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I ' 4 ABSTRACT

Throﬁgh the use‘of LANDSAT digital data and automated image
clasé?ficatipn techniqﬁes, habitats of the Peace-Athabasca Delta region in
northeastern Alberta were classified, and mapped, a number of change.detec- *
tion techniques evaluated, and the potential of using LANDSAT digital data

~ . s -
in a long-term monitoring prog;;m assessed.

The General Electric Image 100 Multispeptral Image Analjsis system
was used to conduct a supervised classification for a 1200 sz test_sitel
centered on Mamawi Lake at the east end of the Delta complex. To provide
optimum opportunity for detecting change and for testing‘the glassifica—
tion of habitats under éiffering conditions, two images, one ;ith normal

water levels (August 1, 1976) and one with above normal water levels

{August 26, 1973), were seikgted for analysis. A total of eight habitats

was identified for the 1976 data and seven for the 1973 date. f’\\\‘///,‘%

Classification accuracy of the 1976 hggitats was considered
excellent when compared with.available ground refereﬁce'déﬁa. hlthougﬁ'
ground refgrence d;ta wEre not available for 1973, classification results
are gonsidered good. Spatial filtering of the ciassifieé scenes wag found
to improve the visual quality of the images, although only marginal
improvements in classification accuracy resulted.

. TTF classified scenes were found to bﬁ useful in delineating major
top?graphic subdivisions within the Delta. These subdivisions can he used
to identify areas most susceptible to change. Using ap image registration
technique, the 1973 and 1976 scenes were overlayed and two change detection

iid



analyses cartried out. These were ratioing and post-clasgification change
detection. Ratioing was found to be a relatively fast and simple method
for determining the areal extent of flooding and areas of major vegeta-
tion change. Post classification change detéction was carried out for

the entire study area as well as l/? and 1/8 areas. The technique was
found to be useful in identifying the natdre of change, although further
research is required before an evaluation of the absolute values generated
in the analyses can be fully assessed.

It is anticipated that when extrapolated over the entire

g -
2

2 ) .
37,500 Km" .area of the Delta, the use of digital LANDSAT data will pro-
vide a relatively low cost and yet effective means of maintaining a
current habitat map of the region, as well as providing an effective

method for detecting and monitoring environmental change.
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CHAPTER 1

INTRODUCTION
L)

1.1 Purpose of the Study

The Peace Athabasca Delta is a dynamic, complex wetland environ-

Al

ment which has recently attracted considerable interest from the general

public and the scientific community. Attention was focused on the region

N

after 1968 when several years of abnormally low water levels occurred.
This was due to the filling of the Williston Lake Reservoir behind the
W.A.C. Bennett hydro-electric power dam on the Peace River in northern
British Columbia (?igure 1.1). The volume of flow in the Peace River, was
substantially reduced, thereby affectin% the ecology of the delta.
Significant and alarming changes in habitats occurred and the £raditiona1
role of}thg delqE as a valuable ecological region for migrating, breeding
and nesfing waterfowl was threatened. |

Studies were'iqitigted by the governments of Alberta and Canada to
examine the characteristics of the new flow regime and to determine ways
of mitiga;ing its effects. Although the results of these studies were

subsequently published (Peace-Athabasca Delta Project Group, 1973} and

i
recommendations regarding water level control structures put into effect,
A Tay

— -

the inescapable fact remains that a major and ecologically important
lno;thern ecosystem has been irrevocably altered. In spite of sgﬁbequent
£§§¢dia1 measures, the‘natural’character of the delta remains in

jeopardy (Cordes and Pearce, 1977). As a result, management of the delta's

resources is now an important consideration and a long term environmental

la



Figure 1.1 General location of the Peace-Athabasca Delta
region. The Delta is located approximately
1,120 Xm downstream from the W.A.C. Bennett

dam.
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monitoring program is essential. . | :
Much of the region lies within the confines of Wood Buffalo
ﬁﬁxtlonal Park. Thus, respon51b11xty for the establishment of a

L

monitoring program rests with the Federal Government. In 1974’ a program

=

was established to monitor the effects of toe new hydrologic regime on the
vegetation communities irr the delta. The basis for the program is field
study 1nvolv1ng detalled ground sampling along-pre—selected transects coo-
sidered representatlve of the various habitats in the delta é&ordes, E@?S).
Large scale 70 mm colour infrared photography is used to aid mapping along
each transect. Early studies by Dabb; (1971) and Dirschl ef afl (1974) had
demonstrated that torough the use of small sca}e (1:57,000) and large
scale (1:7,Q00) aerial photos combined with detailed ground sampling,
regetation communities in the delta could be effectively mapped and
classified. To map and clasoify the entire derta, however, at such
scaies_apd on a regqlor basis would require a considerable investmeno i
both human and matérial resources.

It is suggested, however, that digital LANDSAT satellite data
offers a poosible method for mapping, classifying and monitoring the
delta's resources. Although long touted as a potentially useful system
for environmental monitoring (Sayn»Wittgensfein and Aldred, 1976; Thie ‘\
and Wachmann,.1974) few serious attempts have been made to fully incor- —
porate LANDSAT into an operational monitoring program The frequent and

repetitive coverage and thnrelatlvely low data acqu151t10n costs to users

combine to make LANDSAT an ideal data acquisition vehicle for such a task.
by

This thesis is in part, a contribution to theroQntinuing require-

ment of the National Parks Branch for an effective and et gostﬂconscious
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monitoring program in the delta. The objective of the study is to deter-

.

mine what Fole digital'LANDSAT data might pla& in any future mappiﬁg, v
classification and.monitoring program in the Peace-Athabasca Delta by{

(a) evaluating the effectiveness of digital LANDSAT data in

. mapping and classifying habitat typeé, and

(b} evaluating the potential for change detection, and hence

the monitoring capabilities of digital LANDSAT data.

1.2 Description of the Study Area.

The Peace-Athabasca Qelta is located on tﬁ% west end of Lake

Athabasca and lies between 58°15' and 58°50'N and by between 110040' and:
: . .

112%30'w (Figure 1.2). Approximately'4,000 km?2 in area, it represents
one of the world's largest freshwater deltas.

Following deglaciation approximately 10,000 years B.P., glacial
Lﬁke‘Athabasca was formed and occupied a much larger basin than at presentt
Raised glacial lake beaches at the west end of Lake Claire (Figure 1.3)
are eviance for this early condition. Since then, the‘Peace and
Athabasca Rivers have deposited immense quantities of silt and other
fluvial material into the western end of pake Athabasca producing deitas
which have ;ubsequently coalesced to form the present Peace-Athabasca
Delta (Bayrock and Root, 1971). The Peace Delta has currently reached a

b \~\ ’
stage of development where depqsition takes place only during periods of
flood. In contrast, the Athabasca River continﬁes to deposit a great deal
of sediment in its delta and is actively extending its area. Currently a
third, although much smaller delta (168 km?), is building at the mouth of
the Birch River én'the west side of Lake Claire.

-4
Occupying approximately 4% of the Lake Athabasca basin, the area

&\./\__,__



Lo 2 .
Figure 1.2 The 4,000 Km Peace-Athabasca Delta located 'on the

end pf.Lake Athabasca.
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Figure 1.3

Raised glacial lake beach ridges near the west
‘end of Lake Claire. '



is characterized by several large but relatively shallew lakes (Claire,
Mamawi_and Baril). 1In addltlon, nu;:;ous perched basins and meandering
stream channels are encountered. Relief in the delta is slight wlth the
vegetation patterns reflecting minor differences in topography and
moisture regime. During spring flood conditions, water from Lake
Athabasca spills into the Delta inundating and recharging the lakes and
perched basins with nutrient rich sediments. At the same time, the
products of organic decompositicn are flushed out of the system. Bio-
logically rich and diverse, the region is an imgogtant international
resource.as a major habitat area for millions of migrating waterfowl. It
also supports the world's largest herd of free—foaming bisen and is an
important hunting, trapping and fishing area for local residents.

A more detailed description of the study region and its major

components'is presented in Chapter 2 of the thesis. .

~.

‘ .
1.3 Data Sources

LY
3

ﬂuring the peried 1968-72, numerous ecological investigations

were carried.out in the region as scientists attempted to discover the
effects of the new hydrologic regime f the Peac ver en the ecology of
the delta. These studies publlshed b e Peacejgé;abasca Delta Project
‘ group (1973) and the data acqguired for the monitorxng program established
tn 1974 provide the basic reference meterial used to support the analyses
of iANDSAT data in this study. Remote sensing data cbtained during the
eourse oF~these studies and used in tﬂis inveseigation ere listed in

Table 1.1l.

1.4 Pertinent Literature

1.4.1 Ecological Investigations -
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Table 1.1. Remote Sensing Imagery used for Habitat Classification and
Change Detection in the Peace-Athabasca Delta.

Aerial Photography

Dat Scale NAPL Reference Film Type
1971 1: 60,000 230340  15- 22 Rero colour negative
(2445)
1975 1:100,Q&g A37177 119-122 Colour Infrared
A37180 14- 17 © (2443}
1975 1: 30,000 A37179 141-147 Aero colour enegat:i\re
A37179 85- 89 . (2445)
1976 . 1l: 7,000 Available only Colour Infrared
through Parks { 70mm)
Canada, Prairie .
Regicn, Winnipeg.
LANDSAT Analogue and Digital Data
\
Date Frame Number Bands
26 August 1973 10399-18104 4,5,6,7
1 August 1976 20557-17522 4,5,6,7

e

1

RN



A substantial literature on the ecology of the Peace-Athabasca

Delta is available and falls intc ®™iree main time periods: pre-1950,

1968-72 and 1974-present. The pre-1950 period'consists primarily of the
accounts- 6f Raup (1930,51933, 1935, 1936, and 1946) who visited the area
and undertook detailed studies on the vegetation, landforms and hydrologic
relationships. Descriptions of the area prior to Raup occur mainly in
journal; of early explorers and trappers who travelled thrbuéh the region
during the opening of Canada's Northwest (Fuller and LaRéi, 1971).

Beginning in 1968 and continuing until 1972, studies of the
effects of low water levels in the deita~were undertaken initially by the
Canadian Wildlife Service {babbs, 1971 and Dirschl, 1970 [a] and [b]) and
later by th; Peace-Athab;;ca Delta Project Group (1973}). These studies
provide ; large volume of literature on the bioFic and abiotic relation-
shiés in the area. Most importantly, the studies document the major
succéssional tfends which occur in the area under normal hydrologic condi-
tions as well as periods of prolonged flooding or drying. Becommendations
regarding the restoration of water levels in the delta wére made (Peace-
Athabasca Delta Rgpjecﬁ Fréup, 1972) and subseguently effected.

In 1974, Parksleanéda initiated an environmental monitoring pro-
.gram designed to provide detailed) information on changes in the wvegetation

'

following implementation of the femedial measures (gordes, 1975).

This program continued to 1978‘ﬁhen a temporary'halt in/the program
occurred due to government fiscal restraint programs and the need to.
evaluate the longer term monitoring needs and strategies. Results of the

Peace-Athabasca Delta Project Group studies and the more recent studies by

Cordes (1975), Cordes Strong (1976) and Cordes and Pearce (1977) are
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essential to understandiGEZ:Pe‘present study and as such are reported
separately and in more detail in Chapter ,2.

1.4.2 Change Detection using LANDSAT Digital Data

A review of the literature reveals that‘although a number of
‘;§tudies using LANDSAT digital data have been carried out to demonstrate
. . |
its utility for mapping wetland environments (Carter ef al, 1973;
Carter and Schubert, 1974;'Carter, 1976 [a)] and [b]; Cartmill, 1973;
Frazier et al, 1973; Klemas et af, 1973; Seevers et af, 1973; Wobber and
Anderson, 1973; W;ckwarg, 1979; cowell et af, 1979; Weismiller ¢t af.,
1977) few, if anyg have attempted to demonstrate the feasibility of
usiné this data in an énvironmentéi change detection program (Rubec,»1978).
Although a variety of changelﬁetection techniques has been
“
developed, the majority of studies to date have concentrated on land-use )
changes in. or near urbanizing areas (Wilson ef af. 1976; Atlantic
Regional Commission, i977; Ellefsen and Peruzzi, 1976).
Change detection in wetland environments has for the most part
been undertaken usinéfconventional remote sensing techniques (ﬁitel, 1974).
‘
. A more recent study by Weismiller et af., (1977) did however utilize
LANDSAT digital data iﬁ a study of change detecé&on in coastal z;ne
environments. Four techniques for detecting change were designed fér
evaluation purposes: (1) post-classification comparison change

I

detection, (2) delta data change detection, (3)lspectra1 temporal )
change classification and, (4) layered spegtral temporal change.cléssifi—
cation. The post-classification téchnique was considered the most
reliable and.results from thé other techniques were evaluated against

this method. A more detailed discussion of change detecfibn technigues

is provided in Chapter 5.
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1.5 o©Outline of the Thesis

The foregoing provides a brief introduction to the background
and purpose of the presént study. | )

Pertiﬁent information on the'ecological relationships operative
in the delta is considered in Ch%?ter 2. This discussion is importanf
as it provides the nECéssary background to understand the analysis and
results presented in this study.

Chapters 3, 4, 5, ané 6 form the main body of the thesis.
Chapter 3 outlines the methods and techniques used for the analysis and
interpretation of the LANDSAT data, the digital classification and the
change detection techniéues. Chapter 4 details the results obtained
using supervised digitél classification methods while Chapter 5 presents

"

the results obtained using the ratioing and post-classification change
det@ction techniques. Chapter 6 provides a brief discussion 6f the
salient~and important points while relating them to the objectives of the .
study. The finai chapter summarizes the findihgs of this-study and
provides recommendations concerning the role that digital LANDSAT data

and automated image classification ‘techniques can play in a future moni-

toring program for the Peace-Athabasca Delta.



CHAPTER 2

HYDROLOGIC AND VEGETATION PROCESSES

N

2.1 Introduction

-

"\
The Peace-Athabasca Delta ecosystem is dynamic and complex. A

general knowledge of the major forces and ecological relationships that
are -encountered is, however, important for this study. The purpose of
this chapter is to familiarize the reader with the essentials relating to
the past and current hydrologic regime, the vegetation communities and
their relationships to the landforms. The.succeésional trends in these
coﬁmunities under differing hydrologic conditions are aiso discussed.

2.2 Hydrologic Characteristics

2.2.1 Natural Regime

The biological importance of the delta results from a uﬁique
hydrological reiationship betwggn Lake Athabasca, the Peacé and Athabasca
Rivers, their tributary channels and the numerous perched basiné through-
out the area. PEach spring until 1969, the rising flood waters on the
Peace River created a hfdrologic dam preventing the outflow channels of’
Lake Athabasca and the delta from flowing into.the Peace River. The
hydrologic dam, in effect, caused the waters to flow back into Lake
Athabasca, thereby forcing-the lake waters to rise'rapidly and ultimately
reach sufficientrelevation above sea levgl to flood into the delta. This

resulted in a rechargé of the lakes and perched basins (Figure 2.1).

2.2.2 Modified Regime

As a result of concern about the ecological effects of lower water

N 12 -

—



Figure 2.1 Schematic diaéram of water flow in the outlet

channels of the Peace~Athabasca Delta.

{(Source: Bennett 1971).
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levels on the Peace River resulting from construction of the W.A.C.
Bennett dam, and until a permanent remedial structure could be built, a
temporary rockfill welr was eonstructed on the western arm of the Quatre
Fourches Channel (Figure 2.2}. This weir, built to an elevation of
688.5 feet (209.9 meters) a.s.l. was completed in the spring of 1972 and
was designed to hold water in the delta, thereby improving water levels.
As a result of overbank flooding from the Peace River due to ice jamming
and the impact of the weir, water jevels in 1972 approached normal peak
summer levels (Figure 2.3). Although Lake Athabasca levels ;egan dropping,
as is normally the case during August and September, lakes in the delta
were held near their summer maximum (688.1 feet/209.7 meters a.s.l.) by
the weir.. In the spring.Pf 1973, ice jam flooding resulted in damage to
the weir, which was subsequently rebuilt to an elevation of 694 feet
(211.5 meter;) a.s.l. (Cordes, 1975). By the end of Rugust, water ievels
in the delta had reached 689 feet (210 meters) a.s.l. {(Figure 2.3}. In
the spring of 1974, with water levels alread} 1.2 - 1.5 meters highex
than normal, flooding increased water levels a further 0.8 meters to reach
; peak of 691.09 feet (210.6 meters) a.s.l. After Fhree years of
successively high water levels, the Quatre Fourches weir was finally
removed in the fall of 1974 and water levels Feclined until April 1975.
During'1975, water levels were lower (Figure 2.3), reaching a summer
maximum of 687 feet (209.4 meters). //ﬁ
In 1976 the Little Rapids weir on the Riviere Des Rochéés was
completed (Figure 2.4). The weir, located on the principal outlet from
Lake Athabasca, was recommended by the Peace-Athabasca Delta’ﬁgggzsf'Group

as a means of counteracting the effects of reduced Peace River flows,



Figure 2.2

15

Temporary rockfill weir on the western arm of
the Quatre Fourches Channel.

constructed in spring of 1972 and was finally

Weir was initially

removed in the fall of 1974.
L. D. Cordes).

(Source:



Figure 2.3

Recorded water levels, Mamawi Lake 1968-1976.

(Source: Cordes and Pearce 1977).
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Figure 2.4

Permanent weir at the Little Rapids site on
the Riviére des Rochers.
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thereby helping to restore Tnormai' hydrélogical conditions to the delta.
_ Relatively stable water levels (Figure 2.3) characterized 1976, although,
as in 1975, levels were stili 0.8 meters below the long term mean
maximum. Similar conditions persisted into 1977, although spring to late
summer water levéls were approximately 0.3 and 0.6 meters higher than in
1975 and 1976 respectively.

Cordes and Pearce (1978, p. 25) in csmparing the present water
regime with that for a ‘normal' year, summarize the major differences as
foliows: |

(1) "Water level amplitudes over the growing season are 2.4'

[0.7 meters] lower than yére experienced under the "normal’
regime, although levels in the late summer and on are now

' ' . 21-2.5' [0.6-0.8 meters] higher and are being maintained for
a longer period".

(2) “"The summer peaks of 690' [210.3 meters] under the 'normal’

regime which served to flsod most of the perched basins are

not now being attained".

2.3 Vegetation Characteristics

Although relief in the delta is slight, the vegetation patterns
reflect minor differences in topography and moisture regime. The floods
and associated fluctuating‘water levels described earlier are, in fact,
prigarily responsible for the vegetation pattergs or habitats observed
in the delta. Changes in the hydrologic regime ‘result in ec;;ogical
adjustments within the delta {Dirschl, 1972}).

Figure 2.5 is an idealized cross~section which illustrates the

1. ‘
broad relationships between the vegetation and the major landforms.



Figure 2.5

Diagrammatic profilg of habitat relationships

to landsca /p ition. “4Source: Fuller and
. - D
La Roi ¥971}.
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2.3.1 Vegetation Succession oL

The actual. occurrence and extent of each habitat type depends, of
course, on its landscape position and the state of the hydrologic regime

over a period of time. Periods of prolonged flooding, as well as pro-

_longed drying, have occurred naturally in the delta. The new regime,

however, as established by the W.A.C. Bennett dam, has effectively
; . _
"dampened" this normally fluctuatin® regime. An understanding of 'plant
' “~

succession is therefore necessary, if accurate prediction of vegetation

response to changing water levels is to be made. Dirschl et af. (1974)

provided a relatively detailed schematic of successionaf trends for plants =

in the delta under 'normal' conditions (Figure 2.6). A simplifieﬁ mcdel

o

depicting successional trends expected under either prolonged flooding or
decliﬁing water levels ;as prepared by the Peace-Athabasca Delta Project
Group (1973) to predict the habitat types in the delta resulting from
either condition (Figure 2.7). This latter diagram is of particular

importance since the change detection aspects of this thesis examine con-

- -

ditions following a number of years of prolonged flooding. .

’ -

2.4 Habitat Classification

One of the major objectives in this étudy is to develop an ecologi-
cally sensitive classification of habitat types in the delta. 1In
develdping the classification system for use with LANDSAT data and to make

it as compatible as possible for integration into a classification system
”“\

‘ ﬁsing other remote sensing techniques, the classification system initially

developed by Dabbs (1971) and Dirschl et al. (1974), and later adopted and

modified by Corfles (1975) for his monitoring studies in the delta; has been

followed as closely as possible.

-



Figure 2,6

9]

Outline of plant successional trends in the

Peace-Athabasca Delta (Source: Dirschl et al.

1974).
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Figure 2.7

[ &

%

Successional trends expected under
conditions ofrdetlining water levels (left
diagram) and p?olonged flooding (right °
diagram). (Source: Peace-Athabasca Delta

Project Group 1973):
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On the basis of these detailed studies of plant successional
trends, and through the use of remote sensing imagery and different
mapping scales, two levels of landscape classification for the delta
have been developed. The classification for mapping the area at a
scale of 1:37,000 is presented in Table 2.1 while in Table 2.2 the
classification used for mapping the study area at-érscale of 1:10,000
shown. The more detailed classification (Table 2.2) is used by N
pirschl ef af. (1974) and Cordes (1975) at the field tkansect ﬁapping
level. .A summafy of the classification used by Cordes el af. (1977)

is provided in Table 2.3.
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Table 2.1. Classification for Mapping Habitats in the Peace-Athabasca
Delta at the Scale of 1:37,000. (Source: Dirschl et alf.,

1974.)

LANDSCAPE TYPE

Delta

CLASS

Terrestrial Community Types:

Coniferous forest
Deciduous forest
Tall shrub: 3-6m
Low shrub: <3m

Fen: predominantly graminoids, may
contain. a few scattered low
shrubs .

Immature fen: scattered low plants on
newly colonized mudflats

Precambrian outcrop

Forest

Grassland

Water channel

Water Body Types:

Flowing stream and river
Intermittent stream

Abandoned stream bed and meander scroll

Standing water

?reely drained: deep and open

Freely drained: shallow
open
with emergent vegetation

Restricted drainage:
open
with emergent vegetation

Severely restricted drainage:
open
with -emergent vegetation
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Table 2.2. Land Facet-Vegetation Type Classification for Mapping of Field
Transects at the Scale of 1:10,000 in the Peace-Athabasca Delta.
(Source: Dirschletf af., 1974.)

I. ACTIVE DELTA

Point Bar and Levee (IA)
Equisetum
ELeochanis-GLycesin
Salix interion
Salix-Alnus

Betula

Populus

Picea

Lakeshore and Delta Plain {(IB)

Potamogeton

Sparsely vegetated mudflat
Senecio

Scinpus

. ELeocharnis-Canex
Beckmannia-Scofochloa~Carex
Canex

Salix-Carex

Calamagrostis

Phragmites

II. SEMIACTIVE DELTA
’ (perched basin and back-
slope of levee)

Potamogeton-Nuphan
Typha-Scirpus
Senecio

Equisetum
Scofochloa
ELeocharnis-Carex
Carnex
Calamagros £is
Salix

ITII. INACTIVE DELTA

Backswamp (wet depression) (IIIA)

Potamogeton-Nuphar-Myriophyflum
Scinpus-Typha

Phragmites

Equisetum-Acorus
Canex~Potentifla (floating mat)
Salix-Menyanthes (floating mat)

Meander Scroll (dry channel) (IIIB)

Canex
Calamagrostis
Salix

Betula

Precambiran Outcrop (IV)

Populus-Picea
Juniperus
Stipa-Antemisia




pable 2.3. The Classification System used by Cordes (1975) for Detailled
Vegetation Monitoring Studies in the Peace—-Athabasca Delta.

I. ACTIVE DELTA

Point Bar and Levee

E-G/1 ELeochanis-GLycenia
sa/l Salix Lintenioh
sa-A/1 Salix-Afnus

Po/1 Populus

Pi/l Picae

Lakeshore and Delta Plain

Se/l Seinpus
sp/1 Sparganium
5/1 Scolochloa

s-c/1 Scofochloa-Canex
s-c-sa/1  Scolochloa-Carex-Salix
E-C/1 ELeochanis-Canex

Eq/1 Equis etum

c/1 Canex

Ph/1 Phragmites

sa-C/1 Salix-Carex

Se/l Senecio

if/2 Immatyre Fen |

cal/l Calamagrastis

OPEN WATER
Wi Freely drained
. Wr Restricted drainage

7

IT. S

EMIACTIVE DELTA

P~N/2
Sc/2
Sp/2
s/2
S~C/2
E-C/2
Eq/2
c/2
Sa-C/2
Se/2
if/2
Cal/2
Sa/2

ITI.

Potamogeton-Nuphanr
Scinpus
Sparganium
Scolochloa
Scofochloa-Canex
ELeochanis-Carnex
Equisetun

Carnex
Salix-Carex
Seneedlo

Immature fen
Calamaghostis
Salix

INACTIVE DELTA

P-N-R/

Sc-T/3
Eq-Ac/

//KTTPt/3
"c/3
sa-M/3

sa/3

Iv.

3 Potamogeton-Nuphan-
Ranunculus

Seinpus-Typha
3 Equisetum-Aconus
Carex-Potentilla .
Canex
Sgﬂix-MenyantheA
Salix

" PRECAMBIRAN OUTCROP

Po-Pi/

QTHER

Svm

d

4 Populus-Picea

sparsely vegetated
mudflats

bisturbed areas




CHAPTER 3

METHOD OF ANALYSIS

3.1 Selection of Imagery

As discussed in Chapter 1, the stﬁdy has two objectives. These
are to map and classify habitat types in the delta and to determine
whether or not changes in these habitat types can bé monitored using
LANDSAT digital data and automated image analysis techniques. Although
the first objective can be satisfied using.single date classification,

achievement of the second requires at least two dates for which data are

available.

To provide optimum opportunity for detecting change and for
testing the classification of habitat types in the delta under differing
ecological conditions, it was.deéided to select one image with 'normal'

and one with 'abnormal' conditions. Selection of the image with normal

'
-

conditions was felt to be important, as it was hoped that the resultant
classification could be used as ‘'baseline' informatibn again;; whicﬁgg%her
conditions could be measured.

LANDSAT scene, 20557-17522, recorded on August 1, 1976 was selec-
ted as the one best representing 'normal' ecological conditions under the
new hydrologic regimeé§€ordes and Pearce, 1977); On this date, water
levels in the delta were approximately 686.84 feet (209.3 meters) (Water
Survey of Canada, 1977), a substantial reduction from those experienced
during therggriod 1972-74 (Figure 2.3).

LA#DSAI gscene 103399-18104 obtained on August 26, 1973 was selected

Pt
/55;"\
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as best representing 'abnormal' conditions in the delta. As discussed
in Chapter 2, water levels had been higher in the delta since 1972, but
not so high as to completely inundate ﬁhe area. Extreme flood conditions
were experienced in ;974 making the use of imagery from this year
unsuitable. Figure 3.1 shows the south shore of Mamawi Lake under
exﬁreme flood conditions_during 1974. Under such ‘conditions, a visual
interpretation of LANDSAT imagery is sufficient to assure the observer
that significant change has occurred.-

As a result of thé on-going vegetation monitoring program in the
delta, detailed ground knowledge in the form of transect data and fO mm
colou£ infrared‘phototography was availablé for developing the 1976

*baseline' classification. Ground data were not, however, available for

i
H

1973. This created a situation where an evaluation of the classification
had to be more subjective in nature than for the 1976 results.

3,2 Mamawi Lake Test Site

Because of the large size of the delta, an area considered repre-
sentative of the major habitat types was selected for detailed analysis.

The l,20b km? test site is centered on Mamawi Lake at the east end of the

———

delta complex (Figure 3,2). Specific considerations in selecting
the test site included the availability of:
(1) previously prepared maps of all or parts of the test
area; |
(2) detailed data from at least five transects. These transects,
studied initially by Dabbs in 1971 and more recently by
Cordes and Pearce (lé?%),’are shown in Figure 3. 3; '

(3) 70 mm colour infrared (1:7,000 scale) photography for these



Figure 3.1

South shore of Mamawi Lake during flood
conditions, 1974.

29
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Figure 3.2

/ \

a

-The 1,200 Km Mamawi Lake Test Site near the

east end of Lake Athabasca. " The townsite and
airport of Ft. Chipewayn are located near the
top right hand. position of the figure.

A

30



Figure 3.3

Q

Location of the various transects used initially
Dabbs in 1971 and later by Cordes for detailed

vegetation monitoring studies in the Delta.

5

by
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transects. The photography was able to be used in the
selection of training (calibration) sites and in the an;}ysis
of the classification accuracy.

3.3 Analysis Procedures -

+
F

3.3.1 Scene Classification

Digitél analysis was carried out.using the General Electric Image
100 Multispectral Image Analysis System located at the Canada Centre for -
Remote Sénsing (CCRS) in Ottawa. Operators for the system were provided
by CCRS. Details on the Image 100 system are available elsewhere and need
not be repeated heré (Goodenough and shlien, 1974).

Tﬁere are two basic methods of classification on the Image 100
syst;m. Although both techniques were tested in this study, only the
results of the supervised classifications, which proved to be the more
successful, are reported in this thesis.

.. Supervised classification was carried out sgparately for‘each of

the two selected dates. In developing the signature file for each scene,

care was taken to ensure that a minimum of 50 pixels for each habitat type

N .
~ '

was selected. Training sites were prg—selected using the detailed ground
transéct data from Cordes - (1975) and Cordes and Fearce (1977). Selected
sites were marked'on 1:36,000 scale colour air photos and referred to
during the classification. Output d%sglays and data from the Image 100
classification procedures included:
-35 mm colour éiides of the classified test site which were
obtained by photographing the Image 100 display monitor;
-1:125,000 scale'binary theme prints (individual themes};

-1:50,000 scale alpha-numeric theme prints (all themes printed

in a composite map);
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-1:250,000 scale Elecéron Beam Image Recorder (EBiR) theme prints;

—various statistics for the classified scenes which are used
during the classification and during further analysis of ﬁhe
classified scenes.

3.%.2 Scene Filtering

Following classification, each of the scenes was filtefed using
3 x 3 weak and 3 x 3 strong filtering algorithms (Goldberg, 1975). This
procedure is normally carried out to decreise the number of misclassified
pixels and/or to decrease or 'smooth' the texture of the classifed scene
{Schubert, 1978). Texture in any area of a scene génerally results from
the presénce of small numbers of pixels of a different cover class from
the majority class, or as a result of a highly variable cover 'O(Schubert,

1978).

3.3.3 Scene Registration and Overlap

Prior to studying change detection Petween 1973 and 1976, it was
necessary to overlay and ;egister the two scenes as accurately as possible.
Using procedures outlined by Shlien (1978), the two scenes were registered.
This was done as accurately as possible since misregistration can result
in erronecus detection of change. To simplify and improve the regist;a—
‘tion, tbe test site was divided in half. The same halves from the two
scenes were then displayed simultaneously on the monitor. Twenty-five
matching gro;nd ;ontrol peints in areas that dié not change between dates
of images were then selected for carrying out the registration.

3.3.4 Ratioing

One of the simplest and quickest methods of change detection is

ratioing (Wilson et af. 1976). Using bands 5 and 7 a préliminary attempt

kS
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was made to determine areas ofisignificant change between 1976 and 1973.
The ratioing algorithm on the Image 100 does not permit statistics or

other paper outputs to be generated. Colour 35 mm slides, however, were
taken of the results displayed on the Image 100 monitor. These results

were used only as a qualitative aid in evaluating change.

3.3.5 Post-Classification Change Detection

The change détection analysis used in this study is similar to

methods described by Weismiller et al. (1977) and Rubec (1978). The
IS
method involves overlaying each theme from one year with each theme of
the other. Compared on a class by class basis, the nature, location and
~

amount of changed and unchanged area can be identifi%d {Rubec, 1978).

Using preliminary results, it was observed that certain areas in
the test site had undergone more extensive change than other afeas.
Three levels of change detection statistics and classification maps were
therefore produced:

(a) statistics for the 'entite Mamawi Lake Test site

{(b) statistics for 1/2 areas; and

h"’,,«\J// (¢} statistics for 1/8 areas -,

Results of the classification and change detection procedures are

,
.

presented in subsequent chapters.

</



CHAPTER 4

SUPERVISED CLASSIFICATION

4.1 Introductiocon

All change detection techniques, with the exception of ratioing,

\

2
rely on the generation of spectrally classified scenes. As such, the

quality of the change detection is dependent, in large measure, on the
accuracy of the classifications. The purpose of this chapter is to pre-
sent the results of several digital classifications, including an assess-—
ment of their accuracy, undertaken with the 1973 and 1976 LANDSAT data of

the Peace-Athabasca Delta.

4.2 Supervised Classification: 1976 -

Following procedyres outlined by Economy et al. (1974) and
{f\\Howarfh (1976), supervised classification was carried out first on the
1976 scene. Training sites were selected using 1:60,000 scale 70 mm
colour infrared photography obtained during July, 1976. Variéus habitats
were identified on the imagery and confirmed using the transect data 6ﬂ‘
Cordes and Pearce {(1977). A minimum of 50 pixels for each habitat was
using during the training. A totgl of eight themes (the maximum number
available for displgy at one time on the Image }00) was produced using
the supervised classification program. The results are displayedﬁa:\
figure 4.1. Habitat descriptions for each theme follow and are in
sequence from habitats occupying the‘lowest topographic positions to those

occupying the highest positions in the landscape.

35
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(1) Green

The green pixels represent areas of open turbid water and occupy
12.6% of the test area. The class is, in fact, a combination of oge
large class and several small classes which were spectrally distinct as
a result of vafiations in turbidity. The variation is apparent not only
on the aerial photos, but alsc on the analogue LANDSAT scene. Major
rivers and streams are also included in this class.
(2) Purple

The purple pixels represent areas of less turbid open water and
occupy 11.6% of the test site. Also included in this class are a number
of emérgent aguatic vegetation species. As éeen in Figqure 4.1, tﬁis
habitat occurs along the shorelines and in protected embayments of large
freely drained, épén water bodies. These pixels also represen%}the
shallower, smaller open water bodies and perched basins.
(3) Yellow

The area represented by the yellow pixels is the 'Scofochfoa/
ScolLochfoa-Canex' fen habitat (Figure ;.2). Following several years of
continuous flooding, Scofochfoa generally replaces the Carex and Calama-
gnostis fen species. - Although 1976 water levels were,-in general,
significantly reduced from 1974, some levels remained relatively high in
the lower basins and the Scofochfoa persisted, although some regrowth of
Carex has undoubtedly occurred. Immediately following flooding, and where
a dramatic reduction in water levels occurs, the Scofochloa/Scofochloa-
Carex may develop in a 'sparsely vegetated mudflat' .or 'Immature fen'

habitat. If water levels are only reduced and not enttrely -

eliminated, it might be expected that the Scofochfoa habitat would succeed



Figure 4.2

The Scofochloa/Scolochloa-Carex fen habitat.
.~ {Source: L. D. Cordes}. ‘
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to the Wet Carex fen.
(4) Orange

The habitat Wet Carex fen (Figure 4.3) is represented by the
orange pixels. Occurring on a low, yet relatively higher landscape posi-
tion and with better drainage conditions than the Scofochfoa fen, the
Carex fen usually experiences only light flooding, or else the gg?er table
remains near the ground surface (Cordes and Pearce, 19775. The majority
of this habitat is situated on the Lakéshore and Delta Plain of the active
delta with some occurrence in perched basins of the semi-active delta.
(5) Mauve

The mauve pixels represent the major fen class Carex/Calamaghrostis
{Figure 4.4). This habitat occurs on a moist to wet substrate. It is not
submerged for much of the growing season and therefore occupies a slightly
higher and drier position on the landscape than the Wet Catex fen. During
digital classification, although every, attempt was made to separate the
Carex from the Calamaghostis, no reliable result could be achieved.
Together, however, the two species form a coherent and reliable class.

{6) Pink

The pink pixels represent areas with relatively higher positions
on the landscape and are classified as Shrub-Fen (Figure 4.5).ﬂfrhé shrubs
are dominately Saflix spp. with some Afnus, Interspersed with the shrubs
are pockets of fen, dominated by Cafamagrostis on the drier sites and

Carnex on the moister sites. This habitat is the first to replace the

Cafamaghostis on the backslope of levées and in the older perched basins,

the latter having been in-filled with organic material, thereby improving

the drainage conditions. ’
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Figure 4.3 The wet Catex fen habitat occurs mainly on the
Lakeshore and Delta Plain. Bison tracks are
clearly visible in the photograph. (Source:
L. D. Cordes).



Figure 4.4

The Carex/Cafamaghosfis fen habitat. Difficulty
was experienced in spectrally separating the

" Carex and Calamaghostis fen species. (Source:
L. D. Cordes}.

41



Figure 4.5

The Shrub-Fen habitat. Occurs on levée back-
slopes and in older parts of the belta. Sakfix

and Aflnus dominate in this habitat.
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(7} Blue ' -

4

The blue pixels represent the habitat Salix-ALnus-Populus

(Figure 4.6). This class occurs éidng the.higﬁef and better drainéd
levées and in the older parts of the delta. In these landscape positions,
the habitat is less subjec£ to flooding and is therefore relatively stable.
\.(8) Brindle
The h;bitat Picea-Populus is represented by the brindlé pixels
(Figure 4.7). As might be expected, this is thefsma}lest of the habitat
cla;ses only occurring along major river_levéeﬁ/gnd on the few scattered
Precambrian rock outcrops at the east end of the Mamawi Lake test site.
The dominant tree species are white spruce (Picea glaucal, balsaﬁ poplar
(Popufus balsamifera) and white birch (Betula papyriferal.
(9) Black |
The pixels that remain unclassified (16.3%) are left black, as
can be seen on F;gure 4.1. The relatively high percentage of unclassified o
pixels is not surprising in a complex environment such as the Peace-
Athabasca Delta. Such'environments ténd to create the opportunity for a
larger number of border or boundary pixels to occur ;han in a simplex
environment. The boundary pixels result from tﬁe'grOund resolutioﬁ of

LANDSAT where the smallest area that can be recorded is 58 m x 79 m. In

boundary situationg, e.g. land and water, a pixel may include both

e

categories and may therefore remain unclassified; Alternatively, as
Howarth (1976) has suggested, the iptensity values for that pixel, which
result from a combination of the two surfaces, may lead to the pixel being
incorrectly assigned to a class. Unless an area is uncommonly homogeneous,

this situation is likely to occur throughout the area being classified.
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Figure 4.6 The Salix-Alnus-Popufus habitat which occurs
along the higher and better drained levées in

the Delta.

( . Fay



Figure 4.7

R

Precambrian rock islands in the east
end of the Delta complex. -P{cea-
Popufus habitat provides the dominant
tree cover.: This habitat class also
occurs along major river levées.
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Although many of the dnclassified pixels can be accounted for in
this manner, an examination of the classified scene reveals a number of
areas where blocks of unclassified pixels occur. This suggests that a
unique habitat or habitats remain unclassified. .

One major class not identified was the 'Immature Fen - Sparsely

. _

Vegetated Mudflats’'. Many of the unclassified piﬁels, particularly those

in blocks, in fact represent this habitat. It occurs along lakeshores

o P
and the edges of perched basins which are flooded each year but experienCe

drawdown. Normally of minimum areal extent, the habitat is now somewhat
more extensive. This results from the recent prolonged flooding, which
led to extensive growth of Scolochloa/Scofochfoa~Carex. With drawdown
and hence drier conditions, the Scofochfoa/Scofochloa~-Carex habitat is
reduced to a mat af decaying reeds (Figure 4.8) or to a sparsely.

vegetated mudflat (Figure 4.9).
S

A summary of the mqjor habitats identified in the LANDSAT analysis

'is presented in Table 4.1.

4.2.1 Assessment of Digital Classification Accuracy

To evaluate the accuracy of the digital classification and'hgnce

'its usefulness for mapping and monitoring habitats in the delta, two

separate evaluations were undertaken. First, a measure of the glassifica—
tion accuracy was desired which would not simply be a measure of the
internal Qtétistical accuracy of the classification normally generated by
a ‘confusion matrix (Shlien and Goodencugh, 1973). To gain an impression
of the ecological accuracy of the Elassificqtion, 78 pixels were selected

by overlaying a 34 x 20 pixel grid onto a 1:50,000 scale alpha-numeric

_print (Figure 4.10) and selecting the pixel on .each corner of the grid.

‘ .
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Figure 4.8 A decaying mat of Schofochfoa reeds following
reduced water levels. (Source: L. D. Coxdes}.



Figure 4.9

Senecio congesius, a pioneer species in the
sparsely vegetated mudflats habitat.”’
(Source: L. D. Cordes).
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Table 4.1 Names and Descriptions of Major Habitats\i: the Peace-

Athabasca Delta Identified using 1976 Digi

al LANDSA% data.

Habitat Class

Description

-

3

Turbid Open Water

Less Turbid Open Water
J

Scolochloa/Scolochfoa-Carnex

wet Carex Fen '}

Carex/Calamaghostis Fen

.Shrub Fen

Salix-ALnus-Populus

Picea-Populus

Floocded area generally devoid of
emergent vegetation.

Flooded area, often with emergent
vegetation (Seinpus spp.). It is found
in protected embayments of larger lakes
and in smaller perched basins.

Inundated area with erect, living
vegetation whose normal habitat requires
continual flood inundation (Scofochloa/
Seolochloa-Carex group most frequently
occurring community). Wetter Carex
meadows also occur.

Inundated area with lower water levels
than in the Scofochfoa/Scolochloa-Carex
communities. Some-Schofochfoa may also
occur, however. Growth is moderately
dense and semi-vigorous.

Dense vigorously growing Canrex/Calama-
ghostis on sites less wet than those of
the wet Carex meadows. Vigorously grow-
ing immature fen species may also '
occur in this class.

Area dominated by Salix shrubs, Cafama-
gnoALtis meadows and drier Carex meadows.

Areas dominated by tall deciduous shrubs
(Salix/Alnus) and/or tree species

(Popufus). Usually occur along well
drained river levées, Precambrian rock
outcrops or older better drained areas of
the delta.

Areas dominated by nifegg;s forest
species of white sppuce and balsam fir.
Balsam poplar hite bircﬁ\are
scattered thropghout.




Figure 4.10

A portion of the 1:50,000 scale alpha-numeric
print showing part of the 34 x 20 pixel grid
used for evaluating the classification accuracy
of the 1976 scene. A total of 78 pixels-were

identified by selecting pixels on each corner

of the grid.

®
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The computer_generated classification for each of these 78 pixels was then

compared Qith normal cologr and colour infrared air photdé\zi::ined for
the delta in 1975 (Table 1.1). An accuracy matrix was prepardd (Table 4.2)
which shows the actu;l pixel counts, and their 'true' class as identified
frpm the air photos. Classification accuracy was generally excellent with
perhaps two exceptions; namely, the Scotochﬂoa/Scoﬁoch£oa-Canex and

Sa@ix Alnus-Populus classes; In both cases, confusion seems rather wide-
spread. Although this was recognized during the digital classification

it was not possible to imérove the results. -Finally, because the Picea-
Popufus is a relatively small habitat class, no pixels in this category
were actually selected. It is known from visual inspection, however, that
mfhor confusion exists between thié class and the Less Turbid Open Water
class.

The second method of evaluating the classified scene Qas by
comparing the digital results with those obtained by the Peace-Athabasca
Delta Project Group (1973) and by éordes and Pearce (1977). Using data
from Cordes and Pearée (1977) Table 4.3 was prepared. As.the classifica-
tion pategories generated using LANDSAT differed from the ones prepared by
the Peace-Athabasca Delta Project Group (1973) and by Cordes and Pearce
(1977), some generalization of their data was necessary to make a compari-
son. From the tabula; results, it would appear that a good correlation
between the digital LANDSAT classification and'tﬁe other classifications
was_ achieved. It should perhaps be noted here a; well that the statistics
for the Peace-Athabasca Delta Project Group (1973) and for Cordes and
Pearce (1977) are based on fhe percentages of habitats encountered along

the survey transects (Figure 3.6). While the transects may inclyge

-
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Table 4.3 Comparison of the Percentages of Areas Occupied by Different
Habitats, According to Three Studies

Percent Area

Habitat Class P.A.D. Group Cordes and Pearce LANDSAT
(1970) {(1977). (1976)

Mixed Forest -9 .9 2.1

Tall Shrub 25.0 23.6 16.3

Low Shrub 9.5 10.0 13.2

Shrub Fen

Carex

Calamaghostis 32.3 33.2 29.1

Scofochloa

Open Water 15.6 21.3 24.5

(includes Scinpus)
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representative habitats for the delta, there is some gquestion as to

whether the overall habitat mix on these transects is, in fact, represen-

tative (Cordes, Pers. Comm.). Some of the differences in classification E
results may be attributed to this possible source of error.

4.3 Supervised Classification: 1973 i

Once 'baseline' conditions and habitats were established for
'normal' water level conditions, digital classification of habitats under
flooded conditions.was underta‘tn. Results of the classification are
presented in Figure 4.11. Ehe digital classification scheme is similar
to the one developed for normal conditions. 'Because of high water levels
particularly in the lakeshore and delta plain and in the perched basin
physiographic areas, it was Aifficult to separate flooded habitats from
the Shrub-Fen and Saﬂix—Aﬂnu:SbopuzuA habitat classes. A relatively
laréé number of unclassified pixels (16.6%) also remained after the
digital classification. In this instance, however, most of the unclassi- 2~
fied pixels that occur in 'blocks' are those of the Tall Shrub habiéat
type identified by Dabbs (1971) (Figure 2.8). This habitat class occurs
on older parts of the delta and along levées and levée béckslcpes. An
examination of Figure 4.1l clearly reveals this situation.

4.4 Effects of Filfering on the Classifications

Due to the fixed pixel size (57 m x 79 m}, the only mgthod of
generalizing the data is to apply a filtering algorithm. Several different
dégrees of filtering are available on the analysis system at CCRS,
including a 3 x 3 weak and 3 x 3 strgng filter. Both filters were used on
the classified scenes for 1973 and 1976. Results are presented in

Figures 4.12, 4.13, 4.14 and 4.15." These results are summarized for the

0
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LANDSAT THEMATIC MAP
MAMAWI LAKE

1973

Supervised Classification

{unfiltered)

Theme

Habitat

Km % Area

Description

No.

Colour

Open Turbid 145.0 11.9
Water

1

Less Turbid
Open Water
Scolochboal
Scofochloa-

Canex

12.4

151.0

3

32.8

2

433.1 35.4

x_

Fen-Saflix/
Fen/Sali
Alnus-Populus

Carex/

6

Blue

Figure 4.11

12.9

157.3

5

Calamaghos tis

Fen

wet Canex Fen 70.4 5.6

7
8

Picea/ 29.6

Brindle

Popubus

16.6

Unclassified
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readers' convenience in Table 4.4, 4.5 and 4.6. : :
The most obvious effects of thé filtering are to smooth the

texture of the classified scene by eliminating isolated pixels'and re- ;

assigﬁing Soundafy pixels. Although visually more appealiﬁg, there are

no ‘appreciable improvements in classification accuracy.

.
4.5 Conclusion \\\

N\
Results presented in Ehis chapter demonstrate the feasibility of
using digital LANDSAT déﬁa for classifying and mapping major habitats in
the Peace~Athabasca Delfa. The independent generation of two accurately
classified scenes is aléo an essential first step in the conduct of a

quantitative change detection analysis. Results of the change detection

analysis are presented in the f6llowing chapter.
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\ CHAPTER 5

CHANGE DETECTION

5.1 Introduction

Environmental monitoring has as its objective the detection of

- cﬁangg in land uée/cover that occurs over a pericd of time. Convention-

ally, change detectiﬁn has been accémplished by conducting locally based

land surveys often suppleﬁented by aerial photography. For large areas,

such as the Peace-Athabasca Delta, such ;echniques have proven to be time
consuming and expensive.

Before the use of LANDSAT digital data becomes operationally
feasible, howevér, satisfactory techniques for change detection need to
be developed and evaluated. At least three methods for change detection
u;ing the Imagé 100 have been developed. These thr;e methods are:

(1) ratioing, (2) classification and comparison of different dates, and
(3) split screen classification (Wiison et al. 1976).

In ratioing, the simplest and quiékest method of change detection
on the Image 100, the intensity of reflected energy ;ﬁ one band of one
LANDSAT scene is divided by the intensity in the same band of another
scene. The data are compared on a pixel py pixgl basis. Where the
intensity of reflected energy is approximately the s;me in each scene,
the result of the division is nea;ly 1 (Wilson et af. 1976). 1In this °
case land use/cover is assumed‘to have reﬁained constant. Where.change’
has occurred, the result of the division is different from 1. Results
are subsequently displayed on the Image 100 monitor. .

. o« . .
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The classjification and comparison of two different dates require
the generation of two independently produced classifications. Results
are overlayed and compared so that the areas and types of change c;n ke
identified. This technique is similar to the ﬁbst—classificéfion
compérison change detectioﬂ described by Weismiller ef af. (1977).

Split screen‘classificétion invoives £he simultaneous (side by
side) display on the monitor of the same area from two different dates.
The areas are then classified as though they were part of the same scene.
This method, the most time consuming of the thiee, requires visual
analysis to detect changes and the use of numerous sub-scenes.

The previous chapter established the classification for each of
the two years for which change detection is required. The purpose of
this chapter is to present the results of the change detection procedurés

as carried out on the Image 100.

5.2 Change Detection in the Mamawi Lake Test Site: 1973-1976"

1
5.2.1 Changes in Reflectivity

In addition to the ﬁeed for two accurately glassified scenes, the
detection ofvchange_and hence the monitoring capability of LANDSAT is
dependent on changes in the spectral characteristicifof_various habitats
through time. The change may be brought about by (1) natural lon
succession, (2) a major perturbation-(e.g._prolonged pgriodg of low
or flood water levels), (3) phenclogical chénge, aﬁd (4) differences in
‘atmospheric conditions.

Although refleétance characteristilcs of land/water surfaces axe
Based on a number of factors, the more significan; ones a:ﬁ;z:iné those

-

of the habitats in the delta include density and height offveyetation,

.~




percentage composition of sPeéies, vigor, background exposure and
season of the year. As expected, Bands 6 and 7, which record reflecti-
vity in the near-infrared region of the electromagnetic spectrum, were
found to be most useful in distinguishing between habitat types.
(Table 5.1):. 1In 1976, lowest reflectance values wefe recorded (Bands 6
and 7) for the two water classes, while the highest values identified
the very vigorously growing Canrex/Calamagnostis fen habitat. Of the
vegetation-dominated habitats the Picea-Populus has the lowest mean
reflectance value. This is not surprising since conifers generally have
low rgflectivity in the infrared region of the electromagneﬁic spectrum.
Reflectance values for habitats in 1973 demonstrate to some
extent the effects of the prolonged period of low water levels prior to
_1972. A comparison of Band f values for 1973 and 1976 shows that the
increased moisture presenf in 1973 greatly improved the wvigor of the
Canex in the Wet Canex fen class (104.03‘in 1973 and 87.14 in 1976).

Some of the change, however, _is undoubtedly due to higher residual water
{f

s in several basins following the exceptionally high water levels of

A i r'in the Canex/Ca£amagnoat§A habitat class as a
&resalt of the low water levels of‘19§8—7l.is reflected in the low valueé
\for this class in 1973 (Table 5.2). Values in 1976 are ﬁuch higher and
%esult from aﬁ improvement in moisture conéiti&ns (?able 5.1). Increased
axowth of surface aquatics (Potamogeton and Nuphat) is evidenced by the
*higher reflectance values in the 1976 Open Turbid Water class. The
increase in reflectance between 1973 and 1976 for the Picea-Popufus

habitat class is more difficult to explain. When traininé on this class

vl
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in 1976, a higher proportion 5f poplar a birch (which are interspersed
throughout the white spruce) may have been picked up, thereqy increasing
:
the reflectivity of ‘this class. The effects of ¥loocding, pa ticulérly
in the Lakeshore and Delta Plain habitats served t& reduce reflectivity
in Bands 6 and 7. This resulted in habitat discrimihation problems for
1973. The reflectance values in the infrared region for the Scofochfoa/
Scofochloa-Canex approximate the values of the fen-Salix/fen/Salix-Alnus-
Popufus class and are better discriminated in Bands 4 and 5. This
suggests that under flood conditions habitatudiscrimination may, in fact,
be improved using the visible portion of the spectrum (Bands 4 and 5)

rather than the infrared portion (Bands 6 and 7).

5.2.2 Identification of Areas and Habitats Susceptible to Change

Prior to undertaking detailed qhange detection procedures, two
generalized approaches to identifying areas and habitats most likely to
experience éhange due to prolonged flooding were investigated. The first i
approach involved the delineation of topographic subdivisions in the
Mamawi Lake Test Site using the 1976 classified scene (Figure 5.1). These

. —N
subdivisions are made possible because of the orientation of the vegeta-
tion along topographic gradiéﬁts, even where reiief is 1o§ {Dabbs, 1971).
The nine zones (Figure 5.1) represent generalized vegetation-hydrologic
patterns~and are useful in identifying areag {(pixel classes) potentially
important for monitoring. Zone B, for example; is a large heterogeneoué
class of pixels occupying relatively low topographic positidns on the
Lakeshore and Delta Plain surrounding Mamawi Lake. The predominant

habitats in this area are particularly sensitive to variation in the

moisture regime and can be expected to reflect short term environmental



Figure 5.1

-

-

The Mamawi Lake Test Site with nine major
habitat zon;s delineated. These zones
represent generalized vegetation-hydrologic Qb
patterns interpreted from the 1976 digital

classification results.
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_was expected to emphasize the areal extent of flooding (Bukata, 1973},

1 . : 70
changes. Other zongs, similar to Zone 8 (i.e. 2, 6 and 7), are also

-

potentlal areas for monitoring change. ZOnes 1, -3, 4 and 9 however

' are dominated by more stable habltats such as the Shrub-Fen habitat and

A
are therefore less likely to be good short term indicators of change.

The second approach to identifying areas of change involves
overiayinp data from the two years in the image analysis system ‘and
ratioing the various bands. ?he technique used for overlaying was des-
cribed earlier in Chapter 3. -Although the-technique is more objectivo
for the identification of are;o of change, it still exhibits a‘major dis~
advantage in that the nature of the change connot be determined. Two i

pands (5 and 7) were used in the analysis (Figures 5.2 and 5.3). Band 5,

whereas Band 7 was expected to emphasize differences in vegetation
ﬂ - a

between the two years. Figure 5.4 is a colour composite of Figure 5.3.

fmme? L™

This colour enhanced image assists in thE“intorpreFation of the image b

highlighting areas of major chaﬁge. The.flooded area around Mamawi’ Lak
(displayed in red) is particularly evident in this image. The blue ‘
colour enhances the areas ;here change in vegotétion has been'mo;t

dramatic. ' . ' R -

P

5.2.3 Post Classification Change Detection

. 4 3.
Certain areas of the: delta are more likely to-undergo change than

others. This is because of the complex‘nature of the habitats in the o

“ .
delta and their w1de ‘mix' over the entire area. For this reason, change )

-

detection results using the post classification technlque were produced at

>

) three levels of detail; total area, 1/2 area, and 1/8 area. Levels 1l and

2 are mapped at 1:250,000 scale, whereas 1/8 area maps are produced at -

1:125,000 scale. o - - B } - o



Figure 5.2

e

Band 5 ratio of LANDSAT scenes E20557- 17522 and E1399-18104.

Areas of no change are gray, while lncreaSLng tones towaxrds
either the black or white ends of the gray scale indicate
increasing change. In this figure, changes in water levels
due to flooding are emphasized (brightest tones).

“\

‘o
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Figure 5.3 Band 7 ratio of LANDSAT scenes E20557-17522 and E1399-18104.
In contrast to Figure 5.2, brightest tones emphasize changes
in vegetation which result from the higher water levels.




Figure 5.4

Color composite of Band 7 ratio of LANDSAT scenes E20557-17522
and E1399~18104. Areas dominated by water level changes are

red (note Mamawi Lake shoreline). Areas dominated by vegetation
changes are blue. Areas of relatively minor changes are
displayed as browns, grays and whites.

-~
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In mapping the data at 1/2 and 1/8 areas, the same classification
data are used and the information level thus remains the same. In the
1/8 area mapping, the original data are magnified two times to effect a
nominal map scale of 1:125,000. To achieve this magnification each
pixel is repeated four times }2 times horizontally, 2 times vertic;lly).
By doing this, unusually high pixel counts are observed. 'True' counts
are obtained by dividing each number by four. Further, in calcuIating_
area percentages for 1/2 and‘l/a areas, only cne-half screen is used to
display the classification results for each Year. Percentages are
therefore based on a 512 X 256 pixel area rather éhan the normal 512 X
512 pixel area. Although not attempted for-this study, tﬁe same
approach to change detection used in section 5.2.3.2 can be used for

either the 1/2 or 1/8 area analysis.

5.2.3.1 cChange Statistics for Total Area: Visual Comparison
A simple visual comparison of Figures 4.1 and 4.12 reveals that

significant changes occurred between 1973 and 1976. These changes have
been summarized for the unfiltered_claééification nd are presented in
Table 5.2. As a result of gradually rising water*?ébels in 1973, it is
difficult to evaluate the exact nature of the chaﬁgeé. "It can be seen,
however, that differences aépear to have occurred in the Scofochloa/
Scolochloa-Canex, wet Carnex fen, fen-Salix and Salix-Alnus-Populus
claéses. As discussed earlier, changes in the latter two classes are
somewhat misleading in that flooding in the habitats along the Lakéshore
and Delta Plain makes it difficult to sepafate these hébitat classes on a-

spectral basis. Using the post classification change detection technique,

however, the exact nature of the change may be determined.
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5.2.3.2 change Statistics for Total Area: DPigital Comparison

Using the procedures outlined-in Sections 3.3.3 and 3.3.5, a
comparison of habitats for 1976 and 1973 'was made for the entire Maﬁawi
Lake Test Site. The results are presepnted in Tables 5.3 and 5.4. The
main diagonal of the matrix (Table 5.3) represents areas of no chiggé
(oyerlap) in the cléssification. The values presented in Table 5.4
represent the portion of each habitat class that was unique td 1976
(i:e there was no overlap with pixels from 1973 in any habitat class}).

Using this change detection technique, it is now possible to
clearly identify the nature of the change as ;ell as simply observing
the fact that change has occurred. Caution in using these statistics is
required because areas classified differently may represent cne of the
-following:

a) true change,

b) m{gclassification on either or both scenes {Figures 4.1 and

L 4.12), ‘ .

c) errors of rggistration, or

d) errors in classification training.

The inherent risks in éttempting to detect change on a pixgl by
pixei bésis are therefore evident. As discussed in Section 5.2, this
danger is more Pronounced where pixels are isﬁlated and less where groups

r : ) .

of pixels have changed. Using Table 5.3 it is now possible to separate the

Shrub-fen/fen/Salix-Alnus-Populus habitat class ;f 1973, relative to 1976

habitat classes Shrub-fen and ,Saﬁix—Aﬂnué—PopuZué= 70.4% of the 1973 '

claés overlaps the Shrub-fen class and 48.9%‘over1aps'the.Saﬂix—Aﬂpué-
Popufus class. The data presented in Tables 5.3 and 5.4 can be spatially‘
represented in eiéher a cénfliét character assignmentumap'(gubec, }978) or '

i

ks
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Table 5.4 Class Statistics Represenz the Portion of Each Habitat Class
: for which there was no Ovkrlap with 1973 Habitat

=
o
b
HABITAT CLASS ) CLASS STATISTICS
9 % Uniqu\e\\ .
No. Pixels Km . % Area to 1976
Turbid Open Water 3511 16.4 I i 9.9
Less Turbid Open Water 2560 - #11.9 1.0 3 8.4
/' . «
Scoﬂoch£oa/$co£ocﬁ§oa-Canex 2765 12.9 '/)1.1 _ 15.1
Wet Catex Fen ) 5085 23.7 E 1.9 19.3°
Carex/Calamaghosiis Fen 6250 29.1 2.4 20.6
Shrub-Fen 4026 18.8 1.5 11.7 L
Salix-Afnus-Populus 12893 60.1 4.9 31.5
Picea-Populus 491 2.3 .2 8.9

~



binary theme print maps. Tﬁe iatter method has been used during this
study. To assist in the interpretation of the mapped data, colour over-
lays for each binary theme class overlap were prepared. When overlayed
in combination, change detection can be easily carried out visually,
(Figure 5.5).* In this diagram, Figure 5.5 (a) represents areas of Turbid
Open Water common to both 1973 and 1976, Figure 5.5 (b) represents an
increase in the area of Turbid Open Water in 1973 over 1976. This
results from the higher water levels in 1973. Figure 5.5 (c) represents
an overlap of Turbid Open Water, 1976 and Less Turbid Open Water 1973.

5.2.3.3 1/2 Area Change Detection

Using the same classification data, the Mamawi Lake Test Site was
subdivided in two using a split screen (Figures 5.6 and 5.7) ana new
pixel counts were-developed for each area (Tables 5.5 and 5.6). Using
the split screen approach, visual comparison of the two dates is made
easier. The effects of reduced water levels are readily apparent in
Figure 5.7. O©On the bottom halg of the figure, the extent of the blue
pixels over the scene indicates the flooding of habitats along the
Mamawi Lake shoreline and Delta Plain. W;th Qater levels reduced {1976,
top half of Figufe 5.,6) the classes Wet Canrex Fen (orange pixels),
Scolochloa/Scolochfoa-Carex (yellow pixels) and Carex/Calamagnosiis

{mauve pixels) are now spectrally distinct and readily separated from the

Shrub Fen and Salix-Afnus-Populus habitats.

5.2.3.4 1/8 Area Change Detection
Using the same classification data, the test site was further sub-
divided into 8 areas (Figure 5.8). At this lével of comparison, the

mapping scale was changed to 1:125,000 making the maps more useful to

~

*see pocket insert



Figure 5.6 Top half of Mamawi Lake Test Site. Summary of
classification statistics are presented in

Table 5.5. '
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Figure

5.7 Bottom half of Mamawi' Lake Test Site. ~ Summary

of classification statistics are presented in

Table 5.6,
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Figure 5.8

Schematic showing subdivision of the Mamawi Lake
Test Site into 1/8 areas. At this level of
analysis areas identified és particularly
susceptible to change can be more effectively

isclated and evaluated.
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resource managers. At this scale of subdivision, areas identified.as
particularly susceptible to change can be more effectively isolated and
analyzed. Results of thé B subdivisions are presented in Figures 5;9,
5.10, 5.11, 5.12, 5.13, 5.14, 5.15 and 5.16. In each scene, 1976 classi-
fication results are on the top half of thehphotograph, 1973 classifica-
tion results are on the bottom.

Area: NW. 1 (Figure 5.9)

Nw.kl area is dominated byhﬁﬂe relatively stable P{cea-Populus
habitat along the levée of the Chenal des Quatre Fourches and the Safix-
Alnus-Populfus habitat on the levée backslope. Effects of the high water
levels from 1972-74 are evident by the increases in the Scofochfoa-
Scolochloa-Carex and Wet Carex fen habitats - habitats whic£ favour higher
water levels, and a reduction in the Canrex/Calamagnostis habitat, gne
which favours lower water levels and drier conditions.

Area: NW. 2 (Figure 5.10)

This area is dominated by numerous perched basins which are
,-’—\\7’—/, ‘ .
particularly sus eptible to flooding and changes in water levels. As a
result of the higher water levels during the 1972-74 period, the area of
both Turbid and Less Turbid Open Water has increased significantly in many
of these perched basins. A significant increase in the Scofochfoa/
Scolochloa-Carex fen habitat, which is normally associated with con-

tinuously flooded areas, hashhlso occurred.

Area: SW. 1 (Figure 5.11)

SW. 1 is dominated by fen habitats of the Mamawi Lake Lakeshore
and Delta Plain physiographic unit. A large increase in the Wet Carex fen

habitat is evident, as well as a smaller (yet still evident) increase in

-
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the Scoﬂochﬁoa/Scoﬁochan—Cmex- fen habitat. The large number of black
or unclassified pixels represents areas of 'immature fen - sparsely
vegetated mudflats’'. This habitat generally results following drawdown
in the basins and is quickly (1-2 years) colonized by Senecio on the mud-
flats or Catrex on decaying reed mats.

Area: SW; 2 * (Figure 5.12)

This area, also part of the Lakeshore and Delta Plain domglex, is
dominated by a number of large lake basins. Differences in turbiéity in
the open water habitats between 1973 and 1976 are easily observed. The
large number of blue pixels around tﬂe basin perimeters in 1973 is
evidence to the high waters in the basins. These areas have, with lower
water levels in 1976 been subsequently colonized by the ‘Carex/Calamaghostis

‘habitat type.

Area: NE. 1 (Figure 5.13)

The NE. 1 area is dominated by Lake Athabasca and the major outflow
channels of the‘Biviére des Rochers. The impact of high water levels in
Lake Athabasca (1973) are readily appreciated by the dominance of blue
pixeis in the 1973 classifigd scene. With lower water levels in 1976 many
of thesg flooded arxeas have experienced a substantial growth in Scofechloa/
Scolochloa-Carex. This habitét also delineated very effectiﬁely the large "
basin located immediately west of Lake Athabasca. (Compare this Figure to
Figure 3.4). The airport runway, near Ft. ChipeQayn located near the top
right hand corner of Figure 5.13 remains unclassified but easily
identifiable.

Area NE. 2 (Figure 5.14)

This area, also directly 1linked hydroleogically to Lake Athabasca,
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i

1

illustrates the impact of ;hé high water: levels in 1973 with the large

number of blue pixels. The.Shrub-fen habitat dominates the area in 1976

-

following water level reductions.

Area: SE, 1 (Figure 5.15) .
Ty

The SE. 1 area is similar to NW. 3 and is dominated by fen

©

habitats along the Mamawi Lakes shoreline. The area was entirely

" inundated during the 1972-74 period: With lower water levels in i976,

however, the Scofochloa/Scolochloa-Carex habitat can be observed fringing

the méjor lakes basins (yellow pixels) with Canex fen (orange pixels) and
. A4

Carex/Calamaghostis fen habitats dominating the slightly drier sites.

Area: SE. 2 (Figure 5.161

This area is dominated by the relatively. stable Picea-Popufus
Salix-Alnus-Populus ands Shrub-fen habitats along the Embarras River.
' L}
Backswamps and''$mall perched basins flooded in 1973, have been replaced

in 1976 by 'Immature fen/sparsely vegetated mudflats' and by the Shrub-

fen habitat. This latter habitat experienced little change as a result of

flooding. . The major problem in identifying the class results from the

i

inability to spectrally discriminate this class when flooded (See

Section 4.3).
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CHAPTER 6
DISCUSSION and CONCLUSIONS ,

‘€. 6.1 Effectiveness of the Classifications

The classificqtion ﬁystem developed during-this study is
| necessarily broad in the categories that have been identified. This is
because of the large area 6f'the delta and the complexity of the habitats
that are encountered.

. The level of classification incorporates most of the habitats
identified at the generalized mapping scale (1:37,660) of Dabbs (1971)
and‘a few of the habitﬁﬁs (particularly the vq{ious fen types) identified
at the more detailed level of maéping (1:10,000) by Cordes and Fearce
(1977). In general, major habitats in the delta have been effectively

. mapped, particularly those which cover. large areas. As a result, they
are well suited for/mapping Qith LANDSAT. Lessxeffectively mapped and
identified are the gmaller hab}tats which occur in areas less than
1 hectare in size or in narrow dynamic zones at the land/water interface.
These habita%s can remain unclassified or can be misclassiﬁied, ;s they
are often loéated in 'boundary' situations. Furthermore,_it was not
pdssible to direcﬁly classify and relate habitafltypes in terms'hf their
physiographic positions. Habitat/physicgraphic site relationships.could,
however, be indirec;ly identified by interpreting the classified images
and developing the topographic/habitat relationships (Figure 5.1).

Improvements in classification should be possible because of the

\ L
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multi-variate app}oach to data analysis on the Image 100, especially if
a more detailed species-oriented classification is desired.'-Taking
advantage of the different spectral responseé among the various vegeta—
tion species during the g&owing season, two diﬁferent dates from the same
season could be analysed. By réﬂlotting the two data sets in four ..
dimensional space (i.e. the reflectance at waveléngths 1l and 2 from -
date 1 as dimensions 1 and 2 and the:reerctance at the same wavelengths
from date 2 as dimensions 3 and 4) greater accurécy might be possible
(Swain and Davis, 1978). Using this approach, the possibility of
separating Carex and Calamagrostis might be improved, as would the
possibility of separating Seneci¢ from other immature fen Species.
Improved separation of the P{icea-Popufis class might be possible using
this technique, although this habitat separation is less important,'as
fluétuating water levels do not substantially affect it.
6.2 Ground data

It is necessary to emphasize the importance of_gréund data in the
classification process. In this study, the work by Cordes and Péarce
(1977) provided excellent ground data and henceé the confidence placed in
the classification results for the 1976 scené is high. .The lack of
ground data for 1973 and dependence on.herial photographs from 1971
(Tablé,l.l) for providing training data reduce the confidence placed in
this classification. In spite of this, it‘is felt that the 1973 classi-
‘fied scene islsufficientlg good to place confidence in the results of
the change detection studies.‘ It would be valuable in the future, however,

to establish a number of ground’reference sites for each habitat with the

-

following type of data collected at each site: species composition,



canopy density, vigor, height, depth to water table and background
exposure. These reference sites could then be used as training data for
supervised classification. The collection of such data could be unaer—
taken by technical staff over a relatively short time period. Further-
more, it is possible that using the results from the 1/8 area change
detection studies, training and monitoring ;ites could gé more

effectively located.

6.3 Change petection

The adoption of a guantitative or non-quantitative approach to
change detection depends largely on the objectives of the monitoring
Program being established. The less‘quantitative methodé, ratioing and
visual interpretation of classified LANDSAT scenes, appear to be
effective methods for the rapid identification of change, and over
relatively large areas. Although not essential, the results obtained
using these methods become most useful when available to an analyst with
some 4 piiond knowledge of the resources and processes of the area being
monitored. An understanding of successional trends; and topographic
relationships of habitats in the Delta, for example, enabled an evalua-
tion of the vegetation-hydrologic patterns ‘identified in Figure 5.1 for
their suscéptibility to short‘or long term environmental changes. Such a
prioii knowledge is perhaps less important for raticing as some measure
of the maénitude of change forms the basis for éhe approach,lhowever,
the significancé of the magnitudes are moré-readily appreciated with some
knowledge of the area.

These first level approaches are useful, in that once areas of

significant change have been broadly identified, more detailed classifica-

N . .
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tion and post classification chanée detection studies can be
effectively located.

The post classification change detection technique provideg the
user with a relatively sophisticated method of identifying both the
change, and the nature of the change. By abstracting portions of the
results of Figures 4.1, 4.i1 and Table 5.3, the importance of using the
change detection data with some discretion, however, can be demonstrated.
In Table 6.1 a comparison of the area percentages for each habitat'
classified in 1973 and 1976 is presented in conjunction with the percent
overlap obtained for each habitat class using the post classif@cation
technigue. In the Picea-Popufus habitat, little change would be
expected to éccur between 1973 and 1976, as this habitat remains
relatively unaffected by fluctuating water levels. The cla;sified 2.4
and 2.1 percent for 1973 and 1976 resﬁectively bear out this expectatioﬁ.

when overlayed, however, only 52% of the pixels actually corres-
pond, and results suggest that 48% of the class experienced change! Such
a massive shift is clearly impossible in this habitat. From an examina-
tion of Table 5.3, it éah be seen that '31.0% of the pixels overlap with
the Shrub—fen/Fen/SaZix-AﬂnuA-Popuéué habitat class. This suggests a
problem of spectral confusion. In comparing the spectral values (Band 7)
for these classes in Table 5.1 the confusion is clearly evident. lThe
low‘spectral value (Band .7) of 37.20 for thi§ class in 1973 (as opposed
to 49.26 for 1976) suggests that in training on the Picea-Populus class
in 1976, more Populus was‘encountered than in 1973. Classification

accuracy, and hence improvements in change detection accuracy, would

probably be improved with more consistent training from year to year.
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Table 6.1 Percentage of the Total Mamawi Lake Test Site Occupied
by Each Habitat in 1976 and 1973, and the Overlap
Between the Two Years

Habitat Class % Area % Area % Overlap*

1976 1973 {1976/1973)
Turbid Open Water A 12.6 11.9 . 77.9
Less Turbid Open Water 11.6 12.4 65.1 =
Scc;?_odwoa/Scoﬁochﬂoa- _ 7.0 2.7 9.8
Canex
We£ Carex Fen . loa 5.8 15.1
Canex/Calamaghostis Fen 11.6 . 12.9 33.0
Shrub Fen/Fen/Salix- - 35.4 -
Alnus-Populus
Shrub Fen 13.1 - - .
Salix-Alnus-Populus 15.6 - - -
Picea/Populus 2.1 2.4 51.6

" * The percent overlap between the two years is expressed relative to
- the 1976 class. It indicates the proportion of pixels that did not
change between the two years.
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That this fact holds true for all habitat classes is evidenced by
similar problems for the other habitat classes (Table 5.3). Of course
differences in spectral responses from one year to another may also be
attributed in part to those other factors mentioned in Section 5.2.1.
In the classes.where,direct comparability is possible, it is not as
easy to determine the significance one should place in the change
statistics. B&As suggesteé in Table 6.1, the changes from one habit;t to
another produced by varying water levels between 1973 and 1976 appear
realistic,. although the significance of actual magnitudes may be
questioned for those reasons discussed previously. Several more years
of monitoring are needed, preferably with years where only minor shifts
are known to have occurred,. beforg a more definitive statement on the
significance of the change statistics can be made. At this point it can
be said that the expected direction in shifts from one habitat type to
another, under declining water levels, can be detected. The confidence
placed on the absolute values are in some doubt, however, until further

"evaluation is carried out.

6.4 Future Role for LANDSAT

Using the results of the study, it is now possible to evaluate
the role that LANDSAT might play in a future long-term monitoring program
in the delta.

Under the ﬁew modified hydrologic régime, summer amplitudes are
hot as great as experienced under the natural regime (Cordes and Pearce,
1977). In addition, confinuously high water levels are being maintained

during the growing season and into the fall and winter menths (Cordes

and Pearce, 1978). Two continuing problems affecting the habitats have

O
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therefore been identifigd; namely, long periods of flooding during the
growing, season in the topographically lower areas connected to the Clair-
Mamawi lakes basin and the lack of recharge in the perched basins.

On the basis of the results of, this study, it would appear that
the integration of LANDSAT into an operational monitoring program would
be feasible. The study has demonstrated that;

{a) major habitat types in the MamawioLake basin can be
effectively mapped under presently occurring water levels,
although more detailed ground sampling in selected areas
would be necessary if detailed species composition of some

R habitats was required; and‘

{(b) falling water levels, even in the relatively small perched
basins, can be effectively identified and monitored.

The 1/8 mapping areas are partiéularly suited to this purpose.

It would therefore be possible to identify those basins'experiencing
significant change. BAs digcussed in Chapter 5, due to the problems
assocliated with the spatial resolution of LANDSAT and the very narrow
widths of the: rapidly changing communities at the land/water interface in
these smaller‘bésins, more detailed ground sampling, in conjunction witﬂ
%a;ge scale 70 mm colour infrared photography would be required to identify
changes in species composition.

On the basis of the results to date for the Mamawi Lake Test éite,

those areas which might best serve as monitoring areas would include:

- 1 (Figure 5.9),/ NW. 2 (Figure 5.10), SW. 1 (Figure 5,11), and SE. 1
{Figu These areas contain both the perched basin landscapes and

the lakeshore and other topographically lower areas influenced directly by
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water levels in the Claire-Mamawi basins. Meeting the requirements for
ground reference sites, as discussed above, should also be incorpo:ated

into a monitoring program.

T,



Ve

CHAPTER 7

SUMMARY and RECOMMENDATIONS

7.1 Summary

The Peace-Athabasca Delta is a 4,000 sz wetland complex located
on the west end of Lake Athaba;ca in northeastern Alberta. Construction
of the W.A.C. Bennett Dam on the upper Peace River in northeérn British
Columbia in 1968 modified the downstream flow regime. This in turﬁh
seriously affeéted the traditional ecological role of the internaticnally
important region of the Peace-Athabasca Delta. Subsequent studies
recommended remedial measures designed to restore 'natural' conditions.
In spite of these measures, however, the need for a long term monitoring
program was established.

Through the use of LANDSAT digital data and automated image
classification techniques, habitats in the Mamawi Lake area of the Peace-
Athabasca Delta were classified and mapped, a .umber of change detection
techpiques were evaluated and the potential of SAT digital data in a
long—térm monitoring program was assessed.

[

The General Electric Image 100 Multispgctral Image Analysis

System was used to conduct a supervised classification for a 1,200 sz
éest site centered on Mamawi Lake at the east end of the delta complex.
To provide optimum opportunity for detecting change and for.testing the

classification of habitat types in the Delta under differing conditions,

two. images,one with normal water levels (August 1, 1976) and one with

T
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above normal water levels (August 26, 1973), were selected for analysis.
A total of eight haﬁitats were identified for the 1976 date and seven for
the 1973 date.

ClaSSificatibn'accuracy of the 1976 habitats was considered
éxcellent when compared with available ground reference data. Although
ground reference data for 1?73 were not available, classification results
are considered good. Spatial filtering of the classified scenes was
found to improve the visual quality of the images, although only marginal
improvements in classification accuracy resulted.

| The classified scenes were found to be useful in delineating
major toéographic subdivisions within the Delta. These subdivisions can
be used to identify areas most susceptible to change. Using an image
registration technique, the 1973 and 1976 scenes were overlayed and two
change detection analyses were carried out. These were ratioing and post
classification change detection. Ratioing was found to be a relatively
simple and fast method for determining the areal extent of flooding
(1973 vs. 1976) and areas of major vegetation change. The major dis-
advantages to this technique are its fféﬁréf quantitative capabilities
and the inability of the analyst to dq&ff@}ne the nature of change. Post
classification change detection was carried out for the entire study area, .
1/5 areas aﬁd 1/8 areas. The technique was foupd éo be useful in
identifying the nature of change, although further research is required
ﬁefore an evaluation of the absolute values generated in the analyses can
be fully assessed.

The 1/2 area and 1/8 area change detections were found to be

useful because of the complexity of the delta. Change is more.pronounced

T
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in some areas than othefs. By varying the scale of analyses, the user is

able to examine areas more susceptible to change in greéater detail.

7.2 Recommendations

As a.result of this study, it would appear that the apparent
sensitivity of LANDSAT data to changes in moisture and to the various wet-
. land habitats suggests that the use of LANDSAT digital data for the
mapping, classification and monitoring of wetland types in the Peace-
Athabasca Delta will be useful. The follo#ing recommendations are made so
that any role which is chosen‘for LAﬁDSAT in. a long-term monitoring program
can be made most effective:

1. That a number of ground reference sites for each habitat be
estéblished_with the following type of data to be collected at each site:

{a) species composition

(b) canopy density

(c}) vigor

(d) height | oo

(e) depth of watef table

(£f) background exposure

2. That on the basis of the results to date, the following
areas would best serve as monitoring areas:

(2) NW. 1

{(b) NW. 2

(c) NW. 3

(d) SE. 2

3. That more effective discrimination among the varicus fen spe-

cies be attempted, particularly between the Canex and Caflamaghostis. This
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should be possible by taking b;tter advantage of the different spectral
responses among the various species during the growing season.

4. That further work be carried out on the change detection
statistics to further fefine their accurécy, thereby improving their

reliability in future change detection studies.

Y
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Algorithm

-Alphanumeric

Binary Theme
Print

Electron Beam
Image Recorder

Pixel

Registration

Supervised
Classification

. a matrix of dots on a printer/plotter.

GLOSSARY

A series of well defined steps used in carrying out a
specific process; e.g., the classification algorithm.

Using or composed of a character set which is made up of
both letters and digits, e.g., a comptter line printer
and its output products.

The representation of each pixel in the image plane by

The presence of
the selected theme at any given pixel/line position
causes the dot matrix to be printed.

A machine which, from digital imagery, generates a high

quality photographic image. -

An interactive multispectral image analysis system~

which operates on the general principle that all objects
possess unique spectral characteristics or signatures.

The Image-100 uses this signature uniqueness to identify
similar features in an image by simultaneously :
analysing signatures in multiple frequency bands. Pseudo-
colors, or themes, are assigned to these features and then
displayed on a color CRT, either individually or in
combination.

A term derived from "picture element”. A data element
having both spatial and spectral aspects. The spatial
variable gefines the apparent size of resplution cell
(i.e., the area on the ground represented by the data
values), and the spectral variable defines the intensity
of the spectral response for that cell in a particular
channel.

The process of geometrically aligning two or more sets
of image data such that resolution cells for a single

-ground area can be digitally or visually superimposed.

A computer-implemented process through which each
measurement vector is assigned.to a class according to
a specified decision rule, where the possible classes
have been defined based on representative training
samples of known identify.-
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THE AUTHOR HAS SUBMITTED PLASTIC MAPS WITH HIS THESIS.
PLASTIC SHEETS OFTEN DO NOT FILM CLEARLY.

TO PRODUCE THE BEST IMAGE, THE MAPS HAVE FIRST
BEEN FILMED SEPARATELY, THEN TOGETHER.
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