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SICNIFICART RNSULTS

The suthors engaged with tho Swiss ERTS-1 project have achieved significant

results in the field of

Srow manding:

oso different nethods, an analoz and a digital one, for & rapid but accu-
rate napping of the areal c#tent and the changes of the snowcover in high
nourntains and to deliniatc the exact elevation of the temporary snowline -
in its local (Qifferent exposurcs in szall valleya), regional (wateraheds),

and countrywide differentiations were developed.

Tae guickalnok method is based on an individual visual control of each image
‘using & phoio guaniizer which provides exact refereaces for density slicihg
with high'resolution lith-film. The combination of band 5 and 7 allows a
separatioh of dry and wet, melting snow. Areal measurements are received
with the Photo quantizer and detailed deterziration of the altitudinal
positiorn of the temporary snowline by its transferonce onto tonographic
caps. It is a fast and irexpensive method, but, since snowcovered by

mountain shadows cannot be separated, provides only a first approxiwmation.

The digital snow classification systea based on discriminaat analysis with
-the data of the 4 ¥SS-bands as variables, contains all preprocessing,

feature extraction and mapping steps for an operational application . The
metnod allows -

-= to claszify snow independently of its position in- sun-expoased

location or under shadow,
- to measure the sgsize of the snowcover, .
- ard to map the areal extent of the snowcover by reproducing a black and

white izage (with an Optronics Phnotomation 1700).

Two different sets of sampling groups were established, applying to diffe-
rent conditions of the snowcover, The first one serves for the "normal"
situation with a uniform dry and new snowcover, the second oce for situations

with partly thawing and/or refrozen snow.

ORIGII!«'AL PAGE IS
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Tnterpretation of mego-and microstructure of clouds and fog in relation

to high mountain zcoccalorr:

Significant new insites could be gained from ERTS-1 in combination with
other data on
- the developcont and fading of cloud patterns, especially of cloudstireets,
- effectz of the orography on cloud generations and decay, but rot on the
?atterna,
— the mapping of fo 2nd in particular its penetration into zountain
vallcys and the dynazics of its dissolvezceat which begins above the
aiddle of the valley znd not against the slepes,

-~ areas with steznating air under different meteorological conditions.

Cartography:

Plastic shading of the relief ccuid well be izproved and rationalized by
using copies of negatives, showing the same illunination characteristics
as thg topographic maps (Southeast facing siopes in the shadow). Only very
little graphical retouching was needed to reach a presentation of the

relief wnich could be printed on e traditional contour line map 1 : 500°'0C3.

ORIGINAL PAGE 1S
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1. INT20DUCTION

"The - results cbtained from the'Swiss ERT5-1 project-"Sndn_Survcy and

Vegetation Growth in High : sountains (Swiss Alps)" are characterized -

by two aspectse, partxally as a result of unsuff1c1cnt coverago of tho

test site, wecetzer condit 015 (c‘oud*-,~etc.:'

}) "First the enthSis had-to be conccﬂf*a‘*d on tﬁc.EgthodoiégV to

determine &nd map qualltativcly and’ quantltatlvelj verious surfacc'
'featurea (anow and vezeta~10n types in par 1cu1ar) and .o,”cv lop
030r3u101al svsteua using diffcrent ap roaches, In aad-.-on, par
tlcular probleus of 1mage 1nterpre~at10n in hlgh mountaxns were
studxed ' » S

" The cohst:uction of a $eguéncé of thematic maps showing the scasonal
changés of the snowcover was iﬁpossibie becgusc we feceiﬁcdvonly one
fo.ghree'iméges of good quality from the test site, which especially

did not allow an examination of the melting process as intended.

2) On tie other hand various additional>aspecté could be investigated
such as ' - :
- ueather elements, ‘in part1cu1ar zts effects in corre‘atlon with

. high -mountain envzronmenu

cartographlc aspects and technxques

vegetation. and land use survey in the Po Valley and Southern

Sd~t7er1and

fog distribution over Switzerland

prodblems. of color entancement

i Alljispects will be covered in this findl,repor;'buf'iith émphesis”'

on the first itea (cethodology of snow mapping).

Besides the official inveétigators various researchers contributed to the
1nterpretatlon of the ERTS izeges. The research was coo. inated by the’
anartnent of Geograpa/, University of Zurich. Tne Tesearch studies . on

snow naoplng are supported by the Swiss Natzonal :oundatxon for Scxentzfzc

Rcscarch.,
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Tho following institutions and persons took actively part in the investi-

gations:

Deparizent of Ceograzhy, University of Zurich:

- Prof.Dr. H. Haefner, Prirncipal Investigator
- Dr. K. Ittea, Co-Investigator (Curing 1974 at

- R. Cfeller, ii.A.
~ R. Binzegser, M.A.
- P, Lenggenheger

- U, Yalder, H.A.

- F, Scracher

~ Dr, Cn. Herrzann

- U. Geiscrxr

Deparizent of Geography, University ol Zerne:

- Prof.Dr. B. kesserli, Co-Investigator
- M. Winiger, M.A. )

-~ Ch, Vissner

- U. Ziircher

P

Depariuent of Photograpny, Swiss Federal Institute of Technology:

= Prof.Dr. W.F. Berg
- Dr. K, Seidel
- H. Bauzann
Departzent of Cartogréphy, Suwiss Federal Instituie of Technology:

- Prof. E. Spiess, Co-Inveétigator

Swiss Federal Institute for Snow and Avalanche Research, Weissfluhjoch-

‘Davos:

- Prof.Dr. H. de Quérvain. CofInvestigator

- Dr. I. Yartinece

-~ Dr. Fohn

Swiss Institute for Keteorology, Zurich:

- Dr. A. Piaget, Co-Investigator

" Departoent of Geophysics, University of iilano:

Prof.Dr. R. Cassinis
- Dr. C.i, Harino
C. Lechi, irg.

;s OBRIGINAL PAGE I3
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2. O3JZCUIVES

The lengierm objectives of our "snow survey in high npountaina®™ ere to
conitor the seasonal variations and chan ces of the snowcover and to
forecast run~oif occuring froz the snoimelt qualitatively as well as
quantitavively.

The first step undertakioen in this projcct ic to determine tho extent

Y

of the snowcovered areas in rountain terrzin froa clcudiree ER7S-sa-
tellite cata as detailed s possible by characterizing these cress in

such a way that taoy can be measured operationzally

The main and general problem in this respect - excceding the snow

mappirz project - is to dovelicp an culomated interpretatica system,

wrich zllows the chzracierization ¢f 2 single nozogoncous feature
(¢.z. 5 o) reprezented in inhkozogeneous tonal form on the ERTS icages,

“due to different coaditions cuch as dry cad thawing snow, differont

exposure, slope anzie, snow in sun and shodow etc,

L2
[}

To eatizate the possibilities and lizitations regarding accuracy and

costs enalog as well as digital processing methods were studied.

ORIGINAL PAGE IS
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3. EAC%CROUKD AND TECKE 1IQJ“S

" ane uynumlcg. Prev‘oud %o d

“Snow studies in high mountaina have beern a research topic in Switzeriand

sinpc.many years,

.c Swiss Ins»ltu 2 for Snow and Avalancne Rcuedrch, Wulsgfluhaoch—Davos

collects ground data of tnc 3nowcover on.a uallj ba vxs (aurlng winter and

1)

These datae provide the b351s for an c:tcn ive .esearcn pro~ran on 3now

sprxnw) and malntaxn~ a nc.uor& of ob-ervctxon axncc about 20 yunrs.

‘and ‘avalanche prodlezs.

The. Deparstzert of Geography, Univgrs*‘y cl Zhrich, applic a paoto-inter- -

: p*ctation and °°tcllite'data to study th s prooleus 1n its areal ‘extension

TS several s.ua:cs were undertagcn~w1t“ meto-

o.olo~1c°1 oatellxge data.

The Depdrt:ent of Photo apqy, Swl s ?édcral Institcte-of chhno1ogy,'Zutich.

‘investigates as one of zts magor lonﬂtérn rescarch ovjectives icage quality,

imaga cveluation and image proccsszng. Thé . institute: 1s wcll equipped u‘th
various- pnoto achic laoo“ator1cg anc *nstruhcnta, 1n partxcular thh a

codified auto:atcd nlcrodensztone.er-sjotem. a photoquantxzer (Quantlmet

- 720) end - since 1974 - ar Optroaics Photozation 1700.

Fof digital'proccssin" bofh computer centers of the Swisa Federal Institute

of chhnolo;y (cpe 6400 and 6500) and. ohe Unlvcr51ty of Zurlch (IBA 370)

with its cany perzpheral fBCllltleS can bo uscd.

"here‘ore the Swiss ERTS-1 progect could be eothblxshcd as a real 1nter-

~dlsc1p11nary project ta&;nf advan.aée of the kn0h1edge and the facxlxtxcs

‘of various research institutions and combzn*rg ground udxes and obser-

vations. airphoto interpfetation,and inmage processing techniques with

“satcllito data.

FRrec

1) All data are published in an annual pericdical: "Uznte.herelchte des
Eidz. Institutes Iir Schnce- uné Lavipenforschung." . .

2) ITPEN, K., GFSLLER, R. znd KAEFNEIR, A.: Weather Satcllite Pictures for

"Zarth Resources Stucéics, Proceedins s XIX Recaezna Intern. Elletronxca
lucleare ed Aerospaziale, Roze, 1972, p. 365 - 375.

ITPEX, K.: The Determination of Sno"lxnes'froa fcathier Satellite ch-"
tures. ucrxcnte des III. Int, SjEDOaluDS {ir Photoxnterarctatlon.
Coan. ViI. - IsP D eséen 1970 Bd. I, p. 455 - 464.»




4. ACCO:PLISMENTS AXD PROSLIXS

4.1 Snow nmapping

‘£,1.1 Evaluation of heost band for snow manning

Careful cozparison ard density slicing of the snowcovorcd arcas in all
four bards showed that under cexrtain coaditions there is 2 continuous
decrease froa KES3-band 4 to 7. This effect is pronounced in ircages which
were taken after e longer period of fair wezther, whilst icages taken

iz=ediately after 2 new znowfall éo not show this phernozeénon. Trerefore

it is possible to distirguish beti:eea en old, meltiing snowcover and a

.

rew, ¢ry ono Yy combining band 4 or 5 with tand 7, because of the strong
2bsorbtion of near-infrared radiation bty wet snow, waich was verified by
ground neasurczents (Fig. 2).

Eard S offers the best possibilities for snow mapping. The difference
with band 4 is mirical, but mapping can be done more accurately in

band 5, due to better conirasts.

4.1.2 Snovw nmeopine oy visual control

EZxpericents with the followicz capping mothods were undertaken:

-~ Kapping by referencé pointa:
-Since deteiled maps of the Swiss Alpz 1 : 50'000 and 1 : 100'000 exist,
it was ¢ésy to locatec the exact position of thé-tcmporary snowline for
specific refercace points which could bo located on the zap as well as
oz the image along the snowline. This allows to decterrcine the average
position of thc temporary srowline in different regions, valleys,

wetersheds ctc. but not the entire course of the saowlire.

- Ffapping by visual intcrpolation:

To zmep the iotal eutent of the snouline by visual interpolation is much

nore diificult and tize corsunirg. Near the ticber line, which is well
recoznizable in ERTS images, the =apping is very accurate, but in other
arcas whcre less control points exist a careful exacination of the

rclicf feetures is necessary.
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points. The results are less satisfactory because the contour
interval is too large and the edjusizent too difficult.
axing into accouni that the cnowiine generclly represents a szmall

J
i s e 200 e
troncition zono arnd an avorage slope zngle of 207 a vortical accu-

These zmethods are not suitable for an gperaticnal determinetion of
srnowlincg over large arcas dut well suited for detailed studies of
local variations, e.g. of a czall zlpire valley. Resulits obteined
with these mzethods are tadulated in Tig. 3. .

ORIGINAL PAGE IS .
OF POOR QUALITY:

4.1.3 Guick look retiod for snow neovnine

Ir nigh mduntain areas it is not possivle to gain zatisfactory results
from standardized cdensity slicing teéhniqﬁes because tre influcnce of
factors such as clouds, zountain shadows, variation of tore due to
differeat exposures, roughness o terrain, tonazl variation in different
izzge series &nd changes ir cuality end characteristics of snowcover

are too scrious.

Therefore a method was developed, which allows an individual interpre-

tation of each ic2ge or even section of images by visual control, dbut

which still provides fest a5 well es eccurate results. The method
conteins the following sieps:

A) Irdividual discrizinztion of snow/no-snox boundary with OTH 720
n electronical

a
separation of the graytones withia adjustable density raages and

o

a corresponding are2l ceasurcezeants., The ZRTS inmzcge is displayed

i
- . a
on a monitor via a higa resolutioa TV-canera (720 lines). Siaul-

taneously 5C60'000 picture poirts can be classified by & detector
device according to its graytone level ead projected on the comitor,
too. All picture points with a graytone below the critical tone

level sppear in “white", the ores chove in “bleek” (or vice versa).

-

ORIGINAD PAGE B
OF POOR QUALITY!
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are countca and rchotorcd ‘on a.A
'digit&l outﬁuf. Tre cr1~1c-1 tone level betueen "uhitc" and "blickf
‘can be va ried contlruou,ly uzyu.a po‘e1t1chctcr and correla

'ezcctly with the torne levcl o7 the znewline. in-the izage on the

;crccn. Sirce the wholec ercz under co:siue:&tidn c2n be surveyed

Tsinu lt,HCOJQIJ oa t“c screzn it is possible t¢ sclect an average,
goneralily fatting pos;tlo“-by cercfuily evaelnating differeat inlluen

factors as well es the loczl veriations.

B) Density slicing with h1" reacluiigj_;itqur:n,'é film

D)

Since the %20 lincs of the QTM 120 do not -provide -a suificicat Tes0~
-lut;cn t6 zzaiyze &n eatire ERTS izagé of 2'340 scan-lines with tho
cesired accuracy; the seccond é'cp! thé Eensity siici"~ is‘not ccrf
forzed on the :cul.o* bat 71»1 rLigh : solutlon lith-{iln instead. The
V‘”Lollj c;scrimlnatcd tone lcvel vf tac snow houn“ary is zezd olf.
froz the celibrated pote“. cf.tc; ;-uvzdin; the cxact qnsity-#alue
to te uzed as refercnce'tiz to cxpoze & lith-filn. Tae developed
higk secolution fil:'conta'né only tuvo density lovels in black and’
whife; reore senbxng tae saov- end 1cccovered and tha snovfree ar

in £21. zto detuxlo and provxd.ng a very good basis tor tnc tr«ns-

fe*encb onto & .opo~raon1c nap.

Arezl _v::_c;’-._sg._:'_r_’_:g_._g of the snowcover ; R
The third step, tﬁe areal peas urg*ent of the srowcovor, is again unler-

taken with the QT 720 by ceasuring ouater-sections of the izoge at a
tire to reach a sufficient resoluticn. The octual ar

ga;néd f£roa the digital'output. Applyiannaskinﬂ techniques selected

area2s such as uhte* s22ds of rivers, _oun»axn va;leya or specxf;c rcgions

»can,be znelysed arn »d zeasured senaratcly.

Transference onto honqgr;phxc PRDS ) ) .
For the deliniation of ‘the sltitude of tne snowline in dxffer*nt locations
and CxP3$u:Lu the sno:covcr‘nusAto,sc tran:zerrcd on a topograpnic¢ =ap

ith contour lines of relative scell intervals (not core than 50 zetoss).
The official lebS tooo-map : 500° 000 dcesa't provide this inforzation
and hjarolo~1c&l ané tcro~rapnlc fca:ures are alrcddy too gene 'ali*c&
for our~pur:oses. Therefore we ere usiag the toao- 2p°1 : IOO'OOO o' which
2 cpecizl base-zap was coasiructed waich . shows the contour lines ard the

hy&rological features only and can be red uced to 1 : SOO'GCO.

daries were trunsfcrrcd with the Bausch & Loz Zoo: raasfer Scope. 1

P T PR TR~ S TR S P OPIT A
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" The variation cf the snowline elevation as given in Fi

-t

ig. 2 mives an exaczle for the dencily slicing zethod end Fig. 4 shous

the transferred bouwnderies on the rop3, wiaich allows oo exact evaluation
of tho position of the teaporary caouline for dry cnd zcliing srow. Ti

’ . < - 2 .
. test 3ite for srow zZ2pping is an &rex of 1'050 =7 in (he Scuthezstiema

Alps of Switzerland and Kortherm ftoly, betueen Engadin-Bregellia-Val-
tcllina-¥zl Posciavo ozé Val B rainz, which are surrounding the Berzina
2g3if, using izagses E-1076-09442 of Ozioder 7:ih, 1972.

: . cw

corkable especially betiveen the Western and Ezsiern exp osures but less

octween the North zni South facing slepes and locatiens on tne Soutne“n

_sice of the Alps cexzpared with tihe morc conirzl regions zround the un*a—

dine. Gz slopes exposed %o tke West, :le snowlize elevation surnounts
t22 on2 in &n Zastern exposure to 2n zvarcze ol atoutl 250 peters and up

£6 400 ceters loczlly

The arcal coasurcment (Flz. 6) o; this excople shous that alcost one
third c¢f the totcl csroucover is L,der nelting cOﬂdlt'oua elrcady at a
ouarter to eleven in the merning,

Tre method developed is very aoporoprizie for an itsodiate and quick look

investigation for the changes of the snoucover but doas not solve the

pfoble: of zn autoxated mepping systec in the long run. .
- C (,-1\ ‘\;Ax PAGE

4.1,4 Dieital orocecsing

To cdevelop an gperational snvstan for 3nowr capping with increased accuracy

CC? and digitzel processing techniques were used. A cooplete softrare

tv

package for the exiraction, classificatlion ard nipping of sclected terrain

features ~ in particular of various snowtypes - wag produced.

The preprocessing aad feziure extractiion steps undertaken during this ex~
perizentzl and learning process to dcvelop an operationzl classiiication
and capping systea and tke respective cozputer prosTozs ere suzcarized in

LIOTTA I
The test c=i*e is the sace as mez gxo“ed for the quick look method (4 1. 3)

usinz tec CC% of Octoser Tta, 191-.

ORIGINAL PAGB B
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A very ioportant probleam which cdnhotfbe solved with this method znd with

CRTS data is the autowmated seoparation of onow and clouds. It can be under-
taken without great difficulties by conventional inage interpretation. I%
is hoped that the protlem caa be solved for digital processing technigues

when using the EREP-S192 data by a coabination of the different KSS-bands.

To classify snow of different reflectivity (on various sun-exposed slopes
and in the shradow) the informution of all four HSS-bands has to be con-
bined in a multivariate system, applyiag discriainant anzlysis techniques.
Prior to the classification the discriminant functions have to be calcu-

lated from a number of representative test cells (sampling groups).

The careful definition of these sampling groups is of greatest importance
for the quality of the classifichtion. The sazples should clearly repre~ *

sent the sclected feature without any other influencing elements.

Several possibilities were examined to determine the corresponéing test

cells and to locate its exact pesition within the total data matrix.

For the time teing it is recoamanded that these test colls - representing
a certain surface featurc as uniform as possible'- are selected in the
field and the cbrresponding pixels located in the data matrix. Using tho
video data of the 4 ¥SS-bands as variables the selected sampling groups

wera then tested regarding their discrimination.

Seventeen types of test cells were considered (Fig. 12) an grouped into

four main surface feature categories:

- snow sun-exposed
-~ gnow in shadow
~ snowfree surfaces sun-exposed

~ gnowiree surfaces in shadow

‘The clagssification matrix for 8l saoppling gr« o and for thne four main

categories is represented in Fig. 12.

Regarding our problem to separate snow {roma snowfree surfaces of a total

of 1'442 pixels only 18 were classified incorrectly.

-W‘An pAcE BB , '
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In a next step a reduction of the number of sample groups was undertaken

‘to reduce costs with the following resulta:

- with only four sampling groups 90 % of 1'017 pixecls were correctly

classified,

' .~ with nine sampling groups {U,B,Y,0,P,Q,R,S,T - Fig. 12) 98 % were

correctly classified.

The last coabination was regarded as sufficient and applied for a classi-
fication of the total test area, and the resulting sncwcover printed with

the Photoxation 1700,

Yo ground control of the resulting output (Fig. 13) could be carried out
anymore, but a.careful cxenination with the imagery lcd to the conclusion
that the resulting snowline, especially in sun-exposed £rcas, wWag locat»i
in a too high elevation. This is due to a melting condition of the snow

in the lcwer parts for the phrticular date, which changed the reflectivity

especially in band 7 and also in band 6. The considered zombination of

sanpling groups did pot include this specific snowtype and therefore

applies only for snow under socalled "nosmal" i.e, dry conditions;

A new combination of sampling groups had to be developed for snow under

1)

thawing conditions, with a specific test cell "E"- for “metamorphic® snow ™/,

replacing sanmple group "R", which could be best omitted.

Again a classification with tho second combination of the total test area

was undertaken and reprinted (Fig. 13), which brought much better results,

especially in comparison with the ones from analog processing (Fig. 4).

For a very precise mapping it is necessary to carefully select the test
cells in the field, in particular the one for the zone of “metanorphic"
snow. It has to be taken care that the completo altitudinal extent of this

transition zone is included, to guarantee an accurate classification.

1) Porsonal comamurication by Dr. K. ITTEN with Dr. AL RAKCO, C3FC, and
Dr. ¥cCLAIN, NOAA, rogarding the investigation undertaken at CRREL
‘on this probleom, New mecasurcmonts show that not only melting snow
but also molted and refrozen snow shows a sharp drop in reflectivity
in band 7. Dr, AL RANGO proposes the term "metamorphlc“ snow for
this specific snowtype.

' GRIGINAL PAGE IS
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The nuaber of pixels classified as snow allows an casy talculation of

. R . 2
the srowcovercd arca (1 pixol = 4'S5l4 ).

But it kas to bc.pointcd out that this arcal unecasurczent rcpresénts only
the orthogonal projection of the real surface and not the "real surface®
itself, In high Dountuins wint its steep slopes the extent of the sur-
faces will differ considerabaly. For the tota™ crea of our test site

4he difference is absut 20 5,

To acrieve detailed and very accurate ccasurements the real surface of

the snowcover ras o be co er This can be gained by superizposing

3
O
¥
o+ N

ed.
8 digital terraia nodel onto the ERTS data matrix. This will be subject

ol further investigationy.

To succarize, a cozplete operational system with two differeat sets ol
sazpling groups could be compiled, applying to differeant conditioas of
thé snowcover. The firat one serves the socalled "normal® situation,
with dry; cool, new snow, the second one for situations with partly
thawirg and/or refrozen snow. The full system developed (preprocesaing

feature extraction, areal measurement) is sunnarized in AENZX I.

4.2 Vegetation end lend use mapping

Selected land use and vegetation features are extracted by digital pro-
cessing with the saze method as for snow mapping (4.1.4). The test site
is the Po Valley around Milano because of sufficieant ground data aand a
cinicua of changes in illuminﬁtion due to relief,.shadow effects etc..
The main features which are examined carefully in its seasonal aspects
are:

- forests

arable land, irrigated

arable land, non irrigated

settlexents

open water

ot - .
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- 4.3 Feteorological studies’

“ERTS images in combination withi weather maps, vertical teaperaturc and
. dew profiles, ground observatioh and weather sateliite picturcs (ESSA/

_VLOKA) are a wost valuable tool to rcach a bu»tur n.dora.and‘ng of the

djnnmlc“l char cteristics of metcorologlcal eYezents in high countain

- arcas. Zhese data nlloa a synoptic n»o*p.otat:on of tho evolutzon o.

nesoscale ard even mlc*oocale DCuOOTOLO;lCGL ijtcmo.

The following problems were studied:
- organxsaulon of cumulus. clouds over noua‘axn terraxn,
- aspects of. cloud lajers Just bofore u.sc1pat10n in or over mountain

valleys,

- aetérnina 1on of the altltude of cumulus tops and of 1ts bottoms (part;y), o

- effects of orograpny, , , ‘
‘ L (Ji{l(ll\lh.u PAGE _-:',? "
- aevc10p and. fading of convert;onS, : - OF“K}JP QUJLLLT

- nlgnt 1nversxonq,

S - prcc1p1tatxon pattern.

'-.mappxng o* extcn on of fog layer and qcternlnutxon of its upper

boundary w;thln the mountalns. ‘

4.5.1 Cumulus ponula.nows, especially cloudstreets

During suzmer and -fall (E—1022—09435/442 5-1073*09)83 and L-lllS 10021),

.-the convection has already startcd for nore than one hour, uhen ERTS-I

overflzes the countiry. Depeﬁdln” on the svnontlc §1tuatlon, the night
inversion can 5till peralct over the flat reglon. In thc nountaxns, the -
cumuli-begin to spread out qnder the first magor 1nVLr510n and it ray
happen thét fog is still lasting in the large ground deprosszons. Band 7

ireges allow the dete“mlnatxon of the altitude of the cumuli tops and

- under‘certaln circumstances also of their bottoms. The projected. sh&do#"j

appca*v very'dark malnly black due to thc strong absorbtxon in thls

. wavelength by the water droplets. It is much carker tban the non illu-
. minated slopes of the mountains covered by snow. The contrnst is poor

© with forcétcovered éhaded sldpes. Although cloudstrects are uellAknown,
-partxculurlj eft er thc manned o.oxhal fl‘gn., and - the enligh:enmeht’bj

glxder nzlots, few stunles deal with thcn. Tne noat 1mportant ones are
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those by KUST™iER (KUZTTIER, 1937; KUSTTUER and SOULIS, 1956). The theo~

retical suppositions also scez to be valid here, 85 this type of organi- |

sation of the convection in the direction of the wind{low pust be an
intrinsic property of the air. The orography oaly increases or sitaris

the convection, In this case the postulated vertical profile of the wind
is not realized. VYhen the wind-speed is large enough, the cuzuli are found
arranged in lincs that are in average two kilooeter apart from cach other,
These - lines are grouped in lines made of small cumuli and in lines zade
up of woll developed ones. These last lines are fused on the APijicturé

and eppecar as single lires.

Cloudsiroetis in wountein arces are porallel to the wiad direction at the

. corresponding level, They do not differ from sinilar rows over sea or

flat terrain, waere the convective activity is also devcloped.

Pig. 14 gives an exaaple of clouastree. xnto:pra.abxon.

4.3.2 Yaoning of fogm

The Swiss Plateau and other flat or hilly areas North of the Alps such
a5 -the Rninc Valley downstreza of Basel and the Bavarian Platezu as well

as the Po Valley South of the mountain ridge ere often covered with fog

", or low status in the winter nalfyear. The latter can stay sometines for

w2exs, but in fall and spring the sky clears at 2b 't noon. The top of

fog generally regains below 900 asl, that of stratus can reach 1'500 -

"1'€00 psl. In this region zbout 2/3 of the whole Swiss population lives

end worxs. As & consequence it is also the regjion with the "greatest

pollution poteatial”. Thus the study of fog r.onditions and extension is
very ieportaat for the plamning of new settlements or the growtnh of the

in{rastructure, as the foz is a useful indicator of stagnant air.

The border of the fog is generally well defined and casy to map (Fig. 15).

Due to this fact the deteraination of the altitude along the mountains

does not offer great difficulties. The accuracy is within 20 o pear steep
slopes, within 30 & otherwise, by mcans of ERTS-1 pictures, and within
150 o with the help of ESSA-8 pictures. The determination is often greatly

facilitated by sozme typical orographical peculinritieq.

AGE B
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dwcellent exanmple- for-fog zapping in the Swias Plateau ere £-10595-09493
¢ Septezder 20th, 1972, E-1148-09444/450 of Dccember 18th, E-1149-09502/
504 of Becesber 1Gth, and £-1150-09560/5563 of Decewber 20%n, 1972. Fig. 15

shows the for distributica on Decezber 19th together with the correspoading

. _ N .
ground ebservation (Fig. 18).

0f specicl interest is the penciraticn of the fog into the valleys of the
Jure through the watergaps in the first range, and into the enclosed al-
pinc valleys. Tne local wind directioas in relation to the orieatation

of the valleys are prizmarely recpowsitle for tholr coveraper with fog or
a fogfrec situation,. ''ac acricl photographs (Fiz. 18) of Deceaber 18th
give an cxcellent cxauple of fog penetration into the alpine valleya

&nd should be compared with E-1148-09444.

4.4 Other aspects GeTial pAGT

‘J‘ e f
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4.4.1 Plastic shadinz

A s52all test was carried ocut to use ERTS icages for cartographic purposes.
One of the most important espects in mountein rcgién is the graphical
preseziation of the reliaf, It could be shown thet vhen using ERT3S igages
as a2 basis for plastic shading in sa2ll scale eapping (scale of about

1 : 500'000) sould be well improved and rationalized, Of a test arca a
black and white necgative copy 1 : 500'000 of &n enlarged ERTS-1 color .
cozposite wes uced, where the relief is gsnown in the sexme "illumination®
as on the wap, Within ver short time the shading could be supplcmecated
and coxzpleted so that it did not dilffexr much from thc one constructed by

conventional cartographic techniques, as is shown in Fig. 17. The one

based on ERT3-1 even represents nore details and differentiations.

4.4.2 Color enhancement

Various teats were carried out to improve the interpretatioa by color

crhancezent. At the Department of Geophysics, University of Milaro, a

special videco-electronic cquipuent for color cmhancement and density

slicing of ERTS images has been ceveloped., It is used for selecting

the best suited color coabination for each research objdét. Tne ingtruczeat
¢ to various test arcas and for cdiffercat theaatic prodlezms. The

resulis of these investigatioas are reported by Prof. CASSINIS in his

Itclian ERTS projects.

v r———. s+ s
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.- December 18th 1972

Severz) test sites were established inthe Adops end continuously oh'\LJCd
especially regerding its snow coveraze, snow dcpth &nd prenology. In
ecdition various ceasureaents are carried out pergan»nuly or fre ueztly

1tnln the test arecas.

Ad uxt onally dcnae: nctuorLa exxst for _cteorologxcvl. snow. ard “urfaco

'ruud-OLL observation ih Switz ‘lunu,-.dlqn snoulc provxdu 500¢ crou“a

inforcatioa. 18 differeat stations within the sa:plc,arca as.deséribcd

~in 4.1.3 are uxder observafion by the Suiss Institute for Heteorology

end the S:;ss Ins: itute Tor Snow znd Avala neixe Researche. But 21l cete-

orological statioas are lo~atcd in tnc.Valley bo‘“ozs (exccpt‘Bc:nina

' ass aru therefore rov;de no IDIO*Eutlﬁﬁ on the snowcover during 1ate
pass) s P g

_suazer and fall Ul»h '*elatlve h1 gh snowlire elevation, iné the obsar—'

. vation network for snow and avalanche survey is opgratlnb only froa
_'Decczoer until Aprll. Consequeqtlj no sxrnxf*canu ground data is avaxlahle

‘or t“b fell seasoa which is o serlou~ tandicap for our rescarch.

Radlomctric mcasurc:catq,of_differgnt-snowtypes'are.undertakcn with an’
'2XOTECH 100 in cooperation with the roséarch groups at the JOINT RZSZARCE
ENTRE, EURATON, ISPRA, Italy (AbRnSTn—“rogect) ‘

Severa) underfligats’ we.e carried out du*xng the LQTS-o*blts by t e S :is3
Air Force, taking profiles acroas and ulong-tkc Alps. But. ulnce 1t wes
not knowa if the ER”S Was actually cevering thc tcut site, the undc.
fngnto had tc be arranggd by guessxno. Therefore of thc fllvhts, Lndc
teken. on

' omGh\AL PAGE IS

- .u.nuaz’y 24th. 1973 - OF POOR QUALITY

= F ‘eb*uhry 2ad, 1973

on.y the fifst -one coincides with an nRxS—coverage (u-1148-09444/450) The
reconnalsfance plane was equipped wzch four cazeras. {two vertical, F = 44 ma

and 100 ez, two oallquc, .ravcrs'to the flight liine, £ =,100 n). black and

 uhite'ii1: and flying at 127090 n above sea level. The ‘photos (Fig. 18)

givo an ox ce¢1e1t overvzcw on the noun;a‘ns. the snoufover and the fog~

penctrauxng 1nto thc lower alpine v&lleys. o L . -

jér ,.:; | : ﬂg.i'..::’: }  ; .\"1.“
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The econozic mspects were only briefly considered for the digital snouw

2epping system by calculating the tine and operational costs for coam-

-puter processicg and vrinting with the Gpircnics Photozation 1700,

tased on the eccounting of the ccmputer center of the Sviss Federel

Institute of Technology, Zurich. To carry out a clazsificaiion of

er.c BATS zerie (4 MSS-bands) with the developsd operational systex

32 ecxperiencad parson neeés one dav, The cosis reach aboui, depending

e

on the configuration selected, 10'C00.- to 13'0C0.- sir.

Tramd covers a33cox.e 34'225 =square wilozcters ihe costs

<
per sG. km are very cheep, less than hal® & Swiss franc. (ot included

labpr, CCT-gate, ground control etc.).
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FUDURE ACTIVIPIZS

6.

ation will be continued in the follewinz cirections:

Application of the sawze digital classification cystea for other
surltce feaitures, c¢specially land use and vegetatica units, by
cefining ¢he corresnonding sets of sacdle groups and the best
cuited cozbiration of variatles. Cne study in the Po Velley
eround Filzao is well under progrous (4.2), tnother cne was

started Tor the environaent of the city of Zurich, 3witceriand.

Applicziion of the developed operationzl clessification systen
for &ctuz2l snow mapping and meagurezents, to study the seasonal

Py .

crazpes of the snowcover in sclected Tegiens of the Suiss

~

1ps.

Corzelation of ground infTermaticn on snov depin, water content

end surface mn~-off with the areal measurezent of the snowcover,

to eventually wonitor and forecast run-off frosm snousmelt.

Feagurezeat of reflectivity of saow on the ground urder differeant
condistions aré i*s corrclation with sctellite cata, to learn nore
&bout the spvectrzl properties of various snoutypes.

Izgrovezent ol areal measurewzent of the snowcover by deterzining

the “real surface" with the aic¢ of & digital terrzin model.

Developnent of an autoazted systen to scparate snow froa clouds.

ORIGINAL PAGE I8
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Sxov CLA§SI?ICATI X SYSTEN

Preprocessing, feature exiraciion and arca2l zezsurcze

corresponding cozputer progrozs

A.l Adcon%icn of 2a Tor cornubaw
A.l.1 Deceéing of CC? for CDC
"A.1.2 Decolirng of CCT for I3E 310

To receive or&‘l uniis (s-oc s) ‘of data, Lhzcb

ezf" to vork u;th and au_tcble in'xt: size fo.

-——_—.——-——-——-—.————.—.—-._._.._.-—.—__..__—

' a;:fercnt output vjstems, <hé catz 22d to be o:ga- o

) zed cona.etc;]. :
A.2.1~_For CDZ in dlocks of 120 r 123 pizels-
- arrons ed by ’nu1v1du_1 Cﬂu“nclo
- a-.ungcdvthat dzta of ore 1mage
' point from all iSS-bands ave
_ togetﬁgf' - A _
A.2.2 for IE4i: blocks ox )2 x )2 pxxelo,

recalluble by 1nd1ceo

A.3A,P1ctor~al Ousnu

rel pzcto-*ul oa.put systczs ere uzed to

S

cval“;tc and exomine the resulis of the

o

ifferent processing steps-in pictoriel
forn. o S

CA3.1 Linc-printéé

CRITUED ..
RAFUNT
AGUNT
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POOR QUALITY




i vee, ST

E . A5

?.
O

B - .

Y
- .L

’ottcr‘ e s

wnere

duced on a cmall high recolution nmonitor end phote-
grapned with a Tully autozaied comcra, The 55 ©a

cach block con e coz=pozed to a handy

picture of tho eniire ExTS-frame. Fig. 7 givos an

sucn a £iln »lot consisztizg of four
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Printing of gelected video-sigaals

Corralatior of Videc-Siwmals

To eguclize inho:ogcnities vithin ihe six scen lines
tzlen sizultancously by the kSS (a.n lire effcet).
based on the theorie by GRAZKOPOULOS

line)

The program is
(averaze ratio per

Correlation of Sltgvness

.To receive a true spatial distribution cnd location of
cach inage point in the definitive mapping process with

tae Cpircnics.,

T0 achieve a bkoaogenous victorial output when using

the Gptronics,

of cata from different ozhits

Peristration

zature Tvtraciion

objectives wera *o cdefine the nost suitadle parameters
- b e i g -~ - v . v
extracting the verious suriace Jeaiures whica ellow en

Szonlings and Smoothine Metheds

L

cX the zass of data and/or receipt of
|

.- P PN N ~ . -~
=ore adsguate resulis. )

Joo a reduction

: data are repro-
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5.4

Sotevriration of Subaroun:: :
To raceive uniforz units chzrocterizing 2 single surface :
festure, the various blocis hac to de broken dovm furtieé
into czell 0La-“ouas of artitrary sigze. The sclection zay. | i
oo u:ée“ta;cn oy woriing fron the inuze (couating of the
lines 2né coluzas) or in cozbination with the next pro- %
! -
. !
f “ulgropps

B.3.1 Presentation of video-sizmal dy alpaznugeric che- RAFSYN

racters with the on-line printer. The prograx

cr.ctles o select unifora scotions cosposed of )

the caz=e cdeozsity level or of & szgll nuxber of

reigebouring density values (sce 4.3.3). ’
b.3.2 Prescatation in Tora ol histograms of the real RADIIS

density range and its printer output in 8 density

classes. £ histogran is coastructiad of ecach block
(Fig. 11) and the zctually represeated density

range deviced into 8 linear density classes

B.3.5 Presentation by Film plotier (see A.3.2 aad Fig 7)
B.3.4 Presentation by IGS (Intercciive Grapaic Systez). BILLS0X
Szall blocks of 25 x 25 pixels are presented as

a ihree-dicensioral rcodel on the monitor, whica

anzle ete.
The output can be received froz the monitor, the

filo plotter (2.3.3) or iroz a ploiter (Fig. 9).

. - o eyt A m ey .
Lnalvnis of Individunl Peoatures

ORIGINAL PAGE 13
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Individual feztures witihin a subzroup have rnoi to bve
analysed end cdefined, which results from the next two

o

processing steps.

B.4.1 Superviced within subsgroun : RA?*?J / RACUNT

B.4.2 Unsupervised
- ¢3¢ (3.3.4)

s 202262

YItrmtaves v wmabkanA
Clustering metncés

BILL3CxK

13
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Stntlstlcnl Fvnluntlon-

B.5.1 Construction of histograns (see B.3.2 and
PFig. 11). ‘ '

- B.5.2' Calculation of average value andAatandard de~

" viation, nost frequont vxdeo-31gnal, ellminntxon
- of “far-of{" valuos etc.
To all "far-off" values the value 500 is added
80 they nay be recognized eusxlj in the printer
output (Flg.vlo) '

“B.5.3 Standarl statistical programs

‘B.6

For further statistical evalua‘ion the BIO“bD-

| prgrams ave capecially valunble. Siu*lar prog"&na N

 are "available for CDC.
'~ CDC:_ CDC Program Library .
- IBi: 'BIOHED-Progfams

' - = Standard statistical variables
é~Bi§tbgrams and graphs

Final Selection of Varigblcs erid Trensformations

Out of the many statistical verisbles which define a

. surface feature the most auitublo ones for a claaaifi—

catxon have to be extracted. _ .
B.6.1 Superv1sed 1nc1ud1ng transgenertxons
( iE Ratio, V ., log etc.)‘

‘ B 6.2 Unsupervised

. B-'I

- Principal Component Analyszs. -

- Ppétor:Analjdis
- Canonical Analysis

Discrimination and Classification of Features

To define the significance of a variable Discriminant

. Analyeis:orc applied.

" B.7.1 Supervised

'(H?

~ Discriminant Analysis for 2 groups - '
1 R AR
= Discriminant Analysis for various. groups
. : R
GHVALLP 29 .
1‘]79 rnfyggils - o ?/ o -

_:xaraxs »

RAFUY; / RAGUNT

BD3

B
B OLD
- (imcl. TRNGEN)
 BMD 05 D
(i.7.)

Bﬁ#-OQ S
(1.0T5 ) i

BID O H
(1.7.)

BiD 03 i -
BYD 06

BMD 04 ¥

(1.1.)

BMD 05 K

- .(10Ao) ‘

.
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Fig. l: ERTS-1 orbits for tecst site "SWISS ALPS" arnd“rnunmber of intcrpéctablq
scenes (Dept. of Geography,Univ.of Zurich HASFHER/GFZLLIR/GSISER)
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473
6
.ty . ) . ORIGINAL PAGE
e . . . oo y AGE ]IS
' , ' : - "OF POOR Quarry
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orbit inage fotal scenes (exept scenes suitable for
complete cloud zoverage) snow mapping-
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Fig. 2: Separation of snowcover by density slicing with photo quantizer and
photogravhic tochnique in band 5 (top), 7 (middle) and combination
of both bands (bottoa), representing dry and wet, melting snow
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rig. 3: Zlevation of temporary snowlino in various valleys of the
CENTRAL ALPS on September 20th, 1972 (determined from
£-1059-09500-4 with method 2.1.2)
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cozs 1550 - 1650 =
Sizplon 2200 =
Bedretto © 1750 - 1850 n
Vorderrreintel 1600 - 1800 =
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': P arsal eryens : percentage ,
. inkm : > ;
5. Toial area of the test site i 1020 i 100 - of total area ‘
Area not coverad Witk show 625 5 59, 5 of total area :'
} Smow cover (MSS-5) {425 | - 40,5 of total area:
% Dy snow (MSS-7) ; 295 ; 69, 4 of tctal snow cover )
; Meliing saow i 120 30,6 of total snow cover
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ig. 8: Exazple of histogram shouving distribution of dersities’ B
' within block of 128 x 123 pixels ’
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Distribution of densities (2—axi3) in a block of 25 x 25
pixecls representing snow in shedow and snow in sun,
Construction by Interactive CGraphical Systea (B.3.4) for

all lSS-bands.
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Fiz. 12: Classification-zatrix for nine sacple-zrouns.
:
"'
nuater of classified picure - 1
zin ¢las- sompie- elczents ;
sification group - . :
crous vl 3 ¥Yjo r» o =’ sion ;
A 109 o ojo =2 o o ol o :
] a4 0 o 0 G 0 o0 ¢} ¢ ‘
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% snow snowfree suriaces

* = felse clessifications froa snow to snowfree
suriaces

ain classificaticn grouns: SSO0 = gaow sun-exdosad
SSA snow in shadow
£GO snowlfree surfaces sun-exposed
HGA = snowfree surfaces in shedow

Saznle-grouvns: SO0 = sun-cxposed; SL = 1in chedow

A = cnow SO R = Dbroad-leaf forest SO
B = sgnow SA S necdle-lozf Zorest SO
C = grazs SO T = needle-lezf forest SA
3 = gress SA U = snew SO
N.o= e of Sils SO V = snow 5A
0 = reservoir of Albigza SO W = snow and rocks Sa
P = grass/bare ground SO X = snow and ice S0
Q = grasz SO Y = snow and ice SA

: 2

= glacier|SO
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Digital ency clzssificsti

The tvo pictures show the snew classificstion with the digital snow
. Glassificaticd system and priating with the Optronics Fhotemetion 1700.

left: test size “Bergell” classified with set for *normal” e.g. dry
snaw cornditions for Cctober 7th, 1972.

i right: classificaiion with set for “ihawing” ané/or refrozen snow
for sare area and date. :
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awgust 14th, 1972 in relation to the pountain renges.

Sottoz of major clouds between 24000 - 3000 =, tops
eround 4'000 ~.5'500 =, .

Positions of some cloudstrects i
. Mountaia summits between 2300 and 300C msl

Mountain summits between 3000 and 3500 nﬁs{

.0

+ Mou:xl'ain summits above 3500 sl
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Fi~y 150 Distridation of for over the Suizs Platezu s Seeezmbex 20zha, 1972
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R denso fog
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The negative topy vag emposed in such 2

vay that on the illumiraved slopes nd crey
tones were visitlc aay longes and uwith gzddi-~
tions}t correzctieas, drawe with a fine byush
and black iakK. T:c low sun-ancie shows the
relief in a way siziliza> $0 fig. 1 but with
more detzils.
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Troditional form of oblique illuminzicd
_shadiag (so called Swies msraer)
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Neaehve of £RTS-1 (of October 7% 1g72)
faken at 10.55 h with a sun-angie of 3
and an azmu..h of 354%. . -

The negative cop-y wag emposed in such 2
wvay thzt on the illumirzved slopes nd grey

tones were visit.c aay longes z=d uith " addi-

tionsl ¢ :‘:sctmns, drawr with a fine brush
and bdlack icK..T:c lew sun-angie shows the -
relief in & way siziiar %o Iiz. l bu.t with

‘more detsils. ‘ :
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