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RECENT SECULAR VARIATIONS IN THE EXTENT OF NORTHERN HEMISPHERE SNOW COVER
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Abstract. Northern hemisphere snow cover during 1988
and 1989 was at its lowest extent since the advent of reliable
satellite snow-cover monitoring in 1972; running some 8-10%
below the eighteen-year annual mean of 25.7 million km2.
Monthly minima for the period of record occurred six times
during these two years. In general, the last nine years of the
satellite record had less extensive cover than the 1972-80
interval. Negative anomalies during the 1980s were largest
over Eurasia in all seasons, and in the Spring over North
America. Hemispheric seasonal means for the most recent
nine years were 3.7% to 8.4% lower than those between 1972
and 1980. Results are based on analyses of National Oceanic
and Atmospheric Administration weekly snow charts, which
are produced from visible satellite imagery.

Introduction

Snow is a key variable in the global climate system,
influencing the global heat budget chiefly through its effect of
increasing surface albedo [Kung et al., 1964, Robinson and
Kukla, 1985]. Accurate information on snow cover is
essential for understanding details of climate change [Wiesnet
and Matson, 1976, Dewey, 1987]. It has been suggested that
this information might make snow extent a useful index for
detecting and monitoring such change [Barry, 1985,
Schlesinger, 1986). Currently, the best information
concerning continental snow cover is provided by NOAA
weekly snow charts. These northern hemisphere charts are
produced from a visual interpretation of photographic copies
of visible satellite imagery by trained meteorologists [Matson
et al., 1986). Other potential sources of information on a
continental scale are less reliable. They include ground-station
observations of snow cover, which are primarily concentrated
in the lower elevations of the middle latitudes; thus limiting
their utility to regional climate investigations. Also, NASA
has charted snow cover using microwave satellite data since
the late 1970s [Chang et al., 1987]; however, at present,
inaccuracies in microwave charting in a number of locations
limit the utility of this technique [Robinson et al., 1984, Hall et
al., 1986). .

NOAA snow charts

NOAA weekly snow charts depict boundaries between
snow-covered and snow-free land surfaces. These snow lines
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are delimited by recognizing characteristic textured surface
features and brightnesses of snow-covered lands. The charts
show boundaries on the last day that the surface in a given
region is seen. This most often is the final or penultimate day
of the week, although in regions with persistent cloudiness it
may extend back over one week [Kukla and Robinson, 1981].
This illustrates a difficulty in applying chart results on a
weekly or local basis. Also, occasional regional inaccuracies
may result from low solar illumination, and from problems of
recognizing snow cover in forested regions.

NOAA has produced northern hemisphere snow charts
since 1966. However, it is recognized that in early years the
snow extent was underestimated, especially during the Fall
[Kukla and Gavin, 1984, Ropelewski, 1984]. Charting
improved considerably in 1972 with the deployment of the
Very High Resolution Radiometer (VHRR) on board NOAA
polar-orbiting satellites. The VHRR had a spatial resolution in
the visible portion of the spectrum of one kilometer (Advanced
VHRR: 1.1 km), while the resolution of earlier sensors was
no greater than four kilometers. Since 1972, charting accuracy
is such that this product is considered suitable for continental-
scale climate studies [Wiesnet et al., 1987]. The first analysis
of hemispheric snow extent based on NOAA charts was
performed by Kukla and Kukla (1974). Examinations
continued in subsequent years [Matson and Wiesnet, 1981,
Foster et al., 1986], although the most recent analysis only
included data through 1981 [Matson et al., 1986].

Snow charts were digitized on a weekly basis using the
National Meteorological Center's primitive equation model
grid. This is an 89 x 89 cell northern hemisphere En'd. with
cell resolution ranging from 16,000 to 42,000 km# [Dewey
and Heim, 1982]. If a cell was interpreted to be fifty percent
or more covered by snow it was considered to be completely
covered. Monthly continental and hemispheric extents were
subsequently calculated.

Results

The greatest monthly extent of snow cover in the Northern
Hemisphere during the past eighteen years was 52.8 million
km? in February 1978 (Table 1). On the low side, no monthly
extent exceeded 42.9 million km2 in 1981. Mean monthly
snow cover was less extensive in recent years; eighteen-year
minima occurred for March, April, May, July, August and
October in cither 1988 or 1989. With only one exception, all
monthly minima occurred in the 1980s. Conversely, eleven of
the twelve monthly maxima were observed in the first half of
the record. The only monthly maximum in the most recent
half of the record was in November 1985.
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TABLE 1. Monthly and annual snow cover (million km2) over northern hemisphere lands during the
period Jan 1972 through Dec 1989.
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Fig. 1. Seasonal snow cover (million kmz) over Eurasia and
North America from Winter 1971/72 to Fall 1989, Fall: SON;
Winter: DJF; Spring: MAM. Note the different scale for each

continent.

Eurasian snow cover dominates the hemispheric signal
(Figure 1). North american mean cover was on average 22%
less extensive than eurasian cover in the Fall, 40% less in
Winter, and 29% less in Spring. In recent years, noticeable
decreases in seasonal snow cover occurred in all seasons over
Eurasia, and in the Spring over North America (Table 2).
Hemispheric seasonal means for the most recent nine years
were 3.7% to 8.4% lower than those between 1972 and 1980.

Mean annual snow cover was less extensive over the
Northern Hemisphere during the latter half of the satellite
record. This change in cover between the 1972-80 and 1981-
89 intervals is significant at the 0.01 level (t-test). This also
holds true over Eurasia, but results are not significant at or
above the 0.05 level over North America. No significant
change (20.05 level) in interannual variability is apparent on a
hemispheric or continental scale between the two intervals.

TABLE 2. Mean seasonal snow cover (million km?) over
northern hemisphere (NH) continents for Winter 1971/72 to
Fall 1980, and Winter 1980/81 to Fall 1989. The percent
decrease in extent between the first and latter halves of the
study era is also shown. Eurasia (Eur), North America (NA).

FALL WINTER SPRING
Eur NA NH Eur NA NH Eur NA NH

11.6 8.6 20.2 29.2 16.9 46.1
10.1 8.4 185 27.516.9 44.4

72-80
81-89

19.2 13.2 324
17.4 12.7 30.1

decr. 129 2.3 84 58 0 37 94 38 7.1

Twelve-month running means of hemispheric snow extent
averaged 25.7 million km?2 (standard deviation: 1.2 million
km2), and ranged from 28.6 million km2 (May 78-Apr 79) to
23.0 million km2 (Oct 88-Sep 89) (Figure 2). The
hemispheric running mean further illustrates recent decreases
in cover. Only in the mid 1980s was there a short-lived
increase in hemispheric cover, which was largely a north
american occurrence. By 1988, twelve-month running means
of north american snow cover fell to levels previously only
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Fi g 2. Twelve-month running means of snow cover (million
kmZ) over northern hemisphere lands for the period Jan 1972
through Dec 1989. Also partitioned for Eurasia and North
America. Note the different scale for each graph.

observed in 1981, and remained there at the end of 1989.
Running means of eurasian cover were below the previous
1984 low throughout 1988 and 1989. Recent minima were a
function of the record low months observed over the past two
years, and the absence of particularly snowy months during
this period over either continent.

Discussion and Conclusions

The reduced extent of snow cover over northern flemisphere
lands during the 1980s occurred during one of the warmest
decades of the past century [Jones et al., 1986, Jones, 1988,
Hansen and Lebedeff, 1987, 1988]. An examination of
hemispheric twelve-month running means of snow cover and
surface air temperature from 1972-1987 shows a striking
relationship between the two (Figure 3). This association may
in part be due to a snow-albedo feedback. Such a feedback is
incorporated in general circulation models [Hansen et al.,
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1984, Dickinson et al., 1987], and results in an amplification
of warming in model smulauons which incorporate increased
concentrations of greenhouse gases [Manabe and Wetherald,
1980, Hansen et al., 1983, Schlesinger, 1986].
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Fig. 3. Twelve-month running means of snow cover (million
kmz) and departures of surface air temperature (°C) over the
Northern Hemisphere for Jan 1972 through Dec 1989 (snow)
and Jan 1972 through Dec 1987 (temp.). Temperature data
were gathered from land-based stations and fixed-position
weather ships [Jones et al., 1986, Jones, 1988].

However, it is premature to infer an anthropogenic cause
for the recent decrease in hemispheric snow cover. These
changes may have been associated with natural variations of
atmospheric circulation, temperature, precipitation and/or other
climate variables. To address adequately the natural versus
anthropogenic issue, the long-term natural variability of snow
cover must first be identified and relationships between snow
and other climate variables more firmly established. This can
be accomplished on a local, and in some cases regional, basis
using lengthy (+50 year) station records and the ever-
expanding satellite data base. A long-term snow set has
recently become available for close to 1000 stations throughout
the U.S, [Robinson, 1988], and similar files for the USSR
should be at hand within the next year (T. Karl, per. com).

The relative simplicity of observing hemispheric snow
cover from satellites, the critical role that snow cover has in the
global heat budget, and the expected role of snow feedbacks in
anthropogenic climate change support the continued diligent
monitoring of snow cover.
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