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Tropical Pacific 
Ocean State 

Estimate (TPOSE)
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Scientific focus on mass 
and heat budgets. 
Also BGC and  observing 
system design. 

Switching from ERA-interim to ERA-5 reduced cost of initial forward runs
! for 11/13-2/14: SST is reduced by 18%, RADS by 2%, MDT by 4%
! JRA-55 gives similar results for SST & MDT but 5% increase in RADS cost.

Validates both new atmospheric reanalyses and MITgcm in targeted region 



Argo, CTD, XBT, altimetry, and SST are used as constraints. 
TAO and Spray glider data are used for independent validation. 

The state estimate has been produced for 
the period Jan 2010 to Dec 2017+ with a 4-
month assimilation window, 1/3° resolution.
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State estimation 
enables reduced 
model representation 
error and by 
propagating high-
frequency dynamics 
with model physics. 

All time 
scales



TPOSE: forecasting





• Other movie here
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Assessing 4D-VAR for dynamical mapping of 
coastal high-frequency radar in San Diego 

I. Hoteit, B. Cornuelle, S.Y. Kim, G. Forget, A. Köhl, E. Terrill 

Dynamics of Atmospheres and Oceans, 2009

• MITgcm. 1 km resolution. 40 vertical layers. 
• Initialized from single profile and forced by single shore 

station.
• Solve for ICs, open BCs of T, S, U, V, and surface fluxes 

to fit HF radar velocity observations

Results: 
– The adjoint method can successfully be used in this 

setup over 10-day windows
– State estimates produced that are dynamically 

consistent and consistent with HF radar
– Forecast skill exceeds persistence for 20 hours

Model 
bathymetry



Sensi,vity of misfit at end 
of assimila,on window to 
temperature at 250 m =>

Sensi,vity to state occurs 
immediately and over 
en,re water column. Fit is 
sensi,ve to internal 
waves, Rossby waves, and 
topographically trapped 
waves



Sensitivity of misfit at 
end of assimilation 

window to wind 
stress at 242.5oE =>

Sensitivity to wind 
stress dominated by 
inertial waves (period 
~22.3 hours at 
32.5oN), and damps 
after a few days. 



• Misfit reduction efficient. System is controllable
• Optimization brings misfit to about 6 cm s-1

• Initial model error variance shows strong peaks 
near the semi-diurnal period. 

• IC controls matter for ~18 hours. Then mostly 
wind stress, but fluxes and OBCs do contribute



SSH (cm) and sea surface velocities (cm s-1) Wind stress adjustments

Solu,on on 7 December 2003 for window star,ng on 1 December 2003
• The assimila,on was able to solve for a dynamically consistent solu,on. 
• SSH signal is +/- 2 cm!



Solution on 7 
December 2003

Top: assimilation 
starting 1 Dec. 
2003
(i.e. state 6 days 
from IC)

Bottom: 
assimilation 
starting 6 Dec. 
2003
(i.e. state is 1 day 
from IC)
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MITgcm-BoB

! Monsoon
Intra-seasonal
Oscillations in the
Tropical Indian
Ocean and the Bay
of Bengal

! Atmospheric-ocean
model coupling

! SST feedback on
atmospheric
circulation MITgcm - Bay of Bengal model domain

Bay of Bengal
Goals
• Determine predictability of SST
• Determine atmospheric-ocean 

coupling, and SST feedback on 
the atmospheric state

• Understanding and prediction 
of the monsoon rainfall

Setup
• 1/12o (~8km) with 50 ver,cal levels (~2.5m near surface)
• JRA-55 atmospheric state. Monthly runoff climatology
• HYCOM+NCODA global 1/12o analysis ini,al and boundary condi,ons 
• Controls: atmospheric state. U,V,T,S ini,al and open boundary condi,ons
• 1 to 2 month assimila,on window

ETOPO2



SSH rmsd for June - August 2016
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persistence = const SSH

HYCOM

AVISO clim SSH

prior model run

state estimate for June and then forecast for July & August
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state estimate for June and then forecast for July & August
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MIT state estimates      HYCOM/NCODA         AVISO
April 2011

April 2010

Sea surface height 
(m) along 20oN.
Eddy detection 
applied with 
criteria that 
lifetime greater 
than 4 weeks.
The eddy locations 
shown in blue 
(CCW) and black 
(CW)







California State Estimate (CASE)

• Regional version of MITgcm
• 1/16 degree (~7km) resolution

• 4-dimensional variational (4D-Var) 
assimilation
• Consistent with model dynamics 

over 3 month assimilation windows
• Optimized to fit SSH, SST, glider, 

Argo, XBT observations
• 4D solutions for Jan 2007 - Mar 2017

Time Mean, 0 - 500 m Depth-Averaged Velocity 

10Intro        Methods        Mean        Annual        Interannual        Summary

Zaba et al. (2018) under review 

.*+'C($*5"H)$&)677hM)4%&+$&2%2*)
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California State Estimate (CASE)

• Regional version of MITgcm
• 1/16 degree (~7km) resolution

• 4-dimensional variational (4D-Var) 
assimilation
• Consistent with model dynamics 

over 3 month assimilation windows
• Optimized to fit SSH, SST, glider, 

Argo, XBT observations
• 4D solutions for Jan 2007 - Mar 2017

10Intro        Methods        Mean        Annual        Interannual        Summary

Zaba et al. (2018) under review 
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Assess heat budget in control volumes.
Due to excessive short wave heating 
estimates in reanalysis there are large 
adjustments to temperature initial 
conditions. For budgets this adjustment 
must be accounted for
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Mean JUN30 to JUL1 Increment, 5 m 
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Figure 13:

Mean SEP30 to OCT1 Increment, 5 m 
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Figure 14:

1.3 theta increments, mean depth profiles
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Figure 15: BLACK: mean, GREY: mean +/- std
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Figure 16: BLACK: mean, GREY: mean +/- std

5

Mean surface temperature increment

Shortwave heat flux is too strong because weather model does not 
capture clouds near the coast

Optimization corrects by reducing T initial conditions (every 3 months)

June 30 to July 1 Sept 30 to Oct 1
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• Mooring and global Llc4320 (2km) have high-frequency energy
• Regional ROMS (1km), MITgcm (2km), and NCOM (3.7km) are all missing 

high-frequency energy

Hypotheses:  
1. Representation of interaction with bottom topography
2. Noise in LLC4320 and/or mooring meaning one or both is wrong.
3. Tidally generated internal waves do not have time to exchange energy 

and fill the (Garrett-Munk) spectrum in a regional domain. 
4. How tides forced (i.e. as pressure loading) & their accuracy in LLC4320.
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High-pass SSH

Global LLC4320 
(left) 

vs
a regional 

version with 
same numerics

(right)

High-pass 
vertical velocity
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Variance of vertical velocity, w, at 500. The 3000 m 
bathymetry contour in black.

Global Regional
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Ratio of w variance at 500 m: 
Regional divided by global. Three 
points: P1 near the Mendocino 
Ridge, P2 in the analysis domain 
southwest corner, P3 inside the 
Southern California Bight. 

Vertical profiles of vertical 
velocity, w, standard deviation 
at P1, P2, P3 for the global 
(solid lines) and regional 
(dashed lines) models.



Vertically integrated high-pass baroclinic kinetic energy [J m].
The total high-pass baroclinic energy in the domain is 

1.79 PJ for the global model and 0.71 PJ for the regional model.
������ ��

Global Regional
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Mean high-pass barotropic KE
Global: 1.40 PJ Regional: 0.71 PJ

Barotropic KE at the M2 frequency 
Global: 1.33 PJ Regional: 0.57 PJ

The mean high-pass baroclinic KE
Global: 1.79 PJ Regional: 0.71 PJ

Global has a baroclinic KE 0.39 PJ greater than barotropic.  
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baroclinic

0 20 40 60 80 100 120

P
J

0

2

4

6

8

A)
global high-pass   regional high-pass   global M2   regional M2   

days
0 20 40 60 80 100 120

P
J

0

1

2

3B)



����

��

��

�����

���������	�
��

	�
��

\&+"3&'()Q'S")"&"3#I)<(2a)'(%&#)+5")'&'(I*$*)H%-'$&)C%2&H'3$"*O)
!"H)$*)<(2a)$&+%)+5")H%-'$&O)>(2")$*)%2+)%<)+5")H%-'$&O)
M*/"+$2/"&,3%'*&2$1,"*"$+1,K0'X"- B0%320.,bc:,=], !"+)%*20.,INd\,=],
P%)3"4%&4$(")+5")"a4"**)7Of9)Fo)Q$+5)')C%2&H'3I)<(2a)H$*43"@'&4I)%<)6f9):i)
$-@($"*)')C'3%4($&$4)Q'S")"&"3#I)3"*$H"&4")+$-")$&)+5")H%-'$&)%<)8nO9)H'I*O)

B0%320

!"+)%*20

?(%C'()5'*)')C'3%4($&$4)J.)7Of9)Fo)#3"'+"3)+5'&)C'3%+3%@$4O))



! :%%3$&#)'&H)+0%320,q(4Yf67)R6A-T 5'S")5$#5V<3"E2"&4I)"&"3#I
! !"+)%*20 !0:1)R8A-T=):\P#4- R6A-T=)'&H)g/0:)RfOjA-T)'3")'(()-$**$&#)

5$#5V<3"E2"&4I)"&"3#I

P1#%/5"-"-.,,
! !"@3"*"&+'+$%&)%<)$&+"3'4+$%&)Q$+5)C%++%-)+%@%#3'@5I
! B%Q)+$H"*)<%34"H)R$O"O)'*)@3"**23")(%'H$&#T)s)+5"$3)'4423'4I)$&)qq/Yf67O
! g%$*")$&)qq/Yf67)'&HN%3)-%%3$&#)-"'&$&#)%&")%3)C%+5)$*)Q3%&#O
! P$H'((I)#"&"3'+"H)$&+"3&'()Q'S"*)H%)&%+)5'S")+$-")+%)"a45'&#")"&"3#I)

'&H)<$(()+5")R?'33"++V:2&AT)*@"4+32-)$&)')3"#$%&'()H%-'$&O)
<%0'/)%*-.
8O :'A")H%-'$&)('3#")"&%2#5)+%)'((%Q)$&+"3&'()Q'S"*)+%)+3'&*<%3-
6O F3"*43$C")$&+"3&'()Q'S")<(2a)$&+%)+5")H%-'$&)'+)+5")%@"&)C%2&H'3$"*

! !"@3"*"&+'+$%&)%<)$&+"3'4+$%&)Q$+5)C%++%-)+%@%#3'@5I
! B%Q)+$H"*)<%34"H)R$O"O)'*)@3"**23")(%'H$&#T)s)+5"$3)'4423'4I)$&)qq/Yf67O
! g%$*")$&)qq/Yf67)'&HN%3)-%%3$&#)-"'&$&#)%&")%3)C%+5)$*)Q3%&#O



Matt Mazloff, Ariane VerdyMatt Mazloff, Ariane Verdy



Biogeochemical – ice – ocean Southern Hemisphere model 
Mercator projection poleward of 30oS with 1/6o & 52 levels, 

then telescopes to equator. 

pCO2

pH

Fe

ALK

DIC

light temperature

scavenging

sediments

dust

remineralization

air-sea flux air-sea flux

phytoplankton 
community production

carbon system

chl-aBlargeBsmall DOP

O2

NO3PO4

DON

Biogeochemistry with 
Light, Iron, Nutrients 
and Gases (BLING) 
version 2.

State estimate is 
being derived with 
MITgcm-ECCO 
machinery:     
Closed budgets!
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