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DESCRIPTION OF WORLD DATA CENTERS!

WDC-A: Glaciology (Snow and Ice) is one of three internaticnal data centers serving
the tield of glaciology under the guidance of the International Council of Scientific
Unions Panel of World Data Centers. It is part of the World Data Center System
created by the scientific community in order to promote worldwide exchange and
dissemination of geophysical information and data. WDC-A endeavors to be promptly
responsive to inguiries from the scientific community, and to provide data and
bibliographic services in exchange for copies of publications or data by the
participating scientists.

1. The addresses of the three WDCs for Glaciology and of a related Permanent Service

are:
World Data Center A wWorld Data Center B
University of Colorado Molodezhnaya 3
Campus Box 449 Moscow 117 296, USSR

Boulder, Colorado, 80309 U.5.A.
Permanent Service on the Fluctuations of

World Data Centre C Glaciers - Department of Geography
Scott Polar Research Institute Swiss Federal Institute of Technology
Lensfield Road Sonneggstrasse 5

Cambridge, CB2 1ER, England CH-8092 Zurich, Switzerland

2. Subiject Matter

WDCs will collect, store, and disseminate information and data on Glaciology as
follows:

studies of snow and ice, inecluding seasonal snow; glaciers; sea, river, or lake
ice; seasonal or perennial ice in the ground; extraterrestrial ice and frost.

Material dealing with the cccurrence, properties, processes, and effects of snow
and ice, and technigues of observing and analyzing these occurrences, pProcesses,
properties, and effects, and ice physics.

Material concerning the effects of present day and snow and ice should be limited
to those in which the information on ice itself, or the effect of snow and ice
on the physical environment, make up an appreciable portion of the material.

Treatment of snow and ice masses of the historic or geologic past, or paleo-
climatic chronologies will be limited to those containing data or technigues
which are applicable to existing snow and ice.

3. Description and Form of Data Presentation

3.1 General. WDCs collect, store and are prepared to disseminate raw+, analyzed,
and published data, including photographs. WDC's can advise researchers and institu-
tions on preferred formats for such data submissions. Data dealing with any subject
matter listed in (2) above will be accepted. Researchers should be aware that the
WDCs are prepared to organize and store data which may be too detailed or bulky for
inclusion in published works. It is understood that such data which are submitted

to the WDCs will be made available according to guidelines set down by the ICSU Panel
on WOCs in this Guide to International Data Exchange. S5uch material will be available
to researchers as copies from the WDC at cost, or if it is not practicable to copy
the material, it can be consulted at the WDC. In all cases the person receiving the
data will be expected to respect the usual rights, including acknowledgement, of the
original investigator.

Tinternational Council of Scientific Unions. Panel on World Data Centers. (1373)
Guide to Internaticnal Data Exchnange Through the World Data Centres. d4th ed.
Washington, D.C. 113 p. B

+The lowest level of data useful to other prospective users.

This Guide for Glaciology was prepared by the International Commission on Snow ?nd
Ice (ICSI) and was approved by the International Association of Hydrological Sciences
{(IAHS) in 1978.
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3.2 Fluctuations of Glaciers. The Permanent Service is responsible for receiving
data on the fluctuations of glaciers. The types of data which should be sent to the
Permanent Service are detailed in UNESCO/IASH (1969)*. These data should be sent
through Mational Correspondents in time to be included in the regular reports of the
Permanent Service every four years (1964-68, 1968B-72, ete.). Publications of the
Permanent Service are also available through the WDCs.

3.3 Inventory of Perennial Snow and Ice Masses. A Temporary Technical Secretariat
(TTS) was recently established for the completion of this IHD project at the Swiss
Federal Institute of Technology in Zurich. Relevant data, preferably in the desired
fﬂrmit**. can be sent directly to the TTS or to the World Data Centers for forwarding
te the TTS.

3.4 Other International Programs. The World Data Centers are eguipped to expedite
the exchange of data for ongoing projects such as those of the International Hydro-
logical Project (especially the studies of combined heat, ice and water balances at
selected glacier basins***}, the International Antarctiec Glaciological Project (IAGR),
the Greenland Ice Sheet Project (GISP), etc., and for other developing projects in

the field of snow and ice.

4. Transmission of Data to the Centers

In order that the WDCs may serve as data and information centers, researchers and
institutions are encouraged:

4.1. To send WDCs raw+ or analyzed data in the form of tables, computer tapes, photo-
graphs, etc,, and reprints of all published papers and public reports which contain
glacioclogical data or data analysis as described under heading (2); one copy should
be sent to each WDC or, alternatively, three copies to one WDC for distribution to
the other WDCs.

4.2. To notify WDCs of changes in operations involving international glaciological
projects, including termination of previously existing stations or major experiments,
commencement of new experiments, and important changes in mode of operation.

*UNESCO/IASH (1969) Variations of Existing Glaciers. A Guide to International
Practices for their Measurement,

**UNESCO/IASH (1970a) Perennial Ice and Snow Masses. A Guide for Compilation and
Assemblage of Data for a World Inventory: and

Temporary Technical Secretariat for World Glacier Inventory. ;pstructions for
Compilation and Assemblage of Data for a World Glacier Inventory.

wINESCO/IASH (1970b) Combined Heat, Ice and Water Balances at Selected Glacier Basins.

A Guide for Compilation and Assemblage of Data for Glacier Mass Balance Measurements;
and

UNESCO/IASH (1973) Combined Heat, Ice and Water Balances at Selected Glacier Basins.
Part II, Specifications, Standards and Data Exchange.

+The lowest level of data useful to other prospective users
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FOREWORD

Tne renewal of scientific links with the People's Republic of China is re-awakening
interest in information on the past and present environment of this wvast area of eastern
Asia, Several exchanges of scientists with expertise in glaciology or related fields have
already taken place and in the near future we may anticipate direct collaborative research
projects between western and Chinese scientists. To familiarize western sclentists with
current areas of Chinese activity in this field, and to identify older sources of information
that may still be relewvant, the Data Center invited Ms. Jane Bradley to prepare a bibliography
of publications on glaciological studies in China and Tibet during her recent stay in
Cambridge, England. This issue contains the results of her work in the libraries there and
also a report prepared by Dr. Troy Péwé on glaciological research in China, following his
recent visit to several Chinese institutes. Other communications in this issue report on
pictorial representations of glaciers, and ice services provided by the Atmospheric Environment
Service, Environment Canada.

Glaciological Data Report GD-11, to be issued in September, will contain the reports and
recommendations of the November 1980 Snow Watch Workshop sponsored by the Hational Science
Foundation. A supseguent issue will contain a bibliography on glacier hydrology prepared by
the ICS5I Working Group on Prediction of Glacier Runoff chaired by Dr. Gordon Young.

We thank our contributors for their submissions, and our staff for their efforts in
preparing this publication.

R.G. Barry
Director
World Data Center-A for Glaciology [Snow and Ice]

Ann M, Brennan
Technical Editor
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GLACIOLOGY IN CHINA

Permafrost Research in China®

Troy L. Péwé
Arizona State University
Tempe, Arlzona, U.5.A,

This report presents a short historical rewview of permafrost investigations in China and notes
concetning permafrost 4in institutes and departments of academies, ministries, and
univeraities.

Permafrost Investigations. in China from informal discussions with Mr. Tong Boliang of the
institute of Glaciology and Cryopedology, Academia Sinica, Lanzhou, China.

There were no permafrost studies in China until after 1949. The first permafrost investigation
was in 1950 in connection with railway construction in northeast China (Manchuria). No
background information was available concerning frozen ground problems and the building of the
railroads in permafroast terrain; therefore, engineers constructing railroads encountered many
difficulties. Because of these problems, a study group on permafrost problems was established
within the Ministry of Railwavs.

Also in the 1950's, a hignway was constructed to Tibet and permafrost was encountered. The
construction problems were not too severe because it was only a pioneer gravel road.

In the 1960"'s, there were additional surveys for railways in the northeast. Also at this time
the surveying for railways into Tibet started. Permafrost then began to be investigated by
scientists connected with the Academia Sinica. The railway project was purported to be the
first large-scale permafrost study.

It was also in the 1960's that work in permafrost began to be expanded, especially in the
Adcademia Sinica, with consideration of permafrost problems involving water supply and coal
mining. Tnere was a better understanding of such problems throughout the 1960's into the
1870's. As work with permafrost increased, the organization reponsible for permafrost studies
in the Academia Sinica was the Institute of Geography. Problems of permafrost were also being
studied in the Engineering and Construction Institute of the Academy.

Studies in permafrost also began to be considered by scientists at the universities, and in
1963-64, personnel at the University of Lanzhou began to do research in this field. Since
1963=-64 the University of Lanzhou has had a permafrost course,

In the early 1970's, most permafrost information was needed in the mining and railway
industries, as well as in general construction. Most of this information was needed for the
area lying north of the Yellow River. 1In 1974, there began the second large survey for a
railroad inte Tibet. This survey is still actively underway., Since then, there has been a
base camp, or what might be called a permafrost field station, on the Tibet Plateau under the
aegis of the China Academy of Railway Sciences.

In regard to railways and general construction, permafrost work seems, at present, to be
divided as follows; gquestions dealing with foundation and frost heaving, are primarily
studied under the Construction Ministry; the study of railroads and associated structures on
permafrost is coordinated under the Ministry of Railroads; permafrost work in the Academia
Sinica at the Lanzhou Institute of Glaciology and Cryopedology undertakes more of the basic
studies on the properties of frozen ground, Lanzhou provides basic engineering and scientific
information to the two ministries mentioned earlier. Information on frost heaving and
hydraulic problems is in great demand.

The first permafrost maps were published by the Lanzhou Institute at a scale of 1:1,000,000.
Recently a strip map of permafrost conditions along the Qingzang Highway was published at a
scale of 1:500,000. There is reported to be a map at 1:600,000 of part of the Plateau dealing
with pasic permafrost information for railroad construction.

Permafrost work is increasing in wvarious ministries and institutes associated with the
Academia Sinica as well as the universities. Since 1978, the Lanzhou Institute has been
designated the Institute of Glacioclogy and Cryopedology. The first MNational Conference of
Glaciology and Cryopedology met at Lanzhou.

¥ Reprinted with the author's permission from: China-Tibet Memorandum to the National Academy
of Sciences, Polar Research Board, Committee on Permafrost, May-June 1980, 19 p.



Regional permafrost studies are now underway in the northeastern part of China as well as the

Tibet Plateau. These studies consider basic information as well as the application of
research for highway and railroad construction., Permafrost research is also going on in the
Altai Mountains, It is reported that problems of permafrost in ground water are high on the

list of research subjects in the Lanzhou Institute,

Since 1978, the Journal of Glaciology and Cryopedology, has been published in Lanzhou. The
first issue was printed iIn 1978 and the second number to Volume I in 1979, English
is increasingly used in the publication; in Ngs. 1 and 2 of Volume 2, published in 1980, the
table of contents is in English. In the Volume 2, Mo. 3, English abstracts are provided with
the journal articles.

In summary, it can be stated that increased effort is being put into the scientific and
engineering studies of perennially frozen ground in China. In the Lanzhou Institute of
Glaciology and Cryopedology there are now more thanm 370 professional and support staff; of
these, more than 70 are reported to be involved in permafrost work,

A, The Lanzhou Institute of Glaciology and Cryopedology, Academia Sinica

The Lanzhou Institute was developed primarily on the basis of an alpine ice and snow

utilization team organized by Academia Sinica in 1958. 1Its first task was the investigation
of mountain glaciers in northwestern China. In 1960 the research work of permafrost was
added. In 1962, the organization was changed into the Division of Glaciology and

Cryopedology, Institute of Geography, Academia Sinica. It investigated mountain glaciers in
west China, the permafrost of the Qinghai-Xizang (Tibet) Plateau, and hydrology of arid
regions in northwestern China. In 1964, the study of mud-rock flow was also begun, In 1965,

the Division of Glaciology and Cryopedology amalgamated with the Division of Desert Research
from Peking, forming the Institute of Glaciology, Cryopedology and Desert Research, Academia
Sinica, which carried on scientific studies on glaciers, frozen ground, deserts, and mud-rock
flow. In June 1978, the Division of Desert Research became an independent institute, and the

remainder formed the Institute of Glaciology and Cryopedology. This Institute has seven
research divisions: glaciology, cryopedology, mud-rock flow research, surveying and mapping,
material analysis, remote sensing, and investigation technigue. Additionally, the Seepage

Mechanics Research Qffice is temporarily attached to the Insitute.
The principal areas of research are:

1. Glaciol - The Institute of Glaciology and Cryopedology mainly studies the
distribution, wvariation, and natural resources of ice and snow in China. Since 1958, the
areas inwvestigated include the glaciers of the Qilian Shan, Tian Shan, Mt. Qomolangma (Mount
Everest) and Mt. Xixiabangma of the Himalayas and other alpine regions of the Qinghai-Xizang
(Tibet) Plateau. Research has also been done on preventive measures against avalanches and
snow drift in the Tian Shan, and the mechanics of ice jamming on the Yellow Riwver. Since
1974, research work has been done on the glacier wvariations in the Karakoram in order to
repair damaged sections of the China-Pakistan Highway, and also in the Qilian Shan to
effectively utilize the water resources for the promotion of agriculture in the Kansu
Corridor. Hew achievements have been made on forecasting the advance and retreat of
glaciers. In recent years, with the help of aerial photos and large scale topographic maps,
and in accordance with the specified reguirements of the International Glacier Inventory
Program, nearly 3,000 glaciers in the Qilian S5han have been properly inventoried. Progress
has been made inm the fields of glacial hydrology, the relations between glaciers and climate,
glacial sedimentation, Quaternary glaciation, and climatic variations.

2. Permafrost. Studies are proceeding on the formation, development, changing tendency,
and the prevention of damages to permafrost under natural and artificial conditions along the
Qinghai-Xizang highway, in several coal mining districts of the Qilian Shan, and also in areas
in northeast China. In recent years, the Institute has taken up research work on the
distribution, thermal properties, and the mechanics of permafrost along the Qinghai-Xizang
Highway and prepared a report on fundamental parameters and other data to support
modifications of railway design. Additionally, inwvestigation of frozen ground through the
Tian Shan has begun for the Southern Sinkiang Railway.

Frozen soil mechanics (including £rozen soil rheclogy, frozen upheaval forces, £frozen
strength, thawing settlement), frozen soil heat (frozen soil heat conductivity, water
migration, change in temperature field, etc.), ground ice, seasonal frozen soil, and other
fields have also been studied. Recently, a map of permafrost distribution along the Qingzang
Highway, at a scale of 1:500,000, has been compiled, adding to our understanding of the
characteristics of permafrost on the Plateau.

3. Mud-rock Flow. The Institute studies glacial mud-rock flow and the characteristics,
distribution, formation, development of, and preventive measures against, mud-rock flow. In
recent years, scientists investigated the mud-rock flow along the Sichuan-Xizang Highway and
in Dongchuan of Yunnan, Gansu, and the northwest provinces. Preventative projects have been
suggested for the engineering works of wvarious plants, mines, factories, and highway
buildings.



4. SBurveying and Mapping. Mapping by terrestrial stereophotogrammetry is employed in
the study of glaciers, permafrost, and mud-rock flow. Maps of the Qomolangma (Mount Everest)
region have been completed at a scale of 1:500,000. Other completed maps include the 1:60,000
maps of the Batura glacier region in the Karakoram, the 1:200,000 mags of Tomol Peak in the
Tian 5han, as well as surveying and mapping work in several other districts.

5. Material Analysis. The material composition of sediments in cold regions and trace
elements in snow and ice are analyzed in order to supply guantitative analytical data for
the study of glacioclogy and cryopedology.

6. Remote Sensing and Telementry. In recent years, a gquartz crystal thermometer was
made and employed, and a radio telemetry system is beginning to be used. Satellite
images and aerial photos are being applied to the analysis of changes in glaciers, snow,
and permafrost, the estimation of snow and ice resources, and the Fforecast of snowmelt
runocff.

B. China Academy of Railway Sciences

One of the major industries of China is the railway industry. A good network of railways
extends through eastern and central China and is slowly progressing to the far northeast;
plans are underway to extend into Tibet, All work connected with the railways is
supervised by the Ministry of Railways. In 1950, the Railway Research Institute began;
it had 50 employees at that time. By 1956, it had 560 employees. It has continued to
grow very rapidly and is now a many faceted institute of the Ministry of Railways. This
institute, now called the China Academy of Railway Sciences, has grown to have sixty
departments in the Peking area. In addition, it has six railway departments outside of
Peking, including one in Lanzhou.

The Academy of Railway Sciences has 6,500 employees in research and technology. The main
studies are: (1) traffic, (2) construction, and (3) rolling stock. About one-third of
the research done deals with construction, including roadbeds, bridges, and tunnels.
There 1is a test vrailroad circle nine miles north of Peking where field research is
undertaken.

The Academy of Railway Sciences probably has more engineers interested in the effect of
permafrost on construction than any other organization in China. As a =sign of this, it
can be noted that the exchange program of permafrost sclentists and engineers between
China and Canada in 1975 was headed by Mr. Li Yu-sheng, who is vice president of the
China Academy of Railway Sciences, He alsc hosted cthe Canadian delegation during its
visit in China in 1977. Mr. Li led the delegation of Chinese scientists and engineers to
the Third International Permafrost Conference in Edmonton in 1978.

€. The Geomorphology Group at the University of Peking

The University of Peking has about 6,000 students and is about B0 years old. The
Department of Geography has 18 scientists. There are five geomorphologists in  the
Division of Physical Geography. Several of the scientists are interested in periglacial
work and the most active person appears to be Associate Professor Tswei Chi-kiu, who
works on the Tibet Plateau in the field of geomorphology and periglacial phenomena.
Since 1975, some of the geomorphologists Efrom the University hawve been working near
Lhasa.

Some of the phenomena studied on the Plateau have been seasonal "pingos,” which are probably

frost blisters. Also, they have made observations and reports on ice segregations and stone
stripes at elevations of 6,000 m. They study such phenomena as aufeis, solifluction, and
inactive periglacial features, such as stone rings, which appear in central Tibet at 1,900 m.
The geomorphologists further report that in northeast China, near the border with the USSR,
inactive polygons occur at an elevation of 2,700 m. In northeast China when the vegetation is
removed for construction there is slumping as the ice melts in the perennially frozen ground.



Chinese Snow and Ice Bibliography

Jane E. Bradley
18 Juniper Lane
Ambherst, Massachusetts, U.5.A,

Introduction

This bibliography results primarily from a search for Chinese glaclological studies in
the following libraries:

1. Scott Polar Research Institute, Cambridge, England
2. East Asian History of Science Library, Cambridge, England,

These two libraries were most useful because they contaln catalogs of material organized
by subject, which greatly facilitated the location of pertinent literature. hdditional
searches were made of the British Library located in the British Museum, London, and the
Cambridge University Library. Although the British Library has a subjeck catalaog on migrofilm
in their Department of Oriental Manuscripts, a survey yielded little ipn the way of relevant
material. Also, little was obtained from the extensive University Library in Cambridge, due
to the lack of subject categories. However, both libraries do have extepaive holdings in
Chinese geological and geographical journals and there is the potential for improving this
bibliography by careful investigation of these scurces, Jn addition, further sourges may be
unearthed from the reference lists of Chinese language articles cited in this bibliography,
some of which were not available for examination by this auther, For a detailed bibliography
of Chinese periodicals in the British Isles see:

London. University. Contemporary China Institute (1975) A Bibliography of Chinese N rs
and Periodicals in European Libraries. New York, Cambridge, Cambrldge University
Press, 1025 p.

British Museum (1965) Chinese Periodicals in Brivish Libraries, London, British Museum,
Handlist no. 2.

The Scott Polar Research Institute in Lensfield Road, Cambridge, concentrates on polar
studies but also covers glacial studies in alpine regions of the world, The Library has a
detailed and comprehensive subject card index which includes articles in journals relevant to
the library. Their coverage of the field is guite extensive and accounts for approximately 70
percent of this biblicgraphy.

The other major library source is the East Asian History gof Science Library, Campridge.
This unigue library has yrown since 1942 arpund the collegtion of Br, Joseph Needham, F.R.S5.,
F.B.A.,, from sources both in China and the West. Dr, needham and some twenty collaporators
are working on a multivolume publication, Science and Civilization in China, a project
covering all aspects of Chinese science through time, Volume 1 in Ehe Sefies was published in
1954 and Volume 5, part 5 has just appeared, This unique library generously allowed me to
search through their boxes of reprints catalogued under subject headings, Thus, it was
relatively simple to locate many usseful references, particularly early works ip the Eield by
western scientists,

A computer searca was also carried out throuwgh the Cambpidge University Scientific
Periodicals Library's computerized bibliegraphie retrieval system, However, this computer
service only covered Geocarchive for the earth scgiences, and although every attempt was made to
cover all key words reélating to glacial studigs, the search produced few additjonal references
for the periocd 1974-1979.

Citations were also added to this bibliography from materials held by the World Data
Center=A for Glaciology [Snow and lcel, Each document which is owned by WDC-A is marked with
the "*" symbol, Photogopies of any of these documents can be provided upon request at 5.10
per page over 25 pages, $5 minimum,

Although this bibliography is only a brief survey of available literature in the field of
glaciology, it will perhaps be helpful to those wishing to make a detailed search of the
field., It is perhaps strongest ip early work in Chinese glacial studies,



A translation has been made into English of the titles of those works in Chinese, to give
some idea of the contents of the material. Those unfamiliar with the wvarious romanization
systems for the Chinese language may be confused by the variety of spelling found in the
bibliography. Although meost libraries are beginning to follow. the offiecial romanization of
the People's Republic of China, Pinyin, many early references use Wade-Giles, Yale, or other
systems. Confusion may arise when encountering authors listed in several places by different
romanizations: e.g. Hsing (Wade-Giles) may also be listed as Sying (Yale) or Xing (Pinyin).
There are conversion charts available, a valuable one being:

Deeney, John J. (1975) Style Manual and Transliteration Tables for Mandarin. Taipei,
Taiwan, Tamkang College of Arts and Science, Western Literature Research Institute.
Monograph Series no. 1.

The bibliography has been divided into 10 categories, with citations repeated in each
relevant category. An author index Eollows the bibliography. The 10 subject categories are:

A, Avalanches;

B. Climatology;

C. Freshwater ice;

. General topics;

E. Glacial geology;

F. Glaciation;

G. Glaciers;

H. Instrumentation;

I. Permafrost or frozen ground;

J. Snow or other precipitation.
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AVALANCHES
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CLIMATOLOGY

%hu. Koechen (1964) Li shi shi dai shi jie
ch'i hou de bo dong. (Flyctuatiaons of
world climate during historical times.)
Weather Monthly (pPeking) 31, p.4. In
Chineze,

Preliminary study on the
during the last
Sgientia Sinica,

f

Chu, Kp-chen (1973) P
elimatiec Elyctuations
5,000 years in China.
w,16(2), p.226=-256.

Ee Terra, H.; Hutchinson, G.E. (1934) Ewi-
dence of recent climatic changes shown by
Tibetan highland lakes. Geographical
Journal, v.84, p.311=-320.

%lohn; H (l959) Bemerkungen zur Klimatologie
von Hochasien; AKtuelle Schneegrenze und
Sommerklima, (Notes on the climatology of
Asia, contempgrary snow line and summer
climate.,) Akademie der Wissenschaften und
der Literatur, Mainz. Mathematisch-Natur-

wWwissenschaftlichen Klasse. Abhandlungen,
no. l4, p.1409=1431. In German.

%unr Xu-dong (1974) Climatic changes in the
Hount Jalmo Lungma region, Southern Tibet,
China during the Quaternary period.
Scieptia Geologica Sinica, no. 1, p.59-T7d.
In Chinese with English summary.

10

Hsieh, Chiao=-min (1976}
China's c¢limatic changes.
Journal, v.1l42, p.248=-56.

Chu Klo-chen and

Geographical

1

Hsu, Jen (1966) Climatic condition in north
China during the time of Sinanthropus.
Seientia Sinica, V.15, p. 410-414.

Huang, Pei-hua (1963) Chung kuo ti szu chi
ch'i hoyen pien te ch'u pu t'an t'aoc.
(Preliminary study of weather evlution in
the Quaternary of China.) K'oc Hsueh T'ung
Pao (Science Bulletin), no. 1, p.34-39.
In Chinese.

4 .
}Lin. Chen-ti; Wu, Hsiang-ting (1377} 500
years of climatic change on the Ching-Hai

Tipetan Plateau. K'c hsueh shieh Een,
v.37? English translation by J. Bradley

for WDC=A Glaciology (Snow and Ice),
1980,
15 :
Lu, Chiung (1943) Summary of postglacial
climatic change. Kan Du Shu Tong Xun,
v.79(80). In Chinese.

15

Ma, T.¥Y.H. (1940} On the causes of climatic
change and the last Quaternary glaci-
ation in China. Bulletin of the Geglog-

ical Society gf China, v,20, p.343-1355,

16
Mon, Wen-tung (1930) on

Nortn China. Historical
China, v.2(3,4).

past climate of
Joyrnal of

17
Worim, E, (1932)
changes within
graphical Review,

climatic
Gea=

Quaternary
the Tarim Basin.
v.22, p,; 591-598.

lﬂﬂigh}uI Maleolm (1961) Meteorology,
ogy and oceanography 1948-1960. {In:
Gould, S5.H., ed. Sciences in Communist
China. American Assoclation for the Ad-
vancement of Science, Publication no. 68,
p.523-614,

hydgol-

Climatic changes
Weather Monthly
In Chinese,

18
Rutkovskaya, V.A. (1957)
and climatic trends.
{(Peking), 8, p.22-24.

20
Bacrntheim, M. (1978)
glacial maximum and
Mature, v.272; p-43-46.

Band deserts during
climatic optimum,

21
Shen, Wen-hsiung (1974)
climate. China Pictorial, v.4,
Also: American Meterological

Bulletin, v.55, p.1347-1350,

Changes in China's
p.3i0-33.
Society.,

22

Shi, Yafeng; Wang, Jingtai (1979) Fluctua-
tion of climate, glaciers and sea-level
since the late Pleistocene 1in China,
Academia Sinica, Langhou Institute of
Glaciology and Cryopedology, 21 p. Alsaj
International Union of Geodesy and Geg-
physics, General Assembly, 17th, Canberca
3-15 December 1579.7 Abstracts, p.73,

24

Sun, Tien-ching (1962} Beobachtungen wan
guar taren Verelsungspuren in der
Volksrepublik China. (Observatiaon of
Quaternary freezing in the Pecple's
Republic of China.) Bericht der
geologischen Gessellschaft in der
Deutschen Demokratischen Republik, wv,6,
p-181-192.

25

*Tang, Ying-jum (1980) Evidence of elimatic
fluctuation 1n Quaternary deposit involy-
tion layers. Journal of Glaciology and

Cryopedology, Vv.2(1), P,41=43, In
Eﬁ{nese.




5 )

ETang, ¥ing-jun (1980) Evidence of climatic
fluctuation in Quaternary deposit inwvolu-
tion layers, Journal of Glaciology and

Cryopedology, v.2(1), p.41-43, Iin
nese.

26 ) X

Tater, B,A. (1950) Climatic fluctuation, a
suggested means for the development of
lakxe terraces, Kunming Basin, China.
Amer Lcan Journal of Science; v.148,
pP.498-507.

27 ]

Tseng, Ming-hsuan; T'eng, HRuan-jung (1966)
Mu-Tu-Da-Ge Shan gie-gian gan Bu-La-Ke

bing chuan xiao rung ch'i de fu she yu re
liang ping heng. (Energy balance and ra-
diation during the ablation season on the
Bu-La-ke Glacier, Mutudage Mountain.)
(tentative translation). (In: Gan han gu,
di 1i xue shu hui yi lun wen xuan 3ji.
Collected works on a geographical confer-

ence on arid regions. Peking, Science
Publications. )

28

Tu, Chang-wang (1937} China weather and

world oscillation with applications to
long-rangeforecasting of floods and
droughts of China during the summer,
Mational Research Institute of Meteorol-
. Memolrs, v.l1l{(4). Also: Collected
Scientiflc Papers, Meteorology, 1919-1949
[1954] Peking, Academia Sinica, p.349-392,

29
Wallace, James Allen (l965) Annctated Bib-

licgraphy on the Climate of South China.
HasElngEon, b.C., U.5, Weather Bureaud,

260p.

Problems met in research
changes of past hundred
Weather Monthly (Peking), 4.

Wang, p.F. (1958)
on climatic
years, II.
p.21=-27.

31

Wang, Shaowu ; Chao, Zung-tsyr (1979)
Droughts and floods in the last 500 years
in China. {In: International Conference
on Climate and History, July 8-14. Cli-
matic Research Unit, University of East
Anglia. Abstracts. Norwich, U.K.,
p-64=65.)

32
Wissmann, H.

Quartar.
p.321=-40.

von [1938) Klimate Chinas im
Geographische Zeitschrift,

33
Wu, Hsi-=hao;
{1963}

Ch'ing, Yu-p'u; Yang, Ta-yuan
Tui "Chungkuo ti szu chi ch'i ho
yen pien te t'an t'ac" yi wen te t'ac
lun, (Comment on the paper "Preliminary
study of the weather evolution in the
Quaternary in China."™) K'oc Hsueh T'ung
Pao (Science Bulletin), no. &, p.31-35.
In Chinese.

34 :

Yang, Chien-chu (1958) Changes in weather
conditions which have taken place in
several parts of China over the years,
Weather Monthly (Pexing). 1, p.34-37.

35
Yang, Huai=-jen; Ch'ia, Shu-chang (1965}
Quaternary glaciation and the postglacial
climatic fluctuations in the region of
Urumchi Valley, Sinkiang. Acta Geologica
Sinica, v.31(3), p.194-212.




FRESHWATER ICE

36

*pcademia Sinica. Institute of Geography
{1973} Distribution of isotopes in some
natural waters in the region north of Mt.
Jolmo Lungma. Scientia Sinica, v.l6(4),
p.560=-564.

i3 .
Japan. Army. Tada Unit (1939) Showa 13 nendo

hokushi Shokasen Keppyo gaiko. Dai 3 pen,
eiteikakel, Sono ichi, mokyc chiho.
{Freezing of rivers in north China in
1938. Report 3. Yungting Ho River
System. Park I. Mongolia-Singkiang
province Area.) 67p. In Japanese.

3§apan. Asiatic Institute. MWorth China Liaison
Section’ (1942) Dai 4-setsu, keppyo oyobi,
kaihyo. (Freezing and thawing of the Lwan
River, Hopeh, China.) 92 p. (In: Ranka
Suiun Suiro narabin; suimon chosa
hokekusho. Report on investigations of
water . transporation, watercourses  and
hydrology of the Lwan River, Chapter 4).
In Japanese,

39 :

Japan. Kwantung Army (n.d.) Hyojo ni okeru
sakusen no sanko. (Manual Tor operations
on ice.) 54 p. In Japanese.

1}

4Kahoku otsu HKabushiki kaisha
portation Co. Inc.) (1941) Meteorology
in relation to MHorth China rivers. (In:
Kohoku otsu Kabushiki Kaisha, Hokushi

({Kahoku Trans-

Easen Yoran. Mukden, p. 3=-5.) In Japanse,

41

Kubo, Yoshimitsu (1958) Shizen kKeppyopan no
geisei ni tsinte. (The growth of the
natural ice-plate.) Seppyo, V.20(5),
p.136-141. In Japanese with English
SUMMALY .

2

Lanzhou, China. Hydrographic Station (1953%)

Shui nei ping ti shih yen yen chui pao

hao. (Report of research on underwater
ice.) Huang ho chien she (Yellow River
Construction), no. 4, p-61l=-63. in
Chinese.

10

43

*Li, Weixin (1980) Measurement of ice di-
electric coefficient and its application
in glaciological research. Journal of
Glaciology and Cryopedology, V. pecia

Issue), pP.51-53. In Chinese.

44

Own, Sho-chow (1957) Ice-pillars and rime
at the high mountain station on Chou
Mountains, Fukien Province. Weather
Monthly (Peking), 1, p.37.

Salemachila, I.I. (1957) Calculation of
icing conditions on electric cables at
various altitudes based on the surface
data. Weather Monthly (Peking), 1,
p.38=-41.

46

*Sheng, Wenkun (1980) Application of simple
chemical analysis of natural water in the
analysis of ice and snow samples. Jou-

rnal of Glacieleogy and Cryopedology, V.2
(Special issuel. p.9L1-92. ;n Eﬁfnese.

47

Shu, Chao (1%36) Freezing over of the port
of Tientsin and the lower Haiho Valley
during February 1936. Meteorol
Magazine, (Manking}, vo.l2(4), p-IBﬁ-EﬂE.

Zhang, Qing-lian; Yin, Zhao; Zhang, Xian-lu
({1959) Distribution of isotopes in some

natural waters of China. Science Record
NS, v.3{10), p.495-498. In Chinese.

48

49
*Zhang, Xiangsong (1980) Recent research on

snow and ice in the world. Journal of
Glaciolegy and Cryopedology, v.2(1),
p.54-58. In Chinese,

50

*Zhang, Xiangsong (1980} Recent research on
snow and ice in the work (I). Journal of
Glaciology and Cryopedology, V.2021s
P.48-52. 1In Chinese.



GENERAL TOPICS

51

tpecademia Sinica. Scientific Expedition to
Tibet (1975) Report of Scientific Inves-
tigation in the Mt, Everest Region from
19656-1968; Hodern Day Glaciers and Land-
forms  (Glaciology _ and Geomor phology ) «
Peking, science Publications, 202p. In
Chinese with English table of contents.

52

amlford, Donald (1965) Notes on high eleva-
tion research with selected bibliocgraphy.
U.§. Army. Cold Regions Research and
Engineering Laboratory. CRREL Special
Report, no.78, 34p.

53

Bailey, F.M. (1924)
southern Tibet,
v.64(4), p.291-97.

(1962) Geography of Tibet
the 'dZam-gling-rGyas-bShad.
Istituto Italianc per il Medio ed

286 p. (Serie Orientale

Through Bhutan and
Geographical Journal,

54

Bla=ma bTsan-po
according to
Rome .
Estremo Oriente,
Foma, no.25%).

55

Brooks, C.E.P. (1954)
the past 1000 years.
p.153-158.

Climatic changes of
Experientia, .10,

Burdsall, R.L.; Emmons, A.B. (1933) Men
hgainst the Clouds; the conguest of Minya
Konka, MNew York, Harper.

57

Ch'ang, Kuo-kan (1962) Critical notes on old
Chinese gazetteers, Shanghai, 1962, (Bib-
I[iocgraphy of 2,000 works.) In Chinese.

58

Chao, Chih-hsin;

Wang, Chih-yao
Chung=-kuo ti chih wen hsien mu lu.
(Bibliography of Chinese geclogy. )
Peking, Ti Chih Ch'u Pan S5he, 5431 p.

59

Chas, E.C.T. (1961} Progress and outlook of
geology. (In: Gould, S.H., ed. Sciences
in Communist China. Ametican Assoclatlon
for the advancement of BScience, no. 68,
p.497=522.)

&0

Chao, E.C.T. (19%73) Contacts
scientists in the People's
China. Science, v.179, p.

{1958)

with earth

Republic of

961-3.

6l

Chao, Y.T. (1929} Geological notes in
Szechuan. Bulletin of the Geological
Society of China, v.B, p.l137/-149.

Au, Kam=nin (1975) Some
recent developments in geoscience in
China. Science HReports of the Tohoku
University 7JEh Series (Geegraphyj, v.25
TL7. Sendai, dJapan,Tohoky University,
Institute of Geography.

62 )
Chen, Cheng-siang;j;

63

Cheng,Ch'i-p*a (1959} Yung chu tung chieh
ti ch'u shui wen ti chih k'an ts'e kung
tso chung ti ecni tien ti hui. (Points to
be considered during  hydrogeological
survey in permafrost regions.) Hsui Wen
Ti Chih Kung Ch'eng Ti Chih (Hydrogeclogy
and Engineering Geology}, no.ll, p.13-15.
In Chinese.

64

Chi, Jung-sen (1936) Science Bibliography
of China. Geology Section: Bibliography
1934-1935. Nanking, Academia Sinica, 57p.

65

Chi, Jung-sen (1942) Bibliography of
Chinese geology for the years 1936-1540.
Pehpel (sic), Hatlional Geological Survey
of China, 147p.

66

Chinese scientists survey world's highest
peak. (1968) China Reconstructs, May,
p.20=-21, 24-27.

67

Ch'iu, Shih chi (1965) Scientifi¢ and tech-
nological development. {In: Communist
China, 1964, ed. by Union ~Hesearch
Institute.  Hong Kong, Union Research
Institute, v.1l., p.172=-210.)

&8 :

Chiu, Shih-chi (1964} Nien ta lu ti k'o
hsush echi shu kung Gtso. {Science and
technology in Mainland China). Tsu Kuo,
v.14, p.23-33. In Chinese.

69

Chu, Liang (n.d.) Determination of the
height of the Qomolangma Feng (ME.
Everest). Scientia Sinica. v.19(2),
p.260=-275.

70

Chu, Ko-chen (1959) Scientific expeditions
under taken by Academia Sinica in recent
years. Scientia Sinica, v.B(9),
p.B87-909.

71
*Conztitution of tne Chinese Society of Gla-

ciology and Cryopedology (1980) Journal
of Glaciology and Cryopedology, V.2(4),

P.77. In Chinese,

72

Geological Society of China (1947) Publica-
tions of the Geological Survey of China.
Peking, 2 v.

73

*glaciclogical research in China (1964) Jour-
nal of Glacioclogy, v.5(38), p.258.

74

Guibert, Andre [1944) Exploration in the
Upper Tung Basin, Chinese Tibetan border-
land. Geographical Review, wv. 37,
p.70-87.

11



75

Guo, Xu-dong (1976} Report on the Mount
gomolangma area scientific expedition
1966-1968. Quaternary Geology, Peking,
p.63-78. 1In Chinese.

76

Hanson-Lowe, J. (1940) Journey along the
Chinese-Tibetan border. Geographical

% Journal,v.95(5), p.357=-367.

Hedin, 5. (1909)
York, Macmillan,

Trans-Himalaya. V.2, HNew

439p.

78
Hedin, 5. (1922) Southern Tibet,
Lithographia Institut,

Stockholm,

9
Hedin, 5. (1940} Lake,

Routledge, 293p.

Wander ing Loendon,

8O

Heim, A. (1933) Minya Gongkar: Forschungs-
reise ins Hochgebirge wvon Chinesisch
Tibet, (Minya Gongkar: Exploration in the
high mountains of Chinese Tibet.) Bern,

Huber , 244p.

81

Horner, N.G. (1932) Lop-Nor:
and geological summacy.
Annaler, v.l4, p.297=312.

topographical
Geografiska

B2

Hsiao, T'eng-lin (1759)
lu (Travels in Tibet.) Chapter 2,
at the British Museum.

Hsi-tsang chien-wen
Located

83

Hsin tien-hsia ming-shan sheng-ching chi.
(Collected short works on the mountains of
China.) (1937) Arranged by Provinces. 2
vols, Hui-wen-t'ang Shu-chu, Shanghai.

84
*Hsin=-hua. (New China MNews) (1964)
logical research in China.

Glaciclogy, v.5(38), p. 258.

Glacio=-

Journal of

85

Hsu, Ginn-tse (1958) Bibliography of the
Tibetan Highlands and its Adjacent Dis-
tricts. Peking, Science Press, CLContalns
Western language sources primarily
Russian.

:1

Hue, Evariste Regis (1966) Wanderungen durch
die Mongolel nach Tibet, 1844-1846.
{(Traveling through Mongolia toward Tibet,)
Stuttgart, Steingruben Verlag, 3186 p. In
Garman.

87

Jen, Hua; Han, San-tang (1973) At the foot
of Mt. Kaolan. China Pictorial, &,
p.24-217.

88

Kalmui HKova, V.G.; Owvdienko, TI.K. (1957)
Severo-zapadnuy Kitai. {Geography of

Horthwest China.) Moscow, 2, 2191p.

89

Kaulback, R. (1933) Journey in the Salween
and Tsangpo Basins, southeastern Tibet.
Geographical Journal, v.91(2), p.97-122.

a0

Kazakova, M.M, (l196%9a) MNorthwest China: the
Meongoelian - Sinkiang region. (In: Phys-
ical Geography of China, RKew York,
Frederich A. Praeger, v.2, p.193-245)

91
Kazakova, M,N. (1969b) Tsinghai-Tibetan

region. {In: Physical Geography of
China, New ¥York, Frederich A. Praeger,
V.2, p.246=77.)

92

Kikolski, Bohdan (1964) Contemporary re-
search in physical geography in the
Chinese People's Republic, Assoclation
of American Geographers. Annals, v.54,
p.181-189.

93

*Kou, Youguan; Ding,

Liangfu; Li, Wengzhou;
Zhang, Yongling (1980) Glacial metecro=-
logy on ME. Tuomuer. Journal of Glaci-

GIE%E and Crgopedulog%, v.2(4), p.1I-14.
In lnese with Englis

abstract.

Kurz, Marcel (1959) Chronigue Himalayenne:
1'age d'or 1940-55. (Himalayan
Chronicle: the Golden Age, 1940-55.)
Zurich, Foundation Suisse pour Explor-
tions Alpines, 2 v.

94

95

Kuznetsov, I.V., et al., eds,.(1955) Iz
istorii nauki i tekhniki kitaia: sbornik
statel. {Historical sketch of science
and technology in China: a symposium)
Akademia Nauk S55HR, l8lp.

96

Li, Hsiac-fang (1947) Bibliography of geol-
logy and geography of Sinkiang. Nanking,
National Geological Survey of China,
213p.

a7

Li, Pu ({1954)

Reconstructs,

98

*List of members of the Chinese Society of
Glaciology and Cryopedology. (1980
Journal of Glacioleogy and Cryopedology,

v.2(4), p.75. In Chinese.

Scientists
v.3(6),

in Tibet. China
p.28-31, o=

99

*List of members of
Chinese Society of
pedology (1980)
and Cryopedology,
Chinese,

the Council of the
Glaciolegy and Cryo
Journal of Glaciology

V-2{4'j P-?'q-r In

100

*Liu, Jinhuang (1980} Application of pseudo-
eolour in research in glacioleogy and
cryopedology. Journal of Glaciolegy and

Cryopedology, V.2 (Special issue],
P-63-67. In Chinese,

12



101

Marinow, HN.A. (1968) Merzlaya =zona Azii.
(The frozen zone of Asia.) Akademia Nauk
S55R. Seriya geograficheskaya., lzvestiya,
no. 2, p.Z9-38.

102
Mational Geological Survey of China
Catalog of the Library of
Geological Survey of China,

[1928)
the HNational
Peking, B9 p.

103

Needham, Joseph, (1954-=)
lisation in China.
University Press.

Ecience and Civi-
Cambr idge (England)
v.l=6 completed,

104
Ozaki Einemon (1944)
bunken mokKuroku.

Chugoku chishitsu chiri
(Bibliography of Chinese

geclogy and geography. ) Shanghai,
Shanghai Science Institute, 68 p.

105

Pannell, C.W.; Welch, R. (l1976) Recent sat-
ellite coverage of China, The China Ge-
ographer ,v.3, p.31-33.

106

Price, M. Phillips (1968) A journey in the
upper Yenesein basin, Outer Mongolia and
Chinese Turkestan in 1910, Geographical
Journal, v.134(2), p.l81=193, p.Zii-EE.

107

Rock, Joseph F, (1931) Konka Risumgongba,

Holy Mountain of the Outlaws.

National
Geographic Magazine, v.60(1).

108

Rock, Joseph F. (1930) Glories of the Minya
Konka, National Geographic Magazine,
v.58(4).

109

dheng, Benxing; Shi, Yafeng (1976) Report on

the Mount Qomolongma Area Scientific Expe-

dition 1Y966-1968. Quaternary Geology,
Beijing, Science Press, p. 29-62. In
Chinese.

110

Shi, Yafeng; Liu, Teng-sheng (1964) Prelim-
inary report on Mount Shisma Pangma
sclentificexpedition, 1964. Kexue

Tongbao, no.l0, p.92B-38. In Chinese.
111
Shi, Yafeng; Su, Zhen (1964) Researches on

glaciology and hydrology of the Urumgi

River. Peking, Science Press,

112

Siddigi, M.1. [(l962) Tibet coday.
Pakistan Geographical® Review, wv.17(2},
p.25-36.

113

Stein, Aurel [1928) Innermost Asia,
Oxford, v.l, p.459-460,

13

114
Stein, M.A. (1921) Serindia: a detailed re-

port of exploraticon in Central Asia and
Western-most China. Oxford, Clarendon
Press, 5 v.

115 .

Stoddart, D.R. (1978) Geomorpholegy in
China. Progress in Physical Geography,
v.2(2), p.187-236.

116

Ting, Wen-chiang (1921} On Hsu Hsia-K'o:

explorer and geographer.,
Review, v.3, p.325.

117

Trinkler, E. {1932) Geggraghische
Forschungen im Westlichen Zentralasien
und Karakeram-Himalaya. (Geographical
research In West Central Asia and the
Karakoram Himalava.) Berlin, Dietrich
Reimer and Ernest Vohsen, 133p. In
German .

Horth China

T.C. (1946) Bibliography of Chinese
Geol Bibliograph of Geology and
AIIIEg Sciences %} Tgﬁet and Reglons to
the West of Chinshachiang. Peking,
Mational Geological Survey of China, 114
P

119 ’

Tseng, Ying-ching (1968) Chungkuo 1li shih
yen chiu kung chu shu hsu lu [kao pen].
(Research tools for Chinese history: an
annotated bibliography.) Hongkong,
University of Hongkong, B.A. Thesis., In
Chinese.

18
Tseng,

120

U.S. Library of Congress (1961l) Scientific
and technical journals in Japan and main-
land China: a selected Iist. Washington,
D.C., Library of Congress, Technology
Division, 47p.

121
U.S5. Library of Congress. Science and Tech-

nology Division. (1961) Chinese Scientif-
ic and Technical Serial Publications in
Collections of the Library of Longress.
Revised ed. wWashington, D.e., Library of
Congress, Science and Technical Division,
Reference Department.

122
Visser, Ph. (1934} The Karakoram and

Turkistan expedition of 1920-1930.
Geographical Journal, v.B4(4).

, o

123
*Wang, Wenying; Chen, Xiaobai ([1980) New
stage in the development of measuring and
testing technigue in glaciology and cryo-
pedology. Journal of Glaciology and Cryo
edolegy, v.2Z (Special Issue), p.l-2. In
Chinese.




124
*Wang, Wenying; Cheng, Jianming {(1980)
Terrestrial stereophotogrammetric survey-

ing and mapping in the region of Mt.
Qomolangma, the Batura Glacier in the
Karakoram. Journal of Glacioclogy and
Cryopedology, v.2(4), p.22-28. In Chinese
with EngIlsE abstract,

125

Ward, F.K. (1916} Glacial phenomena on the
Yun-nan Tibet frontier. Geographical
Journal v.48(1), p.55-68.

126

Ward, F.K. (1923} From the Yangtze to the
Irrawaddy. Geographical Journal, v.62(1),
p. 6=20.

127

Ward, F.K. (1923) Mystery rivers of Tibet.
London, Seeley Service,

128

Ward, F.K. (1926) Exploration in south-
eastern Tibet. Geographical Journal,
v.67(2), p.97=-123.

129

Ward, F.K. (1934) Himalaya east of the
Tsangpo. Geographical Journal, wv.B4(5),
p.369=97.

14

130

Wylie, Turrell V. (1958) Geography of Tibet
agcording toe the Dzamgling-rgyas-bshad.
Ph.D. Thesis, University of Washington.
Ann Arbor, University Microfilms, 327p.

131
*Xu, Qingi (1980) Introduction of a
theory-Ice Ages controlled by variations
of the Earth's orbit. Journal of

Glaciology and Cryopedology, v.2(2),
p.53=57.

In Chinese.

132

*Yu, Chen, Xuede; Wang,

(1980) Remote measuring and auto-
of ground

recording temperature,
Journal of Glaciology and

Cryopedology,
v.2 (Special 1ssue), p.7=-9. In inese,

*Zhang, Xiangsong (1980) Recent research on
snow and ice in the work (I1). Journal o

Glaciolo and Cryopedology, V.2l2),
p.48=52., In Chinese.

Jimin; Changling

131



GLACIAL GEOLOGY

134
*academia Sinica. Scientific Expedition to
Tibet {1975) Report of Scientific Inves-

tigation in the Mt. Everest HRegion from
Iﬁiﬁ-lﬁﬁﬁ: Modern Day Glaclers and Land-
forms (Glaciole and Geomor phology).
Peking, Sclence PuEIzcatians.

135

hcharyya, S.K. (1973) Late Palaesozoic glaci-
ation wversus wvolcanic activity along the
Himalayan chain with special reference to
the eastern Himalaya. Himalayan Geology

(Delhi), wv.3, p.209=-230.

136

Andersson, J.G. (1923) Essays on the Ceno-
zoic of northern China. Memoirs of the
Geological Surwvey of China, A3, p.l1-T752Z.

137

Barbour, George B. (1925) Loess of China.
The China Journal of Science and Arts,
v.IV(8 and 9), p.454-463, 509-517.

138

Barbour, George B.

(1931) Taiku deposits and
the problem of Pleistocene climates,
Bulletin of the Geological Society of
China, v.10, p.71-104.

139

Barbour, George B. (1934) Analysis of Lushan
glaciation problem. Bulletin of the Geo-
logical Society of China, v.13, p.647=-656.

140
Barbour, George B. (1935)
tions on the loess of north China.
graphical Journal, v.86, p.54-64.
1

Recent observa-
Geo—

Chang, H,T. (1922) On the history of geolog-
ical sciences in China. Bulletin of the
Geological Society of China, v.l, p.d4-7.

142
Chang, Ta (1963) Geolegy of China: Communist
China. Washington, D.C,, U.S5. Department
of Commerce, Office of Technical Services,
Joint Publications Research Service.
143
Chao, Chanko-ping

(1958) Periglacial sedi-

ments on Yung=-an in Fu=-tsan province. K'o
Hsueh T'ung Pac (Science Bulletin), v.18,
P-969-570. In Chinese.
144
Chao, Chih=hsin; wang, Chih=-yao (1958)
Chung=kuo ti chih wen hsien mu lu, (Bib-
liography of Chinese geoclogy.) Peking, Ti

Chih Ch'u Pan She, 543p.
145
Chi, Jung-sen (1942) Binlxg%ra%hg of
Chinese geology for the years 36— .
Pehpel (sic), HNational Geological Surwvey
of China, 147p.

15

146
China. Jilin Province. Geologlical Bureau
{1975) Preliminary ocbservations on ves-
tiges of glaciation found at the base of
middle Carboniferous rocks in the south-
ern part of Jilin Province. Acta
no.

Geologica S5inica, 2, p.l94-203. In
Chinese with English summary.

Chinese Geographical Society. Geomorphology
Committee (1965) Chung-kuo ti 1li hsueh
hui ti mao hsueh shu tV'aoc Jun  hui.
{Collected works of the 1965 Geomorphol-
ogy meeting of the Chinese Geographical
Conference.) Peking, Science Press,
170 p.

147

las

Chinese Geographical Society. Geomorphology
Committes, (1967) Collected works of the
1965 Geomor phology meeting ef the Chinese
Geographical Conference, Translation of

Chinese Geographical Society. Geomor -
phology Committee. (1965). Washington,
D.C., U.S5. Joint Publication Research
Serwvice, 424p.

149

Ching, Tsai=-jui (1963) Relics of the
Quaternary glaciation and the classifi-
cation of glaciation epochs of the
plateau area of western Hupedi. Acta
Geologica Sinica, wv.45, p.237-42. In
Chinese.

150

Cooke, H.B.5.; Lowe, C. wvanR.; Wells, L.H.
({194l) Geology and early man. Nature,
v.147,p.45-49

151

Geological Society of China (1947) FPublica-
tions of the Geological Survey o ina,
Peking, 2 v.

152

Gorbunov, A.P. (1969} Region periglaciaire
du Tian-Chan. Biuletyn Peryglacjalny,
no. 19, p.l51-174.

153

Gregory, J.W.; Gregory, C.J. (1925} The
geology and physical geography of Chinese
Tibet, Philosophical Transactions of the
Royal Society of London. Series B, no,
213, p.171-298.

154

Guo, Xu-dong (1974) Climatic changes in the
Mount Jolmo Lungma region, southern
Tibet, China during .the Quaternary
period., Scientia Geologica Sinica, no,
1, p.59-78. In Chinese with English

SUMMAary .

155

Hanson-Lowe, J. (19%9316) Thecretical reflec-
tions on the geomorphology of China from
the viewpoint of glacio-eustatism,
Bulletin of the Geoclogical Society of
China, v.I15, p.119-1z29.




156

tHanson-Lowe, J. (1947) Hotes on the Pleis-
tocene glaciation of the Scuth Chinese-
Tibetan Borderland. Geographical Review,
v.37(1), p.70-87.

157

Harland, W.B. (1945} On the physiographic
history of western Szechuan with special
reference to the ice age in the Red Basin.
Journal of the Western China Border Re-
search society. oecies B, 15, p.1-19.

158

Heim, A. (1930) Structure of the sacred
omei-Shan, S5zechuan. Bulletin of the Geo-
logical Society of China, v.9, p.59-58

159

Heim, A.; Gansser, August (1939) Central
Himalaya, Geological Observations of the
Swliss Expedition, 1936. 2Zurich, Gebruder
Fretz, 245p. |ochwelzerische Gesellschaft,
penkschriften, Bd. 73, Aph., 1).

160

Hoynagi, Mutsumi (1966) Glacial problems in
China (a general review). Journal of Ge-
ography, Tokyo, v.75(3), p.33-43; v.75(4),

P. 26-4l. In Japanese with English
Summary.

16l

Huang, Pei-hua (1960} Lun yunnan chih ti mao

fayu wenti. (A discussion of the problems
conecerning the geomorphological evolution
of Yunnan Province.) Quaternary Research,
peking, v.2({1=2). In Chinese.

162

Huang, Pei-hua (1963) EKuan yu ch'ang chiang
yl nan ti ch'u ping ch'uvan ye chi wen ti.
{On the relic glaciers in the area south
of the Yangtze River.) K'o Hsueh T'ung
Pac (Science Bulletin), no. 10, p.29=31.
In Chinese.

163

Huang, T.K. (1967)

Main characteristics of
the geologic structure of China; prelim-
inary conclusions. S5t. Louis; Mo., U.5.
heronautical Chart and Information Center,
ACIC Technical translation, ACIC-TC-1262,

7% pP. NTIS: AD-664 846 Translated £from
Acta Geologica Sinieca, wv. 4(1), p. 1-37
(19607,

164

Huang, Ti-fan; Yang, Chich=chao (1964) Hew
glacial relics in the middle and down-
stream areas of the Yang-Tze River. E'o
Hsueh T'ung-Pac. (Science Bulletin), no.
6, P. 544-547.

165

*Jen, Mei-ngo (1958) Glaciation of Yu-Lung
Shan, Yunnan, China. Erdkunde, wv.l2(4),
p.308-313. Also: Annales de Geographie,
v.59, p.50-56. In French.

166

Jennings, J.W. (1976) Quaternary stratig-
raphy {(of China). Australian Quaternary
Newsletter, 1, p.10-21.

167

%#3i, 2i HXiu (1980) Modern periglacial pro-

cess in the central part of Tian Shan.

Journal of Glacinlog% and Cr%ugedul%gz,

v.2(3), P.1=1l. In nese with Englis

abstract.

168

Kalvoda, J. (1973} Geomor phological prob-
lems of the Mount Everest area. Hima-
layan Geology (Delhi), v.3, p.311-319.

169

Klaer, wWendelin (1962) Periglaziale Hohen-
stufe in den Gebirgen Vorderasiens.
({Periglacial altitude levels in the moun-
tains of Asia Minor.) Zeitschrift fur
Geomor phologie, wv.6{1), p.17-32. In
Garman.

170

Kozarski, 5. (196l) PFossil congelifluction
covers in the northern part of the Lushan

{central China). Biuletyn peryglacjalny,
no. 10, p.l95=207.

171
Kozarski, 5. (l1963) Problem of Pleistocene

glaciations in the mountains of east
China. Zeitschrift fur Geomorphologie,
v.T(1}, P-49=-T70.

172
Euo, W.K.:; Yeh, C.C. (1984) Preliminarcy

note on Quaternary glacilation in north-
eastern Yunnan. Bulletin of the Geoclog-
ical Society of China, 24, p. ll15-24.

173

Lee, J.5. (1933) Quaternary glaciation in
the Yangtze valley. Bulletin of the Geo-
logical Society of China, v.13, p.15-82.

174
Lee, J.S5. (1934) Data relating to the study

of the problem of glaciation in the lower
Yangtze wvalley. Bulletin of the Geolog-
ical Society of China, v.13, P.395-43Z.
175
Lee, J.5. (l1938)
Pleistocene glaciation

Confirmatory evidence of
from the Huang-

Shan, southern Anhui, Bulletin of the
Geological Society of China, v.lo,
P.219-90,

176 i

Lee, J.5. (193%9) Geclogy of China. Lendon,
Murby, 528 p.

177 .

Lee, J.5. (1947) Vestiges of corrie glaci-

ation on the Kweichow plateau. Bulletin
of the Geological Society of China, v.217,
P.35-53.

16



178
Li, C.; Wu, Y.5. (1940) Preliminary note on
Quaternary glaciation in western Hupeh.

Bulletin of the Geological Society of

China, v.20, p.15=-22.
179
Li, Ching=-yuan Y.
ities in Asia.

p.193-201.

{1952)
Economic

Geological activ-
Geology, v.49,

180
Li, Hung=lien (1965) The geological and
geomor phological actions of mudrock gla-
ciers in the mountain district on the
southeastern part of Tibet, {In: Col=-

lected Works of the 1965 Geomorphological

Meeting of the Chinese Geographical Con-
ference. Washington, DC. U.5. Joint
Publication Research Service, p.388-400.)

131
Li, ¥.; Pan, C.; Tsaoc, C.; Hu, C. (1973)
Further notes on Quaternary glaciations in
China. Acta Geologica Sinica (Peking), 1,

p.94=101.

182

Liw, En=lan (1943)
Journal of the
Research Society,

Lifan.
Border

Geography of
Western China
(B), l4,1.

fﬂh Zhe-ouen; Liu, Zhen-zhong; Wang, Fu-bao
{1962) Comparison of the glacial develop-
ment in the Quaternary perioed near
Everest., The Teng Keh L1 peak and the
united peaks of the Chi Lien mountain.

Acta Geographica Sinica, v.28, p.l9-33.

84
1E'!o!illrl:'r,. Maynard M. (l19635) Mount Everest and
the Mahalangur Himal, 1963. Explorers
Journal, v.43(3), p.l30-1483.

}E?ller, Maynard M,; Leventhal, J.5.; Libby,
W.,F, (1965) Tritium in Mt. Everest ice =
annual glacier accumulation and climatol-
ogy at great equator ial altitudes.
Journal of Geophysical Research, v.70(1&),
p.3865-06.

&

j'tﬁﬂrin.. E. (1946) Geological explorations in
western Tibet. Reports from the Scien-
tific Expedition to the north-western
provinces of China under the leadership of
r. Sven Hedin, The Sino-Swedish Expe-
dition. Publication 29, III. Geoleogy, 7.
214 p-

187

Pearson, R.J. (1973) Radiocarbon dates from
China. Antiguity, v.47, p.l41-143.

168

Sheng, Benxing; Shi, Yafeng (1976) Report on
the Mount Qomolongma Area Scientific Expe-

dition 1966-1968, Quaternary Geology,
Beijing, Science Press, p. 29-62. In
Chinese.

i7

189

Shi, Yafeng; Li, Chi-chun;
{1979} Quaternary China.
Magazine, v.51(9%), p.636-643.

Cheng, Hsing
Geographical

190
Smalley, I.J.

and

[1966) Properties of glacial
loess the formation of loess de-
posits. Journal of Sedimentary Petro-
logy, v.36, p.66%-676.

191
Stoddart,
China.
v.2(2),
2

D.R. (1978) Geomor phology  in
Progress in Physical Geography,
p.187-236.

Sum, T.C. (1944} Glacial features in north-
western Kuangsi. Bulletin of the Geolog-
ical Society of China, v.24, p.l105-113.

193

Sun, Tien-ching (1962) Beobachtungen wvon
guartaren Vereisungspuren in der WVolks-
republik China. (Observation of Quater-
nary freezing in the People's Republic of
Chin,) Bericht der geologischen Gessell-
schaft In der Deutschen Demokratischen
Republik, v.6, p.181-192,

194
Syrnev, I.P. (1971) Characteristics and cor-

relation of Quaternary sediments in the
middleand lower reaches of the Yangtze
Riwver Basin. Arademiia nauk SS5SR.
Izvestiia. Seriia geograficheskaia, v.d4,
p.l1B-124.

9

Hr?ai, Ch'ien=chien (1972) Hsi Tsang
Mielamutan £fa hsien te shih ch'i. ([Stone
age development in MNie-la-mu-tan, Tibet.)
Kao Gu, 3. 1In Chinese.

196 _ _ . )

*Tang, Ying-jun ({1980) Ewvidence of climatic
fluctuation in Quaternary deposit invol-
ution layers. Journal of Glaciology and

Cryopedology, v.2(L1l), P.al=-43. In

Chinese,

157
Tator, B.A. (1950)

suggested means
lake terraces,
Amer ican Journal
p.498=-507.

Climatic fluctuation, a
for the development of
Kunming Basin, China.

of Science, v.l48,

198
Teilhard de Chardin, P. (1935%) Geological

observation in the Tur fan area.
Geografiska Annaler, v.17, p.446-452.

199

Thorp, J.; Dye, D.S5. (1936) Chengtu clays =
deposits of possibly loessial origin in
western and northwestern Szechuan Basin.
Bulletin of the Geological Society of
China, v.15, p.225=24%.




200

Ting, 5. (1947) Hotes on geomorphology in
the Ili district, Sinkiang. Journal of
the Geographical Scciety of China, v.14.
In Chinese with English summary.

201

Trinkler, E. (1930)
plateau and in adjacent regions.
graphical Journal, v.75, p. 225-232.

Ice age on the Tibetan
Geo-

202

Ts'ao, Chao-yuan, et al., (1963) Kuan yu
chung kuo ping ch'i he chien ping ch'i wen
£'i.(0n the guestion of glacial and inter-
glacial stages in China.) K'c Hsueh T'un
Pag (Science Bulletin), ne. 3, p.29-30.
In Chinese.

203

Tseng,lT.c. (1946) Bibliography of Chinese

Geology: Bibliuiragﬁg o% éiolggz and

AIIlea Sciences of Tibet an gicns to

the wWest of Chinshachiang. Peking,

Mational Geological Survey of China, 114

P.

204

Tsui, Chich-tsui
Pleistocena
China.
pP.229-45.
SUMMALY .

(1961)
ice-cover patterns
Acta Geologica Sinica,
In Chinese with

On the problem of
in West
v.44(2),

English

205

Wang, Yung-yen; Hsueh Hsiang-hsi; Ho,
Ju-chang; Chang Kuo-wei (1966) Division
of the Quaternary strata in the loess
district of north Shansi and east HKansu.
Acta Geologica Sinica, v.46, p.l02=-117.

206

Wissmann, H. von (1938) Loess-making and ice
ages in China. Journal of the Geo-
graphical Society of China, v.5,p.3-6.

18

207
Wissmann, H. von (1959) Rezente und guartar

Verglatscherung des Yulungschan.
{Present day glaciation and former ice
cover in Yulungshan mountains in Yunnan
Provice.) Mitteilungen der Osterreich-
ischen Geographlischen Gessellschalt,
v.101({2Z}, p.l65-B2. In German.

208

Yang, Huairen, et al. (1958) ‘Quaternary
glacial and peri-glacial deposits in the
lower Yangtze River WValley. Quaternacy
Research, v.l{(1l), p.240.

209

Yen, Ch'in-shang; Hsu, Shih-yuan; Jen,
Ping=hui (1964) Chu i pu K'ai chan wo
kuping ch'uan ping yuan fang mian yen
chiu ti chi ko wen ti. (Some problems of
promoting studies of glaciers and gla-
cialmargins in China.) Acta Geologica
Sinica, v.30(2), p.174-181. In Chinese,

210

Yuan, P.L. (1948) Geology of Dsungaria,
Part I.

National Tsing Huan University.
Science Reports, Geries G, v.l(3).
211
Zheng, Benxing; Shi, Yafeng (1976) Inguiry
into the Quaternary period in the Mt,
Qomolungma region, (In: Report on the
1966-1968 Scientific Eibedition to the

Ht. (Qomolangma FRegion: Quaternaty Ge-
oclogy, Peking, Science Publications,
P.29-62.)



GLACTIATION

212

Acharyya, S.K. (1973) Late Palaeozoic glaci-
ation versus volcanic activity aleng the
Himalayan chain with special reference to
the eastern Himalaya. Himalayan Geology

{Delhi), .3, p.209-230.

213

Andersson, J.G. (1923) Essays on the Ceno=-
zoic of northern China. Memoirs of the

; Geological Survey of China, A3, p.l-75Z.

14

Barbour ,
China.
p.4%0-91.

215

China. Jilin Province. Geological Bureau
[(1975) Preliminary observations on ves-—
tiges of glaciation found at the base of
middle Carboniferous rocks in the southern
part of Jilin Province. Acta Geologica
ginica, no. 2, p.194-203. In Chinese with

216 Engl.Ish EUmMMAL ¥ .

Ching, Tsai=-jui (1965) Relics of the Qua-
ternary glaciation and the classification
of glaciation epochs of the plateau area
of western Hupei. Acta Geologica Sinica,
v.45, p.237-42. In Chinese,

217

*Cui, Zhijiu (1980) On the periglacial mark
in permafrost areas and the relation
between glaciation and periglaciation.
Journal of Glaciology and Cryopedology,
v.2(2)¢ P.1-6 In Chinese.

218

*Guo, Peng-fei (1980) Discussion of Quater-
nary Ice Age in the Middle and East sec-
tions of the Qilian Shan. Journal of
Glaciology and Cryopedology, V.Z(1],
p.6=16. In Chinese.

219

*Hanson-Lowe, J. (1947) Motes on the Pleis-
tocene glaciation of the South Chinese -
Tibetan Borderland. Geographical Review,
v.37(1), P.70-87.

220

Heim, A. (19386)
orn Minya Gongkar.
v.87(5), P.444-54.

221

Kozarski, 5. (1963) Problem of Pleistocene
glaciations in the mountains of east
China. feitschrift fur Geomorphologie,
v.7({1l), P.49=-T70.

222

Kuo, W.K.; Yeh, C.C. (1964) Preliminary note
on Quaternary glaciation in northeastern
Yunnan. Bulletin of the Geological Soci-

ety of China, 24, p. I115-24.

in West
Vo34(3),

George B. (1944)
Geographical

Ice Age
Review,

Glaciation and solifluction
Geographical Journal

19

223

lee, J.5. (1933) Quaternary glaciation in
the Yangtze wvalley. Bulletin of the Geo-
logical Society of China, v.l13, p.l5-62.

224

Lee, J.5. (1934) Data relating to . the study
of the problem of glaciation in the lower
Yangtze wvalley, Bulletin of the Geolog-
ical Society of China, v.13,

225

Lee, J.5. {(1936)
Pleistocene glaciation
Shan, southern Anhui.
Geological  Society
p.279-90.

Confirmatory evidence of
from the Huang-
Bulletin of the

China, v.l6,

of

226

Lee, J.5. (1947) Vestiges of corrie glaci-
ation on the Kweichow plateau. Bulletin
of the Geological Society of China, v.27,
P.35=53.

227

*Li,

Bingyuan; 2Zhang, Qingsocng (1980) Some
points on the division of Quaternary gla-
ciation in Southern Xizang. Journal of

Glaciology and Cryopedology, vi.2{3d),
p.532-55. In Chinese,.

228

Li, C.; Wu, Y.5. (1940) Preliminary note on

Quaternary glaciation in western Hupeh.
Bulletin of the Geological Society of
China, v.20, p.l5-22.
229
Li,

¥.; Pan, C.; Tsao, C.; Hu, C. (1973)
Further notes on Quaternary glaciations
in China. Acta Geologica Sinica (Peking),
1, p.94-101.

230
Ma,

T.¥Y.H., (1940} On the causes of climatic
change and the last Quaternary glacia-
tion in China. Bulletin of the Geolog-
ical Society of China, v.20, p.343-355.

231

*Miller, Maynard M.; Leventhal, J.S5.; Libby,
W.F. (1965) Tritium in Mt, Everest ice =-
annual glacier accumulation and clima-
tology at great eguatorial altitudes,
Journal of Geophysical Research,
v.70(16), p.3BB5-88.

232

*Mur zayewva, V.E. (1978} Posledneye
oledeneniye zarubezhnoy Azii. (The last
glaciation of non=-Soviet Asia,) Material
Glyatsiologischeskikh Issledovaniy.
Khronika, Obsuzhdeniya, no. 34, Dp.B4-93.
In Russian with English summary.

233

Richardson, H.L. (1943) Ice age in west
China. Journal of the Western China
Border Research Society, (B), 14, L.




234
Sun Tien-ching; Yang, Huan-jen (1961)

ice age glaciation in China,
Geologica Sinica, wv.41, p.234-244.
Chinese,

Great
AcCta
In

235

Trinkler, E. (1930)
plateau and in adjacent regions,
graphical Journal, v.75, p. 225-232.

Ice age on the Tibetan
Geo-

236
Tsao, Chao=-yuan, et al. (1963) Kuan yu chung

kuo ping ch'i he chien ping ch'i wen t'i.
(On the guestion of glacial and intergla-
cial stages in China.) K'c Hsueh T'ung
Pao (Science Bulletin), no. 3, p.29-30.
In Chinese.

237

Tsui, Chich-tsui (1961)
Pleistocene ice-cover patterns
China. Acta Geologica Sinica,
p.229-45, In Chinese with
summary .

238

Wang, Ming-ye; Chung, Mein-ping (1965) FRem-
nants of Quaternary glaciation on the
Tibetan Plateau. Acta Geologica Sinica,
v.31({l), p.62-63. In Chinese with English
SUMMAary.

239

Ward, F.H.
Tibet.
P.363-369.

240

Weng, Wen-po; Lee, J.5. (1948) Preliminary
study on the Quaternary glaciation of the
Manshan. Bulletin of the Geological So-
ciety of China, v.Z6, p.163-171.

241

Wissmann, H. van

On the problem of
in West
v.dd(2),

English

Chinese
V.59,

Glaciation of
Journal,

(1922)
Geographical

{1937) Quar tare
Vergletscherung in China. {Quaternary
glaciation in_ China.) Zeitschrift der
Gesellschaft fur Erdkunde zu Berlin,
p.241-62. Alsc: Bulletin of the Geolog-
ical Society of China, v.17(2), P.145-168.

20

242

Wissmann, H. wvon (1938) Loess-making and
ice ages in China. Journal of the Geo-
graphical Scciety of China, v.5,p.3-6.

243

Wissmann, H. wvon (1959} Rezente und
Juar tare Verglatscherung des Yulungschan,
(Present day glaciation and former ice
cover inm Yulungshan mountains in Yunnan
Frovice.) Mitteilungen der Osterreich-
ischen Geographischen Lessellschaflt,
v.101(2), p.l65-B2. In German.

244
*Xu, Qingi (1980) Introduction of a theory-
Ice Ages controlled by wvariations of the

Earth's orbit. Journal of Glacioclogy and

Cryopedology, v.2(2}), p.53-57. In
inese.
245
*Yan, Qieshang; Xu, Shuiyan ([1980) ©On the

problem of further investigation of the
Pleistocene glaciation of eastern China.
Journal of Glaciology and Cryopedology,
v.2(4), P-52=57. 1In Chinese,

246

Yang, Huai-jen; Ch'iu, Shu=chang {(1965)
Quaternary glaciation and the postglacial
climatic fluctuations in the region of
Urumchi Valley, Sinkiang. Acta Geclogica
Sinica, v.31(3), p.194-212.

247

*Eiheng, Benxing (1980) Recent advances of
the study of Quaternary glaciation in
Qing-Zang Plateau. Journal of Glaciolegy
and Crycpedology, v.2(2), p.l3-18. In
Chinese,




GLACIERS

248

Academia Sinica. Lanzhou Institute Glaci-
ology, Cryopedology and Desert Research.
Glaciology Division (1975) Basic features
of the glaciers in Mt. Jolmo Lungma area
in southern Tibet, China. Scientia
Sinica, 18, p.l06=-30.

249 ;

*academia Sinica. Lanzhou Institute of Glaci-
ology and Cryopedology (1979) Batura
Glacier in the Karakoram Mountains and its
variations, Scientia Sinica, wv.22(8).
pP.958-974.

250 ,

Academia Sinica. Lanzhou Institute of Glaci-
ology and Cryopedology (1580) Glaciers in
China. Distributed by Guozishudian, P.O.
Box 399, Beijing, China.

251

*jcademia Sinica. Lanzhou Institute of Glaci-
ology and Cryopedology (1980) Mew statis-
tics on the area of glaciers in China.
Journal of Glaciology and Cryopedology,
v.2(2), p.7-10. In Chinese,.

252

Academia Sinica. Research Institute of Geog-
raphy (1959) T'ien Shan ping hsueh tso
yuan k'ao ch'a, (Ice and snow survey of
Tien Shan.) K'o Hsueh T'ung Pao (Science

Bulletin), no. 19, p.659. In Chinese,

253
*scademia Sinica. Scientific Expedition to

Tibet (1975) Report of Scientific Inves-
tigation inm the Mt. Everest Region from
1966-1968: Modern Day Glaclers and Land-
forms [Glaciolegy and Geomorphology].
Peking, Science Publications.

254

American Geographical Society (1958) Geo-
graphical Study of Mountain Glaciation in
the Northern Hemisphere, Part 6 Western

Arctic and FEastern Asia. Hew York,
American Geographical Socilety, S54p.

255

Ashburner, John E.; Edmundson, Henry HN.j;
Wewby, Paul, R.T. (1967) Cambridge Hindu-
Kush Expedition, 1966. Pembroke College,
Cambr 1dge, U.K.

256

Bailey, F.M. (1924) Through Bhutan and
southern Tibet. Geographical Journal,
"'E‘: ‘} ¥ P- 291'9?1

257

*Hatura glacier in the Karakoram mountains and
its variations (1979) Scientia Sinica,
v.22(8), p.958=-T4.

21

258
Beletskii, E.A. (1958) ¥ gorath Zapadnogo
Kitaia. (In the mountains of western
China.) Izvestiva Vsesoyuznogo Geo-

graficheskogo Obshchestva, v.90, p.l4-24.
In Russian.

259

*Chen, Jianming (1980) Measurement of the
variation of a glacial surface by a re-
peated terrestrial stereophotographic
method. Journal of Glacioclogy and Cryo

Eedologx. v.2(3), pP.29-36. In Chinese
Wik glish abstract.
260
China.
gquarters,

Group (1976)
Batura Glacier

Karakoram Highway Engineering Head-
Batura Glacier Investigation

Investigation report on the
in the Karakoram Mount-

ains, the Islamic Republic of Pakistan
(1974-1975). Peking, 123 p.
261 .
Chinese scientists survey world's highest
peak. (1968) China Reconstructs, May,
p.20-21, 24-27.
262
Chinese study Tibet's glaciers (1977) New

Science (London), p.224.

263

Chiu, Chih-chiu (1958) Kung-Ke Shan hsien
tai ping ch'uan te ch'u pu kuan ch'a,
(Preliminary investigation of the modern

glaciers of Kung-Ke Shan.) Ti Li Hsueh
Paoc (Acta Geographica Sinica) v.24(3),
P.318-343, In Chinese,

264

Chiu, Chih=chiuv (1960) Mu-shih-t'a-ko-kung-

ko-er ping ch'uan ti mou hsueh t'e tien
chi ch'i kai fa li yung ti e'iao chien.
(Some characteristics and conditions for
utilization and development of the
Muztagh-Kungur Glaciers.,) Ti Li Hsueh Pag
({Acta Geographica Sinica), v.26(1),
p.35=44. In Chinese, English transla-
tion by C.C. Pinther £for the American
Geographical Society, 1967.

265

*pistribution of isotopes in some natural
waters in the region north of Mt. Jolmo
Lungma. (1973) Scientia Sinica, v.l6(4),
pP.560-564.

266

*polgushin, L.D. (1959) Sovremennoe
oledenenie MNan'-Shania (Tsilen'=Shania)

{Contemporary glacierization of Han Shan

(Kilien Shan).) Akademiia MNauk SS3R.
Izvestlya. Seriya Geograficheskaya, no,
6, P-33-43, In Russian,



GLACIERS

248

Academia Sinica. Lanzhou Institute Glaci-
ology, Cryopedology and Desert Research.
Glaciology Division (1975) Basic features
of the glaciers in Mt. Jolmo Lungma area
in southern Tibet, China. Scientia
Sinica, 18, p.l06-30.

249 )

*apademia Sinica. Lanzhou Institute of Glaci-
ology and Cryopedology (1979) Batura
Glacier in the Karakoram Mountains and its
variations,. Scientia Sinica, wv.22(8),
p-958-074.

250 : ;

Academia Sinica. Lanzhou Institute of Glaci-
oclogy and Cryopedology (1980) Glaciers in
China. Distributed by Guozishudian, P.O.
Box 399, Beijing, China.

251

*npcademia Sinica.

Lanzhou Institute of Glaci-
ology and Cryopedology (1980) HNew statis-
tics on the area of glaciers in China.
Journal of Glaciology and Cryopedology,
v.2(2)s P.7-10. 1In Chinese.

252 . o

Academia Sinica. Research Institute of Geog-
taphy ({1959} T'ien Shan ping hsueh tso
yuan x'ao ch'a. (Ice and snow surwvey of
Tien Shan.) K'c Hsueh T'ung Pao (Science
Bulletin), no. 19, p.659. In Chinese,

Eigndenia Sinica. Scientific Expedition to
Tibet (1975) Report of Scientific Inves-
tigation in tne Ht. Everest HRegion from
1966-19668: Modern Day Glaciers and Land-
forms  [Glaciology and  Geomorpholegy].
Peking, 5Science Publications.

254

American Geographical Society (1958) Gi“?._
graphical Study of Mocuntain Glaciation in
the Horthern Hemisphere. Part 6 western
Arctic and Eastern Asla. Hew York,
American Geographical Society, S5d4p.

255

" Ashburner, John E.; Edmundson,
Newby, Paul, R.T. (1967)
Kush Expedition, 1966.
Cambr idge, U.K.

Henry M.;
Cambr idge Hindu-
pembroke College,

256

Bailey, F.M. (1924) Through Bhutan and
southern Tibet. Geographical Journal,
v.64(4), P.291-97.

257

*Hatura glacier in the Karakoram mountains and
its variations (1979) Scientia Sinica,
v.22(8), pP.958-T74.

21

258

Beletskii, E.A. (1958) V gorath Zapadnogo
Kitaia. {In the mountains of western
China,) Izvestiya Vsesoyuznogo Geo-
graficheskogo CObshchestva, v.90, p.l4-24.
In Russian.

259

*Chen, Jianming (1980) Measurement of the
variation of a glacial surface by a re-
peated terrestrial stereophotographic
method, Journal of Glaciolegy and Cr

dology, v.2(3), pP.29-36. In Chinese
E%?H*Egélish abstract.

260

China. HKarakoram Highway Engineering Head-
guar ters. Batura Glacier Investigation
Group (1976) Investigation report on the
Batura Glacier in the EKarakoram Mount-
ains, the islamic Republic of Pakistan

(1974-1975). Peking, 123 p.
261

Chinese scientists survey world's highest
peak. (1968) China Reconstructs, May,
p.20-21, 24-27.

262
Chinese study Tibet's glaciers
Science (London), p.224.

263
Chiu, Chih=-chiu (1958) Kung-Ke Shan hsien
ping ch'wan te ch'u pu kuan ch'a.

(1977)  New

tai
(Preliminary investigation of the modern

glaciers of Kung-¥e Shan.) Ti Li Hsueh
Pao (Acta Geographica Sinica) wv.24(3),
P-318-343. In Chinese.

264

Chiu, Chih-chiu (1960) Mu-shih-t'a-ko-kung-
ko=-er ping ch'uan ti mou hsueh t'e tien
chi ch'i kai fa 1li yung ti t'iao chien,
(5ome characteristics and conditions for

utilization and development of the
Muztagh-Kungur Glaciers.) Ti Li Hsueh PFao
{Acta Geographica Sinical. v.26(1),
pP-35-44. In Chinese. English transla-
tion by C.C. Pinther for the American
Geographical Society, 1967.

265

*pistribution of isotopes in sSome natural
waters in the region north of Mt. Jolmo
Lungma. (1973) Scientia Sinica, v.l6(4),
p.560-564.

266

*Dolgushin, L.D. {1959) Sovremennoe
ocledenenie Nan'-Shania (Tsilen'-5hania)

{Contemporary glacierization of Nan Shan

(Kilien Shan).) Akademiia MNauk S55RH.
Izvestiya. Seriva Geograficheskaya, no.
6, p.33-43, In Russian,



gy v

Kunlum Shan gy
N ~ e 40+
% 3\&:: 0 T AR N M
= Lop Nordy

g
woanm
° 25~

Distribution of existing glaciers in China, (Adapted
from Journal of Glaciology and Cryopedology, v. 2(2),
P. 8.}

22



267
Dolgushin, L.D. (196l) Main particularities

of glaciation of Central Asia according to
the latest data. (In: General Assembly of
Helsinki, 1960. International Assoclation
of Scientific Hydrelegy. IAAS-AISH Pub-
Tication no. 54. Gentbrugge, Belgium,
p.348-58.])

268

Fei-tao=-luo=-wel=-gi, B.A, (Fedorowvich, B.A.?7)
(1960) The problem of freguency and type
of glaciations in the Tien Shan's, western
China. Quarternaria Sinica v.3(1-2). In
Chinese.

Fi

Finsterwalder, R.; Schneider, E. (1958) Zur
Kar te des Chomolongma-Mount Everest
1:25,000. Zeitschrift fur Vermassungs-
wesen, v. 83(4), p.l23=36.

270

Freeberne,;
resources in China.
V.13l (pt. 1),

21

Gellert, J.F. (1966) Meue chinesische Hoch-
gebirgs und Gletzcherforschung in Inner-
asien. (Recent Chinese mountain and gla-
cier studies in central Asia.) Petermanns
geographische Mitteilungen, v.110(37,
p.198=199., In German.

272

Gregory, J.W.; Gregory, C.J.
alps of Chinese Tibet,
Ser vice.

Michael (1965)  Glacial meltwater
Geographical Journal,
p.57-60.

To the

{1923)
Seeley

London

273

*Gu, Zhongwei (1980) Advances in radio-echo
sounding of glaciers in foreign countries.
Journal of Glaciology and Cryopedology,
¥.2 (Special issue), p.93-96. In Chinese.

274

Hedin, 5. (1894) Forsuchungen uber die
physische Geographie des Hochlandes wvon
Pamir im Fruhjahr 1894. (Investigations
of the physical geography of the Pamirs in
the spring of 1894.) Zeitschrift
Geschichte Erdkunde, v.29, p.289-346. In
GEerman .

275
Hedin, S. (1895) Die gletscher des Mus-tag-

ata. (The glaciers of Mugtagh Ata.)
feitschrift Geschichte Erdkunde, v.30,
p:-94=134. In German

276

Hedin, 5. ({1909) Trans-Himalaya. V.2, HNew
York, Macmillan, 439p.

277

Hedin, 5. (1922) Southern Tibet, Stockholm,

Lithographia Institut.

213

278

*Hsieh, Tze-chu; Fei, Ching-shen (1980) Re-
- cent research on the distribution and
fluctuations of the glaciers in Chilien

Shan. {In:
Proceedings of

Wor 1d RGlacier Inventory.
the iederalp Workshop,

17-22 September 1978, IAHS-AISH Publica
tion no. 126, p.l17-20.)

279

Hsieh, Tzu-chu, et al. (1975) Basic fea-

tures of the glaciers of the Mt, Jolmo
Lungma region, southern part of the Tibet
autonomous region, China. Scientia
Sinica, v.18(1), p.l106-30.

280

Huang, Mao=huan (1964)
ping hsueh shih chieh. (Snow and ice
Mt. Hsi-Hsia-Pang-Ma.) K'ec Hsueh
Chun {Popular Science]), no.
B -34l. In Chinese,

ti
on
Ta
9,

Hsi-Hsia-Pang-Ma

281

Huang, Pei<hua (1963) HKuan yu ch'ang chiang
¥i nan ti ch'u ping ch'uan ye chi wen ti.
(On the relic glaciers in the area south
of the Yangtze River.) K'o Hsueh T'ung

Pac (Science Bulletin})}, no. 10, p.29-33.
In Chinese,

282

*Huang, Yizhi; Gu, 2Zhongwei; Wan, Tiangi;
Gao, Yuanjin (1980) Experiment on radio-
echo sounding of a mountain glacier,
Journal of Glacioclogy and Cryodpedology,
v.2(3), In p.37=-39, In Chinese with
English abstract.

283

Jen, Ping-hui {1963) Hao shen ping shueh 1i
yung hsueh shu hui yi (Conference on uti-
lization of snow and ice on high mount-
ains.) K'o Hsueh T'ung Pao, (Science
Bulletin) no. 7, p.71=-72. 1In Chinese.

284

*Kang, Ersi; 2hu, Shousen; Huang, MHingmin
{1980) Some results of the research on
glacial hydrology in the region of Mt.

Tuomuer . Journal of Glaciology and Cryo-
pedology, v.2(4), p.18-21. In Chinese
wit nglish abstract.
285
Faulback, R. (1938)

and Tsangpo Basins,
Geographical Journal,

Journey in the Salween
southeastern Tibet,
v.91(2), p.97-122,

2886
Kazakova, M.MN. (l969a) Horthwest China: the
HMongolian-5inkiang region. (In: Physical
Geography of China, New York, Frederich
A. Praeger, v.2, p.193-245)




287
Kazakova,

region. {In:
China, HNew York,
V.Z: P.246=77.)

M.N. [l969b) Tsinghai-Tibetan
Physical Geography of

Frederich A, Praeger,

288

*pick W, (1978) Eisgeschwindigkeitsmessungen
an Glecschern  Hochasiens: Geschichte-
Technik-Ergebnisse. (Ice velocity measure-
ments in glaciers of high Asia: History-
technigue-results. ) feitschrift fur
Gletscherkunde und Glazialgeologie, v.13
(1I-2), p.7-22Z. 1In German.

289

*gick, W. (1962) Variations of some central
Asiatic glaciers. (In: Symposium on
variation of the regimen of eéxisting gla-
ciers., General Assembly of Obergurgl,
Austria. International Assoclation of
Scientific Hydrology. Fublication no. 55.
P. 223-229.)

290

Kick, W. (19668} Measuring and mapping of
glacier wvariations. Canadian Journal of
Earth Sciences, v.3(6), p. 775-81.

291

*Kikolski, Bohdan (1959) Wstepne wyniki
chinskich badan glacjologicznych. {First
results of the Chinese glaciological sur-
vey.) Przeglad Geograficzny, v.3l1(3-4)
o, 6B33I=91. In Polish with English
SUMMAE Y «

292
*Kou, Youguan; Ding, Liangfu;
Zhang, Yongling (1980)

rology on Mt. Tuomuer.
ologg and Crgogedolcgﬁ,

n Chinese with Englis
Lehr, P.: Horwvath, E., comps. (1975} Gla-
ciers of China. {In: Field, WwW.0. =ed,
Mountain Glaciers of the HNorthern Hemi-
sphere, v.l. U.5. Army. Cold Reglons

Research and Engineering Laboratory,
P.449-75.)

Li, Wengzhou;
Glacial meteo-
Journal of Glaci-

v.2(4), p.ll-14.
abstrackt.

293

294
*[i, Cni-chun; Cheng, Pen-hsing (1980} Recent
research on glaciers on the Chinghai Tibet
Plateau. (In: World Glacier Inventory.

Proceedings of the HRiederalp Workshop,
17-%Z% September 1978. IAHS-AISH publica-
tion no. 126, p.l121=-127.

295
*Li,

Recent advances in the
study of existing glaciers in Qing-Zang
Plateau. Journal of Glaciology and Cryo-
pedeleogy, v.2(2), p.l11-14. 1In Chinese.

296

Liu, En-lan {1943} Geography of Lifan. Jour-
nal of the Western China Border Research

Society, (B), l4,1.

Jijun (1980}

24

297

*Makarevich, K.G.; Suslov, V.F. (1976) Con-
temporary and historical fluctuations of
the glaciers in Soviet and foreign parts

of central Asia. (In: International Geo-
graphical Conference, 23rd, Moscow,
July-ARugust 1976. Proceedings. WVol. 2,
p.204-307.)
EQB

Mayewski, Paul A.; Jeschke, Peter A. (1979}
Himalayan and trans-Himalayan glacier
fluctuations since A.D. 1812. Journal of
Arctic and Alpine Research, WV.L1Ll{3),
P-267-81.

Glacier wariations
Glaciological Hotes
p.l9=33.

99

2nercec. John H. (1963)
in the Karakoram.
{HEW Yﬂrkl; no. 14,

300

*Method of radiation and heat balance and its
application in investigation of glacier
and permafrost. (1980) Journal of Glaci-

olo and Cryopedology, v.Z (Special
issue], 9.32-35. In Eélnese.

Morrison, Charles, C,; WVan Summern,
McCauley, Camilla (1958)
study of mountain glaciation in_ the
noc thern hemisphere. Part 7a., Central
Asian mountain system. Parkt Jb. Central
Asian mountain system. New  York,
Emer ican Geographical Society, Department
of Exploration and Field Research,

301
Jane;

Geographic

302
Muller,
cier
region.
p.191=208.

Fricz (1958} Eight months of gla-
and =01l research 1in the Everest
Mountain World, 1958-1959,

303

odell, M.E. (1925) Oobservation on rocks and
glaciers on Mount Everest. Geographical
Journal, v.66(4), p.66.

304

*0dell, N.E. (1941) Ablation at high alti-
tudes and under high solar incidence.
American Journal of Sclence, v.239,
P.379=84.

05

Pai, Chung-ai; Hsieh, Wei-jung (1965) Tian
Shan Wulumugi he yuan gong hao bing chuan
xiao rong gi jian kai guo bing mian shang
de re liang bing heng. (The energy bal-
ance during the ablation season of the
"Gonghao" Glacier at the source of the
Wulumugi River, Tian Shan) (In: Tian Shan
Wulumugi he bing chuan yu shui” wen yan

Jiua. (Glaclology and hydrology of gla-
ciers on the Wulumugi River Tian Shan.
Peking, Science Publications.) In
Chinese,



06

Petrov, M.P. (1964) Vostochnyl Tian Shan kak
fiziko-geograficheskili rubezh. [Eastern
Tian Shan as a physical geographcial bound
ary.} Leningrad. Universitet. Vestnik,
no. 6; p.124=-138.

07
*pen, Bing-hui (1980)

glaciers of China.

Basic data on the main
Journal of Glaciology

and Cropedol ¢ v.2(1), Pp.60-6l. In
Chinese,

308

*Roch, A. (1954) Glaciers, snow and ava-

lanches of Mount Everest. Journal of Gla-
cioclogy, v.2(16), p.428-430.

09

Schneider, Hans-Jochen (1969) Minapin-
Gletzscher wund Menschen im NW=-Karakorum
[Erlauterungen Zur Expeditionskarte
1:50,000) ; Erde, v.100(2-4),
p.266-286.

Die
In German.

3 :
%gmm. Benxing; Shi, Yafeng (1976) Report on
the Mount Qomolongma Area Scientific Expe-

dition 1966-196H. Quaternary Geology,
Beijing, Science Press, p.29-6d. In
Chinese,

]%éh Yafeng (1959) Ch'i-lien shan hsien tai
ping cn*uan t2u yuan chi ch'i 1li yung wen
t'i.(Resources of modern glaciers in the
Kilien mountains and their wutilization.)
K'c Hsueh T'ung Pao (Science Bulletin)
ro, 3, p.73-76. In Chinese,

12

JShi. Yafeng (1959) Let the high altitude
glaciers serve Lthe arid climatic regions
of the northwest, (In: Forward=-Leaping

Geographic Scholarship of China, Academia
Sinica, Institute of Geography. Chapter
6.

gégh Yafeng (1960) Glaciers al servicio de
la agricultura en China popular. [Gla-
clers in tne service of agriculture in
Communist China.) Hevista Geografica de

Chile, no. 19, p.44-50. 1In Spanish.

314

*Shi, Yafeng (1964) Chinese research on gla-
ciology, permafrost and arid land hydrog-
caphy in the past five years. Washington,
D.C., Diffice of Technical Services; JPRS
25,016.

315 )

‘Shi, Yafeng {(1964) Wu nien lai te Chung-kKuo
ping ch'uan hsueh, tung t'u nsueh yu kan
lan ch'u shui wen yen chiu. (Cninese re-
search on glacicleogy, permafrost and arid
land hydrography in the past five years.)
K'c Hsueh T'ung Pao, (Science dulletin),
ne, i, P.218-2245%. In Chinese,

25

316

*Shi, Yafeng; Hsieh, Tze-chu; Cheng, Pen-
hsing; Li, Chi-chun (1980) Distribution,
features and wvariations of glaciers in
China. (In: world Glacier Inventory.
Proceedings of the Riederalp Workshop,
T1-7% September 19/B. LAHS-AISH Publica=-
tion no.lZ26, p.ll11-16.

317
shi,
tion of climate,

Yafeng; Wang, Jingtai (1979) Fluctua-
glaciers and sea-level
since the late Pleistocene in China.
Academia Sinica, Lanzhou Institute of
Glaciology and Cryopedology, 21 p. Also:
International Union of Geodesy and Geo-
physics. General Assembly, 17th,
Canberra 3-15 December 1979. hAbstracts,
P73,

3le

Shi, Yafeng; Zie Zi-chu (1964) Chungkuo ®ian
dai bing chuan de ji ben te cheng.
{Basic characteristics of existing gla-
ciers in China.) Acta Geographica Sinica,
v.30(3), p.1B2-213. In Chinese.

319

Shih, 5.¥Y. (1963) Study of contemporary
glaciation of Chinese Tienshan mountains.
Acta Geographica Sinica, v.29(4),
p.310-328.

320
Siddigi, M.I. (1962) Tibet today. Pakistan
Geographical Review, v.17(2), p.25-3b.

321

Stein,; HM.A, (1921) Serindia: a detailed re-
port of exploration in Central Asla and
Western-most China. Oxford, Clarendon
Press, 5 v.

322
Su, Mount

Peking,

C. {1973)
Everest region.
v.4, p. 26-27.

Modern glaciers in
Ke Xue Zhi yen,
In Chinese.

E%ﬁn, Zuozhi; Chen, Jianming (1930) Measur=-
ing of glacier wvariations by repeated
tercrestrial stereophotogrammetrilc method
Journal of Glaciology and Cryopedology,

v.2 (Special i8sue), P.od=-56. In
Chinese.

3z ; o

Times, London (1961) Plan bo use glaciers
for irrigation in China. Journal of
Glaciology, v. 3(30), p. 1157.

325 M

Trinkler; E. (1932) Gepgraphische For-
schungen im Westlichen Zentralasien und
Farakoram-Himalaya. (Geographical re-
search 1n wWest Central Asia and the
Karakoram Himalaya,) Herlin, Dietrich
Reimer and Ecnest Vohsen, 133p. In
German.



J%geng, Ming-hsuan; T'ong, HKuan-jung (1966)
Mu=-Tu=-Da=-Ge Shan gle-gian gan Bu-La-Ke
bing chuan xiao rung ch'i de fu she yu re
liang ping heng. (Energy balance and ra-
diation during the ablation season on the
Bu-La-ke Glacier, Mutudage Mountain.)
{tentative ctranslation). (In: Gan han qu,
di 1i xue shu hui yi lun wen xuan 3Ji.
Collected works on a qeo%raghlcal confer-
ence on arid regions, 5clence Publica-
cions. | -

3%3‘“1, Chih=chiu [1958) Gong-Ga Shan
¥ian-dai bing-chuan de chu-bu guan-cha.
(Initial observations of the glaciology on
Mount Gong-Ga) Journal of the Geograph-
ical Society oF China, Wv.24(3). In
Chinese.

3§g'u1, Chih=chiu (1960} Mu=-Tu-Da-Ge i
Gong-Ge-Qian bing chuan de "3i"(?) xie te
dian ji chi kai fa 1li yong de tiao jian.
{Yigongge gian Glacier, Mutudage (MEt.):
its basic characteristics and factors for
its use and development.) Journal of the

Geographical Society of China, v.2e(1l).

329
Wang, Chung=-long (1966) Engergy balance

during the ablation season on the KungHao
Glacier.of the Shin Kuan riverhead, east-
ern Qi-Lian., (In: Collected works of the

Conference on GEE%raEh¥ of Arid EEEIDHS,
Peulng, Clence 141 cations, In lnase.

30 . ; ; :
I?’nn'l'aung. Jiyou,; Luo, Xiangrui (1980) Applica-
tion of microwave range finding in the

surveying of glaciers and permafrost on
Qingzang FPlateau. Journal of Glacioclogy

and Cryopedology, V.2 [Special 1iasue),
P.56=60. In inesa,

Eaéng, Liangwei; 2Zhu, Guocai; Qian, Songlin;
Wang, Wanlin (1980) Systems of data
transferand measurement in radio telemetry
station on glacier. Journal of Glaciology

and _Cryopedology, v.2 (special issue),
Pasd=7. n Chinese.

332

Wang, Lilun; Zhang, Wenying; Su, Zhen (1980}
Primary results of the study of modern
glaciers in the region of Mt. Tuomuer.
Journal of Glaciology and Cryopedology,
v.2(4), p.-15-17. 1In Chinese with English
abstrace.

333

*Wang, Ping; Luo, Hongzhen (1980} Trace

element content in snow and ice samples
ofwest Qiongtailan glacier, Mt. Tuomuer.
Journal of Glaciology and Cryopedology,
V.2 |Special 1issueé), p.J71-19. In Chinese,

26

334

*Wang, Rui; Tang, Lingyu (1980) Preliminary
application of pollen analysis method to
the research of annual layer of glaciers,
Journal of Glaciclogy and Cryopedology,

v, pecial issue], p.87-90. In
Chinese.

135

*Wang, Wenying; Cheng, Jianming (1980) Ter-
restrial stereophotogrammetric surwveying
and mapping in the region of Mt.
Qomolangma, the Batura Glacier 1in the
Karakoram. Journal of Glacioclogy and
Cryopedology. v.2(4), p.22=-28. In
Eﬁ;neae wItE English abstract.

336

*wWang, Wenying; Huang, Mao-~huan (1980} Re=
cent situation of Baltbare surging gla-
cier, Pakistan. Journal of Glaciology
and Cryopedology, v.2(l), p.26-31. Iin
Chinese,

337

*Wang, Zhongxiang (1980) Method of observing
and determining the mass balance of con-
tinental glaciers. Journal of Glaciology
and Crzueedm%ﬁg, v.2 ([Special 1issue),
P.4B=51, In inese.

Ward, F.K. {(1916) Glacial phenomena on the
Yun-nan Tibet frontier. Geographical
Journal, v.48({1), p.55-68.

139

Ward, F.K.
Tibet.
p.363-369.

338

(1922) Glaciation of Chinese
Geographical Journal, wv.59,

340
Ward, PF.K. (1923) From the Yangtze to the

Irrawaddy. Geographical Journal, v.62(1).
p. 6-20.

341

Ward, F.K. {(1926)
gastern Tibet.
v.B7(2), p.97-123,

Exploration 1in south-
Geographical Journal,

342

Ward, F.HK.
Tsangpo.
p.369-97.

(1934} Himalaya east of the
Geographical Journal, v.84(5),

343
Wei, Wang
tion.

(l960) Glaciers to serve produc-
Peking Review, v.3(9), p.l8-19.
344

Wissmann, H. wvon ([1959) Heutige Verglet-
scherung und Schneegrenze in Hochhsien,
{Contemporary glaciation and the snow
line in Asia.) Akademie der Wissen-
schaften und der Literatur in Mainz.
Mathematisch-Naturwissenschaftlichen
Klasse. Abhandlungen, no.l4d, p.1103-1407.




345

Wissmann, H. won (l1959) Rezente und guartare
Vergletscherung des Yulungschan. (Present
day glaciation and former ice cover in
Yulungshan mountaing in Yunnan Provice.)
Mitteilungen der Osterreichischen Geo-
graphischen Gessellschaft, v.1l01(2),

p.165-82. German.

In
46
*Wu, Huanzhong (1980) Application of remote
sensing data in glacial mapping work.
Journal of Glaciology and Cryopedology,

v.2 (Special issue), p.60-6l. In Chinese.
47

*Wushiki, Hisao (1976)
ckerunhimaraya-nyoga no kenkyu,
research on the Himalayan
Seppyc, v.38(l), p.32-51.

Zichu; BSu, Zhen (1975) Distribution,

type, size and number of glaciers in the

Mt, Ewverest Region., (In: Reggt on_ the

1966-68 Scientific Expedition to the ME.

Qomolangma Region: Glaciology and Geomor -
phology, Peking, p.l-14.) In Chinese.

349

*¥ie, Zichu (1980) H™ass balance of glaciers
and its relationship with characteristics
of glaciers. Journal of Glaciol and

CT:GEE&DLEEE. V. 1, p.1-10. n inese
Wit nglish abstract.

Yen, Ch'in-shang; Hsu, Shih=yuan; Jen,
Ping=hui {1964) Chu i pu K'al chan wo kuo
ping ch'uan ping yuan fang mian yen chiu
ti chi xo wen ti. (Some problems of pro-

Chugoku ni
{Chinese
glaciers.)

148
Hie

350

moting studies of glaciers and glacial
margins in China.) Acta Geographica
Sinica, v.30(2), p.174-181. In Chinese,

27

351

*¥in, Shizong (1980) Experiment in the prepa-
ration of glacier distribution map (scale
1:1M)of Xizang plateau with M35 images.
Journal of Glaciclogy and

Cryopedol i
v.Z(opecial issue), p.67/-70. In Chinese.

R.D. (1960} Pamir bing chuan tso
{Glacial activity in the Pamirs.)
Science Publications, 18Bp. In

352
Zabirov,

ong.
Peking,

Chinese,

353

*Zabirov, R.D.: Knizhnikow, 10. (1962)
Fototeodolitnaia s'emka lednikov Tian-
Shania v pericd MGG. [Fhototheoditic sur-
vey of the Tien Shan glaciers during the
I.G.Y.) Frunze, Akademia Mauk Kirgizskoi
S55R, 100p. In Russian with English
SUmMmMary.

154

*Zhang, Xiangsong (1980) Recent variations o
the Insukati Glacier and adjacent glacier
in the Karakoram Mountains, Journal of

Glaciology and Cryopedology, V.2(3),
p.12-18. In Chinese with English
abstract.
355
Zheng, Benxing; Shi, Yafeng (1975) Changes

in glaciers in the Mt. Qomolangma region.
{In: Report on the 1966-1%68 Scientific
Expedition to the Mt. Qgomolangma region:
Glaciology and Geomorphology, Peking.
Science Publications.)




INSTRUMENTATION

356
*He, Jie; Zheng, Qipu (1980) Application of
thermal resistor in measuring temperature

of frozen soil. Journal of Glaciology and

Ergog%dolagx, V.2 {Special issue),
p.20=23. In Chinese.
357 -

*Li, Weixin; Liu, Haisheng (1980)  ©Designing
and making of snow densitometer. Journal

of Glaciolo and Cryopedology, V.2
(Speclal 153u&;, P.30-31. 1In Chinese.
Qian, Songling
Systems of data
in radie tele-

Journal of Gla-
v.2 (Special

358

*Wang, Liangwel; Zhu, Guocaij;
Wang, Wanlin (1980}
transfer and measurement
metry station on glacier.

ciolo and Cryopedology,
issue), p.3-7. In Chinese.
59
Wang, Wenying; Chen, Xiaobai (1980) Hew
stage in tne development of measuring and

testing technigque in glaciology and cryo-
pedology. Journal of Glaciol and Cryo-

EEdGIEQI‘ Va pecla ssue), p.l-2. n
nese,

28

360

*yu, Jimin; <Chen, Xuede; Wang, Changling

(1980} Remote measuring and auto-re-

cording of ground temperature. Journal

of Glaciology and Cryopedology, v.2

(Special issue), p.7-9. 1In Chinese,

361

*Zhou, Fuchun; Chen, Dawei (1980) Measure-
ment of permafrost table by portable
seismograph. Journal of Glaciology and

Crgogedolggx, V.2 (Special issue),
p.9=12. In Chinese.
362

*Zhu, Guocai; Ji, Jianmiao (1980) Quarcz
crystal thermometer and its application
in prmafrost drilling holes. Journal of

Glaciol and _ Cryopedolegy,  v.2
iEpec1a% issue], p.IE-%ﬁ. in éﬁlnese.
63
ithu, Guocai; Zhang, Fuyuan (1980)
ground thermal current meter
application in permafrost. Journal of

Glaciology and Cryopedology, V.2,
{Special issue), p.l15-18. 1In Chinese.

Under -
and its




PERMAFROST

364

*an, Zhongyuan (l980) Formation and evolution
of permanent ice mound on Qing-Zang
Platean. Journal of Glaciology and Cryo-

. pedology, v.2(2), p.25-20. In Chinese,

365

*Chen, Xiaobai (1980) Observations of £frost
heave and frost heaving force in the
Jiangcan District, Qiliang Shan. Journal
of Glaciology and Cryopedoloay, V.2(2).

p.36-40. In Chinese.

368

Cheng, Kuo-tung; Tung, Po-liang; Lo, Hsueh-bo
{1978) Experimental research on embank-
ment im an area with massive ground ice,
(In: International Conference on Perma-
frost, 3rd, Proceedings, v.2, P.199-221.)

367

Chou, Yu=-wu; Tu, Yung-huang (1963) Ching
ts'ang kKao yuan tung t'u ch'u pu Kao ch'a.
(Preliminary studies on frozen earth on

the Tsinghai-Tibetan Plateau.) K'o Hsueh
Tun Pao (Science Bulletin), no. 2,
F.60-53. In Chinese

ELE

*Cyi, Thijie (1980) ©On the periglacial marx
in permafrost areas and the relation be-
tween glaciation and periglaciation.
Journal of Glaciology and Cryopedology,
v.2(2); P.1=86 In Chinese.

169

*ping, Jingkang; Lou, Anjin (1980) Method of
determining the horizontal £frost heave
force in situ. Journal of Glaciology and

Er§agedologx, Veld [Special issue),
. P-33-3e. In Chinese.

370

"Fu, Pao=-p'oc (1958} Kuan wu chi suan k'o

nengtsue ta tung chieh shen tu chi k'o
neng tsue ti tu wen t'i, (on the compu-
tation of the probable maximum £freezing
depth and minimum soil temperature.) Acta
Meteorologica Sinica, v.29(2), p.63=-72.
In Chinese.

71
Fu, Rong; Zhang, Jinsheng; Hou, Zhongjie
(1980} Preliminary research on ulktrasonic
measurement of frozen gail and ice,
Journal of Glaciology and Cryopedology,
v.? (Spegial issue), p.44-48. In Chinese.
372

Qipu (1980) Application of
in measuring temperature
of frozen soil. Journal of Glaciology and
Cryopedology, V.2 {Special issue),
p.20-23, In Chinese.

273
YHe,

Jie; Zheng,
thermal resistor

Yixian (1980) Humerical interpretation
of resistivity sounding data in permafrost

regions. Journal of Glaciclogy and Cryo-
pedology, V.2 (Special issue), p.37-39.

In Chinese,

29

374

Heim, A. {1936} Glaciation and solifluction
on Minya Gongkar. Geographical Journal
v.B7(5), p.444-54,

375

*Li, Lie; Xing, Zemin (1980) Characteristics
of underground ice in the District of
Fenghuo Shan along the Qing-Z2ang Highway.
Journal of Glaciology and Cryopedology,
v.2(2), p.31-35. In Chinese.

376

Lin, Feng-t'ung (1959) Ta Hsiao Hsing-an-
ling yung chiu tung t'u ti ch'u chao ti
hsia chui ching ven. (Experiences in
searching for underground water in the
permafrost areas of Ta-hsiao-An Ridge.)
Shui Wen Ti Chih King Ch'eng Ti Chih
[Hydrogeology and Engineering Geology),
no. 6, p.37=-40. In Chinese.

377

*Lin, Feng-tong (1980} On selection and
evaluation of the sources of water supply
in the permafrost regions in Ta-Xiao Xing
An Ling. Journal of Glaciology and Cryo-
pedology, v.2(1), p.32-36. 1In Chinese.

(1968}

zone of
Serivya
2, p-29=

378

Mar inowv,
{The frozen
Hauk SS5R.
Izvestiya, no.

M. A, Merzlaya zona Azii.
Asia.) Akademia

geoqrafichesﬁaya.
i8.

379

*Method of radiation and heat balance and its
application in investigation of glacier
and permafrost. (1980) Journal of Glaci-

ol and Er¥¢Eedo1o?g. v.2 (Speclal
issue), p.32-33. In inese.
380 -

Murzaewv, E:M. [{1955) Severo-vostochnyi
Kit'ai. (Mortheastern China.) Moscow,
Tzdatelstvo Akademia MWauk S53SR, 25lp. 1In
Russian.

381
Pan, Chun-mu; Hsia, T'ieh-ten (1958) Yung

chiu tung chieh ti ch'u ti hung ch'eng ti
chieh wen t'i. {Problems of engineering
geology in permafrost areas.) Quaternaria

Sinica, v.1l{l), p.272-276. 1In Chinese.

3g2

*0iu, Guoging (1980) On  the engineering
geological survey in the alpine perma-
frost regions of West China. Journal of
Glaciology and Cryopedology, v.2(3),
p.17-23. In Chinese with English
abstract.

ia3

*Shi, Yafeng (1964) Chinese research on gla-
ciology, permafrost and arid land hydro-
graphy in the past five  Yyears.
Washington, D.C., Office of Technical

Services; JPRS 25;016.



3g4

Shi, Yafeng (1964) Wu nien lai te Chung-kuo
ping ch'uan hsueh, tung t'u hsueh yu kan
lan e¢h'u shui wen yen chiu. (Chinese
research on blaciology, permafrost and
arid land hydrography in the past five
Years. ) K'oc Hsueh T'ung Pao, (Science
Bulletin}, no, 3, p.2f§-225. In Chinese,

385

Sugaya, Juji (1956) Congelation structure

and frost-heaving ratio at~  Assan,

Manchuria. Canada, Defence  Science
Information Serivece, 17p.

3B6

*Wang, Jiyou; Luo, Xiangrui (1980) Applica-
tion of microwave ramnge £finding in the
surveying of glaciers and permafrost on

Qingzang Plateau. Journal of Glaciology

and v.2 (Special 1issue),

Cryopedology,
pP-56-60. In Ch Eneae 2

Wu, HXiaoling; Qu, Ronghang
(1980} Determination of ancient perma-
frost table, based on the wvariation of the
content of clay minerals. Journal of Gla-

387
*¥ing, Zemin;

ciology and Cryopedolegy, v.2 (Special
issue), p.39-44. In Chinese,

388

*Zheng, Qipu (1980} Hydrogeological charac-
terigstics of permafrost and cold regions
in pahinganling. Journal of Glacioclogy

and Cryopedal y V.204), pP.44-51. In
Chinese with Eﬂqiiih abstract.

30

389

*Zhou, PFuchun; Chen, Dawei (1980) Measure-
ment of permafrost table by portable
seismograph. Journal of Glaciclogy and
Cryopedology, Vel iSpecial issue},
p.9=-12. 1In Chinese.

390 )

*Zhu, Guocal; Ji, Jianmiao (1980) Quartz

crystal thermometer and its application
in permafrost drilling holes. Journal of

Glacioclogy and Cryopedology, v.2 |Specia
issue), p.18-20. 1In Chinese.

391

*Zhu, Guocal; Zhang, Fuyuan (1980) Under -
ground thermal current meter and its
application in permafrost. Journal of
Glaciology and Cryopedology, v.Z [Special

iss5ue), p.l5-18. In Chinese,

39

*Zhu, Yangfu (1980) Freezing-thaw regularity
of railway bed in the permafrost region o
the Qinghai-Xizang Plateau. Journal of

Glaciology and Cryopedology, v.2(41,
p.38-43, In Chinese with English
abstract.

394

*Zhuo, Chan-ging (1980} Introduction to the
achievements of the study on the bases
and foundations of frozen ground in
China. Journal of Glaciolo and Cryo-
pedology, v.Z2(1}, p.I-5. In Chinese.



SNOW AND OTHER PRECIPITATION

394

hcademia Sinica.
ography (1959)
yuan k'aoc ch'a.
Tien Shan.)
Bulletin),

Research Institute of Ge=-

T'ien Shan ping hsueh tzu
{Ice and snow survey of
K'o Hsueh T'ung Pag (Science

no.19, p.659. In Chinese.

195

*Bai, Zhongyuan; Wang, Zhonglong {1979)
Moving features of snow drift in _the
region of Tian Shan in China. Academia

Sinica, Lanzhou Institute of Glaciology
and Cryopedology, 23p.

396

Chen, C.L. [1958) ©Problems of frost supple-

mentary forecast of individual stations.
Weather Monthly (Peking), 10, p.15-17.

337

Chen, Jih-nung (1966}

On the Szechuan-Tibet

highway. China Reconstructs, wv.15(3),
p.40-44.

398 )

Chen, Su (1973} Keeping the road open 1in
SNOW . China Reconstructs, v.22(1),
p.l6=18.

399

Ching, (1957) Discussion of the snowy

shower , Chengtu, Bth August 1956.
Monthly (Peking), 8, p.31.

400
Chou, H, (195%) Distinctive result obtained
by primitive method on the prevention of

sleet damage at Ho-chien hsien in Hung-

Weather

Man. Scientia, (Peking), 1, p.30-31. In
Chinese.

401 :

Chu, C.K. {1959) Forecasting of early frost

in the northern region. Weather Monthly
{Peking), 101, p.9%9. In Chinese.

402

*tpistribution of isotopes in some natural
waters in the reglon north of Mt. Jolmo
Lungma (1973) Scientia Sinica, v.l6(4),
p.560=-564.

403 o :

Flohn, H (1959) Bemerkungen zur Klimatologie
von Hochasien; Aktuelle Schneegrenze und
Sommerklima. (Motes on the climatology of
Asia, contemporary snow line and summer

climate.) Akademie der Wissenschaften und
der Literatur, Mainz. Mathematisch-Natur —
wissenschaftlichen Klasse. Abhandlungen,

no. 14, p.lao9=-1431. In German,

404
Hedin, 5. (1894) Forsuchungen uber die
physische Geographie des Hochlandes ven
Pamir im Fruhjahr 189%4. (Investigations
of the physical geography of the Pamirs
in the spring of 1894.) Zeitschrift
Geschichte Erdkunde, v.29, p.289-346. In
German.
405
Honan Province. China Shin-Ping Station.
{1959) on sleet which fell april 28.

Weather Monthly (Peking), 99, p.43.

406

Hoynagi, Mutsumi (l1966) Geographical prob-
lems concerning the old Silk Road region
in theTarim Basin. Geographical Reports
of Tokyo Metropolitan University, no. 4,
iZp.

407
Hsing, Shu-peng (1957}
frozen snow and rime

on the phenomenon of
occurring at the

same time, Weather Monthly (Peking), 1,
p.37-38.

408

Huang, Mao-=huan (1964} Hsi-Hsia-Pang=-Ma ti
ping hsueh shih chieh. (Snow and ice on
Mt. Hsi-Hsia-Pang-Ma.) K'oc Hsueh Ta Chung
(Popular Science), no. 9, P.340-341. In
Chinese.

409

Hwang, HKuang-piac (1956) Taiwan Chih shuang
hsueh. (Snow and hoarfrost in Taiwan.)
Ch'i hsiang Hsueh Paoc (Meteorological
Bulletin. v. 2(4); p. 17=18. In Chinese.

410

Investigating the snow resources of the
Qilian Mountains (1979) China Pictorial
({English edition}, no.368, D.43.

411

Jen, Ping-hui (1963) Kao shen ping shueh 1i
yung hsueh shu hui yi (Conference on
utilization of snow and ice on high
mountains.) K'c Hsueh T'ung Pao, (Science
Bulletin) no. 7,p.71-72. In Chinese.

412

Lauscher ,

Schnee in China.
Leben,
with

Friedrich (1978)
(Snow in  China.) Wetter und
v.30(3), Pp.l48-64. In German
English summary.

413 -

*Li, Weixin; Liu, Haisheng (1980} Designing
and making of snow densitometer. Journal
of Glaciology and Cryopedology, V.2
{Special issue], p.30-31. 1In Chinese.

31



414

Remars on the method of snow density deter-
mination by means of snow sondes (1958)
Weather Monthly, (Pexing), v.ll, p.34-35.
In Chinese.

415
Shen, C.T.
in 1958

Monthly,
4lg

*Sheng, Wenkun (1980) Application of simple
chemical analysis of natural water in the
analysis of ice and snowWw samples. Jour -

nal of Glac1alogx and V.l

CrIDEEle?ﬂx;
(Special 1ssuae). 91-9 nese.

417
*5hi, Yafeng; Wang, Wenying (1979) Researches
on snow cover in China and the avalanche

(1959) Early forecasting of frost
in the Amur reglon. wWeather
({Peking) 101, p.l7.

phencmena of  the Batura Glacier in
Pakistan. Academla Sinica, Lanzhou
Institute of Glaciology and Cryopedology,
ap.

418 z . i

Tang, Y.H. (1959) Application of Mihailowv's
formula £for the forecasting of frost
damage. weatner Monthly (Peking), 101,
P. 12

413 g

Ting, S5.C. (1957) Frost and minimum tem-—
perature in Chengteh, Jochol. Weather
Monthly (Peking), 8, p.33-35.

420

wWiens, Harold, J. 11957} Regional and sea-

sonal water supply in the Tarim Basin and
its relation to cultivated land poten-
tial. Assciation of American Geographers
Annals, V.57,p.350-366.

iz

*Zhang,

421
Wissmann, H. won (1959} Heutige Verglet-
scherung und Schneegrenze in Hochasien.

(Contemporary glaciation and the snow
line in Asia.) Akademie der Wissen-
schaften wund der Literatur 1in Mainz.

Mathematisch-NHaturwissenschaftlichen
Klasse. Abhandlungen, no.ld4, p.ll03=-1407.

422

*Workman, William Hunter (1909) Study of
nieve penitente in Himalaya. Zeitschrift
fur Gletscherkunde, v.3, p.241-270.

423
Wu,

L. (1958) Problems and their solutions
of observation of temperature, humdity an
wind speed and direction at high mountain
stations during winter icing conditions.
Weather Monthly (Peking}, 10, p.36-39.

424

Zhang, Peiyuan; Gong, Gaofa
precipitation records in
Meteorological Organization.
v.28(1), p.7-10.

425

(1980) Ancient
China. World
wMO BulTetin

Xiangsong (L1980) Recent research on

snow and ice in the world. Journal of
Glaciology and Cryopedology, v.2(1),
p.54=58. In Chinese.



Academia Sinica.
Institute of Geography

Academia Sinica.

Lanzhou Institute of
Glaciology, Cryo-
pedology and Desert
Research. Glaciology
Division

Academia Sinica.

Lanzhou Institute of
Glaciology and Cryo-
pedology

Academia Sinica.
Research Institute of
Geography.

Academia Sinica.
Scientific Expedition
to Tibet.

Acharyya, 5.K.

Alford, Donald

Amer ican Geographical
Society

An, Zhongyuan
Andersson, J.G.
Ashburner, John E.
Au, Kam=-nin

Bai, Zhongyuan
Bailey, F.M.

Barbour, George B.

Beletskii, E.A.
Bla-ma bTsan-=-po
Brooks, C.E.P.
durdsall, R.L.
Chang, H.T.
Ch'ang, Kuo=-kan
Chang, Kuoc-wei
Chang, Ta

Chao, Chanko=pling

37

248

249

252

51

135
52
254

i64
lie
255
62
395
53

137
140

258
54
55
56

141
57

205

142

143

250

194

134

212

213

256

138
214

AUTHOR

251

253

139

INDEX

Chao, Chih=hsin
Chao, E.C.T.
Chao, Y.T.

Chao, Zung-tsyr
Chen, C.L.

Chen, Cheng-siang
Chen, Dawel
Chen, Jianming
Chen, Jih-nung
Chen, Su

Chen, Xiaobal
Cnen, Xuede
Cheng, Kuo=-tung
Cheng, Ch'i-p'u
Cheng, Hsing
Cheng, Jianming
Cheng, Pen=hsing
Chi, Jung-sen

China. Jilin Province.
Geclogical Bureauw

China. Karakoram Highway
Engineer ing Headguar-
ers. Batura Glacier
Investigation Group

Cainese Geographical
Soclety. Geomor-
phology Committec,

Ching,

Ching, Tsai-juil

Ching, Yu-p'u

Chiu; Chih=chiu

Ch'iu, Seh chi

Ch'iu, Shu-chang

Chou,; H.

28
59
6l
il
396
62
i62
2539
397
198
123
132
ing
63
139
124
294
64
146

260

147

199
lay
33
263
67
36

401

144
60

390
323

359

ELT

EEL]
ile
65

215

Lag

216

264
(1]

246

335

365

145



Chou, Yu-wu

Chu, C.H.

Chu; Ko-chen
Chu, Liang
Chung, Mein-ping
Cooke, H.B.S.
Cui, Zhijiu

De Terra, H.
Ding, Jingkang
Ding, Liangfu
Dolgushin, L.D.
Dye, D.5.
Edmundson, Hency H.
Emmons, A.B.

Fei, Ching=-shen

Fei-tao-luo-wei-gi, B.A.

(Fedorovich, B.A.?
Finsterwalder, R.
Flohn, H.

Freeberne, Michael
Fu, Pao-p'c

Fu, Rong

Gansser, August
Gao, Yuanjin
Gellert, J.F.

Geological Society of
China

Gony, Gaofa
Gorbunov, A.P.
Gregory, C.J.
Gregory, J.W.
Gu, Zhongwei

Guibert, Andre

367
401

69
238
150
217

369

93
266
199
255

56
278

268

269

270
370
371
159
282
271

12

424
152
153
153
273

74

368

292

267

403

151

272
282

70

34

Guo, Peng-fei
Guo, Xu-dong
Han, San-tang

Hanson=Lowe, J.

Har land, W.B.
He, Jie
He, Yixian

Hedin, 5.

Heim, A.

Ho, Ju=-chang

Honan Province.
Shin=-Ping Station.

Horner, H,.G.
Horvath, E.

Hou, Zhongjie
Hoynagi, Mutsumi
Hsia, T'ieh-ten
Hsiao, T'eng-lin
Hsieh, Chiac-min
Hsieh, Tze-chu
Hsieh, Wei-jung

Hzin-hua. (HNew China
News )

Hsing, Shu=-peng
Hsu,; Ginn-tse
Hsu, Jen

Hsu, Shih-yuan
Heueh, Hsiang-hsi
Hu, C

Hu, Ruji

Huang, Mao-huan

China

2la

a7

76
219

157
356
i13

77
274
277

a0
220

205

405

81
293
371
160
3sl

82

10
278
305

B4

407
85
11

209

205

18l

280

75

155

372

78
275
404

158
374

406

279

50

229

i3e

154

156

79
276

159

ile

408



Huang, Mingmin

Huang, Pei-hua

Huang, T.K.

Huang, Ti-fan

Huang, Yizhi

Huc, Evariste Regis

Hutchinson, g g,

Hwang, Kuang-piao

Japan. Army. Tada Unit

Japan. Asiatic Institute,
Horth China Liaison
Section

Japan. HKwantung Army

Jen, Hua

Jen, Mei-ngo

Jen, Ping=-hui

Jennings, J.N.

Jeschke, Peter A.

Ji, Jianmiao

Ji, Zi Xiu

Kahoku otsu Kabushlkl
kaisha (Kahoku Trans-
portation Co. Inc.)

Kalmui Kova, V.G.

Kalvoda, J.

Kang, Ersi

Faulback, R.

Kazakova, M.HN.

Kick W.

Kikolski, Bohdan
Klaer, Wendelin
Enizhnikow, IU.

Eou, Youguan

284

12
281

163
la4
282

173

409
7

is

39
a7
165

209
411

166
298
362
167

40

88
lag
284

89

a0
287

288

92
169
353

93

16l

283

90

285
9l

289

291

292

162

350

286

290

5

Kozarski, S.
Kubo, Yoshimitsu
Kuo, W.K.

Kurz, Marcel
Kuznetsowv, I.V.

Lanzhou, China. Hydro-
graphic Station

Lauscher, Friedrich

Lee, J.5.

Lehr, P.
Leventhal, J.5.
Li, Bingyuan
Li, €.

Li, Chi-chun
Li, Ching-yuan Y.
Li, Hsiao-fang
Li, Hung=lien
Li, Jijun

Li,; Lie

Li;, Pu

Li, wWengzhou
Li, Weixin

Li, ¥.

Libby, W.F.
Lin, Chen-ti
Lin, Feng=t'ung
Lin, Feng-tong
Liu, En-lan
Liu, Haisheng
Liu, Jinhuang

Liu, Teng=-sheng

170
41
172
94
95
42

412
173
176
224
240
293
185
227
178
189
179

96
180
295
375

a7

93

43
181
185

13
i7e
a7
laz
57
lo0
110

171

222

174
177
225

23l

228

294

292
157
229

231

296
413

221

175
223
2286

ile

413



Liu, Zhe-ouen
Liu, Zhen-zhong
Lo, Hsueh-bo

Lou; Anijin

Lowe, C. van R
Lu, Chiung

Luo, Hongzhen
Lug, Xiangrui

Ma, T.Y.H.
McCauley, Camilla
Makarevich, K.G.
Marinov, N.A.
Mayewski, Paul A.
Mercer, John H.
Miller, Maynard M.
Mon, Wen-tung
Morrison, Charles, C.
Moskalev, ¥.D.
Muller, Fritz
Murzaev, E.M.
Murzayeva, V.E.

Naticnal Geological
Survey of China

Needham, Joseph
Hewby, Paul R.T.
Worin, E.

Odell, H.E.
Owdienko, I.K.
Own, Sho=-chow
Ozakl Kinemon
Pai, Chung-ai
Pan; C.

Pan, Chun=mua

183
183
355
ey
150

14
333
330

15
3ol
297
101
298
299
134

16

301

02
380
232
102

103
255
17
303
a8
44
104
ins
181
3l

386
230

i78

185

lae
04

231

i6

Pannell, C.W.
Pearson, R.J.
Petrov, M.P.
Price, M. Phillips
Qian, Songlin
Qiu, Guoging

Qiu, Jiagi

Qu,; Ronghang

Ren, Bing-=hui
Richardson, H.L.
Rigby, Malcolm
Roch, A.

Rock, Joseph F.
Rutkovskaya, V.A.
Salemachila, I.I.
Sarntheim, M.
Schneider, E.
Schneider, Hans-Jochen
Shen, C.T.

Shen, Wen-hsiung
Sheng, Benxing
Sheng, Wenkun

Shi, Yafeng

Shih, S5.Y.
Shu, Chao
Siddigi, H.I.
Smalley, I.J.
Stein; Aurel

Stein, M.A.

105
287
i06
106
i3l
ig2

387
307
233

18

107
19
45
20

269

309

415
21

109
46

110

189

ill

3l4

il

383

il9
47

112

190

113

114

358

ios

log

leg
416

22
111
211
312
313
ils
B4

izo

3zl

3lo0

109
188
310
il3
ils
355
417



Stoddart, D.R.
Bu, C. (1973)
Su, Zhen
Sugaya, Juji
Sun; T.C.

Sun, Tien-ching
Sun, Zuozhi
Suslov, V.F.

Syrnev, I.P.

T'ai, Ch'ien-chien

Tang, Lingyu
Tang, Y.H.
Tang, Ying-jun

Tator, B.A.

Teilhard de Chardin,

Thorp, J.

Times, London
Ting, §.

Ting, Wen-chiang
T'ong, Kuan=-jung

Trinkler, E.

Tsao, C.

Tsao, Chao=yuan
Tseng, Ming-hsuan
Tseng, T.C.
Tseng, Ying-ching
Tsui, Chich-tsuil
Ts'ui, Chih=chiu
Tu, Chang-wang
Tu, Yung-huang

Tung, Po-liang

U.5. Library of Congress

115%
3za
111
385
l92

23
323
297
194
195
i34
418

24

26
198
199
324
200
116

27

117
325

18l
202

27
118
119
204
27

28
67

iee

120

191

i3z

193

25
197

419

326

201

229
236
326
203

237
328

348

234

196

235

U.5. Library of Congress
Science and Techno-
logy Division.

Van Summern, Jane

Visser, Ph. C.

Wallace, James Allen

Wan, Tiangi

Wang,
wWang,
Wang,
Wang,
Wang,
Wang ,
wWang,
wang,
Wang,
Wang,
wWang,
wang,
wang ,
Wang,

Wang,

Wang,
Wang,
Wang,

Ward,

Changling
Chih-yao
Chung=-long
Fu=-bo
Jingtail
Jiyou
Liangwei
Lilun
Ming-ye
P.F.

Fing

Rui
Shaowu
Wanlin

Wenying

Yung=-yen
Zhong long
Zhongxiang

F. K.

Weli, Wang

Welch,

wWells,

Wendg,

R.
L.H.

Wen-po

121

ol
122

29
282
132

58
329
183

22
330
33l
i3z
238

30
333
334

3l
33l
335
417
205
395
137
125
128
138
341
343
105
150
240

el
144

317
g6

iss

123
336

126
129
339
34z

124
359

127
239
330



Wwiens, Harold, J.

Wissmann, H. wvon

Wor kman, William Hunter
Wu, Hsi-hao

Wu, Hsiang-ting
Wu, Huanzhong

Wu, L.

Wu, Xiaocling

Wu, ¥.5.

Wusniki, Hisao
Wylie, Turrell V.
Xie, Zichu

¥ing, Zemin

Au, Qingi

Xu, Shuiyan

Yan, Qieshang
vang, Chich-chao
Yang, Chien-chu
Yang, Huai-jen
Yang, Huan-jen
Yang, Huairen
Yang, Ta=-yuan

¥eh, C.C.

420

32
241
344
422

i3

13
46
423
a7
178
347
130
348
375
131
245
245
164

34

35
234
208

33
172

206
242
3145

228

349
187

244

246

222

207
243
421

38

Yen, Ch'in-shang
¥in, Shizong
¥in, Zhao

Yu, Jimin

Yuan, P.L.
Zabirov, R.D.
Zhang, Fuyuan
Zhang, Jinsheng
fhang, Pelyuan
Zhang, Qing-lian
Zhang, Qingsong
Zhang, Wenying
Zhang, Xian-lu

Zhang, Xiangsong

Zhang, Yongling
Zheng, Benxing
Zheng, Qipu
Zhou, Fuchun

Zhu, Guocai

Zhu, Shousen
Zhu, Yangfu
Zhuo, Chan=-ging

Zie, Zi=-chu

209
351

48
132
210
i52
363
371
424

48
227
i3z

48

49
3154

93
211
3586
iel

il
gl

284
92
393

ils

350

EL0

353
39l

30
425

292
247
372
189

354
390

133

355

igs

362
sl
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Pictorial Records of Glaciers

Charlene Wright Locke
World Data Center A for Glaciology (Snow and lce)
University of Colorado
Boulder, Colorado, U.S.A.

INTRODUCT ION

"One picture is worth a thousand words." In the study of glaciers - their fluctuations,
behavior, and peculiarities - pictures are of the utmost importance. Glaciers, as agents of
environmental modification, monitors of climatic change, and sources of fresh water, as well
as being objects of wonder and inspiration, have been subjects for study for many centuries.
By using pictures of glaciers, whether a drawing, photograph, air photograph, or satellite
image, we can learn many things about glaciers and climatic fluctuations. We have no way of
knowing whether a scientist or an artist was the first to study a glacier, but from the first
accurate depictions of a glacier, the scientist has been helped by having a record of the
state of a glacier at a certain time.

Nearly 15 million km? (approximately 10 percent) of the land surface of the world is
presently covered by ice (Flint, 1971). As our world becomes smaller through ever-expanding
communication and transport networks and an exploding world population, the role of glaciers
and glacierized areas for human use is certain to increase, These glacierized areas, although
mainly remote from present population centers, could be increasingly significant for human
activities for a number of reasons, primarily water supply. Approximately 75 percent of all
fresh water on the earth is in the form of glacier ice (Meier, 1976).

It is also important to remember that glaciers are subject to drastic changes,
Geologically a mere 14,000 to 20,000 years ago, glaciers covered more than 44 million km?
{approximately 29 percent) of the land surface (Flint, 1971). As population increases and
glacier E£luctuations become more important, accurate inventories and maps of glacier
distribution as well as the monitoring of their behavior and peculiarities become more
important. Studies of glaciers owver the last few centuries have been greatly helped by
documentary and pictorial records, e.g., Messerli et al. (1978) for the Alps.

Geologists and geographers use many methods (such as moraine records, boulder weathering,
and lichenometry) to study glacier fluctuations. These methods, however, only date maximum
extent of the lce. Other technigues of Quaternary paleoenvironmental analysis, such as
palynology and dendroclimatology, offer continuous records and high resolution. They are,
however, only proxy records for glacial fluctvations, and thus may be inaccurate in detail.
In contrast, a pictorial record shows the actual extent of the glacier, whether at a maximum,
minimum, or intermediate position. Obvious disadvantages in the use of pictures for studying
histerical glacier fluctuations are the relatively short period of time and limited geographic
coverage (mainly populated areas such as the Alps and some coastal areas such as Glacier Bay,
Alaska) for which pictures are available; their advantages are discussed below. The study and
menitoring of current glacier behavior is also greatly aided by pictorial studies ranging from
large-scale terrestrial photographs to intermediate-scale air photographs to small-scale
satellite imagery. It is always helpful to remember that a picture may be interpreted at a
later date, or compared with later information, regardless of whether the significance was
realized at the time the picture was taken (Harrison, 1954).

The purpose of this paper is to discuss several types of picture and their role in the
study of glaciers. Brief descriptions are given of the glacier photograph collections of the
american Geographical Society/W.0. Field and the U.S5. Geological Survey (Tacoma)/A.S5. Post and
R. Krimmel/L.Mayo, which are being indexed at the World Data Center-A for Glaciclogy and which
are believed to be the largest coubined set of United States glacier photographs.

TYPE OF PICTURES

There are four main types of glacier pictures: drawings, terrestrial photographs, air
photographs, and satellite imagery. All share the common characteristic of recording the
features of a glacier at a point in time. Beyond that they differ in nearly all respects -
scale, accuracy, point of view, and temporal coverage; Yet each has significant advantages as
well as drawbacks.
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A. Drawings

Some of the earliest pictorial records of glaciers date from the 17th and l18th centuries
(Merian, 1642 and Altmann, 1751 in Le Roy Ladurie, 1971); a time when many parts of the world
were undergoing a marked climatic cooling and the majority of glaciers were advancing. This
so-called Little Ice Age (A.D, 1500-1920; Sugden and John, 1976, p. 114-120) had a con-
siderable impact on human civilization, so it is not surprising to find drawings of many
glaciers at relatively advanced positions during this time. The l6th through 19th centuries
were alsoc a time of great geographical exploration, so we find glacier references (sketches,
maps, and text) in many expedition journals (e.qg., Saussure, 1779; Lapercuse, 1789; Reid, 1890
and 1892). These earliest drawings are a valuable record of glacier fluctuations because once
a picture exists, all subsequent pictures can be compared to it in order to define advances
and retreats.

The major disadvantage of using drawings in the study of glaciers is the possibility that
the picture is not accurately drawn. For example, a watercolor painting would be less likely
to show details than would, say, an engraving. However, if the drawing is compared with a
photograph or with the actual site, one would most likely be able to gauge the general
accuracy of the drawing by comparison of rock outcrops, ridge lines, stream valleys, and the
like, Le Roy Ladurie (1971) states that early pictorial work provides evidence for the
comparison of glacier termini then and now. Rarely is any data available on the thickness of
the glacier upvalley, However, Ladurie gives a fine example of marked changes in thickness on
the Montenvers Glacier by comparing an engraving made in 1781 with a 1966 photograph taken
from approximately the same site.

The ability to distort reality in drawings can be an advantage. Where comparatively
subtle features (such as flow features) are present, but will not show up well on conventional
photographic images, they can be enhanced by a skilled artist.

Drawings are gquite similar to terrestrial photographs. The primary advantage of drawings
iz in their having the longest length of record of all the types of glacier pictures; their
disadvantage is in uncertainty of accuracy in all details.

B. Photographs

Photographs give us many advantages over simple observations, including the ability to
stop action. All surficial features on and around the glacier are recorded simultaneously,
including those which are considered unimportant at the time, but are later determined to be
significant. Photographs also allow a broadened spectral sensitivity. Film can "see" and
record owver a wavelength range approximately twice as broad as that of the human eye
(0.3-0.9 pm wvs 0.4-0.7 um; Lillesand and Kiefer, 1979), thus invisible wultraviolet and
reflected infrared energy can be detected and recorded in the form of a wvisible image.
Photographs may bring out detailed depositional and erosional patterns not noticed by an
observer at the site because the film can emphasize color wvalues and relief that are not wvery
apparent otherwise (Veatch, 1969). By wiewing photographs under magnification or using a
telephoto lens, it is possible to see more detail than with the unaided eye. Most
importantly, with proper ground reference data, it is possible to obtain measurements of
positions, distances, directions, areas, heights, volumes, and slopes from a photograph.

1. Terrestrial Photographs

A terrestrial photograph is one taken from the earth's surface, whether on rock, water, or
the ice itself. Cameras date back to the early 19th century, and glaciers did appear as
photographic subjects towards the end of that century. In MNorth America, a number of
scientists and explorers, H.F. Reid, G.K. Gilbert, and I.C. Russell among them, photographed
glaciers in the 1880's and 1890's. Most of these photographs, like the drawings before them,
recorded glacier termini. One of the earliest collections of glacier photographs, covering
the Alaska/Canada border, 1is that from the surveys done by the International Boundary
Commission beginning in 1893 (International Boundary Commission, 1918, 1952). Most of the
boundary photographs were taken from adjacent peaks and so have different vantage points than
most early photographs, thus revealing cirques and accumulation areas. These photographs hawve
much in common with air photography.

One of the longest continuous glacier research projects in which terrestrial photographs
play a key role is the work of W.0. Field and others in Alaska (see Field, 1979). He has been
studying, photographing, and recording glacier behavior at intervals of a few years for more
than 50 years, mainly in the Glacier Bay region but also in other parts of the St. Elias,
Chugach, Kenai, wWrangell, and Coast Mountains, and the Alaska Range. Photographic stations
which had been established years earlier by other scientists were used whenever possible, so
exact duplication of photographs was possible over the maximum period of time.

With nearly 100 years of photographs available for study including his own field work,
Field has a remarkable record of glacier behavior and fluctuations. He has used photographs
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to document surging glaciers and to interpret the catastrophic recession of tidewater glaciers
(Field, 1969, 1979). His work is a wery successful combination of historical and recent
terrestrial photographs, and more recently air photographs, with detailed field work.

Another detailed long-term photographic study was that of F.M. Veatch, who annually
photographed the MNisqually Glacier on Mt. Rainier for 24 years (1942-1966). A network of
about 20 stations was set up on the ground in order to systematically cover nearly the full
length of the glacier. When possible, stations were established at sites from which still
earlier photographs had been taken. A number of photographs taken sporadically from 1884 to
1941 were used for comparative purposes, as were engineering surveys. Because of the
Hisqually Glacier's accessibility by highway, its variety of features, the availability of
data from previous investigators, concurrent topographical and profile survey data, and
weather observations at the Paradise Ranger Station located less than one mile from the
glacier, it is ideally suited for this sort of study.

Veatch's paper (1969) presents results from his study in such a manner that the potential
for similar studies is apparent. Quantitatively, changes in ice thickness and lateral ice
margins, and the longitudinal slope of the ice surface were measured. The elevation of the
snow line and Eirn edge were measured in late summer each year. Qualitatively, the
characteristies of the terminus, whether actively bulging and crevassing, indicating
expansion, or more gently sloping and less crevassed, indicating retreat or stagnation, are a
key to the glacier's dynamic state. Annual photographs do not necessarily reveal all
movements of the terminus, but do show the yearly trends. Also interpreted were debris cover
and distribution (including sources of debris) and moraine patterns. Characteristics of the
glacier surface, especially crevasses, were studied and used to determine subsurface
eonditions such as direction and rate of movement and location of subglacial obstructions.
Erosion and deposition in the area around the glacier were studied along with effects of
ocutburst floods.

A repetitive photographic program, which is relatively quick and inexpensive, can
graphically portray the wvisible changes inherent in a dynamic glacier system ([Veatch, 1969).
A terrestrial photography program has the advantages of low logistical costs and relatively
inexpensive equipment, and the need for only minimal photogrammetric training or experience.

2. Air Photographs

As soon as it was realized that cameras positioned above the ground could provide
photographs so that one could see the earth's surface in its spatial context with all features
recorded simultaneously, the technigque of air photography was born, The first known air
photograph was taken from a balloon in 1853. This method was followed by cameras mounted on
kites, 1882, and by airplane technology in 1909 (Lillesand and Kiefer, 197%). The photography
of glaciers from the air began in Alaska in 1929 when the U.53. HNavy began reconnaissance
flights. ©One of the earliest studies using annual glacier air photography was begun in the
late 1940's/early 1950's by the American Geographical Society on the Juneau Icefield (Field
and HMiller, 1950). Other major long-term reconnaissance studies have been those of Hubley
{1956}, in western Washington, and Austin Post, who began photographing glaciers in the early
1960's for the University of Washington and has continued his annual flights until the present
for the U,5. Geological Survey. Post's photographs have been the basis of a number of glacier
studies and cover a large percentage of the glaciers in the western United States, including
Alaska, and western Canada.

"Glacier reconnaissance in Morth America depends largely on aerial photography"
{LaChapelle, 1962}. With air photographs, precise gquantitative data on a limited number of
glaciers is replaced by less detailed, mainly gqualitative data from large numbers of glaciers
over a nearly limitless geographical area. It is especially advantageous to be able to
observe large areas in a short period of time, such as late in the ablation season. To obtain
a valid consensus of glacier activity over a large area, Meier and Post (1962) found that it
was more important to have a large statistical sample of glaciers, which would only be
practical using an air photogrph survey, than it was to have detailed informtion from a few
glaciers., Air photogrphy is relatively efficient in time, personnel, and cost (Meier and
Post, 1962), although it does reguire a larger investment than terrestrial studies.

There are two types of air photographs. Verticals are similar to planimetric maps and
are made with the camera axis directed as vertically as possible. Obligques cover much larger
areas than verticals and are made with the camera. axis inclined. High obliques include an
image of the horizon, while low obligues do not. Obliques are not generally used for mapping
because their scales change greatly from foreground to background (Compton, 1962).

Many types of data can be obtained from air photegraphs. Qualitatively, air photographs
show the extent of the ice and the position of the terminus and give clues to the glacier's
health and activity. The latter are shown by: 1) effects of ice motion, such as amount of
crevassing, character and profile of the terminus, and evidence of kinematic waves; 2]
surficial characteristics, such as type of terrain surrounding glacier margins and amount of
ablation moraine; and 3) evidence of the mass budget, such as the elevation of the snowline
and lower limit of superimposed ice, the character of the line between snow and ice, thickness
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of annual accumulation horizons, degree to wnich crevasses are obscured by snow, and the
status of semi-permanent snow patches (LaChapelle, 1962; Melier and Post, 1962). Quantitatiwve
data can be obtained from air photographs when some amount of past or current information is
available from ground observation. Using air photographs, Meier and Post (1962) extended
their regime studies on several different types of glaciers in wvarious locations to determine
net mass budgets of the glaciers in western HNorth America. LaChapelle (1962) also proposed
methods for determining glacier mass budgets using the position of the annual Efirm limit,
determined from air photographs, combined with an accurate topographic map and approximate
regional values of the steady-state budget gradient.

An important use of air photographs is in the inventorying of the world's glaciers. One
of the objectives of the International Hydrological Decade (1965-1974) was to assemble
inventories of perennial ice and snow masses., The work was actively continued through the
UNESCO Temporary Technical Secretariat for a World Glacier Inventory by F. Muller at Zurich
until his untimely death in 1980 (International Association of Hydrological Sciences, 1980).
The morphometric data included in these inventories will have direct use as soon as the
technigues of glacier response prediction have been further refined (Sugden and John, 1976).
The first American contribution to this international glacier census effort is an inventory of
glaciers in the North Cascades, Washington (Post et al,., 1971). This inventory was mainly
accomplished using a combination of large-scale topographic maps and air photographs taken
when little snow remained, The highly successful Canadian Glacier Inventory followed a
similar technigue,

C. Satellite Imagery

"Probably no combination of two technologies has generated more interest and applicacion
over a wider range of disciplines than the merger of remote sensing and space exploration”
(Lillesand and Kiefer, 1979). The potential for relating environmental phenomena to the
figure of the earth is unequalled in conventional air photography. A time-lapse view of many
dynamic aspects of our environment can be obtained.

Specific programs aimed at imaging of the earth's surface began as an offshoot of the
program of meteorclogical satellites (TIROS, Nimbus, ITOS, or NOAA), which provide data for
monitoring snow and ice features over large areas of the earth (Gloersen and Salomonson,
19757, Enthusiasm for the monitoring of snow and ice grew as more detailed imagery was
obtained from numerous manned spacecraft missions. Breakthroughs in the study of snow and ice
using satellites came with the development of the Earth Resources Technology Satellites (ERTS)
and the Nimbus-5 spacecraft.

In 1972, 1975, and 1978, ERTS/Landsat satellites were launched. They were designed to
acgquire data on resources of the earth's land masses on a systematic, repetitive, medium

resolution, multispectral basis (Lillesand and Kiefer, 1979). The two Landsat satellites
(Landsat-1 failed in 1978) pass within 9° of the poles, make 14 orbits of the earth each day.,
and obtain coverage of the earth approximately 20 times per year. Data are recorded on

videotape rather than photographic film.

The four-channel multispectral scanner (MS5) covers four broad wavelength bands, ranging
from 0.5 pym to 0.7 pm in the visible spectrum and 0.7 pym to 1.1 ym in the reflected infrared.
Landsat-3 carries an additional band responding to thermal infrared radiation (10.4 um to
12.6 yum; Landsat Data Users Handbook, 1979). Various methods of color enhancement or
multispectral analysis, such as use of pattern recognition technigues, can be used because of
the different channels, The other remote sensing system onboard Landsat, the return beam
vidicon system (RBV), has more cartographic fidelity than the M55 system because it images an
entire scene instantaneously. However, not as many KBV data are available because the RBV on
landsat-1 malfunctioned and was shut down after producing only 1690 scenes and on Landsat-2
only occasional HBV imagery is obtained, Black and white products and false-color composites
ranging in scale from 1:250,000 to 1:3,36%,000 are available from the EROS Data Center, Sioux
Falls, South Dakota.

With satellite imagery, an entire icecap or glacier system can be studied at one time
instead of using disparate and often temporally separate pilctures. The potential for
monitoring glacier behavior, as it relates to climatic changes, sources of water supply, and
catastrophic events, is enormous. Systematic repetitive coverage permits monitoring of
surging glaciers, changes in runoff, and wvariations in size and location of glacier-margin
lakes, as well as wvariations in extent of glaciers (Williams, 1976). Satellite data can be
related to recorded field data, such as those on runoff variations and terminus oscillations,
with clear practical and economic implications (Sugden and John, 1976).

Due to scale and resolution differences, satellite images should be regarded as an
additional source of information rather than a replacement for air photographs. As an example
of differences in scale, more than 1600 conventional air photographs (1:20,000 scale) with no
overlap would be reguired to cover the area of a single Landsat frame. Effective resolution
is 79 m on Landsat multispectral scanner images. The problem of small scale is lessened by
the fact that glaciers present a good contrast with the surrounding terrain, especially in the
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summer months. Features such as lateral, medial, and terminal moraines, as well as
glacier-margin lakes, braided stream patterns on outwash, and sediment plumes of glacial rock
flour in lakes or marine waters are all usually large enough to be resolved at such small
scales (Williams, 1976). Some subtle features extending many kilometers on the ground are
visible on the imagery and would not be noticed on large scale air or terrestrial photography.

Problems with satellites arise from cloud cover, sun angle, and operational hiatuses.
For pictures imaged under conditions of low sun angle, however, surface irregularities on
glaciers are especially pronounced because of enhancement of shadows. Krimmel and Meier
(1975) found previously undetected subtle changes in slope that could be reflecting the
subglacial topography or dynamic flow features on large glaciers that were imaged under
conditions of low sun angle, Satellite images have other definite advantages over other types
of pictures in the study of glaciers, such as the periodic coverage of remote areas and
continuous coverage under conditions that may restrict or prohibit conventional air
photography £lights. Landsat images provide a virtually distortion-free orthographic wview
which greatly aids transference of data on to maps.

Satellite imagery presents an excellent tool for systematically monitoring large numbers
of glaciers. Post et al. (1976} and Meier (1976) have used satellite imagery to study and
monitor the behavior of selected surging glaciers in Alaska, Surging glaciers can adwvance
over large areas and in so doing can dam up a large guantity of water and then suddenly
release it causing devastating floods downstream. It is particularly important, then, to
monitor some aspects of glacier behavior such as ice wvelocity, especially for glaciers which
may directly affect people. It is far quicker and more efficient to produce maps and
displacement data on large surging glaciers using satellite images than it is to use
conventional air photographs or ground surveys (Post et al., 1976). In addition to inferred
ice velocity from measurements of the changing positions of moraine loops over several months,
glacial surge features shown on the imagery were the presence of shock wave, increasing relief
along wvalley walls, spreading of zones of intense crevassing and deformation of medial
moraines.

S5tudies have also been done (Meier, 1975; Ostrem, 1975) using satellite images to monitor
seasonal snow cover, especially as applied to the determination of glacier mass balance., Uses
for this data include providing information on annual runoff and expected deviations from
normals, which will allow for predictions of fleoding and drought, as well as determining
capabilities of hydroelectric power generation and sources of water supply.

In the future, we can hope for great improvements in remote sensing from satellites for
glacier studies with such things as improved sensors which will aid in spatial, temporal, and
spectral resolution. As more data become available from satellites, the need for machine
processing of imagery will become more important in order to perform measurements on the
imagery with sufficient rapidity and accuracy. Equally important is the improvement of
archival procedures. With each Landsat satellite generating images at a rate of 144 per hour,
the need for constantly improving computerized access to data is obvious.

Examples of Types of Pictures

Examples of the four main types of glacier pictures are shown for the Muir Glacier in
Glacier Bay, Alaska (Figs. l-6). Glacier Bay, which extends some 105 km from Icy Strait into
the Alsek and Fairweather Ranges, is an area of widely wvaried glacier behavior with the most
outstanding feature being the rapid disappearance of glacial ice,

The coast of southern Alaska has a long historical record. Detailed explorations were
undertaken by Vancouver in 1794, From notes of his explorations, it appears that Glacier Bay
was nonexistent at this time, except for a small indentation of 10 miles or so before the bay
was blocked by the terminus of a great glacier that was 20 km wide and 1200 m thick (Bohn,
1967; Field, 1979). This glacier has largely disappeared and its remnants are those glaciers
at the heads of Glacier Bay's numerous inlets.

The first scientist to wventure into Glacier Bay itself was John Muir. In 1879 he made
detailed observations of many glaciers, including what is now called the Muir Glacier.
H.F. Reid did the first topographic surveys of Glacier Bay (Reid, 18%0, 1892), followed by
additional mapping by the International Boundary Commission in 1894 and from 1907 to 1912
{International Boundary Commission, 1918, 1952). In 1899, the Harriman Alaska Expedition
visited Glacier Bay. This large party included many leading scientists including Muir,
Burroughs, Dall, Gilbert, Gannett, Merriam, and HKeeler, and studies were undertaken on the
biology as well as geology and glaciclogy of the region. Photographs were taken by A.
Curtis. For a number of years after the great earthguake of September 1899, Glacier Bay was
choked with ice due to increasingly rapid recession making access very difficult.

Much recent work has been done in Glacier Bay. HWotable contributions included the
integrated glaciological, geological, and ecologicl studies developed by R.P. Goldthwait and
the Institute of Polar Studies at OQhio State University (Goldthwait, 1967), D.B. Lawrence's
ecological studies (Lawrence, 1958), W.0. Field and the American Geographical Society's
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Figure 2. A terrestrlal photograph taken by Frank LaRoche (l893). AGS collection
At the WDC-A: Glaciology, University of Colorado, Boulder, Colorado.



Figure 3. An obligque alr photograph taken by the U.5. Navy (1929). AGS collection
at the WDC-A: Glacielegy, University of Colorado, Boulder, Colorado.
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continuing work on glacier variations (Field, 1926, 1947, 1975, 1979) and A.S. Post's high
quality air photographic surveys and interpretive studies (Post and LaChapelle, 1971;
Post, 19‘59} .

Muir Inlet is the principal drainage basin on the east side of Glacier Bay. The Muir
Glacier now at the head of the inlet, has been retreating, catastrophically at times, since
before Vancouver's arrival in 1794 (at that time the Muir Glacier was a tributary of the great
glacier that occupied all of Glacier Bay). Field (1979) has estimated that average annual
recession rates of the Muir Glacier exceed 400 m.

Because of the large numbers of tourists since the 1880's who have visited the Muir
Glacier, the area's status as a National Monument, and the many scientists who have studied
the glacier, a detailed pictorial record exists of its recession. The record ranges from
drawings made in the early 1880's through photographs taken as early as the late 1880's and
air photographs beginning in 1929, to satellite imagery from the early 1970's. It is an ideal
glacier for further study using present and historical pictures as keys to the past as well as
to future glacier behavior.

SUMMARY

The four basic types of pictures provide different types of useful data. Drawings, while
not as accurate as a photograph, provide the earlist pictorial basis for later compariscn of
glacier changes. Drawings took a long time to do and required a skilled person to make them,
but drawings are the only type of picture in which mechanical failure is not a major problem.

Terrestrial photographs alsc have a long historical record, at least in certain parts of
the world. As far as detail and perspective, they are quite similar to many drawings,
however, accuracy is not gquestioned. Expense of equipment, while being more than for drawing,
is considerbly less than it would be for air photography. Depending on the glacier locatieon,
however, terrestrial photography may be more expensive in the long run because of difficulty
of access. Terrestrial photographs are usually one aspect of more detailed quantitative field
work, such as surveying or sampling, possibly within more than one discipline, These
photographs, then, often provide ground truth, such as on mass balance, that can be used with,
and are necessary for, remote sensing applications.

Conventional air photography provides mainly qualitative data on large numbers of
glaciers in a relatively short period of time in virtually any geographic location. The scale
of air photographs varies from relatively small to relatively large. The length of record of
air photographs is fairly short for most glaciers, but because the technigue is so efficient
in time and space, the number of available photographs is gquite large, In inaccessible
regions, air photography provides the first glimpse of many of the world's glaciers. In the
study of glaciers, weather is often a limiting factor, even in the summer. Visibility problems
occur often with air photography surveys. In addition, photographic missions are usually
flown at selected times, rather than systematically, and to selected localities, rather than
randomly . Although the efficiency of the given study is increased, the generation of a
broad-based data bank suffers.

Satellite imagery has the shortest historical record, but there are now probably more
glacier satellite images than any other type of glacier picture., The main advantage with
satellite images is their frequent systematic coverage of the world's glaciers on a
multispectral basis, with the additional capability for machine analyzing. Disadvantages are
mainly in the small scale of the imagery, obstruction by cloud cover, and other problems with
resolution. There is always the possibility of mechanical failure.

No other type of pictorial data can be described as "best” or can really stand alone in
the study of glaciers (Table 1). Often the data obtained from a remotely-sensed picture will
need terrestrial data to substantiate it, and terrestrial data will often be aided by the
overall view provided by a remotely sensed picture, A systems appreocach combining an
integration of remotely sensed and geobased observations is probably the most useful for most
studies.
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Table l: Types of Pictures - Advantages and Disadvantagesl
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FUTURE WORK
The future for long-term studies of glacier behavior is bright. Technological

improvements in satellite imagery will yield resolution comparable to that of air photographs
at a fraction of the cost per image. Access to these images in the future, as at present,
will be made possible by computerized data retrieval systems (EROS Data Center, Sioux Falls,
5D).

The wWorld Data Center-A for Glaciology is currently cataloguing the American Geographical
Society/W.0Q. Field collection and that of the U.S. Geological Survey/A.S. Post. The Eformer
consists of approximately 40,000 drawings, terrestrial and air photographs, mostly from
Alaska, taken since the 1880's. The latter consists of about B0,000 air photographs taken
between 1962 and the present, and mainly covers northwestern North America. When cataloguing
and programming are complete, critical information such as place, date, type of picture, and
the name of the individual who or institution that has the picture will be available on a user
request basis from the World Data Center-A for Glaciology, University of Colorado, Boulder,
co. Additional information on the WDC-A collections, methods used for cataloguing the
pictures and the computerized data retrieval system will be forthcoming as the project
pProgresses. Currently most of the U.5. Geological Survey/A.5. Post collection has been
catalogued, and approximately 7 percent of that data has been computerized. Approximately 25
percent of the American Geological Society/W.D. Field collection has been catalogued and
archived at the WDC-A. The WDC-A would like as complete a pictorial record of glaciers as
possible, and is therefore interested in archiving and/or cataloguing other glacier picture
collections,
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WDC=-A for Glaciology Photo Index File
An Update

In 1964 the Project Office for Glaciology (Water BHResources Division, United State
Geological Surwey) began administration of the annual aerial photosurvey of snowline and
glacier fluctuations of Horth Pacific Coast and interior Alaskan glaciers. The resulting
photographic collection, herein designated the Post collection, consists of approximately
B0-100,000 negatives of glaciers, snowlines, and other glacial features photographed since
1960, primarily by Austin Post and secondarily by R. Krimmel and L. Mayo.

In October 1976, the World Data Center-A for Glaciology [Snow and Ice] (WDC) transferred
from the USG5 to NOAA/EDIS in Boulder, Colorado. At that time, the WDC suggested a glacier
photo indexing program in conjunction with the USGS in order to facilitate user access to
these photographs and to update an existing but limited photo index in the Project Office for
Glaciology.

In early 1978, the WDC designed a set of descriptive identifiers for all types of glacier
photographs, with the collaboration of Austin Post and other glaciologists. The outcome was a
universal index format and coding form which has been used for indexing the Post collection as
well as other historical glacier photographs archived at the WDC. Information contained on
the index form for each glacier most often includes the following: glacier name, location,
International Hydrological Decade number (when available), glacier features, photo/camera
type, and photographer.

A second set of historical glacier photographs has been assembled by W.0. Field and the
American Geographical Society and is gradually being transferred for archival at the WDC. The
Field collection contains approximately 40,000 terrestrial and aerial photographic prints of
glaciers, many dating back to the early 1900's and before. These photographs are alsoc being
indexed by the WDC, using the same format as the Post collection.

A computer data base was developed at the WDC in 1978 and some of the completed index
forms have been entered into this file. A CDC-derived report-writing and data-sorting
software package (OUTFOL) allowed creation of multiple keyed index listings and off-line
searches for photographs of specific glaciers or ones which show specific features.

More recently the Glacier Photo Index file has been redesigned for implementation on a
Univac computer using the DMS1100 scftware package. Ultimately the entire computerized index
file will reside in the Data Archive Management and User Service system (DAMUS) of NOAA/EDIS.
The new system will allow efficient on-line searches by combination of glacier name,
geographic location, and other index keys. The expected implementation of the new software
system is 1 October 1981.

Current Status of Indexing

Approximately 80 percent of the Post collection has been indexed as of January 1981, and
approximately 10 percent of the items are entered into the data file. However , data entry
operations were suspended in early 1980, due to lack of funds. We expect data entry to
restart in June or July of 1981, when additional £funding becomes available,. Expected
completion of photo indexing and data entry is June 1984.

55



Canadian lce Services

David Mudry
Chief, Ice Climatology and Applications Division
lce Branch, Atmospheric Environment Service
Ottawa, Ontario, Canada

This paper presents an overview of the ice services provide by the Atmospheric
Environment Service (AES) as well as detailed information about Canadian data collection for
the Great Lakes.

1. AES, Ice Branch

The Ice Branch of AES provides an ice observing service, ice forecasting and advisory
service, and an ice climatological and applications service., The Branch has been in existence
since the late 1950's and has amassed a large wolume of data and professional expertise. In
1979, a mini-computer was installed in the Ice Forecasting Central in Ottawa, and an ice
research specialist was added to the headguarters unit in Downsview, Ontario.

The functions carried by, and the services provided by, each unit are as follows:

A Ice Reconaissance

Using two long-range four-engine aircraft, a comprehensive ice reconnaissance program is
carried out throughout the year, concentrating on the Gulf of 5t. Lawrence, the S5t.
Lawrence Seaway and Great Lakes, east HNewfoundland and southern Labrador waters,
including Lake Melville in winter, with periodic reconnaissance missions to the Arctic
to acgquire baseline data. In summer, with southern waters clear of sea and lake ice,
the Hudson Bay and Arctic areas are observed regularly.

The aircraft are egquipped with a number of sensors which can enhance the wvisual reports
of trained ice observers. The laser profilometer provides data on pressure ridges on
the ice surface beneath the aircraft. The infrared line scanner can map the
distribution of apparent surface temperatures during ice formation by recording the
upward heat flux as a function of ice thickness over a narrow swath width. Both sensors
are sensitive to cloud/fog beneath the aircraft. They work best from relatively low
altitudes, The airborne radiation thermometer can provide sea surface temperature when
corrected for atmospheric conditions, or if ground truthing is available, with cloud and

altitude restrictions as above, The sideways looking airborne radar on one of the
aircraft has the capability to "observe™, and record on film, ice conditions during
darkness and through undercast. Subject to its normal operational missions, the

aircraft may be available for support of some commercial activities. Both aircraft are
equipped with a camera array for photographing the ice surface, They also have radio
facsimile transmitters to pass ice charts to ships and to stations equipped to record

them. Most of the sensor and camera data as well as the ice charts can be made
available, A sensor to record ice thickness from a fixed wing aircraft is not yet
available.

Parameters recorded on ice reconnaissance missions include: ice edge positions, leads
and cracks, ice concentrations and some floe size data, ice pressure features, surface
melt, and snow cover.

B, Ice Forecasting and Advisory Services

The ice forecasting program coordinates the data recorded during the aircraft flights
with satellite imagery (TIROS/NOAA and LANDSAT) received in near real-time to develop
composite charts of current ice conditions. From these charts and forecast
meteorological parameters, plain-language ice forecasts are prepared for both commercial
navigation support and for coastal fishing operations in Atlantic Canada waters during
the winter. In summer, charts and forecasts for support of shipping and other
operations in Hudson Bay and Arctic waters are prepared and disseminated. When they are
commercially actiwve in winter, charts and forecasts are also prepared for the Great
Lakes.

This paper supplements Glacioclogical Data, Report GD-9, Great Lakes Ice,
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Specifically the following forecasts, bulletins, and charts are issued:

1 16N For commercial shipping and offshore activities
a. Gulf of St. Lawrence--winter season--daily
b. East Hewfoundland--winter season--daily
C. Great Lakes--winter season--daily when shipping actiwve
d. Hudson Bay--summer -—daily until ice clears

€. Baffin Bay--summer=-daily ice edge
£. Western Arctic--summer--=daily during navigation season

2. For fishermen

a. Wova Scotia (Cape Breton and Eastern Shore)--winter--daily
b. Hor thumber land Strait area--spring--daily until clear
C. Hewfoundland coasts--winter /spring=--daily

1. Special Forecasts/Bulletins

a. Gulf S5t. Lawrence/Hewfoundland winter outleok--annual--December
b. Arctic summer outlook--annual--June

C. Beaufort Sea Freeze-up--weekly--September to November

d. 5t. Lawrence Secaway Freeze-up--periodic through December

e. St. Lawrence Seaway Break-up--periodic February and March
f. j0-day forecasts--operational areas--twice monthly
g. Other s==-on request

4. Ice Charts-current conditions

In operationally active areas--daily--radioc facsimile broadcast
5. Ice Charts-composite

1-3 per week depending on area--mail distribution
(Areas cowvered are: Eastern seaboard, Hudson Bay and approaches,
Eastern Arctic, wWestern Arctic, Great Lakes.)

The forecasts provide the positions of ice edges, ice concentration ranges, ice types as
functions of the ice thickness, some data on pressure within the pack, and on ice growth
or decay state. They will also include a forecast of expected ice drift.

The ice charts are analyses of ice conditions including all current data from ice
reconnaissance flights, from analyzed satellite imagery, and from ship and shore
reports. In addition to the parameters in the forecasts, the charts will also show
details on floe sizes, some data on ice topography, and the areas of old ice.

A varie;y of information is also available by telephone, telex, telecopier, and mail,

Ice Climatology

Ice climatolegical serviees include archiving all Canadian ice data, publishing area
summaries and analyses of these data, undertaking special studies, lectures, and
training in ice-related topics, reviewing ice-related publications or ice-sensitiwve
plans, as well as generating atlases of ice conditions for Canadian waters.

Archived data include: original ooservations, satellite imagery, historical ice charts,
original remote sensing records from the laser profilometer, infrared line scanner,
sideways looking airborne radar, and camera data. Some data are light-sensitive and
cannot be reproduced, but are available for inspection. Other data exist in a wvariety
of forms from paper copies to film strips to magnetic tapes, and copies can be made
available,

Information services include normal and extreme positions of ice edges, average ice
concentrations, average concentrations of ice types, seasonal patterns of ice advance
and retreat, wvariability of the amount of old ice in operaticnal areas, etc., Work has
begun on statistics on pressure ridges. Freezing-degree day and melting-degree day
accumulations relative to the changing ice seasons are also archiwved. Other types of
analyses can be done on a request basis.

Ice thickness measurements (weekly) exist for many coastal stations. Most Arctic data
go back to the 1950's; visual observations are since the late 1950's; daily, weekly, and
monthly mean pressure charts are for the same periods, Satellite imagery is available
since the early 1970's in the “"guicklook" form.

58



Limited research and consultation services are available. A program of ice atlas
production for Canadian waters has begun, with an Arctiec atlas and an Eastern Canadian
Seaboard atlas nearing publication.

Data for Northern Hemisphere ice conditions outside Canadian waters exists in wvarying
forms and for differing historical periods; however, the history for the Soviet Arctic
coastline is very general.

D. Remote Sensing

A broad spectrum of expertise in remote sensing instrumentation, data acquisition, data
analysis and application has been developed within AES, and this expertise is available
for consultation and guidance by data users, and for planning projects.

E. Iceberg Information

During the summer navagatlon seagson, the Ice Forecasting Central provides a daily
proadcast iceberg bulletin for shipping through the Strait of Belle Isle giving the
eastern and western limits of icebergs and the approximate number of bergs present. The
bulletin is based on aerial reconnaissance and ship reports during May and June, but
only ship reports thereafter.

On all aerial reconnaissance flights, the number of icebergs within the wvisual range are
counted and recorded, but exact positions are not recorded. Hence, considerable
statistical data on iceberg population exist from Mewfoundland to the eastern Arctic,
but it is in no way a complete iceberg census. Satellite imagery cannot provide a
complete picture for iceberg population at this time,

Fi International Data Exchange

The Igce Forecasting Central maintains a data exchange program with the United States in
the Great Lakes and Alaska areas; and with Denmark in the Davis Strait-Greenland area.
Through exchanges with the Baltic countries they also hawve data on ice conditions in the
Baltic Sea and adjoining water bodies. These data are archived in the Ice Climatology
Division.

I11. Canadian Data Collection for the Great Lakes

The following is a brief summary of activities specific to the Great Lakes and the types
of data collected:

Satellite Imagery NOAA 1973-79 (Prints only)
TIROS "HN" 1979-80 (Prints Only)
ERTS/LANDSAT = 1973-80 (Prints)

1974=-80 (Fiche)

Ice Reconnaissance {1964 - Present)

a. Aerial - mostly wvisual interpretation, mostly Canadian side of
Lakes plotted on charts 18" X 22" (scale 1:2M to 1979, l:1M
thereafter)

- A few flights include A.R.T. and laser data but in general,
very little remotely sensed data is available for the Great
Lakes.

- For the pericd 1964-71 these observations hawve been reproduced
in booklet format on a one book per year basis.

b. Ice Breaker - 1964 - Present

- Canadian wvisual only. These observations are plotted on the
same base charts as used for aerial ice reconnaissance.

Daily Current Charts - (1972 - Present)
- These are operationally produced composite ice charts which
incorporate all available information from freeze=-up to
break-up on a 7-day-a-week basis. The chart scale is 1.2M

Microfilm - 35mm in maximum 100 ft. rolls. (1960-1975)
All aerial ice reconnaissance, ship observations, and daily
cuorrent charts appear on microfilm in chronological order.

Weekly Composite = (1972 = Present)
Charts These are operationally produced charts of scale approximately

1:5M which depict ice conditions on a particular day of each week
from freeze-up to break-up.
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Ice Thickness Data - Weekly measurements of ice thickness and data of freeze-up/
break-up are available for the following selected areas during the
corresponding period:

Thunder Bay, Ontario 1963=-78
Sault Ste. Marie, Onatrio 1963-78
South Baymouth, Ontario 1962-78
Iroguois, Ontario 1963-72
Cornwall, Ontario 1963=T71
Welland, Ontario 1963-78

In some areas there is more than one observing site. Other areas
for which there is some data available hawve not been mentioned due
to the discontinuous nature of the data. All available ice
thickness data from selected Canadian stations are reprinted in
booklets on a yearly basis.

Freezing/Melting - Daily freezing and melting degree accumulation records are
Degree Data available for eight meteorological reporting stations situated

around the Great Lakes:

Thunder Bay 1972 = Present
Gore Bay 1973 - s
Sault S5te. Marie 1973 - »
Wiar ton 1973 - s
Windsor 1973 - ”
Simcoe 1953 = -
Toronto 1953 = »
Trenton 1953 - .
Montreal 1953 = "

Statistics of yearly accumulations, their normals and extremes are
also available. All data are presently in hard copy form,

Pressure Charts - 1000 millibar 1:20M scale - mean daily, weekly, and monthly
analyses from 1970 to present. (Hard copy and microfilm (35mm]})

Mean Sea Level pressure charts - 1955-1969 (hard copy only)

Essentially all our historical archives are in hard-copy format, That which can be
reproduced is available to the user at our cost of reproduction, handling, and mailing.
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NOTES

Meetings

WDC-A Radio Glaciology Workshop

A Radic Glaciology Workshop, organized by the World Data Center-A for Glaciology [Snow
and Ice], will be held on 4-5 September 1981, in conjunction with the Third International
Symposium on Antarctic Glaciology in Columbus, Ohio.

The Workshop will focus on two areas of radio glacioclogy: data acquisition and
processing, and data archiving and distribution. Topics to be considered in the E£irst
category include: hardware specifications relating to data quality and quantity; the merits
of analog and digital output modes; and post-processing technigues including: ‘cleaning',
analog compression, A/D conversion, and digital signal processing. A quantitatiwe evaluation
of the accuracy of positioning techniques will also be considered. Finally, there will be a
review of interpretation problems associated with different display modes.

The second focus of the Workshop will address the development of an archiving and
distribution policy for radio glaciology data., Toples for consideration include: defining the
needs, concerns, and constraints of the radio glaciology community regarding the availability
of data, the wvariety of data products, and the potential for standardization and guality
contrel in a data management environment. Consideration will also be given to data management
plans for new data acquistion systems, such as those on satellites,

The Workshop will produce a working document summarizing the key scientific, technical,
and data management needs relating to radio glaciology data acguistion, processing, archiving,
and distribution.

For details of the Workshop and preregistration contact:

P.K. MacKinnon

world Data Center-A for Glaciology
University of Colorado

Campus Box 449

Boulder, Colorado 80309

Phone: (303) 492-5171
FI5S 320-5311

Second Symposium on Applied Glaciology

The International Glaciological Society will hnhold a Second Symposium on Applied
Glaciology in New Hampshire, USA in 1982; the first symposium on this subject was held in 1976
in Cambridge, U,.K. Registration will take place on Sunday 22 August, and sessions will be from
Monday 23 to Friday 27 August.

Topics
The Symposium will be concerned with the following topics:

1. engineering problems associated with river, lake, and sea ice;

Z. engineering problems associated with ground ice, icebergs,rand glaciers;
3. properties and behaviour of snow, ice, and ice cover;

4. snow removal, control, and processing;

5. avalanche control and snow pressure;

6. ice accretion;

Ts modelling technigues in applied glacioclogy.
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Papers

The Papers Committee will be happy to consider any paper that provides new information on
the above topics. Details about the submission of summaries and final papers will be given in
the Second Circular, to be published in the summer of 1981, Dates for submission are firm
ones and must be adhered to.

Publication

The Proceedings of the Symposium will be published in the Annals of Glaciology. Papers
will be refereed according to the Society's usual standards before being accepted for
publication.

Organization

The main organization is undertaken at the Society's Headguarters office in Cambridge,
U.K., while the local organization will be effected by our members in Hanover, with the help
-0f staff of the U.S, Army Cold Regions Research and Engineering Laboratory (CRREL). We hope
to arrange wvisits to the Laboratory during the week of the Symposium. Local tours will be
arranged for people accompanying the participants, The Society's Annual Dinner will be held
during the week,

Further Information

The Second Circular will give information about accommodation, general programme,
preparation of summaries, and final papers.

Requests for copies of the Second Circular should be addressed to the:

Secretary General

International Glaciological Society
Lensfield Road

Cambridge CB2 1lER

England

Organizing Committee

A.J. Gow [(Chairman)

B.S. Yamashita

W.F. Weeks

H. Richardson (Secretary General, IGS)
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DATA ANNOUNCEMENT

ARCTIC OCEAN BUOY DATA

Processed digital data sets of the Arctic Ocean drifting buoy program
are now available through the World Data Center-A (WDC-A) for
Glaciology [Snow and 1Ice], Boulder, Colorado. These data were
collected as part of the United States contribution to the First GARP
Global Experiment (FGGE) by the Polar Science Center, University of
Wwashington, Seattle, Washington. The objectives of the buoy program
were to provide measurements of surface atmospheric pressure over the
basin and to define the large scale field of motion of the sea ice.

B1-6LA-02

The data comprise 3-hourly estimates of atmospheric pressure and
temperature, and ice welocity interpolated to fixed grid-points. The
number of operating buoys varies through time but averages about
fifteen. Synoptic weather station data have been integrated into the
pressure field calculations. Currently archived data cover the
period 19 January to 31 December 1979.

The essential processing steps included: 1) editing the raw data to
remove large ecrrors; 2) interpolating the edited pressure,
temperature, and location time series for each buoy; 3) merging the
pressure and temperature data from the buoys with temperature and
pressure data from other high latitude weather stations; and 4)
interpolating to a fixed spatial grid. Details of these editing and
interpolation steps may be found in Thorndike and Colony (1980),
which is available from the Polar Science Center (see address below).

NSy
Figure 1. Graphical analysis of surface pressure at 1200 GMT, 12 and
13 June 1979, with daily buoy displacement vectors.*

*Thorndike, A.S.; Colony, R. (1980) Arctic Ocean Buoy Program, Data
Report. Polar Science Center, University of washington. 131 p.
Available from PSC, University of Washington, Seattle, WA 98105.

World Data Center-A for Blaciology [Snow and Ice]
Mational Geophysical and Solar-Terrestrial Data Center. NOAA
Boulder, Colorado 80303
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DATA DESCRIPTION

The sets archived at the WDC-A consist of the following data
collected between January and December 1979:

Data Set A: Daily Pressure and Temperature Fields

Data elements include: year, month, day, hour ({gmt)}, latitude,
longitude, interpolated temperature and pressure to the grid points,
and interpolated error terms for temperature and pressure.

Data Set B; Three-Hourly Pressure and Temperature Fields

This set presents the same data as A, except that the reporting
interval is every three hours.

Data Set C: Daily Buoy Positions

Data elements include: vyear, month, day, latitude, and leongtitude.
Buoy positions are grouped three per logical record.

Data Set D: Interpolated Ice Velocity Fields

This data set contains ice wvelocity estimates on a fixed grid of
points, 2' longitude by 10' latitude. Data elements include: year,
month, day, hour, latitude and longitude of grid point, interpolated
ice velocities in the Cartesian grid, and wvariance estimates of the
velocity field.

DISTRIBUTION MEDIA AND FORMATS
These data are available on computer tape in the following formats:

9 Track, B00 or 1600 bpi, EBCDIC or ASCII.

7 Track, 556 or 800 bpi, BCD only.

80 characters per record, block length is wvariable but
cannot exceed 3840 characters per block.

More complete documentation is awvailable upon request.
Costs are dependent on the amount of digital and analeg data

requested and computer processing reguired. Specific cost estimates
will be provided on reguest,

For further information, and td place an order for data, contact:

World Data Center-A for Glacioclogy
Campus Box 449

University of Colorado

Boulder, CO 80309

Telephone: (303) 492-5171
FTS: 320-5311
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DATA ANNOUNCEMENT

DEFENSE METEOROLOGICAL SATELLITE PROGRAM DATA

81-GLA-O1

The wWorld Data Center-A (WDC-A) for Glaciology [Snow and

Ice] has established an adjunct collection of satellite 1magery
mosaics acgquired from the United States Air Force Defense Meteor-
ological Satellite Program (DMSP). DMSP 1is a system of near-

polar orbiting satellites providing real-time information in two
spectral bands (visual: 0.4-1l.lum; and infrared: 3-1l3um, changed

to 10.5-12.5pm after June 1979). These data are prepared from a
global, digital intensity file used operationally by Air Force
Global Wweather Central (AFGWC) in foracasting and are
subsegquently archived in Boulder. The fregquent glecbal coverage
{up to four times daily) and the 3-nautical mile (nm) resolution
of the products have proven useful for observing changes in snow

and ice boundaries on regional to global scales, as well as for
cloud studies.
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Fiqure 1. DMSP visual band image of the United States.

World Data Center-A for Glaciology [Snow and Ice]
National Geophysical and Solar-Terrestrial Data Center, NOAA
Boulder, Colorade 80303

B5



The mylar mosaics are geographical combinations of orbital
swaths reproduced on polar-stereographic projections at scales of
1:15,000,000 and 1:30,000,000. Some of the areas covered by the
1:15,000,000 scale mosaics are shown in figure 2. A more compre-
nensive view of the earth can be obtained from the 1:30,000,000
scale mosaics, four of which cover the globe. All of the mosaics
are 15 inches wide by about 36 inches 1long. Latitude and
longitude grids have been added, and the data are processed to
eliminate cross-track distortion.

) [1] W ] 7] ]
1. Western Usited States I Eastern Undted States 1 Atlwmtic & Eveope 5. Asa B Far East 1 Cootad Pacilic B Cape Horn 9 Cape of Good Hege 10 Antarchca

Figure 2. Some areas covered by 1:15,000,000 scale mosaics.

The operational scheme consists of two satellites in
near-polar (inclination of 98.7°), sun-synchronous orbits at
450-nm (825 km) altitude. Orbital period is 102 minutes and the
satellites step around the eqguator at 25° longitude increments on
each successive orbit. By wuse of the two satellites,
observations are made at near local noon and midnight, and at
dawn and dusk. Each satellite utilizes an operational linescan
system (OLS) which collects data continuously along a crosstrack
scan 1600-nm (3000 km) wide.

The mosaics archived in the collection consist of data
acquired from November 1975 onwards. The data are only available
on a loan basis. Costs are dependent on gquantity and time/area
specifications of the reguest. Specific cost estimates will be
provided on reguest. A typical request for one month of data
over one region ranges between $25-$50. Additional data from
March 1973 to November 1975 in single 1/4 orbit strips (global
coverage) and Mercator projection mosaics of the tropics from
November 1975 onward are only available by special agreement
since additional sorting is necessary for these products.
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Figure 3. DMSP visual band image of the Greenland Ice Cap on 8 Julv 1978.

These data sets are complementary to the higher resolution
ungridded DMSP orbital strips housed at the University of
Wisconsin Space Science and Engineering Center and the nighttime
DMSP auroral images at National Geophysical and Solar-Terrestrial
Data Center (NGSDC).
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Fiqure 4. Sea ice along the Antarctic Peninsula on 7 February 1979.

For further information concerning DMSP, please contact:

World Data Center-A for Glacioclogy [Snow and Ice]
Campus Box 449
University of Colorado
Boulder, CO 80309
Ush
Telephone (303) 492-5171, FTS 320-5311.

* US.GPO G6/81-7T77-030
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GLACIOLOGICAL DATA SERIES

Glaciological Data, which supercedes Glaciclogical Notes, is
published by the World Data Center-A for Glaciology (Snow and Ice)
several times per year. It contains bibliographies, inventories,
and survey reports relating to snow and ice data, specially
prepared by the Center, as well as invited articles and brief,
unsolicited statements on data sets, data collection and storage,
methodology, and terminology in glaciology. Contributions are
edited, but not refereed or copyrighted. WDC publications are
distributed without <charge to interested individuals and
institutions,

Scientific Editor: Roger G. Barry
Technical Editor: Ann M. Brennan

The following issues have been published to date:

GD- 1, Avalanches, 1977

Gh- 2, Parts 1 and 2, Arctic Sea Ice, 1978

GD- 3, World Data Center Activities, 1978

GDh=- 4, Parts 1 and 2, Glaciological Field Stations, 1979
GD= &5, Workshop on Snow Cover and Sea Ice Data, 1979

GD- 6, Snow Cover, 1979

GDh- 7, Inventory of Snow Cover and 5ea Ice Data, 1979
GD- 8, Ice Cores, 1980

GD- 9, Great Lakes Ice, 1980

Contributions or correspondence should be addressed to;

World Data Center-A for Glaciology (Snow and Ice)
CIRES, Box 449
University of Colorado
Boulder, Colorado 80309
U.S.A,
Telephone (303) 492-5171; FTS 320-5311
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