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R.J. Schertler

C.A. Rajuet

R.A, Svehla
LEWIS RESEARCH CENTER, NATIONAL AZRONAUTICS AND
SPACE ADMINISTRATION, CLEVELAND, 0410 44135

ABSTRACT

Recent measurements and analysis have showa that thermal
infrared imajery (wavelen3th, 8-l4pn) can be emploved to deline-
ate the relative thicknesses of various regions of frestwater ice,
as well as, differentiate new ice fron both open water areas axd
thicker (young)ice. Therma' imagery was observed to be geaerally
superior to visual (0.4 - 0.7um) and our SLAR (3.3 con) inagery
ror estimating relative ice thicknesses and delineating opea water
from new ice growth. In a real-time Great Lakes lce Information
System, thermal! imazery can not only provside supplenentarv 1naz2ry
Sat also aid in developing interpretative methods for all-weather
SLAR imagery, as well as, establishing the areal extent of snot
thickness measurements.

INTRODUCTION

Previous studies in the arctic by Ketchum, 1936 and Folin,
1966 have demonstratea the potential of such thermal imajery for
datermining ice distributions aad relative ice thicknesses in
adjacent areas. However, the geographic location and expanse of the
Great Lakes Basin is such that stomns, winds, currents, upwellings,
and other hydrometeorolojical parameters impart inportant changes
in the ice cover in s matter of one day. The Great Lakes ice
situation i< much cifferent from the Arctic and therefore warrents
new considerations i1 the application of thermal imagery systens
for ice iaformation.

Interpretative keys involving the size, shape, tone, and
t=xture associated with the various ice tvpes and ice surface
topographic features are generally used in classifying ice types.
These various ice types, in tura, are arranged into a hierarchy
—orresponding to ice aje and devalopment, which categories are
then associated with ranges of ice thickness. This classification
system, developed srimarily for Arctic type ice identification,
has many shortcomings when asplied to the classification >f the
freshwater ice encour .ered in the Great La%es. Notably visual
clues are confusing and sometimes totally lacking which would
allow new ice, in an early stage of development, to be dzlineated
from open water areas as well as from young ice waiich ranges
beween 10 and 33 cm thick. Slush ice layers which form especial-
Iy ¢s 2 result of the freezing of water saturated .nov help to
obliteraze many of the visual clu2s associated w~ith new and younij
ice formations., Freguzatly, surtfaze topographic features and
patterns associated w.th finger rafting and pressure ridjing are
obscured Sy a clutter of relict slush patterns, snow filled -racks,
and wind streaks.
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This paper will review some of the preliminary findings
associated with the applicadility >f thermal imagery in providing
ice information and discuss its overall role in a Great Lakes lce
Information Syster.

THERMAL SCANNER

A single chaqnel Benaix airborne line scairer, mounted in the
NASA Lewis C-47 aircraft, was used in these investigations. Radia-
tion ‘rom the ground ~3s scanied 5y a single surfaczed, flat =irror
(1FOV of 2.5 milliradiaas). The energy within a 120 degree FOV,
centered »eneath thz aircraft, was collected and focused bty reflec-
tive optics throug* an odptical filter {8-1kpn traasmission) oato
a photovoltaic detector cooled with liquid 1itrogen.

An internal blackbody reference source allowa2d the = gery
to be calibrated with respect to abdsolute temperatures. This
system had a cagability ¢f detecting scene temperature Jiifereaces
as small as 0.1°C.

VISUAL - THERMAL IMAGERY COMPARISON

Some 0f these visual ice interpretative problems that were
~entioned previously will now bz illustrated using visual and
themal inagery. Figure | allows the information available from
photographic inagery in the visible region of the spectrun to be
contrasted with that obtained from the scanner in the thermal

. infrared region. These inages eancampass an area »f approximately
7 square kilometers in Lake St. Clair. In the visual inage, the
various photographic tones are datermined >y variations in
reflectivity, while the tones in tha thermal image result from
variations primarily in surface tsnperature. The radiation imaged
5>y the thermmal scanner is associated with the surface "‘skin"
temperatures of the upper fraction of a millineter of the ice and
water surface diz to the large absorption coefficients for both
water and ice which range from 590 on -1 ae 8rm tc over 1300 cm ~
at l4pm. The emissivity of water aid ice {5 generally very high
$0.97) in the 8 - i region and for angles of incidznce less
that approximately >0 degrees.

In the positive thermal inage the lighter toned areas corres-
pond to warmer temperatures while th2 darxker toned areas indicate
colder temperatures. Very light toned, open water areas are
readily d2lineated from the darker toxes of the newly frozan ice
in the thermal imagz while such distinctions are very difficult,
if not impossible, to discern in the visual inage. Close exanina-
tion of the visual image w:ll rev=al hairline type, white streaks
in some of tha2 seemingly open water areas which are characteristic
of water and snow filled cracks in new ice formations. Generally
such hairline crack features are difficult to d>tect because their
very narrow width falls below the da2tectable resnalution 2lenent
in such wide angle, high altitude imagery. Th= relative tempera-
ture variations associated with the various tonal coatrasts within
the thermal image are indicated on the figure. The voery dark
toned, ribbon like regions in the thermal image, a cha-a:teristic
of areas of colder, thickar ice, correlate with the light tonzd

5.8-2

[h W



regions in the visual image. These mound-liks features often
result when cracks and leads in the ice become saturated with
snow and refreeze forming a thick interface between adjacent
pieces of ice. The overall, uniform tonal shading of the thermal
inage indicates that the ice cover is at the sawme surface
tenperature and therefore is of generally the >a»> relative t™ick-
ness.

It is evidant from these above comparisors that thermal
inagery can provide 3 much stronger capability in delineating
various regions of ice, especially those associated ~ith ne~ ce
development, than visual inagery.

ICE THICKNESS

The surface temperature of freshwater ice, bounded by rela-
tively warm 37d coastant temperature water peneath and colder
surfacze air tempsratures a%vz, reflects a1 equilibriun between
the heat condicted from the water thoujh the ice to the surfa:e,
the heat absorbved oy the ice from the incida2nt salar radiation,
the heat rad ated from the su-face, and thz heat convacted from the
surface by the surrouiding air. Since ice is a fa'rly 33>0d insula-
tor, the thicker tne ice the less observadle is tihe warming
influence of the underlying water and the closer the upoer surface
temperature of the ice will approach the outside sir temperature.
To ad2qiately nodel the thermal enviroament of the ice, parameters
such as thermal conductivities, heat transfer cozfficieats, water
and air temperature, idcal w.nd velocity, averaye su-face,
roughaess, type of ice, anount of snow cover, incoming solar radia-
tion, percentage of cloud coser, and other hydrometeorolagical
factors must be considered. These complexities make it difficult
to odtain thickness measurements on an absolute bases; howevar,
relative temperature measurements and their correspondingy corre-
lation to ice thicknesses can be providad.

Using tonal contrasts associated with open water areas,
finger rafting >atterns, and shore ice formations in thermal
imagery, a raige of actual ice thicknesses, correlated with
relative surface temperatures, may be established. 0pen water
areas could estadblish the upper temperature, zero thic<nsass,
limit; while shore ice formations could provid2 a low temperature,
thick ice, lower limit.

- Thrust structure patterns, frequantlv observad in ice sheets
on the Great Lakes 31d characteristic of an intermediate range of
ice thicknesses, could become the kay interpretotive clues in re-
lating surface temperature to ice thicknass using thermal imagery.

Figure 2 is used to illustrate this techaique. An exanple of
the fairly wa=ll-defined pattern associated with a finger rafting
type thrust structure in younj ice is shown in this figure.

Finger rafting consists of an alternating series of parallel
rectilinear overthrusts aad similar shapad underthrusts, producing
a square-wave typz pattern. This pattern easily ideatified in
the visual imaje is seen as a ribbYa like da-k toned, coldar
temparature feature in the thermal image. An ealargement of a
thermal inage >f this samne pattern, taken two days earlier and
as a lowar altitud2 is also shown in this figure. Newly formed
thin ice will produze a jajgad pattern with irregular and poorly
d2fined 2d3jes due to the inability of the ice to transmit the
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structural forces. As the ice becames thicker, such patterns are
characterized by more clearly defired rectilinear edjes. Well
defined square wave pa*“erns are associated with younj ice
approximately 15 - 18 c.. thick. Ice thicker than aparoximately
2] oa w'll tend to form pressure ricges. Finger rafting d>atterns
are also frequently detectable even und2r a snow cover because
of the tendancy of water within the snowpack to sasak into and
delineate the edge patterns.
The rounded edges, showa in these im3ajes, are characteristic
- of young ice approximately 10- 12cm thick. The darker tonzs,
colder temperatures, are associated with the aver- axd uider-
thrusted ice sheet which is tw'ce as thick as th2 adjacent ice
sheet. By measuring the relative surface te peratures of the
shore ice ratted regicns, and open water area and obtaining
information regerding the ice thickness along the shore line it is
possible to establish a relationship between relative surface
temperature and ice thickness for this ice region axd its adja-
cent area,

VISUAL - RADAR - THERMAL IMAGERY
COMPARED

The distinctivaly differeat responses o9f ice in wid2ly separa-~
ted -egions of the spectrum and the importaice of thermal inagery
for accurate interpretation are illustrated .n Tigure 3. Note
that only in the thermal IR imaje is the Open water area azar the
tip of Pelee Point clearly discriminated. The basic differen:ze
that sets the thermmal IR apart from Yoth the visual and the SLAR
is that it responds to enitted rather than scattered radiation
Sy the ice. 1a the case of the SLAR microwavs radiation it 1s
primarily the backscatter of‘ the edges of the ice at ice-water
corner interfaces which prodices the imaje as described by Jirberg,
et. al. (1973). Since the n:w vafractured ice aloag the west
shore of Pelee Pcint does 70v contain sufficient scatters, it is
not differentiated from the aajacent open water a-ea. Sinilarly
in the visible, the lack of defects in the new ice sheet that
scatter the solar "llumination p-ecludes it being separated from
the dark open watcr area.

Further comparison of thermal IR to visual, in this case
£RTS-1 sateilite imagery, is made in Figare 4.

At the time of the satellite pass, the area was uadar a high

(adove 6 Km) cirrus cloud layer. In an ealarged portion the ZRTS
inajery near the southern shore of Lake Erie off Lorain, Ohio, a
rather large distinctive light tone feature is observad ~ith 23
dark toned sackground. The thermal imag2, as well as, simuta-
n204s acquired obligi2 anglz visual inagery, revzals that this
entire area is covered with a layer of skin ice which has bean
broken up by wind and wave action. The distinctive pattera high-
lighted in every chajnel of thz visual and near infrared inajery,
is not d.scernable in thz thzrimnal inagery, appareatly nossesing
no distinctivz thernal contrast with the adjacent a-eas. The
mottled light gray pattern of the tharinal inaja2ry evidances; the
honeycombad pattern of the wind >rokea, skin ice. Fast ice
devaispment along the shore can als? be distinguished in both ERTS
and therwsal iragery. In another area of th2 ERTS inaje, nzar
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Cleveland, tonal features in the broken ice floes correlate in both
the visual and thennal spectral regions. The light tones of the
satellite imagery corresponds to the dark tones, colder tempera-
ture of the thermal imagery indicating relatively thicker ice.

CONUND~-TRUTH DATE SUPPORT

Thermal inagery obtained In conjunction with either ground
truth thickness measurements or with data from a non-imaging,
pulsed radar ice thickness system being develop2d at Lewis
(Vickers, et.al.,1973) can aid in determining the areal xtent of
these spot thickness measurements to the surrounding ice sheat by
delineating regions of relative uniform thicknass adjacent tc such
spot measurement locations. An analyses of thernal inagery in
advance of planning ground truth measurenents will aid in deter-
mining locations where ground truth will be most valuadble in
supplying a comprehensive sampling of the present stage of ice
development.

CONCLUDING REMARKS

Preliminary analysis has shown that tone contrasts in thermal
infrared imagery (8-1kpm) allows various regions of similar ice
thickness to be established thereby permitting new .ce to be readi-
ly d2lineated from open water areas and thicker young ice found
#ithin the Great Lakes. The complexities involvad in establishing
a realistic thermal radiation mod2l for the ice s: face may pre-
clude the use of thermal inagery for establishing absolute ice
thicknesses. However, dy making use of the tonal characteristics
of open water areas, shore ice formations, and surface topo-
graphic features such as finger rafting, a raage of ice thick-
nesses can be established for adjacent areas from thermal imagery.
Future experience in interpreting such imagery should allow even
more definitive characr:ristic to be established for various ice
features and types wh ch in turn may provide additional clues for
datermining ice thicknesses. Thermal imajery was generally
superior to both visual and SLAR imagery for estimating relative
ice thicknesses and differentiating regions of new ice in open
water areas. Thermal imagery with its rather limited areal
coverage and dependence on cloud-free conditions will play only a
secondary role in a total Ice Information System for the Great
Lakes. By providing interpretative keys for SLAR imagery evalua-
tion and d2lineating the a-eal extent of pulsed wmicrowavs spot
thickness measurements, thermal imagery will occupy a vital
supplementary role in ice recondnaissance.
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Wiy 2

An example of ice conditions in Lake St. Clair as seen

Figure 1.
'n the visible (upper) and thermal IR (Tower).
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REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR.

A T B S

THERMAL IR

(8- 14 pM) -
-!‘ -
. . -

- -
o

“%w
Y

. A; 2

An exanple of a finger rafted thrust structure in the ice
cover o1 Lake S5t. Clair.
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VISUAL THERMAL IR
(0.4-0.7 um (8- 15 um
Figure 2. Thermal IR, raaar, and visual imagery of ice conditioas

in Lake Erie near Pelee Point.
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Figure

Therma' IR and ERTS-1 Satellite Imagery of lce conditions
in Lake Erie on Jawary 13, 1973.
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