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Sea-ice discontinuity in ERA5
during 1978-1979 and its
Impacts in the Sea of Okhotsk

Yusuke Iwabuchi and Shinsuke Iwasaki*

Muroran Institute of Technology, 27-1 Mizumoto-cho, Muroran-shi, Hokkaido, Japan

The European Centre for Medium-Range Weather Forecasts (ECMWF) Reanalysis
version 5 (ERAS) is one of the most widely used atmospheric reanalysis datasets
provided by the ECMWF. However, the transition in the sea ice dataset between
1978 and 1979 may introduce inconsistencies that affect various surface
meteorological variables. This study evaluated ERA5 sea ice data in the Sea of
Okhotsk (SO), focusing on the years 1978 and 1979. Furthermore, the impact of
this sea ice transition on meteorological variables was evaluated. In 1979, ERA5
sea ice coverage reached the coastal areas of Hokkaido in the southern SO, with
an extent of approximately 1.1  10° km . In contrast, an unrealistically low sea ice
cover of approximately 0.5 10° km was observed before 1978. This
discontinuity in sea ice stems primarily from issues with assimilated sea ice data
used in ERA5. In 1978, the unrealistic negative bias in sea ice cover arguably
contributed to positive biases in signi cant wave height, sea surface temperature,
surface air temperature, and surface winds. In the case of wave observations, from
1975 to 1978, ERA5 overestimated signi cant wave height by more than 60%
compared to observations from February to April when sea ice was present. These
ndings highlight the need for caution when analyzing long-term changes in ice-
covered areas when using ERA5 data, particularly for periods before 1979.
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Introduction

The Sea of Okhotsk (SO) is a seasonal sea-ice region, where sea ice forms from
November to March before retreating. It is recognized as the world’s lowest-latitude sea-ice
area (Figures 1A-G). Although sea ice in the SO exhibits signi cant interannual variability,
its maximum annual extent has decreased by 3.4% per decade since the 1970s when
considered over the long term®. Furthermore, sea ice is projected to continue decreasing in
the future (Narita and lwasaki, 2026). Sea ice is considered to act as a natural breakwater

oating on the sea due to its wave-attenuating effect (Iwasaki, 2022). Recent studies have
revealed that the reduction in sea ice in the SO has led to an increase in wave power in this
region during winter, at a rate of 12—15% per decade (lwasaki, 2023). Waves are not only
indicators of climate but also critical factors in uencing interactions between the
atmosphere and the ocean at a climatic scale. Understanding long-term trends in sea
surface waves is crucial for the effective management of coastal areas and the safety and
ef ciency of offshore operations. In particular, in the modern era, where the impacts of
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climate change are becoming increasingly pronounced, long-term
changes in sea surface waves are receiving increasing attention.
The role of reanalysis in climate monitoring applications is
widely recognized (e.g., Keller and Wahl, 2021; Zandler et al., 2019).
Among the widely used reanalysis datasets is the European Centre
for Medium-Range Weather Forecasts (ECMWF) Reanalysis
version 5 (ERA5), a next-generation product from ECMWF
(Hersbach et al.,, 2020). Reanalyses provide consistent historical
climate data by applying a xed data assimilation system to all
available observations, enabling the assessment of observational
network changes, validation of model improvements, and
evaluation of forecast skill against a homogeneous reference.
Studies on long-term wave characteristics using ERA5 have
been conducted for various marine areas, including the coastal
regions of China (Du et al., 2024), India (Anusree and Sanil Kumar,
2024), the Eastern Tropical Atlantic (Omonigbehin et al., 2024), the
Mediterranean Sea (Barbariol et al., 2021), the South China Sea (Liu
et al., 2022), coastal waters around Japan (Tanaka et al., 2023), and
global ocean (Erikson et al., 2022; Patra et al., 2020). However, to
date, no studies have focused on long-term wave changes in SO
using ERAS. Furthermore, since ERA5 provides data from 1940
onward, it has the advantage of enabling wave analyses spanning
more than 80 years. lwasaki (2023) examined a 40-year period
starting in the 1980s, leaving trends before that period unresolved.
When analyzing long-term wave uctuations in sea-ice regions,
such as the SO, using ERAS5, the following concerns arise.
Performing wave calculations for sea-ice regions requires both
surface winds and sea-ice data. Although ERA5 uses sea-ice data
as the sea-surface boundary condition, the data source varies by
period (Hirahara et al., 2016). The earlier period (January 1940—
December 1978) relies solely on HadlSST2 (Titchner and Rayner,
2014). For the latter period (January 1979-August 2007), data
created by the Ocean and Sea Ice Satellite Application Facilities
(OSI-SAF) of the European Organisation for the Exploitation of
Meteorological Satellites (OSI-409-a) are introduced (Eastwood
et al., 2014). Due to differences in factors such as satellite data
usage, the spatiotemporal resolution differs signi cantly between
HadlSST2 and OSI-409-a (HadlSST2: monthly, 1 ; OSI-409-a:
daily, 10 km). Switching between these datasets raises concerns
about introducing arti cial discontinuities in sea ice, which could,
in turn, affect wave elds that use sea ice as a surface boundary
condition. Furthermore, sea ice is thought to in uence not only
wave elds but also various meteorological variables such as sea
surface temperature, surface air temperature, and surface winds.
Since the period before 1979 predates the satellite observation era,
limited data is available for this timeframe. Therefore, results based
on pre-satellite observation data should be interpreted with caution.
This study analyzes long-term changes in sea ice in the SO using
ERAS data from 1940 onward, with a particular focus on the 1978—
1979 period, when the sea ice dataset was changed. Since ERA5 uses
different sea-ice datasets around 1979, this period represents a key
turning point for verifying the consistency of the reanalysis data. In
addition, to evaluate whether the switch in sea ice data affects the

1 https://www.data.jma.go.jp/kaiyou/english/

seaice_okhotsk/series_okhotsk_e.html
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reliability of wave elds, we compared ERA5 wave elds with
observational data from the Nationwide Port and Coastal Wave
Information Network (NOWPHAS). Furthermore, in addition to
the impact of sea ice on wave elds, we also evaluated its
contribution to sea surface temperature, surface air temperature,
and surface winds.

Methods

In this study, we used ERAS data for the entire SO (135 -165 E,
42 —63 N; Entire region in Figures 1A-G). The dataset includes sea-
ice concentration, signi cant wave height (SWH) encompassing
both wind waves and swells, mean wave period (MWP), sea surface
temperature, 2-m air temperature, and surface winds (10-m winds).
The data cover 85 years, from 1940 to 2024, with a temporal
resolution of monthly averages. The spatial resolution is 0.5
0.5 for wave elds and 0.25 0.25 for other meteorological
variables. However, for SWH and MWP, hourly data were used
when comparing with NOWPHAS wave observations. The ERA5
wave parameters, SWH (Hs) and MWP (Tm), were determined
using the following equations:

H, = 4Pm, )
q
Th= 2

In Equations 1 and 2, m,, is the moment of order n of the wave
spectrum F(f, g), which describes the distribution of wave energy as
a function of frequency f and propagation direction g. The mean
period used in this study is based on the second moment of the
wave spectrum.

The ERA5 wave model calculates wave generation and
propagation only when sea-ice concentration is below 30%,
solving wind-generated waves using a discrete spectrum of 24
directions 30 frequencies. However, wave—sea-ice interactions
are not explicitly parameterized (Hosekova et al., 2021). Therefore,
when the sea ice concentration is  30%, wave eld calculations are
not performed.

Furthermore, for the validation of ERA5 wave data, observational
data from NOWPHAS, operated by the Ministry of Land,
Infrastructure, Transport and Tourism’s Port and Harbor Bureau,
were used, particularly data from coastal areas in northern Hokkaido
(Figure 1H). In this study, we used two-hourly SWH and MWP data
obtained from NOWPHAS, which were calculated based on zero-
crossing analysis. The observation is located at 44.416 N, 143.432 E,
with an observation depth of 52 m and a distance from the coast of
9,590 m. Observational data for 27 years, from 1975 to 2001, were
used. However, because this study focused on the period from 1978 to
1979, the analysis primarily used data from the preceding and
following years, speci cally from 1975 to 1982. Although the
observational records do not cover the entire long-term period,
data up to 2001 are available. Therefore, data up to 2001 were used
for trend comparisons with ERAS5. The observational data were
measured using a bottom-mounted ultrasonic wave (USW) gauge,
a widely employed instrument (jointly developed by the Kaijo Co.
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and PHRI in the1960s), which determines wave surface elevation
precisely by measuring the time for an ultrasonic wave to travel
between the seabed and water surface. Only normal data with ag “0”
were used for the NOWPHAS observation data. Wave observation
data are also available at a site located just south (44.318 N, 143.607
E) of the study observation point. However, this data covers the
period after 2000 and therefore fall outside the focus period of this
study and was not used.

As noted in the Introduction, the data sources for ERA5 sea ice
differ around 1979. Therefore, to obtain the assimilated data for
ERAD5 sea-ice, HadISST version 2.1.0.0 (Titchner and Rayner, 2014)
was used. The data period is 1978 and 1979, before and after the
addition of OSI-409-a. Additionally, although not incorporated in
ERADS, we used the latest update of HadISST for the same period
(1978 and 1979), HadISST version 2.2.2.0 (https://www.metof ce.
gov.uk/hadobs/hadisst2/data/download.html).

Results
Sea ice

Long-term changes in sea-ice area (1940-2024) based on ERA5
data showed that the 1978 sea-ice area was approximately 0.5 10°
km , while in 1979 it increased to approximately 1.1 10° km , more
than double (Figure 2A). Furthermore, the amplitude of interannual
variations before 1979 was signi cantly smaller compared to that
observed thereafter.

Sea-ice retreat has been reported to promote near-surface
warming, and warming drives ice retreat (i.e., two-way), whereas
sea-ice expansion leads to temperature decreases (Screen and
Simmonds, 2010; Olonscheck et al., 2019). In the winter Arctic, a
signi cant negative correlation exists between sea-ice extent and 2-
m air temperature, with increases in surface temperature attributed
to changes in sea-ice concentration (Huo et al., 2025). Indeed, the
correlation coef cient between sea-ice extent and 2-m air

10.3389/fmars.2026.1760724

temperature was 0.36 from 1940 to 1978, while from 1979 to
2024, it was 0.80 (signi cant with 99% con dence level). This
indicates a strong correlation between sea-ice extent and 2-m air
temperature after 1979, whereas the correlation was weak before
1979. As noted in the Introduction, this change is likely attributable
to the change in the ERAS sea-ice data in 1979.

Focusing on the spatial distribution of sea ice, in 1978, sea ice
was nearly absent south of 54 N (especially in eastern Sakhalin)
(Figure 2B). In contrast, in 1979, sea ice appeared extensively in the
eastern waters off Sakhalin, reaching as far as the coastal areas of
Hokkaido (Figure 2C). Comparing the two periods (Figures 2B, C),
a difference exceeding 50% is observed south of 54 N (Figure 2D).
According to observation reports from the Japan Meteorological
Agency, drift ice was con rmed along the Monbetsu coast of
Hokkaido even before 1979. Furthermore, drift ice has been
reported over extended periods not only at Monbetsu but also at
multiple coastal locations in northern Hokkaido (Toyoda et al.,
2022). Additionally, a difference of 40% is observed north of 50 N
along the western Kamchatka Peninsula (Figure 2D).

As expected, examination of the February sea-ice concentration
for 1978 and 1979 in ERAS showed that in 1979, when OSI-409-a
was introduced, the effective resolution was higher, and sea ice
extended south of 54 N compared to that of the previous year
(Supplementary Figures 1A, B). This result is consistent with the

ndings presented in Figure 2. However, regardless of the presence
of OSI-409-a, gaps in sea ice also occurred south of 54 N in
HadISST version 2.1.0.0 (Supplementary Figures 1C, D).
Therefore, the increase in sea-ice area in 1979 is attributed to
consistency issues in the HadISST version 2.1.0.0 data rather than to
the introduction of OSI-409-a.

In recent years, HadISST version 2.2.0.0 has been released as an
update to HadISST version 2.1.0.0. This dataset incorporates several
improvements in the reanalysis of sea ice and sea surface
temperature. Speci cally, it assimilates higher-resolution satellite
observations and reevaluates ship and buoy data compared to those
of previous versions, and applies an improved interpolation method
that accounts for spatiotemporal correlation structures when lling
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(A—G) Monthly average sea ice concentration (%) from December to June based on 46 years (1979—2024) of ERAS data, with contours indicating sea
ice concentration at 10% intervals. (H) is an enlarged view of the red square in (G), showing the location of the NOWPHAS Monbetsu Port buoy

(44.416 N, 143.432 E) marked by a red circle.
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(A) Average time series of sea-ice area (blue line) and 2-m air temperature (red line) over the Sea of Okhotsk (135 E—165 E, 42 N—63 N) during
winter (January April), derived from ERAS5. The period spans 1940—2024. The black vertical line indicates the year 1979. The correlation coef cient
between sea ice and 2-m air temperature from 1940 to 1978 (1979 to 2024) are shown in the upper left (right) corner. The bold value denotes
signi cant at a 99% con dence level. (B—D) Spatial distribution (%) of average sea-ice concentration during winter (January—April) based on ERAS.
(B) 19401978, (C) 1979—2024, and (D) difference between the two periods (B, C).

missing data. Based on this dataset, sea ice exists south of 54 N even
in 1978, and no signi cant discrepancies are observed in either 1978
or 1979 (Supplementary Figures 1E, F).

Wave elds

Such discontinuities in sea ice are also expected to affect wave
elds (SWH and MWP) when calculated using this data as input. A
comparison of SWH between NOWPHAS and ERADS is presented
in Figure 3. In this comparison, ERA5 data from the point closest to
the NOWPHAS location were used. To examine the impact of
discontinuities in sea ice, we compared the monthly averages by
dividing the periods into before 1978 (1975-1978) and after 1979
(1979-1982). In this comparison, only periods with data available
from both NOWPHAS and ERAS5 were used.

From these results, irrespective of the period, it can be
con rmed that ERA5 SWH reproduces the seasonal variation
observed in the measurements, with lower values in summer and
higher values in winter (Figure 3). However, when investigating the
period before 1978, between February and April, when sea ice
existed around the observation area, ERA5 overestimated SWH,
with relative errors reaching over 60% (Figure 3A). In contrast,
from 1979 onward, the overestimation of ERA5 SWH between
February and April was minor (Figure 3B).

As expected, the overestimation of ERA5 before 1978 is
considered to result from the absence of sea ice in the southern
SO. Examination of monthly data acquisition rates from
NOWPHAS observations shows a low acquisition rate from
February to April in both 1978 and 1979, due to the in uence of
sea ice (Supplementary Figure 2A); the data acquisition rate denotes
the sampling rate of data (i.e., SWH) per month, and is computed as
Nop=X¢r 100, where Ny, (X¢y) denotes the number of 2-hourly
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data for observation or ERAS5 (their number if there are no missing
values). However, examination of the ERA5 data acquisition rates
shows that from 1979 to 1982, similar to NOWPHAS observations,
the acquisition rate decreases during winter. In contrast, from 1975
to 1978, the data acquisition rate remains at 100% throughout
winter (Supplementary Figure 2B), likely because the in uence of
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FIGURE 3
Comparison of SWH between ERAS (blue line) and NOWPHAS
Mombetsu Port observations (red line). The relative error is de ned
as % 100, where Xs represents the ERA5 data (SWH), and X,
represents the observed SWH from NOWPHAS. The periods
considered are (A) 1975—1978 and (B) 1979—1982. Only times when
both NOWPHAS and ERAS data are available are included in the
comparison.

frontiersin.org


https://doi.org/10.3389/fmars.2026.1760724
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Iwabuchi and Iwasaki

sea ice is not accounted for. As shown in Supplementary Figures 2A,
the observation rate of NOWPHAS is low during the winter season.
Rather than representing a four-year average, the data acquisition
rate for NOWPHAS varies from year to year (Supplementary
Figures 3A, B). A similar pattern is observed for ERA5 data after
1979 (Supplementary Figures 3C, D). Therefore, the results shown
in Figure 3 re ect the data from 1976 for the earlier period (1975—
1978) and from the data of 1979 and 1982 for the later period
(1979-1982) (Supplementary Figure 4).

The impact of sea ice affects not only SWH but also MWP
(Supplementary Figure 5). Sea ice contributes to the reduction of
MWP as well as the attenuation of SWH (lwasaki, 2022; Iwasaki
and Otsuka, 2021). From 1975 to 1978, before 1979, ERA5’s MWP
exceeded the observed values from February to April, with a relative
error of over 15% (Supplementary Figure 5A). In contrast, during
the period 1979-1982, ERA5's MWP closely matched the observed
MWP (Supplementary Figure 5B).

The spatial distribution of SWH and MWP during the winters
(January to April) of 1978 and 1979 is shown in Supplementary
Figure 6. In 1978, with sea ice limited to north of 54 N, few areas
were missing data for SWH and MWP (Supplementary Figures 6A,
D). However, in 1979, as the sea ice extended to the eastern part of

10.3389/fmars.2026.1760724

Sakhalin, the missing areas for SWH and MWP expanded
(Supplementary Figures 6B, E). Differences between the two years
show that, in the largest affected areas, SWH reached 0.6 m, and
MWP reached 1.0 s (Supplementary Figures 6C, F).

Discussion

In this study, we examined the discontinuity in ERA5 sea ice
representation in the Sea of Okhotsk around 1978-1979 and
assessed its impacts on wave variables. We found that the effects
of sea ice discontinuity are spreading to sea surface temperature,
surface air temperature, and surface winds (Figure 4). The extreme
increase in sea ice from 1978 to 1979 was re ected not only in lower
sea surface and air temperatures but also in reduced surface winds
(Figure 4). This result indicates that the unrealistic negative bias in
sea ice in 1978 imported a positive bias to sea surface temperature,
surface air temperature, and surface winds. The reductions in
surface winds are thought to result from reduced sea ice, causing
a decrease in local atmospheric stability (i.e., more unstable).
Therefore, sea ice and surface wind have a negative correlation

FIGURE 4

Spatial distribution of [left panels; (A C)] sea surface temperature, [middle panels; (D F)] 2-m air temperature, and [right panels; (G 1)] surface winds
for ERAS5 during winter January April) of (upper panels) 1978 and (middle panels) 1979, and (lower panels) their difference. Spatial distribution of the

difference between 1979 and 1978 (i.e., 1979 1978).
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