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ABSTRACT

Four Northern Hemisphere snow cover data sets are compared on a weekly basis for the 25-month period,
July 1981 through July 1983. The data sets are the NOAA/NESDIS Weekly Snow and Ice Chart, the Composite
Minimum Brightness (CMB) Chart, the U.S. Weekly Weather and Crop Bulletin (data only for North America),
and Air Force data. The NOAA/NESDIS chart is produced through the use of photo-interpretation of visible
satellite imagery and ground observations. The U.S. Crop Bulletin is also done manually, using only ground
observations. The CMB chart and the Air Force data are both produced using automated processes, the first by
way of visible satellite imagery and the second by way of ground observations, climatology, satellite observations
and persistence. Since the NOAA/NESDIS chart is the only standard and complete data set dating back to the
mid 1960s, it is used as the basis for the study. The main emphasis of this paper is a comparison of the CMB
and the NOAA/NESDIS chart.

The CMB frequently overestimated snow cover, especially the southward extent of the main snow boundary
and areas far from the snow boundary which were not present on the NOAA/NESDIS chart. On numerous
occasions, the outline of mountain ranges was either distorted or totally missed by the CMB. The CMB also
underestimated snow cover, especially in densely forested areas. Other regions of underestimation by the CMB
can be attributed to the bias factor of the NOAA/NESDIS chart. (The NOAA/NESDIS chart uses the latest
snow cover information while the CMB is composited over a week.) The U.S. Crop Bulletin agreed fairly well
with the NOAA/NESDIS chart east of the Rockies, but often differed to the west. The Air Force data set, an
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undocumented operational product, differed quite a bit from the NOAA/NESDIS chart.

1. Introduction

It is becoming increasingly evident that snow cover
is a very meaningful tool for detecting climatic changes
and reflects, as well, the impulsive character of our
climate. Much of the research has been directed at the
interaction between the extent of the snow cover and
synoptic-scale atmospheric conditions. Several obser-
vational studies have indicated the relationship of snow
to both surface air temperature and monsoon rainfall
over India.

Several studies have documented the effects of
anomalous snow cover on surface air temperatures on
both daily and monthly time scales. Dewey (1977), in
a diagnosis of Model Output Statistics errors, found
that large errors were produced by extensive snow
cover. Wagner (1973) showed that monthly average
snow cover and surface air temperature are highly cor-
related at individual stations. Foster et al. (1983) and
Robock and Ahnert (1983) found relationships between
observed monthly average snow cover and monthly
average surface air temperature. Walsh et al. (1982,
1985) found that snow cover was an important influ-
ence on monthly average surface air temperature in
the eastern two-thirds of the United States. Barnett

(1985), in an observational study of sea level pressure -

variations, suggested that a feedback between snow
cover and circulation was responsible for the variations
he detected.
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In a number of papers, Namias has used case studies
to illustrate the effects of snow cover and temperature
on each other. Namias (1960) related snowfall amounts
in the northeastern United States to 700 mb height
patterns and found an inverse relationship. Dickson
and Namias (1976) performed a similar study, but used
data from stations in the southeastern United States
and found the same result. Namias (1962) showed the
influence of snow on temperature and circulation
through feedback mechanisms. Namias (1974, 1978)
discussed snow as an integral part of an interactive
feedback process that caused anomalies to persist for
longer periods than they would have without the snow
for specific cases.

Some studies have indicated significant correlation
between Eurasian snow cover and amount of monsoon
rainfall in India during the following summer. Hahn
and Shukla (1976) studied an 8-yr period (1967-75)
and found an inverse relationship between the two.
Dickson (1984) updated this study by adding 5 yr to
the existing 8-yr data set while also adjusting for known
deficiencies in satellite snow observations. The resulting
correlations still showed the inverse relationship; how-
ever, the magnitudes were not as large.

The studies just mentioned illustrate the significance
of snow and climate, meaning that a comprehensive
and repetitive survey of snow fields would be of great
benefit. For many years, snow cover was monitored by
human observers at ground stations located primarily
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in midlatitude populated areas. The evolution of polar-
orbiting satellites provided a rapid and economical
means of obtaining this information for research and
operational purposes. Satellite monitoring of snow
cover is very useful because it provides instantaneous
observations over extensive areas and good temporal
resolution. The NOAA/NESDIS Weekly Snow and Ice
Chart was the first snow cover product derived exclu-
sively from satellite data.

The purpose of this paper is to compare and contrast
four different methods and their corresponding prod-
ucts for mapping snow cover. These products include
the NOAA/NESDIS Weekly Snow and Ice Chart, the
Composite Minimum Brightness Chart, the United
States Weekly Weather and Crop Bulletin, and Air
Force snow cover data. This study will cover a 25-
month period from 1 July 1981 to 31 July 1983. The
main goal in this project is to evaluate the efficiency
of the automated CMB technique in mapping snow
cover. We will use the CMB charts in an “automatic
snow cover detection” sense and verify its snow cover
with the more standard and complete NOAA/NESDIS
data set. The ultimate goal in snow cover mapping
would be to devise an automatic detection system,
thereby eliminating satellite photo interpretation. We
are only concerned here with snow cover overlying land
areas and do not consider sea ice cover. In section 2,
each data set will be described in detail along with an
example of each. Then, six weekly comparison maps
representing examples of the differences between the
data sets will be discussed. Finally, conclusions about
the utility of the different data sets will be presented.

2. Description of the data
a. NOAA/NESDIS

The Synoptic Analysis Branch (SAB) of NESDIS has
prepared a weekly snow and ice chart for the Northern
Hemisphere since November, 1966, based on satellite
observations covering a period from Monday through
Sunday (Matson and Wiesnet, 1981). This “Northern
Hemisphere Weekly Snow and Ice Cover Chart” is
based upon 6 to 7 days of visible satellite imagery sup-
plemented by ground observations (Dewey and Heim,
1981). Each chart displays a polar-stereographic view
of the areal extent of Northern Hemisphere snow cover.
The brightness of the snow, in a three-category subjec-
tive classification, was also included in the past but in
May 1982, was discontinued due to its limited useful-
ness. A digitized version of the weekly and monthly
maps on the NMC grid was produced by Dewey and
Heim (1981, 1982) and is continually updated and
available from NESDIS. For the period of this study,
the combination of visible imagery from the polar or-
biting satellites NOAA 6 and 7, and the equatorial or-
biting satellites (GOES series) were primarily used for
analysis of the snow cover.
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The procedure for producing the snow and ice charts
was simplified recently in 1981. The old method (Mat-
son and Wiesnet, 1981) required a satellite meteorol-
ogist to make a pencil trace of the previous week’s chart
onto a new snow and ice chart early in each week.
Then, daily visible data were collected and compared
to the previous week’s chart and changes were made
if necessary. The analyst also examined surface synoptic
reports to confirm any drastic changes in snow cover
due to new snowfall or rapid snowmelt. Therefore, each
weekly chart included snow boundary changes ob-
served during the week.

In the updated procedure, the satellite meteorologist
begins to analyze visible images at 1200 Universal Co-
ordinated Time (UTC) every Monday, and completes
and finalizes the chart by Monday evening. The new

. procedure requires the analyst to collect all the previous

week’s visible data and arrange them chronologically
with the most current data on top. Beginning with the
most current imagery, a boundary is drawn around ali
snow and ice regions on the visible images themselves.
If the latest satellite photograph of a region is cloud
covered or not available, the preceeding picture of the
same area is used. The analyst also compares satellite
images with appropriate surface synoptic reports where
necessary. After all regions of the Northern Hemisphere
have been analyzed, the analysis is transferred from
the visible imagery to a new snow and ice chart. In
areas where the snow boundary cannot be determined
or is cloud covered or data are not otherwise available,
the previous week’s analysis is used. The chart is re-
viewed to make sure a complete analysis has been done
and then traced onto a new finalized chart. The final
chart reveals the extent of the snow cover for the week
and can be compared to previous years for climatic
studies. These charts are based on interpretations by a
variety of observers; thus operator bias is undoubtedly
present.

In differentiating between snow cover and cloud
cover, the analyst must be aware of the following: 1)
texture—snow fields appear smoother than cloud fields;
2) cloud fields are more transient than snow fields; 3)
clouds display a higher reflectance than snow cover;
and 4) geographical features such as forests, rivers and
lakes, if visible on the imagery, indicate a cloud-free

- look at the surface and, hence, the adjacent bright area

is a snow field. Mountains are not always good indi-
cators of the absence of clouds since some orographic-
type clouds can stay over an area for days and give the
appearance of snow on mountains. It must also be rec-
ognized that the earth’s orbital orientation causes a
portion of the polar latitudes to lie in total darkness or
near darkness during the period between the autumnal
and vernal equinoxes. The circle of nonillumination
is illustrated on the weekly charts during this time pe-
riod, and it indicates the region where the visible sat-
ellite sensors are unable to monitor the snow and ice
cover. Therefore, all land areas within this nonillu-
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minated zone were assumed to be snow covered and,
likewise, the water areas were assumed to be ice cov-
ered. .

This data set is not without problems. On occasion,
persistent cloudiness and forests prevented detection
of snow cover for several weeks in a row. A few times
broken satellites created missing data over wide regions.
In the early years, the Himalayan area was not ade-
quately mapped (Ropelewski et al., 1984). Still it is the
longest consistent hemispheric record of snow cover,
and so we chose to regard it as the basis for comparison
with the other data sets.

An example of a NOAA/NESDIS Weekly Snow and
Ice Chart for 11 January through 17 January 1982 is
shown in Fig, 1.

b. Composite minimum brightness

Satellite imagery also helped to yield another end
product called the CMB Chart. The purpose of the
CMB technique was to filter out temporary cloudiness
so that the bright areas retained in the CMB Chart
represented the relatively permanent snow cover. The
visible satellite imagery was digitized, then rectified and
composited over a time period for the Northern and
Southern hemispheres on a polar stereographic pro-
jection. The first CMB charts, displayed in black and
white mapped imagery using five grey tones, were pro-
duced in October of 1968 over a 5-day period. In 1974,
the compositing period was increased from 5 to 10
days. Then in 1979, the polar sectors were replaced by
hemispheric sectors which covered a much larger area.
The compositing period was reduced to its present day
interval of 7 days and was updated daily, i.e., each
chart is an overlapping 7-day composite. Since the
NOAA/NESDIS chart is our basis for comparison pur-
poses and is produced from data for Monday through
Sunday, we accessed a CMB chart for every Monday
of the study period, i.e., CMB data encompassed Mon-
day through Sunday. The polar orbiting satellites
NOAA 6 and NOAA 7 provided the visible data for
the creation of the CMB charts during our 2-yr study
period. The CMB data that have been produced by
NOAA from 1968 to the present are archived as images
only; no digital analyses are saved.

McClain and Baker (1969) give the best description
of the process by which the CMB chart is produced.
The first step involves the digitization of the incoming
video data so that they can be used for further computer
processing. After digitization, all video data for a given
day are resolved into a so-called “full-resolution” array,
based on the Numerical Weather Prediction (NWP)
grid system of the National Meteorological Center.
There are 4096 NWP grid squares in each hemisphere,
and a subarray of 64 X 64 satellite data points (4096
in all) is mapped into each grid square. Thus, a total
hemispheric array of full-resolution satellite data com-
prises 4096 X 4096 data points. Each data point of the
full-resolution array represents an area approximately
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5 km on a side and gives a measure of the brightness
of the earth’s background, including clouds, on an in-
tegral scale (relative) ranging from O to 14,

A mesoscale data array is produced from the full-
resolution array by reducing the data points by a factor
of 8 in each dimension. (The mesoscale area is thus
about 40 km on a side.) However, in 1973 the reso-
lution became 55 km (McClain, 1973). In order to re-
tain much of the original information content of the
full-resolution data during this data compression step,
the original relative brightness range of 0 to 14 is di-
vided into five equal classes, and a frequency distri-
bution of the full-resolution population of each me-
soscale spot is stored on magnetic tape. The full-reso-
lution brightness data for each mesoscale spot are then
spatially averaged; this average is computed from the
brightness histogram. These average brightnesses are
then composited over a selected period of days by sav-
ing only the minimum value for a given mesoscale
spot during the compositing period. The resulting CMB
chart is displayed on a cathode ray film device in rec-
tified form; latitude and longitude lines as well as geo-
graphic and political boundaries are added electroni-
cally.

McClain and Baker (1969) were the first to apply
satellite data to snow cover for the purpose of mapping
the major snow boundary across North America. They
used the CMB technique applied to three 7-day periods
in the winter of 1967. Seven-day composites were
available for all three periods, while 3- and 5-day com-
posites were derived for the first period. Comparisons
of CMB Charts for the various compositing periods
showed that those clouds retained in the 3-day com-
posite were eliminated or suppressed in brightness in
the 5-day composite. A lesser amount of additional
cloud filtering occurred when the compositing period
was lengthened to 7 days. In verifying the CMB Charts
with ground observations, the 5-tone mesoscale CMB
Chart generally was effective in delineating the main
snow line in the Great Plains and in the relatively un-
forested areas of the Midwest. However, it was less ef-
fective or totally ineffective in heavily forested areas
such as the upper Great Lakes Region, the southern
portions of Ontario and Quebec, and much of the
northeastern United States and Appalachian moun-
tains. This last point agrees with Conover (1965) and
Barnes and Bowley (1968) in that, generally, the denser
and more extensive the stands of trees—particularly if
the trees are predominantly coniferous—the darker the
area will appear, even when snow of considerable depth
is present. McClain and Baker (1969) also found that
the snow-covered higher elevations (generally above
the tree line) of the Canadian and American Rocky
Mountains and of Canada’s Coast Mountains appeared
fairly bright in all CMB charts, but the snow present
on the lower, more heavily forested slopes generally
was not displayed in the five-tone mesoscale compos-
ites.
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FIG. 1. NOAA/NESDIS Weekly Snow and Ice Chart for 1 1-17 January 1982.









