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1. Introduce SynObs Flagship OSEs

2. Assessment of SynObs OSEs from the Met Office’s FOAM system

3. Assessment of the SynObs multi-system 15m velocities



OSE settings

Participating institutes and systems

1. ECCC (GIOPS)
2. ECMWF (ORAS6)
3. JAMSTEC (JCOPE_FGO)
4. JMA (MOVE_G3, MOVE-NPR)
5. NOAA-CPC (GLORe)
6. Pukyon National University 

(OPEM-MOM5)
7. Met Office (FOAM) 

20% of Argo (those with IDs ending in 8 or 9) were withheld from all OSEs to 
be used as independent reference data

Experiments covered 2020, 2021, 
2022 (with a 3 month spin up in 2019)

SynObs Flagship OSEs are a coordinated set of observation withholding 
experiments using different ocean forecasting systems (Fujii et al; 2024). 
• Evaluate impact and synergy
• Identify deficiencies in our systems and use of obs
• Robust evaluation

SynObs OSEs 



Met Office Results

Results focus on the impact of withholding obs on the analysis in the 
forced FOAM global 1/12th degree system 

3DVAR (NEMOVAR)

Assessing CNTL, NoArgo, NoAlt and Free.



T: NoArgo +18% NoAlt +18%
S: NoArgo +30% NoAlt +10%

RMSD/ mean difference of analysis against Reference Argo

Altimeter assimilation reduces the global temperature and salinity 
RMSD, but we do see some increases in RMSD in the deep ocean 
and some increased biases.

T S



Plots show the 
change in the 
RMSD between the 
OSEs and CNTL

RMSD calculated in 
10x10 bins over all 
depths down to 
2000m.

Red indicates 
RMSD is increased 
in the OSE

Comparisons of analysis T and S against Reference Argo
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Experiment Mean Difference RMSD Correlation 
coefficient 

CNTL 0.88 2.35 0.77
NoArgo -1.70 3.38 0.67
NoAlt 2.15 3.25 0.75
Free 3.60 3.91 0.85

OSE AMOC results compared to RAPID

Stats calculated for July 2020 to December 2022



80m current speeds (m/s) averaged over 2 years
Top left plot 
shows the mean 
80m current 
speed for CNTL 

Three remaining 
plots show the 
change in the 
mean 80m speeds 
between the OSEs 
and CNTL

Orange indicates 
mean speed is 
increased in the 
OSE

In NoArgo the 
North Brazil 
current and NECC 
are increased.

CNTL NoArgo

NoAlt FreeAssimilating altimeter data in the 
absence of Argo leads to changes in 
the circulation in the tropical Atlantic 
and leads to increased Northward 
transports.



SSH during 2020 normalised by it’s local temporal mean – at the equator

Longitude LongitudeLongitude
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In NoArgo, Westward propagating waves are visible. Note there is an island 
near the location where they propagate from.

Assimilating altimeter data in the absence 
of Argo leads to spurious Westward 
propagating waves in the equatorial 
Atlantic.

Free CNTL NoArgo



Summary

• Altimeter assimilation improves T and S RMSD in the top 1000m and in the midlatitudes and 
WBC; assimilating Argo improves  RMSD throughout the top 2000m and in most regions.

• RMSD and Mean Difference of FOAM AMOC against RAPID is smallest when both altimeter 
and Argo are assimilated.

• Results have highlighted issues with assimilating altimeter in the absence of Argo

• Poor circulation in the Tropical Atlantic and spurious westward propagating waves

• Development of subsurface temperature and salinity biases

• Potential mitigation
• Reduce weight of altimeter assimilation in the tropics, particularly near the coast
• Tuning of the SSH balance

• In the future we could use the ensemble to determine the balance
• ML approaches to improve balance



Synobs multi-system 15m velocity Assessment

Results focus on the impact of withholding obs on the analysis



• Assessing the 15m currents in the SynObs OSES
• Comparisons against drifters (Drew Peterson ECCC)
• Comparisons against Globcurrent (me)

• Looking at 2021, outputs from 4 systems available: FOAM, GIOPS, ORAS6, MOVE-G3F

• Comparing CNTL, NoAlt and NoArgo

15mspeed RMSD=√ 1n∑i=1
n
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Globcurrent 15m velocity

OSE 15m velocity



Impact on 15m velocity multi-system ensemble spread

CNTL NoAlt NoArgo
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N High Lat: >50N
N Mid Lat: 23N – 50N
Tropics: 23S – 23N
S Mid Lat: 50S – 23S
S High Lat: <50S

15m Speed RMSD relative to Globcurrent

Change is 
15m speed 
RMSD when 
altimeter 
withheld
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15m Direction RMSD relative to Globcurrent

Change is 
15m direction 
RMSE when 
altimeter 
withheld
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15m speed and direction RMSD of the NoAlt multi-system 
ensemble mean relative to Globcurrent

Red indicates altimeter assimilation reduces RMSD in ensemble mean

Speed RMSD Direction RMSD



Withholding Argo has a small 
impact globally on the 15m current 
speeds, but some larger regional 
impacts

15m Speed RMSD of the NoArgo multi-system ensemble mean 
relative to Globcurrent

Red indicates Argo 
assimilation reduces 
RMSD in ensemble mean



Conclusion

• Presented some preliminary analysis of the 15m velocities in the SynObs 
multi-system OSEs

• Assessed against Globcurrent 
• Diversity of the quality of the CNTL 15m currents over different regions for 

different systems, and diversity of impacts from altimeter assimilation
• Ensemble mean suggests largest impacts of altimeter assimilation on 15 m 

velocities are in the mid-latitudes and tropics
• Argo assimilation has small impact globally but is important in some regions.
• Southern Ocean a target region for DA improvements in FOAM (possibly 

improved in the ensemble hybrid-3DEnVar system).

SynObs results on a common grid can be freely downloads from a public 
database: 
https://synobs-database.pages.dev/



Extra slides



Temperature bias between 200-300m



750-
850m

Temperature bias between 750-800m

When altimeter is assimilated in the 
absence of Argo, an increase in 
temperature bias is seen in most regions, 
but is most pronounced in the tropics and 
Atlantic





• All experiments start from a run which assimilated all standard obs types from the 1st of 
September 2019. 

• Using the 1/12th degree FOAM system 

• NEMOVAR for DA: 3DVAR FGAT

SynObs OSEs: Met Office 

Experiment description

Free No assimilation

CNTL All standard observations assimilated

NoArgo Same as the control but all Argo withheld

NoAlt Same as the control but all altimeter 
withheld



Slide courtesy of Yosuke Fujii



Comparisons of  analysis 15m current speed against Globcurrent 

Top left plot 
shows the 15m 
current speed 
RMSD of CNTL 
relative to 
GlobCurrent 

Three 
remaining plots 
show the 
change in the 
RMSD between 
the OSEs and 
CNTL

Red indicates 
RMSD is 
increased in the 
OSE

~18% ~25%

~1%
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