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1. INTRODUCTION

Various circumstances have influenced our EREP-project which have to be kept

in mind when reading this final report.

)

Various institutions and re

Only one interpretable coverage of our test area was taken from Skylab

which unabled us to study dynamic features in its changes as originalliy

proposed (chap. 3.).

The coverage of S-190-A and B data was not synchronous and does notfully
overlap (Pig. 1). Therefore comparative studies of the different imaging

systems could not be undertaken to the expected extent (chap. 3).

Phe ground resolution of S-191 and S-193 data is much too poor to provide
any meaningful data in the very rugged terrain of the Alps. Therefore we

decided to neglect this data and to concentrate on the interpretation of

+he S-190 and S-192 data.

The ressarch was carried out in close coordination with our LANDSAT-1 and

2 project on similar topics in the same test area. Unfortunately there is
no comparative LANDSAT data available for the single Skylab pass. On the
other hand the methodology of processing digital LANDSAT-MSS-data could
be applied on the S-192 data,.tbo (chap.‘6;2).

The investigations will not be ferminated with this final report. In

particular the research on S-192 will be continued (chap:’6.2.2).

searchers contributed to the Swiss EREP-project. Their

efforts and nelpfulness is deeply appreciated.
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2. NARRATIVE R.STORY OF INVESTIGATION

Data of various kind from the different sensor systems were received during all
1974 snd part in summer 1975 which prevented a continuous progress in the
resgarch. The project was carried out in close coordination with our LANDSAT-1

and 2 investigations by more or less the same institutions and rescarchers.

In particular & joint research group of the Department of Geography, University
of Zurich (Prof.H.Haefner) and the Department of Photography, Swiss Federal

Institute of Technology, Zurich (Prof.W.F.Berg) is engaged in the research;

including:
Klaug Seidel, Ph.D. project leader
René Muri digital processing
Urs Geiser, M.A. analog processing
Rudolf Gfeller, Ph.D. field work (until Pebruary 1974)

Guido Dorigo, Ph.D. system specialist (part time)

Arthur Punkhouser, M.S. data output with Optronics. Photomation (part time)

Pritz Fasler, M.S. system specialist (part time)

Anton Paschke ' system specialist (part time)

In addition the Departmeng of Geography, University of Berne (Prof.B.Messerli,

; Dr.M.Winiger) contributed to the project and undertook field work in the Western

part of Switzerland.

S
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5. SUMMARY OF SKYLAB DATA OBTAINED

During Skylab mission 3 the Alps were covercd on pass 21 (track 27) of September
11th, 1973 between 15.26 and 15.27 MBZ. The flight pass is reproduced in Fig. 1.
As it can be clearly secn, weather conditions were rather bad and in particular
the Eastern Alps were completely covered. This situation limited our study area

to the scction between the Mt.Blanc and the St.Gotthard masoif (Pie. 5).

All instruments on board were working but again there is no complete matching
in the coverage. Especially the 5-190-B was set in operation only for the second
part where cloud coverage is most severe, which handicaped comparative studies

with S-190-A as well as with S-192 enormously.

A second coverage was taken eight days later on September 19th (Pig., 2) with a
pass slightly to the north of the first one (about 15 km) but unfortunately with
a cloud coverage of about 95 %. Only & very few areas - not corresponding with fhe
open ones of the first pass - could be examined. Therefore no comparative studies
of the changes taking place during the eight days were possible. These photos

were not interpreted further.

The date received from the coverage of September 11th, 1973 is summarized in Fig, 2

The quality of the photographic material is satisfactory with regard to the trans-
parencies and rether poor as to the color papér p?ints (too dark). Stereoscopic
view is also unsufficient with an overlap of not more than 20 %. The gquality of
the digital data from the multispectral scanner is very good. Data always

arrived in good conditions.
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4. GROUND TRUTH ACTIVIPIES

Tae day after the overpass extensive field work was carried out by two groups.
The Depariment of Geography, University of Berne, surveyed the position of the
temporary snow line along a profile line from the Northern border to the Central
part of the Alps (Thun - Haslital - Grimselpass - Goms) (Pig. 3). The Department
of Geography, University of Zurich, uniertock similar obscrvations and moosuro-

ments in several test areas of the Eastern Alps (Grisons).

As it turned out most of the test sites were covered by clouds in the EREP-data

and therefore no verification of the resulis was possible.

Additional deta from the existing meteorclogical observation network were collected.
A1 stations'reported precipitation of 1-12 mm for September 9th and 10th. But
since most stations are located in the valleys no information could be gained

on the amount of snow fall in high regions or the position of the temporary

snow line.

High altitude serial photography could be faken a day after the overpass by the
Swiss Air Reconnaissance. The flight altitude was 12'000 m, the covered area

a N-S and a W-E run over the Eastern part of the Swiss Alps (Grisons).

The quality of the photography is axcellent. But as it turned out the area
taken was hidden under a solid cloud cover during fhe overpass of Skylab.

Therefore these ailrphotos were'of no use for the project.
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COUITNICAL APPROACH ARD 'TASK DESCRIFYION

The original purpose of the projecl wus to map the changes of the snow cover

nd of the upper boundary of vegetation growth in the Swiss Alps ond to develop

-

3

a nodel to determine the relation botween snew cover and vegetation growth and

o

between snow cover and surface runod

ral
e

Since just one interpretable EREP-coverage was teken and no supplementary

LANDSAT-deta available it was only possible to

~ map the temporary snow line and the upper limit of vegetation growth for a

specific date.

But no studiecs on chonges and consequently on developing models related to these

prdblems could be carried out. Regionally the »roject was cut down to the Southern

part of the Swigs Alps (Canton Valais) as well. The arca which is covercd by
5-190-A and B &nd S-162 (ng. 1) is EO“*ly overcasted with clouds or does not

include a larger snow cover. This limited comparative studies, too.

On the other hand the original task was broadcened in such a way, thai a thorough

examination of the data of the single overpass wus carried out with emphasis on

—- compariscon of the accuracy and applicability of the results received from the

different photographic materials by applying éhe seme techniques,

- comparison of the results received by applylng dlffcrent tcchnlcues (analog

and digital prooeo51ng)

= gtudy of the temporary snow line in specific locatiunsg, such as on glaciers,

0

- develonmcnu of digital processing meth ds for an automated classification of

snow and a separation of snow from clouds

Two technical approaches were undertaken, an analog one for the S— GO0-A and B

and a digital one for the S-192.

The hccomnl*“; sents and problems are discussed in chapter 6.1 and presented in

Fig. 4 - 9 for ahélﬂg procesging and in chapter 6.2 and Pig. 10-18 for digital
processing I‘G‘Sp‘ect;ive;y. : : S o REPRODUCIBILITYQF .
| . ORIGINAL PAGE IS POOR.
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6. ACCOMPLISHMENTS AND PHROBLIAS

6.1 Analog processing of 5-190-data

Methodological as well as regional asnects of mepping altitudinal boundaries in
h

mountain terrain were situdied, rg drdirg

- mapping zad characterization of tﬂCALCmUO~a2‘ snow line and the upper limit

of vegetation growth over large arcas,
- regional differentiation and comparison of the courses of these boundaries,

- comparative studics on the position of the snow line in specific locstion
Y '

in particular on the glaciers,

- comparlgon of the different phote ruphlc materials regarding sccuracy and

suitability for different purposes

- evealuation of the best suited mapping scale.

£.1.2 ‘Pechniguce and procedure

:

The interpretation of the satellite photography wes done by conventional photo-
interpretation using such instruments as mirror stereoscope (WiiDs S$T-4, Bzusch
& Lomb SIS-95) and view desk with stereomicroscope (Zeiss 1~2, =zoom optics

with 16-times enlargement).

In ‘general color film was used for the determination of the snow line and IR
color film for the boundary of vegetaﬁion growth. For a deliniation of the
snow line on glaciers the IR color film provxded the best separat¢on. Trans—

parencies were used exclusively. -
In a first step the course of the altitudinal boundary was interpreted and.
marked on the £ilm. '

o

In a second ste 'the‘boundaries were transferred onto a torsgrapnic map. Several
- ; r bt =

© map scales from 1:50'000 to 1:500'000 vve testied.




)

o

S

v

terv
e
.y

;
Ak

o

“

Vad

ne

4

our:-
i

v 4
b

tos onto
s of reservo

i CO
0
am
te
the

\ 100
of d
to locat

of

-

edge

&

eliminated by tilt
ion

e de
sel
Ja;).

A

ALl
081¢T

-~
>
‘l

0
to

anlen
eaxs,

o)
ys8 possibl

“vad
-

v 3
@il

Vel
etc.

211N
Aad

~
0
2
i3
w <
]

>

“0

“s
T
peere e
e
hans

L SR A
"
-

P

adis

Th
&

-~
,i0

vadulay

the

A

\

hromega).
te

]

o)

ad

4
v

>UCa
e
[Saaray

190-
on
cu

-

9
P O

ed

~-a

o
&

..

<

C

«

o

vard the

ransier

o)
a

4
uper C
to
on (e

B S

nterv
m“
on quite a many s}
S

contour
to use
1ted
ere t
B OF B
toy
¢ locati

i
Lo
+ O

o
-

e R S POTS)
s

(#1994
w
plhelege]

1

tri

0
o
rie

0 (5
Gl

00

be
190~

und
iver

o
-

100"
h

-
S
- -

W

5
{




s s mem ¢ vy -~ e
etween sSnow covered

iQ JQLLLCA Y

- Y11 « msvdas - £ ~ T ~ o %+ ¢ ~ 4 4 44 B AarA : v - - . 4 - W
- vast, continuous extient 01 Snow cover with dentritic border in contrast 1o ine

«ca&TRIeS

~ ey sy 0
Caavihas s

/
¥ vyl 3 canarntod v L4+a €A . R
- clouds (to be separated by its for edge characteristics),

Pl i ahr ~rT
L Al ClldlUUWw,

. . .

R (mwA T Wale i Ydwe BRAae malting oo Lt e Pa
- uneven and broken snow line under meiting COIGLLLOUS LU

.

oorer ground resoliution

.
|9

' \ . "
smanha +m 0 artndy awawn 11 008
STAPIs / tO0 & cervalil generallizes
b A o~ vy N an’ls A 15
¢ more Oor eS8 4GS 4 S0LLU LLUC,.
\ ’ ™

Vi€ ane
VIS VNive watiie

$nae antirans nt +the eno? T4vmas nant I RN T T S P e L A metimnanto

the course of the snow line onto the map 1T 18 easy 10 eStliimais

e ad aYit bnndtnal wnatt*dian For g as well as to calculate an

xact altitudlnal POSL VA0 4Vs & 848 wWeld 88 L cailculaile al
rvannen tatal €ar o definad ran ! h oriented slop P = onYlavy +
vy 10T & CQellliCu aliTdy Ce5e te NOTTH OTICLHICU SAVPE Vs & VaLLS i

e 14 naes ot the
GLavdlUlde VUl valC
s in i c The
A - e Ve P

glirrerences i1l

A i mryl 2t amact 1 SV AW
Of particular 1inver'eSt 48 the sSnow

Af +he ina ia 2b tte voanriy mEvi -
Vi viie - B = J Lol oy J e
s corclusions toward P ~
i8 cornciuslions toward ae o1l

I marin anau £
climatlic SnNOW L4ilGC,.

_ L
smpoDUCEILITY OF TH
AR NAL PAGE 1S POOR

\ RAA




camera allows an even more detalied

o
-

)

e NnYoe o 4
400 Ga T

MW ABKEWE Ead
CULLULCL Ve vl

P S e .Y gt e

comparcad w thie TresSiiiliS
\

P 3 Adnd dy Stummn nnlsr waYnv P2 Y avnilahl

and vicinity/. S40Ce 00Ly COL0L 144l QValL.80.C,

o R e e s
mapped and compared wiilnh the o=-iYU-A,

& o 4 P i b e b e el o U ey t ntavnratadda
gsame lecanigque interpretvation Crilcr.a wele a interprevavion
ecnme timan Tanas £ 44 man+h + r
Sar cime lapse 01 WO monvas, 10

Mayse s F° 57
B L

reacie

“ ; .
Y} avre rulte svident
o deaC UL LE CValutlilve

"o Yand a ia i 1ad varns
2 on iers 1s compiled Dper

position of » din

on according yach individual glacier.




FeTehis

som by 44 vy ~ -~
CviaavaUil CUVEL

. 1413an
acadalition

vy nto
DiCoCiiuClw

e DU a LA 01

Liviin need.le

oOr
O LU OUL

JEeliO0Wislil

4 ey 4o
vl C 4o

$awrard +he
v iida L vais
atelieS a

v 4
JGds b
s o

~

nNS1110nN Zone covered

/ o
SHOV HM&DD

PR : .
{ - 35 B A S 3
\Oesden/ 451 LUCIHCEU LIC

e ~ . A < ~
e accuracy aciieved

~Y ~ A v
Visow 4o Ve aald MR ) Al

s - 1 Eeag |
vaio 3 VG L VA Vi

considerably

€
[}

TSNS




PO TE RS F iy IS UCCOO AT Ui il Myl SGAVWOLALAVE MO > “hpAL ~ e e N W
: VYelL'Y S o ge ot ast ping altltl L34 DOUr ir1e8 OVeY relativ arge
J préclise an i v ping ol n ries over 1 avive J &
q \ NS o n a3 v 4 3 “1y - . £y Ty i “
. P WhJ LAV ULl L0080 VQ 148V Timmeé s8u e OO L“e LCCCSSar, vabls 40 COU
N - - v . .d . 4 ! < 1" ~ v 49 » i ~al ~ A - " o
e VA Ve JCLAUVMLGL VUL CO WA CT va Wl Ly AMBULVLbGLs LULLL VA0S, Waves G4 (VUK
. Yy & nd Yy . gy The variati $ v 3 :
w“weUls al Qiild WO VUL LIS 00 . “saC el duva vi.g
b ] 5 14 + + ‘ + -
e - ¢ TSy ve vy o r vt s -
SHUR  44HE QUG WPPEeI LLAMAT 0l vegetatlion growiin
oLl ial’ QaTa 06N el v OO ~wdC o Wlibad [LOW, F20OV.IAECd Thav
+h o ” g & ~p - ~ AT £ & ¢ 5 & “y 8 9 P - e d P 3 & 7 ~ . "
vl LOCCooGly LUOCD CVEIPDACues 1S wiVeSiLavaeaty & VoL dabblUladle QLNQ €Conomlicald

- e el A g
“id Lve 404 VIGL

OQi11CatTions

A scacconal

6

— oy




id main 0DJecCiive & me g
\ . y ins whict 3 ¢ P a1 my .
“ v K VP ali Cadivd waalUw vRALNE WIHAGH 40 4doby odil J
. ~ LR b gy
’ . . v wvary +haron g ~ ota @ S 4 34 P o SRR
1 CCUura vk AR a very ttaorougn and COpleit sLuld Ol dAlilelCllL 4aSDCC LS
LAVOLVEeQ , SUCH 40,
oy = Ay . ¢ A R R P I weaAsAmatrie ecorrectior
= VAIril0US DICLIULCOOLUE 40 FCUIC VL LC &l JACLOONCULIAC COULLCLU VAU,
- ) L A o asd =
. N \ - \ - ~ c o P
- 1 v ¢ - - g s« AV SOAANITOOY O lassification
e bl e VA e o Vaeale -~ e el e \AUJ Vo S e e v by
. 2aLUTEe SeiCCuvalll,
R e N 3 ~ - arari ah) .
- (= ol VA Ve Vo - baU™yVde —taw Ay
. = SR T g b
- Al dnulC O . L e by Weey
== wi 'Yy ~ <P 5 - « 2" P AT oha .y
L3 lUuellCe LYy areas 1l sSUll 04 SLGA0W, .y
F Eaicn b s S e 3 Sk At o A MBI AR E
- QUIPUT OYXganlizZaivioil j4 Iorm Or STatTisTlCS.
\ v g 0 R A y o Y oot 43w ‘ imn ] e - R
oo r pe 4 el ~d e 2 rrari Fhma o 3 ris s oy i
- LAOACSC LUVECOLAEgGLAVIUD 4L v 40 O CCIAVE QipgUsidvililo Qo B e S e R~ :.AQ.:..»...J-‘.«,
Fig S e e Rl S e S S o e B S e ey i e e e e T e S S T S L o S ok T
ar7d A€ TilNLTEUI Ol SPOLILLIGLA VAIUNMS WELWELoad y WO BUGLQUVET & L0LHULLITW AUCC UL @Al o
e AahndAlle and nroceslr
r NG P e SRS S oy i A AN et AN YA e
Ak ples 01 superviset CiasSSilid SInow mapping
i g, °
L)
TGY A M % \ - -~/
ki YIAM rte wars - e
o N A“JNJA-g—IAAJu—k.lAUlA wWCoaL o [ S e -
P . - S
e e A wk INAGa e g S
4410 SysSiell LICLUUCS LUT LUVLdiUwiLl o uCJo.
o g ) o ~f +ha Aata & S8, + oy oy n o
a, Heiormaving 61 1i1ae data Jov=rormaving
b ) i rnant . anA e liinantt ar ~ . -~ - TR AN T TS EY ™ 11
“oe delilneation and evaliuailloll Ol odcildipidilyg pg+oVWYo S
. 3 At .v ey U A -
R 4.‘..-~) A \“., «J [PV PR .-.,pAu\‘u
ra P + s AR £ A AT Yt TR v e
- S A - o - e o* \./\\: VA Vasa i P
’ \
3 42 " 1 R Ry, G hor o % 2 an} o oo y
e 111 a1 - P SRy g p : "+ 5 \ e 1
- statistical evaluatlion (sitaldald Sltdilioviladl vel's)
- ALSTOogTrans
\ - oYY Ty 1y Yr ~ - +r . . 1 . v, 1 -r .
3 ) I s Cwvrmvy rvev and Vecetation Growth in High suntains
&/ HBALTNGN e DHOW WUL VO GUA YEHE vE L e UW Lad LAl AL 4 Mas vda a0
AAAST &4 An TADYINCY  Tonars i o s 4 Avh g BRI, . e 50 e, | 3 DM 9 TP Sl o S e + » g7¢ ¢
and AdQlilional LRLIO=ANVEO LLEGLLULND 4i VWL LLTL LG e mwillo=Jl & Alldd ACPUL V 4 . .
B . P s § 3 A 2 L T B S RS SELEE Tames
Resources Inventory and Land svaluatiion 1in L CZCTr 1alld «

N v/

e} -~/ & R S ) _.D S




- w4 Y ‘ v
nowomation Lr./u Vi

ST Ak i e R e = = YPTIIRD
clions b4 ap=JiiKe€ OouLD W. OPTERZ

T 19 3
15 SR P B

+3 o aad P .- . imare . o 31 o = P
tne classlilication aepen primare J on a careiul selection o1

4 ¢ + e atel]
v g

-~ O~ VS e

~

e S An
aVada v Vel

. ‘3 A f W PR
yere seiecied., inen Lie

snoulid ST1ilil

v 3k TR L, e 3 :
yped ompldi pren ensive collection of

3 X 4 4 A v
va O ever 1ig 1 r]
Ze OI n 1 truth. Atmos pa 36 GO

nore va

~ 14

+ Y ~ R 1 -
Viic UL G dld o

\S1lEpwlise

e H "t RTad Arasat i
Y

¥ nI ) 1
.u.-‘_._.‘\... epipiel CcL888111CT

aximum likeliliood REPRODUCBUE}YETY
ORIGINAL P







AT ] Ty \ N T ATA O

M W i dlwd vy Q2 ANV AN

SU

“ny

i AR AT S e adn 511 R e R I
Sing 01 eo=JilJc TULTLEpeciral data alloveld paravion

' NN A S 7 SR e, G 3 mAalraw dyvannannm Vel
we lYV=n QNG £ CO04L0T ~A=COL0L LIANSParCncl

-~ e Vi 4 o V- YYD e ) , . . - - e 1
O evaluate courgses cemporary snow 4l

e ey d y Ay oY ees + WY VA

~ . o o e v »
- VWil UV Cs “-irid BT LA BGoe D 'u..‘.g..a)

Y OAAMA BN s e A s
4:200'000 an accuracy

e a .~ ~

> Sy | ~ v 4 - ) (e Y Aan
CliiCU COiivl ~Vv Vuvw &l

vailCOC VOWIILALLCO

179 *1 Ana
Ve LG vaVUD

st mamt T T e
LFO0wW Ll OSCLLLAVES

ve

ayvynorntie
wJjauavivae

o . PR - s - e -
s ~nt Q v 4 -~

= A . . - -
ramhd i n y O PSR e W s fram ke e
COLULILLLLE | wdda OING VAUl LA 0M CLALICLO

A APAASENT YD
- ‘A/— \-bv-—d-s&od

- - v ~ ~ N oy 4 sy 4 1y 4
¢l0l and adaita ouiput

photomation systen.

o~ v
CAll WiobaliClo,

o+

test calegories.

et ~ A
vVinvadivie

SMhaE TV Sih
area sun,

o
~F

(VS




. WwLA ULl OAVO L L4 Ut U VUL e el J . ad Ao i aCia v wOUOU 4L L U4 PO RS b
B2 R o P 2d C& N4 cofipalaiive J DLAL | A & e
e B Falbiviicd LDPLNE +« QFOQWLC 1C< 3 L as SIiOW preled i BLVEI
: 7 - " g oxd 1 k ¢ . < < Y - . ' . = . i -
A i - i i o R | MAnd v Msh A TSRS E LR I - 'S Li\A s o g L SRS VoA - e b B e
- balo . ViV avVigawiaas e v - Vaals R s rha ~ - ~oAnivea (= - ~et -~ oa A asiCA VMDA TS
. o v 7 ¢ . - 1 b W » - 113 { x4 ~ ~ + ¥ ¥ ot 4
rocesging 8yoiled COULU Ve J4dadl concluded, vn the otner nand A COIULIUL V)
WS VIlE QA Ve ST e d fe, i T F R A LLAUW  ld JALE & LA IO adLCLV i Va “ - 2 e S B 0 vidll 7
o -
i~ - . L‘. . . 4 " ' 3 ) . l o - p " o
Ve I ¢ QUIlll e hDied % ¢ Q- 1184 e 3 QS vulaved was &anhQ 3 Ekd ki
t ’ s oy - JEET -
v v » . ) \5 & ] - - (SR Y 1 4 117 v Y 3 "— o ¢ N7 r
A4CxXing, 104 LALL &9 41l 88 I0Tr Lalsllaldle wdiCT LG CALOUG AL GRS IBR S il a vely
s y } - o ~ - . ) y - N B I~ > - P - 7
serious nanClicCap 1950 Qleas ouGll 3 WLl rianc, 8 SelCCLLi0I UL OPCL LIl VGLWS
B . 4 T TR A2 m & N ’ Y Y
referadle TO The 0nies O4 LANVOAL, AU QULLULIALECK OO0 GLGUAVM Ul DWW Gida
clouds 18 possibie With Ladbloal-Adta. LO€ICL0l€ & © sLral 1200 L) =
5 . Z1l07 10T LUrl'llel €Cal vl LJColuivieo o< e 5 R o8 S g B




REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR




REPRODUCIBILITY OF 7T .
ORIGINAL PAGE IS POOR

19gUALdAS ‘SATV GHL ¥HA0 SSVd JHOITA T *31

GL6T ‘UILT ¥




Tig. 2 SUMMARY OF DATA RECEIVED FROM SEPTEMBER llth AND SEPTEMBER 19th, 1973
QOVERPASS
Black and white Color IR-Colox |
0,5-0,6| 0,6-0,7 0,7-0,8} 0,8-0,9 |0,4-0,7 0,5-0,88 pu
S=190-A
(11/9/73)
Trans.Neg. 6x6 X X X X
Trans.Pos. 6x6 X X X X X X
Pap.Pos. 23x23 X X
S5-190-B
(11/9/73)
Trans.Pos. 1llxll X
Pap.Pos. 23x23 X
5-190-B
(19/11/73)
Trans.Pos. 1lx1ll X
Tape No Area No of channels |[No of spectral bands
S5-192 SKYSV1 west . 8 4
(11/9/73) SKY002 east 8 4
936094 center east 14 9
936095 east 14 9
9%6157 west 14 9
936158 center west 14 9
kS—19l Tape No Start Time Stop Time
916612 | 254:13:16:05  254:13:18:05
916611 254:13:16:05 254:1%:18:05
906398 254:1%:16:05 254:1%:18:05
906399 254:1%:16:05 254:1%:18:05
G0B366 C217:14:57:13 217:14:59:02
908349 . 217:14:57:13 217:14:59:02
S-193 903647 157:18:55:53 157:18:57:03
,933966 254:13:16:31 . ‘254:13:17:53
909470 254:13:163:25 254:1%:17:50

’; /jZ“Al; e
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Sig. 5 LOCATICON OF TEST AREAS FOR S-190-A / S-190-B and S-192 INVESTIGATIONS
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Fig. 6 AVERAGE ALTITUDE OF TEMPORARY $NOW LINE ON GLACIERS FOR VARIOUS
REGIONS AND EXPOSURES

6.1 Position of snow line on glaciers

6.1.1 Southern Valais (South of Rhone river)

average altitude

i -E Exposure of snow line
;E Glacier de Trient N 2'800 m
Glacier de Saleina N 2'900 m
i Glacier de Corbassildre N 2'900 m
f Glacier d'Otemna S 31050 m
Glacier de Breney S 31000 m
' Glacier de Chermontane B 2'800 m
» Glacier de Cheilon N 31000 m
Glacier ‘de Giétro W 31000 m
Glacier d'Arolla . N 2'950 m
J Haut Glacier de Tsa de Tsane S g““’ %1050 m ]
Zmuttgletscher E & é’ 2'950 m j
- Schonbielgletscher 8 4 31100 m =
1‘ Tiefmattengletscher N s g 2'900 m j,jl
! Glacier de Ferpeicle N ga‘f 2'900 m S
Glacier du Mont Mind N 24 21950 m
Glacier de Moiry N tgé 2'800 nm
; Glacier de Zinal N Sg . 2'950 m :
Turtmanngletscher N 2000 m
Gornergletschei‘ W 31200 m
Grenzgletscher N %1100 m
Schwdrzegletscher N 31200 m
Breithorngletscher N 317100 m
[ Theodulgletsgcher N 31200 m
; Findelngletscher W 31150 m
; Mellichgletscher W 31200 m
| Schwarzberggletscher N 31100 m
'E Allallingletscher B 51250 m
Feegletscher N 31200 m




Fig. 6 (cont.)

Glacier , Exposure
Kimgletscher W
Pestigletscher W
Hohberggletscher W
Riedgletscher N
~ Priftgletscher W
Grubengletscher W
Alpyengletscher S

Average position of snow line in different exposures

average altitude
of snow line

Exposure number of glaciers
13
3

W

S

9

2'900 m
2'800 m
2'850 m
3050 m
31100 m
3'000 m
2'850 m

avewage altitude
of snow line

31000 m
31000 m
31020 m
31010 m
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Fig. & (cont.)

6.1.2 Northern Valais (North of Rhone river)

Glacier

Tglgletscher
Kenderfirn
Beichgletscher
Oberaletochgletscher
Mittlerer Aletschgletscher
Grosser Aletschfirn
Jungfraufirn

ewiges Schneefeld
Pieschergletacher
Galmigletscher
Oberaargletscher
Tinsteraargletscher
StrahleggQGletscher
Gauligletscher '
Rhonegletscher

Triftgletscher

Fxposure

n » n =3 =" n »

w w0 =

=

average altitude
of snow line

2'900
2'800
31000
21900
31000
2'950
, 2'900
21900
31000
%1000
31200
2'800
211700
21900
21850
2'"700

Averase position of snow—line in different exposures

Ixposure

N
B
W
S

number of glaciers

Ny

@ Il

oo QIRILITY, OF 7B
REPRODUCIBILITY 0 g

average altitutde
of snow line

m

m

=

B B B B B B B B 5 H B B H

21750 m
2'970 n
37000 m
2'890 m
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COURSE OF TEMPORARY SNOW LINE MAPPED WITH $-190-B (1:100'000, 50 m
N WITH S

contour intervals) IN COMPARISON WITH S-190-A.
Interpretation by Urs GEISER

* Topo-map reproduced with permission of Swiss Federal Topographic Survey

temporary snow line mapped with 5-190-B

e . temporary snow line on glaciers mapped with S-190-B

temporary snow line mapped with S-190-A

% clouds




Fig. 8 AVERAGE ALTITUDE OF THE TEMPORARY SNOW LINE AS DETERMINATED FROM
S-190-B (to compare with Fig. 6, 6.1.2)

| Glacier Exposure Average altitude
| of snow line
E 3 Pinsteraargletscher NE 21780
] SE 21900
| Pieschergletscher NE 21900
‘ E 21960
SE 2'990
Galmigletscher W 351020
SW 2'860
Oberaargletscher NE 2'880
% E 3+040
| | SE 31000
g Tierberggletscher NE 2'800
' . E 2'840
‘ ? Oberaarhorn NW 2'770




DU Fig. 9 AVERAGE ALTITUDE OF UPPER LIMIT OF VEGETATION GROWTH FOR DIFFERENT
R REGIONS AND EXPOSURES AND ITS DIFFERENCE TO THE TEMPORARY SNOW LINE

Altitude of upper | Altitudinal
Location Exposure limit of vege- difference
' .~ tation growth to snow line

e overes v 21509 300
troLe / higuille de W 31100 500
gizgiiie / Pointe de v 21900 | 600
Saas Fee / Weissmies W 2'500 | 600
Balme / Téte de By S 21700 500
Prarayer / Mont Brulé S 21400 700
Saas Fee / Weissmies S 21500 © 600 o
Lotschental / Blatten S 21400 : 600
Col de la Seigne S 21550 ' 450
Arolla Pigne d'Arolla B 2'500 500
La Fouly B 2'600 600
Tasch / Mettelhorn E 2'500 600
Balme / Mont Velan E 21600 700
Val d'Arpette N 21000 900

| Lotschental / Blatten N 21400 600
giiiiﬁix / Aiguille de g, . 21400 00

| Bsshorn / Fletschhorn N 2'500 500

ks ie rhah i E T A A R
iy
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Fig. 10 CATEGORIES AND MAIN CATECORIES FOR DIGITAL SNOW CLASSIFICATION
Category Main Category

Name No Symbol for,. Name Yo Symbol for .

computer prints computer prints

snow wet L ! snow "1-5 .

snow wet 2 2 ! in

snow dry 3 sun

glacier 4 ’

snow and rocks 5 "

snow dry in shadow 6 & snow 6-9 !

snow dry i.sh. II T & in ‘

snow and rocks i.sh. 8 % shadow

snow and rocks i.sh. II 9 %

clouds (centers) 10 - clouds |10-11 =

clouds (edge) 11 =

water 12 * snow— | 12-17 ]

forest 13 / free 23

grass 14 ? areas |25

rotks 15 ( in

vare soil/grass 16 ) sun

settlements | 1T T

sediments (detritus) - 2% L

border of reservoir 25 X

forest in shadow 18 W SNOoW— 18-22 M

griuss i.sh, 19 B free 24

rocks i.sh. . 20 G arees

bare soil/grass i.sh. 21 M in ‘

rocks i.sh. II 22 7 shadow

ricks i.sh. III 24 v

sediments & rocks i.sh. |26 7

bares soil/grass i.sh. 27 3

grass i.sh. II 28 H

rocks i.sh. IV 129 A

others not classified 30 blank ‘blank




- Fig, 11 CLASSIFICATION BY EUCLIDEANkDISTANCES
Left: Categories / Symbols / Limits

Right: Un-normaligzed Cateogry Specification

; EUCLIDEAN DISTANCE CLASSIFICATION MAPPILING.
! N EAMAR NS AR . ASAA RN NN AN M AT K AN RA AT AN S A R R N T N A RS A A R ME NIRRT RATIIESERTITE
|
CHANNELS USED: 12 4 UN=NORMALTZEN CATEGORY SPFCIFICATIONS
CATEGORY NAME -NUMBER  SyMpoL  LiIMIT
| et m v e —— ——— CHANNELS—- 1 2 4
{ SCHNFE FEUCHT 1 ' 75.0 1t 162.96 16.69 255.00
CSCHASE FEUCHT 2 2 ' 75.0 2 91.04 = $.28 208.83
CSCHNFE TRO .3 . 75.0 3, 266,40 28.42 255.00
L GLETSCHER 4 v 75.0 4 97.20 10.73 254.22
CSCHMEE FELS SO 5 " 75.0 5 84.41 16413 159.71
SCHNFE TRO SA 6 & 75.0 b 34.91 10.74 11%.88
SCHNEE TRU SA 2 7 & 75.0 7 & 34.30  10.00 43.10
CSCHNEE FRLS €3 8 % 75.0 B3 39,48  B.72 17.34
PSCHMLE FELS SA2 © 9 ] 75.0 9 % 28.42  10.22 139,80
S WOLSENZENTRUM 10 - 75.0 10 - 253.19 174,85 255.00
; ADLKENRAND 1L = 75,0 11 = 150,69  GlL.66 237,02
| - aASSFR 12 *x 14.0 Co12 % 23.34 10.19 170.98 i
P CWALD SONNE 13 / 75.0 13/ 37.47 21.52 76.70 %
: GRAS SOHME 14 ? 75.0 14 2 653.06 60.28 93.61 i
- FLLSEN SUNNE 15 { 75.0 Y150 ¢ 73.89 83.14 132,33 :
| BINEN GRAS SON 16 ) 75.0 “Is ) 56.4% BL.EG 120.29 :
| SIEDLUNG 17 1 10,0 17 1 55.40 47.9C Ll15.4D ; |
: . WALD SA 18 W 15.0 18w 31.62 16419 . B7.74 : :
; GRAS SA 19 8 75.0 19 8 23.56  20.83 84,34 |
L FELS SA 20 G 75.0 20 G 20.27 15.05 83.49 ﬁ
Lo aiIDEN GRAS SA 21 M 75.0 20 0M 21.83 12.64 7L1.05 ) |
; FELSEN $A2 22 7 75.0 22 7 30,41 13.47 - 93.00 ;|
; -SCHUTTER SO 23 L 75.0 23 L 48.71 45.97 11i3.82 :
FELSEN SA 3 24 v 75.0 26 ¥ 37.90 35.66 75.95 i
: v STAUSFERAND 25 X 15.0 25 X 26.42 17.52 150.92 i
i SCHITTER ©CLS SA 26 z 750 26 7 ©68.19 . 40.69 L7TL.92 ;
b BONCN CRAS Sk2 - 27 S 75.0 27§ T8.75 44,46 202,57 .
P GRAS SAZ 28 H 12.0 28 H 31.72° 15444  36.07 : !
| JFELSEN SA& 29 A 13.0 29 A 43.81 23.78 140.28 : :
i ) ’ :
| s
! :
| ?
! 1
i i
; :
i f
|
; i
|
i ) 5
: . i
; e o x
’ |
; .
j :
,» i
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{ Fig.
!
]

Distances of Separation for Categories

» — .

' DISTANCES OF SEPARATION FOR CATFGORIFS

I L,

[ S 2! 3 . 4 4 5 u 6 & 7 & 8 % 9 % 10 = 1ll= 12 % 13/ 14 7 185 ¢!
1y 0.0 85.08 Bbde3 A6.0 123.5 187.0 24B8.0 216.5 177.2 182.1 1Bs1 163.1 218.1 194.7 165.5"°
2]+, 35.8 0.0 163.2 45.8 50.0 106.0 175.2 141.2 93,2 236.3 105.5 77.6 l43.1 129.1 107.7
31« B4.3 led.Z2 0.0 150.2 188.3 252.1 300.4 273.4 267.2 146.6 11621 239.1 274.8 246.3 218.06 .
41 v 6RO 4&5.d 150.2 0.0 S5.5 149.0 220.3 186.1 133.5 226.5 98.5 111.3 I87.6 L7105 143.7
51 123.5 50.0 188.3 95.5 0.0 64.4 1271 94, 59,7 290.5 126.8 62.4 9%5.5 B2.3 7.1
ol 2 187.0 10040 252.1 149.0° 6.4 0.0 T75.8 4loB 21.9 305.2 lagh.l B3.6 4p.h 2.3 H3.3
7| & 248.0 175.2 300.4 229.3 127.1 75.8 0.0 34.7 96.9 346.% 240.5 128.3 35.7 76.9 127.0
8l ¥ 2106.5 l4l.2 273.4 18601 94, 41.8 34.7 0.0 63.4 323.8 211.5  95.0 13.0 59.0 98.7
9l % 177.2 93.2 247.2 133,95 5%.7 2l.9 %6.9 63.4 0.0 301.5 176.2 3l.6 64.7 Tb.4 B86.3

107 "3 166.6 220.5 250.5 3N5.2 34u.4 323.8 301.5 0.0 133.3 295.0 319.1 274.5 23%.8
: 116.1  GBeS5 12648 1B4s1 240.9 21105 170.2 13343 0.0 165.0 203.4 1/1.0 139.1
: v 39.1 Ll1le3 62.4 53.4 128.3 95,0 3l.6 295.0 165.0 0.0 96,0 1DN.4 96.0
Yo o 3.1 274,8 187.6 95, 43,6 35.7 13.0 64.7 319.L 208.4 Y06.0 0.0 49.4 9D.7
Vel 7 tun.d 12901 24643 L7145 82.3 62,3 T6 Y 59.0 T6.4 27445 L71.0 100.4 49%.4 0.0 46.3
151 { 16%.5 107.7 218.6 L43.7 73.1 83.3 L22.0 $R.T 86.3 235.8 130.1 96,0 90.7 46.3 0.0
Lol ) Li6s1 11741 231.1 L1547 78,7 77.8 110.3 B5.0 B83.4 248.3 l44.3 97.8 79.9 34.5 L4.d
LT T L179.0 10742 23744 Law.T 61.8 AZL6 44.% . 56. 57.4 273.4 160.6 That 50.2 26.2 43.2
Ctel W 21207 13501 27245 179.0 #9.3 3l.8 45.1 15.0 §2.5 319.8 205.3 83.9 13.6 54.5 90.9
Plg| @ o22n.4 L42.1 280.8 YuS5.4 97.0 37.7 44.0 21.2 567 326.9 210.9. 87.3 15.9 56,6 93.3
P20 G 22301 14401 284.1 L8T.3 . 09.6 35.5  43.1 21.1 57.1 33045 215.5 87.7 19.6 6341 99.5
121} M 231.9 154.2 290.7 158.1 108.86 49.6 30.7 19.1 69.1 337.2 224.5 100.0 18«9  66.9 106.9
y221 7 209.3130.8 270.4 174.5. 85.9 26.4 %0.2 18.7 47.0 319.3 203.3 78.4 19.5 57.1 9l.l!
(23] L 184,90 110.3 243.6 L52.7 65.4 38,2 BO0.6 52.9 48.6 279.9 1663 T2.0. 45.8 28.6 4f.H
P2641°V 219.2 145.5 274.9 L1BY.S §T.8 49.7  4l.8 27.0 69.4 312.7 204.5 99.5 142 39.4 t2.0
525 X 171.7 B7.2 24%3.6 125.4 58.7 33,8 10d.4 75.2 13.5 295%.0 16844 21.6 75,1 80,3 wui.l
“26| 2 12d.3 53.6 197.0 ©2.3 31.9 69.4 136,7 103.9 59.5 243.2 116.8 54.2 101.9 80.9 58.3
12718 103.0 37.8 176.4 64.4 51,7 100.3 l69.1 13640 8744 224.0 92,7 7244 13424 111.2 80.3
P28 H 29%.3.182.8 1006.9°227.8 134. 83.0 .3 42.5 103.9 349.9 245.7 135.3 41.5 79.4125.0
29| A 165.6 B4.5 232.9 126.5 4%5.7 26.6 9B.6. 64.9 20.5 282.6 159.3 39.3 63,9 62.3 07.0
< .
DISTAMCES OF SEPARATIUN FOR CATEGCORIES
16 ) L7 1 .18 W 19 B 20 G 21 ¥ 227 23 L 264V 25 X 267 21 S 28 H 29 A
17 v 178.1 179.0 212.7 220.% 223.1 231.9 209.3 184.0 219.2 L71i.7 12B.3 103.0 255.3 165.6
20 v 117.1 107.2 135.1 14241 14401 154.2 130.8 110.3 145.5 B87.2 53.6 37.8'162.8 B4.S
3] . 231.1 237.4 272.5 280.8 284.1 290.7 270.4 24346 274.9 24346 197.0 17644 306.9 232.9
4l -, I54.7 149.7 176.0 185.4 187.3 198.1 17445 152.7 189.5 12544  92.3 64,4 227.8 12645
s " 78,7 6l.8 89.3 97.0 99.6 108.6 .85.9 65.4 97.8 58.7 3l.9 51.7 134.4 45.7
6l & 77.8 42.6 3148 37.7 3B.5 49.6 26.4 38.2 49.7 0 33.8  69.4 100.3 H83.0 2646
7l & 110.3 8403 45.1 4440 43.1 30.7 50.2 . 80.6 41.8 108+4 13647 169.1 9.3 98.6
gl % 89.0 5k.9 15.0 21.2 2L« 19.1° 18.7 52.9 27.0. 75,2 103.9 136.0 42.5  64.9
9] T AR.4 S52.4 52.5 SkeT - S5T.L 69.1 47.0  4B.6 09:4° 13+5 59.5 87.4 103:9 20.5
10} = 248.3 273.4-319.8 324.9 330.5 337.2 319.3 279.9 312.7 295.0 243.2 224.0 349.9 2B2.6
11| = l44s3 160.6 20543 210.9 215.5 224.5 203.3 166.3 204.5 168.4 116.8 9247 245.7 159.3.
L2l % 97.B The4 B3.9 8T.3  37.7.100.0 78.4 T2.0 99,5 2146 S4.2 T2 135.3 3%.3
131 /7 7949 50.2 13.6 . 15:9 19.6 18.9 19.5 45.8 14,2 T5.1 101.9 134.4° 41.5 63.9
. 14] 2 34.5 26.2° 54.5 50646 63.1 66.9 7.1 28.6 39«4 BO0.3: §0.9 L11L.2. T79.4 62,3
151 ¢ 14.2 43.2 90.9 933 99.5 106.9 9l.l 48,6 82.0 B3.1 58.3 80.3 125.0 .67.0
167 N.0 36.0 BLe.l 82.8 89-.2 95.9 82.0 "40.6-70:1 81.7 66.1 9l.2 112.7 65.5°
SL7H 1 3640 0.0 4B.3 52,0 "57.7 65.9 48.1 7.1 44,9 55.0 58.4  90.3 88.2 36.5
L8] w oglel 4803 0.0 9.9 122 - 19.7 6.0 43.1 23.6 63.4 95,0 127.3  5L.7 569
Sl B B2.8 52,0 99 0.0 6o 15+7 13.3 4622 2242 667 100.3 132.6°. 49.3 59.56.
20] 6 89.2 57.7 -12.2 b7 0.0 “12.8. 14.0 SI.8 28.2 67.8 103.08 135.9 48.8 62,1
2L M 9%.9 . 65.9 19.7 "15.7 12.8 0.0 23.6 0.5 28.5 80.2 114.5 146.8 36,5 -73.%
221 7T 82.0 48.1 &40 13,3 L4.0  23.6 0.0 42.7 .29.0 58.2° 9l.6 123.7 57.0 50.2
23] L 4046 7ol 43,1 46,2 5148 605 4247 0.0 40.7 518 61.5 937 85,27 34,9
w240V TC.1. 44.9 23.6  22.2 28.2 28.5 . 2940 40,7 0.0 78.0 100.8 133.3  45.1 65.7
250 X . 8lsT. 55.0 63.4 66.7 67.8 80.2 58,2 51.8 780 0.0 S2.2° 78,3 115.0 . 21.3
261 7 66.1 58.4 95.0-10043 103.8 114.5- 91l.6 61.5 100.8 - 52.2 0.0 3246 14249  43.4
‘27l s 91.2 90.3 127.3 132.6 135.9 146.8 123.7 83.7 133.3. TH3. 32.6 040 1754  That
28] H 112.7 BB.9 517 49.3 48.8 3645 57.0 B5.2  45.1 115.0.142.9 175.% 0.0°105.2
<291 A 65.5 33:5 S4e5 5346 624k T3¢5 50e2- 3449 65.7 2143 43,4 That 105.2 0.0
v
3l
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Pig. 14 SUMMARY OF TOTAL NUMBER OF PIXELS CLASSIFIED IN 29 CATEGORIES (per count
L and in percentage)

SUMMARY

* CATEGORY NAME NUMBER  SYMBOL ~ LIMIT CCUNT  PER CENT .

SCINFE FEUCHT 1 . 75.9 6804, 9,

SCHMFE FEUCHT 2 2 . 75.0 2587. 3.

SCHNEE TROQ 3 . 75.0 4195, G

GLETSCHER 4 . 75.0 2133, 3.

! SCHMEE FELS SO 5 . 75.0 3607. 5.

; SCHNEE TRND $SA 6 . 75.0 2390. 3.

! SCHMFE TRO SA 2 7 . 75.C 527, l.

! SCHMEE FFLS SA 8 ' T5.0 553, Lo

SCHMEE FELS SA2 ] ' 75.0 1195. 2.

i WOLK FNZENT RUM 10 = 75.0 2253, 3.

; WILKEMRAND 11 = 75.0 5487. 7.

‘ WASSER 12 $ 14.0 274, 0.

WALD SONNE 13 $ 15.0 2095, 3.

. GRAS SONNE 14 $ 75.0 4083, 3.

FELSEN SONNE 15 $ 75,0 6283, 8.

BODEN GRAS SON 16 % 75.0 4299, b

; STENLUNG 17 $ 7.0 168, 0.
; WALD SA 18 M 75.0 1645. 2. |
GRAS SA 19 M 75.0 1066. 1o ;
% FELS SA 20 4 715. ¢ 710. L. ]
BODFN GRAS SA 21 M 75.0 1445, 2.
; FELSEN 2 22 M 75.0 1788, 2. ;
* SCHATTER 23 $ 75.0 7C89, 10. '

1 FELSEN SA 3 24 M 75.0 2689. A

; . STAUSFERAND 25 $ 15.0 147. 0.
i SCHITTER FEFLS SA 26 ¥ 715.0 2057, 4 , : |
; T BODEN GRAS SA2 27 M 75.0 2041, 3. , L
GRAS SA2 28 M 12.0 159, 0. B

FELSEN SA4 29 # 13.0 631. le

OTHER 30 0.0 - 88. 0.
; TOTAL COUNT . 74090. i,
; - - - ¥ i
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Fig. 15 COWPUTER PRINT OF CLASSIFICATION IN FIVE MAIN CATEGORIES (same Section
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Fig. 18 TOPO-MAP OF TEST AREA ZERMATT-DUFOURS
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* Topo-map reproduced with permission of
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