs slope and aspect are pronounced, this
study 1nves£igated the poténtial for integration in an area of
%fderaté to low relief wnere'tne individual terrain p#rameterséﬁ
were of less importance. A review of leterature, lincluded in
Chapter 6, indicated that the 1nfluenée of terrain on veéetation
' )
in areas of low relief was much more complex than was the case
where elevation diffg:ences were extreme over shQrt distances.
Therefore, She‘initial questions to be -addressed were:

|

1) What tyﬁeg of ancillary data are the most useful

for integration in low felief terrain?

(U .
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A 2) 'How‘\maS these data De 1ptegrated with the remotely

sensed data?

“An analysis of the l[terature demonstrated that a relationship

existed -~ between forest cover characteristics and 1landscape
=

drainage. Based on this, the working hypothesis for the project
was‘that an improvement in forest cover mapping accuracy could be
achieved through the »1ntegration of landscape drainage
information. The term landscape drainage apélies to the process
by which water is removed from the landscape. This topic will be
dealt with in detail in Chapter 6.

The remainder of this dissertation will deal exclusively with

o
LANDSAT multispectral data. It wes recognized that other]higner
resolution source; of dAigital remotely sensed data 4o Aexlst,
including Thematic Mapper énd SPOT satellite and airborne data
" for example. LANDSAT multispectral data were chosen for use in
\'\

this study because of the large number of scenes which have been
arcnived since tng’initial LANDSAT 1 satellite was launched in
1972, The high degree of acdgssibili}y renders this data source

substantially more attractive than other types of remotely sensed

data mentioned above.
1.3 Organization-of the Dissertation

The dissertation is divided into eight chapters. Chapter 1 is
?

an introduation to the study and the objectives and working

hypotheses are stated. The geographic agga chosen to test the

L
~

working hypothesis and the existing data bases available from

outside sources are described in Chapter 2. These data include



-

>

sources whlch will be used to gen!&ate the data base necessary

& . ~

for the hforest cover Classification as well as information

sources required to evaluate éne results of the analysis. A

conventional <classification of forest cover from LANDSAT data is

presented and discussed in Chapter 3. Included in this third

chapter is a discussion of geometric corrections and the effects

of terrain geometry (slope, a;pect, and relief) on the spectral
-~ . ' >

reflectance recorded Dby the LANDSAT Multispectral Scanner

Subsystem (Mss), followed by a description of the .classification

procedure and an analysis of the results. Digital terrain models

and the modelling process are addressed iﬁ Chapter 4. A
discussion of surfacing techniques is presented in this chapter
foliowed Dby the procedure used to surface the study area. A
description of the spatial derivatives generated and used in this
study is’ also presented. A comparison between two types of
tnem;tic coverages 1is made in Chapter 5. These data sou;ces
represent viable options for integration with multigpectral data
in classifying forest covef. An evaluation of their suitability
as ancillary data p;oducts"‘for integration with satellite
multispectral data was appropriate for this research project.
Langscape drainagg modelling is discussed in Chapter 6. In this
chapter the 1literature related to two'topics is reviewved. Tng

! N
first topic is the relationship between forest stand composition

4

and soil drainage. The éecond topic is the effect of terrain

geometry on landscape drainage. The conventional digital landform

elementé’ described in Cnépter 4, as well as less conventional

H

a

elements used in the drainage analysis are des?;ibed. A -

’

3
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discuséion of the modelling processges follows., The integration of

the LANDSAT .data and ancillary landscape dramaga&data is
ed \in

Chapter 7. This 1includes a review of methods

-

describ

previousiy used to achieve this integration. The procedure
adopted for this study and an analysis of the results“Mthrough an
K

error analysis 4is presented. A comparison with the results
i

obtained through the use of the MSS data alone is mage. Chapter 8,

is a summary of the findings presenteﬁ in the dissertation and
offers directions for fuiiger research. The methodology used in
this research project is summarjzed in the form of a fléw diagram
in Appendix 1. This‘diagram has beeA included as a referencing

aid to the reader.

~f
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’
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' CHAPTER 2

Study Area and Bxisting Data Sources

2.1 Introduction

Two criteria were used as the basis for tnf selection of the
study area. The first criterion was that the area chosen contains

a wide variety\of landscape types and forest covVer classes. The

[

second Criterion was the existence of a large data base for the
area with relevant terrain and forest cover information. A site
i} west central Alberta was chosen to fit these criter.a.” The
area is located in the Coal Branth aréa—io the south c¥f Hlnton,

Alperta (Figure 2.1).

2.2 Study Area

2.2.1 Physiography : | ‘

The study area is situated to the.east of the Eastern Slopes
of the Rocky Mountains. In the‘eastern portion the physiographic
unit is'tne Alberta Plateau of the High Interior Plains (Bentz et
al., ”1985). The western boundary is thé eastern flank of the
.rRocky Mountain Foothills physiographic unit. The elevatibn of the
area ranges fzom a minimum ‘of 1000 metres above‘sea 1evel in the
northeast to 1600 metres in the southwest.- The relief(is gentle

with a low, undulating topography in the eastern two &nirdg of

the area. A ridge bisects the area from nortanét to soutneqst

9
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and accounts for most of the topographiC variation. This ridge
- L)

also represents the eastern fringe oOf the Rocky Mountain

Foothills physiographic unit (Bentz et al. 1985).

B .
2.2.2 Burficial Deposits

The surficial deposits-are'composed primarily of glacial till
(Dumanski et al., 1972). The nature of,the till has been strongly
affected by the lo;al bedrock géolOQY, which 4is primarily
sandstone, conglomerates and shale. The thickness of these
deposits 1is variable, depending on the topography. Some ‘small
deposité of glaciofluvial and ice contact materials ‘are scattered
tnrouéhout. Modern alluvial deposits are found in the @river
valleys. A
N—

2.2.3 v.qotation

'

The most common forest stand type in the area is.composed of

coniferous vegetation. 'The‘ most dominant conifer specie is

lodgepole pine (Pinus contorta) which is found over a large

proportion of the study area. Both white spruée (Picea glauca)

and black sptuce (Picea mariana), are located in the test area,

but are not'nearly as dominant as pine. PoplgE:(Pogulus sgg.) is
the dominant deciduous tree species, Balsam §Op1ar - (Populus

balsamifera) is found in some of the poorly drained areas while

aspen. poplar (Populus tremﬁloides) is found in the well drained
sites. -

The wetland sites, gleyed aﬁhAPéat soils, have a predominant

2

'bléck spruce and tamarack {(Larix laricina) coniferous tree cover.

This 'grades to a deciduous shrub and a herbacéous cover with a,

<



o decrease 1n soul dr‘ilnd()? condft1on. A more detalled discussion

he vegetation distraibution 1s presented 1n Chapter 6.

2 Agdbata Sources

A large data base with relevant naturdal resource 1nformatiion
exlsts for the selected test area. These data can be divided 1nto
two types. The tirst includes data used to classify the forest

types. For this st;dy these included LANDSAT images and
topographic map data. A second type of data was used to verify
the classlfications based on the first. A LAJbSAT 2 scene from
August 12, ‘198! was selected, because of the high quality of the
imagery due to favourable atmospheric conditions. In addition,
the midsummer date of the 1imagery should maximize the separation
between deciduous and coniferous cover, bas well as vegetative
versus nonvegetative areas. The false colour composite of the
satel%gﬁe scene of the study area is presented 1p Figure 2.2. The
topographic data used to develop the digital terra el and
Al

the map derjvative products were taken from a topogpépnlc mab
(NTS 83F2) - at 5 scale of 1:50000 ( Canada Department of Energy
Mines and Resources, 1982).

A recent forest inventory compiled by the Alberta ‘Forest
Service, Alberta Department of Forests, Lands and Wildlife, was
used for vegetatioﬁ idgntlfication and verification. These data

were available in a paper map format (the Phase 3 forest

invenctory maps) and in a statistical data base (the AFORISM data

>



Figure 2.2 A falge colour composite (bands 4,5, and 7) LANDSAT
image of the study area. The image represen‘t!‘a 512
by 512 pixel window. :



base) . The Phase 3 maps used were produced at a scale of 1:50000

and Aisplayed intormation on stand type, crown density ana

under st ot ey composition. Additional i1nformation on commercial
viability ot each stand was also included. For the purpuses of
: -~

this study, only the stand composition and crown closure class
were used. The AFORISM digital data base contains the forestory

stati1stics complementing the Phase 3 1inventory maps. The data are

compiled and stored on a township basis. Only the percentages of

crown closure were used in this study.
A physical land classification (PLC) compiled by Resource
Y3
Evaluation and Planniag Divisioh, Alberta Forestry, Lands and
wildlife, was available for the test area. The terrain
characteristics mapped as part of this evaluation included soil

parameters, parent material genesis, drainage type, and classed

slope gradient. The maps were produced at scales of 1:50000 and

1:150000.

2.4 Summary

hY

To satisfy thesobjectives of this research, as stated 1in
Chapter 1, a test area was selected. This area had to fulfill two
fundamental requirements. The first regtirement was variability
in forest cover and physiography- geomorphology. The second
requiremeng was that a large existing natural resource data base
which included forest inventory and land classification

information be availabie.



CHAPTER 3

Conventional Classification of Porest Cover Types
Using LANDSAT NMultispectral Data. .

~

3.1 Introduction

The classification of MSS data and assessment of the
resultlng‘acéuracy with respect to the mapping of large areas 15
discussed in this chapter. The classification of digital MSS data
can be divided inﬁo four steps:

1) development of a classification key or legend,

2) selection of training sites and generation of

&
-

training statistics,

3) classification,
3 4) accuracy analysis.
These four steps are discussed, first, with respect to
nultispectral classifications in generaﬁ. and second with respect
to their application to the classification of the forest cover
for the test area used in the current study. In addition, two
factors which could affect the classificafidn results are

¢

examined. The first factor was the geometric correction of the

multispectral data, and the second factor was the effect of the
A )

terrain geometry on the radiance values recorded by the

multispectral scanner system.

17



3.2 LANDSAT M8S Data in Porest Cdver Mapping

b}

The extent  to incn MSS data can be used to map wildland
forest cover has been ré%ortéd in the literature. Beaubien (1979)
discussed the results obtained in the mapping of large
heterogeneous wildland areas usiné LANDSAT MSS data. In the ,first
of two studies Beaubien (1979) noted that forest class definition
and associated classification ac;uracies weré high. This high
degree of classification accuracy was dQue toO the relatively

simple landform units resulting in uniform, non - complex.forest

stands. The class labels that Beaubien (1979) generated, however,

™

reflected the proplem inherent 1n'éeparat1ng some types of forest
stands. For example, peat bogs yere grouped together with areas
which had been deforested &hrough clear cutting or disease. A
second study conducted by Beaubien (1979), however, did not yield
the same success rates as . both class definition and~—
classification accuracy decreased substantially in an arga where
the terrain am vege£ation assemblages were more compyex He
noted >that tng\ principal causes of reflectance differences
between similar ‘Forest types are due to the slope gradient and
aspect. Also, mi;ed hardwood/softwood. stands did not yield

substantially different signatures from stands of decadent

conifers, and wetlands 'such as peat bogs were confused with
~

mixedwood stands. Beaubien stated that "...reflectance expresses
a balancing of factors so that a single class will contain forest
types with more or less varying characteristics'" (Beaubien, 1979,
pP.1142). . '

Bryant et al. (1980) attempted to define a standard forest -

4
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inventory map legend and map a test area using a computef
classification of satellite MSS data. Their goal was to match, as
closely as gasslble, the computer classification to inventory

legends ~commonly used in forest inventory studies. The classes
mapped were softwpod, hardwood, mixedwood, nonforested and water.
T;e classification results~indicated that a degree of confusion

- existed Dbetween tni forest classes. Both commission and omission
error rates were in the ordef of BOZ. They found that wetland
areas, or bogs, were consistenﬁly misclassified. 'A 92%
¢lassification error was found to be associated with this class.
The bogs, they noted, were confused consistently with upland
forests, and d4id not'separate as a unique cover class.

Pettinger (1982), in the mapping of forest lands, was able, to
delineate major .cover ciasses 1ncluding conifer and sagebrush.
Spec;ral overlap prevented the consistent separation of aspen
classes, agricultural land and' perennial ‘grasses. The
agricultural dnd grassland classes were particuiarbx.difficult Co
separate. vVarious stands of aspen, .differentiated by the
pro*imity to water and site drainage conditions, were also no£
distinguishable th;ouqh the spectral data.

_ Hame (1?84). in a study in Finland, observed consistently low
lclassification accuracies of forest types. Although the amount of
.

confusion Dbetween the various classes was hot specified, the.

-
gseparation of the various cover classes, as evidenced by the

Ny

feature space plot provided, was poor. Niemann and Langford
(1984), working in the Boreal Mixedwood reqibn of Alberta,

. -
concluded that the classification of conifers, based on spectral
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data alone, resulted in very high accuracies. Tnls broad
breakdown is nhot useful for most resource planning applications.
Attempts4 to map the conifer classes at the species level regyced
the accuracies significantly. Confusion between mixed conifer,
open conifer and pine classés was high. The spruce dominant class

had a low classification accuracy and exhibited a substantial

amount of confusiop between the mixed conifer and pine dominant

classes.

]
An  _important feature of e majority of LANDSAT inventory

studies 1is the poor discrimihation of the various peat&and and
other*wetland cover classes. Peatlands have been defined as areas
where the production of organic materials exceeds the rate of
aggradation (Moore and Bellamy; 1974) . More importantly, however,
is that these features may be c;nsidered landfgmms, formed by an
interaction between vegetation c;vef, drainage, and soils through
time (Ivanov, 1981), The resulting floristic component which
covers the peatlands 1is secondary in ;ﬂefining that landform

(Wilde et al., 1954). As a result, peatlands do not yield a

distinctly Adifferent vegetation cover from the ~ surrounding

.
N .

uplands, at least with respect to the spectral characteristics’

recorded by the MSS.

Palylyk (1985) discussed the potential of differeqtiating
.psathnds and discriminating these areas from upland feorest
stands with multispectral data. Usingvdata from the Béreal
-Mixedwood forest in‘Alberta, obtained for two_datés during the
growing  season, Pélylyk demons&rated that peatlands were
spectrally distinct from upland areas with May imagery, whereas

the wetlanqsanq hpland cover types were not spectrally distinct
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-

when using imagery obtained later in the growing season. Althowgh

the muskeg/fens were separable ¥ith the May data, upland coyer

N

types were not. This lack of discrimination severely limits the
potential usefulness of the imagely. The time window dQuring which
this discrimination can be accomplished is narrow, so that the

relevaht imagery may not be available. The timing .of this window

also varies from year to year depending on the prevailing
rd

& +

climatic conditions.

N

!
3.3 Multispectral Scanner Data

Prior to>discussing the definition of cover classes through
-«

, )
the use of MSS data and the resulting accuraciés, it is necessary

o

to identify some of ghe pccentiai sources of error which are of

particular significance to this study. Two topics are dealt

-

with in this section. Because this research requires two or more

Y

registered data’  sources based o& different cartogra?nic
projections, the first topic is the geometric correction of the
NSS da#a . \&ne secénd topic is the wvariation in spectral
.reflectance caused solely by terrain gecmetry as digcussed by
Beaubieh (1979), which, if ;ﬁbstantial, can significantly affect

the classification results. _ .

P

3.3.1 Geometric Corrdctions

The . geometric cbffection of LANDSAT data 6ust‘be performed tQ

‘ : .
correct for a number of errors. These errors, as outlined Dby

Bernstein and Ferneyhough (1975), result from earth rotation,

satellite velocity variations, altitude and attitude changes of

>
:
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the satellite, panoramiC distortions and variations in mirror

veiocity. All of the above influences, with the exception of the

altitude and attitude variations and panoramic distortions, are

¢

systematic and are easily cprrected. The altitude and attitude
vdriations and pancoramic distortions, however, must be evaluated
and dealt with for each scene individually. The magnitude of

these perturbations can be determined through the use of ground
Q

control points (GCP). Once the errors have been modelled, a

geometrically consistent map projection can be related to the

error model. A second step assigns the appropriate digital number

(DN), or spectral value, to the geogetrically corrected grid

N
\

A}

cell.

The accuracy of the error model derived from the GCP's is
determined by bbth the numper and distribution of points. Butlin
et al. (1978) and shlien (1979) noted that data geometrically
cor;ected at the Canada Centre for Remote Sensing (CCRé),l using
tn7 Digital Image Correction System (UICS), used approximately
320 GCP's per LANDSAT frame, or 20 per 1:50000 map sheet,
resulting En registration accuracies to within 50 metres. This
accuracy claim depended on the number‘and’distribption of the
GCP's, as outlined by Orti (1983). He noted that Gcf's should, in
the firstﬁinstance, be placed around the periphery of the scene.

o ' -
In the more populated areas, where potential points are abundant,
the accurac; claim by Shlien (1979) could easily be met with a
minimum nqmber of points. In the less well developed aréas,

however,  where accurate GCP's are less abundant, the optimum

positioning of points may not always be possible. In these cases

PS
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a greater number oflpoints are ﬁsed to compensate for the lower
degree of positi;nal accuracy.

Tﬁe second part of the geometric correction process for MSS
data, termed resampling, entails the assignment of 'a DN to a
specific grid «cell. There are a number of ways this can be
accomplished. The simplest i; the nearest neighbour method. In
this approach\tne Dn of the geometrically - corrected pixel is
assumed to Dbe the same as that of the geographically .closest
pixel ffom the uncorrected data set. This method is the fastest
computationally as no calculations. involving the original

-’

reflectance data are performed.
~
A second approach to resampling is the convolution method,
which uses mean DN values of a neighbourhood of pixels centered

on the desired position. gmercubic convolution interpolator
applies a third order polynomial to a series of four points in
the X and Y directions separatel} and calculates a mean drey
level wvalue (GLV) from the two lines for eacﬁ pixel on the
Kresampled data set (Shlien, 1979). This method creates a smoother
;hage than is achieved with the nearest neighbour approach and
avoids replication errors or missing piiels altogether. It 1is,
noﬁever, computationally more demanding, requiring twenty times
the computing time (Schoqugerdt, 4983).

: \
The radiometric accuracy of the spectral data after geometric

correction is dAifficult to measure (Shlien, 1979). A variety of
factors influence the radiometric values recorded by the LANDSAT
MSS sensors. Some of these factors'are independent of the sensors
and not systematic, haxing compeﬂsa;ibn extremely Aifficult. For

%
example, the resampling of pixels using the approaénes to
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resampling which interpeolate, or derive the new pixel GLV through
the influence of neighbouring ﬁixels, will integrate the values
of the surrounding pixels so that if a very bright or dark dgrid
cell is within the neighbourhood of the iwmterpolator, the extreme
values will Vinfluence the resampled data number. Dana (1982)
state that for very extreme variations in reflectance the
effects were noted up to 500 metres away .

For the purpose of this study the CCRS DICS data were used. A
cubic convolution resampling appré¢ach was selected over the
nearest neignbogr method. Altnougﬁ the number of GCP's used to

\Forrect the subscene was not reported by CéRS, the "guaranteed*j%
p

positional accuracy as reported by Butlin et al. (1978) and

Shlien (1979) is 50 metres.

3.3.2 Bffect of Terrain Geometry on Spectral Reflectance

- | \

A point which is often overlooked when classifying digital MSS
data is the effect of the terrain geometry on the radiance valugs
which are recorded by the sensor. In a study describing the

potential for correcting MSS data based on slope and aspect,

N~

Teillet et al. (1982) evaluated a number of previously published

calibration methods. These methods included the Lambertian
. ) »
reflectance model, a view foreshortening model, the Minnaert

reflectance model, a ¢osine model, and a diffuse and specular

-© model. Each of the methods was used to calibrate LANDSAT MSS data

'in n;gn relief 2zones. the calibrated LANDSAT data {were then

compared to Epe uncalibrated data with respect to effects on the
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resulting classification accuracy. Teillet et al. (1982)
concluded that for overall classification results there were no
impfovements with the use of calibrated data. In some cases a
substantial decrease in the «classification ‘accuracy was

experlenced. Some individual classes did yield quite different

results using the various calibration models and Teillet et al.
(1982) concluded that '"...the behaviour of the LANDSAT data as a
function of incidence ahgle is class dependent.:.there is no gain
in correct forest classification with slope corrected MSS data
even when atmospheric parameters areiincluded..."(Teillet et al.,

-

1982, p.99). Ifd a separate, earlier study by Smith et al. (1980),

the Minnaert-derived radiance model was used to address the

effect of slope and aspect on theg LANDSAT MSS data. They stated

P
P e

that 1n;afeas of relatively low relief, with-corresp diﬁ@‘ low
slope aﬁgles, variations in the scene radiance are the /fesult of
variations in surface cover.

Although Teillet et al. (1982) squeste& that there is liﬁtle

to be gained from correcting the data for slope effects on‘ the

|
h

classification ‘as a whole, it was necessary to investigate the

influence of the terrain to evaluaté the efchts on individual
A : ;

classes for the present study. ‘o evaluéte the e(fects ;t
terrain, three considerations were made: : the effect of aspect,
the effect of ~slope gradient, and tpe'effect of snadows.‘ | .

To .1nyestigate the considetations outlined above, sites
identified pine from Phase 3-forest inventory maps, Veiifggd

from aerial otographs were selected for use. The'pine class was

used because this class represented the domidant'covef class for

N
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the study area. In addition, earlier studies by Smith et al.
(1980) and Teillet et al. (1984) used this cover in their

analyses. From distributiopn of the histogram of the slopes
*
presenteq in Figure 4.8, it was decided that the slope

gradients for 6 % up to 15% would be used. The 15%1 slope gradient

>

represented the 85 percentile of the study area. A range of slope
gradients was used so that, when combined with the direction of.

Rolar ailmutn the size of the sample extracted for analysis would
*

be sufficiently 1ar§e. The aspects were linearized for the solar

azimuth at the time of image acquisition, so that those aspects
(o} o) o o

at 144 were assignhed 0 ard those at 324 were assigned 180
O

All other aspegts”were assigned the appropriate values between 0O

O I
and 180 . To téﬁt the effect of aspect on radiance values

recorded by tné_;;nsor samples with linearized aspects between 0o
o] o o .
and 22 and 158 and 180 were extracted. This range was used so
as t® -yield a suf{iciently large sample for ’analysis;. The
descriptive statisticé for the sample§ are presented in Table
3.1; The Qifference.in spectral values introduced by the slope
aspect are less than the variation in §pectral values contained
within the pine class for a particular aspect. Based on the
> ‘ .
Observed differences_ in reflectance values iﬁ Table 3.1,_ aspect

is not considered a ddminating influénce on the MSS data for the

4
test area. As can be seen in Figure 3.1, the vast majority of

-

A

L 4

w

* The slope ‘gragients and aspects used in this section wefe
extracted from the " data base developed  for this study. The
development of this data base is dealt with in detail 1n\gnapter
4. ) ! ) .

“

«



Table 3.1
Summary of Gfey Level Values for Pine Stands

on 8lopes Ranging from 61 to 141 for Sun Facing
and Sun Opposing Aspects

Aspect = 144 (Sun Facing)

Banad Minimum Maximum Mean Standard
Deviation

4 26 30 27.8 1.1

) 26 28 27.3 0.7

6 46 55 51.0 2.9

7 46 59 53.2 4.8

o ¥ed
Aspect = 324 (Sun Opposing)

‘Band Minimum Maximum_ Mean ~ Standard
Deviation

4 .25 29 27.4 1.2

5 24 29 26.4 1.3

6 41 57 - 47.4 4.7

7 43 58 49.Q 4.9



~_ A
N
5
(VO]
a
0]
'}
v
f.gure

W0

2

S

< et

O

Relationship of slope and aspect for the study area.
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the area 1s perpendicular to the 144 - 324 axis. The overall
effect of aspect, from the distribution 111ustratgd in  Figure
3. 1s that the variation 1in spectral value 1s-'1less than the
extreme effect for the major part of the study area.‘ This would
turther reduCe the misclassification resulting from the effects
of aspect. ’

The second area of consideration was the effect of slope
gradient on the values recorded by the LANDSAT MSS sensor. sSmith

et ,al. (1980) calculated the critical slope angles and solar

elevations necessary to detect reflectan'ce di1fferencef caused by
surface covér\épd not topographic variations. The graph presented
by Smith et al. (1980) was used to determine the critical slope
angle necessary té detect reflectance differences of 10% for the
current study area. Using the solar elevation value at the
o o
time of imagjng, 45 , a critical slope angle of 9 was found. In
other words for that part of the study area with slopes 1less
o
than 9 , GLV variations of 10%, or more, may be attributed to
differences in the surface cover and not slope dradient. This,
slope gradient translates to apﬁroximately 15%7. ¥rom Table 3.1 1t
is evident that the within claés GLV variation for pine 1s
greater than 10% for both the sun - facing and sun - Opposing
aspects.

The third area of concern, with respect to the effects of
terrain, is that of shadow. The problem of shadow is of
particular concern in areas of very high relief. To evaluate the
potential shadow effects, the relief variable, which is discussed

in section 6.5.1.,1, was used as a measure of topographic

variation. The maximum relief value for the study area, . as
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1ndicated 1n Figure 6.4, was 20 metres. The length »f a potential
.
shadow was calculated using the trigonometric relationship:
b=a*tan ol
where b 1s the length of Lhe shadow, a 1s the relief, ol 1s the
LN

solar elevation. As mentioned earlier the solar elevation was 45
()
and the maximum rgllef 20 metres. The relatlonénlp assumes that
the obstacle causing the shadow 1s at a right angle to the ground
e L4 - - =
surface. The maximum length of a potential shadow 1s 20 metres
which was less than one half of a pixel.

The conclusions for the study area based on these analyses
suggest that the perturbations caused Dy the terrain geometry are
not of such a magnitude to contribute to major classification
error. fhe use oOf a single classification algorithm for the
entire test area, in this instance, is therefore feasible. It
follows that the majority of classification errors whish may be
encountered by using this algorithm are caused by factors outside
the influence of the terrain geometry - radiance relationship.

3.4 Classification of Digital Nultispectral Scanner Data

> .
The conventional classification of digital MSS deta into

classes representing cover types involves a number of steps.

>
1) to develop a classification key or legend.

2) to chpose sites which contain the

information by which statistics C&;\De generated
and the classifier trained.
L 2 -

3) to examine the spectral characteristics bf an

individual pixel and assigﬁ it to a cover class.
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R
This assignment 1s based on the properties of the’

Ve
training sites useq//ln the . second step.

4) to evaluate the accuracy of the
cdassification.
Each of these steps will be discussed 1in turn as they apply to

the test area.

3.4.1 Development of a Classification Key and Choice of Training
Sites '

¢
There are two approaches to defining the training statistics
ich are to be used in the classification process. These are
supervised and unsupervised appfoaches. A supervised apprggcn to
class definition assumes a priori kaowledge regarding the surface
cover. Sites are selected and labelled to reflect either the
entire range of existing cover classes, oOr specific inventory
classes. In most cases, the training sites are small and
composed of a. uniform distribution of cover. The rei}lting
e clusters of schtral data are assigned the appropriate clgss
label based on an interpretation of the training sites.
Unslipervised class definition, on the other hand, makes no
assumption regarding the existing cover types. Relative large
training sites which contain a number of cover types are usually
dgfined . Spectral clusters occurfinq within the training sites

Y
are identified and labels attached which correspond to the cover

typesd The 1labeling process is carried out after the
- ¢

.classification'of the image in order that the various classes can

» L4

/
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pe 1dentified and labelled.

For this study a hybrid approach to training site selection
was \1mplemented using components of both the supervised and
unsupervised approaches. This approach kas taken gkcause a large

) \
amount of published information existed regardaing the

[N

distribution of the cover classes preseﬁt for the test area. An
R

unsupervised approach was alsQ beneficial because ‘tne forest
cover stands 1in the study area were denerally small and
heterogeneous. A classification key for the area was \developed
using existing forest cover maps (Phase 3 Forest Inventory,
Alberta orestry, Lands and Wildlife). Two constraints were
recogniz in developing the key. The first constraint was the
nature of the cover classification. In -other words, a
differentiation of conifer species was desirable rétner than
merely separating conifer from deciduous stands. A second
constraint was the nature of the MSS data and the recognition of
the 1limitations of the multispectral ciassification procedure.
‘Given the relatively low spatial and the coarse spectpal
resolution of the LANDSAT MSS data, it was hot possible to assig
class k§5915 Aeveloped in previgus surveys to the MSS . based
classes. An example of this was the use of crown closure in the
class definition. The classification key had to reflect a balance
between the desired classification 1level and what couid
.realistically have been expected using the LANDSAT NMSS data.

Baséh on these considerations, an initial classification key

[
was developed (Table 3.2). This key reflected the nature of the

V
cover distribution of the study area and the desired mapping
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eetegories. Ethwqﬁ recogiized was the basic limitations of the
spectrai data such as the degree of crown closure.

Several stands representing each of these’ classés were
identified throughout the test area using aerial photographs and
Phase 3-forest inventory maps; A point location within each cover
class stand was selected and plotted on a 1:50000 scale map
sheet. These points were then digitized and the UTM location for
facn translated into a pixel addréés. Based on these addresses,
data values at the digitized location, as well as a 3 X 3 pixel
neighbourhood surrounding the digitized‘point, were\ extracted.
This size neighbourhood was used because the size of s%me of the

Y. ] ‘
cover stands were sufficiently small so that a 5 X 5 pixel (250

«

S
metre X 250 metre) neighbourhood would sample pixels belonging to
other cover sténds. A total of 120 stands were selected to define

the training areas. With the surrounding 3 X 3 neighbourhoods,
¢

this yielded 1080 points which were used to develop the ttraining

statistic for the classification.
N,

N

N -

3.4.2 Classification Procedure »

The assigning of a pixel to a particular cover class based on
the spectral characteristics may take a number of different
approaches. The classification methods, although operationally

different, are all similar in that they divide the spectral
L] [N "

feature space into regions. Each of the regions defines a class.

The methods used to define these regions are the base of the

o

various classifiers. The simplest approach to classification is

the box or parallelepiped classifier. {In this approach the

|



Table 3.2

Classification Key

Upland conifer

Mixed conifer (spruce afa pine) ¢
Mixed conifer and deciduous (spruce and aspen)
Upland deciduous
Muskeg/fen (conifer)
Muskeg/fen (deciduous)
Open Soil

32
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classes are defined- through the use of straight 1lines which
outline the bounds of the spectral clusters which define the
class. The simplest approach to i1solate and define the clusters
only allows rectangular bDboxes to Dbe constructed. A more
sophisticated parallelepiped <classifier allows for stepped
rectangular boundaries to be defined. An advantage in using the
ﬁparallelepiped classifier is that it is computationally simple. A
. p{\ s

second benefit 1is that problem areas which coftribute to
misclassification‘and confusion can easily be dealt with through
examination of the feature space and appropriate adjustment of
the box boundary.

A second approach to subdividing the feature space calculates
a probability that a pixel will belong .to a specific class based
on the characteristics of the spectral values for a particular
training area. An example of this appnRoach is the (Qiscriminant
classifier. A disadvantage is that an assumption iS made that
every cover type has been defined and that every pixel to Dbe
classified belongs to one of the training classes, which may not
always De‘the case,

Fdr the purposes bf this study a discriminant\classifier was
chosen. Classification by discriminant analyses uses a
classification function to decide whether a case belongs to. a

group (Klecka, 1980). This function is a linear combination of

discriminating variables (eg. spectral bands). The decision as to

I

the appropriate class is made by maximizing between group
differences while minimizing within group variation. The function

has the form:

-
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h =b +tb X +b X +b X +b X
k ko k1 4 k2 5 k3 6 k4 7
where h is the score for class k R o] is a constant, b 1s
K ko ki
a coefficient for discriminant variable 1 and class 1, and X

‘o

represents the spectral values for bands 4 through 7. The value
of h 1s calculated for each pixel times the number of classes
(k). A pixel is grouped, into the class wiﬂh the highest score
(n). The reason for using this approach was principally Que >to
the 1large number of‘data sets which would potentially be used
when incorporating the ancillary data into the classification.
Any more than two data sets makes the use of a parallelepiped
\
classifier unwieldy.

Although the classes to be gapped, as defined in Table 3.2,
represented ri1gid boundaries cagégorizing the cover types, there
was a continuum between cover types. Training sites which were

i . N
defined as pine stand§, for example; may have in fact ranged from
closed stands to open pine with a considerable amount of
understorey reflection - contributing to the spectral values
recorded by the satellite MSS sensor. It was recognized,
therefore, that tne\ isolation of spectral clusters occurring
within a cover class which corresponded to other cover classes
J’-p necessary. This reduced the degree of misclassification by
not including in the training data those sites which were
labelled as one class but had the spectral characteristics of

another.

The use of a clustering approach entails a very specific

AY
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problem; that 1s, determining the choice of the appropriate
gumbéf of clusters. This problem can be reduced in magnitude
through the use\of the Cubic Clustering Criterion RCCC) discussed
by Sarle (1983). y performiﬁg a series of cluster analyses and
progressively increasing gne number of clusters, a set of CCC
values are generated. When the CCC values are p ed against the
corresponding number of clusters, an interp ibation . of the
potential number of clusters presént in théldata set can be made.
Sarle (1983) states that a major break in slo;e following a steep
upward rise in the line tracing the plotted points suggests a
possible candidate number of clusters. Clustérs with differing
forms result in differing spaped CCC curves. Spherical clusters
yield a distinctive peak following a sharp rise in the CCC value.
Elliptical clusters result in a rapid rise in the appropriate
number of clusters followed by a‘gkeax in the slope of the curve
followed by a more dgentle increase in the CCC value rising to a
peai, after which there is a decrease in the CCC value. Care must
be e#ercised in interpreting these plots, because multiplé-peaks

may represeht subdivision of the clusters into smaller, and

sometimes meaningless, subclustdrs.

with this in mind, the training sites selected from the test

area were subjected to a series Of cluster analyses using a k-

means néﬁrest centroid® Clustering procedure (sAs, 1985). The
clustering pricess uses seed points which act as ‘the centroida\of
the initial clusters. Each observation is assigned to the nearest
seed point based oﬁ the Euclidean d;stancé: Once all of the

observations have Dbeen assigned to a seed then the mean lis

calculated for each of the Clusters. This cluster mean replaces

\ t !

\
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'

the seed values and the process 1s repeated with the oObservation
changing clusters if the Euclidean distance to a different

cluster mean is less than to the original one. Oonce there is no
¢

change in the cluster means, the process stops.

The CCC values were plotted against the appropriate number of
t
clusters. The resulting plot (Figure 3.2) was interpreted to mean

that potentially 3, 6, and 12 clusters were present in the data

set. All of these represented elliptical clusters according to

sarle (1983). bt
' ﬁ‘..&} A "w k
4. t\"
The first ofq,ﬁ ns ,; containing three clusters, was

!
interpreted as corresponding to the very basic cover

characteristics, baged on the summary of mean spectral values for
each cluster (Table 3.3); that is coniferous forest, deciduous
forest and a mixture between the two. The clusters were cross
tabulated with the origipal training site labels (Table 3.4)\

The training data were tnenbgrouped according tb the 6 and 12

cluster runs. The data points were cross tabulated based on

\ 3 )
original training site labels and cluster numbers. The mean

spectral values and crosstabulation results are presented in

Tables 3.5 to 3.8. The crosstabulation of the é clusters with the

-

cover labels (Table 3.6) shows that four distinctive classes can

be interpreted. Clusters 3 and 4 are labelled as closed conifer.

Clusters ‘2 and 5 are designated as deciduous, and cluster 6 as a

’

mixture of deciduous and coniferdus vegetation. Cluster 1

represents open soil. There is not a .unique cluster which °

describes the wetlan@ categories.

It can be seen from Table 3.8 that for the 12 clust run, 4



37

33;

32
314
30-
29
28]
271
261
251
24
23
22
214
20-
19
18 -
17
16 . ,

15

CUBIC CLUSTERING CRITERION

2 34 5 678910123145
NUMBER OF CLUSTERS ,

-

I 4

Figure 3.2. Plot of cubic clustering criterion versus number Of
clusters
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Table 3.3
L d

\
Statistical Summary of Grey Level Values for Three Clusters

-~

" Cluster |
Band . Mean. - Standard Deviation v
Y K )
4 N . 30.2 T 30
5 © 30.8 AL A
6 61.8 4.1,
7 68.0 _ 5.4
‘ ”
W
- g Cluster 2 .
Band - ) Mean \*\ ' Standard Deviation
- | . : N
. \
4 31.2 . 2.4 .
5 30.9 , 4.0 N
6 76.4 6.5 . -\ «
7 88.4 9.8 X
. Clustér 3 .
Band. .Mean . Standard Deviation
4 28.5 .- 2.0 . ’
5 28.0 . 3.4
6 50.0 3.9 .
7 53.0 * 4.9
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Table 3.4

Crosstabulation Results for Three Clusters

and Cover Classes

CLUSTER §# ’
)
1T 2 3
/
Upland 94 21 263
conifer . *
Mixed ,
conifer 20 / 0 124
Mixed R
conifer/ 8t 16 83
deciduous
Deciduous 108 10 8
4
Muskeg
(treed) 62 25 57
. . oy
Muskeg o

(deciduous) 34 35 30

Open
sGil 7 0 2 "
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Table 3.5

Statistical Summary of Grey Level Values for 8ix Clus:iers

fCluster

Mean Standard Deviation
(17,6 L8

{45.4 “

i
P57, 5.8
982 6.6

Cluster .

Mean Standard Deviation
31.0 2.9

30.8 4.3

73.7 3.7

84.3 5.1

Cluster 3

Mean Standard Dewviation
28.0 1.2
27.3 1.4
47.8 2.8
49 .1 3.4
Cluster 4
Mean Standard Deviation
28-9 : ]{:5\\/
28.1 1.8
55.5 2.7
3.4

59.6



Band

Banda

Mean

N

.6

30.8

8.
107,

3
)

Mean

30.
30.
63.
70.

3
1
7
8

Clust et

Cluster

«
)

t

standard

Deviation

standard Deviation
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Deciduous
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(treed)
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Open
so11l
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Table 3.6

Crosstabulation Results for Six Clusters
and Cover Types

o

CLUSTER # ’
1 O 3 4 LN ¢
“ 16 LR O 3¢
QO @] 87 44 O 1.
¢} 13 59 65 0 47

3 14 e 14 38

&}

3 5 28 c 32
6 0 0 0 0 2



Table 3.7 v

Statistical Summary of Grey Level Values for Twelve Clusters

-
<
) gluster 1
Bana Mean Standacrd Deviation
4 40.0 S.
5 50.3 5.6
6 63.4 1.8
7 63.8 2.9
Cluster 2
Band Mean Standard Deviation
4 29.8 1.8
5 < 29.1 ‘} 2.2
6 64.7 2.3
7 72.7 2.4
4
Cluster 3
Band Mean Standard Deviation
4 . 29.5 2.0
5 29.2 2.2
6 59.7 2.3
7 65.1 2.6 ’
\
Cluster 4
. X\ |
Bana Mean . Standard Deviation
i . .
4 27.17 1.2 '
S 26.9 1.1 o
6 45.8 2.2 ‘
7 46.4 2.5

43
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Cluster 5

Band Mean Standaﬁd Devriation
4 31.8 t.2 S
5 30.7 1.5
6 97.2 3.4
7 119.2 5.5

£

1
Cluster 6

~

Band Mean Standard ng15¥10n
4 31.1 2.2 .
5 30.8 3.6°
6 . 764 . 2.3 N
7 88.9 (3.6 )
- N

Cluster 7 -»,
S ¥
Band . Mean ' Standard Deviation
|
4 \ 30.1 1.8 i
5 . 29.2 2.3 A
6 \\\\\~ 70.5 2.6
7 . 80.6 2.5 ; ‘f—
Ve
Cluster 8
Band Mean Standard Deviation
4 31.58% § : 1.9
5 30.8 2.7
6 84.2 3.7
7 //~\\\\ 1.5 3.8
Cluster 9
)
Band ean Standarq Deviation
4 28.4 1.2
S 2?.6 1.6
6 ° %0.0 . 2.0
7 51.9 2.1 h

N



Band

~N O b

Banad

~ O ;b

Bana

SN wvm b

Mean

28.8
27.9
54.9
58.6

Mean

35.0
39.2
68.2
74.2

Mean

37.2
44.1
52.7
53.2

”’

Cluster 10

Standarq
1.3
1.8
2.2
2.3
J \
Cluster 11
Standard
1.9
3.2
4.2
A ] 4.3
Cluster 12
Y Standard
N

\\/ 2.7
4.5
3.4
4.0

/

Deviation

-

Deviation

Deviation

hs
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Table 3.8

Crosstabulation of Twelve Clusters
and Cover Types

CLUSTER #
1 2 3 4 ) 6 7 8 9
Upland
conifer 6 17 42 62 ¢} 4 7 0 128
Mixed
conifer 0 0 10 46 0 (0] 0 0 56
Deciduous ¢) 38 10 14 10 43 47 8 5
Mixed .
conifer/
deciduous 0 24 32 20 (o} 8 9 4 10
Nuskeg
(treeq) 3 16 24 14 o} i 14 1 15
Muskeg
(deciduous) O 15 29 11 S 6 8 8 0
Open

soil 3 0 o o0 o o o o0
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of the classes defined in the classification key presented
earlier in the cnapteF are reéresented. Thgse four classes were
the same as the 6 clusters descrléed above. For example, the
upland conifer (pine)‘category was represented by cluster numbers
4, 9 ané 10. The disghlbution of original cover types within
these three clusters was consistent between the three. Cluster 4
showed a somewhat high;r number of deciduous labelled sites. The
mixed deciduous/coniferous and open spruce classes were both
represented by cluster numbers 2 and 3, with cluster 2 having a
greater percentage ch1duous points and cluster 3, herbaceous
points. The deciduous class was defined by cluster numbers 5, 6
and 7. The wetland categories, again, were not defined as unique
clusters, but had sites scattered in all of thé' clusters. The
conclusion which can be drawn from this is that the 12 droups a1d
not represent clusters of spectral data which could be related to
unique cover classes. Several of the larger clusters encountered
in the 6 cluster run were separated into smaller groups, but with
no consistent pattern to the groupings.

An analysis of the separation of the cluéﬁéfs for the three

different clustering runs was performed. Tables 3.9a-c summarize

[

the results of the three analyses. aThe three clusters (Table
3.9a) at£a15ed a.separation of 98.4%. This separation increased
table 3.9a slightly to 98.7% using the six clusters (Table 3.9b),
but decreased to 97% for the twelve clusters (Table 3.9c). The
results indicated that there was little confusion between the
clusters in all three of the anaiyses. Using these results, as
well as ine crosstabulqgions discussed above it -was concluded

t

that six clusters would be the most appropriate in defining the
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total

Table 3.9a

S8eparation of Three Clusters

363
(97.84)

372

Classified i1nto Cluster

2

126
(100)

T

Overall

3

L,74
(98.46)

574

separation =

total

37

126

583

1080

98.4%

48
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1 36
(97.

2 2

3 0

5 0
6 4

total 42

3)

k9

Table 3.9b

o

Separation of Six Clusters

Classified 1nto Cluster:

2 3 4 5 6 total
0 0 | 0 0 37
117 0 0 0 2 121
(96.69)
¢ O 372 1 0 0 373
(99.73)s
B
0 2 315 0’ 1 318
) (99.06)
0 0 0 19 0 19
(100)
0 0 1 o} 207 212
(97.64)
17 374 318 . 19 210 1080

Overail separation = 98.7%
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distribution of the multispectral data for the study area. The
vegetation cover of the study area was classified 1into six
clusters representing four cover classes, using linear
discriminant analyses. The resulting image is displ%yed in Figure

3.3 (see back pocket). '

i

3.5 Error in Classification of Digital Remotely Sensed Data

The assessment of classificatjion accuracies has received a
great deal of attention in the literature. Many issues have béen
raised pertaiﬁing to the accuracy assessment of classified data,
including the nature of classification error, sample design for
error assessment (including the size of the sample.necessary to
yield a credible summary of the classification accuracy), and the
assessment of the interpretation as a whole vergus individual
classes.

Todd et al. (1980) discussed three sources of error inherent
in E?NDSAT MSS - based classificatioms. 'The first error source

. :
was thag introduced through the LANDSAT system itself, including
geometrpic errors {s descfibed earlier in this chapter. The effect
.4of'gﬁ$§jresidual geometric errors, after geometric correction,
PR Y .
could be reduced by choosing train;ng sites, and samglingl/for
classification accuracy, in the Cehtre‘of the vegetation stand.
A‘second Eource of error, according to Todd et al. (1986), was
the overestimation of the potential of the sensor and data to

detect and discriminate .cover classes. They noted that the

definition of classes with a separability approaching the noise
. : ®
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level of the data accounted for almost one half of the recorded
»
.z

error in the classification. Some of this noise may be
[
attributable to atmospheric disturbances. Other sources of error

.

may be attributable to bidirectional reflectance of the
B .
vegetation ar to effects from neighbouring high reflectors. A

A

thirad source of noise may be attributed to topographic

+

™

variations. By attempting to generate classes which are

specﬁrally _very close, the chance of misclassification becomes

increasingly. significant.

’
A somewﬁgt related error source is the choice of appropriate
- N .

class labelé. This has been neglected to a large degree in the
literature, but 1is of prime importahce in the generation of
classification error. Rosenfield and Fitzpatrick-Lins (1983)
addressed the question of appropriate class definition by stating
that within a multiépectral classification, error was either
Céused by sensor related effects or class 1labeling. Chrisman
:(1982), in a d}scussion of classification accuracy, stated that
the usefulness of a multispectral classification depends on the
validity of( the cldss labels chosen. This is a crucial point
which has eluded many who were developing classification keys.
One * of the most common errors is to confuse land use with caver
typei In many of the forest resource applications, fthe labels of
clear cut, for example, have been included with cover type labels
such as deciduous and coniferous vegetation. Clearli; the cover
represented by the land uses (or ébnditlons) may not be unique
and the areas on which clearcuts have taken place may :be in
varying séages of regeneration. A second important area of

»

confusion is the inclusion of landforms within classifications
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“

based on spectral data. Todd et al. (1980) in their ten class

.key, included the label "cliff'". Similarly the landform(s) which
comprise ”wetlands:; including fens, muskegs, and bogs, have been
included. in numerous multispectral classifications (see for
example Kalensky et al., 1981) . The inappropriate selection of
class labels for MSS based classifications will, therefore, lead
to a significant reéuction in the mapping accuracy.
b
The third area of error as identified by Todd et al. (1980) is
due to inappropriate decisions made by the analyst. This may
‘iﬁclude some of the problemns discussed above with regard to
mislabeliqp of classes. It may also inélude the incorrect
interpretation of ground cover from aerial photographs, or field
checks. An insufficient fiumber of tr#ining sites may also lead to
class boundaries not Db€ing properly defined. These errors,
according to Todd‘et al. (1980), accounted for over one half of
the total classification errors.
Given these potential sources efv;rror, any cla;sification
" using mulgispectral data ﬁust also include an objective
evaluation of the classifiCationA acturacy. In designing a
procedure for as;essing the amqQunt of error within a maé, ‘some
\pertinent issues must be addreésed; ‘Tﬁé;first dissue is sample
design. The second is the assessmént of the classification as a

.

whole versus individual categories. Finally, the third issue is

$

the problem encountered in the comparison of multiple
classifications. : ’ \ .
A number ,of 4Wifferent strategies for desiqning a sampling

programme have been put forward to adequately repreﬁent a region.
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van Genderen and Lock c197°8) 0 Fitepatrick Lins (1980)  suggested

the use ot a otratitired random met hrod. The stratification was
approached N tWwo WAy s, The tirst approach  was  thematically
Dased . In other words, a sutticrently l1orge sample was eXtracted
trom each ot the mapped classes. The secoend approach was to
stratity the reqgion based Onkarea. This assured that the entire
area o! 1nterest was reptesented Dy the sample desi1gn. The t 1154

approach 1s not always teasible because 1t 1mplle§ a priori
xnowledge of the " relative percentage of the total area that a
6lass ocCcuples. An alternative approggn 1s to randomly choose the
sample points without stra(xfu:atn’ The use of this latter
approach ensures that the existing cover classes are represented
according to their distribution and that a partxcglar ccver class
will not be over sampled with respect to the distributaon. This

3
will allow an accurate understanding of the classification

accuracy.
Associated with the sample design 13 the number of points
which szt be sampled to satisfy statistical apsumptions. van
Genderen and Lock (1978) and Rosenfield et al. ()981) suggested
- .
that a minimum of 20 sample points be required per class to
assure an adequate representation of the cover class' The usg
of this number suggests that for a ten - élass map, the total
number of pcints sampled should be 200, which is an absolute
minimum assuming that classes would not be over sampled. Krejlcie
and Morgan (1910) determined that the minimum requiréd sample
size should Dbe determined by the total size of the population

that was being sampled. They noted that the rate of increase in
*

sample size is not linear sO that the required number of samples
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Tigure 3.4 Plot showing the relationship Detween popu.dt:on  and
sample si1ze (adapted from bFrejcie and Morgan, '970)
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with a small population 1s high compared to the sample size
required w;tn larger populations. A plot showing the relationship
between population and sample size 1s presented 1n Figure 3.4.
From this plot 1t can>be seen that the sample si1zZe required to

. .
present populat ions consisting of 9,000 members 1s 370 pbints.
This 1ncreases to 380 pgjnns\for a population of 400,000.

For the present study the assessment of classification errors
and the evaluation of accuracy was essential. The overal%
accuracy of the classification, ai\well as for the 1ndividual
classes had to be addressed and evaluated 1in §ome detail. To
achieve this goal, a random sampling network was designed. This
sampling strategy was used rather than a stratified one for the
reason stated earlier; to arrive at an understanding of the
classification accuracy as a whole, the 1indivadual, particularly
smaller, classes shQuld not be over sampled. A random sample
ensured that ”tne individual classes were sampled aécording to
their distribution. The total number of points used for this
design was 400. This surpassed the number of p?;nts suggested Dby

a
Krejicie and Morgan (1980) as the minimum for a population of
this size. To calculate the population size the number of rows
was multiplied by the number of columns in the test area matrix.
The coordinates of the sample points were generated through the
use of a random number table. The boundaries for the coordinates
were based oﬁ the original size of the elevation matrix. With the
generation o¢f the various landorm coverages the size of this
matrix became smaller with the boundary rows and columns being

Bliminated. Thus, the final number of sample points was reduced

to 372 from the original 400. Given the minimum size restrictions



stipulated Dby van Genderen and Lock (1978) aﬁd Rosenfield et al.
(1980) all but one of the classes specified 1in  the original
classification key were adequately sampled. The open soi1il class
had a small number of sample points because 1t was restricted’to
a small geographic area.

To address the final error source d)UCUssed by Todd et al.
(1980), that of misinterpretation of cover types used 1in the
training site selection, as well as fpr the accuracy analysis, an
evaluation of the Phase 3 map data was performed. *The accuracy of
these map products 1s normally evaluated by selecting a set of
sites and.performihg independent interpretations. The oéiqinal
map ;lass and thd independent assessment 1is recorda; on a log
sheet. These 1log sheets were examined for the test area. A
tabulation of the results of this evaluation 1s presented 1in
Table 3.10. The results of the analyses did not represent the
overall map accuracy of the Phase 3 product, since only the
stand composition information was used. The resulting
interpretation accuracy of the Phase 3 map information used 1in
this study was 82%.

N\

An error matrix for the MSS classification i5 presented in
Table 3.11. A number of points must Dbe notgd regarding this
matrix. The first is that the values represented by the verified
samples are found in the rows and the MSS classification in th‘
columns. Seconq, the omission and commission percentages have
been calculated for only the diagonal.

As discussed earlier in this chaptgr, it was not possible to

subdivide the conifer classes intb smaller, meaningful clusters.
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Closed
pine
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spruce
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deciduos/

coniferou

Mixed
coniferou

~_ 58

Table 3.10
Summary of Accuracy Evaluation of Phase 3 Forest
Inventory for Study Area.
VERIFICATION
Closed Open Closed Deciduous Mixed Mixed

pine spruce spruce deciduous/ conifer
coniterous

36 2 6 0 4 7
(67)

0 6 0 2 0 0

(67)
4 0 1 2 0 0
(59)
4 0 0 130 20 e
(93)
4 0 0 6 8e 4
(77)
S
(5} 1 3 0 2 49
s (82)
number

(% correct)

Total number of samples= 397
Total correct= 320
Map accuracy=811%
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Table 3.11

Accuracy Analysis for MSS Bﬂéed Classification.
N

closed
coniter
closed 116
conifer " (48)
(cluster (69)
3 and 4)
mixed 24
coniferous/
deciduous

(cluster 6)

deciduous 26
(cluster
2 and 5)

open 1
soil
(cluster?)

mixed
conifer

- o
~—

mixed
deciduous
coniferous

37
(50)
(42)

numpber

(2 commission errors)

(%L correct)

Aerial Photographs/ Phase 3

deciduous

37
(59)
(69)

muskeqg/

fen

P

Total number of samples=372
Number accurate=217

Mapping accuracy=58%
¢
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The result, therefore, was that the pine stands aﬁg/;ne mixed
conifer classes were not mapped separately based on MSS data
alone. The mapping accuracy for the upland conifer class, which
was reported in this portior of the analysis, was based solely on
the one class. An examination of the individual classes yielded
some very 1nteresting patterns in the misclasgifications which
di1d occur. The conifer class yielded a moderate to low
\
classification accuracy with a 327 commission error anq 297%
omission error rate. A high degree of confusion oc—curred with the
mixed coniferous/deciiuous, deciduous and wetland classes. The
pine stands confused with the mixed coniferous/deciduous class
while the mixed coniferous stands did not. The reason for this
confusion was that the crown closure for the pine stands,
especially with the older stands, was 1less than the mixed
conifers, where the spruce trees formed the understorey, thereby
eliminating a substantial amount of the herbaceous and deciduous
understorey which would have affected the reflectance detected by
the MSS scanner. An 18%4 commission error - with mixed
coniferous/deciduous class occurred. This error rate was high but
easily explained given the arbitrary boundary imposed by the
classification scheme which separated the conifer class from the
pixed coniferous/deciduous class. The arbitrary boungary
positioning also explained some of the omission errors reported
below. It was obvious from the accuracy rates repo;ted fqr the
mixed coniferous/deciduous class ( 42% correct and 50% commission
errgr) that this was a significant problem. The confusion wi‘th

the deciduous class was 5%, while the wetland class was almost

9%. Similar trends in the omission rates also occurred, with a
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13% confusion rate with mixed coniferous/deciduous class, and 15%
for the deciduous class. The deciduous class displayed a
commission error of 31% and an accuracy of 59%. There was é great
deal of confusion with all of the other classes, with the
possible exception of the mixed coniferous class for the reasons
discussed.

One significant problem with this classification, as indicated
earlier, was the inadequacy of the MSS data to define areas of
poorly drained, organic soil which comnprises the muskegs and
fens. As 1is evident from Table 3.11, the wetland class included
samples from all of the clusters representing the vegetation.
This point was also observed earlier in this chapter during the

cluster analyses of the training sit® information.

3.6 Summary

From the foregoing analysis and discussion it can be concluded
that for forest cover classifications the use éf MSS data alone
is not sufficient to yield satisfactory results both in terms of
the breadth or accuracy of the classes. Additional data must Dbe
. considered to improve the classification. The most sudcessful
approach Q@s in the past been the 1nclu§ion of information
analogous to the photo element site. The usé‘of these data is
investigated in a subsequent chapter. Prior to integration,

-however, an investigation of the nature of thesé'potential data

is made.



CHAPTER 4

Digital Elevation Modelling and the Extraction of
Spatial Derivatives

4.1 Introduction

One potential source of ancillary information, which may be
useful when 1integrated with LANDSAT MSS data, defines the
geometry of the earth's surface. This geometric information 1is
used to describe a variety of surface form characteristics which
pertain to the landscape. One data source used to relate to a
point in an absolute sense 1s elevation above sea level. Sources
which relate to a point within a designated area are slope, both
magnitude and direction, and the rate of change of the slope, or
curvature. All of these sources will Dbe discussed in this

chapter. The derivation of the various products which were used

in this study are described in detail.

3

4.2 Digital Terrain Nodels and Digital Elevation Xodels

A number of different terms have been used to describe the
mathematical representation of the earth's surface. Two different
terms will be used in this dissertation to describe the various
types of models. The definitions used follow the termihology
suggested by several authors (for example Monmonnier (1982) and
Yoeli (1984)). A digital téerrain model (DTM) is wused to

62
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describe a set of irregularly - spaced points representing the
earth's surface. Information regafﬁing the geographic positioning
of the data points, as well as the elevation, are recorded in the
model, at each point (X,Y,Z triplet). From the DTM a regularly
spaced grid of elevation values where the geographic 1location
information is implicit may be produced. The process is known as
surfacingA and the resulting grid is termed a digital elevation
model (DEM). As the points are regularly spaced, information
regarding the geographic positioning is implicit with only the
location of an origin being necessary® From this DEM a large
number of products. can be derived which characterize the
geometric properties of the landscape®at a point, or which model
processes based on the geometric properties of the landf.r:
Thosé products‘termed DEM derivgtives in this dissertation, will
be restricted to those created through the process which will be
described later in this chapter. A -second term, landscape .
-covéraées, will also Pe used which denotes those products not

produced through differential geometry but by other means.

4.3 Digital Elevation Nodelling

A variety of metﬂ)ds may be used to crite a DEM. The first
method is the direct generatign of an eleVation matrix through
the use of a photomapper (see for example’ Franklin, 1985), or‘a

‘ h

®

photogrammetric analytical plotter. A second method is through
. » .

the éon‘uction of elevation profiles from contours (for example

Maxwell and Turpin, 1968). Third, an elévation matrix may be

surfaced from a DTM (for example Haxwe.and Turpin, 1968; évans,

- ©
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1972; Hardy, 1972; Sampson, 1978). Surfacing from a DTM can be
ackomplished through the use of two basic approaches. The first
\;s é\numerlcal approach which creates the matrix without creating
an intermediate mathematical function. This gpproacn interpolates
the elevation for each cell in the elevation 4grid from
surrounding known elevation points. An example of this is the
inverse weighted distance method. The distances from a candidate
point (grid cell) to its nearest neighbours are calculated. The
inverse distance of this point to its neighbours determines the
contribution of each of the points to the final elevation value
assigned to the candidate point. This approach is computationally
simple sSoO that a large area may be surfaced witnlnAan acceptable
period of time. The main disadvantage of this 1is that
interpolations Qo result iq a nolsy representation of the actual
surface.

Another approach to surfacing generates a continuous
mathematical surface. This 1is known as an analytical method.
There are a number of advantages in using this approach to
surfacing. The main one is that the mathematical solution may
derive a surface which passes through all of the points in the
DTM exactly. There 1is also none of the noise caused’ by
interpolation as in the case of the numerical approach,

-

In his discussion of topographic surfacing Hardy (1971)

reviewed the more common analytical approaghes used. These

included the Fourier and the polynomial series. He rejected both
of these approaches as being unsuitable for use in topographic

surfacing, because of their inability to rTepresent topographic

variation adequatély without the use of very large data sets. He
. E
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stated that both of the series noted above "with relatively few
data points...(are)...unmanageable in representing the sometimes

rapid and shafp variations in real topographic surfaces"( Hardy,

1971, p1906). To avoid the problems encountéred through the use.

of the two surfacing series mentioned above Harhy (1971)
discussed the use of a multiquadric solution to the surface. The
equation to solve for elevation was given by Hardy as:

2 "2 0.5

n
z=% ¢ [Xx-xX »{@-1v ]
=1 3 ] 3

This approach yields a cone at each of tne’X—Y points. The shape

of the cone, that 1is 1ts peakedness, is controlled by the

coefficient C. As well, Hardy stated that the shape of the

individual cones is cpntrolled by the characteristics of all of

the other cones in the area being surfaced.2 He noted that
¢

. ..strong influences from sharp.cones farther away may override

the weak or flat cones...however every cone will cause some

significant change in the slope of the multiquadric surface

regardless of its !!atness" (Hardy, 1971, p1908). It was’

demonstrated by Eyton (1974) that the multiquadric - solution
fitted to a series of topographic points is suitable for
surfacing large areas.

The main disadvantage of the multiquadric approach is the
computational complexity and the computer memory requirements
necessary to surface an area. Solving the multiguadric function
using a matrix approach (Eyton, 1974) requires a matrix with a
size equaling the number of x-.Y-Z‘ triplets in the DTNX squafed. If

a%'n‘ with 500 triplets is used the matrix created will have
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]

\

?F0,000 entries. When using 4 byte data this matrix would require
I megabyte of memory or 2 megabytes 1f B byte data are used. To
lessen this problem and allow for large DTM's to be surféced, the
grid *being created is sect}oned into smaller neighbourhoods. One
of two strategies may AAOpted to achieve this. The first is to
step the su;facinq by processing adjacent neighbourhoods within

the larger matrix. The second strategy also uses stepped smaller

neighbourhoods, but each neighbourhood overlaps the adjacent

ones. Only .a central core of each of these overlapping
neighbourhoods is sampled and retained. This is termed a roving
approach. The roving methodology 1is computationally more

demanding tnan/:Le stepped approach because of the larger number
‘'of @ata points needed to solve each ngiganu;nood, but is more
accurate at.- the boundaries. The shape of a surfacg wnién is
calculated by an analytical approach is very sensitive to the
distribution of DTM tripletsrwitnin thecﬁtea being surfaced. If
there 1is no overlap between adjacent neighbourhoods then the
boundaries ma¥ not match. This is especially the case in areas of
low relief where the density of points describing the surface is
low, resulting in a- small number of poinys describing eéch
neighbourhood. In some cases entire neighbourhoods may have no
points "~ contained within them. The roving method is,‘ therefore,
preférable to the stepped approach to surfacing l;rgg areas.Eyton
(1974) used a stgp&ise approach in solving the problems created
by .,a 1large DTM data set. He noted that some minor boundary

pfoblems resulted from the use of this approach. However, these

verﬁ not significant. Subsequently, the stepwise approach was
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repiaced by a Ubving solution (EytoQ. 1887) .

‘ To gene%ateﬂa DTM for this study a 1:50000 NTS topograpnic
map was digitized (Figure 4.1). The contours on the map sheet
were traced using pofnt mode digitizing. A data point was
digitized at each Dbreak point along the contour 1line. The

~geographic position and elevation were recorded for each point.
To save processing time at a later stage, the contour lines were
thinned so that only those points which had a spacing of greater
than 50 metres apgrt (1 millimetre on the source document) were
retained. This generalization tended to reduce'i%e information
content in high relief'a;;as while not affecting areas of 1low
relief amplitudé. Using this thinning approach the file size was
reduced from 29;000 to 22,500 points.
kY ®

To deal with the large DTM data set, the roving approach to
surfacing discusse# above was adopted.’ For eﬁx of - the
neighbourhoods a sub;et of the orxgihal DTM was sampled soc as to
be'centerea on, or as né§§ as possible to, the neighbqurhood. The
subset size was ghosen so as to ¢§ver a neighbourhood which was
substantially larger than that yhicn was being surfaced. In this
way there was an overlap between the DEM subset for adjacent
neighbourhoods. The choice of the appropriate neighbourhood and
DTM subset size varied depending on the complexity of the
terrain. In' areas of great detail the neighbourhoods were sﬁall
with a large triplet subset. In flat areas, the subset remained

,___la;gé but the neighbourhood size was increased. If the DTM subset
did not haye sufficient ove;lap with the adjaceng'greas._ or the

subset did not extend beyond the boundaries of the neighbourhood
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then visible seams were produced at the boundaries. In terrain
with variable relief the choice of an appropriate neighbourhood
s1ze was difficult. A compromise was made Dbecause processing time
increaseqd substantla;lyith an i1nhcrease 1n either the size of
the DTM subsample or a decrease 1n the neighbourhood size.

Another concern was that care had t¢ Dbe exercised when

o
surfacing from digitized contours since the elevation triplets
were concentrated along the contours. This required that a
relatively large number of points was chosen for the triplet
subset. If the subset size was too small then the points chosen
would all fall on the same contour line.

Given the relatively limited processing capabilities of the
VAX 11-730, a large neiqnboufhood size (11 X 11 cells) and a
large triplet subset (200 points) were chosen for the surfacing
of the DTM for this project. Several surfacing runs were made on

- " O
the DTM to arrive atrthls comblyation. The larger DTM subsets
reduced the number of seams between the neighbourhoods 1in the
lower relief areas, as discussed above. The areas of higher

\
relief, however, were best suited fpr smaller neighbourhoods due
to tné density of DTM pgints. Given the supstantially larger
proportion of the test areg occupied-by the low relief as ;ell as
the time requireﬁents for the processing a combination of subset
and geignbourhood size mentioned abovg was employed. ~The time
required to generate a surface of 520vX 540 grid cells ranged

L XY

‘ . . *
from 60 CPU hours for an 1% X !t neighbourhood and a triplet
. A .
size of 75 points to 210 GPU hours for a 7 X 7 matrix and 100
N .

points. The final run to create the DEM with the input parametres
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ment 1oned above, 11 X 11 neighbourhood and 200 points, required
approximately 110 CPU hours to process.

The combination chosen was found to be suitable for all but a
very small portxah of the test area. The resulting perspective
plot, shown 1in Figure 4.2, 1s a reconstruction of the DEM. A
small number of seams are detectable in this representation which

0
are not as visible 1n the grey tone 1mage from the DEM (Figure

4.3).

The histogram of the DEM 1s shown in Figure 4.4. As 1s
evident, the majority of the area 1s contained within a nartow
elevation range, from approximately 1000 metres above sea level
(MASL) to 1150 MASL. A secondary peak at 1450 MASL represents the
northwest to southeast trending ridge. The maximum elevation 1s

approximately 1600 MASL. N

4.4 Geometric Derivatives

The derivative products from the DEM, which are described
1

below, have been generated~tnrougn~tne use of the metnodolggy
developed by Eyton (1987) and a FORTRAN programme developed by
Eyton. The following a summary of that given by Eyton (1987). The
methodology is based on the finite difference approximation of
the first and second derivatives of a 3 X 3 neighbourhood of
elevation values from the DEM. This neighbourhood and the

associated notation which will be used in subsequent portions of

this chapter are illustrated in Figure 4.5.



Figure 4.2. A perspective plot of the study area based on the
: digital elevation model derived from the digitized
topographic map (vertical exaggeration %
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Figure .3, Grgy tone image of the digital elevation model
developed from the Qigitized topographic map
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4.4.1 FPirst Derivative
»

The first derivative of elevation describes the rate of change
of elevation, or the slope of the terrain. This slope refers to
the maximu@ slope of a tangent plane at a point on the slope
surface. The methodolnrgy used to calculate the slope 1s two
stepped:

1) Calculation of the slope in the X and Y directnoﬁs.

2) calculation of the maximum slope.

Based on the neighbourhood notation outllked in Figure 4.5, this
is calculated Dby:

1) SLOPE X=2(2,2) - Z2(2,1) + 2(2,3)-2(2,2) = 2(2,3)-2(2,1)

D D 2D’
L .
SLOPE Y=Z(2,2) - 2(1,2) + 2(3,2)-2(2,2) = 2(3,2)-2(1,2)
‘ D D 2D

where D is.the grid ¢ell spacing. Positive slope values are those
resulting from a decrease in thé elevation towards the origin,
while negative slope values indicate an increase in elevation
away from the origin. This is illustrated in Figure 4.6.

‘ 2 2 0.5
2) The maximum slope = [(SLOPE X) + (SLOPE Y) ]

’

W

The resulting slope values are expressed as a éanqent.
a _
To calculate the direction of maximum slope, or the ' aspect,
the angle .between thé maximum slope and the slope in the X
direction is determined: " .

-1 2 . 2 0.5 _
0 =COS (SLOPE.X/[(SLOPE X) + (SLOPE Y) ! )
S

’

A second step converts the local angle, O to an azimuth.
: I s

*
a
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Convzision 1S based on the signs of the slopes in the X anad Y~
directions. Table 4.! summarizes this conversion.

The slope 1image 1is shown in Figure 4.7 for the test area.
Figure 4.8 1s a histogram showing the distribution of the slope
values in Figure 4.7. A large proportion of the test area had

o
very low slopes. Slightly more than 85% of the study area was
located on slopes wiih gradients_pf dess than 15%, and that 99%
was on slopes less than 35%.

<
A compass rose of the distribution of the aspe¢t values for

~the study area is shown in Figure 4.9. The highest percentage of

Aarea had a northeast anll southwest orientation. This reflects the

influence of the nortnweft to southeast trending topography of

-

-

the Rocky Mountain Foothills.

et : ]

4.4.2 Second Derivative

The second derivative measure obtained for this study was a

directional cdrvature, giving measufes for the shape of the

<

landscape 1in Dch the down slope and across slope directions.

. f e ‘ . .
These forms of curvature were used instead of other measures

. ’ 4
such as plan curvature because when both the across slope and

down slope curvatures are considered togetnér they ‘represent .a
three dimensionalAberspective of the landscape. These curvature

measures- indicate the rate of change of the slope along the axis
.

of maximum slope and an axis pefpendicular to this 1line. Tne_s;

~

‘axes do not have to conform tb the X and Y axis of the

‘neighbourhood matrix used, but may occur on a diagonal. The

- .



Table 4.1

Conversion of Local Aﬁqle to Slope Azimuth

5lope Sign
Slove X Slope Y Slope Azimu:ih
b)
' O B
\\\\3 : + 270 +0
' S
i )
+ - 270 -0
- s
0
- - 90 +0
s
o
- + 30 -0
S

(from Eyton, 1987)

o

78



79

f Figure 4.7. Grey tone reﬁresentation of the slope g:édient values
' of the study area. . ! )
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Figure 4.12. Grey tone of across slope values for the study
' area.
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procedure tor calculating these vgrva(urp measures was  described

by Eyton (1987) and '1s paraphrased as followsy
- N

1) The curvature along an axis trom thezpor1nis a and b may be

calculated by the use of the following relation:

. Curvature = 22(2,2) za - b

2D

-

where 2Za 1s the elevation at point a and Zb 1s the elevation at
point b; D 1s the grid spacing and 2(2.2) reters to the elevation
at the center of the 3 by 3 cell nelgﬁbournood.
2) Estimation of the values at Za and Zb requires the down
slope azimuth O as defined earlier. As the azimuth distribution
S

15 cCcarcular it 1s necessary to linearize {t by cniﬁqan the

values to a 0-180 degree distribution (O Y.,
1

To determine the Cartesian coordinates for the points a and b:

- O from O to 90 degrees
1
» .
Xa=2.0+SIN O &
1
)} Ya=2.0-CO%0
1
Xp=2.0-SIN O T
. . ' 1
Yb=2.0+COS O
1

O from 90 to 180 deg{ees

Xa=2.0+C0Ss 0O
1
: Ya=2.0+SIN O
. 1 .
Xb=2.0-CCS O
1 .
<o Yb=2.0-SIN O
X 1 -

-~

o
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caltuiat ion ot the elevation values for points a and b

«

For O trom 0 to 90 degrees,

s

ca=(2.0-Ya) 201,30 (Xa-2.0) + Z2(1,2)(3.0-Xa)]+
(Ya 1.0 [Z(2. ) (Xa-2.0) + 2(2,2)(3.0-Xa)]

Zb=(3.0-YD) [2(2,2)(Xb-1.0) *+ Z(2.1)(2.0-XD) ]+
(yp 2. (2. (xf®r.0) ¢ 2(3, 1) (2.0-XD) )

For O trom 90 to 180 degrees,
S

Za=(3.0-Ya) [Z(2.3)(Xa-2.0) « 2(2,2)(3.0-Xa))+
(Ya-2.0) [2(3,3) (Xa-2.0) + Z(3,2)(3.0-Xa)]

Zb=(2.0-Yb) [2(1,2)(Xb-1.0) + Z(1,1)(2.0-Xa)]+
(Yp-1.0) [2(2,2) (Xb-1.0) + 2(2,1)(2.0-Xb)]

To calculate the across slope curvature the O value equals O +

- . 1 S
30,and the calculation of Za and 2Zb i1s repeated with the new

values of O
1

Figure 4.1!'0 1s a grey tone imadge of the do¥n slope curvatures

for the test area. Figure 4.11 1is a histogram af tﬂe distribution

-

- A}
of values from this data set. Figure.4.12 and 4.1'3 represent the
same for the across slope curvatures. What is evident from both

of the histograms is that the curvatures calculated from the test
4

'

area DEM were quite low. This reflects the dgenerally low slopes

‘

contained within the study area.
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Figure 4.10. Grey tone image Of down siope curvature coverage,
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4.5 Summary

This chapter is an examination of the development of a- data

bdse which can be used as ancillary data for the MSS integration.

Attention was given to the surfacing approach used to °~ generate
the DEM. The importance of this product cannot be overestimated

as it formed tne basis of the subsequent products which describe
‘the geometric properties of the land surface. The  first
derivatives generated;ﬂ were those which described the slope
gradient and tn§ dlrecﬁion of maximum slbpe qrédient. The second

v ‘ , Co, .
derivative measure described the form of the landscape both in

b
terms of the across slope and down slope curvatures.



CHAPTER 5
.
'An Rxamination of Interpretive Map Data as a Poténtial
Ancillary Data Source ,

5.1 Introduction

°

This cn?pter deals with a comparison of two different sources

of ancillary information which could potentially be used with MSS

L)
data to enhance forest cover classifications, Each of these data

A

products have unique advantages and disadvantages %ﬁ ancillary
data sources. The first data source 1is the conventional
interpreted polygon map. The advantage to using this type of map

is that it was produced using the range of interpretive elements

.
o

that were discussed in Chapter 1. The second data source is the
deriveé\“ﬁap, dtiribed in the preceeding chapter. There are

specific reasons for comparing these two information sources. The

. .

first - is that numerous attempts at ancillary data integration
- X |
(discussed in Chapter 7), have involved a pre or post

classification sorting process based o6n a mapped theme. The
v

second reason for this comparison is that the interpreted polygon

map “is ‘the most common map coverage contained in -Geographic

-

Information; Systems. This type—of map is, therefore, the most
freadily available for integration.

The ‘3se of interpreted landform, or ylandscape, data in

modelling may introduce problems. ThQ first, and most significant

.

\
problem, is one of generalization. Simplification and data

89 .
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reduction tend to occur at a number of stage§ throughout the

mapping process. Unless source documents allow for resolutions
which are greater than, or'egual to, e LANDSAT data, a
eneralization in the remotely sensed a must be made” to

-~

\

compensate for the lower level of detail. A second problem 1is
. €

that of arror introduced by the ancjllary data covarages. Errors

contained in map sheets are multiplicative when the map sheets
are overlaid. If an accuracy of 80% is achieved for a soils map,
for example, and an accuracy of 70% is attained for the LANDSAT
classification, then the accuraéy of the resuitinq
classification, or model, 1s oﬁly 56%. The impliqations for the
. N

incorporation of multiple coverages is evident. It is for ‘these

feasons that it was decided that a comparison between the two

" ancillary data sources was necessary.

J
5.2 Interpreted Map

-
The interpreted theme to be compared was derived from a

v

1:50000° scale physical land classification (PLC) map (Figure 5.1)

prepared by Alberta Forests, Hgnal .and Wildlife, Resource

>

Evaluatiorr Division. The mapped polygons represent the spatial

‘distribution of soil properties, 1anhs;7gg’— forming processes,

soil moisture conditions and Iandformggeometgy (slope gradient
and aspect). fThe information mapped was based primarily on tnhe
. %

interpretation of aerial photographs with supporting fie%d
. ' - ] \

¢

7~y verification.

-

-

/The PLC map corresponding to the study area was digitized. A
matrix of siope values was produced by gridding the digitized

. —
v

L]
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\ NG

L]

Figure 5.1, Interpreted slope' map used ipn the analysis. (Polygon
. / .
labels represent slope classes which are defined in
Figures 5.2 and-5>3)
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polygon coverageé. The resulting matrix consisted of 520 rows and

.
- . —

640 columns of 50 metre grid cells. Each of these pixels

contained a unique theme. .

-

5.3 Comparison of Two Map Coverages s’

To ewaluate the two map products (PLC map and slope

‘.
distribution derived from the DTM/DEM) as to which was the most

.

appropriate for LANDSAT classification improvement, a theme

\

common to both was selected. This theme was slope gradient. In

=
\

the case of the PLC map the mapped tleme consisted of polygons
with simple er complex slope desiggations. The simple class
polygons were characterized by a uniform slope throughout. The

complex cl polygons may have had the entire specified range of

.

slope cXasses occurring within its boundaries.
. ! i

Tne-two slope. gradient coverages weré spatially registered to
coincide exactly with each other. This was a relatively simple
procedure since the NTS map 3heet used as the sogrce for the DTM
had élso been useh as a base for the PLC map. The origins of the
digital A coverages (the maximum and minimum northings and
eastings) were known for each so that cqrregponding windows could
be extracted. - - ..‘—N“’:\ e

The two maps were digitally overlaid to facilitate comparison.
The result; of this overlay 3re illustrayed in Figures .5.2 and
543. The distribution of DTM/DEM slopes within the simple-classed
PLC polygons‘are illustrate& in Figure 5.2. For the gewer classed

. ;e .

PLC polygons -(classes 2, 3 and 4) the distrigytions were similar.

‘They Were unimodal with the mode at 221 slope for all tnfeg
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'ld\t“\_ There was however an increasing positave skewhess as the

PLC gradients 1ncreased. The distribution changed tor the higher

s5lope  classes  (Classes. 5 and 61, The ranges Ot the slopesx

contained within the PLC polygon were much greater than the

s

lower ¢lassed units and the modes less well defined.
.
The histograms tor the distributron ot the complex PLC
)
polygons  are shown in Figure 5.3. The AQistribution ot the siope

values shown in the histograms are similar to the pattern of the
simple cCclassed units. The modgs of the lower classes are still
low with the Aistributions positively skewed. The higher classed

polygons with greater ranges 1n slope <cClasses have a

¢orresponding larger range 1in DTM/DEM .values. *

5.4 Discussion

The comparison of these two map products nighlighted the high
degree ;f generalization associated with the 1interpreted map.
This generalization may have been the result of thre; factors.
The first factor, as shown by the polygons representing the
higher slope gradients, was thaft a large degree of cartographic
generalization occurred during the vgrious stages of ° map
production. This generalization led to an apparent

' L
misclassification of areas within the polygons. Fof example, in
tnﬁvpolygons with slope class 6, only 33% of the area fell within
the range specified. The generalization may have been caused by

several factors. The first factor may have been the method of

survey, which may not have used slopes as the primary reason for
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delineat 1ng the polygon boundary. kather , the primary \r eason for
the delineation may have been uniform soil properties, with the
slopes of only secondary 1mportance. A second factor contributing
to t he generalization may have bDeen that the regional sSlope
within the polygon was not considereqd, but rather, t he

description of the PLC unit refers to a compleX slope assemblage.

The polygons, therefore, may have been interpreted and
delineatéd with a smaller mapping scale in mind. In other words,
although cartographically produced at a scale of 1:50000, the

interpretation may have been carried out for mapping at scales of

1:150000. This point was rejected for two reasons. The first was

that some of the polygons mapped at a 1:%0000 scale were too
small to be reproducible at smaller scales. e second reason was
that the 1:150000 series was not a generalized version of the

1:50000 PLC map, but rather a different classification product
which integrated vegetation ainformation Q}th the terrain
interpretation. The thjrad factor contributing tq tpe apparent
misclassification, especially important for low slope zones, was
that dense forest cover of’varyan ages, densities, and species,
tended to confuse the interpretation ofa. actual slope breaks,
thereby leading to erroneous interpretations.

QIn favour of the polygon map was that the contour interval of
the original topographic map used to generate the DTM may have‘
been too great to account for some of the variations im slope.
This was especially important when dealing Qith tn; areas within
the 1low slope polygons, 'yngre the variations in slope were‘
relatively subtle. In the higher slope zones, where a change in

’»

class resulted in a variation of over 10% to 15% rather .than 21
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’ »
Aas 11 t he lower 2ornes, thq larde contour 1nterval was not as

sr9gnificant .

The rationale for the two slope coverages not coinciding was

~— -

-
secondary to the tact that they did not match and that the
”~

spatial information content of the PLC map was substantially less
than that contained within the DTM/DEM coverage. (This point was
reintorced Dby the findings of a previous study Dby Nix et ai.
(1984) , although the mismatch of \tnelr map products was
attr1bu}ed to differences 1in cartographic scale.) The comglusion
*
of this analysis was that, for the pud‘oses of integration with
MSS data, the high degree oOf qenerallzatlpn of.tne polygonal map

would jntroduce a substantial generalization 1in the final

product.

5.5‘Sunhary

B?sed on the results of this comparison it was concluded that
the 'generalization of the 1information contained within the
1nterpreted, polygonal maps greatly‘reduced their usefulness. The

’ : )

interpretations for other themes lx&ely have similar
characteristics as the slope gradient theme.- The high degree to
which the information content had been generalized placed serious
limitations on thg potential usefulness of this type of déta

.

source for use jith LANDSAT MSS data in the «classification of

forest cover. //



CHAPTER 6

Landscape Drainage Kodelling

6.1 Introduction

-1

Three points can be made from the discussions in the
dissertation to this point. The first point i1s that the spectral
resolution of the LANDSAT MSS data 1is not sd!f1c1ent to~
discriminate the forest cover in sufficient detail to yield a
classtfication which is useful beyond defining very broad classes
such as coniferous, deciduous, and open soil. The second point 1is
that the topographic variation in the area chosen fOor this study
1s small with B85%, of the terrain being located on slope
gradients of 1less than 15%. The third point 1is that the
generalization which is inherent in the interpreted polygon map
renders this source of information of limited value for
1nte§ratlon with MSS data.

~

Based on these three points three tasks were gdeemed necessary
to fulfill the objectives of this project. They were:

1) To determihe, through the use of previous studies
reported in the 1literature, what characteristics
affect the natural distribution of forest vegetation
cover. , ) .

'2) To investigate, through the use of published

literature, if these characteristics have previously

been modelled using DEM derivative produots.

v

\ " . 98
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3) To investigate the relationship of the DEM derivatives
"developed for this study to " the terrain

characteristics which contribute to forest vegetation

cover.
—

¢
<,

These three tasks are dealt with ini\this chapter.

>

6.2 Relationship of Terrain Characteristics‘;nd Stand Compésition

Numerous studies have investigated the relationship between

natural forest site characteristics and the gquality and
<

composition of the natural vegetation cover. Coile (1952) found
that the quality of the site with respect to vegetation growth is
largely determined by edaphic properties, terrain
characteristics, climate, and the inherent rooting habits of
different tree specles.

Wilde et al. (1954), working in the Algoma area of northern
Ontario, related soil profile characteristics including texture,
drainage, permeability, pH, organic content,.and soil depth to

4
the distribution of natural vegetation cover. The descriptions
provided for these soil/vegetagion relationships were very
general and did’' not discuss the influence of various soil

s !
characterisg}cs on the vegetation types in dqetail. A correlation
) L]

was made, however, between soil drainage and vegetation

distribution. The more rapidly draiﬁéd soils whi had developed

were covered

-

on the colluvial and coarser glaciofluvial materia
N

with stands of conifer cpmpésed primarily of pine

<

with some

spruce. The soils with a high:clay-content, thereby leégs, well

drained, were covered by conifer stands composed of %ir and

-
. P =\
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\.l
spruce. The least well drained soils, including the muck and peat
deposits, supported predominantly black spruce, sedges, MmOSses
and deciduous shruqs. Site quality was al1so implied by neting

-y N N
that stands which had developed on deeper, well drained soils are

faster growing than those-develqped §W the moke poorly drained

" lowland or shallow, skeletal soils.

Daubenmire (1968), working in Nagthern ldaho, stated that the

soil moisture regime 4during the growing season not only played a
4
signifjcant role in determining the quality ofﬁsite for a-
t;}ticular species, but also influenced . the fores
.
at that point. He noted'that.gs the soils became -less well
k

Arained there was a change in the predominant forest species from

composition

pine to fir to black spruce. N

Matcock and curtis (1960) fbund that of the environmental

-

factors most éommonly cited, so0il moisture regime was the one.
which most commonly d;fferentiated forest species composition.
They stated that the species ‘which were most frequently

associated with coarse textured, well drained sandy soils wete.,
- " .
markedly distinct from these species characteristic of poorly

. o

drained clay-rich and organic types..

Jeglum (1974) reported a gradation from closed black spruce
: Vs

stands . found on mineral soils to open stunted stands on organic
- ) .
soils and peatlands. The quality of a site for Dblack spruce

decreased with an increase. in moisture and a decrease in
aeration. Lowry (1975) stated that black spruce stands - exhibit

the best growth on mesic sites. The influences of microclimate as

reflected by slope, aspect, relief and exposure, he noted, exert
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a lesser influence. The relationship of site qualliy of Dblack
spruce to drainage was also discussed by Dryness and Grigal

(1979). They noted that well drained and very poorly drained
sites offered the pooresttenvironments for black sprucd growth.
ﬁ{‘ : {
Zobel et al. (1976) stated that ",..factors related to

temperature, moisture, nutrients, and mechanical stress often

correlate with the observed vegetatfon pattern" (Zébel et

-

al., 1976, p.47). They noted that soil moisfure availability has

been recognized as the most influentiad factor in determining the

distribution of forest vegetation by acting as a limiting factor.

\ .
A second 1limiting factor, temperature, became dominant when

4 ,
higher precipitation and  lower evapotrinspiration rates

prevaiied., This zonation, based on temperature regimes was
relevant when large geographic areaS or areas with a large
elevation range, were beiné investigated.

Spurr and Barnes (1980) stated that in addition ;o the edapgic

characteristics of a site, the topography was important in
\ : .
controlling the moisture conditions. They noted that the slope

’

{
gradient and aspect related to the quality of a site for growth,

. .-

as did the relative position of a site on the slope. ThiS latter

~

point was discussed by a number of investigators. Richards « and
Stone (1964) found that the 1nternqi drainage of the soil péofile
was related to the slope dradient as well as the siope shape.
Graney and Ferguédn (1971) studied site quaiity reiationships for

pin€ stands and reported that the topographic variébles used 1in
their lstudy all contributed in some way to tng degree of soil
* €

drainage. Spurr and Barnes (1980) also found that site quality

could be equated to the more common physiographic dleménts

o

4 i

LS TN
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cases soil texture.’ .
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.

including aspect, slope gradient and elevation. They concluded
that other topographic-.factors, hnot usually considered, such as
slope ponvexigy, éonéavi;& and the position felative éo the crest
of the hill’slope. wete of imp;rtancej Berrsox and ward (1972)
found that site quality fbr oak was 1nfluenced by slope aspect,
grad;ent‘ and slope position, .The  variablse 'slépe position,

described an integration of slope form as wgll as the distance

from the  top of the hill slope as was the case with Graney and

-\ Ferguson (1971). Using~multiple regression analysis, - they fdund

that of the topographic variables, the slope position was the
L P '
most significant. In their study, Spies and Barnes. (1985) used a

stepwise discriminant analysis to investigate the contributigg'of

55 physiographic and soil vaqiables in describing the nature of

forest ecoéystems. From the results they concluded that the
three  physiographic variables which were most significant
included slope gradient, topographic posf:ion and the distance to
a body of water. The gopograpnic position used a gqualitative
classification of the slope components, for example: ﬁpper slope,
mid slope, ane lower slope. The ecosystems, they founq.‘could be
classified into two basic groups, upland and wetland ecosystems.
The upland eéosystems wei:EZijjj?guishéd from the wetlangzénes by

the physiographic vériab as well as soil drain?ge and in som¢e
i

(’
Another factor influencing vegetation composition and site

quality is‘the depth to the water table. A shallow water table
‘ N

will act in much the same way as any other restrictibn, by not

‘ A | .
allowing the establishment jof deep rooting species (Spurr and.

Yiemen

@
~
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A

Barnes, 1980). In the case of black spruce, the rooting depth 1s
4 ¥

»
quite shall‘w so that a high water table in mineral soils 1is not;

e
.

a factor in their establf%hment.
t

A common - conclusion of the studies cited above, was that

although a number of factors influenced the type of vegetative
s v o .

cover and the quality of conditions for growth, the recurring
limiting factor was moisture. This limiting factor may have Dbeen
on the side of excess as in the case of pine or fens, however,
conditions may also have been excessively Xeric which would have
affected the distribution of black spruce.’ The predominant factor

was therefore the degree to which the soil profile was droughty

or saturated during the growing season.

» . <

]
6.3 Vegetation Characteristics of the Boreal Forest with
Special Reference to West Central Alberta

A very general zonation of Boreal forest vegetation, based on
. ~
soils drainage, 1is illustrated in Figure 6.1. The zoninﬁ»is not
' 1

well defined, and thgre is some overlap between some of the

a—

species represented. A few of the species such as birch (Betuldy
_spp.) and white spruce (Picea glauca) do exist within. a wide

range of moisture conditions.

Some general conclusions regarding the zonation were made by

Corns (1983) who discussed the distribution of forest community

» .
types .in the Boreal forest of west central Alberta. He noted that

the distribution of'the forest species gepended on elevation as

well as the soil moisture regime. He found 'tnag\ pine (Pinus
LI ¢ -

contorta) had a very high elevation range, but was generally

<

\/
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restricted to well drained and to moderately well drained sites.

»

Some ) instances of imperfectly drained sites were also recorded,

EA . ) \ .
At the other moisture extreme was black spruce (Picea mariana)

which was found in imperfectly to very poorly drained sites.

White spruce (Picea glauca) was found bridging these two

extremes.. Subalpine fir (Abies lasiocarpa) was located in -the

higher - elevations (greater than 1600 metres) on well drained
sites. Y
.{’ © nx
For - the present study area, an evaluation of the . vegetation

cover was carried out by Bentz et al. (1985). Figqures 6.2 a-d

‘represent four typified cross sections relating terrain

characteristics to the vegetation pattern. Figures 6.2 a and b
represent the vegetation cross sections found on the undulatiﬂq

morainal deposits located in the eastern sections of the study

~

area. The first of these cross sections, Figure 6.2 a, is from an

area of fluted and hummocky moraine. The areas which this figure
] . .
represents are undulating with 1linear ridges and hummocks

A

separated by depressional zones. The predominant forest cover for

these Areas igs pine on the higher, well drained sections. This
cover grades &o black spruce on the lower, le;s wéll drained
portiéns of the slopes and along the periph;ries of the
depressional' areas. The poorly drained depqsssiphal ageas are
covered Dby deciduous shrub @ﬁd nerbaceoué cover. Figure 6.2b
represents areas with fluéed and nummoéky moraines but which are

?
covered with a/thin veneer of glaciofluvial deposits. The upland

.areas are well drained, with the drainage decreasing towards the

base of the slopes, as was the case above in the previous Ccross -

/ ’
- ’ A
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Figure 6,2 cont'd

+



108

sectjon (Figure 6.2a). The difference between the areas portrayed
in cross sections 6.2a and 6.2b 1is that the glaciofluvial
deposits, predominantly sands and grdvels, promote a greater
ﬂ;L?eqreg “f rainage. The pine stands may, +therefore, contain
significant.émounts of aspen poplar, especially at the summits of
the ‘ﬁummocks. Away from the hummockg the aspen stands a?é
‘replaced by stands of pure pine.' The cover grades into Dblack
spruce towards the base of the slopes and to black, spruce and
. 2 :

tamarack around the periphery Of the depressional areas, . which
are covered Dby deciduous énrubs (for example birch) and
graminoids. Although this cross section (Eigure 6.2D) hés beén
%pcluded in this discussion, it does not represent a Large
proportion of tﬁe study ’;rea.a The first créss section is
.tepresentative of the majority of the study area occupied by the
‘upper plains. . f >

&he third veqetatidn cross section (Figure 6.2C) represents

the nqgthwest to southeast trending, bedrbtk - controlled ridge

located in the centré of the étudy area. .The soil drainage ranges

from excessive at the crest of the ridge to poor in the -

depressidhs. The excessively drained crests of the ridges are

]

covered Dby stands of pure aspen‘popIar and mixtures of pine and

asben poplar. As the drainage decreases down slope, the,aspen is

'replaced by white sprhce and further down slope by biSEx.spruce:
The ﬁase of the slopes are covered by qixed stands o(A spruce,

N

pine-and balsam poplar.

a

The final cross sectioh (Figure 6.2 4) is repre;entétivé of

the vedetation assemblages in the western - most portions of the

+
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»
; Study Aaread. The topography of these areas 15 characterized by
{n Dedrock controlled ridges which are covered by a4 morainal veneer
)
5 ~
ot ot blanket. The depressions separating the
Yo
IS x ».
S ™ accumulations ot organic soils
covered

ridges contain
The

ridges are well draineq
by closed coniterous torests composed of
subalpine f1ir

Lo

and

lodgepole pine,

and black spruce. The lower slopes have

spruce and pine cover, while the depressions are covered Dby Dblack
spruce and tamarack at

black
centres.

Based

the edges and birch and graminoids
on

in t

the
the foregoing deSCrkP(lOﬂS 1t 1s evident that the
forest vegetation assemblages are influenced to a large extent Dby
their position on the slope and the assoclated molisture
| conditions. The vegetation cover corresponding to soil drainage,
therefore, ranges from aspen and lodgepole pine On the Dbest
drained sites, to lodgepole pine and white spruce on the sites
with moderate drainage, to lodgepole pine, black spruce and —_
balsam poplar on less well drained 51tw black spruce and
tamarack on imperfectly to poorly dra1ned‘§;tes, anq to deciduous
shryubs and graminoids on the very poorly,dralned sites.
6.4 Terrain Geometry and Noisture Drainage
) .
From the previous discussions a relationship between drainage
cnarac£er;st1cs at a site and the location of the site 1in tnek
landscape can be established. The relationship of the
characterastics

in an

dra;nage
and terrain geometry have Deen ektensively
studied Dboth in the field as well as in the laboratory. Troeh
«(1964) , examination of soils maps and contour

maps,
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concluded that t he curvature ot the contour lines (that 15
convexity and concavity) were significantly related to landscape
drainage. Areas oOf concave slopes were related to areas ot POOL
drainage while the better dArained sites were associated with
convex sites. Examination of the geometric properties of the
landscape py Troeh (1964) indicated that slope gradient
correlated the highest with drainage, followed Dy curvature and
the radius of slope curvature.

Young and Mutchler (1969) noted that there was a substantial
effect of slope shape on moisture drainage. Moisture drained

N

faster from convex slopes than from either straight or concave

ones. Calve, Kirkby and Weyman (1972) found that drainage was
most affected by three topographic elements: the length of the
slope; the shape of the slope; and the gradient of the slope. The
effect of lower slope gradient$ was to decrease response times
which led to the accumulation of mo;sture. Slope shape
concentrated the flow sO that depre531ohs and hollows be;ame
saturated while ridges wculd dessicate. Finally, - as the
distance increased from the crest of the slope, the amount of
antecedent moisture increased which resulted in a more rapid
sa%Pration at the slope base. All of these components have
cémbinatorial effects so that a complex—shapéd hillslope Dbehaved
differently to hydrologic events than a simple—-shaped one.
wnipkey and Kirkby (1978) concluded similarly that the soil
moisture regime was contrblled to a large extent by éne shape qf
the hillglqgs) Théy. noted that all other things Dbeing equal,

there was aluniform increase in moisture with an increase in

2T~
distance from the Aivide and that the degree of saturattzn was
[ )



inver sely related to the slope gradient. They also noted that the

\
coarse  textured so1ls were usually associated with the stéeper

slopes which also enhanced the drainage of moisture.
' ~

Beven (1978) ftodnd that difterences Dbetween the locat:on

within the drainage basin and amount of sol1l moisture could be

explained Dby the gJeometric properties ot the landscape. -The
headwaters, he noted, normélly were broadly convex with high
slopes. These areas, therefore, darained rapidly. The lower

portions of the Dbasin, were generally concave and lower 1n

gradjent so that these areas were more poorly drained. This
o

supported earlier work by Weyman (191}) and Dunne et ail. (197%)

who found that areas adjacent to drainage channels and at the

base of drainage basins were the first to become saturated

followed by depressiohs, or swales, and the foot slopes.

In summary, A number of physical conditions wnicA affect the
nydrologic response of an area were listed Dy Fleming (1975).
These conditions included contributing (or praiqgée) area,

elevation, landslope,; length of flow path, vegetation cover, soil

characteristics, bedrock ande surficial geology, and landuse.

4

£
.

6.5 Drainage Xodelling

Fieming (1975) discpussed two possible approaches to modelling
of earth surface procdsses. The first modelling approach treated

the area in question as a homogeneous surface, with uniformly

distributed physical characteristics, such as soil texture or

slope gradient. The second subdivided the area of interest into a

-

number of finite elements and calculateéd, the process response for
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each of these elements. The advantage of the first, lumped,

modelling strategy waajtnat only a very generalized knowledge of

. -

the physical characteristics was necessary. The problem was that

saimilarly general results are derived, sO that oniy broad
3
c nclusions could be made regarding the process. The second, oOr

distributed, modelling _approach tregted the Dbasin as.'bean

composed of spatially discrete elements. As these spatial

entities were treated as independent elements, 1t was imperative

that detailed information be used regarding the distribution of

the physical pggpero*es. Tﬁxs latter approach is less widely
N

used, because of the level of detail required. It does, however,

¢

yield results which are suited to gridded, or raster, data bases

such Q§'the one used 1Q this study.

6.5.1 Digital Products

»

‘
Certain DEM and derivative coverages such as elevation, slope
*

gradient, slgpe aspect and curvature are the most commonly used

’ Id

terrain variables for modelling and have been introduced earlier.

v

Given the preceeding discussion, however, it was apparent that
other digital landscape coverages would also have to be used.

These will be discussed below.

6.5.1.1 Relief =

\

A measure of the relief of the terrain was developed for this

study. This coverage described the-variationdn elevation in a

- ——— — ———— " T -

&

%- See MAppendix 2 regarding the use of aspect in this
analysis. »
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Figure 6.3. Grey tone image of relief coverage.

.
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neighbourhood of pixels. This variable was described by Evans

(1972) and more }ecently by Franklin (1985) as the standard
deviation of elevataion within the pixel neighbourhood. For the
purposes of this study the neighbourhood size chosen was i X 5
pixels (Franklln, 1985) . This resQlted in a sample- which was
suff1c1eh;ly large to"yield valid standard@ deviation results
\
without usihq an area which was too large. In the case of a 5 X 5
neighbourhood a 250 metre by 250 metre grid is used. A dgrey tone

image of this coverage is presented in Figure 6.3. A histogram. of

the distribution of the relief values is presented in Figure 6.4.'

The predominamtly low relief values indicated in the histogram

reflect the low slope values in the study area as shown in Figure

4.8.

™

6.5.1.2 Flow Paths . ; .

All of the DEM derivative coverages discussed so far have

dealt with only the land form geometry at a point or within the
5

context of a 3 X 3 (or 5 X 5 cell) neighbourhood. These variables
do not reflect the influences of the geometric properties' up
slope, away from the sampling Eéint oé neighbourhood. A measure
of slope length, or the relative position of the %ample site on
the slope, has been identified by a number of J;rkers as being
fundamental in determining site quality for many forest species.

This is not represented by any of the point measures. ToO account

for the relative position, a flow path measure was adopteaf.

‘

past studies have reported on the generation of drainage”™

networks from DEMs. O'Callaghan and Mark (1984) presented a

°

».
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method by which major drainage paths could be extracted wusing
DEMs. Their approach was to derive a drainage accumulation matrix
(DAM) by examining a drainage direction mmtrix.. This latter data

set was a representation of tje direction of maximum slope. The
regultlng DAM was a summary of the tota]l d?ainaqe area which
contributed to that element. Threshold values were chosen by
which cnanneliied flow could Dbe developed; Zones with values
greater than the threshold were retained to represent the
channels. An approach simiiar to gne derivation.of the DXH“)Qas
adopted by Eyton (1987). 1In a DEM from Pennsylvanig, however, he
chose to separate channelized flow from nonchannel, or sheet,
flow. Yuan and vanderpool (1986) in their approach to simulating
drainage ‘also considered the effeqt of depressions on the
drainage pattern. With the exception of Eyton, the studiék\

. . o
mentioned above chose to ignore the lower flow path values and
concentrated solely onl the definition of channelized flow.
Eyton's inclusion of sheet flow represents an important extension
‘to the previous uses.

For this study the flow path‘numbgr, as defined by Eyton
(1987), produced a \$iab1e réprgsentation of the Slobe length
above a particular point. The algorithm used” was the one
developed and .presented by Eyton‘ 11987). The flow path

[}

modelling procedure 1is outlined<1n Figure 6.5 a-c. A grid is

initialized with values of 1 (or any other value preferred). This
. » .

grid is illustrated in Figure 6.5 a. & 5 X 3 nefghbourhood

ot . . . [ .
starting at‘the upper .left of the DEM (Figure 6.5 b) is searched
for its loyest value relative'to the center of the neighbourhood.

A pointer is positioned at this lowest point and the equivalent

] . .
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pixel 1s incremented in the answer matrix (Figure 6.5c). This

v : .
process is repeated until the path which Is bpeing followed

reaches the edge of the DEM or a closed depression is encountered

3 neighbourhocd of the DEM (row 2, column 3) and the flow path 1is
traced down slope. The process is repeated until the entire DEM
has been evaluated to row n—-t, column n-1. The flow pathlnumber
resulting‘ from the algorithm use@, rfeflects not the 1linear
distance from the crest of the slope to the sampling point, but
the sum of all of the grid cells which contribute to the ‘amount‘
of flow tﬁrougﬁ that point. This may incorporate the linear
distance Aown slope of a single path as well as a large number of
tributary pigxels. A word of caution iﬁ using this flow path
- 4
number is that it does not relate o an absolute value. Rather,
it is a statistical variahle which reflects the length of flow
paths within a basin. | $
The grey tone image for the flow path 1s shown in Figure 6.6.
The dark areas represent crests of hills and ridges. The grey

values increase with an increase in distance down slope. The

small ligear features represent areas of concentrated . drainage,
E .

£

possibly channelized flow. The frequency of the flow paths shown

in Figure 6.6 is shown in FPigure 6.7.

-

65.5.2 Drainage Model

-

From the literature presented earlier in this chapter, it 1is
evident that there are a number of topographic elements which

contribute to the movement of moisture through the landscape.

-
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Figure 6.6. Grey tone of flow path coverage.
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Thesé elements do not act 1n a 51mplé, linea;>fasnion, but
- i

rather, in a complex manner together with a variety of soil
variables such as texture, structure, and parent material.

To develop an understanding of the contributiop of the
derivative and landscape coverages developed in defining

Cs

landscape drainage, a number of sites were photointerpreted into
three classes: well drained, moderately well drained, and poerly
drained. This concept of landscape drainage is analogous to soil
drainage as was defined by the the National Soil Survey Committee

of Canada (1974) as being determined Dy the:

1) Actual soil moisture content of. the soil in excess of

the field moisture capacity

L :
2) The extent of the period during which such excess
/

water is present. \(»7

It was noted by the National Soil Sp:vey Committee that the main
diagnostic field criterion was the degree of-mottLing of the soil
profile. The concept of laancape drainage views the landform as
a three - dimensional entity and therefore extends beyond the
soil profile. As sucn? other important diégnostic criteria in .
addition to the soil cha:actgristics, including the topograpnié
posit;on and the vegetation cover are also used. |

Based on’ descriptions of tn;'dr;inage, vegetation and ‘land
form relationships, discusse; earlier in this cnapter'as well as
unpublished data supplied by Alﬁerta Fofestryq Lands~ and |
yildlife, t@e three- landscape drainage clas;es for the study area

-

were defined as follows:
~

1)Well Drained: The weJl drained sites in the study area

are found on the upper sections of slopes. They

“«



122

predominate on the steeper slopes but may also be

found on lower gradients in areas associated with

coarse textured parent materials, such as those of

-

fluv;al and glaciofluviql origin. As soils developed
on these materials are restricted to a small portion
of the study area, the majority of the well drained
sites are located on the upper sections of slopes. The
végetation characteristic of these sites'ig |
predominantly lodgepole pine'of varying crgwn closure
densities. There are also occurrences oOf pure aspén
—— .

- stands.

2)Moderately Well Drained: The moderately well dArained ° °
sites are foupd on tnedmid- to lower- portions of long

slopes and predominate on the shorter slope »

S

anirohmehts such as in the hummocky and ground moraine
ehvironméhts. The prédopinant vegetation type
associatgd’ﬁitﬁ this draiﬁage class is lodgepole pine,
white spruce and aséén mixtures occurring as closed

standé} In ﬁransitidnal zones with poorly drained,
sites there may'be mixtures of lodgepole pine and

9 . ’

black spruce.'

A

3)Pdorly Drained: The poorly draineg areas are
located at the base of;slopes and in depressional

's;tes.“These sites. are characterized by organic

soils and are the result Qf a large influx of

hineral rich groundwater from the surrounding-

2 -

~upland areas. The veqetaﬁioﬁ“cover_Varies throughout

~
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the area randing from dense black spruce to black

"~

spruce/tamarack to nontreed shrub and herbaceous
tens.

Based on these descrliptions a total of b0 sites, .20 sites tor
edch class., were chosen for detailed analysis using the landscape
and derivative coverages. The Adrainage class at each site was
interpreted trom aerial photographs (scale 1230000

approximately). The location of each of these sites was plotted
- A

on a 1:5%0000 topographic map and digitized. The values at the

sites for each of the derivative and landsdape coverages were
»

extracted from the digital data base. The 1location of an

adaditional 18 field - checked sites were digitized separately.

The data for each of these sites was also extracted from the data

base. These sites were used to evaluate the 1n1tial

1nterpretation and subsequent modelling of the original 60 sites.

S
2 74

fe

6.5.3 Results

The distributions of the derivative and landscape values for

the 60 landscape drainage sites are illustrated in Figures 6.8 to
: >

6.11. The slope distriputions for the sample sites (Figqure 6.8)

irndlcated that the best drained sites were located orr the highest

$loping surfaces, as would be expected given the ,definition of

this drainage class. The sldpe gradients associated with the

i

other two drainage classes wereilow, predominantly bdgow 5%i. The
da:stributions of the flow path numbers are illustrated in Figure
‘§;9. As expected, well- and moderately- drained Sites yielded low

~alues whereas those values associated with poorly drained sites
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were considerably higher. Figure 6.10 1s a scatterplot of the_two
curvatures (across and down slope). These were plotted as a
bivariate plot Dbecause, as discussed in Chapter 4, Dotn‘ were .
needed to define the landform shape. As can be seen by this

scatterplot, there was a substantial degree of overlap. The

N

tendencies were, however, for the Dbetter drained sites to De

convex while the more poorly drained sites Wwere concave. The

distribution of the relief variable is shown in Figure 6.11. The
. .

well - drained sites had a very broad range of relief values

from 2 metfes to 20 metres. This range decreased, as did the

overall values with a decrease in the landscape drainage.
o .
To further evaluate the potential of each of the derivative

(3

LN
ard landscape//VQKiables to describe the landscape drainage

properties at a site, linear digcriminant analysis was used. In
addition to the classification role of discré@inant analyses,
described in Chapter 3, this procedure can also be used in ‘an
interpretive capacity (Klecka, 1980). Discriminant analysis 1s
useful, in this latter capadity, in studying the Qiffer;n;es
bgtwgen several groups, Or classes, with respect to one 6r more
variables. In the case of the drainage ;classes, discriminant
analysis was used fifst to investigate the differences as
defined by the DEM derivative and landscape variables separately
and ;econd‘Witn all of the variables ‘combined, The results of tne‘
anai}ses are diéblayed as confusion matrices>(Tab1es.6.1 to 6.5)
which sum:Lrizé the degree to which the variables explain ‘the
between group var%ation.‘The curvature matrix summarizes bo;n the
across and dowﬁ slope variables combined. Qn examination of the
confusion matrices, indicates that a single variable d4id not
\

¥
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Table 6.1

)
N Confusion Matrix for Slope Variable.

/
. Into Class
well moderately poorly
drained drained drained¥ total
well
drained 10 8 2 20
moderatelyv
drained 3 4 13 20
poorly )
drained 2 4 14 20
Overall Accuracy = 28/60 = 47%
1

I ;
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well
drained

moderately
drained

poorly
drained
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Table 6.2.

Confusion Matrix for Across and Dévn Slope
Curvatures. )
™\

>

Into Class

well moderately poorly
drained drained drained . total
5 8 7 20
3 13 ; 20\
0 A 9 20

LS

Overall Accuracy = 27/60 = 45% \

»
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Confusion Hatrix;fo; Relief Variable.

well
drained
well
drained 10
“» ]
moderately
drained 3
pooriy
drained 2

Table 6.3
4

Into Class

moderately poorly
drained drained
1\
\
7 3
)
4 13
4 14

Overall Accuracy = 28/60

47%

131

total

20

20
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w w0

well
drained

moderately
drained

poorly
drained

Confusion

well ’
drained

Table 6.4

a

Matrix for Flow Path Variable.

{nto Class

moderately poorly
drained drained
=
4 1
2 2

7 E_

Overall Accuracy = 25/60 = 45%

132

total

20

20 -

20
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Confydsion Matrix for all DEM Derivative

Table 6.5

and Landscape Variables.

: T
ek gt
o ﬁf“(q S
4., Y
X

well-
drained
well
drained 15
moderately
drained 5
poorly
drained 2

Into Class

moderately
drained

Overall Accuracy = 41/60 = 68%.

poorily
drained

133

total

20

20

20
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td

adequately describe the variation in landscape drainage. All of
the variables individually described approximately 45% to 474 of

the variation in the landscape drainage sités.

.

Table 6.1 is the confusion matrix using only slope values for
the three drainage classes. A great deal of confusion existed
between all three of the dArafnage classes. The class Qith the
fewest omission errors was the one with the poorest drainage. The

¢
highest commission rate was with the moderately drained sites.

i \
The well - drained sites are poorly classified based solely on

-

slope values with a great deal of confusion existing awitn the
sites classed as moderately drained. - The mean values for the

slope variable for the t;lee classes were 13.8%1 for wéll drained,

'

4.4% for moderately drained, and 3.2% foq,poorly drained sites.

.

E : .
The standard deviations for the three classes were high, with 10%

o~
for the well drained class, \3.91 for the moderately drained and

.

3.2% for the poorest’ drained sites.
The confusion matrix for the curvature variables is presented

in Table 6.2. Overall, classification accuracies were similar to

0 : )
those obtained for the slope variable. A higher degree of

explanation was attained f?r the moderately drained sites ‘than
with slope gradients. The degree of explanation for the p&orly
drained sites was véry low, with only a’451 accuracyp The well
draihed Asites were poorly discriminated with the use of
curvatures‘4on1y. The mean curvature values were all in the

category that Young (1972) termed as straight slope shapes. For

o

the mdderately and poorly drained sites, this was not surprisiﬂg

7 -

as the slopés in these categories vere very low so that any

4 B
change in the slope values would be small over a grid ~cell
;’. ‘
<
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distance. The mean -values for the poorly drained sites indicated

that a slaight concabity di1d occur both in the up slope as well as
the down slope directlons. This 1s indicative of the Droad
shallow basins 4into which the moisture tends to drain. The

moderatelx drained sites, also found in predominately low slope
N\
environments, Were characterized by convex slope profiles. The

~

well drained sites were characterized as being straight in the

down slope direction and convex in the across slope direction.
\\( .
The high standarad deviation of the well drained sites could be
. \
\ N,
attributed to the greater definf:ion of the topography in the

high slope environmehts.

The landscape variables defined by relief and flow patns
« A

yielded overall classification accuracies. of 47%1 and a45%-
« \ 3

- A
respectively. The relief variable provided a ¢classification

‘ \
matrix (Table 6.3) which was identical to téa§ yielded by slope.
The mean values werw 9.2 metres for well dfained\ sites, 3.1
me&res for the mnderately drained sites and 2.§\meFre§ (or the
poorly drained siteé. Phe standa;;\}EviationsAvériad sim{larly,
kwitn values of 6.1 metres, 2.3 metres and 1.9 < metres,
réﬁpeqtively. The , final variable, flow path, resulted in a
slightly different confusion matrix (Table 6.4) than tner.otner
variables described above. The matrix indicdtes that the\,well
drained sites were described gquite well by this variable ewnile
the other two classes are not. The meah values for.tne flow paths
indicated that ¢ the well drained sites had a value of 4.6 fiow

\ | .
units, with a standard deviation of 4.5 flow units. This is to be

expected as most of the well drained sites were located cldse to

-

L
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the crast of the slopes. The moderately drained sites yielded a
mean flow path value of 9.0 flow units, but witha nigh standard
deviation of 19:8 flow units. The poorly drained sites had a mean
‘ ;
flow path yalue of 23.6 flow units andAa standard deviation of
26.8 flow units. The flow path distribution had a.hign degree of
positive skewness (Figure 6.7). wnich“ncreased with the decrease
A
in the landscape drainage (Figure 6.9), hence the nign étandard
deviation.
The  preceeding analysie indicates that the  degree of
explanation of 'drainage obtained from the examination of’ ;he
'individual variables was low. Therefore a multivariate approacn,
combining all of the ‘variablés, was perforhed. All five of the’
derivative‘and landscape products were combined in a discriminant
analysis. The resulting confusion matrix is displayedAinv Table
6.5. Tne:‘overall percentage of drainage sites Qnicn Yere
correctly ciassifiedausing all of the variables increased to 581.
A Chi-square test (Place,1985) wasﬂused t¢ evaluate whether the
change }n classification accuracy between %ne‘two“data sets was
statistically significant (Table 6.6). The ‘increase _in

classification accuracy of the multivariate analysis compared to

the univariate approacn was found to be statistically significant

.
based on this test._ A summary of the mean and standard deviation

values for the derivative and landscape variables is displayed -in

a

Table 6.7. ‘ .



Tdble 6.6

Summary of Test for Statistical Significance
of Change in Classification Accuracy Between
Single Variable and Multivarlate Analysis.

H o= There 1:0oa Htatistically siagnifrcant ditterence Delween

the fesult s of e univarate and multavattate dalalysio.

H = The difference 1T ACCuiacy between Che two cldasnsit idat e

o Lhonot o statistically vraanatioant,

pP- .84 (p<0.08) ag="

SUCCe s taa. . Totdal
Sinygle
var rable ~8 . 60
multipie
var iable 31 EAE] 3V
total 43 S N= .0

i

. 1
Vv X = 1201 (28%19) - (41%30)

[0/ 2) ) R
68 #51 %60+

[

= 4.9
H/’ 15 rejected (4.91>3.84), therefore there 1s
¢ a statistically significant difference between the two

classifications.

C ‘-
~ -
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Table 6.7

summary of Drainage Class Statistics

Mean standard Deviation
We Jtarned

i ‘ N 10.0%

G metres 6.1 metres

0. 00006 .0C0

0. 000007 0.ooey

3.t I
Moderately Drained

4.3% 1Lo2%

3 metres 2.3 metres

0.0000'% J.000031

0.000015% 0.000C28

9.C 19.9

Poorly Drained

3.4% 3.2%

2.3 metres .1.9 metres
-0.000018 0.000054
-0.000025 0.000070
23.5 26.8

/ B
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t.%.4 Discussion

The 68% overall classification accuracy thaxﬁéd using the
digital var iables must be viewed as being of significance when
considered with other factors. The first of these factors 1s that
landscape drainage 1s not only controlled by the geometry of the
landscape, but also i1nfluenced by edaph:ic factors such as 5011
texture and structure. The second factor is the scale of the
landforms present 1n relation to the resolution of the source
document for the DTM. This point was discussed 1in Chapter 5 which
presente&} the comparison of the two data sources. The contour

é
interval ok\;ne source document was approximately 30 metres (100
feet). Some of the land formé 1n the study area had an elevation
a&plxtude which was less than 30 metres, hence the processes that
were 1nf1u?nced by these small forms would not be represented by
the DEM and 1its derivative products.

The trends 1n the groupaings of derivative and landscape
variables, shown 1in ~Table 6.7, summarize numerically the
gqualitative criteria used in the photo interpretation. This was
significant in that a categorization of landform dralgige was in
fact possible based on landform geometry. In articles by
Heerdegen and Beran (1982) and Burt and Butcher *1985) ‘it was
concluded that the spatial distributioA of landscape moisture did
not relate well to single variables, such as curvature or slope,
or to indices Dbased on two variables such as slope and basin

4
area. This point was 1in agreemént.witn tme findings of this
study. This research unlike the two studies Eited above, however,

recognized that a multivariate approach must be taken in

describing the processes operating. It was not reasonable to

.
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assume that a single variable, such as slope,«_could adequately
account for the vaiations in a process across the entare
spectrum of landscapes. In some of the lower slope areas,
drainage variations were caused, as suggested Dy the findings of
this study,ﬁ by the shape of the landscape or the position on the
slope. A multivariate approach therefore was necessary to account
for the changing influence of the landforms' geometric
properties.

The addition of the flow path information to the modelling

contributed substantially to the explanatory power of tne'\model.
~

As mentioned earlier, flow paths have been traditionally used to

define drainage channels. Only a few studies have recognized that

the flow path values may be uﬁ!ful in other ways (Eyton, 1987) .

in tnis study, the flow path v s were used as a measure of the
extent of the up slope regior that affects a particular site.
This concept "of up slope area differed from that dedcribed by

previous workers (see, for example, Burt and Butcher, 1985) 1in
thag it recognized that the entire drainage basin up slope of the
site Aid not contribute to the process operating at a site. 'The
use of the fl6w path variable_recognizes that tner;‘ was an
information transfer down slope and that a process operating at a
site could not be adequately described by‘ using only point
measures. The failure of past studiei’ to incorpgfate this
variable may account in part, along with the use of a univarlat;

approach, for the low success rates in defining processes through

the use of DEM Qerivative products. 2

r

——



»

3

141

6£.5.5 Comparison With Field Checked Samples

To establish the validity of the modelling process and results
di1scussed above 1t was necessary to relate the drainage sites
which were interpreted from aerial photographs to sites which had
peen interpreted based on field observations. A total of 18 sites

were Chifked in the field. The location of each of these field
¢

sites was plotted on a 1:50000 map sheet and digitized. The same

x

process used with the photo interpreted sites fas carmeed out on

this second set. The location of each point was converted into a

-

pixel address and the‘pelevant information extracted from the
. N -

digital data pase. To compare these sé‘ys with the photo

.

interpreted ones, the drainage classes were summarl‘ d into three

classes corresponding to the categories previously ™ed. The
AN

.

poorly and imPerfectly drained)sites were assggned a Class 5,
. »

rating while the excessively and well drained sites Class 1., All

of the remaining sites were grouped into Class 2. »
¢ x/’—

iscriminant analysis was performed using slope, elief, flow
pat nd curvature variableé. The results are presented in Table
6.8. The overall classification accuracy of the control sites was
tested against the accuracy obtained for the 60 photo interpreted
sites using a standard Chi—éqpare analysis (Place, 1985). The null

nypotnégzz\\?or this test was that there was no significant(/

difference in results btained,fof the two sets of samples (Table
¢
6.9). With the ceptance of the null hypothesis two majogx

conclusions could Dbe made. The first was that the photo

interpreted sites were valid wrth respect to landscape drainage,

and segoﬁa that the DEM derivatives and landscape variables
. A

>



well
drained

moderately
drained

\ﬁoorly

drained

total

/"
b
[, WY

Table 6.8
-

Confusion Matrix for Field Checked
Landscape Drainage Sites

into Class

\

well \\\moﬁerately poorly
arained B4 1ned drained
S 0 [ 0
o] 8 2
0 1 2
5 9 4

total
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Table 6.9

summary of Test for Statistical Significance
of Results Comparing Photointerpreted, Sites and
Field Checked Sites.

a

Trene oo drrterenre Detween tine cendite [N T e freel
Lurveyed sites ANG the nterpreldat oon tromodelial

photographs.

- There 15 Ho o statistleally saanitloant Jafterence.

1Y
.
r

e (pr0L0n)

CUCCe G tar!l cotan "
teld
checked T 2 } 14
photo-
cnterpreted Gt ¥ (o
total Ht o2 N=7t
ke
X - 78((!(15*19)‘(4]*3)l—(78/:))ﬁﬂ:)
19%56% 22460

0.83

e
»
15 resecred (0.83<6.61), therefore there s no difterence

nesween the classification results.
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described, to a large degree, the landscape moisture
distribution. The results obtained from this analysis indicated
that the null hypothesis coyld be accepted (p < 0.01) and that

there was no statistically sigﬁlflcant difference between the

two sets of samples. & s

6.6 Summary

From the preceeding analysis and discussions it was concluded
that a description of landscape drainage conditions at a site can
pe approximated wusing only the geometric properties of the
landscape éurface. These variables include traditional ones such
as slope, as well as less frequently used variables svech  as
directional curvature measures and relief. These variables all
refer to the geometric conditions at a point, while the flow path
data set was used to reflect the conditions up slope from ;he
sample point.

It must be emphasized that the landscape. drainage conditions
are only approximated Dy the geometric'variables. As mentioned
previously, ed%phic factors such as soil texture and structure
also play important roles in determining the moisture conditions
at a site. A further influence on landscape moisture distribution
ig tnaﬁ of bédrock geology. Toth (1962)°Qeacr1bed the process by
which groundwater was introduced into the landscape through
seepage.- In areas where this type of process occurs, poorly
drained sites can be found on‘fections above the base of- the
slope. A final influence on the amount of moisture 1in the soil;

’ )

profile which has not been considered in this analysis is that of

the removal of water by €he vegetation itself  through

“
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~ evapotransplrat ion.



CHAPTER 7

Integration of Ancillary and Multispectral Scanner Data

<

7.1 Introduction

<

4
Previous chapters in this dissertation have established that;
a

first, information from MSS data alone are insufficient to
adequately define forest cover types in the Boreal ecozone,
second, that ancillary landscape drainage information may be
useful to improve the MSS based classification, and third, that
landscape drainage can be defined, to a large degree, Dby the
geometric properties of/the terrain. The integration of the
ancillary landscape grainage information with the MSS data and

evaluation of the resulting classification accuracy changes are

discussed i;>tnis chapter.

7.2 Approaches to Integrating Ancillary and Remotely Sensed
Data

Three approaches to the integratiqn of remotely sensed and

ancillary data have been'suggestéd (Hutchinson, 1982). These

approaches include preclassification sorting of the MSS data,

direct integration of data and postclassification sorting. The

first and tn%rd approaches are typically thdse associated with

! )
Geographic Information Systems (GIS) which contain coverages -of

146
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classified data. The second approach, direct integration of data,
1s most commonly used 1ia conjunction with image processing
N
systems. This latter procedure usually involves the incorporation
of additional bands, or channels, of information with the
_remotely sensed data during the classification process. Hést
statistical classification technigues such as maximum likelihood
or 1linear discriminant analysis assume that the input data sets
‘are ratio or interval scaled. This precludes the use of
breviously classed data sets such as soil or slope classes which
are nominally and ordinally scaled. As a result, studies wusing
these data types as ancilléry data rely on the pre— or
postclassification sorting routines.

In preclassification ‘sorting, the remotely sensed data are
stratified according to some criteria. Boresjo (1984) outlined
areas of pogfly drained terrain and classified only those areas
contained within tnese'polygons. Satterwhite et al. (1984)
interpreted tﬁe vedetation cover stratified on the basis of
geomorphic units.

The majority of studies have used postclassification sorting
to enhance remotely sensed classifications. " Pettinger (1982)
found tna%/g;éﬁrimination of wet and dry meadows was not pdssible
through the use of MSS data alone. The meadow clasé, originally
based on MSS data, was reclassified based on the location wiﬁnin
upland or wetland zones. The studies by Niemann, Léngfordihand
More (1984) and Niemann and Langford (1984) also used a

postclassification sorting approach. \

As discussed in Chapter 5 of this dissertation significant

/
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problems caused Dy dJde eraliz, ;ion may be associated with the
introduction of preclas???!gg’:ata into a @lassification of MSS
data. To overcome these problems, ancillary data can be
introduced directly into the glassification process. This has
only been attempted  in a limited number of cases as it requires
that the ancillary data be continuous and not nbminally or
ordinally scaled ad is usually the case w1th‘GIS-type data bases.

Strahler (1980) and Strahler et al. (1980) found that
classifier modification through the use of prior probabilities is
an appropriate technique for integrating MSS and ancillarf data.
Stranle; (1989) suggested that the posterior probability rule of
a Bayesiah-type classifier may be altered to reflect the
probability of a saﬁple point Delongipg to a class based on the
ancillary data (for example, slope, aspect, elevation). The
weighting factor assigned to eath pixel was calculated based on
the ancillary information. For example, tnefe is an elevation
range in which subalpine fir will grow. Areas outside of this
range will have a progressively lower probability of encountering
this species. This type of probability stratification was used by
Strahler t® help separate some of the spectrally indistinct
species. The use of tnig probability modificatipn approach has a
iﬁ: definite advantage according to Strahler in that discrete, or

gzﬁwﬁg

s ordinal, data may be incorporated d%Fecnly into a classifier
which would normally require a continuous data set, 3.

An approach wnicy reflects a more'direct 1nteqfation of the

data sources is the use of all of the data sets in the

classifier. Tom and Miller (1980) modelled forest productivity

integrating LANDSAT MSS, slope} ﬁspecﬁ, elevation’ and solar
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radiation data, through a 1linear discriminant analysis, to
classify forest site quality. By using a stepwise approach they
&
produced a classification which was based only on those variables
which contrlbutea significantly to the final results. They noted
that site quallty: bpased on MSS data aloné accounted for
classi%ication accuracies of 43%Z. Combining landscape and MSS
variables, accuracies were increased to over 95%. Franklin (1985)
used a similar stepwise linear discriminant analysis to ;tudy the
effects of adding topographic variables toO LANDSAT data to
improve classification accuracies. Through a stepwisé approach

»

overall classification accuracies were increased from 46% to 66%.

7.3 Integration of Ancillary Data

The -integration of ancillary information with the MSS data
sets Adirectly into the cléssification process was chosen as the
most appropriate for use in this study. The use of pre- or
postclassification sprting assumes a priori knowledge of the
relationships between the grpund cover \and the MSS and ancillary
data. Without this understanding of these relationships it is
more qseful to investigate t$; existence of naturally occﬁrring
clusteré.'This can better be accemplished J&tn the use the direct
integration ofbdata sets, wneré the data have hot beén previously
classed. The next decision was wﬁétner or not to 1n£eqrate the
data sets using traditional methodF, ;s use? by Tom and Miller

(1980) anad Franklin (1985). The classifipatidn they adopted used

& Bayesian classifier, such as maximum iixelihood or discriminant
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analysis, integrating all of the data sets 1into predefined

3

classes. There was no allowance for the definition of naturally
iy

occurring clusters of data. In many instances the nature of the
association .of the data variables méy not be known andq,
therefore, the‘ exact number of naturally occurring clusters
unkhown. It is not —reasonable to assume that the naturally
occurring clusters correspond to the classes defined py another
classification procedure. The desired approach, therefore, should
allow for the analysis to define the classes while the classifier

assigns the pixels to the most appropriate class.

7.4 Procedure

Although the fésults of the initial MSS - based classification

were not satisfactory with respect to the desired classes, the

2

£
six clusters generated did represent naturally nccurring

4

groupings of spectral data. The main problem encountered . in the
- -3

MSS Dbased classificétion was that the six initial clusters

resulted in too few distinct cover classes. )A second problem was

that of misclassification based on spectral similarity. The aim

of the addition of the ancillary data based on the results of the
. ; . . .

drainage analyses was to subdivide these original clusters into

smaller subclusters which represented the desired cover types
AY : Lo . '
defined in the original classification key. ’ .

With this aim in minq, the training sites within each of the

initial MSS clusters were reclustered using the five DENX .

derivative and landscape variables used to define the drainage
R N ‘

classes in Chapter 6.) Clusters 1 and 5 were omitted frod this

a o
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recluster 1 because they were (7(>;191de19d too small, with 19 and
it sample polntes, respectively, to yleld meaninaful result o,
satr le (1998 1) suggested t hat the mAaXlimum number ot clustoers
generated from a data set be 10% of the orig:inal number of 1nput
data points. The remaining four MSS hased groups were <«lustered
us1ing the same methodology as used for the MSS data. The CCC

*
values Were plotted against the number ot clusters and the

cand)date- number oOf clusters interpreted. These plots are
presented 1n Figures 7.1a ghrough 4. Figure 7.ta represents the
plot for <cluster number Nine subclusters were chosen 1to
represent this cluste:x This number was chosen over seven
subclusters, Dbecause 1t was the point where the line showed a
sharp break 1n the slope following a rise. For cluster number 3
(Figure 7.1D) . t hree subclusters were chosen. In this case, the

five subclusters wdﬁi not chosen, because the line between three
and five subclusters was almost straight. Only at 3 schluster§
was there any indication of a peak in the line. Ten subclusters

\

were not chosen because, although there was a substansial
decrease prior £o a pise there was no peak in the pattern.
Rather, the curve was almost flat, with a ight rise following
that point. Three subclusters we;e chosen from MSS cluster numb;r
4 (Figure 7.1c) based on the same reasoning as for the second
cluster. For MSS cluster 6 (Figure 7:1d) four subclusters were
chosen. This point represented the highest point on the curve, in
addition to being preceeded by a rise and followed by a.fall in
the CCC values. The peak was, however, not pronounced.

The reclustering, in addisjon to the other two clusters which

were left intact, resulted 1in a total of 21 subclusters. A
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crosstabulation ot the original cover class labels and the new
cluster number was pertormed (Table 7o) An 1nitial labeling of
the cClusters was made based on the distribution of the origtinal
cover classes within each of the new groups. A secopd labeling
pass was made Dbased on the clussering of the ancillary data
ol
coverades. The drainage interpretation discussed 1in Chapter 6 and
summarized 1n Table 6.7 was ;sed to label the classes. , A summary
of the characteristics of each class 1s presenteé in Table 7.2.
~

Those clusters with high slopes, high rehef, low flow path
numbers, and straight to convex slope shapes were considered well
Arained (numbers 2, 7, 9, 13, 16, 17 and 19). Clusters whach héd
low slope gradients, low relief, high fiow‘path numbers//and
straight to concave slope shapés were considered poorly drained
(numbers 4, 5, 8, 10, 12, 15 and 21). The moderately drained
sites had generally ;pw sloﬁe gradients, low relief , and low to
moderate flow path numbers. The remaining clusters were grouped
into this category. The only exception was cluster number 1 which
was initially interpreted as being open soil and sO was not
restricted to a particular drainage élass. The final labeling of
the clusters is summarized in Table 7.3. .

The separation of the 21 clusters was analyzed using
discriminant analysis. The confusion matrix indicating the degree
of separation is shown in Table 7.4; The overall separation of
the 21 clusters is 90%. 4 Several of the 21 clusters were labelled
similarly. When the clusters which were similarly labelled were

merged, confusion dropped so that the resulting separation rose

to 921.
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Table 7.2
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Summary of the Deacriptive Statistics for
the 21 Clusters.

variable

Y
S1%pe (tan units)

Flow Path

Curvature (D)

Curvature

Relief
B4
BG
Bt
B

Slope {(tan units)

{m)

Flow Path

Curvature (D)
Curvature (A)

Relief
B4
‘BS
B6
B7

Slope (tan units)

(m)

<

Flow Path

Curvature (D)
Curvatreu (A)

Relief
B4
BS
B6
B7

(m)

0

6.
SO

-0

6.
37.
45.
58.
54,

o O v o

31.
32.
73.

Mean

091

6

u00L4gYIL

.00D00477

07

4

0
1
1

Cluster 2

. 149

.4
.00002500
.00003827

’

o 0O N

Cluster 3

.026

.4

.00000834
.00000366

.8
5
1

6

833

Standard
Deviation

0.086

39.5
0.00012123
0.00006454
5.30
3.9

x O
w @ M

0.033

1.7
0.00009443
0.00003097

S

How oW =
[0 QNN U S N

w o
O

. 0000283
.00002491

VE NN -00 WO
. .
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Slope (tan unxtsﬁ
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B

ng\\\\.,)

Bo

B7

Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4

BS

B6

B7

Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4

BS

B6

B7

Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m) -
B4 :

B5

B6

B7 -

Clustier 4

0.C36
L N
200.0 ’
0.00001670
0.00002400
R =
34,0
34.6
T75.6
84.2

Cluster S

0.059

32.2
-0.00002015
-0.00002808
4.06 -,
30.0

29.

74.8

86.2

Cluster 6

0.078

8.7
-0.00004389
-0.00001400
5.81

30. 4
29.0

72.8
84.4

Cluster 7

0.263
2.5
0.00005200
0.00002050
18.1
27.8
27.8
74.3
86.1

S W) - C OO~

ADNPJ~§O(DO

- w P w

NI b N~ OO0 O

[N SC I I )

WwWwoo -000O0

5
4
.9
1
8

. 008

Y

.00002699
00002763
_43

o

.8

.8

.02

L7

. 00004657
.00006343
.08

.034

.2
.00017294
.00008095
.02

.035
.5
.00006224
.00007197
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Siope (tan units)
Flow Path
Curvature ()
Curvature (A)
Relief (m)

B4

B5

Bt

B

Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4

BS

B6

B7

Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4 :

BS

B6

B7

Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4 _

BS

B6

B7

0.
134,
(.
0.

!

3.
30.
74 .
84 .

0

2
2
4
4

15

2
2
4
4

0
1

0.
-0.

2

Cluster 8

0.4

1
00000700
00000175

.5

3
4
8
(o]

Cluster Y

. 125

4.3
0.00003430
0.00001571
8.
7.
6.
7.
8.

[o 020 T <N 0 \NIV¢]

Cluster 10

0.019
6.9
0.00000567
0.00000753

8.
7.
8.
S.

w O v wwm

Cluster 11

.039

0.8
00000067
00000253
.8

28.1

27,
47.
49.

NOW

54.

DN~ = 0O O DO

- @M - @

NN - - OO0 O

0
1
0
0.
1
1
1
2
3
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. 004

.4
00003455
.0000 1549
1

e

.065

.3 N
.00020181

.00013679

.003

4
.00000598
.00000400

O w o 9N

.022

5.1
.00005734
00004848
.3

[P



Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Reliet (m)

B4

BS

B6

B7

, Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4

BS

B6

B7

Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4

BS

B6

B7

Siope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m) ‘
B4

BS

B6

B7

Cluster 1;

0.022 (G
V377 6.
- . 00000333 0.
-0, 00000167 0.
' 410
301 =

1.63 O

8.
57.
59.

C O W
<&

|

Cluster 13

0.107

4.9
-0.00000218

0.00001577

N
~)
O OO T

Cluster 14

0.037
5.0

=-0.00000110
0.00001202
2.6

28.9

28.3

55.6

59.6

Cluster 15

0.043

37.8 1
-0.00002305

-0.00003534

3.2

29.2

28.4

55.6

9.2

W) - - OO & O

g C

WN =+ - - OO0 & O

3
8
.8
3

Www—- - O 00NN Oo

M - © p

OO
5

0000008
0OV 100

Lt
.Q

.5

.037

.3
00013589
.0001 1206
.4

.6

.021

.2
.00004449
. 00004907
.2

.017

.2

. 00005817
.00006260
.9
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Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Reliet (m)

B4

BS

Bt

B7

£

Nipion

Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4

BS

B6&

B7

/

Slope (tan unaits)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4

BS .

B6

B7

Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4

BS

B

B7

Cluster 16

0. 181

i b
0.00003680
0.00005293
173.9%

25.0

26.3

54.3

58.8

Cluster 17

0.199
4.0

0.00001237
0.00001332

14,
ERIN
30.
88.

107.

- W m

Cluster 18

0.026

9.6
0.00001059
0.00000345

W
(@]
O OO & O

Cluster 19

0.189
4.3
0:.00004408
0.00006569
13.0
29.0
30.0

63.3

71.6

0

4.

0.07%
)
0.0002802Y
0.00020924
Sl

T L D

-
w

N\

gz L
.5
.00004266
.00009149
.0

O dte = T CONO

0 - w3

.0168

.3
.00004:03
.00003595

wwWw NN - OO0 - 0O

0]
1
.8
0]
6

.050

1.5
0.00012345
0.00006283
2.8

2.3 .

2

2.1
2.4 -
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Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relieft (m)

B4

BS

B6

B7

Slope (tan units)
Flow Path
Curvature (D)
Curvature (A)
Relief (m)

B4

BS

B6

B7

2"

Cluster 20

0.095 -
5.1
0.00000% 32
~0.00000041
6.5

o))
()
O © © -

Cluster 21

0.023
171.9
0.00000314
-0.00000300
1.9
33,1
35.3
65.6
73.0

W - - C C O wvm O
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.8

.032

1
.00010347
. 00008964
.3

4

.0

!
.008
.00001188
.00003663
7

5
8
0
5

b )
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Final Labelling of 21 Clusters.

Label

Open So1l

Mixed Coniferous
Mixed Coniferous
Muskeg (Deciduous)
Deciduous

' Deciduous

Deciduous

Muskeg (Deciduous)
Upland Conifer

Muskeg (Coniferous)
Mixed Conifer

Muskeg (Conifer)

Upland Conifer

Mixed Conifer

Muskeg (conifer)

Mixed Conifer/Dec:iduous
Deciduous

Mixed Conifer/Deciduous
Mixed Conifer/Deciduous
Mixed Conifer/Deciduous
Muskeg (Deciduous)
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The tggt area was classified into the 21 classes using
discraiminant ;naly51s. Nine input data coverages: the four
spectral bands plus five ancillary data coverages, were used 1in
the classification. The resulting classified image 1s sﬁown_ in
Figure 7.%/(sqe back pocket). The poorly drained units (muskeg

I ; .
and fens éﬁaéges) mapped in Figure 7.2 were grouped into a single
class, sO that the 1mage does not distinguish Dbetween ‘the
deciduous shrub and treed mpskegs. The areas within the various
muskeg classes were sufficiently small to.make it difficult to

distinguish them separately. .

7.5 EBrror Analysis and Discussion

The identical data set used to test the accuracy of the
‘classification of the MSS data was used to evaluate this second
classification. The results Qf ihis ;nalysis are presénted in
Table 7.5. The classes qéaérated through this classification

wppproach correspond much more closely to the desir®d classes
which were discussed earlier in this disseftation iq Chapter 3.
Tne.legend for this second classification differed substantially
from the one obtained for the MSS based classific&tion where
only labels describing the very brogd cover classes were
possible. The results tabulated in tge error matrix for the new
fclassification also indicates an increase in overall accuracy.
The classificatioﬁ accuracy of. this éecond classif;gation was
73%, an improvemeht of 154 over the 'initial ﬁSS baséd

v

classification. This changez in accuracy was statistically
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TP 48

TP 47

Figure 7.3. Single class map showing the distributlon of mixed
conifer stands in the study area, (source Phase 3
Forest Inventory) .



Table 7.5

Accuracy Matrix for Classification Based on
MSS and Ancillary Data.

AERIAL PHOTOGRARHD 'PHASE 3

Closed Mixed M:xed Deciduous Musked Open
§

Cconiterous Contferous contterous/ /ten SOl
dec1duou:.
Tlosea L e V a L/-\\ . 4 . .
conter (1) N ‘\ \
(7)) - i
C Mixed '3 '3 ¢ o
L conifer '('\2?
A (4%
s~ /
S Mixed 14 3 TR 3 B .
I conifer (o7
F /decia. (891 -
C Dec:d. v e o 3 31 ! A
A - i (29)
T . ‘ (73)
I
C Muskeg/ 2 0 2 3 . 18 0
N, fen (22)
' (60)
open . . 0 0 0’ 0 5
soil ‘ (+7)
. (10Q)
*

number o©of points
- (“.commission errors)
{“correct)

. ®
<

Total number of sample points=372
Total ‘humber accurate=276 .
Percent accuracy=73
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siygniticant (p < 0.01) based on the Chi-square analyses (Place,

1985) (see Table 7.6). Other figures showilng the change in
classitircationgeaccuracy tor the i1ndividual classes are also
presented 1n Table 7.b.

The closed conifer class 1n this second analysis has Dbeen
subdivided 1nto two d¥stinct classes, upland conifer (pine) and
mixed conifer. The mappihg accuracy of the upland conifer has not
increased significantly from the MSS based classification, with
an omission accuracy of 71% and a commission accuracy of 83%.
The commission error rate dropped from 44% to 17%, which was due
mainly to the decrease 1in the confusion with the mixed
conifer/deciduocus class. This mixed class, as described earlier,
occurred mainly in a moderately to poorly drained environment,

although aspen poplar}?ﬂa pine mixtures did qﬁfur in some well
/

drained sites. ’{'heé was also a substan'tlal dedease 1in the

confusion between the %uskeg pixels and those representing the

upland conifers.

The second cover class to be distinguished through the use of
ancillary data is mixed conifers, that fs, stands of pine and
spruce found in areas of moderate drainage. The commission errors
with ‘pine were éspec1ally’high, being caused by an overlap, not
only with respect to the spectral characteristicCs, . but also with

regards to the env1ronmentdl conditions in which these stands

were found as pointed out 'in Chapter 6. This point _is

e

‘particularly} evident when comparing the distribution of the mixed

conifer class shown in Figure 7.3 and the classified image 1in

.

Figure 7.2. “One possible method of discriminating tne‘ stands
e - -

may be wi.tWéct to age, ‘yhere the spruce would be s

%

r'N .

e IS



Class
Closed
conitfer
Mixed

coniter

Mixed
Conifer/
Deciduous

Deciduous

Muskeg/
Fen

Open

So1l

Overall
Accuracy

% - change .s statistically significant (f= 6.61,

Table 7.6
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Comparison of Accuracies Obtained for the

MSS
Basea ()

1 (L9Y)

NA

37 (69%)

NA

5 (100%)

207
“ i

(58%)

MSS—-based Classification and KSS+Ancillary

Based Classification.

MSS+*Ancililary

Based

120 70

13 (48%)

76 (B6%)

40 (747

" L4
18 (607%)~

5 (100%)

276 (73%)

“hange 1yp A
accuracy (%) )L

+4 (2%) 0.494
NA

. *
+36 (44%) 35.6

+*3 (50 0.18

»
o
0%
*
+59 (15%) 14,46
p<0.01, df=1)
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characteristic of a later successional stage than pine.

The mixed deciduous/coniferous class accuracy was notably
increased both 1in terms of omission and COmMmMi1ssion. -Tne original
MSS based <classification yielded omission errors of 581 and a
commission error rate of S0%. These error rates decreased
significantly (p<0.0!) 1in the second classification (Table 7.6).
The omission accuracy 1in the second ciassxflcatlpn was 14%4, while
the commission rate was 27%. The most notable decrease 1in
confusion was with the pine tlass, as was discussed above. Of the
507 commission error associated with the original classification
32% were the result of confusion with the pine class. This was
reduced to 13%7 with the addition of the drainage classes. A
slight decrease in the confusion was found with the poorly
drained and deciduous classes, wWhile the confusion with the mixed
conifer classes increased slightly from 1.3%1 to 2.8%. The
omission errors decreasgd notably with respect.to tonfusion with
the conifer classes. The area where confusion was most likely to
occur Vas with regard to the pine class. -

There was an improvement in the classificat'j.on accuracy of tne'

pure deciduous  class. However, this increase was not

A
statistically signifigant. In the case of the MSS based

classific‘;tion, a commission error of 59% and omission error of
31% occurred. X slight réductioa in the omission error percentage
did take place with the inclusion of the draif\age information.
The most significaﬂt change was in the reduction .of the
commissipn error rate to 35%. Vvarying degrees of reduction in

confusion with all of the other class‘ daid occur. The most

notable was with respect to the mixed conifer/deciduous class,
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from 177 to 6%, and the muskeg class, from 8% to 1%.

The final area of change was the muskeg/fen class. wWhereas
with the MSS based classificatioh this class was not separable,
the addition of the Arainage information yielded a distinct
class. For the sake of this evaluation the two muskeg classes,
conifer and deciduous, were grouped into a single group. The
reason for this was that the sma11’51ze of the majority of these
areas rendered them unresolvable with re;pect tQ distinct cover
types. The resulting class had a 40% omission error and a 28%
commission error. The dJgreatest confusion with respect to
commission was with the mixed dec1duous/co:iferous class (23%)
and pine (13%). Figure 7.4 1s a single class map illustrating
the distraibution of the muskeg areas in Fhe study area. The
visual comparison of this map with the classified image supports
the statistics presented in Table 7.5 . Also noted through this
comparison was that, while the poorly drained areas were quite

s
well represented in the areas with relatively pronounced 1laqcal
and regional relief, they were missed almost entirely in the

areas where the relief was low.

The confusion between all of these classes was partly - the

'
i

result of transitional areas where there was an overlap between

the various types of forest stands, both in terms of spectral

Ll

signatures, as well as environmental conditions for growth. More

importantly, the contour interval of the DTM source document was

not sufficiently small in some areas to define landforms which

v \ ' "
controlled the drainage process. As dis¢ussed earlier in this

dissertation, the contour interval may be adequate in defining

"
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Figure 7.4. .Single class map showing the distribution of organic
) soils in the study area. (source: Phase 3 Forest

| )
Inventory) b
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the variation 1in areas of high relief, but may be less sO 1in
describing some of the smaller landforﬁs located in the 1low
slope, undulating terrain. Landforms, and subsequently pﬁocesses
operating on them, will not Dbe represented on the topographic
map. These will, therefore, not be accounted fof in the DEM and
derivative products. The spectral values of e original 57 metre
by 79 metre LANDSAT pixel will, howevet, reflect changes which
occur at that scale. This problem may be accounted for Dby
resampling all of the data sets to a coarser grid, or
alteqnatively, using DTM sources which have a finer vertical
resolution. The first solution may not always solve the problem
as some of the landforms occurring in the areas of low relief are
large in geograpgéc area,"but low in amplitude. Tne most useful

solution would, therefore, be to use a DTM data source wnicn has

a contour interval which is less than 30 metres. .

v ‘
7.6 Summary /
.'
’ .-
o ,
The results of the 1ntegrati!h of the DEM - based\ drainage

-

‘1nfcrmaﬁion‘ has significantly improéed the classification

. \ . B
accuracy . of forest  cover types in the study = area. The

/
-classification has been broadened beyond the ihitial four classes

obgained through the use of MSS data alone to ;nclude ciasseé

’

influenced by poor and moderate drainaée. The initial hypothesis
3

of this résearcn,( stated in Chapter 1, was that forest cover

classifications based on MSS data could be impraved through the

B d:
‘7;9tt16n q; landscape drainage information, and that this
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drainage information could be derived through the use of digital
elevation models. Although the results presented in this cnapter’
have supported the validity of this hypothesis, there; 1s a
substantial room for improvement with respect to classification
-accuracy. There 1is also a need to investigate the potential
contribution of higher resolution information for integration as

”~

ancillary data.



CHAPTER 8

Conclusions and Future Research

8.1 Conclusions

[ L]

The objective 1n this research project was to investigate the
integration of ancillary information with LANDSAT Adigital MSS
data in an area of low relief, within gne Boreal Mixedwood Forest
ecozone. The aim 1in this integration was' to improve the

-
definition of gorest cover composition through the use of digital
classification tééhniqués. It was recbqnized from a review of an
extensive bod§ of literature that the forest cover composition in
these agsas was not controlled py individual relief factors, as
is the case in areas of high relief. Rather; the forest cover was
influenced by_a number of variableés, including soil nutrients,

o

landscape drainage and successional stage. Of the three,

“

1an¢§cape“ drainage was the€ oneﬁvariable most easily defined
within a spaéial context and was therefore easily .integrated with
the MSS data.

Two different sources of drainage ;nformaiion were available.
The first source was an interpreted map pfoduct.‘This product was
rejected based, on several factors. A first fa?tor w‘the degree
of cartographic generalization evident. A second facto; was that
the: interpretation. of the landséape units grouped several

landform units into q? single polygon so that the spatial

' representation of the process or landform was not preserved.

IS
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The rejection of this interpreted drainage map led to the
investigation of a second potential source of information, the
possibiiity of modelling landscape drainage through the use vof
DEM derivatives and landscape préducts. This modelling was
carried out through the use of a multivariate approach, which was
different from the published studies dealing with this type of
drainage modelling. Regent studies have Dbeen attempt#, with

L 4
limited success, to describe landform drainage through the use of

\

--
a sindie form variable or an index. It was found in this study

that differing geometric properties had varying effects on the
drainage dgpending on the position of the sample point>W1thin‘the
landscape. The concept of flow paths was incorporated into the
drainage moée;linq. In this concept it was recognized that there
was an infoFmatién»transfcr down slope. ?ne moisture condiﬁions
at a site were affected ;¥ the Slope shape, not only at the site,
but -also by the geometry of the terrain up sloée from the site,
along the patnlbf steepest ascenﬁ from the sample point. This
down slope information transfer has not been included in the

previous landscapeé drainage modelling studies investigated. The

result of this modellinhg (using {inear aiscriminant analysis) was

- -

that a substantial amount:of variation in landscape’ drainage

could be explained through &£he use of terrain geometry. The

classification error may have been due to a variety of factors

including the scale of source documents and edaphic factorét

The forest cover was initially mapped through.the.use of MSS

i

. . - -
. data alone. A combination of both unsupervised aed supervised

- ’

approaches to classification was used, Stands rep}esentinq .

desired cover classes were identified amrd their locations

- -



- 175

digitized. It was recognized, however, that a coéontinuum existed
» .
betweeh. pure forest stands, in terms of composition and other

characteristics such as crown density. To account for this-

variability, training sites were clustered to isolate meaningful

spectral clusters. The cluster analysis yielded six groups . of

spectral data which were assigned four cover class labels. An

) »
error check showed that the test area had a classification

accuracy of 58%.

L]
ToO improve on this accuracy, and to increase the

\

classificatlon resolution, ancillary data were introduced. The

original six clusters were reclustered individually using the

3 .
five DEM derivative and landscape variables identified in the

drainage model as contributing substantially to the definition of
. N ' $ .
the landscape drainagé process. This reclustering %rocess

produced a total of 21 new clusters. The landscape drainage

‘analyses yielded a description of the DEM variables within _each

drainage class, which were used to label the 21 clusters in the

new classification. The test area was reclassified using

-

discriminanﬁ analysis. A subsequent error check. of this new
classification ipdicated tna; a 73% accuracy was .gggfined. In
addition to the -incréased accuracy, tné new classification
procedure yieldeqla nigﬁer!class ;eSolution with an increase from
an initial four‘clgsses‘iﬁ the MSS based classificatiqn‘to SixX.
impor ant steﬁs ‘have been taken in this research tdﬁards
automatin » the mapping and dnventory pr0ced“re vof‘ thé Bofea;
forest resqQurces. ?ne first, and mést notable, Wwas the use of

ancillary data in the digital classification of remotely sgnsed

. .
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data. This approach was unique in that, where past studies have

tended to use ancillary information to determine the position

within the landscape relative to a small pixel neighbourhooq

~ (that is 3 X 3 or 5 X 5), this study- viewed the DEM data as

»

‘gefinlng a landscape process which related the ancillary data to

"the entite study area.

« A setond notable contribution resulting from this researcp was

r . v , , .

in the area of process modelling based on the . geometric

’ .
properties of the landscape. Model;inq of this type has Dbeen

’

attempted in the  past, with respect to soil -erosion and landform

drainage, but with minimal success. What has been recognized in

«

this study .  and overlooked in many otneri is . the multivariate
. ’

nature of landscape forming processes. Also, the processes being

- PR}

modelled behaved differently at different points on the landformf

Towards the summits of hillslopes the. slope .gradlﬁne was of
, i I v
greatest influence. WAt tRe basa\of the hill, where the slope

gradients were gentler other 'variables such as slope " length
\

+
dominated

.

R : ’ : .
A third contribution whi*h was made in this dissertation was

with respect to the naturé of the mapped data, the mapping h

process, and the 'applicability of different data sources to .

"
.

integrate ﬁﬁtn remotely sensed daFa. It was noted w}:hat some

méﬁplng scnemes :by qroupingilandforms and processes inﬁo single

classes, ‘tend to mask, or under—represent the spatial var;ability

« of the information which is being presented.

This 4£1na1 point leads to a comment regarding scale of £he

varying data sources in relation to the LANDSAT MSS data, and. tne

implications for present and future high resolution aensors. The

. N
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low classification accuracy achieved through the use of digital
MSS data alone was not caused@ exclusively by the low spatial and

spectral resolution of the sensing systems. Much of the error was

~

caused by the use of spectral data alone in the classification of
cover types. Several investigators‘ln the past have sought to

improve the classif%catlonx accuracy through she increase in
v ! .

number of variables used in the classification prod€ss. With thas

research project the addition of ancillary data did improve the

- » ! .
classification results, even higher accuracies could have Dbeen
obtained given a finer contour interval of the topographic map
source. If this was indeed the case, then the integration of

b ) -
‘ancillary information with higher resolution rgmotely sensed data

may\be of questionable'ﬁse given current data sources.

-

8.2 PFuture Research

i
\

There were a numper of areas which this dissertation dealt

with which can be identified as requiring further work. The first

poiﬁt is that of drainage modelling. A field ori%pted research

S
b8

program is necessary to more fully relate the drainage conditions
at a point to tﬂé,geometric properties of the landscape. Whereas

. ]
the research reported in this dissertation used indicators, such.

.

- . B
as vegetation patterns and location within the landscape, to

: ¥ 'l
ksPeculate on the drainage conditions, it w#ll be important to’

relate numerically the drainage'conditions at a s8ite to the
. .
geometri¢ properties..A second point regardihg drainage modelling

is the need to furtner develop DENM derivative products and

[

landscape coverages which describe the landforms. One example is
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-

an extension.to thé flow path variable to relate the drea of the '
‘ L “ .
pixel which contributes flow. For the actual area to be.lncLu::d,
. T .

the slope of the surface must be considered as well. Additional
research is necessary to investigate the effect nignef resolution

DTM data, especially with respect to elevation, would have on the

.-
classification accuracies. This problem of low height resolution

‘was identified as being significant at several-.points in thisg

v

dissertation.

The model results presented in this dissertation only reflect

- . L. S

the characteristics on the study area chosen. It is necessary

that the modelling ppoceedd¥;s which were used in this resgggsy

be  applied to other dites witnln the Boreal forest as well as "’
N

other environments. The validity of these models and . modelling . -
i - .

-

techniques can be established by their application to other

*

areas.

-
o

Further research is required in an area identified in Chapter;.

5 of this disserbatign. Use of DEM derivative products,u,‘

- Ta

slope, aspect, and curvature, should be possible wL

traditiénal methods of %@nd' eVaiuation. Tﬁg 1nterp:e£§ ion
hethods whlch are used. eb produce these products may not be

directly compatlble with the digltai., DEM products npwev’er.

v

£

Investigations lnto the best methods of aqgregatlng the data sets

used.and wnetner or not other information, sucn asrfrequency, may

El . -~

be of use in mappxng BXEICLSGS, “should be undertaken as UEII..

o - o

"Qur underStanding ‘of the qature of ;he~processes-operat1ng on .
) . v . ! . .. . (‘,.._.
the earth's surface and their.effects ofi the vegetation cover are

rudimentary. Theé research presé‘d in this di’ssevrtatjion Jhas. only

»¥
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\
soratohed the suttace ot the proeblem. Rathet tHRn answe: 1ng  all

“w

ot the questions, the aindings ot the study have facted as windows
L )

whereby effort s may e tocused on more specific problems.
N
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Most of the work concerning the relationship of landform
gedmetry and forest growth or 1ntégrat1ng MSS and terrain data
has used slope aspect as an independent variable influencing the
nature of vegetation growén. Aspect is a circular distripution
- o o
and while 1 and 359 are extremes of the distribution, they are
o} o

in fact almost identical. Similarly, O and 180 are opposites
on the compass rose, but not at extremes in the distribution.
This point was recqgnized by Hartung and Loyd (1969) who noted
that if the site index of trees,” drowing on a particular soils,
were plotted ggaqpst slope azimuth, a sine curve would be

. ) .
produced. Peaks and troughs in the curve were 180 degrees apart.
Graney and Ferguson (1971) observed in their study that the
lowest site index values were recorded on south facing aspects
while .the higﬁest were on the north facirg slopes. The siies
o o] ¢ (o]

measured on aspects from O to 180 were mirror images of 180

0
to 360 .

Hartung and Loyd (1969) suggested that the circularigy of the
distribution could bDe compensated for through a Flingarization.
This linearization was accomplished through the relation:

vLa-(sin a) + 1
where La was the linearized aspect and a the aspect. A—ualue of "1
was added to the values to remove negative numbers. v

It was noted that linearization must be carried out according

to some rational reason. For example if the linearization was to

be based on influence exerted Dby exposure to the ’‘sun or

prevailing wind, then the nature of the transformation should"

reflect this influence.
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For }the purposes of tnis study, the aspects were linearized
for tne-predéminant wind direction. Bentz et’a}\ (1985) reﬁorted
. ~ , \ o
that a majority of the precipitation which falls during the
growing season in the west central portion of the %oothillé was
the _fesult of >summer convectional storms. The direction of
novement of these storms was determined by the predominant wind
direction. As well, the lee slopes tended to retain thé winter
snows for a longer period o# time, dué to greater loading, than

O
diiathe windward slopes‘énd sO were-wetter earlier in the growing

season. The data used for this analysis weré pased on recordings

/
from gdson airport, to the north and east of the: study area. As a

result of the published climate data (Canada Department of the
Environment, )982) the aspects were linearized so that Valuas
occurring at 270 degrees in ‘the original aspect, distribution were

assigned a value of 0, and 90 degrees a value of 180. Aspects of

0 and 180 degrees were, tnefefore,.aésigned values of 90 degrees.

The linearized aspect was analyzed together with the other DEM

¢

derivative and landscape products in ‘the investigation of

landscape drainage. The result$ obtained with the use of*&épect,

'.never, yielded a confusion matrix with a lower overall

AN

N

-

explanation than was the case when aspect was not included. The

explanation for this may be that with the slopes being as low as
.. ) ‘ ) d
they were in the study area, ¢ the direction of the wind was

.

inconsequential. It was for tnisxreason that aspect was omitted

from the subsequent discussion in tnis-dissertation}
: C £ .

¥

.









LEGEND

OPEN SOIL

DECIDUOQUS
B CONIFER

B MIXED CONIFER/DEC

ID

e



LEGEND

OPEN SOIL
B MUSKEG -
DECIDUOUS
B MIXED CONIFER
B UPLAND CONIFER
MIXED CONIFER/DECID




