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Introducing Thermodynamic term to Reduced
gravity models: Design of ODTM

\_ )
4 N\
> The basic structure of h1m >

1
ODTM W,y
Zm 4
. . . hImin ‘ |.|2
»Dynamic core is same as in W,

Valsala (2009), Valsala and
( ) . A w H;
Rao (2016), but modified 1l

with Thermodynamic terms
T, U, |
H,
» It also incorporates a fine
. . Ts Us Y
vertical mixing module, \f y
penetrating first fewlayers | ¥ ’
at very high resolution. Ta Uq (Za;‘:c-e-r-il-a-lgala et al., 2018)
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( Introducing Dynamic height pressure gradient to
Reduced gravity model: Design of ODTM

\_ J
( )
Free surface term Overhead pressure term

VP = gpp 21y [’ON; pi]‘?H" —| 925 (o — p;)VH?
N

[P~ — Pi
+ |0 gZiik H'Vy N ﬂ

Dynamic height term

» Under the approximation h ~ 1
Pk

> Pk = po+ ar[T, — To] + Bs[Sk — So Valsala et al., (2018)
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ODTM flow-chart
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The complete equations of ODTM
J
( . )
Tracer (layer average T, S,, and mixed layer model T and S )
OT;. o | T 0 Hf0<7 < 7
# +0V,, (U Ty) = Appe Vi T =|o— 5= ¢ (3)
1 7 >7m
aT, y o T, T, IL—1._
m e 1,7 B -2 _ K mo | ! z z—1
- BV (U Tn) - AamiV,, T aZBH 5, fWe(m) 5~ +E—dzpm0p ;
f
. 0Ty — dzfcp at z = 0 for temperature
Kn 0z
—(E_f# at z = 0 for salinity (4)
) 4
1  for temperature
€ = {4
: 0 for salinity
 [J: Coupling term S )
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The complete equations of ODTM

J
~N

\.
7

Momentum (layer average U,, V,, and mixed layer model U, and V)

.

oU,’? T 5 VP o T | ousY
+V, (UPUM — AypeV2UY = ——H2- 2 90 x UM + — +{a— 5
ot H( E Yk ) MRG V ;Y O ke p(1) ot ( )
T —|_ .BVH (UIE,J U;‘?T;. ) — Ef‘l -171_? ] "}"lL-‘E{m} az — Qﬂ X L"I.;i; :
57 (6)
K,,—= = 1 . _
0z {ﬁ'(l} at z =0
OH,;. i
a—; + V(U Hy) = wep — weep_q (7)
i’
(H;f — Hm.m I )2 L if H.Ff < Hkm-i-n
Wk = ——— 0011100 H0) 0= 9 (8)
) e 0 lf H.i’f = Hkﬂl-iﬂ-
: Coupling term : )
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Treatment for Entrainment velocity: Confluence

of interface undulations and baroclinic inflections

\_
r 7
(Hk — Hﬂn'nffs:])g L it Hi < Himin
We = ——— O(H i) —H): 0=
fedtkmin -
0 if HL' > Hkmm.
\
m=zy L % atz =0
Y we(m) = =V, (U Hy): We(z) = 4
m==z1 0 at z = Zm
0<a<l1 0<p<1 0<y<1

» Vertical velocity is calculated from
convergence/divergence of layers, interpolated
to mixed layer model grids at each time step 2

. . . .
implying a baroclinic mode in ‘w,”.

-
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Mixed Layer Model: Level-2 Turbulent Closure
Model

. J
" > ODTM has Mellor-Yamada level 2 mixed A A
layer scheme from lkeda (1992). —_ -

—_—

»Mixed layer model has very fine
resolution of 5m thickness upto 255m of —
the upper ocean. S~S— ——
» At each time step the tendency due to
mixing (both tracer and momentum) are >
updated to dynamic model. Vertical

Mixing

. _ Coefficient

» Large scale dynamics advects the mixed

\4

layer model horizontally and vertically. )
Omm_BoB ICTS

.




s

Model domain for test experiment:
Indian Ocean
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Validation of model mean thermal
structure from 50 years of simulation

.
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Validation of model mean thermal
structure from 50 years of simulation
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(color) with WOA13
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Validation of model mean thermal
structure from 50 years of simulation
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Validation of model mean salinity
structure from 50 years of simulation
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Validation of model mean salinity
structure from 50 years of simulation

.
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Comparison of
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Validation of model mean salinity
structure from 50 years of simulation
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Correlation of 60-years of SST anomalies (1950-

2009) between ODTM and HadISST

/ \
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Monthly
anomalies of
SSTs between
ODTM and
HadISST (1950-
2009) are
correalated
above 99%
significance
throughout the
Indian Ocean.
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Correlation of 18-years of SSH anomalies (1994-
2009) between ODTM and Satellite Obs.

AN

0.5

" Monthly
.6 .
anomalies

.4

| [,, ODTM and

—o1 2009) are
—** correlated

~ SCTR, East

40°E 50°E 60°E
\_

SSH between

| 1,2 satellite (1993-

Indian Ocean,
. BoB are very
» well correlated

of

well.

J

Omm_BoB

ICTS



Model SST and SSS (color) and WOA(contour) for BoB
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Correlation coefficients between ODTM SST (left) and
SSH (right) with observations.
\_ J
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Seasonal Cycle of Mixed Layer Depth from ODTM (shade)
and observations (De Boyer et al., 2004)

.
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Seasonal evolution of MLD of ODTM is comparable with the
observations.
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Seasonal cycle of Vertical mixing coefficient of tracers
resolved in MY-2 model in ODTM (cm? s1)
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Seasonal cycle of Barrier Layer formation resolved in MY-

2 model in ODTM and comparison with observations.
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comparable with the observations.
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Anomalies of Barrier Layer (BL): Comparison between
ODTM and Argo derived BL.
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Interannual Variability of MLD and BL is analyzed with C-EOF analysis

4 )

MLD and Wind stress curl TH+8H+LW (positive down) IH (positive down) and winds E-P (positive up)
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Interannual Variability of MLLD and BL is analyzed with C-EOF analysis in SODA
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Mechanism of Interannual Variability of BoB MLD: Mode-2 and I0D
-
MLD and Wind stress eurl LH+SH+LW (positive down) LH (positive down) and winds E-P (positive up)
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Entrainment at base of MLLD appears no role in
Interannual variability of BoB Mixing
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Interannual Variability of BL and ENSO: BoB average
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Correlation of IAV of BL and Precipitation anomalies
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Mixed layer energetics and IAV of BoB
MLD: Mode-1 response to ENSO

VAN

\
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The TKE and Stability factor (SH) appears to respond in opposite
directions.

As K,=qlS,is alinear function of TKE and SH, they dissociate
in mode-1 and reduced amplitude of IAV of BoB MLD
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Mixed layer energetics and IAV of BoB
MLD: Mode-2 response to IOD?

\.
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The TKE and Stability factor (SH) appears to respond in same
directions.
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As K,=qlS,is alinear function of TKE and SH, they associate
in mode-2
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Mixed layer energetics and IAV of BoB
MLD: Mode-1 response to ENSO
. S
16.0 | In Mode-1, the
L Mode-l L TKE and S,
3 12.0 ¥l - dissociate to
g - | mitigate the 1AV
o 8.0 - - amplitude of BoB
A . - MLD.
% 4.0 - -
:E 0.0
2 |  This explains why
v - BoBMLD IAV is
weaker compared
~1.50 ~1.00 ~0.50 0.00 0.50 .00 to seasonal cycle.
TKE (x10% m?® s7%)
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Mixed layer energetics and IAV of BoB MLD: Mode-1 response to ENSO
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Mechanism of BoB MLD IAV in response to ENSO

4 El Nino La Nina N
clockwise Ocean Heat anti-clockwise ~ Ocean Heat
: :arkgl mass and mass
‘QS —_—s
: = S Q*O
o = - &
» o g >N
U QO o
o .2 - -
U © o)
v o & o
cC Q N S
oD Z L =
~ S
dTKE/dt o P : a-
P+ Bl = ET stronger TKE + El —> weaker TKE
. Syarl;r= BL/ET% Weak S, Syoarl;l= Iﬁ/a],% Strong S,,
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Conclusion

-

\_

e A dynamic-thermodynamic reduced gravity ocean model embedded with a
high resolution vertical mixed layer model is introduced. Further the model is
utilized to study the Bay of Bengal mixing and variability.

*The year to year variability of Bay of Bengal mixing and barrier layer are
predominantly controlled by ENSO.

eTurbulent Kinetic Energy (TKE) and Stability of water column dissociate and
mitigate the variability of Bay of Bengal mixing interannual variability when
ENSO is a controlling factor.

eThe study has implications for fine tuning the state of the art general
circulation models and climate models in order to represent a robust
spatio-temporal variability of surface mixing in the Bay of Bengal.

(Valsala, V., S. Shikha and S. Balasubramanyam (2018), A Modeling Study of Interannual Variability of Bay of
Bengal Mixing and Barrier Layer Formation, J. Geophysical Res., https://doi.org/10.1029/2017JC013637)
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