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INTRODUCTION

In our two previous reports attention was paid to the compilation of
cloud photointerpretation keys for Landsat imagery so that the recognition
of various cloud types might be put on a firm footing (Barrett and Grant,
1976a), and eyeball and machine-assisted comparisons were made between
estimates of cloud cover imaged by Landsat and observed from the ground
(Barrett and Grant, 1976F). This latter work included the development
of an appropriate methodology, and the compilation of some initial results.
In due course it is intended that these results should be supplemented by
others for that portion of the study period for which imagery had not
become available (generally February and March, 1976). Since we had not
received our final congignments of images by mid-August 1376 the completion
of that part of our exercise has still t+o be effected. Table 1 and
Figure 1 indicate the frames received since the preparation of the Third
Quarterly Report: Tigure 2 displays the distribution through time of ows
entire archive of images as it stands at the time of writing-

Tt was thought convenient, whilst we were awaiting the remainder of
the images for our study period, to experdment with a further section of
our work which seeks to evaluate Landsat cloud images in comparison with
those from other satellite families. This section is concerned with
simultaneous analyses of data in all four Landsat multispectral sensor
wavebands, leading to an appreciation of the suitability of the Landsat MSS
wavebands for ~lowl analysis and identification. Many studies have con-
sidered the multispeciral responses of Landsat-viewed surface~features;
many more have considered the significance of multispectral data for
di Fferentiating both between and within classes of a wide variety of
surface features (zee e.g, NASA, 1975). However, we are unaware
of detailed studies of the multispectral characteristics of Landsat-viewed

clouds, though Danko (1974) addressed himself in part to this question.




LANDSAT COVERAGE OF THE BRITISH ISLES:

Tabulation of Individual Frames
{see also Table 2 in Barrett and Grant, 7975(b), Table 1 in
Barrett and Grant 1976(a), and Table 1 in Barrett and Grant

3a
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Indeed, there seems to have been a widely-accepted belief that Landsat /
imagery is ili-suited to cloud studies because cloudiness is thought to
saturate the pictures easily (see, e.g. Danko, ibid. ).
Dependent as we have been on image data, not CCTs. we are not in a
position to comment conclusively on this belief: there are more
uncertainties in the analysis of Landsat images +than CCTs, stemming mostly
from picture processing. Taking as many of these uncertainties into
account as we are readily able to do, and working at something less than _.,,
the nominal full resolution of the Landsat images, it appeavs that the A
principal families of clouds do possess distinctive spectral signatures,
and yield different histograms of picture brightness over mesoscale areas
of cloud fields.
The implicetions of these findings are discussed in relation to

other work in this Department concerned with autcmatic (objective)

analyses of cloud imagery from msteorulogical satellites. The biggest
potential advantage that an automatic multispectral cloud mapping
methodology might enjoy over one based on single waveband data seems to be
that that might be able to utilise the full spatial resolution of the
original observations, rather than the reduced resolution which results
from most methods of texture analysis.

The choice of sampling arce was important in view of the characteristics
of the cloud fields we wished to investigate, the imagery we chose to use
in our analyses, and the capabilities of the equipment available for the
task:

a) Cloud fi=ld characteristics. Although it ould have been
possible to select a brighitness threshold to represent the edge
of the cloud portrayed in any image so that non-cloud areas
might have been excluded from the study, we did not think it
necessary or indeed desirable to take such a step. We did not

want to make initial assumptions which might influence the
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shapes of image brightness/frequency distributions, ospecially
since the characteristics of cloud margins, and the spaces
between adjacent structural elements of cloud fields might
significantly assist in some aspects of the automatic recognition
of different families of clouds.

> The form of the imagery. In view of the added problams that
would have been associated with copying and enlarging the 70 mm
transparencies provided by NASA, we decided to analyse these
images themselves. At this scale 1 mm represents approximately
3.37 km on the ground.

c) The microdensitometer. The instrument we used was a System P-1000

Photoscan, menufactured by Optronics International Inc. This is
a high-speed digital microdensitometer. The machine incorporates
an electro~-opticel rotating drum which converts photometric data
on film negatives or positives to digital form for computer
processing. In order that an image may be scanned it is placed
over an opening in the drum, and clamped to it so that the film
adheres exactly tc its machined cylindrical surface dimensions.
In the present ctudy a sampling avea of 10 mmé was chosen. We wished
to sample a sufficicntly large area to establish whether the brightness
characteristics of fields of different catoegories of cloud are indeed as
clear as eycball investigations seem to suggest. It scemed likely that
cloud fields should be distinguishable from one another if viewed
gufficiently broadly to account for their textural characteristics,
whether cloud familics could be differentiated on the basis of their
reflectance characteristics per unit area seemsd te be more doubtful. Our
hope was that, by compiling sufficiently large populationz of summary
statistics for quite larse areas, both issues might be clucidated simulta-
neously, the first through areal brightness/freguency distributions, the

second through the spectral reflectance graphs constructed for each
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cloud category from the results for the medal classes in each brightness/
frequency histogram,

Accurate registration was attempted for cach set of imagery using a
clean perspex mask on which were placed the locaticns of the four regis-
tration marks of each frame. In this way the four images of each cloud

scene could be repistered and a common sampling area identified.

TECHNIQUES

Selection of imagery

It was established earlier in this project that major cloud types can
be differentiated and identified with confidence in Landeat imagery. The
cloud families recognised thus were cumulonimbiform., cumuliform, stratiform,
stratocumulifcrm and civriform. Certain Landsat imeger were sclected to
represcnt "classic” forms of these cloud families and their chief members
or cloud types. {(See Barrett and Grant, 1376(a), especially llates 1-5).
For our mitispectral study we chose one exampls of sach cloud family,
plus an exarmle of the cumalocongestus cloud type, the latter on the
grounds that cumulus hundlis or medicoris and curmilccongestus have sub-
gtantially different appearances in the Landsat images., Since all four
spectral bands were to be investigated, there was a sct of 24 ¢loud images
to ke analysed.

All 24 images depicted sea areas around the british Isles. Background
brighiness constitutes 2 seriocus problem for any programme of autcmatic
analysis of cloud immgery. HMethods have been devised to solve this
problem (see, e.g. liiller, 1971), but none have been (or could
be?) entirely satisfactory. We wished *o reducc, rather than sclve, the
problem by analysing clouds viewed-over surfaces with relatively even and
constant brightness responses. Sea surfaces meet these conditions much
better than land surfaces, especially in the British region, where con-

vergences of major currentz do not cccur.

e e e e i 2
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Solection of sampling area

This was defined on the mask by swaight-edged, rmachine-cut, metal
foll strips which overiapped to provide a preciscly measured imaging area.
In operation each image was orientated correctly on the mask provided for
its cloud category, and the image with its mask werc then locatad on the
imaging drum.

The Keehier illumineation systan of the Fhiotoscan ensures uniform
illumiration and focussing on the film surface viz turret mounted apertures.
The light transmitted through cach image ic measured using @ photo-
detector, and corverted {o 256 grey-levels.

The choice of scaming aperture is impcrtant, as this determines the
sampling sizc for the imagery. The apuriure sizes available for imaging
on the 8ristol University machine are throcfold, namely 25, 50 or 100 um
squara, In the NASA Landsat Data Users Handbook (1271) (see H 1.4,
"Photographic Micro-Image Quality' ) the following is found:

"Beeaus? of MIT, grarnularity, and senccr and rccording systems

conziderations, scans using aperturve sneller than = 20 pm

diam=ter will b escentially meaningless. Iwen sccans with aperture

gizes of = 40 um will probably not correlats well with macro-density

readings sven ~hen assuming thet the investigator has made necessary
corrections fram specular to diffuss density”

With such considerations in mind, the largast Lmaging aperture size
available (100 pm) was selected in order to minindise the sources of arror.
An aperture of 100 um square corresponds on the lmage to an area of
approximately 337 metras square on the ground. Thus approximately 16 pixels

were analysed in each of our microdensitometer spot readings.

Operating practices

The illuminating and imaging optics of the Photoscan are mounted on

opposite sides of a "C" carriage through which the cyiinder drum rotates.




The optical density of each image 15 measured every 100 um aleng the /

circurference of the dru: (Y direction) within the pre-determined area,
After each revolution the 'C" carriage is stepped in the axial (X)
direction by 10T ym. In practice these processes were rapeated until
the whole 10 mn? area of cach image had beon scanned. Once per revolution,
through an opening in the drum oppositc the filim position, the densitomster
pheto-detector syctan is resct to a given known value which vepresents
im optical dencity of zero as defined by the air nath through the slot.
Since the drum specd is high (8 revs. per second) the drift of the
instrument is far less significant then the least significant bit of
density data.

The detector voltage resulting from lipht txensmitted through each
imsge is amplified logarithmically., digitized. displayed, and recorded

by interfacing the scanncr with a magnetic tape recorder. Fach number is

representative of o grey-lovel in the sclected density range. In our case
the density rangs waz O to 2D. Vithin this venge density bears a linear

relationship with the output grey lewveis.

Optical density (D) is defined as:

D = 10@%—3:-‘

|

where . i
Ii is the light intensity impinging on the Jetector through an ‘
|

air path and 1

t is the light intensity of the transmitted light. |
Tn addition to the 10 m? ganpling area on each image, the 15 step

grey-scale tablet vas scanned. This scale s undergone the same copying

and processing as the image to which it is attached (HASA, 1971, pages 3-5). |

4. Data output ; |
Ouiput from the micredensitometer was recorded on & magnetic tape o

unit for subsequent proecassing on a PDP 11/45 mini-computer.

ORIGINAL PAGE IS
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Initial processing was concerned with the recording brighiness
vaiues of the 15-sitep grey-scale tablet of each imsge. A number of data
records were examined for each image and the upper boundary value of each
of the 1§ steps was determined by inspection of the computer print-out.
Preferably some type of edge-detection logic {e.g, Rosenfeld, 1970)
should have teen employed, but this tinme did not permit. Once the upper
boundarics of each step had been determined these values were fed back
into the computer in order that the freguomey distribution of brightness
values for each imsge cculd ke determined. This procedure wes adopted
so that we might be 2ble to relate different frequency classes to actual
tones on cach Landsat imape, rather than some “rbitrarily chosen density
valus which might be inappropriate in view of the apparent variations in
image processing.

Besides the freguency distributions of the brightneszs values, other
summary statistics were computed also, including means, standard
deviatione, skewness and kurtosis.

The mean brightness valuc for each imige was determined in the follow-
ing mamner. The stors size of the computer is limitszd (24 k) and was not
largs enough tc hold all the valuves of cach image (8000-9000). Thus the
mean brightness value of each reecord (Yeaxds scan) was calculated and
the final mean was taken as the mesn of the record means. The Stendard
Deviation was caloulated using the final mean derived zs outline above.
Skevmess and Jurtosis values were not fourd directly on the PUP 11/45
because of problems with the computer program. These were calculated from
the frequency distrilwrticns using a Hewlett Packard 9801A calculz=tor and

an appropriate librery progrem (Prog. 1-3).
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RESULTS

Brightnoss characteristics of landsat positive transparencies

Fer analytical purposes, all the biightness values produced by the
microdensitometr in terms of 256 groy-levels were converted to optical
density valucs in the range 0 to 2D. This was o straight-forward
procedure as the density bears a linesr relationship with the grey-levels,
as noted previously.

Fig. 3 shows the 15~step grey-scile tablets, plotted as a function
of density and waveband. The divisions correspond to the upper limit of
each step, the procedure for determining which was outlined above. Step 8
of each wedge iz shaded to act a3 @ reference. Step 1 (white) is at the
left-hand side, and step 15 (black) is at the right-hand side.

Perhaps the most important fact emerging from this diagram is the
wide variation of step width., Generally, the brighter steps, with densities
less than 1D, are narvower then the darker steps with densities greater
thean 1. The first step is somewhat anomalous in that it has no lower
limit, Arother notable featur< iz the variation from image to image in
position of similer steps., This variation occwrs both betwoen wavebands
for a particulzr frame, and alse betwoeen one frome and another, Thus, for
example, in the illucstration of cumilus lumilis, ~orresponding steps of
bimd 7 are genor21ly brigihtor than those of band 8. Such differences are
due in part to viristions in the processing of Landsat images.

A sericus problem of interpretation therefore arises. Are the
differences in brighitness in a particular scene in different wavebands
due principally to difforences in target reflectance, or differences in
processing? It is clesr from our results that the influences of image
processing must be borne in mind constantly as we move towards drawing
conclusions from these data. Ideally, the two compenents of variation
should be determined and separated; thiz we could not achicve in our
study.
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2. PBrighiness characteristics of six categories of clouds: graphical results

Figs. 4 a to f show frequency distributions of individual cloud

types in

each waveband in relation to the 15 step grey-scale. Frequencies

have been converted from murber courts o parcentages to facilitate com-

parison betwaen different cloud types. Notwithetanding our earlier

CONMEr.ts
do occur,

a)

b}

c)

d;

a)

; ?A‘G-E‘ 3 ot b - 33 o o
“L\;‘JNAL oo M‘jﬁtmbmon.,, extemmg acrose

.+ gp BOO¥

on variations in picture processing, some Important differences

Comulonimbiform (Fig. 4€(2)): Bands 4% and 7 show apparently
similar distributions, with band 7 being displaced slightly
towards the darker end of the scale. Bands 5 and 6, however,
possess a strong modal category, well displaced towards the _
brighter end of the scale.

Cumulus congestus (Fig., 4(0)): The frequency distributions of
all four wavebands range acrose the whole step-wedge scale.

All the distributions are zssentially similar; some minor
differarces, occurring et the dark end of the scale in steps

14 and 15.

Curmulus humilis (Fig, & ()): Unlike the cumilus congestus
graphs of Fig. #(b), these distributions are restricted in range
to the darker end of the scale. This reflects the lower bright-
ness respenses of these small cloud cells and the larger areas
of dark sea background between them.

Stratiform (Fig. #(d)): Each waveband shows a marked clustering

of values at the bright end of the scale, indeed in band &

almost 100% of the data points are comtained within the brightest

step. This is undoubtedly due to extensive satwration of the
image by this cloud type. The distributions of bands 6 and 7
show tails extending well into the darker portion of the scale.

Stratoaumuliform (Fig. u4(e)): Bands % and 5 have similar dis-

o

wide range of values, peaking

W
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gently in tiwe centre of the scale. In kand 6 there is a - LY
slight displacemont towards the dark end of the scale. In band |
7 there is a sigmificant displacement towards the davker end of
the scale, and the range of values is morce restricted.
Cf) Circiform (Fig. #(£)): Zands 4, 5 and 6 are similar to one
another, with distwibutions located in the darker portion of the
scale and a faivly wide range of valucs (over 8/9 steps); Band
'f possesses a marked displacement towards the dark end of the
scale and the rex ange of velues is limited to the darkest & steps.
Figs. 4(a)-{f) reveal, therefore, that differences in brighiness
occur both between the wavebands for individual cloud types ac well as,
more strikingly, betwesn similar wavebands for different cloud types. To
facilitate the examination of these differonces, cwalative Freguency |
distributions were plotted. '(Se:c-: Pigs. S5(a)-(d)»).
Thesc graphs cons:?. of p lots of percentage cunilative fre:luency on
an arithmetic probability sczle, against imzge density on an arithmetic

scale. First, the avmaga. dcns.d:y of each STOp Was found. In the case

- of step 1 the avevage dens:.ty was found by de tmrm.;j.na Um averagR dens:.t3,

remge of steps 2 to 5 inc-lusivc—;g T‘nis value wme then halved, and sub-
tracted fmm 1.?1:. u*wp cr limit value of _-;tep 1 o provide =m average value

for the brightness of thet step. The advantage of using arithmotic

'prbbabiiify upapef :m this analysis is that if the distributions ploited

_are nonnal then a s‘cx':u.ghL llne. will ccowr on tl“ne crr'aph A brief examinam

t:Lon of ‘iihESc d:.a;ams shows that the d_utml:u‘tlons were not normal. The

: c:h:.cf po:mts 'tha*.: emerged fr@n 'thl,: rmalys : wi.ll‘- a8 10110ws*

a) Band 4 cumulative .ﬁ.ﬂc,quc.ncy distributions (...'I.D, S(Q)) Here
smatlform and cmnulonmba__fgrm clouds appoar to__.giva-_s:imilan .
| results, both having the mejority of their valusg =t the bright
end of the scale,. Similarly .cir'r_ifom_-md stratocumiliform clouds

are similar to cach other, their curves lying close together
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acposs much of the i'.’I‘aph. At first sight this may appear

strange as the graphs of their respective frequency distributions

(Figs. t{a) and W(£)) apparently revealed considerable differenéeé .

Hewever, whan one examines F:Lg 3, it can k= seen that strato-

a.um.lz.tonn grey-scale values are conmdembly bm.ghtar than
corrssponding cirriform values. Thiz is token into account more

fully in Fig. 5(2) whore actual density Vc«.luus are employed on -

we abscisse, not zruy—scale sren mmﬁ)ar'" as m Fig. 4.

Generally. most cloud types follow paths which are muglﬂ;\,? pm.llel

over much of the scsle in Fig. 5. The nost notable_excePtion to

this is cunulocongestus. The plot for this cloud categor& starts

well tc the left of the graph and generally rises less steeply

than those for the other 2loud types cxcopt at thv dark end of

the scaiz. The tendency for thiz cloud type then, is for its

plot to cut across the plots for cirriform, stratocumuliform

Cand cumlus humdlis.

Band 5 cumulative frequency distributions (Fig. 5(b)): These
are essentially similar te the band & plots in Fig. S5(a).
However, the stratiform curve is shorter due to the clustering
of its values at the bright end of the scale. The cumlus
congestus curve again lies across thosz for the other 'types

Band 6 curulative frequency distributicns (Fig. 5 (c)): For .

the first tmc stratlfozm extends into darker per'tlons of the

form is. TIOW:

h nhrked}.y dlsplaced towar'ds the dark enu of the scale in

- ly dlspl_.ced -

_towaxﬂs darkc—r levels, although Jﬁ: mtams J.ts aﬁpmxmately |
'_ ‘parallel p051t10n with rcspect t.o c:.rmfom and eu'atommuh.fem
N x.___Clmmlocongestus mtersects 1:ha othm dlstmbutmns at qulte '
| largc angles, as in'bands 4 and 5. A‘t th'= dark end of the bcale, o

? ':.Au.t‘ N0 104
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the final 30% of its distribution follows a similar path to that
of cumlus humilis. | |

d} Band 7 cumulative frequency distributicns (Fig, 5(d)): In this
waveband, cumilonimbiform has been displaced quite markedly

towards the dark porticn of the scele. The whole of its curve

2 is on the darker side of the stratiform curve. Cirriform and
2 .

Q?’ : stratocumuliform distributions now follow very similar paths,
™)

both having been displaced markedly towards the darker portion of
the scale than in band 6. Cumulus humilis is darker than in
band &. Tiis is probably due to the darkening of the sea back-
ground which comprises o layger oroportion of this image between
the small cumilus cells, This effzct iz also seen in the cnse
of cirriform and stratoccunuliform, both of which cortain some

areas of ses in the Imaging arca,

These diagrams. Figs. 5(a)-(d), show that marked differences in
reflectawe characteristics do ocour betwesn cloud types and that these
differences change from one weveband to another. It is thought that such
differcnces are indsed duz principally to targct characteristics, not
processing practices, for more account is taken of the grey-scale differences
in these disgrams through the use of the actual density values of the steps

rather than their mumbers in thoe grey-scaic.

Brightness characteristics of six categories of clouds. sumnary statistical

- results

In addition to such g,rap}u,cal descri rtlono of the brlghmess fmquenﬁy

’ dlS'tI‘lbU‘thlib, it is possible to gam fm:*t}'zer ms:.ght :mto -the n.:ture er

This is a computatlbnal methods, tnx_ :mal rsis of the maan and standaxﬂ

devn.atn.on was carried out on thc PDP ll/ u5 num~con@uter. Skemess and

lurtosis CO-::fIl(.l nts were detemmed on a Eewl..tt—-Paekard calculutor '

cloud dlffmces by ceriving sumnary S'f"l'tlmthS via the methcd of nnments. R
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from the fr«a,quency distributions der-lvea by ‘the POP ll/ 45 The fesults
of the computations mre pn.se:nt_d in Table 2. |
ThCI‘\. are Some mten.st:mg a:.ff:.nnces cr-,tWeen the swmrary statistics
and the impressions gained of tha distributions presented in F:Lgs. Wa)- (J:)
For exanple, the :Lu’iulc*umblform statlstlcs show theet the k\m‘tos:_s
("peakedness”) of the distributicns ;anreaaee steadily fx\om bard & through
to bard 7, An examination of Fig. #{(2) alonc would probatly have led one .
to concludes that bands § end 6 were more "pesked” than either bands 4 or - |
7. Cumiocongestus clouds show relatively largs standard deviaztions, a
fact less unexpected when Fig., 4(b) is examined. A small negetive
skevmess vatue is noted in band 7 which corresponds to the increased .
frequoncy of values at the dark end of the scale (step 15). The cumilus
humilis distributions (Fig. #(c)) are asymmetrical in nature and this
produces negsitive skevness values for all wavebands., Mean brightness
values show @ similar trend in all the cloud types. Gemra.lly_, themean
brightness of =ach successive waveband is slightly darker than the
preceeding waveband. There are two eXceptions to this general rule,

RBoth ocour in waveband § in the civriform and stratiform cloud types.

Such a decrease in brightmess with waveband ig probebly explainad by

the decreasing ﬁmgnmess of the Dackgr»ound area (the sea) with successive

mvcb:mds .

Besides this slight c.nomc.lj in the creneral trend of mean brlghtness

' values stbatlform cloués also TJﬂ.,SE‘.n‘C some o‘m.r notewor’thy Lmnary

statlstlczs. 'T"re sk«..tﬂmess values recomed are v~.r*y large, J.ndlcat_ng

'extmne asynmetry of t e dlS‘tI’J.bu‘thl’l. T*.:u.s is par}mp': hot su.-pmamg

when Fig. Lk(d) is ex=m1nccl, espﬂc:Lally with respﬂci‘ to band 5 However,

't}‘e km*tosw valur“s seh'n eXC'-SblVelV h_.gh wl“ M1 one cons:der° ﬂla't: in

sed:mept analy :Ls values of kur*tosm grewc\,r than 3. OO .u"dmate extreme '

1eptokurt" c:Ltv (pec.kbdness) and are unc:o;mmn '
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TABLE 2
No. of
Waveband Data
Cloud Type Number Points Mean S8.D. Skawness  Kurtosis
Cumulonimbi form Y 9215  0.65 0.07 1.09 4,13
5 9215  0.69 0.05 1.75 5.94 ‘
6 9215  0.71  0.07 1.78 6.02 :
7 8215  0.76 0.10 1.90 10.05 ;
5.-: Cumilus congestus 4 8084 1.13  0.u48 0.27 1.46 -
: 5 sogy  1.17  0.58 0.22 1.35
f 3 8084  1.23  0.57 0.09 1.31
: 7 8084  1.40 0.52  -0.08 1.39
: Cumilus humilis m 9025  1.55 0.22  ~0.70 3.07
§ § 9025  1.63 ©.23  -0.82 2.5 :
: 6 9025  1.85 0.12  -1.17 3.4 ;
g 7 9025  1.92 0,12  -1.53 4.52 ;
1
§ Stratiform n 8272  0.63 0.01 1.62 13.44 ;
. 5 8272  0.57 0.01  50.95 2789.26
€ 8366  0.64 0.04  10.87 168. 44
; 7 8366  0.66 0.04 3.03 45,02 ;
: Stratocumuliform n 9100  1.12  0.22 0.79 3.21 :
] 5 9100  1.20 0.26  0.87 3.29 ;
6 916)  1.L0  0.28 0.55 2.35 ;
7 9100  1.59 0.23 0.17 2.08 :
3
:
; Cirriform & 7896  1.1% 1.1 0.83 2.71 :
3 ;
i 7896  1.09  1.09 0.49 2.09 ;
g 6 7896  1.21  1.21  0.49 2.26
3 7896  1.57 1.57 0.10 1.96
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spectral reflectonce granns For cix catzgories of clowds

The rcsui‘cs surmarised in sections (1) - (3) dbOV(. are @ll I\.ldtn.d
to characteristics of cloud ficlds viowed ‘ove‘-‘p c.I’F‘E‘o of about 33.7 I\'m2
on the ground, If would be intercsting to investigete the degrées of |
similarity betwe@ those results and others for a range of smaller areas.
Whilst we must be :au"cious not to read too much inté the results cobtained,
.i't secms legitimate to attempt to interpret them in terms of what they
may indicate céncerm'ng the characteristics of cloud slcments viewed by
the microdensitometer cver arvas of about 337:2 on the ground. Taking
the modzl classes in Figs, W{a)}-(f) to indicate the most representative

brightness velues for each cloud category in each wavebsnd we have compiled

‘a set of spectral reflectance graphs for the six cloud examples (sees Figs.

6(a)-~{(£)). It eppears therefrum that the spoctral reflectance signatures

for different categorics of clouds possess sarc mrked differences both

“in form and position on the axos. Not surprisinely the cumuliform and
. - - : Koy -

cunulocongestus curves are generally similar, whilst the stratiform and
cumalonimbiform curves are disappointingly alike.

It would secm well worthwhile i;rzvéstigating the multispectral
differences of Landsot-imaged clouds more carcfully, pwrtaps through the
use of digital data from the CCTs so that the full resclution of the
imagery might b employed and picture processing problems théreby

eliminated.

Discussion

- It is in the field of sedimentary petrology and geology that this type
of statisticzl analysis has reachced its greatest sophistication. The tech-

- nigque of moment analysis has been used to identify and differentiate sedi-

ments (e.g. Folk and Ward, 1357) and in the interpretation of the

- depositional - histories of different sediments .(e.g.j_-_-' Greenwood, 1972}

Generally, bivariate plots have been employed, with each of the four

- sumery statistics. being piqt,ted in turn against each of the others..: -
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However, Folk and Ward (1957, p. 23) managed to produce a four-variate
graph to represent the relationships between the four summary statistics

in one diagram. Often, the analysis of such data has been extended by

 using clustering and discriminant analyses as classification procedures

to allow new data values to be assigned correctly to previously de'ﬁermiped
groupings. | N | |

It is felt that this latter type of analysis may prove most useful
in atferrpts to assign hew cloud inforinéfion in landsat data tb .1.:>Ir'évious1y
determ_ined cloud types, defined in teyms of their moment statistics.
However, some pmbletﬁs wéuld have to be solved before fbis were to be
possible. For example, our results for _strat:'_fonn clouds indicate that

the application of such techniques to non-normally distributed data without

. some prior transformation can lead. to misleading, possibly srroneous,

results and conclusions.  One solution might be to transform the data

after initial statistics had been calculated. = For example, Folk and
Ward (1957) produced a transformed kurtosis statistic (K') derived from

- the ordinary kurtosis value, (K). The relationship is as follows: -

K _-—K——-
(K + 1)

If this tr'ansformaﬂon had becn applled in cur study, the Y’ange of :

ku:r't:osz.s values woulo have ranged frcm about 0. 5 to 1 C, much less tha.n

the range we fou:nd. ThJ.S transformation produoes an appmxunatelv '

SO nonnal km:'tos:.s dlstmbutlon (Folk and Ward, __ 7, P: 15). _

A ftm'ther pmblem w:ti'h our dlstmbutlons is that at thc—. er_ -rhtest

o end. of the scale they are “open—ended". no 1owar 13.::11'!: was deflnad.

Folk (1985) in dlscussmg gr'am size analyses of sed:.men‘t:s, felt tha't:

'the. appllcatlon of the. me't:hod of moments to such. open—ended d:x.stm.butlons
nu.ght not be ]tlStJ_fled. This may be pertinent to our results

- for :strat:.fb;m clouds, where likely saturation of the image caused

many values to be located in.the ‘unbounded step 1 of the grey=-scale

© step-wedge. -




'of the Br:Lthh Isles in sumer the method by wh:Lch the results were

ERTS Follow-on Programme Study. These included:
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It is apparent, therefore, that considerable work remains to be
done if a worthy aim is to produce an operational cloud idertification
scheme for Landsat-type imagery based on cloud brightness statistics.

However, the difficulties should not prove insurmountable if careful

thought is given to experimental design and operetion.

ACCOMPLISHMENTS

Analysis of sample multispectral images for six different categories
of clouds have revealed marked differences betwean the reflectance
characteristics of =louds and cloud fields or cloudy areas in the visible/
IIEér infrared region of the electromagnetic specfmm. 'Although the. |

resul‘ts obtamed so far relate only to c'louds J_maged over coastal waters

obtained could be anpl:.ed qu:.ckly and cheaply to the analys:.s of further
images. -

PROBLEMS

Several problems of note were sncountered in this stage of our

Processing problems

Thess werc of o dlffer..nt kinds, namelv those already discussed

at some length relat\,d to avident variations in the processing of landsat

- imagery by NASA, and those related to the equipment available to us for - -

imege analysis. The two are intercomnected in the sense that the poor

‘quality of the copy negatives provided by NASA (ses Barrett and Grant,

19758 p.8 ) determined that we should use the 70 mm positive
transparencies obtained from the same source. for the microdensitometry .

investigation, despite their small size for this purpose, rather than

‘enlarged positive transparencies generated from our archive of 70 mm.

negatives., Since the Optronics Photoscan has a 1imited number of spot
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sizes for image analysis our unit areas represented a larger area on

the ground than we would have 1iked,

2.

Interpretation problems

It did not appear that we could satisfactorily disentangle the

- different and variable influences of picture processing and cloud

~‘the cloud differences for their stetistical significance.  Consequently:

vl

" received from NASA continues to affect our work adversely. Test positives

: and then developlng tnese. We are rot sure why .;h_-;_s shoul d be the cnee.

RIGIN

characteristics in order that we might, with reasonable confidence, assess

we have expressed oupr intér?pratation of ‘our results only in qualitative

tarms.

Schedule problems

In view of the mde—ramglng nature of our pro;ect we may be unable
to devote as much time to the theme of this rcportas its theme deserves.
However, we hope to apply "thé_me.tho&'s developed here to some further
iJPages. for two purposes: _ o _ | o

a) To obtain further information on the relations between the

unit sizes of the arcas measured by the microdensiitometev and

the brightness characteristics of the clouds and cloudy areas.. and

b) To test the similarity between such brighimess characteristics .
for similar eloud fields viewed under contrastmg solar illumina-

tion conditions, e.g. around the summer and winter solstices.

DATA QUALITY AND DELIVERY

| ler*mabll:rty to produce useful posrl::wes From the 70 mm neg.at.'ii'fes.'--"'- L

developed from these negatives have been of a lower quality than those

we have pmduccd bv copy‘mg the 70 mm p081t3.v-==s onto con‘tact negatlves

Del:wery of ma.gc,r'y seams to have slowed furfther' as our projecrt

pAGE IS
AL mﬂ




N ) period has passed. We are still aweiting imagery for March 1976 at the /
2 ' time of wpiting (mid-August 1876). This has had some effects upon the “
»_ sequencc of work in our study, some of these offec;s were alluded to in i i
the Intr'oductlon to th:.s Report. | o A
- VII  RECOMMENDATIONS AND CONCLUSTONS
l Al'though the assessment of the brlghtness charactems‘tlcs of clouds
f :maged nmltlspec‘l:r*ally by Landsat is a wor*thy ‘toplc of enqulry in 11:5 own | -
o r‘zght much of our m‘terest in this matter stems from our bro'xder' mrk
- in the Applied Cllma'tology Iaboratcry of the Depar*trnent of Geography in |
i S | the. Uru,versa.ty of Bm.stol Thq.s is concerned W:Lth the sear'ch for an )
r é - automatic (objecrtlve) method for cloud image analysis and cloud recognltlon, | |
‘ : 3 R :m relat:.on to. a-w:.de ‘range of potentlal areas of appl;gatlon The mst - f o
? ' | _‘ dlrec't methods of objective cloud mapping include: | | o
: i S L a)” ‘Brightness contour mapping, as prect:.sed with both v1s:.ble
% - cand infrared Jmagery in the.Apphcat:..Qns Branch of the _
i ‘ National Oceanic AandrAtnospheric Administration, Camp Springs, Md.;
; , b) Brightness/texture analysis, a basis for which has been
E - developed in this Department (Harris and Barvett, in prepar'_a_ti_.on}_g_ :
: R and ¢) Multispectral image analysis, summarised .by Shenk, Holub snd Neff
F ; S ame. |
T | The first of thesc would be difficult to develop into an operational
;k Q - cloud recognition mathod ‘because ‘of the ambiguity’ wluc:h is evident in.
d contour maps prepmd from e.d.:her visible or r]fﬂared imagery when
,r'elations}li@s- between imsge brightness and cloud type are considered. ~ +. 1 -4
For cxample in visible imagery moderately thick low to middle level - ;
- str"atlfmd cloud may ‘be difficult to dlstmgulsh fmm thick alto- or ‘even’ . §
S B cu'r'osﬁ'atus, these cloud typcs (ard others) all reflect incident radlatn.on ‘2
] o o strongly. In ‘infrared magery desp convective cloud can glve bmghtness S :
oglpeggﬁ”m@sm o AT RN E
QUALITY, ' ' Lo
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temperatures as low as thosc associatod with deep layered cloud. At best

such a method would be an enhancement technique associated with which

IR

thure would have to be some qualitative assessment of the brighiness

contours in terms of clqud types., : . _ S i

The sccond is much more attractive in that it employs two criteria

- rather than one for the objective differentiation of cloud type. Initial

tests suggest that brightness/texture distributions for broad areas of

cloud can be subdivided quite well into different cloud categories by | : |
discriminant analysis. The chisf disadventage of such a method arises
from the common sa:_np]jng method, which subdivides the initisl data array l
into sub~arrays (say & x 5 or 6 x 6 picture points apiece) in order that

Texturc measures might be made: texture is essentially a field characteristic,_
not a point characteristic as is the case with picture brightneés. One

- significant consequence of this is . that some of the resolution of +he

original data is sacpificed in brightness/texture analyses, on which

cloud recognition dep’endé. _‘Even then some cloud types may be hard to -

B RS LTI W R S .

separate, especizlly deep, widespread stratiform/layered cloud and large
- convective cloud masscs topped by dénse anvils of cirrus. - '
The thlrd possibility would appear ‘tc have an c.dvantage over the first
B e Inthat a nmber - of “eloud r\esponsaa wmld he available for cach plC‘.‘t‘UI’G
| . elemant, mcx‘easmg the possibility that worthwlule cloua 1den’c1f1ca‘tmn
' " could be based thereon. Tt would also appear to have zn advan‘-age over thg: |
second in that the full spat:.al resolution of the o‘r'lgmal D:Lcture 1nform—
 Hien obtained f*m '[th. Sa'tv_llltr: could be used for cloud mapplng and |

mcogratlon. Hcmever, the present Landsat MSS 15 not 1deally su:rted for

' :";E ' "Such an opemtlon hocause of the narmowness of its cover'agb of t‘ne v:.s.lble—' .
%% mfrarved rcglon of thc el‘.ctrmlagnetlc specrtmm the addltlon of __ o
g 'ﬁ o channel in the broad cd:mo"phemc window waveband in thcrmal mfrared (as | ]
) %é __planned for I_fmdf-‘at C) should 31gn1f1cantly help to dlfferentlc;te further
o Q% the spectral sn.gn tures for dnfferent c..tegorlns of cloud, the addltlon
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of a further channel deeper into the infrared region (e¢. 20-23 wm) might
‘help still more, especially in differentiating between deep layered
clouds and cumilonimbus topped by thick cirrus varieties. _- In theivr

* earlier work Barnes and Chang (1968), Gr'caves}and Chang (1870) and Lo

and Johnson (1971) cqncentratcd upon rather low resolution weather

satellite data when secking tc assessthe possibilities of multlspectr'al

cloud type 1dcnt1f1c:at1c»n procedures. Similarly Shenk and Holub (1973)

and S‘m_nk, Holub and Neff (1976) based their conclus:.ons on MRIR analysis,

and adxm.t"ed that then‘ proposed Cloud Type Doci. s.wn Matrix might be
expected to work well without further assistance and/or refinement only
over tropical oceans. We would like to think that some future satellite

System might employ a multispectral sensor system with a 'daiiy, global

- mapping capability and 2 resolution mere in keeping with the present

Tandsat MSS than the Tiros or Nimbus MRIR ~ but designed for simultaneous
Earth observation/atmospheric assessment purposes. It is pmbably only

in this way that 2 multispectral cloud identification system could be

~ Operated economically in the foresesable future - aconony of effort as

well as cost being significant when it is remembered that a brig‘hﬁiés's/

texture cloud identification scheme is well within the realms of practical

possibility, this suffering chiefly by comparison on account of the

resolutisn problem.

It would seem that considerable benefits might acorue to all concerned

- ‘were atmospheric and terrestrial investigators 1:'6 dﬂlabdfé‘éé more closely

in future satell:.te nglgn and opemtlom '(:he pmblems of meteomloglsts,

- OCeanographers and Farth resource smentlsts are, pe:r'h:xps not crly more
—Clﬁs:—.»ly mterr*elatecl 'than is comxonly admowlcdged, but more amenable to

| "soltrtlons wh: ch overlap cons:Lc.crc_bly even thnugh they mlc,l'rt no‘t premsely
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