
Evaluation of the INM RAS climate model skill
in climate indices and stratospheric anomalies

on seasonal timescale

By VASILISA VOROBYEVA1�, and EVGENY VOLODIN2, 1Moscow Center for Fundamental and
Applied Mathematics, Ministry of Education and Science RF, Moscow, Russian Federation; 2Marchuk

Institute of Numerical Mathematics, Russian Academy of Sciences, Moscow, Russian Federation

(Manuscript Received 3 July 2020; in final form 16 February 2021)

ABSTRACT
The study of winter seasonal predictability with the climate model INM-CM5-0 is presented. Initial
conditions were produced using ERA-Interim reanalysis data for atmosphere, SODA3.4.2 reanalysis data for
ocean and the bias-correction algorithm. The seasonal 5-month re-forecasts consisting of 10 ensemble
members with small initial condition perturbations for each year over the 35-yr period are conducted. A
comparison of the multiyear mean winter averaged anomaly correlation for basic variables in several regions
with similar results of SLAV model was conducted. An increase in the anomaly correlation for the years with
El Ni~no and La Ni~na events was shown. The predictability of NAO and PNA indices was studied. INM-
CM5-0 provides very high skill in predicting the winter NAO (correlation coefficient of 0.71 with ERA-
Interim reanalysis and 0.68 with instrumental CRU data for 1991–2010). It was shown, that the stratospheric
variability provides a significant contribution, although potentially is not the only cause of model high skill
in NAO index predictability. Correlation coefficients for PNA index in December-February is 0.60. In the
years of the most pronounced El Ni~no the values of PNA index have significantly positive values, and for La
Ni~na years they are noticeably less than zero.
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1. Introduction

Coupled atmospheric and oceanic general circulation models
developed in the Institute of Numerical Mathematics Russian
Academy of Sciences (INM RAS) were utilized for climate
simulations only. However, modern model requirements sug-
gest seamless approach (Hoskins, 2013), which means high
predictive skills at various timescales from day to season and
decade. The unified framework helps to make forecasts at
various timescales, but also to unravel the main sources of
errors responsible for the failure of models to adequately cap-
ture major modes (Brown et al., 2012). Nevertheless, moving
to a seamless approach is not trivial and introduces a lot of
challenges. �oupled models for seasonal forecasts were
built at the European Center for Medium-Range
Weather Forecasts ECMWF (System 4 – Molteni et al.
(2011), SEAS5 – Stockdale et al. (2018)) at the National
Environmental Forecasting Centers NCEP (Global Forecast
System –GFS), and other weather prediction centers.

In order to study INM-CM5-0 capability to simulate
anomalies at seasonal timescale, a series of 5-months
model experiments, started from bias-corrected initial
states responding to November 1 of 1980–2014, were per-
formed. The results of hindcasts were analyzed by means
of assessing the predictability of the basic climatic pat-
terns of the Northern Hemisphere.

First, anomaly correlations for basic fields are studied.
Then, predictability of global teleconnections –North Atlantic
Oscillation (NAO) and Pacific North American (PNA) pattern
that exert an influence on winter temperatures, air pressure
and precipitation over the Eurasia and United States
(Leathers et al., 1991; Polonsky et al., 2004) is considered.
Finally, the predictability of winter high latitude stratospheric
state and its influence on the model skill is evaluated.

2. Model and design of seasonal hindcasts

In most world weather and climate centers, seasonal wea-
ther forecasts are made using the coupled models of�Corresponding author. e-mail: vvorobyeva@yandex.ru
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atmosphere and ocean general circulation. The similar
family of coupled models named INMCM was developed
in the INM RAS. INMCM has several configurations.
This study is based on the experiments carried out with
the model version INM-CM5-0 with atmospheric reso-
lution 2� � 1:5� in longitude and latitude, 73 vertical lev-
els with a model top at 0.2 hPa and oceanic resolution
0:5� � 0:25� with 40 vertical levels. Model is participated
in Coupled Model Intercomparison Project, Phase 6
(CMIP6). Model description and results of present day
climate simulation can be found in Volodin et al. (2017).
Simulation of climate changes in historical period
1850–2014 is presented in Volodin and Gritsun (2018).

In reforecasts, Northern Hemisphere winter conditions
for November–March are modelled. November 1 was ini-
tial data for all reforecasts. Winter seasons from
1980–1981 to 2014–2015 are considered. Initial conditions
for the hindcasts are generated applying the bias correc-
tion algorithm in order to avoid model climate drift and
to improve the accuracy of reforecasts.

In the INMCM retrospective seasonal forecasts the
ocean is initialized from Simple Ocean Data Assimilation
(SODA) 3.4.2 using monthly mean values of practical sal-
inity, potential temperature, sea level, ice mass and ice
thickness, ice concentration in five gradations of thickness
for Octobers and Novembers of 1980–2014 years.

Ice concentration data are summarized for all grada-
tions, since there is the only sea ice gradation in the INM
RAS model. Model and reanalysis climatologies are cal-
culated using data from model historical experiment pre-
viously carried out for the period of 1980–2014 according
to the CMIP6 protocol. Data for November 1 are calcu-
lated as the arithmetic average of monthly means for
October and November. After that, the difference
between model and reanalysis climatologies was added to
reanalysis data for November 1 of considered year in
1980–2014, converted to model units and interpolated to
the model grid. The final values of the variables here and
after by the example of 1980, W1nov1980, taken as the ini-
tial state for the model 1980–1981 experiments are
obtained using the technique of model bias eliminating:

W1nov1980 ¼ Wm
1nov þ ðWr

1nov1980�Wr
1novÞ, (1)

HereWm
1nov is the model climatology of November 1 for the

period 1980–2014, Wr
1nov1980 are the values of the reanalysis

variables for November 1 of 1980, Wr
1nov is the reanalysis cli-

matology of November 1 for the period 1980–2014.
Negative values of sea ice compactness were replaced

by zero. Ice thickness in the case of nonzero ice compact-
ness was restricted by interval of 0.01 cm–1800 cm. The
second point was unrealistically large values of the salin-
ity anomaly calculated from reanalysis data, which
reached the value of 5 PSU in the Black Sea and some

other inland water basins. It was decided to set the limit-
ing absolute value of the salinity anomaly to zero in the
Black Sea and to 1 PSU in other similar cases.

Atmosphere initial conditions were obtained from
ERA-Interim reanalysis. We used data of soil tempera-
ture and humidity, surface pressure, skin temperature, air
temperature and specific humidity, snow depth, U- and
V-components of the wind speed taken from the ERA –

Interim reanalysis for 00:00 November 1 1980–2014 years.
To compile a set of initial data for experiments, similar
procedure of subtraction the difference of reanalysis and
model climatologies, with the exception for soil moisture
and soil temperature were converted to model horizons,
and snow depth, soil temperature and humidity were cal-
culated using a modified Eq. (2) to bring the values of
physical quantities to the same range:

W1nov1980 ¼ Wm
1nov þ ðWr

1nov1980�Wr
1novÞ �

Wrms
m

Wrms
r

, (2)

where Wrms
m is the standard deviation of the model varia-

bles for the 1st of November 1980–2014, Wrms
r is the

standard deviation of the reanalysis variables for the 1st
of November 1980–2014, the remaining notation coin-
cides with the notation in Eq. (1).

The INMCM seasonal 5-month re-forecast consists of
10 ensemble members initialized on the November 1 for
each year over the 35-yr period 1980–2014. Small initial
condition perturbations are applied to air temperature
and wind speed to represent uncertainty in the initial
state and increase ensemble spread. Ensemble member 1
is initialized from unperturbed initial conditions.

In the next section, we will analyze the results of model
experiments.

3. Skill assessment of seasonal hindcasts

3.1. Anomaly correlation

To evaluate the model skill in basic variables, we com-
pared results obtained for INM-CM5-0 with similar
results for SLAV semi-Lagrangian model of general
atmospheric circulation (Tolstykh et al., 2010) that is
used for routine seasonal forecasts in Russian
Hydrometcenter.

Table 1 shows the anomaly correlations for multiyear
mean (1980–2014) DJF-averaged fields of 2-m air tem-
perature, air temperature at 850 hPa, geopotentials of iso-
baric surfaces 200 hPa and 500 hPa, precipitation rate and
sea-level pressure in several climatic zones. Correlation
coefficients were calculated using the GPCP v.2.3 reanaly-
sis monthly mean precipitation rate and ERA – Interim
reanalysis data for all other weather fields interpolated to
the model grid. The results obtained for INM-CM5-0
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climate model are in good agreement with SLAV. The
global anomaly correlations for 2-m air temperature field,
200 hPa and 500 hPa geopotentials exceed the same
results for the SLAV model and for 850 hPa air tempera-
ture field correlation is the same in both models. INM-
CM5-0 has a better predictive skill for 2-m air tempera-
ture and geopotential of 200 hPa in the Northern extra-
tropics, and an equal result for the correlation of 500 hPa
geopotential field and precipitation rate in this region,
although in other regions the predictability of precipita-
tion is lower than for SLAV. It should be noted that the
precipitation forecasting is a complex issue and remains
poor in many models (Kiktev et al., 2018). In the tropics
INM-CM5-0 climate model better describes the 850 hPa
air temperature. Moreover, it can be seen that for the
most fields correlation coefficients have the highest values
in the tropics, because of Ni~no phenomena providing
higher seasonal predictability in the region.

The anomaly correlation for the 2-m air temperature
in the tropics during the winter seasons of 1980–2014 is
presented in the Table 2. The ONI (Oceanic Ni~no Index)
is used to identify El Ni~no and La Ni~na phenomena.
ONI is calculated as a three consecutive months average
anomaly of ocean surface temperature (SST) in the Ni~no
region 3.4. If the anomaly is positive and exceeds 0.5�,
then we have El Ni~no, while in the case of negative
anomalies with absolute value above 0.5� we have La
Ni~na. Depending on the absolute value of ONI, phenom-
ena are classified into weak (0.5�–0.9�), moderate
(1.0�–1.4�), strong (1.5�–1.9�) and very strong (more than
2.0�). It can be seen that correlation coefficients have
higher values in El Ni~no and La Ni~na years, and in many
cases the values are higher the more pronounced phenom-
ena are.

Correlation coefficients of INM-CM5-0 and ERA-
Interim reanalysis monthly mean air temperature and U-
component of the wind speed averaged along the circle of
latitudes, from 60�N to 88�N for air temperature and
from 60�N to 70�N for wind speed at different heights

are presented in Figures 1 and 2, respectively. The largest
values of correlation are observed in both cases mainly in
the first two months, with the exception of the strato-
sphere, where results of experiments have much better
agreement with observations at 1–10 hPa in December-
February for air temperature.

Figure 3 shows the correlation coefficients of INM-
CM5-0 and ERA-Interim reanalysis monthly mean

Table 1. The correlation coefficients of 2-m air temperature anomalies (rT2m), anomalies of air temperature at 850 hPa (rT850),
geopotential anomalies of the isobaric surface 200 hPa (rH200), geopotential anomalies of the isobaric surface 500 hPa (rH500), anomalies
of precipitation rate (rprecip), sea-level pressure anomalies (rslp) for four regions: globally, in the tropics (20�S–20�N), Northern
extratropics (20�N–90�N), Southern extratropics (90�S N–20�S).

rT2m rT850 rH200 rH500 rprecip rslp

Global 0,27 /0,24 0,22 /0,22 0,3 /0,26 0,23 /0,22 0,16 /0,29 0,24 /0,28
Tropics

(20�S–20�N)
0,35 /0,39 0,26 /0,17 0,5 /0,53 0,18 /0,19 0,16 /0,33 0,44 /0,46

Northern extratropics (20�N–90�N) 0,26 /0,20 0,22 /0,23 0,25 /0,22 0,23 /0,23 0,17 /0,17 0,23 /0,28
Southern extratropics (90�S–20�S) 0,19 /0,27 0,13 /0,17 0,27 /0,28 0,19 /0,21 0,13 /0,20 0,23 /0,25

Anomaly correlations according to the results of experiments with the INM-CM5-0 model (average for the winter seasons 1980–2014)
in bold, the same results for the SLAV model to the right of the slash (average for the winter seasons 1991–2010).

Table 2. Anomaly correlation for 2-m air temperature anomalies
(rT2m) in the tropics (20�S–20�N) for each winter season beginning
in December 1980–2014, and the average value for all
winter seasons.

The years of weak (0.5�–0.9� absolute value of SST anomaly) are
marked with a dash, the moderate (1.0�–1.4�) by a dash-dot line,
the strong (1.5�–1.9�) by a wavy line, and the very strong (� 2.0�)
by an underline El Ni~no (bold) and La Ni~na (italics) phenomena,
according to the NOAA classification.
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geopotential field averaged along the circle of latitudes
and from 60�N to 88�N at different heights. As can be
seen from the figure, the region of high correlations
spreads downward during November–December, that
means the influence of the stratosphere on the lower
atmospheric layers. Downward propagation of high cor-
relations can lead to high correlation in NAO index dis-
cussed below at least partially. In the air temperature,
relatively high correlation regions remain in the upper
stratosphere throughout all winter season because of a
noticeable trend in temperature, about minus 1K per
10 years, because of ozone decrease and CO2 increase.
This leads also to relatively high correlation in geopoten-
tial above 5 hPa during whole winter. Correlation in wind
decreases to near zero values at the end of the season

because wind depends on gradient of temperature rather
than on temperature itself, but trend in temperature gra-
dient induced by anthropogenic forcing is not
very strong.

3.2. On the predictability of the North Atlantic
Oscillation (NAO) Index

North Atlantic Oscillation is the reason of the most not-
able fluctuations in the Northern Hemisphere climate,
which is reliable for the total variability of the large-scale
oceanic and atmospheric fields in the North Atlantic and
surrounding continental regions (Barnston and Livezey,
1987; Hurrell, 1995; Polonsky et al., 2004). Midlatitude
westerly transport of relatively humid and warm air from

Fig. 1. Correlation coefficients of INM-CM5-0 and ERA-Interim reanalysis monthly mean air temperature averaged along the circle
of latitudes and from 60�N to 88�N at different heights.

Fig. 2. Correlation coefficients of INM-CM5-0 and ERA-Interim reanalysis monthly mean U-component of the wind speed averaged
along the circle of latitudes and from 60�N to 70�N at different heights.
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the North Atlantic to Europe, depends on the pressure
gradient between the Azores and Southwest Iceland
(Polonsky et al., 2004). This pressure gradient fluctuation
is defined as North Atlantic Oscillation.

NAO index is the measure of North Atlantic
Oscillation. There are different approaches of NAO index
calculation. We calculate NAO index following (Hurrell
and Deser, 2009) as the time series of the leading
Empirical Orthogonal Function (EOF) of sea level pres-
sure anomalies over the Atlantic sector 20�–80�N,
90�W–40�E. Namely, NAO index was computed as the
winter months average projection coefficient of ensemble
mean monthly model sea level pressure anomalies to the
first EOF of monthly reanalysis sea level pressure anoma-
lies over the Atlantic sector. The results obtained for the
INM RAS climate model for the period of 1980–2014 are
presented in Figure 4. In order to assess the skill of the
INM RAS model in winter NAO, the indices for ERA-
Interim reanalysis and instrumental CRU data (Jones
et al., 1997) were also calculated.

The temporal correlation coefficients of the INM-
CM5-0 NAO indices and both, ERA-Interim reanalysis
and instrumental CRU data NAO indices, were found.
For the INM-CM5-0 the correlation coefficient reaches
the value of 0.71 (interval 0.39–0.88 for 95% confidence
level) with ERA-Interim reanalysis and 0.68 with instru-
mental CRU data for 1991–2010, whereas all other sea-
sonal forecast systems and coupled climate models show
lower results. Baker et al. (2018) showed that correlation
coefficient for NAO index for any individual present day
forecast system is not so high. The highest correlation
coefficient about 0.6 was found for MetOffice GloSea5-
GA3 system for 25 ensemble members. Correlation coeffi-
cient can reach 0.70 for multimodel ensemble only.

Therefore, an important issue is to examine the causes
of such high model NAO predictability skill. There are
several factors that potentially affect the winter NAO
index: North Pacific sea surface temperature anomalies,
autumn–early winter Eurasian snow cover anomalies (Wu
et al., 2011), Arctic sea ice anomalies, quasi-biennial oscil-
lation (QBO) in the equatorial stratosphere, anomalies in
the Atlantic ocean state, both in tropical and middle lati-
tudes. In the first four cases effect mainly occurs through
the excitation of stratosphere anomalies and their down-
ward propagation. The analysis of probable sources of
NAO predictability for the INM RAS climate model
showed small correlation of NAO index with the tem-
perature both in the extratropical Pacific Ocean and in
the tropic latitudes. Correlation of model ensemble mean
DJF NAO index with the equatorial QBO index is 0.24
only for 35 seasons. It is also insignificant as well as in
the real climate system.

Correlation of autumn snow and NAO index during
next winter is widely discussed in the literature (see, for
example, Wu et al. 2011; Kim et al. 2013; Orsolini et al.
2016; Wegmann et al. 2020). In the model ensemble, there
is correlation of initial snow depth and NAO index dur-
nig next winter. Regression of snow depth prescribed for
November 1 onto ensemble mean DJF NAO index can
be seen in Figure 5.

Low snow amount in the most part of Siberia corre-
sponds with high NAO index, as commonly known.
Additional model ensemble runs were performed to study
the response of DJF NAO index to initial snow depth. In
the first series, initial state of snow depth for November 1
was prescribed as mean over data for November 1 of
1980–2014 plus anomaly presented in Figure 5. In the
second series, mean state minus anomaly in Figure 5 was

Fig. 3. Correlation coefficients of INM-CM5-0 and ERA-Interim reanalysis monthly mean geopotential field averaged along the circle
of latitudes and from 60�N to 88�N at different heights.
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prescribed for snow. Other prognostic variables, including
atmospheric, oceanic and soil state were prescribed as
mean for 35 years in the same way for the first and the
second series. Ten ensemble members were run in both
series. Runs show that there is no confidence difference
between two model run series in DJF NAO index. This
means that initial snow depth is probably an indicator
only of some atmospheric processes that defines future
DJF NAO index rather than forcing for winter NAO.
Analysis of initial sea ice showed that correlation of
November Arctic sea ice compactness and DJF NAO is
weak in the model. So, further studies are needed to
explain high predictability of NAO index.

3.3. Predictability of the PNA index

The position of mean midtropospheric stationary waves
over North America is fixed by orographic forcing of the
Rocky Mountains, Tibetan Plateau and the land-sea tem-
perature contrasts along the eastern coasts of Asia and
North America (Held, 1983; Chen and Trenberth, 1988a,
1988b). The normal PNA pattern features an atmospheric

pressure ridge over western North America and a trough
over eastern North America. Changes in the cyclones and
anticyclones position and strength lead to the jet stream
variation. The PNA index is an important predictor of
North American climate, which represents an intensity
and location departure of coming from the east of Asia
tropospheric flow over the continent from the mean value
(Rodionov and Assel, 2001). An amplification of the
PNA stationary wave determines positive PNA index,
whereas the damping means negative PNA index
(Leathers and Palecki, 1992).

The PNA index is strongly correlated with monthly
temperatures in many US climatic divisions, with the cen-
ters of highest correlation in the Pacific Northwest and
the Southeast (Leathers et al., 1991). Correlations
between the PNA index and precipitation are weaker and
less extensive than they are for temperature, but large
coherent regions of moderately high correlations are
observed across the nation (Leathers et al., 1991).

Positive values of PNA index indicate positive tem-
perature anomaly on the west coast of North America
and negative temperature anomaly across south-eastern

Fig. 4. Time series of DJF NAO index. Maximum and minimum of the INM-CM5-0 10-member ensemble are shown as a blue
dashed lines. INM-CM5-0 ensemble averaged NAO index is plotted in red. The ERA-Interim and instrumental CRU NAO indices are
shown in black and green, respectively.

Fig. 5. Regression of initial snow water equivalent thickness (cm) prescribed for Nov. 1 on DJF NAO index.
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and south-central part of USA. Increased precipitation is
observed on the west coast of Alaska and United States,
the Gulf of Mexico north coast and Florida. Droughts
are associated with the United States Midwest, the
Canadian Prairies and the Pacific Northwest. Completely
opposite situation characterizes the case of negative PNA
index. The positive phase of PNA pattern tends to appear
in the El Ni~no years, while negative phase is associated
more often with La Ni~na episodes.

The PNA index was calculated using the (Wallace and
Gutzler, 1981) formulae adopted for the INM RAS cli-
mate model grid:

PNAm, n ¼ 0:25 � ðAm, n
160W, 20:25N�Am, n

166W, 44:25N þ Am, n
114W, 54:75N

�Am, n
84W , 30:75NÞ,

where Am, n
i, j is the normalized 500mb geopotential height

anomaly found using the standard deviation and
1980–2015 period monthly means, m ¼ 1, 12 is the num-
ber of a month from January to December, n ¼ 1, 35 is
the number of a year in 1980–2014 period, i is the longi-
tude and j is the latitude. The result of calculations is pre-
sented in Figure 6. It is seen that the reanalysis PNA
index varies in the 10-member ensemble spread of model
data almost during the whole period of 1980–2015, while
the values of PNA index calculated using ensemble aver-
aged 500mb geopotential height anomaly significantly
exceed the maximum limit of the range in 1997–1998 win-
ter season and diverge more from the reanalysis curve
than the ensemble mean PNA value.

In order to estimate the ability of the INM RAS cli-
mate model to forecast the value of PNA index, the cor-
relation coefficients of the model and ERA-Interim
reanalysis PNA indices for each month from November

to February of the period 1980–2015 were computed.
Table 3 summarizes obtained results. Correlation coeffi-
cients decrease with the growth of month number, since
the shift between model prediction and reanalysis rises
during the model run. The DJF-month averages correl-
ation equals 0.60 (interval 0.33–0.78 for 95% confidence
level). Correlation coefficient for seasonal mean is higher
than that one calculated for each winter month separately
as the random fluctuations are averaged, and the contri-
bution of the model response to El Ni~no event increases.

Table 4 shows model and reanalysis PNA indices for
winter months of the years with the strongest El Ni~no
and La Ni~na events during the period of 1980–2014.
Actually, in the years of the most pronounced El Ni~no
the values of PNA index are noticeably greater than zero,
and for La Ni~na years they are significantly negative.

3.4. Stratospheric anomalies prediction skill

The model ability of large-scale processes (e.g. sudden
stratospheric warming event) forecasting, might be an

Fig. 6. Time series of DJF PNA index. Maximum and minimum of the INMCM 10-member ensemble are shown as a blue dashed
lines, ensemble mean is presented as a blue solid line. PNA index calculated using ensemble averaged 500mb geopotential height
anomaly is plotted in red. The ERA-Interim PNA index is shown in black.

Table 3. Table summarizing the correlation coefficients of the
model and ERA-Interim reanalysis PNA indices for DJF-month
averages and for each month from November to February of the
period 1980–2015.

Time interval PNA correlation coefficient

November 0.60
December 0.41
January 0.46
February 0.41
DJF-month averages 0.60

INM RAS CLIMATE MODEL SKILL ON SEASONAL TIMESCALE 7



Table 4. Model and reanalysis PNA indices for winter months of the years with the strongest El Ni~no and La Ni~na events during the
period of 1980–2014.

El Ni~no La Ni~na

Winter season Month Model PNA Rean. PNA Winter season Month Model PNA Rean. PNA

1982–1983 December 0.22 0.17 2010–2011 December �0.74 �0.15
January 0.47 1.13 January �0.42 �0.04
February 0.81 1.30 February �0.70 �0.94

1997–1998 December 1.20 0.96 2007–2008 December �0.50 �0.91
January 1.56 0.47 January �0.69 �1.01
February 1.26 1.69 February �0.91 �0.09

Fig. 7. The first EOF of monthly mean air temperature calculated from ERA-Interim reanalysis data (1980–2015) in the Northern
Hemisphere at the pressure levels from 1000 to 1 hPa averaged for the latitudinal zone from 60� to 88� N.

Fig. 8. The projection coefficient of the ensemble averaged monthly mean air temperature anomaly to the first EOF of reanalysis data
for each winter season during the period of 1980–2014 for the INM-CM5-0 (shown in red) and a similar projection for reanalysis
(plotted in green). Monthly mean air temperature was averaged along the circle of latitudes and for the zone from 60� to 88� N.
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important source of seasonal predictability since due to
the global teleconnections they determine the future
development of the climate situation throughout the
Northern Hemisphere. In particular, the hypothesis
whether high skill in predicting the winter NAO can be
explained by the stratospheric anomalies prediction skill
should be checked.

The first empirical orthogonal function (EOF) calcu-
lated using monthly mean air temperature of the
Northern Hemisphere at different heights averaged for
the zone from 60� to 88� N and along the circle of lati-
tudes for ERA-Interim reanalysis data during winter
seasons of 1980–2015 is presented in Figure 7. The
ordinal number of a month was taken as a spatial
coordinate that allowed computing EOFs characterizing
the intraannual variability of the selected parameter.
The EOF represents downward propagation of tempera-
ture anomalies in polar stratosphere. It corresponds to

the polar night jet oscillation (PJO) studied in Kuroda
and Kodera (2001). Their Figure 5 representing regres-
sion of polar temperature on PJO index looks similar to
our Figure 7. In Kuroda and Kodera (2001) and
Kuroda and Kodera (2004) it was shown that downward
propagation of stratospheric anomaly leads to anomaly
in AO index.

In Vorobyeva and Volodin (2018) using an ensemble
of the model experiments starting on the December 1 it
was found that it is possible to predict the positive pro-
jection to the first mode of monthly mean air tempera-
ture during December–March in the years with a large
positive anomaly of the zonal mean meridional heat
flux in December. This hypothesis is used for the bias-
corrected seasonal hindcasts based on the INM-CM5-0
model since the projection of monthly mean air tem-
perature anomaly to the first EOF of reanalysis data
was accepted as the main index characterizing the

Fig. 9. The vertical distribution of air temperature anomaly for: a) INM-CM5-0 ensemble averaged data; b) ERA-Interim reanalysis
during the period of November 1986–March 1987. Anomalies are averaged along the circle of latitudes and for the zone from 60� to
88� N.
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dynamics of the stratosphere. To examine the model
stratospheric anomalies prediction skill the ensemble
averaged projections for winter seasons during the
period of 1980–2015 were compared with similar projec-
tions calculated for reanalysis data. The result of calcu-
lations is shown in Figure 8. The correlation coefficient
for the time series of INM-CM5-0 and ERA-Interim
projections performs the value of 0.47 (interval
0.16–0.69 for 95% confidence level), which is less than
for NAO index. Therefore, the stratospheric variability
provides a significant contribution, although potentially
is not the only cause of model high skill in seasonal
NAO index prediction, which is also likely due to initial
state of the troposphere.

To review the findings from Figure 8 the years with
maximum model stratospheric anomalies of both signs
were chosen. The winter season of 1986–1987 is considered

for the largest positive air temperature anomaly and the
winter season of 1988–1989 regards to the largest negative
anomaly. As it can be seen from the Figures 9 and 10,
INM-CM5-0 air temperature anomaly during
November–March of these years reaches smaller values
than for ERA-Interim. Nevertheless, the vertical distribu-
tions of air temperature anomaly have similar features,
such as the same order of alternating extremes and the
change of anomaly signs in the same time.

Model data shows that stratospheric signal of El Ni~no
is not very strong. During 110 El Ni~no seasons we have
76 major sudden stratospheric warmings (SSWs) defined
according to WMO critreia (McInturff, 1978) in individ-
ual model forecast runs. During 120 La Ni~na seasons
there are 83 major SSWs, and during 120 seasons with
neutral conditions model produced 93 major SSWs. This
means that there is no much difference in major SSW

Fig. 10. The vertical distribution of air temperature anomaly for: a) INM-CM5-0 ensemble averaged data; b) ERA-Interim reanalysis
during the period of November 1988–March 1989. Anomalies are averaged along the circle of latitudes and for the zone from 60� to
88� N.
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statistics between El Ni~no, La Ni~na and neutral years.
Analysis of ensemble of historical runs with INM-CM5-0
showed that winter stratospheric response to El Ni~no is
maximum in February-March, and polar stratosphere is
1–2K warmer in El Ni~no years than in La Ni~na years.
So, El Ni~no can potentially play some role in explanation
of model performance in simulation of observed strato-
spheric anomalies, but some other mechanisms should
play significant role.

4. Conclusion

This paper describes research on INM-CM5-0 seasonal
predictability skill in basic fields and key patterns –

North Atlantic Oscillation, Pacific North American pat-
tern and stratospheric variability.

The anomaly correlations for multiyear mean
(1980–2014) DJF-averaged fields of 2-m air temperature,
air temperature at 850 hPa, geopotentials of isobaric sur-
faces 200 hPa and 500 hPa, precipitation rate and sea-level
pressure in several regions (globally, in the tropics (20�

S–20� N), Northern Extratropics (20� N–90� N) and
Southern Extratropics (90� S–20� S)) were calculated. The
results are compared with similar results of the SLAV
model developed for routine seasonal forecasts. Similarity
is shown. Moreover, anomaly correlations for some varia-
bles have greater values than for SLAV. Anomaly correl-
ation for precipitation is low. An analysis of the anomaly
correlation for 2m air temperature in the tropics for each
winter season showed an increase in the correlation dur-
ing the years with El Ni~no and La Ni~na events.

The temporal correlation coefficient of the INM-CM5-
0 NAO index attained a value of 0.71 with ERA-Interim
reanalysis and 0.68 with instrumental CRU data. It was
shown, that the correlation coefficient for the time series
of INM-CM5-0 and ERA-Interim projections of monthly
mean air temperature anomaly to the first EOF of
reanalysis data performs the value of 0.47, that means the
stratospheric variability provides a significant contribu-
tion, although potentially is not the only cause of model
high skill in NAO index predictability. Analysis of major
SSW occurrence during El Ni~no, La Ni~na seasons and
seasons with neutral conditions allows to conclude that
ENSO events can potentially play some role in explan-
ation of model performance in simulation of model
stratospheric anomalies, but some other mechanisms
should play significant role. Initial data of temperature
both in the extratropical Pacific Ocean and in the tropic
latitudes as well as November equatorial QBO index,
Arctic sea ice compactness and snow depth demonstrate
weak correlation with DJF NAO index.

The correlation coefficients of the INM RAS climate
model and ERA-Interim reanalysis PNA indices for each

month from November to February of the period
1980–2015 were computed and showed acceptable results.
As was expected, in the years of the most pronounced El
Ni~no the values of PNA index are significantly positive,
and for La Ni~na years they are noticeably less than zero.

The obtained results allow to expect the INMCM tol-
erable seasonal prediction skill, which examination and
development is necessary to expand in a future study.
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