








GLAC 1ER "AME TABLE LOCATIONS OF DATA

MOTTISCIA A.662 8.5S4

MUIR A.'144 9.16

MULAJOEKUlL A .219 8.136

MULINET NORD A.S49 8.441

MURAlON A.537 '8.429

MURKAR A.ao 5 B.6CJS

MUTMAL FERNER A.45ó B.350

MUTT A.106 8.200

NADAHINI A.J8 B.,8 C.l3 F.5

NADINA A.i05

NAROIS OCC. A.736 B.628

NAUTHAGAJO£KULL A.218 8.135

NAVAJO A.1BS 8.106 0.24

NEL CENT~ALE A.5S2 8.444

NEL ORIEHALE A.SS1 B.443

NELLIE JUAN A.51 B.16

NEVES OR. A.173 8.665

NIEOERJOCH FER-NER A.446 8.34'0

NIGARDSBREEN A.2S6 B.165 0.39 E.1S

NISCLI A.732 'a.624

NI SQUALL V . A.172 B.98

NOASCHETTA A.556 B.448

NOiROENO A.657 B.549

NORRIS A.148 B.60
NORTH GUARDIAN A.16·ß

NORTH HOWICH A.178

NORTHEY A.891 C.GS

NORTHWALl FIRN A.907 B.761 F.21

OBERAAR A.356 8.250

OBERALETSCH A.3,11 B.205

OBERER GRllmELWALO A.J63 B.257

OBERSUlZBA CH KEES A.483 B. 3 76

OBRUCHEVA A.794 tl. 66

OBRUCHEVA ,A.861 8.131 C.4ft

DCHSENTAlE:RGL A.422 B.316

CEOENWINKEL KEES A.S10 B.402

Of ENTAL A.314 B.206
OROZHONIKIOZE A.alta 0.75

OREN NORD A.ElliO 8.522

lOREN SUD A.El29 9.521

ORTLES BASSO DELL- A.751 B.649

ALPHA8ETIC INDEX PAGE 14

235



GLACIER NAHE TABLE L OCATIONS Of DATA

OSANO l'1ER. A.ó66 8.558

OSANO SETT. A.667 B.559

OTEttHA A.340 B.234

PAKHTAKO\R A.S39 B.727

PA1.UE A.409 !1).303

PANEYROSSE A.3S0 B.244

PARADIES A.395 B.2S9

P·ARADISINO A.410 B.304

PARK A.1S7 B. S8

PARTEJEKNA A.274 9.174

PARTIZAN A.849 0.76

PASSO DEL DOSEGU A.70S B.600

PASTERZEN KEES A. 50 2 8.3914

PASUSTJIETNA W A.2S7 B.187

PA SUSTJ:I ETNA E A.2S8 '13.188

PATHETIC A.42

'PEIRABROC A.535 8.427

PENE BLANCHE A.565 B.lit57

PENNIMAN EAST A.7i B.36

PE~IHAN HEST A.72 'e.Jl

PERA ClAVAL A.54S 8.437

PER ARDUA A.1t

PERCIA A.586 B.478

PEYTO A.27 C.1l D. ti E.6

PfANDLSCHARTEN A.50S '8.397

PIERREDAR A.355 8.24g

PIODE A.655 8.547

PISGANA OCC. A.725 8.617

PITZTALERJOECHl A.442 B.336

PIZOL A.390 1ß·.284

PIZZO FERRE A.671 B.563

PIZZO SCALINO A.6aiO B.572

PLACE A.46 0.13 E.8

PLANPIlNC IEUX A.621 B.513

PLATEAU A • .142 '0.·75

PLATIGLIOLE A.6gn B.582

PLATTALVA A.387 B.281

PLATTE S DES CHAMOIS A.596 B.488

POPERA OCC. A.189 B.681

PORCHABELLA A.397 IB.291

PO~OLA A.720 8.612

ALPHABETIC INDEX PAGE 15

236



GLACIER NAitiE TABLE LOCATIONS OF DATA

PRA FIOIRI A.742 B.634

PRAEGRAT KEES A.49S 8.390

PRAPIO A.35t4 B.2148

PRAVYY AKTRU A.aS'!I B.754 C.57

PRAVYY KARAGEtfSKIY A.864 C.G1

PRE DE BAR A.G26 B.518

PREDAROSSA A.G72 B.S6ft

PRESANELLA A.743 B.635

PROFA A..7iG B.60S

PRUDENZI NI A.12"9 B.621

PtJNTA 'SfORZ. NE A.709 B.601

PUNTA SFORZ. E A.7iO B.602

PUNTEGLIAS A.392 B.286

PUYALLUP A.. 176 B.161

QUAIRA B lA NCA A.771 '8.663

QUELCCAYA A.195 B.116

RABOTS GLACIAER A.282 8.182

RAETZlI A.373 8.267

RAINBOW A.156 B.67

RAM RIVER A.2S 0.10 E.S

RAMULOA SETT. A.76ft B.6S6

RAYES NOIRES A.S72 8.464

RAYGORODSKOGO A.826 8.716

REBBIO A.66:0 B.552

REID A.122 B.S6

RENDU A.139

RETTENBACH FERl'iER A.41fl B.335

REYKJAF JARDAR A.209 8.129

RHONE A. 30 5 B.199

RIED A .•323 8.217

RIFFELKA,R KEES A,.Si8 B.410

RI FFL-T OTENKOPF A.516 8.408

RIGGS ·A.145 B.71

RIKKA SAt-'BA A.90S

RIO MANSO A.20 1 1ß.12i C.32

RIUKOJIETNA A.290 B.19n

ROARING A.66 B.31

'ROBSON A.17 C.If

ROCHEFORT A.620 B.512

RODZEVICHA A.88S B.757 C.G2

ROFENKA:R FERNER A.444 B.338

ALPHABETIC INDEX PAGE 16
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GLACIEIR MME TA!BlE LOCATIONS OF DATA

ROISETTA (LA) A.638 8.530

IROMER A.i38 B.72

ROOSEVELT A.1G4

1ROSEG A.40 1 B.295

ROSENLAUI A.362 8.256

!ROSOLE A.1fJ1 8.593

!ROSSA 'VEORElT A A.7~4 8.&36

ROSSeODEN A.417 B.311

ROTFIR.N (NORD> A.377 8.271

iROTHOOS FERNER A.453 6.347

:RUOPSOKJEKNA A.215 B.115

'RUOlESGL AClAEREN A.278 B.118

iRUTOR A.GOO 8.492

SADDLEBAG A.96

SAFUNA A.196 B.111

'SAINT SORLIN A.303 8.198 0.53

'SALAJEKNA A.2.73 8.113

'SALARN<l A.73'O 9.622

SALOURA MEiR. A.763 8.655

SAlEINA A.348 '8.242

SAN GIACOMQ A.704 8.S96

SANfORD A.1ilO

SANKT ANNA A.375 8.269

SAPOZHNIKOVA A.886 C.63

SARDaNA (t'lORD) A.400 8.294

SARENNES A.304 O.5t¡.

SASKATCHEWAN A.20 8.3 C.7 F.i

SATPAYEVA A.810 B.146 C.52

SAVORETTA A.7i7 B. 6 09

SCArs A.721 ß.613

'SCERSCEN INFER lORE A.G71 8.56<3

SCHALF FERNER A.448 8.342

SCHATTENSPITZ A.428 B.322

SCHAUFEL FER.NEft A.467 B.361

SCHLAD til NGt RGL A.532 B.424

SCHLATEN KEES A.467 B.38n

SCHLEGEISKEES A.fta,Q F.20

SCHtUDl A.925

SCHtfIEOINGER KEES A.S09 B.401
SCtfNEEFERNER N A.291 'f.e

SCHNEEfERNER s A.292 f.9

ALPHABETIC INDEX PAf,;E 11
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GLACIER MME TABLE LOCATIONS Of DATA

SCHNEE GLOCKEN A.429 8.323

SC tNEELOCHGL A.S33 8.425

SCHWARZ A.369 8.263

SCHWARZBERG A.3iS 8.209

SCHWARZENB£RGFE~NER A.4S9 13.353

SCHWAR1£NS1EIN KEES A.ï.t18 8.312 F .19

SCHWARZKOEPFl KEES A.50 8 B.4 00

SCHWARZKARL KEES A.514 B.406

scorr A.19 C.6

SEA A.Sit8 8.440

SENGIE SETT. A.S62 8.454

SENTINEL A.4S 19.13 C.27 0.. 14 E.9 F.7

SERPENTI I'iE A.73 B.38

SESIA A.656 B.548

SESVENNA A.406 B. 3 00

SEVERTSOVA A.821 B.111

SEX ROUGE A.3S3 8.247

SEXEGERT£N FER "ER A.tt33 B.327

SFORZE LL INA A.71t 8.603

SHCHUKINA A.8GG 8.742 C.lt8

SHERIDAN A.94 B.53

SHERMAN A.9S

SHOKALSK Û'GO A.8S O 8.730

SHOUP A.90

SHULTSA A.862 B. 7 38 C.45

SHUNSKOGO A.867 B.743 C.4Q

SIO'UJOEKUll E A.223 13.140

SI LVRETTA A.39'9 8.293 0.58 E.26

SI MHING FERNER A.474 'S.368

SIMONY KEES A.492 ß.365

SKAFTAFELlSJOE ~ULL A.227 B.144

SKALAfELLS JOEKULL A.2J9 8.156

SKEIDARARJ OEKUf..L W A.224 8.141

SKEIDARA RJOEKUll E A.225 '8.142

StlITH A.82 8.47

SOBRETTA NE A.7iS 9.607

SOCHESTSANTElEINA A.590 8.482

SOLATSET A.636 B.528

SOLDA A.756 '8.648

SOLHEINAJO£KUll A.22"1 8.138

SONNOLICK KEES A.494 8.J87 0.62 E.30

ALPHABETIC INDEX PAGE 18
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GLACIER NAtiE TABLE LOCATIONS OF DATA

SORAPIS OR. A.782 B.674

SaRAPIS CENTRALE A.7a3 13.675

SORAPIS OCC. A.78ft B.676

SOUTH CASCADE A.165 B.9'" C.3:O O.2U

'SOUTH CR ILLON A.1.16

SOUTH HOlHCH Ae177
SOUTH TAHOMA A.17ft ¡B.99 C.31

SOUTHEAST LYELL A.24 C.11

SOUTHWALL HANGING A.9i2 F.26

SPEKE A.•889 8.758

SPENCER A.60 B.25

SPERRY A.18i '8.102

SPHINX A.47 B.12 F.6

SPIEGEL FERNER A.450 8.344

SQUAK A.160 8.91

'ST VRAIN NO 1 A.187 B.108 0.26

ST VRAIN NO 2 A.i8B 'e.l09 0.27

'ST VRAIN NO 3 A.1ag 8.110 0.26

'ST VRAIN NO Lt A.190 B.l11 0.29

ST VRAIN NO 5 A.191 B.112 0.3'0

'ST 'VRAIN NO 6 A.192 B.113 0.3.1

STEGHOLT18REEN A.253 6.163

STEIN A.3S9 8.253

STEINLIMMI A.360 8.254

STEPHENSON A.92U

STORBREEN A.261 B.1ó9 0.42

STORGLACIAEREN A.Z8S 8.1'85 0.51 £.23

STORSTENSF JORDBRE A.2'tE

STUOR-RAEITAGl A.281 B.1A1

STYGGEDALS BIREEN A.266 8.170

SUATIS! A.BDa 8.698

SUD DELL-ALPE A.714 :8.606

SULZ A.3a8 B.282

SULZENAU FERt'lER A.470 8.364 F .15

SULZTALER FERNEIR A.4S7 B.351

SUOTTASJEKNA A.279 B.179

SUPHELLEßREEN A.265 0.46

SURETTA (WEST» A.3C36 B.2<3'O

SURPRISE A.6B 8.33
SVINAFELLSJOEt<ULL A.228 8.145

TACCONAZ A.3,oO B.195

ALPHABETIC INDEX PAGE 19
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Gl AClE R NM1E TAßl.E lOCA T IONS OF DATA

TAEllIBO DEN A.313 9.207

TAHOMA A.i7S B.100

TAKU A.1't9 8.81

'TAlGM~ YUZHNYY A.SS1 B.]:31

TALUM A.159 'B.90

TARAMONA A.661 B.553

TARAMUZ-I A.827 B.717

TASCHACH FERNER A.43"+ ß.328

TASHAN A.9i4

lAUFKAR fERNER A.445 'ß.339

TAVLOR A.56 B.21

TCHAIKAZAN A.Mt4 B.11 C.25

TEBUlO A.8106 0.696

TEKESHSA Y-I A.aJa B. 726

r ei.ecc ro A.558 B.45,O

TESSA A.768 B.6611

TESSONET MER. A.56i '9.453

THOMPSON GLACIER A.B C.3

TI ATSCHA A.itOS 8.299

TIEFEN A.l74 B.268

TIKHITSAIR A.804 B.694

TIMORlON A.577 '8.469

TOBY A.36 C.21

TOPEKA A.iJ3 B.67

TOULA A.617 B.509

TOUR A.29ó B.191

TOYATTE A.132 A.'66

TRAIL A.58 A.23

TRAJO A.573 9.465

TRE lA TETE A.'JO 2 A.i97

r'RELATETE HER. A.6:Q9 B.501

-TRESERO A. 70 6 8.598

TRIBOlAZ IOIŒ A.S69 9.461

TRIENT A.349 13.243

TRIFT (GADM£Nl A.361 9.255

TRIOLET A.625 --9.517

TRIPP KEES WIEST A.527 B.lt19

TRaBIa A.724 B.616

TROllBERGOAlSBREEN A.248 0.34 E.10

TRONOVA A.8S7 9.734

TSANFlEU'RON A.339 B.233

ALPHABETIC INDEX PAGE 2:0
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GLACIER NAHE TASLE LOCATIONS OF DATA

TSANNER A.'800 8.Gga

TSCHIERVA A.402 8.296

TSCHINGEL A.366 8.26'Q

TSENTRALNYY TUYUI<SU A.81t2 8.728 0.70 E.32

TSEUDET A.346 'B.240

TSEYA A.SiG 8.706 C.36

TSIDJI.QRE NOUVE A.334 B.228

TUf MERIDIONALE A.57i 8.463

TUNGNAARJOEKULL A.222 8.i39

TUNSBERGDALSBREEN A.260 B.168 O.lti E.17

TURNER A.107

TURPAKBEL NIZHNIV A.83l B.725

TURTt1ANN «HEST) A.325 8.219

TUTEK A.828 8.718

TYEEN A.iJO iB.6ft,

TYNDALL A.645 8.537

TYNDALL A.694 C.66

TZA DE TZAN A.6JIt ß.526

UE8£RGOSSE NEAtH A.523 8.4i5

ULTIMA VEmlETT A A.749 'B.641

UH8AL KEES A.493 B.386

UNNA-RAE IT AGt A.283 8.183

UNNAMED CON 5050 A.3 0.3

UNNAMED USA062J A.8G 8.49

UNNAMED USA0624 A.a7 B.50

UNNAMED USA11()(¡ A.q]

UNNAMED USAi10:1 A.96

UNNAMED USAiHl4 A.Hl1

UNNAMED USA1Hl5 A.Ul2

UNNAMED USA:1iO'3 A.10 6

UNNAMED USA.13ij8 A.124 8.56

UNNAMED USA1329 A.iJ5 B.6g

UNNAl1ED USA1J3:1 A.1l7 B.71

UNNAMED USA:ï334 A.140 ß.73

UNT RlfFL KEES A.51i D.403 !

UNTERAAR A.3S7 B.251

UN~ER GRINOElWALC A.364 13.258

UNTERSULZBACH I<EES A.484 B.377

URUAHRAJU A.199 B.120

USE-LETTES A.59,) B.4g1

UZHBA A.797 B.687

ALPHABETIC INDEX PAGE 21
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GLACIER NANE TABLE LOCATIONS OF DATA

VAHSEL A.9i6

VAL LIA A.G6i 8.573

VAL NERA DCC. DI A.790 'O.G82

VAL TORTA A.414 13.308

VAL VI eLA OR. A.Gaß B.580

VAL VItLA DCC. A.669 B.581

VALDEZ A.9i

VALEILLE A.563 0.455

VALlEGGIA A.413 B.307

VALLELUNGA A.7S9 13.651

VALLETTA A.564 B.45G

VAlSOREY A.34S B.239

VAL TOURNANGHE A.648 B.540

VAN DE WATiR ,A.9i1 F .25

VARIGATEO A.108 0.18

VARTASJEKNA A.27G 13.176

VASSAR A.80 8.45

'VENEROCOlO A.727 B.619

VENTINA RET ICHE A.G76 B.568

VERMUNTGLET SCHE'R A.423 8.317

VERNAGT FERNER A.440 B.334 0.60 E.28

VERRACGRANDE 01) A.GSO B.542
----"--

VERRA(PICCOLO DI) A.651 'R.S43

VERSTA NKLA A.398 B.2q2

VERVA MAGGrORE DI A.664 B.576

VESLEoAlSBREEN A.251 0.37 E.13

VESTiRE i'1EMURUBRE A.26i4 0.45 E.20

VICTORIA A.3i C.17

VILTRA GEN KEES A.466 8.379

VIRKISJOEKUlL A.229 8.146

VISTA A.166

VISYACHIYE A.852 0.77

VITELLI A.fl92 8.584

VORAB A.39'4 B.288

VORD KASTEN KEES A.517 8.'409

WALLENBUR A.379 8.273

WARD HUNT ICE RISE A.1 0.1

WARD HUNT ICE sa a.r A.2 0.2

WASSERFALL KEES A.S03 13.395

WATZMANNGLETSCHER A.. 295 F .12

WAXEGG KEES A.47G 8.370 F.17

ALPHABETIC INDEX PAGE 22
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GLACIER NAME TABLE LOCATIONS OF OATA

\olEISS£E FERNER A.43tJ ß.324

WELLESLEY A.79 B.44

WEST TWIN A.1S1 B.83

WHITE GLAC IER A.G 8.1 C.i 0.5 E.1

WILDGERLOS KEES A.1+79 B.373

WINKEL KEES A~529 Be421

\oll NSTOlN A.9i9

WOLl.ASiON A.9iO F.2 ..

WOLVERINE A.f57 8.22 0.17

WOOLSEY A.34 0.12 E.7

\oIORTHINGTON A.92

WRIGHT A.1S3 8.65

WURFER KEES A.513 8.405

WURTEN KEES A.522 8.414

YAKUTAT A.t09

YALE A.6S 'B.ltS

YANA!MAREY A.198 8.119

YOHO A.28 C.14

YUKIKABE A.903

YUZHNYY A.S07 B.697

ZAI -01 FUOIRI A.755 8.641

ZAI or MEZZO A.7S4 8.646

ZEBRU A.69S 8.587

ZETALutUTZ KEES A.489 B.382

ZHANGYRY K A.SS3

ZHANGYRYK YUZHNYl A.654

ZINAL A.328 B.222

ZHUTT A.321l 8.21"

ALPHABETIC INDEX PAGE 23
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THE ANNEXED MAPS
Comments by the PSFG
There are twelve glacier maps of varying scale, type of cartographic pre-
sentation and detail accompanying this volume (in the back pocket). A
brief description of each map gives essential information regarding the
purpose of the particular map, content, the accuracy and the special pro-
blems encountered with the surveying, cartography and reproduction. The
author (or authors) of the summary report for each map is usually the
person to whom the PSFG is most indebted for making the required 1750
copies available.
For the following three of the twelve maps a nrominal fee covering the
extra printing costs had to be paid:

Kesselwandferner 1971 (l:5IOOO),orthophoto map Vorfeld des
Unteren Grindelwaldgletschers (1:21000) and Luftbildkarte
Grossvenediger (1:101000).
All other maps were provided free of charge by the various
organisations.

The PSFG wishes to express its sincere thanks for these generous and
most valuable gifts to:

the Commission for Glaciology of the Bavarian Academy of
Sciences and the Institute of Cartography of the Technical
University, Munich, for the four first listed maps and the
Orthophoto Gepatschferner (l:71500);
the Water Survey of Canada and the Glaciology Division, both
of Fisheries and Environment Canada, for the maps of the
Athabasca Glacier - 1973 (1:101000), the White Glacier
(1:2'500), the Peyto ~lacier (1:101000) and for the ortho-
photograph of the Peyto Glacier.

It seems most fitting to present a series of classical type maps of Ba-
varian glaciers first. Since 1913 Sebastian Finsterwalder and later his
son, Richard, and subsequently many of their students and collaborators
have applied.terrestrial and, in part, aerial photogrammetry to survey
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the mass changes of the glaciers of the eastern Alps. The foresight of
these scientists gave us a tool for the quantitative assessment of gla-
cier fluctuations which will serve its purpose for many generations to
come.
The Symposium on Glacier Mapping, held in Ottawa in 1965, and the publi-
cation of its first proceedings (Gunning, 1966), brought the aims, m~-
thods and difficulties of glacier mapping to international attention.
It is most pleasing to notice the successful application of these find-
ings in the form of the fine maps now being produced in many countries.
The enclosed tanadian maps of the Athabasca Glacier (1:101000), the
White Glacier (1:21500) and the Peyto Glacier (1:101000) are good exam-
ples from the broad spectrum of today1s glacier maps.
A new development, possibly a break-through, in the field of glacier
mapping for the purpose of glacier fluctuation studies found its focus
in a recent symposium held in Paris, where the Institut Géographique
National organized an international "Journée Stéréo-Orthophotographie"
(20 September 1977). Orthophotas and orthophoto maps (Blachut, 1968;
Finsterwalder, 1972; Pillewizer, 1977) and in particular stereoscopic
orthophoto maps (Collins, 1968; Blachut, 1971, 1977) permit rapid and
relatively cheap production of maps suitable for the documentation and
study of glacier fluctuations. It is expected that this method will
soon find broad application. The necessary technology for routine
commercial production of orthophotas and stereo-orthophoto maps is pro-
gressing rapidly (Blachut and Van Wijk, 1976; Kraus, 1976). The four
enclosed examples of the orthophoto technique (Stereo-Orthophoto of
Peyto Glacier, Orthophoto of Gepatschferner 1:71500, Vorfeld des Unteren
Grindelwaldgletschers 1:21000, Luftbildkarte Grossvenediger 1:101000),
though not yet in all respects satisfactory, present the glaciologist
with a most promising new tool.
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MAPS DEPICTING THICKNESS CHANGES
o. Reinwarth and H. Rentsch

Commission for Glaciology, Bavarian Academy of Sciences, Munich
R. Finsterwalder and K. Brunner

Institute of Cartography, Technical University, Munich

A. Bayerische Gletscher (Bavarian Glaciers); l : 5'000
Blatt l : Nördlicher und Südlicher Schneeferner, 1949-1971
Blatt 2:: Höllentalferner und Blaueis, 1949-1970
Blatt 3 : Watzmanngletscher, 1959-1970

The three special maps IIBayerische Gletscher", scale l : 5'000 repres-
ent the changes in area and thickness within the periods from 1949 to
1959 and from 1959 to 1970/71 for the five small glaciers Nördlicher
Schneeferner, Südlicher Schneeferner (sheet l), Höllentalferner and
Blaueis (sheet 2) and Watzmanngletscher (sheet 3) in the Eastern Alps
(South Germany). Contrary to tables and diagrams such a cartographical
representation can show the spacial distribution of the changes on the
glacier surface.
For each of the first four glaciers two maps have been produced, one of
them showing the state of glacier in 1949 and in 1959, the other the
state in 1959 and in 1970 and 1971. Sheet 3 (Watzmanngletscher) shows
the state only in 1959 and in 1970. The contour lines (vertical inter-
val 20 m) and the glacier boundary - separately showing the firn limit
and visible ice edge - of the later state of glaciation have been print-
ed in blue and those of the former state in red. The changes in area of
the glaciers have been marked u;ing flat tints; the yellow tint standing
for retreat in area, the red tint for increase in area. The constant
ice-free surroundings have been marked by grey overprints: rocks dark
grey, debris light grey. In addition the mean annual change in thick-
ness as a function of the altitude above sea level has been drawn into
the map sheets. Moreover, moraines are drawn as red line symbols, using
interrupted lines for uncertain moraines. The moraines originated from
the maximum stages about 1850 and 1920. The five-colour special maps
are based upon terrestrial photogrammetric surveys (1949, 1970 and 1971)
and an aerial photogrammetric survey (1959).
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B. Changes in Elevation of Glaciers in the Eastern Alps
1950-1969; Scale l : 20·000

The maps shows the changes in area of eight glaciers in the Eastern
Alps (Austria) of two periods between 1950 (1953) and 1969 (1971). The
contour lines (vertical interval 100 m) represent the latest stage. The
mean annual change in thickness of the glacier in function of the alt-
itude above sea level is displayed for each glacier in diagrams for both
periods. The map of the eight glaciers in the Eastern Alps is based up-
on terrestrial and aerial photogrammetrie surveys.
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KESSELWANDFERNER 1971; 1:51000
(Aerial photogrammetrie map)

Heralt Schneider, Institut für
Mathematik, Universität Innsbruck, Austria

The enclosed map is an intentionally simple topographical map in the
scale of l :51000 with 5m equidistance of the contour lines. Since the
map is to serve as a basis for mass balance and movement studies on the
Kesselwandferner (Oetztal Alps), the surveying signals and stakes used
have also been entered in the map. The geodetic data, in particular the
adjustment of the trigonometric network conceived in 1966 as well as the
supplementary surveying for the map have been discussed by Schneider
(1976). The coordinates of the signals and stakes appearing on the map
with numbers are also contained in the above-mentioned publication.
The composition of the map is based on the photogrammetrie survey of
Kesselwandferner, carried out on 18 August 1971 as part of an aerial
photographic flight of the entire Tyrol by the Bundesamt für Eich- und
Vermessungswesen, Vienna, at a medium altitude of 5700m a.s.l .. The
revaluation of the aerial photographs and the cartographic processing
took place in the photogrammetrie institute of the Tiroler Landesregie-
rung, Innsbruck, and were supervised by W.Giersig. The contour line
plan for the map was conceived on a WILD A7 autograph, evaluating a to-
tal of six stereomadels out of three flight strips. Since only about
half of the signals entered in the map could be used as fitting points,.
additional points had to be taken, evaluated from the aerial photogra-
phic flight of all the Austrian glaciers, carried out for this particu-
lar region at a medium altitude of 7070m a.s.l. on 7 October 1969. Of
an average of 13 fitting points per stereomadel approximately 6 are ba-
sed on the 1969 flight.
The map contains all the signals and station points of the glacier area;
However, only the main points of the network have been denominated. The
remaining signals are contained in the supplementary sketch. The posit-
ions of all the accumulation and ablation stakes used for movement stud-
ies in the 1970/71 budget year have also been inserted on the map. Those
stakes which are set back into their original positions in the trans-
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verse profiles and the centre-line profile respectively every year have
been specially marked. The exact denomination as well as the coordina-
tes of the signals, station points and stakes are given in the above-
cited paper.
Since the map is also meant to be a working basis for mass balance stud-
ies on Kesselwandferner, characteristic zones of crevasses and marginal
crevasses which cannot be identified from the contour line plan have
been indicated by thin lines. In addition, the margin between ice and
snow and the area free of ice are marked by short strokes, also taking
into consideration several areas of snow in the neighbourhood of the
glacier. The same holds true for the separation of bedrock and scree or
moraine material. The snow line and the firn edge at the time the aer-
ial photographs had been taken have also been evaluated and marked by
broken lines and dots and strokes respectively.
In order to keep production costs of the map as low as possible no ha-
churing or shading was applied in the cartographic processing. The con-
tour line plan shows relief due to the small distance between the con-
tour lines and the very steep slopes bordering the glacier. Areas of
ice, firn and old snow as well as zones of rock and debris were not tin-
ted particularly and it was, therefore, possible to use two colours on-
ly. The ice-free area was printed in a flat black tint, the glaciated
region in a lightish blue tint. The areas of old snow and firn outside
the glacier were also marked by blue contour lines.
Two foils were, therefore, sufficient for printing because of the simp-
le cartographic representation. So as to save further costs, the ent-
ire inscription was made by means Of adhesive letters, having the ad-
vantage that they can be fitted directly onto the foils. Apart from an
orthophoto with printed contour lines the map in question can, there-
fore, be regarded as one of the possibilities of evaluating and compo-
sing simple topographical glacier maps with additional glaciological
and geodetic evidence.
In order to underline the glaciological contents of the map, some of the
earlier positions of the tongue of Kesselwandferner are represented in
the annexed sketch in the scale of l :251000 in so far as they allow
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comparisons with positions of the tongue of nearby Hintereisferner.
Above all, older maps were used for this purpose and where necessary
supplemented by data obtained from direct surveys of the glacier fronts,
carried out on behalf of the Oesterreichischer Alpenverein and within
the framework of the movement studies.
Since the last maximum position around 1850, when the tongue of Kessei-
wandferner was united with that of Hintereisferner over a distance of
1,4km, there was a continuous recession of the glacier front until 1966.
The only exception was an advance of approximately 130m between 1914 and
1922. An essentially stationary state between 1966 and 1969 was follow-
ed by a slight advance of 14m until 1971. From 1971 onwards the glacier
showed an ever-increasing activity. In 1972 already it had overflown
station point HP 3(33) and in 1974 the two station points HP 1(31) and
HP 2(32). A comparison of the state of Kesselwandferner in 1971 with
the position of the snout in autumn 1975 gives on average an advance of
66,5m, at the front even of 81m, whereas Hintereisferner shows a re-
cession of 125m for this period of time.
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ATHABASCA GLACIER ~ 1973; l : 10'000
(Terrestrial photogrammetrie map)

I.A. Reid, Water Survey of Canada, Fisheries and Environment Canada

Since 1945, the Water Survey of Canada and its predecessors have con-
ducted surveys of the toe area of the Athabasca Glacier. In 1959 and
1962 in order to gain knowledge of the ablation area of the glacier,
and the runoff characteristics downstream this Branch carried out Aer-
ial Photogrammetrie Surveys. In 1963 the Branch switched to surveying
the glacier by terrestrial photogrammetry and has continued surveying
the glacier at two year intervals since.
Terrestrial photogrammetrie survey methods for this glacier offer cert-
ain advantages over aerial methods. A small field party can carry out
the survey in a few days even under cloud conditions with comparable
accuracy to an aerial survey. The photogrammetrist takes part in the
survey to ensure high quality interpretation when plotting. From a
series of maps one can determine volumetric, areal, directional, linear
and surface changes of the glacier.
On arriving at the glacier, for a terrestrial photogrammetrie survey,
the party firstly carries out a reconnaissance to locate the best poss-
ible area to establish photo stations. The simplest case is one photo
base on top of a ridge overlooking the glacier so that the closest part
of the glacier to be mapped is at least four times the base length away,
Iwhile the most distant part is not more than 20 times the base length

o. D max D minaway. In equat ion form this can be expressed as ----w-< b <-4- where b
is the base length and D is the distance from the base being mapped.
The location of the cairns are important. In practice each stereo over-
lap requires four to six well chosen control points. These should be
located; one near the centre (top) of the stereo overlap; one midway at
either side of the area near the outer limit of the stereo overlap and
one or two points near the bottom of the overlap. These points includ-
ing the photo base can be tied-in by triangulation using a one-second
reading theodolite.
The orientation of the glacier map can be arbitrary or preferably tied-
into the National Topographic System.
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In the reduction of data the position of the X,Y,Z coordinates should
be computed to an order of accuracy commensurate with the order of acc-
uracy of the field work.
The plotting is carried out on a high precision plotter. It is mandat-
ory in the planning stage of a terrestrial photogrammetric survey that
it is determined that the photographic plates can be plotted on the
plotting instrument available. As an example, only the Wild A-5 and A-7
plotters will accept inclined or tilted photography obtained with the
Wild P-3D phototheodolite, while only the Zeiss Terrograph can be used
to plot photography taken with the Zeiss terrestrial camerõ.
Since the time of the first photogrammetric survey to the 1971 survey,
the toe of the Athabasca Glacier has retreated at the rate of 12 m/a
and the average decrease in volume of the ablation zone has been 2.5 x

6 3 '10 m la. The toe of the glacier has retreated at a long-term average
rate of 13 m/a from 1870-1971 while the average decrease in volume over
the same period has been 3.2 x 106m3/a.
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WHITE GLACIER; l : 21500
Lowest 2 Kilometers

(Terrestrial photQgrammetry)
Keith C. Arnold, Glaciology Division

Fisheries and Environment Canada

Purpose
This is not so much a map as a look inside a map constructed from terr-
estrial photogrammetry. Contours and spotheights are the only two feat-
ures shown. An assessment of the accuracy of these two features is the
purpose of this "map".
This is one of a series of three such maps, made to test the proposi-
tion of Meier (1966, p. 812) that the net budget lIcannat be determined
at anyone point on a glacier from photogrammetric measurements alane".
This example was made from photography taken before the start of the
1969 ablation season. The third set was taken a year later, at the end
of the ablation season.
The objection to photogrammetry as a method for measuring mass balance
is a glaciological one, based on an incomplete knowledge of the vertic-
al component of flow. Apart from noting that Arctic glaciers move more
slowly than their temperate counterparts, and that the ablation season
is compressed into a shorter period of time, the glaciological problem
is not further elaborated in this note.
It is not easy to gain an accurate idea of the reliability of contours
shown on maps of glaciers. The finest plottable detail is often taken
to be 0.2 mm. A contour line of this width contains some error. The si-
ze of the height error depends on the contour interval and on the spac-
ing of contours on the map. From aerial photography, it is largely a
function of the flying height and the slope of the terrain.
With terrestrial photogrammetry, one is concerned with the accuracy of
a photogrammetrically measured distance away from the camera stations.
Errors in such distances increase with the square of the distance from
the base. Height errors in terrestrial photogrammetry depend on these
distance errors, the inclination of the photogrammetric ray, and the
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angle of intersection of that ray with the point of detail. In aerial
photography, a vertical cliff face is impossible to contour, if the
picture was taken directly above it. In terrestrial photogrammetry,
ground sloping away from the camera at a slope equal to the photogra-
phic ray is impossible to contour.

Survey Method
For this survey, all photography was taken at right angles to the base-
lines. This gave the advantages of maximum accuracy and a greater area
of overlap between adjoining baselines, as well as easier plotting,
when the parallaxes had to be cleared during the relative orientation
procedure. The disadvantages were that the time spent in field opera-
tions was increased, and the photography gave a less synoptic picture
of the glacier condition.

Plotting Method
The photography was plotted on a Wild A7 plotter. Eaoh contour was plott-
ed at least twice. In difficult terrain the contour was plotted more
than twice: in this case the averaged result is shown as a dash-dot-
dash line (for example, see 32 300 E, 62 100 N).
Spot elevations were measured at the intersections of the 50 metre grid.
Each point was measured five times and the mean of five readings is
plotted on the map. The means from bases 2, 4 and 6 are in upright type
and appear above the grid intersettion. Those from bases l, 3 and 5 are
in italic type and appear below the intersection.
Because of the geometry of the photography, more overlapping points are
found on the far side of the glacier. Therefore, the sample of points
determined from two different bases contains more distant points than
foreground points. This makes the assessment of accuracy more conserv-
ative than it would be if all points had been determined twice, from
different photo-bases. The greatest discrepancies can be found at:

32 500 E, 62 350 N 2.5 m
32 550 E, 62 600 N 2.2 m
32 450 E, 62 800 N 1.7m
32 150 E, 62 500 N 1.6 m
32 450 E, 62 350 N 1.5 m
32 350 E, 62 400 N 1.4 m
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The surface of the glacier is not smooth, and some large errors are to
be expected if photography is taken from different photo bases. The
following table shows the distribution of differences for the 334 points
out of 700 that were determined from two bases.

Number observed from two bases 334 100.0 %
differences:

0.0-0.2 m 165 49.4 %
0.3-0.5 m 93 27.8 %
0.6-0.8 m 36 10.8 %
0.9-1.1 m 27 8.1 %
1.2-1.4 m 7 2.l %
l .5-1 .7 m 4 1.2 %
l.8-2.O m l 0.3 %
2.1-2.3 m O 0.0 %
2.4-2.6 m l 0.3 %

The next table assists in finding the height errors in the contours.
The width of the error band, in millimetres, is given in the left-hand
column. The steepness of the glacier surface can be estimated by meas-
uring, in millimetres on the map, the distance between the next upper
and the next lower contour, a vertical interva l of ten metres.
Width of error Distance between next upper and lower contours
band (mm) (A 10 m height interval) (mm)

10 20 3.0 40 50 60 70 80 90 100
l l ~O 0.5 0.3 0.,2 0.2 0.2 0.1 o. l 0.1 0.1
2 2.0 l.O 0.7 0.5 0.4 0.3 0.3 0.2 0.2 0.2
3 ... l.5 l .O 0.8 0.6 0.5 0.4 0.4 0.3 0.3
4 ... 2.0 1.3 l .O 0.8 0.7 0.6 0.5 0.4 0.4
5 .. . ... l.7 l.2 l .O 0.8 0.7 0.6 0.6 0.5
6 ... . .. 2.0 l .5 l .2 l .O 0.9 0.8 0.7 0.6
7 .. . .. . ... l .8 1.4 l .2 l .O 0.9 0.8 0.7
8 .. . .. . ... 2.0 l .6 l .3 l .l l .0 0.9 0.8
9 .. . .. . ... . .. 1.8 l .5 l .3 l .l l .O 0.9

10 .. . ... o •• ... 2.0 l .7 l .4 l .2 l .l l .O
As only 0.3 % of differences for the spot heights were greater than 2.0
m, errors greater than this amount have not been listed in the table
for contour accuracy.
The corresponding errors for the mapping from the 1960 aerial photogra-
phy have been given by Blachut and Müller (1966). The error in height
is given by ± (0.2 + 1.0 tan a) metres, where a is the slope of the
terrain. The values for this expression are:

257



Slope (deg)
Height Error (m)

2
0.2

4

0.3
lO

0.4
20

0.6
40

l • O

Four degrees is the most frequently occuring slope and forty degrees is
the maximum slope for the study area. Thus, it can be seen that terrest-
rial photogrammetry is comparable in accuracy with aerial photogrammet-
ry, for this limited area. Because the camera to object distance is less
variable with aerial photogrammetry, it has a more homogeneous accuracy.

Time Taken
The field survey took from one to two weeks per survey, depending on the
weather conditions. The office plotting was slower than usual, as diff-
erent approaches to working up the material werè developed. In a routine
compilation, if contours are plotted twice and spot heights at an inter-
val of 50 m are required, the time for each model might be about three
days.

Special Problems
A special problem with the White Glacier survey was that the background
was another glacier, the Thompson Gl'acier. This meant that there was no
possibility of establishing permanent control points on rock. Temporary
ones, in the form of cloth draped over survey tripods, were used. These
points had to be survey~d at the time of each set of photography. Most
glacier surveys will not suffer from this disadvantage. An increase in
the speed of survey, and probably an increase in accuracy, may be ex-
pected.
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PEYTO GLACIER MAP; l : 10'000
C.S.L. Ommanney, Glaciology Division

Fisheries and Environment Canada .

The basic intent of the Peyto Glacier map was to provide a necessary
framework for the work of the Glaciology Division in mass, energy and
water balance studies. How€ver, a secondary, but nonetheless important,
aim was to cater to the perceived needs of other scientists, teachers
and the general public. For this purpose the map was embellished through
hatched bedrock portrayal and shaded relief to provide additional in-
formation between the contours and a three-dimensional effect.
The initial survey net around Peyto Glacier was designed for glaciolog-
ical observations of movement and surface change. This net was extended
to provide the necessary ground control for the 1966 aerial photography.
Those stations whose heights are given to 0.1 m were occupied and fully
observed whereas the others were intersected. The baselines were meas-
ured by subtense bar. Contours and salient glacier and bedrock features
were plotted using a Wild A7 stereoplotter.
Certain modifications to existing techniques were made in the prepara-
tion of the map. The representation of bedrock and unconsolidated rock
was ~ribed on negative red orange scribe coat rather than plate glass
which resulted in a 50 % saving in time.
The map was drawn by J. Croizet and the details interpreted by W.E.S.
Henoch who carefully nursed the project to completion.
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A STEREO-ORTHOPHOTOGRAPH OF PEYTO GLACIER
ON THE GESTALT PHOTOMAPPER II

G.J. Young and K.C. Arnold
Glaciology Division

Fisheries and Environment Canada

The Gestalt Photomapper II (GPM II) has been d~veloped by Gestalt Inter-
national Limited'. The system has been described in detail by Crawley
(1974) and Kellyet al .(1977) and its general functioning has been comp-
ared with other similar systems by Blachut and Van Wijk (1976). The
usefulness of the system for resources mapping has been described by Ka-
lensky and Nielsén (1977) and an assessment of its usefulness for glac-
ier mapping has been made by Young and Arnold (1977). The material
displayed here is-part of the output of an experimental orthophotograph
project initiated by T.J.Blachut of the National Research Council, Ott-
awa, Canada, and carried out by t~e Forest Management Institute of En-
vironment Canada, Ottawa, Canada.
The output shown in the accompanying figure was produced by a prototype
GPM II system on an experimental basis. The system is capable of pro-
ducing an orthophotograph, stereomate, digital terrain model and con-
tour map; however, only the first two capabilities are demonstrated
here. In fact, the product consists of parts of two adjacent stereo mo-
dels printed together, each having its own stereomate. The contour map
was not reproduced here as there was not enough time available before
the printing deadline.
For this experimental orthophotograph the most' difficult available sub-
ject matter, backed up by an existing map (Peyto Glacier, l:10'000, en-
closed) made from the same o~iginal photography, was chosen so that the
limits of the system for glaciological studies could be determined. The
photography was taken on August 20, 1966 with a Wild RC-5 camera having
a 152mm lens at an altitude of 6,lOOm a.s.l .. The terrain in the ortho-
photograph ranges between l,900m and 3,OOOm a.s.l .. The 'subject matter
not only included many types of glacier surface, but also was made more
difficult to process by a heavy snowfall the night before photography
was taken. It was part of the terms of the experiment that more empha-
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sis was to be placed on planimetric and vertical accuracy than on the
appearance of the orthophotograph. In addition, the system was allowed
to function in its automatic mode with a minimum of human intervention.
The orthophoto map would have been of better quality, especially in the
firn area of the glacier, had more human intervention been permitted.
Some of the terrain included in the orthophoto is very steep - steeper
than the specifications given for system operation. For reasons of eco-
nomy, reproduction here is by a half tone process rather than a full
tone photographic print; this has detracted slightly from the clarity
of the product.
The 1:10·000 map of Peyto Glacier and this orthophotograph have been
produced at the same scale, thus allowing a direct comparison between
the finished products.
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ORTHOPHOTO GEPATSCHFERNER, l : 7'500
K. Brunner, Institute of Cartography, Technical University, Munich
H. Rentsch, Commission for Glaciology, Bavarian Academy of Sciences,

Munich

The production of convent~onal topographic maps (so-called "line maps")
of glacierized areas as a tool for glaciology is complicated, expensive
and time-consuming. On the contrary, orthophoto maps can be an economic-
al alternative for the production of conventional glacier maps.
Orthophotas. are differentially rectified and enlarged aerial photographs
with homogeneous scale, which - unlike aerial photographs - allow meas-
urements of straight lines and areas. By means of cartographical treat-
ment an orthophoto map is obtained from the orthophota. In order to pre-
serve the details of the orthophoto as much as possible the cartograph-
ical line work has to be limited to a minimum. Necessary supplements of
the orthophoto are: terrain representation, boundary lines and letter-
ing. For the terrain representation spot heights and contour lines with
larger vertical intervals than in conventional IIline mapsII are suffic-
ient. For the usual scale l : 10'000 of glacier mapping a vertical int-
erval of 50 m seems suitable. The glacier edge is often not clearly
perceptible in the orthophota, so it has to be extracted by photogramm-
etric stereoplotting.
The presented example of an orthophoto map, scale l : 7'500, shows a part
of the Gepatschferner in the Oetztal Alps (Austria), at present the
largest glacier of the Eastern Alps. For the different rectification of
the aerial photographs, which wére taken by a normal angle camera, an
Orthoprojector GZ l of Carl Zeiss Co. (West Germany) was used. The gla-
cier area is marked by a blue overprint. For the terrain representation
spot heights and contour lines of vertical intervals of 20 m were chos-
en. White contour lines are printed in the (darker) ice-free land and
blacks in the (lighter) glacier, respectively.
This example of an orthophöta map of a glacierized region was produced
by the Institute of Cartography of the Technical University Munich. At
the same Institute there is at present a conventional six-colour topo-
graphic glacier map of the whole Gepatschferner, scale l : 10'000, in
preparation.
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VORFELD DES UNTEREN GRINDELWALDGLETSCHERS - 1974
(Orthophoto map)

H.J. ZumbUhl, ~eographical Institute
University of Berne, Switzerland

This map is part of a comprehensive thesis on the history of the glacier
from the 12th to the end of the 19th century. The Lower Grindelwald
Glacier, a valley glacier in the Bernese Alps exposed to N/NNW (1973
length: 9.0km, surface area 2l.7km2; MUller et al., 1976) consists in
the higher regions of two main parts, the Fiescher Glacier (SW-part) and
the Ischmeer (SE-part). Some important front positions of the glacier
from 1600 to 1933 are shown on the map. As the glacier has receded more
than 760m since 1933, the front of the ice tongue is today approximately
560m (i.e. about 28cm) off the map in the SSE direction of the gorge.
The time-consuming task of surveying for the orthophoto map (at a scale
of 1:21000 and with contour intervals of 2m) was carried out in 1974 by M.
Zurbuchen, Berne, in cooperation with the author. The moraines (mostly
covered by vegetation) were mapped by plane-table.
The glacier fluctuations were reconstructed with the help of moraine
data and a large number of previously unknown illustrated documents.
There are approximately 292 pictures showing the Lower Grindelwald Gla-
cier before 1900 (ZumbUhl, 1978). Further results originate from C-14
dating, pollen profiles and pedological analyses of the ditches 111mAspiII
Gl and G2 (Messerli et al., 1976).
The historical sources were found in several libraries, museums of art
and private collections, mostly in Switzerland, but occasionally in
other countries (Austria, England, Germany, Norway and Poland). Search-
ing for, and analysing, historical source material takes time (7 years
so far) but is fortunately often aided by chance discoveries. The qual-
ity of the glacier views varies considerably: from landscapes by such
masters as C. Wolf, J.A. Koch, J.M.W. Turner down to products for the
tourist trade. From 1860 on there are also photographs and topographic-
al maps. For scientific interpretation the pictorial source material
must meet at least three conditions:
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- The time of origin of the illustrated document must be precisely
known (a lot of problems derive from this point).

- The glacier and the topography of its surroundings should be drawn
exactly.

- The place where the artist made the picture must be known.
Some of the most important findings are drawn on the orthophoto map:
- In red, the front positions of the glacier which can be identified by
moraines and historical sources (moraines originating from the glacieris
maximal length in 1600 and 1855/56, but also the ice front of advances
in 1893 and 1933).
- In blue, the front positions of the glacier which can be identified
only by historical sources. For these positions we have used a maximum
and minimum border line (the limits are certain on the Upper- and Low-
er Schopfrocks, the limits in the lower parts of the valley, originat-
ing from the IISchweifll,areless reliable).
A summary of the history of the Lower Grindelwald Glacier shows (much
simplified) three results (see Fig. l in Zumbühl , in: Messerli et al.,
1976).
- During the IILittle Ice Agell (approximately 1600 to 1860/70) the glac-
ier was for a long time much more extensive than today. Even at its
least extensive position, the Lower Glacier still terminated in the re-
gion of the Schopfrocks, that means approximately 1200 m beyond its
1976 position (see map: ice border of 1748/49, 1762, 1794, 1813/14,
1868/69) .
- Within the comparatively long period of high level growth from 1600
to1860/70, the glacier shows at least five (to seven) relatively short-
term increases with the development of the IISchweifll (amount of advance:
400-600 m). On the map the maximal length of 1600 and of 1855/56, but
also the advances of 1768-1778/79 and 1820/22 are shown. The less cert-
ain advances of 1669/70, 1719/20 and 1743 are missing. .,_
- Since 1856/57/60, the history of the Lower Glacier is dominated by a
shrinking process. Today, the glacier ends in the deep narrow gorge at
a distance of more than 1800 m from the moraines marking the maximum
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length. There is no historical documentary evidence to show that the
Lower Glacier has ever receded as far pack as today (at least, during
the period 1600-1976).
We can use these findings on the fluctuations of the Lower Glacier for
the history of the climate when we take into account some special fact-
ors (~1esser1i et al., 1978). For the period of 1600 to 1900, the combin-
ation of the results of an analysis of historical sources with geomorph-
ological evidence seems to be the best method. Before 1600, dendrochron-
ology, C-14 dating and analysis of pollen profiles furnish better re-
sults. The historical method, based on a large number of good quality
historical views and written sources, can be adapted also for other fre-
quently visited glaciers in the Alps, as for example, for the Upper
Grindelwald Glacier (Zumbühl , 1978), the Upper Aare Glacier (Ammann,
1977) or the Lower Aare, Rosenlaui und Rhône Glacier.
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ORTHOPHOTO GLACIER MAP OF THE GROSSVENEDIGER; 1:10'000
w. Pillewizer, Technical University of Vienna, Austria

The aerial photograph of a ~lacier is far more accurate than the normal
topographic map. Therefore, a differentially restituted aerial photo-
graph (orthophoto) combined with contour lines is particularly suited ~s
a map basis for glaciological studie~. There are, however, various
difficulties to be overcome in producing these orthophoto glacier maps.
They arise through displa~ement in the orthophotas of steep slopes due
to the great differences in height in alpine regions, which cannot al-
ways be compensated by the orthoprojector. They are also caused by the
striated appearance of snow and shadow areas, and by cast shadow in the
aerial photographs. The Institute of Cartography and Reproduction Tech-
nique of the Technical University in Vienna was able to overcome these
difficulties in the product)on of the attached' six-colour aerial map of
the Grossvenediger at a scale of l:10'000 (Hohe Tauern, Austria).
The aerial photograph was taken in September 1974 at an average photo-
graphic scale of 1:30'000 with a wide-angle lens. The survey flight was
timed for 10.45 hrs in order to achieve a minimum of cast shadow in the
photographs. On the basis of ground survey control points established
in the terrain the.orthophotos were produced at the In~titute of Applied
Geodesy in Frankfurt/Main with an orthoprojector GZ l at a scale of l:
10'000. The difference in height of l520m between. the peak of the Gross-
venediger and the Untersulzbach valley was only just resolved.
The map was based on a double orthophoto. However, as this showed in-
accuracies in the pictures of the area of Kleinvenediger-Viltragenkees
the subsequent single orthophoto was used. This had been produced from
an aerial photo with a better view of the terrain of the Kleinvenediger.
Therefore, care must be taken to ensure that orthophotas are made from
both survey pictures of an area. The orthophotas were combined in a
montage photograph so that a faultless picture resulted in which even
the shadow strips of the firn fields in the orthophoto were removed by
retouching. The orthophoto thus prepared was the most important basis
for the production of aerial survey maps. It was scanned for offset
printing, and the glacier areas were divided into glacier shading (blue/
green) and land shading (grey).
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A contour outline is, however, also absolutely essential for producing
this map. This was done at the Institute of Photogrammetry of the Tech-
nical University, Vienna, from the same aerial survey photos, and using
the same ground control survey points as had been used in making the or-
thophotos. Thus the contours exactly match all the details of the vert-
ical aerial photos. This, particularly in alpine regions, can only be
achieved with analogous evaluation of the aerial survey photos, using
highly advanced stereo evaluation equipment. The contours obtained from
the orthophoto production alone are insufficient. For the Untersulz-
bachkees and the Obersulzbachkees an equidistance of 10m was chosen for
the contours, such as is necessary for glaciological studies, and the
remaining area was shown in contours spaced at 20m. The contour lines
in the glacier regions are drawn in blue, those elsewhere in brown.
For the main glaciers the brown contours of ice-free areas were conti-
nued as brown sub-glacial contour lines. Below E. Brückl reports on the
construction of these sub-glacial contour lines which allow examination
of the depth ratios of the Untersulzbachkees and the Obersulzbachkees.
In spite of their schematic progression, the brown sub-glacial contour
lines harmonise with the orthophoto structural picture of the glacier
surface, which is in turn shown by blue glacier contour lines.
The subsequent cartographic work comprised the production of rock draw-
ing, which was needed to emphasise the ledges of the tapered peak ridg-
es and of moraines, and to show scree slopes etc. Here too, the ortho-
photo proved to be the best basis for mapping. The aerial survey map
of the Grossvenediger was orientated south-south-east in order to avoid
the pseudo-plastic impression which would have resulted from orientation
to the north. The shadows caused by sunlight in the northern hemisphere
result in many cases in a negative impression of the relief, which can
only be avoided by south orientation of the maps.
It is thus possible to produce orthophoto glacier maps within a short
period of time: checking of ground control points and survey flights at
the time of least snow cover in September; production of orthophoto-
graphs and evaluation of contours by the end of the year; cartographic
work, reproduction and printing of the map during the following six
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months so as to have the map ready for glaciological fieldwork in the
summer.

The Sub-Glacial Contour Lines for the Orthophoto Map
of the Grossvenediger; 1:10'000

E. Brückl, Technical University of Vienna, Austria

The construction of the contour lines of the sub-glacier topography in
the Untersulzbachkees in the firn region (above 2'800m) is based on the
results of seismic surveys of ice thickness. These measurements were
carried out by the Central Institute of Meteorology and Geodynamics,
Vienna, in the course of the International Hydrological Decade, and
showed the ice thickness along three cross-sections at altitudes of
3'200m, 3'050m and 2'850m. In order to interpolate the ice thickness
between the seismic profiles, the combination of ice thickness and sur-
face incline was applied. Whilst the interpolation value in the pre-
viously studied glaciers did not deviate systematically from a constant
figure, a relation to the slope angle could be found at the Untersulz-
bachkees, and this was taken into consideration in the construction of
the sub-glacial contour lines. In spur and ridge areas the described
method of interpolation cannot be applied, and these areas were ascer-
tained by morpho loq icel progression probability.
There were no ice thickness surveys of the terminus of the Untersulz-
bachkees. Here the ice thickness was calculated by comparing the maps
of the various glacier stages. This method is based on the assumption
that the ratio of the ice thickness to the surface incline remains con-
stant.
In the now ice-free perimeter (glacier stage 1974) this result could be
directly ascertained by comparison with the map of 1934. In higher por-
tions of the tongue this was determined by the sinking ratio of the gla-
cier surface and the relative changes of incline. As this method could
only be employed for the ice thickness along the central line of the
glacier terminus the sub-glacial contour lines towards the' edge of the
glacier were interpolated, using morphological considerations.
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The accuracy of the contour lines (obtained by comparing maps) is indi-
cated by the agreement of the transverse strain on the glacier bed (cal-
culated from the ratio of ice thickness to surface incline) in the seis-
mically surveyed firn area with that in the terminus region.
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