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ABSTRACT
This paper is a continuation of empirical studies of cloud and snow cover effects on climate based on a blend of
observational meteorological data for the past several decades. It employs the idea that the analysis of climate variability observed during the period of intensive instrumental observations can provide "overall estimates" of these
effects.
A climatology of clear skies for northern extratropical lands is presented in the form of deviations from the average climate conditions. Clouds are an internal component of the climate system, and these deviations indicate specific climate conditions associated with clear skies. At the same time, they may be considered as estimates of the
overall cloud effect on the regional climate. A similar approach is applied to estimate the potential effect of snow on
the ground, and an attempt is made to divide the effects of snow and clouds.

1 .Introduction
The assessment of "extreme" climatic situations and
their comparison with other climatic conditions (in the
simplest situation, with average climate) provides a
transsection that elucidates the internal structure of the
climate system. It is not necessary that these situations
be indeed extreme, but it is desirable that they possess
some special features, signatures, that distance them
from an average climate. In this case, simple stratification (grouping) may be used for the characterization of
the climate dynamics and/or to phase out the effects on
the climate system of those variables that are beyond the
scope of the immediate study. Clear sky is one of such
extreme situations. In this paper we present the near-
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surface climatology associated with clear skies in the
form of deviations from the average climate conditions for the northern extratropical land area and outline several possible utilizations of these deviations.
We start with a general approach to the assessment
of the "effect" of internal climate variables on climate
and illustrate it with two examples. Essentially, these
examples are focused on two of the most critical topics of contemporary climatology: the roles of cloudiness and snow cover in climate. We present here our
estimates of their effects on standard meteorological
fields. Separate papers are devoted to the assessment
of cloud and snow cover effects on surface turbulent
heat fluxes (P. Groisman and E. Genikhovich 1996,
unpublished manuscript; P. Groisman et al. 1996, unpublished manuscript) and to the intercomparison of
these effects derived from empirical data and from the
output of GCMs (P. Groisman and R. Bradley 1996,
unpublished manuscript). Initial results from these
papers can be found in Groisman et al. (1995, 1996).

2. Concept o f the " o v e r a l l effect" o f
internal climate variables
General circulation models (GCMs) of atmosphere
and ocean represent a major tool for investigation of
2025
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the climatic system and its changes [Intergovernmental Panel on Climate Change (IPCC) 1990, 1996]. Due
to the complexity of the climate system and restrictions on computer power, the behavior and relationships between many climatic characteristics are not
adequately described by the equations of these models but are parameterized using different hypotheses.
Clouds participate in heat exchange processes as well
as in the hydrological cycle, and any misinterpretation of their behavior leads to errors in all further steps
of climate studies. Regretfully, the parameterization
of cloud cover still represents a major challenge (Kiehl
1994). For a long time, GCM simulations were run
with a prescribed cloud distribution (from climatology), but during the past 15 years the processes that
describe their interactive links with other climate elements were gradually incorporated into most advanced GCMs. The result of this change was a major
difference in estimates of climate sensitivity to external forcings (Sommerville and Gautier 1995). This
was described by modelers as "cloud feedback."
Thorough studies performed worldwide show discrepancies between different GCM cloud parameterizations, which produce differences in the conclusions
about the magnitude of possible climate changes derived from these simulations (Cess et al. 1991; Randall
et al. 1992; Haskins et al. 1995). Up to now, there is no
assurance that the processes of cloud generation and
their effects on radiative transfer are properly handled
(Potter et al. 1992; Del Genio et al. 1996; Mokhov
et al. 1994; Weare et al. 1995; Wielicki et al. 1995).
Snow cover increases the shortwave albedo of the
surface, alters turbulent heat fluxes and affects the
land-atmosphere system. The presence of cloud cover
affects the albedo in a similar way. The total effect
becomes uncertain when at the same time cloud cover
increases and snow cover decreases, or vice versa.
This nonlinearity challenges the ability of the GCMs
to properly reproduce climate and its changes (Cess
etal. 1991; Cohen and Rind 1991; Potter et al. 1992).
Therefore, the effects of cloud and snow cover should
be assessed together, but care must be taken to separate their influence on surface heat fluxes.
One way to evaluate the parameterization of meteorological elements is to compare the modeled statistical structure (mean, standard deviation, and spatial
and temporal correlation) with empirical data from the
world climate observational system (Weare et al.
1995; Stouffer et al. 1994; Del Genio et al. 1996).
Below, we suggest a further step in this assessment.
We shall consider the parameterization of the meteo2030

rological element in the model adequate, if together
with a proper reproduction of the mean and variability of this element the model properly reproduces the
internal relationships between this element and other
climatic variables. For example, parameterization of
cloud cover should lead to a proper change in the temperature field when clouds are changing, etc.
The statistics of "overall effect" (OE) and "partial
overall effect" (POE) are simple and easy to interpret.
We suggest using the following statistics for a set of
elements, / to check the proper parameterization of
the element y using empirical data:
OE{f\yeD)

= E{f)-E{f\yeD),

(1)

where E is a mathematical expectation and E{ I ) is a
conditional expectation. For example, i f / i s the top
of the atmosphere outgoing longwave radiation flux
(OLR),y is cloudiness, and D corresponds to clear sky
conditions, we obtain the "cloud forcing" of the OLR
as defined by Harrison et al. (1990) from the Earth
Radiation Budget Experiment (ERBE) data.
To study the proper parameterization of the element
z when several other internal factors are involved, the
following statistics can be used:
POE(/IZIJC

eC,yeD)

= E(f\z = a9y e D,x e C)
—E(f\z = b,y g D,x g C)

(2)
For example, i f f is humidity, y is cloudiness, and D
corresponds to clear sky conditions; z is snow cover
(ia = "snow on the ground" and b = "no snow on the
ground" events); andx is ground surface temperature
from a narrow range C; then we get the effect of the
presence of snow on the ground on humidity without
contamination of this relationship by cloudiness and
temperature variations (Groisman and Zhai 1995).
Observations under clear skies play a key role in
contemporary studies of cloud and snow cover feedbacks and forcings (cf. Harrison et al. 1990; Cess et al.
1991; Potter et al. 1992; Gaffen and Elliott 1993;
Groisman et al. 1994; Chanine 1995). Comparison of
climate conditions under clear skies with average conditions [i.e., statistics (1)] gives estimates of overall
cloud "effect." Sorting by equal ranges of surface temperature with preset cloud conditions provides a
dataset for studying the overall effects of snowcovered versus bare ground conditions on other meteorological elements (Groisman and Zhai 1994,
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1995). The term "overall" for these exercises is an important one. Clouds and snow cover are internal components of the climatic system, and the entire system
responds to changes in these components. Caution
should be taken when causal conclusions about "radiative forcing" by clouds and/or snow cover are made.
Usually cloud and snow cover "forcing" studies are
based on comparison of averages over different ensembles of climate conditions [the work of Pilewskie and
Valero (1995) is an exception]. Different water vapor
distributions, near-surface temperatures, and the entire atmospheric circulation contribute to the difference
between these two ensemble means, which therefore
cannot be attributed simply to radiative effects (cf.
Table 1). This is the case when satellite observations
(cf. Harrison et al. 1990; Sohn and Robertson 1993),
as well as the output of the general circulation models
(cf. Cess et al. 1991; Potter et al. 1992), are analyzed.
This is also the case for our overall effect estimates.
Additional application of statistics similar to
Eqs. (1) and (2) may be in the calibration of satellite
instrumentation. Many satellite measurements rely on
clear sky conditions (Gutman et al. 1995) or have
trouble in separating snow cover and cloud effects.
The composite average based on such measurements
differs from the averages made under mean climate
conditions. To develop the appropriate adjustments,
a knowledge of clear sky climatology is required. For
example, in Barrow, Alaska, the long-term mean
November temperature is 7.5°C less under clear skies
than its average value for the past 40 years, due to
strong radiative cooling in the absence of clouds. As
a result, mean monthly temperature estimates that rely
heavily upon clear sky conditions (e.g., skin temperature from satellite measurements) in this case will be
significantly biased. However, if a heat balance model
(or even simple regression equations) provides the
means to relate clear sky temperatures to temperatures
under average conditions, this bias can be taken into account in using the satellite-based observations. Thus, precise characterization of clear sky climate conditions, for
example, by statistic (1), can help to resolve important
problems of modern climate modeling and climate
change studies, as well as climate monitoring from space.

former Soviet Union, Canada, the United States, and
several European countries). Surface, aerological, and
snow cover data were collected for this network in
order to study cloud and snow cover overall effects.
The data characteristics are given in Table 2.
For the network depicted in Fig. 1, we analyzed
surface and aerological data at designated times for
the past several decades to obtain the climate distribution under clear sky conditions and compared it
with average climate long-term mean values. This is
a first application of statistics OE (fly e D) to the
overall cloud effect problem. Specifically, we analyzed the following near-surface fields,/: air temperature, water vapor pressure, relative humidity, wind
speed at the anemometer height, atmospheric pressure, and (for the former Soviet Union) ground surf a c e t e m p e r a t u r e and changes in tropospheric

3 . Overall cloud effects on near-surface
meteorological fields
Figure 1 shows the stations used in the current Stage
FIG. 1. Stations used in the analysis of cloud and snow cover
of the Study (more than 550 stations from China, the effect; primary (•) and supplementary (A) networks.
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TABLE 1. Near-surface average climate conditions (P, P, e, W) and their differences (AP, AP, A<?, AW) from the clear sky average
conditions at several U.S. stations. The data were obtained by processing the hourly time series for the period 1948-93, and the
differences can be considered as estimates of the mean "cloud effect" on the corresponding meteorological elements.

Surface air
temperature, °C
Month

Time (LT)

T

Wind speed at the
anemometer height,
m s~l

Atmospheric
pressure, mb

Water vapor
pressure, mb

AT

P

e

Ae

W

AW

5.1

1.2

3.7

0.4

5.2

0.8

3.6

0.3

3.5

0.3

4.3

0.4

AP

Caribou, ME
January

July

avg

-11.5

6.3

989.8

-4.7

2.3

1.2

0600

-13.4

6.9

989.9

-5.0

2.1

1.1

1400

-8.6

4.1

988.9

-6.3

2.5

1.2

avg

18.3

0.1

990.0

-3.2

15.5

2.4

0400

13.5

2.9

990.1

-3.4

14.5

2.0

1400

22.9

-1.3

989.4

-4.9

15.7

3.9

avg

-4.9

4.5

988.7

-4.5

3.6

1.3

0800

-6.3

6.7

989.0

-4.6

3.5

1.5

1500

-2.7

1.3

988.1

-5.8

3.8

1.0

avg

21.7

0.6

988.3

-1.8

18.0

2.5

0500

16.5

3.6

988.4

-2.1

17.0

3.5

1500

26.7

-1.3

987.9

-1.9

18.1

2.6

avg

-2.3

3.1

874.2

-4.8

4.0

1.0

0700

-4.4

4.5

874.2

-5.5

3.7

1.1

1500

1.3

0.4

873.6

-4.7

4.3

0.8

avg

25.4

0.5

871.3

-0.6

10.7

1.3

0500

18.3

2.0

871.7

-0.7

11.0

1.3

1500

32.1

-0.2

870.9

-0.8

9.7

1.5

Flint, MI
January

July

Salt Lake City, UT
January

July

Barrow, AK
January

avg

-25.8

3.8

1018.9

-4.5

0.7

0.35

5.5

1.0

July

avg

4.0

-1.1

1012.9

-4.0

7.3

0.2

5.2

-0.6

0200

2.3

0.2

1013.0

-3.8

6.8

0.4

4.6

-0.5

1400

5.3

-1.7

1013.0

-5.5

7.6

0.0

5.6

-1.0
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humidity. Some results of this analysis are presented
in Figs. 2 and 3 and Tables 1 and 3. The sample size
for these estimates varies significantly depending on
time and season. While average conditions over
Russia were estimated using more that 750 observations for each hour and month (in North America,
China, and some European countries, more than 1000
observations), the sample size for mean clear sky conditions varied from 250 (night in winter and spring)
to 30 (summer afternoons in Siberia and northern
Canada) (cf. Warren et al 1986; Hahn et al. 1994).
Climate variability also contributes to geographic
variations of the accuracy of our estimates. Generally
variability is higher in daytime than at night in the
warm season and is higher in the cold season than in
the warm season. The difference in sample size from
country to country (which varies in the range of 2 0 50 years) is a factor of minor importance for the accuracy of our estimates when compared to climate
variability and the number of clear sky events. Table
3 gives a rough account of the significance (at the

95% level) of the differences between clear sky and
average conditions shown in Figs. 2 and 3. These figures characterize the near-surface fields of temperature and humidity under clear skies for a significant
portion of the extratropical land areas. In the North
Atlantic, several island stations allow a conditional
extrapolation of these estimates toward the adjacent
ocean areas.
The humidity characterization of the clear sky conditions in Figs. 2a and 2b is not surprising; clear skies
are definitely associated with less than average atmospheric water vapor. In summer, when the water vapor pressure in the atmosphere is maximum, its
relative changes associated with clear sky conditions
are less pronounced, although the absolute values of
these changes are largest in this season. In other seasons the relative changes associated with clear skies
in near-surface absolute humidity are significant, and
in winter up to a 50% reduction of absolute humidity
under clear skies was documented in subarctic regions,
compared to average climate conditions. The absolute

TABLE 2. Characteristics of the datasets in use: former Soviet Union, near-surface 3-h meteorological observations (Razuvaev et al.
1995); China, near-surface 6-h meteorological observations from 1951-90; 0000 and 1200 UTC aerological observations at standard
levels from 1972 to 1992; Canada and United States, hourly surface observations from circa 1950 to 1993; 0000 and 1200 UTC
aerological observations at standard levels from 1972 to 1992 (NCDC 1993). Northern Europe near-surface hourly and 3-h meteorological
observations for at least the past 25 years; the data are courtesy of meteorological services of these countries. Snow cover satellite data in
the grid cells collocated to selected stations from 1972 to 1992, weekly data for North America and China (Matson 1986). For former
Soviet Union instead of satellite data we used daily station reports of the presence and type of snow cover on the meteorological ground.
Country/
region

Former
Soviet Union

China

Canada and
United States

Northern Europe
and North Atlantic

Type of
observations

Number of
stations/grid cells

Time
increment

Period

surface

223

3h

1936-84(90)

primary

surface

34

1966-84

supplement

surface

10

6h

1951-90

aerological

9

12 h

1972-92

satellite

10

weekly

1972-92

surface

258

hourly

1950-93/94

aerological

20

12 h

1972-92

satellite

20

weekly

1972-93

snow cover

surface

29

1 or 3 h,
6 h for Norway
and Bermuda

past 25 years
or more

21 years for
Denmark
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snow cover
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FIG. 2. Near-surface humidity fields under clear skies: (a) mean monthly reduction (%) of the near-surface water vapor pressure
under clear skies (£c]ear) compared to that under average afternoon and night climate conditions (eall); 100% (e - ^clear)/^al]; (b) mean
monthly reduction (%) of the near-surface relative humidity under clear skies (/clear) compared to that under average afternoon and
night climate conditions (/all);/all _ / clear - The estimates are obtained from the land-based stations shown in Fig. 1, and their extrapolation
over the ocean areas is not recommended.

values of these differences are, however, quite small.
Relative changes in water vapor in the lower troposphere (at the height of 850 mb) are more prominent
than near the surface. In this study, only North American and Chinese aerological data were processed, and
we expect to repeat our analysis when the new Comprehensive Aerological Reference Data Set (CARDS)
(Eskridge et al. 1995) is ready for use. Relative humidity under clear sky conditions is less than that
under average climate conditions by 5% at night (including polar night) and 10%-15% during the day.
The temperature field anomalies associated with
clear skies verify that at night and in cold climates and
cold seasons clouds are associated with warmer than
2030

average conditions, but in summer afternoons (as well
as during the polar day) clouds conform to cooler
weather. The pattern of changes in the temperature
field is symmetric with respect to the pole, with maximum changes in the polar region (with clouds associated with a warming of up to 10°C in winter and a
cooling of up to 5°C in summer afternoons). An exception is the slightly (but, generally, statistically significant) cooler than average summer night conditions
associated with clouds over the humid eastern part of
Eurasia. This shows that clear skies in the southern
humid Tropics may be associated with a different temperature pattern than in the extratropical zone (cf.
Chanine 1995). One can argue, that in the Tropics
Vol. 77, No. 9, September 1 996
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FIG. 2. Continued.

there is so much water vapor that the boundary layer
is effectively opaque, and clouds have little contribution to the surface energy budget at night. We plan to
address this issue later, when more data points will
be accumulated for the tropical zone. Patterns of
ground surface temperature overall cloud effect (estimated only for the former Soviet Union) are similar
to those shown in Fig. 3 but are more defined: magnitudes of the effects are about 1 °C higher than those
for surface air temperatures.
Maps similar to Figs. 2 and 3 were developed for
two additional meteorological fields: atmospheric
pressure at the station level and wind speed at the
anemometer height. Below is a summary of conclusions drawn from the analyses of the pattern of
changes in these fields associated with clear sky conditions. Clear skies are associated with mostly anticyclonic conditions: mean monthly atmospheric
Bulletin of the American Meteorological Society

pressure is about 5 hPa higher under clear skies than
average. The most prominent (and quite rare) increase
in atmospheric pressure under clear sky conditions is
documented in the cold season over the North Atlantic
sector (up to 12 hPa). To the south of 40°N, over
China and the United States, the changes in atmospheric pressure related to cloud cover are weak or
absent. Patterns of wind speed changes at the anemometer height under clear skies are somewhat related to those in atmospheric pressure: low winds
prevail under clear skies with a 20%-50% average reduction in wind speed as compared to that under average climate conditions. The largest wind speed
reduction is observed over the North Atlantic coastal
regions. At night relative changes in wind speed are
similar to daytime changes in winter, spring, and autumn. In summer afternoons, we have not found any
noticeable changes in wind speed related to cloud
2025
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on the water vapor distribution near the
surface and in the lower troposphere.
We applied POE(f\z\y e D, T e C)
statistics as a main research tool to avoid
the contribution of temperature to our
estimates. To obtain the values of this
partial overall effect, the near-surface
Water vapor
Relative
Surface air
and aerological data at each station were
Time, month
pressure (%)
humidity (%)
temperature (K)
stratified by surface air temperature (7),
cloudiness, and presence of snow on the
Afternoon
ground. The stations used in this analyJanuary
< 1 K
10%
l%-3%
sis are well distributed over the former
Soviet Union (35 stations) and over the
April
1K
5%-10%
l%-2%
northern part of North America with a
stable seasonal snow cover (20 stations).
July
5%-10%
5%
0.5 K
For each station, only those temperature
October
< 1 K
5%—10%
<3%
ranges, C (±0.5 K), were selected for
which both surface conditions (snow/no
Night
snow) were observed under clear skies
at least 10 times during the analysis pe< 1 K
January
5%-10%
1%
riod (1972-92 for North America, and
April
5%
l%-2%
0.5 K
1966-90 for the former Soviet Union).
The ratio R(C,
5, L)/ = v(esnow - e,bare7)/ebare
u
x
1%
July
0.5 K
3%-5%
was then calculated for each selected
temperature range C, for each station 5,
October
1%
5%
0.5 K
_ _ _ _
and for each standard level L (surface,
7 7 where e
850, 700, and 500 mb),
snow is the
average water vapor pressure at a given
cover, while in summer night climate conditions the station when snow is on the ground
T a e C, and eubare
°
cloud effect on wind speed is similar to other seasons. is the similar average water vapor pressure but only
TABLE 3. Statistical significance of the cloud effect estimates shown in Figs. 2
and 3. The values are average anomalies that differ statistically significantly (at
the 95% level) from zero. These are the generalization of the results of the t test
of the nonzero difference between mathematical expectations of two samples,
clear sky and other (clouded) conditions, performed on a station by station level.

4 . S n o w cover " e f f e c t s " on w a t e r v a p o r
distribution in l o w e r troposphere
under clear skies
The global pattern of humidity resembles the temperature pattern since the capacity of the atmosphere
to retain water vapor depends strongly on temperature (Peixoto and Oort 1992). The presence of snow
on the ground (at the same location and in the same
10-day interval) corresponds to an average temperature decrease of 5 K (Voeikov 1889; Pokrovskaya and
Spirina 1965; Leathers et al. 1995; Groisman et al.
1996). Therefore, without removing the temperature
effects we could not get any meaningful estimates of
the associations between snow cover and water vapor. Because the effect of surface conditions on turbulent and radiative heat fluxes is greater under clear
skies, we used the clear sky conditions to delimit the
possible effects of the presence of snow on the ground
2030

for the cases when snow is absent. Only near-surface
data have been processed for the former Soviet Union.
Each of these ratios represents a point estimate of the
change in water vapor pressure with snow on the
ground, when the effect of temperature on humidity
is effectively removed. The effects of spatial variability of the water vapor pressure fields in these point
estimates are also significantly reduced due to normalization (dividing by ebare). This gives us an opportunity to get statistically significant estimates of the
mean effect of the presence of snow on the ground
on the water vapor profile in the lower troposphere
over North America from a moderate sample (only
8000 soundings; for Russia the sample size, 500 000,
is excessive). The average values of /?(C, 5, L) for
Russian, Alaskan, Canadian, and U.S. stations are presented in Table 4. Accuracy (standard deviations) of
the estimates shown in Table 4 varies from less than
1% (Russia) to 5% (Canada).
We found that the presence of snow on the ground
on average is associated with a water vapor decrease
Vol. 77, No. 9, September 1 996
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FIG. 3. Mean monthly change (°C) of the surface air temperature under clear skies (Tclear) compared to that under average afternoon
and night climate conditions (Ta]1), Tall - T . The estimates are obtained from the land-based stations shown in Fig. 1, and their
extrapolation over the ocean areas is not recommended. Areas that are warmer with cloud cover are dotted.

in the lower troposphere under clear sky conditions
for North America. Table 4 shows a 13% average decrease of water vapor content under clear skies for the
former Soviet Union when snow is on the ground, as
compared to bare soil conditions and a less pronounced but still statistically significant decrease by
4% for average climate conditions. Sorting by equal
ground surface temperatures in Russia refines and
strengthens this effect approximately by a factor of 2.

5. Conclusions
• Times with clear skies are characterized by conditions that are significantly different from the average near-surface climatology and heat fluxes. Their
peculiarities in near-surface climate (and, partly, in
Bulletin of the American Meteorological Society

the lower troposphere) were quantified for the
northern extratropical land area. Clear skies in extratropical regions are characterized by (a) mostly
anticyclonic conditions (on average the atmospheric pressure is 5 hPa above its long-term mean
values), (b) weaker advective processes (wind
speed at the anemometer height is usually 2 0 % 50% less under clear skies than on average), (c) a
reduced water vapor content of the lower troposphere by 20%-50%, (d) significant changes in the
near-surface temperature field, and (e) a stronger
diurnal cycle in near-surface climate characteristics. We have quantified all these properties for
most of North America and north Eurasia (aerological data were processed only for North America
and China). Clouds are an internal component of
the climate system; nevertheless, the results of this
2025
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TABLE 4. Mean average decrease (percent) of the water vapor content of the
clear sky atmosphere under the same surface air temperatures with snow on the
ground. More than 8000 soundings from 20 North American stations and
approximately 500 000 surface observations from 35 former Soviet Union stations
qualified to participate in this analysis. For temperatures above the freezing point,
this decrease is higher than shown below.

Level

Alaska

Canada

Contiguous
United States

Former
Soviet Union

surface

-18

-17

-14

-13

850 hPa

-23

-18

-15

N/A

700 hPa

-21

-19

-16

N/A

500 hPa

-23

-27

-23

N/A

Same as above but for the near-surface water vapor content under clear sky
and average climate conditions as derived from 3-hourly data from 35 stations
well distributed over the former Soviet Union territory. The data were compared
in the same temperature ranges (±0.5°C) of surface air and ground temperatures.
Sorting
by surface

Average
conditions

Clear sky
conditions

air temperature

-13

ground temperature

-22

comparison may be considered as estimates of the
overall effect on the regional climate by clouds.
The specifics of clear sky climatology have to be
taken into account in any studies that rely on clear
skies as a reference (feedback studies, satellite
measurements).
The presence of snow on the ground, even after the
effect of temperature is taken into account, is associated with less water vapor in the lower troposphere under clear sky conditions.
An approach has been proposed to test the internal
consistency of a meteorological element parameterization in the GCM (e.g., clouds and/or snow cover)
using estimates of its overall effect on other climate
variables derived from observations during the past
several decades and from the output of the GCM control run. This application provides another dimension
to the clear sky climatology presented in this paper
as well as to other nonstandard climatologies that
possess specific signatures that are distanced from
an average climate. Among them are climatologies
2030

of the overcast conditions, hours during
which precipitation occurs, postvolcanic
periods (Spirina 1973; Robock and Mao
1995), El Nino (Diaz and Markgraf
1992), severe sea ice conditions, largescale atmospheric blocking, etc.
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