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Abstract. The article analyzes the
climatology and interannual variability of
fractional total and low cloud cover in the
subarctic and subpolar regions of the North
Atlantic and the North Pacific. We used surface
visual observations of cloudiness from voluntary
observing ships (VOS) for the period from 1950
to 2017. It is shown that in the North Atlantic
and the North Pacific seasonal variations of the
mean cloud cover demonstrate contrasting
character. For a better identification of regional
features, the probability distributions of the
fractional cloud cover were analyzed. Analysis of
interannual variability shows that in many areas
of the North Atlantic and the North Pacific,
significant linear trends in both total and low
cloud cover are observed. Moreover, in the
North Pacific, linear trends in the total
cloudiness have pronounced seasonality.
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Introduction

Cloud cover over the oceans plays an important role
in the Earth’s climate system. Clouds affect the fluxes
of short-wave [Aleksandrova et al., 2007; Dobson and
Smith, 1988] and long-wave [Josey, 2003] radiation,
implying serious consequences for atmospheric mois-
ture transport and influencing meridional transports in
the ocean [Ushakov and Ibrayev, 2018] and in the at-
mosphere [Dufour et al., 2016]. As one of the elements
of the climate system, cloudiness has an indirect effect
on regional changes in various oceanographic charac-
teristics of the global ocean including Arctic [Pisareva,
2018; Travkin and Belonenko, 2019; Vlasova et al.,
2019]. Also, cloud cover can serve as an indicator of
global and regional climate change, including both in-
trinsic and forced variability [Chernokulsky et al., 2017].
In the recent decade, the fastest rate of global warming
has been observed in the Arctic [Bekryaev et al., 2010;
Serreze and Barry, 2011]. Thus, the analysis of the
Arctic cloud cover is very relevant for understanding
the mechanisms of changes.

Climate changes in the Arctic are particularly char-
acterized by declining sea ice extent potentially closely
related to variations in cloudiness through the mecha-



nisms of atmospheric moisture content affecting warm-
ing [Dufour et al., 2016] and impact on incoming short-
wave radiation. For example, Wille et al. [2019] show
that atmospheric rivers providing anomalous moisture
transports, are associated with the massive frontal cloud
systems. Moreover, cloud cover is engaged in a num-
ber of Arctic climate feedbacks also playing important
role in the Arctic climate change. Kay and Gettelman
[2009] demonstrate that sea ice extent can control the
amount of low cloud cover with increasing low level
clouds over open water.

The variability of cloud cover in the Arctic is sensitive
to different atmospheric circulation indices. Chernokul-
sky and Esau [2019] show that the strongest correla-
tions were found in the Barents and Kara Seas, and
the correlations with low cloud cover are stronger than
with total cloud cover. These correlations are most
pronounced in autumn and winter.

Data and Method

Information about cloud cover can be obtained from
various sources, including satellite data, reanalysis and
direct measurements at weather stations and ships. Sa-



tellite data are quite accurate and relatively homoge-
neous in terms of sampling, but their records limited
by 1984 [Frey et al., 2008; Foster and Heidinger, 2013;
Karlsson et al., 2013; Rossow and Schiffer, 1991, 1999;
Stubenrauch et al., 2013]. Cloud cover information
from reanalysis becomes more accurate with increasing
product resolution and parameterizations. However, re-
analysis cloud cover still demonstrates biases compared
to observations and require further validation [Bedacht
et al., 2007; Chernokulsky and Mokhov, 2012]. In the
Arctic, cloudiness in different reanalysis demonstrate
significant uncertainties in the monthly means, espe-
cially in the winter season [Liu and Key, 2016]. Cher-
nokulsky and Mokhov [2012] show significant biases
in the average cloudiness from reanalysis in the Arctic
compared to surface observations and satellite data.

Direct surface visual observations of fractional cloud
cover over the oceans remain a unique source of long-
term information about cloudiness. Over the oceans,
the most complete collection of historical visual obser-
vations is provided by voluntary observing ships (VOS)
and available from the International Comprehensive
Ocean-Atmosphere Data Set (ICOADS) [Freeman et
al., 2017; Woodruff et al., 2011].

Visual VOS observations of cloud cover provide the



longest record, starting in the mid-nineteenth century.
However, this data set is characterized by spatial and
temporal heterogeneity of sampling [Gulev et al., 2007a,
2007b] with most observations being concentrated along
the main ship routes in the North Atlantic and the
North Pacific. In these regions the seasonal number of
available reports typically closely matches or exceeds
300 reports per 2◦ grid cell with more than 500 reports
in some gird cells [Aleksandrova et al., 2018]. Over
the central North Pacific and the North Atlantic be-
tween 50◦N and 65◦N the seasonal number of total
cloud cover reports is about 200 reports per 2◦ grid
cell. At high latitudes, this number decreases signifi-
cantly due to smaller number of merchant ships and sea
ice impact on navigating conditions especially in winter.
Over most of the Arctic Ocean the mean seasonal num-
ber of reports per 2◦ grid cell does not exceed 10–15
reports, making it is possible to consider climatology
of cloud cover and its variability only in the Barents
Sea and in the southeastern part of the Greenland Sea,
where the amount of observations varies within 50–150
reports per season per 2◦ grid cell.

Also, visual observations from ICOADS are charac-
terized by temporal sampling inhomogeneity. The last
part of the 19th century and the first half of the 20th



century are characterized by relatively small amount of
data. In the second half of the 20th century, the num-
ber of reports containing information about cloud cover
is increasing significantly. Most observations were car-
ried out from the late 1960s to the late 1980s with
the period after 1990s being characterized by declining
trend in the number of observations resulting in twice
as small number of data in the last years compared
to the period before 1990s. All calculations were per-
formed for individual seasons (January–March (JFM),
April–June (AMJ), July–September (JAS), October–
December (OND)). This approach accounts for strong
temporal changes in observational density.

In addition to the ICOADS quality control checks,
we excluded from the analysis all reports indicating un-
realistic values confirmed by the analysis of alternative
parameters, for example when low cloud cover is higher
than the total cloud cover, or the reports indicating pre-
cipitation under a clear sky. In ICOADS, cloud cover
is presented in octas (eighths) ranging from 0 to 8,
according to the WMO manual [WMO, 1974]. There
is also an additional code “9”, which means “sky ob-
scure, cloud cover cannot be observed”. To include
in the analysis as much data as possible, cases, when
precipitation was reported under cloud code “9”, all



reports with “9” were consolidated with 8 octa cate-
gory. This resetting resulted in an increased number of
reports with overcast approximately 2%.

We consider here climatology and variability of cloud
cover in the North Atlantic and the North Pacific north
to 40◦N for the period 1950–2017, thus focusing on the
regions closely related to the high latitude climate vari-
ability and impacting circumpolar latitudes. Also, the
North Atlantic is a key region for the formation of low-
frequency climatic variability; however, many features
of this region, including cloudiness, are not analyzed
sufficiently [Bekryaev, 2019].

Climatology of High Latitude Cloud Cover

We start with the climatology of fractional cloud cover
for the period from 1950 to 2017. Climatological grids
of fractional cloud cover based on VOS data were com-
puted with 2◦ spatial resolution. For fully unsampled
boxes the gaps were filled by the Akima objective inter-
polation method. Figure 1 shows climatologies of the
mean total (a, b) and low (c, d) cloud cover for JFM
(a, c) and JAS, (b, d).

Figure 1 shows that the subpolar North Atlantic and
the North Pacific are characterized by a considerable
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amount of cloud cover, which in most cases exceeds
6 octas for total cloud cover and 5 octas for the low
cloud cover. In JFM for both, the North Atlantic and
the North Pacific, total cloud cover is characterized by
seasonal means of 6–7 octa. In summer, total cloud
cover in the subpolar North Atlantic decreases in mid
latitudes and increases over high latitudes (region of
the Norwegian and Barents seas). In most regions of
the North Pacific in JAS the total cloud cover is greater
than in JFM by 0.5–1 octa. The cloud pattern in the
Sea of Japan shows the maximum cloud cover in the
summer with the values for JAS not exceeding 5 octas
and being less then 4 octas in JFM.

Seasonal march of the low cloud cover follows the
seasonal variation of total cloud cover. In the mid-
latitude North Atlantic the maximum cloud cover (5.5–
6.5 octas) is observed in winter. In summer, the amount
of low clouds here decreases to 4–5.5 octas. In high lat-
itudes (the Norwegian Sea and the eastern Greenland
Sea), maximum low cloud cover values (6–7 octas) are
observed, on the contrary, in summer. In winter, the
amount of low cloud cover in this region is about 6
octas. Over the most North Pacific, there are more
low level clouds in the summer than in the winter. In
JAS the local maximum of low cloud cover of 7 octas



is observed in the central North Pacific. In winter, over
most of the North Pacific, the mean low cloud cover
is ranging from 5.5 to 6.5 octas. In the Sea of Japan,
there is a regional minimum of low cloud cover over the
area. In JFM, the mean low cloud cover in the Sea of
Japan does not exceed 2.5–3.5 octas with the summer
values increasing to 4–4.5 octas.

Analysis of Probability Mass Functions

The mean cloud cover provides incomplete information
about the cloud regime. For a better understanding of
the structure of the cloud cover, we analyzed the distri-
bution of fractional cloud cover by octas [Aleksandrova
et al., 2018] for the selected 10◦ squares. Figure 2
shows that in different regions of the North Atlantic
and the North Pacific the histograms of cloud cover
are characterized by the increase of probability from
small cloud amounts to overcast conditions (8 octas).
In the North Atlantic (Figure 2b–Figure 2e), changes
in the shape of distribution from winter to summer are
not significant. Only in the western part of the North
Atlantic south of Newfoundland (Figure 2a) in summer
(JAS) the frequency of overcast conditions decreases
noticeably, which is consistent with the decrease in the



Figure 2. Empirical histograms of the fractional
total cloud cover (octas) for selected regions (shown
on the map (l)).



mean total cloud cover from winter to summer in this
region (Figure 1).

Over the North Pacific, the distribution of fractional
total cloud cover also has a shape similar to that in
the North Atlantic with the occurrences peaked at 8
octa (Figure 2g–Figure 2k). However, in contrast to
the North Atlantic in the western and central North
Pacific in JAS the frequency of complete overcast (8
octas) is significantly higher than in JFM. In the east-
ern Pacific, near the North American coast the seasonal
march in the distribution shape is less pronounced with
the exception of the northwestern United States in the
summer when seasonal changes in the occurrence of
clear skies are noticeable. The shape of cloud cover
distribution is however completely different in the Sea
of Japan. Here it takes a U-shape form (Figure 2f),
with a higher occurrence of clear sky conditions in win-
ter and of overcast conditions in summer.

Distribution of the fractional low cloud cover is more
variable from region to region. In the central North
Atlantic low cloud cover primarily ranges from 5 to 7
octa (Figure 3b–Figure 3c) and seasonal variations are
not pronounced. In the western North Atlantic (Fig-
ure 3a), south of Newfoundland the frequency of low
cloud cover peaks at 5–7 octas in JFM. In summer the



Figure 3. Empirical histograms of the fractional
low cloud cover (octas) for selected regions (shown
on the map (l)).



frequency of the clear sky conditions increases. In the
eastern North Atlantic near the coast of Norway low
cloud cover occurrence has a maximum in the range
from 5 to 8 octas (Figure 3d). At the same time small
low cover amounts (0–2 octas) are more frequently ob-
served than in the central North Atlantic.

Over most of the North Pacific, histograms of the
low cloud cover remain those observed in the central
Atlantic, with the distribution peaked at 5–7 octa. In
the central North Pacific (Figure 3g–Figure 3i), the sea-
sonal variations in the shape of distribution are more
pronounced than in the North Atlantic. Also, small low
cloud cover (0–2 octas) is more frequently observed in
JFM than in JAS. In the eastern North Pacific, near
the coast of North America, the maximum frequency
of low cloud cover ranges from 4 to 7 octas (Figure 3j–
Figure 3k), however, this region is also characterized
by a second peak at 0–2 octas, that is especially pro-
nounced in the JAS (Figure 3k).

As for the total cloud cover, the Sea of Japan is
characterized by very different from the other regions
shape of distribution of the low cloud cover with the
high occurrence of small amounts of low cloud cover
which is somewhat higher in JFM compared to JAS.
Also, in this region one can observed a second peak at



5–6 octas which is more pronounced in summer.

Interannual Variability

To analyze the interannual variability of cloud cover in
the North Atlantic and the North Pacific, we computed
linear trends and their statistical significance. Figure 4
shows the linear trends in total and low cloud cover,
which are significant at a 90% significance level accord-
ing to a Student’s t-test. In the North Atlantic in JFM
linear trends in the total cloud cover (Figure 4a) are
positive in the eastern part of the region and negative
in the Labrador Sea and near Iceland. During JAS (Fig-
ure 4b) positive linear trends in the total cloud cover
are observed over most of the mid- and subpolar lat-
itudes of the North Atlantic with the negative trends
being observed over the Labrador Sea. Thus, over most
of the North Atlantic in recent years, there has been an
increase of total cloud cover by ∼ 0.1 octas per decade
with locally high trends in the Norwegian Sea (∼ 0.2
octas per decade). The western North Atlantic, the
Labrador Sea region and the area near Newfoundland
are characterized by a downward trends in total cloud
cover (of about −(0.1... − 0.2) octas per decade).

In the North Pacific, linear trends in the total cloud
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cover are characterized by pronounced seasonality. Dur-
ing JFM (Figure 4a) over most of the North Pacific lin-
ear trends in the total cloud cover are positive (0.1–0.2
octas per decade) and during JAS (Figure 4b) linear
trends here are primarily negative with the same mag-
nitude. Quite a different trend pattern is observed in
the Sea of Okhotsk. Here, both winter and summer
trends in the total cloud cover are negative, reaching
in JFM −0.3 octas per decade in the western part of
the Sea of Okhotsk and being marginally significant in
JAS.

Linear trends in low cloud cover in JFM (Figure 4c)
are positive in the eastern North Atlantic, over the Nor-
wegian Sea and the Greenland Sea (0.1–0.2 octas per
decade). Negative winter trends in low cloud cover
are observed over the Labrador Sea and south of New-
foundland amounting to −0.2 octas per decade. In
JAS, the trend pattern of low cloud cover in the North
Atlantic (Figure 4d) is characterized by positive trends
(0.1–0.2 octas per decade) between 40◦N and 45–48◦N
as well as in the region around Iceland and in the Nor-
wegian Sea, where trends amount to 0.15–0.25 octas
per decade. Negative trends in low cloud cover in JAS
are noticed between 45◦N and 60◦N (0.1–0.2 octas per
decade) and over the Labrador Sea (0.2–0.3 octas per



10 years).
In the North Pacific in winter (Figure 4c) the lin-

ear trends in both total and low cloud cover are posi-
tive with the most pronounced trend pattern being ob-
served in the central and eastern parts of the North
Pacific, where trend magnitudes amount to 0.1–0.25
octas per decade. In most regions of the western North
Pacific winter linear trends in the low cloud cover in
JFM are not statistically significant. Also, positive lin-
ear trends are noted in the Sea of Japan (0.1–0.2 octas
per decade). In JAS, the interannual variability of low
cloud cover in the North Pacific is less pronounced than
in JFM (Figure 4d). In the central part of the North
Pacific, locally negative trends (not exceeding −0.1 oc-
tas per decade) should be considered with caution due
to poor sampling in this region. Positive trends are also
observed in JAS in the eastern North Pacific near the
coast of North America, where they amount to 0.1–0.2
octas per decade.

Summary and Discussion

We analyzed climatology and interannual variability of
the cloud cover in the subpolar North Atlantic and the
North Pacific using visual cloud cover observations from



ICOADS. It is shown that the seasonal variations of
cloud cover have different patterns in the North At-
lantic and in the North Pacific. In the Atlantic, an
annual maximum of mean total cloud cover observed
in JAS only in high latitudes. In the 40◦–50◦N belt,
the total cloud cover in the summer is smaller than in
the winter. In the North Pacific in JAS the total cloud
cover is higher than in JFM. The same patterns are ob-
served when considering the seasonal variations in low
cloud cover.

Analysis of the probability distributions of fractional
cloud cover shows that over most of the North Atlantic
and the North Pacific the occurrence of cloud frac-
tion increases from small to high cloud amounts being
peaked at 8 octas. Over most of the North Pacific, ex-
cept for the east of the region, the frequency of 8 octas
of total cloud cover is higher in JAS than in JFM. This
is in contrast to the North Atlantic where this seasonal
dependence is not pronounced. The Sea of Japan is
characterized by U-shape form of distribution which is
not observed in the open ocean regions.

The histograms of the low cloud cover are most fre-
quently peaked at 5–7 octas in both Pacific and At-
lantic. Seasonal variations in the probability distribu-
tions are mostly pronounced south of Newfoundland,



where the frequency of low clouds in the range 0–2
octas is noticeably higher in JAS and the frequency
of moderate cloudiness is higher in JFM. In the open
ocean regions of the North Pacific, on the contrary,
the frequency of moderate cloudiness is higher in the
summer.

Analysis of linear trends shows an increase in the
total cloud cover observed over most of the North At-
lantic since the mid-20th century in both winter and
summer. Locally negative trends are observed in the
eastern North Atlantic regions close to Newfoundland.
In the North Pacific positive trends are observed in win-
ter while summer season is characterized by a decrease
in the total cloud cover.

Analyzed dynamics of cloud cover is critically impor-
tant for the further analysis of atmospheric moisture
transport [Dufour et al., 2016] and its association with
cyclone activity in both mid and high latitudes [Tilin-
ina et al., 2018]. Cloud cover dynamics over west-
ern boundary currents provides insights for the further
analysis of radiative fluxes which form together with
turbulent fluxes the heat budget at the ocean surface
[Cronin et al., 2019]. For a more detailed analysis of
cloud cover in the subarctic latitudes of the North At-
lantic and the North Pacific, it is useful to apply a



theoretical three-parameter mixed gamma distribution
for fractional cloud cover [Aleksandrova et al., 2018].
Application of this distribution will help to better iden-
tify the features of cloud regimes. Also, for a more
detailed understanding of the features of different re-
gions of the Arctic, it is necessary to analyze the types
of clouds. For example, Chernokulsky and Esau [2019]
show that, unlike the rest of the Arctic, where correla-
tions with atmospheric circulation indices and regional
moisture transport in spring and summer are insignif-
icant, a strong correlation in these seasons was found
between moisture transport between the Barents and
Kara seas and cloudiness. Such a relationship may in-
dicate that moisture transport in spring and summer
noticeably affects the higher clouds of the West and
Central Eurasian Arctic.
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