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National Academy of Sclences
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World Data Center A consists of the Coordinaction Office
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National Academy of Sciences
2101 Constitution Avenue, N.W.
Washington, D.C., U.S.A., 20418
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Inst. of Arctic & Alpina Research U.5. Naval Observatory
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[Telephone: (303) 492-5171]
Solar-Terrestrial Physice (Solar and

Meteorology (and Nuelear Radiation): Interplanetary Phenomena, Tonospheric
Phenomena, Flare-Associated Events,
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National Climatic Center and Interplanetary Magnetic Phenomena,
Federal Building Aurora, Cosmic Rays, Airglow):
Asheville, Morth Carolina, U.5.A. 28801
[Telephone: ({704) 258-2850] World Data Center A
for Solar-Terrestrial Physics
Oesanography : Environmental Data and Information
Serviee, NOAA
World Data Center A: Oceanography Boulder, Colorade, U.5.A. B0303
Hational Oceanic and Atmospheric [Telephone: (303) &99-1000, Ext. 6467
Administration
Washingten, D.C., U.S.A. 20235 Solid-Earth Geophysios (Seismology,
[Telephone: (202) 634-7249] Tsunamis, Gravimetry, Earth Tides,
Recent Movements of the Earcth's
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Boulder, Colorado, U.5.A. B0303
[Telephone: (303) 499-1000, Ext. 6521)

HOTES:

1. World Data Centers conduct international exchange of geophysical observations
in accordance with the principles set forth by the Internacional Council of Scientific
Unions. WDC-A is established in the United States under the auspices of the National
Academy of Sciences.

2. Communications regarding data interchange matters in general and World Data
Center A as a whole should be addressed to: World Data Center A, Coordinarion Office
(see address above).

3. Inquiries and communications concerning data in specific disciplines should
be addressed to the appropriate subcenter listed above.
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DISCRIPTION OF DATA CENTERS

WDC-A: Glacioclogy (Snow and Ice) is one of three international data centers serving
the field of glaciology under the guidance of the International Council of Scientifie
Unions Panel on 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 gecphysical information and data. WDC-A endeavors to be promptly
responsive to inguiries from the scientifiec community, and to provide data and
bibliographic services in exchange for copies of publications or data by the
participating scientists.

The addresses of the three WDCs for Glaciology and of a related Permanent Service are:

World Data Center A World Data Center B
INSTAAR Molodezhnaya 3
University of Colorade Moscow 117 296, USSR

Boulder, Coloradeo, 80309 (.5.A.
Permanent Service on the Fluectuations of

World Data Center C Glaciers - Department of Geography
Scott Polar Research Institute S5wiss Federal Institute of Technology
Lensfield Road Sonneggstrasse 5

Cambridge, CB2 1lER, England CH-B092 Zurich, Switzerland

The World Data Centers follow the guidelines established by the International Council
of Scientific Unions Third Consolidated Guide to International Data Exchange through
the World Data Centres, 1973. The following description from the Gulde details the
form of the data accepted by the WDCs.

General. WDCs are prepared to accept raw, analyzed, or published data; including
photographs., It is suggested that researchers submitting data to the WDCs do so in a
form which will be intelligible to other users. 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 the Guide to International Data Exchange. Such material will be available to
researchers as copies from the WDC at cost, or if it is not practical to copy the
material, it can be consulted at the WDC. 1In all cases, the person receiving the
data will be expected to respect the usual rights, including acknowledgement, of the
original investigator.

Fluctuations of Glaciers. The Permanent Service will be responsible for receiving
data on the fluctuations of glaciers and will also receive such data as are generated
by the International Hydrological Decade Project on Variations of Existing Glaciers.
The types of data which should be sent to the Permanent Service are detailed in
UNESCO/IASH (1969) Variations of Existing Glaciers: A Guide to International
Practices for Their Measurement. These data should be sent through national
correspondents in time to be included in the regqular reports of the Permanent Service
every four years (1964-68, 1968-72, etc.).

Projects of the International Hydrological Decade. In addition to the above, the
International Hydrological Decade, 1965-74, sponsored an Inventory of Seasonal and
Perennial Snow and Ice Masses, as well as a project on the Combined Heat, Ice and
Water Balances at Selected Glacier Basins. A Temporary Technical Secretariat (UNESCO)
For World Glacier Inventory is colocated with the Permanent Service on the
Fluctuations of Glaciers.

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

To send WDCs reprints of all published papers and public reports which contain
glaciological data or data analysis; one copy should be sent to each WDC or,
alternatively, three copies to cne WDC for distribution to the other WDCs.

_To not@fy WDQE of changes in operations invelving internaticnal glaciological
projects, including termination of previously existing stations or major experiments,
commencement of new experiments, and important changes in mode of operation.
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FOREWORD

Under a MNOAA/EDIS contract, the Data Center is currently mreocaring an inventory
of snow cover and sea ice data. The vrimacry focus to date has been on man series and
other data products describing cryospheric parameters on a regional to global scale.
As part of this endeavor, the WDC arranged a two-day workshoo of agency
representatives and interested scientists in Roulder, 2-31 WNovember 1978, on The
Mapping and Archiving of Data on Snow Cover and Sea Tce Limits, W%hile the attendees,
with one exception, were from WNorth America, the workshop recommendationsz and the
material oresented here are of broad relevance to oroblems of worldwide concern in the
environmental sciences, esnecial ly eclimatoloqgy., me tearology, hydrology, and
oceanograohy.

This issue contains the workshop recommendations and vamers (or summaries). The
next issue will comprise the results of our related survey of oroducts containing snow
cover or sea ice data.

R.G. Barry

Nirector

World Data Center=-a

for Glaciology (Snow and Ice)



PREFACE

We would like to thank all participants in the Workshon for the papers oresented,
as well as for the ensuing discussions from which the recommendations were formulated.
As far as possible, we have left the nacers in the form they were oresented, making
editorial changes only for the sake of clarity, or for consistency with the
Glaciological Data series. In cases where the written text of the navers was not
nrovided by the authors, we have orepared short summaries from the tane-recorded
transcript.

We would also like to thank Sloria Manzanares for the Aata enkry of the text,
Anne Gensert for the manual tveing, and Wancy Hensal for assistance in proofreading.

Marilyn J. Shartran
Yanaging RBditor
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WORKSHOP ON MAPPING AND ARCHIVING OF DATA ON
SNOW COVER AND SEA ICE LIMITS
(BOULDER, COLORADO, 2-3 NOVEMBER 1978)

1. BACKGROUND AND OBJECTIVES

The spatial and temporal characteristics of global snow cover and sea ice are
major components of the “"climate system®, and its variability on time scales of weeks
to decades. The need to incorporate such cryospheric data into eclimate models for
diagnostic and oredictive studies is now widely recognized, but there is a significant
lack of reliable, high quality, long-term data sets. The objective of a contract
funded by NOAA/EDIS to the WDC-A for Glaciology (Snow and Ice) is to begin to remedy
this deficiency, firstly by develooing an inventory of present data sets.

A number of tyoes of data products, especially mao displays showing snow cover or
sea ice properties on a regional ko global scale, are now being routinely orepared by
various agencies in the United States and elsewhere. Sources for these include ground
observations at weather stations or from ships, aircraft reconnaissance flights, and,
increasingly over the last 10 to 15 vyears, satellite imagery and remote station
telemetry.

The idea of holding a meeting of agency representatives and also individual
scientists involved in the oroduction of such data sets evolved during discussions
that I had with G. Kukla at Lamont-Doherty Geological Observatory, E.®. MgcClain and F.
Kniskern at the Mational Environmental Satellite Serviece, WOAA, and W.E., Markham and
B, Findlay at the Atmospheric Environment Service, Canada, in spring 1978. It was
considered important that, in addition to its inventory activity, the WDC should seek
to facilitate the exchange of information on current data products, as well as
technigues used in their preparation, and alse attemot to develor recommendations on
the archiving and digitization of snow cover and sea ice data.

The general guestions that we have tried to address are as follows:

1} wWhat data should be archived? (in terms of parameters, resolution, coverage,
"levels" of data, and ancillary or supporting data)

2) Where should the data be archived?
31} When should data sets be collated, digitized, and updated?

4) How should the data be collected from the various sources and subsegquently be
made available to users?

The Workshoo attracted 27 external particiovants (o, 5 ) and 17 paoers were
given. As shown in the program (o. 4 ), these were grouped into four sections
dealing with hemispheric products, regional data sets, snow/ice indexing, and some
current data problems. On the second day, part of the program was devoted to an
assessment of future needs. Working groups evaluated 1) the archiving of existing and
future data oroducts; and, 2) their digitization and indexing. The first aroun was
led by W.S5. Stringer, and the second, by R.L. Jenne. Recommendations prepared by
these grouns, subseguently circulated to all participants and thereafter finalized in
the WDC, have been forwarded to MWOAASEDIS; the data management groun of the U.5.
Climate Program Office; the Working Group on Sea Ice of the World Meteorological
Organization; the United Wations Environment Program; the International Commission on
Snow and Ice; and the Committee on Glaciology, Polar Research Board, U.S. Mational
Academy of Sciences.

A supporting WDC survey of the producers of major data sets on snow cover and sea
ice, detailing the sources, technigues, and oroducts, is being oreopared for
publication in the near future in GD 7. Commentary on the recommendations, or related
matters, and information on any sources or products that we may have overlooked,
especially from other countries, will be welcomed.

R:G. Barry

Nirector

World Data Center A

for Glacioloay (Snow and Ice)



2. RECOMMENDATIONS

General Recommendations

l. WDC-A for Glaciology (Snow and Ice) should seek to identify the problems that
users currently encounter in accessing data sets, and explore possible solutions
for the @provision of more manageable data products. Strategies must be devised
to facilitate access to mass data bases with time and space dimensions as primary
references. With regard to future, higher resolution satellite data especially,
EDIS, NASA and other agencies should format daily tapes of global data so that
individual geographic sectors can be readily accessed.

2. WDC-A should help coordinate the views of the snow and ice research community
on future satellite systems, their capabilities, resolution, and coverage, and
communicate this information to the appropriate agencies. Such activity is
timely following the failure of Seasat. The development of new systems which can
provide on-board processing to generate statistics of very high resolution data
for selected geographic areas is welcomed. There is an overwhelming need Efor
compressed data from satellite systems to facilitate climatological studies
covering month- to several-year time scales. The need for continued c¢ollection
and retrieval of ground truth data to verify remote sensing measurements is
stressed.

3. The element sizes, resolutions, and coverage needed for wvarious cryospheric
parameters have been stated in wvarious documents (beginning with GARP Publ.
Ho. 16). WDC-A should ensure that these recommendations are critically reviewed,
and a definitive statement prepared for submission to WMO and national agencies.

4. WDC-A should collect information on special Arctic/Antarctic programs, and on
meteorclogical, oceanographic, and other data sets pertinent to glaciology in
these regions. GABRP Publ. Wo. 19 recognizes the improvement of the gleobal data
base in polar regions as the first task of POLEX. There is a need for more
accurate surface weather analyses in polar regions which could be met in part by
greater use of satellite imagery in data-sparse areas. The intended disposition
of satellite-readout data being received at McMurdo Station is of interest in
this regard.

5. It is recommended that the U.5. Wavy adopt the standard practice of reporting
sea ice concentrations in tenths (not oktas), and that the AFGWC charts show snow
depth in centimeters.

6. The present status of, and needs for, atlases of snow cover and sea ice
should be reviewed. With regard to standardization of averaging perieds, it is
noted that the WMO Working Group on Sea Ice has recommended a S-year averaging
period for past and future ice archives.

1. Data on snow/ice limits, reflectance categories, and ice concentrations on
the weekly snow and ice charts prepared by NESS should be cross-checked with
station data, adjusted, and then digitized. The archive should be extended
backwards, after incorporating necessary cross-checking and revisions.

Estimated and interpolated boundaries should be identified. The reflectance
categories should be increased in number, and each should, if possible, be keyed
to a specified range of brightness. The charts should also be plotted at a scale
of at least 1:30 million.

2. It 1is noted that SDSD (NCC) will archive 2 terabit magnetic tapes per day
(equivalent to 500 ordinary tapes) of TIRDS-H data. The problem of user access
makes it of high priority that the tapes of the basic grids, and possible
selected minimum brightness values, be archived.

Since the l0-day time interval covered by the Composite Minimum Brightness charts
represents almost 10 percent of the snowcover decay season, it is recommended
that the guestion of shortening this interval be reconsidered; an additional
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combined 5-day wversion could perhaps be prepared.

3. It is recommended that AFGWC, which currently produces daily charts of snow
depth and age, should:

a) produce a surface brightness chart, on at least a weekly basis, for
archiving in WDC-A.

b) flag climatological or predicted snow data to distinguish them from
observations.

c) develop data bases of background surface brightness (excluding snow),
and of surface observations on water eguivalent, daily snowfall,
precipitation and maximum/minimum temperatures.

d) provide full documentation on algorithms wused to compute snow/ice
parameters from radiance data for inclusion with Level II and III archives.

4. There is a wide need for “historical" series of sea ice and snow cover
charts. Operational series should be carefully revised, incorporating data from
all sources, before extenzive and costly digitization is undertaken. Any
re-analysis should be fully documented. It is important that estimated and
interpolated wvalues be flagged in data sets derived from chart series, Final
digitized products should be cross-checked and their consistency documented.

Recommendations on New Data Sets

1. A near-IR sensor for snow/cloud discrimination is expected to be operated on
a DMSP satellite in 1979. It is recommended that a data base be developed at
AFGWC for subsegquent archiving.

2. It is recommended that selected digital data being produced as diagnostic
model outputs be preserved. In hydrology, for example, basin data on percent
snow cover, daily snowfall, water storage, runoff, and energy budget components
could be archived at a resolution of approximately 50 km.

3. The primary data streams that go into many operational snow/ice products are
not currently preserved, Since these could be tape-archived from the teletype
circuits, this possibility should be considered, especially for daily snowfall,
temperature, and surface wind data at ground stations.

4. Global data sets on snow depth and water eguivalent, to 0.5 cm resolution,
{including snow on sea ice) will be needed for verification of climate models.
Daily values and monthly averages will be required. Data on snow cover and ice
thickness collected by the U.5. Army Cold Regions Research and Engineering
Laboratory throughout Neorth America over 15-20 years should be archived at WDC-A
following termination of that program.

5. Climate modelling and assessment studies will reguire accurate data on
terrain parameters, soil and vegetation cover types. Snow and ice studies may
also reguire such data sets. Less certain is the potential need in snow and ice
research for boundary layer grids and low level rawinsonde or other sounding
data. This topic merits further discussion.

6. There appears to be no reguirement to archive sea ice forecast/outlook charts.
Operational groups may wish to re-examine this guestion.

References

Global Atmospheric Research Programme. The physical basis of climate and climate
modelling. GARP Publications Series, No. 16, April 1975. 265 pp.

Global Atmospheric Research Programme. The polar sub-programme. GARP Publications
Series, No. 19, March 19%78. 47 pp.
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Snow and lce Data Sets for Climate and Water Resource Studies
with Particular Reference to North America

Roy L. Jenne
MNational Center for Atmospheric Research
Boulder, Colorado, U.S.A.

R. G. Crane
P. K. MacKinnon

World Data Center A for Glaciology

I. Introduction
The material for this paper has been developed from the prefatory comments of R.
Jenne to the Working Group on the Digitization and Indexing of Cryospheric Data.

Snow and ice cover play a dynamic role in the variation of albedo, the thermal
and hydrolegical properties of the surface, and the surface roughness. (See schematic
diagrams in figures 1-3.) Thus, some form of physical coefficient representation, or
parameterization, of the snow and ice cover is essential for coupled models of
climatological and hydrelogical systems. Also, the grid resolution of such models
will be determined, in part, by the spatial distribution of the snow and ice data. In
this respect, there is a need for snow and ice data to be made available in digital
form, with the spatial resolution necessary to meet modeling needs. The following
discussions focus on sources of snow and ice data sets, snow and ice gridded data
products, and related hydrometecrological data. .

II. Mapping and Gridding Data

This section provides a brief summary of existing snow cover and sea ice data
sets, The list is not exhaustive, but is intended simply to provide an overview of
the type of data available, and their sources.

Major data sets on snow cover and sea ice, including the results of both
historical and current surveys, are held at the World Data Center A Ffor Glaciology
(Snow and Ice), which is colocated with the National Geophysical and Solar Terrestrial
Data Center in Boulder, Colorade {appendix 1I). Attention is also drawn to
Glaciological Data, Report GD-2, which contains a bibliography on Arctic sea ice.
Getailed results of a WDC inventory of snow cover and sea ice data will also appear in
a future issue of Glacioclogical Data.

A. Snow Cover Data

1) Global Snow Cover Analysis: U.S. Air Force Global Weather Central,
iEE&EEEﬂ] {Koenlg, this issuE%. Daily grids, including ocean areas, have been
prepared by the USAF starting in 1975. Surface and satellite observed data
are used to analyze snow cover on a 1/8 National Meteorological Center (HMC)
mesh grid system, with 45 km (25 nmi) between grid points at 60° latitude.
Snow depth at each point is given in tenths of inches, to a maximum depth of
about 100 inches (250 c¢m). The analysis is derived from surface observations
and climatology, and is cross-checked with a no-snow flag from the processing
of the video data from the Defense Meteorological Satellite Program (DMSP).
Methods used to incorporate the climatology have changed with time, and the
accuracy of the data has improved considerably with the use of an interactive
system since about January 1977.

2) Northern Hemisphere Snow and Ice Boundaries: MNOAA/NESS (Kniskern, this
issue). The HNational Environmental Satellite Service (NESS) has produced a
weekly Worthern Hemisphere chart showing snow and ice boundaries for three
brightness levels since the autumn of 1966. The information is based on NOAA
satellite data. Consistency, in terms of the reflectivity categories, is best
from 1974 onwards (Kukla, personal communication).

3) Composite Minimum Brightness and Composite Maximum Temperature Images:
NOAA/NESS (MeClain,  this™ 1sSue]. ~ Computer processed Composite  Minlmam
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Brightness (CMB) and Composite Maximum Temperature (CMT) images are produced
by MESS using the 1/8 NMC mesh grid with a 45-km resolution. CMB images using
5-day non-overlapping data are available from 1968. A 10-day overlapping
composite and the use of CMT images began in 1974. These images are produced

daily. The original grids, however, are not saved. A 7-day overlapping
composite, based on a higher resolution grid, will be introduced with the
availability of TIROS-N data (McClain, in press)}. (See also McClain, 1978;

McClain and Baker, 1969).

4) Depth of Snow on the Ground: NOAA Agricultural Weather Facility. Maps
have  been published™ In~ the Weekly Weather and Crop Bulletin since 1935,
showing the depth of snow on the ground iIn the United States each Monday at
1200 hours G.m.t., December through March. The data sources are surface
observations from the National Weather Service (NWS) and cooperative stations.
({S5ee also section III, below, on Selected Supporting Data Sets for Snow and
Ice Studies).

5) State Snow Surveys/Snow Telemetry SHOTEL) : u.s. Department of
Airicngggg Soil Conservation Service (S5C5]. The SNOTEL system gathets high
elevation snowpack Information in 10 western U.5. states. There are now 160
stations with a planned expansion to 511. The sites use hydraulic pressure
cushions or "pillows" to measure the pressure of the snowpack on the surface,
and 30.5-cm (12-in) rain gauges that measure precipitation as melted snow or
rain. The daily data are transmitted to Ogden, Utah and Boise, Idaho by
reflecting the signals from the SNOTEL sites off meteor ionization trails
{Barton and Burke, 1977). The data are then transferred to a central office
in Portland, QOregon.

The data from the SHOTEL .sites complement monthly snow course readings
now taken at nearly 1900 locations in the Western United States and British
Columbia (0.5. Department of Agriculture. So0il Conservation Service, 1979).
Many of these snow courses have been in operation since about 1930, These
monthly readings are taken during the late winter and early spring.
Addiiional snow depth data are supplied by regional HNWS and cooperative
stations.

6) %E%EEEiﬁﬂil Wwatershed Snow Mapping: MNOAA/NESS (Schneider, this issue).
Sate te data have been used to ubtain'%ﬁe percentages of snow coverage for
30 river basins in the Western United States since the winter of 1973. These
basins occupy about 10 percent of the area of the Western United States. The
data are updated at irregular intervals throughout the season, according to
the rate of change in the areal extent of the snow cover (Schneider, 1975,
1976, in press; Schneider et al, 1976).

7) Watershed Snow Cover Maps: Soil Conservation Service and Cooperative
Agencies (Shafer, this issue). Since the winter of 1974-75, four test sites
n_ the Western United States have been selected for snow mapping using
satellite data. The test sites are in Colorado, California, Arizona, and the
Pacifii Horthwest., Maps are prepared for a number of river basins at each
test site.

8) Snow Cover Data for the North American Arctic and Subarctic: U.S5., Arm

Cold Regions Research and Engineering Laboratory (CRREL]. CRREL-derIve

Informatlon on snow temperature profiles, sSnow density, and physical
characteristics of the snow cover is available from about 30 ground ocbserving
stations in northern Canada, Alaska and northern states of the contiguous
United States (Bilello, 1969). Although observations began in 1952, the
leggingf record varies between stations. Most stations closed between 1974
an .

9) Snow Cover Data for Canada: Environment Canada, Atmospheric Environment

Service (Findlay and Goodison, this lssue}. onow cover data Eof Canada ace

published monthly with information on snow depth and water equivalent provided

from river basins and snow courses. Subjective mapping is carried out, based

on the station reports. Maps show snow depth and date of formation and loss

gngnuH cover (McKay and Findlay, 1971; Environment Canada, 1974; Findlay,
I

10} Snow and Related Data Available Through Avalanche Studies. U.S. data are
availabTe Trom a varying number of mountain stations 1n the Western States for
the past 20 vyears. The data are collected, reduced, and stored by the U.S.

Forest Service, Rocky Mountain Forest and Range Experiment Station, Alpine
11




Snow and Avalanche Project, Fort Collins, Colorado. Typical data include mean
daily values of air temperature, wind speed and direction, snow depth, and
daily precipitation totals. pata at more frequent time intervals are
available from a limited number of stations.

11) Aerial Gamma Radiation Snow Survey. A recent innovation in aerial remote
sensing of the snowpack Utilizes the natural terrestrial gamma radiation Elux.
In principle, the water content of soil and snow cover modulate the natural
gamma radiation level emitted from the earth's surface. Therefore, difference
values derived from measurements before and during the existence of a snowpack
yield a water egquivalent for the pack. Regional surveys are conducted by
repeated flights over controlled survey lines before and during the life of
the pack (U.S. Hational Oceanic and Atmospheric Administration, 1978). This
method was developed almost simultaneously in Canada, Norway, the Soviet
Union, and the United States during the 1960's. It is currently being used on
a semi-operational basis in both Canada and the United States (Rango, 1977).
See also a series of papers on gamma radiation technigues in Santeford and
Smith (1974), and Vershinina and Dimaksyan (1969).

Mational or local organizations for avalanche data exist in many alpine
countries. A questionnaire seeking information related to field stations engaged in
avalanche research has been circulated by the World Data Center A for Glaciology (Snow
and TIce} to institutions in 43 countries. As well as other avalanche-related
guestions, information is also regquested on the location of stations and the timing
and availability of snowpack and climatological data. Results will be tabulated and
published in a future issue of Glaciological Data.

B. Sea Ice Extent Data*

1) HNorthern Hemisphere Snow and Ice -Boundaries: NOAA/NESS (section A.2,
above).

2) Composite Minimum Brightness and Composite Maximum Temperature Images:
Egﬁézgfgg'fiectxnn E.3, abovel.™

3) Sea Ice Data from Microwave Images: U.5. National Aeronautics and Space
Administration sgigil Tiwally, T Tssue]. Himbus-5 microwave data are
processed on a 293 by 293 grid, from the pole to 50° latitude, for both
hemispheres. A grid of brightness temperature data has been produced for
three-day periods since 1972. The original data resolution is 25 km at nadir
and 30 by 40 km at 30.5° from nadir. The mapping resolution is about 50 km
(Wilheit, 1972, 1973). Sea ice conditions can be deduced from these grids
{see, for example, Gloersen and Salomonson, 1975; Gloersen et al, 1974; Zwally
et al, 1976; Zwally and Gloersen, 1977). The sea ice boundary around
Antarctica has been mapped for December 1972 to June 1975, using the Nimbus-5
microwave data (Rayner and Howarth, 1977).

4) Global Sea Ice Limits: U.S. Mavy, Fleet Weather Facility (FLEWEAFAC)-Joint
Ice ~Center (Godin, this issue). Weekly ice analyseS depicting ice boundaries
and concentrations have been prepared by the U.5. WNavy for the Arctic and
Antarctic since 1970. These analyses have been published in atlas form,
starting in 1972 for the Arctiec, and 1973 for the Antarctic. Very High
Resolution Radiometer (VHRR) data from HNOAA satellites are the main data
source employed during seasons with adequate light, while microwave data from
Nimbus satellites are used during the polar night and in areas of persistent
cloud cover. Whenever possible, these observations are supplemented with
Landsat and DMSP images, aerial reconnaissance, and surface observations.
surface cobservations are retained by the National Oceanographic Data Center
(HODC) , Washington, D.C.

5) Shorefast Ice Lake and River Ice Data for the North American Arctic and
Subarctic: D.S. Army Cold Reglons Research and Engineering Laboratory.
CRREL-derived data are available from IBIE‘th?EEQH_TgTT for 4o stnt10n3_¥n
Canada, and 26 in Alaska. The length of record varies for each station. Data
are available on ice thickness, concentration, age, rate of growth or

*Sea lce data sets are also compiled in Worway (for the northeast Atlantic); West
Germany; Sweden and Finland (for the Baltic); Japan (for Japanese waters); and the
Soviet Union (full extent of data unknown). It is hoped that more information on
these will be available for inclusion in the WDC-A snow cover and sea ice extent data
inventory. 12



ablation, and the amount and date of maximum ice thickness (Bilello, 1961,
1969; Bilelloc and Bates, 1966, 1975).

6) Ice Conditions in Canadian Waters: Environment Canada, Atmospheric
Environment Secvice (Markham, this issue}.

a) Data for the peried 1900 through 1955 are available in atlas form
(Bwithinbank, 1960). The atlas documents information four times per month
from 275 points between the Bering Strait and Foxe Basin, and in the
Canadian Arctic Archipelago. Maps show the amount of ice present. During
the autumn, the charts are less freguent and there is less information on
ice extent and the age of the ice. A table showing data sources and the
years data are available for each site is also given,

b) Recent charts showing ice concentration, extent, and type have been
produced once a week from 1958 to the present. Charts are available for
different areas of subarctic and Arctic waters in wvarying formats (for
example, the Southern Historical charts (1958-1974), which extend up to
J0°N. and are avallable all year, and the MNorthern Historical charts
(1960-1974), which extend up to B0°M. or higher, and are available for 29
May to 31 October). These particular charts are on 35-mm film. Grid point
data, available on card or tape, have also been prepared for the Northern
charts.

Aircraft on contract operate in the Wewfoundland and Hudson Bay area
from January to May, then in the region of Baffin Island and the Queen
Elizabeth Islands through October. Side looking airborne radar (SLAR) was
installed in the aircraft in Pebruary 1978. Use is made of shore stations,
ice breakers, and observers on Canadian military flights. When available,
satellite data are included. Any late data are used to update the charte.

7) Sea Ice Atlases: Canadian Department of Energy, Mines and BResources
(Markham, this issue). The Department of Energy, Mines and Resources, Polar
Continental Shelf Project, has published two atlases covering the Canadian
Arctic Archipelago and adjacent waters for the periods 1961 to 1968, and 1969
to 1974, A third atlas for 1975 to 1978 is in preparation. Maps show ice
extent, concentration, age and floe size, as well as surface morphology.

8) Morthern Hemisphere Ice Conditions: British Meteorological Office. Since
January 1960, the Heteorological OLfice, Bracknell, gﬁE[EnET_EEE produced
charts showing ice concentrations at the end of each month. The data used are
primarily derived from information made available through other agencies,
particularly the Canadian AES, Ice Central, Ottawa and FLEWEAFAC, Suitland
[Tunnell, 1968).

9) Danish Ice BReconnaissance: Danske Meteorologiske Instituk. Sea ice
conditions have been repotfted by the Danish Meteorological 1Institute since
1885. Sea ice charts have been published from 1900 to 1956 for the Arctic
seas, and from 1957 to 1964 for the Greenland waters (Fabricius, 1961; Danske
Meteorologiske Institut, 1964). The earlier data are from ship reports.
Aerial reconnaissance has been used since 1959,

Snow Cover and Sea Ice Extent Data Gridding

1) Arctic and Antarctic Ice Concentrations and Morthern Hemisphere Snow
Cover: G. FKRukla, Lamont-Doherty Geological Observatory (Rukla, this Issue].

. Weekly snow cover for the NHorthern Hemisphere has been digitized for the

pericd 1967 to the present. During the period 1967 to 1971, only the area of
snow cover is given. From 1971 onward, six reflectivity classes are used, but
these are of poor guality up until 1973. For 1974 to the present, however,
the reflectivity classes are more reliable (Kukla, personal communication]).
The principal chart source is the NOAA/NESS Morthern Hemisphere Snow and Ice
Boundaries (section A.2, above). Accuracy tests have been performed on these

data. The data are digitized on a 2° by 2° grid up to 60°N., and on a

2° by 4° grid north of 60°. The original data counts were for 2¢ Jlatitudinal
belts in five to ten meridional segments.

Ice cover grids for the Arctic are compiled using the U.S. Navy weekly ice
charts which have been available since 1972 (section B.4, above). Data
included are ice concentrations, in octas, and percent of open water within
the pack ice. This is extended back to 1960 on a monthly basis, using the
British Meteorological Qffice charts (section B.8, above). Southern
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Hemisphere data are available for the summer months from 1967 to 1972. Weekly
charts for both summer and winter are available from 1973 (Kukla and Gavin, in

press).

2) HNorthern Hemisphere Sea Ice Concentration Grids: J. Walsh, Laborator for
Atmospheric Research, University of 1llinois (Walsh, 5 issue). Sea Ice
ata are digitized at a grid Interval of 1° latlitude (110 km). The 1500-point
grid covers the Arctic Ocean and those portions of the peripheral seas where
ice is observed during all or part of the year. The grids depict the ice
conditions at the end of each month from 1953 through 1977. U.S5. Navy,
British Meteorological QOffice, Canadian AES, Danish, and Norwegian data are
used to obtain the ice coverage in tenths in each grid area (Walsh, 1978).

3) HNorthern Hemi;Ehere Ice Limits, 1901-1956: M. Kelly, Climate Research
Unit, University of East Anglia (Kelly, this Issue). This 158 a digitization
of tﬁe sea ice data of the Danzke Meteorolodiske Institut (section B.9, above)
for the period 1901 to 1956. The same grid is used as that by Walsh (section
C.2, above). An ice/no-ice indicator is given for each sguare in the grid.
Work is currently in progress to test the reliability of these data (Kelly,
1978).

4) Arctic Ice Cover and Northern Ice Limit Antarctica: K. Hasselmann,
Max-Planck-Institut fur Meteorologl Hamburg, FRG. Data sources are the
British Meteorological Office montﬁiy_Tce charts (section B.8, above) and the
U.5. Navy northern ice limit in Antarctica (section B.4, above). The data are
digitized on a 10° Ilongitude grid in the Northern Hemisphere, and a 5°
longitude grid in the Southern.

III. Selected Supporting Data for Snow and Ice Studies

Archives of climatological data exist in national and international repositories.
In the United States, the YNOAA Environmental Data and Information Service (EDIS)
operates the National Climatic Center (NCC). This is the central U.S. repository for
atmospheric data. At the operational level, the National Weather Service (NW5) is
responsible for collecting and assessing real-time data.

At the international level, the World Meteorological Organization (WMO), a United
Nations agency, in collaboration with the International Council of Scientifiec Unions,
supports world data centers for climatolegical data. In conjunction with the WMO
established Global Telecommunications System (GTS), meteorological data are channeled
te the World Data Centers for Meteorology: A in Asheville, N.C., U.S.A.; B in Moscow,
USSR; and C in Melbourne, RAustralia.* Each data center archives various global data
sets. In the United States, NCC also maintains an extensive inventory on GTS sampled
data.

The contribution of snow and ice to the hydrological regime is significant,
particularly when viewed with respect to flood control, irrigation, and urban water
supplies. Thus, many national and internmational agencies exist to share knowledge and
experience, and develop and coordinate control schemes with respect to water
[esources.

The following is a selection of supporting data sets that relate in whole or in
part to snow and ice studies. American inventories are considered first, followed by
international programs and sources of data.

A. Surface Weather Data

Surface weather conditions are observed and reported at 1000 U.S5.
first-order land-based stations. In addition, a WNational Substation Program,
comprised of cooperative weather stations, provides daily temperature extremes
and precipitation totals. Precipitation includes, if appropriate, a breakdown
into daily snowfall, snow depth, and in some cases snow density and water
equivalent. From 1900 to 1947, the cooperative network averaged 1500 stations.
Since 1947, there have been approximately 10,000 stations in the network. Ocean
surface weatHer is also reported into the U.S5. network from 2000 cooperative
observers on board ships with a maximum of 500 cbservations reported at any one
time. All these data are archived with HCC.

HCC has created a data subset of 500 to 600 stations comprised of selected

"Recglves only Southern Hemisphere data.
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cities and all military stations for the period 1949 to 1977. Within this subset
are recorded daily temperature extremes, daily snowfall, and snow depth. Since
1965, daily sunshine and wind records have also been incorporated where
available.

B.. Solar Radiation Data

Since 1977, the United States has operated a network of 3§\statiuna egquipped
to measure solar radiation received at the earth's surface. This network
provides information on the three components of solar radiation: global, diffuse,
and direct. For the period from the early 1950's to 1977, there are selected
component data available for 26 hourly and 25 daily stations. There are many
calibration problems among these station records. This led in part to a
revitalized network established in 1977. The data are processed and published by
NCC.

€. TRawinsonde Data

Rawinsondes (balloon-borne instrument packages) provide data on pressure,
temperature, water vapor, and winds. U.5. controlled data are available since
1950. There are currently 128 upper-air stations in a rawinsonde network which
includes the United States, Caribbean, and Central and BSouth American nations.
These data are archived at NCC. 1In addition, global rawinsonde data, derived
from GTS teletype since 1963, is also archived at NCC.

. International Meteorological and Climatological Programs

Variocus  international meteorological and climatological projects are
producing vast arrays of standardized modern, as well as historical, data. For
example, the World Weather Watch (WWW)} and the Global Atmospheric Research
Program (GARF), subprograms of the WMO, are generating real-time and research
data sets on all basic facets of global metecrology and climate. Meteorological
satellite data derived from various national and international agencies, coupled
with data from a global distribution of first-order and cooperative ground-based
stations, produce a comprehensive daily "picture®™ of the global weather. This
daily "picture” is then made available for archiving at the World Data Centers
for Meteorology. During the First GARP Global Experiment (FGGE), currently in
progress, it is hoped to collect meteorological data from 100,000 ground-based
stations.

Solar radiation and ancillary data sets are archived at the GATE Radiation
Subprogram Data Center, Main Geophysical Observatory, Leningrad. The primacy
data products are available in hard copy and computer compatible tape from WDC-B
for Meteorology, Moscow. There are three data sets: surface radiation, direct
solar radiation, and aircraft radiation (Global Atmospheric Research Programme,
1976) .

As part of the International Decade of Ocean Exploration (IDOE}, there has
been a project to assemble in a standardized format the bucket temperatures from
all available ships logs for the period 1860-1960. These data will be archived
at NCC.

Many of these data sets currently being assembled or reformatted will be of
value to snow and ice studies, particularly in the context of modeling, and in
some cases, historical climate reconstructions.

E. Hydrological Snow Cover and Modeling

The waxing and waning of the seasonal snowpack is an integral part of the
hydrological cycle. Data on the variation of the snowpack and snowmelt provide
valuable input inte hydreological modeling of streamflow. Several types of
mapping and remote sensing systems for monitoring the snowpack have previously
been discussed. Conventional field measurement techniques are reviewed in
Seasonal Snow Cover (United Nations Educational, Scientific and Cultural

rganization, 1970¢).

The prime hydrological interest in the snowpack is to assess its role in
forecasting stream discharge over time, Two basic modeling technigues are
available: statistical and simulation. The statistical models are primarily
used in seasonal yield forecasts. Simulation models tend to have a more complex
structure and hierarchy. According to Anderson (1973), simulation models dealing
with snow may be subdivided inte three components: the snow COVEr , a
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precipitation-runoff relationship, and a runoff distribution and routing
procedure. In terms of hierarchy, simulation models may be distinguished between
those that represent each basic component as a single relationship, and those
that simulate the unit processes involved in the basic components. The practical
difference is that the first category generally is used to simulate the melt
season only, whereas simulation of the unit processes allows the annual cycle to
be analyzed. Dperational forecasts utilizing this type of simulation have been
developed (Kuzmin, 1969; Anderson and Rockwood, 1970; Baker and Carder, 1977).

Research has alsoc been directed at designing water resource projects in
areas lacking adeguate data. This is often the case in mountainous regions where
the snowpack plays a significant role in the hydrological regime. See for
example, Sokelov (1974) and Kovacs and Molnar (1974).

F. Mational Data Water Exchange [NAWDEX]

WAWDEX, operated by the USGS, Reston, Virginia, maintains a computer data
base on surface and ground water characteristics for 300,000 sites in the U.S5.
The period covered by this data base extends from the late 1800's to the present,
with the bulk of data arising since the 1950's.

There are currently limited snow and ice related data; however, the
development of a new parameter list will incorporate snow and ice oriented
studies.

Three hundred fifty organizations actively collect hydrological data that
are reported to NAWDEX through a network of 53 regional centers throughout the
United States.

G. International Hydrological Programs

The International Hydrological Decade (IHD), 1965-74, was conceived and
coordinated by UNESCO in cooperation with ICSU, WMO, IUGG, and other
organizations. One of the many thrusts within the IHD has been to assess the
tale the cryosphere plays in the hydrological cycle. Humerous reports,
conferences, and data bases relating to snow cover, glaciers, and sea, lake, and
river ice have been assembled (see, for example, United Wations Educational,
Scientific and Cultural Organization, 196%a, 1969b, 1970a, 1970b, 1970c, 1972:
World Meteorological Organization, 1977).

The culmination of the IHD led to a more comprehensive ongoing project
called the International Hydrological Program (IHF). The IHP, in conjunction
with WWW, GARP, and affiliates, is monitoring short and long term changes in,
and effects generated by, the cryscphere. This includes satellite monitoring of
snow and ice distribution; remote sensing of hydrological platforms; a World
Glacier Inventory; hydrological modeling; and assessment of socio-economic
effects of floods, irrigation, and water supplies.

As an aid to hydrologists, including those conducting research or
operational forecasts involving snow and ice, the WWW has prepared a reference
manual for hydrology (World Meteorological Organization, 1976). The primary
purpose of this report is to increase recognition of WWW facilities.

Supplementary Geographic Data

In order to simulate climate using numerical modeling technigques, or to make

climate assessments, a variety of supplementary geographic data should be readily
available for squares of 1* latitude-longitude or smaller. Examples include the
following:

A. Elevation and Depth Data

Average elevation data are available to support most synoptic-scale
atmospheric modeling needs; however, higher resolution ocean data sets are still
regquired (table 1). At smaller scales (for example, individual river basin
sgtudies), a much greater resolution would be required. However, few data exist
at these scales.

B. Surface Properties

Data on terrain features, vegetation cover or land use, and so0il type are
necessary for the determination of albedo, emissivity, and roughness length.
16 g



Table 1. Available elevation and depth data.

Parameters

Originating Archive Area
Agency Location Resolution Recorded Coverage
U.5, Air Force NCAR T lat/long Elevation Global
sguares
in'lat/long Elevation Global
sgquares
5' lat/leng Elevation Europe, parts
Sguares of M. America
and N. Africa
U.5. HNavy HCAR 10'lat/long Min., max., and Horthern
squares average Hemisphere
elevation (Southern
Hemisphere
Ridge completed
orientation to 30°south)
% of square
covered by
water
Terrain
characteristics
% urbanization
HCAR 5%lat/long Elevation Global
sguares
Scripps NCAR 1" lat/long Ocean depth Global
Institute sguares Elevation
of Base of ice cdps
Oceanography

17



Information should be included on topography, surface type (for example, bare
rock or a vegetation cover), and vegetation type or land use, since these affect
albedo, especially in the presence of snow cover. Similarly, albedo and surface
emissivity are determined, in part, by the physical and thermal properties of the
soil, the effects of which will wvary with moisture content. These may be
parameterized according to soil type.

Area-weighted albedo values have been calculated for 10° by 1l0°
latitude/longitude areas based on assigning a different albedo value to each of
49 recognized surface types. Values are arranged for each of the four seasons,
thus incorporating the effects of a seasonal snow cover where applicable. These
data could be used to provide values for areas as small as 1° latitude by 1°
longitude (Hummel and Reck, 1978}).

Data on snow cover and depth, as well as water egquivalent, are needed in
relation to all of these terrain and vegetation or land use arameters.
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Appendix I
MAJOR SNOW AND ICE CHARTS HELD AT THE WDC-A FOR GLACIOLOGY (SNOW AND ICE)

*British Meteorological Office:
- Monthly Arctic Ice Maps. Jan. 1962-July 1978.

*NESS/Synoptic Analysis Section:
- Northern Hemisphere Snow and Ice Boundaries. 9-15 May 1977 to 5-10 Feb. 1979.

FLEWEAFAC, Suitland:

- 30 Day Ice Forecast for Morthern Canadian Waters. (Text: bimonthly)
mid-June to mid-Jduly 1976 to mid-Oct. to mid-Nov. 1977.

- Western Arctic 30 Day Sea Ice Forecast (Charts: bimonthly)
Z April 1977-28 Feb, 1970.

- Eastern Arctic 30 Day Sea Ice Forecast (Charts: bimonthly)
Apr 17= Feb. R

=*Western Arctic Sea Ice Analyses. 18972-1975.

=*Eastern Arctic Sea Ice Analyses. 1872-1975.

-*Eastern-Western Arctic Sea Ice Analyses. 1977.

=*Southern Ice Limit, Western Arctic. (Weekly) 22 Feb. 1977-6 Feb. 1974%.

~*Southern Ice Limit, Eastern Arctic. (Weekly) 22 Feb. 1977-7 Feb. 1979.

=*Aintarctic Ice Charts., 1973-1974.

-*Northern Ice Limit. (Antarctieca: Weekly) 3 March 1977-8 Feb. 1973,

- Seasonal Outlecok: Western Arctic Ice. 19578,

- Seasonal Outlook: Eastern Arctic Ice. 1977; 1978.

- Seasonal Outlook: Western Ross Sea and McMurdo Sound. 1977-1978; 1978-1979.

Environment Canada: Atmospheric Environment Service:
= Ice Summary and Analvsis: = Canadian Arctic. 1964-1971.

= Ige Summary and Analysis: = Eastern Canadian Seaboard. 1965-1971.

= Ipce Summary and Analysis: - Hudson Bay and Approaches. 1965-1571.

=*Southern Historicals. 1958-1974.

=*Northern Historicals. 1960-1974.

*Dept. of Energy, Mines and Resources, Polar Continental Shelf Project (Canada):
Sea Ice Atlas of Arctic Canada. 1969-1974.

Danske Meteorologiske Institut:

-*Tgforholdene i de Arktiske Have. (The State of the Ice in the Arctic Seas).
1953-1956.

-*Igforholdene i de Grgnlandske Farvande. (The Ice Conditiens in the Greenland
Waters). 1957-1964.

- The State of the Ice in Davis Strait, (Text: 45pp.). 1820-1930.

*U.5. Dept. of Commerce/U.S5. Dept. of Agriculture:
- Weekly Weather and Crop Bulletin (snow cover). Jan.-March 1976; Dec. 1976-
March 1977; Dec. 1977-March 1978: Dec. 1978 to present.

*Descriptions of these data sets are included in the text.
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8) *U.S. Dept. of Agriculture, Soil Conservation Service:
- Snow Surveys and Water Supply Outlook for Alaska. Feb.-June 1974; 1976=1978.

- Water Supply Outlook for:

- Colorado and New Mexico Feb.-April 1978

- Arizona Feb.-April 1979

- Tdaho Jan.-June 1978; Jan.-Feb. 1979

- Montana Jan.-June, Oct. 1978; Jan.-Feb. 1979

- Hevada Jan.-May 1978

- Oregon Jan.=-June, Oct. 1978; Feb. 1979

- uaﬁ— Jan.-June, Oct, 1978

- NasEinEtcn Feb.-May 1972; Feb.-June 19%73-1978; Feb. 197%
= Wyomlng Feb.=-June 1978; Feb. 1979

Various other annual or short-term regional reports are also held.

9) *S5now Cover and Sea Ice Indices

a) Digitized snow cover and sea ice data tapes for the Northern Hemisphere,
1972-1978.

b) Digitized sea ice data tapes for the Southern Hemisphere, 1973-1978.

Both data sets have been made available by G. Kukla, Lamont-Doherty Geological
Observatory.

A Northern Hemisphere sea ice data set for 1901-1956 (from M. Kelly, University

of East Anglia), and for 1953-1977 (from J. Walsh, University of Illinois) will
be archived at the Data Center when available.

*Descriptions of these data sets are included in the text.

23



Climate Related Snow and Ice Analyses From Satellite Data
(Summary)

E. Paul McClain
Mational Oceanographic and Atmospheric Administration
MNational Environmental Satellite Service
Washington, D.C., U.5.A.

This paover describes two oroducts of WOAA/NESS. The first is the Composite
Minimum R®rightness (CMB) and Composite Maximum Temperature (CMT) charts; the second
iz a satellite-derived continental and hemispheric snow cover data base.

CMB and CMT charts. An irregular series of data are available for both hemischeres
for 1969-79. Original composites were based on digitized video data. Scanning
radiameter data were introduced at the end of 1974. From 1979 on, these charkts will
be based on TIROS-N, Advanced Very High Resolution Radiometric (AVHRR) Data. The use
of minimum brightness (visible) and/or maximum temperature over 5- to 1O-day
compositing periods eliminates or suppresses all but the most persistent cloudiness.
The IR data are inferior to the visible images in a number of ways; they do, however,
allow analyses to be extended into the polar night, where visible dJata are
unavailable. Using these methods, interannual variations in snow cover and ice extent
are readily depicted on a hemispheric basis.

Hemisoheric Snow Cover Data Base. Weekly Northern Hemischere snow and ice boundary
charts are produced using the NOAA/MESS visible-band images from polar orbiting
satellites. Monthly mean snow cover charts are also oroduced €or both Furasia and
Morth America. ®Both interannual variations of continental or hemispheric Snow cover,
as well as intercontinental comparisons, can be made. Twelve vears of data are
available from “Wovember 1966 onward.
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Ice Products Derived from Satellite at NOAA/NESS
[Smunmnary]

Franklin E. Kniskern
Mational Oceanic and Atmospheric Administration
MNational Environmental Satellite Service
Washington, D.C., U.S.A.

The Mational Oceanic and Atmospheric Administration (MOAA) through the WNational
Environmental Satellite Service (NESS5) produces a variety of oceanographic products
derived from satellites, With the advent of the Very High Resolution
Radiometer (VHRR) aboard the WOAA series satellites in late 1972, more sophisticated
ice oroducts are produced. BAccurate ice edges and even individual ice floes can be
readily detected from the l-km resolution imagery in both the wvisible and infrared
channels. The wvisible channel of the Scanning Radiometer (SR) sensor, with a
resolution of 4 km, has proven very useful for hemispheric snow and ice analyses. The
Geostationary Nperational Environmental Satellite (GOES), with a resolution of 1 km in
the vwvisible spectrum, has been widely used for the analysis of ice in the Great Lakes
and sea ice along the Labrador coast.

Utilizing the above satellite imagery, the following ice products are oroduced at
HOAR/NESS:

1. HNorthern Hemisphere Snow and Ice Boundary Chart - This weekly chart, which is
prepared on a polar stereograohic projection centered on the MNorth Pole, provides
information on the areal coverage of the snow and ice. ®oth high and low resolution
visible imagery are utilized to detect the snow and ice fields and the differences in
reflectivity of the snow and ice.

2. Labrador Sea Ice Analysis - This chart depicts the ice edge and concentration of
sea ice in the Labrador Sea, The analysis has been oroduced both operationally and
experimentally as an aid to navigation for the past two seasons.

3. Great Lakes Ice Analysis - This chart depicts the ice concentration, leads, and
openings in the Great Lakes. The analysis is produced twice weekly during the ice
season as an aid to navigation, and distributed by National Facsimile and mail.

4. Alaska Sea Ice Analysis - This chart, initiated in 1973, devcicts the ice edge, ice
concentration, age of the ice, and openings and leads in the @Bering, Beaufort and
Chukchi Seas. This analysis is produced weekly throughout the year and distributed by
Hational Facsimile and mail. The ice information is wused for 4ice advisories and
forecasts to aid ships during the resupply of Alaskan ports.

All the above charts, including the originals and mail copies, are archived at
HESS.

High resolution imagery has been available from the NOAMR satellites over the
Bering, Reaufort, and Chukchi Seas since early 1973. With almost six years of daily
imagery, plus the weekly Alaskan ice analyses, we plan to produce an ice atlas of the
seas surrounding Alaska. We feel the atlas should be useful to various users by
showing the variability of the ice in the Alaskan region.

One other interesting ice phenomenon we have observed with the VHRR data is the
movement or motion of ice. The high resolution imagery allows us to detect the
movement of the ice edge, pack ice, and individual ice floes on a daily basis. The
film loop which will be presented will show a 110- to 165-km ice edge movement in the
Bering Sea over a period of only four days. Although this amount of ice movement is
very abnormal, it does show that ice motion can be Aepicted from a satellite. In the
future, an ice motion chart may be produced at MESS, or at least ice motion will be
indicated in the regular analysis.
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Data Sources and Sea Ice Products of Fleet Weather Facility/Joint Ice Center, Suitland

Raymond H. Gedin
U.S. Navy Fleet Weather Facility/Joint lce Center
Suitland, Maryland, U.S.A.

Introduction

Since 1973, the U.S. Navy Fleet Weather Facility, Suitland has produced global sea ice analysis
products for the U.S. Department of Defense and civilian users. Over the years, the ice products
have had a wide range of utility from quiding ships through ice infested waters to mmmerical heat
budget model inputs. In 1977 alone, over BOD naval ice messages to ship and shore facilities were
transmitted; 200 users received weekly mailings; and ice facsimile products were transmitted weekly.

This paper has been developed to systematically describe and explain data sources, method of
production, and products of the weekly sea ice analysis program.

Weekly Arctic Ice Analyses and Forecasts

I: General. Marmally analyzed Eastern (figure 1) and Western Arctic Sea Ice Charts (figure 2) are
produced weskly as a synthesis of ice data and satellite information of varying resclution and utility.
Soven-day ice limit forecasts reflect anticipated trends.

II. Data sources. Conventional data are acoumilated, decoded, and evaluated for timeliness and
reliability as received.

A. Shore station ice reports.

1. USSR, Finland and Sweden (Baltic and Gulf of Bothnia)
2. Morway (Jan Mayen, Bear Island, Hopen)

3. Greenland
4. Alaska
5., Canada

B. Ship reports.

1. U.S. Coast Guard Ice Breakers

2. Military Sealift command vessels
3. Icelandic Coast Guard

4. Merchant and fishing vessels

C, Aerial ice reconnaissance (method of observation),

1. U.S. Navy ice reconnaissance (visual, radar, radiation thermometer, laser pro-
filometer)

2. U.S5. Navy ice cbserver flights of opportunity (visual, radar)

3. HNational Weather Service. (visual)

4, U.5. Coast Guard Inmternational Ice Patrol (visual, radar)

5. Private industry (visual)

6. U.S. Mavy patrol aircraft (radar)

7. Foreign sources: Canada (SLAR, visual), Dermmark (visual), Morwegian patrol aircraft
{visual, radar), Japan (visual, radar)

D, Iee analyses from other domestic and foreign centers.
1. Canadian Ice Central, Ottawa (received daily by facsimile and telecopier)
2. Hational Weather Service Forecast Office, Ciemlam {received by telecopier on request)
3. British Meteorological Office, Bratknell, England (received by facsimile)
III. Analysis tools,

A. Eastern (B5° E westward to 110° W) and Western (110° W to 85° E) Arctic work charts (U.S.
Navy Hydrographic Office 2560) of 1:11 million polar azimuthal equidistant projections
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