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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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[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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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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2)

3)

4)

5)

7

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.
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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.

27



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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B. Satellite imagery,

1. HWORAR VHRR VISUAL resolution
IR resolution

2. [MSP hemispheric mosaic
VISUAL resolution = 4=5 km
IR resolution - 4=5 km
3. HIMBUS V ESMR resolution = 25 km

C. Automated diagnostic aids.

1. 1le8-hour theoretical ice drift vectors located at 207 grid point locations in the
Arctic

2. Positive and negative degree-day accumilations and theoretical ice thicknesses at 62
Arctic stations

3. 15-day cbserved temperature trends for 62 Arctic stations

4. Daily average temperatures and synoptic temperatures at 62 Arctic stations

5. Daily Fleet Mumerical Weather Central (FMWC) Northern Hemispheric sea surface
temperature and atmospheric temperature analyses

D. Climatology.
1. Compilation of weekly Fleet Weather Facility, Suitland Arctic Tce Analyses fram 1972
through present

2. Ice climatologies drawn from Naval Oceanographic Office publications
3. Mean ocean cwrrent data from Hydrographic Office publications and others

Iv. Seven-Day Ice Limit Forecast. The forecast is intended to depict anticipated trends in ice
limit positions. Available guidance is in the form of automated l4d-hour wind/current ice wvector
forecasts at 207 Arctic grid point locations and the application of persistence, extrapolative and
climatological ice movement rates. Diagnostic aids involving positive and negative degree-day
acoumilations and station temperature sumaries are also considered.

Weskly Antarctic Ice Analysis

I. General. The weekly Antarctic Sea Tce Chart (figure 3) is produced almost exclusively from
satellite information due to sparsity of conventional data and unavailability of automated diagnostic
aids.

II. Data sources.
A. hAntarctic shore station ice reports.

1. United States
2. United Fingdom
3. RArgentina
B. Ship reports.
1. U.5. Coast Guard ice hreakers
2. Military sealift, command vessels
3. Research vessels (foreign and domestic)
4. Merchant and fishing vessels
5. Argentine Navy
C. herial ice reconnaissance (method of cbservation).

1. U0.5. Navy ice cbserver flights of opportunity and dedicated recons (visual, radar)
2. U,5. Ooast Guard (visual)
3. United Kingdom (visual)

IIT. Analysis tools.

A. Southern hemispheric work chart of approximately a 1:15 million polar azimithal equidistant
projection,

B. Satellite imagery, Same as in Arctiec.

C. Climatology. Compilation of weekly Fleet Weather Facility, Suitland, Antarctic ice
analyses fram 1973 to present,
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Philosophy of Analysis and Technique

The ice charts are constructed under operational time constraints and re-analysis with late data is
not nomally actempted. The information presented reflects an initial effort intended for operational
use. The purpose of the analysis is to provide operators and researchers with reliable weskly hemi-
spheric a:llalysea derived principally from satellite imagery supplemented by comventiconal observations.
In general:

1. Shore station, ship, and aerial reconnaissance ice observations are plotted and evaluated for

II. Sata.'lhtemu;erjrlsa.mlyzadfmmﬂntamtwiththamstrecentarﬂhigheatrm]utﬂm
imagery considered first. Comparisons are made with ice analyses fram other centers (Arctic only).
Synthesis of available conventicnal and satellite data yields the finest analysis.

III. Wwhere insufficient data are available to define the Arctic ice limit, the ice analysis is first
made to follow continuity with the use of 168-hour ice drift vectors and other diagnostic aids (Arctic
only). If data are not available during subsequent weeks, ice limits are gradually made to approach
normal seasonal climatological positions.

Depiction
I. Ice concentration.
A. Boundaries, in units of eight.
B. Open Vater (O/W), less than 1/8,
C. Ice Free (L/F}, no ice present.
II.  Ages and stages. Data sparsity in Antarctic limits description to new, young and fast ice.
A. HNew.
B. Young (¥NG).
©. First year thin (FL).
0. First year medium (FM).
E. First year thick (FT).
F. Multiyear (MY).
G. Fast ice (solid black).
III. Descriptives.
A. Patches (PTCHS).
B. Fields (FIDS).
C. Belts and strips.
D. Mostly (MSTLY).
Iv. 7-day mean position of +2°C sea surface isotherm (Arctic only).
V. 7-day mean position of 0°C average air temperature (Arctic only).
VI. Ice limit and boundaries. Represented by solid line,
VII. Estimated ice limit, Represented by dashed line.
VIII. 7-day ice limit forecast, Represented by dotted line (Arctic only).
Qutput  (M,T,W,TH,F)
I. Messages,

A. Eastern Arctic Analysis/7-day Forecast - Naval Message (Tuesday).
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B. Western Arctic Analysis/7-day Forecast - Maval Message (Tuesday).

C. Tailored Arctic Ship Analysis/Forecast Message (Tuesday, Friday).

D. Southern Ice Limit (Arctic Data Limit) Morthern Hemisphere (Tuesday).

E. Tailored Antarctic Ship Analysis/Forecast Message (Monday, Thursday).

F. HNorthemn Ice Limit (Arctic Data Limit) Southern Hemisphere (Thursday).
II. Facsimile products

A. Bering/Chuckchi Facsimile chart #594 - Alaska Facsimile (Monday, Wednesday, Friday).

B. Eastern Arctic Sea Ice Analyses chart #591 Greenland/Iceland (Wednesday).

C. Eastern Arctic Sea Ice Analyses 62% reduced chart $596 Offutt Air Force Base (Wednesdayl).

D. Western Arctic Sea Ice Analyses 62% reduced chart #597 Offutt Air Force Base (Wednesday).
III, Mail.

A. East/West Arctic Analysis/Forecast (Tuesday).

B. Antarctic Analysis (Thursday).

v. Compilations of weekly ice analyses are bound into a book format and are available from the
National Technical Information Service in microfiche or hard copy form.

A. Eastern Arctic Sea Ice Analyses 1972-1975 AD-A033 344.

B. Western Arctic Sea Ice Analyses 1972-1975 AD-A033 345.

C. Eastern Western Sea Ice Analyses 1976 AD-RD43 353,
D. Eastern Western Sea Ice Analyses 1977 AD=ROS6 T84,
E. Antarctic Ice Analyses 1973-1974 BAD-RO28 256.
F. BAntarctic Ice Analyses 1975-1976 BD=AD43 354,
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Mapping and Archiving of Canadian Sea Ice Data

William E. Markham
Atmospheric Environment Service
lce Branch
Downsview, Ontario, Canada

Canada's ice orogram actually dates back to 1940, although orior to 1958, it was
concerned only with springtime ovening of navigation through the Gulf of St. Lawrence
to Montreal. at least seven data reports showing the retreat and dispersal of this
ice are available as publications of the government's (former) Geograochical Branch
(3lack and Forward, 1957; Black, 1957, 195%a, 1959b, 1960, 1951; Forward, 1958). They
depict ice boundaries only on a one chart per year basis.

Since 1958, the Atmoscheric Environment Service (AES) has conducted ice
reconnaissance in most Arctie, subarctic and Bastern Seaboard areas. The coverage is
over areas south of latitude 55° M, from December to June, and in the more northern
sections from July to October. There is a data gao in most years relating to the
spread of the ice cover southward from Davis Strait to Belle Isle Strait.

Reconnaissance hours have increased gradually over the vears and now exceed
3000 h/yr using orinciocally Electra aircraft along with DC-3's in the Great Lakes area
during the winter. Since 1971, each aircraft has carried cameras, a  laser
profilometer, an infrared line scan system, and an airborne radiation thermometer for
use in appropriate situations. A real aperture sideways looking radar was added to
one airecraft in February 1978.

Satellites have been used continuously since the mid-1960's, and the rapid
advance of technology in this field has made them a major data source for the past
five vyears. Both NOAA visual and infrared imagery and Landsat data (in summer only)
are available in real-time.

Besides the above, the Polar Continental Shelf Project has flown ice
reconnaissance in the arctic since 1961, orincivally in the Queen Elizabeth Islands.

Their results are published in two Canadian Arctic Ice Atlases -- the €£irst covering
1961-68 and the second, 1969-T74. These opublicaticns oresent the results of the
observations rather than an analysis of them. Since 1966 their data have been

integrated into the AES historical chart series.
The products of the AES ice service which are archived are as follows:

1. Thousands of original ice observers' charts. These are at a scale of
1:2,000,000 up to 1977, and recently, 1:1,000,000. Although they are on
microfilm, the large number precludes copying and distribution.

2. Composite ice charts at a scale of 1:4,000,000. These are issued weekly
for the Great Lakes in winter, Hudson Bay, Tastern Arctic, and Western Arctic
in summer; and three times weekly for Bastern Seaboard from January to June.
The veriod covered is 1972 to date and copies can be ourchased from: Ice
Climatolegy Division, Trebla Building, Dept. of the Environment, Ottawa,
Ontario KI1A OH3.

3. Historical ice charts at a scale of 1:6,000,000. A weekly series, mid-May
to end of October, for the area north of latitude 65* N, and another on a
year-round basis for the Eastern Seaboard, Hudson Bay and Foxe Basin. There
are, however, few data north of latitude 55" W.in this series from 1 December
to 15 May. Both series cover the years 1959-74, and work is progressing slowly
on the more recent vyears. The charts are on microfilm and are available as
above.

4. There are bound copies of Ice Summary and BAnalysis - Bastern Canadian
Seaboard, Hudson Bay and Approaches, and Canadian Arctic for the years 1964-72
{1973 is in press). These add meteorological parameters to the ice charts on a
weekly or two-week basis, but the actual ice data come from the historical
series noted above. Copies are available from the Ice Climatology Division.
An incomplete similar series of ice observations for the same period is
available at AES Headguarters. 53



5. Ice thickness data measured weekly at most coastal weather stations north
of latitude 55°* H. have been opublished vearly since the early 1960's. An
analysis - Ice Thickness Climatology was prepared in 1974, Conies  are
available at AES headgquarters.

6. PFreezeup and breakup data are collected at many Canadian weather statiens.
These have also bheen published at intervals. Copies are available from BAES
headgquarters.

Existing Canadian atlases of sea ice are as follows:

Ice Atlas of Arctic Canada - C. Swithinbank, 1960. Covers all data on record
1900-55 {including ship=' logs). The data are analyzed at about 275 points
four times per month and devicted in summary in chart form. The input record
by year and location is also included.

Canadian Arctic Ice Atlas - Polar Continental Shelf Project, 1961-68 and
1969-74. Actually a publication record of their ice observations.

Ice Atlas - Bastern Canadian Seaboard - in press. Covers the area from the

Gulf of St. Lawrence to latitude 55° N, based on years 1962-73.

Ice Atlas of Canadian Arctic. This is being developed at oresent by AES.
Expected publicatlion date iz 1980,

In addition to the above, I would like to point out that the World Meteorological
Drganization is presently working on three orojects in this area:

1. A set of ourely numerical symbols for wuse on ice charts receiving
international distribution or broadcast.

2. A aqguestionnaire concerning national practices in ice reconnaissance and
gervices provided to shipping.

3. A catalogue of ice data archives held by various nations, and eventually, a
cecommended system for archiving ice data in digital form. This is intended to
lead to regional (or national) oreparation in computer compatible €ormat of the
total ice archive in five-year segments, both for the past and as an ongoing
program for the future.
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Snow/lce Data Field at AFGWC
(Summary)

G. Koenig
Air Force Global Weather Central
Offutt Air Force Base, Nebraska, U.S.A.

The Air Force Global Weather Central (AFPGWC) Snow Cover Analysis Model was
deseribed with respect to the data inout, analysis procedures, oroblems, possible
improvements and potential uses of the model. The hemischeric model became
operational in 1975. It uses hourly surface synootic Adata, meteorological satellite
video brightness data, and climatologial data to determine the depth and age of snow
on the ground on a hemispheric arid with 46-km (25-nmi) spacing. Improvements are
currently being made to the climatological data used (such as manually bogused inmuts)
to increase the accuracy of the model's output. The resulting daily analvses orovide
a HNorthern and Southern Hemisphere data base which is stored on high speed computers
and available for meteorologcal and other scientific apolications.
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A DMSP Near IR Sensor For Cloud/Snow Discrimination

Albert W. Kimball, Jr.
Westinghouse Electric Corporation
Baltimore, Maryland, U.S.A.

Abstract

This presentation describes an instrument built to fly on a DMSP satellite.
Sensing reflected sunlight in the 1.5 wum region, it is designed to operate in
conjunction with the visible channel of the primary sensor to demonstrate feasibility
of automatic recognition of clouds over snow fields. The theoretical basis for the
instrument is discussed briefly, and salient radiometric characteristics of the
instrument described.

Instrument Purpose and Descriotion

This DMSP Supplementary Sensor was conceived and has been confiqured to
demonstrate that information from a relatively narrow (aporoximately 0.1 ym) band
centered at 1.55 pm may be used for automated separation of snow and cloud scenery
under sunlit scene conditions. Radiometrically, bright but noncloud scenes could be
discarded during automated processing of wvisible spectrum cloud data. 4 second
purpose was the generation of a data base which could be used to generate threshold
{cloud/not-cloud) algorithms for apolication to bright scenes otherwise not computer
separable. General preservation of the detailed snow information from such combined
channel data was not an initial consideration.

The initial design baselines were generated from a relatively meager background
of published experimental (measured) data. From that available, the work of Rlau, et
al. (196A) and Plummer (1969) was used for estimation of cloud radiances in the
general spectral region of interest. Advance information from O'Rrien, et al. (1975},
supplied by Air Force Cambridge Research Laboratories (AFCRL), was wused for snow
radiance in the same soectral region. B sample of the data used is shown in the
curves of figure 1. These data are selected as reasonably conservative. Older snow
will have lower reflectivity, and most stratus and large cumulus clouds are expected
to be of higher reflectance than those chosen. The data have been "normalized® by the
writer to solar zenith angle 50° and nadir view so the sources of the data should not
be charged with responsibility for any errors resulting therefrom, From such data
were chosen the spectral limits of 1.5 to 1.6 pym as providing adegquate acerture
radiance, while limiting the band to the region of maximum contrast. During the
perigd of instrument design, a short series of instrumented aircraft flights were
conducted by AFCRL to investigate the near IR radiance characteristics of clouds and
BNOW . A ground processed contrast olot is shown in figure 2. The agreement with our
cnlcul:tinna seems to be quite good, and has been taken to confirm our spectral band
selection. :

The instrument design has been described in detail by Stebbins (1978). B®Briefly,
a 48-element line array of intrinsic Ge detector elements lies in the image plane of a
40.2 degree wide angle lens designed to provide constant angular field of view per
array element (l14.6 mrad along track, 9.61 mrad along arcay on 14.6 centers along
array), as well as an element illumination loss from center to end of only 12 oercent.
The instrument field of view will extend from subtrack perpendicular to the track and
toward the sun, covering about 650 km on the earth's surface. Channel outmuts will be
sampled in the pushbroom mode every two seconds, individually digitized to six bits
and read out over 2 seconds into the oprimary sensor data stream in standard
supplementary sensor format. With the primary data, they will be recorded on the
spacecraft and played back over the DMSP Control and Readout Stations, shipped to
APGWC, deformatted, and recorded on tapes, together with standard time and ephemeris
information. The sampling rate has been designed to provide essentially contiguous
coverage at the spacecraft subpoint with some overlan as the array looks out from the
track. Detector footprints on the earth surface are shown in figure 3. Finally, to
compensate for the wvariation in scene illumination from near subsolar to the
terminator region (and to permit gain variation for enhancement of specific types of
low radiance scenery), 16 gain states, svaced at 2.4 d8, are available and may be
commanded from the primary sensor memory at specified programmed times along the
orbital track. i



NEAR IR RADIANCE OF CLOUD
AND SNOW
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Near IR radiance of cioud and snow.
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Figure 2. A ground processed contrast plot.
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Figure 3, Detector footprints on the earth's surface.
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Design Considerations

As noted previously, a ourpose of the instrument is generation of a data base for
discrimination algorithms. Accordingly, the instrument has been designed to orovide
adequate signal to noise ratios down to expected inout radiances from snow Scenes Aa
few degrees £rom the terminator. To ootimize contrast between snow and cloud scenes
from near subsolar (low latitude snow caps in summer) to near terminator regions, 16
levels of commandable gain are orovided. Economics did not oecmit individual
calibration of all detector elements, so an alternative aooroach of accurate
calibration of element 24 (near center) and freguent relative resoonse measurements of
the other detectors relative to this element was taken. The calibration was
accomplished through wuse of the 75-cm integrating sohere used for the DMSP primacy
sensor after a special near IR calibration in our standards lab. The calibration
point selected was full scale outout (5.0 volts, level A3 digital) for a radiance
input corresponding to a subsolar cloud of p = 0.3. The gain level at this point is
step 3, or 7.3 48 above minimum gain, allowing for lowering if scenes are brighter
than predicted. A total of 2A8.8 48 gain increase in 2.4 dB steos will permit
maintenance of full scale output from clouds down to about 2" solar elevation. The
gain state is a part of the data stream for each line.

Again, economics on several scales did not opermit fine scale compensation of
detector differences and illumination variation due to optical effects. Some effort
was expended in this direction, however, with the relative response results shown in
figure 4. As noted above, element 24 was chosen for calibration and has unity
relative resoonse. With the exception of a “"weak sister®™, the resnonses are
reasonably uniform and should be adequate for our purpeose.
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Figure 4. Detector array response.

Two ted LED's (light emitting diodes) are incorpvorated into the ootical system
for functional checking Auring ground testing. Although they obviously de not fill
the field for all detectors, the expected opattern of resoonse, given no other
illumination, is known and has been seen many times during spoacecraft testing.
Provision has been made for commanding these LED's on during spacecraft Adarkness to
give some indication of sensor health. -



On Ocbit Evaluation

It is planned that primary data reduction and evaluation will be accomplished at
AFGWC, using sensor output and corresponding scene information from the primary sensor
visible spectrum (0.4 to 1.1 ¥m) channel. Detailed vlanning and areas of coverage
will, of course, depend on the vnrecise orbit selected and time of year of the launch.
In general, primarvy objectives will be as noted at the beginning -- verification of
adequate contrast for automatic discrimination and algorithm data base accumulation.
As a vart of this evaluation, some data may be taken at higher than normal gain levels
(saturated clouds, enhanced snow data differences). Operational wuse of this
instrument and future aoplications of the data generated from it will, of course,
depend upon the results it produces.
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The United States Environmental Satellite Data Archives

Eugene R. Hoppe
Mational Climatic Center
Satellite Data Services Branch
Washington, D.C., U.S.A.

Introduction

The U.S5. archives of environmental satellite data represent a unique source of
information for various investigations within many scientific disciolines. While
primarily intended for meteorological purcoses, many of the sensors orbited on the
more recent svacecraft also provide data of great value to hydrology and the marine
sciences. The data held within the archives consist of imagery in both photographic
and digital form, and, while the archives in their present form were initiated only in
late 1974, photographic images from the earliest meteorological satellites of the
1960's through the latest geostationary spacecraft are included in the files.

Organization of Files

The files within the archives have been indexed and arranged to facilitate
retrieval of data to answer reguests. The arrangement has been based on experience
gained in the past several years from the type and extent of reguests serviced. Most
requests have been concerned and primarily identified with a geographical area, a
specific date or peried, a certain sensor or spectrum, a specific phenomenon of

interest, and a specified data resolution -- in that order. Thus, our data are first
separated by individual satellites with their unigue areal coverage, further broken
down by date and sensor type, and finally, by resolution or scale. Specific data

formats, such as magnetic tape and 35-mm, 70-mm, 25- by 25-cm film, are also
maintained in individual files.

Uses

During the relatively short existence of the archives, we have seen substantial
increases in the use of these data by oceanographers, marine biologists, hydrologists,
and other investigators within the oceanographic community. Several operational snow
and ice related products are derived from satellite observations, such as the Great
Lakes and Alaskan ice charts, (U.5. Mavy, U.S5. National Weather Service), the mapped
snow-coverad river basin charts (see Schneider, this issue), and the Northern
Hemispheric Snow and Ice Boundary Charts (U.S. MNational Environmental Satellite
Service). This latter chart has been archived since October 1966.

The Scanning Radiometer (SR) daily infrared and visible data, held on digital
tape since 1972 in polar-stereographic hemispheric mosaic format, have been steadily
gaining in use for climatological purposes. The sea surface temperature digital data
contain the daily sea surface observations from the SR from which weekly isoline
‘charts for all ocean areas are prepared. These charts are used guite extensively to
chart certain fish migrations, which seem to be temperature controlled.

The addition of the Very High Resolution Radiometer Infrared (VHRR IR) sensor to
the ooerational polar orbiting WOAA satellites provided a much better look at the sea
surface temperatures over much of the ocean areas. These excellent 0.8-km resolution
data are being used effectively by the fisheries industry, sea transcort companies,
and the investigators of oceanic currents and other marine ‘phenomena.  Our
establishment of a 90-day rotating file of digital tapces of these excellent data, both
visible and IR, late in 1976, oprovided investigators a guantitative look at sea
surface temperatures for selected areas at a high resolution. The twice daily
periodicity of these IR data has greatly increased their usefulness to oceanographers.

Geostationary satellites were first orbited experimentally in 1966 (ATS-1); but,
since only data in the visible spectrum were received, no great impact was felt by
oceanograchers. However, in 1974, SMS-1 was launched with an IR sensor onboard. With
the experience gained using the data during GARP (Global Atmospheric Research Program)
Atlantic Tropical Experiment (GATE), the marine community began seeking uses for these
data with their 1/2-hour periodicity. Even with its low resolution (8 km), it found a
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definite use in following the meanderings of the Gulf Stream and the temperature
variations in the Gulf of Mexico. In August 1976, a digital archive of geostationary
satellite data consisting of five IR and one wisible full dAisc image per day from each
of the two U.S. satellites (GOES-East/GOES-West) was started. Since then, use of
these gquantitative data have been rapidly expanding. Ry making mosaics of the five
segquential IR images per day, investigators have decreased the problem of sea surface
temperature analysis due to cloud cover.

Data €from the Earth Resources Technology Satellite (Landsat) with their 80-km
resolution have, since 1972, allowed a very close look at ocean areas, These data
disclose the presence of gravity waves, pollution, oil spills, and plankton. Even
with its poor periodicity (returns every 18 days) and small areal coverage, 1its very
high resolution has made it an exceptional tool for oceanic as well as terrestrial
research.

Future Data Holdings

Our archives will hold and serve as a distribution point for nonreal-time users
of the data received from the WASA research satellite, Seasat, launched 26 June 1978,
which carried aloft advanced sensors specifically designed for obtaining information
in support of oceanographic aoolications., Data from Seasat should begin to become
available in early 1979.

Data from the third generation polar system, TIROS-N, launched 13 October 1978,
and the first follow-on svacecraft, NOAA-A, to be launched in 1979, will be available
from the archives.

Data will be received and filed from the Coastal Zone Color Scanner (CZCS) of the
Wimbus-7 satellite, launched 24 October 1978, Our archives will serve as a
distribution point for these unique data.

Appendix I explains in greater detail the satellite data available through the
Satellite Data Services Division (SDSD) of EDIS's Wational Climatic Center (NCC).
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Appendix I

SURVEY OF NOAA SATELLITE DATA AVAILABILITY
FROM THE ENVIRONMENTAL DATA AND INFORMATION SERVICE

The SDSD was established in October of 1974 to serve as the NOAA archive of
oceanographic and meteorological satellite data, and to serve as a central ooint of
contact for users to obtain both the data themselves and information relating to their
use.

A descriotion of the major types of satellite data available from SDSD and their
pertinent applications will follow, with the services available in each case noted.
Other major tyoves of data to be available in the near future, TIRDS-N, Seasat, and
Nimbus-7 CZCS, will alsc be described.

I. POLAR-ORBITING (ITOS/MOAA) SATELLITES

Polar-orbiting satellites of the ITOS5/NOAA series were launched into near
1,450-km sun-synchronous (guasi-polar) orbits with equator crossings near 9:00 a.m.
{descending node) and 9:00 p.m. (ascending node) local sun time. The orbital period
was 115 minutes with 12 1/2 orbital passes completed every 24 hours. Sensors on board
included the Scanning Radiometer (SR), WVery High Resolution Radiometer (VHRR),
Vertical Temperature Profile Radiometer (VTPR), and the Solar Proton Monitor (SEM).
WOAA-5, the last of the series, malfunctioned on 15 March 1978, leaving only the VHRR
and the VTPR sensors active and providing data, These two sensors are still
operative, but will scon be replaced by the sensors on the TIROS series spacecraft.
Data relay to the ground is provided through VHF and S-band freguencies.

A. Scanning Radiometer (SR)

The SR sensor is a two-channel (0,5 to 1.0 ym visual (VIS) channel and 10.5 to
12.5 pm IR channel} imaging device that continuously scans in a horizon-to-horizon
cross track mode with scan steps provided by the forward motion of the spacecraft.
VIS data resolution is approximately 4 km, and IR data resolution is approximately
7 km at nadir. Image data from the SR are broadcast continuously and may be acquired
with relatively simple VHF receiver and display equioment, then digitized, earth
located, and calibrated with inexpensive systems. The primary utility of SR data
would be in support of long term studies of large scale phenomena, where global
coverage and calibration accuracy are more important than high scatial resolution.
Similar type data will also be available from the TIROS series.

1. Orbital Swath Images. Orbital swath images are availabie in the form of
35-mm microfilm or photographic orints. Data coverage is essentially from November
1972 to 15 March 1974.

2. Mapoed Yosaics, These are 25- bv 25-cm negatives. They include Northern and
Southern Hemispheric wopolar-stereographic projections and a tropical (40° N-40° 5)
Marcator orojection of SR visible, 5R daytime IR, and SR nighttime IR data for each

day. on 15 September 1976, the format for the hemispheric mosaics changed from a
2048- to a 1024-grid structure. Simultaneously, both hemispheric mosaics were placed
on one 25- by 25-cm negative. These data are available on 35-mm micrefilm or

photographic prints for data from November 1972 to March 1978, Polar-stereographic
mosaics, MWorthern and Southern Hemispheres, are also available on computer compatible
tape for data from May 1974 to oresent.

3. Sea Surface Temperature Products. Quantitative data Ffrom the SR infrared
channel, together with information from YVTPR, are used to comoute sea surface
temoerature values for grid points at roughly 100-km intervals over the world oceans.
Temperature values are comouted daily for grid points where the sea surface is not
obscured by clouds. Where clouds interfere, values from the most recent day without
cloud interference are retained to complete the daily data field., & magnetic taoe
containing temperature values, the age of the computed wvalue in days, and other
related statistical parameters at each grid moint is orepared each day. The data may
be reproduced in a number of Aisplay products for specialized apolications. Daily sea
surface temperature data are archived and available on computer compatible magnetic
tape (CCT) at NCC/SDSD.

a. CCTs containing global Sea Surface Temperature (SST) observations for each
day and a summary of the orbital passes processed are available. The coverage of
. 51



these data is from December of 1972 to the oresent, with each tape containing one
month's data.

k. ™egatives (25 cm by 25 cm) which disvlay the latest available sea surface
temperature observations, and the "age"™ of the observation at each data point for both
Horthern and Southern YHemispheres are retained. Primary wuse of this product is
internal to WESS for daily monitoring of SS5T orocessing. The coverage of these data
is from Movember 1972 to the present.

e. 55T 10-Day Analyzed Field Tapes. Once per day, all satellite SST
ohservations are merged into a polar- sterecgraphic field. In addition te S5Ts, this
"analyzed field" contains land-sea tags, climatology temperatures, SST gradient, data
age information, and wverification temperatures. Ten analyzed fields £from 10
successive days are written to tave., With a few exceptions, this tape is available
for every day since 10 May 1973,

4. GOSSTCOMP Isoline Charts. Contour displays of the analyzed fields are
available in paoer copies. Contours are labelled in °C with a one-degree contour
interval. Sections of the globe are enlarged in Mercator projection (Arctic and
Antarctic regions in wopolar-stereograchic projection). These charts are available
weekly beginning with April 1976 to the present (June 1976 missing).

B, Very High Resolution Radiometer (VHRR)

The VHRR sensor detects energy in the wvisible spectrum (0.6 to ©O.7 uym) and
infrared window region (10.5 to 12.5 um) with a scanning system similar to the SR
sensor described previously. Visible and infrared resclutions are aporoximately
0.8 km at nadir. Reception of WHRR data at three stations in the United States
provides regular twice-dailr coverage of Worth America and nearby oceans. Limited
coverage from elsewhere (30" geocentric arc along an orbital track, once per orbit) is
available through onboard recording for receotion and processing by NESS, Washington,
D.C. These data are designated "VRec" (recorded) swaths. “VRec" coverage of
particular areas may be requested from WESS's Environmental Products Branch. The VHRR
HRPT [(High Resolution Picture Transmission) and "VRec" imagery is available for 1972
through the present. Coverage is wvariable according te the operational scheduling,

B 90-day rotating file of VHRR visible and IR data tapes began on 1 January 1977.
The VHRR Digital Tape User's Guide, available from 5050, describes in detail the
contents and ;nrmat of these tames, the calibration of the IR in terms of temperature,
and other information relating to the use of the data. Copies of the full tapes may
be obtained, or copies of particular segments from several taoes may be combined onto
output taoes.

These data are exceptionally useful for high resolution depiction of small scale
oceanogranhic features, such as eddies and irregularities along oceanic fronts or
coastal upwelling, Close-up views of snow coverage, local showers, frontal structure,
etc. c¢an also be obtained from these high resolution data. The eight-bit
guantitization of these data permits temperature calibration of the IR te a precision
on the order of 1/2 C°for mapoing of such features. The IR imagery may be enhanced to
depict subtle gradations in temperature.

C. Historical Imagery

All TIROS imagery has been microfilmed in catalog format and is archived on 35-mm
microefilm reels. Data dating hack to 1960 are avallable.

Fimal TIROS metecrological radiation tapes from TIROS II, TIII, IV, VII
(1024 tapes) are archived at Goddard Space Flight Center.

The ESSA series, which followed TIROS-X, was first launched on 3 February 1966.
The imagery, with the exception of ESSA-9, has been microfilmed and is archived on
35-mm microfilm reels. ESSA-9 data have been placed on both 35-mm microfilm and 25-
by 25-cm negatives. These images can be obtained, but are not as readily available as
the earlier ES5A data.

I1. GOES PRODUCTS

The GOES operational system presently consists of two scacecraft in equatorial,
geosynchronous orbit. Each carries one imager, the Visible/Infrared Spin Scan
Radiometer (VISSR), and a Space Environmental “onitor (SEM) system to provide data on
environmental conditions in space. .

2



A. VISSR

The VISSR sensor scans the full dise in 18.2 minutes, viewing the visible
spectrum (0.55 to 0.75 ym). In the infrared, the spacecraft scans one line on each
spin creating a full disc woicture containing 1,821 lines with a resolution of
approximately B km at nadir. 1In the visible, eight parallel lines are scanned with
each spin, creating a full disc picture containing over 14,000 lines with a resolution
of approximately 1 km at nadir. Visible channel scan lines may be combined in grouns
of two, four, or eight to provide 2- , 4- , or B-km resolution, respectively. Full
disc photograchic displays are prepared on the hour and the half-hour from GOES-East,
and at 15 minutes and 45 minutes after the hour from GOES-West. Partial disc oictures
at more freguent intervals may be scheduled to meet special reguirements. GOES-East
data are available from June 1974 to the present, and GOES-West data are available
from March 1975 to the present.

GOES data offer the unigue capability of tracking the movement and development of
oceanic features, such as large eddies or irregularities along the Gulf Stream. The
excellent periodicity of the data, enabling investigators to view short-term changes
in local storms, makes these data some of the most useful held in our archives. The
data are otherwise limited in terms of spatial resclution of the IR data (8 km), and
the accuracy with which it can be calibrated.

1. Infrared Images, 8-km resolution, full dise, 25- by 25-cm negatives.
Quantity: 45 per day per satellite; 32,850 negatives per year.

2. Visible Images,

a. 4-km resolution, full disec, 25- by 25-cm negatives, Quantity: 32
negatives per day; 11,6R0 per year.

b. 2-km resolution, 25- by 25-cm negatives in a guarter disc, variable
location. Quantity: Up to 32 negatives per day; 11,700 per year.

c. 1-km and 2-km resolution from Satellite Field Services Stations' sectors,
25- by 25-cm neqgatives in a format of sectors of wvariable size, resolution, and
location. OQuantity: ootential for 280 negatives per day; 102,200 per year.

3. Digital Image Tapes. Since 9 August 1976, one visible and five IR images
from GOES-East, and one visihfe and five IR images from GOES5-West have been placed on
cCTs in digital format, 9-track, 1600-bpi. Resolution of both the IR and visible
images is approximately 8 km at nadir. One tape per day for each satellite has been
archived. Only 89° of latitude starting at S0°W and 99° longitude centered at the
catellite sub-points are included in each image. 1In September 1978, this archive was
increased to also include data every 3 hours from both spacecraft. A total of 6 tapes
per day are now involved.

Copies of these tapes are available from SDSD. BRlso, the user may reguest
"sectors” defined by user-specified latitude/ longitude boundaries. Refer to the
VISSR Aprchive Tape Users' Guide available from SDSD, which ineludes information on the
Content and format of the data tapes and calibration of the data.

4. Digital Wind Vector Tapes. Wind wvectors are derived by comouter for over
ocean areas at 2 1/2° latitude-longitude intervals, using low-level cloud tracers in
two pictures, one to two hours apart. The tapes contain earth-located wind vectors
over ocean areas with estimated temperature and pressucre level of cloud tracers.
Quant ity: about 750 wvectors daily per satellite; one tape per month, from October
1974 to the present.

5. TV Movies. TV movies consist of about 21 hours of IR imagery from East and
West satellites, including =zooms on both the East and West portions of the United
States with weather map overlays. This product is archived in both negative and
positive form on 16-mm £ilm. ™ movies are available for most days for the last
couple of years.

III. LANDSAT PROGRAM PRODUCTS
{Requests for these data are referred to the
ERDOS Data Center, Sioux Falls, South Dakota, as of October 1978.)

Landsat data from the WASA earth resources satellites, Landsat-1 and -2, are
archived by the U.S. Department of Commerce (DOC) at EDIS. The satellites carry two
sensor systems: a four-channel Multi-Spectral Scanner (M55) and a Return Beam Vidicon
{RBV} system incorporating three cameras. Both sensors view the earth in swaths only

53



200 km wide so that a particular locality on earth may be viewed at intervals of 18
days, or certain areas every nine days. Landsat-l imagery is available from July 1972
to the present, and Landsat-2 imagery, from January 1975 to the present.

The Multi-Spectral Scanner (MSS) is a line-scanning Aeviece which uses an
oscillating mirror to continuously scan perpendicular to the soacecraft direction. &t
each mirror sweep, six adjacent lines are scanned simultanecusly in each of four
spectral bands; two in the visible (green, 0.5 to 0.6 ym and red, 0.6 to 0.7 ym) and
two in the near IR (0.7 to 0.8 ym and 0.8 to 1.1 um). Resolution of aporoximately
BOm is obtained in all four channels. Image swaths are obtained routinely on all
passes over Morth America and adjacent coastal waters. Coverage of selected areas
elsewhere is obtained as required for research studies and other orojects. The data
are archived in the form of 70-mm negative f£ilm covering 200 km by 200 km on the earth
on continuous strip. Ouantity varies from 10 to 50 image frames per orbit from each
cha:zel. Various types and sizes of photographic products may be obtained from this
archive.

Other satellites in this series include Landsat-3, launched 5 March 1978, and
Landsat-D, to be launched at a later date. Landsat-3 carries an MSS with four bands
identical to Landsat-1, and a fifth band in the thermal IR region (10.4 um to
12.6 ym). This IR band malfunctioned immediately after launch, and no useful data
were obtained. The first four bands have similar 80-m ground resolution, whereas the
fifth band was to have had a 240-m resolution. The RBV onboard Landsat-3 consists of
two identical side-by-side panchromatic cameras, each viewing an area 98 km by 98 km
with approximately 30-m resolution.

Landsat-D will carry two instruments onboard. The M55 will be similar to that
onboard Landsat-3 (5 bands); the second instrument will be a thematic maoper
consisting of five bands with 30-m resolution (0.45 um to 0.52 ym, 0.52 uym to 0.60 ym,
0.63 ym to 0,69 ym, 0.76 ym to 0.90 ym, and 1.55 ym to 1.75 ym), and a sixth band with
120-m resolution (10.4 ym toe 12.5 ym). Both sensors will image a scene measuring
185 km by 185 km.

IV. DMSP DATA

The Defense Meteorological Satellite Program (DMSP) is a military meteorological
satellite system which produces very high resclution wvisible and IR imagery of
potential interest to oceanographers. ARlthough not generally available in digital
form, and of limited quantitized precision compared to NOAA VHRR and this year's AVHRR
data, ©OMSP data have been successfully wused to depict small-scale sea surface
temperature features, and may be available for parts of the world for which higher
resolution VHRR and AVHRR data are not.

§DSD, through a contract with the Space Sclience and Engineering Center (SSEC) at

the University of Wisconsin, maintains an archive from which copies of DMSP imagery
may be obtained. Coverage is fairly complete dating back to 1973.%

V. BSEYLABR PRODUCTS

The Skylab Program established a manned worksheo in near-earth (433 km) orbit
from May 1973 to January 1974, The data from several of the Skylab sensors are
archived by SDSD in imagery form. Requests for Skylab data are no longer serviced by
the 5DSN. These data are now available through the ERDS Data Center, Siocux Falls,
Souti. Dakota.

B. Multi-Spectral Photograohic Camera [(S190A)

The MPC is a multichannel camera used te take pictures of selected areas at
S0-m resolution in support of earth resources applications.

B. Earth Terrain Camera ([S190B)

The ETC provides high resolution (25 m) imagercy in the .4 to .8 ym range. Each
image covers aoproximately 110 by 110 km.

C. Multi-Spectral Scanner (5192)

The M55 is a l13-channel system, collecting data in the .4 to 12.5 wym range,
‘covering a continuous swath 68 km in width.
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VI. TIRDS=-N PRODUCTS

TIROS-M is the prototype satellite for the next generation of operational polar
orbiters, and was successfully launched on 13 October 1978.

Of primary interest for scientific aoplications is the Advanced Very High
Resolution Radiometer System (AVHRR), which is on board TIROS-N. This sensor system,
while specifically designed for the guantitative measurement of sea surface
temperature, will worove as well to be of extensive wvalue to other scientific
disciplines. The AVHRR data will be digitized onboard the satellite to 10-bit
vrecision, offering a substantial gain in orecision over the previous 5R and VHRR data
{8-bit precision) and the planned DMSP sea surtace temperature sensor (Block 5D-2,
also B8-bit precision). The spatial resolution of the AVHRR data will be 4 km for
global coverage and 1 km for limited area coverage, as with the current VHERR. The
AVHRR is also a multichannel sensor. The first unit (aboard TIROS-N) will have four
channels as listed in table 1; succeeding AVHRRs are scheduled to have five.

Table 1. TIROS-N AVHRE channels.

TIROS-N AVHRR

Channel Wavelength pescription
1 «55 ym - <7 um visible
2 725 pm - 1.1 pm visible/Near IR
3 10.5 ym - 11.5 um IR({same as SR, VHRR)
4 3.55 ym - 3.92 um IR

The global AVHRR data will be processed by NESS intoe gquantitative products of
global sea surface temperature. The first level product will be a 50-km resolution
grid of sea surface temperatures, which will then be further processed to produce
gridded sea surface temperature analyses at the regional, global, and climatic scales.
The goals for accuracy of the temperature wvalues are 1.5°C absolute and ,5°C
relative, with the hope that the absolute accuracy can be refined to about 1°C in
time.

In addition, the highest resolution data (1 km) will be used to produce a high
resolution analysis on a 4-km grid base over U.5. coastal waters and the Great Lakes.
SDSD will archive all of the TIROS-N l-km and 4-km resolution data, received by HNESS,
in both digital and image form. S5DSD will also archive the various products produced
by NESS. Users will be able to request digital data for areas of interest at the
fullest resolution available.

VII. SEASAT PRODUCTS

Seasat, launched 26 June 1978, was the first HASA research satellite dedicated to
ocean science and applications. Seasat circled the earth at 800 km altitude, in a
near polar (inclination 108°), non-sun-synchronous orbit 14-1/3 times daily, and its
five sensors covered 95% of the global ocean area every 36 hours. Its sensors sent
back information on surface winds and temperatures, currents, wave heights, ice
conditions, ocean topography, and coastal stream activity. These sensors, all
microwave except the Visible and Infrared Radiometer (VIR), furnished all-weather,
day/night coverage of the world's oceans for the period 26 June through 10 October
1978. Table 2 lists the Seasat sensors and parameters.

In September 1978, WDC-A: Glaciology (Snow and Ice) received part of the DMSP archive
from SSEC. The WDC-A data set includes both visual and IR, and consists of swath dgta
from 1973-75, and mosaic, from 1975 onward., Resolution is 5.5 km. The data are being

sorted and are available on a loan basis. "



Table 2. Seasat sensors.

Sensor Freg/Wavelength Resolution Parameters
Altimeter 13.5 GHz 1.6 km = 11 km topography and wave
height
Microwave Scatter- wind speed and
meter (SASS) 14.6 GHz 50 km direction
wavelength spectra,
Synthetic Aperture high resoclution
Radar (SAR) 1.175 GHz 25 m images
55T, wind speed,
Microwave Radio- 6.6, 10.69, 1B, atmosphera
meter (SMMR) 21, and 37 GHz 16 km = 144 km corrections
VIS & IR Radio- 52 mm - .73 mm clear weather 55T and
meter (VIR) 10.5 mm - 12.5 mm 9 km feature ID

SDSD will serve as the distribution point for nonreal-time Seasat data to all
users. Data products will include imagery from the SAR and VIR, and digital products
from the ALT, SASS, SMMR, and limited digital data from the SAR and VIR. Digital data
will be in the form of earth-located, geophysical wunits (i.e., latitude/longitude,
time, wind speed, etc.). It is expected that distribution will be at SDSD's normal
prices for tapes and imagery.

VIII. MNIMBUS-7 COASTAL IONE COLOR SCANNER

Nimbus-G, now Himbus-7, was launched 24 October 1978 and is the last in a series
of NASA research satellites. The Wimbus-7 Coastal Zone Color Scanner data will be
archived and distributed by SDSD.

This sensor is designed for quantitative measurement of ocean color, using four
high spectral resclution (20 nm) channels centered on .443 um, .520 um, .550 um,
and .670 ym. Two additional channels will provide sea surface temperature capability
{11.5 um) and land-sea discrimination, sea surface anomaly detection (.750 ym). The
spatial resolution will be on the order of 825 m, and the width of the data swath will
be at least 1500 km. It is planned that 16 minutes of data will be recorded per
orbit, or 200 minutes per day.

The CIC5 data offer the possibility of mapping the distribut.on of ocean
chlorophyll and inferring the total chlorophyll content in a vertical water column.

CONCLUSION: SUMMARY OF SERVICES AVAILABLE FREOM SDSD

For all of the data listed above that are archived in the form of photographic
imagery, SDSD offers a complete array of photographic services, including enlargement
of selected areas, special processing to enhance certain features, production of
mosaics, and assembly of film loops or movies from GOES data. The price of a typical
photographic product is $3.25 for a 25- by 25-cm (10- by 10-in} contact print of GOES,
VHRR and SR. Simple special processing is done at no additional charge; the cost of
more complex special processing is negotiated. Delivery of photographic products is
normally 10 days from receipt of order.

For data available on CCTs, 5D5D provides straight tape-to-tape copying, as well
as selective copving, which invelves the extraction and copying of a specific
subset(s) of data from one or more input tapes. Additionally, grid prints of selected
areas may be obtained, either in "psuedo-image" form where certain printed characters
represent specific gray shades, or in a numerical form, by raw data value or, for IR
data, temperature. SDSD supplies complete documentation with all digital data, either
written by SDSD or provided by the originators of the data. CCTs are alse normally
delivered in 10 days from receipt of order.

In the case of both digital data and imagery, SDSD will serve as a point of
contact for any request for information or guidance relating to the availability or

use of the data. Inguiries should be sent to:

Batellite Data Services Division
World Weather Building, Room 606
Washington, D.C. 20233 U.5.A.
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Satellite-Derived River Basin Snow-cover Percentages:
A New Data Base For Hydrologists®

Stanley R. Schneider
Mational Oceanographic and Atmospheric Administration
Mational Environmental Satellite Service
Washington, D.C., US.A.

Introduction

Hydrologists at WOAA's National Environmental Satellite Service (NESS) have been
producing satellite-derived areal snow cover maos for selected river basins since
1973. Four basins were originally targeted for study, invelving a variety of
tovograchic, smatial, and climatological conditions (Wiesnet and ™eGinnis, 1973).
Heightened user interest, combined with an increase in manpower and eguioment
resources, has allowed MESS to expand the snow maoping orogram. During the 1977-1978
snow season, operational coverage was provided for 30 basins in the United States and
Canada.

Satellite Sensors and Imagery

The images oresently used for snow mapping at MNESS are obtained C€rom the HWOAA
series of polar-orbiting satellites and the SMS/GOES geostationary satellites. The
polar orbiter currently operational is NOAA-5, the latest in a series of imoroved
TIROS satellites, The first, NOAA-2, was launched on 15 October 1972. The imaging
system relevent to snow maocoing onboard NOAA-5 is the Very High Resolution Radiometer

{VHRR) . It provides daily coverage over most of North America in the visible portion
of the spectrum (0.6-0.T7um}, and twice daily coverage in the thermal infrared
(10.5-12.5um). Spatial resolution for both the visible and infrared data is 1 km at

nadir. MNOAA-5 is scheduled to be reclaced in summer 1979 by TIROS-NH, the first in a
new generation of WOAA polar orbiting satellites.

Five satellites in the SMS5/GOES series have been launched thus far. The first
two Synchronous Meteorological Satellites, SMS5-1 and B5MS-2, were NASA sponsored
prototypes. The most recent ones, GOES-1, GOES-2, and GOES-3 (Geostationary
Operational Environmental Satellite), were entirely NOAA funded. The satellites are
termed “"geostationary®" because their position relative to the Earth's surface remains
constant; they are stationed directly over the eguator at an altitude of 37,500 km.
The two geostationary satellites currently operational, GOES-2 and GOES-3, are fixed
respectively at longitude 75°W and 135°W. The imaging sensor onboard the SMS/GOES is
the Visible and Infrared Spin Scan Radiometer (VISSR). The sensor can provide imagery
at a variety of resolutions every half hour in both the visible and thermal infrared
portions of the spectrum. Maximum resclution for the wvisible data is 1 km at
subpoint; the thermal infrared data are available only at B km resolution.

Methodology

Snow maps are oroduced by first enlarging and rectifyind a visible VHRR or VISSR
image to overlay a hydrologie basin map. A Bausch and Lomb Zoom Transfer Scope (ITS)
is wutilized for this opurpose. Registration of image to map on the ZTS involves
aligning ophysiographic landmarks such as lakes, rivers and shorelines. After
registration has been achieved, the snow line on the image is traced onto the basin
map, and snow-covered areas are colored in. Percentage snow cover for the basin is
then determined by using an electronic density slicer. The snow map is placed on the
density slicer with a previously prepared opague mask outlining the basin. The
density slicer selectively color illuminates gray shades on the map. The colors are
projected onto a display screen, and percentage values for each color are read from a
digital meter.

Automated methods of snow mapping are currently being studied at NESS. One such
method, involving use of a comouter interactive system, is described by Gird (1977).

*Paper presented by F. Kniskern.
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Program Description

The areal snow cover data and/or snow maps are provided to wakter resource
managers in numerous Efederal, state and local agencies. A map of the Western United
States showing many of the operational basins is presented in figure 1. A list of
primary users and information on the precise location and size of each basin is given

in the accompanying table 1, The basins are similarly numbered on the table and
mao.

23
WYOMING
Q)
COLORADOD

CALIFORNIA,

ARIZONA,
MNEW MEXICO

="

Figure 1. River basins for HESS operational snow mapping.
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The areal snow cover percentages are dispatched over the RAWARC teletyope circuit
to Mational Weather Service River Porecast Centers (RFC) im Sacramento, Fort Worth,
Salt Lake City, F®ansas City and Portland. Snow maps are sent over telecopier or
through the mail to other agencies, including the 0D.5. Geological Survey, Bureau of
Reclamation, Corps of Engineers, Soil Conservation Service and Forest Service.

Not depicted in figure 1, but listed in the table, are the St. John basin in
Maine and MNew Brunswick, and the Northeast U.S. snow man. The Northeast analysis is
first transmitted over telecopier to the Weather Service Eastern Regional Hydrologist
in Mew York, and is then rerouted to RFCs in Hartford, Harrisburg and Cincinnati.

Basin snow maps are made on an average of once a week beginning MNovember lst, and
terminating when the snowpack aopears almost totallv depleted on the imagery. The
analyses can only be made when the basin is free of obscuring clouds. Accordingly,
basins in the Southwestern OUnited States and California's Sierra Wevada are mapoed
more often than those in the less cloud-free Pacific Northwest.

Table 1. Basins being mapped as of 1978.

River Baszin Drainage Area in I:n2 Primary Users
American above Fair Oaks (15) 5,601 Sacramento RFC
Boise above Lucky Pesk (11) 6,551 Portland RFC, Columbia Basin Network
Carscn (18) s 8,864 Soil Conservation Service, Sacramento
RFC
Clearwater above Peck {(T) 20,824 Portland RFC, Columbia Basin Network
Columbia River above Mica Dam (1) 21,290 Fortland RFC, Columbia Basin Network,

B.C. Hydro & Power Authority,
Environment Canada

Deschutes (k) 27,195 Calif. Stete Dept. of Water Resources

Feather above Oroville (1h) 49,386 Calif. State Dept. of Water Resources

Humboldt above Comus (20) 31,330 Salt Lake City RFC, Soil Conservation
Service

John Day (5) 19,632 Portland RFC, Columbia Basin Network

Kootenay above Libby (2) 23,277 Portland RFC, Columbie Basin Network

North Flatte between Alcova and

Guernsey {(22) 12,198 Bureau of Reclamation, Kansas City
RFC

Horth Platte above Seminoe (23) 15,274 Burzau of Reclamation, Kansas City
RFC

Hortheast U.5. Snow Map NE Regional Hydrologist NWS

Fayette above Emmett (10] &,9k1 Portland RFC, Columbis Basin Network

Rio Grande above Colo.-N. Mexico

State Line (26) 19,900 80il Conservation Service, Fort Worth
RFC

FRio Grande above Del Norte (25) 3,419 S0il Conservation Service, Fort Worth
RFC

Sacramento above Shasta (13) 16,630 Calif. State Dept. of Water Resources

Salmon above Whitebird (8) 35,005 Portland RFC, Columbia Basin Network

Salt (28) 16,141 Salt Lake City RFC, Fhoenix RDO, Salt
River Project, U.5. Geclogical
Survey

San Juan (24) 65,273 Salt Lake City RFC

Snake above Palisades (12) 13,340 Portland RFC, Columbia Basin Network

5t. John 55,167 Maine Bureau of Civil Emergency

Freparedness, New Brunswick Dept. of
Environment, Environment Caneda,
5t. John Basin Task Force

Sweetwater above Pathfinder (21) 6,027 Bureau of Reclamation, Kansas City
RFC
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Tahoe-Truckee (16, 1T) 7,665 Soil Conservation Service, Sacramento

RFC

Umatilla (6) 5,531 Portland RFC, Columbia Basin Network

Verde (27) 17,090 Salt Lake City RFC, Phoenix RDO, Saelt
River Project; U.5. Geologicel
Burvey

Walker (19} g,2Lh1 Soil Conservation Service, Sacramento
RFC

Weiger (9] 3,781 Portland BFC, Columbia Basin Network

Willamette {3) 26,159 Fortland RFC, Columbis Basin Network

Hotes on Users:

1. The Columbia Basin Network includes the Soil Conservation Service, Bureau of Reclamation, U.S.
Geologlical Survey, U.S5. Army Corps of Engineers, lational Weather Service, Bonneville Power
Administration, B.C. Hydro and Power Authority, as well as other state and local agencies.

2. Basins being done for the Bureau of Reclamation in Denver, Colorado; are retransmitted from the site
to field offices in Caspar, Laramie, and Cheyenne, Wyoming.

3. The St. John Basin Task Force includes the National Weather Service, U.5. Army Corps of Engineers,
U.5. Geological Survey, Environment Canada, and other State, provincial agencies.

The snow cover data are generally orovided to users within 30 hours of a
gatellite overpass, so they can be incorporated into watershed runoff forecast models.
Quality control technigues used are described in Schneider et al. (197%). They
include checks of the operational snow maws with higher resolution Landsat satellite
data, computer-enhanced imagerv, ground-based snowpack measurements, and aerial survey
maos, The data from aerial surveys are wparticularly useful for guality control
purposes, and are provided for basins in Arizona, TIdaho, and %®British Columbia,
respectively, by the Salt River Project, Walla Walla Uistrtct Corps of Enaineers, and
the British Columbia Hydro and Power Authority.

Availability of Data

Snow maps listed in tahle 1 are available on either an operational ar
retrospective basis. Detailed information can be obtained from:

Stanley R. Schneider

Environmental Products Branch

MESS, World Weather Building, Room 510
Washington, D.C. 20233 U0.5.A.
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Landsat-Derived Snow Cover as a Forecast Tool in the Rio Grande Basin in Colorado

Bernard A. Shafer
LS. Soil Conservation Service
Snow Survey Unit
Denver, Colorado, U.S.A.

Introduction

ITnformation on the areal extent of snowpack coverage has long been a desire of
snow hydrologists for both seasonal volume prediction and flood forecasting. Ontil
recently, this desire has been largely unfulfilled due to the expense and time
required for acquiring and processing aerial ohoto coverage. Since the early 1970's,
satellites have made available relatively high resolution imagery on a revetitive
basis from which snow-covered area can be determined.

Leaf (1971) and Rango, et al, (1975) demonstrated aoolications of snow cover
estimates in forecasting seasonal snowmelt runoff. However, use of satellite-derived
snow cover was not widespread in any major ongoing forecast oprogram. In 1974, the
Hational AReronautics and Space Administration {(HASA) undertook the task of
demonstrating the feasibility of using remotely sensed snow cover from satellites in
operational streamflow forecasting orograms.

Az a part of their Applications Systems Verification and Transfer {ASVT) nrogram,
MASA funded four demonstration projects in the Western United States to study the ways
in which Landsat-derived snow maps could be constructed and incorporated into existing
schemes for forecasting snowmelt runoff. Further, evaluations were to be conducted in
each study site te ascertain the potential imorovement in forecast accuracy which
could be ascribed to use of snow cover data. The four demonstration study centers
chosen were Arizona, California, Colorade, and the Yorthwestern United States. This
study effort within the ASVT program was designated the Overational Apolication of
Satellite Snowcover Observations (OASSO).

In Colorado, three agencies were involved in carrying out the intent of the ASVT
program. The U.S, Department of Agriculture (USDA) Soil Conservation Service was
given lead responsibility, with assistance provided by the U.S. Bureau of Reclamation
and the State of Colorado, Division of Water Resources (State Engineer).

The study approach in Colorado involved a four-step analysis: 1) Teo identify
specific drainage basins and acguire the Landsat imagery to cover them; 2) To examine
varigus technigues of mapping the snow cover and determine which method is most useful
in an operational mode; 3) To develoo a methodology for including snow-covered area
in a forecast of snowmelt runoff; and, 4) To evaluate the adequacy of the
forecasting technigues which employed snow cover.

Study Area

The Rio Grande River Basin in Colorade was chosen as the primary drainage for the
study. Within this basin, several watersheds were selected for detailed analysis.
These included the Conejos River, Alamosa Creek, Culebra Creek, South Pork of the Rio
Grande, and the Upper Rio Grande (figure 1). Each of these streams enter the San Luis
Valley from high mountains and form the main stem of the Rio Grande.

The San Luis Valley is a virtual desert which could produce little in terms of
agriculture were it not for the snowfed streams entering it. Mean annual
precipitation on the wvalley floor, which averages 2460 m (7500 ft) in elevation, is
only 17.8 em (7 in), while the headwaters at elevations up to 4590 m (14,000 ft)
average 114 cm (45 in) annually. Figure 2 depicts an average hydrograph for the Rio
Grande near Del Morte. This hydrograph illustrates the seasonal nature of flow and
its dependence on snowmelt. Over 80 percent of the annual flow is attributable to the
snowpack contribution which runs off in the period April through September.

Accurate forecasts of streamflow are essential on the Rio Grande and its
tributaries for several reasons. Agricultural interests within the San Luis Valley
require planning information on their orospective water supply to manage their
operations effectively. Also, waters of the Rio Grande are regulated and distributed
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according to an interstate compact between Colorado, WNew Mexico, and Texas.
Administration of the compact agreement in an eguitable and timely manner deoends upon
reliable estimates of streamflow both before and during the runoff season.

Although each of the watersheds in the Rio fGrande Basin was studied to some
degree, special emphasis was olaced on the Conejos River because of its generally
unrestricted flow, ease in maoping snow cover, and availability of precinitation and
snow course data,

Determination of Snow-Covered Area

Through the period 1974-78, six various technigues of snow maooing were tried and
compared on one or all of the watersheds in the study. Each of the technigques has
advantages and disadvantages.

The zoom transfer scope was the orimary snow maoping tool, and the standard
against which the performance of other technigues was judged. This instrument allows
the operator to wview simultaneously a Landsat image and a base map of the drainage
being mapped. A variable magnification feature allows the operator to compensate for
differences in scale between the image and the base man. In Colorado, most of the
mapping is done at a scale of 1:250,000. Snow-covered area is traced directly onto
the base map and planimetered. Major advantages of the zoomscope are its relative
simplicity of operation, short training time for use, and speed in which maooing can
be done. A major disadvantage 1is the restricted field of view requiring several
registrations and/or images for large drainages,

A density slicing technigue was also tried. 1In this methed, a positive Landsat
transparency is laid on a 1light table with an oopague mask covering all but the
drainage basin to be maoped. A camera records the various shades of gray, ani breaks
them down into 12 discrete levels which are dispolayed on a monitor in 12 false colors.
Single or multiple colors which the operator thinks matghes what is believed to be the
snow-covered area are electronically olanimetered and renorted as a percent of the
basin area. A major advantage of this system is the speed with which a basin ecan be
mapped . Unfortunately, in basins having a dense forest cover, it is difficult to
distinguish snow under trees. Errors also arise from highly reflective surfaces, such
as boulder fields above timberline, which apoear much like =now to the machine.

A color additive viewer, which uses four 70-mm transoarencies coinciding with
M55 (Multispectral Scanner Subsystem) bands 4, 5, 6, and 7, was used to map areal
extent of snow. In this method, the four chips are registered with ane another to
produce either a false color infrared composite or a natural color comoosite at a
scale of 1:500,000. An overlay base map is then used for manually mapping the
snow-covered area. The snow extent is then either computed by hand olanimeter or an
electronic planimeter such as that found in the density slicer. A major advantage in
this technigue is its ease in setting up and producing a snow cover map. Since the
70-mm chips arrive as much as two to three weeks ahead of standard Landsat imagery,
the timeliness of this technigue is another significant advantage. The only major
disadvantage of this system for our application was the relatively high cost
{about $15,000) of the instrument.

Several computer techniques were employed using computer compatible taoces {CCT)
of Landsat scenes. The first of these computer technigues was completed at the EROS
Data Center in Sioux Falls, South Dakota, on the Image 100 interactive system. LY
second run was made of the same scene at Colorado State University using the €DC 6400
comouter to produce gray-scale maps of the snow-covered area. In both of these cases,
the snow-covered area determination agreed within several percent of each other, as
well as with a zoomscope map of the same scene. However, the cost in terms of money
and time to obtain the tapes, process them, and interpret the outout was prohibitive
for our operational program.

A grid samoling method was attempted on several basins. In this technigue, a
grid was superimoosed onto an image and the degqree of snow cover in each cell was
assigned a value of 1, .75, .504 or .25 according to the subjective judgement of the
interoreter. The cells were totaled to oprovide an estimate of snow cover. This
method did not prove satisfactory due to the length of time necessary to process the
image and the poor reproducibility between interpreters.

Snow cover mans of the Rio Grande orepared by Stanley Schneider of NOAA/NESS were
utilized to obtain an estimate of snow cover on smaller watersheds included within his
macped area. An overlay of a small watershed was superimposed on Schneider's map and
snow cover traced onto it. This map was thgf planimetered to produce a snow cover
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estimate. As expected, tests revealed that the loss of detail inherent in this
technigue led to poor estimates of snow areal extent for basins with drainage areas of
hundreds of sguare kilometers.

Problem Areas

Throughout the S-year wperiod from 1974 to 1978, Aifficulties in attaining the
avowed goals of the orogram were encountered. For instance, delivery times for
standard Landsat imagery averaged almost one full month. M™MASA Quick-Look imagery
averaged about 10 days. With these tyoes of delays, it was difficult to implement
snow cover into operational forecasts.

A high incidence of cloud cover during some vears resulted in the loss of
potentially valuable snow cover estimates. In 1974 and 1975 only about 33 percent and
2% percent, respectively, of the images received were accentable for use during the
main snowmelt period because of excessive cloud cover,

Changes in personnel doing the snow mapping during the study period ‘led to
obvious difference in judgement as to what constituted snow cover. H®ecause of this
personal bilas, some undefined degree of error creepos into the areal estimates of snow.
Accuracy inm mapping snow cover is certainly desirable albeit difficult to measure.
More important than accuracy, however, is consistency. Without consistent
interpretation from one observer to another, any technigue is bound to yield
guestionable results.

Snow Cover in Forecasting

Once measurements of basin snow cover were tabulated, a means was sought to use
them in a forecasting methodoleogy which could be applied in an ooerational time frame.
Three technigues were developed, each of which was unigue.

The first method is an empirical one develoved by George Moravec of the Colorado
Division of Water Resources. His method involves plotting snow cover depletion curves
versus time, for the available years of record. Figure 3, taken from the 1977 Annual
Colorado OASS0 FReport (Washichek, 197R), shows these curves for the Conejos River,
Each curve is similar in shape and roughly parallel to the others. The next sten in
his technigue i3 to scale off the relative distances between the curves in their
straight line segments, and olot the scaled values versus the annual vyield of the
stream. Figure 4, also taken from the 1977 Annual Report, shows this relatienship for
the Conejos and South Fork watersheds. To forecast using Moravec's technique simoly
requires knowledge of which snowpoack deomletion curve a basin is following in a given
year. The success of this technigue depends upon the relationshio of sSnow areal
extent to water stored in the snowpack on a given date once the main snowmelt oeriod
is well underway. Anomalous late season storms dropping significant moisture can,
however, change the snow cover on the basin, making it difficult to select the orooer
denletion curve from which to forecast. Just such an event occurred in May of 1978,
A late storm on A May covered the entire basin after the main melt oeriod had begun.
It then became d4ifficult to assess the effect of the storm, =Since a new deoletion
curve had to be established.

A second forecasting technigque relies upon a statistical relationshio between
snow cover on a date well into the melt season and seasonal volume flow. Figure 5
illustrates this relationship for the Conejos River. The 1 May snow cover values are
derived from the snowpack depletion curves of figure 3. Admittedly, the relationship
is computed from only six data points, but they reoresent a wide spectrum of snowpack
conditions. They range from a minimum of record in 1977 to a near maximum din 1975.
This technigue again assumes that anomalous storms near the date of the forecast will
not occur.

The third technique uses a computer simulation model to make both short-term and
long-term predictions of seasonal and annual volume flows. 1In the Colorade study, the
"Subalpine Water Balance Model" developed by the USDA, Forest Secrvice (Leaf and ®Brink,
1973a, 1973h) was modified to acceot snow cover as a means of predicting residual
water eguivalent of the snowpack on a drainage basin. Satellite-dirived basin snow
cover, counled with point estimates of snowpack water equivalent from snow courses and
snow pillows, acts as a control to set "target"™ residual water equivalents which the
model attempts to simulate. Turing the accumulation limb of the snowpack hydrograoh
when snow cover is often 100 percent, snow course and snow pillow data are used to
guide the model. In the recession ohase of the hydrograpch, areal snow cover is used
to estimate residual water equivalent. Figure 6, taken from the 1977 Annual Colorado
OASS0 Report, is a schematic representation of the way snow cover estimates interact
with the model. Using the model allows a féexlbilitv for orediction purooses, but its
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use poses a very real dilemma. The model is fairly sensitive to the climatic
information entered as input. Thiz information is not easily acquired in many
instances and must be estimated.

Results and Discussion

Use of snow areal extent measurements in snowmelt runoff prediction in the Rio
Grande shows promise, but with the short ceriod which the study encompassed, it is
difficult to assess its long-range imopact. However, a number of conclusions can be
drawn concerning the use of snow cover in forecasting in the Rio Grande Basin.

Currently available Landsat imagery is of sufficient guality and resolution for
accurate snow manping by photo intervretative means. Delay in image delivery,
pseccurrence of cloud cover, and a 9-day interval between satellite coverage diminish teo
a significant extent the amount of reliance one can place in using snow cover as a
forecast parameter.

Three methods of using snow cover area in forecasting have been exolored and have
proven successful. A statistical regression model relates snow cover to season volume
flow directly. An empirical method relates seasonal snowmack depletion to seasonal
and annual vyields. A computerized simulation model provides short-term and seasonal
forecasts using snow cover as an input variable.

67



"TepoU UCTIBRTAWTSE JDUBTRY I21pA suTdieqns lw31s54s FUTISEI8I0] WAFI-JIOHE “LTATSY A

HIAADD MONSE %00} > HAADD MONS %00}

cus opriofon "y 2andtg

- d3NIL

ATIVAIND3I

HILVM 130HVI™ 7/

HIA0D MONS VIHV ‘H'M MOTTId

H'M IVNaIsad

‘A'M NOILY201

HIVd MONS

- AN TVYAINDA HILVM

L



A significant drawback to using snow-covered area exclusively to make streamflow
predictions is the lack of applicability prior to commencement of the main snowpack
recession which normally occcurs after 1 May. Water management decisions freguently
need to be made in late March and April, necessitating streamflow forecasts before
snowpack depletion gets well underway. For this reason, present forecast methods
utilizing snow course and orecipitation data will continue to be used. Use of snow
cover area in empirical or statistical prediction technigues during late spring will
be waluable as an independent method of checking the standard forecasts now being
oroduced,

As we accumulate more years of satellite imagery covering a wider range of
hydrologic and climatic conditions, we expect our forecasts to be imoroved through the
use of snow mapping. Satellite snow maooing, together with improvements in remote
hydrometeorological Aata collection systems, will enable us to make more fregquent and
accurate forecasts because of our increased knowledge of what is haooening in the
major water oroducing zone above valley floors.
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Archiving and Mapping of Canadian Snow Cover Data

B. F. Findlay
B. E. Goodison
Atmospheric Environment Service
Downsview, Ontario, Canada

Introduction

In Canada snow remains on the ground anywhere from a few days to the entire year.
Along the irregular seacoast of British Columbia and in that part of southwestern
Ontario where the latitude is the same as northern California, snow cover lasts for
only a few days during midwinter. By contrast, over the Western Cordillera and
extensive parts of the Arctic tundra, continuous snow cover lasts for eight to ten
months, or even longer over cermanent ice fields,

The snow resource is documented for quantity, distribution, and timing by
networks of meteorolegical observing stations and snow courses ooerated by public and
private agencies. The data collected are forwarded by the many observers to central
depots for synthesis, archiving, and publication. M™ost of these data are entered onto
ledger forms by hand, but much greater automation of data capture and transmittal is
foreseen for the 1980's, Archiving now makes widespread use of computer compatible
methods, but some smaller agencies continue to rely on hand tabulation. This paper
presents an overview of these nprocedures and opractices, but concentrates on the
activities of the Atmospheric Environment Service (AES) as a lead agency in the
collecting, processing, oublishing, and preserving of national snow cover information.
The first two of these steps are incorporated here only to reference procedures
described below.

It should be noted that when using point snow cover data, it is usual to archive
and subseguently map the data, whereas with other parameters such as sea ice, mapping
usually precedes archiving. With the use of remotely sensed data, especially from
satellites, it is now possible to enhance basic network observations. In particular,
the direct mapping of snow extent is now feasible, although currently of limited
application in Canada.

Snow data are collected at differing times in a wvariety of ways. Remote
recording snow gauges or snow pillows may telemeter data at reqular intervals
throughout the day or be interrogated as reguired by the base station. Meteorological
. Btations routinely report snowfall up to four times a day, while remotely located snow
courses may only be visited once or twice during winter. Detailed macping may regquire
combining data sources having a variety of formats which can ultimately lead to
difficulties in interpretation and analysis. This has limited the number of products
in the past, and, in Canada, the snow parameters have not vyet been adequately
standardized and acrchived to allow a satifactory exoloitation by the user community.

Data Collection and Initial Processing

The Canadian meteorological service (AES) measures snowfall at about 2500
observing stations across the country. Snow on the ground is also recorded daily at
over 300 principal synootic and airways stations, and at the end of the month, at the
remaining climatological stations. As well, the AES operates about 150 snow courses
{about 10 percent of the national total) in regionally representative terrain around
the stations.

Provincial agencies also measure precioitation and operate snow courses. Most of
the former data are archived by the AES when network standards are met. The AES also
publishes summary snow course data supplied by 18 agencies from about 1500 snow
COUrses.

Snowfall., The measurement of snowfall is standardized according to international
agreement. The deoth of freshly fallen snow is measured by a ruler at reoresentative
points to estimate a composite value, The water egquivalent of the snow is determined
at principal stations from MSC Nipher shielded snow gauge measurements, while at all
other stations it is estimated using an assumed snow-water ratio of 10:1. Princioal
stations continuously report to regiomal centers, while e¢limatological stations,
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usually manned by volunteer observers, report at month-end. Bll stations are
regularly inspected and the data are guality controlled.

Snow on the Ground. The depth of snow on the ground is reocorted daily by
principal “meteocrological stations, Some climatological stations also make daily
measurements. Many meteorological stations, however, are too exposed to wind for good
regional measurements.

The sSnow course oprovides a better sampling of representative snow cover, but,
necessarily, measurements are less freguent. In eastern Canada, reoresentative
landscapes are often chosen, while in the West, courses are sited on land types
typical of many areas, for examole, the natural grassland of the orairies and the
alpine meadows of the mountains. 1In general, snow courses are located in areas not
subject to interference through cultivation and other activities of man.

Snow courses are laid out and operated according to the policy of the respective
agencies, The “"national® network is really a comoosite of 18 subnetworks using a
variety of course designs, freguencies of operation, samplers, and field techniques.

The snow depth and water egquivalent are measured at a number of points along the
course, Also, often noted are crust and ice layers; less freguently recorded are
temperature profiles, crystal types, and tensile strength (hardness). The latter
parameters are usually only available from snow pit measurements when horizontal
rather than vertical sammling is employed. For normal wvertical samoling, when the
tube iz fully immersed in the snow, the Jepth is read from the scale on the sidewall.
The water eguivalent is generally determined by weighing the contents of the tube.
Common practice, especially at AES stations, is to record individual depths, and to
collect a bulk snow sample from all opoints in a pail which is then weighed to
determine the course water eguivalent.

Snow course information is suoplemented by data from storage gauges. These are
most often of the Sacramento or stand pipe design. Long duration recording gauges,
such as the Fischer and Porter, are also used and have been utilized as an integral
sensor on data collection platforms or other telemetry systems. In areas difficult to
access, snow deoth may be estimated from aircraft using conspicuous vertical markers
on the ground for gquidance.

Recently, greater use has been made of satellite information in basin studies,
varticularly for flood discharge forecasting and reservoir regqulation. In cooperation
with U.5. agencies, a World Meteorological Organization (WMD) research oroject was
carried out by the Hydrometeorological Research Division in two watersheds: the Saint
John (Maine-Mew Brunswick) and the Souris (Saskatchewan-Worth Dakota) Ferquson and
Lapczak, 1976).

This work {is now expanded in the Saint John basin to include an ooerational
satellite snow cover mapping project in support of flood flow forecasting. Presently,
WORAR-5 data are being used, but direct reception of Geostationary Operational
Environmental Satellite (GOES-East) imagery is expected to commence shortly at AES
headguarters in Downsview, after which time GOES imagery will be used in the analysis,
since a 24-hour turnaround for the product will be possible (Hogg, 1978).

This project reoresents an extension of earlier work undertaken by the Wational
Environmental Satellite Service (NOAA/NESS). The capability is to distinguish
snow-free from snow-covered areas, as other snow cover pronerties can not vyet be
adegquately assessed.

Quality Conktrol, Data from meteorolegical stations are scrutinized during a
three=-stage process. Other data are mainly from water resource agencies, which, in
view of the sociceconomic imoacts of inadeguate forecasts, would be expected to
exercise similar care in verification.

Archiving and Publication

Snowfall and daily snow on the ground information has been ecollected and
published by the AES since 1840 and 1941, respectively. (Snow cover data were
collected earlier, but Aiscontinuously.) Instruments and sites are well standardized
for these parameters, and the material is published in the form of the actual, guality
controlled measurements,

The AES has conducted snow surveys on an operational basis only since the early
1960's. While eguipment and training of observers is comparable to that for snowfall,
the data are published almost directly in Snow Cover Data for Canada. The archive
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consists of handwritten ledger sheets filed by station. Wo microfilming is done.

Alsa contributing to the above mentioned opublication are 17 other agencies
operating snow courses. These data are published as received, in one volume per year.
There is no other method of future retrieval other than hand reabstraction. FRecourse
to the originating agency, which often oprevcares statistical summaries, may be a
preferable procedure for users.

Snow Cover Data for Canada began for the winter of 1960-1961, although a similar
. oublication  for eastern Canada had been available since 1954-1955. This was
originally done in response ko a regquest made through the Fastern Snow Cenfereqce
which publishes a similar volume for the northeastern United States. The agencies
contributing data to this annual national summary may also oublish their own data, in
a format Aesigned for their respective clientele. fccasienally, summary wvolumes are
produced, (for example: Canada., British Columbia {1975) and Canada. Quebec (1969)).
These latter agencies have, moreover, computerized their archives to facilitate
forecasting operations. Other agqencies, such as the Conservation Authorities Rranch
of Ontario and the AES itself, have similar olans.

The Proposed AES Snow Course Archive

In order to maintain its mandate to publish national snow course information and
to cope with metrification, it was decided in 1977 to create a modern comouter
compatible archive from which a hard copy could be Airectly produced for woublication.
Some of the potential benefits include:

A) a permanent data storage facility which may be readily accessed and will
grow in usefulness, particularly for statistical purvoses, over a number of
years;

B) a standardized format for data collected by a variety of agencies for
differing reasons. This will Facilitate data utilization over broad regions;

€y the oossibility of including for publication additional physical
information such as snow crusts, ice layers, environmental characteristics,
sampler tyoes, etc., which are recorded by many agencies, but not regularly
published.

Input Component, For ease of computer operations, a standard inout format is
necessary. Presently, contributing agencies supnly a variety of hard coony formats
which are digested clerically for hand entry on the orinting format. A universal
recorting form is being orepared which will allow standardized reporting by agencies.
Alternatively, computer compatible data input such as magnetiec taoe could be acceoted,
The system is, of course, bilingual in S5I (Systeme International A'Unites) or Imperial
Units, English and French.

The Fform (figure 1) identifies each course, its address and other wvital
statistics including the operating agency, peried of record, course lenqth, and number
of sampling wopoints and samoler type. The form was develoned from esarlier work
(Goodison, 1975).

The basic information is logged onto a master file. & second section of the form
reqisters site and environmental information. Changes to the environment may
necessitate a new master record, but in general these data would not be nublished,
although they would be available on reguest.

In part C of figure 1, the data are listed according to time of survey, and
provision is made for recording the deoth, water eguivalent, presence of crusts, ice
layers, and snow free noints. It is nossible ko archive up to four surveys per month
from September through June.

Data Processing., Flow charts (figures 2, %a, 2b) indicate how mertinent master
and observational data are comhined., Provinces, major drainage areas, river basins
and courses (stations) are all identified by numerical codes assigned at BAES
headgquarters. The record layout is shown by figure 3: table 1 Aescribes the data card
format. The princival oroduct of the data processing is the nublication format.

Egblieatinn Format. The prooosed format (table 2) is generally similar to the
existing layout of Snow Cover Data for Canada. This is to ensure consistency. There
is a provision for additional information as well. This includes:

A) a classification of surface crust hardness,
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CANADA SNOW COURSE REPORTING FORM

f15) TYPE OF TERRAIN AND VEGETATION

PART A MASTER INFORMATION
{1} IDENTIFICATION NUMBER # {2) COURSE NAME {3) PROVINCE

{4) RIVER BASIN {5) MAJOR DRAINAGE AREA

(6) CONTRIBUTING AGENCY!Name,No.) (7] LAT. {8} LOWG. {9) ELEV.*

(10) NO.SAMPLING POINTS f11) SPACING OF POINTS* (12) UNITS OF MEASUREMENT
{13] TYPE OF SNOW SAMPLER (14) WINTER COURSE ESTABLISHED

PART B ENVIRONMENT AND MODIFICATIONS TO SITE

fl6) SLOPE AND ASPECT

{17) CHANGES TO 5SNOW COURSE OR OFERATION SINCE LAST REPORT

OATE OF CHANGE NATURE OF CHANGE
PART C CBSERVATIONS WINTER 19 19
MONTH .  FIRST OBSERVATION SECOND OBSERVATION _ THIRD OBSERVATION FOURTH OBSERVATION
o B w g' El [ " ) s
E e e L e
cilAEE R EEdlee
SO je & = *SlE=
%Er 18] (19J420F (21] |(22] W20
oEC
JAN
FEB
MAR
APR
MAY
JUN ]
i. I H

Figure 1, Canada snow course reporting form.
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LIST OF
MAJOR
DRAINAGE
AREAS

LIST OF
RIVER
BASINS

LIST OF

STATIONS

PUNCH AND PUNCH AND PUNCH AND
VERIFY VERIFY VERIFY
e JaifE;:;::—' ey
MAJOR RIVER STATION ;
DRAINAGE AREA) BASIN MASTER -
NAMES NAMES pipites o
Z27#A______ | CREATE ERROR LIST
MASTER p———————--1 SUMMARY OF
RECORDS COUNTS
YEAR EFFECTIVE WITHIN SORT CORRECT
e N
LISTING NUMBER e A
RELOAD
MASTER
FILE

Figure 2. Snow course archival system.
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| vepaTE RUN ] [ FirsT RuN ]
ERROR LIST SNOW COURSE
EE— ' DOCUMENT
PUNCH AND PONGH: ARD
VERIFY TRRIFY

i
DETAIL DETAIL
CARDS CARDS
SORT o— LISTING NUMBER
CRENLE. . DETAIL
(UPDATE} INPUT
FILE
ERROR LIST CREATE OR
UPDATE 227#B
AUMERSE O DETAIL RECORDS
COUNTS AND QUALITY
_ CONTROL

DETAIL
OUTPUT UPDATE ONLY

FILE

Figure 2a. Snow course archival system, 16



DETAIL
FILE

LISTING ORDER WLTHIN
RIVER BASIN WITHIN SORT
MAJOR DRAINAGE WITHIN
PROVINCE CODE

OUTFUT: SNOW COURSE
Z27{C 1., TABULATION TABULATION
2. ARCHIVES ARCHIVES RECORDS
TAPE DUTPUT

DUMMY OUTPUT ON
PRELIMINARY RUN

Figure 2b. Snow course archival system.
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Table 1. Layout of snow course dara card.

CARD CARD
COLUNNS FIELD CODE REMARKS
1=2 System 27
Information
3-2 AES Allocated by AES for Station
Station No. Identification
lo-11 Year Last Two Digits of Year
12-13 Nonth o1=- Month coded numerically
12 Janvary is 01 etec.
14 Card
Number 5
15 Unies of 1 Snow depth - Centimetres and tenths
Measurement Water Equivalent - Nillimetres
2 Snow depth = inches and tenths
water equivalent - inches and tenths
16 Not Used Blank
17=-32
17=-1#8 First observation of Month
Day 01-31 Day of Month
19 Surface Crust A No Crust
B Light Crust
c Crust Strong cnough te Support
Man on Snowshoes
D Crust strong encugh te Support
Man without snowshoes occasionally
E Crust Strong Enocugh to Support
Han without Snowshoes Most of
the Time
Blank No Report
20 Ice Layers o Nil
1 Layers within Pack
Fi Layers at Base of Fack
3 Layers both within and at baze of
pack
Blank NOQ REFORT
21-24 Average oo0g- 000.0-999.9 Centimetres or
Snow depth 5999 000 .0-959.% Inches
25 Sncw Depth Code T Snow depth Is trace and coded
0000
Blank No Codes
26-29 Average o0oo- 0000=-999% Millimetres or
Water Equiv. 3999 000.0-99%.9 inches
0 Water Equiwv. N tsed if water egquivalent is
Code missing and snow depth is reported.
Blank No Codes
EEE F Polnts with oo- Number of Points in the
No Snow 20 Course Not covered by Snow
Blank No Report
Second Observation of Month
J3-48 Coded as For first Observation
Blank No Report
49-64 Third chservation of Month
Coded as for First Observation
Blank No Report
65-80 Fourth Observation of Month
Coded as for First Observation
L Blank ¥o Report
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B) the oresence of ice layers in the vack,
C) the number of snow-free opoints on the course,
n) samoler tyoe,

E} an indicator of major chanages in the course or environment.

Following is a brief descriotion of the publication Fform. In the extreme
left-hand columns are the identifiers for: orovince, drainage basin, course name,
locational coordinates, and elevation above sea level. The two-digit FEfiqures in

brackets refer to the operating agency.

The data are oresented on three separate lines. Line one gives the day, (space),
crust types, ice layers, and points with no snow (dd cip). The second line presents
the mean snow depoth for the course in centimeters and tenths. The third line below
gives the mean water equivalent in whole millimeters. The three columns on the far
right-hand side give: the years or record, the sampler tyoe (code), and the course
length and spacing, i.e., 5 % 30 indicates 5 points at 30 m apart,

Status of the Archive, The format of the archive has been generally finalized,
but the cooperation of the participating agancies has not been formally sought., The
archive should become operational by 1979-1980 or before.

Research and Mapping of Snow Cover

Persoective on the Present State, Snowfall and snow on the ground data have been
analyzed for a number of national mapoing exercises. In 1965, Potter produced a
monograph on the snow depth data measured at meteorological stations, 1941-60. B
number of maos of median month-end depths were drawn along with freguency diagrams for
regional stations. The only comparable earlier work was a collection of hemispheric
maps prepared by the 1U.5. army in 1954.

Regional wariability in the nhysical prooerties of snow cover was studied by the
National Research Council beginninag in the 1930's, and culminated at the time of the
International Geoohysical Year (1957/58) (williams, 1958). These studies, which
included measurements of snow density, hardness, cerystal type and size, and layer
temperatures, orovided much useful information for a number of practical applications,
including later mapoing. McKay and Findlay (1971) presented a paper at the Western
Snow Conference wherein national patterns of snow deoth and density were related to
the major wvegetation and topographic divisions (figure 4). Earlier, McKay and
Thompson (1968) studied the snowpack in the Prairie provinces, and summarized the
difficulties of analysis and interpretation, as well as presented suggestions for
practical wuse of the 4data. 1Tn 1972, at the WMO/UNESCD Banff Symoosium on Snow and
Ice, these authors (McKay and Thompson, 1972) further specified techniques and
problems in snow cover maoping. A concrete example of the seriousness of the problem
was given by Ferquson and Soodison (1974) who oublished a number of 5- and 10-year
mean snow water eguivalent maps for southern Ontario (figqure 5). The difficulty of
interpreting local influences and observational biases was discussed. These factors
are particularly critical in shallow pack areas, as a later pamer by Goodison (1975)
emphasized in calling for qgqreater standardization of sites and observational
procedures,

Stratification of snow cover data against vegetation and terrain is a convenient
way of simplifying the complexity of the field as studies during the 1960's in
Quebec-Labrador demonstrated (see, for example, Adams et al., 1966) (figure 6). For
prairie regions, Steppuhn and Dyck (1974) have rationalized 1local wvariability in a
similar manner, demonstrating the statistical homogeneity of their selected data sets.
Goodison (in press) has also shown that landscape stratification, based on standard
snow courses rather than special traverses, is a feasible method of snow cover
calculation. Remote sensing is also proving to be a useful tool for regional studies,
as Loijens (1974) demonstrated for Canadian aerial gamma surveys.

Snow maps for the Hydrological Atlas of Canada published in 1978 were described
by Findlay (1975). These were produced at a scale of 1:5,000,000 and printed at
one-quarter size (1:10,000,000). The maps included: annual precipitation/snow cover
measurement networks, annual snowfall, dates of formation and loss of snow cover, and
mean maximum deoth of snow and time of occurrence (figure 7). The orecipitation and
snowfall maps were develooed from the long-term meteorclogical station records
{1941-70) . The dates of formation and loss of snow cover, and mean maximum depth of
snow wazre decived from a combination of meteorological archive records and hand
tabulated data from 230 nationally distributed snow courses. The combined data were
subjectively interoreted. ’
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Figure 4. Time-density wvariations in vegetation regions,
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WATER EQUIVALENT OF SNOW COVER

SNOW COVER AND VEGETATION
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Real-time Analyzed Products. Recently, Environment Canada has created a Canadian
Climate Centre (CCC) whose term of reference has a similarity to the World Climate
Programme of the WMD., The CCC coordinates research and applications to reach users
more efficiently. One method is the introduction of a weekly bulletin, Climatic
Perspectives, where national maps indicate the snow depth as ascertained from 1200
Greenwich Mean Time synoptic reports on the final day of coverage. In addition, *
information on anomalous conditions as they impact on transportation, Arctic
activities, agriculture, wildlife, and recreation will be gathered, and featured in
the bulletin, or otherwise be available on reguest,

Conclusions

Over the past few decades, considerable research has been directed towards
isolating problems of instrument design and function, and soecifying the type and
magnitude of errors with which one must contend, Az well, there has been a
considerable increase in network sizes in resoonse to user market development,
including government wolanners and decision makers, Included is the widespread
deployment of automatic data collection olatforms. Such developments have exerted
pressure on data handling facilities and raised serious guestions regarding the type
of data to be preserved and published.

In Canada, the meteorological and water services have develooed modern machine
handling facilities, giving efficient data storage and access retrieval to usars.
This is with respect to precipitation and streamflow. Regarding snow cover, however,
there remains considerable scope for imorovement. Research has identified the
princival oroblems, i.e., nonstandard course siting, instruments, and measurement
procedures leading to difficulties in archiving and interpretation. The snow course
archive presently being develooed will remove some subjectivity £from climatological
analyses, but it is for now a rather simple, initial step., By providing ease of
access to such a data bank, it is expected that the wuser market will grow,
particularly as examples of its use are demonstrated in the literature.

Historically, snow cover data products have been meager since much analysis has
had to be done by hand. The demand for climatelogical information, as with other
forms of environmental information, has notably increased as the values in design,
engineering, planning, and operations of investment sectors, resource management, and
socioeconomic concerns are brought to light.

With the increase in real-time products, the usefulness of snow cover information
should gain greater appreciation among decision makers, which will in turn stimulate
imoroved archiving and maoping facilities and an overall growth in products over the
next few years..
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Surface Measurements of Snow and lce for Correlation With Aircraft
and Satellite Observations
(Summary)

Michael A. Bilello
Cold Regions Research and Engineering Laboratory
Hanover, New Hampshire, U.5.A

The seasonal extent of the earth's snow and ice cover can easilv be determined by
aircraft and satellite reconnaissance. However, determination of the deoth and
physical vroperties of the snow cover and the thickness of ice on lakes, rivers, and
along coastlines by these remote sensors does not provide all the necessary data.
Reliable measurements are not being taken as fregquently as in the past, and a
significant amount of valuable data is lest, e.qg., temperature measurements. There is
a continuing need for data derived from a variety of sources, i.e., remote sensing,
aircraft observation, and ground measuremsnts, There is also a need to make available
unoublished historical data not contained in the literature. The ice measurements
made by the S5.5. Manhattan (Bilello and Bates, 1972) and the U.S. Air Force ice
thickness observations made between 1943 and 1951 (Bilello, %ates and Riley, 1970) are
examples of data which might have been discarded.
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Accuracy of Snow and Ice Monitoring

George Kukla
D. Robinson
Lamont-Doherty Geological Observatory
Columbia University
Palisades, New York, U.S.A.

It is well known that snow and ice covers have a large influence on the global
heat budget, mainly because of their high albedo (Hummel and Reck, 1978; Kung =t al.,
1964). Enowledge of the variation of these covers in time and space is essential in
the attemot to reach an understanding of climate changes (Wiesnet and Matson, 1976).
Today, several groueos produce operatiomal snow and ice cover charts. These maps,
mostly done on a weekly basis, extend from regional to global scales. Production
technigues and the charted characteristics (i.e., snow depth and relative composition;
surface reflectivity, age of cover; concentration of ice) of the snow and ice cover
differ (Dickinson et al, 1974; U.5. Waval Oceanographic Office, 1974; U.5. Wational
Environmental Satellite Service, 1974-75).

The week to week in

Tables 1 and 2 list the charts used in our study. changes

the extent and reflectivity of the snow and ice covers in both hemisvcheres are
measured, and the results expressed in the form of several snow and ice related
climatic indices (Kukla and Gavin, in press).
Table 1. Current series of snow charts used in the study.
Chart Name Produced Area Projection and Interval Content
By Approx. Scale
Horthern Analysis & Continents |Polar Weekly: Boundaries of Spow and Ice-
Hemisphere Evaluation of the Stereographic | 1967-Present | Covered Areas in 4 Classes:
Average Snow | Branch of Horthern 1: 50,000,000 1) Least Reflective
and Ice the National [Hemisphere 2} Moderately Reflective #
Boundaries Environmental |[Horth of 3) Highly Reflective
Satellite 259309 N, 4) Scattered Mountain Snow
Service NOAA |Latitude
Current USAF, Air Northern |Polar Weekly: Depth of Snow and Ice for &
Snow and Force Hemisphere|Stereographic | 1976=-Present | Categories:
Ice Depth Global 0-90% ¥. |1:30,000,000 1) <2"; 2) >2"; 3) »4"; L
Weather 4} =6"; 5) =B"; &) =10V
Central
Age of USAF, Afir Horcthern |Polar Weekly: Age of Snow and Ice in 7
Surface Force Hemisphere|Sterecgraphic | 1976=-Present | Categories:
Snow/Ice Global 0-90°% ®, |[1:30,000,000 1) Mo Snow 8
Weather 2) Fresh <14 hrs. H
Central 1} Wew <48 hrs. a
4) Aging at least 3 days old |4
5) 0ld at least 3 weeks
6) Very old at least 2 months
7) Permanent at least 6 months
Weekly U.5. Dept. Continen- |Albers Equal |Weekly:
Weather and |of Commerce |tal U.5. |Area 1934=-Present | Depth of snow on ground at
Crop Bulletin| Hational 1:30,000,000 7 a.m. E.5.T. for Monday,
Snow Chart Weather December = March only
Serv. NOAA,
U.5.Dept. "
of Agri-
culture &
Statisti-
cal Re—
porting
Service

*Qualicy Checked
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Table 2,

Current series of pack-ice charts used in the study.

Southern Ice
Limic

U.5. Haval
Oceanographic
Office, Fleet
Weather
Facility

Two Sections,
Eastern and
Western,North
of 409 N:
w1209W-907E
nB0°E-12000

Polar
Stereographic
~1:15,000, 000

Weekly:
1972-Present
{1971: In-
complete in-
formation on
Charts)

Sea Ice Concentration
in Oktas, open water
polynyas. Also shown:
Isoline of +2°C sea
surface temperature,
02C average air
temperature

Ice at the
End of the
Month

Climatological
Services
Meteorological
0ffice
Bracknell,
United Kingdom

Morthern
Hemisphere
Korth of 409
in the North
Atlantic, and
Horth of

Polar
Stereographic
~1:22,000,000

1960-Present
1960-61
(Morth At-
lantic only)

End of Month:

Sea Ice Concentration
in Tenths, open Water
polynyas. Also shown:
isopleths of degree
days, sea surface
isotherms, 0°C air

gurface isotherms,
0°C syrface air

450=602 in the isotherm A
Horth Pacific R I
o
Ice Summary Ice Fore= Eastern Palar Weekly: Sea Ice Concentration TE
and Analysis | casting Cen- Canadian Arc- | Stereographic | May-October {in Tenths} and by L
1) Canadian |tral, Environ- | tic, in=- 1964=73 age including open c
Arctic ment Canada cluding water polynyas. Also
2) Hudson Foxe Basin, included: mean
Bay and Western Arctic temperature and wind
Approaches including flow chart +1200 GMT
3} Easterm MNorth Coast of and Central 5ea Level
Canadian Alaska and, pressure of migratory
Seaboard Western Queen lows
Elizabeth Is.
ﬁ*
Horthern Ice |U.5. Maval Antarctic Polar Weekly: Sea Ice Concentration [N
Limit Oceanographic | South of 509 Stereographic| 1973-Present in Oktas, including T
0ffice, Fleet ~1:18,000,000 apen water polynyas. |41
Weather (1973-74 Algo shown: isopleths [R C
Facility 1:35,000,000 of degree days, sea g E
I
L5

isotherm

*Quality Checked

As a part of the study, we tested the accuracy of the operational maps, olacing
emphasis on fall, winter, and soring when maximum changes occur in the obzerved
variables. This was made possible by completing the charts with additional

information, unavailable at the time when the operational charts were being produced.
Both NMOAA/NESS and NAVY-FLEWEAFAC interpreters cooperated in the work and orovided the
original satellite imagery actually used in generating the charts. Great attention at
this =stage was paid to the gquality of the snow charts. This is because significant
regional changes in the extent and character of snow and ice covers often occur during
a single day.

The  snow cover on land is freguently discontinuous. For examole, south facing
slopes may be exposed more rapidly than horizontal sucrfaces or north facing slopes.
brifting may alsoc expose bare ground. More importantly, the presence, type, and
density of vegetation affect local and regional albedos, even with an otherwise thick
snow cover on the ground. A dense coniferous forest with over a foot of snow on the
ground, but with a dark canopy or a steep rock cliff may approach summer albedo
values. Conversely, grass-covered pastureland with even 5-10 cm of snow may reach
extremely high albedos, comparable to those found over Antarctica and Greenland.

Each group producing these snow and ice charts uses different techniques. These
are described in detail in other papers oresented at this workshoo. WESS uses
satellite images and relies on skilled interpreters recognizing characteristic
textured surface Features of the snow-covered land. Images for each consecutive day

of the particular week are used. The snow areas are placed in one of
reflectivity classes depending on the visible surface brightness.

The

three relative

Air Porce chart used in this study shows the extent and depth of snow on the

ground, the data being generated by a sophisticated computer program. The depth of
snow is determined by combining satellite brightness data, snow deoth reoorts,
precipitation and temperature data, etc. Blank sopots are reconstructed Erom

climatolegy.
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The Weekly Weather and Croo Bulletin reports snow cover extent and deocth from
December through March in the continental United States at 7 a.m. EST on the chart
date, The map 1is produced from teleqraphic reports of selected stations across the
country.

Ice cover iz mapped weekly by the Navy and NOAA. NOAR reports the general extent
and relative reflectivity of ice cover and assigns the cover to a reflectivity class,
whereas the NWavy reports the ice concentration in octas (eighths). Visible, infrared,
and microwave imagery gathered during three consecutive days of each week are used to
construct the charts. Data are supplemented by ship and coastal station reports.

hoccuracy of Snow Charts

In order to examine the accuracy of the operational snow charts, we oproduced a
new, independent, wupdated set of snow maps for three selected blocks in the United
States (figure 1). The Western section, west of approximately 105°W longitude,
includes the Range and Basin province., The Central section includes the flat north
central Plains, principally represented by farmland, and the Eastern section
represents a moderately hilly region with extensive forests. For technical reasons,
the Central and Eastern sections overlao over Iowa.

Satellite information for each day was recharted and completed by incorporating
reports from the ground stations shown in figure 1. The area covered by snow is
measured and expressed as the percentage of the total area of the block. Selected
results refer at this stage to snow area only and are shown in fiqure 2. Differences
between the summaries found in the operational and the corresponding updated chart, in
percent of the block area covered, are plotted in table 3. mnay 7 is the last day of
the analysed week. It is seen from the results, that:

1} the best fit is reached on the last, or the penultimate day of the week;
2} the departures tend to be smaller in the more recent charts;

3} the average differences are usually less than 10 percent of the area of the
block;

4) largest differences are in the mountainous Western block.

Given the frequently irregular and sketchy character of the snow fields,
Aifficulties in distinguishing snow in heavily forested areas, and the rapid changes
of snow cover in the selected intervals, we consider the accuracy of the charts to be
sufficiently high for climate-related studies on a continental or hemischeric scale.

hccuracy of the Ice Charts:

The Mavy and NESS operational charts of sea ice covers were checked using a
method similar to that used in the snow map analyses. Results will be reported in
more detail elsewhere. In general, the guality of both sets was found to be
sufficiently high for wuse in climate related studies. Wavy charts very accurately
show the proportion of open water (sometimes perhaps including a wery thin ice cover)
to the sea ice. They do not, however, indicate relative reflectivity.

It is our firm belief that the skill of the interpreters in individual agencies
is constantly increasing, and that further improvements in the charts' gquality will
soon follow.

We recommend at present that existing charts be subdivided into three sets:

1) Pre-satellite era...A good time series for parts of the WNorthern
Hemisphere, but only some indices are useful. Generally good for depcicting the
ice boundary, but data on ice type and concentrations are not very reliable.

2} Satellite era, 1966-1973...Relatively good representation of the general
boundaries of snow and ice cover but not too much detail. Sufficient for
studies on a continental scale.

3} Satellite era, 1973 onward...Introduction of microwave and improvement of
existing methods. With more detailed information available on a global scale,
this period could be used as a "normal®, as sets of high internal homogeneity
can be generated. -
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SNOW COVERAGE
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Figure 2. Percent of snow covered area on individual days at selected
intervals in 1975=1978. MNovember 1975 and March 1976 data are for the
Central block (Towa, Minnesota, Webraska and Dakotas). February 1977

data are for the Eastern block, February 1978 data for the Western block.

Circled rriangles, squares and diamonds show the area shown in the

corresponding operational charts.
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Table 3. Snow area shown on the operational chart compared to the snow area on our updated
map. Difference in the area of the block covered on each day (in percent). Negative sign
shows our result to be smaller.

MESS 1 2 3 & 5 6 7
11/10-16/75 26.5 18.1 -14.6 =17.3 - 4.8 11.8 22.7
11/17-23/75 63,5 65.8 43,3 15.6 - 4.5 1.2 -13.9

3 1- 7/76 4.6 23.8 19.2 i - 4.7 - 1.2 .6
3/ B-14/76 -41,7 -28.5 -19.6 14,0 -26.8 -12.8 - .3
3/15=-21/76 -38.5 -35.4 -19.9 - 8.0 =iy, - 6.2 -10.2
1/31-2/6/77 =10.7 - 9.9 - 3.6 - 3,0 - 1.2 o 3.0
2f 1-13/77 -45.1 -43.0 -38.5 -31.2 -20.6 =12.4 - 2.6
2f 6-12/78 6.7 26.0 21.1 22.8 16.5 9,3 5.5
AIR FORCE 1 2 3 & 5 ] 7
2 1= 177 1.3 7.6 8.2 10.0 8.5 14.0 11.5
2/ B-14/77 -18,8 -14.3 - 7.0 1.6 11.8 21.6 14.0
2/ T-13/78 23.4 18.5 20.2 13.9 6.7 2.9 2.9
WEATHER AND
CROP BULLETIN 1 2 3 4 5 [ 7
3/ 2- 8/76 3.6 - 1.0 -19.6 =24.9 -21.4 -149.6 -18.7
i) 9-15/76 -18.7 - 9.8 - 4.2 -17.0 - 3.0 9.5 - B.1
1f16=22/76 =348 -1%.1 = 7.4 - 1.6 - 5.6 - 9.5 - 2.8
2f 1= 717 =17,1 =10.8 -10.2 - 8.4 - 8.9 - 4,2 - 6.9
2} B-14/77 -40.0 -35.5 -28.2 =17.6 - 9.4 b - 7.2

Suggestions for future snow and ice map products:
1) A minimum scale of 1:30,000 is needed.
2) Reflectivity classes should be more detailed, at least six classes.
(Brightness data are opreferable to snow depth for the purposes of climate
dynamic studies.)

3) Charts should distinguish between data recorded on the day that the chart
is dated, and data collected on previous days.

4) The proportion of snow to bare ground should be given where possible.

5) Where possible, areas of melting snow cover on the pack ice should be
indicated.

6} Where possible, relative reflectivity of sea ice should be indicated in
Wavy charts.
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A Preliminary Digitization of Northern Hemisphere Sea lce Data
(Summary)

John E. Walsh
University of lllinois
Urbana, Illinois, LL.S.A.

A preliminary construction of a sea ice data set has been made for use in studies
of short-term ice/atmoschere relationshins on the hemispheric scale. The data,
covering the 25-year veriod from 1953 to 1977, were synthesized from published sources
and transcribed to a master concentration grid of acproximately 1800 wvoints, at a
spacing of 1° latitude (110 km). The concentration grids have been constructed Ffor
each month of the period, the 300 grids being digitized and stored on taoce at the
National Center for Atmosvheric Research, Boulder, Colorado.

The 4ata structure is uniform throughout the 300-month period, but there is
obvigusly some nonuniformity in the guality of the gridded data. This is due, in
part, to imprecise concentration classifications, incomsistencies in overlapping data,
and missing data. Values are estimated and ‘'tagged' to indicate where data are
missing. Mot all existing data are included, but preliminary data fields can be
easily overwritten by more reliable values, if the latter are obtained. A more
detailed description of this data set is presented in Walsh, 1978.
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An Arctic Sea |ce Data Set, 1901-1956

P. M. Kelly
Climate Research Unit
University of East Anglia
MNorwich, England

The Climatic Research Unit, University of EBast &anglia, is engaged in a
feasibility study of the potential for Arctic sea ice prediction on climatic time
gcales. The main stages in this research are summarized in apoendix I. The orogram
includes the collection of sea ice data for the Arctic covering the 20th century; the
statistical analysis of these data to identify the major fluctuations in sea ice
extent, both spatially and temporally; correlation with climatic and atmosoheric
cireulation data to determine the immediate causes of these sea ice wvariations, not
excluding the possibility of feedback; and research, both theoretical and empirical,
aimed at achieving the degree of understanding of the causes of these wariationz in
climate and sea ice which is a necessary prereqguisite to any predictive effort. This
paper deals with the first stage in this research: the collection of Arctic sea ice
data for the 20th century.

ongoing digitizing projects by Walsh (1974) and Kukla (personal communication)
are concerned with data for the last 25 years or so, but few digitized data are
available for the first half of the 20th century. Pronounced changes in sea ice
extent occurred during this period, which is considered to be without a climatic
parallel during the last few hundred years (Kelly, 1975; Lamb and Morth, 1978). 1In
order to extend the existing sea ice data base, we have digitized, and are currently
assessing the reliability of, the circumpolar ice limit contained in a chart series
produced by the Danish Meteorological Institute (DMI) for the woperiod 1901 to 1956
(Thomsen, 1%47).

During the 1890's, the DMI published reports of ice conditions in the Davis
Strait, and later between Greenland and Wovaya Zemlya, in the Institute's Yearbook
{Nautisk- Meteorologiske Aarbog). In 1900, this work was extended to cover all Arctic
regions where data wete available. Information was obtained from sources in Canada,
Germany, Great Britain, Morway, Sweden, the United States, and the TIS5R. These
observations originated from naval and mecchant shipoping, shore observers, and, in
later years, aircraft reconnaissance. Nuring the periods 1901-39 and 1946-50, the
Institute published an annual report, The State of the Ice in Arctic Seas, This
publication contained, as text, summaries of the ice extent in the months and regions
for which observations were available, and, on multicolored charts, compoilations of
these observations for the months of April to August (occasionally September) when
most information was available.

The observations were plotted on a polar stereogranhic mrojection of the Arctic.
Direct observations of polar fast ice, winter fast ice, big ice floes, close drift
ice, open Arift ice, icebergs, and bergy bits were olotted in red, with the date of
observation occasionally given. In addition, a red curve indicated observed limits
between ooen sea and ice where available; a dashed line gave a climatnluqiggl_rnormal'
iee 1limit (for a period of vyears which changed Auring the chart series); and, as
defined by a change from a white to a blue-green background on the chart, an ice limit
bagsed partially on direct ohservations and partially on supposition. This final ice
limit is henceforward referred to as the estimated ice limit. Tt indicates the edge
of the DMI classification “ooen drift ice™. In certain regions and in certain menths,
the charts contain the phrase "state of the ice unknown" or "ne data”, although an
estimated ice limit is generally given for such areas,

The number of direct observations plotted on these charts is not great, even in
the later years. The coverage Is reasonable around Greenland, Iceland, and
Spitzbergen. Elsewhere, and particularly in the Western Arctic, the coverage is ooor.
The guestion of which information to digitize from the TMI charts posed some oroblems.
Obviously, the direct observations, plotted in red, must be considered the most
reliable; however, their variable coverase in space and time precludes rigorous
statistical analysis. It was decided, therefore, to digitize the estimated ice limit
initially, and perhaps to add to this at a later stage. In regions of good data
coverage, the estimated limit conveniently synthesizes the direct observations, and

even in regions of poor coverage, may contain some reliable information.
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The latitude and longitude coordinates of the estimated ice limit were digitized
at a spatial resolution of about 100 km, depending on the distance of the particular
set of ooints from the pole. It was felt that the accuracy of the data and the
coarseness of the definition of the limit on the charts did not warrant increased
spatial resolution. These coordinates are currently being transferred onte the the
grid shown in figure 1. This grid, over the area analyzed in the DMI charts,
corresponds to that used by Walsh in his digitization of recent data (Walsh, 1978).
The resulting data set will give an ice/no-ice indicator for each sguare in the grid.
At a later stage, details of ice concentration may be substituted for the simole
ice/no-ice indicator where data are available. Also, wvarious regions are to be
selected for close study, and a finer grid employed.
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Figure 1. Standard one-degree ice data grid.
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As we have digitized the full circumpolar limit, including the estimated limit in
regions of 1little or no data, the guestion of data reliability or homogeneity is of
great importance and is currently being assessed. The following ooints are being
studied:

1., How does the Danish sea ice terminology correspond to recently develooed
conventions?

2. How reliable were the original shioping and shore observations of sea ice?
3. How, and by whom, were the charts compiled from the direct observations?
4., How was the ice limit estimated in regions of scarce or nonexistent data?

This final guestion is perhaps the most important. It is obvious that at certain
times and in certain regions, the estimated ice limit follows the climatological
"normal®™ also given on the charts. At other times, this is not the case; an
extrapolation has somehow been made. There are three fairly obvious possibilities:

1. Extrapolation in space, from adjacent areas where data were available;
2. Extrapolation in time, using data from previous months;

3. Using auxiliary information; perhaps unplotted ice data or wvossibly
climatic or atmospheric circulation data.

The reliability of these estimation methods depends to a great extent on the
experience of the chart analyst, and, given the wide variations in sea ice extent
during the present century, upon the period of years on which this experience is
based. Hence, the importance of determining how, and by whom, the charts were
compiled. The preparation of the revorts was undertaken by four peoole during the
period 1901-56 -= V. Garde, c.J.H., Speerschneider, H. Thomsen, and M.V.L.

Lorck -- well-known names in the history of sea ice investimgations.

In order to resolve these problems, two aoporoaches are being taken. First,
information pertaining te the compilation of the charts is heing sought Erom the
Danish Meteorological Institute and in the relevant scientific literature. Second,

various statistical analyses are being undertaken. Principal component or eigenvector
analysis is being used to identify the most important spatial patterns of wvariability
in the sea ice and climatic data sets. This technigue can also be used to highlight
gross ercors (Kelly and Chance, 1978). A number of long series of sea extent data at
various locations have been collected (see table 1) and these, if based on independent
data, will be used to verify the DMI rdata set. The data set produced by Walsh (197%)
overlans the DMI data set during the period 1953 to 1956 (although it is not strictly
independent), and will also be used for comparison purposes.

After this assessment is complete, gross errors will be removed from the DMI data
set, the data will be flagged with a reliability rating, and will then he made
available to other investigators. A detailed descriotion of the data set will be
prepared for publication at that time.
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Table 1. Sea ice data for the Horthern Hemisphere,

LOCAT 10N PARAMETER PERIOD SEASON SOURCE
Arctic Ocean Weighted cotal of dce 1895=-1924 | April-August Brooks and
{eastern) in Greenland, Barents Quennel (1928)

and Kara Seas.
Arctic Ocean Index of ice severity 1897-1938 | January-December Walker (1947)
(eastern) in Greenland and
Barents Sea and
around Spitzbergen,
Kara Sea (a) Area 1895-1915 | April-August State of the Ice
in Arctic Seas:
Supplement (1917)
(b} Severity index 1BEB-1946 Hagarov (1947)
Barents Sea (a) Area 1895-1915 | April-August State of the Ice
in Arctic Seas
(1917)
{b) Area 1900=-1960 | April-August Maksimov, Smirnov
and Vorob'ev(1964)
Greenland  (a) Area 1877-1915 | April-Augustc State of the Ice
Sea in Arctic Seas:
Supplement (1917)
(b) Area 1924-1968 | April-August Kirillov and
Khromtsova (1972)
Iceland Weeks per year with 1600-1975 | October-September | Lamb (1977),
drift ice on coast Koch (1945),
Thorarinsson(1956)
Baltic (a}) Date of final opening 1530-1958 Lamb (1977},
of Port Riga Betin and
(b) Maximum ares 1720=1957 Preobazensky{1959),
{e) Humber of days with 1763-1926 Speerschneider
ice, (1915,1927}.
West Greenland Horthward extent of 1821-1939 Eoch (1945},
"Storis" Lamb (1977}
Hewfound land Index based on maximum| 1920-1973 | April Miles (1974)
eastward and scuthward
extent of ice
Western (a} Severity index 1886-1939 | March-July Walker (1947}
Atlantic:
icebergs (b) Humber of icebergs 1900-1976 | September-August U, 5. Coast Guard
south of 489 N,
Baffin Bay Date of clearing 1952=1974 Keen (1977},
Dunbar (1972}
Horth Slope, Severity index 1953=-1976 | Summer Barnett (197B)
Alaska
Okhotsk Sea Anomaly of drift ice 1892=-1945 Sawada (1957}

period (days) at
(a) Abashiri
(b} Shana
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fppendix I

A BASIS FOR FORECASTING THE ARCTIC SEA ICE OVER A FEW MONTHS TO MANY YERRS

The project, which is funded by the U.S. Office of Maval Research, commenced in
September 1977. The objective is to lav the foundations of a scientific forecasting
ability for the Arctic sea ice on time scales of a fraction of a year to decades.

This is to be accomplished in three stages:

(A} The collection and digitization of available sea ice data for the Arctic
extending back to the 19th century.

{#) The identification of past variations in sea ice extent and associated
fluctuations in climate and the atmospheric circulation.

(C) 1If feasible, the development of a forecasting scheme based on a thorough
understanding of the mechanisms underlying the variations in sea ice, climate and

the atmosoheric circulation,
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Inadequacies in Archived Sea Ice Data

William 5. Dehn
Sea lce Consultants
Camp Springs, Maryland, U.S.A.

Introduction

Heeds are increasing rapidly today for sea ice data to support shipoing, under
ice operations, oil rig structures and terminal design, studies of air and water
pollution impact and contrel, and to determine the effects of sea ice in climatic
prediction and modification.

- 8ince ice predictions were initially orovided by U.5. Wavy activities in suoport
oi surface shioping, several factors have ooerated to make difficult the establishment
of a coherent body of guality data. Firstly, only since 1953 has the United States
conducted reqular reconnaissance and a forecasting service, Hence, codes,
definitions, and nomenclature have develooed slowly since that time and have not been
altogether suitable for numerical, exactly defined, components of a data base. For
example, ice thickness data have been based on differently defined categories and
groupings. The same aopnlies to floe size distribution; concentration, amount of ice,
or stages of development types versus the amount of oven water available; ridaging or
roughness -- both surface and subsurface, etc. Secondly, develooment for both
airborne and satellite technology in remote sensors and sea ice interoretation spurred
in WASA's vigorous programs has resulted in a constantly increasing sophistication in
terms of spatial, thermal, and other tyoes of resolution in defining key ice features
and processes with a constantly greater degree of exactitude. Thus since 1962, the
user of ice data and information has had teo deal with combining his traditional,
largely estimated, wvisual observations with the electromagnetic and optical (laser
data on ice topography) data in formulating data bases for real-time extrapolation or
forecasting and for develooment of "normal" conceots of ice features, conditions, and
distribution and their time-space variation.

-

In the following discussion, however, what are primarily emohasized are not so
much the largely insurmountable problems, but the correctable inadequacies existent in
today's processing and use of data.

The following examples are not the only errors or omissions in published accounts
of historical sea ice data, and are oresented simply as examples: mistakes in
olotting data, ineotness in the interocretation of satellite imagery, fallure to
incorporate other data, and a failure to maintain continuity and a constant watch on
changing conditions. In the cases vresented, an understanding of sea ice distribution
and the metecrclogical/occeancgraphic influences, combined with a constant watch, the
use of all possible data sources, and the exercise of gquality control could have
prevented the inadequacies.

l. One of the most dramatic short-term changes in the extent of sea ice
occurred in the Bering Sea during the period from 4 March to 8 March 1970.
During that period, the Bering Sea ice pack expanded some 330 km southward over
a 72-hour oeriod. This expansion was a result of freezing (formation of new
ice}) and ice drift. The formation of new ice accounted for over 75 percent of
the expansion. ©On 4 March, the air circulation was generally east to west,
which would tend to maintain the pack edge in position with only limited new
ice formation south of the thicker ice. On 5 March, the airflow had backed to
the north, and much colder air moved from the Arctic with associated strong
winds. Just south of the pack, the water temperatures were wvery near the
temperatures necessary for new ice formation, and the advection of the much

colder air caused almost immediate freezing at an accelerated rate. In 24
hours, about 110 km of the open water south of the existent ice edge Froze to a
thickness that enabled the satellite (ESSA series) to make detection. Within

the new ice formation were belts of thicker ice, and these belts were tracked
to determine the drift rate of the ice. Winds were strong and off the pack
just about pervendicular ko the edge. Strong winds hamper the formation and
solidification of new ice by agitating the water and oroducing mechanically
induced convection or mixing, but the air temperatures were much lower and the
ice itself formed a narrow lee with relatively smooth water, This lee froze
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and in turn oroduced another lee, which froze and formed another lee, etec. On
7 March, the strong circulation began breaking down, and by 8 March, the winds
had subsided and the Bering Sea was coming under the influence of a different
alr mass which was not nearly as cold. During the period of the most raoid
expansion (72 hours), the ice edge expanded at a rate of aporoximately 4.6 km
per hour or 110 km per day. Rapidly changing conditions like those described
above could have been dangerous for the fishing fleet or offshore drilling.
The documentation of shork-term changes is important to ice forecasters,
providing ewvidence that rapid growth and expansion can take olace. It is also
important to other activities involved in heat budget studies, marine
navigation and offshore exploration. This short=-term change was not
documented, although it could have and should have been.

2. During April and May of 1970, nearly 550 km of existing ice east of
Greenland was not documented. As a matter of fact, existing documents provide
an ice edge which iz in error, One document olaces the ice edge nearly 550 km
too far to the west. The failure to record this ice was a matter of lack of
understanding of sea ice distribution, ineotness in interoreting satellite
imagery, a failure to maintain a watch on the ice edge, and a Failure to
incoroorate foreign data, Granted, the ice was martially obscured by clouds
and not easily detected, but by daily evaluation the ice could have been
viewed, Further, if data from Icelandic or Danish sources had been
incoroorated, these data would have provided other clues that more ice existed.

3, nNata Ffrom aerial ice reconnaissance conducted during early October 1959
were pDlotted in error and accepted by ice forecasters., Within the ice messaqge,
an ice edae was provided with ice conditions north of the edge off Point
Barrow, Alaska. The edge was plotted correctly, but the conditions north of
the edge were olotted to the south instead of to the north, thereby indicating
that the ice was hard against the coast. It may seem virtually imoossible that
this error could go undetected, but it 4id. Contributing factors to this error
were a lack of "guality control™ and knowledae of ice distribution, and a
tendency to make assumotions when having difficulty in plotting messages. 1In
any event, published data closed the coast to navigation about 10 days prior to
the time it actually closed. These erroneous data were included in tables of
closing dates and navigation dates.

In an attempt to rectify some of the errors and omissions, Sea Ice Consultants
has conducted a data collection project since 1973. 1In the Alaskan area, for example,
the actual reconnaissance messages since 1953 have been replotted, and shio and
coastal station reports added. & project of this magnitude was undertaken as a result
of the many mistakes encountered within existing oublications when attemptina to
provide industry with historical ice conditions. This is not to say that other data
sources do not exist and that our ice charts are completely accurate, but that they_
are more accurate and do provide a better insight into historical conditionz than any
other existing oublication. 1In addition, but only for the Alaskan area, we have been
maintaining our own record of sea ice conditions. Our charts are for veriods of five
days or less, denending on sea ice changes and data availability,

Conclusion

Archived sea ice data serve many ourvoses and various Aisciolines. They can be
used for feasibility studies applicable to marine navigation and offshore exploration.
They can also be used for studies of the global heat budget and climate, and can he
used to assist in determinations pertaining te mollution contrel. Purther, they arce
extremely valuable to the sea ice forecaster for “normals®™, drift patterns, and
maximum and minimum sea ice extent.

Personnel involved in compiling historical sea ice data should understand sea ice

distribution and the influencing meteoroleogical/oceanogranhic parameters, use all
possible data sources, and exercise guality control.
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NASA Mapping Projects*
(Summary)

H. Jay Zwally
Mational Aeronautics and Space Administration
Goddard Space Flight Center
Greenbelt, Maryland, U.S.A.

Firstly, it is important to realize the differences among research and
development satellites {e.g., Nimbus 1-7 and Seasat-1), quasi-operational satellites
{Landsat-1-D), and fully operational satellites (TIROS-Y, etc.). Secondly, there are
various levels of data. Table 1, from the Data Management Section of the Prooosed
NASA Contribution to the Climate Program, lists some satellite data sources. Table 2
Classifies the-data set levels. Generally, most MASA satellite data are archived at
Level I and available from National Space Sciences Data Center, Goddard Space Flight
Center, Greenbelt, Maryland 20771. However, the archived data wvary greatly in
guality, accuracy, and documentation.
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Figure 1. NIMBU%-5 - ESMR-sea ice area (Antarctic, all sectors).
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Table 2, Clagssification of Data Sets

Data Set Description Accessibility
Raw Data Raw telemecry data from Available to parties responsible
observing instrument. for calibrations and extraction

of Level I data.

Level I Calibrated data such as Available on magnetic tape
(physical = brightness temperature, to users upon Tequeést.
quanticies) radiances. Extracted from

raw data under rigorously
controlled and documented

procedures.,
Level II : Climate parameters at highest Available on magnetic tape
{elimate available spatial and temporal L0 USErs upon request.
parameters) resclutions. Extracted from

Level 1 data under rigorously
controlled and documented

procedures.
Level IIT Spatially and temporally Available on a routine basis in
(gridded averaged climate parameters, hard copy form and on mag-
climace including statisctical informa- netic tape or via computer
parameters) tion. Extracted from Lewvel II terminal.

data under rigorously con-
trolled and documented

procedures.
Experimental pData at Levels I, II or III, Available to parties responsible
Data Sets but not under rigorous for development of data reduc-
control. Intended for algo- tion procedures.

rithm development purposes.

For several vyears, I have supervised a small effort to map the ESMR vassive
microwave data from Nimbus-5 into opolar stereographic maps at 3-day intervals (Zwally
and Gloersen, 1977). The data source used is the Calibrated Brightness Temperature
data on orbital files in the archive (i.e., Level I data). A& major oroblem with the
earth location of the data has been corrected, but there remain calibration oroblems
at the level of 5% to 10°K in brightness temperature. We are now converting this
mapped brightness temperature data set into a set of sea ice concentration (i.e.,
Level II) mans. The principal product will be monthly maps of sea ice concentration
in digital magnetic tape format and pseudocolor displays. We will complete the
Antarctic maps for the four years, 1973 to 1976, during 1979. Figure 1 shows the
preliminary analysis of the variation of Antarctic sea ice limit and open water within
the pack for the years 1973, 1974, and 1975. Ice extent was less in 1975, but there
also aopears to have been less open water within the pack. At present, we are
studying the variations in calibration over the four-year oeriod to establish the
accuracies of these curves. As we compile, analyze, validate, and publish these data,
we will submit them to the World Data Center A for Glaciology (Snow and Ice).

The data processing plan for the Wimbus-7 SMMR (Scanning Multichannel Microwave
Radiometer) includes the mapping of wvarious parameters, including sea ice
concentration using a multifrequency algocithm. This higher level data product will
be available from the World Data Center after validation by the SHMMR Experiment Team.

The processing and analysis of the radar altimeter data is not as advanced, and
there is more emphasis at this time on determination of the relative and absolute
accuracies. Wevertheless, a main objective of our efforts is to oroduce accurate data
segs on ice sheet topography suitable for detection of small changes in ice sheet
volume.

References
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Contribution to the Climate Program.
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Indexing Alaskan North Slope Sea Ice Conditions (1953-1977)

D. Barnett
U.S. Navy
Fleet Weather Facility
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The text of this paper has been published as: Barnett, Don G. (1976} & practical
method of long range ice forecasting for the north coast of Alaska, part 1. U.S.
Navy. Fleet Weather Facility, Suitland, Md. Technical Report Tr-1, 16 pp.

Nomenclature for Mapping Sea Ice from High Resolution Satellite Imagery

W. J. Stringer
Geophysical Institute
University of Alaska
Fairbanks, Alaska, L.5.A.

The text of this paper has been published as: Stringer, William J. (1978) Fast Ice
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Because of the large number of
list is inecluded to assist the

AES
AFGHWC

AIDJEX

ASVT

ATS
AVHRR

CCT

CHMT

CRREL

CIZCS
DMI

DMSP

EDIS

EDS

ESMR
FGGE
FLEWEAFAC
GARF

GATE

GOES

GTS
HRPT

IAHS

ICsU

IDOE

ACRONYMS

acronyms present in the Workshop papers, the following
reader:

Atmospheric Environment Service (Canada)
Air Force Global Weather Central (U.S.)
Arctic Ice Dynamics Joint Experiment
Altimater

Applications Systems Verification
and Transfer

Applications Technology Satellite
Advanced Very High Resolution Radiometer
Computer Compatible Tape

Composite Minimum Brightness

Composite Maximum Temperature

Cold Regions Research and Engineering
Laboratory (U.5.)

Coastal Zone Color Scanner
Danish Meteorclogical Institute

pefense Meteorological Satellite
Program (U.S5.)

Department of Commerce (U.5.)

Environmental Data and Information
Service (U.S5.)

Environmental Data Service, now EDIS
Electrically Scanning Microwave Radiometer
First GARP Global Experiment

Fleet Weather Facility (U.S5. Navy)

Global Atmospheric Research Program (WMO)
GARP Atlantic Tropical Experiment

Geostationary Operational Environmental .
Satellite s

Global Telecommunications System
High Resolution Picture Transmission

International Association of Hydrological
Sciences

International Council of Scientific Unions

International Decade of Ocean Exploration
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IHD
IHP
IR
ITOS

IUGG

LED
MPC
M55

HASA

HAWDEX
KCC

NESS

HMC

HOAR

SAR
SASS
8CS8
SDSB
SEM

SLAR

SHOTEL
S5PM
SR

S5EC

85T

International Hydrolegical Decade
International Hydrological Program
Infrared

Improved TIROS Operational Satellites

International Union of Geodesy and
Geophysics

Light Emitting Diode
Multispectral Photographic Camera
Multispectral Scanner Subsystem

National Aercnautics and Space
Administration (U.5.)

Mational Data Water Exchange (U.5.)
Maticonal Climatic Center (U.5.)

National Environmental Satellite
Service (U.5.)

Mational Meteorological Center (U.S5.)

Naticnal Oceanic and Atmospheric
Administration (U.S.)

Mational Oceanographic Data Center (U.S5.)
Naticnal Weather Service (U.5.)

Operational Application of Satellite
Snowcover Observations

Polar Experiment (GARP Program)

Return Beam Vidicon

River Forecast Center

Synthetic Aperture Radar

Microwave Scattermeter

Soil Conservation Service (U.S.)
Satellite Data Services Branch U.5.)
Space Environmental Monitor

Side Looking Airborne Radar

Synchronous Meteorological Satellites

Scanning Multichannel Microwave Radiometer

Snow Telemetry
Solar Proton Monitor
Scanning Radiometer

Space Science and Engineering Center,
University of Wisconsin

Sea Surface Temperature
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UNESCO = United Nations Educaticnal, Scientific and
Cultural Organization

UsSGS = U. 5. Geological Survey
VHRR - Very High Resolution Radiometer
VIR - Visible and Infrared Radiometer
Vis - Visual
VISSR - Visible and Infrared Spin Scan Radiometer
VTPR - Vertical Temperature Profile Radiometer
WMO - World Meteorological Organization
WWW - World Weather Watch (WMD)
TS - Zoom Transfer Scope
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