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The fourAmajor parameters defining Dall’s sheep (ovis dalli
: '

dalli)-winter habitat are: (1) moderate to steep slopes. (2) |

south facing slopes, (3) snow—free vegétated areas, and 64)
proximity to\esoape terrain. This study compared known sneep
wintering areas to digital terrain data and winter Landsat data
..to determine the dgits of the first three parameters. Proximity
to escape terrain‘was_not investigated. Slope azimuth and 31ope'
magnitude terrain data sets were deveioped and used to determine
the limitS'of the, first two* parameters., Snow-free areas were
identified using Landsat Thematic nappér, pand 1 (blue) data
regfgtered to a regular digital eieyation model. A map overlay
and interseotion technique was‘used to‘map combinations of.these
parametersr The resuits were as follows: (1) slope_magnitude (3°

- 37°) was not a limiting faotor in determining Dall's sheep

Winter na!sitat however, the slope magnitude range eliminated
Y \\, . R

‘some areas)from consideration- (2) slope azimuth (110° - 260°)

was tne dominant contﬁollinQ‘factor in determining Dall's sheep
. o
winter nabitat; (3) snow-free areas were ‘not a Significant factor

¥

~ for qefining Dall's sheep w#nter habitat. Snow depth may be a

faptor; but temporal Landsatidata is required to define this

‘o

parameter.
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'Single class map of snow-free, non-forested

sites shown in black overlaid on the

hillshaded map. The boundaries of the habitat
polygons are overlaid in white on the -1nqlo

class map.: . , - K}
Single class map of slope magnitude and slope
azimuth ranges characterizing Dall's sheep
winter habitat overlaid in black on the
hillshaded map. The boundaries of the habitat .
polygons are overlaid in white. \ : 35

" Single class map of slope magnitude and slope

azimuth ranges characterizing Dall's sheep
winter habitat and the gsnow-free, non-forested
sites. The single class is shown in black on
the hillshaded map and the habitat polygons

 .are shown as white boundaries. 36



9 1. INTRODUCTION :

The identification of important wildlife habitats in the .
Yukon Territory4nas peen limited by the vast areal extent of the
land, the inaé:;ssibility. and the associated Costs ef conducting
field work in remote locations. Proféqgional wildlife management
has a higtory of less than twenty years in the Yukon Territory
(Hoefs.and Barichello, 1985). Demands on £he land in terms of
land use development, utilization of renewable and non-renewable
resources,‘:nd native land claims are increasing. Land planners
and wildlife managerg urgently need qualitb pase—level data at
various scalesrto_incoréorage into the decision making process.

Present metﬁods of 1nfo%mation gathering on wildlife habitats
~are time consuming and costly (Holroyd, 1980; Jacobsen, 1980;
Stelfbx, 1980), and the existing data are‘unorgan;zed and not

.

e#sily retrieved. Hoge efficient methods are required for
effective management.»The lntegration of digital éaiellite data
with digital terrain dita for habitat mapping would be an
appropriate methodology for the Yukon Terfifbry. Digital
databases gcquired with this new technology'are'gasily updated
and permit automated data analysis. Information extracﬁiqn is
.consistent. aécurated and cost-effective. Overall, there is a
smaller primary data acquisition cost, Ehe informa£ioq is -
re;atively.easy,ﬁo acquire, and data a;e availabig for large
1naccessible areas for ang/;gasén of the year.

This thesis demonstrajes how digital mapping téchnigques can

be applied to the spatial’ analysis of pall's sheep (Ovis dalli



dalli) winter habitat, in the Yukon Territory. The overall
objective of the research was to investigate the integration of
Aigital® terrain data with digital satellite data as & tool for

habitat management. Specific objectives involved tnhe development

w

and analysis of digital databases for the quantxtg&;VQﬂavaluatxon
and modeling of Dall's sheep winter habitat, and included the

following:

L]
4
1. to de)'elop terrain data sets describing the distributions

, Y
of slope magnitude and slope azimuth;. ' .

2. to use e terraingdata sets to obtain the quantitative

parameter# defining Dall's sheep winter habitat;

. ~

3. tJ determine snow-free areas fram digital satellite
imagery; ) )

4.' to identify potential sheep winter habitat areas using
the process of map overlay and intersection of the terrain
distributions (slope magnitude and slope azimuth) and the show-

bt

free distribution.

™=

™
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v Hapitat maps are used ‘to delineate areas Which provide all of
the requirements necessary for the suﬂwival and prosperity of ‘a
L

speCies. Conventional mapping and analySis of'habitat has been

' comprised mainly of field work ' nteraieﬁing of knoﬁledgeable ’

‘nterpretation of aerial -

photographs, -and manual data analySis (Holroyd 1980, Jacobsen,

people, low-altitude aerial surveys,

1980; Stelfog, 1980) These technigues are labor—intenSive and .

’ . o v Lo
Y . .

Recently, satellite imagery has. been recognized as an

: economical and . laborsaving alternative to comweg;ional data

gathering methods for habitat mapping and analySis

Geometrically corrected digital satellite imagery provides a
N .
cost effective means for. incorporating resource data into the

'1 management processes (Henderson, 1984 Ihemadu,

p)

ital satellite data ‘has been used to evaluate the

1985)
vegetation component of habitats for mammals, such as moose in  *
Alaska (Laperriere et al.,-1980) and Manitoba (Dixon et al.,_‘

.

1984) caribou in the Northwest Territories (Thompson et al.,e'

,1980) and grizzly Jbear in Montana and Alaska (Craighead et al.,

1985) Digital terrain data has mainly been used as a tool in

habitat mapping to improve claSSification accuracy of digital

satellite data (e. g. Hutchinson, 1982) For example Craighead et
? :

al (1982) used digital terrain data to separate Landsat~derived

-



| ) S ) 335:__ ‘ - 4
vegetation'zones'by elevation for the'mapping of grizzly bear -

+

‘ .

)

habitat in. Hontana. ) S

To achieve truly representative habitat maps for alpine
mammals, relevant anCillary terrain data (elevation, slope :\‘
T magnitude, ‘and. slope aZimuth) must be incorporated into the
‘,habitat classification and mapping procesg. A study conducted by
'Stefanovic and wiersema (1985) in the European Alps demonstrated
.the Ptility of digital terrainrdata for modeling insolation as
the/prinCipal parameter in alpine ibex habitat. Terrain l

/

.parameters were more important to this spgcies of wila goat than

'vegetation types (Stefanovict§nd Wiersema, 985). Similarly.
N ‘o " [3
‘ Dall s sheep distributions are also conSiderably influenced by

!

terrain parameters (Nichols, 1978) After an exhaustive search of

the 1iterature only one example could be found of the digital

o
I
i

‘ mapping of terrain and land cover components ‘of habitat using
‘1 - . ‘
integrated satellite image data and terrain data. Bonner et al.-

v\(1982)°used elevatfon, slope magnitude, and Landsat derived
\vegetation data sets to,produce a map of potential.bighorn sheep.
‘rnabitat

f Most of the published literature concerning the incorporation
B
‘of digital satellite data into habitat mapping ‘has utilized

O

}summer imagery to prOVide vegetation information COmparatively e

)

.\"

little work has been undertaken uSing digital Winter imagery foz//

:snow—cover mapping Snow cover is one of the most Significant

/s

factors governing the . surVival of northern ungulates (Form:;?v
1]

1946 Pruitt, 1959' Skogland, 1978 Telfer and Kelsall 19
/
'and thus the identification of snow-free areas is impei7tive

7

. R



}Kformation needed“?or proper management practices (Jaques,

\ /’1982) w1ersema (1983) 1n a study focused on ibex habitat,

\\\employed three technlques for detectlon of snow free dreas ln a

Landsat Multxspectral 'Scanner System (MSS) scene acquiredjover
the French and Italian Alps. These techniques ‘included: (1) an
unsupervised approach to digital classiflcatlon to locate snow-

£ v,

free migration routes; (2) a visual interpretation of Landsat
band 5 (red) brightness maps to“determine snow-cover boundarles
and transient snow 11nes* and (3) a V1sual interpretatlon of
ffalse colour composxtes\to locate snow-free vegetated areas
‘Jaques (1982) investlgated four tecnnlques for 1dent1fy1ng non-
forested snow- free areas as potentlal crltlcal winter habltat for_
. native ungulates in the Rocky Hountalns of Alberta us;ng Landsat
MSS data. The four image analysis technlques were. (1) the visual
lnterpretation of color 1nfrared comp051te images- (2) single -
tneme density slicing for each MSS band' (3) an- unsuperv;sed
approach to multispectral cluster analysis° and (4) a

g

” multitemporal claSSLflcatlon approach where a summen scene wag

9

\

yused to classify non-forested areas and a w;nter scene waSJused -

to 1dent1fy snow-free areas. Jaques (1982) concluded t‘at t

.I

wintervrange.
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Dall's Sheep Winter Habitat

 pail' s sheep along with. Stone s sheep (Ovis dalli

~

stonei) are subspeCies of the thinhorn species (Ovis dalli)
of - North American sheep- (Nichols, 1978) Dall' s sheep are
mfound in Alaska, the Yukon Territory. the Northwest
‘Territories, and the extreme northwestern part of British
COlumbia (Nichols, 1978). The YUkon Territor contains the
"1argest wild sheep population of any jurisdict on in
Canada" (Hoefs and Barichello. 1985:16). Hopefs and

‘i_

Barichello (1985) estimated’ the pall's sheep population in

3
)

the Yukon Territory at 19, oop /r
: |

Dall s sheep habitat liLs almost entirely above tree
line and consists of steep, /dry, south- facing grass;and
slopes intefsperssu,with broken cliffs and talus slopes
(Geist, 19715 Hoefs, 19743 Nichols, 1978; Hoefs and Cowan,
1979),'There'are fonr major parameters that define Dall's
shegp winter habitat (Hoefs, pers comm. 1987s Barichello,‘
_pers. comn. , 1987) (1) moderate to steep slopes, (2) south—
facing slopes, (3) snow-free vegetated areas, and (4)
proximity to escape terrain (Geist, 19713 Hoefs, 1974

Nichols, 1978; Hoefs and Cowan, 1979). These pa:ameters have

all been\previously‘expressed in qualitative terms. This
T

‘thesis addressed the first three parameters defining winter

H-
A . X . .

'hab' at using digital terrain data and satfllite data.

~

The vegetation types associated with Dall's sheep

. . /\



s d

Winter habitat were not examined in this study. The major

vegetation types conéumed by pa1l' s ‘sheep are associated o \f\
'with dry,‘exposed, alpine grasslands (Hoefs and‘Cowan;

1979) These gréssland associations are found mainly on

south-facing slopes, and therefore the identification of tne\‘

vegetation component is a consequence of the identification

of south- facing slopes. The fourth parameter, proximity to
escape terrain, was also excluded from this. project.
Digitally defining .and quantifying escape terrain is a
complex process and warrants a separate study. No such stuady
nas yet peen attempted. | " |
| 'Winter is one of the most critical times in the ;:({L:ife'
cycle of pall's sheep. From late minter until sprinqzuggy'»~\
little food is available and tne<sneep depend heavily on ’
stored body fat for‘nutritional needs.'During this period.

the population is concentrated—in areas where snow-free

‘feeding sites are found in close proximity to escape terrain
(Nicnols,'1978° Hoefs and Cowan, 1979). Winter rangeiis |
limited by snow conditions to a very small portion of the

~ overall range (Nichols, 1978) In early winter the snow-is o
" soft and sheep can paw througn to tne vegetation (Geist ,;'w',“@

1971- Nicnols, q978 Hoefs ‘and Cowan, 197 ). In late winter,,*

howe er, th now is often Wlnd packed a

Consequently, in late winter sheep depend on the steep,
south—facing, and/or wind—scoured ridges that remain SNOwW

free (Nichols, 1978; Hoefs and Cowan,’1979) making this the

critical time to detect snow-free areas.

&
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watson/wneaton Study Area
The study area is situated within the p}anning region
‘desiqnated by the Yukon Department of Renewable Resources as \
-the Watson/Wheaton Pilot Projeota.A helioopter survey
ACOnducted witnin‘tnis region during March, 1987 served as
the basis for this research. The study area is located
approximately 25 km south of the city of wnitehorse and is
.bounded in the south by the Britisn Columbia/!ukon Territory
border. Located between 1at1tudes 60°00' and 60°30' north
.and between longitudes 134°44' and 135° 48' west, this 3267
km2 area encompasses approximately one quarter of the
National Topographic series (NTS) 1:250, 000 map 105D.
Dimensions of the study area are 55 km ;n the /north-south ' )
direction by 59 4 km in the east-west airectid )
Situated within tne COast Mountains Ecoregion (oswalda Jf
‘and Senxk, 1977), the terrain iS'veru rugged, ranging in

elevation from 650 m asl at Lake Bennett to over 2500 m asl

in the so thern part of the mountains with several ice-
covered p aks above 2400 m asl. The Coast Mountains . )
‘Ecoregio falls W1t n the discontinuous scattered

permafr st subzone much of “the areas lies above treeline

Q)

(Oswal .and Senyk, 1977), and the climate is subarctic

nlghts are typical for -this latitude with less than

ours of sunshine received on December 21 at a maximum - .

A



¥

solar elevation of 6° (Wanl et al., 1987~). - 1

IhQCarcross, the nearest meteorological station to the

'study area, the average annual snowfall is 101 3 cm, with
vmost snow falling between November and.March (Table 1)

,danuary is the coldest month with temperatures averaging

=19.8 c (range -15.1°C to -24. 8°C). The mean March
temperature is -8.3 c (-1.8 q_to —14.e°c) with a mean
snowfall of 10.2 cm (ntmospnericrtnvironment service,
1982a). Average snow-deptn‘date is not available for
Cargross. |

Table 2’contains a summary of the weather data for
March 1987, the period pertain;ng to this study. The mean

temperature auring March, 1987 was -12. 0°Cc (range 6.0°C to

-35.5 c) with 7 cm of snow falling for a total snow deptn of

‘15 ‘cm (Atmospneric Environment Service, 1987) According to

)

wahl et al. (1987), snow depths reach their maximum by early

to mid-April at elevations greater than 1000 m in the

southern part of the Yukon Territory. Tne'closest
meteorological station with wind data is Whitehorse. In
March, the prevailing wind direction varies from.soutneaét

to soutn, with average wind speeds of 19 7 km/h from the

.southeast and 17.2 km/n from tne south (Table 3) Dominant

wind directions over the interior ¥ukoanerritoryvcoincide

mainly with the valley orientations (Wahl et al.,.1987).\

v

.. e
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TABLE 2
March, 1987 Weather Summary.

for_Carcross, Yukon Territory

Snowfall (cm) 7.0.
Snowdepth (cm) 15.0
‘Maximum |
temperature (°C) 6.0
- temperature (°C) - -35.5
| Mean X )
" temperature (°C) -12.0

Source: Atrﬁgsphen‘c Environment Service (1987).
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 TABLE 3
Average March Wind Data for
Whitehorse, Yukon Territory (1953-1978)

Wind ‘ % Average wind

direction ' frequency speed (km/h)
NNE 0.6 123
NE 0.3 R .*6.3
ENE 0.1 : 9.7
E 0.5 106
ESE 16 ~ 7 18.0
SE -~ 14.9 » 19.8
SSE 17.8 20.2
S 14.7 16.8
SSwo ., 2.3 16.1
Sw 24 11.9
WSW 1.6 '10.9
- W 3.2 8.7
" WNW 2.3 9.9
" NW 114 - 13.6
NNW 67 - 149
N 7.3 . *13.5
Calm 123 N B

All directions 14.3




111, DATABASE DEVELOPKENT
. Digithl Terrain Data

Digital topographic 1nformation in the form of a generated
grid of elevations or a digital elevation model (DEH) was
required for this research. A portion of a 1:250,000 Natlopal-
Topoqrapnic series (NTS) map was digitized using the Interactive
Graphic Design System (16DS) software developed by the Intergraph
Corporation, running on a VAX-11/730 minicomputer. Each éoo foot
contour was digitized using point mode sampling. Large flat areas
were supplemented by digitizing additional contours and points
from 1:50,000 NTS maps of the area.

The digitlzed lines, comprised of X and Y coordinates and
their associated 2 (elevation) values, .resulted in a total of
27383 sets of triplets. To create a regular grid of elevation
values, these trlplets were surfaced usxng/ﬁ multhuadrlc
'equation algorithm based on an analytlcal interpolatlon:approacn
developed by Hardy- (1971) and 1mplemented in roving form by Eyton
and Hemenway (1987). The number of calculations performed py this
surfacing routine is quite extensive; approximately 23 hours of
CPU time on a VAX-11/730 were reqﬂired. The resulting DEM
contained 550 rows and 594 columns with each grid cell oovering a
100 m by 100 m area on the ground. Hultiquadric surfaclng was
used because the equations were designed for topographic

expression where the fitted surface must pass through all of the

obserVation points exactly. (Hardy, 1971). The DEM was then
A ™Y ,
-/
13




Bmoothed once using a low-pass lpatill filter to remove local
irregularities. Figure 1 shows a perspective plot of the :moothod
DEM. Latitude, longitude, and north are indicated on this figure.
Where appropriate, the rest of the figures are oriented with
north at the 't;p.‘ |

gerivative products obtained. from ;he DEM supplied the
necessary information regarding landscape geometry, Slope
magnitude and slope azimuth data sets were derived from the
smoothed DEM using an algorithm developed by Eyton.(1987a). This

~ o .

algorithm employs the method of finite differcncos applied to a 3
X 3 neighborhood to obtain the siope magnitude and slope a;imuth
components of the first spatial derivative. The derived data sets
were identlcal in size and locational reference to the original
grid of elevation values. These data oets were used to quanglfy
;hé first two parameters defining Da;l's sheep winter habitat:
slope magnitude and slope azimuthf ) hillshaded map, based on a
Lambertian refiectance model (Eyton, 1§88), was.oreated from the
slope and azimuth data sets and used as a map base for most of

the illustrations prqgented in this stuady.

ﬁabitat Polygons

Dall's sheep winter habitat areas (polygons) were delineated
on a 1:100,000 topographic map during a helicoptér survey
conducted by Yukon Territorial Government biologists on March 49
and 25, 1987. The hellcopter survey covered all known winter

ranges of Dall's sheep Within the study area (Hoefs, pers. comm.,

e

Qg

»
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FIGURE 1. Perspective plot of the smoothed DEM (with 5X vertical
exaggeration) of the Watson/Wheaton study area, Yukon. Territory.
The viewing perspective is from the SSE (azimuth=157.5°) at an
observer altitude of 60 . '
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1987). This survey was described by Hoefs (pers, cgmm.. 1987) as
a coﬁplete but low intensity survey; ého i;tiro area ;ll flown.‘
put with only a single pass. In t;ls survey, the locations of the
polygons were based on sightings of sheep oOr concentrations O( .

tracks. The field expertise of the biologist was of rlrlmount

~,

importance in determining the polygon SBundariel. Areas whigh
Yukon biologists indicated were marginal winter habitat were
excluded from this study.

Forty-elght }lyggns from the 1:100,000 map were digitizeq,
and a binary (sheep/no sheep) digital mali was produced using a
vector-to-raster procedure (Eyton, 1987b). The digital mask‘
registered with the digital‘terrain data gets, Figure 2 shows the
digital mask oveflaid on the hillshaded map to indicate the
location of the Dall's shekp winter habitat polygons. The aigital
mask was used to extract information for the winter habitat

polygons from the digital elevation model and from the 8lope

magnitude and slope azimuth derivative models.
Landsat Data

A Landsat Thematic Mapper (TM) image (#51111-193421) was

‘obtained for March 17, 1987. The satellite pass occurred two days

prior to the winter aerial survey from which the sheep winter
habitat polygons were delineated. The Landsat digital data was
used to identify snow-free areas within the study area. The image

data was initially processed using the CAL 3 linear r;d&onetr C

calibration process at the Prince Albert Satell}te*étatiOn. TPis
. - :

T~

g
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“FTGUREVZ;,Digitai mask overlaid in black on a hillshaded map of
~ the watsqn/Wheaton;StUGY aréa,‘Yukon-Ierritory; Illumination is
from the. northwest (azimnph'31$f) at-a solar altitude of 45°.. .



'procedure retains the majorlty of the dynamic range of brightness

‘image) The nearest nelgnbor me

>

‘flagged to indicate mlsslng data. : " T

. values, providing lmproved coverage of bright and dark extremes'

(Ahern and Hurphy, 1978- Ahern, 1979- Anern et al.. 1987) To

achleve reglstratlon with the other digital data sets. the image

.

quadrant was subset and geometr;cally corrected to a Universal;
PN

Transverse Hercator progectlon. The pixels were resampled to 100

- 'm grid cells using nearest nelghbor 1nterpolation- overall

' accuracy of‘tne‘reglstration was approximately 33vmeters«(the ,

difference between the estimated and the actual row and column

coordinates of the 18 ground conéﬁgluﬂoxnts in the original

;is the‘preferred technique

1f~the new image' is to be’ cla531f1ed smnce xt then consists of

-.u

' qive a correct 1mage geometry" (Rlchards, 1986 53) These

transformatlons,were -conducted at the Algerta Remote Sensing
Center us;Lng the DIPIX LCT-11 (ARIES 11) digital image analysis

system.

Tne Landsat ™ quadrant encompassed the majorlty of. the study
. \ -

tarea excludlng the extreme northeast corner. Data Aropougs in

e ) 4 g
lines or groups of pixelSKWere.present in all bandsrdu@ te

equlpment failure durlng transmxss;on from satellite to 1ami1v1ng

statlon. One partlcularly 1arge dropout 16 entire 11nes, was

i

© the orlglnal plxel brlghtnesses, simply rearépnged in positlon to .

T+
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'IV. ANALYSIS AND MAPPING OF DALL'S smr',’wmm HABITAT

Two objectives of this research were to quantitatively define
(1) the terrain limits, and (2) the snow—iree areas for Dall's
sheep‘uinter‘habitat. Once these qu‘:titative parameters were.
established a map overlay and intersection process was used to
h~achieve the third and final obgect}ve° (3) the idéntification ef
‘potential sheep wintér habitat areas in the study area. A prief

overview of the procedure is’ given below to clarify the detailed“

Adiscussion which follows.

‘mask, indicating the°location of Dall's sheep
\\
from the March, 1987 aerial survey, was used ~to extrac:\the slope

magnitude and slope azimuth valueslcharacterizing sheep habitat
‘_frOm the terrainwdata sets. These distributions ere first
‘plotted as histograms and the limits defining the range of each
distribution was determined by removing outliers. These outliersr

were likely due to measurement error, however, even if they were =
, ¢

not _removal was justified because there is a low probability of -

their occurrence. The limits defining the maximum and minimum of\
1 ]

this range are called clipping levels or threshold values. This

I3

- project involved the- overlay and intersection of multiple data

»layers, therefore, a libera:'approach for determining clipping

Ilevels wasvadOpted. The slope magnitude and slope azimuth ranges,
and snowfiree‘sites'characterizing sheep winter haoitat were‘then
usedvto identify potential winterzareas uithin the study-area for

sheep which werelnot identified in the March, 1987 aerial'su‘IFy.

¢
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» Slope Magnitude

:?neid%strioution of?slope magnitude values for each.gria cel#
of the study area (Figure 3a) shows an abundanCe ofﬁgentle~slopes
. and comparatiVely few steep slopes. Within the study"area_there
" is a marked concentration of slopes with 1ess than 10° magnitude
ahd a very low frequency of slopes above 45°, The steepest slopes
witnin the region are approximately 55 magnitude. A gray scale
map‘of the slope magnitude‘distribution forbthe entire'area is
shown. in Figure 4; ’

The slope magnitude distribution'characteriZing sheep uinter.

‘habitat (Figure 3b) differs markedly from the distribution of

gnitude for the entire study area (Figure 3a). The

am in-FicureFBo shows a positively skewed diStribution,.a
pronounced mode witn a frequency of'4.4Z'occurring;ar 23°, and a
1arge”variation about the mode. Removal of data ourliers was
accomplished by excluding slope values having a frqquency of
occurrence of less tn%n;ﬂ& resulting in approximately 2% and 47
of tne slope magnitude observa;%onsvbeing excluded from the left
‘and rignt ends of the distribution, respectively. This 1A
frequency cutoff produced a slope magnitude range of i t0‘37°.
This range was characteristic of approximately 947 of the Dall s
sheep winter habitat area (Table 4). Grid cells with values
between 3 and 37 were extracted from the slope magnitude data\
set and displayed as a black tone, The boundaries (in white) of

tne sheep Winter habitat polygons were overlaid on the single-

class_map ShOWI’l in Figure 5. ThiS map shows the areal extent ‘of
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FIGURE 3. Frequency distributions of slope magnitude for (a) the
entire study area, and (b) the sheep w;nter habitat polygons.
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FIGURE 4., Gray scale map of the. slope magnitude distribution for
- the study area. Light tones indicate steep slopes and dark tones
indicate gentle slopes. o



~ . TABLE 4
Areal Extent of Habitat Parameters

%of polygon area % of study-area

Habitat ‘ A accounted for by encompassed by
paragiidier(s) habitat parameter _ habita( parameter
Slope magnide* 941 . 807 .
SR - | . o
e
Slope azimuth** . 704 .36
* Snow-free, v
non-forested areas 121 K 9.6
Siope magnitude*/ SR |
slope azimuth** 68.7 30.6-
- Slope magfxitude*/slope
) azimuth**/snow-free, g .
\ Yy . non-forested areas . .49 ; 1.5
[] ;

* range: 3° - 37°
** range: 110° - 260°



FIGURE 5. Single- -class map of the study area showing the
distribution of slope magnitude characterizing Dall's sheep
“winter habitat in black. The boundaries of the habitat polygons

are overlaid in white,

-
-
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the slope magnitude range characterizing sheep winter habitat.
Thehranéé‘of acceptable slope magnitude values is quite large,
-Aencompassing 81% of the study area (Table 4), thus slope : )
’maénitude was not an 1mportant parameter for defining winng/
habitat within this area, The‘slope magnitude range, however, did
eliminate some areas from consideration as potential sheep winter

habitat 1n the last part of the analysis. .

Slope Azimuth
| A

The percent frequehcy of grid cells (covering the entire
study‘area) for each degree of slope azimuth was plotted 42 a
circular nistogram (Figure 6a). The distriﬁution iﬁdicates that
.the topography is not predominantly oriented in a specific
direction, nowever,'there is a slight tendency for slopes to be
northwest or southeast driented. A gray scale map of slope
azimhth fbr the entire g;é§~is shown in Figure 7. This gray scale
map illustrates the global variation of slope azimuth-yitnin the
study area and corroborates what is shownk%p the histogram; no
dominant orientat%on is apparenf.

The frequency of slope ézimuth érid cells cnaracterizingﬁ
Dall;s sheep winter habitat were plotted as a circular histoéram
in Figure 6b. In contrast to Figure 6a, this graph exhibits a
very pronounced trend of south- fac;ng slopes, especially
southwest-facing slopes. Inspection of the graph indicates two
primary modes occurring at 127.5° and 142.5° with approximately.

: v

3.5% frequency of occurrence for each mode. Four secondary modes

-

LS
L ¥ ¢
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FLAT - 2.38% 8

é
FIGURE 6. Frequency distributions of slope azimuth for (a) the 3
entire study area, and (b) the sheep winter habitat
polygons. The radial lines represent 10° intervals of slope
azimuth, the radial rings represent. 0.5% frequency intervalc, and
the outer ring indicates 47 frequency. ;
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FIGURE 7. Gray scale map of the slope azimuth distribution for
the study area. North-facing slopes are black, west-facing slopes
are dark gray, east-facing slopes are medium gray, south-facing
slopes are light gray, and flat areas are white.
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are also evident (112.5° / 16715’ , 187.5 ’. and 237.% ) with
approximately 2.5%1 frequency of occurrence for each mode. On fhe
pasis of the biologists' helicoptervsurvey, it appears that sheep
winter habitat is characterized by southwest- to southeast~facing
slopes. Clipping levels of 110" and 260° (determined by simple
inspection of the graph) were used to map the slope azimuth range
describing winter habitat. Approximately 70% of the Dall's sheep
winter habitat area was accounted for by the slope azimuth range
(Table 12. Those grid cells contained within the clipped range

were d,*"‘ayéd as a single-class map overlaid on the hillshaded

t
9

map wi£ﬁT£he boundaries of the sheep habitat polygo;s added in
white (Figqre 8). Slope azimuth may be a stronger controlling
féz%or than slope magnitude for the winter distribution of sheep
bgcause the»slopg aziﬁuth distribution is better defined from the
observational data than the slope mégnitude distribution. The

clipped slope azimuth range encompassed 38% of the study area

(Table 4). o
Snow—free Sites

Snow-free sites were identified by level slicing -
(thresholding) Landsat TM band ! (blue) data. The blue band was
used because the shorter wavelengths are scagtered more'th;n the
other wavelengths of visible raéiation that interact with gas
molecules in the earth's atmosphere (Lille;and énd Kiefer, 1979):
The‘;cattered light present’i% the scené illuminated those areas

in shadow enabling the detection of snow-free surfaces. Snow/no

.
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FIGURE 8. Single-class map of slope azimuth range defining pDall's
sheep winter habitat overlaid in black on the hillshaded map of

the study area. The boundaries of the habitat polygons are added
in white.
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snow pixels were identified and located on a 11n0:pr1nt|r
prightness map of TM band 1 data. Color photﬁaraphu acquirod
during the March (1987) helicopter survey, single band images of
L .
each of the 7 Lansgat bands. andinormal color.and color infrared
composites were ﬁsed as aids in this process, The threshold of
snow was determined by examining the brightness values of
individual pixels from representative samples of snow/no snow
interfaces within the scene. Brightness Ju%ues'bolow'lso
indicated snow-free areas and brightness vglucs above 150
indicated snow;covered areas.
‘ Non-forested; snow-free areas were difficult to distinguish
from forestéd areas by level slicing. The mislabeling of for sted
sites as non-foreséed. snow—%ree sites was reduced by el%miﬁatinq
forested sites from the snow-cover labelli?g. The elimination of
these sites was justified because Dall's sﬁeep winter habitat
lies above tree line (ﬁichols, 1979; Hoefs and Cowan, 1979). The
upper limit of tree line occurs at approximately 1050 m within
the study area (Oswald and Senyk, 1977g. Using the DEM and the
Landsat band 1 data, image grid cells with brightness values less
than 150 and elevation grid cells with values greate} tnanpioso m
were classified as snow free and non-forested. The 1oéations of
snow-free, non-forested pixels are shown in black on the
hillshaded map (Figure 9). The boundaries of the sheep winter
habitat polygons were overlaid in white on the single-class map
to show the location of the polygons relative to the snow-free,

non-forested areas. Only 9.6% of the area covered by the Landsat .

image was snow free on March 17, 1987 (Table 4). Much of this

30



. ﬂsingle class map.

'FIGURE 9. Slngie class map of snow free, non—forested 51tes shown
in black overlaid on the hillshaded map of the study area. The
.boundaries of the habltat polygons are overlald in whlte on the"



L

0

area, however, occurs Witnin shadow and may not be snow free The-

LI

elimination of snadowed areas will be discussed later.‘

"The‘digital mask was used to quantitatively definp the

“ycharacteristics.of Dall‘s'sheep*winter nabitat in.terms of the
ifareal extent of’tne Snow cover. ApprOXimately 12% of the area
L?covered by tne nabitat polygons was snow free (Table 4) The

mgst polygon was excluded from the analysis as it fell

‘norsmgrn
M

outSide of the area covered by the Landsat image. When each

'polygon was c0nsidered individually, only 16~ of the 47 polygons

_,_exceeded a frequency. of 102 snow free (Table 5) most of the -

‘ polygons contained very few or no snow-free pixels. The snow-free
¥ .

parameter was not a Significant factor in defining Dall 'S sheep
winter nabitat”for tnis area at'tnis time ofvyear.
‘Snow depth‘cannot‘be ascertained using a single Landsat

scene. .Inferences concerning the depth of snow can be made as

W . {
.

follows.. (1) the %‘esence of snow-free pixels within polygons may ‘
be: indicative of tninning snow witnin those polygons, (2) the
presence of snow- free pixels adjacent to polygons may be-

indicative of tninning snow witnin nearby polygons (3) the

7

absence of snow-free pixels Wlthln poy&gons or adjacent to

polygons may indicate snow deptn was not a controlling factor at .

'this time of year. As shown in Figure 9,.the majority of polygons

. met the first ondition’indicating that a majority of the

polygons may contain thinning SNow.



: : TABLES .
Frequency of Snow-free Plxelq for_Habitat Polygons '

Habitat Snow-free Total % frequency

polygon pixels pixels snow-free
1 19 6, 2879

2 9 34 26.47
3 19 106 ~ : 1792

4 1 47 - 213

5 2 40 5.00
6 -3 34 - 8.82

7 16 27 59.26

8 - 0 . 363 - .0.00 .
9. 14 65 21.54
10 px} 251 ., 946
1 © 10 320 . 3.13
12 ) 97 . : 97 100.00
13 6 - 92 6.52
“14 o 23 . 140 16.43
15 85 421 . 20.19
6 - 4 426 9.62
17 2 168 16.07
18 N 3 255 1.18
19 1 148 0.68
20 4 59 : 6.78
21 10 144 .6.94

22 0 157 0.00
23 2 265 0.75 .
24 8 63 12.70
25 13 54 ‘ 24.07
- 26 15 223 673
27 2 224 0.89
28 441 § 1286 34.29
29 56 95 58.95
"~ 30 23 73 , 31.51
* 3 3 64 4.69
32 5 .70 7.14
33 24 W - 8.9
34 oo 2 346 - 0.58
35 e 20 278 . 119
36 56 654 8.56
37. 8 - 614 1.30
38 1 190 -5.79
39 0 59 ' 0.00
40 3 71 423
41 -1 19 " 8.86
- 42 31 305 10.16
43 39 153 25.49
44 1 +305 0.33
45 K 0 106 _ . 0.00

46 4 289 . 1.38 )

,47 B 0 226 0.00
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Identification of Potential Sheep Winter Habitat Areas.

The process of nap overlay and intersection of the terrain
distributions and the snow-free distribution was:employeo to
produce two.maps: (1) a slope magnitude andhslope'azimuth
intersection map, and (2) a slope magnitude, slope azimuth, and

. snow- free intersection map. The intersections of the defined
ranges of'slope'magnitude (3 - 371) and,slope azimuthé(110 -
270‘5/characterizing sheep winter habitat'were,OVerlaid in‘black
on the hillshaded map shown in Figure 10, The poundaries of the
sheep habitat polygons in white were also included This map

"differs very little from Figure 8 (the single -class map of slope

azimuth) but differs markedly from Figure 5 (the single—class map
of slope magnitude) indisating again that slope azimuth is a more

signifioanr controlling factor than slope magnitude. The ﬁ
combination or‘these 2 parameters encdmpassed 31% of the study

area (Table 4).‘Sixpy-six percent of the sheep winter habitat
area was accounted’ for by the defined ranges of rhe combined
slope azimuih/slope magnitude map. Those polygons which'oid not
fall within the slopevmagnitude and slope azinuth ranges may be
explained by other factors discussed later,

Map overlay and intersection of the slope azimuth and slope

‘magnitude terrain distributions and the snow-f stribution

_;4:‘

was used to create the single claés map shown in Figure 11, The
.vJ“

/SlHQIE“ClaSS map was overlaid in blacx .on the hillshaded map

O
along with the boundaries of the sheep*habitag,polygons. The. .

L



. o o
FIGURE 10. Single-class map of slope magnltude and slope azimutn
ranges characterizing Dall's sheep winter habitat overlaid in
black con the-hillshaded map of the study area. The boundarles of
the habitat polygons are overlaid in white. . v

#



FIGURE 1. Sﬁngle—class map of slope magnitude and slope. azimuth

ranges characterizing Dall's sheep winter habitat in conjunction
with the snow—free, non-forested sites. The single class is .shown
* in black on the hillshaded map of the study area and the nhabitat
polygons are shown as white- boundaries.-

a
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v
defined ranges of tnese parameters accounted for 52 of tne sheep
winter area (Table 4). Very few areas fell Witnin tne slope
magnitude and slope azimuth range characterizing Dall's sheep
winter habitat tnat were also snow free.‘This combination
O essentially removed shadowed areas (north facing) from the snow-
free, non—forested binary map (Figure 9), to produce a map
representing the actual snow-free areas (1.5% of tne study area -
refer to Table 4) | .‘ ‘ v

Snow depth was probably a greater controlling factor than
absence or presence of snow 'in determining Dall s’ sneep winter
nabitati Sheep can paw tnrougn»snow_to the vegetation if the snow

is soft and shallow (Geist, 19713 Nicnols, 1978; Hoefs and Cowan,
* 1979). The snow depth in'March, 1987 was only 15 cm and the mean
,‘Eenperature (;13&6) wae well below freezing (Table 2). The snow

was 1ike1y‘tnin and relatively softrallowing tne sneep to. o

~penetrate the snow cover to reach the underlying vegetation.

- Landsat data may be useful for identifying probable areas of
‘shallow snow if a temporal analysis strategy is adopted. Those .
Iareas tnat were snow free before or after the helicopter survey
date’were likely thinner than otheq areas. The - SNOW was probably
vsnallow around the snow-free areas, tnerefore snow—-covered pixels
adjacent to. snow—free pixels likely contained tninning SNOW. |
v
Landsat data was not recorded for the study area immediately
before, the survey date and the image acquired immediately after
the suryey'?ate was‘cloud covered, consequently tnis approacn

could not'be tested. Without multitemporal imagery, it is not

poSsibie to distinguish between thin snow and deep snow using

37 .
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possible to distinguish between thin snow and deep Snow.using
Landsat data, RS
Slope azimuth appears to be the déminént controlling factori
describing Dall's sheep winter habitat in the study area. The
impbrténce of slope azimuth is due to ﬁhe relationship‘of
vegetation, insolation, and wind to slbﬂe azimuth and the
“influence Sf insolation and wind on snow cover. The vegetation
tYpeé conéumed by»Shee; are found mainly on south-?acing glopes.
which receive greater than usual insolation. In addition, thé . f
‘resulting melting dombined with sublimation reduce the snow cover
on these slopes. The predominanﬁ‘WLﬁd direction for ﬁa:ch varies
frdm the southeast to the south (Atmospheric Environment Service,
1982b), thus‘slopes with a south to southeast orientation will
become wind blown resuiting'in thinner snow cover and snow-frpe
sites. » Q X
The‘oVeréll objective of this research was to -develop spatial
analysis techniqués that would be useful for mapping Dail's sheep
winter habitat. Figure 10 shows the b;st estimate of areas (in |
black) that meet the established criteria for Dall's sheep winter
habitak. These potential habitat areas are based on the défined
ranges of slope magnitude (3 - 37°) and slope azimuth (110 -
' 260° ). Although untested at this time, the mapping of potenéial
"sheep habitat areas may be useful (1) tq predict areas for sheep
relocation, (2) to provide information for input into land usé
'décisions, (3) to‘implemeﬁt protective measures for éneep

habitat, (4) to assist habitat . managers in planning flight routes

for winter aerial surveys, and (5) to increase the undérstanding



of ball's sheep habitat.



V. SUNMARY S i .
g :

A method for habitat mapping anq”inalysis using digital \
satellite data and digitaiwterrain data has been presented. This
method Qas used to qﬁantitativelyvevaluate thé threebéf four
major parameters that define Dall's sheep winter habitat 16 a
3287 km area, located south pf Whitehorse?‘Yukon Territory. The
four major parameters ar?: 51) moderate to steep slopes.‘(z)
south-facing slopes, (3) snow‘:;;g vegetated areas, and (4)
proximity to escape terrain.

Slopé azimuth and éfope magnitude terrain data sets were
developed and used:tgyevaluate the first two parameters defining
Dall's sheep wiqﬂerfnabitat.'Thé third parameter, snow-free
areas, was idepi%f&ed using Landsat TM band 1 data fregistered to
a regular gridvqf elevation values. The fourth parameter,
proximity to egcape terrain, was not investigated.

The pr%pess of map overlay and intersection was employed to
identify potential sheep winter habitat areas. fhe results were
as follows:

(i ) : .

: (y) Slope mggnitude was not a-limiting fagtor in determining
Da}l'; sheep winter habitat (3° - 37° ), however, the slope
méggitude range eliminated some areas from consideration as
po£en§ial habitats.'The slope magnitude range encompassed.812 of
the study area and accounted for 947 of the sheep winter habitat
area.

R . ' .
(2) slope azimuth was the dominant centrolling factor in

determining Dall's sheep winter habitat. This parameter accounted

4



« for 70% of winter habitat polygons and encompas€ed 38% of the
study area., Southwest- to southeast-facing slopas (110° - 260°)
characterize sheep habjitat. The dominance of slope azimuth is due

to the relationship of vegetation, insolation, and wind to slope

d;rection and the influence of insolation and wind on snow cover,.

The vegetation types consumed by sheep are found mainly on south-

facing slopes. South-facing slopes receive intense insolation

resulting in reduced snoi.cover due to sublimation éfnd melting.

Du hern wind during March, south-facing

+0 the predomimant

slopes become ﬁind blown resulting in shallow snow and snow-free
/

sites. *

(3) Snow-free areas were not a significant factor for
defining Dall's‘;heep winter habitat. Snow7free areas accounted
for 5% of the w;ntér habitat area and encompassed 1f52 of the
'study area. Snow depth may be a factor, but multitemporal Landsat
imagery is fequired to identify probable areas of shallow sSnow.
This technique could not be tested because m&ititemporal imagery

was not available for the Wwatson/Wheaton planning region during

the winter of”1987.
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The fourAmajor parameters defining Dall’s sheep (ovis dalli
: '

dalli)-winter habitat are: (1) moderate to steep slopes. (2) |

south facing slopes, (3) snow—free vegétated areas, and 64)
proximity to\esoape terrain. This study compared known sneep
wintering areas to digital terrain data and winter Landsat data
..to determine the dgits of the first three parameters. Proximity
to escape terrain‘was_not investigated. Slope azimuth and 31ope'
magnitude terrain data sets were deveioped and used to determine
the limitS'of the, first two* parameters., Snow-free areas were
identified using Landsat Thematic nappér, pand 1 (blue) data
regfgtered to a regular digital eieyation model. A map overlay
and interseotion technique was used to‘map combinations of.these
parametersr The resuits were as follows: (1) slope_magnitude (3° -

- 37{) was not @ limiting factor in determining Dall's sheep

winter nabitat, nOWever,'the slope magnitude range eliminated
vy . -

‘some areas)from consideration- (2) slope azimuth (110° - 260°)

was tne dominant contﬁollinQ‘factor in determining Dall's sheep
. g,a.ﬁ
winter habitat; '(3) snow-free areas were ‘not a Significant factor

¥

~ for qefining Dall's sheep w#nter habitat. Snow depth may be a

faptor; but temporal Landsat{data is required to define this

‘o

parameter.
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9 1. INTRODUCTION :

The identification of important wildlife habitats in the .
Yukon Territory4nas peen limited by the vast areal extent of the
land, the inaé:;ssibility. and the associated Costs ef conducting
field work in remote locations. Proféqgional wildlife management
has a higtory of less than twenty years in the Yukon Territory
(Hoefs.and Barichello, 1985). Demands on £he land in terms of
land use development, utilization of renewable and non-renewable
resources,‘:nd native land claims are increasing. Land planners
and wildlife managerg urgently need qualitb pase—level data at
various scalesrto_incoréorage into the decision making process.

Present metﬁods of 1nfo%mation gathering on wildlife habitats
are time consuming and costly (Holroyd, 1980; Jacobsen, 1980;
Stelfbx, 1980), and the existing data are‘unorgan;zed and not

.

e#sily retrieved. Hoge efficient methods are required for
effective management.»The lntegration of digital éaiellite data
with digital terrain dita for habitat mapping would be an
appropriate methodology for the Yukon Terfifbry. Digital
databases gcquired with this new technology'are'gasily updated
and permit automated data analysis. Information extracﬁiqn is
.consistent. aécurated and cost-effective. Overall, there is a
smaller primary data acquisition cost, Ehe informa£ioq is -
re;atively.easy,ﬁo acquire, and data a;e availabig for large
1naccessible areas for ang/;gasén of the year.

This thesis demonstrajes how digital mapping téchnigques can

be applied to the spatial’ analysis of pall's sheep (Ovis dalli



dalli) winter habitat, in the Yukon Territory. The overall
objective of the research was to investigate the integration of
Aigital® terrain data with digital satellite data as & tool for

habitat management. Specific objectives involved tnhe development

w

and analysis of digital databases for the quantxtg&;VQﬂavaluatxon
and modeling of Dall's sheep winter habitat, and included the

following:

L]
4
1. to de)'elop terrain data sets describing the distributions

, 3
of slope magnitude and slope azimuth;. ' .
2. to use !K: terraingdata sets to obtain the guantitative

parameter# defining Dall's sheep winter habitat;

. ~

3. tJ determine snow-free areas fram digital satellite
imagery; ) )

4.' to identify potential sheep winter habitat areas using
the process of map overlay and intersection of the terrain
distributions (slope magnitude and slope azimuth) and the show-

bt

free distribution.

™=

g™



' 1L. WILDLIPE HABITAT . :
packground . . o
A\ . "‘ . ) o : .
o Hapitat maps are used ‘to delineate areas Which provide all of
".5' the requirements necessary for the suﬂwival and prosperity of a

L
fspecies. Conventional mapping and analySis of'habitat has been

' comprised mainly of field work ' nteraieﬁing of knovledgeable ’

' people, low-altitude aerial surveys, ‘nterpretation of aerial‘

Il

photographs, -and manual data analySis (Holroyd 1980, Jacobsen,
1980; Stelfog, 1980) These technigues are labor—intensive and .
3 . “,‘ ) ) % . i o
‘expenSive o Sy ‘ \ »
Recently, satellite imagery has. been recognized as an
: economical and . laborsaving alternative to conweg;ional data
gathering methods for habitat mapping and analySis
Geometrically corrected digital satellite imagery provides a

N .
cost effective means for. incorporating resource data into the

‘planni

’k 1985)

'1 management processes (Henderson, 1984 Ihemadu,

p)

ital satellite data ‘has been used to evaluate the
vegetation component of habitats for mammals, such as moose in  *

Alaska (Laperriere et al.,-1980) and Manitoba (Dixon et al.,_‘

.

1984) caribou in the Northwest Territories (Thompson et al.,e'
,1980) and grizzly Jbear in Montana and Alaska (Craighead et al.,

1985) Digital terrain data has mainly Been: used as a tool in S

habitat mapping to improve claSSification accuracy of digital

~ satellite data (e g. Hutchinson, 1982) For example Craighead et
T ?

al (1982) used digital terrain data to separate Landsat~derived

TN . ot

-



vegetationlzones'by elevation‘for the'mapping of grizzly;bear

)

habitat in. Hontana.

- 2

To achieve truly representative habitat maps for alpine
mammals, relevant anCillary terrain data (elevation, slope :\‘
T magnitude, ‘and. slope aZimuth) must be incorporated into the
‘,habitat classification and mapping procesg. A study conducted by

'Stefanovic and wiersema (1985) in the European Alps demonstrated

: r
the Ptility of digital terrain data for modeling insolation as

’ .
the'prinCipai parameter in alpine ibex habitat. Terrain
| / ’

.parameters were more important to this spgcies of wila goat than

\

'vegetation types (Stefanovict§nd Wiersema, 985). Similarly.

L 3

‘ Dall s sheep distributions are also conSiderably influenced by

!

terrain parameters (Nichols, 1978) After an exhaustive search of
he 1iterature only one example could be found of the digital

-
|

‘ mapping of terrain and land cover components ‘of habitat using
integrated satellite image data and terrain data. Bonner et al.:
v\(1982)°used elevatfon,-slope magnitude, and Landsat derived
lvegetation data sets to,produce a map of potential.bighorn sheep .
‘ !habitat s

f Most of the published literature concerning the incorporation
B
‘of digital satellite data into habitat mapping ‘has utilized

O

lsummer imagery to prOVide vegetation information COmparatively e

)

.\"

little work has been undertaken uSing digital Winter imagery foz//

/s

:snow—cover mapping Snow cover is one of. the most Significant
factors governing the . surVival of northern ungulates (Form:;ov
1]

1946 Pruitt, 1959' Skogland, 1978 Telfer and Kelsall 19
/
'and thus the identification of snow-free areas is impei7tive

7

. R



}hformation needed“for proper management practices (Jaques,

\ /’1982) Wiersema (1983) in a study focused on ibex habitat,

\\\employed three techniques for detection of snow free dreas in a
Landsat Multispectral 'Scanner System (MSS) scene acquired over
the French and Italian Alps. These techniques ‘included: (1) an

unsupervisec approach to digital classification tO locate snow-—

‘. Y,

free migration routes; (2) a visual interpretation of Landsat

- y

band 5 (red) brightness maps to determine snow-cover boundaries
and transient snow 11nes* and (3) a Visual interpretation of

ffalse colour compos1tes\to»locate snowvfree vegetated areas.

.

‘Jaques (1982) investigated four tecnniques for identifying non-

forested snow- free areas as potential critical winter habitat for

.§\

native ungulates in the Rocky Hountains of Alberta uSing Landsat
MSS data. The four image analysis techniques were. (1) the visual
interpretation of color infrared comp051te images- (2) single -
tneme density slicing for each MSS band' (3) an- unsuperVised

approach to multispectral cluster analysiS° and (4) a

9

g

” multitemporal claSSification approach where a summen scene wag

\

yused to classify non-forested areas and a Winter scene waSJused -

to identify snow-free areas. Jaques (1982) concludedﬂ na'
20
fourth approach produced the most accurate maps of (o]

v

wintervrange.
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Dall's Sheep Winter Habitat

‘ ‘pall' s sheep along with. Stone s sheep (Ovis dalli
stonei) are subspeCies of the thinhorn species 20vis dalli)
of - North American sheep- (Nichols, 1978) Dall' s sheep are

mfound in Alaska, the Yukon Territory. the Northwest
‘Territories, and the extreme northwestern part of British
COlumbia (Nichols, 1978). The Yukon Territor contains the

"1argest wild sheep population of any jurisdict on in

Canada" (Hoefs and Barichello. 1985:16). Hoefs and

.
s .

Barichello (1985) estimated’ the pall's sheep population in

3
)

the Yukon Territory at 19, oop ‘/r
. ( ,
Dall s sheep habitat liLs almost entirely above tree
line and consists of steep, /dry, south- facing grass;and
slopes intersperssu,with broken cliffs and talus slopes
(Geist, 19715 Hoefs, 19743 Nichols, 1978; Hoefs and Cowan,
1979),'There'are four major parameters that define Dall's
shegp winter habitat (Hoefs, pers comm. 1987s Barichello,‘
_pers. comn. , 1987) (1) moderate to steep slopes, (2) south—
facing slopes, (3) snow-free vegetated areas, and (4)
proximity to escape terrain (Geist, 1971; Hoefs, 1974
Nichols; ;978° Hoefs and éowan;‘197é). These parameters have
all been preViously expressed in qualitative terms. This
‘thesis: addressed the first three parameters defining winter
R .

'hab' at using digital terrain data and satfllite data.

The vegetation types associated with Dall's sheep

. . /\

~
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Winteg habitat were not examined in this study. The major

vegetation types consumed by Dall s sheep are associated ' . \f\
'with dry,‘exposed, alpine grasslands (Hoefs and‘Cowan,

1979) These gréssland associations are found mainly on )

south-facing slopes, and therefore the identification of the

vegetation component is a consequence of the identification

of south- facing slopes. The fourth parameter, proximity to
escape terrain, was also excluded from this. project.

Digitally defining .and quantifying escape terrain is a

complex process and warrants a separate study. No such stuady

has yet peen attempted. | | |

| 'Winter is one of the most critical times in the :‘iifé'

cycle of pall's sheep. From late minter until sprinqzuggy'»~\
little food is available and the<sheep depend heavily on ’
stored body fat for‘nutritional needs.'Durinq this period.

‘the population is concentrated—in areas where snow-free

feeding sitesqare found in close,proximity to escape terrain
(Nichols,'1978° Hoefs and Cowan, 1979). Winter rangeiis |
limited by snow conditions to a very small portion of the

~ overall range (Nichols, 1978). In early winter the snow-is o
" soft and sheep can paw through to the vegetation (Geist ,L~,',“@
1971- Nichols, q978 Hoefs ‘and Cowan, 197 ). In late winter, ”;j 4

howe er, th now is often Wlnd packed a ¢ penetrable.

Consequently, in late winter sheep depend on the steep,
south—facing, and/or wind—scoured ridges that remain SNOwW

free (Nichols, 1978; Hoefs and Cowan,’1979) making this the
critical time to detect snow-free areas.
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watson/wneaton Study Area
The study area is situated within the p}anning region
‘designated by the Yukon Department of Renewable Resources as \
-the Watson/Wheaton Pilot Projeota.n nelioopter survey
ACOnducted witnin‘tnis region during March, 1987 served as
the basis for this research. The study area is 1ocated
approximately 25 km south of the city of wnitenorse and is
.bounded in the south by the Britisn Columbia/!ukon Territory
border. Located between latitudes - 60°00' and 60°30' north
.and between longitudes 134°44' and 135° 48' west, this 3267
km2 area encompasses approximately one quarter of the
National Topographic series (NTS) 1:250, 000 map 105D.
Dimensions of the study area are 55 km ;n the /north-south ' )
direction by 59 4 km in the east-west airectid )
Situated within tne COast Mountains Ecoregion (oswalda J;
‘and Senxk, 1977), the terrain iS'verg rugged, ranging in
elevation from 650 m asl at Lake Bennett tofover‘zsoo m asl
in the so thern part of tne mountains mitn several ice-
covered p aks above 2400 m asl. The Coast Mountains : ; . ]

‘Ecoregio falls W1t n tne discontinuous scattered

permafr st subzone much of “the areas lies above treeline

Q)

(Oswal .and Senyk, 1977), and the climate is subarctic
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solar elevation of 6° (Wanl et al., 1987~). - 1

IhQCarcross, the nearest meteorological station to the

'study area, the average annual snowfall is 101 3 cm, with
vmost snow falling between November and.March (Table 1)

,danuary is the coldest month with temperatures averaging

=19.8 c (range -15.1°C to -24. 8°C). The mean March
temperature is -8.3 c (-1.8 q_to —14.e°c) with a mean
snowfall of 10.2 cm (ntmospnericrtnvironment service,
1982a). Average snow-deptn‘date is not available for
Cargross. |

Table 2’contains a summary of the weather data for
March 1987, the period pertain;ng to this study. The mean

temperature auring March, 1987 was -12. 0°Cc (range 6.0°C to

-35.5 c) with 7 cm of snow falling for a total snow deptn of

‘15 ‘cm (Atmospneric Environment Service, 1987) According to

)

wahl et al. (1987), snow depths reach their maximum by early

to mid-April at elevations greater than 1000 m in the

southern part of the Yukon Territory. Tne'closest
meteorological station with wind data is Whitehorse. In
March, the prevailing wind direction varies from.soutneaét

to soutn, with average wind speeds of 19 7 km/h from the

.southeast and 17.2 km/n from tne south (Table 3) Dominant

wind directions over the interior ¥ukoanerritoryvcoincide

mainly with the valley orientations (Wahl et al.,.1987).\

v

.. e
N Bhiaicd
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TABLE 2
March, 1987 Weather Summary.

for_Carcross, Yukon Territory

Snowfall (cm) 7.0.
Snowdepth (cm) 15.0
‘Maximum | !
temperature (°C) 6.0
- temperature (°C) - -35.5
| Mean X )
" temperature (°C) -12.0

Source: Atrﬁgsphen‘c Environment Service (1987).



 TABLE 3
Average March Wind Data for
Whitehorse, Yukon Territory (1953-1978)

Wind ‘ % Average wind

direction ' frequency speed (km/h)
NNE 0.6 123
NE 0.3 R .*6.3
ENE 0.1 : 9.7
E 0.5 106
ESE 16 ~ 7 18.0
SE -~ 14.9 » 19.8
SSE 17.8 20.2
S 14.7 16.8
SSwo ., 2.3 16.1
Sw 24 11.9
WSW 1.6 '10.9
- W 3.2 8.7
" WNW 2.3 9.9
" NW 114 - 13.6
NNW 67 - 149
N 7.3 . *13.5
Calm 123 N B

All directions 14.3




111, DATABASE DEVELOPKENT
. Digithl Terrain Data

Digital topographic 1nformation in the form of a generated
grid of elevations or a digital elevation model (DEH) was
required for this research. A portion of a 1:250,000 Natlopal-
Topoqrapnic series (NTS) map was digitized using the Interactive
Graphic Design System (16DS) software developed by the Intergraph
Corporation, running on a VAX-11/730 minicomputer. Each éoo foot
contour was digitized using point mode sampling. Large flat areas
were supplemented by digitizing additional contours and points
from 1:50,000 NTS maps of the area.

The digitlzed lines, comprised of X and Y coordinates and
their associated 2 (elevation) values, .resulted in a total of
27383 sets of triplets. To create a regular grid of elevation
values, these trlplets were surfaced usxng/ﬁ multhuadrlc
'equation algorithm based on an analytlcal interpolatlon:approacn
developed by Hardy- (1971) and 1mplemented in roving form by Eyton
and Hemenway (1987). The number of calculations performed py this
surfacing routine is quite extensive; approximately 23 hours of
CPU time on a VAX-11/730 were reqﬂired. The resulting DEM
contained 550 rows and 594 columns with each grid cell oovering a
100 m by 100 m area on the ground. Hultiquadric surfaclng was
used because the equations were designed for topographic

expression where the fitted surface must pass through all of the

obserVation points exactly. (Hardy, 1971). The DEM was then
A ™Y ,
-/
13

.




amoothed once using a low-pass lpatill filter to remove local
irregularities. Figure 1 shows a perspective plot of the smoothod
DEM. Latitude, longitude, and north are indicated on this figure.
Where appropriate, the rest of the figures are oriented with
north at the 't;p.‘ |

gerivative products obtained. from ;he DEM supplied the
necessary information regarding landscape geometry, Slope
magnitude and slope azimuth data sets were derived from the
smoothed DEM using an algorithm developed by Eyton.(1987a). This

~ o .

algorithm employs the method of finite differcncos applied to a 3
X 3 neighborhood to obtain the siope magnitude and slope a;imuth
componen}s of the first spatial derivative. The derived data sets
were idooﬁical in size andblocationai reference to the original
grid of elevation valoes. These data oets were 2sed to quan;ify
;hé first two parameters defining Da;l's sheep winter habitat:
slope magnitude and slope azimuthf ) hillshaded map, based on a
Lambertian refiectance model (Eyton, 1§88), was.oreated from the

slope and azimuth data sets and used as a map base for most of

the illustrations pregented in this study. ‘o ¥

ﬁabitat Polygons

Dall's sheep winter habitat areas (polygons) were delineated
on a 1:100,000 topographic map during a helicoptér survey
conducted by Yukon Territorial Government biologists on March 49
and 25, 1987. The hellcopter survey covered all known winter

ranges of Dall's sheep Within the study area (Hoefs, pers. comm.,
;o
{

14
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FIGURE 1. Perspective plot of the smoothed DEM (with 5X vertical
exaggeration) of the Watson/Wheaton study area, Yukon. Territory.
The viewing perspective is from the SSE (azimuth=157.5°) at an
observer altitude of 60 . '



o

1987). This survey was described by Hoefs (pers, cgmm.. 1987) as
a coﬁplete but low intensity survey; ého i;tiro area ;ll flown.‘
put with only a single pass. In t;ls survey, the locations of the
polygons were based on sightings of sheep oOr concentrations O( .

tracks. The field expertise of the biologist was of rlrlmount

~,

importance in determining the polygon SBundariel. Areas whigh
Yukon biologists indicated were marginal winter habitat were
excluded from this study.

Forty-elght }lyggns from the 1:100,000 map were digitizeq,
and a binary (sheep/no sheep) digital mali was produced using a
vector-to-raster procedure (Eyton, 1987b). The digital mask‘
registered with the digital‘terrain data gets, Figure 2 shows the
digital mask oveflaid on the hillshaded map to indicate the
location of the Dall's shekp winter habitat polygons. The aigital
mask was used to extract information for the winter habitat

polygons from the digital elevation model and from the 8lope

magnitude and slope azimuth derivative models.
Landsat Data

A Landsat Thematic Mapper (TM) image (#51111-193421) was

‘obtained for March 17, 1987. The satellite pass occurred two days

prior to the winter aerial survey from which the sheep winter
habitat polygons were delineated. The Landsat digital data was
used to identify snow-free areas within the study area. The image

data was initially processed using the CAL 3 linear r;d&onetr C

calibration process at the Prince Albert Satell}te*étatiOn. TPis
. - p .

~—

g

18
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LFIGURE 2. Digltai mask overlald in black on a hlllshaded map of

the Watson/Wheaton study area, ‘yukon Terrltory. Illumination is
e il i meanmd (aoimuén=3318° Y at-a solar altltude of 45°



g .
. : .

'procedure retains the majorlty of the dynamic range of brightness

. values, providing lmproved coverage of bright and dark extremes'

(Ahern and Hurphy, 1978 Ahern, 1979- Ahern et al.. 1987) To

achleve reglstratlon with the other digital data sets. the image

.

quadrant was subset and geometr;cally corrected to a Universal;

. a
20w
.» e

Transverse Hercator progectlon. The pixels were resampled to 100

- 'm grid cells using nearest nelghbor 1nterpolation- overall

‘image) The nearest nelgnbor meth

>

‘flagged to indicate’missing data. = T

' accuracy of‘tne‘reglstration was approximately 33vmeters«(the ,

difference between the estimated and the actual row and column

coordinates -of the 18 ground coht%glgﬂoxnts in the orlginal

Xis the‘preferred technique

1f~the new image' is to be’ cla531f1ed smnce xt then consists of

'w

' qive a correct 1mage geometry" (Rlchards, 1986 53) These

transformatlons,were -conducted at the Algerta Remote Sensing
Center us;Lng the DIPIX LCT-11 (ARIES 11) digital image analysis

system.

The Landsat ™ quadrant encompassed the majorlty of. the study
. . \ -

Aarea excludlng the extreme northeast corner. Data aropo 'ZQ in

e ) 4
lines or groups of pixelSKWere.present in all bandsrdu@ te

equlpment failure durlng transmxss;on from satellite to 1ami1v1ng

statlon. One partlcularly 1arge dropout 16 entire 11nes, was

7

© the orlglnal plxel brlghtnesses, simply rear nged in positlon to .
%ﬂ

T+
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'IV. ANALYSIS AND MAPPING OF DALL'S smr',’wmm HABITAT

Two objectives of this research were to quantitatively define
(1) the terrain limits, and (2) the snow—iree areas for Dall's
sheep‘uinter‘habitat. Once these qu‘:titative parameters were.
established a map overlay and intersection process was used to
h~achieve the third and final obgect}ve° (3) the idéntification ef
‘potential sheep wintér habitat areas in the study area. A prief

overview of the procedure is’ given below to clarify the detailed“

Adiscussion which follows.

‘mask, indicating the°location of Dall's sheep
\\
from the March, 1987 aerial survey, was used ~to extrac:\the slope

magnitude and slope azimuth valueslcharacterizing sheep habitat
‘_frOm the terrainwdata sets. These distributions ere first
‘plotted as histograms and the limits defining the range of each
distribution was determined by removing outliers. These outliersr

were likely due to measurement error, however, even if they were =
, ¢

not _removal was justified because there is a low probability of -

their occurrence. The limits defining the maximum and minimum of\
1 ]

this range are called clipping levels or threshold values. This

I3

- project involved the- overlay and intersection of multiple data

»layers, therefore, a libera:'approach for determining clipping

Ilevels wasvadOpted. The slope magnitude and slope azimuth ranges,
and snowfiree‘sites'characterizing sheep winter haoitat were‘then
usedvto identify potential winterzareas uithin the study-area for

sheep which werelnot identified in the March, 1987 aerial'su‘IFy.

¢
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» Slope Magnitude

'The distribution oflslope magnitude values for each grid cell
e -y 3 » ) ! N I«‘“ ¥

of the study area (Figure 3a) shows an abundanCe ofﬁgentle~slopes
. and comparatiVely few steep slopes. Within the study"area_there

is a marked concentration of slopes with 1ess than 10° magnitude

ahd a very low frequency of slopes above 45°, The steepest slopes

uithin the region are approximately 55 magnitude. A gray scale

map‘of the slope magnitude‘distribution forbthe entire'area is

shown. in Figure 4; ’

The slope magnitude distribution'characteriZing sheep uinter.

‘habitat (Figure, 3b.) differs markedly from the distribution of“

slope

nitude for the entire study area (Figure 3a). The

am in-FicureFBh shows a positively skewed diStribution,.a
pronounced mode with a frequency of'4.4Z'occurring;at 23°, and a
1arge”variation about the mode. Removal of data outliers was
accomplished by excluding slope values having a frqquency of
occurrence of less th%n;ﬂ& resulting in approximately 2% and 47
of the slope magnitude observafions being excluded from the left
‘and right ends of the distribution, respectively. This 1A
frequency cutoff produced a slope magnitude range of i t0‘37°.
This range was characteristic of approximately 947 of the Dall s
sheep winter habitat area (Table 4). Grid cells with values
between 3 and 37 were extracted from the slope magnitude data\
set and displayed as a black tone, The boundaries (in white) of

the sheep Winter habitat polygons were overlaid on the single-

class_map ShOWI’l in Figure 5. ThiS map shows the areal extent ‘of

20
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FIGURE 3. Frequency distributions of slope magnitude 'for (a) the
entire study area, and (b) the sheep winter habitat polygons.



FIGURE 4., Gray scale map of the. slope magnitude distribution for
- the study area. Light tones indicate steep slopes and dark tones
indicate gentle slopes. o



~ . TABLE 4
Areal Extent of Habitat Parameters

%of polygon area % of study-area

Habitat ' A accounted for by encompassed by
paragiidier(s) habitat parameter _ habita( parameter
Slope magnide* 941 . 807 .
SR S ‘ - o
.
Slope azimuth** . 704 .36
 Snow-free, :
non-forested areas 121 K 9.6
Siope magnitude*/ SR |
slope azimuth** 68.7 30.6-
- Slope magfxitude*/slope
) azimuth**/snow-free, .
\ Yy . non-forested areas . .49 ; 1.5
[] ;

* range: 3° - 37°
** range: 110° - 260°



FIGURE 5. Single- -class map of the study area showing the
distribution of slope magnitude characterizing Dall's sheep
“winter habitat in black. The boundaries of the habitat polygons

are overlaid in white,

-
-
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the slope magnitude range characterizing sheep winter habitat.
Thepranée‘of acceptable slope magnitude values is quite large,
-Aencompassing 81% of the study area (Table 4), thus slope : )
’maénitude,was not an 1mportant parameter for defining winng/
habitat within this area, The‘slope magnitude range, however, did
eliminate some areas from consideration as potential sheep winter

habitat 1n the last part of the analysis. .

Slope Azimuth
| A

The percent frequency of grid cells (covering the entire
study area) for eacn degree of slope azimuth was plotted 42 a
circular nistogram (Figure 6a). The dlStrlbUthﬂ indicates that
.the topography is not predominantly oriented in a specific
direction, nowever,'there is a slight tendency for slopes to be
northwest or southeast oriented. A gray scale map of slope
azimuth for the entire gpe§~is shown in Figure 7. This gray scale
map illustrates the global variation of slope azimuth-yitnin the
study area and corroborates what is shownk%u the histogram; no
dominant orientation is apparene.

The frequency of slope azimuth grld cells cnaracterizing’
Dall [ sheep winter habitat were plotted as a circular hlstooram
in Figure 6b. In contrast to Figure 6a, this graph exhibits a
very pronounced trend of south- fac;ng slopes, especially
southwest-facing slopes. Inspection of the graph indicates two
primary modes occurring at 127.5° and 142.5° with approximately.

: v

3.5% frequency of occurrence for each mode. Four secondary modes

-

T
- ({:‘;ﬂ»

%5
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é
FIGURE 6. Frequency distributions of slope azimuth for (a) the 3
entire study area, and (b) the sheep winter habitat
polygons. The radial lines represent 10° intervals of slope
azimuth, the radial rings represent. 0.5% frequency intervalc, and
the outer ring indicates 47 frequency. ;
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FIGURE 7. Gray scale map of the slope azimuth distribution for
the study area. North-facing slopes are black, west-facing slopes
are dark gray, east-facing slopes are medium gray, south-facing
slopes are light gray, and flat areas are white.

27



are also evident (112.5° / 16715’ , 187.5 ’. and 237.% ) with
approximately 2.5%1 frequency of occurrence for each mode. On fhe
pasis of the biologists' helicoptervsurvey, it appears that sheep
winter habitat is characterized by southwest- to southeast~facing
slopes. Clipping levels of 110" and 260° (determined by simple
inspection of the graph) were used to map the slope azimuth range
describing winter habitat. Approximately 70% of the Dall's sheep
winter habitat area was accounted for by the slope azimuth range

(Table 42. Those grid cells contained within the clipped range

‘ayéd as a single-class map overlaid on the hillshaded

~

“the boundaries of the sheep habitat polygons added in

map with

white (Figqre 8). Slope azimuth may be a stronger controlling
fhzgor than slope magnitude for the winter distribution of sheep
bgcause the»slopg aziﬁuth distribution is better defined from the
observational data than the slope mégnitude distribution. The

clipped slope azimuth range encompassed 38% of the study area

(Table 4). o
Snow—free Sites

Snow-free sites were identified by level slicing -
(thresholding) Landsat TM band ! (blue) data. The blue band was
used because the shorter wavelengths are scagtered more'th;n the
other wavelengths of visible raéiation that interact with gas
molecules in the earth's atmosphere (Lille;and énd Kiefer, 1979):
The‘;cattered light present’i% the scené illuminated those areas

in shadow enabling the detection of snow-free surfaces. Snow/no



-

1
}

FIGURE 8. Single-class map of slope azimuth range defining pDall's
sheep winter habitat overlaid in black on the hillshaded map of

the study area. The boundaries of the habitat polygons are added
in white.
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snow pixels were identified and located on a 11n0:pr1nt|r
prightness map of TM band 1 data. Color photﬁaraphu acquirod
during the March (1987) helicopter survey, single band images of
L .
each of the 7 Lansgat bands. andinormal color.and color infrared
composites were ﬁsed as aids in this process, The threshold of
snow was determined by examining the brightness values of
individual pixels from representative samples of snow/no snow
interfaces within the scene. Brightness Ju%ues'bolow'lso
indicated snow-free areas and brightness vglucs above 150
indicated snow;covered areas.
‘ Non-forested; snow-free areas were difficult to distinguish
from forestéd areas by level slicing. The mislabeling of for sted
sites as non-foreséed. snow—%ree sites was reduced by el%miﬁatinq
forested sites from the snow-cover labelli?g. The elimination of
these sites was justified because Dall's sﬁeep winter habitat
lies above tree line (ﬁichols, 1979; Hoefs and Cowan, 1979). The
upper limit of tree line occurs at approximately 1050 m within
the study area (Oswald and Senyk, 1977g. Using the DEM and the
Landsat band 1 data, image grid cells with brightness values less
than 150 and elevation grid cells with values greate} tnanpioso m
were classified as snow free and non-forested. The 1oéations of
snow-free, non-forested pixels are shown in black on the
hillshaded map (Figure 9). The boundaries of the sheep winter
habitat polygons were overlaid in white on the single-class map
to show the location of the polygons relative to the snow-free,

non-forested areas. Only 9.6% of the area covered by the Landsat .

image was snow free on March 17, 1987 (Table 4). Much of this

L J
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FIGURE 9. S:Lngie class map of snow free, non—forested 51tes shown
in black overlaid on the hillshaded map of the study area. The

.- .boundaries of the habltat polygons are overla:.d in whlte on the"

' n“single class map. . e
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area, however, occurs Within shadow and may not be snow free The c”
elimination of shadowed areas will be discussed later.‘ "
‘The digital mask was used to quantitatively define the

~;‘ r&qh;pcharacteristics .of Dall s sheep 'winter habitat in terms of the
oty el :

.‘“ﬁareal extent of the Snow cover. ApprOXimately 12% of the area
; covered by . the nabitat polygons was snow free (Table 4) The
mgst polygon was excluded from the analysis as it fell

‘norsmgrn
.

outSide of the area covered by the Landsat image. When each

'polygon was c0nsidered individually, only 16~ of the 47 polygons

_‘_exceeded a frequency. of 102 snow free (Table 5) most of the .

‘ polygbns contained very few or no snow-free pixels. Tne snow-fnee
¥ .

parameter was not a- Significant factor in defining Dall s sheep
winter habitat”for this’area at'this time ofvyear.
nSnow depthicannot‘he ascertained usingfa single'Landsat
scene. .Inferences concerning the depth of snow can be made as
follows.f(1) the qiesence of snow-free pixels Jithin polygons mayp
be: indicative of thinning snow within those polygons, (2) the
presence. of snow- free pixels adjacent to polygons may be-
indicative of thinning snow within nearby polygons (3) the
absence -of snow-freevpixels Within poy&gons or adjacent to
polygons may indicate snow depth was not a controlling factor at .
this time of year. As shown in Figure 9,.the majority of polygons
-met the first ondition’indicating that a majority of then

L]

polygons may contain thinning SNow.



: : TABLES .
Frequency of Snow-free Plxelq for_Habitat Polygons '

Habitat Snow-free Total % frequency

polygon pixels pixels snow-free
1 19 6, 2879

2 9 34 26.47
3 19 106 ~ : 1792

4 1 47 - 213

5 2 40 5.00
6 -3 34 - 8.82

7 16 27 59.26

8 - 0 . 363 - .0.00 .
9. 14 65 21.54
10 px} 251 ., 946
1 © 10 320 . 3.13
12 ) 97 . : 97 100.00
13 6 - 92 6.52
“14 o 23 . 140 16.43
15 85 421 . 20.19
6 - 4 426 9.62
17 2 168 16.07
18 N 3 255 1.18
19 1 148 0.68
20 4 59 : 6.78
21 10 144 .6.94

22 0 157 0.00
23 2 265 0.75 .
24 8 63 12.70
25 13 54 ‘ 24.07
- 26 15 223 673
27 2 224 0.89
28 441 § 1286 34.29
29 56 95 58.95
"~ 30 23 73 , 31.51
* 3 3 64 4.69
32 5 .70 7.14
33 24 W - 8.9
34 oo 2 346 - 0.58
35 e 20 278 . 119
36 56 654 8.56
37. 8 - 614 1.30
38 1 190 -5.79
39 0 59 ' 0.00
40 3 71 423
41 -1 19 " 8.86
- 42 31 305 10.16
43 39 153 25.49
44 1 +305 0.33
45 K 0 106 _ . 0.00

46 4 289 . 1.38 )

,47 B 0 226 0.00
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Identification of Potential Sheep Winter Habitat Areas.

The process of map overlay and intersection of the terrain
distributions and the snow-free distribution was:employeo to
produce two maps: (1) a slope magnitude enduslope:azimuth
interseotion map, and (2) a slope magnitude, slope azimuth, end

,snow—free intersection map. Tne‘igpersections of tue'defined
ranges of slope magnitude (3* - 371°) aud Slope azimuth . (11d’ -
270° ¥ characterizing sheep winter habitat ‘were.overlaid in black
on the nillsnaded map shown in Figure 10, The poundaries of the
sneep habitat polygons in white were also included This map

"differs very little from Figure 8 (the single -class map of slope

azimuth) but differs markedly from Figure 5 (the single—cless map
of slope magnitude) indioating agein that slope azimuth is e more

significanr controlliﬁg factor than slope magnitude. The ﬁ
combination or‘these 2 paremeters encdmpassed 31% of the study

area (Table 4).‘Sixry-six percent of the sheep winter hebitat
erea was accounted’ for by the defined ranges of rhe combined
slope azimuih/slope magnitude map. Those polygons whicn'oid not

r ‘E?

fall within the slope magnitude and slope azimuth ranges may be

L

explained by other factors discussed later,
Map overlay and intersection of the slope azimutn and slope

magnitude terrain distributions and the snow-f stribution
- . ’ . . g™ N
was used to create the singlefcléss,m?p shown in Figure 11. The

/single—class map was overlaid in black .on the'hillshaded map

along with the boundaries of the sheep-habitat polygons. The. .



. o o
FIGURE 10. Single-class map of slope magnltude and slope azimutn
ranges characterizing Dall's sheep winter habitat overlaid in
black con the-hillshaded map of the study area. The boundarles of
the habitat polygons are overlaid in white. . v

#



‘IGURE 1. Sﬁngle—class map of slope magnitude and slope. azimuth

ranges characterizing Dall's sheep winter habitat in conjunction
with the snow—free, non-forested sites. The single class is .shown
* in black on the hillshaded map of the study area and the nhabitat
polygons are shown as white- boundaries.-

a
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defined ranges of tnese parameters accounted for 52 of tne sheep
winter area (Table 4). Very few areas fell Witnin tne slope
magnitude and slope azimuth range characterizing Dall's sheep
winter habitat tnat were also snow free.‘This combination
O essentially removed shadowed areas (north facing) from the snow-
free, non—forested binary map (Figure 9), to produce a map
representing the actual snow-free areas (1.5% of tne study area -
refer to Table 4) | .‘ ‘ v

Snow depth was probably a greater controlling factor than
absence or presence of snow 'in determining Dall s’ sneep winter
nabitati Sheep can paw tnrougn»snow_to the vegetation if the snow

is soft and shallow (Geist, 19713 Nicnols, 1978; Hoefs and Cowan,
* 1979). The snow depth in'March, 1987 was only 15 cm and the mean
,‘Eenperature (;13&6) wae well below freezing (Table 2). The snow

was 1ike1y‘tnin and relatively softrallowing tne sneep to. o

~penetrate the snow cover to reach the underlying vegetation.

- Landsat data may be useful for identifying probable areas of
‘shallow snow if a temporal analysis strategy is adopted. Those i
Iareas tnat were snow free before or after the helicopter survey
date’were likely thinner than otheq areas. The - SNOW was probably
vsnallow around the snow-free areas, tnerefore snow—-covered pixels
adjacent to. snow—free pixels likely contained tninning SNOW. |
v
Landsat data was not recorded for the study area immediately
before, the survey date and the image acquired immediately after
the suryey'?ate was‘cloud covered, consequently tnis approacn

could not'be tested. Without multitemporal imagery, it is not

poSsibie to distinguish between thin snow and deep snow using

37 .
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possible to distinguish between thin snow and deep Snow.using
Landsat data, e
Slope azimuth appears to be the déminént controlling factori
describing Dall's sheep winter habitat in the study area. The
impbrténce of slope azimuth is due to ﬁhe relationship‘of
vegetation, insolation, and wind to slbﬂe azimuth and the
“influence Sf insolation and wind on snow cover. The vegetation
tYpeé conéumed by»Shee; are found mainly on south-?acing glopes.
which receive greater than usual insolation. In addition, thé . f
‘resulting melting dombined with sublimation reduce the snow cover
on these slopes. The predominanﬁ‘WLﬁd direction for ﬁa:ch varies
frdm the southeast to the south (Atmospheric Environment Service,
1982b), thus‘slopes with a south to southeast orientation will
become wind blown resuiting'in thinner snow cover and snow-frpe
sites. » Q X
The‘oVeréll objective of this research was to -develop spatial
analysis techniqués that would be useful for mapping Dail's sheep
winter habitat. Figure 10 shows the b;st estimate of areas (in |
black) that meet the established criteria for Dall's sheep winter
habitak. These potential habitat areas are based on the défined
ranges of slope magnitude (3 - 37°) and slope azimuth (110 -
' 260° ). Although untested at this time, the mapping of potenéial
"sheep habitat areas may be useful (1) tq predict areas for sheep
relocation, (2) to provide information for input into land usé
'décisions, (3) to‘implemeﬁt protective measures for éneep

habitat, (4) to assist habitat . managers in planning flight routes

for winter aerial surveys, and (5) to increase the undérstanding



of ball's sheep habitat.



V. SUNMARY S i .
g :

A method for habitat mapping anq”inalysis using digital \
satellite data and digitaiwterrain data has been presented. This
method Qas used to qﬁantitativelyvevaluate thé threebéf four
major parameters that define Dall's sheep winter habitat 16 a
3287 km area, located south pf Whitehorse?‘Yukon Territory. The
four major parameters ar?: 51) moderate to steep slopes.‘(z)
south-facing slopes, (3) snow‘:;;g vegetated areas, and (4)
proximity to escape terrain.

Slopé azimuth and éfope magnitude terrain data sets were
developed and used:tgyevaluate the first two parameters defining
Dall's sheep wiqﬂerfnabitat.'Thé third parameter, snow-free
areas, was idepi%f&ed using Landsat TM band 1 data fregistered to
a regular gridvqf elevation values. The fourth parameter,
proximity to egcape terrain, was not investigated.

The pr%pess of map overlay and intersection was employed to
identify potential sheep winter habitat areas. fhe results were
as follows:

(i ) : .

: (y) Slope mggnitude was not a-limiting fagtor in determining
Da}l'; sheep winter habitat (3° - 37° ), however, the slope
méggitude range eliminated some areas from consideration as
po£en§ial habitats.'The slope magnitude range encompassed.812 of
the study area and accounted for 947 of the sheep winter habitat
area.

R . ' .
(2) slope azimuth was the dominant centrolling factor in

determining Dall's sheep winter habitat. This parameter accounted

4
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« for 70% of winter habitat polygons and encompas€ed 38% of the

study area, Southwest- to uouthoi-t—facinq slopas (110° - 260°)
characterize sheep ﬁabiﬁat. The dominance of slope azimuth is due
to the relationship of vegetation, insolation, and wind to slope
d;rection and the influence of insolation and wind on snow cover.,
The vegetation types consumed by sheep are found mainly on south-
facing slopes. South-facing slopes receive intense insolation

resulting in reduced sna over due to sublimation éfnd melting.

Du

ghern wind during March, south-facing

1] become ﬁind blown resulting in shallow snow and snow-free
/

i the predomimant
51088
sites. *

(3) Snow-free areas were not a significant factor for
defining Dall's‘;heep winter habitat. Snow7free areas accounted 7
for 5% of the w;ntér habitat area and encompassed 1f52 of the
'study area. Snow depth may be a factor, but multitemporal Landsat
imagery is fequired to identify probable areas of shallow sSnow.
This technique could not be tested because m&ititemporal imagery

was not available for the Wwatson/Wheaton planning region during

the winter of”1987.
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