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ABSTRACT

M.tti:u’l ingra~red oc'nmin;. radiomster data from the NOAA-S
satellite vere uged to lhdqc‘o sea and ice temperatures and horisontal
tesperature gradieats In 't.lu ﬁuton Canadian Arctic during July and
August, 1977, The m. studted cowprises much of the Beaufort Sea,
the contiguous Arctic toastal regions snd Banks Island. The dfpitised
images are couv.‘rnd- fnto two—-dimensional arrays of histograms of the
distribotions of relative iqén—ud radiances received from a cbrres-
ponding array of surface elements. Based on the assumption that the
on.tri;o in each histogram are normally distributed about an appropriate
mean value, the surface .th:'uur“ are derived. '

N The hv.ui..n.tion vas c:rridﬂ dut in three stages:

(1) The effect om ‘t'ho resolution of the histogram analysis techni-
que through changes 1n’..od¢'t1§: grid (array) size was considered first.
The optimm grid area sise required to produce surface temperature
distributions nccutta't. to 1°C°is ;pproxintoly one~half degrea square.
The aveu.in; of consecutive digital clc-nu'd_ou not appreciably
chang? the analysis in regions vhere data are of high resolution.

(2) The above¢ results were then applied to single orbit studies of

surface temperatures and their horizontal gradients. Temperatures over

' -;lti-yur pack ice are generally below 0°C and quite uniform, while

over first-year pack ice the regime is some 1° to 2°C warmer and some-
vhat more variable. Over multi-year icé, temperature gradients of 1,0-
1.39C/® latitude are found to separate ice concemtrations of greater

and less than 6/10; the locus of maximm gradient is found to separate
o J

iv
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vater|from ice npeutnem ‘greater thu 1/10. Ower nru-,':

1« cor attu’- sre wuch leds relsable, uy.n of exm. 1slands and '
, .

*
-

eoutudu tnqmntl.y cowum the mlynu. .
(3) rmhy. wotu,/l\iuop-n vnn used to filter out clowdi-
/

ness. In pucu« d thn,ﬂuy eoqouttn. nuod has been found to be

cthcun h nduciu on/on due to the presencs of cloud. Processing

th nunu ..W(-h is the auumu'u - effective neans
of mmuu lnd-ton contutution" Approximately one~half of all

ayudys affected dy cqntlinu are recovered uia. the above wmodal

prococéln; method.

The effests of etmospherié attenuation on the temperggures derived
. "
from' IR imagery are also considered; the computed temperatures are

found, in the mean, to be lgss than one degree lower than those measured
» .
/
by conventional means. /
. / ,
The case studies rovﬁahd a complex surface temperature regime in

the Beaufort Sea. Ice /ve-ent. surface currents and upwelling episodes

are identifiable, as are the effects of s‘trong insolation on ice melt
) ‘ /
and surface wvarming, /

/
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CHAPTER 1
SATELLITE METEOROLOGY AND ITS USEFULNESS

IN' THE AYUDY OF THE ARCTIC

1.1 Introduction

Iin recent years an increased interest has Been expressed in the
Arctic, by commercial and environmental interests alike. To enhance
man's understanding of the polar regions it is essen;ial to obtain
accurate knowledge of spatial and temporal distributions of meteoro-
logical and oceano%raphic parameters. 'DeSpite the importance of
obtaining such information, the remoteness of tﬁe Arctic and Antarctic
regions has until recent times hampered most research effofts. In the
following are set forth the exigencies for determining the sea-surface
temperature and sea-ice distributions of the Arctic, and how the current

generation of polar-orbiting meteorological satellites serves as a

practical means of acquiring this information.

1.2 Physical Rationale

Accurate determination of the surface temperature field over the
Arctic promises to benefit various meteorological concerns. The oceans
act major heat sources and sinks for the atmosphere, through heat

and moisture transfer. The seas bordering jce-infested seas in

1



*
.

polar regions are important heat exchange and c;Eiogcnotic aress. Sea
temperature and its horizontal gradioﬁt are often 1nd1cnto;l of, or are
associated vith; uwelling zones, ocean current dyﬂalicl'and marine
life.

The effect of the sea-ice cover in polar regions on weather and
climate on both global and local scales should be more intensively
investigated as recent technological advances make such f;lcarch
effective. The surface albedo, (i.e., the fraction of solar radiation

L)
reflected back to space) is probably the single most important regional

\.

factor affecting the heat and massubudg;ts of the Arctic Basin in
summer (Maykut and Untersteiner,1971). This parameter is almost totally
a function of the presence or absence of‘sea ice and its t;}e and con-
centration. Ice 1s the major factor that controls the exchange of heat
and momentum bétween atmospbere and ocean during the polar.winter. One
should systematically observe the location and extent of pack ice and
related features in order to monitor the seasonal patterns of surfacg
heat exchange over the polar oceans.

With reference to th; radiation budget of the Arctic Basin, there
age problems inherent to this region that merit'consideration. In terms

'

of radiation components of the heat balance, equation 1.1, measurements

have been made since the early 1960's at the meteorological stations

showd in Figure 1.1.

= - + - -
R =I(1 - A) Lin LOUT (1.1)
where R = net radiation r
I = incoming solar radiation (direct and diffuse)
A = albedo
LIN = 1incoming long-wave radiation
L ® outgoing long-wave radiation

ouT
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Both direct and diffuse t;«l.huon are msasured at theee locatioms.
In winter, urp. nu; are snowcovered; the little radiation received
is reflected rather thaa lbnrﬁd. In swmmer, when snow and fce melt
only in certein 'ugiouo an:lm at 'dtﬂonut r_n.tu. llb‘cdoo -upnd at
these stations msy ao:bo representative of a largs area. The net
radiation 1is thus nft_o'ctc‘l‘ tn an unpredictadle »_panner. °

Infra-red (IR), or lonknn radiation fl\m;l are not routinely
massured. Upward IR radtation can be.estimsted from surface temperatures '
and other surface characteristics such as mean ice diu‘ributionn;
dovyvqrd IR r;diation may be coupﬁtod from conventionally-collected upper
afnonphcric temperature and humidity measurements. Few eosi-lte- have
been published related to fields of radiation fluxes over Northern %anadl
(Walker, 1977).

In terms of heat exchange in the Arctic, the evaporation from snow,
water and ice surfaces is an essential consideration. Estimates of
gvaporation 1%y high latitudes are probably unreliable (Vowinckel and *
Or§ig, 1976). The small-scale variability, caused by differences in
types of terrain or the presence of sea or ice, is alvays present in
lreat budget calculations. An accurate estimate of‘evapbréf requires
reliable values for surface winéo and air and sea-surface temperatures.

The estimate of net radiation and its variation with ftude is
crucial in determining the magnitude of the associated dtivin. force
for large-scale atmospheric and oceanographic'circulation;. Ea;ly
studies have generally been faced ﬁith the difficulty of computing
radiation transfer in a cloudy atmosphere, and the lack of adequate

observations of temperature, moisture and cloudiness. In these

respects the polar-orbiting satellite 1is particularly useful over
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,areas of the vorld vhere co-muoa.al nuorolo.tcn\ pbservations are

. very nnfu or non-existent. . +

\

1.3 gtuttz of Satellites in the Arqh

S8ince the launching of the firet mateorological satgllite two
diudn ago, Py murdnﬁ have uidertakes tfe. tasks discussed above,
and much progress has bees achieved. The many tecipiques that have
evolved {n the ..'.nc-‘mm of satellite inlonuim to meteorological

problems may be categorizsed rather broadly as being either qualitative

or quantitative in nature. A brief overview of some of these techniques,

in particular those related to Arctic .tudi‘ is presented below.

Much of the early vork‘itilt satellite nteorolos involved the
development of photo-interpretive techniques, whereby a qualitative
assessment of the satellite picture, or image, is made., Examples of
the familiar "grey-shade' satellite images are shown in Figures 1.2
and 1.3,

L 2

The J.nterpﬂt:tfq. of cloud types and formations is well summarized
in a World Msteoyolagical Organization Technical Publication, No. 124
(Anderson, '1973). '!the successful application of such techniques is only
achieved by skilled analysts who are familiar with the geography and
meteorology of the particular area of interest. A major problem in the
usage of either the visible or IR imagery .for Arctic ltu({ic. is the
proper diletentiution between clouds and snow or sea-ice, whose
reflectances and teq;eutute.- may often be comparable. Characteristic

'ifferencea in form, tone and texture, and, in particular, persistence

of movement (of clouds) are the major interpretive tools. In addition,
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Figure 1,3

Infra-red (IR) tmege, obtained by NOAA-S, August 14
1977, orbit 4718.
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clouds may cross co.at\tgq,grbo partially transparent, or, under proper
{llupination conditions, cast shadowvs. Even when clouds are thin,
however, there may remain the d!!uculty of d?ﬂonntuttng between the

grey shade ruulun; from thin cloud over opo_ vater, and that of thin

or patchy ice om water. Unless there is a la
L ]
free water nearby to serve as a reference,

expanse of known ice-
y be vlrtulll’y

impossible to dutin.uuh betwveen cloude and. or snow from one

picture alone. h o \
In terms of IR image 1nt¢rpu$ ement’ process is

often employed to emphasize temperature contrasts. The grey shades
comprising an image typically represent a temperature range of over

ome hundred degrees. Through computer manipulation of the satellite
data, the available shades may be applied to a specified thermal window
of say, twventy degrees. The increased contrast over the range of ’
interest facilitates differentiation of thermal conditions. The enhance-
ment process may also be applied to visible satellite data to aid in the
separation of land-water boundartfes and cloud types.

In view of the sporadic nature of clouds in comparison with the
major snow and ice fields in polar regtons, the development of composite
satellite data charts is a logical extension of photo-interpretive work.
By laving the minimum brightness value at a specific location over a
number of orbits, a cé.posite chart of the minimum brightness, or CMB
chart, is obtained for an appropriate area. A compositing period of
five to ten days has beeg successfully employed in the Arctic (HgClain

et al., 1967). Figure 1.4 is an example of such a chart, In general,

extremely persistent cloudiness will appear as tenuous or irregular
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areas of lower brightness than the ice pack, espeatally lof short
compositing perieds. Cartain prodlems arve taberent teo !M o8 chnt.
such as, (1) iaabiltty to deal with extregely persistent cleudiness,
tramsisnt fce features and short-ters witing or treesing; (2) poettion
inaccuracies in data locatiem; -.‘ (3) resolution of fine-scale detatl,
since the minimum brightness value vill generslly be the msan velue
from an nrr;y of data m:o, or pimels, representing an area several
kilomaters agress. Ia terms of the seesnd prodlea, small chengoe (o
the geometrie orientation of .the satellite may cause finite and
unpredictable errors in location t‘“u with rnnc‘t to the Rarth.
Vith reference to the third problem, subjective input cam often aid

in the visual {nterpretation of the CMB informat{ion.

A similar approach may bde employed with regarde the compositing
of IR {nformation. The highest temperature is r‘;nln-d at a epecific
location in the construction of composite maximm temperature (CMT)
charts (McClain, 1978). The problems inherent to this procedure are
in effect similar in nature to {ho|¢4eacou-w-rcd in the production of
CMB charts,

The processing of satellite data in the forw of composite charts
provides a more quantitative measure of the information available in
satellite imagery. The trend in recent years has been in this direction.
Among the first to apply a simple statistical smslysis to IR data were
Saith et al. (1970), 1n the determination o ses-surface temperagure
over the Pacific Ocean. Histograms of radiative temperatures were
collected for large geodetic areas, whereby surface tewperatures wvere

extracted from calculations of the standard deviation and msan {n each
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étetridution. Ia the Arctis, 32 by 13 evveye of iafre-ved dote U( '
bosa eollected and snalysed to étacriminste betwesn differest sse-' o~
loe ages sad esncontretions, and land, vater end elewds (LeSehash, ( ‘
1973), sgein mshing wse of sisple statistical techaiques.

In the latter case, the spetial receliion of the IR dats u [
msaxioun of one kilemster. The data cellectad by the fptellite Labev-
stery at the University of Aldertahave s -u— tio;lotm of abest
oight tu:-uu. Mhe quostion -.uu a8 to vhether or ast s reltsdle
doteruination of the surface temperature fislds in (he Arctic caa be
.fhtond through precessiag of this lower rdsclution data. Te thig
end & simple statisticel techaique 1o gpplied to histegrame of the IR
satellite data svailghle. Cloud interference 1s a major comcern, snd

o effort {e made to reduce this prodles.



\A IDOEL FOR COPUTIIG SURRMER TRPEMATURNS ’
IN THE ARCTIC
-’ .
2.‘ *
th rpopect to the computatien of eurface .&om«nutm
N ”~
fromWutellite IR dats, soms femilisrity vith the efedtion of the NOAA :

polar satellite system (s helpful. A comprohensive descripties of .
systea hardware aad orbital charecteristice in anu‘i‘ o lsswhe re
(Fortwns end Rambrick, 197¢; Grees, 1977) and 1s ast tmclufed here.
Nowever, 1 computatienal approach developed herein, a discusstion of

certain satellite charasteristice s necessary.

2.2 The Dets

| The data received from the Scamming Mc-m (SR) of NOAA-3 by
the sihtvu*olty of Alberts are in the form of an amslog signal. This
signal 1o them digitised as & url;\‘ of valuse r@nging from sere to .
233 with, ia the cese of IR data, the lower temperstures iadicated by
higher digital valuss.
< In the compilation of histograms the data are subjected to
processing: (1) s calidration frem digital valus to radiative tc.‘r-

ature; and,(2) s uapping precess, vheredy dats are lecated relative

12
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to a predetermined geodetic mesh or grid. The histograms may then be
compiled and subsequently analysed to determine the appropriate surface
temperature for each geodetic drea. These processes are now described

[

in turn.

2.2,1 Internal Calibration

Before the satellite is launched, the radiometer is calibrated
against a blackbody, and a "response curvc“ of temperature versus
radiance is generated. In flight, the radiometer's response will also
depen; on its internal operating temperature; this will be a fuhction
of solar,angle and distance and can be predicted and measured.

Part of the signal transmitted’back to Eartp during each scan is

ta "calibration pulse', .available in digital form. Using nine such
pulses (taken from three scans at the begiﬁhing of an appropriate
sequence, three near the middle, and three near the end) ten data
values are extfacted from each of the six calibr;tion levels or "steps"
comprising the calibration pulse,—The mean values for each level in each
scan are then averaged over Lhe nine scans to give a mean yalue of data

9 .
versus corresponding blackbody temperature. Thus a get of six cali-

bration points 1is generated (Greaves, 1979). The e;traction of the
points in this manner reducés fLy;tuations associated with the random
error component of the SR.

At this point a curve-fitting procedure is employed to determine
the temperature, to the nearest degree, of a par;icular datum value

(See Appendix B).
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Using output generated by the above internal calibrgtion, the
standard deviation of data values for a target temperature of zero
I
degrees id, in practisp, about 1.0 digital units. This can be taken
M

as a measure of the ndoise present in the digitized IR data.

*

The response of the SR is such that it is linear with input energy,
but not with target temperature,*since radiative energy is proport!qnal
to the fourth power of temperature. The accepted accuracy is about
+2°C at the warm end (300 K)®of possible values, and only about :8°C at
the cold end (185 K) (Schwalb, 1972); at target temperatures of zero

degrees (0°C) this error is about +3°C.

2.2.2 External Calibration =

External data calibration is necessary '- take into account errors
nog'attributable to the éatellite gsystem., The most important of these
is atmospheric att%puation of the IR radiation between the target and
the radiometer by gases such as water vapour and carbon dioxide. This
effect will generally cause the radiances measured to be less than the
actual radiances since usually the absorption and -re-emission by these ’
gases is at a temperature lower than the earth's surface.

Atmospheric profile and scan angle affect the amount of attenuation.
Near the horizons (as ''seen'" by the satellite) the effect can be marked
and is known as "limb-darkening". Since the mirror in the SR instrument
rotates at a constant angular rate, the geometric resolution of the
ground field of view decreases as‘1g2 distance from the subsatellite
point increases; an image produced from these data will appear fore-

shortened near the horizons., Such data are of dubidus quality in a



quantitative application.

Fo; small scan angles, gaseous absorption and attenuation will
generally be minimal, and are likely negligible, within the measuring
error of the SR (Barnes, 1972). Thus, to a fair approximation, the IR
sensor measures the actual blackbody radiance emanating from the éarth
target.

With the precediné remarks in mind, the following external
corrections are available in the computational scheme. Data analysed
may be restricted to only £hose regions within a local zenith angle of
659 or less, to exclude low-resolution data. Assuming atmospheric
effects to.ge uniform over the relevant area, a routine which compares
conventionally-measured surface temperatures (''ground-truth'’ data) to

;

that obtained from the mean valye of satellite scan-data comprising an
area approxiegtely one-half a latitude degree square, centred at the
ground—truth‘datum location, is available. In making such a comparison
one must assume the data in the histogram to be normally distributed
about a single mean value and also that ground-truth data errors are
small and contain no bias, Furthermore, the sky in the vicinity of
the surfgce measurement must b% essentially cloud;free (See Appendix C).

In the”absence of reliable ground-truth data, an area of an ice-

water mixture in a cloudless region will typically be very near 0°C,

and may be used as an external calibration reference.

2.2.3 Mapping

With the data properly calibrated, it remains to locate the data

with respect to some pre-determined grid. 1In effect, one of two



distinct processes i{s normally employed in "locating" satellite q.:i.
The raw dn:n may be "gridded"; that is, a geodetic grid s overlaid
upon the data as required; the specific grid used wil] be a function
of the satellite orbit, In the output of data for a specific, pre-
determined region, the data are "mapped" onto that particular region.
In the location of dat; for this study a previously devised scan-by-
scan "'gridding" program (Green, 1977) {s adapted such that the "mapping",
or placing of data into appropriate gdodctic areas, or "bins" may
subsequently be achieved. A listing of this program is given in
Appendix A,

The qu;stion logically becomes "What ig the proper size fo’ithe
binsg?", considering the assumptions which must be adhered to in
subsequent computations of surface temperatures. To calculate the
surface temperature from a histogram, the collected values must be
normally distributed about an appropriate single‘mean value. It is
presumed that each element in the distribution represents an earth
target area which is very small relative to the total bin area, yet
the total bin area must be small enough to allow the mean valuye
calculated to be representative of the total bin area,

To give insight into the specific problem, consider the following.
With each scan of earth, the SR '"geeg" a.strip about eight kilometers
wide at the subsatellite ‘iint; for every scan close to one thousand
digital elements, or "datons", are produced. Thus near this point
three datons are produced for every eight kilometers of scan. (Near
the horizons this multiplicicy decreases.) Thus a one by one degree
latitude area containsg roughly six hundred datons. " Since sensor

resolution 1is only eight kilometers at the subpoint, it would appear
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sensible to average three neighbouring dltﬂnl, reducing the population

in the area to about two hundred, a number still more than adequate to
produci representative histograms. However, is the mean value obtained
from such a distribution relevant far the entire area? The answer to
this question must presumably be obtained in a seai-empirical manner.

»

2.2.4 Analysis of Histograms ’

In the analysis of the co-piiod histogrems, an lpﬁtoprﬁ’?l modal
temperature, with a frequency of at least 0.1 is obtained fro; each
distribution, The modal value must be vithin reasonable climatological
limits, and have the spec{fied fredquency, or else the distribution is
likely too flat or too cloud-contaminated to be representative. All
data within three degrees of the mode are used in calculations of mean
and standard deviation. The three-degree window is felt to be
consistent with the suspected reliability of the SR's respons;. In
practice, uﬁing cloud-free data, the standard dewddion values are
generally between 1,0° and 1.5°C (See Appendix D for sample output);
the value of 1.5°C was chosen as the "cut-bff" value for the sharpness
requi;ed»in determining the acceptance or rejection of the mean value
for the bin in question.

Using N values in the histogram representat ion of the data will
reduce random errors (noise and sensor) by a factor of Ni; thus the

computed means are well within an accuracy of ¥19C, allowing the

drawing of isotherms at that interval.
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2.3 The Experiments .‘

In the design of experiments performed in this ruurc‘\. several
quastions posed in preceding sections are pursued:

© 1, What is ap optimum geodetic grid size?
2. What effects does averaging of datons produce?
3. Can IR data be processed to detect differences in sea-
ice concentrations as well as sea-surface temperature?
4. How important is atmospheric attenuation?
S. Can clouds be filtered in soms reliable manner?
6. Cafl coastal areas be included in analyses?

These qusstions are considered 41n turn in the following experiments,

conducted using digitized IR scanning radiometer data obtained from NOAA-5

for the period July-August, 1977, over an area comprising much of the
Beaufort Sea, Banks Island and the Northern Canadian mainland coast.

The first experiment considers effects of resolution of the histo-
gram analysis technique through changes in geodetic grid size. It also
examines the effect, both mathematical and physical, of averaging
together consecutive datons.

In the second experiment the results of the first are applied to
_ three case studies of sea-surface temperatures and incorporated into an
analysis of horizontal temperature gradignto.

Finally, the quesfions of the effects of cloud "contamination" and
land intrusions on the sea-surface temperature ana es are examined.
The feasibility of compositing the histogram data over a number of days’
is studied, and a modal scenning method, which scree out generally
wvarmer land temperatures in coastal areas, is tried.

In all experiments the need for, or lack of external calibration
is ;tudied. Finally, conclusions are érawn from the experimentation

as a single entity.
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CHAPTER III

REFINING THE SURFACE TEMPERATURE MODEL

[ 4
3.1 1Introduction

In this chapter several essential considerations in the development
“
of the surface temperature retrieval model are examined. The itudy
areas used are shown in Figure 3.1. The smaller area is basically
employed in case studies of single-o;bit sea-surface temperature and
horizontal temperature gradient analyses, while experiments in cloud
filtering employ the full outlined area.

Since the Beaufort Sea lies in a region beset by substantial
cloudiness and fog during the summer wmonths, the satellite data are
taken from passes over the study area vhichloccurred near or just after
local noon, to minimize the effect of low cloud and fog near coastlines.
Once-~daily information is collected as near as possible to the same

local time so that analyses may be more consistently compared on a

day-to-day basis.

3.2 Grid Size Optimization

Ebfr;;:kenntical restrictions previously discussed are of prime

importance in the determination of an optimum grid size. In addition,

19
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’ ey
FIGURE 3.1 Map of study areas. Single orbit studies ¢ ller
region. Low resolution bins are delineate outline,

while the addition of the dashed outline depicts the high

resolution bins.
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the proper mesh should reproduce the detail {dentifisble on the
convent ional grey-shade i{magery.

The original grid size investigated employs a latitude increment
of one degree, and a longitude increment of two degrees to the south
of latitude seventy degrees, and three degrees to the north. A sample
of thg corresponding isotherm analysis, taken from Orbit 4222, July 5,
1977, 1is shown in Figure 3. 2a. By reducing ;hc dimensions of the grid
by a factor of two, the corresponding analysis in Figure 3.2b s
produced. The square by square temperature retrievals are shown in
Appendix D for the former case, \

The manner in which the subjective isotherms are drawn requires
that a value plotted for a square where a coastline intersects be
representative of the centre of the water-covered portion only, {f the
plotted value is a climatologically reasonable one for the particular
arca. Values plotted for land-locked areas are ignored in the analysis.
/ A portion of the IR image for Orbit 4222 i{s displayed in Figure
3.3. Considering the detail reproduced near Banks Island, as well as
for the cloud band in the central Beaufort Sea in Figure 3.2b, as
compared with the detail identifiable in Figure 3.2a, the use of the
finer mesh appears warranted.

Sample histograms for the above data are shown in Figure 3.4 for
the large grid and the four corresponding areas for the smaller grid.
Generally the number of datons contained by the larger grid is about
150-175, and about 35-45 for the smaller mesh. (An averaging of three
neighbouring datons is employed.)

While examination of these histograms illustrates how the assump-

tion of uniformity of temperature in a square may easily be violated



FIGURE 3.2a Isotherm analysis: July 5, 1977, Orbit 4222. Low

resolution grid.

FIGURE 3.2b Isotherm analysis: July 5, 1977, Orbit 4222, High

resolution grid.
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for the large grid, o reduction in grid stse beyend that of the

®
smller grid will tavelidete the epecification that daten sise be

omall relative to bim sise. The smsller grid sise used here io -

eadopted for uee in subsequent omuﬁa!o.

3.3 Averapiag of M“ul Veluse

If the u-b;r of entries in a histogrea (o reduced by the averagiag -
of a specified number of consecutive datomns before beiag emtered (nto
the frequency tabBle, the shape of the distribution will chaage. If
relative (requency is plotted versus temperature, the area under the
distribution will remain constant. MNowever, the distribution will
bcc;- oharper as the number of consecutive datons averaged {ncreases,
provided the curve is a normal one. Skew distributions msy behave (n a»
less predictadly masnner.

Sample distributions of IR data taken from Orbit 4718, August 14,
1977 are displayed in Figure J.5a fo; a bin in-a hignh temperature
gradient region, and for a bin in a lov temperature gradient regtion,
in Figure 3).5b. The effect of averaging neighbouring datons is apparent.
As the ssount of averaging increases, skewness is removed from the low
temperature end of the dutrtlmuu.. while wodes are sharpened as well,
In particular, the distripution in the high-gradient case is noticeadbly
changed. The normality assumption is evidently not well-gsatisfied in
such areas, even though the mode is well-defined.

The summary of the averaging effect in this particular case s
shown in Table 3).1. The calculated -in changes very little in a low

gradient bin, but not{ceably otherwise. The standard error is a
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reasonably stable statistic, in spite of the averaging, in both
situations. From a statistical viewpoint the averaging of three
datons does not affect the temperatures retrieyed in a low gradient
area; the real effect of this process in a high gtadie?t area may
only be identified by exdmining the actual surface temperature

distffbutions.

TABLE 3.1

Statistical Summary of Histograms Shown in Figures 3.5a, 3.5b (Orbit 4718)

Averaging Pop'n Mode Mean Std, Dev. Std,

4 - (°c) (°c) (°c) - Brror

- : (°<)

High 1 118 0 -.2 1.0 .092

Gradient 2 59 0 -1 .9 117

Area

3 40 0 A .7 .111

Low 1 111 -2 -1.8 .8 .076

Gradient 2 54 -2 1.8 .6 .082
Area .

3 37 -2 -1.8 .6 .099

The temperature analyses gor August 14, using different averaging
amounts, are depicted in Figures 3.6a, 3.6b and 3.6c. Values in the
southeast section are missing in Figure 3.6a; in this area the sharpness
criterion of 1.5° may not have been met. Otherwige, ev;n i; high
temperature gradient areas, the averaging of three datons, with the
general effects of simultaneously smoothing and sHarpening the

, distributions, appears to be a reasonable procedure to "adopt for
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FIGURE 3.6a Isotherm analysis: August 14, 1977, Orbit 4718,
All datons used,

FIGURE 3.6b Isotherm analysis: August 14, 1977, Orbit 4718.

Averaging of two datons.
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FIGURE 3.6c

Isotherm analysis: August 14, 1977, Orbit 4718,

Averaging of three datons.
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subsequent work, especially where data obtained at small zenith angles

relative to cE% satellite are concerned.

3.4 Extermnal Calibration

A check on atmospheric effects for the August 14 data is approp-
riate. The location of ground truth information is shown on Fﬁgutel 3.6a,
3.6b and 3.6c (point A). The.,satellite passed nearly directly overhead
point A in Orbit 4718, and atmospheric effects might be expected to be
fairly small., Table 3.2 summarizes the satellite-calculated surface

temperatures,

_ TABLE 3.2

Ground-Truth Information Versus Satellite-Derived
Temperatures, August 14, 1977, Orbit 4718 .

Ground-truth
Location: 7C°09'"1 132°48'w, 1800 G'

Temperature: 5,20C R
Weather: Clear Sky

<
Pts. Avg'd Pop'n Temp (°C) Std. Dev. (°C)
Satellite- 1 91 4.8 1.70
Computed 2 63 4.3 1.70
Temperature 3 49 4.6 1.74

Ideally, ground-truth irnformation should be incorporated into each

temperature analysis as a final correction; however, this is not always
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possible, There hly be excessive cloudiness in the vicinity of the
ground-truth datum location, the temperature in the ‘pproprinto area
may not be sufficiently uniform, or else no measurement may even be

available,

3.5 Temperature Gradients

In the absence of suitable ground-truth data, the comparison of.
surface temperature patterns to ice conditions is necessarily a relative
one. No reliable correlation between a particular ice state and temper-
ature value may be made, although in some cases the correction required
may be fairly small, as shown above.

One way to circumvent this situation is to produce, from the
temperature distribution, a temperature gradient analysis. The physical
rationale in the comparison of temperature gradients to ice conditions
is as follows: over the major ice surface, the temperature gradient
‘should be fairly small and reasonably uniform; towards the edge of the
ice pack the gradients will increase as the ice concentration values
change more rapidly; finally, over open water and ice-free areas, the

-
gradients will decrease and behave in a more haphazafd manner. (A
partial glossary of ice types, concentrations and other relevant
nomenclature is given in Appendix E.)

If atmospheric attenuation is presumed constant over the relevant
area, the temperature gradients should give a reliable measure of ice
information, and also of the resolving capability of the histogram

analysis technique,
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The temperature gradients are derived as follows: given the
sea-surface temperatures for each square in a ten by ten geodetic array,
an eight by eight array of gradients may be computed. Figure 3.7 shows

the grid representation used in the derivation of equation 3.1,

FIGURE 3.7 Representation of grid for temperature gradient
calculation,
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GRADIENT (1,3) = [(OX(1,3))% + (mr(l..l))zli (3.1)

vhere DX(1,J) * (SST(I+1,J) - SST(I-1,J) / (2:be.cosine of latitude
of point (I1,J)
DY(L,J) = (SST(I,J+1) - SST(I,J-1) / (2-a)
and SST(I,J) = sea-surface temperature at location (I,J)

a * latitude increment
b *= longitude incremsnt

)

The gfndicnt- are expressed in degrees Celsius per latitude degree
(°C/°L), and may be recorded directly onto the same grid map used for
surface temperatures.

With the temperature retrieval technique developed to a functional
state, it remains to be tested on actual cases., Three such cases are
considered in the following chapter, using the appropriate geodetic
mesh and averaging scheme, in the computation of surface temperatures

and their horizontal gradients.



CHAPTER 1V
SEA-SURFACE TEMPERATURES AND THEIR
HORIZONTAL GRADIENTS

7

4.1 Introduction

In the study of three cases involving sea-surface temperature and
temperature gradient analyses, a discussion of physical characteristics
identifiable from the analyses is appropriate. In addition, a verific-
ation of the information produced in each analysis is necessary as well.
The verification data consist of the appropriate satellite imagery,
charts of mean weekly ice conditions produced by Environment Canada

and, when available, ground-truth temperature data. In the verification

of horizontal gradients the ice information provides the only true

comparative test.

The Atmospheric Environment Service operated, in the summer months
of 1977, a forecast office - the Beaufort AdvanceQBase (BAB) - at
Tutktoyaktuk. This office had access to meteorological reports from
'.drill sites and nearby ships that enabled forecasters to perform more
detailed in situ analyses than were possible elsewhere. These maps
were used in these studies as the synoptic background. Since some
overlap is involved with case studies done in Chapter V, all synoptic

charts are grouped in that chapter.

34
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4.2 Case Study 1, July 27, 1977

4.2,1 Synoptic Sttuation

On this date a high-pressure cell dominated the surface circulation
as shown in Figure 5.12. This circulation produced mainly clear skies

over the study area.

4.2,2 Verification

Figure 4.1a displays the surface temperature field using IR data
from Orbit 4495; Figure 4.1b depicts the corresponding temperature
gradient analysis. Using the ice information for July 29 (given in
Appendix F, Overlay 1), note that, {n Figure 4.la, temperatures below
0°C correspond with very close pack or greater multi-year 1ice conditions,
while temperatures between 0°C and 2°C generally outline regions of
first-year and multi-year ice from 1/10 to 6/10 concentration.

The relevant satellite images are shown in Figures 4.2a and 4.2b
for Orbit 4495. Relative temperatu;e features correspond fairly well
with the isothermal analysis. The warm (dark) tongue of water at point
A on the IR image i{s well-marked on the isotherm analysis, as is the
belt of first year ice to the immediate northeast (B). The general
outline of the ice edge from the visible image 18 also well-marked on
the isotherm analysis,

Table.b.l summarizes the external effects for Orbit 4495, using
the report at location A on Figure 4.l1a. While fog was reported both
early and late in the day, clear skies prevailed in this area at the

time of the satellite pass. The temperature "analysed" by the
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FIGURE 4.la Isotherm analysis: July 27, 1977, Orbit 4495.

FIGURE 4.1b Temperature gradient analysis: July 27, 1977, Orbit 4495,



FIGURE &.2a Vislble tmage, July 27, 1977, Orbit 4495,
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subjectively drawn laotheras ls between Y°C and 4°C while the computed
temperature (s ),2°9C, This agreewsnt may be coinctidental; however,
point A (s eftuated in o M.“v“lu! area, where the hiestogrea
enalyeis technique might be expected to perform poorly. Since temper-
atures near the (ce edge appear quite reasonable, 1t (s unlikely that
there (s two degrees worth of attenuation in thie case. The discrepancy
®ay lle in the fact tbat the ground-truth ssassurement represents o

specific point, not an ares,

TABLE 4.1

Ground-Truth Information Versus Satellite-Detived
Temperatures, July 27, 1977, Orbit 4499,

Location: JOO23'N 135906 'W

Time Temp (0C) Weather Computed Temp./
(GMT) Std. Dev. (°C)
1200 5 Fog

3.2/ 2.04
2400 6 Fog

1)

The scanning rout‘ne employed to determine modal temperatures
bears elaboration. A "cold-mode' scanning is used, whereby the first
mode :ncountered starting from a temperature of -3°C i{s analysed for
®san and dispersion. 1n general, a bias towards cold values is expected
vhen surface temperatures are recorded; however, the agreement between
subjectively and objoctlycly determined surface temperatures in a high-

gradient region suggests the bias may be fairly small, and temperatures



along the tce sdge annear physicelly reasonsble, se noted sbove. In
the mext chapter the value of the "cold-mnde” scanning as opposed to
“ware-asde” scanning will be further demenstrated.

In comparing Figure 4.1, the teamperature gredient analyefs, to
!“.pproprlou fce data, the best correlations are evident ia the
n:uthuu region, vhere the multi-year ice edge 1o well-defined, and
not irregularly-shaped. Nere a tempeYature gradient of 1°C/°L forms
& reasonable boundary between close and open pack fce. In this
same region the locus of maximum gredient corresponds well with the
separation of open water areas and very open pack ice. Ia the south-
vest aress, the 1°C/°L ltme offers e ofmilar dut lese convincing
delineation to that found above.

Owving to a strong temperature gradient in open water areas in
southern regions, the locus of maximum gradient’ appears to be of little

value in a comparative study,

4.3 Case Study 2, July 28, 1977

4.3.1 Synoptic Situation

Generally clear conditions continue to dominate the study area on
July 28, in spite of a low pressure area wvhich formed in thczthcm
Beaufort Sea, as depicted {n Pigure 5:13.

L

4.3.2 Verification

Infra-red data from Orbit 4507, July 28 were used to derive the
Cd

surface temperature and temperature gradient analyses shown in Figures

4.3a and 4.3,
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FIGURE 4.3a lsotherm enalysie: July 28, 1077, Orbit 4307,

FIGHRE 4.% Temperature gradient analysis: July 28, 1977, Orbit 4307.
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In terms of the ice conditions for July 29 (Overlay 1), the open
water - very open.pack ice separation is reasonably marked by the 2°C
isofherm, as was the case for July 27, However, the delineation of
multi-year ice conditions using the 0°C isotherm is not as marked as
for the previous day.

Due to satellite data transmission problems on July 28, the
available imagery provides only relevant visible data for Orbit 4508
and IR data for Orbit 4507; these are .displayed In Pigures 4.4a and
4.4b, respectively, The gross features in these imaées are reproduced
faithfu;ly in Figure 4.3a. Examination.?f‘the images ohowg a band of
cloud over the southern portion of the study area; it is possible that
changes in the orientation of the zero degree isotherm from that analysed
from Orbit 4495 may be due to unequal insolation at the surface,
affecting freezing and melting of puddlés atop the {ce,

Table 4,2 summarizes the ground—trﬁth data as compared to the
satellife-derived surface temperatures; point A on Figure 4.3a shows

the location of the sugface-based data.

TABLE 4,2

Ground-Truth Information Versus Satellite-Derived
Temperatures, July 28, 1977, Orbit 4507.

Location: 70023'N 135006'W

Y
Time Temp (°C) Weather Comput;d Temp./
(GMT) Std. Dev. (°C)
: “':(,'v
1800 8 4/10 high 3.7/ 0.65

cloud g «




FICURE 4.4a

Visible image, July 28, 1977, Orbit 4508.

IR image, July 28, 1977, Orhit ),
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A temperature of about 3°C is indicated on Figure 4.3Ja; the

discrepancy may be due to cloud contamination, or factors mentioned

in the previous case.

With reference to the temperature gradient analysis, Figure 4.3b,

the locus of maximum gradient again separates open water from very

open pack ice in the northeast portion of the study area. The 1°C/°L

line separates close and open pack ice in this region. In other areas

the 1°C/°L line is not a reliable one in making correlations; however,

most areas in the southwest study area with ice concentrations of 7/10

N

greater are below this gradient value.

-

4.4 Case Study 3, August 14, 1977

4.4.1 Synoptic Situation

The general synoptic situation for August 14

is not as favourable

for clear skies as were the previous two cases. The presence of a weak

&
low near the Yukon-Alaska border poses a potential cfoud-contamination

problem in this area, as displayed in Figure 5.23.

4.4.2 Verification

The relgvant ice information is contained in Overlay 2, for the

week ending August 12, 1977. The derived surface
*

temperature gradieﬁf ana}yses, fbr Orbit 4718, are

and 4.5b, respectivelgy,

temperature and

shown in Figure 4.5a

- 2 '
"f Judging by the isotherm pattern produced in Figure 4,5a, the

L

bon
extreme northeast and southwest study regions may

contaminated to be of use in making comparisons.

be too cloud- <

The best correlations

or
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FIGURE 4.5a Isotherm analysis: August 14, 1977, Orbit 4718.

‘!

FIGURE 4.5b Temperature gradient analysis: August 14, 1977, Orbit 4718.
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v
are the 1°c 1-othcr-‘oc,lrcting open water and very open pack ice

areas, and the -1°C 1db§;{r- separating close and open pack multi-
year ice.

The relevant satellite images are displayed in Figures 1.2 and
1.3. The cloudiness discussed above is identifiable in these inn;eu.
Along the ice edge there appear to be wave-like features which are
represented as temperature minima in Figure 4.5a; these may be areas
of recent melting not d;picted on the ice chart. The warm area in the
south central region matches the corresponding area on the analysis,
and the cool area along the Arctic Coast east of Tuktofaktuk is also
detectable; a further examination of this region will bsdone in
Chapter V,

The comparison of ground-trutly information to'satellite-deriv;d
temperatures was gone in Chapter III, The discrepancy is apparently
less than one degree.

The corr;lnfions between ice conditions and the temperaturé
gradient analysis, Figure 4.5b, are somewhat different for Case 3.

The maximum g;adient locus in all%WPut extreme eastern areas (due to
cloudiness) separates open water from very open pack‘{ce conditions.
However, a gradient of 1.5°C/°L seems more reliable here as a separation
of close and open pack ice. (Note that some gradient values in eastern

sections are missing, and any correlations made there are likely un-

reliable.)

It 18 evident that there is a secondary maximum which correlates
better with ice conditions than the primary maximum. When looking for
correlations, it may be that the first maximum encountered is the .

relevant one, as the progression towards lower ice concentrations is made.
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4.5 Discussion

4,5.1 Surface 'ro?craturu

Judging from the few situations exanined here, the histogras
analysis technique 1is reliable enough to permit a brief discussion of
{dentifiable surface characteristics of the Beaufort Sea.

Multi-year ice surfaces are generally of temperatures below 0°C.
Temperatures over first-year ice are somewhat highe; and more variable,
depending on local insolation conditions. This observation is sensible
since first-year ice is typically thinner than the older ice and may
thus be more sdbject to floo&ing and, due to an inherently thinner
snow cover, to surface melting. Typically, sea ice forms at between
-1°C and--2°C, depending on the salt content of the water. The salt
largely separates upon freezing, and subsequent melting of this nea;ly-
fresh water will be at near 0°C. Thus large puddles atop first-year
ice at temperatures of 00 to 20C are quite possible, with large daily
fluctuations, depending on solar heating inhomogeneities. Thus in a
season such as the Arctic summer, the 0°C isotherm,as derived above,

may be of little use in terms of reliable correlations, over first-year

ice especially.

4.5.2 Temperature Gradients

The use of temperature gradients to delineate ice concentrations
shows that only gross correlations are possible, and likely only in
terms of multi-year ice conditions. Ome problem inherent to ;heae
comparative studies is the large concentration difference present in

the reported regions of very open pack ice thru open pack ice, The
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ice conditions were .roupqd in this manner to simplify the verification
procedure somewhat, Depending on local conditions and the ice observer,
the conc.ntration.ghangp may be gradual or &amatic. This condition
may explain why different gradient values work for different days.
D;cpitc this shottcoming the temperature gradient method of depicting

general ice conditions has merit.



CHAPTER V
ON THE U§E OF COMPOSITE HISTOGRAMS IN

DERIVING SEA-SURFACE TEMPERATURES

5.1 Introduction

Surface temperatures have now been mapped for the Beaufort Sea in
predominantly clear sky conditions, away from coastlines. The final
questions posed in Chapter Il are now examined in more detail.

5. Can clouds be filtered in some reliable manner? .
6. Can coastal areas be included in analyses?

The‘results of Chapter IV indicate that CMT charts discussed
earlier may qﬂt.be,viable over the ten~day interval used elsewhere,
since the 8i4fface temperatures have been found to change rapidly under
conditions of strong solar heating. Similarly, the maximum temperature
in a square intersected by land will typically not be representative
of the adjacent water temperature in summer. ‘

The following comgytational procedure is proposed. Data are
accumulated in appropriate bins over a number of consecutive days.
These "composite' histograms are subsequently analysed for the approp-
riate information. Over a (short) period of time, the surface temper-
ature in each bin i{s assumed comstan only very persistent cioudiness

at a temperature very near the true surface temperature will sub-

stantially affect the analysis. By using data obtained from near

48
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mid-day orbits, a large separation of modes representing land from sea
should be possible, The use of the 'cold-mode' scanning technique
should allow retrieval df sea tewmperatures where both modes are present
in the distribution,
The basic problem may now be formulated as follows: How many days
)

of data may be composited to achieve maximum cloud filtering and minimum

surface temperature changes?

5.2 Tormation of a Composite Temperature Analysis

In the development of the compositing technique, the effect of
addition of data on a daily basis {s examined; the progressive
screening of clouds may be subjectively studied in the format of
the first of three case studies.

A more objective assessmens of the compositing technique would be®®
desirable. There are 208 bins subject to analysis in the study area,
of which 84 are either partially or completely land-covered. By
determining the fraction of areas for which an acceptable mean value
is derived, a ''recovery efficiency" is obtained. Areas over land or
with obvious low-cloud contamination present are included in this
calculation; however, the same land areas are present in each analysis,
and clouds should have a generally decreasing effect on this determin-
ation, as the compositing interval increases. Thus the recovery
efficiency should be a reliable relative measure of the compositing

technique.
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5.3 Case 1, July 05-08, 1977

5.3.1 Synoptic Sttuation

The synoptic information for the relevant period, displayed (n
Figures 5.1 to 5.4, {llustrates that gensrally fair weather prevailed
over the study ares during this period. On July 5 a north to south
ridge of high pressure extended through 1200W, while a weak low was
sithated near 71ON, 141°W. On July 6 a surface high pressure cell was
situated over Victoria Island, with a trough of low pressure along the
northern Alaska coast to Tuktoyaktuk. The high migrated to the central
study area by July 7, and then to the western section of the study area
on the 8th, allowing a moderate northwesterly flow to develop over Banks
Island and adjacent waters,.

Cloud contamination effects should not be a major concern in this
case (except possibly on July 8) since mainly clear skies or transient
cloud affected the area, Thus relatively few days' data should be

required to remove cloud effects,

5.3.2 3uildinpg the Composite Chart

The effect on the surface temperature field of accumulating data

- is apparent when Figures 5.5 to 5.8 are examined. The cloudidfu-
present on July 5, and again when a composite of data from July 5 and

6 {8 produced, is apparently eliminated when the third day is added

in Figure 5.7. Structures of note which persist in all three Figures
are th; cold area at the south tip of Banks Island, and the vn}‘ area
just to the west of the island. If the data from July 8 are added into

the three-day composite chart, producing the four-day composite, Figure
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FIGURE 5.2 BAB surface map: July 6, 1977, 1800 GMT.
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FIGURE & 5

Isotherm analysis:

July 5, 1977, orbit 4222,

and 4235,
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FIGURE 5.7 Composite {sotherm analysie: July %-7, 1977, Orbites 4222, %
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FIGURE 5.8 Composite isotherm analysis: July 5-8, 1977, Orbits 4222,
4235, 4247 and 4259,
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5.8, futtﬁér cloud filtering effects are found to be minor. However,

the three-day composite for July 6-8, Figure 5.9, displays identifiable
changes from the similar composite for July 5-7. The cold area south

of Banks Iéland has shrunk, a 2°C isotherm is present near Tuktoyaktuk,
and the coasﬁfl bay adjacent to the Amundsen Gulf hal warmed appreciably.
All changes are probably the result of insolation effects. From this
cursory examinatiom, a three-day compositing interval yields worthwhile

information.

5.3.3 Verification v .

»

The gglevant ice information in Appendix F (Overlay 3) is repre-
sentative of mean conditions for the week ending July 8, 1977. With
reference to Figures 5.7 and 5.9, the -1°C isotherm on each composite,
running ge;erally north to south in the central study area, matches
quite well the close pack versus open pack ice boundary. In southern
areas the zero.degree isotherm provides a similar correlation. The ice
island south of Banks Island is reproduced on both composites.

The IR data for this study are taken from Orbits 4222, 4235, 4247
and 4259 of NQAA—S; since much cloud covered the study area on July 8,
images for Orbit 4259 are not dispiayed. Figure 5.11 displays the
image for Orbit 4247 on July 7; examination of this Figure and Figure
3.3 shows the relatively wﬁrm areas just west of Banks Island that are
identifiable on the composite analyses. The area analysed between 0°c
and -1°C northwest of Tuktoyaktuk appears as small dark spots on Figure

5~10a, the visible image for Orbit 4235. The same area is not readily

detectable on the corresponding IR image, Figure 5.10b. This region



FIGURE 5.9

Composite isotherm analysis:
4235, 4247 and 4259,

-~

July 6-8, 1977, Orbits
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FIGURE S, 10b

]

IR {mage, July 6,

1977, Orbit

4230,
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is presumably one whare‘puddlou have formed on a large expanses of first-
year 1ice, |

Examination of Figure 5.10a also reveals shore-fast ice along the
northern west coast of Banks Island; these areas are identifiable on
Figures 5.7 and 5.9 as temperature minima,

It remains to check absolute temperature values produced by the
composite analyses with ground-truth measurements. Unfortunately, no
data ar; avnilablg for this particular case. However, since corre-

lations with ice conditions found here match reasonably well those

described in Chapter IV, the attenuation effect is likely fairly small.

', " 5,3.4 Statistical Summary

In terms of recovery efficiency and mean values of standard
deviations computed in the analyses, the effect of different compositing
intervals is shown in Table 5.1. All combinations possible in a four-
day period are included; that is, four one-day analyses, three two-day

analyses, and so on.

.
The fluctuations in number of areas recovered and ig mean standard

deviation (for all areas where a mode was computed), are greatly reduced
as the compogifing interval increases.

The maximum recovery efficiency occurs for a three-day interval;
the detail obscured due to cloud on, for example, the two day composite,
Figure 5.6, guggests a two-day interval may suffer in this respect in
spite of a high and relatively stable recovery efficiency. ‘Fhis

revelation suggests that a simpler compositing technique, where it

would be necessary merely to check the current days's data as an "update"

to the previously obtained temperature, may not be feasible.
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TABLE 5.1

o

Statistical Summary of Compositing
Case 1, July 5-8, 1977,

# Days of Data 1 2 3 4
Areas 162 170 167 163
Recovered 165 151 164
(/208) 173 165
15
Recovery
Efficiency 61.9 77.9 . 79.6 78.4
(z2) :
Mean Std. Dev. .99 1.20 1.19 1.19
(M.S.D.)
(°c) 1.03 1.11 1.12
.99 1.04
1.29
Mean of- '
M.S.D, . 1.08 1.12 1.16 1.19
(°c)

The conteation that resolution of the sea temperature regime for
regions intersected by land may be obtained is verified by examination
of any of the composite analyses. Tablg 5.2 summarizes the recovery of
vater- (or ice-) only areas and all other areas for Case 1. About 90% of
water-only areas are recqvered while close to 60Z of ‘coqtmnated

areas are also recovered using the cold-mode scanning method.

. \
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TABLE 5.2
Compositing Over Land- or Water- Covered Areas,
Case 1.
y
@ Number Recovered
nterval Water Only (/124)  Other (/84) ALl (/208)
July 05 - 08 115 49 164
July 06 - 08 112 55 167
July 05 - 08 115 48 163
5.4 Case 2, July 27-31, 1977 .

5.4,1 Syneptic Situation

The synoptic situation for the final days of July, 1977 is displayed
in Figures 5.12 to 5.16. Generally, high pressure dominated the northern
[ J

Beaufort Sea during this period, while on July 28, 30 and 31 a weak low

center or trough of low pressure lay near 70°N, 138°W.

5.4.2 Verification

The three relevant three-day J%ngosites for this study are displayed
ip Figures 5.17, 5.18 and $.19, from data taken from Orbits 4495, 4507, 4519,
4532 and 4544 of NOAA-5. Overlay 2 from Appendix F contains the per-
' tinent ice information, showing that the ice belt in the .oﬁthern

‘peaufort Sea is identifiable on all threq camposite analyses, In Figure

5.1’., telperat\&u betwveen 0°C and 1°C delineate very open, and open

pack ice concenf¥¥tions in the northeast areas. Changes appeqt‘io be

[y

occutring in th;; area as the above correlation is not evi
: N ' ,

oo " B
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FIGURE 5,12 BAB gurface map: July 27, 1977, 1800 GMT.
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FIGURE 5.13 BAB surface map: July 28, 1977, 1800 GMT.
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FIGURE 5.14 BAB surface map: July 29, 1977, 1800 GMT.

FIGURE 5.15  BAB surface map: July 30, 1977, 1800 Gur.
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FIGURE 5.16 BAB surface map: July 31, 1977, 1800 GMT.

/L
FIGURE 5.17 Composite isotherm analysis: July 27-29, 1977, Orbits
4495, 4507 and 4519.




FIGURE 5.
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Composite tsotherm analysis:
4507, 519 and 4532,

July 28-130,

1977, Orbits

FIGURE 5.19

Composite isotherm analysis: July 29-31,

4519, 4532 and 4544.

-]

1977, Orbits
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two later composite charts. Variations in surface temperature atop the
ice belt are likely dus to unequal freesing and meiting., If & compari-
son of Figurs 5.17 (s made to the one-day temperature amslyses for July
27 and 28 in Chapter IV, areas of high gradient do not mstch particularly
well, while consistencies are evident over the main (ce pack, The
rapidly changing nature of the surface temperature regime (s apparent.

[n terms of satellite imsgery, Figures 4., 2a, 4.2b, 4.4a and 4.4b
as well as Figure 3.21la, the IR image for Orbit 4532 and Figure 3.21b,
the visible {mage for Ordit 453), showv msny features {dentifiable from
the composites. In addition to the discussion given {n Chapter IV, the
edge of the fce {n the Archipelago is reproduced well in all composites
(just northeast of Banks Ilsland).

The images for July 29 nho;'tvo main cloud bands, one near 709N
140°W, and the other across the centre of the study area in a northwest
to southeast line. These are displayed {n Figures 5,20s and 5.20b, and
are from Orbit 4520, The major {ce edge shows little change in shape
from the previous visible {mage (4508), except that the ice belt in the
south appears to be undergoing some mod{fications, Along the major {ce
edge {n the centre of the study area, a large floe or ice {sland appears
to de separating from the main ice pack,

The i{magery from July 30 allows further examination of suspected
changes. The ice island appears to have moved toward the southwest,
while indentations on either side of the ice belt appear more promounced.
Low cloud or fog lies along the mainland coast near the Yukon-Alasks
border. On the IR image a band of cloud across the central itudy area

in a north to south line hlnpertninterpretation. Slightly warmer water



FIGURE 9.208 Vieible image, July 29, 1977, Orbic 4320,

PUORELCOF IR image, July 29, 1977, Orbit 4520,
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. areas are identifiable along the mainland coast due south of Sachs
i

\ Harbour, along a north to south line about 50 to 100 kilometers west
.

; of Banks Island, and along the mainland coast north of Tuktoyaktuk.

{ The imagery for July 31 is not reproduced here, since it is too
i cloud-contaminated to allow useful interpretation.

| \; : The featur(e- descfibed ‘ve are well-defined on the co.posit.e
lanalyses, with the exception of the areas near the Yukon-Alaska border
Eand at Sachs Harbour, where cloud/contamination is the probable error

“ source,

‘ . .
{ With reéference to the central portion of the study area, the

suspected motion of the "breakaway" ice i1sland is identifiable. The
wake' of cqéler water behind may be related to cloud contamination *

described previously. In addition, a pocket of warm water has moved

northward to lie north of the ice island on Figure 5.19 If all

i three composites are studfed, the motion of this feature is quite

#‘tegular, although it is not discernible on the satellite imagery.

' This warm eddy has a consistent mbvement toward the notth of roughly

one meter per second,

In terms of ground-truth data, several measurements available for

consideration are summarized in Table §5.3. The location of drill site

!opanoar 1is narked by point A on the composites; that of .uaply ship

L]
Pandpta 2 by point B. It is apparent that Kopanoar is located in a
A 4

.
(]
I ]

high temperature gradient area; and, judging from t-he sequence of
reported sea temperatures, the temperatures ob rved in its vicinity
are lvy nO meams constant or hnibrl. Because Jof local weather

co.ditiou tho only reasonable agreemsats to be anticipated are for

~July 29 snd 30. The agresmsat obeerved of couvcntio-nl with satellite-

-
?
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.
derived measurements on these dates is either remarkable or highly
suspect. The p.oor agreemant for the Pandora '2'dnta in a relatively
uniform tgpmpesature field, may be due to ship-board measurement error.
TABLE 5.3

Ground-Truth Information Versus Satellite-Derived
Temperatures, Case 2, July 27-31, 1977

Kopanoar - 70023'N 135006'y ] P ’ v
. % ’ . Coy- c ‘
*Pandora 2 - 70015°'N 126900 'W N F Pty W . )
Date Hour Temp. Weather’ Computed Tug
. (GMT) (°c) Std. Dev.
July 27 1200 » 5 ' Fog
July 27 2400 6 Fog ' 3.2 /7 2,04
July 28 1800 8 4/10 High Cloud 3.7 / .65
July 29 1800 3 1/10 Mid Cloud 3.5 / 2.07
] N '
july:3q w-t : 3 » 1/10 Low Cloud 2.5 / 2.49
L 2aa v v
July 31 mz _ 11 10/10 Low Cloud Not Calculable
-, '
[ 4

*July 29 1800 9 2/10 High Cloud V3 /1,07

-

5.4.3 Statistical Susmary

The analysis lutiotica for Case 2 are .giv'n in Tables 5.4 and 5 .S.
-8
Of note is the pctfotllnco (ot.tictiully) of the two-day.coq:ooit:lng

period, vhich may mot be .encuy valid since all but"pn‘,* y thiw.,

R RN Y .”’:--l %

s - .. .

LX
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TABLE 5.4
Statistical Summary of Compositing,
Case 2, July 27-31, 1977.
# Days of Data 1 2 3 4 5
Areas : 194 177 154 141 138
Recovered 181 149 150 151
(/208) 114 141 140
71 152
* 162
Recovery ) . \
Efficiency 69.4 74.4 1.1 70.2 66.8
¢9)
L ]
’ ~ 13
Mean Std. Dev. .91 1.23 1.22 1.25 1.29
(M.S.D.) ‘
©°¢) .98 1.08 1.{1 1.30
1.28  © 1.21 ' 1,32
1.10 1.27 .
1.31
N \ ¥ »
Mean of
MQSQDQ 1017 1020 1027 ) 1.28 1029
(°cC) . )
TABLE 5.5 ?

/Conpooitilg Over Land- or Water-.Covered Areas, Case 2.

Intervad Number Recovered
' ‘Water Ounly (/124) Other (/84) . A1l (/208)
July 27 - 29 1o . g y 4 154
\ o
July 28 - 30 103 Y Y S 180 .
July 29 - 31 ~ 90 * S0 ;140
. b ] ] M
LR Y . »
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[ 4

case were basically cloud-free, The statistics for this case are in
v

general not as encouraging as thos$ for the previous case, presumably

]
due to rapidly changing features ipn the study area. The compositing

period must be kept as short as possible, o

5.5 Case 3, August 13-16, 1977

5.5.1 Symoptic Situation

A north to south ridge of high pressure dominated the eastern study

A 4
.area on August 13 and 14, while a low pressure centre was situvated near

70°N 138°W on the l4th. By August 16 a low, which had formed near this

g

location 6vernigh£ on August 15, moved into ﬁP‘ central study area,

posing
5.22 t

"Thid case examines the reliability of the compositing technique in
4
rd

ntial cloud contamination threat for the fimal day. Figures
L]

display the corresponding surface synoptic conditions.

®a somewhat more cloudy situation. In view of the apparently transient
nature of much of the cloud formations on the days‘}n question, two con-
¢
current studies, separated by one satellite orbit,are conducted; in this

manner the direct effect of cloud contamination will hopefully be

discerned.

5.5.2 Verification

Figures 5.26 to 5.29 depict the telev’nt composite gnalyses. The
information analysed is from Orbits 4705, 4717, 4730 and~4742 of NOAA-5
for the '"early" study, and from Orbits 4706, 4718, 4731 and 4743 for

the 'late" study.
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A
FIGURE 5.24 BAB surface map: August 14, 1977, 1800) GMT.
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FIGURE 5.25 BAB surfece map August 16, 1977, 1800 Gar.

N



FIGURE 5.26 Composite isotherm analysis: August 13-15, 1977, Orbits

4705, 4717 ande4730.
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FIGURE 5.27

Composite isotherm analysis: “ugust 13-15, 1977, Orbits
4706, 4718 and 4731.
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1977,

FIGURE 5,29

and 4743,

4718, 4731

Composite isosharm analysis; August 14
-

Orbits
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In terms of ice information (Overlay 2), all four composite charts
separate close and open pack ice using the -1°C tsotherm. Cloud eomn-
tamination affects Figure 5.26 in central areas, and both Figures 3.26
and 3.27 in the vicinity of the Yukon-Ala®ka border. Temperatures
between -1°C and +1°C delineate very open pack and open pack ice
conditions fairly well in Figure 5.27, while above zero temperatures '
correspond to open water and ice-free areas in Figure 5.28 and 5.29.

“ thu two charts cloud contamination nffoctl western areas.
o .;Sl.lllito 1-n'ery for this case show the relatively large amount
WJ nont-mntton present, particularly in the carﬁot set of
otbit-.“fiwte 5.20c shows the IR image for Orbit 4705, and Figure

0.
b the visible imagery for Orbit 4706. On this IR image a bright

g

. d) area in the central Beaufort Sea is identifiable, and also what
3 - .
‘elu to be low cloud over much of the water area northwest of

* -
' a{&ktoyaktuk. This cloudiness is also apparent, to a lesser degree, on

-
o ®

\the visible image for Orbit 4706. Om Awgust 14, cloud coptamination is
10;" severe. From the IR image for Orbit 4717, Figure 5.31, cool areas
along the central mainland coast are distinguishable. Upon exanination
of Figure 1.2, the visible image for Orbit 4718, this ares may be
1d¢nt1f1¢d. as relatively cool water. The cool area to the west of the
!’\‘fﬂ\#lnnh border is_probably low cloud, simce no 88 1s reported in
the vicinity.

‘ The visible and IG iu;ery. for August 15, Orbit 4731, fs shown in
Figures 5.32a and 5.32b, respectively. The area of interest along the
central mainland coast is indeed cool water, possibly the result of an

upwelling episode. On the IR imsge this area extends well into the

L
— -

«5 ‘



FIGURE 5. 30b Vl'sible image, August 13, 1977, Oorbit 4706.
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MacKensie Delta. Pigure 5.)2a shows persistent cloud at the eoast near
the Yukon-Alaska border.

ThRe August 16 satellite imagery is not {ncluded aince a great deal
of middle~ and high- level cloud covered much of the study ares.

A comparison of the imagery to the detail present in the com~
posite analyses ytelds much {nformation of interest. The suspected low
cloud discerntble northwest of Tuktoysktuk on Orbit 4705 affects Figure
5.26 but not Pigure 5.27, as the low cloud there presumsbly dissipated
betwesn the times of passes 4703 and 4706. Cloud contamimation is less
severe in Figure 5.27 i{n the central study area near the ice edge. The
coastal upwelling area shown in Figure $.27, however, appears to exthf

too far to the east. The wave-like ice features identifiable on the

infra-red imagery “Sor August 14 are much better-resolved in Figure
5.27 than in Figufe 5.26. The net effect of the low cloud and its

subsequent dissipatiom on August 13 1s quite dramatic.

The thermal details resolved by Figures 5.28 and 5.29 are qultc_.
different. The wave-like features along the ice edge are only
discernible on the later composite, vhilc“he coaftnl upwelling areas
are analysed quite differently east of the MacKenzie Delta. Persistent
cloud affects both analyses in the vicini'ty of the Yukom~Alaska border, .
as it does northwest of Banks Island in Figure 3.28. Jgain the effect
on the temperature fields produced when low cloud dissipates is readily
apparent, *

The ground-truth data used in Case 3 are liated with she corres-

ponding calculations 1a Teble 5.6. One caleulation 13

done for August }4 in Chapter III. The Ukalerk drill -f‘!} is ms

A on the composites, while Pandors 2's location is denoted Bor C. As in .
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Visible image, Augwet 13, 1977, Orbit 4731,
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IR lgage, August 1%, 1977, Orbic 131,
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Case 3'. the forwes u‘uéua ia on aves .'.“' temporeture gradient
while the latter apparen ‘Ls mot, hou“ veather suggeets thet
ounuu ennluuu htvgﬁ surface sad satellite-derived teapesstures

are l1ihely fo: Mugust 14 and 13. Om these htu. 6 sinilar noa- '
v,
agresment for Pandora 2 msssureassats vith the satellite tnformetiod to

that found tn Case 2 1o noted. Note how satellite~derived temperstures

for Ukalerk increase.during ahe dsy im sll three possible situations;

wvhether this effect 1s & spurious ome, a fuscgion of iaternal celt-

bzation, or ems sssociated vith selar hoating offects, 1o wmhmewm. \

TABLE 5.6

Cround-Truth Informstion Versus Sstellite-Derived
Teuperatures, Case '), Augwst 13-16, 1977

Ukalerk peeitionm: 70%9°'R 132048'VW (a)
*Pandors 2 position: 70943°N 126930'y (»)
*®Paadors 2 poeition: 70045 123910°v (c)

A

Date Rour  Temp. Vesther  Cogputed Temp./$5d.Dyv,(°C)

il (°c) RBarly Pess Lates Pase

-

Auguet’l) 1800 4.5 110 Low Clewd .6 /1.72 - .7 /%
Auguet 14 1800 5.2 - 10/10 Righ Clewd 3.3 /1.60 . 4. / 1.4
Mugust 14 1800 Oy }/10Clowd ' 350/.77 w7/ .8"

4

Mo e e, , ’ .
auget 15 . 1208 W 2/10 Righ Clowd U e

. 49737 a2 2.0
August 15 2000 5.5  1/10 Nigh Clewd

@ *Maguet 15 1000 & 2/10 Clowd 5.0/ .84 4.8/ .69

P

Mgnt 16 1800 3.7 2/10 Wid Clewd - Bt Couputed -
10/ Bigh Qowdé - !
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5.5.3 ‘nginticni Summary
I d

Table 5.7 shiows the reéove'ry and mean standard deviation m-iry

for the two cases. Note the improvement using data one orbit later in

L4

the day. In both situations a two-day compositing interval appears
N

”optinnl from the standpoint of recovery efficiency; however, the

stability of recovery values is somevhat superior for three-day
compositing periods.
Table 5.8 shows areas recovered over land and water for both sets

of orbits. The improvement in recovery for the. later set of passes is

' evident. Despite excessive clghd in Case 3, better than 80 per cent

[y .

- of all purely water/ice areas are recovered over a three-day inverval.

PN 4

} TABLE 5.8

Compositing Over Lan&- or Water- Covered Areas,

Case 3.
- . //
Interval 'ﬂﬁ,,' : Number Recovered 4 .
Water Only (/124) Other (/84) Other (/208)
August 13-15 96 32 128
August 14-16 E2T1Y 98 39 137
August 13-15 107 29 136
August 14-16 -2t 102 46 148
7
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- . TABLE 5,7
‘ . .- Statistical Summary of Compositing,
7 . " Case 3, August 13-16, 1977.
"L. Early Passes . . : . @
‘ o RS : ’
# Days of Data 1 2 3 4
y e— f ~ .
Areas 155 ©123 128 113
Recovered * 149 152 137 .
. 76 136
e (/\208) ” . .
Recovery ‘ : M
Efficiency 57.2. 65.9 63,7 54.3 N
%) - ) ‘ '
Mean Std. Dev. 1.29 1.27 1.31. Y 1.0
(M.S.D.) 21.07 1,21 1.31 ot
(°C) 1.15 1.28
1.35
Mean of
M.S.D. (°C) 1.22 1.25 1.31 . 1.40
2. Llate Passes
# Days of Data g 1 2 , 3 4
Areas - C 114 134 136 132
Recovered 170 159 « 148
144 139
Recovery ¢ .
Efficiency ~ 62,9 69,2 68.3 63.4 ~
) J
Meagp Std. Dev. 1.33 1.27 1.31 1.35
(M.S.D.) 1.05 1.19 1.28
R 1.30
Mean of

{ M.8,D. (°C) E 1,22 1.25 1.30 1.3

4

)

\
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5.8 Info:ggtion in the Cg!!!oitc Analyses )
- A

¢

. t
From study of Case 1, the effect of large-scale melting and puddle

formation is detectable. Depending on cloud cover and associated solar
heatin; differences, the lﬁrfacc temperature in these areas may fluctuate
by as nﬁch as one digrec per day. .

The movement of large f{ce islands may be traced in the second case
study. Judging from the motion of this feature and the warm wvater pocket
nearby, surface currents sre of the.ofhet 6f one meter per aecgnd. During
" this episode the surface winds were variable in direction, although
generally from the east; this conditio; may or may not have significantly
influenced the movement of the ice island.

Examination of the final case 111uatrates‘the effect on surface
temperatures of an upwelling episode, The'water in this coastal area

is likely less €‘¢n fifty’meters deep, and the upwelling effect is sub-

stantial, considering that adjacent shallow inlets to the edst display

a surface temperature about five degrees warmer than that in the area
in question. Presumably the water in the affected area would have
wvarmed rapidly again under normal insolation canditions. The northern
edge of the.;pwelling effect may also define the edge of influence of
the Mackenzie River outflow, ouufected to flow as shown in Figure 5.33
(Walker, 1977).

5.7 Compositing - Statistical Summary \

A

A statistical suﬁnnry‘of all cases considered in this Chapter is

presented in Table 5.9. It is evident that for these, cases a two or



FIGURE 5.33 Surface water currents in the Arctic,
) as summerized by Collin (1963).
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" are Mn mluuuy im Pigure 3.3,
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ehm-“y compositing hulvpl te optimal {a kr- of recovery | @ ‘

ctuchuy snd stetistical etability (styndard errer). Thase muln&

Y
~ .

~
' hd

o TABLE 5.9 .
I\ - 9
Statistical l_r'y of All Compositing Cases
, N L )
- § . -
¢ Seys of Dats I T IR S
Mean Recovery . 131.6  149.8  147.1' 140.0 - 139.0
(/208)
Std. Dev. ‘of : .
recovery w9 e 12.4 17.0 -

Std. Irror of

ucov‘ry @ 1106/ ‘01 ‘.1 7.6 -

-

1.154 1.204 1.259 1,298 1.290

Mean of M.S.D.'s
(°c)

Std. Dev, of

M.S.D.'s (°C) 143 .085 .065 .074 -

¢
. ’
Std. Error of

M.S.D.'s (°C) .035 .024 .022 .033 -

No. of Cau-

Used 17 13 9 5 ‘ 1

In terms of recovery efficidéncy of land and water areas for all
three-~day composite charts, s msan efficiency of 83.81 occurred for
water/ice areas, and 51.71 of all areas were recovered, in the mean,

over land-contaminated squares.

e
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3.8 Extermal Ca jbration - Summary

(4
[

Tie differences betwsen ground-truth sea-surface temperfipre
msasurements and the corresponding uulllto-dc;tvod t.ow;uturu
n(ro plotted on the scatter diagram, Pigure 35.35. Situations repre-
denting excessive cloud contamination «Pe circled. (This separation
- waq . based on weather reports.) The mean discrepancy 1s 1,599C for .
Suslve "reliable” reperts. The Pandors 2 msssurveents are high ia
. the mean by 3.049C; wvhile all others sre high by an average of 0.56°C.
The discrepancy in the case of Pandors 2 is quite comsistent, adding
swpport to the idea that a bias error is present in those reports,. \
It 1s reasonable to suspect that the sttenuation of the infra-red
- radiation between earth and the satellite 1s generally less than one

degree, for the small zenith angles and the Arctic summertime

atmospheres examined here.
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L | CHAPTER V1
SUMMARY OF REBSULTS

I3

- 6,1 Imntroduction .

It 1s fitting that the questions posed in Chapter 11, on the
subject of deriving ssa-surface temperatures in the Beaufort Ses
using a iristogram snalysis technique, be answvered, as adequately as
possible, in this Chapter. $ubsequently, an overview of the experi-
msntation as it relates to the meteorology and oceanography of VB

Western Arctic is given. Finally, recommendations for future work

are put forth.

6.1.1 Optimum Crid Size .

In terms of & compromise of the need for statistical stability
(population size), the cqnltancy of surface temperature in the relevant
area, and the rcproducoobility of eatellite grey-shade imagery, one-
half degree latitude squares are optin;l bin sigzes. If synoptic-scale
detail were required, a8 coarser mesh would perhaps be feasible, vhile
1f finer-scale resolution were desired, data sensed by a radiometer

c;;.ble of better resolution would be necessary before the mesh could

be made denser.

91
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0.1.8 m - ’

Iln the subsstelifite potat the grewpiag together of ‘t.lh’
nlv e uunud by the dou overlep situation. MNearver the
m:sm vieviag horisens hn sveragindQte eppropriste. Over
s supll regjon near the subpeint, however, aa sveraging of three
eonnoeuttv. detons smoothes the histegrams while reducisg dispersfon,
vith mo aotleooblo loss in physical ¢eteil.

\ .

6.1.3 Ice Conditioms

COtrolat;eno between horisontal tcupwr.turo,.ta‘toaco and ice
conditions, mostly in regions of multi-year fce, are ldentifiable.

The delineation between open water and very opea pach ice is found

at or near the locus of meximum gzadient. In some imstamces the first
relative maximum on the "iceward” side of the absolute temperature
gradient maxinmum may be used, of gradients over open weter and ice-
free areas have in practice been fouand to behave in a somevhat erratic

manner.
The dlvi.gpn between open padk and cloee pack multi-year ice

generally corresponds to a gradient of 1.0 to 1.5 °c/°L. Variabilicy

in this correlation velue is likely due to inhomogeneity of reported or

analysed ice conditions in this transitional region.

6.1.4 External Calibration

Presuming that bias error {s largely responsible for differences
of about three degrees between reported and satellite-derived surface

temperatures at Pandora 2, the amount of attenuation present in the

14
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o ’ APPENDIX A °* -

STOGRAM COMPILATION ROUTINE

In this Appendix is listed the program used to assimilate the
histograms used in surface temperature éomputution-. Use is made of
a “scan by scan" gridding algorithm (Reinelt, et al., 1975). -

A major feature of this prograﬁ is the variable qpecififation of
bin sizes in both latitudinal and 1ongitudina1 senses, Longitudinal
demensions may.be altered at several latitude locations, such that

=
bin sizes may remain nearly constant, especially at hihh latitgdes.
Table A.l1 lists this program.

Table A.2 lists gample input parameters for HIST, and Table A.3

lists sample histogram output.

v
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TABLE A.1 ‘e
C 4 AN NIST ®*oRISTOGRAN COMPILATION PROGRAN®®® '
C NAY BE'USED POR VIS OR IR
g‘” *DEVICES USED IN PROGRAN ARE AS POLLOWS:

CeeoobiNITY | . .
C INPUT (FORMATTED) OF GROUND TRUTH DATA (1F AVAILABLE)
g . (MAY ALSO BE USED TO DETERMINE SCAN/POSITION LINITS OP STUDY AREA)

CeoooeN]T 2 o
c INPUT OF INTERNAL CALI“ATIOW'#IIAT-FREE) IN FORN OF

¢ SIX DATA VALUES AND SIX CORR TEMPERATURES
CooseopN]T 3 | L
¢ INPUT OF FORMAT-FREE SATELLITE QAJA (FILE OR NMAG TAPE) °

CeoseoN]T 4 iy ' -
®FORNAT-FREE INPUT OF PROGRAN PARAMETERS
KINP = INPUT TYPE .
KINP=@ IR DATA FROM FILSh . .
iy e dld pov e '
2 .
Nk=4 VISIBLE DATA FROMN IA3 TAPE
P= NUMBER OF SCANS OF INPUT 10 BE SKXIPPED (FOR USE g-lﬂl NAG
TAPE l#?lﬂ' ONLY. FOR FILE INPUT, PROGRAN WILL EACH
SCAN OF. DATA, AND l?lN- OUTPUT WHEN BSCAN IS REACHED)
BSCAN= SCAN NUMBER TO BEGIN ROCESS I NG .
ESCANs SCAN NUMBER TO END PROCESS ING .
(PROCESSING IS ESCAN-BSCAN+! SCANS LONG) © -
MNDAT FIRST POSITION TO BE PROCESSED
NXDAT LAST POSITION TO BE PROCESSED

NSTOP= © DO NOT WRITE SCAN. PARAMET E PRGM
WRITE SCAN PARAMETERS; NO 10N

1
2 WRITE SEAN PARAMETERS; ' AN
3 _FIND EXTERNAL CAL. PTS.; ION
NGND= @ NO GROUND TRUTH DATA AVAL e
OTHERWISE (UP TO FIVE A | *

C
C

C

c

C

C

c

c

c

C

C

C

C

C

C

C

C

C .

C 1

C  *GRIDDING INCREMENTS . a

c DLATP  =LATITUDINAL INCREMENT are .

c DLONGP (N) =LONG ITUDINAL INCR

C NAYG ~ NUMBER OF CONSECUTIVE DATONS AVERAGED TOGETHER
C IATM =0 LOCAL ZENITH ANGLE OF UP_TO 90 DEG. ALLOWED
C >1 ~LOCAL ZENITH ANGLES LIMITED TO 65 DEG. OR LESS
C  ®FREQUENCY TABLE PARAMETERS . .
o MNLT ,MXLT  DENOTE LATITUDE RANGE

C MNLN ,MXLN  DENOTE LONGITUDE RANGE

C KMIN,KMAX _ DENOTE TEMPERATURE OR BRIGHTNESS LIMITS

C  ®ORBITAL DATA FOR CURRENT ORBIT

C
C
C
C
C
C
C
C
¢
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

(@]

K1
K
Kl

NSK1

NYR = YEAR OF ORBIT
NMO = MONTH OF ORBIT
NDY DAY OF ORBIT .
NSAT = SATELLITE NUMBER (04 = NOAA 4)
NORBIT = NUMBER OF ORBIT
IGRID = NUMBER OF SCANS BETWEEN EQUATOR CROSSING AND
ARRIVAL OF SATELLITE
NPAR = SUBPOINT POSITION(DATON NUMBER)
®ORBITAL DATA FOR REFERENCE ORBIT ‘
RORBIT = NUMBER OF REF ORBIT
RQ = QUADRANT OF REFERENCE ORBIT ‘BEQUATOR CROSSING
RQ=0 (S) @ TO 90 DEGREES LONGITUDE WEST
RO=1 (6) 90 TO 190 DEGREES LONGITUDE WEST
RQ=2 (7) 9@ TO 180 DEGREES LONGITUDE EAST .
RQ=3 (8) @ TO 90 DEGREES LONGITUDE EAST ‘
2,3 ARE QUADRANTS FOR NORTHERN HEM ISPRERE
7,8 ARE QUADRANTS FOR SOUTHERN BEMISPHERE
'LONGITUDE® OF REFERENCE ORBIT EQUATOR CROSSING
RQ_AND RLONG ARE CODED VAL READ DIRECTLY FROM T-BUS.
- THE PROGRAM CALCULATES RLO FROM THESE VALUES BY ASSUNING
RIGHT ASCENSION OF THE ORBIT, THAT IS, LONGITUDE IS TAKEN
TO BE POSITIVE TO EAST AND NEGATIVE TO WEST (T-BUS CODE
ASSUMES © TO 180 DEGREES BOTH EAST AND WEST)
RHR = HOUR OF REFERENCE ORBIT (GNT)
RMIN = MINUTE OF REFERENCE ORBIT
RSEC = SECOND OF REFERENCE ORBIT
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SSATELLITE PARANETERS

Telely 2]
8=
=
L

:;E_-%g |

-

8’5

=8
g=>

=

g

i

3

E

0.
. NVRITEs UT PORMATTED W1 Y
NN - ) outeur FORMATIED AND D gistoomans
~—2 OUTPUT UNPORMATTED RISTOORANS ONL

[g1p]

CoooeeNIT
1 N .. |
cosoNIT 9y

1y OUTfUI OF FORNMATTED HISTOGRANS

0000065000 60600000000000000000000000000000000000000000
LOGICAL® ) (1) 7'*/

LOGICAL® 1- LA (9200
fKEAL®S IR vtmu.tm.m.m&w
(@) DE

QMQGOO

-

JTNULP
R INFO(S,4) ,T(46 (8) ,RNX (8) ,X(6) ,FOFX (6)
. 1 2 1D(928) ,NSUN1 (J68) (100 .4S,20) ,NSUN (45)
S o2 HSCAN ,BSCAN ,ESCAN ,NCAL(11,S)
INTEGER RORBIT,RQ.RHR,RMIN,RSEC KFAC(10) , ISHP(S,4)
“DATA IR/8M IR'7,VISIBL/SH VISIBLE/,

C .
(®eeeoCONSTANTS IRED
DATA DIGF/2488./ .SRPN/48./.P
. RT=P1/2,
‘ \q\lu-mw./ose.:snm
C2s1./Cl
READ(4.LFNT) KINP,NSKIP
READ(4.LFNT) DLATP
READ (4.LFNT) MNLT,WXLT
READ (4 .LFXT) NYR,NNO

.OR
.2.0R
1 "EQ.3.0R.RQ.EQ.8) RLONGC=RLONG

c"o-ocozign TO REAL Lgacnuns FOR OUTPUT ONLY ' )

LONGR+=RLONGC ’
1F(RLONGC.LE. 190.0) G0 TO 7
ADsWEST
«360 . ~RLONGC .
(Ce*eeoCALCULATE LAST B?UATOI CROSSING FROM REFERENCE LONG
7 RL=RLONGC-(NORBI -RORBIT) *PL . X
RL=ANOD (RL,J360.)
* IF(RL.LT.9.) RL=RL+J60.
RRL=RL*C1
RI=(ORIN-90.)°CI]
CI=COS(RD)
* SEsSIN(RI
RT IME=RHR 60. *RIIN+RSEC/60.
STIIE-I‘I'IIEO(NOIB!T-IOIBIT)'PT*IGRID/SRPN
SHR=ANOD (STINE, 1440.0)

NHR=SHR/60 .
SHIN=SHR-NHR®60.
NMIN=SHIN

.

A )

-

TS, . ‘
OUTPUT OF UNFORMATTED WISTOGRANS (FOR STATISTICAL EVALUATION)

"**OUIPUT OF SCAN INFORMATION, INTERNAL AND EXTERNAL CALIBRATION

159/,C1/.01745333/,R/6368./

. G
.OR.RQ.PQ.6) . AND.RLONG.GE.90.) RLONGC =360 . -RLONG
"OR.RQ.EQ.6) .AND.RLONG.LT.90.) RLONGC=360 . -RLONG-100.
.RQ.EQ.7) .AND.RLONG.LT.90.) RLONGC=RLONG+ 100 .
.RQ.EQ.7> .AND.RLONG.GE.90.) RLONGC=RLONG t
F .

EAST/SH EAST/ WEST/SH VEST/

10

-
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c
seee
g....isgflu.lu MI M

IF (IXLT.LE.98)00 TQ 20
. %{-mo (RNLT,88) .
20 ]1oMNLT/DLATP ®
1sFLOAT ( {

\

X((R2-R1) /DLATP) ¢ JX
S IPaddd. l.z 20)60 TO 19
J3i=20
R2:R1+20.°DLATP
IF(R2.GT.88)R2:90.
WRITE(6,14) Ri R2
14 PORMAT (N0, **SSERROR ON LATITUDE m nmrr”". J1X
1*MINWIUN LATITUDE VILL w.rs 2,' DBGREES, MAXINUN

2' VILL BE’',FS.2,' DEGREES')
19 1F(( -KNIN+1) ,LE.100)00 TO 16

KMIN= -99

lﬁ;?ig)‘u m
VALVE W1 4 IA NUM VALUE VILL BE’,
‘b& ot NAXI 14

~Il-lll.l l
IIN(N)-H.DAT(")'W(N) .
12« MXEN/DLONGP (N) + . 99
¢ llﬂ’)-ﬂ.OA‘l‘(lZ)'MM(N)

1S CONT
RXsR 1 +DLATP

NaNS 1ZE (RX)

B0= IF1X ( (RUX (N) -RMN (N) ) /DLONGP (X))

IF (MMN.LE.45)G0 TO 17

=4S

- RMX(N) *RMN (N) +4S . *DLONGP (N)

VR “-!ugxg; RMN OO , X
ITE( ) N)

18 (180, ' ***ERROR ON LONG

LatiTUDE",

HISTOGRAN RANGE lNPUT“" /7' IINIIU'I

ra

LONGITUDE RANGE INPUT®ee* / |X,'FOR’

1 RANGE mm WININUN LONGITUDE WILL BE’,
2r6.2," Yo/ 37X, % 2,' DEGREES")

LONGITUDE VILL BE',PS.

l JJJ
lll

.'l)-o
IF(IROV.EO.VISIBL)GO TO 196

’
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g‘“”lmu. CALIBRAT ION

CeceoopND g BRATION VALUES m BATON SUNS
#ﬂ’ (X(N) No 1,8
') i-: ')
N 60

mm ncu.c
sn’n'l"ﬁ;l'n.onmvo»
COee0oORDER CAL. r'rs IN JNCREAS ING
s
. -

mns«)sun-xmn GT.ABS(SUR=X (N-])

Gy

“FIOI CURRENT DATON VALUE

)

T0 99

. Xtea
B=POPX (N-1)
mm-mrorxm
FOFX (M

90 CONTIN

« Coocooygy un CLOSEST PTS. IN CURVE-FITTING (NEWTON POLYNON [ AL)

DO S8 NN=)|,S
FX=0.
YPROD= | .
DO 27 Ns} NN
XPIOD-I

L-I NN
IF( % l)(x) TO 30
XPROD noonxm-xu.n

FX-FXo «mrxmxxnom
1IF (N, Bs'lmm
ROD® (sun-x«nn
27 CONTINUE

FTOT=FTOT » (FX*YPROD)
56 CONT INUE
NSUN1 (JJM) = IFIX (FTOT+ . §)
60 CONTINUE .
IF (NGND.EQ.8)G0 TO 196 .

C
Ce®CeOREAD EXTERNAL CALIBRATION DATA
19] NSHPS=|
300 READ(1, 100, END=200? (INFO(NSHPS, 1) ,I«],4)
NSHPS=NSHPS- |

160 FORMAT (4X,F6.2,F7.2.FS. | F4. D

00 TO 309 .
200 NSHPS=NSHPS- | 4
VRITE(6, 400)
400 FORMAT (i}, 2X, "SI JBSFRVATIONS AVAILABLE FOR TENPERATURE °,
1 wws-rmn pLa LATITUDE ", 2X., ' LONGITUDE" 2,
2:TENP(C) '\ 2X. *CLiwb ooy rnct %
REVIND |
800 READ(1,560,END:609) F|,F2, n 4,FS,F6
S80 FORMAT (2(A2) ,F6.2,F7.2.Fs. |.F4. 1)
VRITE(8,700) 'F1.F3, F3-F4 F$ be’
7Q0 FORMAT (188,2(A2) ,4X,F6.2,4X.F7.2,4X.FS. |, 16X.F4. 1)
GO TO 800
660 CONT INUE
Ce¢¢S*CONVERT DATA LOCATIONS TO USEABLE FORM (DECIMAL DEGREES)
DO 8 J=1,NSHPS
DO 6 I=1.2
N=INFOJ D
=INFO(J, 1) -FLOAT ()
20100, 60,
INFO (J, 1) = (FLOAT (M) +S) oC|
6 CONT INUE
IENPO(,2) LE.@.) INFO(J,2) = INFO(J,2) +2. 9P|
)=

L
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CO000 o INITIALIZE REGISTERS POR EXTERNAL CALIBRATION
po 4 &l%’

4 I-IE ]

(o
COCoooDETERNINE SCAN ANGLES FOR FPIRST AND SBCOND ROR | ZONS
196 RETANe IN(RZ (Rel) )

ETANRETANCC2
sPl®, S-RETAH

SION1+100. -ETAN

S10H2:100. *ETAN

KB=SIGH | *TIULP « . 99-REF

KE=S1GR2°TNULP+ .0 | ~-REF

1F(&KB. 'I’ I)KI'Z

IF(XE.CGT.91 DK!-QT8
1310

VRITE(6,1301) KB,K

1901 ronn 190, nls'f ummu AT DATON NO.°,13,
sacouo

HORIZON AT DATON NO.',14)

IJIO IFC(IATN.EQ.©)G0 TO 198

CoocooriND NAXI ALLOVABLE SCANNING DISTANCE FRON SUBPOINT
Ceooos (ALLONING A LOCAL ZENITH ANGLE OF 6S DEGREES)

RALPHARS IN(R® . 9063/ (R+HY)
ALPHeRALPH®C2
AAA*TRULPCALPH

XPAR=FLOAT (NPAR)

KBo [FIX (XPAR-AAA®.S)
KE=IFIX (XPAR®AAA* .S

1F (NSTOP . O)(!) TO 195
WRITE, | KB, XKE

1308 FORMAT ¢ |HO, m‘l’ﬂlﬂo DATON LINITS: FIRST'.13,° LAST".IO)
Ce®eeeADJUST SCAN DATA POR AVERAGING SCHEME
19S IF.(INDAT.EQ.0)G0 TO 194

KB=NAXO (MNDAT ,KB)
KE=N I NG (NXDAT ,KE)

194 JAV=NOD ( (KE-KB+ 1) ,NAVG)

IF (NAVG.EQ.1.OR. JAV. PQ.9 G0 Y0 107
|F(NAVG.BO.2.0R.JAV.H).2)@ TO 184
EsKE« |
B=KB- 1

107 NF-IFIX(KB/FIDAT‘NAVG' *.5)

NL=NF+ (KE-KB+1)/NAVG
WRITE(6, 1391) NF,NL

1391 FORMAT (i@, 'FIRSt USEABLE POSITION:",13,", ",

I'FINAL USEABLE POSITION: ', 14)

1 1L=ESCAN-BSCAN~ |

ICNT =0

1F(NGND.EQ.9)G0 TO 197 p

—/C"/””SEARCH POR SCAN/POSITION OF GROUND TRUTH INFORMATION

N@=12/ (NAVG* 1)
CS1=COS (ORIN®C1)
SSIsSIN(ORIN®C1)
PX=PL/360.
CA=1.-PX°CSI
CD=PX-CSI
CC=3000./(2.°P1
DO 166 J=1 NSHP
CB=CO0S ( INFO(J, |
SB=SINCINFO(J. 1|
Tusrz-ux.-lm<

-

STsTHETZ-PX®INPO(J, 1)
SO=ATAN2 (SS1°SB-CSi*CB®SIN(ST) ,CB®COS(ST))
1F(S®.LT.0..AND. INFO(J, 1) .GT .RT)S®=S9+2.*PI

SP=S®

DO 177 JX=1,10
ST=THETZ-PX*S0
CT=COS(ST)
ST=SIN(ST)
CS0=CO0S (S@)

o
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SNOSIN(S9)

""‘Q“?ﬂ ) -88) y/
1 1CD® (CASCRO®CT » ) +S§ | °SPOSN0)
ST+CS1°S8-88) ( -PXosP)
IPMIS!S'-Qi LY. J8-6)00 TO 187

’

rourlnvr
WRITE(G, 178
FORNAT (1M, ‘NO CONVERGENCE POR POINT o, 1
G0 TO 188

YYSATAN(ROST/ (NeR® (| .- ). -STeSTHIN)
NSeIFIX((NPARe (CC®YY) ) /PLOAT (NAVG) e . $)
NSCANe [FIX (. S+SRPNCSPPT/(2.°P1))-IGRID |
N3«NS-NO

N4eNS<+NO

IF(N3.CT. .0I.l4.LT.er00 T0 31
ISHP (] ,D)e (NF N

ISHP (J,4)oNINO(NL, na»

N1=NSCAN-3

N2sNSCAN+3

IF(N].GT .ESCAN.OR.N2.LT.BSCAN)GO TO 31
ISCeBSCAN

1S0P (J, 1) eNAXO Y1, 1SC)

19CESCAN

ISHP (J,2)«NING (N2, ISC)
KFAC(J) e IFIX(INPO(J.3)-S.»
l?tCilosb-lFlX(lMPO(J 3)+5.)
WRITE(6,33) J,NSCAN.N$

33 FORNAT (180, "SHIP #'.12.' LOCATI
ICNT= ICNT- |
GO TO 166

31 WRITE(6,34) J,NSCAN NS

34 FORMAT (iHO, ‘SHIP --.lz ' OUTSIDE ALLOVABLE SCANNING RANGE'
1,/,' SCAN'.14,' POSITION',14),

166 CONT INUE
IF (NSTOP . EQ . 3) STOP

C
((;‘“"'COIIENCE SCAN-BY-SCAN GRIDDING PROCEDURE

197 IF(KINP.NE.3.AND.KINP NE.4)G0 TO S
s (l.‘ALL SKIP (O NSKIP,3,2993)
=0
2 IF(1.EQ.1IL)GO TO 998
READ (3) HSCAN, LA
qu?cAN LT.BSCAN)GO TO 2

CeeesoDETERNINE LAT/LONG (PHI/THET) OF SUBPOINT
DEGAN= ( IGRID+RSCAN) ®*360./ (SRPN°PT)
RDEGAN=DEGAN®C |
RPHI=ARSIN(SIN (RDEGAN)*C1)

X1=S1°SIN (RDBGAN)
X2=C0S (RDEGAN)
RDLONG=ATAN2(X1,X2)

CeeeeesDJUST LONGITUDE TO ROTATING EARTH
RTHET = RRL-RDLONG- ( IGRID+HSCAN) *C1/ (4. *SRPX)
IF(RTHET .LT.0. ) RTHET=KTHET +2.°P|

C""‘lx)ﬂg-l%'lm AZINUTH OF HEADING LINE AT SUBPOINT

I=
X2=-CQOS (RDEGAN)
RIS=ATAN2(X1,X2)
PEI=RPHI®C2 .
THET=RTHET®C2

Ceo**oHFTERNINE WHETHER SATELLITE IS SOUTH (D=1.) OR

Cee0ooNORTH (D=2.) BOUND
D=].

IF(RIS.GT.RT)D=2.

CeeeooLFTERMINE LAT/LONG OF HOR]ZONS

CoosoosF IRST HORIZON (PHNHI/THETH!)
lglll'l‘ll;lélSlN(SlN(lPﬂl)'C(B(IGAIIH(X)S(RPHI)'SIN(IGA.!)

1¢ (RIS
X1=sSIN(RGAMH)®COS (RIS)®COS (RPHI)
X2=COS (RGANH) -SIN(RPHIH 1) *SIN(RPAD)

Ve

7

¥
167

ITION® 14
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1340

Coeoee
cvoooo

61

62
85

444
1370

Ceecose

%ﬂll‘ » icu\ cuosis SANE LATITUDE TVICE

'lmu:mﬁ%:m«mmsmm» .

) EINRPHIND) SSIN RPUI) \.~

LOWKe |
MUATAI(SI/SII(MI ) '

E R T =

PHIN=RPRIN®C2 .

IF(LONK . IQ. 2)G0 TO 62
1FPHIBL. .n;uz»oo T0 61

T0
ANXePHIN | /DLATP
NFLAG= |
G0 TO 85
ANXsPHIN/DLATP
WX = ANX
PHIGsFLOAT (MX) ®DLATP
IF(PHIG.GT.88.)PHIG=88.
IF (NSTOP .EQ.0)G0 TO 137@
UIITE(G 444) PAIG
FORMAT ( 19, SX, *NAXI1NUN LATITUDE cnosmo IS',PS5.1,' DEGREES')
IF(PHIG.LT.R1.AND. ICNT.EQ.©)G0 TO 2
RPHIG=PHIG*CI
I'Xx) I#_?Ol AVERAGING ALONG SCAN
DO 109 1Xs<KB,KE,NAVG
'I‘EOIIM(IE IXONAVG-H
DO 140 J=IX,IE
ID(J'-IDYTE(LA(JH
NS=NS+1D(J)

CONT INVE

IF(IROV.EQ. IGO0 TO 17S

1D (NX) = IFIR (NS/FLOAT (NAVG) ¢ . S)
G0 TO 174

ID(NX) «NSUM 1 (NS¢ 1)

NXsNX+ |

CONT INVE

NL=NX-1|

IF(IONT.I0.9)G0 TO 210

CoeooePLACE CAL. DATA IN APPROPRIATE RBGISTERS (IF NECESSARY)

DO 209 Js=|,NSHPS
IFSWP U, n .999)G0 TO 209

IF(ISAP(J. ) "MSCAN.OR. ISHP (J.2) .LT.BSCAN)GO TO 209
KK1=1SHP (), 3)

IFUD(K) .LT. b‘g(l) OR.ID(K) .GT.XFAC(J+5))G0 TO 208
XTHP« ID(X)~KFAC(J) ¢ 1

NCAL (KTWP, J) =sNCAL (KTWP, J) + |

CO(X)NT:NUE

NT INVE l

. )

106



TS LA ST et

210 fg;‘:g:;w: :: :’ | . | ¢

Nl T (NXT) oDLATP
'll‘f‘a

[ 4
INCRGANG) / (NoR® ( | <COS (RGANG) ) ) »

ﬁa;;ﬂoz;w;:-w» /FLOAT (NAVG)
[ ( L] )
CeeeooCuECK smu or wnomu INCRENENT RELATIVE TO POLAR SCAN CROSSING
IFo. AND .DLONGP (X) .GT.©.)DLONGP (N) o -DLONGP ( N)
IFD. .AND .DLOWGP (N> .LT.9. YDLONGP (N) « -DLONGP (N)
c"-“w IE APMII:T! Lonolwu CROSS ING -
*THETC/DLONG?P (X) .
VAL=NVAL
AVAL=VAL*DLONGP (N)
lr(‘ul. .00.6.)G0 TO 142
41 1P« .AND. nu-mm .GE.THETC)G0 TO 142
1IP(D. 2 .AND.AVAL-DLONGP (N) .LT . THETC)GO TO 143 )
IFCAVAL.LT. TIETCIAVAL-AVALOW(ND
G0 TO 142
'143 AVAL=AVAL-DLONGP (N)

142 RReAVAL
IF (RNX(N) .GT.360. .AND.RR.LT. no )Ilill‘
IF (RNX (M) .LE.360. »n-muvu 360 .)
JTRETCeABS (RR/DLONGP (N) )

1IF(D.BQ.2.) JTHETC=JTRETC | ~

RTHETC=AVAL®C]

RDTHET «RTRET -RTEETC

CSALFA=SIN(RIS)*00S (RDTHET ) -COS(RIS)*SIN (RDTRET) ®

ISIN(RPED)

Y=COS (RB@GAN

SNALFA-SION (|, wtl . ~CSALFA®CSALFA)
RGANG=ARS [N (SN ) *COS (RPRI ) /SNALFA)

muc-nu«losmm»/monou ~C0S(RGANG) ) ) )

ETAG=RETAG*

Slm-!ﬂooln

AJ3= (SIGG*TNULP-REF) /FLOAT (NAVG)
KK=IFIX(AJ3+. 5

LL=RIN®(KK, JJ)

IF(LL.LT.NN1)GO TO 42

1F(LL.GT .NL)LL=NL
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anon

ano

4

CONVERT ONE BYTE NUNBER INTO TWO BYTES

FUNCT ION IBYTE (NUM)
LOGICAL®1 NUM, INT(2)
INTEGER®2 1/0/ .
EQUIVALENCE (I, INT)
INT(2) =NUM

IBYTE=|

RETURN

END

CALCULATE LONG!TUDE INCRENENT PARAMNETER
FUNCTION NSIZE(ABC)

NSIZE=

IF (ABC. G'I' S$5.)NSI1ZEs=2

IF(ABC.GT .6S5.)NSI1ZE=3
IF (ABC.GT. ”5 INSIZE=4

IF(ABC.GT.75.)NSI1ZEs5
1F (ABC.GT .80.)NSI1ZE=6
IF (ABC.GT .85.)NSIZE=7
IF (ABC.GT .88 .)NSIZE=8

x

h
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TABLE A.2

Sample List of Parameters for HIST.

!

KINP 3 oy NAVG 3 RHR 19
NSKIP 0 " IATM 1 RMIN 42
BSCAN 420 . MNLT 70 RSEC 37
ESCAN 535 M¥LT 75 PT 116, 336\\
MNDAT 50 MNLN 216 PL 29,0842
MXDAT 850 MXLN ¢ 231 H 1525,
NSTOP 0 KMIN -7 ORIN  102.11
NGND 1. KMAX 12 NPAR 454
DLATP .5 NYR 77 MWRITE 0
h 4

DLONGP(1) .5 NMO 08
DLONGP(2) .75 NDY 15
DLONGP(3) 1. NSAT 05
DLONGP(4) 1.5 NORBIT 4731
DLONGP(5) 2. RORBIT 4693
DLONGP(6) 2.5 RQ 3
DLONGP(7) 4. RLONG 14,28

’ ' 4

DLONGP(8) 45.

IGRID 1042
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TABLE A.3

Sample Output from HIST, Orbit 4718,

FREQUENCY TABLES OF RADIATION TENPERATURES

LATITUDINAL RANGE 72.6 DEGREES TO 73.0 DEGREES

010103275.6“9596”797“6853]000

132252194462322737362”.@.50900
Lol et -

012lsssmn%n%w100000000000.009
000006]5.@”3“”400006900099000

0000004n wwﬂseeoaaoeooeooae

ox
o -

OAN—WM o
DO0OOS 22%32”36000000009960

OO0

l“mnwszoeeaoeeeoeaeoea

OOV~~~ —~—TOOOOOPOOOOOOOOD
SNTOIN—~—

3
~ N

EEPPTPNTOmNNTROrRag unTNOneag
L o

159 160 187 155 153 137 150

159

TOTAL
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APPENDIX B : S
INTERNAL CALIBRATION OF THE RADIOMETER
'.
In the transformation of satellite data-from digital values to
\

equivalent black-body temperatures, an "internal calibration” must be

performed. The general function to be approximated in this procedure

is shown in Figure B.l. This is an example of the response curve of
radiation versus black body temperature for the scanning radiometer,

generated before the satellite is launched.
A

EQUIVALENT TEMPERATURE (*C)

100 Ebﬂ 140 160 180 200 220
DIGITAL VALUE

FIGURE B.1 IR response curve for Scanning Radiometer. (NOAA—4)

113
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From &ho etlibr_ltton pulses available ia digital form {n tlu"
scen data, a set of calibration points 1s extracted (Greaves, 1979).
A sample of such points is shown in Table B.l1. It remains, then, to.‘
evaluate fhe ro&nu‘ curve at unknown points using the given set of

data. Commonly, lt:p {nterpolating polynomial is used.

TABLE B.]

. Sample calibratiom points for NOAA-5, Orbit 9433,

e

Level Digital Value Equivalent Temgfjjature
o b (°C) ’
1 47.06 ‘» ' 49,52
2 ’ 90.72 31.52
3 133,24 ' 10.76
4 173,84 -15.24
5 212,92 -52,00

6 “ 231.93 1 -86.00

The interpolating polynomial used here is the Newton form. If Tn(X)
denotes the temperature to be derived using a polynomial of degree n, X
the particular digital value to be converted and the Xj the calibration

point digital values, then

a

n

: 1-1
T Qg)zo £ Xoo Xgo oor %] Ho (X - X, (B.1)
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T mere %), Xy, oo X,] is the nth "divided diffegence” of T (X),
such that : ' ‘
T, (X)

. ‘
¢ Xy e ] . ¥ - » ek (3,2)
[‘0 1 *k ':6 (x1 - xo)(x1 - Xl) ...(X1 - xk)

where Ti(x) are the calibration ﬁoint temperatures.

In prasticc one is uncertain as to how many calidbration points to
use. Using the Nevton form of the interpolating polynomisl, one may
calculate TO(X), Tl(X) and so on, increasing the quubcr of points used
until a satisfactory approximation to rn(x) has been made. In the
tegign near 0°C, the response curve is seen to be quite flat; fewer
calibration points would be needed here than in the region, say, near
-60°C.

Use of the other interpolative polynomials (for example, the
Lagrangc form) may not make use of previously calculated Ti(x) in
calculati?g the final order of the poiyno-ial. The Newton method
allows one to study the effect of each point as it is added to the
spproximation to Tn(x). The user is afforded the optiomn of determining
how much accuracy is necessary by choosing as many or as few points as
desired.

In this research it has been found that, by ordering the calibratiog
points with incressing distance from the digital value of interest, the
nearest five points give a residual (size of sixth term), of less than

\

.25°C. Since integer temperature values are reﬁuired, only the five

nearest points are used in the interpolation scheme.
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9. APPENDIX C

EXTERNAL CALIBRATION OF DATA

C.1 Li-b-Darkcninl Correction

_As dilculacd ia Chapter 1I, data collected at large local zenith
angles are subject to limb-darkening and are of very low resolution, o
Data near the viewing horizons may bc‘clininatcd from use in the
analysis program by omitting all datoms in the scan which fall outside
local zenith angles of 65°, This value may seem arbitrary; however,
it in fact defines the data contiguity point for successive orbits
crossing the equator,

If the radiometer scan rate is 48 per minute, and the digitizing
frequency is 2400 per second, then there are 8 1/3 datons produced for
' 4

each degree of scan by the radiometer

From Figure C.1,

. .
Sin A = R (Sin 657) (C.1)

R+ H

Similarly,

R
R+H (C.2)

Sin B =
Thus, (B - A) * 8 1/3 datons .near each horizon are removed from the
analysis procedure if the data used are restricted to zenith angles of
650 or less. This option is available 1n'the program listed in

Appendix A.
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FIGURE C.1 Depiction of data zenith angle calculation.

C.2 Ground-truth Calibration

To correct for atmospheric effects, ground=-truth tgmperature data
may be employed as a comparison and correction to satellite-gmwrived
temperatures., If the position of the surface observation ¢+ ¢ {tg
location in terms of satellite scan data may be computed wr -4 » N 3

by-point gridding procedure (Reinelt, et al,, 1975). ‘
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Depending on ths daton averaging schems employed, all data
comprising an area approximately one-half of one latitude degree
square, centred at the surface observation location, are collected
in hiotogtan:forn. An array 7 scans wide and ((NDAT - 2)+ 1)
averaged datons long is used, where

NDAT » 12/(NAVG + 1), (C.3)
NAVG being the nimber of datons averaged,

Fo} small zenith angles, Barnes (1972), points out that attenuation
effects should be small for the scanning radiomster. With this in mind,
a ten degree window, centred at the reported surface temperature
(represented as a truncated integer), is used as the cut-off for
acceptable entries in the above histogram. In this manner it is
believed that mean and standard deviation calculations will suffer
from a minimal amount of cloud contamination. If contamination {s
severe, few values are likely to fall inside the window, except in
the case of cloud tops near the surface tenpernture.‘ If less than ten
entries are collected, no use of the surface data is made. Similarly,
if the disp;rsion 18 too large the surface observation may be rejected.

—

To reduce bias errdts, the mean value of all useable cOrrections

is8 used as final attenuation correction.
¢



APPENDIX D
SAMPLE OUTPUT FROM HISTOGRAM ANALYSIS PROGRAM
a
The square by square surface temperature values used in production
of Figure 3.2a are for Orbit 4222, July 5, 1977, and listed below as
a sample of the output from the histogram analysis program (which has
not been included). Note that "99" is used to denote unacceptable

surface temperatures.
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APPENDIX K 9
’ ICE NOMENCLATURE
.

\

Some relevant ice chlnctorhgteu that are observed and reported
are described in thie Append{ x, ‘

Sea~1lce; Any form of tce originating from the freezing of water.

Firet-Year Ice: $¢a ice of not more than one v nter's growth; thick~
ness from .) meters to 2 msters or mor¥. '

1

Old Ice: Sea ice which has durvived at least one oummer's melt, lboi.
topographic festures are smoether them on firdteyear tce.
May be subdivided into second-year ice and multi-year ice.

‘Multi-Year I:}<, 0ld ice up to ) meters or more thick which has
survived at least 2 summers. The ice is almost salt-free.
Melt pattern consists of large {nterconnecting, irregular |
puddles and a vell-developed drainage system.

Fast Ice: Sea ice which forms snd remains fast along the coast.

Pack Ice: Term used to include, in a wide sense, any accusulation of
sea ice other than fast ice, no matter what form {t takes or
how disposed.

-

Ice Cover: The ratio of any area of ice of any_concentration to the
total area of sea surface within some large geographic locale;
this locale may be slobal, hemispheric, or prescribed by some
specific geographic entity, such as the Beaufort Sea.

Concentration: The ratio in eighths or tenths of the sea surface
actually covered by ice to the total area of sea-surface;
both ice-covered and ice~free, at a specific location or
over a defined area.

Compact Pack Ice: Pack 1ice in which the concentration is 10/10; no
vater is visible.

Consolidated Pack Ice: Pack ice in vhich the concentration is 10/10
and floes are frozen together.
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sck 108 in which the eoncentgptien te 9/10 teo
10/20. (” .

T

. through 8/10 é of {lees wostly {g, comgact.

Close Pock lcei  Pack t: {a vhich the 1o consentration is 7/10

‘ i
Open Pach Icer: Pack fce ia which the ice concentration is and 5'}

through 6/10 with mamy leads, and the floes are gomerally

aet in contact with ape amotherT. R

Very Open Pack lce: Pack fce in which the ice comceatration ts 1/10
. * through 1/10 and water prependerstes over (L
ot e .

Opoa Vater: A’lavrge .no of freely nawigeble vatar ia which the ses
{ce is present ia comcemtretion lese thea 1/10.

lce-Preei; No saa ice present. There msy be some ice of land origin.

Floe: Any reletively flat piece of ses fce 20 meters across or wore.
Tloes are subdivided according to horisontal extent, with
naxigue sise being 10 kilometers oo .

lce Field: Armas nf nack ice consisting of any sisze of floes, which
.is greater than 10 kilometers (99M) across.

NLargs Ice Fleld: An ice field over 20 kilometers (10WM) across.

-

Ice Edge: The demarcation at any .l\nn‘tt-. between the open sea
and sea ice of amy kind, whether fast or drifting.

Belt: A large feature of pack ice arfsngsment, longer then it s vide;
from 1 kilometer to more thea 100 rilomsters {n width,

Bight: An extensive crescent-shaped 'indentation in the ice edge formsd
by wind or curreat.q

“i

Ice Boundary: The demarcation at amy given time between fest ics and
peck ice, or between areas of pack ice of d1fferent comcen-
tratioms. .




Comseatsetion Boundery: 4 11ae spprouimating the tvaneitiss botvess
tve areas of pach Lea with distinetly differcet soncon-
tratieons,

.

Puddle: an sceunniotion of melt water on the 100, agialy dwe
wsiting snew but (s the mere advenesd stogee sloe te

. wslting of tee. Imitial otage cemstote of petehoe of
o ited smev,

Rotted Ico: Bea 100 which has decems honsyeenbod and which o in
. o advenced state of disintegretiean.



\/j APPENDIX F

ICE INFORMATION OVERLAYS

ICE FREE LJ FIRST-YEAR s 6
|OPEN WATER MULTI-YEAR 1 -6

FIGURE F.1 Overlay 1: Mean ice conditiens for week ending
July 29, 1977.
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ICE FREE [0 FIRST-YEAR s -6
iOPEN WATER MULTI-YEAR ¢ - W

FIGURE F.2 Overlay 2: Mean ice conditions for week ending
Augus .2, 1977,
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ICE FREE ]
OPEN WATER

FIRST-YEAR
MULTI- YEAR

1-.6

>6

> TN

FIGURE F.3

Overlay 3: Mean ice conditions for week ending

July 8, 1977,
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