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INTRODUCTION

 The First Quarterly Report (Barrett and Grant,'1975) stated tha”, in

the early stages »f this Study, attention was to be focussed on the analysis

of landsat 1magery cloud contents, and that con51derat10n of rainfall questlons v

;wasfto be left until later. oonseouently, thls Second Quarterly Report is

coricerned with the identificatlon_and description of clouds appearing in

~ landsat images of the British region. Although much detailed attention has

been glven to the 1dent1i1Cat10n~and descrlptlon of clouds portrayed by
meteorological satellltes (e.g. Anderson et al., 1974 Barrett, 1974,

Conover, 1962 and " 1963, Hopklns, 1967, Lee and Taggart, 1969),‘the present

}authors are unaware of’any similapr analyses of LandsaL MSS data. mhe tabul-

ation of criteria character1z1ng a reasonable range. of cloud types therefore

constltuted a necessary task in advance of, and in preparatlon for, the

‘ comparlng of Landrat and conventlonal weather observatlons.‘ In view of the

lack of any earller schemes, we- feel that our efforts 1n that dlrectlon '

properly constltute “31gn1f1cant results” ‘and should be ‘of 1ntcrest and

‘use to many 1nvest1gators whose obgectlves in anv way. 1nvolve cloud cover.

TECHNIQUES

In selectlng "cla551c" examples of dlfferent cloud types for cons1der-

‘atlon in- the compllatlon,of the Iandsat Cloud Phot01nterpretatlon key, the

follow1ng steps were taken:
(a) Numbers of Iandsat 2 70mm p051tlve transparen01es were lald out
.on large llght tables, and separated 1nto sets on the basis of
thelr domlnant cloud contents. The categorles used here were
those commonly employed in meteorologlcal satelllte nephanaly51s
:procedures (see Harrls and Barrett, 1975), namely'cumulonlmbl-‘ v
?form, cumulmform, stratlform, 1rr1form and stratocumullfcrm
ﬁuifamllless' | e
»-(b), The 1n1t1al.sets were examlned separately so that a‘suall numbervf
| ‘of 1mages contalnlng type examples of those dlfferent cloud
ﬁfamllles could,be 1dent1f1ed. . ‘ | |
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Landsat 2 coverage of the British Isles:

Tabulation offind101dua1 frames

: (Bee also Table 2 in Barrett & Grant 1975)
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III.

(c) The sets of type examples were vigwed on a microfilm reader (E.

Marshall Smith Ltd., Bournemouth), with X14 and X25 magnigiéation
. //'/
in order that-the finer details of the five basic cloud”#amilies

I
might be examined closely andtpoted. - &

(d) Representative examples of the five cloud families, and their more
important members evident in the Landsat imagery, were selected
for incorporation iri the photb-key.

At each stage JAn thlu procedure there was dependence upon prev1ously-

galned experlence 1n clﬁud recognltlon on metcorologlcal satelllte 1magery,,

i J

'and a.knowledge and understandlng of the pr1n01ples upon which commonly—

accepted cloud: cla551f1cat10ns.from ground viewing positions are based

ACCOMPLISHMENTS
The chief'accomplishment during the secbnd~quarﬁér'was the dompilation»

of a cloud interpretaﬁibn key for use with landsat imagery. Table 2 compares

f%he,resolution of ‘Landsat imagery with that obtained from other current

satellite platforms, = ,‘: . T ' u;;; “'

TABLE 2.

A comparison of the satellite systems viewing
the U.K. in the visible waveband in 1975-6.

 Satellite .~ Semsor . Sub-satellite = Frequemcy
‘ SR ' S resolution . of coverage
- Landsat }E Multlépectral . . c.80m :Efy_' » - 18-daily
R ' "-.-scanner (MSS) R : I
. DMSP i   fScann1ng ﬁadlometer, O.6kmN‘.' e Daily , 
R Very High Resolution - : - ‘
(SR-VHR) »
 7z‘Noaa o "  ,Very'H1gh Rebolutlon T 0J9km - -Dgily
: : '~,Rad10metcr (VHRR) IR - T :
 DMSP . Scanning Radlomotor,:-  3,6k | Daily
.- High Resolution : , : ~
~ (8R-HR) .
Noaa ',Soannang Radlometer :~f 4.5km  , ‘   o u*Daiiy'
AORR L V(SR) > s EERET :
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Since the Landsat data afiord a much more detailed View of cloudiness than
the other satellite systems whose data are readily aVallable to the scientific
community, the cloud contents<evident'in Iandsat images are of considerable
interest aod importance to’sevéral‘%roups of workers, incldding the following:

(a)l‘ Atmospherlc scmentlsts, 1nterested in the correot analysis of

meteorologlcal satellite data (with which the Landsat data can
be’compared), and in assessing the potential,benefits'whlch might
accrue were extremely high‘resolution imagesjavailable more -
frequently than from landsat 1 and 2,

(b). Earth sc1entlsts, concerned w1th the influence of agsregations of
:water droplets in the atmosphere upon the measured radlances from
various Earth‘surface’features, and the development of technlgues

to avoid. interpretation problems caused by’cloud cover (whether
opeque or transpareot, continuous or discontinuous) and associated
'Shadom.effects;_ E | | | » |

(c); ‘dberetional‘remote sensinglteamsg especially those usioé’eirborne

platforms, and requlrihg certain sky conditiohs in ordem to

‘commence specific missions.

The first requirement in~most cases'is a recognition of the types of

clouds present over a glvcn ared on &g partlcular occasion. The~complex

‘Iandsat Cloud Phot01nterpretatlon Key which follows in Sectlon v is de51gned

for use by any sclentlsts conoerned with cloud 1dent111oatlon, whether they

are professional meteorologists or not. It does not presume that other data

-~ are- avallable to ass1st or conflrm tne Iandsat 1ndlcat10ns. Thus'it willibe '

poss1ble later Ane the present study to use thls Key 1n comparlson w1th other

‘satelllte keysgand/or.ground~observatlons of-sky condltlons.b

The Landsat Cloud Ehot01nterpretatlon Key‘ls structured for max1mum

__flex1b111ty in 1ts appllcatlon and use. Pollow1ng Amerlcan 8001ety of
: Photogrammetry (1975) 1t is clear tnat the suggested scheme may be

o fdescrlbed'ln severalowayslf In‘terms.offltS'scope;~1t»may be descrlbed--

as a JOlnt Subgect/Analagous Ares hey, deallng as 1t does w1th spec1f1ed

~3=  REPRODUCIBILITY OF THH
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categories of clouds in a mid-latitudinal zone including oceanic and island
or fringe-continental areas; din terms of its treatment, it is a Sew’-
technical and Direct key involving a necessary minimum of technical meteoro-
1ogical téfms to characterise features immedidtely obvioﬁs in mueh of the

landsat: 1madery, in terms of its organisation, it may be described as a

Selective Key, arranged as it is so that the 1nterpr“ter simply sclects that

- example corresponding to the feature he is attempting to identify, with .

both Essay Kez and Fhoto-index Keyicomponents.
The Key is éompriscd of three separate, yet inter-related parts, namely:-

a)  The Short Description Key;
b)  The Detailed Description Key; and

c) The Photo-index Key.'

' Thc Short Description Key, for general use, is comprlsed of brief notes
concerning thg five basic cloud families and their more 1mportant members |
(most frequent/most widespread/most readily recognized on landsat imagery in
;vmid-latitude continental fringe regions) The,notes are baslcally descriptivc,

ﬂbut brief comments on cloud gene51s and synoptic context are also included

The Detailed Descfiption’Key, for more specialized usey is structufed on

" the recognition that there are twofbasically différent ways?iniwhiChksatellite-"
viewed cloudiness may bo»dbSCribed Although Vlblble 1magery from meueoro-

logical satellitcs mlght wlth profit -be approachcd s:Lm;Llarlyt the follOWing

’scheme has been devsloped to exp101t the spc01a1 characteristics o;;
Iandsat‘cloud representation,~especia11y its unsurpassed'detail, The scheme
IAifféfsntiates befweeﬁ:primary‘andrvecondarY’cioud féétﬁfés,‘namely:ii

i a)."Broadscale features of masses and/or agUregath of clouds;:;,e,i -

cloud fields, and

;;b),'“Smaller scale featurgs of masses and/or aggregates Qf clouds, i, e
o g

Y
X

1structural elements of cloud fields. i'sk \"Q>~ H

Althouoh it th bcen.w1dely recognised that sole clouds (notdbly those

ipf»the cumulnimbus and cumuliform familles) cun be described in terms of thelr

e




individual clouds (or “cellé%), problems have arisen in other cases (notably i

et

stratiform types) where the search for individual cloud elements is inappropriate.
, , o
We feel that our differentiation between cloud fields and the structural !

‘elements apparent within them is an advance over earlicr thinking since it
permits all cloud families to be treated alike. In cumuiiform cloud fields,

forkéxample, the structural clements may be individual cloud cells and/or Y

' clus%ers thereof, and/or obganizations of the same; in stratiform cloud
/ B

fiqids the identifiable structural elements might be stréaks, mottlings or

b%\dings which are evidencus of the meso~ and/or sub-synoptic scaﬁ% factors
1
Y , o , B W
whiéhmgsulpture the outlines and surfaces of those cloud types which own a
N : » : o ;
> %\ . .
dominantlywsheet-like appearance in plan.

~ The thto~index keyfilluStrates classic ekamples of the identified cloud

families and their significant members or sub-groups.
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IV. SIGNIFICANT R&SULTS

. The LandsathIOudfPhotointerpretation Key for Middle latitudes

INTRODUCTION

Satellite:=~

Sensor:-

 Imagery:i-

LANDSAT 23 launched January 22, 1975.

Multispectral Scanner Subsystem (MSS). This gathers data

by imaging the surface of the Earth in 4 spectral bands

- simultaneously through the same optical systeﬁ% The spectral

A\

bands are numbered from 4 to 7 inclusive. \\
BAND No. | MWAVELENGTH Qam) |
l ‘ 05 -06

5
i

Bands 4, 5 and 6Tus¢;photomultiplier-tubes as detectors; -

band 7 uses silicon photodiodes.
Although ths sensor's output is initially in the form of
continuous strips, NASA process’thé ima&ery into more manage-

ablé,outputgproducts.‘ This study uses MSS bulk pfocéssed,:

. 70mm positives. The image area~on this typé,of'prbduCt isi=

L

cross track ~ 55 mm

'in‘track - 53 mm

/ éhis‘gives 2 ground cover for each frame of appfdx. 185 - 176
1kilometres;_f
LiThe'S¢al¢'of;thése‘producﬁs is 1:3,369;000.' 5; ,

rTh§ reso1utiQn’is approx. 80m on the ground.

}Cloud-FamilieéffLE-geheral families Qf ciouds‘arevGOnSidered,,nameiyzéi

2. Cumliform

3. Stratiform

" 1. Cumulonimbiform

~ REPRODUCIBILITY OF THE
 ORIGINAL PAGE IS POOR
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4,  Stratocumuliform

5. Cirriform.

R
Wy

Four members of this five-fold primary division of clouds are further divided

\lample altostratus and altocumulus, are generally regarded as cloud genera

\

-in th“l! own rléht-
regard them as sub~-groups of the 5 Qldud families.,

below, together with the appropriate illustration numbers.

xﬂnto a number of members or-sub-groups. Some of these sub=-gproups, for

o
N
N

N

However, for most purposes, it is more convenient to

Sub-gréhpiﬁgs are showh

Family 'Sﬁb4Groqps Illustratioh
- Numbers '
1;;<f7 . (i) Cumulonimbué Plates 1 (a) & (b)
o (ii)’ Cumulonimbuswith Cirrus;:'  Plates 1 (c)v& (d)
2; (1) Cumulus humllls and Cumulus medlocrls Plates 2(a),(b) & (?)
(ii) Cumulus congestus |  Plate 2 (d)
©(4i1) Altocumulus Plates 2 (e) & (£)
3. (i) Stratus ‘Plates 3 (a) & (b)
| ‘(ii)_‘Layered s£ratiform (incl. NimboSﬁrétus)ﬁ Plate 3 (p)"‘ |
(iii) Altostfatus | Plate 34(551,- 
‘4,_f3.> (i) Stratocumulus Plates L (a) to (£)
5;  ';  (1) _Cirrus fibrafus Plaﬁ§'5‘(é) ’
o ‘;(ii); Cirrus spissatus Pléte 5.(b)
Eiii) -Cifrosﬁratus rPléte~5 (e)
(iv) Cirroéuﬁulusé?JH : Plaﬁe 5 (d)
 00hdehSation-frailé 

“{v)

~ Plates 5 (&) & (f)

Band Differén¢es;- s

As has been;noted above, the MSS observes and records harth radlatlon 1n

4 dlfferent wavebands.

Two of these bands (4 and 5) 1mage in the VlSlble’

portlon of the electromagnetlc sppctrum, whlle the others (6 and 7) 1mage 1n - .

e



the short-wave portion, or just into the infra-red. However, all four bands

are imaging reflected solar radiation only.

The main differences between the appearances of clouds in the four
wavebands arc related to the background brightnesses of land and sea surfaces.
In bands 4 and 5 both land and sea appear dark grey. Often, there is no
clear distinction between land and sea wh.re both occur in a particular
image, and the coastline is difficult to distinguish. In oands 6 and 7,
the sea appears black, whereas land surfaces appear much ' lighter (mid-grey

to pale-grey tones).

Such differences are significant for the distinguishing of cloud types
over land and sea surfaces. As a generzl rule, bands 6 and 7 seem to be
the more useful for identifying clouds over the sca, and bands 4 and 5 for
clouds over land. However, where extensive cloud fields occur over land
(which is consequently hidden) band 7 is usually the best as textural

characteristics tend to be enhanced herein.

In the "band differences' section of the detailed description key below,

the use of the term "LAND/SEA" indicates that these considerations apply.

8




Plate 1: Cumulonimbiform

(

0

) Curivlonimbus (b) Cumulonimbus

(c) Cumulonimbus with Cirrus (d) Cumulonimbus with Cirrus

REPRODUCIBILITY OF TII
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Plate 2: Cumuliform

(a) Cumulus humilis (band 4) (b) Cumulus humilis (band 7)

(¢) Cumulus mediocris (d) Cumulus congestus

(e) Altocumulus (f) Altocumulus waves




]
(a) Stratus (b) Stratus
r
(¢) Layered Stratiform (d) Altostratus
W
f
TP L5 oap ol

f
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Plate 4: Stratocumuliform

(a) Cells (b) Ripples

(c) Bands (d) Scallops

(e) Waves (f) Scallops and waves




Plate 5: Cirriform

(a) Cirrus fibratus (b) Cirrus spissatus

wn o Bl s w mwram 1 omun BB aa -
L e 0

(c) Cirrostratus (d) Cirrocumulus

(e) Condensation trails (band 4) (f) Condensation trail. (band 7)

REPRODUCIBILITY OF THE ,
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THE SHORT DESCRIPTION KEY

Te Cumulonimbiform

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

(i) Cumulonimbus

’These appear as large, very bright cloud elements whose shape varies
from subcircular to irreguiarQ Cloud edges are‘usually sharply defined,
often emphasized by shadows caet by these tall, toweping clouds or cloud
messes,' Fields of cumulonimbus,and theiincluded open spaces, may‘extehd
over brOad areas with individual olouds'organised‘into lines, cloeed Clusters

and more or 1ess‘regu1afly‘patterned open convective cells or honeycombs.

g , - ~ : S A

' Sometimes‘the cloud masses are chaotically distributed. They form preferen=-

tialiy over relatively warm surfaces and/or where the air is markedly unstable.

(ii) Cumulonimbus with Cirrus

Very bright‘cumulohimbus clouds are here'covefed whoiiy*Or in part by u:‘J'

_01rrus Whlch appears greyer and often has a flbrous texture. ‘Where cirrus‘

s present (1ndlcat1ng upper level condltlons not conduclve to a contlnuatlon
of vertmcal cloud growth) tne summlts are 1nd1st1nct apd marglns are ill-
deflned e.g. where vertlcal w1nd—ohear causes 01rrus plumes to extend beyonde”'

the cumulonlmbus towers. Flplds of: cumulonlmbus w1th 01rrus are often

: :exteps;ve‘espe01allybwhere merging of 01rrus anvils occurs,»wlth little -

cloud-free space between;p Stfong ihStabiiity ié,indioeted;’oftenbop‘exposed

. slopes where orographic and meteorologic factors erhance each other, or

. along powerfu;kcoldffronts»orfsquelljlinee. :

;k2.'p;Cumulifor§37

~(4) Cumulus humilis and Cumulus mediocris
These”inVOlﬁe Small cloud.elements,'geﬁerally bright to'very bfight in - o

tones These may be" c1rcular, sub-c1rcular or. eregular 1n shape. They often

Vfoccur 1n fleids of 1rregular1y'spaced elements, but may be organlzed

i;)characterlstlcally 1nto open co:nvectlvh oells or. streetﬁ., The edges of the

"summer, when these ‘are fair weather clouds over land.

flelds often 1ndlcaﬁe dlstrlbutlons of surface heatlng patterns, e.g. ino o




Coand o

3. stratiform . .

(ii) Cumulus congestus

'These somewhat larger cumulus clouds are frequently found in conjunction
with cumulus humilis and cumulus mediocris, where towor cloud growth is
locally more advanced. They are very brigat, due to their greater depth.-
The eages.ofathe elements are sharply defined aﬁd oﬁadows from these clouds

are often visible over land surfaces where the background is of llght to

AR
7

medium tone. R .‘; ‘ . '/“
(iii) Altocumulus

Being somewhat higher clouds than those of types (i) or (ii), the small

grey elements which are characteristic of this generally shallow,oloud type

are often seen overlying lower cloud masses. They occur either din irregular

fieldS»or'organized into narrow; parallel hands transverse to‘the"wind flow.

'The,latt ar. organlsatlon produces "waves” when v1ewed on the landsat 1magery -‘

these are often orog apnlcally 1nduced_lee wave;clouds.

(1) stratus
bfThis forms generally”eytenSivé cloud‘sheets pOSSessingilittle‘or no -

1nternal organlzatlon v151ble on the Landsat 1magery. The fields are

.ﬁ‘usually brlght though edges of shoets may show tonal varlatlons. Théy_v

1nd1cate m01st layers of alr'at or near the Earth s surface and may'conform ‘

more or less closely w1th topography or coastllnos (lowland valley and

v, coastal fog)

(11) Iayered Stratlform i

A gonerally brlght or very brlght cloud fleld,_con51st1ng of a number

1kiof 1ayers which usually form contlnuous sheets when v1ewed on. Landsat
E rlmagery. Usually frontal in: orlgln and often extendlng over w1de areas.f
*:fbome texture is- v1clble as a result of changes in thlckness and/or shadows

i cast by hlgh@r structural eloments._ Tho 1atter may 1nclude stratus nlmbo-f T

stratus'and altostratus.mr
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,”transparenﬁ.'

‘ reldted to turbulent processes.

which are visible when the

'“.fappearance, lts texture is comparatlvely smooth.

(iii) Altostratus
This occurs characteristically as extensive bands or sheets. Bright

appearances~prevail but small tonal variations are common, related to changes

" in thickness of the cloud ficld which is more usually'traﬁélucent‘thanJ

The texture may be smooth or fibrous. Altostratus'indicates

w1despread upllft of moist air, c.g. along warm fronts.

4,  Stratocumuliform

Thésezfarm extensive Sheets'or bands with characteristic cellular and/

or subnllnear sub-structures, although a w1de varlety of etchlngs occur -

These olouds are anticyclonic, formlng when low-level convection is over-

ruledﬁby widespread'subsidence.

5. . Cirriform

AhUsually'af"thin",dull,cloud, this oftenjo?erlies;loﬁerlgloud fbrmétions‘

overlying cirrus is translucent. There are

' several distinct varieties.

(1) Cirrus fibratus
This is a‘thin,kgféy_cluud;ttypically showing a fibrous texture; it

is often found in &ssociation with Cumulonimbus towers,.and along the

"<leading ¢dges of warm and Qccludiné;frontal bands of cloud.

P

(ii) Cirrus'spissatus
This mayvform exténsive sheets or'bénds. Often opaque and whlte 1n '

It may be found at or near

l:ihe leadlng edge of a warm or occludlng frontal band of cloud

(111) Clrrostratus .

‘Typlcally formlng brlght shnetu or bands of clouds w1th a flbrous

‘; téxture,bthls 1skqften‘assqcaatedaw1th advan01ng warm;orjoccludad fronts.f

-1

Brlghtness is varlable from.medlum to bright.




i , i ‘ (iv) Cirrocumulus
o i b ; .
Rarely seen; cirrocumulus is composed of tiny, dull, translucent
f; cloud- ¢lements which give the cloud field a finely mottled appearance.
¥
‘ (v) Condensation Trails
: These appear as thin, dull grey, straight lines or bands,’usually of
[{' ‘g : considerable langth, They often;form criss-cross patterns when. numerous
;| ~ R . L ‘ ' : '
%» 7 “trails are present, indicating considerable moisture through depth in the
f middle and/or upper troposphere.
.
%
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DETAILED DESCRIPTION KEY

1.  CUMULONIMBIFORM -

F

1

(i) Cumulonlmbus

o

Nature
Size

- Form

Brightness

Texture éf

Each Element.

Organisation
of Elements

“Band e
‘Differences

 Bize

- Form -

\ iy

Structural Elemehts
Individual cumﬁlonimbus cells

10 - 20km, across longest dimension,

v Sub01rcular generally, some elongated into oval shapes.

Well deflnud marglns.,
Generally very“bright. Oc0451onally the structure of

individual elements causes shadows tc be cast down‘onto :
lower portlons of the e tall towerlng clouds. In'the§§
instances. the shadlng of portlons of 1ndi&1dual e1ements

helps to enhance their towering appearance.

BRI

Uniformly smooth; _some texture seen when shadows cast - -

- as noted above.

f,wéasés”thé iields'may beidominantly 6ver land (Sﬁmher) or -

or open, cellular patterns.

Ind1v1dual Llnments may be organlsed 1nto ClOSud clusters,,vv

with overlapplng margins (whlch may cover extensive areas), -

Thesg‘patterns may be honey—’_

,combsibr’iines (wheére the cells are more regularly spaced),
: vor chaotlc dlstrlbut¢ons (whero the cells are less regularly

'upuced)

4,546 very similar; 7 shows more3éhédbwf which enhances -
cloud Stfdctures.,’
Cloud Fields"' '

May be. 150 km. ar moru xcross. -

: Plelds oi cumulonlnbus are often rolated to rclatLVely

Swarm surfaces, thebe promptlng convectlve 1nstab111ty

' under approprlate vertlcal'prqflle COndltIQnﬁj ;n’such ‘ :

» . 3 b . S ¥ [n
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{ii)  Cumulonimbus with Cirrus -

g8 , &W:}?ﬁﬁﬁg"“ - R T
REPRODUCIBILITY 011;‘ q’(P)%E
ORIGINAL PAGE IS sea (winter). When related to the state of the atmosphere
\'\ . i ’
E alone they are characteristically elongated (fronts and/or
) squall lines) or irregularly-shaped (e.g. trailing cold
2y ! :_,,._44;‘”—: ’
2 ~ soctors of depressions).
- Brightness ield br1gh+nfss depends on thu organlsatlon of thu
i individual glements. Gvne‘ally, the: closer tne spacing of
the cells, the brighter the flald, as a whole, appears.
Texture Similarly depends. on organisation; and may vary from a
smooth, ektensive cloud mass to a mottled, open texture.
Band - ‘
lefer@nces ¢ LAND/SEA

Nature

e

Size B R

Form

'Brightness,

SN

:Tsfruétufal Eiemehts

ihdividual éuﬁuionimbus cells, with cirrus pluﬁeé. By

10 ; 20 km. achSS~long§st dimeﬁsipn.

Subcipcular generally; mafgins iil defined, éspecially
whére'thebcirrus‘is'dense and;blohh out from'the’top Qf,
thekcumulonimbuS‘tOWera' This leaves aﬁ'indisfinct,:diffusé

edge "

He Very brlght. blrrus, wherc ektendlnv buyond the 1nd1v1dual

v cumulonlmbus towcrs, may appear duller. Ind1v1dual tcwers

are often seen as brlghter ulements through thb duller,

o transluccnt Cerus.

';Texfufe,

'Ofédﬁis&tion
-of Elements

: ‘thtlp structure is scen in 1nd1v1dua1 Llumonts, Wthh B

’ »appear smooth Clrrus;plumes mqy hanra;flbrous‘texture.~"

: Often OrganiSed into,Closedﬁcluéﬁérs, which may cover,"'

ap exten51Vc areas especlallj where c1rrus plumes from Sl

o :fBand .
~”4'D1ffbrences S

jﬁlnd1v1dual towers mprge to form one ClLTUo sheet

kBand 7 uhOWS Breatcr texture and structure 1n thu c1rrus

: “lemenbs' A '"'fﬂ;j“!3; f2 ?:1f;HM';V;'M i

el
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h Size o : Very‘extensive, may be 150 km. or more across.
A yzggg i H Cumulonimbus’wifh cirrus anvils normaily evolve out of
cumulonimbus clouds by a continuous process of transformation.
Condg%@ggg undor which these clouds occur are theré%ﬂre
similar to those which afe favourable for the development %
, of Cumulonimbus. T o |
%{BrightﬂeSs : Very bright. |
 Texture : Smooth. Cirrus pluﬁes, where‘merging,'may:be,diffuéé:and'
i ,7 o ’ - . show affibrous texture. |
| . Band i
R Differences : Band 7 shows greater texture and structure in the cirrus :
élemeﬁts;' | Cor R
| 2. CUMULIFORM
‘,‘g o  ¢‘; o ‘(ij4 'oCu§u1u$’hﬁmiligigﬁd,dumuluébmediocris
% i  AStructurai Eiéﬁents 1‘ ‘ : ' : | . kb'b w: 'ﬁ
é : Nétﬁoe,?  . E: Lihdi&idﬁal cumuius cells; N |
'i . ' giggyb f, : “':j Generally 1 to 5 km. across the longest dlmen51on,\§9me humullsi
% ocells may be smallcr down to the limits: of the Lands&t
; - resolutlon. : , f’ 2 k o~i_',i'i5 “ i 1‘jffii e _ ¥f §
f : , : S T : I . : 3
 § S s Form‘k'k : 3 Varled may be c1rcular,_sub~01rcu1ar or 1rregu1ar. mdges o i €
% ’ ’are generally sharply deflned.: There maJ be some small ?%
; wshadows cast onto the ground 1f vertlcal developmentvls n;. =
f%ét ;'l:o:o :iﬁrighﬁnééé;i:?{:V Br1ght to very brlght tbe cloud edge on the 51de away from-  ,- :
.Fé i e vivthe sun is often marked by ground shadow (if over 1and), ; 7 ; o :f}fté
iwhlch contrasts strongly with the cloud 1tself.':f 7 :1‘ ;;:"FISF 1 
¥ jTeX$urefk i;'Generally no- Lexture is seen 1n 1ndlv1dual.elements; wh;oh | ‘g(!
'; | ’a,aPpear smooth If vertloal development is marked Vas in S f
i kﬁsome larger clouds, then ghadows caused by hlgher portlons of {f
;‘a cloud are scen oﬁ lower portlons._ Thls glves a iﬁlntly
- mottled appearance to these clouds, |

=l
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Organisg’ ion
of Blements
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oDUCIBILITY OF
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G

- Band
leferences

Size

Y Form

- Brightness

Commonly ocecur in irr¢gularly organised fields,

individual or parallel lines, or uniform, open cellular
patterns.

Lines consist of individuai Cumulus humilis and mediocris{i

elements. (They_may-aléo_contain,Cumulus congestus). A

field may contain 50 to 100 lines, with the spacing

between the lines varying, but generally it is similar in

‘magnitude to the width of the cloud lines, or slightly

larger. The lines may be straight, or gently curved, and
may occur over either land orsea.surfaces.

Open, cellular pattcrns are formed from various. Cumulus

‘subgroups whlch cluster tOUether to form honeycomb patterns

often covering extensive areas.

LAND/SEA - very marked.

Cloud Fields.

‘Lines:may be 100'km;_or‘ﬁore io length, and one field

. may coﬁsisﬁfof numcrous (50+)’iines.b Open cellular

patterns,and;chaotic distributions‘may,cover wide .areas,
often the whole ef~ar s1nglo image.
bonvectlon processes are resoon51ble for Lhclr format:on,

1nd1v1duql cells formlng in the thermals as soclated w1th

'1nsLab111ty in the lower troposphere Thls 1nstab111ty

: gmay be duc to surfdce rccelpt of solur radlatlon, and/or

warmlng of the base of a cold alr mass by passage over a

s,relatlvely warm surface. Therefore the marglns of’cumulﬁs il
flelds are closely rclatmd to surface hcatlng patLGrns.'
,o,Vaflcs, dependlng on thc spacmng of thn cloud 11nes or -
- cellulap patterns and also thc background (land or sea)

':;ueneraliy, the closcr the clements, thc brléhter the fleld.i'

L o
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Texture

Band
Differences

(ii) Cumulus

EAEC R R AT S e AT SR SRR T, A T R - Eb R

Non—uniform, an alternating pattern of white and black or

£y

dark-grey; regularly repeated in thé case of lines,

irregular mottling in the case of open cells.

.LAND/SEA - marked.

..

Nature
Size

Form

Brightness

Texture

Organisation
of Elements

Band i
~Differences

o Bdze

congestus

Structural Elements. k"

" Individual congestus cells.

10-20 km. aCross’longest dimehsion.ix§

: Varied:may be circular, sub—clrcular or irregular, Edges
~are sharply defined and ShddOWS cast on S1do‘.way from the
:sun. \ '_‘ RO i |

: 'Usually v~ry brlght méy be some shadows'oast on lower

portions of an,élement if vertical deveéopment is marked,

hence darker tones occur. . Ck

i

©es

Little on individual eleme ents whlch appear unlformly smooth

except where shadows are cast

.

Commonly found in dSSOCl&thn w1th other cumulus subgroups.
'Nay occur - in lines or open cells, marklng locatlons of

. locally enhancud Vsrtlcal development

LAND/SEA. Bands 6 and 7 show more marked shadows on
'individual clouds than bahdsf#'aﬁd~5. ~Shadows cast over
‘land by 1nd1v1dual clouds are more marked in bands 6 and

yv7 than bwnds 4 and 5

Cloud Fields.

variable, usually oongestﬁs eisments are cOnstituents of

e

5%;‘1arge cumullform f1 lds (contalnlng humllls modlocrls and

“ «ometmmes cumulonlmbus clouds) which may covcr oxten51ve-

‘aroas. :

17




Form ¢ Normally found in associ;%ion with other cumuliform and
. : ‘ | cunulonimbiform varlebles, buing an intermediate form between
the less well dLVLlOpCd cumulus warieties, and the more |
advanced development of cumulonimbus. They are therefore,
similariy associated with sﬁffacc heating patterns. |

o

V‘ 'BrightnéSS : - Very bright to bright, depending on the spacing of cicments

in the cloud field. R
’ Texturé ¢ Irregular mottling prevails when clumcnts are arranged
: ; X //w
%5‘ Clingarly, bands ox strlpcs oceur. Q@
v Band . e - o
" Differences i LAWD/SEA. || o~ S

P
‘\

S gy
\

ESY
e

* j (iii) . Altocumulus i
: / ' e TR S §tructurq1‘E1$menté,v ' : | .
% Size : ¢ Individual elements difficult to distinguish; generally -~ .-
ﬂy . S : - Bmald - 1km,.or less;
Form oE Generaliy erngu ur, edges may be diffuse W1tn cirrus
i smudging common. S | | :
Brightness . Générally grey; -may be white where thin cirrus is above.s
Texture : Not dlutlngulshable.
: Organisation ER L LT e o , - . DR o
ml of Elements @ Either»irregularly spaced, or found in narrow parallel L e

bands whlch are often 51nuous and generally perpendlcular
to tho dlreotlon of wind flow at the cloud leVLl. There may

be 1O or 15 bandu in & spaCu of 30 km., w1th unlform spa01ng.

C.Band o : ; ' SO '
' lefercnces” g: IAND/SEA. Band 7 Lends to- show or«anlsatloﬂs oi elcments

better thkn bands h “nd Dy 0°PU°lally whwrc thln c1rrus_7ff"3 ""ﬂ

OVerles thc qltocumulus.

:Cloud Fields

aiégééiif1' _;','} Irregularly snaced uleentS m;y fcrm falrly =xﬁen81ve fields,; '

rovcrlng wn.arca w1th ‘the longest dlmeﬂs10n approx. )Okm.‘,

IS

Pardllel ba nds may be 100 km. or morb in length (1n tha

| pany 18-
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Form

Brightness

Texture

Rand
Differences

(i) Stratvs:

st

Nature.

Size

orm .

 Brightness

Téxture

e

3. STRATIFORM

Cee

C e

Tles

Bl

dirvction parallel to the bands) and the distance across
tne bands may be 30km.

Pields of altocumulus indicate unstable air in the middle
troposphere.  Tften the‘fields are clbsely related to
topograyhy, bging #isible gvidence of orographic wavess
These are triggered by local orographic lifting. Tb~ cioud

waves generally 1lio transverse to the wind direction, and

may extend considerable distanc.s downwind, forming extensive

bfields.
Generally grey-white where overlain by cirrus. -
where’elemeﬁts are irregularly spaced they give s "lumpy"

appearance. When in bunds s they avpear as smooth waves or

S
ripples. - : : 4
2 » ' . ﬁ/
LAND/SEA, '

‘Strﬁétural’Elemehts

'Strgakg, mottles, bands,

Variable, from small, irregular movbttled areas, to extensive

~gstreaks or bands which may be 1OOHkm.‘or‘mora in length,

and bonds may be 50km. or more wide.

Variable; mottles may be subcircular or irregular in sheps,

streaks are normally long and thin and bands are often long

and broads,

Bright, usually white. Oceasionally grey if bhe clements

are. thin, ‘

cdw

‘Unly slight tonal variations are visiblefandluéually the

glements are rather indistinet.’
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Organisation

of Elemeits

Band

Differences

‘Size

Form

Brightness

. Texture

‘Bandr’

Differences

(ii) Layered

't Usually bright;

SIS A b S T SR St At S A i L L S Ch At A

: Stratus fields are generally amorphous sheets with little
or no internal organisation. They may be comprlged of
very few elements, or a great number, e.g. a large sheat

. \ “
may contain a few band§ or many streaks.
‘ e o f
=

Individual elements are seen more easily in band 7 than

'the other bands.

Cloud Fields,

wholc frame or. more.

.e

May cover a

e

The dezelopment of‘stratus'fields is a result of cooling
in the lower troposphere, énd'the shapé.of ﬂhe fields mayj'
be more or less stronglj 1nf1uencad by topography, coast-

lines dnd wxnd 1recblon, for example, leley or lowland

i

fog, or fog formed ovcr the sea and adv;cted over the coast

-/ by an onshoru‘wlnd.
edges of a sheet may show varied tones

where the elements become thinner.

: Usﬁally rel&tivgly smooth.

Difference of tones enhanced in band 7.

.Stratifofm~b

Naturej;

- Bize

Form

. Brightneéé

Texture

.. :

* Structural Blements

: ‘Strédks, mbttlés, bands;
;; Varlable, from small mottles to long utféaks and wide bando.
»/Mottles may be sub01rcu1ar or 1rregular' ands are generdlly

w1de and stralyht w1th Qtreaks belng long and thln, gently

curved or stralghb.

:'-Very,bright.

‘Irxegular tpxture may ccour due uo the cagtlng oi shadows

'bv soie Llumuﬂts at hlbhyr alﬁltudes.

e

[N

LERT

RN RERE



JL R e

Ay

o

2

NN T R, L s e L AT L e TR TR R e T e m e

g

Organisation
of Elements

Band
Differences : Band 7 proviies greater detall of individual elements.
Cloud Fields.

Size ;  Generally extensive - 100km. or more across, even 1000 km,
in length.

Form : Usually frontal in origin; therefore the shapes of the

- cloud fields are rclated to synoptic-scalc weather develop-
ment rather than more localised factors, and are charactoer-
istically broad, more or less curvilinear bands where fronts
are active; broken, disconbinuous and/or amorphous p=tterns
where fronts arc dissipating.
",Brightness ¢ ‘Bright tofVery briglt.

Texture :  Irregular, due to changet in thickness and casting of shadows.

Band : _ o

Differences : Band 7 reveals textural differences more clearly.

e (d4dd) Altostratus
: Structural Elements

Nuturqv Streaks and/or bands.

Size ’ 5 GenerallykextenSive.

Form ! i Streoaks or bands may be in straight lines or gently curved.

Brightuess ;- Bright.

Texture

| Orpanisation
of  Elements

Band
~Diffe¢rences

A variety of alements at different altitudes are character-
istic of this cloud type. The clements may include bands
and/or mottles of stratus and nimbostratus (where rain is

falling) with streaks of altostratus above.

¢ Smooth, or fibrous.

‘Generally form extensive sheets or bands.

¢ Band 7 shows slightly‘more texture (if presont)(

Py




r o o - ‘Cloud Fields

Size - G Very Extensive - may cover a tcomplete frame.
—— , . |

Form . :  Usually pelatedé%o‘Synépﬁic-scale weather factors; \ major

cansation is the slow ascent of extensive layers of air to

= ‘;1 : N _ sufficiehtlyﬁhigh levels for cohdensation to occur. This
’“ﬂg ‘ , ‘ - frequently habpens along warn and/or occluding frontal

I ' Lo , , : ‘pléneé; | | |

7 Brightness " Bright, ﬁhpugh may éhowitonal Variatiéﬁs due to changes in

: : ffhoy
P ' . “thickness.
T = -

: L b , . : : ‘ . -
g . Texture ‘Fibrous generally. , , : , Ly

.z

Band : , : s
Differences : ZEmphasis of texture in band 7

L4,  STRATOCUMULIFORM

S maE

(1) Btratccumulus

 Structural Elements

“Nature . ‘;-'Mottles, streaks,:,

Size - i Generally small. kottles are usually 3-Skm. across, though

they are occasionally outside these limits. Streaks are
ugually narrow, less than 1 km, across, and may be a few -

< . ‘kilometres in length.

= ¥ Form "z"Mottles take a wide variety Qf_ahapé&él%hey may be irregular,

subcirculgr‘or'circular,_ Streaks:arefstraight or gently
’5vcurved.'v R R EE R f w L B .
Brightness i_&Véries - from dull grey to bright, depending on”tﬁe”depth

‘of the cloud and the sun elevation angle. 4s the latter -

 increases, the brightnéss_generally increases. . . oo o

Texture —  : Streaks are usually smooth.  Mobtles may show sone fine,

irfégular’texture'dﬁe to tonal Gafiations,cauged by their

" uneven upper surfaces.

-
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d i o Organisation : - : ,

! E : ' of Flements : Groupings of structural elemefits may be identified at two

I T ‘ o .

ﬂ »-;3 B - levels of gggregation, At the first level of aggregation,

A ¥

the formation of more or less closed clusters (consisting
m , o 0 :
of perhaps 10 to 2o,m¢tt1es or streaks) is common, These
‘ i
prlmary grouplnbs are then further aggrg atud to form bands,

voheetq or ocallop shapes, whlchémay éx%énd over large areas.
o S _ ,
~ Band S R I : : TR R

Differences : LAND/SEA; = band 7 enables the'texture and organisation of

the elements to be seen more easily.

Cloud Fields -

‘Size .t Bxtensive - may cover a complete frame, or a number of

'consecutiVE frames. =

oy

‘rlelds of- stratocumulus arc assoc1at;d w1uh larbe bcale

i

i e -~ Torm
| ) PARTI ' 8
i o S , 8 : : SubSIdGHCL to the level of the tops of the cloud flclds ‘
. | under antlcyclonlc condltlons. The cloud glements are

formed by lower level convect1onAand etch d by turbulent

,vbprooesses. The dlfferent Spdtl&l or5anlzatlons and

texturus 80 cnaracterlstic of th;s cloud famlly are not

s

i Lo Si :' - wholly understood at the prpbent time, but are probably due

§" Foouin : L to the 1nteract10n 0¢ partlcul r synopt1c and. sub—synophlc 'ff

‘scale factors.

s Brﬁghtness Médium to>btight,‘depending onﬁclbﬁd thickneSS, brganisafidﬁ

 andisﬁn4elevation angle} Generally, thlcker more closcly
5 ';~v‘f«5v  S e ?kk‘jspaced flelds appedr brlghter.‘l‘v
- Texture L Cloud fleld texturbs are numerous -‘a result of the w1de

varlety oi olement orgdnl atlons at two leVels of abbregatlon.” =

TR  , ; i s v‘ ‘~They 1nclude more or 1ess flne HOttllnéS, scallops,

’,”“caullflower“nllke texﬁures of certaln ClOabd Cellular

 organ1sa+1ons and rlpple»llke teAtures when aands are»

;arran&ed inh rows.

23




Brightnsss.

Brightness . :

“Texture

Organisation
. of Elements

Band
Differences

Size

Form

Texture

Band

Differences : Band 7 is ogain most useful in discerning textural and
organisational characteristics within cloud fields.

5+ CIRRIFORM

(1) Cirrus fibratus

Structural Elements
 'Naturg : Streaks or fibres.

Size ¢ Variable in length; from a few kilometres to 50 or 100 kms.
Ge nerally narrow in w1dth being a few kas. at most.‘

Form . : Usually stralght;or gently curved.

Dull grey and transluéent; mey be brighter, white tones if

thicker and opaque.

 Smboth.

; ' ~ - ‘ ’ ) RS N
;- Numerous streaks or fibres may be organised into narrby or.

wide bands, and occasionally enough elements may be present

to form an amorphous sheet, 'Thin‘streaks or,filaments‘ma;

. sometimes be seen lying transverse to the major cloud axes.

LAND/SFA.

Cloud PlbldS

et e e eaarte

May be extensive, occurring in diffuse sheets.

‘Where blown from cumulonimbus towers, fields of cirrus

fibratus will be related to the organisatibn of the towers

. rand-the direction of wind~flow'in'the upper troposphere. I .

e

-
.

related to an advancing fronﬁal system, the cloud field

shape will be dependent on synoptic factors.

Usually dull and translucent, revealing“lower~clcud formations,

~ which appear as brighter patches in the cirrus fisld.

Ccmmonly’fibrous_ortbanded.;

=Pl
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Band

Differences  : LAND/SEA; in band 4, cirrus appears slightly brighter,

especially where the cloud field is thicker.

(ii)  Cirrus Spissatus

Note:

L
2

Ny

b

i
7

It ds-not possible on,LANDSAT‘imagery to identify séperaﬁe_structural-

elements and therefofé thé,structﬁrai Element-Clond Fields-Subdiv-éion is

not used.
Nature

 8ize

‘Brightrness

Texture

Band

Differences . :

 19,

Amorphous sheets or bands.

i Variable frkom‘ small patchés, t‘o‘ extensive sheets eictcnding,

over a complete frame or a mumber of consecutive frames.
In géneral, the comments applied to cirrus fibratus applY"
here also. If found chaotically distributed, this may be

related o cumulonimbus towers which have now dissipated;

‘here the field will bear some relation to previous:

cumulonimbus fields.

Bright, usually white in appearance.

: 4Smooth.

':Eand‘V éh§W$'slightly more'texture iﬁ'the‘éloud~fielé;'

especiélly~whére the cloud may be thinner,'éﬁd‘léwer olbdavj,

layers may becoms visible. .

'(iii) . Cirrostratus

 Nature

“Size

- Form

':Brightnass'

- Texture

Structural #lements

Streaks or ban&sr

.w\/ariablé ... ‘may be c':l fow or many kilom_é'ti"(}s 11’1 length, but ﬁlI‘,e"
~ usually narrow, being Onlx;éffew;kilometres'Wide.‘
. Straight or gently curged.

s Medium grey tqywhite;usualiy’opaqué..‘

Rather smooth.

~25-




Organisation
of Elements

Band
Differences

Size

R . Form

- Brightness -

Texture

Band 1
Differences

EC Rl a0 s oBEE TS S SO ., T, 7

.
.

Variable, usually extensive.

The ‘streaks of bands are usually closely arranged ‘to form

wide sheets or bands, with little or no space between the

_elaments,

.

‘Somewhat brighter in band 4 than band 7;_'

Cloud Fieldé

Usually frontal in brig;n, forming bands ahead of the surface

ahead of altostratus).

‘positions of the frontal planes (behind cirrus fibratus,

Usually bright, pale grey to white tbnes. Iif fhin,,may

be translucent revealing 10Wer”cloud:as brighter patches}

:  Commonly fibrous, with thin bands or streaks.

Band 4 is generally brighter; band 7 révéals'gféater'

textural detail.

f E ST 'Nature,

. Size

- Form-

; N RPN Texture

TN ot A -
*

&ﬁg,wwﬁr

Organisatioﬁa
of Elements :

Brightnsss = 1.

¢ Smooth. j&v‘

" Differcnces

© (iv) Cirrocumulus

Structural ﬂleménts'_

“Small Qells..

'BOO‘métres to 1 ki%@metréraéross.r

Tach cell is ¢ircular or oval shaped.-

Dull grey, tfanslucent‘f

i

5~Cl¢sély'spa0ad cells in-an irregularlygshapéd7fiel&,

form bands with diffuse cdges.

Mayi; 

LAND/SEA;  eloments appﬁartslightly brighter in band 4 thanfv

band,7f,
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Jriaanis e

Size

Form H

Brightness

Texture

- Band
Differences

Cloud Ficlds
Field may be 50 km. Or more across.
Generally patches of restricted;ektent.ﬁ Sometimes ahead
of surface frontal positions in the cirriform zone. A
, A ,

rare cloud type.

Dull grey and translucent. Lower cloud forms may ve seen

as brighter patches through the overlying cirrocurulus.

The ficld presents a dappled or rippled texture..

LAND/SEA - band L is brighter than band 7.

() " Condensation Trails
g Struétufal Blements
Nature - : Stréaks or bands |
Size Tndividual streaks may be 100 km. or more in length. They
are usually very nérrow, perhaps 1.or 2. kma. ‘widé at’most.’
Bands may be of éimilar léngth, bﬁt~are usually bfoadér,
' perhaps 5-20 km.. wide. R |
Form -+ Streaks are usually straighf,lines'wiﬁh shagp,edges, this,
straightness being their most readily identifiable |
‘characte:iStic. Bands are usu&lly'sﬁreaks‘which haVe beeﬁ
>drqwn out. by wind’shear,yand their mafgins,afcvtheféfore;‘ 
" not a0 sharpiy dgfined.r
Brightﬁess ; Lgle tg medium gfey tpnes.
Téxtu£e7 Streaks arve smooth; bands may show fibrous or feathery
| ktexturé., | | | | : - 7
Grgahisation

of Slements - :

Band

Differcnces

When mumerous trails are present, criss-cross patterns

 form which appesr like irrugularly”spaced grids;‘

'lAND/SEA;,kband b4 is‘slighfly brighter.

-
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L Cloud Fields
f 4T, . 8ize i Fields of condensation trails may extend over considerable
‘} aréas,vbut there are often extensive gaps between individual
o ‘
A : clements.,
3 ‘ A -‘
g Form terfelated to patterns of aircraft movement and wind patterns

aloft when conditions arc suitable for their formation;,

 Brightness'

: Usually dull grey,; due to large spgces bétween individual
elements.
Texture . TFeathery or wispy appearance if bands are present; if
streaks dominate then an irregular‘grid'pattern occurs.
Lo . : : '
A R . Band - : o ‘ : ' :
B i Differences : LAND/SEA - band 4 is usually slightly brighter.
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SIGHAL PAGE B E00R
In the First guarterly Report it was observed that the Landsat 2 MSS

PROBLEMS ‘ , ; uaﬂwvnyGigt,yrﬂ OR TI'Y,

coverage of the British Study Region as provided to the Principal Investigator
obmpared badly with dinitial expeéfations in two ways. Theée may be |
summarized as follows: |
(1) = The coverage of the Study Region during the'first ten Landsat cycles

Wo.s vury.fragmentary and incomplete; and
(2)  The covefage anticipated from a specific cycle was not known fof any

occasion in advance.

If anything,‘the data'received for the next five cycles have been

 vevon lcSS oomplete. Indeed, only 9 framus have been received by the tlme

of writing for landsat Cyc]us 1j 15, coverlng the purlod from Suptember 18th-

November 10tb 1975. It is to bb hoped that thlo dO“S not indicate a trend

of dlmlnlshlng returns.‘

On the éther<hﬁnd,’we h.ve received 39 additional frames for iandsat
Cycles 7,8 and 10 bringing our. total archlve for the pbrlod from March
22nd - Aurust 12th, 1975 to 219 from an estima bad pOSSlblP m4x1mum of 560

Consequently5~it is hoped that our current holding of 32 frames from an

'restimafmd'mdximum of'EBOiframes for Landsat Cycles 11-15 may be increascd

by late arrivals.

: It is hop»d that the problcm of not know1ng Wthh&r thb apefécorder
on the Satellltc is to be swltched on for a glvan pass or not will be over-

come for at.least one or two future passes by prlor‘arrangement w1th NASA.

‘ ThlS w1ll endbie us to mqke pl%ns for the acqulsltlon of more SOphlSthdth

in situ measureﬂsnts to ¢id our 1ntbrprot3tlon of the i magery. Such

measuremcnts would 1ncluda weather radar ohservatlons from the Hoyal Fadar

'.Lstabllshmunt at Mwlvern, Hereford and dorc:stpr and'cioud‘droplgt size

: pectra obtal ed by rusearch alrcraft attqchbd to the afitish~Météorolbgicdl

 Office. A»formal request that such an_arrangemcnt~might ba;made»has‘bu@n’

. lodged by the Principalilnvestigator‘with‘his1T¢chﬂi¢al'ﬂmnit0r;"'"
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VI. RECOMMENDATIONS ANDﬁCONCIUSIONS

The Landsat Cloud Fhotointerpretution Koy prescnted in this report
should bé of immediate interest and use to the meteorol;gical community
~and other Landsat investigators. lowever, it will be of significénce also
to those¢ concerned with the planning of future satellite projects, most
Qf which will almést égrtﬁinly provide higher,resolutibnkdata than thedir
'current counterparts or ﬁreéursoré. It seems to be acceptué generally that
réso}utibns of 1.0 - 2.5 kﬁ. are adcquatp for meteorcological satellite
operations in the forééééablu future} sensory systems on fufurc polar-
orbiting weather satellites like Tiros-N (1.0 km) and on geostationary
 wea£her satellites like Meteosat (2.5 km.) will have such capabilities.
”HowéVar, it is likely that o%hef éatellite systems under active consider—:
ation at the moment may be designed to givé data of'substantiéliy higher
rgsoluﬁiph, Sele MLOS (the geosynchronous Multidisciplinary mnrth Observation
Satellite presently under consideration by the Europcgn Space Agency (ESA) ).
iThe MEOS multlspectral scanner may well provide data at l=ast comp'lrablh
w1thkthqse oxnlandsat 1 and 2. Although MEOS satellites and others of the
same beﬁerafion (active'frdm 1985 - 2000 4.D.) wbulﬁ have primary tasks_to
perfOrm‘in monitoring rapid change on the surface of tho Eafth‘itself, they
_ wQuld iné&itably provide extremely high resolution obsérvations of the
"anrth'S'cloud cover also..: It can onlykbe helpfﬁl for-thosé concerne& wifh“
oathl ite dcsign, and data utiliuutlon; in the fuﬁure, to learn from existing
spacecraft whnL the - cnlcf'po sibilitiQs and problcms of accomiodating data
of higher resolutiOn‘and/br ru“t chal irequcnoy than at prgsent into 0pcrat10nal

-~ programmes ofywork:might_be;J
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