31958

) . National Library  Bibliothdque nationale CANADIAN THESES THESES CANADIENNES
of Canada,, du Canada .~ ON MICROFICHE SUR MICROFICHE .
AY I .
&
* Qo )
\ .

NAME OF AUTHOR/MOM DF | *AUTEUR L LTELER A/ (’/QD W
TITLE OF THESIS/T/TRE OF LA THESE__QPEQTRRL  ° LEFLECTALIC £ AO EWiTrAe s Vo LN,

-

B&orgrep PHOTOGRBLH IO AaD Aon - PHOIO GRORPH ¢ LRCEw y

s KELATIDN T8 Sous  of rie Lpmpasrow - Ve GREDLE KLegion

. 2 ALBERTA - -
UNIVERSITY/UN/I VERSITE ALBERTA .
DEGREE FOR WHICH THESIS WAS PRESENTED / . > X /
GRADE POUR LEQUEL CETTE THESE FUT PRESENTEE 124 D,
YEAR THIS DEGREE CONFERRED/ANNEE D'OBTENTION DE CE GRADE [277 L <

NAME OF SUPERVISOR/NOM DU DIRECTEUR DE THESE @@: S PHLUL.L/K

L , .

Permission is héreby granted to the NATIONAL LIBRARY:QOF L’autorisation est, par la présente, accordée A I3 BIBLIOTHE-

CANADA to microfi.lm this thesis and to lend or sell copies -~ QUE NATIONALE DU (fA/VADA de microfilmer cette thése et

of the film. ) . de préter ou de vendre des exemplaires du film.

The author reserves other publication rights, and neither the L'auteur se rédserve Jes autres droits de publication; ni |a
. P g

thesis nor extensive extracts from it may be printed or other- thése ni de longs extraits de celle-ci ne doivent étre imprimés

wise reproduced without the author’s written permission, ou autrement reproduits sans ["autorisation écrite de I'auteur,

DATED/DAT¢ /'.:é'uuu; LA, (927 siGNeD/sione ﬁé %/C‘_}ﬂ% ' ' :

PERMANEN‘T&DDRESS/RE‘S/DENCE Fx__ \§ 838 - /93 Sﬁuj

Lol AU,

NL-9t (3-74)



I* National Library of Canada

Cataloguing Branch
Canadian Theses Division

Ottawa. Canada
K1A ON4

NOTICE

The quality of this microfiche is heavily dependent upon
the quality of the original thesis submitted for microfiim-
ing. Every effort has been made to ensure the highest
quality of reproduction possible.

If pages are missing, contact the university which

gramwz degree.

SSme pages may have indistinct print éspecially if
the original pages were typed with a poor typewriter
ribbon or if the university sent us a poor photocopy.

Previously copyrighted materials (]ournal articles,
pubhshed tests, etc.) are not filmed.

Reproduction in full or in part of this film is governed
by the Canadian Copyright Act. R.S.C 1970. c. C-3b.
Please read the authorization forms which accompany

this thesis.
N,

\

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

)

t/

-9

NL-339 (3/77) "

Bibliotheque nationale du Canada

Direction du catalogage
Division des theses canadiennes "
<

AVIS

La qualité de cette mlcroflche dépend grandement de la
qualité de la these soumise au microfilmage. Nous avons
tout fait pour assurer une qualité supérieure de repro-
duction.

S'il manque des pages, veuillez communiquer avec
l'université qui a conféré le grade.

La qualité d'impression de certaines pages peut
laisser a désirer, surtout si les pages originales ont été
dactylographiées al‘aided un ruban usé ou si l'université
nous a fait parvenir une photocopie de mauvaise qualité.

Les documents qui font déja I'objet d'un droit d'au-
teur (articles de revue, examens publiés, etc)) ne sont pas
macrofllmes

"~ Lareproduction, méme partielie, de'ce micrbfilm est
soumise a la Loi canadienne sur le droit d'auteur, SRC

1970, ¢. C-30. Veuillez prendre conhnaissance des for-

mules d autorisation qui accompagnent cette these.

y

) LA THESE A ETE
MICROFILMEE TELLE QUE
.NOUS L’'AVONS REGUE

.



v

THE UNIVERSITY OF AI.BERIA

S

SPECTRAL REFLECTANCE AND EMITTANCE AND ASSOCIATED PHOTOGRAPHIC
‘AND NON—PHOTOGI{APHIC IMAGERY IN RELATION TO SOILS OF THE

EDMONTON—VEGREVI LLE REGION, ALBERTA

by

PETER }{.ERBERTzCROWN, B.S.A., M.Sc.

A THESIS
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE. REQUIREMENTS FOR THE DEGREE

OF DOCTOR OF PHILOSOPHY

DEPARTMENT OF SOIL SCEENCE
EDMONTON, ALBERTA

SPRING, 1977

-

-



. / THE UNIVERSITY OF ALBERT

MCULTY OF GRADUATE STUDIES AND RESEARCH

"The undersigned certify that~ they have read, and recommend to ‘the
Faculf:y of Graduate Studies and Research, for acceptance, a thesis
erttitled "Spectral Reflectance and Emittancg and.i:'ssociated Photographic
and N\oﬁnf‘Photographic imagery in Relation to Soils of the Edmonton-
Vegre‘vi“lle Region, Alberta" submitted byNPeter Herbert Crown in partial

fulfilment of the requirements for the degrde of Doctor of Philosophy.

2

External Examiner

-



ABSTRACT

’.

This study was desiéned to relete spectral reflectance and
emlttance to soils in the'EdmontonjVegreville region of Alberta and is
presented in three chapters. '

. v .

The rég:l:} of a field study of soil reflectance are discussed in
Chapter I. Soil reflectance in the visible region of the electromagnetic
spectrum is primarilyvinfluenced by surface soil color. In the reflective
infrared spectral region, surface soil color is a dominant factor influ—
encing soilﬁzif}ectance but surface roughness or configuration and |
moisture content are also important. In most cases, infrared reflectance
decreases as color darkens,‘%nisture.content incdreases, and surfaces
Be come rougher. The eXCeption is the 1ncrease in“infrared reflectance
‘as roughneSS'increésesffor dry, very light coloren surface soils.

Spectral emittance from soils 1is discnssed in Chapter)II. In the
Edmonton—Vegreville region, topography and land use exert.a strong
influence on spectrallemittance as recorded on thermal imagery .of the
3.5 to 5.0 micrometer band. Once these are taken into‘account, variations
in image tones for soils are related to soil noisture conditions that
arise from differences in soil ‘texture, drainage, and surface erosion

The relationships between soil reflectance and emittance and the
processes of soil formation operative in this region a:: dicussed in
Chapter III. For bare soil surfaces, zonal soils can be discriminated

on the.basis of spectral reflectance, especially reflectance in the

visible region of the spectrum. Reflectance is a surface phenomenon

iv



e
:

and the processes of soil formationlfor the zonal soils of this region,
y

‘the Black Chernozems and the Gray ‘Luvisols, are strongly expressed by

5urface soil chara.istica, especially color. When soils are covered

by cultivated crops, patterns and variations in crop development, as \

PO v

observed on color aerial photographs, relate to the occurrence of zonal ﬁ;
and intrazonal solls. These patterns and variations in crop development

within fields of one crop type provide qualitative data on, soil

4

AN
characteristics, such as the extent and relative degree of soil salinity,
but quantitative assessments can not be accurately made.

~ Thermal imagery, in the 3.5 to 5.0 micrometer band, from spring
;rovides tonal patterns that relate td the occurrence of zgnal and
intrazonal solls in this region;.Halomorphic soils gccur in.areas of
groundwater discharge and have‘mottled, light and dark image tones |

vhereas zonal soils have more uniform thermal image tones; Halomorphic
and hydromorphic soils, in areas of grbundwater‘scharge, can be ~
discriminated-on thelbasis of diurnal and seasonal variations in
associated thermal image tones. preater’diurnal variations in tone occur
for hydromorphic soils..ﬁvdromorphic solls of groundmater discharge and

recharge areas are discriminated on the basis of seasonal variations-in

diurnal changes in thermal image tones. Hydromorphic solils in recharge

. areas are generally closer to ambient soil temperature conditions in the

fall. Those of discharge areas have similar diurnal variations in image

tones- in the spring and fall with relatively dark‘tones (cooler surface
L,

temperatures) on midday imagery and relatively light tones (warmer

surface temperatures) on predawn imagery.

?
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Black and white red and infrared band photography -
from May 29 and October 5, 1971 taken in support
of the thermal imagery shown in Plates 8A and 8B.

Approximate scale of photography 1:18,800. . .

Normal color (upper) and color infrared (lower)
simultaneous aerial photographs acquired on

August 16, 1970 of a field of barley (NW Sec. 3 -~

Tp. 52 - R. 24 - W 4th meridian) illustrating

four classes of crop stress due to soil salinity.

Approximate scale of photographs 1:8,000 . . . , .

Predawn and midday theérmal imagery (In: Sb
detector) for an area of groundwater discharge
near Vegreville, Alberta acquired on May 26 and
October 6, 1971. Area imaged is the 'Lower
Study Area" in which Maclean (1974) studied the
relationships between soils and _grpundwater
flow conditions. e e e e e e .K
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Basic Concepts of Remote Seﬁsing

The tefg‘”Remote’Sensing" describes the acquiiition, recording
and‘utilization of.information about objecos obtained throogh the use
of verious gensors olaced at a distance from those objects. Throuéh
lusa,_this term has come to de%cribe studies of the earth's surface using
sensors mounted in aircraft and satellites, with the data usually
. presented in the form,ofvhard copy imagery although there are other
forms of presentation as well, such as goalogue or digital forms Hard
copy imagery is desired by those interested in earth rdsources since
they are usually concerned not onlylwith conditions at a given point
location but also with the areal extent of particular features and
spatial relationships between features. Also, many relatively inexpen-
siQe techniques for interpretation have been developed for hatd copy
imagery.
| Aerial photography .can be considered as the historical basis
of remote sensing and coatinues to provide the most commonly used form
of data. However remote sensing encompasses more than standard aetrial
photogfaphy in terms of both data colieotion and data handling. The
development of vafious non-photographic 8¢ “sor svstéms has provided the

A \ '
capability! of acquiring and recording mult .. ‘al information about

objects on the surface of the earth. Data ca .. "btained b%‘recording
reflected and emitted electromagnetic radiation . spectral regions

beyond the capability of aerial film emulsions ands in ~latively narrow
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spectral bands from the ultraviolet (o the microwave regions of the

spectrum, Unfortunately not all types of sensors that have been devel-
oped are readily available for civilian use in Canada. Those systems .
that are available include photograph1c aystems and thermal 1nfrared line
Scanners mounted in conventional aircraft 7nd the multispectral Scanners N
mounted on the LANDSAT satellites. Afircraft for photographic missions
"at altitudes above 40,000 feet are not available,'therefore, very small
scale aerial'photography is not possible. Aircraft mounted multispectral
line scanners and microwave sygtemfis are not readily available, Therefore,
for much of the work done in Canada the state-of-the-art technology in
terms of multlspectral Sensors available ‘has not advanced as rapidly as
in the United States., |
Partlcularly with sensor Systems mounted in satellltes provldlng
repetitive coverage over a given locatlon, the multidate concept of data
acquisition is another way in which remote sensing expands the dimensions
of standard aerial photography. Repétitive coverage provides the capa-
bjlity to ‘monitor changes in ObJGCtb and thereby aid in their dlSCtlmln~'
atlon and/or identification. Thie capability would be a most expensive
Proposition were it to be Provided by aerial photography alone.
o Conventional aerial photography has often been limited w1th
~respect to the varleﬂg?of smaller scales of photography available and
to the ability to provide coverage over a large area qu1ckly and cost-
effectively Also, if extensive aerial- coverage is required a great

volume of conventlonal Photography would be required and, could prove to

\



be costly if the object of interest occurs only in widely.scattered
locations. Remote sensing as now used emphasizes the conéept of

. multistage or mﬁltiscale imaging. 1In this Qé? iarge areas canlbe
covered at extremely small scale, such as with sateliite.data, and only
the most promising areas as seen og this small scale imagery can be
reflowh at successively larger scales in order to obtain the desired
level of detail. 1In conjunctioﬁ_with the multiscale approach 1s the
necessary distinction between "discrimination" and "identification".
Discrimination involves the separation ofjdifferent afeas or objects

as seen on an image. All that is required is that the areas be discrim-
inated consistently. ‘Idencification can be delayed until the most
detailed data are available followed by extrapolation, to identify all

. those areas or objects previously discriminated.

RN
‘

Finally, many usés of remotely sensed data requireisbme
apriori knleedge of spectral signatures, the most likely objeéts to
be fo;nd in an area.ang/or the condition of thosé objects if they possess
some temporal aspects (1.e. chaﬁges thg occur in a predictable fashion I
over the year, or year go year). 1In this regard the target calendar » <

2=

\ concept has proven to be most useful in deciding on imaging dates and
i

in predicting tones or colors»associéted with different features._Targét
calendars are generally presented in the form ofvéharts or tables fhat
list the targets to-be found in an area.and thegtemporal changes in
appearance or stage of development that are usﬁally e;pected foF each

k]

over a defined period of time.

P
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v Image Analysis

Image analysis or interpretation is defined by Estes and
Simonett (1975) as "the act of examining images for the purpose of
identifying objects and Judging their significance'. Techniques
developed for the interpretation of aerial photographs can be applied
o the analysis of the various types of imagery includinglblack-and—
white and color aerial photography, thermal infrared imagery and
LANDSAT multispectral imagery, that are most readilyvavailable to
Canadian pedologists. These techniques are described in detail in
many tents, most notably publications of the American Society of
Photogrammetry, including the Manual of. Photographic Interpretation
(1960) ‘the Manual of Color Aerial Photography (1968), and the most ﬁi?
‘recent Manual of Remote Sensing (1975) .
\ | For all types of imagery certain® ba31c elemente can be
studied in order to identlfy and assess the significance of objects.

These include consideration of size, shape, shadow,'ton%ior color, -

-

texture and<pattern (Estes and Simonett, 1975).

a) size: The size of an object, esnecially.in relation to other

. objects around it, is most useful for identificatiqn although the
apparent size of an object on a particular image will depend on the
scale of tnat image as well as the resolﬁing power of the system used.
b). EEEEE:{ The shape or geometry of various objectslcan also be
extremely useful in identification'since certdi. .pjects have very
distinct shapes‘l Shape or geometry is also important in relation.to

shadowing. Al
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c) shadow: Shadows may be beneficial to the identification process 1if
they provide details of shape by silhouettes;especially if tonal contrasts
are low but may also be a hindrance since detail within shadowed areas

1s often obscured.

d) tone or color: Tones or colors presented on imageé relate to scene
reflegtance, emittance or qfansmittance charaéteristics. With the partial
emphasis of remote sensiné being on the use of multispectral data for ident-
ification, tones or colors are the most significant element of image anal-
ysis. The sucéésqful use of tones or colors dépends on a knowledge of

' |

the factors influencing toﬂal variations th

arisg«from the sensor system
used ané of the manner in which varioné ob egts:refiect, emit or‘transmit
electro-magnetic radiation.

e) texture: Image texture refers to tﬁe perception of surface Eoughné;b

or smoothness ofkobjects.due to the repitition of or lack of tonal changes;
Teitures may be useful ih identification as in the case.;f the rough
textures assoclated with forest stands"or the smooth textures associated
with agricultﬁral crops.

f) ~ pattern: Pattern refers to the spatial arrangément of objectsiand

the u?e of pattgrns fo? identifica;ion'depenAS upén the interpreter's
.knowlédge of natural ;nd cultural patterns_iﬁ the terrain.

Although thege elements are studied on any type of imagery,

their meaning and significance vary with‘;he type.of imagery employed.

1. Photographic Imége;z.. Through the use of cameras, filters and film

emulsions reflected energy in the spectral region between 0.36 and 0.9

microns wavelength or portions of it may be recorded (Table 1). All of

—_—



Table 1. Typical film-filter combinations for photographic imaging
in various spectral bands (after Eastman Kodak Company, 1970,

1971).
Film Type Kodak Spectral " Comments
Filter ‘Band (nm) ,
Black & white.
panchromatic - 360 - 720  unfiltered
w12 500 - 720 - for haze i
w58 500 - 590  green band
W25 590 720 red band
77
Black & white . » A :
infrared W89B 700 - 900 extreme contrast infrared image
W25 590 ~ 900 high confrast infrared image
W12 © 500 - 900 modified infrared image -
4 S )
Normal color - 360 720 unfiltered
WHF3 400 720 for haze ;
Color infrared W12 500 - 900 blue light elimination




the above mentjioned clements are emplcyed for the interpretation ol
photographlg imagery. However 'when porg}ons of this spectral region are

3 3
utiljzed, tone or color becomes an\en more ilmportant consideration since
the tone cssociated with a given object may be quite different in one
portion of this spectral region as compared to another.

One useful advantage of photographic imagery 1s the stereo-
scopic view of the cérrain surface that 18 provided. By viewing over-
lapping photograpﬁé a three dimensional view of the photougraphed area
allows for the deli;eation of tobographic variatibgg and height measure-
ments. | |

Photographic imagery is best suited for a qualitative assessment
of scene reflectance'since many external factors other than the reflectaccc
characteristics of targets affect the resulting tone on the image. These
include physical environment factors such as the 1ntensity and spectral
quality of the flluminating sun and skylight, and the reflectance char-
acteristics of terrain features. Other extefnal factocs are associated
with the cduipment used including exposure 'settings on the camera; and
spectral éensitivity and other chafacteristics of the film_emulsion: -
Finally, processing factors such as the length of time that the fiim
is in the developing solutions will affect the final .tone or color which °
represents a given gcene reflectance valuc (Heller, 1970).

4

2. Thermal Infrared Imagery: Emitted energy in the spectral regions

from~3.5 to 5.5 micrometers and 8.0 to 14.0 micrometers wavelength can
be recorded using scanning devices. The black-and-white imagery -
produced is suited g& both qualitative and quantitative evaluation

(Estes and Simonett, 1975), Images may be studed qualitatively to

~
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to fdentify objects based on considerations of he basic elements of

o

fmage analyses. Tones in this case relatd to surface temperatures and

o
-

the Imagery may also be studied quantitatively.to assign specific
temperatures to glvan tones on the imagery. One disadvantage of thermal
fnfrared imagery is that it cannot generally be viewed in three dimensions

since it is obtalned as continuous strips.

Aerial Phoﬁography'and Thermal Imagery for Soil Mapping

In very general terms‘the terrain can be viewed as being
composed of Lhreé main components - vegetative material, mineral mgterial
and Qater. Tn most agricultural areas the dominant mineral comporent is
soil and the amount of surface area exposed varies considerably with the
time of the year. As with most other objects found jin the terrain, goils
are three dimensional, however their third dimension is doyn from rather
than up from the terrain surface. Therefore, at the optimum time only
the soil surface is imaged and once covered by cultivated crops even this
is not the case. Some soil conditions, however; make their presence known
by altering the growth of crops in such a way as to show differencqg
between soils, at léast in terms of areal extent.

‘The ability to discriminate between different soils and to
ldentify these differences using various types of imagery is of great
significance in soil mapping. A soil map shows the location and areal
distribution of soil map units in relation to various physical and

cultural features on the surface of the Earth (Soil Conservation Society

of America, 1976). Although the term "soil mapping" generélly connotes

4
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a s0fl resource inventory of a relatively ‘large area, it can also be

applied to the discrimination and identification of soils in a relatively

small area of a few hectares.
1

The most common remote sensing system available to pedologists
1s aerial photography qlthough thermal scanning is also becoming morc-
L3

readtly avallable.

l.  Aerial photography

|

Most pedologists are experienced in the use of standard black-
and-white aerial photography and employ a combination of deductive and
inductive reasoning during the interpretation of such photographs for
soil mapping. JIn the former case, so0il features are estimated by studying
landform, toupography and drainage, and vegetation patterns. In the latter
case, tonal patterns found to be as;ociated with specific soils in one L
‘area are recalled when studying soils in a differgnt area. In both cases
prédictions Based on ;he interpretation of photographs are verified by
field checking. Mucﬁ has been written on the_balue’of aerial photography
in terms of reducing the time, effort, and cos;>of s0il mapping (Baldwin
ég.gl. 197 Foringh, 1960; Andronikov, 1967; Bie and ‘Beckett, 1971):
With t kvva ind availability of othe;‘types’of ph;tography, studies
have been conducted in order to eyaluate these for soil resource inventories.

Valentine (1970) found that in wildland areas, as opposed to
agricultural areas, where access is limited and soil characteristics must
be infe;red from the occurrence of distinct vegetation communities and
other terrain features, black-and-white infrared photograﬁhy was generally

better than black-and-white panchromatic photography. However, in agri—:

cultural areas most authors agree that panchr03étic photography is better

K
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since with infrared photography shadow effects are seyere (Carroll,
]9738), cultural features are less distinct especially on enlargements
(Acton and Stoneh0use, 1972) and the very dark tones associated with
fields of bare solls make StereggCOpiC viewing of such fields difficult
(Crown and Pawluk, 1972), Howeygr, if infrared photography is-useful for
mapping differences in vegetation in\forested and agricultural areas and‘
panchromatic photography is useful for\mapping’other features, the most
accurate mapping shpuld be accomplished\by using both simultaneously it

\
is agreed that the use of both in the field would be cumbersome but many

\‘\
preliminary soil boundaries are drawn in the office prior to field check-

ing. Unfortunately, in most instances both types of photography are

not available for the same area.

The literature also contains much discussion comparing black- |
and-white and color photography for soil mapping. The color photography
includes true or normal color as well as color infrared or ”false
color photography The properties and characteristics of each are
discussed in detail by Slater (1975).

Dominguez (19-3 :ompared true color and black-and-white
photography at a scale of I:S,OOQ for soil mapping in a forested region
of the California.Sierra Nevada mountains. He.concluded thatlaccurate
mapping could be done based on surface soll colors as presented on the
color photography and therefore color photography was better Exact
correspondence between field and photo colors, as measured using the . ¢
Munsell system, were not obtained. Parry et al. (1965) reached the

8,

same conclusion after studying soils and color photography for an area

in Quebec. Kuhl (1970) studied the accuracy of soill mapping done at a
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scale of 1:12,000 using black—and—white, true color and color lnfrared
photography. Although a trend favouring true color for the interpretation
of drainage and slope classes in upland heW‘York state was detected, there
was no statlctical difference between the three types of photography

Anson (1968 1970) reported that he preferred eolor infrared photography
for the interpretation of soil drainage and the mapping of moist soils

and vegetation inAEalifornia and ﬁtizona. Valentine et al. (1971) con-
cluded that in thelr study area on the coast of British Columbia panchro-
matic photography was as good as any otherltype for obtaining soil inform—
ation in the mountains while color photography was much'better than pan-—
chromatic for specific soil "information in the valleys, with.trué color
better than color iInfrared.

Carroll (1973a) found few published accounts of the applications
of multiband photography to soil mapping. This is not surprising since
‘multibahd photography proyides at least three simultaneous images of the
same scene and the time required for visual examination would be great
. if an entite Survey area were to be covered. There are published reports,
however, on the suitability of various bands of photography for the mapping
of specific soil features. Carroll (l973b) reports that Evans of the soil
survey of England and Wales found the blue waveband to be unsuitable due
to haze effects, the green waveband to have subdued tones, the red
waveband and panchromatic photography moet clearly recorded ground detail,
and the infrared waveband was not recommended. .It is not stated how these
results were obtained. Acton and Stonehouse (1972) reported that drainage

patterns in vegetated fields are more clearly discernible on infrared

Photography while Beke (1972} concluded that red band photography provided
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the'best date for delineating landscapevand soll units.

Each band of black—and—whlte‘photoé}aphy ppovides a different
type of‘data. Infrared band photography provides information on soil
conditions that affect plant growth but detail ln'fallow fieldsbis often
lacklng whereas‘the red band photography provides more detail in fallow

fields.but less detail en soil conditions that affect plantdgrowth.

There are, therefore, contradictory conclusions regarding
the'usefulness of various types of photography for soil mapping. While
' | !

many believe color is superior to black-and-white photography, Carroll

and Evans (1971) express reservations as to the value: of color photographyv

Slnce in their opinion,increases ln the quality and speed of interpret-
ations using color are not great‘enough to justify the e;tra costs
involved. The apparent ueefulhess of various types of photpgraphy for
soil mapping depends on the objectives of the sutvey and the type of

" terrain to be covered, the use’to .be made of vegetation as an indicator
of soll conditions, and the kinds of soil units to be separéted and
identified. 1In most .of the reported studies, one type of photography
competes with another in doing the same work and few authors mention

the need to select the type of photography best suited for a particular
project. Gerbermann_gt‘él. (1971), however, copcluded that gray or
neutral colored soils. are best distingulsﬁed by color infrared photo—
graphy while strongly colored soils §re‘best distinéuished by true color
photography} Valeptine et al. (197l)‘also indicated that the type of

photography should be selected to suit the terrain to be covered.

2. Thermal imagery.

Thermal imagery has not been used for general soil mapping.
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This type of imagery provides only surface temperature data and the
interpretation is more complex than the interpretation of reflectance
data as reqorded by aerial f1lm emulsions. Thermal imagerv does not
provide a three dimensional view of the landscape nor does it provide
a geometrically correct base for mapping purposes as does aerial photo—
graphy Thermal imagery has generally been used ‘for soil studies in
relatively small areas where a single factor, surface temperature, is
related to specific soil properties (Myers and Heilman, 1969' Myers
et al., 1970; Tarnocai .1972; Michalyna and Eilers, 1973).
VVI ,
Nature and Scope of Studv . &
In the early 1970' s, prior to the launching of the first of
the LANDSAT series of earth resource satellites, many Canadian pedolo—
gists took advantage of special airborne programs offered by the Canada
Centre for Remote” Sensing that were designed to acquaint potentiagl
users‘with multispectral data in the form ot multiband and multi;
emulsional photography'and thermal infrared line-sean imagery. ' Many
investigations on the use of these forms of data for soil studies,
particularly soil mapping, were undertaken and the results were presented
at ‘the First ‘Canadian Symposium on Remote Sensing held in Ottawa in
February, 1972 (Acton and Stonehouse l972 Beke 1972; Mills, 1972;
Tarnocai, 1972). In many cases the results of thesge investigations did
not progress beyond the "one can see this or that” stage and many
. |
pedologists lost active interest in remote sensing research.

Pedologists engaged in soil resource inventories often become

El
<

-

accu tomed to viewing different soils only in terms of the kinds and

arrangements of horizons within the soil body. Since the entire soil
. ‘ '
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body is not imaged by any remote sensing.means, the use of remote

o

sensing for soil inventories iS‘generalfy limitedfat-p;esent to the
uee oflblack—eﬁd—white, pénchroma;ic photograpﬂy thch;prevides aV\
three dimensienal view of the terrain’for mapping,topogrépby.and a
base map: for plotting soil gampling sites and soil boﬁndariee. Few
. Canadian pedologists have an awareness of or an appreciation}fqr the
broader aepects of remote sensing, particularly ite muItiepectral
concept. |
v This study was designed to ;elete spectrel reflectance and
emittance‘f;pm soils to tomnes pfeseneed on photogrephic.and non-
photographic (thermal) imagery. The perpose was to in&estigateeﬁhe
use gf'such multi;bectral data to discriminate different kinds of

soils. Empirical studies of soil reflectance, measured in the-field,

\ T
and soil emittance recorded by thermal imagery, Were conducted in

A\
\ .

order to provide tfie a priori knowledge necessary for the further
interpretation of remotely sénsed"data; The results of these studies

are presented in Chapters I and II respectively.
‘ :

!

Based on these results a model was developéd to relate.v
spectral reflectance and emittance cheracteristics of soils to the
processes of soil formation for the purpose of discrim;nating
differen: kinds of soils. This model wasvtesteq.using ﬁultiband
‘photography to obtain airborne multispectral reflectdnce data from
%are soil surfaces,vcolo; photog;aphy to obtain reflectance data
frog a cultivated crop pertaining to soil characteristics, and thermal

imagery to obtain emittance data. The fesultskare presented in Chapter

ITI.

15'j
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‘The data used to construct the various figures included in

‘the text and a gloséary of remote sensing terms are included in the

appendices.

The Study Areas

The two areas selected are located 'in central Alberta with
éoils,.landforms and land use patterns typical of the forest-grassland
trafisition zone of Alberta. .These areas were gglected s}nce relafively
detailed soil mapéing projects had been completed ;n each (Menon, %971;
Leskiw, 1971). One area is locateé‘northéast of Vegreville and the
second isalocated immediately east of Edmonton (Figure 1).{ A stu&y of
soil genesis related to groundwater and soil moisture regimes wastalso

being éonducted in the-Vegreville area (Maclean, 1974). These studies

provide ground-truth data for the interpretation of remotely .sensed data.

The Vegreville Area: .This afea, studied by Leskiw (1971), is northeast

I :
of Vegreville, east of the Vermilion River (Figure 2). Surficial

_déposits are dominantly glacial till, normally clay loam textured but

with the occgsionai occurrence of sorted material on the surface. The
wéstefn half of the area ié undulating gféund moraine while the eastern
half is more hummocky, "dead-ice" moraine (Leskiw, 1971). Black
Cherno;em soils are dominant in the area with ?olonetz soils frequently

fodnd‘at lowgr elevations. Leskiw (1971) discussed €hé relationships

between groundwater flow and soil bedogenesis. In the groundwater

' recharge areas to the east the well drained soils are generally Eluviated

Black Chernozems while the poorly drained soils are either Humic.

[
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Eluviated or Orthic Humic Gleysols, These poorly’drained séils coqtain'
no layer of lime accumulation and no saline horizghs. In the western
portion of the area groundwater dischafge occurs and the better Eraihed
solls are in the SolonetzicJOrder and the poorly drained Gieysolic
soils contailn saline horizons and lime accumulaéion layers. Maclean
(1974) found similar relationships but with more data was able to
relate solls to water table. h the eastern por;i&ﬁ of the area the
kind of poorly drained soil varies wigh the depth}to the water table
ranging.f}om‘Huﬁic Eluviated Gleysols to Ortﬁic Humic Gleysols wiéh
decreasing depth to thé water téble from the grouﬁd'surface.v In the
dischérge area in the western‘pbrtion of the area, the depth to water
table greéély influences the kiﬁd of soil found. Where the water
table is usually within. 0.5 meters of ﬁhe surface Alkaline Solonetz,
Saiine CAfbonated Gleyed Regosol and Saline B}ack‘Solonetz soils occur
whereas in the same discharge area where the water table is at least
0.5 meters from the surface Black Soloﬁetz soil; occur. In the re-~
charge area, 1if the water table is 2 meters or more érom the su;face,
soils of the Chernozemic Orde; can occur, -

These relationships between depth to water table and the
kind of éoil developed are impertant in the_interpretation of thermal

' imagery. - o

‘

The Edmonton Area: Soils in the area immediateély east of Edmonton

R}

(Figure 3) were mapped by Menon (1971). The western portion of this
area 1s predominaﬁtly an undulating to gently rolling glaciolacustrine
plain with Orthic Black, Eluviated Black and Solodic Black Chernozem

soils. The central portion is dominantly ground moraine with. Orthic
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and Eluviated Black and Dark Gray Chernozem soils plus Dark Gray
Luvisol soils developed on clay loam till.l A few small areas of glacilo~
fluvial sand are also found in this portion of the area.. The eastern
portion of ;h; area is:hummocky di;integration moraine with‘ofthic and
Dark Gray Luvisol soils developed on clay loam till often with super-
glacial deposits of various textures. |

The climate in both areas ts cHaractefizéd by cold winters
and relatively warm summers. Mean annual precipitation varies from
40 tq~46 cm with most of tﬁis falling as rain du{ing the growing
ééason (Menon, 1971; Maclean, 1974). '

Grain and oilseed crops ar the major land use in the
Vegreville area witﬁ field sizes generally 28 hectares or moré. The
Edmonton area is used for mixed farming and field size is much more
variable ranging from a low‘of 6 to 10 hectares up to 40 to 48 hectares.
Exte?sive urbanization is occurring southeast of Edmonton and in the

area around Sherwood Park.
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CHAPTER |

SPECTRAL REFLECTANCE FROM SO1L.S
INTRODUCT 10N

Interest in the spectral reflectance characteristick of
»

terrain features results from the basic concept that these features
reflect, absorb and emit electromagnetic radiation in unique and
Characteristié ways depending on their physical and chemical properties,
Reflecténce characteristics or spectral signatures influence image
tones or colors as recorded by . muftiband or multiemulsion photography
and assist in explaining’ the Loﬁes or cqlors that are presented on the
final print or transparency. Also an_dﬁdcrstanding of spectral
.slgnatures 1s invaluable in planning remote sensiﬁg missions by
providing_i priori knowledge necessary for the selection of spectral
regioﬁs for sensiﬂg and optimum im&ging dates,
Many studies of the spectral %eflectancc characteristﬁcs of
soils have been conéué?ed in the laboratory under controlled conditions
and more recently in the fiela under naLural conditions. Most of the

reported work, however,vhas been conducted in areas of the United

|
States where soil and other natural conditions are dissimilar tq those
in the Edmonton region.. In order to obtain the 4 priori knowledge
necessary for further soil investigations using remote sensing tech-
niques, a field study of soil reflectance was conducted using soils of

the Edmonton and Vegreville areas of Central Alberta which had been

previously mapped in detail by Menon (1971) and Leskiw (1971), respectively.
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Factors Affecting Soil Reflectance

Studies reported in the literature have identified certalin
soil properties that influence soil reflectance in the ultraviolet,
visible and reflected infrared reglons of the electromagnetic spectrum.

\
a) molsture content. The visual darkening of soil on

wetting is a commonly observed natural phenomenon., Planet (1969 -
1970) referenced -the work done by?Angstrom (1925) where the decrease
in the visible ref]q;tancc from soils with wetting ‘was explained on
the basis of the total internal reflections in the waggr film that
surrounded each soil particle. Some of the energy reflected from the
surface of the s0ll particle does noﬁ return to space but is re-
reflected gy the water filﬁ to the soil surface. Plapet (1969 - 1970)
supported this ¢xplanation but also noted conditigns where it may not
be valid such as where bhanges in the physical nature of the soil
occur by the wetting process and where changes in the‘index of
refraction of the water occur due to dissolved soil constitwients. It
‘was alsoQ?oted tha£ soils with high reflectance in their dry state
have a greater décrea§g‘in percent reflectance on wetting than soils
with .low reflectance in their dry state,

‘Bowers and Hanks (1965) showed that the percent refiéctance

LN .

at each waveleggth from 400 to'gqéOO nanometers 'decreases as soil

moisture content fncreases, withwéhe‘greatest“changes occurring between
dry soil and soil at relatively low moisture content. Shields et al.
(1966) showed that as soll 1is wetted the greatest color changes occur

at the lower moisture contents and once wetted past a limit of

moisture content, further changes in soil color are not significant,



ThisAlinlt is at a lower moisture content for Chernozemlc soils than
for Luvisolic soils; Hoffer and Johannsen J69) reported that for
finehtextured soil, percent reflectante curves maintain the same
spectral shape as the soil is wetted although reduced in magnitude.
Coarse textured soils exhibit % marked change in curve shape with,

an increase in molsture'content from relatively flat curves in.the
reflective infrared for dry soils to curves with prodounced water
absorption bands at wavelenths of 1,440 to 1 900 nanometers for moist
soils. With both soil textures the greatest changes in percent
reflectance with wetting are in ‘the reflective i;frared Cipra et al.
(1971) reported a decrease in percent reflectance from wet soils

when compared to the reflectance from the same soil when dry at all
wavelengths, with, the change in percentoreflectance being greaterias..
the wavelength increased. They also reported a greater change in
.reflectance on wetting from coarse textured soil than from fine
textured soil.

The decrease in percent reflectance’ with increase in
moisture content therefore appears to be most pronounced with lighter
colored and coarser textured soils .and at relatively lower moisture
contents. Although reflectance in the visible portion of the spectrum
is reduced by wetting, the most pronounced reductions in‘percent
reflectance occur in the reflectlve infrared specificallyhat wave-
lengths where the increase in avsorption is related to the increase
in the numher of water molecules present. At these wavelengths (1,440

and 1,900 nanometers) the energy of the incident radiation equals

the vibrational energy -of the.water molecules (Colwell et al., 1963),



206

The decrease in percent reflectance as soil moisture content increases
also appears to be specific fér each soil texture or soil type (Bowers
and Hanks, 11965; Hoffer and Johannsen, 1969).

Since reflectancé is a surface pheqomenon of soils, the
results of these reported studies are probably not directly applicable
to the field; Soils in the field although moist often develop a ﬁhin, .
dry crust at the sufface in which case reflecténce‘data do not provide

information as to the soil's subsurface moisture status.

b) soll organic mattér. The relationships between soil
 organic matter and soil colof and reflectance have been;reported by
many authors. Although the organic matter content of soil is oml-
approximated by soil color (Buckman and Brady, 1969), Bowers and Hanks
(1965) reﬁorted that as the amount of érganic material decreascs soil
reflectance increases at all wavelengths but in particular in the 600
to 800 millimicron range. Shields et al. (1968) reported that the‘
nature of the organic material is more important in influencing soil
reflectance than the total amount of organic material present. Otdler
'workers‘kAl—Abbas et al., 1973; Méthews_gi_gl;,\l973b) have investigated
the relationship between soil reflectance and organic matter content
gnd express difficulty in relating the two quantitatively but suggest
fhat soil organic matter, even in relatively small quantities, may
mask the contribution té soill reflectance from other soil constituents.
Various Soviet workers, however, have concluded that soil
reflectancé in the 620 - 720 ﬁanometer or‘ﬁhe 700 - 720 nanometer
spect?al region varies inversely with the amount of organic material

present in the soil, provided soil parent materials are the same



(Orlov, 1966; Mikhaylova et al., 1967). These studies, however, were
conducted uging soil samples from all horizons where;s the former
studies used samples from surféce horizons onlyj

The literatufe indicates that soil organic matter most
greatly affects soil reflectance in the yisible po;tion'of the spectrum,
‘primarily through its influence on so;]‘color and through its masking
effect on other soil constituents particularly iron oxides(, When
the organic matfer is removed reflectance‘incrgases, especially in the
visible red spectral region. Organic materiéls themselves may be ;
distinguishable and duantified by ultraviolet absorétion spectra
(Shields;gE.glL, 1968).

c) physical surface.éffects. Physical surface effects include

roughness, aggregation, texture and surface crdsting. Bowe{s and Hanks

(l965)vmeaéured the»reflectance characteristics of kaolinite and bent-

]
[

onite samples of varions particle size and concluded ﬁhat'éé barticle
size increaées from @iameters of 22 to 2,6é0 nanometers, percent re;‘
flectance decreases with the greatest decrease occu%ring in the
reflective infrared regioh. Tanguay et al. (1969) reported that
reflectance!decreases as surface roughness increases\but that reflectance
- from low plasticity soils~($ands) was less'affectedAby surface rough-
ness. ~This is due go,the ;aturally rough surfaces of sandy soils
relative to the wavelength range empioyed and to the random orientation
of particles. Surface roughness is a difficult_parameter to measure;.
and in most cases:a geﬁeral_statement defining roughness relative to )

the wavelength of the sensor is all that can be said (Lee et al., 1975).

Cipra et al. (1971) reported a decrease in reflectance as surface soil '

3y
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crusts were broken in the 1ield. Orlov (1966) and Zyrin and Kuliyev
(1967) reported that reflectance decreases as particle size or size
of aggregates increéées,

Most of thelstudies c;ted above were conducted under con-
ditions where the iliuminafion and the recording of reflected energy
both occurred perpendicular to the sgil surface. Rougher surfaces
produce more scattering'of the incident énefgy thereby reddcihg that

recorded from a vertical position.

d) soii mineralqu. Mathews fﬁ.éi; (l973b) reported that
the spectral reflectance from standard clay mineral samples shows
differences in overall reflec;ancé as well as different absorption
intensities for thg iron (850 nahometers) and water 1,400, 1;906 and-
2,200 nanometefs) absorption bands. ' These are related to clay -
structure and chémical Composition, Various R;ssian authors have
correlated the spec;ral féflectance of soil samples to iron content
especially in thé visible portion of the spectrum’(Orlov_gglgiL,
1966; Zyrin and Kuliyev, 1967).

’ Mineralogy exerts its influence on soil reflectance in the

visible spectrum primarily through its contribution to soil color ‘and .

although it may be exertingzsome_influence in specific-absorptiod

-

frequencies this influence can be masked by organic matter or soil
moisture. -~

e) dillumination. Variations in the spectral intensity of

incident light energy can produce variations in the spectral reflec-
tance of soils. Such variations result from many factors including

sun angle which varies with latitude, time of year and time of ‘day;

\
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proportion of cloud cover;‘and/or'tne amount of other matter in the
atmosphere which may cause scattering or attenuation.
| The incident energy falling on a particular point on the

ground surface is a combination of direct sunlight, diffuse or
scattered‘skylight, and cloud light each having a characteristic
spectral signature as illustrated by Gates (1970) (Figure é) On a
cloud free day the direct sunlight and diffuse skylight components in
comdination produce a spectral signature that is different from those
of ithe two taken separately. The resultant spectral intensity was,
~illustrated by Yost and Wenderoth (1969) (Figure 5). The ¢loudlight
coﬂponent is the\most variable due to the tact tnat the percentage

of clouds and their position in the sky can change relatixely quickly.
The presence of clouds reduces the intensity of the’ incident near-— ‘
infrared energy if the clouds block the direct sunlight. Since very-:
little near-infrared energy comes from diffuse or scattered skylight
(Figure 4) the presence of clouds in otner positions in the sky has

a leséd drastic:%ffect on incident near-infrared energy but reduces

the amount ofzvisible band incident energy. Some researchers who have
ﬂattempted to record the spectral intensity of incident energyiconclude
that measurements should be discontinued if any clouds appear in the\
sky regardless of their position (Mack, 1974). 1In the’Edmonton -
'Vegreville area of Alberta, field experience has shown that absolutely

cloud-free days are rare during the symmer months. Clouds are usually
. .

observed somewhere in the sky by late morning and during the afterneon

of any given day.

As variations in the spectral intensity of the incident
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energy occur, variations in the intenéity of the reflected energy

also occur. Gates (1970) repprted on the reductfon in reflected
energy from vegetation when(the<illuminating source changed from
Cod .

direct sunlight to cloudlight and Crown and Pawluk (1973) studieh
the changes in reflected energy from graeel as the intensity of the
incident energy varied. In both cases reflectanee in the near-
infrared is teduced to the greatest extent.

Variations in the angle of iliuminatfon alsenaffect the

v

recorded reflectance. Soils are not perfectly dlffusing reflectors

nor do they reflect isotropically but rather they reflect differen-

tially in different directions in relation to thelr surface conflguration
and incident angle of illumlnation (Wagner, 1971). Coulson (1966)
studied reflectance from short grass turf, soil and sand and noteé that
in the &isiﬁle portion .of the spectrum, reflectance from vegetation
changes little with changes in angle of incidence but that reflectanee
from soils and sand is strotgly dependent on angle of incidence, re-
flectance decreasing as angle of incidence increases from- zenith. In"
the reflective infnared however, reflectance erm short grass turf was
strongly dependeﬁt on the angle of i&cidence, dark soils less strongly
and sand more strongly. As the angle of incideﬁce increases from
zenith, more of a given fieid of view is in shadow thereby reducing

the effective reflecting serfaue area and siﬁultaneously reducing
reflectance. The reflective infrared‘wavelengths are more greatly
affected than the visible wavelengthg. Kondratiev et al., (1964) also

noted the wavelength dependence of relative.changes in soil reflectance

with angle of incidence.
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Measurement of Soil Reflectance
Numerous authors have‘regorted the use of various makes and
modéls of spectrophotometers with diffuse reflec;ance attachments to
measure reflectance from soll surfaces in the laboratory (Bowersiand
Hanks, 1965; Shields et al., 1968; faﬁguay et al., 1969; Planet, 1969 -
70; Mathews et al,, 1973b). 1In all cases samples were ?isturbea by

sileving and packing into small holders so that results are not directly

applicable to the field situation. An advantage of laboratory methods “

is that illuminatibn’sources, being artificial, are reiativeiy constant
and the illuminating energy is usually monochromatic. In order to
express résﬁlts as percent reflecgance some standard is employed,
generally fresh magnesium oxide or barium sulphate.

Other authors (Krinov, 1974; Silva et al., 1971; Cib;a_gg_giL,
1971; Kristof, 1971) have reported the use of various makes and\modeis
of spectroradiometers for measuring soil reflectance under field
conditions. Such instruments allow for'the measurement of the actual °
amount of energy being reflectéd from the. soil sﬁrface at a given'
instant of time. However, bgcause the .field equiphent'is often cumber-
some, mqésurements ffom many different kinds of soil cannot be made

in a very short period of time. For comparisons between soils the

‘resylts ar€ usually expressed as a percentage of the incident energy

ot

at the time the measurements were made or as a percentage of the

_energy reflected from some standard surface.

Soil reflectance. has also been measured using airborne

3

techniques the most common. being the multispectral scanner. Wagner
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(1971), Al-Abbas et al, (1972) and Mathews et al, (1973a) reported

on studies of soil reflectance as measured using the University of
Michigan airborne optical—methanical scanner With such a system
the reflectance fromia variety of; s01ls can be measured in a short
period of t me, depending on the areal distribution of the soils.
Compared to laboratory and field instrumentation, airborne measure-

-

ments are perhaps the most useful although the most costly.; Laboratory
and field measurements, hoyever, provide much finer spatial and
spectral reaolutiOn than airborne methods.

|

Summary
\

The spectral reflectance‘characteristics of soils are very
~complex resulting from many interacting factors It is therefore
difficult to isolate and study one factor influencing soil reflectance
without altering'some other factor in the process (1. é}, studying
effects of changes in organic matter content without considering color
differences) However, a generalization may be made regarding soil
reflectance in the light 'of what 1s known about plant'reflectance. | BN
With plants, pigmentation (color) influences visible band reflectancefAS
internal leaf structure influences near infrared reflectance (7200 -
1,300 nanometer region) and moisture content influences reflectance in .
the 1,300 to 1,500 nanometer region of the infrared (Colwell et al,
1963). For soils, a similar model 1is possible. For instance, any
factor affecting soil color, especially organic matter and moisture

content, will most strongly influence visible reflectance. Infrared

reflectance in the 700 to l 300 nanometer region is influenced by



4

surface characteristics such as roughness. 1In the 1,300 to 2,500
nanometer region moisture content is the main factor influenéing‘soil
reflectance especially at specific water absorption frequencies.
Reflectance in ali spectral regions 1s influenced by the intensity and
angle of the illuminating enérgy.

Also, Secausé of the many factors iﬂfluencing soil reflec-
tancé, quantifying surface soil characteristics based on reflectance
data 1s not considered to Be possible alghough some . of thé Soviet
research has been towards this end. At best, qualitati?e relationships

can be established between reflectance data and soil éharacteristics.



MATERIALS AND METHODS

\
Field Study of Soil Reflectance:

Spgctral reflectance was measured In the field from selected
cultiQnted surface soils representative of some of the more éommonly
occurring solls of the study areas (Table 2). All sites were located
on level landscape positions and measurements were made using an |
Instrumentation Specialties Company Spectroradiometer powered by a
12 volt vehicle battery with a remote érobe att&chmen& and chart
recorder (Plate 1, page 74).‘ Spectral irradiance received By the
detector was measured in mic;owatts per square ééntimeter per nanometer
with integrated bandwidths of 25 nm in the region from 450 to 750 nm,
and 50 nm in the region from 750 ‘to 1,000 ﬁm.: The remote p; ¢ attach-
%ent head contained a diffusing screén with a hemispherical field of
view that acted as a cosine filter so that the intensity of the radiénce
measured varied as the cosine of the angle of incidence upon chei
diffusing screen. .

At each site measurements. wete made of the spectral reflec-

. .

!
tance from a 75 x 75 x 0.3 cm aluminum panel coated with Eastman White

Reflectance Paint, this panel being used as a standard. Measurements
of the spectral reflectance of the soil surface were then made. In
both case; " he remote probe_head\was suspended perpendicular to the
surface at - height of 15 cm. The data are reported in terms of
percent reflectance calculated by the ratio;

spectral irradiance from the soil surface
spectral irradiance from the standard panel




Table 2. Locations of soils used in the field study of reflectance
and dates and times of measurcments.

Soil Samglc No.

Orthic Luvic
Gleysol

. Orthic Gray
Luvisol

Eluviated Black
Chernozem

Orthic Black
Chernozem

Black Solonetz

Dark Gray. -

Luviscol

eroded Eluviated
Black Chernozem

<

%

Terric Mesisol

Salt crust

L1
L2
L6
L7

L3
L4

15

D1
D2
D3

D4

D5
D6
D7
D8
D9

Gl
G2

G3'

Bl

. -B2

B3

B4 -
BS

Fl
s F2

Sl
52

Location

SE1-53-14-W4
SE1-53-14~W4
SW32-52-13-W4
SW32-52-13-W4

NW7-52-22-W4
NW7-52-22-W4
NW7-52-22-W4

NE11-52-24-W4
NE11-52-24-W4
NE11-52-24-W4

NE7-52-23-W4

SW14-52~24~W4
SW14~52-24-W4
SW14-52-24-W4
SE2-53-14-W4
SE2~53-14-W4

$W11-52-23-W4
NE9-52-23-W4
NE9-52-"-W4

SE1-53-14-W4
SE1-53-14~W4

SE19-53-13-W4
SE19-53-13-W4
SE19-53«13-W4

NW7-52-22-W4

‘NW7-52-22-W4

NW25-53-14-W4
NW25-53-14~W4

Date and Time
_(hrs M.S.T.)

June 20/72, 1200
June 29/72, 1130
June 20/72, 1300
June 29/72, 1145

June 16/72, 1015
June 19/72, 1035
June 28/72, 1100

July 19/72, 1540

June 28/72, 1400
June 19/72, 1530

June 19/72, 1430

June 19/72, 1450

July 14472, 1150
June 28/72, 1340
June 20/72, 1340
June 29/72, 1040

June 19/72, 1255
June 28/72, 1120
July 19/72, 1345

June 20/72, 1230
June .29/72, - 1330
July 20/72, 1140
June 20/72, 1140
June 29/72, 1255

June 28/72, 1230
June 19/72, 1120

June 20/72,- 1420
Jund 29/72, 1400

Q
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Immediately atter measurements had been fn;nh-, surface soil
color was rm‘urdo‘d In Munsell color nﬂt;lLi«'\‘ and samplesicollected
for the.gravimetric determination of |11()lSL11rL“ content, both from
directly below the px"nhit‘ head.  The date and Limv.nf measurement
were recorded at cach site and ;l(ldltimm]‘ notes made on eloud conditiong
and surface roughness or contfguratfon. With the date and time roe-
rded, solar altitude and azimuth tables Qure consulted in order to

«

determine the sun's position in the hemisphere,

.

One of the major limitations assoclated with the use, of this

instrumentation was that of the time requifred to move from site to

site and to set-up In order to make megsurements,  Although measurements

could be made at one site within 3 to § minutes, at least 30 minutes
were required Lo move to and stl-up at anather site.  In this time

: . 'Y
interval sfgnfficant changes in illumination could occur especially

in terms of cloud cover around midday. Sites were therefore visited

.

in a4 random sequence on cach day of ticld work in order that each

would be visited in the morning on at least one onccasion.

Data Analysis

The analysis of the data involved a ch.‘.lr.'lcterizatl'on of the

percent reflectance versus wavelength curves in terms of curve shape
: €
and si .oe changes., The technique employed follows that of Condit

" (1970) who studied the spectral reflectance of surface soils from
across the United States and determined that the reflectance spectra

could be classified In terms of three general curve types on the

<

basis of curve shapf and slop®. The reflectance spectra for the

4
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solls of this study were classitied according to this scheme in which
cach curve type has the followlng distinguishing features (Figure 6):
Type 1. Uvér any range of wavelengths the slope
of the curve either remu;ns constant or
Increases and {s typical of ;oils with
"low reflectance, ' | :
Type 2. 1In thé visible region of the_spectrum;

reflectance incrcases relatively rapidly

//// | while in the reflective infrared portion |
L ' of the spectrum thdé increase s more
gradual. The slope of the curve is .

greater In the visible than in QQU re-
flective infrared and is ;ypical of d
lighter colored soils with more néutrul
hues.,

Type 3. Ré;léctanue.increuses grnduélly to
approximateliy the 530 nm wavelength,
Increases sharply to 600 nm, inéreases

- - less sharply. to 800 nm and increases
gradually to 1,000 nm. This type is

typical of light colored soils with ' .

‘bright hues.

In order to compare difterences in reflectance spectra for
the various soils with different surface conditions, mean percent

reflectance values were calculated for 100 nm wavelength intervals

(500 - 600 nm, 600 - 700 nm, 700 - 800 nm, 800 - 900 nm, 900 = 1,000 nm) ,

<
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Figure 6. Examples of the three types gif soil reflectance spectra of the
classification of curve shape proposed by Condit (1970). All
spectra are for dry soils (modified after. Condit, 1970).
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chosen to-.correspond to those spectral bands employed by the multi-

spectral scanners of the LANDSAT vehicles, at least in the spectral

e
regf&% from, 500 to 800 nm, and to the green (500 - 600 nm) and red

(600 ~ 700 nm) baﬁd&”of'multibnnd photography. In the 500 - 600 and
600 - 700 nm ban ﬂhe means are for 5 values at 25 nm intervals and in

Jyhe 700 L 1,000 nm bandb the means are for 3 values at 50 nm intervals.

. Differenceq in reflectance ere analyzed in terms of soil surfdce

conditions,

Results of fileld and laboratory studies of the spectral

/
)

reflectance of soils are 'usually presented‘in the form of percent
reflectance‘data. These data, howevef, may be misleading if attempts
are made to use them to predict the tone associated with é given
object on different bands of imagery. Sensor systems do not record.
data on a‘percentage basis but in termé of the mctuai or'relativé
amount of eﬁergy reflected from various targets. A low percent
reflectance in the red portion of the spectrum and a relatively
higher percent reflectance in the neaf-infrared does not necessarily
lead to the conclusion that less energy is being ;eflécted in the
red bahd. The intensity of iliuminétion ;s generally greater in the
red band than:in the near-infrared (Figure 5) thus.a slightly greater.
amount of energy reflected in the red band could calculate to a lower
percent reflectance. |

vRefleétance data fo} soils expressed as a percentage of
the reflectance from the staﬁdard panél were compareéd to the same data

expressed in terms of the actual amount of energy reflected (microwatts/

square centimeter/nanometer) in order to identify the spectral band

40



or bands in which ghe greatest energy is ruflcvtcd: Thesq results
were compared to digital reflectance data as recorded by the multi-
spectral scanner of LANDSAT 1',

Digital data for fields of bare soil located immediﬁtely
north of the Edmonton study area1 were obtained as individuaf pixel
values, in each of four spectral bands, 500 - 600 nm, 600 - 700 nm,
700 ~ 800 nm and 800_— 1,100 nm. The data were\from a July 9, 1975
satellite p&ss (Canada Centre for Remote Sensing frame no. E-11081 -
17390) and were used to construct frequencx histog;ams‘showing for
each field, the number of pixels having a‘given value in each band
and to compute the mean piXei values for eaéh field in each ba?d.n

Digital data for areas‘of salt crusting near the Milk River
Reservoir (Figure 1) in southern Albertaz‘were obtained as frequenéy
histograme . ing, for each salt crust area, the number of pixels in
each spectra; band having a given value plus mean pixel values in
each band and correlation coeffigients c&mparing the pixel values in
one band to those in another. These data were from a June 11, 1973
sa%ellite pass (Canada Centre for Remote Sensing frame no. E—1323 -
17515). )

.In both of the above cases fields and areas of interest were
delineated on aerial photograpﬁs obtained w;thiﬁ 4 days of the

satellite pass‘and‘the digital data were requested for these specified

fields and aregs.

3

1 Data courtesy Mr. C. L. Sibbald, The Sibbald Group, Calgary.

Data courtesy Dr. F. Peet, Forest Manggement Institute, Environment
-Canada, Ottawa.

’
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RESULTS AND DISCUSSION

Characterization of Reflectance Spectra - \

e

On the basis of surface soil characteristics, especially
color, the reflectance spectra for the soils studied are separated

into five groups (Table 3, Figure 7).

Group I, The soils included iq this group are those characterized by.
light colored surfaces (high Munseil value, low Munsell éhroma) which
thave resulted froa the incorporation of thin, dark colored surféce
horizoﬁs (LH) with very ligﬁt colored,\eluviated horizons (Ae)
througﬁ éul;ivation. This group includeé\Orthic Gray Luvisol and
Orthic Luvic Gleysél soils developed on glaéial till and haviﬁg loam
to silt loam surface textures.

A typical curve, as for sample L4 (Figure 7), shows a
relatiVely high reflectance throughout the‘spectral region'from 450
to 1,000 nm. Reflegaanqe increases as wavéiength inéreases with the

slope of the curve increasing from 450 to 750 nm. then remaining

relatively cdnstant.to 1,000 nm. According to the scheme proposed by' v

Condit (1970).this is an example of Type 2 curve (Fiéure 6). Reflec~
tance specgra\for the other samples in this group are shown in Figure 8.
All spectfa for Group I soils have a s%milar shabe. The effect of .
an increase in moisture content is illustréted by the curve for L7.
The_slopé pf the curve is reduced in the regions from 450 to 650 nm

and 750 to 900 nm with percent réflectaﬁce values reduced to a

slightly greater degree in the reflective infrared.
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The 'mean percent ref lectance values in various spectral bands

for the soils of this proup are shown in Table 4. In the 500 to 600 nm

\

and 600 to’ 700 nm bands, ranking the mean reflectance values in

decreasing order also ranks the samples according to decreasing Munsell
B \ 3

value (Tables 4 'and 2). Although soil color, in particular Munsell
_ ! 8 I

’

value, appears to be the dominant characteristic influencing reflectance

in the visible region, surface configuration and the angle of 1illumina-

tion are also important. Samples L2 and L3 were assigned the same -

color in the field and both possesséd a.dry surface crust. However,
. - i

\

the mean percent reflectance values in the two visible bands are

different (Table 4).1 Sample L2 possessed a rougher surface than sample

L3 but produced a higher reflectance. The roughcr‘surfaceaproduccs a

more random arrangement of reflecting surfaces within the field of

/

view of the sensing head resulting in more surfucﬁs inclined at an

‘angle such that maximum reflectance is towards the sensing head. The.

1

smoother surface and lower solar altitude associated with sample L3

result in reflectance of a more specular nature,

In the reflective infrared region, in particular from 800 to

!

1,000 nm, ranking the mean percent reflectance values in«decreasing

1

order again ranks the soils in order of decreasing Munsell value.

Although' color remains a dominant characteristic influencing reflec-

tance, the dominance of color is not as great as it is in the visihle

spectral region and other surface characteristics such as surface

roughness ‘and moisture content become more -important. Correlation

coefficients for mean reflectance in various spectral bands compared to

FASS

Munsell value decrease frok the visible to the

infrared spectral region,

a0
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while for mean reflectance compared to m.ni:x'turlv content they increase
from the visible to the intrargd (Table 5). The effect of surface
rpughncss of infrared reflectance Is Lllustrated by the dnLq for
sumvlgs L2 and L3, Differences in rvfléannvv between thcs& two
samples are relatively greater in the lnfrﬁrod than in the visible

of surface roughness

region (Table 4) and theretfore, the dombInatig
oI
and solar altitude s having a -great®r.

L4 a

tance., Direct Eunllght is the sour® -of 4

(Gates, 1970) and the infrurodﬂmefféw

win tho;visible band

L3 with low shlar altitude Is ré[htiveiyflcsi i

reflectance from the same surface where the illumination is not only

L from direct sunlight but also partially from skylight and cloudlipht

(Gakes, 1970), .

. . .

Group II. The soils included in this group are those characterized
,/ :

by very dark colored surfaces (low Munsell value, low Munsell chroma).

t

They Include Orthic and Eluviated Black Chernozem soils developed in.
clay loam till and Black Solodized Solonetz soils developed on clay
loam, élgcio}acustrine sediments.  All of these soils had clay loam
surface textures,

A typicnlrcurve for this group as for sa&ple D3 (Figure 7)
is characterized by either a.constqnt or a slightly_Increasing slope
and gencrally low reflectance over the ©ntire region ffom 450 (o 1,000
nm. The'spectrn for Group 1I-fit the‘definition of Typé 1 curves

(Figure 6) in the scheme proposed by Condit (1970). Reflectance

“spectra for all the soils included in this Group are shown in Figure 9,

Reflectance spectra for two of the, samples, D4 and D9, show rapid

- T
.‘f.. H



Table 5. Correlation coefficients (r) for mean percent reflgctunce
‘ values In different spectral bands compared to surface
color (Munsell va]ué) and moisture content for Group T, 11
and IV soils.

[}

Spectral BRand

SOOJBOO nm §99119Q~EE 800-900 nm 900-1000 nm

Group 1 ,‘
Munsell value - 1 =4.996 r =40.996 r. =+).990 r =+0.989
molsture content r =-0.773 r =-0,781 T =-0.838 r =-0.832
Group II -
wsell value  © ¢ =40.984 ¢ =40 979 r =40.970 1 =40.972
™esture content r -—0‘807 r =-0.812 r =-0.840 r =-0,830
Group 1V
Munsell value r =+0.996 =+0.989 =+0.975 r =+0.987

. Munsell chroma
moisture content . r ==0,532

=

r r
=+0.968  r =+0.988 r =+0.996 r =+0.995
r ==0.574  r ==0.614 r =-0.619
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Figure 9. Percent reflectance spectra for the dark colored surface soils
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3

Increases in stope Petween 700 and 790 nm dissimilar to other spactra
| .
-

Lor this group and similar to the spectra of sobls included In Group 111

discussed later., ¥

r " - N .
- Fhe mean percent reflectange~values In various speetral bands
\“ A

for the solls in this group (Table 6) show that in the visible port fon
of the spectrum, 500 to 600 nm and 600 to 70‘(‘1\ nm, ditterences occur
between the lghter (samples D2, D3, DY and D8 with Munsell value 4)

and darker (samples Dl, D7 and DY with Munsell value 2) soils and

therefore that color is a dominant factor Influenc ing reflectance,

Molsture content is .« .o indicated as a major tactor with those soils

with relatively hi';,h modsture content (DI, 1)7 and DY) having Lower

N

reflectance than thosé with relatively low molsture content (D2 ﬁ! and

¥ DB). Two of the soils, D4 and l)b, have the same color (10YR 3/1) aund

similar moisture content; however, D6 has a higher mean percent

retlectance In <the visible bands than D4, This is attributed to a

combindtion of surf«;‘r(:'é rnughncss-:md solar altitade effects. Sample D6
W ‘ ,

.
Ead B

has a qmoet}lc ‘mrf,;mé .md rv.ztu‘ solar ;llLItudp assoclated with it

o ‘\»?i { .
r ek ‘u,c‘x ‘,uw lower solar altitude, 1In the latter
S .%A’-- : ' ‘
o

symore effective surface area for

'/ T

n;(,d s0il and reflec cmcc is decreased,

AN

: &
In thc

..D-

7 Ca ”‘.

;% ' f’x.= o ,
w erder ot @rkeh&n&%olor tu Lhe same extent as In the visible bands

. 2N -
»Ai‘ - ‘.{:,‘, <

"Hu. "hltluu’mgﬁ color in det.crminm;ﬁ reflectance in the

J ’
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decrease from the vistble to the reflective intrared bands, and tor
mean reflegtancc compared to moisture content thcyujncreaﬁclfrom the
vtsiPle Lb the infrared bands (Tahle 5). Also, in the infrared bnnds,
sumpiFs with smoother surfaces and medium solar altitude (D2, D5 und.

D6) HEve highdv/mcan réf lectance valuaes than.sumpies with rougher '
/Jﬁr es ?DH,'D3 and D8), the results 4f rougher .surfaces providiw‘
v e e T L7 o o, ¥

s - = L , 3
morg_effective surface area for absorptifn and more shadowing.

.- > . u,f"v E : .
.g;? ) -t - o a

Grpup 1117 - The soils includedifﬁ.nﬁis group are Dark Gray Luvisols

-

T

: ‘ : i .
Lol . . . - R 5 Vo
-developed on gluciarutifb~wjth silty clay loam to clay loam surface
’ . T P . ’ ) .
. [ “n X
textures and surface :colors jhtermediate between those of the Group I
: : RN S .
and I1 sdils. A typical reflectance eurve for this group, as shown
S o : \

in.Figuie ? by sample G2, has relatively low reflectance .in“the visible

- . . ) N
portion of the spectrum with a relatively rapid increase in slope,

!

b%tween'675‘and“800 nm fellowed by a decrea§ed slope from 800 to 1,000

nm. The refléctaqce‘spectra for spmbles (G2 and G3 in this group’
(Figure 10) are similar in shape to thos- - Group I1 in the visible

reglon and those for Gréup 1 in the refléctive infrared region of the

spectrum and are therefore transitional between the Type 1 and Type 2

curves as proposéd by Condit (1970) (Figure 6). The refsecﬁhnce spectra
. ) . B b I o

A

for the wet. sample Gl (Figure 10) is gimilar in*shape to the spectra
for Group Il soils (Figure 9). . .
X o - Y

In both phe‘bisible and releJdee infrared spectral regions,
. R : v

- 5 »
ranking these soils in,order of decreasing mean pertent reflectance

also ranks the soils in decreasing Munsell value and increasding moisture

content (Table 7). In the visible bands, the greateét differences in
v . ‘? : .

mean percent reflecgance occur between the lighter colored and
E } " . (’.- >‘ N ﬁ'g ] . \'-’-av‘ ‘

- Y 4
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relatively dry samples (G2 and G3) and the darker colored, moist sample

i . :
(GL). In the infrared bands, the differences in mean percent: ref lec~
tance between samples G2 and G3 are greater than they are in the

visible bends.

Group IV. The so0ils included in this group are eroded Eluviated Black

~ Chernozems that have light colored surfaces with loam to gravelly

: R R e
sandy loam textures. These surfaces have'moderateh#ﬁ&?%h&ﬂunsell
values (3 to 5) and moderiate Munsell chroma (2 to.3) compared to the

other soil surfaces studied.: A typical curve for this group, sample

B2 in Figure 7, shows relatively high percent reflectance throughout

" the spectral region from 450 to 1,000 nm’ and a unique peak, compared

P

to the spectra from other ‘soils in Figure 7, in the visible region
between 575 and 625 nm wavelengths. The slope of the curve increases

after 675 nm and .percent reﬁfectahce continues to increase as wavelength
increases. Reflectance spectra for the other soils in this group are

[y

shown in Figure 11 where surfaces with redder hues, 7.5YR for samples

Bl, B3 and B4 as opposed to 10YR for samples B2 and BS5, exhibit a

\

. stronger peak in the visible reflectance between 575 and 625 nm wave-

length, The spectra{for this grqup are similar in shape to the Type 3
curves (Figure 6) ofgqhe scheme proposed by Condit (1970).
.The mean-pe;cent'reflectance values for this group (Table 8)

show that the percent re?&ectance f?amgthe darkest colored most moist

Iy =

soil (BS) is always t lowe t. With the remaining drier and. more’
LA ye-

C ey
brightly colored soils, mean reflectance vaiuee inﬂthe various spectral

bands rank the soils in terms of'decreasiné~v5§&és“of Munsell value

>

plﬁs chroma comﬁiﬁed. The exception in the 500 to 600 nm band ig

A



s
' 'E_\‘.'!‘ .

30
20
10
®© — .
(9] \
o
50— T T T T T T L—
° 500 600 700 800 900 l 1000
": -
o
Y
€ 30+
®
v
c .
a.
.20
10
0- 4
T T T T T T T 1 T T T T .
500 600 ¢« 700 800 900 1000
Wavelength nm ‘
- . v /
Percent reflectance spectra for the brownish colored surface’

Figure 11.

soils of Group IV.



‘¢ 91qel ul se siaqunu aTdueg

X

C(9°9) . . (@o ©g - 00
6°91 72 5T s'gz
cq . €q 7d T e wu Q001 - 006
: (£0) (1'm) (1°2) (8:0) (g° 1) -
, 6°€T $ 9T LT 9°2¢ 8797
cd 14 €d . . hd cd Cwu 006 - 008
CAANE €409) o' (z°¢) (s°€)
8° 11 8¢l 7°91 AT . gz .
- S cq ST 1 - e 7a. ww008 - 00L
) (2°0) @ V235 R CRS § (5 1)
8L ARSI WA 8 €1 S 91
cq B T4 T N T wu 00/ - 009
~ (D ¥ (s €D, D @0 '
_ 6°S 801 S 11 0°€1 @€l
sd At . 14 R 5 ¢ B 4! ' wu 009 - 00S
apnitudel 3o 19pig Jursesid3( . : :
. UT (UOT3IBTASP PIBPUBIS ) SINTEBA IDUEBIDSTIIY IUSO1I3g UBSH Y3ITm  Si1aquny aTdueg pueg Tea3loads

——y

J.moMﬂp Hmuuumaw 9ATI uT STTIOoS Al dnoao mcoEm mwiam> aouelo09aTJax juaoaad uesw JO cowwumaaoo ‘g.91qel

. . .



samp%e B4 which; with the‘highest chroma (3.5) and a 7.5YR hue,
possessed a more distincly feddiéh color than the other soils resulting:
from stronger absorption in. this band. With thg above exception,
sémpieé B2 ana B4 -have consistently higher reflectance than Ssamples Bl
and B3,.e3pecially in'&Fe refléctive‘infrared spectral-regipn. This is

attributed to surface soil characteristic¢s of texture and structure.
: . |

59

Samples Bl and BX .represent a soil with a surface having a fine gravelly = °

to coarse sand texture and single grain struthre, while samples B2 and
B4 represent a soil with a surface having a loam to sandy loém texture
;nd granular to‘subqngular blocky structure. Samples Bl and B3 there-
fore presented a méte open, porous surface with ‘internal shadowing
while samples B2 and ‘B4 preseptgd&a more compact surface to the probe
head. |

In general, thé reflectance;f:om.this group correlated poorly

, . \
to surface soil moisture content but highly to soil color (Table 5)

and surface texture 'and structure.

GrouE'V. This group includes two sets of measurements for a cultivated

Terric Mesisol éoil, the surface of which retained a high moss fiber

content and a sﬁonge—like surface configuration. A typical curve as
e

for sample F{ (Figure 7) is charactefiégaﬂgy relatively lgﬁ visibie‘
reflectance in the 450 to 700.nm reg102 and a relatively hiéh infrared
reflectance. This is similar‘to the Type 3 curves ‘Figure 6) defined
by Condit (1970), although his curves were for mineral soils and Fhis
is an organic soil, EIn ﬁhe visible region the curves for this group

i !

(Figure 12) have low values andzéreyrelatively flat between 450 and

650 nm indicating the dark soil color. The high infrared reflectance

i



60

F2
30
©
° i F l_
[ =
o]
(V]
@ 20
\; -
[s 4
"c’ )
Q
Y o104
)
K
OJ T T T 1 T T T T
500 600 700 800 1 900 1000

Wovelength nm

Figuré 12. Percent reflectance 5pc\ctrd for the cultivated or;,anic surface
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appears (o be anomalous for such poorly dralned and usually wet soils,
However, the surface fibers were quite dry at the time the measurements
were made and it is proposed that the high infrared reflectance is

attributable to the spongy structure of thig surface. ' !

Salt Crusts. Surface salt crusts occur in the weste ern portion of the
Vegreville study areca in association with saline solls (Leskiw, 1971).
The spectral reflectance from surface salt crusts is characterized by

extremely high percent reflectance over the spectral range from 450

to 1,000 nm (Figure 13),. Sumﬁlq S1 had a dazzling white COiQ{ wherevas

\
‘ - - .
sample 52 had a light gray color stmilar to that for the very light

colored surface soils of Group I and its reflectance curve is similar
v

in shape to those for Group 1 sofls. " This latter crust was more moist

than mefom@ng' e
Comparing the mean percent refleqtunco values trom all the

miné}nl s0ils in each band (Table 9) shows that the light colored

Group T soils (L samples) are always greater dn?\thu dark colored

Group Il aoilx (D sample\) WLth EhL exception of L7-which was rela-

-~ e ,
tively dark coLored and moist. The Group IV and | soils (B and G

samples, reapgutivelv) are intgrmi\od with the other” two groups with

often little ditternn * between the lighter colored and drier B and G

samples and the L samples of Group 1. Differences béiyeen;the Group 1V
and Group III are greater in the vigible bands (500 to 600 nm and 600

.

to 700 nm) than in the infrared bandé.

. ‘:2>\\ - ) A
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Percent reflectance spectra for the five representative
“samplgs shown in Figure 7 are compared to reflectance spectra for the
game soils expressed In terms of the actual amount of energy reflected

9
(microwutts/cm“/nm) in each wavelength interval (Figure l4). Direct

.

comparisons between soils are not possible due to differences in
Voo L'

{llumination at the various times of measurement. Mineral solls

1

(Groups I to IV) show increasing percent reflectance as wavelength
increases with the greatest percent reflectance occarring in the

refiective infrared region of . the spectrum. The actual amount of

t
03

energy being reflected, however, 1is usually greatest in the red reglon
of the spectrum. The organic‘soihs ipcluded show the greatest’percent

reflectance and the greatest reflectance in terms of microwatts/squure

centimeter/hanometer in the reflective infrared.

v

’Compurison Between Reflectance Spectra and LANDSAT Digital Data

The dat; above for Group 1I soils Afe compared to digital .
multiSpectfal dutg‘obtained from the multispectral scanner of LANDSAT 1.
The digital multisé;ctrul data are%for portions-of three tallow fields
with Eluyiated Black Chernozem soils similar to those 1hcluded in
éroup If (PlaceiZ,Jpagé 75) . | |

Fiela;#l'ﬁad %eeg_recently cultivated and the surface of the
.soil was very dérk coldred and fclutiveiy moist. {Fiéld #2 had alsov
been partiéllchultivaEed, the north half mote recently than the south

: half so that the surface of the north half was darkef in color and
more’ moist. The surface of‘the séuth half aléo puntained fesidueafrom
tﬁe previous year's grain crop. field #3‘had the driest sgil-surfnce:

" . 5
) 5 p

6y
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and relatively greater amount: of crop residue,
! .

Sdrier and as the amount of crop restdue Incereases, pixel values« in W

Nt

The LANDSAT 1 data were tor a gutelllte pass on July 9, 1975

. o
and are presented in the tornt ot trequency histograms (Figure 5) with -

t

Cthe mean values tor each band*shown {n Tabile 10, The trequency histo-.

~ [P
grams show¥that as surtaces hecome relat ively lighter {n cotor and
: ‘. b
all. bands-betome greater. Also, ‘the spread {n pixel values becomes @
greater, in all bm}(ds from Flelds #1 through #2 to #3 Indicative ot the
. i S . e ’ .
tncreased vurinl)irft\y’xjn surface condltion. M an values for Fleld 1

P
v

are the lowest in each band, while those for Fleld #2 are intermediate
and thase for Fleld.#3 are the highest, Fo¥ each fleld, mean vakues

tor the red band (000 to _.7()0 nm) are the lowest. This ts an unewkpected

result when compared to the reflectance spectra for Group 11 soils

(Figure 14) wifere refleetance in .Ll’w red band ts hiphest.

.

Similat.df{gital data wére obtained for large salt crusts’

fnt‘u?i in the area around the Milk River Réservoir in southern Alberta,
Salt crusts from this area were chosen because ot their relatively
large size, compared to those of the Vegreville arca, which would

I -

. provie a sufficient number. of pixel values to show the variability

in reflectance. The salt crusts for which digital data are available

are shown In Plate 3 (page 76) and the satellite data are presented as

\ B ’ ]
frequency histograms (Figure 16) with mean values for each spectrx

band shown in iable’ll. SR :

/W:reflectancé \spectm for salt crusts (Figure 13) show

high reflectance in all -b:md; from well deve loped and white crusts (S1)

and lower reflectancé from more moist salt crusts (S2). In both cases

oo
sh

i
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: . values 0/256,. ! { : .
. ' . ' ) A-w—Tj . ' C- ld‘—a—;
Fleld . No. of oo Spectral band v - . o
No. pixels 500<600 nm 600-700 Mn 700-808 nm 80024100 num '
w4 . %*
: - & G : L .
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Table 11. Mean pixel values tandnrd deviation) for P crust
' areas in four. spe .1. bands as recorded by LANOPRY 1.
Minimum/max{mum p . values 0/63. .
1 q' o ' K J
, s ; .
Salt No..»o o Spectral ‘band ¢
Crust  Pixels 500-600 nm 600—709 nm 700+800 nm 800-1100 nm
1 .24 1 40.2 (10.8) 43.%. (11.7) 48.5 (0.1 45.0 (8.2)
2 w29 37.5 (9:8)  43.3 (11.5) 49. 7 (B 4) 5(; 2 (9.3
, Y3 38 35.2 (IL 7) 39.6 (13.5) 47.14(11.1)¢48. 't (5’8)
. 5] 7 36 7 (10.5) 41.5 (11.5) 48.1 (10.3) &6 .4 (9.1)
¢ T ' e
&. ' P 8 . ‘t bl f—‘
N P . ] o -
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reflectance increases ‘as wave length increasés. The trequency histd&raﬁé
for salt crusts {Figure 16) show a great variapilitx in reflectnncg |
-in each band as recorded by the satellite scanner. fHéwevqr, for each
saltvcrdst, the values in all fou, bands are highly correlated‘(Thble 12).

"1f the recorded scene reflectance for a given pixel is relatively low

in one band, it i1s also requiveJy low in all othen bands. These
§
]
‘results indicate that with&‘i}he various salt crust areas there is a

hixture of bare soil and salt crust targets, the bar® soils having
A s

relatively loigteflectance in all bands and the salt crusts having

relatlvgly high réflectance in all bands.-

L oa> ‘./, . ’ . . -
SRy A ) #c ' [

~
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Tgble'IZ. Correlation (r) between pixel values in paired speLtral

-

bands for each salt crust area.

3

,  5‘

-

Salt ) Spectral bands* ‘
Crust 4 vs 5 4 vs 6 4vs 7 5vs 6 -5 vs 7 6 vs 7 .
{ s

L33 . ! a v
1 1.0 1.0 1.0 * 1.0 0.9 1.0
2 1.0 0.9 1 1.0 0.9 1.0 &7 0.9
\ ) ‘ ~»&\E | y e % . :
3 1.0 1.0 %;0.9 1.0 ;2 ¥§Q; ) l.Q’
4 1.0 9.0 0.9 1.0 1.0 1.0
‘e by B 0
3 3 - N J“ K
N ‘ | g
- ' V_ ;o < .

"% Band 4 =500-600 nm

600-700 m
700-800 nm
800-1100 nm

Band 5.
Band 6
Band 7

A

4; All values of r positive

’

71

Fs



?

" 1s strongly influenced by 8qrface color With surface moisture content,

L

) studied in Group V is .dominated by color in the visible portion of

oy
s i

i

CONCLUSIONS

3
\

Ceneral agreement is found between pe-.r\t re! leztance

N
ar [P

‘versus wavelength curves Jor surface sQﬁls in the }dm\ntun and

” » )

Vegreville study areas and each of the curve types proposed by Condit

1970). . S e

g W
For the light lored surfacé soils of Grgup I reflectance
w

in the vlsiblqﬁportion of the spectrum is dominantly influenced by
v, e 5

surface color. Reflectance inuthé near infrered portion of the spectrum .

an,

! »

¥ )

%3

and: rg%ghnes

g4 fﬁsortant These?resugts follow those ob—
”

‘ . -
i e e *

‘tained by’o . (quers and,ﬂanks; 1965:» anguay et alr, 1969

- S .
Mathews égfal WV 3a, l973b) with One notable exceptionl Most bf these

&

ok

authors state: that reflectance fromérougher syrfacesuyhen.surface ‘-‘

. . o .\‘;lll_; [
crusts are broken or aggregate size increases, is lower than reflectance

~

o

.

from smcoth surfaces. Within the soils of Group I,.howevér, reflectance =

-

from the rougher surfaceswwas greaterAthan that“from smodther surfaces, %™

- ?

Reflectanﬁe in both the visible and infrared spectral regions

from the dark coloréd soils of Group II, the gray colorﬁg soils of
B 'Y
Group ITI and the brownish colored so1ls -of Group IV is influenced by

surface color, moisture content and roughness it‘much the same manner
as lhe results reported by Bowers and Hanks (1965), Tanguay et al.

(1969), Mathews et al (l?73a,nl?73b§ especially with respect ta -
. \ . b

decreasing'reflectance as'rbughneSs'increases.is .

Reflectadce from the fibric surfaces of&the organic soils

»

-

'the spectrum and by su?face structure in the near infrared portion of



LG

» . « T
i ” 4{, o -
ARV ST " »
' . . ~
R, .l{:.\?s ;y w ¥ .
b ,’ BRI | é_J 2
- . At " -

\ ‘ |

e spectrum.

.
Reflectance from mineral soil surfaces is not analogous to
e

~v

t from‘vegetation although in both cases reflectance In tha vxsi%lc'
region\is\dominated by color: Soll reflectance in the near infrngd

region (700 to 1,000 nm) is greatly influenced by color with moisture

~

content and roughness also being contributing factors. Plant reflec-
-
\

tance in thls. sptttral region is dominated by Stﬁ?tturt with color or

v

pigmentation_'hing of little consequence. Soh},reflectlnte is alao

: 1
v
“much more complex due to the interactions among various factors

.‘.

Within broupq [ and II are SOJlH that are classified in

influencing reflectance. . oy

L NUR 5 » ‘*

different Orders of'the'Canadian system of, ¢lassiflcation.

Reflectance data do not discriminate the pou ained Gleysolic
soils from the weli drained Luv1solic soils in Croup I, nor the

Solonetzic soils from the Chernozeﬁlc soil% in Group I1. However,

:\the Group I goils are dlscriminated from thc Group I1 Hoilb by

L

«'l

..reflectance data particularly in the v1bibie region oi the bpettrum.

T > .

~Reflectance differences between broup III and Group 1V solle are moqt.
: ‘ M,
significant in the visible re5ion of~ the bpectrum.>, \
. ey e
EDigital satellite data may be useful- in diqcrimlnating and .
-
identifying areas of salt CfUé?%”beVldlng thesc are relatively large in

terms of areal extent. Digital satellite data do not correspond
. .
exactly to the field measuremegks of reflectance due to atmospheric

effects of scattering and attenuation,

, T - ‘
. -
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Plate 1.

Instrumentatibn'Specialties Company Spectroradiometor
with remote probe attachment (A) and
- (B) used in the field
Probe head i$ shown suspended from a tripod.

strip chart recorder
study of soil reflectance. Remote

\ i - . N )
|
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2. Color infrared werial phoatograph showing surtface

chargeteristics of the three fallow tields for which
digital LANDSAT U muleispectral data were obtained
(July 7, 1975; approximdte scale 1:92,000) .
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Pla-te 3. CQor infrared aerial photographs e»howim,5 burrace .
Y- * characteristics of the four\\ salt ‘crust areas for which LT
‘ +digital LANDSAT } multispectral data were obtained '
" (ue 1i, 1973; approximate scale 1:49,000) . o
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R or -"73 degxees C) radiate olectromabneti energ)}-. As surface temp= . .

13
CHAPTER 11 RO
» " ?

‘ EMITTANCE FROM SO11.8 : .
INTRODUCTION . - S

f : : ) ' :

’ ” Spectral Yeflectance data provide some Information on- soil

£ . R ) ®

1 N .
. . . s . . . ' o
surface conditions, However informati®m about siubsurface conditions

t .
- . . - !

is only provided 'if these ha\ie a definite aurface"e‘xeess.i on such as -
¢ .y . w

salt cruqt_iug> in‘%mingﬁnoil aalﬁ‘tv or nnomalous ve‘y\etation patterns

l)‘_"‘ \ . »
ind;cating salihltv gr textural differen(.ex. lhcrmu] emlbsi nS from ' .
w R, K& -7 T
. ‘u
soils may provlde adﬁéﬁ)na]ﬁ information on- qoiI‘ a%rf?ee or sdbsurf@ce LT e
. H %“ pov . .
conditionq prov‘ldlm, thcqe lmve some influom ¢ an surface tcmperature.& "~ e
o PRI : ) . . ! “ ¢ B
' - : 'éY' D
. Pnergv et for: Sofls ‘ > '
) > %
- . # - I3 !
. . ~! .
sro ) R .
" ALl objecm«ut temperatur&? above absolut’e alﬁa (0 deg roea\.g

[P | & . ‘ »%J

1
. e < ! o

: er&_tures increase the amount of en‘ergy emitted lm;lroasés ;iroportio,nal

N .
NS

7
{ the c:urface temperature in defrees Kelvin and

tge'wav‘e‘]’;é" h peak emissions ocecur deureaqeq ((‘olu'el] ~t al. L ;
1963)- 'ﬁ\ermal f‘hfrat\&d line bCéllll\Cl‘S proviggo a moanq‘ whfereby this ", ;o a “Q“
] emitted lnerg; may>bié detected and recorded B , ‘ !
Various factors which influehce surfaCe qoil t.empe}‘a»twuic ‘
ma& be expressed in terms of an energy budgec fox:1 the qoil surface 5
(Gates, 1970) as follovs: o ' T /o o .
- : Y S : cod i
jj:“ Q abs. ; Eara.:' Q. cond. s Qiconv.'i‘L E



where  Q abs - (he total encrypy absorbed
I ) P '
Fooo T pravbody radiation with B the emittance, @ the Stephan-
Boltzman constant, and T the curface temperatn: n
degrees Ko Emittance is the ratio of cuergy cioatted
to that absorbed, and for a perfect blackbody this
< . . . . .
ratio is unity but for objects in nature it is less
than unity. TFhus most naturally occurring objects are
»
L) : " Q " "
gravbodies' as Vbpposed to "blackbodies”.
- I :
Q cond.= tnergy excharfge by conductionbetween the surface and
the €611 body.
( conv.= energy exchange by convection yétwocn the surface
and the air. (
~ .
LE = e¢nergy lost or gained by ewvapodation or condensation
respectively. -
A) The total enecrgy absorbed (Q abs.) depemds on a number of

factors. Gieger (1971) estimated that of the solar radiation rcachiné
the earth's outer atmosphere, 45 percent reaches the earth's sufface

(19 percent as direct beam and 26 percent as diffuse skvlight). Of e
the remaining 55 percent, 11 percent is scaftered back to space, 28
percent is reflected by cloud;, and 16 percent is absorbed by -the
atmosphere. The intensity of thq sola; radiation falling on the

earth's surface perpendicular to the sun's rays and for a mean earth-

sun distance is,estimated as 2.00 calories per square centimeter per
N

~

minute. :This value is regerred to as the '"solar constant' and

according to Geiger (1971) it may vary by approximately 7 percent



with the chinging distance of the ecargh from the son over the year.
Baver et al. (1972) stated that this amount of energy :ncident on a

unit area also varies with the cosine of the angle between a perpen-

dicular to the suxface and the direction of the sun's rays. Therefore
. .

for level surfaces, as the latitude Increases the incident cnergy jov

unit area decreases.  For sloping surfuces the situation i1s further

complicated by the degree of slope and aspect.  The more qlosc]y the

degree of slope approaches a perpendicular with the sun's réys the

greater is the encrgy incident upon it. Therefore in northern latit-

udes, south facing slopes receive more incident energy than north ‘
q

facing slopes.

The amount and type of vegetati&b cover also influences the
amount of energylabsorbed by the soil. Vegetation reflects and absorbs
incident energy and th¢ layer of air between the vegetation and soil
provides insulation to the soil surfacer |

Finally the energy a%sorbed by the soil surface varies inv-

ersely with the amount reflected. Factors which reduce reflectance

as discussed in Chapter I will therefore increase absorption.

b) Energy exchange between the soil surface and the soil body
may be either away from or tb;ards the surface (positive or negative
sign;_respcctively). Conduction is the process by which heat flows
\hrmxgh the soil solids while conduction, cc‘mvectior o« 4 radiation
act together for the flow of heat across pores (Taylor Jnd.jackson,
1965). These processes depend on the soil's thermal conductivity,

volumetric heat capacity and temperature gradient (Baver %E_é}.1972).

N



The volumetric heat capacity ; (number of calorfes required to raise
the temperature of 1 cubic centimeter by 1 degree C) of water is
much gregter than Tthat of soil solids which themselves can be ranked
in decreasing order as quartz - fv]dépar - clay minerals - humus.
The thermal conductivityv(quuntity of heat thnt.in I second passes
through a I centimeter thickness of homogencous material with an area
of 1 square centimeter where the Lcmperat*rc difference is 1 degree C
per centimeter) for different soil minerals is approximately the same
and soil differences therefore arise from the degree of compaction and
porosity since heat flow in dry soil is through particle to particie
contact and air has a low conductivity. As soils are wetted however,
water wﬁich is a good conductor replaces the insulating air and the
thermal conductiviﬁy of the soil incroases; rapidly at first and then
H : .
‘at a reduced rate. Lastly, the greafer the temperature gradient

between two points the greater the heat flow between them from the

warmer to the cooler area.

c) Energy exchange between the soil surface and the air may be
from the soil to the air (positive sign) if the air is cooler than

the soil, or from_the air t. -he soil (neéative sign) if the air is
warmer. The rate of -onvective transfer is related Eo surface
roughness and wind speed (Ceiger, 1971) with convective transfer being

greater from rougher surfaces and when wind speed increases

) Energy may be lost (positive sign) from the soil surface by

i

evaporation of moisture or may be given up to the surface (negative

~
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sign} by condensation.

/

/

-

Soll tegperatures are also subject to temporal variations
due m;inly to the temporal aspects of the incident energy which occur
. diurnally.and seaéon;ily. Jn borh cases the greatest variations occur
at the soill surface with the amblitude'of these variations decreasing
with depth into the soil. Also in both cases a time lag occurs
between changes at the surface and correspondinguipcreases or dec-
reaseé:ét depth due to the time required for heat transfer through
the soil. Gates (1970) illustrated the urnal température variations

n the air near thé ground and in the soil Yor a typical clear mid- '
Summe r day and night at temperate latitudes.

- Maximum surface temperatures occur in the early afternoon

while minimum\values occur shortly before sunrise. On a seasonal basisa

maximum surface temperatures occur in early summer, while minimum values
occur in winter. In both instances the specific teﬁbg;stu valﬁcs,
their rate of change with depth and fhe amplitude of these changes .-
vary with different soils due to différences in texture, molsture
content, landscape position and vegetaéive cover.

Becau;exof these diurnal and seasonal variations iﬁ soil
temperature, consideration should be given to the time of day and
time of year which would be considered optimum for deteseting soil
differences based on thermal emissions. Considering the diurnal
variacions, midday to early afternoon and predawﬁ imaging may be
the optimum times for thermal sensing. At:these times surface soil

temperatures should be af their maximum and minimum respectively and
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thus indicate soil conditions by their actual and relative values as
well as by the maximum-minimum differences. Perhaps a mefe 1mporéant
consideration is that during the morning or afternoon but'éspecially
the former, surface temperatures are changing rapidly. If relatively
large areas are to be cov;red, there m%y be éome question, once the
imagery was obtaiged, as to whether or not ; temperature difference
between a given location at the beginﬁing of the mission and one at
the end 6f the missioﬁ, resulted from any real terrain difference

or simply resulted from the time difference in imaging and associated
exposure to less or more incident radiation. 1In a study of the use

of thermal infrared scanning for soil temperature studies Myers and

- Heilman (nggT\concluded that thermal sensing of soils was best at

night when differential thé‘m;I coqducﬁivity and heat storage charac-
teristics cause surface temperature contrasts. These were;indicative
of profile conditions iﬁ thelr study of an alluviai floodplain in
Texas. "Gates (1970) predicted that on a seasonal basis late spring
and fall are the most productive times of the year forltherqal sensing.
The greatest bositive heat exchange occurs in the spring while the

greatest negative heat exchange occurs in the fall.

Thermal Scanners and Imagery

The technical operation of thermal scanners has been well

documented with reviews by Holter et al. (1970), Carroll (1973b) and

Lowe et al. (1975). Thermal scanners provide data relating to the

surface temperatures of target features. This is accomplished by

collecting the energy emitted from a given area on the'ground, the

AR F kT ot g togrden DN
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instantancous ground patch or instantaneous ficld of view, by mean:

of an optical «vystem and focusing this cnergy onto a sensor element.

The data are collected by a physical swcgping motion of a retating

\

mirror across the t‘ain perpendicular to the line of fligh: and

certain distortions may be apparent on the final imagery.. These

were dibcussed by Derenyi and-Konecny (1964) and include: A

a)

b)

c)

ground resolution distortion: The co?lectiﬁg Opéics of

ségnners have constant angular fields of view. As the

scanning motion occurs the size of the instantaneous ficld
. L ]

of view increases as the scan angle cﬁanges from a vertical

to an oblique view due to an increase in the distance from

the optics to the ground. On the resultant imagerv spatial

resolution would be poorer rowards the edges.

scale compression at the cdges: As thesc;n ang.¢ from

Qerticallbecomes successively larger during scanning the

size of the instantaneous ficid of view increases. On the

final imagery however .each instantaneous field of view is

assigned the same size of area. Therefore on the imagery

from the centre to the edges the same distance on the

image represents successively ]argér distances on the

ground.

scale expanksion or compression‘aloﬁg the direction of flight:

Scale¢ expansion or compression along the line of flight may

result from the increasing or decreasing of the platform's

L '
velocity. These changes in scale may be™evident on imagery

obtained using light aircraft on windy days when one flight

line is wjith the wind and the next is into the wind.’

84



éj S - shaped distortion: Due ;o‘the scénning motion of the
optics coupled with the forward movement of the platform,
S—shapéd distortion often becomes evident on the imagery
especially ¥or what should be strgight features across the
iﬁagery (roads, et;.). As the—scanner accomplishes one
scan line the platform moves a given distance forward so
that the final ";iew" of the groumd is not straight across

from the first.

Although the thermal infrared region of the e¢lectromagnetic

W
spectrum includes a relétively wide range of wavelengths, atmospheric

attenuation is great over most of this region and only two‘atmosphepic
windows; or spectral regiong where the atmosphere is relatively
transparent, are avallable for use in remote sensing (Colwell et al.
1963). These windows occur in the wavelength regions from 3.5 to 5.
microns and from 8.0 to 14.0 microns. In each of these regions a
different detector is employed;' generally indium antimonide (InSb)

in the 3.5 to 5.0 micron region and mercury-doped germanium (Ge:Hg)

in the 8 to 14 micron region. Bastuscheck (1970)\discussed the

differences between fﬁ; two detectors and suggesteé‘insténces where
each sHould'be considered fbr use. If for instance miror thermal
detail is desired in an area generally cooler than its surroundings
the Ge:Hg detector would be required. This detector should aiso,be
used for thermal resolution stability since éhe minimum resolvable
temperature difference does not change as target temperatures change

to the same extént as fdr the{In:Sb detector. With the In:Sb
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detector the minimum resolvable‘temperaturc difference Increases as
terrain temperatures increase above a range from 283 to 293 degrees K

. '
(10 ta 20 degrees C). It was also noted that the In:Sb detector should

provide better imagery 1f it 1is desired to detect warmer spots in a

cooler background.

Thermal Sensing for Soil Studies

Much of the work relating soil charactefistics to thermal
image tones has been presented by Myers and others from the Remote
Sensing Institute(bf South Dakota State University. Perhaps the most
widely referenced work related to;es on imagery obtained at different
times of the day and year to the soils of an alluvial floqdpléin in
Texas (Myers and Heilman, 1969). Image tones were quanfifiéd by
microdensitometér tracings and used to give a qualitative indication
of moiséure in the upper 50 cm of soil, providing the surface was
bare. Other studies reported by Myers et al. (1970) attempted to
relate plant temperatures to soil conditions, particularly salinity.
Stressed plants had higher temperatures than normal plants and a
significant correlation was established between cotton leaf temper-
atures and soil salinity'eipressed as electrical conductivity of
saturated soil extracts. In the field however,‘the response from a
particular area on the ground correspdnding to the instantaneous
field of view is an integrated response from all targets within that
area. Since stressed plants compared to those not under stress are

usually shorter and not as numerous per unit area, higher leaf

surface temperatures would be integrated with soil surface temper-

»
.
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atures since there would not be one huhdrqd pergent crop cover. The
addition of a response from the soil itself could mask slight differ-
ences in plant leaf. temperatures. In studies such as this the size of
the Instantaneous field of view is a most important factor.

{ Rather tha? study single factors in small areas as mentioned
above, some Canadian pedologists have attempted to use thermal ‘magery
as.a mapping tool. Beke (1972) repofted that midday thermal imagery
in the 3.5 to 5.0 micron band did not prove satisfactory for the
delineation of the boundaries of landscape or soil units or of natur;l
vegetative types. Ir was reported however that the imagery did provide
a qualitative assessment of the occurrence of landforms and soil members
within a given landscape or s0il unit. Although the particular soil
membersﬁ“eré not mentioned it is assumed that they were generally
~arainage,members. It was also not specifiéd whether or not this
assessment was pqssiblechsing‘photographic Qata.

Tarnocai (1972) studied the use of thermal iﬁagery in the
3 to 5 micron band for permafrost surveys. From imagery obtained at
midday in the summer and late fall he concluded that patterns generally
resembled those of panchromatic black-and-white photographs but that
late fall imaging, possibly at night, may allow for the discrimination
of frozen and unfrozen peats. Y

Mills (1972) studied the use of thermal data for mapping
soil erosion. The results of this study were iﬁconclusive although
it was concluded that some inaication of-the areal extent and degree
of erosion was provided by the thermal imagery. It was also concluded

that anomalous thermal patterns occur where the removal of dark surface

50il would result in less absorption and therefore lower surface
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temperatures than surrounding nnnferoded arcas or where the ablation
of fine textured surface material would reduce the moisture ho]ding
capacity of the surface soil producing higher daytime surface f
temperatures. However because of a ]aekvof ground truth data these
‘;elationships were not tested. h l‘

Michalyna and Eilers (1973) attempted to relate tones on
thermal {magery to soils but épart from being able to identify some
drai?age differences concluded that management practices had the
greatest influence on image tones. In éartiCUlar tones related
more to time and depth of cultivation and to the amount of plant
debris in the field than to actuallsoil body characteristics.

4

Summary

Based on the energy budget for soils, consideration of soil
properties'affecting thermal imagery tones should be preféced by a
consideration of the amount of energy available for and absorbed by
the terrain surface. Therefore latitude, topography and land use
must be considered as a first step in image analysis. Their influ~
ence on image tones is so great that most subtle differences in soil
surface temperature resulting from internal soil differences could
be masked. One'important feature that should be recegnizable however
1s soil moisture. Water is an anomalous terrain feéture in terms of
its thermal characteristics of high heat capacity and high thermal
conductivity and the presence of moisture in the soil has a pronounced

v

effect on soll temperatures.

8H
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In this study thérmal imagery was analyzed in terms of the
effecss of latitude, topography and agricultural land usg on image
tones followed by an analysis‘for some of the soil factors which L <

affect soil moisture conditions including the time of cultivation

relative to imaging dates, variations in soil texture, internq} §$§}*J

v

drainage and soil erosion. i . B
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MATERIALS AND METHODS

Acquisition of Therma! Imagery
v ‘

Thorm?l imagery in the 3.5 to 5.0 micromfrer range was. obtained
for the Edmonton and Vegreville study areas on two dates in 1971 ¢Table
13). The In:Sb detector was®used as it was the only detector available
at the time of thevM;y flights and was selected for use in October for
consistency. The flying was contracted to INTERA (formerly ERA)
Environmental Consultants of‘Calgary, Alberta by the Canada Centre for . ‘\
Remote Seneiﬁg to whom the original request for thefmal imagery was made.
The scanner used for the May flights wés an older model
Daedalus scanner that did not have equivalent blackbody tempcrature gi
references. Prior to each flight in May, the scanner was adjusted to
record the range of emissions between the maximum and minimum values
obtained from the scanning of random portions of ﬁhe terrain., The
scanner used for the October flights was a Daedalus quel that did
have equivalent blackbody temperature references. Calibration was
achieved by relating maximum and minimum levels of terrain emissions to
their equivalent blackbody temperatures, the data be g re¢ ‘orded on tge
flight logs. For all flights a small Cessna aircraft was flown at an

-

altitude of 2000 feet (600 meters) above mean terrain. The spatial

‘.«
resolution of the systems used was 2.5 milliradians which from 2000 feet
produced an instantaneous field of view of 5 feet (1.5 meters). The

theoretical thermal resolution or minimum detectable temperature

difference was 0.3° C.
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Table 13. Thermal imaging dates and times for the Edmonton and
Vedeville study areas.

-

Study Area Date Time (hrs MST) Sunrise (hrs MST)
Edmonton May 26, 1971 0400 (predawn) 0515™
1200 (midday)
October 5, 1971 0600 (predawn) - 0700*
1300 (midday)
Vegreville May 26, 1971 0500 (predawn) 0515%
. . : 1300 (midday) )
October 6, 1971 0600 (predawn) 0700™

: 1200 (midday)

q "
* Imaging before sunrise, therefore, no solar effect.
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¢ were made tol the Dacdalus Field Printer Camera to ensure that on the

St

-

B |

Data were recorded in analopue torm on magnet ic tapes during

cach 1 light Juns The tapes were later processed using o Dagdalus

W ) . .
Field Printer Camera (#DF] 602) .m(l.<u‘<'1~s;r:(\l‘|a-:_; to produce hard 4»'01)‘,'\

tmagery s JIhis processing was carried out by INTERA Environmental .

Cansultants in (I.ll;g.li‘v. The final imagery was in the torm ot ~h]'(1ck—.?uﬂ§—'

‘
[
—~

white, 70 um roll negatives cut into strips that corresponded to cach
lipht ruwt)  Fach? set of imagery as 5 rips, one set tor ecach-Scanning,
3 : )

N
- o

riosion, was sapplicd with a 1o-step prav scale as an integral part ot
N . . e -

“thedmagery, During the processing of the analogne data adjustment s

- M
L }

v T - v ' :

negative tran@parencies the warmest terrain ob jects had o density as
3 N t i
B '

dark as thesdarkest gray-scale t._gnc"ey'ui the coolest terr in - ajects

a f

had & de‘:n‘suy as. light gs the Lightest grav scale tone.  On positive

prints the warmest terrain objeets have the lightest tone and- the

.

. “ . " ’ . . '
(‘()vast terrain objects have the darkest tone. The surtace temperature
R BN , . . W™
corresponding to 1 giva film gray scale Fevel varicd from,one thight
. o ' ' ( . .
to the next, and, the range jn surface temperature represented, by the

b steps of the gray scalé varicl - rom ] fght run to {light run.
AR ' \
P ! " § e " N ’ P e
A L. . '?15'; = Ground Truthing
w . Prior + o cach flight, maps of present land use were prepared

for cach study .jnr‘u;}". Soil maps prepared by Menon (1971) and Leskiw
(19719, for the Edmonton and Vegré\jbille_ study areas, respectively,

provided most of the sdils information whercas selected small Lareas
. o 4 - o .
T o B ‘4
were studied invmore detail and additional notes made during the mapping
&} :
.

of -pfésien‘t Jand use. Fllight Jogs provided data qn aircratt speed and

7 .



direction, strenpth and dircection ol wind, and scanner settings daring

each tligln run,

During cach tlight run soil temperatures tooa depti. of 2 em

were recorded in the ticld using temperature probes since radiometers

Al
for measuringeonriace teémperatures wore not available for use. Surface
.
. . T ’
samples were Collected tor the gravimetric determinat ion of moisture

content. The recording of soil temperatures and sample collection wias
) r

carried out at.preselected sites represent ing the viarious soils and %

nmL‘t'ri;lf?f, slope classes, aspect and land usce tound in ecach arvea

(Appendix 6).  The number of sites preselected was relatively small (12

Lo 19) fdue. to the time restriction that all sites be visited during the

I - . - .
actualflying period which extended for approximately 45 minutes.

. N
v

Analyses

i 4

- Y
“ -
1. Seasonal and diurnal variations in soil temperature.

L "i’ub{ishcd soil temperature dnL_;l}nvirnnmcnt Canada, 1971 -

1972) were ased to study variations in soil temperature with soil depth

’ . -

for.1971.. Thes data ware recorded ate BEilersli-  ali ta, approximately
. ¢ . ’\ . - .
. ’ < . - .
2 'miles west of the Edmonton study area. Soi At oporent materials
-

: " ’ e ’ e . . = ’ : N
at Ellerslie are similar to those of the wester 1l of the Edmonton

study -area. €Bowscer et al., 1962). Medn maximum soil temperatures for

< . X i -y . L.
cach month' of the year were used.to assess the seasonal shifts from a
kg . °

" Al : -

. positive to a negative energy exchdnge in the soil in relation to the

.
. .

. ) i LY
dates of thexmal imaging. Daily maximum and minimum soil stempératures

. - N
— -

© for the day of and for 4 days prior to the attual imaging dates were
. % . . }r -
used "to assess the energy exchange in the soil at the times of the

o wdae v

(‘(



thermal sensing.,  Daily maximum and minimum temperatures and precipitation
data were also obtained (Environment Canada, 1971 - 1972) to show
ambient conditions at the times ol the thermal missions,

: «

2 Potential latitude and topography cffects,

The amount f solar energy incident per unit arca of the

terrain surface is g}cntcst when that surface is perpendicular to the
d:ircvtiun of the sun's rays and thereafter varies with the cosine of
the angle between a normal to that surface and the direction of the
SGH’S rays (Bavgr et al., 1972). Using solar altitude tables (Winzer,
1976) and teigonometric functions, and assuming a solar constant of
2.00 calaries per square centimeter per minutc, the potential incident
energy was calculated for avlcvel surface and for surfaces with a | -
percent slope towards and away from the directioﬁ of the sun's rays in

the Edmonton arca. These calculations were made to demonstrate the

effects of latigyde and topography on the thermal imagery for this area.

. Relation<hips between image tones and soil surface temperatures

and moisture content.

Myers et al. (1970) reported a high correlation between
thermal imagery tones and surface soil temperatures and between image
‘tones and soil moisture content in Lhe upper 50 ¢m of soil. The thermal
imagery was analyzed to determine the correlation between tone and soil
surfac; temperatures and moisture content for the‘Edmontbn study area.

Since the scanner used for the May flights did not have

internal blackbedy temperature references, image tones can only be



related to surface temperatures using the ground truth soil temperature
data. The ground truth sites were located on the thermal ima-ery and

(%4
their tones recorded in terms of the corresponding grav scale step

\
number, 1 cqualling the darkest possible tone and 16 the lightest
possible tone. These were tabulated along with the recorded soil
temperatures and the correlation ugvtt'-icigni calculated (Steel and
N .

Torrie, 1960). ‘Simi]nr]y, the correlation between image tone and
moisture content was calculated. Image »tones were rcl;ltcd to the 16
step gray scale using the density level détorminution capabilities of a
Spatial Data Systems Inc. Datacolor 703-32 color density slicer avail-
able at the Alberta Remote Sensing Centre, (Edmont(m. .

The scanner used for the October flights did have internal
blackbody temperature references which provided temperature values for
maximum and minimum levels of terrain emissions., Therefore the temper-
ature range represented by the 16 step gray scale is known. and since a
near—linear relntionslfip exists between changes in surface temperature
and changes 1n image tone, the surface temperature of any given location
can be determined by relating its tone to the gray scale. For the
October imagery correlation coefficients were cal'c‘ulated between image

tone and surface temperature and moisture content as obtained from the

ground truth dalta .

<. Examples of thermal imagery.

Example imagery was selected for visual study to evaluate

the effects of landscape and soil cha. ‘teristics on image tones. The

A

imagery was selected on the basis of repetitive coverage for areas that



96

: : . Vi
represented variations in landform and topography, soil draifnage, soil

texture and land use in the Edmonton study area.
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RESULTS AND DISCUSSION

Soil Temperature

a) Seasonal and diurnal variations in soil temperature.

Based on monthly mean maximum so0il temperature.values, the
energy flow in the soils of the Edmonton study area shifted from a
nsgative flow, upwards from "warmer" to "cqoler" portions of the soil,
‘ sitive flow, downwards, in the month éf April, 197]-(Figure 17).

May 26 imaging date a étrongly‘positive energy exchang% had N,

bt

éeveloped. The shift back to a negative energy exchange occurred in
the period between September and October (Figure 17). By the October 5
imagggg date there was a very sligﬁf negative energy éxchange‘in tge
soil. Based on these data a slightly later imaéing date in October
would have been preferrédvin order to guarantee a more strongly
developed negative energy balance.

Daily soil temperature values for the day of and for 4 days
prior to each imaging date are shown in Figure 18. These values.we%e
recorded at O800/and 1700 hours local time (M.S.T.) and do not represent
true minimum and maximum values, respectively, These will occur just
before dawn and in the early afternoon, respe tively; ﬁoﬁever, the
data indicate a strong positive energy exchanzg at 1700 hrs. on May 26
while at 0860 hrs. a negative exchange occurrediin the upper 20 cm and
a positive exchange below (Figure 18). Oun October 5 a siightly
positive energy’exchange occurred in the upper 10 em at 1700 hrs. while

at 0800 hrs. a negative energy exchange occurred (Figure 18). At all

-}
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Figure 17. Variations in monthly mean maximum soil temperatures with soil
depth as recorded at Ellerslie, Alberta in 1971 (modified after

Environment Canada, 1971-1972).
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depths greater than 56 em soil temperatures were the same at both times
that measurements were made.

Therefore, on the May imaging date, especially at predawn,
soil characteristics at depth will have a greater influence on surface
temperatufes than in October when a subsurface témperature gradient is
essentially non-existent. N

Daily minimum and maximum air temperatures and precipitation
déta (Table 14) show ambient cquitioﬁs on the dates of thermal
scanning. Of interest is the fact that by both imaging dates precip-
itation for the preceeding month was well below the average. Altthgh

s0il moisture reserves were probably not too low in May due to spring

runoff, soils in October were much drier than normal.

or

b) Potential latitude and topography effects on soil temperature.

The Edmonton studybareé is sitgatgd atiapproximately 53° 30'

North latitude and 113° 45' West longitude. At this latitude an'd
iongitude seasonal variations, in solar altitude from the horizon are
great (Table 15) and therefore so are variations‘in the amouﬁt of
incident solér energy falling on the terrain surface., Daily maximum
solar altitudes occur bq&,een 1200 and 1300 hrs. M.S.T. with a seasonal
maximum of 60° on June 21. By middav on May 26 the solar aititude;was
approximately 599, close to the seasonal maximum. By midday on the
October 5 imaging date the solar élﬁitude was approximaﬁely 310, almost

half of that in May.

The potential incident energy on a level surface at 1300 hrs.

on May 26 is 66 percent greater than that on a level surface at 1300 hrs.

<
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Taeble 14. Daily minimum and maximum air temperature (o C) and
precipitation (mm) for the date of and for four days prior
to thermal imaging of the Edmonton study area in 1971. Data
recorded at Ellerslie, Alberth (modified after Environment
Canada, 1971-1972).

May, 1971 ' May
22 23 24 25 26 1-26 inclusive
Precipitation ‘ - - T 0.2 - 7.6

(36 below average)

Air tempefature
max. (1700 hrs) 20 22 27 26 21

min. (0800 hrs) 9 5 12 11 11
Oétober, 1971 September
1 - 2 3 4 5 1-30 inclusive
, -
Precipitation o= - - T - 17.9

(20 below average)

Alr temperature : ,
max. (1700 hrs) 16 19 19 19 24
min. (0800 hrs) 3 3 8 » 6




Table 15.

Solar altitude in degrees at various times of the day and
year for 53° 30' N latitude and 113° 45' W longitude
(modified after Winzer, 1976)

. Date

May 7

May 26
June 21
July 21
August 20
September

October 5

Time (hrs MST)

0800 1000 1200 1400 1600 |
27 44 53 49 35
30 47 57 53 39
31 48 59 56 41
28 45 56 53 39
22 38 48 46 3
20 14 29, 37 Y

10 24 31 28 16
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on October 5 (Table 16) while for a 15 percent slope away from and
towards the sun the percent d;fferenge decreases to 52 and 49 percent,
respectively. Therefore tﬁe effect of lapitude and season on potential
incident energy is greatest for level surfaces and less for surfaces
sloping towards the sun.

Solar azimuth at any particular time on a given day dictates
‘which slope aspect is facing away from or towards the sun's rays.. -
‘Values for solar azimuth are found in Table 17. In northern latitudes
solar azimuth is ﬁeasured in degrees east from north. On May 26 the
sun is approximately due east from north by 0800 hrs. whereas on
Octobef 5 the -sun is further south at this same time of day. By iéOO
hrs. the sun is further.north on May 26. Therefore on May 26 a grea&er
range of slope aspects will be illuminated by direct sunlight and a
greater proportion of sloping terrain receives the maximum pbssible
‘amount of potential incident energy than on October 5.u

The term "potential incident energy'" is used since atmos-
pheric'conditions can alter the actual amount of incident energy
reaching the terrain surface. Also, the.incident energy falling on
a surface is not entirely absorbed. %arying amounts of energy are
reflected depending on the amount and type of surface cover as well
as those factors discussed in Chapfer I for bére soil surfaces., That
energy which is absorbed increases surfacé soii temperatures to a
degree and at a rate which depend on the thermal conductivity and heat

capacity of the soil and soil temperature gradient.
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Table 16. Potential incident energy (calories / cm / min.) on a
surface and on slopes of 15 percent at 1300 hrs on May
and October 5 for the Edmonton study area.

level
26

May 26 October 5 % Difference

Level surface 1.71 1.03 667

15 percent slope o i
away from the sun 1.23 : 0.81 527%

15 percent slope
towards the sun 1.83 1.23 . 497

104
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Table 17. Sola;?azimuth in degrees Fast from North at varifous times of

the day and year for 53° 30' N latitude and 113° 45' W longi-
tude (modified after Winzer, 1976).

Date e ___Time (hrs MST)
N 0800 1000 1200 1400 1600
May 7 98 128 169 215 249
May 26 | 94 124 168 21;' 252
June 21 92 121 165 217 253
July 21 . 94 122 - 164 213 249
August 20 100 128 168 210 244
September 20 109 137 172 208 240

October 5 . 113 140 174 208 238

1)



Fmage Tones Related to Soartace Soil Temperature

and Molsture Contoent

&,
. Predawn sind midday iIIIilEl‘l'VA-!vl'nlll_r_}“t-'l_i’_‘ifl.

On the imagery Obtained in Mav, sites with the same pround
t
truth surtace temperature were ol ten represcated by dit ferent imape
tones and sites with dissimilar sartace temperatures were oltoen ropre-
sented by the same imape tone (Table 18).  Theretore, the relat fonship
. - - " N .

between imoaye tone . and sartace teiperature or moisture content cannot
be established and corvelat fon coctticients are low (Table 18). buring
othe tlight runy the pain setting on the scanner was adjusted cont inu-
ously by the scanner operator and these adjustment s were noted only

: . . | . :
brictly and in many cases not o at alleon the {1ight Loy, Theretore,

during the conversion from analopue data to hard copy imagery not all

\\rt these adjustments could be applied to the Dacdalus Field Printer - -

/

Camera, - The result Is5 that alohy cach strih of imapery (“h.'mgvei_’in‘
pray sowrle may not necessarily be related to chanpes in surface
temperature,  The May imagery can be considered only in o qualitative
mianner,

A sccond problem relates to the method (;1 scarmmer calibrat ion
prior to the actual f1ight runs. }iy adjusting the scanner to record
maximum and minimum terrain emissions over random portions ot the
terrain, emissions from anomalous "hot" and "cold" spots could be
cncountered.  Since the range in- soil surface Lurn[)vl‘uLur"vs wis relatively

small compared to the tatal range in terrasn surface temperatures, all

Noted by Mr. B, Mlv‘Kibbon, Canada Centre for Remote Sensing, Ottawa,
during & study ot the analogue data,



Table 18,

Predawn and midday surface temperatures (OC) and surface
molsture content (% by wt.) froh ground truth sites compared
to tones on the May 26, 1971 thermal Imagery of the Edmonton
study area. For image tones: }= light tone and higher relative
surface temperature; 16= dark tone and lower relative surface

temperatuare,

_ Mtdday

Site _ Predawn - S .. Midd . -
, Temp. Moisture Tone Temp. Moisture Tone
1 11.0 25.4 11 22.5 10.2 11
2 11.5 13.6 12 | 23.2 12.5 13
3 10.5 19.1 10 27.5 8.9 7
4 11.0 14.9 10 30.0 3.4 6
5 11.2 1.8 13 26.0 10.4 8
6 12.0 1.8 11 32.0 5.2 7
7 118 16.2 10 32.0 8.2 5
8 11.8 14.6 11 36.0 9.2 4
9 12.5 17.¥ 10 “ 26.0 9.7 9
10 13.0 18.0 . 10 30.0 16.3 6
11 13.5 12.4 10 ‘ 27.5 10.7 9
12 13.5 7.4 8 - - -\
13 16.0 11.6 7 - ) - y -
14 16.0 12.0 8 - 33.0 9.4 4
Temprrature-tone r=+0.78** Temperature-tone r=+O.92**
) ire—tone r=-0,41] 7% Moisture-tone =-0.28
** Ind. ,Lgﬁifirnnt corre{atiod (P=0.01)
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bare soil surfaces have relatively similar image tones, especially on

the predawn Imagery which accounts for the higher correlation between

tone and temperature (Table 18).

, . , : ~ ;
2. Predawn and midday imagery from October 5.
: Y poery

For the October imagery, maximum and minimum equivalent
blackbody surface temperatures were provided on the flight logs.
Therefore the range in surface temperature represented by the gray.
scale is known and relating image tone to gray scale step provides a
value for surface temperature. On the October predawn imagery each
gray scale sgep represents a temperature difference of npproximately
0.6” C since the 16 steps represent a temperature range of from 4 to
13° ¢. on the midday imagery the temperature range, according to
the internal réferences of the scanner, was fgom 8 to 30° C so that

each step of the gray scale represents a temperature difference of

approximately 1.47 C.

On the October imagery ground truth temperaturés were more

highly correlated with image tone than on the May imagery (Table 19).

The correlation between i..., tone and moisture content is significant

only for the October midday imagery.

Examples ¢! Thermal Imagery

Thermal imagery from the May 26 and October 5 imaging dates
are included for discussion (Plates’'4 and 6, pages 124 and 127,

respectively).



Table 19.

Site

o W N

Nl

10

12
13

L 109

o ;
Predawn and midday surface temperatures ( C) and surface
moisture content (% by wt.) from ground truth sites compared
to tones on the October 5, 1971 thermal 1magery of the

Edmonton study area.

For image tones: 1= light tone and

higher relative surface temperature; 16= dark tone and lower
relative surface temperature. e

“Temp.  Moisture  Tone
5.0 245 14
4.5 - 21.7 13
6.5 ' 18.6 11
4.5 22.0 14
5.5 8.9 13 )
6.0 21.9 12
4.0 - 15
7.0 - 20.8 10
6.0 18.7 12
6.5 . 17.4 12
5.0 - 13
5.0 8.2 14
4.5 31.7 14

Temperature-tone r=+0.93**

% Molsture-tone

=-0.08

Midday
“Temp.  Molsture | Tone W

22.0 11.8 7
22.0 14.5 6
28.0 7.9 3
23.0 13.7 5
25.0 7.8 4
14.0 23.9 12
18.0 - 9
30.0 8.0 2
21.0 5.1 7
17.0 13.9 9
13.0 - 12
23.0 3.8 5
16.0 27.2 10

Temperature-tone r=+0.99**
% Moisture-tone r=-0.76%*

©

** Indicates significant correlation (P=0.01)
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a) Distortions.

The predawn imagery from May 26 (Plates 4A and 6A, pages 124v
and 127) show S-shaped distortions most evident for the north-south

J
roads on either side of the areas shown. The flight logs from the May

’Jflight runs record a southwest wind ag 0400 hrs. With east-west flight
lines this wind was sufficdient to cause someé crab in the light airc;aft
used and thus produced this type of distortion. In Plate 6A-tﬁé |

diétortion is in the opposite direction to that in Plate 4A; This is

due to the faét that the two nrea; were covered by adjacent flight runs
with the aircraft he&ding‘west during the ér?dawn flight shown in

Plate 4A énd east during thag shown in Plate 6A, The direction ot cfab

is reversed between the two flight_lineé.

‘Also evident in the imagery in Plate 4 is scale coméression
at the edges. This type of‘distortion is pérticularly evident for the

| . .
field labelled A on the midday imagery of May 26 (Plate 4A) and the

predawn -imagery of October 5 (Plate 4B, page 125). 1In both cases the .
diﬁénsions of this field have been foreshortened in the Y directién
when this field occurs téwards the very edge of the imagéry.
* Although the scale in the X direttion is similar for most
of the imagery shown in Plates 4 and 6, the predawn imagery from
Oétobef 5 (Plate 4B) has an expanded scalie in the X direction, along
the line of flight which was east to west. This scale expansion 1s
the result of some factor involved in the processing bf the analogue

data to negative transparencies; probably the rate of film advance and

opération of the Daedalus Field Printer Camera.



The May imagery of Plates 4A and 6A show missing scan lines

the result of fmproper synchronizalion between the rate of scan and the

speed of the aircraft.

b) Land use and topography effects.

According to Menon (1971), the area shown in the imagery of
Plates 4A and 4B includes Orthic Black, Eluviated Black and Gleyed
Orthic Black Chernozem soils developed on glacial till, and’Gleyed
Black and Solonetzic Black Chernozem dnd Orthic Humic Gleysol soiis

/
developed on glaciolacustrine sediments. Both parent materials have a

. e
clay loam texture to the subsoil although soils developed on the glacial
till generélly have loam textured surfaces compared to silty clay loam
surfaces on the glaciolacustride soils. Slopes range from 2 to 5

o

percent,

On the May predawn imagery (Plate 4A) there is generally
little tonal difference between,fields of bare soil with 20 percent
stubble (C and D), the field with 90 percent stubble cover (E), and
the hay field (B). The field of ‘bare soil without stubble (A) has a
slightly lighter tone indicating a slightly higher surface temperature..
On the May midday imagery (Plate 4A), the field of bare soil (A) has
a very light tone, fields with 20 percent etubble (C and D)‘mdderately

light tones, the field with 90 percent stubble cover (E) a darker tone
\, -

1

and the hay fleld (B) an even darker tone.
On the October predawn imagery (Plate 4B) all fields have a
similar dark tone regardless of land use whereas on the October midday

imagery (Plate 4B), as with the midday imagery from May, surface



i

temperatures are the greatest and the tones the lightest for fields

of bare soil and tones darken ab the amount of“cover on the surface
increases. As the amount of cover increases, ;eflectande increases
and surface temperatures do not attain the same high maximum Oalués

as fields.wichout cover. At night, with no insulating cover; baré
soil surfaces generally emit energy readily so that by one hour before
dawn their;surface temperatures aré generally similar to those. of

, fields with cover. ‘

- For the undulating terrain.shown in Platés 4A and 4B no
slope detail is ébideng at theée times and on these dates of imaging,
even in October when sun angles are relativély low. Howévep, féatures
with Some anomalous height associated with ghem pfesent interesting
tones. In the hay field (B) on the October imagery (Plate 4B), Hhay

4

stacks are observed having relatively warm south facing'surfaces‘oﬁ
ﬁhe midday imagery and relatively\wgfﬁ total.surfaces on the prgdawn'
imagery. These are inanimate quects as they oécupy.the éame positions
in the'field on both predawn a;d midday imagery: Theif relief is
evident by the warﬁ south facing surfaces and cooler north_facing
surfaces on the midday imagery. The dark tone associated with the

north fackng surfaces may also include some shadow area on ghe ground.
One may speculate that the relatively high predawn temperatufes possibly
result from the moistufe content and dense, compact nature of the hay
stacks; or since incident energy raises the surface teﬁpérature of thé

south facing sides of the stacks, sufficient heat energy is "stored" so

that nighttime temperatures remain relatively high.

112



_in depressions and interridge areas. Slopes were mapped as being

Another feature relqting to{relutively low sun angles in
October 1is shadow. On the middhy October imagery (Plate 4B) Qithf
solar altitude and azimuth of 310 and 174" (east from north), respec-
tivgly, strong shadow effects on surfaée temperature are observed.on
the north side of treed fencelines and other isolated clumps . of trees
(Location 1). On the October predawn imagery a.much laréer area of
relatively lower surface temperatures is observed to the northeast of
the trees at Location 1 due to shadow effects and higher spil moisture
conditions. During the afternoon at this time of year at this latitude
and ldngitﬁde, solat altitude decreases rapidly from a maximum of
approximately 31° at noon producing successively longer shadows. Kaiser

(1960) reported that trees may affect soil temperatures at considerable

distance from the tree cover itself. .. . . ’ e
N L

The area shown on the imagery in Plate 6 is part of ‘a large
hummocky disintegration moraine with till ridges and'praifie mounds
providing the surficial expression. Menon (1971) mapped the area as

having Orthic Gray Luvisol soils developed on the‘glacial till on the

ridges and prairie mounds with poorly drained mineral and organic soils

-

-

between 9 and 15 percent with erosion of the surface soil common on’

the steeper slopes. LandAuse in this portion of the study area is
primarily pasture aAd hay lands with smaller areas seeded to coarse
grains. In.cultivated fields depressional areas are generally too wet

to ge cultivated in the spring and thus are usually left with grass co§er

all year.

. As with the imagery for the undulating area in Plate 4, on the
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imagery for the hummockylarea shown in Plate 6, fields with bare soil
surfaceé (A) have thé lightest relative tones corresponding to the
ﬁigﬁest relative surface tempcratufes, and fields of hay: (B) have
darker tones and lower relative surface temperatﬁres on the midday
imagery from May (Plate 6A). On the predawn imagery from May (Plate 6A)
bare soil surfaces (A) maintaith higher Felétive surface temperatures
thaﬁ surfaces with vegetative cover (B){ This differs from the
situation found on level terrain‘(Plate 47) whére predawn tones for
bare soil and vegetated surfaces were generally similar. ' The relative
temperature differgnces between bare soil surfaces aﬂd vegetated sur-
faces in the hummocky terrain may not be as great aé the predawn
image tones (Plate:6A) suggest. The gain sett ug of the scanner may
have beenladjuéted during the‘flight run over this area which could

| .
result in an exaggeration of very slight temperature differences. On
the Octbber predawn imagery for this same area (Plate 6B; page 128)
bare.soil suffaces and vegetated surfaces have similar’ image tones,
field C having a Qare soil surface and field‘D ; vegetated surface.

Thek October imagerylfor this hummocky area (Plate 6B) also
illustrates the significant effects oﬁ surface teméerature of percent
slope and slopeiaspectvin relation totsblar alpitude and azimuth. On
the midday imagery southeast facing.slopeé (Location l).have very
light tones while northwest facing slopes (Lbcation 2) .being almost
in shgdow have -very dark image tones; The predawn imagery shows a
carry-over effect of slope and aspect. The southeast facing slopes (1)
ﬁaintain relatively high surface temperatures the the northwest facing

_slopes (2) have a similar tone. This latter slope has had little



t
|

illumination by direct sunlight by midday but is illuminated in the

afternoon‘causing its surface temperature to increase. By predawn

both slopes are at approximately the same relative surface témperature,

Also the effect of tree shadows in reducing both midday and

’

predawn soil temperatures may be noted (Location 3, Plate 6B) .

¢) Soil moisture effectsg through cultivation,

[ i

In the previous discussign of thé tones on May and October
imagery attention was given to topography and land uée effects, where
differences in land usé were generally considered to be differences
in the amount aﬁd type of -surface cover. Myers Eﬁjﬂl; (1970)
suggested that predawn imagery may provide ;ore soils information
than midday imagery éince differences in tone'associafed with differ-
ences in agricultural land use are a minimum at this time of imagiﬁg.
Therefo;e, the example imagery of Plate 4 is discussed further.

On the May midday imagery (Plate 4A) the field with a bare‘M
soil surface (A) has a qllghtly llghtcr -torie than f;elds with 20 peL—
rent stubble- (C-and’ D) On the predawn imagery from the same date,
Field A retains a slightly lighter tone than Fields C and D except at
its eastern end. This slightly lighter predawn tone is the result of
the cultivation of most of this field just prior to the iméging date
which would bring.more moist soil from depth fo the surface. "Aerial
photography obtained that day (Plate 5, page 126) shows tﬁe cultivation
pattern for this field. The reduced red band reflectance from Field A
compared to Fields C and D is due to darker surface colo£ higher soil

moisture in the surface and the absence of surface crop residue, It
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would be expected, however, that if the slightly JFighter tone on the
May predawn imagéry were due to surface moisture content alone, the
midday imagery should show a darker ton; for Fieid A but it does not.
Even moist soils tend ﬁo dry at the surface forming a thin

dry crust (Michalyna and Eilers, 1972); The presence of such a dry
crust by midday plus a less denfe surface with more pore space due to
cultivation, could sufficientlylreduce the thermdl conductivity of the
surface to produce midday surface temﬁeraturés sl{ghtly higher than
those for drier, uncultivated fields. By predawn the effect; of this
surface crust ﬁave been elimina;cd and the higher s0il moisvure
conditions directly below the sgrface crust. prevail in maintaining
slightly greater soil surface temperatures,

. On the October midday imagery (Plate 4B) Field A is again
in the process of being cultivated,but from east to west. The pattern'
of cultivation is only gvident on the midday imagery unlike in May
(Plate 4A) wherg the cultivation pattern is evident on both predawn and
midday imagery. In the fall, a negdtlve'total energy budget occurs
.in the 9011 and energy absorbed during the day is not retained at night.

Also, the soil moisture content in October of this year was below

normal due to the below normal amounts of precipitation.

. D> .
d) Soil moisture variations due to variations in soil drainage -and

soil texture.

Another example of an anomalousg tone occurs on the May
imagery (Plate 4A) at Location 2 in Field C. The predawn imagery shows

a lighter tone at this location than for the rest of the field while



the midday imugefy;show§‘u slightly darker tone. This diurnagl pattern
of tones 1is typical of moisture effects. The black-and-white aerial
photog;aphy (Plate 5) shows ]ittfe tonal variatfon for this\fivld.
According to Menon (1971) this corner of Field C labelled location 2
is an area[of Black Solonefa soils developed o:\gluciolhcustrine
sediments with the map unit used having inclusions of impérfectly and
poorly drained sofls. The rest of Field C includﬁs Bl;vk Chornozem
solls developed on glacial till. The thermal imagery'barticular]y the
. predawn imagery in Plate 4A shows'this drainage detail at Location 2
with the tone being lighter as thp soil moisture. content- increases.
The Octobér imagery (Plate 4B) shows no:tonal difference’for Location 2
compared to the surrounding area 6n~ghe midday imagery, attributed to the
N ' , .
generally low soil moisture conditions at this time of year as well as

to the presence of a crop residue on the surface. The October predawn

imagery shows a slightly darker tone at Locatiop 2 indicating'relatively

+ o~

loﬁer soil surface temperatures. This is due to slightly highér s0il
moisture conditions that instead of producing relatively higher temper-
atures as in May, p?oduce relatively lower temperatures, Thé high
amount of surface cover maintains a relatively low surface temperature
to Field C during the day. The more moist soils, requifing a greaﬁef
amount of energy to raise their ;eﬁperature due to the high ﬁeat
capac;ty of water, do not heat sufficiently during the day to be
relatively warm by the time of the predawn flight. |
Comparing the imaéery in Plates JA and 4B it ﬂs noted that

differences in soil drainage are more evident in May than in October.

Also on the May imagery, dréinage differences in fields of bare spil



are more evident on the predawn imagery while drainage differences in

vegetated fields (B) are more evident on the midday imagery.

In most instances, vuriﬁtiuns in surface soil texture in the
portions of the Edmonton arca covered by thermal imagery are not great
and this, plus the fact thuL management pructiccé and agricultural Jland
use vary from field to field, make it difficult to assess the influence
of soil textural changes on image tones. However, in one field in the
Edmonton area, Menon (197;) mapped Black Chernozem soils developed in
fine textured glaciolacustrine sediments, moderugcly fine textured
glacial till and coarse textured glaciofluvial sediments. Since all
three materials occur in one management unit.(onc‘fielé) the effects
of so0il texture on thermal image tones should be readily apparent,
Thermal imagery from May-26 and October 5 for this field are found in

. ‘ ‘ ®
Plates 8A and 8B (pages 130 and 131, respectively). Multiband photo-
graphy is found in Plate 9 (page. 132).

Based on the literature review of the effects of soil
texture on soil-surface temperatufes, it is expected that the}surfaces
of coarser textufed soils will be relatively warmer than the surf&ces
of finer textured soils during the day but relatively cooler by pre+
dawn. The.predawn May imagery (Plate 8A) shows a sligbtly darker tone
for the sandy afea'(A)Tbut the tonal difference Eepwgen cdarse and
fine textured material ;s nof,great. The midday iﬁaéery from May is
poor in that some drastic di;tortions occur. However, the sandy area
(A) has a slightly lighter tone than the fine textured areas of glacio-

lacustrine sediments (B) or glacial till (C). These tones representing

L
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various surface temperatures are «in agreement with the predicted tones,
Although the sandier area retlects more eacryy (lighter toned on the
v . :
multiband photography Plate 9) than surrounding finer textured arcas,
it is still slightly warmer during the day. The temperature difference
could be greater at predawn except that the pattern on the photography
suggests that the field is being cultivated.
The thermal imagery obtained in October iseshown in Plate 8B,
-~
Since a crop of wheat was grown on this field during the year of the
imagery, a cover of stubble was present on the field in October, The
-y ’ L
stubble cover masks the reflectance differences between the coarser
and finer textured materials although the red band photography does
show a slightly darker tone in the sandy area (Plate 9). This is the
: 1
result of poorer crop growth and therefore less stubble on the surface
o -
of the sandy portian of the field. The midday thermal imagery shows
little tonal difference that can be attributable to the textural
difference (Plate 8B), the stubble being as warm as the sandy soil,
The predawn imagery, however, shows a marked tonal contrast between the
area of sand and the rest of the field (Plate 8B) with the sandy area
having a Iighter tone indicating a higher predawn surface temperature.
In this instance the surface cover is having a significant effect.
»
Soil temperature data show the change from a positive to a negative
. b ~ “
heat balance in the so0il generally occurs in late summer to early fall,
By the end of the first week in October sufficient, energy has been lost N
. ’ > . .
by the soil that coupled with the insulating effect of the ground cover
- -~
the soils are very cool. If the ground coyer is sparse as on the

sandy soills, energy is still being absorbed during the day and must be



~
ol suatticient oy vito raisc®aoid temperscares at o depth enouph so

that predawn temperatures are st i1 Wiph, Ao eroexplanat ion s
possible, bagsed on soll moistare condit fons thic time of vear. With
precipitation well below normal For the month of September and with
.':;::unv! Lally no precipitation tor the 5 dave preceding, Ihaf im;uj‘in}:,
soils \innld b Vt'l'\’Atll'\' repardles:s: of texture.,  Theoret ieal Iy drv sand

las o preater thermal conduct ivity than dry clay since without moisture,
' »

heat transter is by particle to part (ele contact and there are more such

eontacts inopranular sand than with platy clay particles.  Alsa, the

heat capacity of quarte and teldsparsis preater than that of clay
mim-r.;l:: (Baver ot al., 1972) . Thervetore, the drv sand absorbs and
tramiters to depth more heat enerpy than the dry clav. At night there
is o A)“lt'.l(t‘l' thermal .“\:;N:\W in the sand wl}ivh iv dissipated slowly
enouph o that by predawn surtacee temperatures ot Lh.v sand are higher
than those of the dry clav. Mt is most Tikely that in this instance

both explanat fons apply.,

o) aninn.

The thermal -.U(‘*(vv( fon ol soil erosion is o possibility since
As pointed out by Mills (1972) eroded slopes would have a different
thermal energy .b;nl.mvv than adjacertgon-croded slopes.  Menon (1971)
stated fin his map unit descriptions that erosion was a notable feature
fn the hummocky moraine that (‘\unpr"isos the castern portion of - the
Edmonton study area.  The sofls in this area were mapped as dominantly
Orthic Gray Luvisols dv‘vvlupm.i on glacial ti1l, In v’ult‘ivutvd ticelds

these solls have relat ively light colored surfaces and relatively high

e
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retlectance in the visible and vetlectod innrared spectral repions
(Chapter o EFroded surtaces e aloo very Tight in color and it mav
be ditticult to discriminate between croded and non o ocded bare soil
surbaces using retlectance data onlv, However, it crosion ll.'l:b: removed
the tiner porticle size traction therehy altering the surlace soijl

texture or hasoremoved satticient surtace to cxpose the underlty iy

horizons, the thermal regime ol the surtace may be safficient Iy altered

’
to alltow tor thermal detection. Many of these slopes are vepetated (hay

A

and pasture crops). Vepetative prowth is pencral iy poorer in croded
arcas and witidNthe percentage cover reduced, reflectance sshould be

altered since wore bare soil would be exposed, Also, thermal difterence
~

should be apparent with the eroded arcas having preater surlace temper—
atures during the dayv sinee,they resemble bare soils surtfaces more than

vegetated surtaces,

-

A major problem in using thermal imapery to deteet erosion

redates to the tact that erosion oceurs in the more steeply sloping,

ardas. It s in these areas where topographic et fects on surtace
e ~

o .
temperatures are prominegt so that only thermal imagery from middayv in

carly summer when solar altitudes are o maximun and corresponding
nighttime imagery should be considered,

; Examples of erosfon are labdlled E on the thermal imagery of

= R
Plate 6A and on the corresponding

Black-and-white roed band and infrared
photography ot Plate 7 (p;\n};c 129). Frosion (El) in the ficlds of bare
soil (A and C) is ditficult to detect on the black-and-white red band

photography. Relative to vegetation, the light colored surface soils

of this area retlect more strongly in the red band and thus have veéry



Light tones of the black=and=white red band photographv,  However,
crosion (1) in the fields of bare soil is easier to detect on the
black-and=white intrared photopraphy since soils pencrally have dark
tones while the rnbrnuT textared surtaces of croded slopes have
stipghtlv higher intrared reflectinee and slightYV lighter tones.  In
the pasture tield (D), crosion (E2) is noticeable on the red band
photography as Fighter tones where vegetative cover is reduced and
more soll surtace is exposed. On the black-and-white infrarced photo-
praphy the same areas of erosion are represented by darker tones since
bare soil reflects less than vegetation in this spectral region. !

On the thermal jmapery (Plate 6A) crosion in the fields of
sofl (A and C) is shown by darker o ones on both [.llt‘ midday and predawn
imagery, indicat ing lower surface temperature.  This darkening in
tone is more evident on the predawn imagery.  Theé darker tone for
eroded areas shown on the midday dwagery is due to the increased
retlection and lower absorption of the eroded surface.  The relatively
-darker tone and Fhercturc relatively lower surtface temperature associated
with crosion on the predawn inn1gy1W' results trom less JH)S(HW)Li(hl of
cnergy during the day. |

In the pasture ficeld (D) croded slopes (E2), having less
vcchuLivf over and theretore more bare soil exposed, are represented
by relatively lighter tones on the thermal imagery when-compared to

A ' N

non-croded portions of the field. In this case, the eroded areas are
more evident on the midday ihagcry. By one hour before dﬁwn surfaces
with relatively more and those with relatively less vegetation have /

more similar surface temperatures than at midday.



CONCLUSTONS

Thermal imagery is most uscetul for studving soil conditions

related to moisture content.  However, land use: patterns and topography

influences may mask the thermal response related to some soil feature.
Predawn imagery provides more information related to soil. d ifferences
than midday imagery when the soil surface is devoid of vegetation,

This is in agreement with the conclusion stated by Myers et al. (1970).

In tields withi vegetative cover, ;mJ'dd;ly imagery provides more infor-
mation on soil differences than predawn imagery.,

(Icrtvain soil ditterences were not discriminated using
reflectance data especially those related to subsurface chardCtegistics.
Thermal data discriminates between these soils providing the sub-

surface characteristics affect soil moisture conditions,

K3

A



PREDAWN (0400 hrs)

MIDDAY (1200 hrs)

Plate 4A. Predawn and midday thermal imagery (In:Sb detector) from May 26,
1971 of undulating to gently rolling terrain in the Edmonton
study area. Location of Fields B and C: NE Sec.13-Tp.52-R.24~
W 4th meridian. - :



PREDAWN (0600 hrs)

MIDDAY (1300 hrs)

Plate 4B.

Predawn and midday thermal imagery (In:Sb detector) from
October 5, 1971 of undulafing to gently rolling terrain in
the Edmonton study area. .Location of Fields B and C:

NE Sec.13-Tp.52-R.24-W 4th meridian. : 2
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PREDAWN (0400 hrs) : ).

MIDDAY (1200 hrs)

Plate 6A. Predawn and midday thermal dmagery (In:Sb detector) from May 26,
1971 of hummocky terrain in the Edmonten study area. Location
of Fields A and B: SE Sec.18-Tp.52-R.22-W 4th meridian.



PREDAWN (0600 hrs)

MIDDAY (1300 hrs)

Plate 6B. Predawn and midday thermal imagery (In:Sb detector) from
' October 5, 1971 of hummocky terrain in the Edmonton study
area. Location of Fields A and B: SE Sec.18-Tp.52-R.22-
W 4th meridian.
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‘ A >
PREDAWN (0400 hrs)

! Location of the
» B, and C: SE Sec.12-Tp.52-R.24~W 4th



PREDAWN (0600 hrs)

MIDDAY (1300 hrs)

Plate 8B. Predawn and midday thermal imagery (In:Sb detector) from
October ., 1971 of an undulating area of glaciofluvial,
glaciola ..trine, and till deposits in the Edmonton study
area. Locar on of the field labelled with-A, B, and C:

SE Sec.12-1Tp.52-R.24-W 4th meridian.
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CHAPTER 111
SOTL REFLECTANCE AND EMITTANCE RELATED

T 70 SOTL FORMATLON



CHAPTER 111 Y

BOBL REFLECTANCE ANDTEMPPTANCE RELATED 10

. SOTE FORMATTON

INVRODECTTON

o p
«

Fhe concept ot the conality ol :&Uil.‘i“]“lt\\'i({t‘.ﬁ apoint ot view
Promowhich soil retlectance .irnlgmilhnn'g' ‘\"ll.!l.ln'l\'l tstics can by xli:f-
consed o relation to o soil l\\lnl.li tott, Donal o soibls are those whnsvv
charavteristics are determined primavily by oreyional climate and
veretation it laences (Buckman and Brady, lf’h‘)). In the !.dmnn(‘nn -
Vevteville region ot Alber:a the ;'«~11.|l soils are the HI,»u‘I\ and Dark
Grav Chernorems and Grdy uvisols, e processes of soil tormat {on and
salient teatures ot these :;n‘il:; ave discussed by TetCapicee (1969),

e Black Chernosem soils have developed under Brass ovepetation,
dominant Iv Feoseue srasses (Pawlok and Dumanski, 1909 ) with the duminv.m(
process being the accomulation and de. position ot ni';:.miv materiats
at the soil }illl‘i‘l\‘l;. Throupgh this decomposition, cat fons, domi.x_\.‘ml Iy
cale fam, ‘ln-'x‘m'\\:lmi replacing those ost tln’uuy:h leaching ".md‘m.lin—

~
taining o near m_'u(x"ll pHoin the surtace soil (Pawluk .md{‘fﬁlm;m'ski,
1969, | Caplece, 1909, The result is g well humilicd, organic rvich,

dark volored surtace Ah horison that s undervlain by g mellow, lime=free

B horfzon and o hovizon ot lime aceumul.at ton, o Cea hovizon.,  Soil

b



desceriptions presented by Menon (1971 and Leskiw (1971) indicate hat
in the Edmonton and Vepreville areas removal of matter trom the surlace
olten oceurs, not cule the leaching ot carbonates and other soluble

> , . , . , ,
salts but Talso the eltuviation of organic and tiner inorganic con-
stituents with the development of cluviated Ac and illuviated Bt

harizons.  These indicate the probable invagion ot prasslands by torests

in the past (Pettapicee, 1969),
The Luvisolic soils have deve Tloped under forest vegetation
with the dominant processes being the removal and trans location of

orpanic aud inorpanic materials trom the surface.  The result is the
\\\ /—'/ .
devolopment ot soils with thin, organic, surtace mats underla#n by
. o
thick, light colored, cluviated horizons and dense, dark colored,

iTluviated horizons (Pettapicec, 1969).  The surfaces of the Luvisolic-
vosobls can theretore be considered as being more dvnamic than the
surtaces ol the Chernozemic soils in that organic matervial added to
the surtace in the torm of forest litter is rapidly mineralized.
. ) ; .4
With the progression from grassland to forest vegetat fon,

the changes in surtace soil characterist fesy especially color, reflect
. Y
the changes in processes ol soil formalion. Orthic Black and Elyviated

“Black Chernozem soils are found in the western portion of the Edmoaton

study area and to the cast, as clevation increases, climate becomes
cooler and more moist, and vepetation changes from prassland to forest

comeunities, Dark Gray Chernozem, Dark Gray Luvisol and Orthic Gray

Luvisol soils are found. Theretore, from west to cast, surface horizons
contain less organic matter and becone thinner and lighter {n color.

Menon (1971) sugpested that some Chernozemic soils in the Edmonton
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arca may also have developed owder hvdremorphic conditions that no

longer exist.,  The presence Orthiv bk Gray Chernozem solls on
Y

devel to undutat ingry¥@vpraphy in o0 4o where Orthic Gray Luvi i

sobls are dominant, indicates that these Chernozems probably dé)‘\r. “oped
under meadow conditions that were altered when the area was sott led and
cult i\/.l[\’(‘l Qud drainape improved.,
The processes of soil tormat fon inf luence the spectral

-
retlectance from zonal soils,  Reflectance is a surtace phenomenon and
these processes are strongly oxpressed by surtace soil characteristics, .

! -
especially soil color,  As discussed in Chapter I data trom the field
study ol soil reflectance indicated signiticant differénces in
retlectance between the Black Chernozems and the ray Luvisols,  These
ditferences were most strongly expressed in the reflectance in the
visible portion of the spectrum where surface soil color is the dom-
inant tactor influencing retlectance.

Intrazonal soils are those that exhibit the intlluence of
some local conditions on soi#k development, such as drainage or salinity
and because ot this often-cross zonal boundarices (Buckman and Brady,
1969) . In the Edmonton - Vegreville region ot Alberta the intrazonal
soils incll;de those affected by poor soil drainage (hydromorphic) and
those affected by high concentrations of salts in the upper solum
(halomorphic).

The hydromorp: .. - s of this region include the Gleysolic
-~

and Organic soils, ’ ‘ soils occupy lowlying and depressional

landscape positions an arates w b owater and are under

[ b



reducing condit inns- continuously or «lurin;; some period of the year"
(Canada Sotil Survey Committee, 1973). The high soil moisture content
and reducing conditions separate these Holfs'from their zonal
associates., 'l'l‘u- reduced condition may result from the accumulation
of runoff water which saturates the soll for part of theé yvear but
which, in grmmdwutcrvrurh;n'gc areas, ceventually leaches the soil
I
producing Humic Luvicpﬁlvysnls. Where the accumulated waters do not
llcuch thc soils as readily due ts impeded internal soil drainage or’
near surface recharge of waters low in soluble salts, Orthic Humic
Gleysols may develop. 1In groundwater discharge areas where depressional
or lowlying arcas accumulated surface runoft from soil areas with high
concentrations of éurfncv salts, or where the water table is maintained
cat a high level bylthc discharge of groundwaters with high salt con-
centrations,, saline Cleysols may develop (Maclean, 1974).
Organic soils in the Edmonton study area occupy very poorly
drained bottomlands of creeks and streams and depressional areas. Those
I
of the western portion of the aréa, the Chernozemic zone, have surfaces
comprised of moderately to well decomposed mixed peat while those of
the eastern portion of the area, ﬁhe Luvisolic zone, have surfaces
comprised of fibric moss peat (Menon, 1971).
In most instances the hydrpmorphic soils have surfaces with
physical characteristics, especially color, similar to the surfaces
of the associated Setteq drained soils., One exception would be the
saline Gleysols wheré drying ot the very surfnce-of the éoil may produce
a white salt crust. In general, however, réflectnnce data for bare

soll surfaces would only allow for the spectral discrimination of the
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Gleysols from their associated zonal soils if surface moisture conditions
between the two are sufficiently (Ht foran. Fither éurfgce colors
would havv Lo bc.suffitivntly different to alter reflectance or
significant differences in reflectance at specific water absorption bands |
of the spvvfrum would have to occur. Reflectance data from vcgélatcd
soll surfaces often show detail on internal soil drainage due to
varfations in the reflectance of vegetation in response to variatvions
in soil moisture conditions (Acton and Stonchouse, 1972). . The data
i
presented in Chapter 11 illustrate that emittance characteristics of
Y
solls are influenced by variations in soil moisture conditions and
that the discrimination of llydrmnorplvxic soils from their associated
‘ |

zonal solls may be accomplished using thermal infrared line' scanning.
| .

ﬁalvmurhhic soils are common in the Edmonton and Vegreville

study areas an lude soils of the Solonetzic Order as.well as salt
affected soils of the Chernozemicvand Gleysolic Orders (Léskiw, 1971;
Menon, 1971). Solonetzic soils have developed in salinized parent
materials (anada Soil Survey Committee, 1973) with the accumulation
of salts originating from groundwater discharge (?awlukvand Bayroék, \
1969) . Once this process of'salinizagibn is disrupted by a reduction
nin,Lhe amount of groundwater discharge, éoLonization begins and alkali
soils with dense, massive B horizons deQeiop (Pawluk and'Dumapski,
1969). The next process of solodization amelioriates the soil con-

N ditions for plant *growth through progressive stages from Solonetz to

> :

Solod to Solodic Chernozem as leachihg continues (Joffe, 1949).

However, studies by Leskiw (1971) and Maclean (1974) show the-importance

;
-
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ot grogudwﬁtvr discharge in maintaining soils at various slugv§ within
this progression. In discharge arcas in the Vegreville study area a
ty;)iczll sequence is lfrnm‘ Carbonated Sﬂli‘ne Gleysol at the foot of a
slope to thin Black Solonetz to Black Solonetz on Qppor slopes, Up a
sim?lar slope in recharge areas a typical sequence is from Orthic
Humic Gleysol to Humic Luvic Glgysnl to Gleyed Eluviated Black
Chernozem to Eluviated Black Chernozem.

The occurrence of hnjnmurphic soils in the sLqu areas is

’.\

rela;ed to -the occurrgncc of grbundwutur discharge and thereforce ;hc
~halomorphic s0ils should be more moist than their associated Z()n(l]'
soils. Also, Maclean (1974) concluded that the kind of h.'l]mnm'phi_c
soil is related ﬂo the depth to water table. Alkaline Solonetz, Snlinu
Carbonated Gleyed Reposol and Saline Black Solonetz soll occur where
the water table is wjthjn 0.5 meters of the surface while Black Solonetz
soils océur where the depth to the water table is gréwter than 0.5
meters.

Reconnaissnnf% soil surveys in Albérta have mapped many
soil units which include soifs affected by salts. Because the map
scale is'often iq the order of 1:125,000, detailed information on the
exact location and extent of wolls affected by salts is often lacking.
.In the field the pattern of salinity is uéually erratic with soils

affected by salts and soils not affected often intimately associated

within the landscape. Often the change from one to the other occurs

within a distance of a few meters (Myers et al., 1970, Acton and

Stonehouse, 1972).

Salt affected soils occupy a significant proportién of the

{



settled land area in western Canada ‘Ln the extent that from 15 to 20
miltion acres may be invelved (Cairns and Bowser, 1969). Greenlec
(1966) concluded that in his study area southeast of Calgary, the
pxtung of soil Sq]inity is increasing. There is concern that this is
due in part to higher groundwater levels from irrigation and to the
.removal of native vegetation and crop residue in fallowing to develop
dryland arcas for‘cultivnteq crops.

»Green;ce (1966) and Leskiw (1971) used the presence of
surtace salt crusts as indicators of saline soils. Surface salt
crusts form as groundwater containing high amounts of dissolved salts
evaporate at the sofi surface thereby concentrating su]ts as they
precipitate (Qayyum and Kemper, &9%2). yf such salts contain an

abundance of sodium ions, solonetzic soils are-likely to ocvcur (Leskiw,
. i .

1971) .

!
1

\

The presence of "burnt crops" or poor crop growth due to
~

the adverse effects of soil salts has also been used to delineate
: Do , .

salt affected soils (Greenlee, 1966; Greenlee EE.“]‘; 1968; Leskiw,
1971). The effect of soil salts on plant pigmentation and internal
léaf structure and therefore on the spectral signatures of plants -has
been well documented. As saliﬁity incrcases leaves become thicker as
the pallisade parenchyma increases, there are-fewer chloroplasts and
1 :

less chlqrnphyl, intercellular spaces become smaller and there are
fewer stomatal openings per unit area (Myers et al., 1975). Different
crops, however, possess different levels ofﬁtoleranée to soil salinity,

tolerance as measured by the electrical conductivity of the soil that

is associated with a 50 percent decrease in yield (United States

140



salinity Laboratory Statf, 1954). Of the commonly grown fivld crops
. . +
of the Kdmonton - Vegreville region, barley and rape possess a rela-

,
tively high tolerance (electrical vonductiv@ty from 10 to 16 millimhos
per cem) while wheat, oats and most tarage crops possess a medium
tolerance (e¢lectrical comductivity from 6 to 10 millimhos per cm).,

f

Tolerance to soil salinity is not nouos@urf!y constant tor cach
species or variety but may vary with local environmental conditions
especially temperature aﬁd précipitntiun. Tolerance is often increased
by cooler more humid weather But degrensed by hot and dry ‘conditiong
(Black, 1968). .

Because of the changes in plant morphology caused by high
concentratiogs of salts in the soil, photographic imagery éhould

provide detail not onlky on the location and extent of soil salts but
also on the degree of soil salinity (Myers Ei_ﬂl;,vl975). With some
general a Eriori_knowledge of the soils and topography of an area,
-emittance data should providc'n means to discriminate hqlomorphic4

- o . .
from zonal soils based on soil temperature differences that arise from

differences in soil moisture content.

Summary

v
\ - !

The potential] use of remote sensing lor any purpose depends
upon the relationships that can be established between spectral ré—
flectance and emittance as presented as image tones or colors and
target icharacteristics. Reflectance data obtained in the field study

of soil reflectance (Chapter 1) relates to the dominant processes of



soil formation tor the Z;nlhll solls ot the study .ar(le \;hi le emittance
data (Chapter 1I) relates to the provessps of soil formation of the
intrazonal soils.  One purpose ot this pn'r_'ﬁ ion ot the study is there-
fore to relate refloctance from bu;c soil surtaces, as recorded by
black—and-white multiband photography, to the major zonal and intra-
zonal sofls of the stud}';lrvns in-order to investigate whether or not
the differences in reflectance from bu‘rc soil surfaces found ‘in the
field ;tudy are found on airborne multispectral imagery. Since soil
surfaces are usudlly covered by cultivated crops during the summer
months, the reflectance from a l)ur.lcy crop, as recorded by color and
color.infrnred photography, is rplnted'tn soil &hurnvtoristics to
investigate the.qualitétivé and quantitative relationships between

image color and - -the occurrence of zonal and intrazonal, in this case

halomorphic, soils. Thirdly, the empirical data presented in Chapter LI

and the theory of halomorphic and Hydromorphic seil formation in the

1

study areas indicate that intrazonal soils may be discriminated from

their associated zonal soils using thermal imagery., The use of thermal
ST

| . . .
imagery to discriminate zonal and intrazonal soils, as well as hydro-

morphic from halomorphic soils, is investigated.



MATERLALS AND METHODS

Photographic Determinat lon wof Soil Reflectance

Multiband photography provides the only readily available -
means In Canada nAI' acquiring airborne multispectral reflectance data
upa;t from the LANDSAT satellites, Multiband photography was acquired
for the Edmonton agd Vegreville sﬁudf areas on May 29, July 13 and
October 5, 1971 with the vari0u§ Specfral bands spécified by the f{ilm-

|
filter combinations listed in Table 20. The photography was obtained
asvroils of 70 mm, hlnckjnnd—white, contact paper prints at a scale
of 1:16,000. Examples of the type of photography obtained are shown
in Plates 5, 7 and 9.
| Assuming a scatter-f{ree dtmogphcrc, the film exposure should
be directly propoftiona] to the scene reflcctance'qt a given instant.
of time. threforo, on positivcvprints, lighfer tones indicate greater
reflectance. A twelve step photographed gray scale was used to \
qualitatively assess the response from seiected zonal and intrazonal
soils of the study areas in ﬁhe:three speétral\bands. Visual com-
parisons were made between the gray scale andvphotographic tones for
fields known to be bare soll from present land usge maps compiled just
prior to cach flight. The soils in each bare field were identified
using- the soil maps prepnrediﬁy Leskiwi(l97l) and Menon (1971). Only
those fields or portions of fields found within the central one-half

of each frame were considered in order to minimize tonal variations

that may have been due to’@ohunifqrm filtering. Each step of the gray



O

r . : ' ,/
Table 20. Film=filter combinations ecmployed for the multiband
photographv of the study areas acquired on May 29,
July 13, and October 5, 1971,

o

Kodak Film Numbet Kodak Filter - Spectral Band
L S - e
2424 (BHW Infrared) W 898 ' 700 - 9()() nm
5063 (B+W Pan.) ) W 25A 600 -~ 700 nm
5063 (B+W Pan.) W 12+44 ' 500 - 580 nm
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scale was assigned a ndmber from 1 to 12 in order trom the darkest to
the lightest tone.  Response levels for each kind of soil were

-

recorded by their corvesponding gray scale step numbers,
. At
et is constdered impracticable to quantitatively compare
tones from cne band of photography with those of another, or to compare

tones from one date ot photography with those from another since for

R
. "

cach band on ecach date a separate roll. of o psod. Variations

in the tilm itselt aor in the proces®ing o n_t, rolls of film
! o . .

el -
1bed,  However,

»y :

could produce tonal variations that <

o e T

assuming that any single roll ol film wodl A9y tg)fvssvd..tai formly,

ft is possible to maKe statistical comparisons Between the tones

associated with ditferent soils on one part “cular date and spéctral

band. A Duncan's New Multiple Range Test (Steel and Torrie, 1960C, sas

used to compare the tones for all soils in each band of photography

*,
: . . - -
on each date, Differences in tone associated with different zonal
and intrazonal soils were campared,
Determination of the Relationships Between Crop Color
and the Pattern of Crop Development as Observed on Color
Aerial Photography and the Occurrence of Intrazonal Soils
I 4
One field located in the southwest quarter of Sec. 3 - Tp. 52 -
R. 24 - W 4th meridian, in the western portion of the Edmodton study
area, was selected for study. The selettion of one field was bascd
on the assumption that within a single field management practices such
as crop type, date of seeding, and rate and time of fertilization would
. N -

be uniform and not contribute signitficantly to crop color and pattern



varfatfons, CThe sobl map prepared by Menon (1971) showed that the soils
ot this ftield have developed on :;imi.l;nr.y_l;u‘iul;n"us‘t ri'm" sediments so
that crop calor and puttvﬂn vurintions due to diﬁfcrences in parent
miaterials are animizcdf This paniUularvfleld was selected in that

[t ts part of a Larger area for which the sofls wére mapped at a scale
of 1:8,160 and sampled on a 250 x 500 lt (76 x 152 m) grid basis in
1970 (Lindsay and Sc¢heelgr, 1972).

Simul tancous norus;l color (Kodak Film #2445) and color infra-
red (Kodak Film #2443) photography was obtajined for the area including
this field on August 16; 1970,  The photography was at‘a scale uf‘l:“
20,000 and 'was nbtninhd under conttact by Grumman Aerospace Corp&in-

“on through J, C. Sproule and Associates, Calgary. From an initial
exarination of the phhtogrhphy, it‘was cnnclu&ed that four different
Ao =vegetation patterns or classoes were evideht within the éelected
field. Menon (1971) showed that the soils in this field were pre-
dominantly Black Solonetz with sinclusions of Solqnetzic Black Chernozem
and it was therefore.355umed that the sofl-vegetatlion patterns observed
on‘the photography was related to the distribution aﬂa degree of shil
salinity.

| The grid pattern used for soil sampling during the field

Survey by Lindsay and Scheelar (1972) was reconstructed. on transparent

- L]

material to fit the scale of the photography With this grld in place
the coordinateq of each grid point falling within the field were
abulated along with an interpretation of: the photography 4s to which

salinity class occurred beneath each point. These classes were num-

bered 1 to 4 in decreasing oraer of salinity effects on rhe barley crop

14



which at the time of photopraphy was nua(txrirlg in the field. The

classesy

Class 1.

Class 2,

Class 3,

.Classbb.

are detined as follows (Plate 10, page 170):

Areas appear whitish on color photography and bluish-whit e

on color infrar®d photography indicating relatively high

,

reflectance in the visible and near-infrared spectral

reglons.  The high retlectance results from the expogure of

barc soil due to the absence of vepetation, The soll sur—

face is very light in color, probably due to surface salt

[
crusts. This class is assumed to represent the highest
) »

level of soil salinity with the most severe salt effects
on plant growth and intrazonal halomorphic soils.

Areas appear dark greenish-brown on color shotography and
¢ l & )

dark purplish-red on color infrared photography indicating
. S

“sparse ground cover. This class is assumed to represent

a moderuteiy»high level of so0il salinity and intrazonal
halomdrphjc s0ils, .
Areas appear dark golden greenish-brown oQ\color photo~
graphy and whitg on color- infrared photography indicating
prematurely ﬁacUring, slightly streséed grain, This classg
is assumed 'R0 represent Jlmoderate to low level of soil
salinity and gradations between zZonal and intrazonal halo-
morpﬂic soils.

Areas appear light yellowish~green on color photography
qnd whitish-pink on»color lnfr&%ed‘photography indicatin

grain that is slowly maturing without osmotic stress.

| - 2 Ede |
This class is assumed to represéntig slight to none level

’
“

'
'



o o o salietty and conal osog s
: -
For cach sampling poimnt, within the bomndavics ot the ticld
amder studvy data were obtained on the thickness, soluble oat Lone.,

andd electrical condactivity ot the sut tace hoticon trom 0o Dy Lindsay
s - . .

- p
“a

Head ot the soils Division, f(l‘;i\‘.ll'\‘ll \\nmh‘il ot Alberta,  These .
vartables were chosen tn that clectrical ;‘\\n\lu\‘( ivity relates, in g
Pinear tashion, to the total soluble salt 5‘\\11(71‘111 ot the soil (United
States salinioy Laboratory Statt, 9% and o the dv‘\:x'.m' to which

Veretation mav sulfer osmot 1o sl rens, Hivh sodium content may lead

to sodium toxteioy (B man and B adyy 1909 o cause adverse soil
structure whereby the 20l becomes dinpersed result iny in poor aera-
Ciopn and mofistare nu\\'(‘!mt ried States Salinity Laboratory Stat
i PO% 0 surtacd horizon thickness adlates (o Che amount of  poot ing
v vone above any vmpermeable subsurtace B ohoricon that may impede the
wrowth of roots o the movement of water.  An analvsis of varfance w.e
conducted o ovder to test tor sianiticant ditterdnees, based on
~ o i . N
") cal \‘nl.\L«'\%*fg:«\::( 1 un;éi\ Jnt ditterences, between mean values ol these
N , e : : ) )
B N B e
(hn 6 \Lnl 11)& ‘.". g Arge The statistical procedure
! ‘ - .
TJovrie (19oM .,
L
o _ Imxml\ m\i tho Oumnn. ¢oot
T S T o Sontraconal sSefls
.‘Iv!‘ 0 -
i 7

‘t‘.uei} nf lhv velat fonships between ull gvnc‘;{w md‘

\“l

nx\l—,\nil nlul‘tﬁ regimes near Vepreville, Maclean 1974y,

» 03 .
::m.lM ~-(.ud)‘~‘.n‘v.x§.- SOne ot these represent s



dAarea ol proundwat or

discharge prodominates.  This latt er

in that htlomorphic and hydromorphic

area located [n thglr\ll-l quarter

sl
W Ath meridian,

Proedawn and midday thermal

acquired over
o
scanners used and other tlight

. . . o 1 .
cussed under "Acquisit jon of Fhermal

Maclean (1974) studicd the

ol sofl and soil temperature, . soi |

data at o sites in this his "Lower Study Area,"

numbered 4 through 9 and the soils

discussed tor cach,

midday thormal imager 1o cach date
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v
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this study area on May.

moisture

and groundwator
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Scussion presented by Maclean.

imagery is consistent with the

area where

area was o seled®ed foy (his study

~
sobls occur within , relat fvely

ol Sec., 1]

fmagery (in: & detector) was

il
20 and October O, 1971, The

s - :
parameterscare similar to those dis-

Imagery" in Chapter 171.

relationships between the

type

and proundwater {low

The sites ore

. &
flow dat - were ™

located on the predawn oo
1

ad the image tones discussed

-

The numbering

S1dL L‘q

proundwat op



RESULTS AND DISCUSSTON

Retlectance from Bare Seil Surtaces as Recorded by
Multiband Photography Related to Soil Formation

i

The v.y‘ious kKinds ot soll fncluded in this study and mean
\.' -

- ]
.

.:‘71 01‘~"§Z€?11‘ photographic risponso ;i,n the ditterent siwvtrnl
‘ "’ ' : : : Y o o0 ‘

-

)

v L . - . RN ) ; e
b‘.'md’ & sf_mwn in Table 21. on the¢ multdband photography obta inedf
\., P * . . '.’J B ) ! :
s igr‘.‘(&ﬁ'{mt difterencus in {ane od#r on all bagds_of photography and
o . . : .'\JA ”. .

el odates between the bigh't codjored suglace horizons of soils
o . 1 . [ v .

developed under forest vvgbtuLbnn,~ the Orthic Gray Luvisols, and all
. . -'U

othér solls (Table 22). In a1 cases the Orthic Gray Luylsol soils

\

- . . o . T
cdare represented-by lightdr photographic tones. Significant ditferences

s

v > . N :
in photographic tone between the Black Chernozem soils and the intergrade
Dark Gray Chernozem and Dark tray Lfvisol soils occur on the red band
phiotography from July and on cach band of photography trom October
! ! ' 3

(Table 22). The lack of slgniffcant toma’ ' '"ferences between Black

and Dark Gray Chernozem soils i May is probably due to the relatively

recent cultivation of most ‘I'iolds'prioritrn the date of pimtqgraphy.

Cultivation-would result in a darkening of soil surface color and an
. 4

increase in the surface roughness which reduce rel'le_ct.'mcei.fhml cach
. . K3

soil as well as reduce the relative differences in reflectance between

soils. A significant difference in tone. Wetween Dark Gray Chernozem
: ‘T.‘;‘: + .
and Dark Gray Luvisol soils occurs only on the green:band photography %

from May. If soil volor“dif[erences are sufficient in May to produce

s

o, o N
a significantly different photographic response in the green band,

a similar signif'ih‘zmt difference would be @xpected on the red band

P 4 ~ v\ N B a
-, < ; B L& G)’\ '-av .
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"l'nh'lv 21, Soils studled tor the photographic determinat ion ot
values in cach spectr

refléctance and thelr mean gray sceale
indicates
Missing

band (higher numerfcal value

hipher relative retlectance).

photography and cloud cover,

\
: G 9
Soil May .» 1971
G R IR
1. Orthic Humic¢
Glevsol 2.9 2.9 1.8
2. Orthie Black
§ Chernozem . 3.1 1.8 23
3. Eluviated Black
Chernozew . 1.6 3.8 R
4. Black Solonets 3.0 (I 2.4
5. Dark CGray ) -
Chermozem : 3.6, 4.1 2.4
6. Dark Gray
Luvisol 4.4 4.2 27
-
7.y Orthic Gray
Luviaol 6.0 5.0 3.5

&

-

Da t'vt‘

lighter tone and

data

July 13, 1971

&

-4

RN

R

. b

-

IR

.9

.0

~
due to poor

al

October 5, l")7rl.
G R TR
3.7 370 2.7
2.9 U S Y

2.0

LA



Table 22, Results of Duncan's New Multiple Range Test
vbmpur(ng mean tone values for different soils in
each spectral band. Solls are fndfcated by
numbers assigned in Table 21. Mean.values for soil
numbers not underlined by the same line are
stgniflcantly different (p = 0.05).

) L 3
Y 'm ‘ e e e -
jﬂh . . o] Date Band - Soil numbcrs‘?ft?rﬁfng tUJTenn values
S May 29 Green 7 6 s 3 2 iy
| Red A e N T |
Infrared 7 6 5;_;_Q“m ;;7" :z‘" e
J:u]_v 13 Red 65 4 2 3 1
Infrared 6 5 2 40 3 h_'
October 5  Green 765 1 3 4 2
Red 7 2.6 1 3 42
Infra;ed 7 -§~»~ul~f--9—w—~é—,_vi 2
s

7 - Orthic Gray Luvisol’

6 - Dark Gray Luvisol

5 - Dark Gray Chernozem

4 ~ Black Solonetz

3 - Eluviated Black Chernozem
2'- Orthic Black Chernozem

1 - Orthic Humic Gleysol s

v



Lo
Photography trom the same date.  Since this does not oceur it Is possible
<

o ‘ P : i
that the tonal ditterence between these spils in the green band results
. : s

from some tactor other than soil surtface color, such as vartable .
degrees of hasze on the photography caused by atmospheric scattering

of the shorter wavelengths,  The tones assoéiatoed with Black Cher-
. . [ X

nozem and Black solonety soils are not sipgniticant ly diflferent on any
band ot photography on any date (Table 22). “' .
S Y . ; ; C . by gy .
statistically sipnificant ditferences botwad he “photographic
response tor Orthic Humic Glevsol soils and the other better drained

solls with which they occur, Black Chernozem and Black Solonet s in

Cparticular; are sporadic (Table 22).  In Mav, the Orthic Humic
! 3 .S _ )

Gleysol soils have statistically signit fcantly darker tones relative

-

et to the other soils. At this time of vear the Glevsol solls are very

moist which accounts lfor their low retlectance. S In October, the - L.

Orthic Humic Gleysol soils of 80 have signiticantty lighter tones

relative to the Black Chernozem and Solonetz soils with which they

] \

ocvur,  As discussed in Chapter 11, the surface soils in the area were

very dry in October with precipitation well below normal for the month
_ .
prececding the date of photographv.  Surfaces of cultivated Glevaolic
y i .
sofls had cither dried to a lightey color than surtaces of the better
Vl..
. drained soils and/or were smoother than surtaces ofs surrounding bet ter
{ g \
& . . - -
drained and cult ivated sod s, '
g 2
In-general, the photograph i’*g..x;@spnnsc from all bare soil
) . Py W . :
4 - s s e —' . 3 : -
surtaces {s low and smnu‘ssigniélvnnt ditferencés in soil reflectance

g greo

may be lost due to the exposure settings used for Lite photography.

. ' . . . . v . .
Exposure is usually set to provide detail ot &ll&cr?‘;nn features

-

N © e - )
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sa

-
which may retlect more or less entergy than soils. 1 peneral terrain

t

redlectance is high and exposure settings made to record ity all
~bare sofl surtfaces may be umlvrt-,\'pnsu.l and produce generally dnrk,
tones ol the pln\t(w)zr;|p11y>. A case In point is the ijlt"r;l}fu(l hand
photography tfrom July., At this time of year much of the terrain is
covered with green vegetation. Infrared retflectance trom healthy
vegetation is much greater than that from bare soils. The proper
exposure to provide plmtngrnphiv detail of the general terrain pro-
vides 1lttjo‘dutgil on sof@ reflectante differences based on Lhc lack
ot tonal differences umoﬁg solls as shown in Table 22. Thus, ‘on the
infrared bénd photography from JJuly, there are no significnnt
differences in responsecbetween any of the soils studied (Table 225;
The conststency with which spectral discrimination beLwcon

soils can be made using multiband photography “is strongly *influenced
” ;i
by external eftects relating to the operation of the aerial peTras.

A3

Temporal changes in the soil surface derived from management Fractices

such as frequency and time of cultivation prior to the time of photo-

graphy affect the recorded reflectance by altering surface soil color,
' -«

moisture content and roughness. 'Surfncb soil color and moisture

3

content and hence the relative reflectance from different soils are

also affected by the frequency and times of precipitation relative
to the time of imaging. Nevertheless, the results of this study
concur with the results discussed in Clrapter 1, that the zonal soils

of the Edmonton - Vegreville region may be discriminated on the

ba_}si,;? of reflectance data, especially the prairie, Chernozem soils
from the forest, Orthic G‘ray Luvisol soils. e

1

(]



/
Relationships Between Crop Colar and Pattern as Obscrved
on Color Acertal Photography and the
Occurrence of Intrazonal Soils

f

The identification of- the various classes of salinity, as
defined, was casic sing the normal color photography (Plate 10).
Color inftrared photography is penerally considered to be the most
uso'tul type for determining the degree and extent of plant stress
(Myers et al., 1979). However, this is probably only truo‘whvon
pl.'mt's are In an actively vegetative ‘stngv of growth, ()n(w]‘ a crop
begins to mature, reflectance in the visible region of the spectrum
. o
increases.  This is dde to the loss of chlorophyl whi(-h-,norm.'il._ly

absorbs energy in this spectral repion (Colwell ot al., 1963). The
relatively high visible and infrared reflectance .J’ gidmu, a whitish

S
e ‘

My

color rendition as scen on color infrared photography. -In the tield
under study, a similar color rendition is observed on the color

i : .> y- 4
Tutrared photogr:nphyﬁfor surface 'salt crust areas (Plate 10).  On
~the normal color photography, the whitish color rendition for salt a
crust areas 18 not confused with the yellowish color rendition for

. ‘ . |

mature grain (Plate 10).

The Individual's ability to visually discriminate various

hues must also be considered. An individual with good color dis-

crimination between red and blue hues will have little difficulty -
) . |
discriminating areas on the basis of color using color infrared
TS S ’ .t . ! . . M
photography. The same individual may have ditticulty in discriminating

areas on the basis of color using normal color photography on which

green and neutral hues are dominant,



o

higher clecerical conductivity would be expected i the barley iy

[‘\(\

According to the report on the detailed soifl survey ol this

R “ . , )
area’(Lindsay and Scheelar, 1972) and data obtained tvom 1. D. Lindsay,

the soils in Class. 1 arcas are dominantly Alkaline and Black Solonetz

with inclusions of Black Solod soils. Areas of Class i occupy low=—
lying landscape positions where groundwater discharge occurs (Plate 10).

G, M. Coen of the /\Hh‘l@l Institate ot Pedology, Edmonton, suggested

.

in o personal communication that many ot tl,-%oils in areas identiticod
- N ‘ . .'

as Class 1 oresemble gleyed Saline Regosols.,

Compared to the other soils in the field, the surfaces of

sl ls in Class 1 areas have the highest electrical conductivities and -
i 4 : -
Least thickness.  Electrical conductivities of the surface soils in
2

Class 1 areas have 1 mean value of 1,48 amhos/em (Table 23).  This

is a much lower value than expected rrom the study of the aerial

photography where Class 1 arvas have no vegetative cover, It oan

clectrical conductivity trom 10 to 16 reduces barley yields by 50

percent (United States sSalinity Laboratory Staft, 1954), a much

r i
. | :
absent entirely. It is possible that an electrical conductivity

below 10 mmhos/em indicates sutficient salt content to have a strong
adverse effect on germination and/or early growth of barley. 1t is

assumed that the entire ticld was seceded since there is no pattern

on the photography of Plate 10 that indicates that the areas ot Class |

were not seeded. Tt is theretore possible that ¢xvessively wet

conditions prevailed in these lowlying areas after seeding due to
precipitation or groundwater discharge and that voung plants did not

survive. Therefore, the lack of crop growth in arvas classified as
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Class 1 as observed on photography tfrom August 1o may be (hlvlill part
to the restdudl ettects of conditions that prevailed carlicr in the
year but not at the time ot sampling, which was 'in September and
October after the crop had heen harvested. ‘Phe development of surface
salt crusts in Class | areas has also had an effect on crop growth.
Sodium is the pré&ominnnt cation in the surfuCétsnils of Cinss 1
areas (Table 23) and the most probably detrimental effect oun crop
growth in Class 1 arcas is sodlum toxicity, °
The soils in (fl,alss Z-areas are dominantly Black Solod with

tuclusions of Black Solonetz ('I‘:ﬂ;JQ.L’B). This class is found up-
slope from Class | areas where lateral grnuhd@utvr flow or ground-
water Fechurge occurs.  The surfnce.soils.in Class 2 areas have a
mean electrical cunductivl‘ty sipnificantly lower than that for Class 1

PN

[ . \

and higher than the mean electrical conductivity for Class 3 aud 4
]

(Table 24), The surface soils in this class have a wide range iu

thickness (Table 23): The stressed condition ot the crop in Class 2

areas 1s partially due to sodium toxfeity., Sodium is the dominant

e : ‘
cation in most of the surface soils in arecas of thisvcelass.  The

. . . MRS
dense Bnt horizon of the soils in this class also has a detrimental

.
effect ;;n thé crop b.y restricting root development,
The soils included in Class 3 areas are dominantly Solodic
Black Chernozem with inclusions of Black Solonetz, Black Solod and
Orthic Humic Gleysol (Table 23).- These soils are found gurther upslope
from areas of Cla_ss 2 The Solonetz "and Solod soils of this clasg |

have lower surface electrical conductivities than those of Class |

and 2, The Solodic Black Chernozem geils of this class have thinner

Y,

R
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3 and 4 5.13 6.91 7.96 0.63

ke

Tublc‘Zé. Results of the

differences in mean values of surface ele

surface horizon thickness, and %.

Ihy

analysis of variance to test for significant
ctrical conductivity,
soluble Na in relation to

Na + Mg + Ca in surface horizons between the 4 classes of

salinity effects on crop development observed on aerial

photography,

Classes "Surface Thicknessg Electrical
Compared : ‘AX Conductivity
1sa’ aife’ ~ 1sd. diff.
.05 o1 T 05 ?g—(ﬁ o
: *k
1 and 2 2 3.35 3.30 0.41 0.55 0.73
O : * %
1 and 3 4.24 3.18 O.SQ‘ 0.70 0.91
' » Aok B T
1 and 4 4.62 6.22 11.13 0.55 0.75 1.08
2 and 3 4,17 0012 0 0.5] 0.18
. * % Y
2 and 4 4.47 5.99.  7.84 0.54 ~0.34
*k ’
0.17

pe
Na
ﬁh+Mg+Cn x 100
N S “ N
l1sd. di t.
05 01
* %
12.66 17.05 24.7
* %
17.38 23.40 56.3
G . ‘ L33
17.38 2%.&0 51.9
‘ h, * %
17.01 22.91 3i.6
* %

17.01 22,91 27.2

20.64 4.4

# - 1sd.= least significant difference;sdiff.= difference between means

** indicates that the difference between means compared is significant

(P=0.01)

I
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surface horizons with slightly higher clectrical conductivities than
the Solodic Black Chernozem soils of Class 4. Class 4 Ls comprised

" of Solodic Black Chernozem soils with thick surface horizons that have

N

Tow electrical conductivities (Table 23). The mean~thickness of the
surface horizon for this glass is signifiéunt]y different from those
of all other classes (Table 24). Both Class 3 and Class 4 arecas
Uccupy‘upslopc, groundwater rechnrgé positions in thellnndScape.

Calcium and magnesium are the dominant catiaqns in the so0il surface.

The pattern of crop vigour and photographic color in this

'

fleld relates'to the sequence of soils from upslope recharge areas

’

to downslope areas of groundwater discharge. Similar soil topo-

i

sequences in prudbminantly groundwater discharge arecas but with lo. |
areas of groundwater rccharge ar. described by Leskiw (1971) and
Maclean (1974) in their studies in the Vegreville area. The pattern
‘3and color of vegetation for this field as observed on color aerial
phn;ogrnphy relates to the toposequence from "nea;" zonal solls: in
ClaSé 4 areas wﬁere crop development is.not adversely'uffected by

soll characteristics and landscape position to the downslope intra-

~

zonal soils in Class 1 where crop development s severely restricted

v

by soil characteristics and landscape position.
Although the distinction between Classes 1, 2, 3 and 4

: ¥ Y '
appears real and valid from-the photographic tones and patterns, the

data on electrical conductivity and cultivated surface thickness does
not support this_distinction statistically. Accordihg to the results

of the analysis of variance (Table 24), the mean electrical conduc—

tivity for Class 1 is significantly different (P = 0.01) from the

- \



[l

mean clectrical conductivity for each other class, and the mean thick-

ness of cultivated surface for Class 4 fs stgnificant ly difterent

n

0.01) from the mean thickness of cultivated surface horizon for

s

(r

¢

each other class (Table 24), The lack of other stgnificant Jdifferences

is attributable to the varfability in electrical conductivity and

y
’

surface” horizon thickness within each class, especially Class 2. The

mean percent soluble sodium content (soluble sodium as a percentage
of soluble sodium + magnesium + calcium) of surface solls i each

class provides statistically significung differences (P = 0,01)
F 3

between Class 1 and Cla¥¥ég 2, 3 and 4, and between Class 2 and "

Classes 3 dnd 4 (Taple 24),

. ¢
rom: Soils as Recorded by Thermal Imagery
¢ Related to Soil Formation

. Emittanc

"

The thermal imagery acquired“for\the ”Loﬁer SLudy'A;bu”
.

refergnced by Maclean (1994) and -located northeast of Vegrevi SR
presented in Plate 1] (pagell71). ‘Aithough the i?age svules/jij
variablé, the ground distance from Site 8 to the road on the right
(ecast) side of the images is one-quafter mile, Effects of land use
differences on thérmnl image tones at the site locations Aro minimal
' since all sites are located in similar hay fields. The Soils and
g?oundwater flow conditions at each site are discussed by Maclean
(1974) and tabulated in capsule form in Table 25, .

Noticeable on the imagefy of.the hay fields cdntaining

-he sampling sites are the erratic and plentiful tonal variations on

the May imagery and the lack of such tonal variations on the October

-
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fmagerye  On the Mav imagery the diurnal pattern to these variat foi,

of retatively cool arevas (dark tone) on the midday Imayevy shitting

¢

Co bery relatively warm areas (Tight tone) on the prodawn fmapory,
| ¢ - : 3

brosdmilar to that tor water. Maclean’ (1974) statoes L hat super-
‘tmposed og the “deep groundwat er discharge nature’ of this area s o
: ' .o }
o _ . .
wcomplex pattern ot shallow o low systems” which are preat v int laenced
' . : 9
by permeability contrasts both within the bedrock and surticial

N

L
&
Pae

mitterials Weis complex pattern of shallow flow svstems ioore-
4 . 2 . .
spgnaible tor the complex pattern ol tones for relat iv;‘l)'aﬁ,i stoand
o X et
. ““# ‘ %\ sofls in this avrea as observed on the May fmagerv.  Maclean
. v . N :
'r‘L . : . .

CGT973) turther states that "the main source of water for Infiltration
S . " o b :
i vecharge is melting snow in spring. Fheretore, by Tate May

s 13 . . ¥, . L
the shallow lé\pw svstems are relatively active whereas by catly
kK 4." ) . M :

te
<

Vetober theggnt tuence of s%ll low flow systems h;x'.\j been reduved.  Thes =+

NG LU v Tk e .

would, account for the Llack of .tonal variations re l,qhwd 40" 5011 mdist ue
v - ’ R ' O - ' . . . »:. .

. ‘ L i . i e ; o . . (3
voentent dn the hay tields Qn the 0c¢ Lchr o ,lm.'tw l‘llﬁ -l e " Thes B

s

' .y . ' o ‘\ . ) \0\ ’«‘_‘ oo, ’
. midday imagery from October does show some slight lupa'ruph_vf int luence

onCtones resulting from relatively low solar utt‘?tudo wtél{' north tacing
slopes slightly cooler (darker in tone) than other slope aspects,  In

this way the midday October imagery shows sliphtly depressiomal arevas
- ‘ | )
where active groundwater discharge occurs (o the spring.
' v

-

Site 4 located on the east side of the study area adjacent

to trees along the road represents the Zonal Black Chernozem spils
- B B j
ot the region. On the basis of thermal tmage topes alone, it (s

difffculet to discriminate the ~omel solls at this site from the

Bl&é@ Bolonetz sofls at Sites 5, 7 and 8, although Site 4 appears to

</



/)(M.n'lv.m, 1974) .

) . I

. . _ -
he st vated inoan area ol sl fpbtly darker pro d twit tone and stiphtty
Sliphter m i,:“d.‘l\' tone on the May tmapery, Smx ¢othis site is situatoed

at the midline ])()Hili(\llhl)(‘LWt“(‘ll groundwater discharge to the, west and
PR Vs Y .

ated that the criatic

v )0 s n*

vecharge to the sout }‘i\gkm( s (Mac lem

IS . v , . Y .\
pathern of tones ui‘;ﬁ)\'intud with gMBundwater discharge begins inmedi-

i . o - h

' . 4 . : * : w v
atelly west of the sttes s To the southeast this pattern is dot evidoent,  -wav
‘

/ é K " N ' A} ! . e !
Image tones and r’.n% tor Sites 5, 2 and 8 are simi lar,

¥ .
' Al
JLack Solonetz solls oceur at all three sites 1[Lhou§,h discharge o o

oreurs at Sites b and 8 while localiged fe ‘tmxyv occurs at .\‘[tq.“? a I

S 53

P } '* - - ' B JEE— T oL

Areas ot preaget rroundwater disch;n"z) Jlld Llwrct\»nﬁ et er
8 g gy ré g

(! . . ) R .
relative diurnal R lm;tun( ton in soil surt: Ne g Lcmpc'r ara. JI‘% g‘cl\n‘~ Bl hese g
o . e . ¥
. . : - a &7 T ae dt

Joented by h‘itq by In thw.v are as, rcprosvntml,b_\' anoma Lous Adatk tones

) thc mldd‘ly im. s .md H;.\ht tones on the predawn imag o r)“' frow ‘
. . o . Q ) "‘ i

1M.1y, Alkal lnc ‘nolm)vt.f anud Ha 1 lnc Car hon 1L0q Gleyed Re uxul s - :
s . ﬁ’ ? ‘ o0 a .“_’
oceur, (Maclean, N 19 714‘) l}n‘ thvr:nnl patterns diff crent.. ltg Ly

i

. SN R
o « @ LY

\ni]\ Hom the Black H(‘\“Im'f!’:‘ te soils ar S‘itvs 5, 7. and 8.
N . ) B B . - ) . » V’

In this arearbath, recharge and dischar c"sloughs are tound.
- }‘ L‘ -

r/, \

. ’ e ' ﬁ
The recharge slough - (R)" hiis Humic K Iuvl 1L:‘d G lt‘VHO] soi lq Maclean, : .

: . .o
.

1974) while, the dischargv'slnlu,h (A) hds caxbonu[od and sal ine gheysols

.
f .

(Leskiw, .1974) and Orthic Humié Gl,eysnls (Maclean, 1974) . on ' L

| . . ‘

the May midday fmagery both hu'vv rcl\ltivelv (ooler su[tdce temper- |
atures (darker tone) while on the May prudawn imag-ery the dischargc

slough (A) has a dighter tone. on the October 1ma;,ery the recharge .

slough (R) 1is difffcult to detect by image ;onc alone while the

disuhm&,t slough (A) is o.lsily discernible.  In the spri.ng when suil

’
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Sad
~ v
R J
. . -
i 4 ) PN e ' \
moistute content s orelatively diph, K_ul_l\ tvies ob slouphs show the

P = Y
. .

\ L . —
dlurnal Changes o tole associated with ogen water and wet arees,  In
’ - \

-3 .

the “tatl, however, vecharge sloughs are generally dry sinee the sounree
) i ' . : H

ol water is spring runott,  Discharge sfoug:hs on the other hand remain

RN relatively moist especlally (U7 the discharge is trom a velatively deep

bl o

sroundwater source. Tt is interestimg to noge that on the October

imapgery the soue ot groundwater dimh‘nyu fmfediately w'es;.;nl' Site Y

r

(A1) s clear Iy disgernible as an .nmmdfnu-‘ tone nn\ninwmtll*am’l(]\
(]

_'. J . N . X ,, . . ‘f
The ambunt ol water in this (ll:u har Be lnu;,h l}»ls deo i \ ('{b o 1
S O .
“g rom levels in'May and variations do t'ﬁnc within the .‘f-h}nugh ‘vl
5 - “ . ¥

A : ) . . . . v - .
StoFthe depth ot the water presgad, the dv?\‘}‘)or water agtidg as "heat dy
v a o V. " T % '

} LE * -~
stuk"™ and“theretore s yo batively cooler during the day Rud relatively !

R S N g §

: - - ; KN ."‘ A P ) \’E‘)
o T - . s -

warmer at nwpphtsthan ashial l‘nwm‘ water, A -~

'

- o . »
tn this grea of domin m(.lv ln&lf‘dWILL‘l discharge, the &

) "‘#ﬁkq . )
Chermal | imagery acqudred indicates (L‘Il l\?\ aoll di»(l.bgcn(‘cs basced on

-\“Hll{;ll and ::&f}::nhﬂ‘l fmé\,gvfp;ltht'vrns .'md lnn%es.. Zonal and halomorphic

soils e separated on’ the basis of pattern of groundwat
. oo . »

: L i ‘
which fis most (v-&hu\,nt o the M magery. H.llnnmrphi and hydro-

P b Y. RN -

“morphic soils are separat®d on the basis of diyrnal variations in-

relative” tones"ghat relate to moisturp confent, Hydromorphic soils \\

/ . |
that occur ip proundwater discharge sloughs and which may be saline, e

" - : .
depending on the salt content ot Lhz groundwater, arp separatéd from

T

<
. 4 .
hydromorphic soils that occur {n groundwater recharge slotghs on tige

.
-

basts of seasonal Lh.mgc.s in. lhc diurnal varTations in {mag Eono

.
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SRetlectance trom bare
N ) A

p oNn be Rc l'.‘ltt,‘d ta’ soil (‘U‘I:;gx'!.s‘

4

band photopraphy allows for i

dominant conal sofls of the

M

amton = Vegreville repfon, the Orthiy
)

. . .
Gray Luvisols and the Black Chernozems. This is most cevident on
. ; !

the ved band photography since murface soil color fnfluences vigible
.

- ‘

retMectance andwsthe ditferencey in the pProcesses ol soil format fon
N , .

For these zonal soils are stronpgly expressed by surtace colar.  Sensor

4

° :
and soil management cffects, however, greatly int buence the consistency o

with which shis discrimination can be made,  Also, this sllldl\v“w‘ags"

* ¢, ”J::,

. . , 0 . :
4{a;m«-\l on the seflectance from bare soil surtaces. Vepetative covdy

wilt mask't soil surfaca and thereby make it ditfficult to diu- 12
v : v .

ed iw * B . : ‘ g .
- ; o« o
Crinfinake znal sefls using meflectande data, s
3 “ 4 - . .
;, . ©Crop coloysand patterns ol ;;?mmd cover, however, provide
Nl /

i . ) ' . o) e N Y . -
wvidence on the ocecurreidBé o intrazonal soils,  Reflectance trom Ay

»

bavrley Trop, as recorded vy color aeriat ti Lanss piwvidvs datia on the

”

oA : .
Facation, extent, and possibly type ot ‘intrazonal soil (hatomorphic
v ~

Tor hydromorphic) d(‘pvndi‘ng HAn the degree and type of styess to which

L]
£

.

the crop is subjected. Crop coloy and' patterus of- ('r()yylopmont

ris
-<- P
‘ A\

~ > .

these patterns and colors ’f‘c',l;lq.t‘ to more than,one sqil character-
. . . ‘ -~ ’ .

istic. In this regard {t s im‘porutive that sampling

Lhc\acquis.yltim‘r of Fhe lmagery. This presents a problem in Fll:lt

’

obneide with

\I N *

land owners often request that sampling be conducted after the crop

is-harvested while imaging is accomplished much earlier during the
S—— Ty, N - .

] ’ k
growing. sedson, _ . ,

|5 1o e case ol soil salinity,

|l\l\



Thermal dmaping provides by the pattern of tones possible

distinctions between zonal and halomorphic soils in the Edmonton -

i

Vegprevilte study area, Diurnal imagery (n the spring provides a
means to discrviminate halomorphic rom hydromorphic sotls while
Adiurnal dmaging in the spring and tall provides a means of discrimin-

) il
ating hydromorphic sotls ot groundwater rechargo ageas from those
. ' : 5

ot groundwater discharge ;n:mg's.
. B

The optimum use of multispectral data to désceriminate
“‘.p:\

varfogs sof ls%r soil”conditions requires the use of sensor Systoems

—

whereby retlectiqnee and emittance data cag be obtained from the

csamer smalloarea dn the pround simultanecous ly, and thc data provided
5 oA ., ﬁ-
y N ]
i a common forngdwd B vt common tormat,  Attempts to useherial
; . , A B R

3

hat ography and l"he"ﬁn;i I imagery trom the s stulb n e gl :«‘.'uﬁ g
i graph ‘ iy pery trom | ‘* k% he s ne
| L s |
aréa are n‘t'tcn;l'rustr’;ltvd by t:t‘illt‘ differences, lack ot quxt!;*ll -
ya i:
* lt‘HOlllLi()ll and posaiblv s.li';ﬂht ly different Imaging d.ltos " The

mulé¢tspectral informatfon shoutd also be acquired on a multidate - o

basis and, in the case of theriMl imaging, pn a diurnal basis on
’ . \ ¢
each date.

<

Wy \ .
Finally, t\ﬁ Lot multispvclr 1 data to 'Wmap" soils
4 ' - % S
requires that certain assumpt {ons be made as .to the kind wf zonal:
! . - |
A \%

and intrazong - solls that will be l'ound in a 'gi'vun amea,  Based on
-‘_ ) . s

X

o

J
. these ;lssumptlnns, spccil ic spg}tr.ll bmds ciin be studieg

"

in combtnatinn with prediuions mnde as to possgble results

5 mg ly oér
efore-
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. Potentials Far fhe Use OF Hemote Sens np tor Soil Stadies
N a
The mul tispect ral el tidate, and multisea e conceprys of remot e

v

sensing and carrent v.’lp;ﬂv‘ili( fes (o terms ot mﬁors and platforms o
pruvidvt(lw:w tvpes 8f data, are potenttally usetul tor many sofl

* -
related studies. Farther research Is required in order to fully dasens

sy ) . . ;
thetr use tor seneral sofl resource Inventories, especially (he multif-~

"

scatlte approach in which reneralizations are made us:iny, satel e widta

with further, more detailed examinations made mlny .1111 al plm{_n;,,r.lphv

I - .
‘ - ~2

At various scales. In .lylnnltm al ‘ln"fh’whv“' the pn[t“\ nt crop . _

‘-}\; u ‘w )
development “or dt ress - nn\' “he usid to assess soil el lL\T\ ter is! les, "more

. . v,

cmphasis on soil=plant relationships would be required in the mapping
“ o N

W There are many

Plapils with s ﬁﬁm A s pl.-nmm?fu s

P

1

. o : g . L
mstiances  vhere thie l\lnd Oof mapping mav be useful, as in L‘thrN ion
et &y . :

W e . .
. ! . : » %
ol sampling locat fons oy h-llil fzen Avials, or to study e eftects ot

Bl

soll ameltoration pbractices, such as deep plowing ot Solone. ~ie soils,
. : y

7 Further rescareh s redquived to fully assess e application ot
~ - .

remote sensing ll\\r raclamation studies. Sequent ial fmaging may be usciul
Lo assess vegpetat lon response to various soil treatments or reclamat fon
‘ : '
- Il R ot B S, N § - . )
Practices. Similarily, vegetative response to soil pollution could be

studied., —~ ; o ‘ .
- . . ( A . ) ‘ - +
Investigations On the uses of vrmal Cimagery for sofl studies | -~
i . - - L]
L J . .

»
N osofl climate:brought about by

-
should include studies of theechanges

i < - Lo
spectiie manageme: iwetices, such As the use of windbreaks, Tais tvpe -
: . bk . B . e BB QY .
3 . )

of lmagery would also e usetful fy 501l engj ing studies’ especialty

ot slope s‘tnb]lity in relation to groundwater se

-—

Yage.

: o

P

ey



In most instances the question |

i ) v
study can be conducted using remote

Jwhether or not jt is cost-e
.:w{ . B "/ N

b

ffective to do so. Ti

. : .o 3s
must be considered when the . results
& o

of ;ﬂlﬂs‘idn—nrl('nrnwl re

projects are presbnted,

S not whether or not

sensing techo Ly oy by

a specitie

‘

rather,

> ccor nl. quest Lon

mote sensing
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‘ Plate lO Normal color -(upper) an® color infrared (lower) simultaneous
aerial photographs adquired on August 16, 1970 of a field of
barley (NW Sec.3-Tp.52<R.24-W 4th. meridian) illustrating-

- four classes of crop stress due to soil salinity. Approximate
_scale of photographs 1:8,000. : _ o
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Appendik 1. Defimvttion of terms used to qualitatively describe the
configuration and roughness of bare soil surfaces at the
time of field measurements of reflectance.

clods: compact and coherent masses of soil produced through
culrivation that are irregular in shape,~var1able;tn size,
and occur as ipdividual units. . '
fine - generally less than 2 ¢m in diameter -
medium - generally 2 to 10 cm in didmeter
large - generally greater than 10 cm in diameter.

granular individkal surface, soil aggregates, rounded in shape, tlr
‘result frol the breakdown of clods and peds
fine - less than 2 mm in diameter
medium - 2 to 5 mp in diameter
large - 5 to 10 mm in diameter

erbled individual aggregates are not discerpible on the soil surface
having coalesced due to effects of rain but the outllne of
. individual aggregates remains visible. Used with gravellz
indicates individual particles of coarse sand and very fine
on the surfacd used with smooth indicates a smooth surface
with some protruding pethes

uddlgd: surface has been wetted and dried and neither individual
aggregates nor their outlines are discernible; the surface is
uniform and even with no protruding pebbles.

ongy: surface is very porous, rebounds quickly from pressure, and
reétains higp amounts of moisture.

crust: indicates a very dry outer shell of soil on aggregates or
clods, or.a very dry surface layer on pebbled puddled or
. smooth soil surfaces
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Appendix 3. Aerial photography acquired through the Airborne Sensing

v

»

Unit, Canada Centre for Remote Sensing,

the, National Air Photo Library, Ottawa.

and available through

Plate 2.

Plate 3.

Plate 5.

Plate 7.

Plate 9.

July 7, 1975
Film 2443, filter W 12

RC 10, £=3.5 in., H=33,000 ft. AGL
Roll A 37188 IR, Frame 127.

June 11, 1973

Film 2443, filter W 12 ,

RC 10, £=3.5 in., H=12,000 ft. AGL
Roll A 30709 IR, F:ﬁmes 7, 9, 11.

/ LN

— -
May 29,y 1971 . : :
Vinten 70 mm, f=3 in., H=38.650 ft. AGL
B+W Red band: Roll BN1125, Frame 52
B+W Infrared band: Roll BN1124IR, Frame

October 5, 1971 o
Vinten 70 mm, f=3 in., H=38,600 ft. AGL

B+W Red band: Roll BN1300, Frame 97

B+W Infrared - band: Roll BN1299IR, Frame

. May 29, 1971

Vinten 70 mm, f=3 in., H=16,800 ft. AGL
B+W. Red band: Roll BN1125, ,Frame 307
B+W Infrared band: "Roll BNIIZQIR, Frame

- October 5, 1971

Vinten 70 mm;%=3 in., H=16,800 ft. AGL
B+W Red band: gpll BN1300, Frame.354
B+W Infrared band: Roll BN1299IR, Frame

.May 29, 1971

Vinten 70" mm, f=3 in., H=16,800 ft. AGL
B+W Red band: Roll BN1125, Frame 313.
B+W Infrared band: Roll BN1124IR, Frame

October 5, 1971

/

52.

97.

306 .
354.

312.

Vinten 70 mm, f=3 in., H=16,800 ft. AGL

B+W Red band: Roll BNI1300, Frame 348

B+W Infrared band: Roll BN1124IR, Frame 348.

L4
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{» Appendix 4. Monthly mean maximum—soil temperatures (oC) at various depths
from @ata recorded at Ellerslie, Alberta during 1971 (modi-
fied afté‘ Environment Canada, 1971-1972).

'Month

January
February
arch
) .
April
May -~

2 &,

3'.-' June\ r}
July
Augﬁst;l
September
October
November-

December

B

Depth (cm)

1 10 20 50 100 150 300
-3 -3 -2 0 1 2 5

-2 -2 -1 -1 1. 2 4

-1 -1 -1 0 : § 2 4

3 3 2 1 1 2 3

16 14 11 8 6 4 3

. 1B 17 15 13%. 11 8 5
21 20 18 315 13 11 L7

25 23 19 17 15 14 8

. 16 15 13 13 = 13 13 -
8 7 9 9 10 10

0 1 4 6 7 6 -

24 -3 1 3 4 3 -
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Appendix 5.

M%nimum (0800 hrs) and maximum (1700 hrs) soil temperatures
('C) at various depths recorded at Ellerslie, Alberta, for \:
the period May 22-26 and October 1-5,

Environment Canada 1971-1972).

1971 (modified after Jyﬂd

S

-

L

Date f

May 22
23
24
25 .

26

~ October 1

min.
" max.

min.
max.

Pepth (ém)

1 10 20 50

11 11 11 8

16 .14 12

10 11 Y 9.

19 17 13 x

»

13 13 13 9
21 18 14 “

14 14 14 10
21 19 14

15 15 14 11
21 18 14

5 6 8 10 11 12 11
13 12 10

5 6 9 10 11 11 12
13 12. 10 ' :

6 7 9 11 11 11 11
13 12 10 ‘

8 9 10 10 11 11 11
13 13 11

8 9 10 11 11 11 11
15 14

11

\)
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Appendix 6. Location, slope, aspect. and land use for the ground truth
sites for thermal imagery of the Edmonton study area,

/

Site ¢ Location (W 4th)

1 SE
2 SE
3 NE

4 SW

5 NW

6 NE

7 NW

8 NW

9 NW
10 NE
11 NW
12 NW
13 NW
14 NW

_gg}{_;_____

Sec.'15—3p'.52—R.21.o
Sec.15-Tp.52-R. 24
Sec.11-Tp.52-R.24
Sec.13~-Tp.52-R.24

Sec.7-Tp.52-R.23

Sec.7-Tp.52-R.23
Sec.8-Tp.52-R.23
Sec.8-Tp.52-R.23
Sec.9-Tp.52-R.23
Sec.10-Tp.52-R. 23
Sec.ll—Tp.SZ—R.23
Sec.7-Tp.52-R.22
Sec.7-Tp.52-R.22
Sec.9-Tp.52-R.22

Slope ‘

Aspect .
>

2 , 2 Z

SE

Land Use _
May Octgber
stubble fallow#*
stubble fallow
fallow fallow
fallow stubble
fallow fallow
pastura pasture
fallow fallow
fallow_ fallow
fallow fallow
pasture pasture
hay hay .
fallow fallow
hay hay
;8
fallow

fallow

* fallow' =

bare soil surface

187



18%

»

ating

dic

N

Gray scale values from multiband photography in

Appendix 7.
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Orthic Humic Gleysol
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‘1.
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X
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- -
o
0
e
"o
- -
Palivsl
-~
oo
)
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o n
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oo
RN

.02.0 2.0 1.5 2.0 1.5

R 3.0°3.5 4.0 2.5 3.0

IR 2.52.02.02.01.51.51.5 2.0 1.5 2
IR 0.5 2.5 1.52.02.0

July

3.5 4.0 3.0 3.5

R 3.0 3.0 2.5 3.5
IR 2.5 3.0 2.5 3.0

G

Octoﬁer

2

3.0 3.0 3.%48.0 3.0 3.5 4.0 3.5
R 3.5 3.5 4.0 4.0 3.5 4.0 4.0 3.5

IR 2.5 2.0 2.5 2.0 1.5 2.5 3.0 2.5

- Orthic Black Chernozem

G

May

LR 3.03.5 4.5 5.0 4.5 4.0
IR 2.0 2.0 1.5 2.5 2.0 1.5

July

3.5 3.0 3.0 3.5 3:0 2.0 3.0
-0 3.53.0 1.0 2.5 2.0 1.5 1.0

-—

2.0 2.0 3
IR 2.0 2.5 2.52.02.51.52.01.0 1.0 2.0

G 3.0 2.0 3.0

October

R

3. Eluviated Black Chernozem

[

«0 3.5 3.5 3.5 3.5 5.0 4.0 3.5 4.0 4.5 4.0
-0 4.0 4.0 4.5 3.5 4.0 4.0 4.0 3.5 4.5 4.0

1.5 1.0 2.5 2.5 3.0 2.5 1.5 2.5 2.5 2.5 2.5 2.5

May G 2.5 2

3.0 3

R
ER

|
>

May G 3.5 3.0 3.0 2.5 3.0 2.5 3.0 3.5

R 4.0 3.5.3.5 4.0 .
/«’

IR 2.0 1.5 1.5 2.0 -

July

October

G 340 2.54.0 3.5

R 3.0 2.5 3.0 3.0
IR 2.0 1.5 2.5 2.0

Black Solonetz

4.

R 3.0 2.5 3.5 2.5 4.0 3.0 3.0 3.5

3.0 2.0 2.0 2.0 2.0 2.5 2.5 3.0

IR
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SN
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October GAL0 A0 35 3Ly
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July R 5.5405 6.0%.0
o TR 1.5 2:5 2.0 2.5
October 6 4.5 4.0 3.0 3.5
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IR 30 2.5 2.0 2.5

7. -Orthic “Gray Luviso]
May G 6.0 6.0 5.5 65-1)
¥ "R 5.0 5.0 5.0'5:5
IR" 3.5 3.0 3.5 4.0
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Appendtx 8.

Electrical Soluble
Class’ Site Thickness Conductivity Na My Ca
] 1y Te 1.9 19,1 1.6 1.4
3B 7.5 ! 20,0 2.3 1.6
13 F 7.5 1.2 9.0 1.1 1.3
14 10.0 ‘ 1.3 10,2 1.1 1.4
15 D 7.5 2.1 27.1 2. 1.4
16 B 10.0 2.8 31.5 %3y 2.9
16 D 5.0 1.0 6.5 1.4 0.9
16 1 10.0 2.3 38.2 2.3 2.1
17 F 5.0 0.5 4.2 1.4 1.6
17 H 5.0 = 1.5 12.4 1.6 1.8
17 . 20.0 0.5 1.5 0.9 1.4
2
18 H \ 7.5 0,7 2.7 1.0 1.1
2 12 1 15.0 0.3 1.2 1.0 1.8
13 D 15.0 1.1 5.0 2.7 2.8
13 1 10.0 0.9 4.9 1.3 1.9
14 1 15.0 4.4 0.8 1.6
14 L 7.5 0.9 1.4 2.4
15 F 7.5 2.5 0.9 1.3
15-J 7.5 3.0 1.3 1.5
15 1 18.0 1.0 1.6 3.3
16 1 10.0 9.8 1.9 1.3
16 15.0 3.0, 0.6 1.0
16 L 5.0 1.3 10.9 1.2 1.4
17 Bw 10.0 0o el 5 2.0 2.1
17 b 20.0 5.3 0.7 1.0
17 1 10.0 ). 7 2.6 1.8 2.6
3 12 B 10.0 0.5 1.5 311.9
12 » 10.0 , 1.9 2.2 4
12 F 10.0 0. - -
12 L 10.0 0.5 1.2 1.2 3.2
14 D 15.0 ; 0.7 2.1 1.8 3.3
18 J 15.0 0.6 1.7 1.9 3.8
A 13 L 23.0 0.5 1.2 1.5 _ 3.5
15 B 20.0 0.4 1.4 1.5 1.7
15 'H 18.0 0.3 1.1 1.0 1.7
18 D 23.0 0.4 0.9 1.3 2.4
18 T~ “w15.0 0.4 1.2 1.4 2.6
T

Thiciuness (em), v]m‘trirhwiinr(iv!(y (mmhos/em) and

~soluble  Na, Mg, and Ca (me . /1itre) of surface solls within

cach class of salinity offects on crop development as
observed on color acrial photographs. Site numbers refer
to coordinates within the sampling grid used.

\
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Appendix 9. Glossary of terms (after American Society of Phutogrnmmvtry,
1975) .

nalogue: A physical varfableé which remains similar to another with
- — -
proportional relatfonships the same over some specified range;
a temperature may be represented by a voltage which is it

analogue .

blackbody: An fdeal emitter which radiates energy at the maximum possible
rate per unit area at cach wavelength for any given temperature;
also absorbs all radiant energy incident upon it.

crab: Anv turning of an aircraft which causes its longitudinal axis to
vary from the track of the aircraft.

emittance: Radiant flux per unit area emitted by a body.

qqgiyg}ggﬁ»h]qgkbggzwfgmpgxgturc: The temperature measured radiometrically
corresponding to that which a blackbody would have.

gain: The amplification given a signal by the receiver.

Brav scale: A monochrome 5trip of shades ranging from white to black with
intermediate shades of gray.

ground truth: Supporting data collected on the ground as an aid to the
interpretation ofi remotely-recorded data: synonymous with
ground data or g;!und information.

isotropic radiation: Diffuse radiation that has exactly the same intensity ~
in all directions; therefore an isotropic reflector reflects y

energy equally in all directions. ~..

e

LA SAT: An acronym for Land Satellite, formerly Farth Resource
Technology Satellite (ERTS) .
wmultiband photography: A system Sf cameras for simultaneously observing
the same small target with several filtered bands through
which data can be recorded; generally black and white
- photography in different spectral bands.

multiemulsional photography: Photography with color films that have two
or more emulsion layers. ‘
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zuu&inﬁ Y. continued:

o . : < :
mulbtispectrals Used to desceribe remote sensing in two or more spectral

hands .

1>n15'hx]xn51ti(': Used to deseribe Pilms that are sensitive to broad band

vlcctrnmngnotir enerpy, usually the entire visible light
spectrum,

N

I“U?}Tﬁlvfiﬁt“EﬁLJTﬁJi*}iHY A body that reflects radiant energy in .

such a manner that the intensity of the retlected enerpy jg
directly proportional to the 4 tensity of the incident
vnergy times the cosine of thfd” anple of incidence.

Acronym for picture element ., WMHI pictures are Processed hy g

digital computer they can be regarded ag discrete arrays of
numbers (i,e, matrices), The elements of the matrix are
cialled picture elements or pixels.

The instantaneous field of view which each sensor of the
LANDSA'T multispectral scanner has of the ground is a square
approximately 80m by 80m. Each of the sensors Medasures the
intensity of the energy it receives and produces an output
signal. The region of the ground for which the intensity jisg
measured and recorded g called a pixel. The output signals
transformed into numbers are called pixel values. Therefore
for the LANDSAT multispectruj scanner, each pixel has four
CorrGSponding pixel values rehresenting the intensity of
the scene reflection 1in ¢each of four spectral bands (after
Peet, r.qg. II6. A Primer on the Use of Digital LANDSAT
Duta. Forest Munagement Institute, Environment Canada,
Ottawa. 21pp.). :

spectral band: An interval in the clectromagnetic spectrum defined

by two waveleng ths, |
[

spectral signature: A quantitative measurement of the properties of

an object at one or several wavelength interyals,
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