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Why We Developed OFES2

- No sea-ice and tidal models in OFES.

- Several issues in the OFES

Unrealistic water mass properties within the Indonesian Seas due to
underestimation of vertical mixing (Masumoto et al. 2008)

Unrealistic water properties in the subsurface of subtropical North Pacific
due to unrealistic wind stress distribution of NCEP reanalysis (Kutsuwada

et al., 2019)

Unrealistic paths of Kuroshio detaching from Kyushu and Gulf Stream not
turning northward and no Azores current.




Model Description of OFES2 Compared with OFES

OFES2 OFES
Domain 76°S-76°N 75°S-75°N
Horizontal Resolution 0.1° 0.1°
Number of Vertical Levels 105 54
Maximum Depth 7,500 m 6,065 m
Bathymetry Data ETOPO1 OCCAM 30
Sea Ice Model Komori et al. 2005 -
Horizontal Mixing Scheme Bi-harmonic Bi-harmonic
Vertical Mixing Scheme Noh & Kim 1999 KPP
Tidal Mixing Scheme St. Laurent et al. 2002 -
SSS Restoring 15 days to WOA13 6 days to WOA98

North & South Boundary
T & S Restoring at All Depths
Atmospheric Forcing

River Runoff
Bulk Formula

Momuntum Flux

Hindcast Period

Initial Condition

Output

T & S restoring within 3° from boundary
Merginal seas and their mouths
JRA55-do (3 hourly) 55km
COREZ2 (daily climatology)
Large & Yeager 2004
Bulk formula using relative wind speed
1958-2016
T & S of OFES on Jan 1, 1958
Daily mean per 3 day until 1989
Daily mean from 1990

Monthly mean

T & S restoring within 3° from boundary

NCEP (daily) 200km

Rosati & Miyakoda 1988
NCEP (daily)
1950-2017
OFES climatlogical run
Snapshot per 3 day from 1980
Monthly Mean




Long-term Mean State
OFES2 vs OFES



Sea Ice Concentration (2005-2012)
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Unrealistic sea ice
cover in Chukchi
Sea in summer

Sea Ice Concentration (2005-2012)

OFES2 Sea Ice (Mar:2005-2012)

HADISST Sea Ice (Mar:2005-2012)
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SST Bias against WOA13 over 2005-2012
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Tempoeroture at 137E and 8—12N (2005-2012)

Water Property in Subtropical North Pacific (137E, 8-12N)
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The reliability of the wind product is
a key for simulating realistic oceanic

fields not only at the ocean surface
but also in the subsurface ocean as
suggested by Kutsuwada et al. (2019)
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SSH Variability over 1993-2016

OFESZ (bulk formula usmg relatlve velomty) OFES (forced by NCEP w|nd stress)

-The magnitude of SSH variability is relatively
small in OFES2 and large in OFES compared
to the AVISO.

‘Unrealistic path of the Gulf Stream and no
Azores Current in both OFES2 and OFES.
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Vertical Diffusivity in OFES2 (using St. Laurent et al. 2002)
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Salinity in the Indonesian Seas over 2005-2012
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Climate Variability
OFESZ2 vs OFES



Nino3.4 Monthly SST Anomaly
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Monthly Dipole Mode Index (SSTA Difference Between Eastern and Western Poles)
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SST and Wind Stress in positive (Nov. 1997) and negative (Sep. 2010) IOD Events

Nov 1997 (Positive I0D) Sep 2010 (Negative 10D)
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Summary (OFES2)

OFES2 forced by JRAS5-do improves several oceanic
aspects compared with OFES forced by NCEP reanalysis.

« SST and SSS biases

 Water properties in the subsurface of the Indonesian
Seas and the subtropical Western Pacific

* Realistic cold SST in the eastern pole of the IOD

Several issues still remain in OFES2.
- Unrealistic path of the Gulf Stream

 No Azores Current



An Increase of the Indonesian Throughflow by internal tidal mixing

Differences of Vertically Integrated Horlzontal Velocity and SSH (OFESZ OFES2_NT)
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Introduction (Vertical Mixing)

A major role of vertical mixing in the global meridional overturning.
circulation (e.g. Bryan 1987; Tsujino et al. 2000)

 Enhanced vertical mixing observed over rough bottom topography.

(Polzin et al. 1997; Whalen et al. 2012; Kunze 2017)

« Tidal mixing scheme for OGCM representing the vertical mixing.

(e.g. St. Laurent et al. 2002)

* Impacts of tidal mixing schemes upon the deep meridional overturning
circulation and the deep water masses and the ocean energy budget.
(Simmons et al. 2004; Jayne 2009)

However, impacts of tidal
mixing on the basin-scale
upper-ocean circulation are
less well known.

Fig.2 in Polzin et al. 1997
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Introduction (Indonesian Seas)

 Enhanced vertical mixing occurs.
(Ffield and Gordon 1996; Nagai et al. 2017)

* A tidal mixing significantly alters the water mass properties.
(Gordon et al. 2003)

« A tidal mixing scheme in OGCM improves the water mass
properties.

(Koch-Larrouy et al. 2007; Cuypers et al. 2017)

How tidal mixing influences on the transport of Indonesian

Throughflow (ITF), which advects warm water from the
Pacific to Indian Ocean, has not yet been examined.




Introduction (ITF Transport)

* The island rule controlled by the large-scale winds
(Godfrey 1989)

* The pressure gap between the western Pacific and Indian Ocean
(Wyrtki 1987)

« A good correlation between the SSH (corresponding to the
pressure gap) and the ITF transport variations in both seasonal
and interannual timescales

(Potemra et al., 1997; Shinoda et al. 2012; Susanto & Song 2015)

We examine impacts of tidal mixing on the ITF transport by

comparing OFES2 (with the tidal mixing scheme) and
OFES2_NT without the tidal mixing scheme.




ITF in OFES2

o

Vertically Integrated Velocity (V) in 1995-2016
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ITF Transport in OFES2 and OFES2 NT

Monthly Transport of OFES2 and OFES2_NT
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- Large (small) transport in summer (winter) (e.g. Masumoto & Yamagata 1996)
- Small (Large) transport in El Nifio (La Nina) years (e.g. Meyers 1996)

- ITF transport in OFES2 (13.83 Sv) is larger than in OFES2_NT (12.95 Sv) during 1995-
2016. (15 Sv in the INSTANT observation during 2004-2006, Gordon et al. 2010)




ITF Transport in OFES2 and OFES2_NT

(Sv) Transportores, — Transportores, nt (60 month running mean)
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- Large (small) transport in summer (winter) (e.g. Masumoto & Yamagata 1996)
- Small (Large) transport in El Nifio (La Nina) years (e.g. Meyers 1996)

- ITF transport in OFES2 (13.83 Sv) is larger than in OFES2_NT (12.95 Sv) during 1995-
2016. (15 Sv in the INSTANT observation during 2004-2006, Gordon et al. 2010)




ITF (OFES2 minus OFES2_NT)
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AITF Transport & ASSH Gap (OFES2 minus OFES2_NT)
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Time series of the differences of ITF transport and SSH gap index (SSHyy — SSHg,)
between OFES2 and OFES2_NT are well correlated.

= The increase of ITF transport in OFES2 is supported by the pressure gap increase.




SSH Differences (OFES2 minus OFES2_NT)
SSHOFESZ — SSHores2 nt(1995-2016)
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whole western Pacific in OFES2 compared to OFES2_NT.




Vertical Diffusivity averaged over 5°-10°N in the Western Pacific
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Differences of Density and PV Averaged over 5°-10°N
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- The density in OFES2 decreases much in the lower thermocline and below it (< 0.10).
= The SSH in OFES2 raises due to a net increase of buoyancy (density decrease) for

the water column considering dynamic height (=[(1/p) dp).
- Changes in density and PV extend westward from the Marshall Island.
= Westward propagations of the signal via Rossby waves.




Differences of Density and SSH Averaged over 5°-10°N
SSHOFESZ - SSHOFESZ_NT
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SSH Differences (OFES2 — OFES2_NT)
SSHOFESZ_SSHOFESZ NT (Contours _SSH in OFESZ)
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The basin-scale SSH rise in the tropical Pacific increases the

pressure gap between the Pacific and Indian oceans, and then
ITF transport strengthens in OFES2 compared with OFES2_NT.




Summary (ITF in OFES2)

A comparison between two OGCM simulations with and
without a tidal mixing scheme shows that the ITF
transport increases with tidal mixing.

Enhanced vertical mixing
Many Island Chains increases buoyancy of water
in the tropical Pacific. column via water mass

The SSH rises much in the
tropical Pacific, which

h he ITF :
property change in vertical. strengthens the ITF transport

Vertlcal Mean lefuswlty in OFESZ ss|-| (OFESZ) — SSH (OFESZ NT)

sou-'j lot
30N N o

EQ ‘::\

30s 1

60S

<SEENEETT [ [ > <4 T T T T T T T T T T T T >
-3 -2 -1 0 1 2 3







Difference between SSS using restoring and WOA13 SSS (2005-2012)

SSS difference (Long—term WOA13) - (WOA13 2005-2012) SSS dlfference (WOA98) (WOA13 over 2005 2012)
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SSS bias in OFES is similar to SSS difference between WOA9S8

and WOA13(2005-2012) due to strong restoring with 6 day.
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Wind Stress Curl (2005-2012)

OFES2 wind stress curl (2005 2012)

OFES wmd stress curl (2005 2012)

common logarithm scale (107 N
m-3)



Long-term SSH over 1993-2016

SSH (OFESZ 1993- 2016) SSH (OFES 1993- 2016)
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AVISO SSHA (cm) over 1993— 2016
) = OFES2 demonstrates the SSH
distribution of subtropical gyres
in the South and North Pacific
more realistically than OFES.

The issues of no Azores Current
and not turning northward of the
Gulf Stream remain in OFES2.
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Tidal Mixing Scheme (St. Laurent et al. 2002)

Energy Flux at bottom : E(x,y) = pN,u2s%/2 KfWm-—] (1)
Vertical Diffusivity . Kv(x,y,2) = I'q E(x,y) F(z) / (pN?) (2)
Dissipation Function in Vertical: F(z)=[e-(H-2/)/[T(1-eH7)] (3)

p : density, N : buoyancy frequency (N, at bottom)

u: barotropic tidal speed (K1 and M2 from FES2012 model, Carrere et al. 2012)
s, Kk : slope and wavenumber of topography (ETOPO1, Amante & Eakins 2009)
I’ : mixing efficiency of turbulence (=0.2)

q : dissipation efficiency (=0.3)

H : bottom depth

¢ : vertical decay scale(=500m)



SST in positive (Nov. 1997) and negative (Sep. 2010) IOD Events
Nov 1997 2010

HadISST (Nov 1997) HodISS Sep 2010)
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AITF Transport & ASSH gap (OFES2 minus OFES2_NT)
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Time series of AITF transport and ASSH gap between the Western Pacific and Indian
Oceans are correlated in a interannual timescale.

However, these variations are not correlated with El Nino and La Nina events.
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The implementation of a tidal mixing scheme improves the water-property in the Indonesian
Seas as well as in previous studies. It is possible that including the local effects of tidal mixing
may improve more the water-property (e.g. Koch-Larrouy et al. 2007).




Differences of Density and SSH Averaged over 5°-10°N

SSHOFESZ - SSHOFESZ_NT
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The enhanced diffusivities over many
rough topographies in the tropical Pacific

Buoyancy increase for the water column and
its spreading over whole basin via Rossby

and Kelvin waves (Furue et al. 2015)

Large SSH rise in Pacific in OFES2
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SSH Differences (OFES2 — OFES2_NT) Topographic Siope (OFES?2)
SSHOFESZ_SSHOFESZ NT PR g e

60N 1%

30Nd

BOE 100E 120E 140E ] fGOE 180 160W 140W 120W

\
[ ~
Y 1t 2
30SH S
R
- --\ &

10 20
Vertlcally Averaged lefuswlty (Surface-1000m OFES2) (%)

e eagie — I
120W O

30N -
e — e UNSNENNENRNRRERRRERERRERE S
(cm) 1o ]
Large diffusivities around numerous islands in
the tropical Pacific increase the basin-scale SSH
via buoyancy increase for the water column.
The impacts of localized mixing spread over the P a: AN A
whole basin via ROSSby and Kelvin waves (Furue Y% 60E  80E  100E  120E  140E  160E 180  160W 140  120W

et al. 2015). e ———EEEEEEEREE T T
(log10 m2s-1)

EQ




