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ABSTRACT 
Various types of sea-ice and snow-cover data are 

required for operational purposes in real time, for 
engineering assessments of associated hazards and 
for regional to global-scale mode1ing of the climate 
system. Data on the primary characteristics of ice 
and snow (extent, depth or thickness, and ice con
centration) are becoming available to meet many 
present types of modeling requirement but secondary 
properties such as snow-water content, ridging in
tensity, open-water fraction and ice drift are less 
readily available. 

Data for these major variables of snow and ice 
cover are considered with respect to problems en
countered in obtaining and using digital information 
necessary for modern computer analyses. Such prob
lems include the limitations of the basic observations 
(observational or sensor accuracy), the spatial and 
temporal resolution of different data sets, varying 
national practices of observing and reporting, and 
the problems of meshing data collected by different 
means and having spatial differences and temporal 
changes of observation time, site location, sensor 
system and resolution, etc. The relative reliability 
and climatic "information content" of some histori
cal data sets are briefly examined and available 
digital data sets on modern global ice- and snow
cover conditions are described. 

1. INTRODUCTION 
Various types of sea-ice and snow-cover data 

exist at both the regional and global scale. These 
vary from point observations of snow depth or ice 
concentration to regional/hemispheric maps of sea
ice or snow-cover extent, derived primarily from 
satellite data analysis. Most data sets are pro
duced on an operational basis. An increasing demand 
for cryospheric data, however, is being felt from 
the research community. For example, interannua1 
variations in snow-cover and sea-ice extent are 
being used as an index of climate variability, and 
data are also required for input to, and validation 
of, many climate models. In this latter regard, data 
on the primary characteristics of ice and snow (e.g. 
snow and ice extent, snow depth) are becoming avail
able to meet many present types of mode1ing require
ments, but data on secondary features such as snow
water content, sea-ice open-water fraction, ridging 
intensity and ice thickness are less readily avai1-
abl e. 

Snowfall is routinely measured at meteorological 

stations, and long-term historical records of snow
fall or snow cover have been compiled for a few 
stations in Europe, east Asia and eastern North 
America. There has been a longer history of interest 
in sea ice. Ice off the coast of Iceland has been 
documented since 860 AD with varying levels of 
detail and accuracy (Koch 1945). Similarly, west 
Greenland ice records are available from 1821 and 
Baltic ice records from the early eighteenth century 
(Lamb 1977). The most complete global coverage, 
however, is only available from the early 1960s with 
the advent of weather satellites, and more particu
larly from the early 1970s with the start of the 
National Oceanic and Atmospheric Administration 
(NOAA) and Defense Meteorological Satellite Program 
(DMSP) series of meteorological satellites. 

The present paper describes some of the sea-ice 
and snow-cover data sets available, concentrating 
on those that are considered suitable for 1arge
scale cryosphere/climate studies. Discussions of 
problems in data collection, analysis and archiving 
are also presented with reference to such applica
tions. Detailed descriptions of many of the existing 
snow and ice data sets are given in publications of 
the World Data Center A for Glacio10gy (World Data 
Center A for Glaciology 1979[a], Cb], Crane 1979, 
Kukla and others 1981). 

2. THE DATA BASE 
2.1. Data streams 

For large-scale climate-related studies the snow
cover and sea-ice database can be conveniently divided 
into long-term (historical) data sets, shorter term 
data sets derived primarily from satellite analysis 
that exist in map form, and those data that are avail
able in digital format. Recent discussions of snow
cover and sea-ice data have been presented by Barry 
(in press [a], Cb]) and some discussion of cryospheric 
data in relation to climate mode1ing has been given by 
Kotlyakov and Krenke (1982). Both sea-ice and snow
cover data are reported by synoptic observation, 
aerial reconnaissance, satellite and occasionally, for 
sea ice, by submarine remote sensing. The satellite 
data are primarily from scanning visible and infrared 
(IR) radiometers and single or multichannel microwave 
radiometers. While the satellite data are received in 
digital form, they are usually processed to give some 
form of imagery, and are then transferred to chart 
format (Figs.1 and 2). Much attention is now being 
given to the digitization of such charts. An exception 
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to the data interpretation-digitization process is 
found in the case of sea-i'ce information derived from 
the microwave radiometers. These data are presented 
in the form of gridded brightness temperatures and 
algorithms are available to convert these into ice 
concentrations, which are then directly available in 
a digital format. 

2.2. Historical data 
Snow depth 1S an indicator of storm frequency, 

moisture availability, and local factors such as 
redistribution by wind, compaction, and ablation. 
The synoptic code has provision for measurements of 
depth of snow on the g~ound. These data are collected 
daily by synoptic stations and reported through the 
global telecommunications network. These records 
are not easily retrieved from the high volume 
synoptic meteorological data archives, but some 
convenient extracts are available in map form (e.g. 
US Department of Agriculture 1935-onwards). 

The water content of the snowpack is commonly 
measured by ground surveys for streamflow prediction 
and flood forecasting. Such data are collected twice
monthly in the United States of America by the Soil 
Conservation Service on a state-by-state basis. More 
frequent snowpack data are now available for the 
western states through the snow telemetry (SNOTEL) 
network. Data are obtained from approximately 500 
remote automatic stations via ionospheric meteor 
burst telemetry to a central site in Portland, Oregon 
(Barton and Burke 1979). For Canada, mean snow depth 
and water equivalent are published for approximately 
1 300 snow courses (Canada Atmospheric Environment 
Service 1961-onwards). Other regional snow-cover 
data sets have been produced for Austria (Hydro
graphischer Dienst in Osterreich 1962), Great Britain 
(Crane 1979) and the Soviet Union (Crane 1979). Snow
cover data are also collected in many mountain ranges 
in connection with avalanche prediction and hydro
electric programs, as well as for programs of winter 
orographic cloud seeding. These records, however, 
are not usually available in accessible archives. 

Som.e historical sea-ice records were mentioned in 
the introduction. Monthly ice charts for April to the 
end of the ice season (August or September) for the 
years 1901 to 1939 and 1946 to 1956 have also been 
published for the Arctic Ocean by the Dansk Meteoro
logisk Institut (1901(?)-1959). These data are avail
able in digital form from 1901 (Kelly 1979). Several 
regional charts are available based usually on mixed 
satellite, aircraft and some surface observations. 
Such local data sets are produced by Canada, Norway, 
Finland, West Germany, Sweden, and Japan. Ice charts 
for the Soviet Arctic have been prepared since 1937 
(Crane 1979). Little information is known, however, 
concerning the availability of the Soviet products. 

2.3. Satellite data 
Satellite data have been available since the 

early 1960s. Sensors and analysis systems, however, 
have been continuously upgraded since this time. Con
sistent coverage has only been available since the 
early 1970s with the launch of the National Oceanic 
and Atmospheric Administration (NOAA) series of 
satellites, and with the introduction of a passive 
microwave radiometer on board Nimbus-5. Being un
affected by clouds or the polar night, this sensor 
allowed, for the first time, the possibility of con
tinuous all-weather synoptic analyses of sea-ice 
distribution. 

The National Environmental Satellite Data and 
Information Service (NESDIS) has mapped northern 
hemisphere snow and ice boundaries since 1966. Three 
classes of surface reflectivity are mapped on a weekly 
basis. Before 1970 the analysis was based on visible 
data from the Advanced Vidicon Camera System (AVCS) 
and the Automatic Picture T ransmiss ions (APT) on the 
ESSA satellites. Thermal IR data were added with the 
introduction of the scanning radiometer data from 
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liDS-I, and increased resol ution was obta'ined from 
the Very High Resol ution Radiometer (VHRR) with the 
launch of NOAA-2 in October 1972. The most consistent 
data are those obtained from 1974 onwards (Kukla and 
Robinson 1981). All of the weekly snow and ice charts 
from 1966 to 1980, as well as monthly summaries, are 
now available in a digital format (Dewey 1981). 

NO AA VHRR data have also been used by the US Navy 
to map sea-ice extent and concentration since 1972 
for the northern hemisphere, and from 1973 for the 
southern hemisphere. Electrically Scanning Micro
wave Radiometer (ESMR) data from Nimbus 5 and 6 were 
routinely incorporated into the analyses from 
December 1972 to September 1976. Since October 1977 
DMSP visible and IR data have also been used when 
available. Production of these charts was taken 
over by the US Navy-NOAA Joint Ice Center in June 
1979. 

The microwave radiometer data from Nimbus 5 and 6 
have also been used experimentally to map continental 
snow cover (Hall and others 1979). Techniques .ire 
being developed to use both passive and active micro
wave data to estimate snow depth or snow water equiv
alent, wetness and snowpack structure (Rango 1980). In 
this regard, research is presently being conducted 
using Scanning Multichannel Microwave Radiometer (SMMR) 
data from Ntfnbus 7. 

Several years of SMMR data will also be available 
for mapping sea-ice concentration, the fraction of 
multiyear ice, and the surface ice temperature on a 
six-day basis. Sensor systems have been developed that 
could provide information on many of the secondary 
sea-ice characteristics (Table I). Detailed inform
ation on ice morphology, ridging intensity, leads 
and fractures, and ice drift are becoming more vital 
for model validation as the complexity of cryospheric 
and atmospheric models increase. However, few data of 
this type have been collected. 

2.4. Digital data products 
Several sets of digitized snow and ice data are 

now available. Walsh (1978) has extracted northern 
hemisphere ice concentration values for 1953 to 1977 
on a 110 km grid, using a variety of sources (Crane 
1979). From 1~1.2 the source used was primarily the 
weekly Navy-N~A ice charts. The same grid was used 
by Kelly (1979) for the digitization of the Danish 
Meteorological Institute ice charts. 

Lemke and others (1980) have digitized the monthly 
ice charts of the British Meteorological Office for 
the Arctic, 1966-1976, and the weekly US Navy charts 
for Antarctica, 1973-1979. For the northern hemis
phere, the parameter given is the area of ice per 10° 
longitude x 1° latitude sector, and, for Antarctica, 
it is the latitude of > 5/8 ice concentration per 5° 
longitude sector. Arctic and Antarctic ice concen
trations and northern hemisphere snow cover have also 
been digitized, in geographic sectors, for various 
time periods by Kukla and Gavin (1979). 

A further digital sea-ice data set exists in the 
form of ESMR microwave brightness temperatures. The 
most continuous period for which data are available 
is from September 1973 to December 1974. I n the 
northern hemisphere, the set consists of gridded 
brightness temp~ratures on a 293 x 293 matrix, over
lying a polar stereographic projection centred on 
the pole. For the southern hemisphere, the format is 
the same, but the data are also given as concen
tration classes in 4% intervals. An atlas of four 
years of Antarctic sea-ice concentrations has been 
prepared for 1973-1976 (see Zwally and others 1981). 

3. OAT A PROBLE MS 
Problems occur both in the collection of the 

original data and in the compositing of different 
data sets into a climatological archive. In terms of 
the data collection, limitations are found in the 
basic observations (observational or sensor accuracy), 
and in methods of data analysis. When attempting to 
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TABLE I. SEA-ICE OBSERVATION REQUIREMENTS IDENTIFIED FOR NASA ICE AND CLIMATE EXPERIMENT (ICEX) (from NASA 1979) 

"'''-
u ~~ Type of Accu ra cy 

.~ .~~ 
"' ~ 0 

obs erva t ion Des ire d Minimum 
c:>u a 

SEA 1 CE 
Boundary 11 l i ne pos ition 5 km 20 km 

line pos ition 500 m 5 km 

Con centrati on 1 I ~ of area 2% 5% 
~ of area 10% 20% 
't of area 2% 5% 

Al bedo area average 0 . 02 0 . 04 

Mot ion poi nt di s placement 100 m d- 1 I km d- 1 

Ridgi ng 
Dens ity number/area 10% 50% 
Or i en ta t f on orientation I D' 30' 
lIeight he i ght I m 5 m 

I ce type I I 2 fra ct i ona l area 5% 10l 
by ty pe 

Leads 
Fracti on al area 3 frac ti onal a rea 10% 50% 
Or ien ta tion or i ent ati on 10 ' 30 ' 

Fl oe pos it ion poi nt l ocation 20 m 100 m 

Surface mel tf ng f rac t ional area wet/dry wet/dry 

!)urface 
temperature 1 I area average I K 3 K 

I ce t hiCKness 3 3 area average 20 cm 1 m 
3 area average 20 cm 1 m 

OTHER 
Surf ace pres sure 1 1 2 poi nt va l ue 0.5 mba r 1.0 mbar 

Wind ve l ocity 3 3 3 area average 10 ' 20 ' 

Sea surface 
temperature 2 1 area ave rage 0.2 K 2 K 

. o/c ap . : ope r at ional and cOll11lerc i al appli cations 

'Samp l i ng key: continu ous 
2 f r equent 
3 occasiona l 

**Code: A des ire d requirement can be met 
B subs t ant i al part of requirement ca n be met 
C meas uremen t concept, capab il ity not well def i ned 
o usefu l meas urement but 1 imi t ed 

Resol ution P reposed 
Space T tme meas uremen t 

Desired Minimum Desired Min imum COde· · capabil lty "" 

5 km 20 km 1 day 3 days A LAMMl 
500 m 2 km 1 day 1 day B WSI R, lEAS 

25 km 25 km I day 3 days A LAMfIl, SCAT 
5 km 25 km I day 3 days A LAI-II·R 
I km ID km I day 3 days B LAMMl, WSI R 

25 km lOO km " 3 days 2 weeks A PII<R 

5 km 100 km I day 7 days A WSIR 

50 m 100 m 7 days I month WSI R, SCAT 
NA NA 7 days 1 month WSI R 
NA NA 1 day I month WISR , SCAT 

I km 25 km 7 days 1 month A LA~MR/SCAT , WSI R 

50 m 100 m I day 3 days WI SR 
NA NA I day 3 days WISR 

20 m 100 m 1/4 day 2 days WISR 

25 km 25 km I day 3 days A LAMI<R 

25 km lOO km 1 dcy 3 days A LAl1MR/PI m 

25 km 100 km 7 days I month 0 l imited th icknes s 
50 km I km I day 3 days D information can 

be inferred f rom 
ice type 

25 km 50 km I day 3 days OCS/data buoy 

25 km 50 km I day 3 days SCAT over ocea ns 
only 

10 km 25 km I day 3 days LAMMl over ocean 5 
on ly 

' ' 'Measu rement capab il ity: LAMMR 
WSI R 
lEAS 
SCAT 

Large Anten na Mu l tifrequency Mi cr owave Radiometer 
Wide Swath Imaging Radar 
Ice Elevation Altimeter System 
Scatterometer (side- looking rada r with t he capacity 
to me~sur"e the scattering c ross - section) 

PIMR 
DCS 

Polar Ice Mapping Radiometer 
Data Collection System 

composite different sources into a climatological 
data set, problems are also encountered in meshing 
data collected at different spatial and temporal 
resolutions. One of the major problems, particularly 
with re9ard to the large-scale global data sets, is 
the frequent lack of internal homogeneity brought 
about by changes in observation procedures with time. 

3.1. Problems of data collection 
KUkla and Robinson (1981) compared the operation

al snow- and ice-cover charts produced by NOAA-NESS 
and by the US Navy-NOAA Joint Ice Center with ground 
station reports and original satellite imagery. From 
1974 the NOAA-National Earth Satellite Serv ice (NE SS ) 
reflectivity charts were found to be sufficiently 
accurate (in terms of the location of cryospheric 
boundaries) for large-scale climate studies. The 
reflectivity classes were also adequate for hemis
pheric studies, but not for those at the regional 
scale. Before 1974, however, large discrepancies 
were found in the snow-cover charts for autumn, 
and reflectivity classes were found to be inadequate 
throughout the year. Much of this error is attributed 
to errors occurring in regions of persistent cloud 

cover, a situation frequently found in middle and 
high latitudes in autumn. Problems in determining 
the areal snow extent are also found in mountainous 
regions, and in forest. KUkla and Robinson (1981) 
pOint out that a dense coniferous forest with a 
dark canopy may show very 1 ittle difference between 
summer and winter, even with 30 cm of snow on the 
ground. The Navy-NOAA ice charts were found to be 
a good representation of ice extent and concentra
tion, although thin ice was frequently not differ
entiated from open wate r . 

Problems in image interpretation al so occur when 
us in9 conventional vi s ibl e and I R satellite data due 
to th e difficulty in di stinguishin g between snow / sea 
ice and cloud cover. Differenti ati on between snow / ice 
and cloud i s complicated by the s imilarity of their 
rad i ative temperatures (particularly in the case of 
of low cloud), and by the similarity of their spec
tral reflectance in the visible wavel ength. Experi
rnental work with l aborat ory and bo th ai rcraft and 
satell ite obs ervati ons show th at automated discrim
in ation between snow or ice and cl oud is possible in 
th e near IR (Buntin g and Entremont 1982 , Scharfen 
and An derson 1982) , but sensors such as these will 
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not be in operational use until the next generation 
of meteorological satellites is launched. 

Microwave radiometer data from Nimbus 5 and 6 
are available during the polar night and are 
essentially unaffected by cloud cover; as such they 
have proved very useful in determining the position 
of the ice edge. The microwave brightness temperature 
received by the satellite, however, is a function of 
the surface temperature, the amount of open water in 
the field of view, and the emissivity of the near 
surface layer of the ice. The emissivity varies 
primarily as a function of the sal inity of the ice, 
which is inversely correlated with age. The inability 
to resolve these separate effects quantitatively may 
lead to large errors in the estimate of ice concen
trat i on, an dill us trates the maj or problem with the 
use of the single channel data (two channels in the 
case of Nimbus 6). In this respect, considerable im
provement is anticipated from 'the multi-channel (SMffi) 
microwave data from Nimbus 7. These data, available 
from 1979, are now being processed. 

In attempting to construct a long-term data set 
suitable for climatological analysis, a major prob
lem often occurs due to the inhomogeneity within the 
data source. Walsh (1978), for example, has produced 
a 25-year digital set of monthly sea-ice data on a 
110 km grid, showing ice concentration at 1/10 
intervals. The data sources, their spatial and 
temporal resolution, and their reliability, vary con
siderably over the 25-year period (Table 11). 
Table III shows the satellites and sensor systems 
used in the NOAA-NESS snow and ice boundary analyses 
since 1966. In this case the data set is based en
tirely on satellite observations, but again sensors 
employed have undergone considerable development 
with time. 

3.2. Problems of data com~ilation 
Some of the difflcultles lnvolved in the pro

duction of climatological archives arise from the 
fact that most sea-ice/snow-cover analyses are per
formed on an operational basis. Several consequences 
of this approach are apparent. For example, because 
of time constraints not all of the potential data 

sources are necessarily included in the analysis, 
and there is little opportunity for quality checking 
of the data or products. Where different data sources 
are used, there is usually no indication in the final 
product of which data sources were used, nor to how 
much of the analysis they contributed. An exampl~ 
can be seen in the case of the US Air Force snow depth 
model (SNODEP). The model outputs global snow depths 
for a grid superimposed on a polar stereographic pro
jection (grid spacing is ~5 nautical miles (46 km) at 
60 0 N and S). Snow depths are given in six categories 
from <5 to >25 cm and the analysis is updated on a 
daily basis. The model inputs include station observa
tions of snow depth, precipitation, and temperatnre, 
ice cover from the weekly Navy-NOAA charts, and 
satellite analysis. Missing data are filled from 
climatology. No information is given, however, on 
the data source for any given grid point and time. 
Kukla and Robinson (1981) find that the model tends 
to overestimate snow-cover extent, and suggest that 
these data may be less suited for climate-related 
studies involving albedo than the NO AA charts for 
most of the year. They also note, however, that the 
model may provide the best operational source of 
snow-extent data in autumn, and the qual ity of the 
data has improved over time (data are available from 
1967 to the present). 

A related problem is found in maps composited 
over several days. In this case it is usually im
possible to determine which regions were mapped on 
any particular day. Most of the satellite-derived 
operational snow and ice charts fall into this cate
gory, as do the three-day composited images produced 
from the ESMR data. This may not pose a problem for 
hemispheric-global scale studies, where a weekly time 
step may be sufficient; it would become increasingly 
important, however, for analyses at smaller regional 
scales. 

3.3. Problems of data management 
Aside from the problems of data compilation that 

have already been discussed, several problems can be 
mentioned that are common to many data management 
'tasks. For example, cryospheric data are fragmented 

TABLE 11. DESCRIPTION OF DATA SOURCES USED FOR THE WALSH (1978) SEA-ICE DATA SET (from CRANE 1979) 

Source Time period Time interval Sma 11 es t homogeneous area Distance within Consistency between maps in 
between that can be resol ved by which plotted 

the i,den tification the accuracy success ive mapping/digitizing system snow/ice bound-
products of data source' aries are accur- of the minimum of the 

ate under typical resolvable area bounda ri es 
under under conditions 
worst typica l under under 

from to conditions conditions wars t typical 
conditions conditions 

(x10 3 km2 ) (x10 3 km2 ) (km) ... ... '" ... ... '" ... ... 
0 0 0 0 0 
0 ~ 0 0 ~ 0 0 ~ Q. ..... 0> Q. ..... 0> Q. ..... 

US Navy Fl eet 1/72 12/77 1 week 100 2.5 20-30 
Weather Facil ity 

US Navoceano 1/53 12/11 1 week to 250 4.0 20-30 
several months (when not estimated) 

Brit ish Meteoro- 6/59 12/77 1 month 250 6.5 50-75 
logical Office 

Dan ish -Green 1 and 1/57 12/64 1 week to 250 2.5 20-30 
wa ters several months (when not estimated) 

Danish -Arctic 4/53 12/56 1 mon th 400 9.0 50-75 
seas (summer only) 

Canadian 5/64 11/69 1-2 week s 25 2.5 10-20 
(summer on ly) 

Icelandic 1/53 12 /67 -1+ months 25 4.0 --50 x 

Ilol"wegian 1/63 12/71 1 to severa l 25 4.0 -40 
IOOnths 

*The mapping/digitizing system has a resolution of 0.25' latitude (25 km) . In many cases, resolution ef the data source Is considerably poorer; 
the final product often has misleadingly fine resolution. 

12 

'" 0 
0 
0> 

https://doi.org/10.3189/1984AoG5-1-9-15 Published online by Cambridge University Press

https://doi.org/10.3189/1984AoG5-1-9-15


BaT'r>y and otheT's: Sea-ice and snow-coveT' data availability 

TABLE Ill. SATELLITES AND SENSORS USED IN ~PPING NORTHERN HEMISPHERE SNOW AND ICE COVER (from CRANE 1979) 

Satell ite 

ESSA 3 
ESSA 4 
ESSA 7 
ESSA 8 
ESSA 9 
ITOS 1 

NOAA 2 

NOM 3 

NOAA 4 

NOM 5 

SMS-1 
(GOES) 

Sensor* 

AVeS 
APT 
AVeS 
APT 
AVCS 
AVCS 
APT 
SR 

VHRR 

SR 

VHRR 
SR 

VHRR 
SR 
VHRR 

SR*** 

VISSR 

Spectral band 
(Ilm) 

0.5-0.75 
0.5-0.75 
0.5-0.75 
0.5-0.75 
0.5-0.75 
0.5-0.75 
0.5-0.75 

0.52-0.73 
10.5-12.5 
0.6-0.75 

10.5-12.5 
0.52-0.73 
0.50-0.94** 
10.5-12.5 
0.6-0.75 

0.52-0.73 
10.5-12.5 
Same as NOAA 3 
Same as NOAA 3 
0.6-0.75 

10.5-12.5 
0.52-0.73 
0.50-0.94 
10.5-12.5 
0.55-0.70 
10 .5-12.5 

Subpoint resolution 
(km) 

3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
3.7 
7.4 

1-1.9 
1-1.9 

3.7 
3.7 
7.4 

1-1.9 
3.7 
7.4 

1-1.9 
1-1.9 

3.7 
3.7 
7.4 

1-7.4 
7.4-14.8 

Period of operations 

2 October 1966 - 9 October 1968 
26 January 1967 - 6 December 1967 

15 August 1968 - 19 July 1969 
15 December 1968 - 12 March 1976 
26 February 1969 - 15 December 1973 

23 January 1970 - 17 June 1971 

15 October 1972 - 30 January 1975 

6 October 1973 - present 

15 November 1974 - present 

29 July 1976 - present 

17 May 1974 - present 

* Camera and sensors: AVCS: Advanced Vidicon Camera System; APT: Automatic Picture Transmissions; 
SR: Scanning Radiometer; VHRR: Very High Resolution Radiometer; VISSR : Visible and Infrared Spin 
Scan Radiometer. 

** SR failed 3 March 1974. 
*** SR failed 16 March 1978. 

SNOW COVER DATA STREAMS 

RAW 
DATA 

LEVEL 1 

DATA 

LEVEL 
2A 

DATA 

LEVEL 
2B 

DATA 

LEVEL 3 
DATA 

SURFACE OBSERVATIONS 

----r,------
SNOW I METEOROLOGICAL 

COURSES OBSERVA TIONS 

TABULATED I 
REPORTS 

SA TELLlTE REMOTE 

SENSING 

VISIBLE, IR,MICROWAVE 2 

POLAR ORBITING MET. 

SATELLITES, GOES,LANDSAT 

LARGE SCALE ! REGIONAL _____ -1. ___ _ 

SNOW COVER/DEPTH/ ALBEDO 
CHARTS AND TABLES 

DIGITIZA TION 

MERGED SNOW-TERRAINIVEGET AT ION

ATMOSPHERE DA1A SETS 

1 Primarily in a research mode, or operational at the local / regional scale. 
2 The microwave is used primarily in a research mode. 

Fig.1. Snow-cover data streams. 

AIRCRAFT REMOTE 1 

SENSING 
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SEA ICE DATA STREAMS 

RAW 
DATA 

lEVEL 
1 

DATA 

lEVEL 
2A 

DATA 

lEVEL 
28 

DATA 

LEvel 
J 

DATA 

V1S. ,1R ,1.41CRDWAVE, 
RADAR l1.4AGERY 

RADAR/LASER AlT11.4ETER, 
SCATTER01.4ETER, 

DATA SUOYS 

Fig.2. Sea-ice data streams (Barry in press [a]). 

by region with no single agency being responsible for 
gathering them together. In many cases, data are not 
put out in a form that can be readily used by tfle 
researcher. Snow and ice data are frequently presented 
in chart format, whereas most research purposes would 
require some form of numerical gridded data. 

The user community often has great difficulty in 
determining what data are available and what inform
ation exists concerning their quality and possible 
limitations. Frequently, there are also long delays 
between the receipt of data on the ground and the 
delivery of preprocessed data to the user. An example 
of this is the SMMR data for 1979, which are only now 
becoming generally available. 

A growing demand is also being felt for the 
development of level 3 data sets (Figs.1 and 2). 
Very few merged data sets are available at present. 
Exceptions can be found in the Arctic Ice Dynamics 
Joint Experiment (AIDJEX), and the current Marginal 
Ice Zone Experiment (MIZEX). In both cases large 
amounts of concurrent sea-ice, atmospheric and oceanic 
data have been collected, but both experiments are of 
a limited time span and data are only for relatively 
small geographic regions. Merged data sets are also 
necessary at the hemispheric or global scale. Consid
ering all these problems, there is an obvious need 
for the development of a comprehensive data management 
system that would provide a multi-disciplinary polar 
research data set. 

4. SUMWlRY AND CONCLUSIONS 
Information on the primary characteristics of sea 

ice and snow cover are becoming available in a format 
to suit most large-scale climate studies and, 
follOWing the launch of the NOAA series of satellites 
in the early 1970s, there is now at least ten years 
of reasonably consistent data. With regard to sea ice, 
steps are now being taken to derive a uniform approach 
to the formatting of gridded data. For snow cover, on 
the other hand, more attention needs to be paid to the 
standardization of analysis methods and data present
ation (cf. recommendations of the workshop on snow 
cover and sea ice data (World Data Center A for 
Glaciology 1979[b], KLkla and others 1981). 

The future is likely to see continued improvements 
in the accuracy and resolution of satellite derived 
sea ice and snow cover boundaries. Sensors are also 
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being developed which will aid in snow/cloud dis
crimination and which may provide some of the 
secondary features of the snow/ice cover such as snow 
depth/water equivalent, ice thickness, morphology, 
open water fraction, etc. It will be some time, 
however, before such data can be collected on a 
routine basis. 

Multichannel microwave data will be a primary 
source of sea-ice and possibly snow-cover data for 
the remainder of the decade, and these data will be 
prime candidates for integration into a unified pro
duct. A data management system developed for the 
microwave data could also be readily expanded to 
include data from existing digital data sets, data 
collected from experiments such as MIZEX, future 
satellite-derived cryospheric data such as those 
that may be developed from the Synthetic Aperture 
Radar (SAR), and other ancillary data. These 
ancillary data could include the Arctic Ocean buoy 
data as well as other synoptic meteorological 
observations. If expanded to its full potential, 
such a management system would provide a single 
integrated access point for most cryospheric 
satellite and ground-based data sets. 
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