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1.Short description of INMOM (Institute of
Numerical Mathematics Ocean Model).

2.Results of experimetns in the scope of CORE
program (Common Ocean Research Experiment -
CORE-II): Global ocean simulation in 1948-2007.

3. Thermohaline circulation variability in North
Atlantic and its relation with climate change.



The INMOM vertical coordinate is o (like POM or ROMS),//'
gi e expression: .
g = 2 D , o¢e[0]]

H(X, y) -2 (X y.t)

(X,¥,2z,t) -coordinates in z-system
(x,y,,0,t) -coordinates in o-system

The equations are transformed from z- to o- coordinate by implementing
the transformation:
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Z=oh+¢ - geopotential Z-depth as a function of model coordinates
h=H-¢ - effective ocean depth

& - sea level deviation from undisturbed state



The global version of the INMOM is realized on curvilinear orthogonal grld to
lems near North Pole.

1+ AE : New north pole is placed to 100°E, 70°N (Taimyr

Moebius

- n £+ A peninsula) and new south pole is symmetrically placed to
100°E, 70°S (Antarctica)
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X1 Ay, @ -transformation parameters
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= 7o coefficients in Global ocean bottom topography
R [—COS(DJ [—J curvilinear system in the curvilinear coordinates

Bottom topography, [km]

Grid properties: ©1
1) Orthogonality (in horizontal
coordinates)
2) Analytical transformation from of . A
geographical system 1o
3) Singularities beyond the ocean area it

4) Preserved geographical equator :
position




Parameters of Global version'of INMOM.are //

1. Res"o’l'umxmo nodes on horizontal grid and 40 &vels along
depth) on the curvilinear grid with displaced poles (North pole is placed at
100°E 70°N).

2. Time step is 1 hour.

4. Initial conditions are rest state, January Levitus (1998) T and S, ice null.

7. Heat, salt and momentum fluxes at ocean surface were computed using CORE-II
atmospheric data.

7. Sea ice dynamics-thermodynamics model (Yakovlev; Hunke, et. al) was used.

8. Lateral tracer mix is isopycnal diffusion 400 m?2/s

9. Lateral viscosity of 4-th order is approximately 2*10°m%/s

10. Vertical mix is Pacanovsky&Philander with simple wind wave breaking
parameterization added.

11. SSS restoring of 50m/2yr is applied.

INMOM is used as oceanic component in INMCM4.0 for CMIP5
experiments for IPCC AR5
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The experiment performed under CORE-II scenario

1.The run was started from Levitus climatology
(1998).

2.Interannual CORE-II datasets for the period
1948-2007.

3. Five 60yr cycles were performed
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Abstract

Sirmulstion characteristics from eighteen global ocean - ses-ice coupled models
are presented with s focus on the mean Atlantic meridional overturming creuls-
tion (AMOC) and other related fields in the North Atlantic. These expeniments
use inter-annually varying atmosphene forcing data sets for the 60-year perod from
1948 to 2007 and are performed as contnbutions to the second phase of the Coor-
dinated Qoean-ice Reference Expenments (OORE-IT). The protocol for conducting
such CORE-ID expenments 15 summeanzed. Despite using the same atmospheric
forcing, the solutions show sgmificant differences. As most models also differ from
available observations, biases in upper-ocean potentizl temmperature and salinity dis-
tributions, mixed layer depths, and ses-tce cover in the Labrador Sea region are
identified as contributors to differences in AMOC. These differences in the solutions
do not suggest an obwvious groupimg of the models based on their ocean model hn-
eage, their vertical coordinate representations, or surface salimty restoring strengths.
Thus, the solution differences among the models are attnbuted prmenly to use of
different subgrid scale parametenzations and parameter cholees as well as to differ-
ences in horizontal and vertical god resolutions in the occan models. Use of & wide
vartety of ses-ice models with diverse snow and sea-ice albedo treatments also con-
tributes to these differences. Based on the diagnostics considered, the majority of
the models appear smtable for use in studies involving the North Atlantic, but some
models require dedicated development effort.

Keywords:

Global ocean — ses-ice modelling, Ocean model comparsons, Atmosphene forcng,
Expenmental design, Atlantic mendionsl overturming cirenlation, North Atlantic
simulations
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Climatic circulation characteristics (average for 1948—200]/

Annual velocity at 10m [cm/s]
5th cycle of 1948—-2007 run
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Equatorial circulation

Annual zonal velocity in Pacific Ocean
On zonal section along Equator [em/s]
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Sea ice in September
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MOC streamfunction
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INMOM (average for 1948-2007)

Annual mean MHI, PWt
Global(Black), Atlantic(red), Indopacific(green)

Estimations
(Trenberth and Carron, 2001)
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Figure 3: Time-mean AMOC plotted in depth (km) and latitude space. The positive and negative
contours indicate clockwise and counter-clockwise circulations, respectively. Unless otherwise
noted, the time-mean refers to the 20-year means for years 1988-2007, corresponding to
simulation years 281-300, in all the figures.
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Temperature Anormaly (°C)
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Power Spectra of max of annual North Atlantic MOC frorn/
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Significant long-period oscillations with periods around

50 and 18 years are marked out from the spectrum

of anomalies of the annual average AMOC

index allocated. Apparently at these time scales the
circulation regimes in the North Atlantic may influence on the
own climate change.
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o CQIICTUSIOMS S

. The results of simulating global ocean circulation and its interannual
variability in 1948-2007 using INM RAS ocean general circulation model
INMOM (Institute of Numerical Mathematics Ocean Model) are presented.
The CORE datasets were used to set realistic atmospheric forcing.

. Sea ice area decrease by 2007 was reproduced in the Arctic Ocean that is in
good agreement with observations.

. The interdecadal climatic variability was revealed with significant decrease of
Atlantic thermohaline circulation (ATHC) and meridional heat transport (MHT)
in North Atlantic (NA) since the late 1990's. MHT presents decrease of heat
transport from NA to the atmosphere since the mid-1990’s.

. Therefore the negative feedback is revealed in the Earth climate system that
leads to reducing of climate warming caused primarily by anthropogenic
factor for the last decades.

Long-term variability (60 years) of ATHC is revealed as well which influences
NA thermal state with 10 year delay. The assumption is argued that this
mechanism can make a contribution in the ATHC own long-term variability.






Sea ice concentration in March and September
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March ice square in Northern hemisphere, 10"6 km" hﬁﬂaurch ice volume in Northern hemisphere, 10*12 m*"3

| 138-
48 -
- 116 45 -
13,4 a4 -
13.2 47 -
40

13-
38

12.8
36 -

12.8
34 -
12.4 32 1

T T T T T T T T T T - : 30 A= T T T T T T T T T T T
1950 1955 1960 1965 1970 19Y5 1980 1985 1990 1995 2000 2005 1930 1955 1960 1965 1970 1975 1980 19835 1990 1995 2000 2005

March ice square in Southern hemisphere, 10*6 km”" March ice volume in Southern hemisphere, 1012 m"3
2.2

4 -

3.5 1 o

0.5 1
1950 1955 1960 1985 1970 1975 1980 1985 1890 1995 2000 2005 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005




September ice square in Northern hemisphere, 10*6 kriseptember ice volume in Northern hemisphere, 10*12
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Bering Strait mass transport, Sv Indonesien Throughflow mass transport, Sv
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