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1. Start of the evaluation of 

TAO/TRITON array



Increase of observed profiles with ARGO floats

➢ Before 2000, TAO array is dominant over other observation platform in the equatorial Pacific, and no one doubted the 
importance of the array in ocean DA systems.

➢ However, the number of Argo floats rapidly increased in early 2000, and Argo became the dominant platform in the 
equatorial Pacific in the mid-2000. Consequently, necessity of TAO/TRITON array became unobvious.

➢ Agencies responsible for the Array (NOAA and JAMSTEC) required evidence of their necessity in Seasonal/ENSO 
forecasting systems.

➢ ECMWF and JMA started OSE studies for evaluating the impact of the array in their seasonal forecasting systems in mid-
2000, and shared the results in the 1st and 2nd GOV Observing System Evaluation Task Team Meetings in 2007 and 2009.

Jan. 2000 Jan. 2006

TAO/TRITON Array Argo floats Others (XBT, CTD, etc.)



Balmaseda, M. A., and D. Anderson (2008b) Impact on 

initialization strategies and observations on seasonal 

forecast skill. Geophys. Res. Lett., submitted.

Comparison with ECMWF’s results

ECMWF OSE (ORA-S3)
The impact is evaluated by the reduction ratio of 
mean absolute errors of area-averaged SST indices 
by the target observation platform.
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Fujii et al., 2011, doi:10.5772/30330

➢ Impacts of mooring buoys and Argo floats are in the 
similar level.

➢ Characteristics of the impact is different between the 
two experiments.
✓ The impact of moorings is higher than the impact of 

Argo floats in the NINO3 and NINO4 regions in the 
JMA’s result.

✓ But, the impact of Argo is higher in the NINO4 region 
in the result of ECMWF.



Issues indicated in this stage

◆ Stochastic nature of the observation impacts in the seasonal forecasting system

➢ Need Sufficient ensemble members → It requires heavy computer resources.

➢ Make it difficult to understand the mechanism 

◆ Severe dependence on the DA method and the forecasting model.

➢ Necessity of Multi-system evaluation 

Initial: 2007/07/30

Obs
EM

Initial: 2005/10/28

Control No-TT No-Argo

Control No-TT No-Argo

Example of NINO3.4 
ensemble forecasts

It should be noted that 
the difference of the 
ensemble mean is much 
smaller than the spread 
of ensemble members. 



2. TAO Crisis in 2012-2014



Black: All data
Red: TAO/TRITON
Blue: XBT
Green: Argo

8S-8N

TAO/TRITON

Floats

Vessels

Aug.  2010

KA taken off-line

The number of observation data from TAO array severely reduced after the retirement of a

NOAA’s research vessel (KA).

TAO Array Crisis （2012-2014)

Aug.  2013



NATURE NEWS gave warning on the crisis.



➢ The workshop was held in response to the crisis.

➢ Evaluation of the impacts of Tropical Pacific Observing System (TPOS) on the ocean Data Assimilation 

systems (Fujii et al. 2015, QJRMS). For the evaluation, NCEP and GFDL conducted OSEs based on their 

seasonal forecasting systems. 

➢ Potential requirements of the TPOS for operational services and researches were summarized. 

Consequently, NOAA promised to recover TAO buoys to the level before the crisis and followed through. 

However, NOAA also said this was just a temporary solution.

➢ TPOS2020 project was proposed for reassessing TPOS and recommending design changes towards a 

more sustainable observing system

The La Jolla Workshop in 2014



2 difficulties we met in the La Jolla Meeting (1) 

Comparison of the T anomaly in the equatorial Pacific (2˚S-2˚N) vertical (0-300m) section

We had no systematic method to show promptly how the crisis influenced the performance of ocean

DA and forecast systems and convey that information to relevant stakeholders (e.g., funding

managers, society) .

✓ I managed to make the figure below in order to show the negative impacts of the TAO reduction.
✓ Large differences among systems in the summer of 2013 indicate that constraint of the analyzed ocean state was not 

enough due to lack of observations.
✓ This experience led us to the Real-Time ORA-IP Project.



2 difficulties we met in the La Jolla Meeting (2) 

Results of OSEs based NCEP and GFDL systems
(Impacts TAO, Argo, In-situ on RMSE skill for various SST indices)

A sentiment that model biases and model dependencies are too severe to evaluate the observing

system through DA systems.

• TAO and Argo improves RMSE by 10-20 % for ENSO

• TAO, Argo, XBT together improved RMSE for ENSO, but not for short lead for NCEP and not for long lead 
for GFDL. The impact is often smaller than TAO or Argo alone.

• There is a large difference between the two systems

• Indicating model systematic biases and model initialization shocks are obstacles in quantifying benefits of 
ocean observing systems

Filled bar:    0-5 month lead
Unfilled bar: 5-9 month lead

NCEP-CFSv2 GFDL-CM2.1



3. Real-Time ORA-IP



Sep. 2014

Real-Time Ocean Reanalysis Intercomparison

Sep.2015Salt in the equatorial Pacific vertical section in 1˚S-1 ˚ N (from the web page)

✓ Started in 2014 according to the proposal in the 2014 TPOS workshop for real-time monitoring of impacts of 

TPOS on the ocean reanalyses.

✓ Temp (NCEP): http://www.cpc.ncep.noaa.gov/products/GODAS/multiora_body.html, (1980-2019, 6 ORAs)

✓ https://www.cpc.ncep.noaa.gov/products/GODAS/multiora93_body.html (1993-2019, 9 ORAs)

✓ Salt (ABOM): http://poama.bom.gov.au/project/salinity

https://www.cpc.ncep.noaa.gov/products/GODAS/multiora93_body.html


Correlated variation of the spread and observation number

Ensemble Spread number of profiles

➢ 2ºS-2ºN

Ensemble Spread number of profiles

➢ 3ºN-8ºN

➢ The multi-system ensemble spread becomes larger where the number of profiles is small.

➢ The TAO crisis between 2012 to 2014 increases the uncertainty of analysis temperature fields in the central tropical Pacific.

➢ A powerful tool for monitoring the status of TPOS.

For T.  Averaged in 0-300m

From Xue et al., 2017 Clim. Dyn.



4. Contribution to TPOS2020



➢ Launched in 2014 according to the recommendation in La Jolla 
workshop.

➢ Purpose: Propose an efficient and sustainable design of TPOS for its 
reorganization

➢ http://tpos2020.org

Schedule

✓ First Report have been published in 2016.

✓ Second Report with supplemental discussion on the requirements of 
TPOS and sophistication of the design will be published very soon. 



Proposed design of TPOS

✓ Retain all sites at 2ºS, 0º, 2ºN across the basin
✓ Deployment of Chinese “Ding” array.
✓ More complete measurements of air-sea flux 

variables

Current Status

Future design

Doubling of Argo

✓ Enhance sampling of the rapidly-varying mixed layer
✓ Doubling of the number of Argo profiles in the 10ºS-

10ºN band



Doubling Argo along the equatorial Pacific would significantly improve the representation 
of intraseasonal, and to a lesser extent, seasonal-to-longer-term variability of salinity

Supporting the doubling of Argo in 10˚S-10˚N (1)

➢ Results of OSSEs based on an eddy resolving system in Mercator Ocean are used for evaluating the impact of 
doubling of Argo.

Nature Run
Current Configuration
Argo Doubling

Intraseasonal Time Scale Seasonal-to-longer Time-Scale



Supporting the doubling of Argo in 10˚S-10˚N (2)

➢ The accuracy of TS fields is generally increased with the increase in the number of assimilated Argo profiles.

➢ In particular, the increase of ACCs for both TS with the increase of the number of Argo assimilated is closer to linear in 
NINO3, which means further increase of Argo can improve the ACC score.

TAO/TRITON Argo

OSE-ARX ALL X0%

OSE-TTeq Only 2˚S-2˚N 80%

OSE-XTT None 80%

OSE-XAF ALL None

OSE-XBO None None

RMSE are calculated with the 20% 

Argo data that are not assimilated.



4. Summary



21

Concluding Remarks  

➢ Although our community dedicated continuous efforts to the evaluation of the 
tropical Pacific observing system, they are still not sufficient for providing reliable 
information on its design.

➢ In particular, existence of large biases in forecasting models is still a main obstacle to 
the TPOS evaluation. We need to put farther efforts on implementing multi-system 
evaluation, as well as on improving forecasting models.  

➢ Real-Time ORA-IP is a powerful tool for real-time monitoring and timely assessment 
of TPOS. It would be nice if we can extend this framework to intercomparison of 
other variables and statistics (e.g., data misfits, analysis increments). 

➢ The TPOS new design has hardly evaluated yet. It is desirable to conduct the 
evaluation studies in the period of the transition phase to the new design.



Thank you



Outline of JMA’s OSEs for 2nd OSEval TT MT (2009)

Assimilation Runs （MOVE/MRI.COM-G)

• Period (Jan. 2000-Dec. 2007)   (The period is extended later.)

• Control   →  Using all available data (TAO/TRITON→10-day mean)

• No-TT     →  Excluding the data of TAO/TRITON

• No-Argo →  Excluding the data of ARGO floats

Forecast （JMA/MRI-CGCM) → 2004-2007 （16 cases）

• Initial date： Jan. 31st, Apr. 26th, Jul. 30th, Oct. 28th （4 times in a year)

• Period: 2004-2007 (16 case)  (Extended later)

• 13-month forecasts using 11 ensemble members are performed for Control, No-TT, and No-Argo 
individually.

• Forecasts biases are calculated for each lead time, each forecasted month, and each experiments 
(Control, No-TT, No-Argo), and removed from the forecasted fields.

◆ Similar OSEs had also been conducted in ECMWF
Fujii et al., 2011, doi:10.5772/30330



Trends of the impact of TT and Argo in the Eq. Pac.

Latitude-time section 

of the impact of TT 

and Argo on Z20 in 

the Eq. Pac. 

m

(No-TT) – (Control) (No-Argo) – (Control)

This figure indicated that the 
impact of Argo floats increased  
after 2003, while the impact of 
TAO/TRITON decreased in the 
same period.

Fujii et al., 2011, doi:10.5772/30330



TAO/TRITON has an impact different from Argo !?

゜C ゜C

➢ Contours represent the temperature fields in the control run.

Temperature difference  in the equatorial Pacific vertical section averaged over 2004-2007

(No-TT) – (Control) (No-Argo) – (Control)

Fujii et al., 2011, doi:10.5772/30330



Impact on 0-6 month SST forecasts 

RMSE Improvement Ratio = 
RMSE of No-TT or No-Argo – RMSE of Control

RMSE of Control

RMSE Improved ratio of No-TT (0-6 month forecasts)

RMSE Improved ratio of No-Argo (0-6 month forecasts)

Fujii et al., 2011, doi:10.5772/30330



✓ Impacts of observation data can be identified from the reduction of the spread.
✓ 1990s: Completion of TAO Array ⇒ The spread is reduced in the tropical Pacific
✓ 2000s: Increase of Argo ⇒ The spread is reduced in the entire region.

Retrospective intercomparison in RT-ORA-IP

For T.  Averaged in 0-300m
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➢ The results are summarized in Xue et al., 2017, Clim. Dyn. doi:10.1007/s00382-017-3535-y



Impacts of increasing Argo floats in the Eq. Pacific

✓ TAO Area: The ensemble spread increases in 2012-13 due to the TAO crisis. The spread decreases with the 

recovering the number of data (recovering of TAO has a larger impact?) after 2014.   

✓ TRITON Area: After 2014, the spread is likely to increase slightly compared with the period of 2006-12. 

(Assimilating Argo alone is not enough?)

Mooring

Argo
XBT

Total

Number of data Number of data

Spread of T averaged in 0-300m Spread of T averaged in 0-300m

TRIRON AreaTAO Area



Although analysis error will be increased around the positions where the buoys are removed, it will be reduced in large 
part of the equatorial Pacific mainly due to the doubling of Argo.

Estimation of analysis errors with the new design

➢ Analysis errors with configuration and new design are estimated for OI analysis system based on statistics estimated 
from in-situ profiles.

Nature Run
Current Configuration
Argo Doubling

Time-Scale: 5 days

Time-Scale: 30 days

Current Configuration Future Design Future - Current

Future - CurrentFuture DesignCurrent Configuration


