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DESCRIPTION OF WORLD DATA CENTERS!

WDC-A: Glaciology (Snow and Ice) is one of three international data centers serving
the field of glacioclogy 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 World Data Center B
University of Colorado Molodezhnaya 3

Campus Box 449 Moscow 117 296, USSR

Boulder, Colorade, 80309 U.S5.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, CBEZ 1ER, England CH-8092 Zurich, Switzerland

2. Subject Matter

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

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

Material dealing with the occurrence, properties, processes, and effects of snow
and ice, and technigues of observing and analyzing these occcurrences, 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 historie 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 WDCs in this Guide to International Data Exchange. Such 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.

lInEﬁrnatIonal Council of Scientific Unions. Panel on World Data Centers. (1979)
Guide to International Data Exchange Through the World Data Centres. Ith ed.
Washington, D.C. 173 P

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

This Guide for Glaciology was prepared by the International Commission on Snow gnd
fee (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 UMESCO/IRSH (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 (l1964-68, 1968-72, etc.). 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
format**, can be sent directly to the TT5 or to the World Data Centers for forwarding
to the TTS.

3.4 oOther International Programs. The World Data Centers are equipped 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 Antarctic Glaciological Project (IAGP),
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
glaciological 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
hssemblage of Data for a World Inventory; and

Temporary Technical Secretariat for World Glacier Inventory. Instructions for
Compilation and hAssemblage of Data for a World Glacier Inventory.

w(INESCO/IASH (1970b) Combipned 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.

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

This issue of Glaciological Data mainly concerns ice data for the North American Great Lakes. Following
a reguest from the Environmental Data and Information Service, NOAA, a national archive of ice data from the
Great Lakes has recently been transferred from the Great Lakes Environmental Research Laboratory, NOAA, in Ann
Arbor, Michigan, to the World Data Center-A for Glaciology. This issue describes these data sets and informa-
tion sources relating to Great Lakes ice, including a selected bibliography of publications. Contributions
describing Great Lakes ice programs have been provided by agencies involved in research and operations. Their
cooperation is gratefully acknowledged.

Apart from the specific information described here, WDC-A participates in the annual meetings of the U.5. -
Canadian Ice Information Working Group and will host the next meeting in Boulder in fall 1981. The center is
also willing to assist with enquiries concerning ice research programs and services for the Great Lakes, or
direct them to the appropriate groups.

This issue also includes timely communications on other aspects of snow and ice data. While we will con-
tinue to publish issues of 50 emphasizing specific glaciological topics, we will also include other appropriate
items of current and broad interest as the occasion arises. We encourage institutions and individuals to submit
similar data-related or organizational reports.

R. G. Barry
Director
World Data Center-A for Glaciology {Snow and Ice}

Ann M. Brennan
Technical Editor



CONTENTS

GREAT LAKES ICE RESEARCH AND DATA
Contributions
The Ice Research Program of the Great Lakes Envirommental Research Laboratory - Frank H. Quimn . . .

Great Lakes Ice Data Archive - Clatre 5. Hoffman . . . . . + « + + & « & & pmon e mien e R (R
Summary of Satellite Observations of Great Lakes Ice: 1974-1380 - Jenifer Wartha Clark . . . . . . .

Ice Information and Ice Control Programs of the Saint Lawrence Seaway Development

Corporation - Stephen C. Hung . . . . . . o aps mnmvmcsew G@ L o e wE e
GREAT LAKES ICE: A SELECTED BIBLIOGRAPHY - Claire 5. Hoffmam . . . . . . o wempm mae we§ AR AL i o
COMMUNICATIONS
Snow and Avalanche Research in France - G, Brugnot . . . . . . . . . W B e R ww wie w
Snow Survey of the Northern Hemisphere - R.AH. Taylor . . . . . o o o v v v i v vt v v e v v e e s
NOTES
New WDC-A Data Set . . . . . .. iR Bl aie W A §OWEE LW ¥ 3 @
Book Review . . . . . . . « « « S a e ae bw o sw oaw E e e Em omow oo e i el e RHRRE
Books Motes . . . . . . . . . . i WML S LR R Ty A Py R wia
Meetings . . . - & & o e a w . e R R B o e W B eslEE 8 S S = A

vii

21

i5
39

73
15

77
i
78
78



GREAT LAKES ICE RESEARCH AND DATA

The Ice Research Program of the Great Lakes
Environmental Research Laboratory

Frank H. Quinn
Great Lakes Environmental Research Laboratory
Ann Arbor, Michigan, U.S.A.

(he ice research program of the Lake Survey Center, predecessor organization to the Great Lakes
Environmental Research Laboratory, began in 1963 to promote the increased understanding of the Great Lakes
ice cover required for many water resource and engineering studies of the Great Lakes. The objectives of
the current research program are to develop improved climatological information on the formation, growth,
and decay of the ice cover; to develop mumerical models and techniques to simulate and forecast the freeze-
up, breakup, areal extent, and thickness of the fce cover; and to define the natural distribution and
variability of the physical characteristics of the ice cover.

The research is conducted in three broad interrelated areas: fce distribution, ice characteristics,
and ice Fforecasting. Ice charts depicting the extent, concentration, and surface features of the Great
Lakes ice cover have been collected for past winters from United States and Canadian government agencies.
These charts, along with corresponding air temperature data, formed the basis for a series of annual Great
Lakes fce reports, produced from 1962 to the winter of 1978-79, documenting the growth and decay of the ice
sheets. The early data collection also resulted in the Great Lakes Ice Atlas (first published in 1969},
based upon six years of data. During the 1970s, the collection of fce distribution data, both by airborne
observers and by satellite and side-looking airborne radar, increased substantially because of expanded
winter navigation and a greater emphasis on evaluating the effects of ice on the environment. The ice cover
data collection, including all ice charts from 1960 to 1978, has been digitized on a S5-km grid, forming a
computerized data base. These data are being used to revise the old ice atlas to give greater time and
space resolution.

Progress to date on the atlas revision includes the complete digitization of all ice charts for each of
the Great Lakes. The data for Lakes Superior and Ontario have been edited, with the remaining lakes to be
completed by December 1980. Edited Lake Superior data are currently being analyzed as a pilot study for
software and graphics development. It is expected that the revised atlas will be available about Necember
1981.

An B0-year data set of freezing and thawing degree-days for 25 nearshore stations around the Lakes has
alsp been completed. This will be used to define winter severity for the revised ice atlas and for the
other Great Lakes climate studies. The data set has recently been published and is available from World
Data Center A for Glaciology (WDC-A].

Data on ice thickness and stratigraphy at some 30 nearshore statfons distributed throughout the Great
Lakes have been collected for a number of years and represent the largest wolume of dce-thickness
information available for the Great Lakes. The data collection was terminated at the end of the 1978-79
season because a data set sufficient for scientific analysis was then available. The data set has been
computerized and hard copy data reports completed. Analysis of the data set 1s ongoing and involves
examination of the temporal varfability of total thickness and snow/ice thickmess as influenced by the
meteorological factors and physical configuration of the sites.

Studies of the optical properties of fce began during the 1975-76 winter season with a field program to
investigate the diurnal and seasonal variation of the albedo of the various ice types common to the Great
Lakes. The studies were developed to provide an accurate definition of the albedo for ice prediction models
and for use as basic ground signature 1input for remote sensing amalysis of ice cover. Recently, two
scanning spectroradiometers and photosynthetically active sensors were acquired to further develop the
spectral reflectance and transmittance aspects of the field measurement program. The spectroradiometers
provide over-ice spectral reflectance data in 10-nm {18.5 km) bandwidths from 300 to 1100 nm (550 to
2035 km). Measurements are usually conducted over snow-free (naturally or artifically cleared) dce
surfaces. A relative abundance of existing information on the spectral reflectance of snow, coupled with
this new knowledge of the spectral reflectance of snow-free ice surfaces, should emable the remote sensor or
energy budget modeler to mechanically "build® an integrated spectral reflectance corresponding to a combined
ice-snow surface. In addition, the 10-nm (18.5 km) bandwidth provides the capability to "build" ground
truth for any current or future remote sensing detector heads (satellite or afrcraft) that operate within
the range of the instruments. The spectroradiometers have already produced the first spectral ice and snow
reflectance measurements for the Great Lakes region. Substantial additional field work will be conducted
over varfous types of ice peculiar to the Great Lakes during upcoming fce seasons. Data will be collected
in the 1980-81 season to determine the significance of fce metamorphosis on spectral reflectance as an aid
in development of a radiation energy budget model.



In 1976-77, a program was inftiated to obtain information on radiation transmittance through various
types of ice common ta the Great Lakes in the photosynthetically active range, 400-700 nm, (741-1296 km).
Above-ice and below-ice radiation were measured with a specially fabricated under-ice boom and commercially
available radiation sensors. The measurements were obtained through a variety of ice types and under some
man made conditions, such as snowmobile metamorphism of ice-snow combinations. The results represent the
first such measurements obtained for Great Lakes ifce with guality sensors. The field program has yielded a
set of transmittance values, which are archived and also available from WDC-A. The data can be used by
biologists and ecological modelers in a layered ice-snow model developed in conjunction with this project by
scientists at the University of Michigan, the Environmental Research Institute of Michigan, and the Great
Lakes Envircnmental Research Laboratory. Some Timited field work and analysis is planned to test the model
further in miltilayered ice-snow systems and to test a depth versus transmittance apparatus developed in our
laboratory.

The ice forecasting program includes studies designed to develop, test, and improve techniques for
short- and long-range forecasts of ice formation, growth, decay, and transport. DOur initial effort, a
St. Lawrence River freeze-up Fforecast technique, was developed, tested for three winters, and made
operational in October 1975. We are currently developing a surface energy balance model that simulates ice
decay on the 5t. Lawrence River. This model will be used in developing St. Lawrence River breakup forecast
techniques.

There are other ongoing studies to fnvestigate the heat storage characteristics of Lake Superior with
expendable hathythermographic data collected during the H8-year fall and winter field program. The
demonstration program to extend navigation on the Great Lakes and the 5t. Lawrence Seaway provided a unique
opportunity to document winter water temperatures in Lake Superior Ffor use in developing and verifying
models of heat storage, ice formation, and ice decay. During portions of four winter seasons, water
temperature surveys were carried out aboard commercial ships taking part in the extended navigation season
program. In the summer of 1976, water temperature data were collected from the time of maximum heat storage
to the end of the fall overturn in the wertical temperature profile. These measurements were conducted in
order to document heat storage and its change as the lake cools. The temperature profiles, down to a
maximum depth of 200 meters, were collected along the ship track hetween Sault Ste. Marie, Michigan, and
Duluth or Two Harbors, Minnesota. The analysis of the data will include calculation of heat storage along
the ship track for examining the heat flux at the air-water interface. A model will then be developed to
simulate the temporal variation of heat storage and predict the end of the fall overturn period.

Research on ice transport modeling and the internal resistance of lake dce is also being conducted
under contract. The techmical development of the warious forecast techmiques is also coupled with a
continuing assessment of the needs of users, including the Mational Weather Service, which in many cases
issues the operational forecasts.
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Great Lakes Ilce Data Archive

Claire S. Hoffman
Woaorld Data Center A for Glaciology (Snow and lce)
University of Colorado
Boulder, Colorado, U.S.A.

A Great Lakes ice data archive has been established at the World Data Center A for Glaciology (WDC-A) as
part of its mission to serve data and information needs of the glaciological community. This archive was pre-
viously located at the Great Lakes Environmental Research Laboratory (NOAA/GLERL) in Ann Arbor, Michigan, and
was transferred to the WDC-A to permit GLERL to focus on its research mission. Because the WOC-A has a mandate
to store and disseminate data and information, the staff's focus is on organizing data sets and filling user
requests for these data.

GLERL will continue to collect and analyze Great Lakes ice data, providing annual updates to several of the
data bases. WOC-A will continue its task of organizing the data so that cross-analysis of interrelated data is
flct}itated. Your comments and suggestions are invited as guidance in developing the data bases to meet user
requirements.

Because of the transitional nature of the archive, data sets are stored as discrete units. This paper
describes the content and format of each data set, with examples selected from the data whenever possible. Data
are available for use at the WDC-A in Boulder, or copies may be ordered at the cost of reproduction. Please
contact the WOC-A for current data prices.

Ice Thickness and Stratigraphy

Between 1965/66 and 1976/77, GLERL collected weekly ice thickness and stratigraphy data at up to 90
stations in the 5 Great Lakes basins. In 1978, these data were compiled in NOAA Data Report ERL GLERL-1-1
(English units) and GLERL-1-2 (Metric units), titled "Ice thickness and stratigraphy at nearshore Tocations on
the Great Lakes" (SVTeafor, 1978).

For ease of analysis, the data have been stored on computer-compatible magnetic tape, sorted by year and
station. Station names with latitude, longitude, and periocd of record are listed in table 1; figure 1 shows data
for Duluth Harbor, Michigan, winter 1969/70. This MOAA Data Report, containing listings of all the data, is
available from the National Technical Information Service, 5285 gurt Royal Road, Springfield, Virginia 22161,
NTIS order number PB-295 671 (English umits) or PB-297 121 (Metric units).

1.5, Coast Guard Surface Ice Reports

lce observations from U.5. Coast Guard (USCG) vessels on the Great Lakes, and from USCG Great Lakes shore
stations have been collected by the Lake Survey and GLERL beginning in 1961/62. These observations, from
daily operational teletype messages and ice-log sheets from the USCG vessels and shore stations, report ice
thickness and weather conditions as well as icebreaking activity on the Great Lakes.

A 4.1 million-character file containing data for 1961/62 through 1975/76, sorted by year and station, is
stored on magnetic tape. No editing or quality control has been performed on this file, but current plans call
for annual updating. Figure 2 is a sample 1isting of data for Toledo, Ohio, winter 1973/74. The original
teletype reports and ice-log forms from 1972/73 through 1979/80 are archived on 16 mm microfilm. The format
of these primary data sources is shown in figures 3 and 4.

The digital data set is available on computer-compatible magnetic tape or on punched cards; individual
stations can be provided as photocopy of computer 1istings. The original teletype and ice-log forms are avail-
able as copies of the 16 mm archive film, or as hard copy prints from this film.

National Ocean Survey (NOS) Water-Level Gage Ice Reports

Since the winter of 1956/57, ice conditions at National Ocean Survey (NOS) water-level gages on the Great
Lakes have been recorded by cooperative observers, and tabulated by Lake Survey and GLERL staff. These daily
records show ice type, as well as first and last ice, at an average of 35 locations each ice season. Figure 5
is an example of these records. From 1956/57 to 1959/60, the data collected included daily maximum, minimum, and
mean temperatures and ice conditions for the 5t. Lawrence River at Ogdensburg, New York.

Beginning with the 1980/81 ice season, observers will report directly to the WDC-A, and data will be tabu-
lated in Boulder. The time series 1955/56-1979/80 is now available from the WDC-A as photocopy of hand-written
tabulations, in chronological order by gage site.

A map showing gage sites, figure 6, and a table of their latitude and longitude, as well as ice-type codes
shown in figure 7 and the instructions to observers are provided with any data request.
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Figure 1., Ice thickness and stratigrachy data sample,

Table 1.

Duluth Harbor, Michigan, winter 1969/70.

record. (Sleator, 1978),
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Table 1, continued.

STATION = NUMEBER
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WATER LLVEL GAGE SITES

Figure 6. NDAA/NDS water level gage locations.
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Figure 7. Sample weekly observer report and ice cnnditic}m codes for HORA/NOS water level gage ice observations.
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Air Temperature/Degree Day Climatology

NOAA Data Report ERL GLERL-15, "Great Lakes degree-day and temperature summaries and norms, 1897-1977,"
(AsseT, 1580 includes 25 appendices containing data on which the report is based. These appendices are stored
on 35 mm microfilm, one roll for each of the 25 temperature stations (figure 8). These appendices contain
daily maximum, minimum, and mean temperatures, and seasonal accumulations of freezing and thawing degree days.
Table 2 details contents of the appendices. The data report is available from the National Technical Informa-
tion Service, NTIS order number PEB0-195 977.

Microfilm appendices for each station are available from WOC-A. Also available from the Data Center are
daily maximum and minimum temperatures from all stations, either on magnetic tape or punched cards. Data for
individual stations, each data file containing approximately 312,000 characters, are available on punched cards.
Examples of the data are shown in figures 9 and 10.

Radiation Transmission Through Ice

Data in support of NOAA Technical Memorandum ERL GLERL-18, "Photosynthetically active radiation trans-
mission through ice” (BoTsenga, 1978) is archived by the WOC-A on punched cards. Photocopy of an eight-page
line-printer listing of data contained on the cards is alsoc available. Figure 11 shows sample records with
data element descriptions.

Copies of the NOAA Technical Memorandum may be obtained from NTIS, order number PB-Z88 463. A limited
number of copies is available from the WDC-A.

Great Lakes Aerial Photography

Between 1963 and 1973 the U.S5. Air Force, at GLERL's suggestion, used Great Lakes ice cover as the subject
of photographic training flights, producing approximately 50,000 high-quality negatives for GLERL's use (figure
12). This collection of 9" x 9" negatives is now archived at the WDC-A and contains 89 percent black and white,
9 percent color, and 2 percent infrared photographs taken during the months of January through April of 1963,
1965-69, 1971, and 1973. Figure 13 indicates areas of coverage, which are concentrated in regions of historical
ice-cover impact on navigation or hydroelectric operations.

The data set has been indexed by GLERL to the extent that geographic coordinates are listed for beginning
and end points of each continuous flight segment (figure 14). If there is sufficient interest in this data
set, flight lines could be plotted on nautical charts of the lakes.

Prints of the negatives are avaflable, or the collection may be used at the WOC-A. Documentation provided
to users includes a map of areas photographed and the log sheet for each roll of negatives pertinent to the
request. About 100 mosaics produced from originally separate exposures are scheduled for transfer by the end
of 1980, These negatives ranging in size up to 30" x 40" will also be available as prints or for on-site use.

Side-Looking Airborne Radar (SLAR) Data

GLERL is presently amalyzing data to be used in the production of an updated ice climatology for the Great
Lakes. Data for this effort come from many sources, both surface and aerial, including side-looking airborne
radar (SLAR) flights.

NASA/Lewis Research Center developed the SLAR system for ice reconnaissance on the Great Lakes, an
"...operational all-weather Great Lakes ice information system" (Gedney, 1975). The SLAR flights by the U.5.
Coast Guard provide valuable data from which jce charts have been prepared since 1977. These charts, produced
by the [ce Navigation Center, Coast Guard District Nine, Cleveland, Ohic, have been archived by GLERL in hard
copy format physically adjacent to the SLAR silver-paper print to which they pertain (figure 15).

After GLERL's analysis of the SLAR images and hand-drawn ice charts is completed, the data set will be
transferred to the WDC-A for permanent archiving. It is anticipated that electrostatic or photographic prints
of the data will be available for research. A microfilm copy of the data will also be prepared, from which
copies could be produced on reguest.
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Table 2. Segquence and description of data in microfilm appendices (Assel, 1580).
1. Graphic Products
1. Seasonal and mean daily running TDD accumulations alternating with seasonal and mean daily running FOD
accumulations, There are 81 TDD graphs starting in 1897 and ending in 1977 and 80 FOD graphs starting
in 1897-98 and ending in 1976-77.
2. Daily mean and weekly extreme values of running sum of FDD's.
3. Maximum seasonal value of FDD's for the winters 1897-98 to 1976-77 and the mean of these values.
4, Maximum seasonal value of TDD's for the summers of 1897 to 1977 and the mean of these values,
II. Tabular Products (Mean Values)
1. Bl-year mean of FOD's starting in 1897 (degrees Fahrenheit),
2. Bl-year mean of TOD's starting in 1897 (degrees Fahrenheit).
3. Bl-year statistics on daily mean air temperatures (degrees Fahrenheit) starting in 1897,
4, Same as 1-3, but in degrees Celsius.
I1I. Tabular Products (Seasonal Values and Statistics)
1. Seasonal tabulations of daily running TOD accumulations alternating with seasonal running FOD accumula-
tions. There are Bl TDD seasons starting in 1897 and 80 FDD seasons starting in the winter of 1897-98.
2. Seasonal accumulation of FDD's at weekly intervals. The weekly intervals are really quarter months as
shown below.
Week Ending Day
1 8 I
2 15 14
3 23 21
4 30 or 31 28 or 29
*For February
3, Statistics on running weekly accumulations for B0 years, the mean values, standard deviation and
maximum and minimum weekly values for the BO winters are summarized,
4. Same as (2) above only for FDD accumulations for each week from October to April.
5, Same as (3) above except for FOD accumulations for each week in the winter,
6. End of month accumulations of running sum of FOD's., Same as (2) except for monthly intervals.
7. Statistics for running monthly FOD accumulations for BO years. Same as (3) above excent for monthly
time period.
8. Same as (6) above except for accumulations each month from October to Apeil.
9. Same as (7) above except for accumulations each month from October to April.
10. Seasonal maximum FOD accumulation for each of the 80 winters starting in 1897-98, the date of
occurrence of the maximum FDD, and the mean and standard deviationm of the maximum FDO, and date,
11. Maximum seasonal FOD accumulations for each of the B0 years in descending order.
' 12. Maximum seasonal TOD accumulations for each of the Bl years from 1897 to 1977 in temporal order,
13. Same as steps (1) through (12) but in degrees Celsius rather than degrees Fahrenheit.

TOD - Thawing degree days

P00 - Freezing degree days
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1=4 Surface sensor reading 31-42 Mot used
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13-16 Scale for under-ice reading 1" ig very deep
17-18 Hour of cbservation, 24 hour "-99" is not measured
clock, EST 46-48  Under-ice sensor depth below
19-20 Minutes of cbhservation ice bottom surface, cm
21-22 Month "_1" {ndicates eatimate
23-24 Day 50-51 Site pumber and letter
25-26 Year, last 2 digits 52-60 Mot used
29=30 Ice thickness, cm bl=71 Lake name
Figure 11. Sample records from data in support of "Photo synthetically active radiation

transmission through ice." (Bolsenga, 1978).
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CAN T

FINAL FILM LOG
PROJICT HANE PEGJECT HUCMBER ROLL HULBER
Great lakes Area 5B LFE6=TT 15
[FLTING ORGARIT A TION N APPROXIMATE PHOTD SCALE
#5T J5, 1370Lh Photo-Yapping Wing 1:46,000
CAMERA DATA
vePe caugas o semaL woupEn | KC-1(B) 62-058 - :
LEWE SEMIAL HUMAEM 529}"21}3
CALIBRATED FOCAL LENGTH _ 151,948 .
MAGAZINE SERIAL NUMNER &L-123
HAGATIME SEMIAL HUMBER
The following dets will be based on the Mt and last exposure of esch sirlp listed below and enclosed In this can of film.
hinaen| muben | nousen | PATEFLomn | ameatums | SUTIER ALTITUDE | TONE OF L‘Eﬁ’l";&i’?iﬁ“:ﬂl““
Eﬂ 2L 1037 21 Yar 66 r/8 1/150 | 23,000 | 1709 | 43%33'n &4%0e'W
g 1039 1711 | L6%30'y  enlos
22 | 2 1040 | 21 1ar 66 £/8 | 1/150 | 23,000 [ 1720 | 46°33'N &uC16vw
il 1057 1728 | L6%08'N E3%29'W
Ol P 1058 21 tar 66 £/e 1/150 | 23,000 (1734 | 45°58'N @3%20'W
o 1083 17,8 | 46°33'N  8u%2 W
‘;;B" 2l 1084 21 lar 66 t/e 1/150 | 23,000 | 1750 | 4é®32'm en®28'w
e 1107 1800 | L5956 £3%260d
';79“ 21 1108 21 Mar 66 /8 1/150 | 23,600 | 1802 | 45°55'N €3°30'W
= 1126 1812 | 46°22'n &17w
e | o2 1127 21 Yar 66 /e 1/150 | 23,000 [ 1817 | L&%17'N &1
o 1144 182, | A5®52'N 83°30'W
7 o 1145 21 ¥ar 66 r,fau 1/150 | 23,000 | 1828 | 45°56'R  83%L0'W
- 1159 1835 | 46%15'% 8,19
e
i

DD .55, 1516
Figure 14, Sample log for 2 roll of black and white photos taken on the
5t. Marys River south of Sault Ste, Marie, 21 March 1966.
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Summary of Satellite Observations of
Great Lakes Ice: 1974-1980

Jenider Wartha Clark
Mational Environmental Satellite Service
Washington, D.C.. U.S.A.

INTRODUCTION

Great Lakes ice technical memoranda have been published by the Natiomal Oceanic and Atmospheric Adminis-
tration (NORA) since January 1975. The first two memoranda published by the NOAA/Mational Environmental
Satellite Service (MESS) describe the ice formation, movement, and dissipation on Lake Erie based on satellite
imagery during January - March 1975 [McMillan, 1976) and the winter 1975-76 (Wartha, 1977}. In the memoranda,
ice formation and melting are correlated with air temperatures while ice movement is related to wind speed and
direction.

The next three reports include summaries of weather and ice conditions for all the Great Lakes during
winter 1976-77 (Quinn, 1978), winter 1977-78 (Assel, 1979}, and winter 1978-79 (DeWitt, in press). These are
Great Lakes Environmental Research Laboratory [GLERL) Technical Memoranda (TM} with input from the National
Weather Service (NWS) and NESS, Also in press is a separate MESS TM on Great Lakes ice [with no weather con-
ditions other than local climatological data related to ice formation, movement, and disintegration) for
winter 1978-79 (Wartha Clark, in press).

The 1979-80 Great Lakes ice season will again be reported on separately by NOAA/NESS and GLERL. In
addition, a recent report, “Satellite studies of fresh-water ice movement on Lake Erie,” by Donald R. Wiesnet
(1579) discusses typical ice break-up patterns and an atypical ane on Lake Erie from 1973-78.

REVIEWS OF THE TECHNWICAL MEMORANDA

1. McMillan, M.C.; Forsyth, D.G. {1976). Satellite images of Lake Erie ice: January-March 1975. 1.5,
National Oceanic and Atmospheric Administration. Technical Memorandum NOAA TM NES5-BO, 15 p.

The NOAR-4 polar orbiting environmental satellite provides daily images of the Great Lakes in the visible
(0.6 to 0.7 .m) and thermal infrared (10.5 to 12.5 .m) spectral regions from a Very High Resolution Radio-
meter (VHRR) with a resolution of 1 km. The improved resolutions permit more detailed observations of lake
ice than was previously possible.

The radiometer senses 256 different energy levels in both the visible and IR channels. These energy
levels are converted to film density levels as shades of gray on a photographic negative. IR data, unlike
visible data, have no natural relation to gray shades. By convention, high temperatures are assigned dark
shades of gray while low temperatures are assigned light gray shades. Therefore, clouds, ice, and snow, which
are normally the coldest objects in view, are displayed in light tones and the warmer lake waters, rivers, and
Tand appear dark.

Air temperatures and wind speeds and directions at four major cities surrounding the lake are used to
explain the ice formation and movement. Fifteen images are presented which show the variation and movement
of ice fields from 21 January to 18 March, 1975. Lake Erie was selected for this study since, being shallower
than the other Great Lakes, its waters cool down and heat up faster, resulting in dynamic freeze-up and melt.

2. Wartha, Jenifer H. (1977). Lake Erie ice: winter 1975-76. U.S. National Oceanic and Atmospheric
Administration. Technical Memorandum NOAA TM 90, 68 p.

This is the second in a series of ice reports on Lake Erie. The previous year's ice report included data
from only one source, the VHRR on board NOAA's polar orbiting satellite, NOAA-4. This report includes satel-
lite data from: the NOAA-4 VHRR, NOAA's Geostationary Operational Environmental Satellite (GOES) and the
National Aeronautics and Space Administration's (NASA) Landsat, Canadian aerial ice reconnaissance, and air-
craft Side Looking Airborne Radiometer (SLAR) systems. These data were used to trace the development, move-
ment, and dissipation of Lake Erie ice from 28 December 1975 to 19 April 1976 at intervals of approximately
three days.

The NOAA GOES satellite orbital motion matches that of the Earth, therefore, the two GOES satellites
appear stationary over fixed points above the eguator. The visible band sensors of the Visible and Spin Scan
Radiometer (VISSR) aboard the GOES respond to emergy in the 0.55 to 0.75 .m range. Most of the illustrations
in this report are 1 km resolution GOES wisible range images. GOES IR images are not used because the reso-
lution, B km, is too poor for effective ice reconnaissance.

Images were obtained from NASA's Landsat at 80 m ground resolution. The imagery can be obtained in four
different spectral bands: band 4 (0.5 to 0.6 um}, band 5 (0.6 to 0.7 um), band 6 (0.7 to 0.8 um}, and band 7
(0.8 to 1.1 ym). Only band 5 Landsat images are used in this report. Imagery is available only once every
18 days (9 days when both Landsat 1 and 2 are operating).
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SLAR can penetrate most clouds. The imagery from SLAR can be used to determine roughness or topography
of the ice surface and to estimate ice thickness. SLAR vertical range resolution is 80 m; azimuth resolution
varies from 45 m at 5 km range to 450 m at 50 km range.

Canadian flights over the Great Lakes carry an Airborne Radiation Thermometer (ART) to determine surface
water temperatures. WVisual observations provide jce thickness, concentration, and extent.

On 28 December 1975, ice began forming in the western basin of Lake Erie and in the southern half of Lake
St. Clair due to low air temperatures (-2° to -9° C). Figure 1 is a GOES satellite image observed on & January
1976. Ice, labeled A in the figure, covers the entire western basin except for leads that parallel the western
and northern shores. The ice formed in response to persistent below freezing air temperatures starting in late
December. The predominant 9-knot westerly and northwesterly winds reported at the land stations blew the ice
offshore.

Figure 2, the Landsat image acquired on & January, agrees well with the GOES image of figure 1, except
the detail is far superior because of the better resolution of Landsat {80 m versus 1000 m}. Very thin, newly
formed ice extending almost to shore west of Point Pelee, Ontario, and thin fast ice along the shore just east
of Point Pelee can be seen here, but is not visible in the GOES image. An interpretation of this image is that
ice formed, was blown offshore by the northwesterly and westerly winds, and new ice formed between the older
offshore fce and the shore. Later, this new ice formation broke away from shore and cracks that occurred in
the ice structure extended from the older ice and continued into the newly formed ice.

Separated by a small lead are two major ice areas west of Point Pelee: A larger one (labeled 1) compacted
against the south shore of the west end of Lake Erie and a smaller area (labeled 2? east of the larger one.
The islands running longitudinally from Puint Peiee to Sandusky, Ohio, tend to confine the ice.

By 17 January low temperatures (-14° to -10° C) caused new ice {figure 3} labeled F to form across the
width of the lake west of Erie, Pa. Winds from the north at 9 knots created a Tead along the north shore.

The Landsat image (figure 4) taken also on 17 January agrees well with the previous NOAA-4 image (figure 3)
gxcept that the Landsat image is more detailed. The Detroit River remains ice free. The two previously sepa-
rated ice areas labeled 1 and 2 of figures 1 and 2 have united, probably because westerly winds compressed the
ice against the island barrier.

Nine days later on 26 January, ice (figure 5) covers a least 75 percent of the lake as revealed on SLAR
imagery. Southerly winds probably produced the wide lead parallel to the south shore. By 2 February, Lake Erie
wWas approximately 100 percent jce-covered. A lead then formed east of the island barrier betweer the two ice
areas in Lake Erie, probably in response to persistent westerly winds. This lead widened throushout the month
of February., By early March, most of the ice had melted except an ice plug which formed in the eastern end of
the lake near Buffalo, New York.

Figure 6 is a Landsat image of the western end of Lake Erie. Extensive mising of sediment has cccurred.
The high concentration of sediment in southeastern Lake 5t. Clair can be seen draining through the Jetroit
River into the south shore of the western end of Lake Erie.

The entire lake was finally ice-free on 19 April. This late dat: for clearing was caused rore by wind
concentrating the ice eastward than by unusually cold weather.

3. Summary of Great Lakes Weather and lce Conditions, Winter 1976-77; Winter 1977-7&, winter 137°-T2.

These three publications generally have the same format. They present summaries of meteorcloiiz:l condi-
tions such as synoptic studies of the winter, freezing degree days, and comparisons with previous winters,
summaries of ice conditions such as ice formation and breakup, and ice cycle on each individual lake: descrip-
tions of satellite imagery, and effects on Great Lakes commerce.

& brief abstract of each publication is presented below.

. Quinn, F.H., et al. {1978). Summary of Great Lakes weather and ice conditions, winter 1976-77. U.5. Hational
Oceanic and Atmospheric Administration. Technical Memorandum NOAA TM ERL-GLERL-20, 155 n.

The winter of 1976-77 was the fifth coldest during the past 200 years. Record-breaking low temperatures
occurred from mid-October to mid-February. These low temperatures were associated with an upper air pressure
pattern consisting of a strong ridge in the westerly flow over North America and resulted in extraordinary ice
cover on the Great Lakes. The progression of early winter, mid-winter, and maximum ice extent was from 4 to 5
weeks earlier than normal. Maximum ice extent occurred in early February, with Lake Superior 83 porcent ice-
covered, Lake Michigan over 90 percent, Lake Huron 89 percent, Lake Erie 100 percent, and Lake Ontario approxi-
mately 38 percent. Spring breakup began in late February in the southern part of the Great Lakes and in early
March in the northern part. Most of the ice cover was gone by the last week in April. Shipping was severely
hampered by the abnormally large amount and the duration of ice extent.
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Figuke 2. Landsat image of wes.ern Lake Erfe, J January 1976. Point Pelee is indicated
Pt

by tne swall arrow. The numbers are referred to in the teat. The “A" is a part of the
£S5 analysis.
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Figure 4, Landsat image of western Lake Evie, 17 January 1976,
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Figure 5, Interpretation and SLAR image of Lake Erie taken on 26 January 197€.
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Figure 6. Landsat image of western Lake Erie, 11 March 1976.
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b. Assel, R.A., et al. (1979). Summary of Great Lakes weather and ice conditions, winter 1977-78. U.s.
National Oceanic and Atmospheric Administration. Technical Memorandum NOAA TM ERL GLERL-26, 123 p.

The winter of 1577-78 was among the coldest in the last century. The northwesterly flow aloft directed
anticyclonic centers to the south and west of the Great Lakes region, resulting in the greatest negative a?r
temperature departure from normal ever recorded on the southern Great Lakes. Ice started forming in the
shallow areas of the Great Lakes in late November. Maximum ice extent occurred from mid-February to early
March; Lake Superior was B2 percent fce covered, Lake Michigan 52 percent, Lake Huron 89 percent, Lake Erie
100 percent, and Lake Ontario 57 percent. Spring breakup started in mid-March. Most of the ice disappeared
by April 26; however, ice was observed in eastern Lake Erie as late as 11 May.

c. DeWitt, B.H., et al. (In press). Summary of Great Lakes weather and ice conditions, winter 1978-79. 1..5.
National Oceanic and Atmospheric Administration. Technical Memorandum MOAA TM ERL GLERL-

The winter of 1978-79 was again extremely cold. It was also the third consecutive severe winter over the
Great Lakes region. A persistent northerly and northwesterly flow pattern of the upper air pressure dominated
the Great Lakes during January and February 1979. Consequently, record low and near-record low temperatures
were recorded over the lakes during this time. On 17 February, all of the Great Lakes were nearly 100 percent
fce covered, which is quite unusual. Ice began melting during March. By the end of April the lakes were mostly
fce free except for Lake Superior, where significant ice cover continued into May.

4. Wartha Clark, J. (In press). Satellite Observations of Great Lakes Ice: winter 1978-79. U.5. Hational
Oceanic and Atmospheric Administration. Technical Memorandum MESS TM.

lce conditions on the five Great Lakes and Lake St. Clair were monitored from satellite imagery from
December 1978 through May 1979, The formation, movement, and dissipation of ice on each lake was traced.
Wind speeds and directions were correlated with ice movement, and air temperatures were related to ice forma-
tion and decay. The local daily mean weather conditions for stations surrounding the lakes were used.

Half of the data was gathered by the NOAA polar-orbiting satellite, TIROS-N. The primary sensor on board
is the Advanced Very High Resolution Radiometer (AVHRR) with 1.1 km resolution at nadir. The other half of
the data was provided by the GOES satellite.

a. Lake Superior Ice Cover

From 19 November to 16 March, temperatures over Lake Superior were mostly below freezing. Owing to cloud-
iness, ice was not detected until 28 December when it was observed in Nipigon, Black, and Thunder Bays. Figure
7 is a GOES VISSR (visible) image taken on 18 January. Whitefish Bay is 100 percent ice covered with newer
ice of 85 percent concentration adjacent to Coppermine Point. Ice can also be detected from Duluth to the
Apostle Islands, along shore to Ashland, and eastward along shore to the Keweenaw Peninsula. By 11 February,
ice (figure 8) had covered Beaver and Chequamegon Bays. Six days later on 17 February, the extent of ice on
Lake Superior reached seasonal peak. Figure 9 shows that ice cover on the lake is nearly 100 percent with
the exception of some possible leads and some frozen Jeads.

One month later, on 16 March, many leads (figure 10) can be observed in Lake Superior. From 17-27 March,
temperatures rose above freezing. The reduction in ice cover (figure 11 taken on 27 March) in the eastern
one-third of the lake where the depth, 180 to 240 meters, is greatest, is obvious. During the next week only
minimal change was detected in the southern half of the lake ?figure 12).

By 30 April, most of the eastern half of the Take was ice free. For the next 12 days, the ice melted
rapidly because of high temperatures.

The ice season on Lake Superior began about 28 December and lasted at least until 12 May.
b. Lake Michigan Ice Cover

Ice was detected in Green Bay on TIRDS-N satellite imagery of 9 December. Air temperatures had generally
been below freezing starting on 20 Movember. By 27 December most of Green Bay was covered with ice. On 5 and
8 January, westerly winds pushed the ice off the western shore creating a lead parallel to the shore from
Milwaukee to Chicago. Bands of ice interspersed with refrozen leads illustrate the following cycle character-
istic of Lake Michigan ice. Ice forms along the western shore, westerly winds transport ice offshore creating
leads, leads refreeze, refrozen leads blow offshore, and so on. The ice blown offshore occasionally dissipates
over deeper water.

Fast ice (figure 7) can be discerned in Green Bay on 18 January, between Beaver Island and the Straits of
Mackinac and along the lower eastern boundary. By 10 February ice widened on the eastern boundary and covered
Grand Traverse Bay. On 11 February, B-knot winds, generally from the east, caused leads to form along the
eastern shore (figure 8).

Maximum ice extent (figure 9) was observed on Lake Michigan as well as on the other Great Lakes on 17

February. The only area of guestionable ice cover was in the central part of the lake, located east of
Milwaukee and extending southward for 111 km.
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Fiqure 7. GOES visible image of the hGreat Lakes, 18 January 1979,

Figure 8. GOES visible image, 11 February 1979.
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Figure 9, TIROS-N wvisible imane, 17 February 1979.

Figure 10, TIRDS-N visible image, 16 March 1979,



Figure 11. TIROS-N visible image, 27 March 1979.

Figure 12, TIRDS=-N visible image, 3 April 1979,
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Air temperature rose above freezing beginning 1 March. By 16 March most of the fce (figure 10) in the
lower half of Lake Michigan had melted but fast ice remained in Green Bay. Westerly winds had compressed the
ice eastward in the upper half of the lake. One week later on 27 March, much of this compressed ice (figure 11)
had dissipated. The most prominent change from 27 March to 3 April was the melt (figure 12) between Beaver -
Island and the Straits of Mackinac. Ice in the entrance to Green Bay had also begun thawing. By 18 April,
Grand Traverse Bay was ice free and only thin ice remained between Beaver Island and the Straits of Mackinac.
The lake was nearly ice free except for small areas in Green Bay on 27 April.

€. Lake Huron [ce Cover

Scattered ice in the North Channel of Lake Huron was first observed on 10 December. Temperatures in the
area had dropped below freezing beginning on 19 November. Saginaw Bay and North Channel (figure 7) were covered
with fast ice as observed on 18 January. Fast ice was also seen clinging to the eastern shore of Georgian Bay.
The northern half of Georgian Bay was covered with thick, broken floes of 90 to 100 percent concentration. Ice
south of Manitoulin Island was also discernible.

Two weeks later on 2 February, Saginaw Bay and Georgian Bay were 90 percent ice covered. Influenced by
3- to 7-knot winds, leads developed (figure 3{ along the eastern-shore fast ice near Goderich on 11 February.

Lake Huron ice cover peaked at 95 percent concentration on 17 February (figure 9). Two refrozen leads
parallel to the eastern shore probably formed in response to 3- to 11-knot easterly winds during the period
13-15 February. Fast ice encircled the entire lake and completely covered the North Channel, Straits of
Mackinac, and the lower half of Saginaw Bay.

By 27 February, ice (figure 13) was blown from the western side of Saugeen Peninsula and south of
Manitoulin Island resulting in a 75 km-wide lead. Ice in Green Bay was less concentrated than it had been
on 17 February.

Westerly winds moved the ice (figure 10) eastward from the western side of the lake and in Green Bay
creating wide leads from the Straits of Mackinac to Saginaw Bay, and along western Green Bay.

By 27 March, ice (figure 11) had decreased in the northern part of Green Bay and the previous lead along
the west coast of Green Bay had disappeared. Some ice melting had taken place in response to above freezing
temperatures. lce in the North Channel was still 100 percent concentrated but thinning.

lce in Saginaw Bay (figure 12) had decreased rapidly by 3 April and ice in Green Bay was much thinner than
previously observed on 27 March. By 18 April, most of the lake was ice free except the North Channel, which
finally thawed 28 April.

d. Lake St. Clair Ice Cover

Ice was detected on 15 December in the northeastern basin of Lake 5t. Clair. By 11 January, Lake St. Clair
was 100 percent ice covered. The Detroit River (figure 7) is discernible and probably ice free. This river,
connecting Lake 5t. Clair and Lake Erie, has fast currents which hinder the growth of ice.

Lake 5t. Clair remained 100 percent ice covered until 11 March, a period of almost 2 months; melt than
began at the mouth of the Detroit River (figure 10). Rapid lake-wide melting occurred during a mid-March
warming trend until on 27 March, less than 30 percent ice coverage remained ?figure 11). By 3 April, only
turbid sediments (figure 12) could be seen in the ice-free lake.

e. Lake Erie Ice Cover

Satellite imagery of 15 December showed thin ice in the shallow western basin of Lake Erie, By 11 January
ice in the basin west of Pelee and Kelleys Islands and in the eastern basin adjacent to Buffalo had become 100
percent concentrated.

Pelee and Kelleys Islands form a barrier to eastward ice movement. [n response to westerly winds, ice is
typically separated into two areas divided by a lead at the island obstruction. In figure 7 acquired on
18 January, the wind impact was noticeable. Westerly and southwesterly winds at 4 to 13 knots had moved the
two ice areas eastward, creating leads near Toledo, east of the island barrier, and along the north shore from
Point Pelee to an area east of Long Point.

On 11 February, three long leads (figure 8) could be seen between Cleveland and Erie extending to the
north shore. The entire lake was 90 to 100 percent ice covered on 17 February (figure 9).

From 21 to 24 February, temperatures ranged from -1° to 8% C, causing thin but concentrated ice (figure 13)
to melt from Point Pelee to Long Point. MNortheasterly winds at 14 to 19 knots moved this thin ice westward so
that wide leads appeared from Point Pelee to Long Point.

On 16 March the wind direction and intensity again influenced the ice movement. Westerly winds pushed the
fce (figure 10) eastward creating wide leads from Toledo to the Detroit River, as well as east of the Pelee-
Kelleys island obstruction, and east of Long Point.
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Figure 13. ROES visible image, 27 February 197

Figure 14, TIRO%-N visible image, 20




Above-freezing temperatures in late March contributed to the ice dissipation. On 27 March the lake was
observed as ice free (figure 11) except along shore from Cleveland to Buffalo.

One week later on 3 April, only the ice plug (figure 12) at Buffalo remained. The ice plug finally dis-
appeared on 29 April and sediment could be seen in both Lake 5t. Clair and Lake Erie.

f. Lake Ontario lce Cover

In spite of generally below freezing air temperatures, Lake Ontario remained ice free until 9 January. By
18 January, ice east of Prince Edward Peninsula (figure 7) had become 100 percent concentrated. Thin 90 percent
concentrated ice also developed south and west of Prince Edward Peninsula.

Clouds covered Lake Ontario from 22 through 30 January and did not totally move off until 3 February. By
11 February, ice (figure B) extended from Prince Edward Peninsula westward to near Toronto and southward to
Rochester.

The satellite image acquired an 17 February (figure 9) depicted unusually heavy ice cover on all the lakes.
Lake Ontario was approximately B0 percent ice covered; normal maximum ice cover for this lake is only 25 to 35
percent.

Three days later on 20 February,southerly and easterly winds compressed the ice (figure 14) northward
generating a wide lead from Niagara Falls east to Oswego. Note also the unusual occurrence of widespread ice
in Chesapeake Bay, along the New Jersey coast, around Long Island, and in Cape Cod Bay.

By 27 February.ice (figure 13) had dissipated in response to higher air temperatures (1° to 4® C}. The ice
then melted rapidly except east of Prince Edward Peninsula where it remained until 20 March owing to westerly
winds concentrating the ice against the shore. Lake Ontario was entirely ice free on 27 March {figure 11).

The NOAASNESS and GLERL TM's discussed above are available through National Technical Information Service
(KTIS), U.5. Department of Commerce, 5285 Port Royal Road, Springfield, Virginia 22161,
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Ice Information and Ice Control Programs of the
Saint Lawrence Seaway Development Corporation
Stephen C. Hung

Saint Lawrence Seaway Development Corporation
Washington, D.C.. U.S.A.

The 5t. Lawrence Seaway Development Corporation has been actively participating in research and development
activities 1n the fields of ice information and fce control technigues.

1. lce Information Program

The principal objectives of the ice information program are to document the specific types and amounts
of ice and related environmental data on the International Section of the St. Lawrence River in support
of both operational and planning requirements. Figure 1 shows the extent of the Seaway. The major

activities comprise:
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Vertical Aerial Photography
Tfnce December 1972, the Corporation has documented the 1ce cover on the river between Cape

¥incent, MNew York, and Montreal, Ouebec, each winter. Flight frequency 1s approximately one per
week with additional flights near and during the freeze-up and break-up periods. The photographic
flights are normally supplemented by aerial visual reconnaissance and oblique photography when
weather precludes wvertical photography or when local conditions require real-time information.
The scale of the aerial photos varies according to the flight altitude; however, it 15 normally

set at 1"=2000°. Aerial photos and indexes of 1ce cover since December 1972 could be made
available through the contractor at the cost of reproduction. Figure 2 is an example of the index.
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Figure 2. Sample of the index to aerial photonraphy of ice conditions on the Saint Lawrence Tiver.

II.

8. Time Lapse Photography
K time lapse camera has been installed near Dgdenshurg, New York to document fce formation and
mavement fn the vicinity of the Ogdenshurg-Frescott ice hoom,

C. PRemote Sensing of Ice Thickness and Hanging Dams
STnce 1875, the Corporation has conducted am fce survey and hanqing dam study in the reach between
Cardinal and Morrishurg, Ontario. The survey has heen conducted by helicopter usina an electro-
magnetic radar system normally pulsed at a rate of 50 kMz with a pulse width of three
nanoseconds. The remote profiling data iz recorded on magnetic tape durina flight and later
processed through a slower-spesd graphic recorder.

In addition to basic data collection, the study 1is also assessing the feasibility of the
operational use of radar remote sensing of the ice thickness, particularly the identification of
major hanging dams. A mathematical model of hanging dam formation is also being developed,

b. Water Temperature Measurements
The Corporation, in conjunction with NDAA's Great Lakes Environmental Besearch Lahoratory [SLFRLY,
has 1installed recording telemetering water temperature ganes at Cape Vincent, Clayton, and
Waddington, Mew York. These gages are interrogated daily to provide real-time information during
freeze-up and break-up for operationmal activities, as well as to aid in the pradiction of actual
freeze-up and hreak-up dates. Additionally, they provide an historical data hase on which fce
forecast procedures can he developed.

E- Weather Data Monitoring
A Towner Weather Gtation located at Ogdenshurg, Mew York, has been maintained by the Corporation to
provide an historical microclimate data base, namely, air temperature, wind speed and direction,
dew point, barometric pressure, and solar radiation. A second station is being installed at
Clayton, New York.

lce Control Program

he objective of this activity is to identify and subsequently demonstrate alternative methods for
permitting navigation into and through the winter season while still maintaining or improving the
stahility of the ice cover and hydraulic 1integrity of the river. Four mafor projects have been
completed under this program. They are: the installation and testing of the Nodensburg-Prescott Ice
Boom Gate in 1974, the Copeland Cut Ice Boom Testing in the winter of 1974-75, the Copeland Cut
Hydraulic/Ice Model Study during 1976 and the 5t. Lawrence River Ice Aoom Modification Study im 1977
through 1980. Work in the Dgden Island area is scheduled to begin in 19A0.
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IT1. Publications
The TolTowTng publications, available from WTIS, 5285 Port Royal Road, Springfield, VA 22161, are
examples of the research that the Saint Lawrence Seaway Development Corporation sponsors.

ARCTEC, Inc. (1975) Saint Lawrence Seaway system plan for all-year navigation. Contracted by Saint
Lawrence Seaway Development Corporation, Washington, DC, 10CD p. in 5 volumes. NTIS: PB-251 527.

Adams, Charles E. Jr. (1975) Saint Lawrence Seaway system plan for all-year navigation. Appendix C.
Environmental {mpact. Contracted to ARETE%, Inc., Columbia, MD, by 5Saint Lawrence Seaway
Development Corporation, Washington, OC, 85 p. NTIS: PR-251 531.

Brayton, D. E.: Reymond, R. D.: Bashaw, P. A. [1973) Seaway information system management and contral
. Contracted to Transportation Systems Center, Cambridge, WA by Saint Lawrence Sea-
way Development Corporation, Washington, DC, BR p. NTIS: PB-253 340.

Kearney (A. T.)}, Inc., Chicage, I1 (1976} U.5. Great Lakes-Seaway Port Development and Shipper
Conference, Nearborn, Michigan, 25-29 Apri]l 1976. Sponsored by Saint Lawrence Seaway Development
Corporation, Washington, DC., Corps of Engineers, Washington, DC., and Coast Guard, Washington,
0C, 179 p. NTIS: PB-260 670.

Lewis, Jack W. {1975) Saint Lawrence Seaway system plan for all-year navigation. Appendix A.
Methodology. Contracted to ARCTEC, Inc., CoTumbfa, MO, by S5a¥nt Lawrence Seaway TeveTopment
Corporation, Washington DC, 385 p. WNWTIS: PB-251 529.

Lewis, Jack W. (1975) Saint Lawrence Seaway system plan for all-year navigation. Appendix B. Seaway
simulation. Contracted to ARCIEL, Inc., 51%‘51 , MO, by Saint gawence Teaway Development

a
Corporation, Washington, DC, 206 p. NTIS: PB-251 530

Lewis, Jack W. (1975) Saint Lawrence Seaway system plan for all-year navigation. Appendix D.
Economics. Contracted to ARCTEC, Tnc., Columbia, MO, by 5aint Cawrence Seaway Development
Corporation, Washington, DC, 276 p. NTIS: PB-251 532,

Lewis, Jack W. (1975) Saint Lawrence Seaway system plan for all-year navigation. Summary report.
Contracted to ARCTEC, Imc., Columbia, MD, by Saint Lawrence Seaway Development Erpura%:un,

Washington NC, 48 p. NTIS: PB=251 528.

Lewis, Jack W.; Kotras, Thomas J.; Benze, David L.: Etzel, Romald A. (1979) Mathematical and physical
model studies of the Copeland Cut test ice boom. Contracted to ARCTEC, Inc., Columbia, MO by
Saint Lawrence Seaway Development Corporation, Massena, MY, 288 p. NTIS: PBAO0O-149 362

Lewis, Jack W.; Benze, David L.; Etzel, Ronald A. (1979) _Saint Lawrence River ice boom modification

study. Contracted to ARCTEC, Inc., Columbia, MD, by Saint Lawrence Seaway Development Corporation,
Washington, NC, 287 p. MWTIS: PBRD-114 317.

Lewis, Jack W.; Johnson, Robert P. (1980} Safnt Lawrence River all-year navigation ice comtrol
system. Contracted to ARCTEC, Inc., Columbia, MD, by Saint Lawrence Seaway [Mevelopment
Corporation, Massena, WY, 145 p. NTIS: PBAN-183 478,

Saint Lawrence Seaway Development Corporation (1979) U.S. Great Lakes Ports - Statistics for overseas
and Canadian waterborne commerce. Washington, DC, 584 p. NTIS: PBB0-1A9 939.
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GREAT LAKES ICE: A SELECTED BIBLIOGRAPHY

Claire 5. llioffman, ed.

The Great Lakes ice bibliography is a representative selection of references to ice on Lake Superior,-
Lake Michigan, Lake Huron, Lake Erie, Lake Ontario, the Saint Lawrence River, the 5aint Lawrence Seaway, Lake
Saint Clair, and the Detroit, Saint Clair, Saint Marys, and Niagara Rivers. The bibliography has been divided
into nine subject categories, with citations repeated in each relevant category. An author index follows the
bibliography. The nine subject categories are:

1. General - includes bibliographies, program summaries and historical reviews, overviews of activities

2. Ice - physical and mechanical properties

3. HNear-shore geomorphology

4. Meteorology, climatology, and 1imnology

5. a. Ice climatology

b. Seasonal summaries of ice or weather conditions
6. Ice forecasting

7. Remote surveillance - data obtained from satellites, aircraft overflights, submerged or surface
devices, or studies of such methods of data collection

B. Ice season commerce
9. Maritime engineering - includes vessel design, ice protection and removal, pollution control. (No
attempt was made to be complete with respect to problems of oi] spills in ice-infested waters.)

This bibliography may be used as an update to the Arctic Institute of North America - NOAA Lake Survey
Center Annotated Bibliography on Fresh-water Ice (U.S. Naticnal Oceanic and Atmospheric Administration, Lake
Survey Center. MNOAA Technical Memorandum NOS LS CR-2, September 1971.)

The Great Lakes ice bibliography has been compiled from many different sources, including the automated
and manual indexing and abstracting services listed below.

Cold Regions Bibliography, 1965-May 1980.

Meteorological and Geoastrophysical Abstracts, 1970-May 1980.

NTIS (National Technical Information Service), 1964-May 1980.
Oceanic Abstracts, 1964-May 1980,

Georef, 1967-1980.
Geoarchive, 1974-May 1980.
Catalog of the Scott Polar Research Institute Library, cumulated 1976.

Dissertation Abstracts, 1961-May 1980.

Monthly Catalog of U.S. Government Publications, 1976-May 1380,

Aguatic Science and Fisheries Abstracts, 1978-May 1980.

TRIS (Transportation Research Information Service), 1970-May 1980,
Miscellaneous bibliographies.

In the bibliography, we assume that the language of publication is English unless the title is given in a
foreign language. Because we do not have all of the original material in hand, we cannot be certain of the
completeness of each citation, although every effort possible has been made to ensure accuracy. Since we
realize that the maximum value of a bibliography 1ies in the availability of the original documents, we have
marked each item owned by the World Data Center with the "*" symbol. Photocopies of any of these documents can
be provided upon request at $.10 per page over 25 pages, $5 minimum) to institutions and individuals. Lengthy
publications are available on interlibrary loan to other libraries. Publications with an NTIS number are
available in microform or photocopy form from: National Technical Information Service, 5285 Port Royal Road,
Springfield, Virginia, 22161 U.S.A. Prices vary according to length of the publication. Ph. D. dissertations
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may be obtained from University Microfilms International, 300 Morth Zeeb Road, Ann Arbor, MI 48106, using the
order number given in the citation.

We urge you to acquire items not owned by the WOC through your regular library channels or from the
publishing agency or author. However, if these methods are unsuccessful, please feel free to call or write
the WOC for assistance,

If any individuals or institutions see their publications in this Tist without an "*", the WDC would
appreciate receiving copies of those which are still available.

We would 1ike to thank Dr. Frank H. Quinn and Raymond A. Assel of NOAA's Great Lakes Environmental
Research Laboratory (GLERL) for their work in identifying publications produced by GLERL personnel and
contractors.
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COMMUNICATIONS

Snow and Avalanche Research in France

G. Brugnot
Centre Technigue du Genie Rural des Eaux
et des Forets
Grenoble, France

On 10 February 1970,the "Aiguille du front" avalanche in Val d'Isere was responsible for 39 casualties,
setting off a wave of fear in France. This avalanche also emphasized the lack of applied research in the
fields of snow and avalanches. The French government quickly set up an official committee assigned two tasks:
to find the reasons for the fatalities; and to make proposals for preventative measures so that such a dis-
aster would never again be possible.

It was not necessary to start from scratch in 1970 because researchers in various government departments
were already dealing with snow questions; but there was no service officially charged with studying such
problems as avalanche forecasting, avalanche zoning, etc. Taking advantage of the significant amount of
money granted by the authorities, France has had the opportunity to develop applied research in the area of
snow and avalanches. This paper describes the current French organization for snow and avalanche research
and the applications of the research to forecasting avalanches and protecting 1ife and property.

. _ .The Centre d'Etudes de la Neige (CEN}, which is a part of the Etablissement de'Etudes et de Recherches
Météorologiques (EERM), the research organ of the Météorologie Mationale, (Delsel, 1975), carries out studies
on the mechanical properties of snow. For example, CEN has studied temperature-gradient metamorphism and
snow-stab formation. Currently, it is designing an automatic station for measuring local properties of snow
and transmitting them via satellite relay. It has developed several statistical models for mountain precipi-
tation, snow rheclogy, and avalanche forecasting. CEN is also responsible for avalanche forecasting and
consequently receives information from 67 stations scattered in the Alps and Pyrenees. CEN prepares tapes
gi:;ng i?furmatiun about snow and weather conditions, so that mountain travelers may telephone for up to date
information.

The Centre Technique du GEnie Rural, des Eaux et des For8ts (CTGREF), the technical center for rural
engineering, water and forest, deals with avalanche protection. This involves location and mapping of
avalanche hazards (with two successive scales, 1:25 000 and 1:2 000), and avalanche control by means of struc-
tures or artificial avalanche release. Since 1969, CTGREF has also carried out experimental studies on ava-
lanche dynamics by measuring pressure, local velocity, front velocity, density, etc. Italsoprepared two models
for theoretical calculations: a numerical model for dense avalanches and an analog medel for powder avalanches.

Among the other offices contributing to applied research on snow and avalanches are the University of
Grenoble and the Centre d'Etudes Nucleaires. Along with CEN and CTGREF, these offices are Jocated in Grenoble.
An important role is played by the various departments of the Office National des Foréts, (ONF), which reports
local conditions to the various research centers. Among other tasks, ONF collects information about avalanche
activity and also takes part in avalanche prevention work.

The work of every person or department concerned with avalanches is coordinated by the National Associa-
tion for Spow and Avalanche Study (AMENA). It comprises representatives of research centers, as well as those
concerned with the application of research, i.e. mayors. ski resort engineers, road and building departments,
the army, the rescue corps, etc.

The main concern of French authorities when founding snow research centers at the beginning of the 1970s
was the mecessity for avalanche mapping. Nearly 6000 km* were mapped on the scale of 1:25 000 and each
mountain community has restricted building in hazard zones. It is possible to continue improving the
community maps by plotting new avalanches as they occur.

. However, in spite of the large-scale disaster like that at Val d'Isere, the increase in popularity of
winter mountaineering will probably bring a number of casualties during the 1980s. These casualties may not
seem so impressive because they are scattered, but the annual totals are significant. The need for better
1nfurnw:1ﬂn about the dangers of snow for skiers, and other mountain travelers, mandates continued avalanche
research.

Bibliography
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Snow Survey of the Northern Hemisphere

R. A H. Taylor
Meteorological Office
Bracknell, Berkshire, England

1troduction

Snow depth and snow cover charts have been produced in the CLIMAT LAB of the Snynoptic Climatology branch
f the U.K. Meteorological Office headquarters, for the reqions and periods noted belew. This U.K. series is
rimarily for use in operational long-range forecasting. It is complemented by certain U.S. and German charts.

1. Charts of Reported Surface Data

A. Central Europe and Scandinavia, 1953-1961: one day's data was plotted in each five-day period
(pentad). The area covered is 7ON OOE - 708 30E; 40N OOE - 7ON 30E; the scale is 1:30 M. Representa-
tive stations used were: from Norway (4 stations), Sweden iﬁ stations), Finland (4 stations), East
Germany (7 stations), Poland (8 stations), and West Germany (approximately 24 stations).

B. EuropefAsia, 1962 to 1970: one day of data was plotted towards the end of each half month and also
when required for forecast purposes. The area covered is 30N 130W - 30N 130E; 30 N 50W - 20N 60E; the
scale is 1:30 M.

C. MNorth America/Europe/Asia, 1971 to date: one day's data is plotted towards the end of each five-day
period. The chart area and scale are the same as [ B,

Charts were not produced on a few cccasions in high summer when no snow depths were received.

I1. Mapping of Snow Cover - Asia and Europe Using Satellite Imagery

Mapping of snow cover was experimentally carried out from December 1975 to March 1978. Six-day runs
of Visible satellite imagery were analyzed by a minimum brightness method (independently evolved by
Painting and Taylor, unpublished) to establish a snow/no snow-cover state. The snow-1imit Tine so deter-
mined proved a useful addition to the ground plots. It was alse helpful for regifons in central and
eastern Asia where snow-lying information is not readily obtainable in real time. This analysis temporar-
ily ceased in March 1978 on the failure of HOAA 5 sensors. [t will recommence when suitable alternative
sources of data are available.

111, Current Practice

Charts are plotted at approximate pentad intervals from synoptic data, except for a few occasioms im
high summer when no snow is reported on the mainlands of Asia and Morth America. Snow depth and state-of-
ground reports are extracted automatically from the Synoptic Data Bank for all stations in World Meteoro-
logical Organization (WMD) blocks of 01 te 40. For Morth America (Alaska, Canada, and the United States)
use is made of the special 0000 Gmt snow bulletin for that region broadcast on the Global Telecommunica-
tion System (GTS). Data are hand plotted on a segment of a 1:30 M circumpolar chart on 2 polar stereo-
graphic projection. A 1" (2-5 cm) isopleth is drawn together with either:

A. The 50 percent probability of 1" depth of snow line at the end of the months, September, October,
November, April, and May (Dickson and Posey, 1967), or

B. The mean monthly snow cover limit line for the months of December, January, February, and March
(Wiesnet and Matson, 1977).

Fluctuations of the snow 1ine with respect to the mean are readily apparent, and the situations are
studied in the long range forecast discussions in connection with thermal conditions of the surface.

For the earlier series of charts, 1953-1962, data were extracted for a special project from the year
books of the countries mentioned in I A. The U.S. and German, Deutscher Wetterdienst (DWD), charts
received at Bracknell are used as a back-up and when additional information is required.

For a report on the Snow Survey of Great Britain, see Ogden, 1979.
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BOOK NOTES

New books of interest include:

Colbeck, S.C., ed. (1980) ODynamics of Snow and Ice Masses. New York, Academic Press, 468p.

Rossiter, J.R.; Bazeley, D.P., eds. (1980) International Workshop on the Remote Estimation of Sea Ice
Thickness. Proceedings of a workshop he - ptember ,at 5t. John's, NewfoundTand. C-Core
Publication no. 80-5. St. John's, Newfoundland, Centre for Cold Ocean Resources Engineering, 505p,

Tryde, P., ed.(1980) Physics and Mechanics of Ice. Proceedings of the 1UTAM Symposium Copenhagen, 6-10
August 1979, BerTin, New York, Springer-Verlag, 378p.

MEETINGS

WDC-A Radio Glaciology Workshop

A Radio 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, Ohia.

The Workshop will focus on two areas of radio glaciology: data acquisition and processing, and data
archiving and distribution. Topics to be considered in the first 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
quantitative 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. Topics for consideration include defining the needs, concerns, and constraints
of the radio glaciology community regarding the availability of data, the variety of data products, and the
potential for standardization and quality control in a data management environment. Consideration will also
be given to data management plans for new data acquisition systems, such as those on satellites.

The Workshop will produce a working document summarizing the key scientific, technical, and data manage-
ment needs relating to radio glaciology data acquisition, 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
FTS 320-5311.

Fourth International Conference on Permafrost

The Fourth International Conference on Permafrost, organized by the Wational Academy of Sciences and
the State of Alaska, will be held 18-22 July 1983,at the University of Alaska at Fairbanks.

This meeting will deal with all aspects of permafrost and will be of widespread interest to scientists,
engineers, and societies concerned with engineering, periglacial and glacial geology, soils, geophysics,
marine, and pipeline technology, climatology, hydrology. and ecology.
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Topics

Papers dealing with all aspects of permafrost will be welcome. Papers will be accepted for formal
presentation or for poster sessions. Details about the submission of abstracts and final papers will be
given in the first bulletin (spring, 1981).

Pravisional themes for the meeting include:

1. Pipeline construction 12. Distribution of permafrost {regional
2. Embankments (roads, railroads, airfields, studies)
drill pads, etc.) 13. Frost heave and ice segregation
3. Deep foundations 14. Physics and chemistry of frozen ground
4. Excavations 15. Hydrology
> Minkng 80¢ pecraleun: engincering 16. Climate change and geothermal regime
6. Municipal engineering 17. Ecology of natural and disturbed areas
7. 5ite and terrain evaluation 1B. Planetary permafrost
8. Geotechnical problems 19. Periglacial phenomena (geocryology)
9. Geophysical exploration 20. Mechanics of frozen soil
10. Hydrates 21. Heat transfer processes
11. Subsea permafrost 22. Other
Publication

The proceedings of the Conference will be published. Papers will be reviewed according to the usual
standards before being accepted for publication.

Field Trips

Permafrost underlies 85 percent of Alaska and affects many aspects of daily life in the state. The
location of the Conference is therefore ideal for viewing numerous features of continuous and discontinuous
permafrost, and construction techmiques used to cope with it. Field trips of 3 to 5 days duration are planned
to be held before and after the Conference. Local half-day trips will take place during the Conference.
Fairbanks permafrost features of interest include frost heave sites, ice wedge exposures, experimental road
construction, agricultural practices, strip mining, and tunnel excavation.

Proposed extended trips include the Alaska Railroad (construction techniques in mountainous and perma-
frost terrain, Mt. McKinley National Park); Fairbanks to the Prudhoe Bay oil field along the trans-Alaska
pipeline; Fairbanks to the Mackenzie River Delta by road (periglacial and glacial geclegy features); and
Fairbanks to Anchorage by road through the Copper River Basin.

Cost

A full range of accommodations will be available, including hotels in Fairbanks and inexpensive housing
in dormitories on campus. A registration fee will be charged which will cover the cost of conference documents
and local field trips. Charter flights to Alaska may be available if there is sufficient interest.

If you want to receive the first bulletin, please contact:

Louis De Goes, Executive Secretary
Polar Research Board

Mational Academy of Sciences

21071 Constitution Avenue, N.W.
Washington, OC 20418

ar

Troy L. Péwe, Chairman
U.5. Organizing Committee
Department of Geology
Arizona State University
Tempe, AZ B5287.
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GLACIOLOGICAL DATA SERIES

Glaeiological Data, which supercedes Glaciological 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

Technical Staff: Claire 5, Hoffman, Margaret Strauch,
and Carol Pedigo

The following issues have been published to date:

GD-1, Avalanches, 1877
GD-2, Parts 1 and 2, Aretie Sea Tece, 1978
GD=-3, World Data Center Aetivities, 1978

GD-4, Parts 1 and 2, Glaciclogical Field
Stationa, 1979

GD-5, Workeshop on Snow Cover and Sea Iee
Pata, 1979

GD-6, Snow Cover, 1979

GD-7, Inventory of Snow Cover and Sea Ice
Data, 1979

GD-8, Ice Cores, 1980

Contributions or correspondence should be addressed to:

World Data Center A for Glaciology (Snow and Ice)
University of Colorado

Campus Box 449

Boulder, Colorado 80309

U.SA.

Telephone (303) 492-5171; FTS 320-5311
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