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COAMPS Forcing and CalCOFI Data!

•  CalCOFI - California Cooperative 
Fisheries Investigations 

•  Started in 1949 as a result of the 
sardine collapse 

•  Hydrographic surveys at least 4 
times/year 
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•  COAMPS – Coupled Ocean 

Atmosphere Mesoscale 
Prediction System (Naval 
Research Lab) 
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CCS Near Real-Time Nowcast System!

20  

cle is the posterior circulation estimate at the end of the previous cycle. In this 
system, the 4D-Var control vector is composed of the initial conditions only. The 
procedure used is illustrated schematically in Fig. 7. 
 

!"#$%&'%A schematic to illustrate the 7 day data assimilation cycles used in the near real-time sys-

tem. The starting and ending times of cycle j are denoted j
0t  and j 70t  respectively, and the 

starting time of cycle j+1 corresponds to the ending of time of cycle j. The prior circulation ini-
tial condition for cycle j+1 is taken as the posterior circulation estimate at the end of cycle j. 

Because of the near real-time aspect of this system, the number and type of 
ocean observations that are available for assimilation is limited. Information about 
the observations that are currently used is given in Table 2. 

 
 

Observation 
Type 

Observation 
Platform 

Source Combined 
Error 

SSH Altimeter Aviso 0.02 m 
SST Various OSTIA 

UK Met Office 
0.4°C 

Hydrographic 
data 

Glider, 
CalCOFI Line 67 

MBARI 0.1°C for T 
0.01 for S 

()*+,%-'%A summary of the observations and platforms currently used in the UCSC near real-
time analysis system for the CCS. CalCOFI Line 67 is a repeat glider line that runs offshore from 
the California coast just south of Monterey Bay out to 316 km offshore. This CalCOFI line is 
maintained by the Monterey Bay Aquarium Research Institute (MBARI). OSTIA=Operational 
Sea Surface Temperature and Sea Ice Analysis, and is described by Stark et al. (2007). CaL-
COFI= the California Cooperative Fisheries Investigation. 
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7-day Assimilation Cycles 

Incremental 4D-Var 
 
Controls: IC only 
30 km, 30m decorrelation scales 
Variances from fwd model run 
1 outer, 15 inner loops 
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Example Prior and Corrections  
February 2, 2012!

+- 1 oC +- 0.2 +- 5 cm 
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UCSC Near-Real-Time System Web Presence  
(http://oceanmodeling.ucsc.edu/ccsnrt)"

•  Online since mid-July 2011. 

•  Daily operation, 5pm PST. 
–  Monday: Assimilation system  

•  7-day reanalysis. 

–  Other days: Nonlinear model 
•  1-day run. 

•  Figures of model SSH, SST, SSS are 
shown, clickable to larger versions. 

•  Searchable by calendar to any date 
starting January 1, 2011. 

•  Text with explanations of CCS, model, 
assimilation methodology. 

•  Acknowledgement to sponsors. 
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THREDDS Data server!

•  Directly linked to on ccsnrt page. 

•  Model output downloadable 
through OPeNDAP protocol on 
THREDDS server. 

•  Web Services available 

•  Updated following each data 
assimilation run. 
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Issues!

•  A few system bugs 
•  COAMPS  

availability 
•  COAMPS download/

processing time 
•  Background error 

covariances 
(salinity) 

•  Glider obs issues 
 

•  Limited subsurface 
hydrography 
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CCS Reanalyses 1980-2010 and 1999-2010!

16  

!"#$%&' A schematic illustrating the overlapping 8 day data assimilation cycles used in WCRA13 

and WCRA31. The starting time for cycle j is denoted as j
0t  and the mid-point and ending times 

as j 40t  and j 80t  respectively. As indicated, the ending time of 4D-Var analysis cycle j cor-

responds to the mid-point of cycle j+1 and the starting time of cycle j+2. The prior circulation 
initial condition for cycle j+1 is taken as the posterior circulation estimate at the mid-point of 
cycle j. 

4.5 Background Quality Control of Observations for WCRA 

Andersson and Järvinen (1999) describe a procedure by which suitable values of 
the threshold parameter  in (9) can be estimated from the frequency distribution 
of the elements of the innovation vector ( computed from historical analyses. In 
our case, no sequence of historical analyses is available, so instead we examined 
the innovations from a randomly chosen year (1999) during which all observations 
were assimilated into the model. The frequency distributions, f, of the innovation 
elements for each observation platform, and the transformed distribution 
ˆ 2ln[ / max( )]f f f  were computed for the random year following Andersson 

and Järvinen (1999), where f is the number of data in each bin of the histogram. 
The resulting histogram distributions of f  and f̂  for satellite SST 
(AVHRR/Pathfinder), SSH (Aviso), in situ temperature and in situ salinity (both 
from EN3) are shown in Figs. 4 and 5 respectively. Also shown in Fig. 4 is the 
best fit Gaussian distribution for each histogram. The transformed distribution f̂  
highlights the tails of the distribution and is therefore more convenient for viewing 

CCSRA31 
ERA40, ERA-Interim, CCMP (25 km) 

CCSRA13 
COAMPS (81-27-9-3 km) 
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analysis after 1999. Consequently, we use 6 hourly sea level pressure, radiation 
fluxes, precipitation, and standard height temperature, humidity from the ERA40 
analysis so that the ROMS derived heat and fresh water fluxes are consistent with 
the prior used for the winds. The resolution of the CCMP wind fields is 25 km, 
while that of the ERA-40 reanalysis fields is 2.5 degrees. Prior to 1987, the ERA-
40 reanalysis fields are used, while after 1987 the ERA-40 reanalysis fields are 
used in conjunction with CCMP winds since ERA40 is the prior for the CCMP 
analyses. After 2001 ERA-Interim reanalysis fields, which have a resolution of 0.7 
degrees, are used in conjunction with CCMP winds. 

A comparison of the WCRA13 and WCRA31 analyses during the overlapping 
period 1999-2011 will reveal the impact of the resolution of the prior surface forc-
ing fields on the circulation estimates. 

4.3 WCRA Observations 

The observations assimilated into the model during each WCRA analysis were 
collected by various platforms, and are summarized in Table 1, along with the 
combined measurement error and error of representativeness that is assumed for 
the diagonal entries of !.  

 
 

Observation 
Type 

Observing 
Platform 

Source Combined 
Error 

Period 
Covered 

SSH Altimeter Aviso, 1 day average 0.04 m 1993-2010 
SST AVHRR/ 

Pathfinder 
NOAA Coast Watch 0.6°C 1981-2011 

SST AMSR-E NOAA Coast Watch 0.7°C 2002-2010 
SST GOES NOAA Coast Watch 1°C 2001-

2010* 

SST MODIS- 
Terra 

NASA JPL 0.5°C 2000-2011 

Hydrographic 
data 

Various UK Meteorological 
Office 

0.5°C for T 
0.1 for S 

1950-2011 

"#$%&'()'A summary of the observation types, observing platforms, data sources, the nominal 
combined measurement and representation errors, and the period covered. The combined error is 
replaced by the standard deviation of the observations about the super observation value if larger 
than the assumed nominal error.* The GOES SST are seriously biased during the period 2001-
2002, so they are not used in ROMS 4D-Var until 2003. 

All of the in situ hydrographic profiles of T and S were taken from the quality 
controlled EN3 data archive maintained by the UK Met Office as part of the Euro-
pean Union ENSEMBLES project (Ingleby and Huddleston, 2007). The version of 

SODA BCs 
 
4D-Var PSAS 
 
Controls: IC, BCs, Forcing 
 
8-day assimilation cycles 
4-day overlap 
1 outer, 15 inner loops 
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Observations for Reanalysis!

14  

EN3 used here is version 2a which includes the XBT and MBT temperature error 
corrections of Levitus et al. (2009). 

The in situ observations from the EN3 archive are available from a variety of 
different observing platforms including: expendable bathythermographs (XBTs), 
mechanical bathythermographs (MBTs), conductivity temperature depth devices 
(CTDs), free drifting Argo profiling floats, and autonomous pinneped bathyther-
mographs (APBs) in the form of tagged marine mammals. Figure 2 shows a time 
series of log10 of the total number of super observations from EN3 and each satel-
lite platform that fall within the ROMS CCS model domain during each month of 
the year spanning the full period of WCRA31. 

The SSH observations assimilated into the model are in the form of 1 day grid-
ded composites of the mean dynamic topography from Aviso. Before assimilation, 
the mean dynamic topography of the Aviso data averaged over the ROMS CCS 
domain was corrected to match that of the model. This data is used rather than the 
raw along-track data because at the present time there is no temporal correlation 
included in the prior error covariance matrices ! or ". The result is that informa-
tion from individual along track observations is lost quite quickly and becomes in-
effective for constraining the model unless some additional effort is made to per-
sist the along-track observations over time. This problem is alleviated by using the 
gridded products, although we appreciate that this is not an ideal solution because 
of the limitations of the objective mapping technique used to map the altimeter 
observations onto a regular grid. In addition, satellite SSH observations near the 
coast are known to be unreliable (Saraceno et al., 2008) so only observations that 
are more than 50 km from the coast are assimilated into ROMS. 

#$%&'()'A time series of log10 the total number of super observations available each month from 
EN3 and each satellite observing platform within the ROMS CCS model domain during each 
month of the year during the period spanned by WCRA31. Blue: In situ observations from EN3; 
Red: SST from AVHRR/PathFinder; Black: SST from AMSR-E; Green: SST from GOES; Ma-
genta: SSH from Aviso. 

As indicated in Table 1, SST observations are available from several different 
platforms. The along track data from each platform are used, and when multiple 
platforms are concurrently available, the data from each platform are combined to 
form super observations. Only the number of super observations for each individ-
ual platform are shown in Fig. 2. 

f̂ =

�

−2 ln

�
f

fmax

�

Frequency distribution of innovations for  
in situ temperature, 1999 
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the outlier innovations. The slopes of the lines superimposed on the transformed 
distributions in Fig. 5 represent the standard deviation for the best fit Gaussian dis-
tributions in Fig. 4, and are estimates of 2 2 1 2( )b o . Figures 5a and 5b indicate 
that for satellite SST and SSH, there are relatively few outliers in the elements of 
!. Conversely, for the in situ observations, there are typically a significant number 
of outliers, particularly in the case of salinity. Following Andersson and Järvinen 
(1999), the threshold parameter was chosen to reflect a significant departure of 
the straight lines in Fig. 5 from the distribution. Based on Fig. 5, we apply (9) only 
to the in situ observations with =16, which corresponds to rejecting observations 
that are greater than 2 2 1 24( )b o  from the mean of the distribution, which cor-
responds to ~2.8°C and ~1.2 for in situ temperature and salinity respectively. 
When applying (9), the prescribed b  and o  evaluated to the observation loca-
tions are used during each 4D-Var cycle. For this choice of it was found that on 
average less than 1% of the in situ observations are rejected during 4D-Var. 

"#$%&'%&Frequency distributions f of the elements of the innovation vector ! for (a) SSH observa-
tions (m), (b) SST observations (K), (c) in situ temperature observations (K), and (d) in situ ob-
servations of salinity. The distributions are computed from one year of 7 day 4D-Var cycles dur-
ing 1999. The red curves show the best fit Gaussian distribution in each case. 
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!"#$%&'%  The transformed frequency distributions f̂  corresponding to the same data groupings 

shown in Fig. 4. The red curves in each case represent the lines xabs fy  where f  is 

the estimate of 1 22 2 )( o b  corresponding to the best fit Gaussian distributions shown in Fig. 
4. 

4.6 Preliminary Results 

At the time of writing, WCRA31 is underway with ~5 years completed so far and 
will require approximately another 3 months to complete. In this section we are 
therefore only able to show some preliminary results from a sequence of bench-
mark integrations for WCRA13 which were performed to assess storage require-
ments, execution time, efficacy of the assimilation set-up, etc. As the final analy-
ses for WCRA31 and WCRA13 accumulate, they will be made available to the 
community via a dedicated Opendap web server. 

Transformed  
frequency distribution 

Areas of rejection 

Require d2i < α
�
σ2
b + σ2

o

�
Innovations: di = y

o
i −Hi(xb)

Andersson and Järvinen (1999) 
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Normalized Cost function!

Mean CCSRA31 prior=1.92 
Mean CCSRA13 prior=1.95 

Mean CCSRA31 posterior=0.95 
Mean CCSRA13 posterior=0.89 
 

Mar 2005 Oct 2005 May 2006 Nov 2006 Jun 2007 Dec 2007 Jul 2008 Jan 2009 Aug 2009
0.5

1

1.5

2

2.5

3

3.5

4

4.5
Normalized Cost Function

 

 
CCSRA31 Ji
CCSRA13 Ji
CCSRA31 Jf
CCSRA13 Jf

•  COAMPS Prior > ERA40 Prior 
•  COAMPS Posterior < ERA40 Posterior 
•  Both posterior J reasonably consistent with error assumptions 
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CCSRA31 T/S Properties  
No drift over 30 years.!

Posterior, January 1982 Posterior, January 2008 

Model values Climatological values 
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T/S Properties by region!

Pot Temp Salinity 
CalCOFI 
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Potential Temperature  
Model vs CalCoFI!

Bias 
 
Error STD 

2681 casts 
contribute to 
1999-2009 

323 casts 
contribute to 
1999-2009 
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Salinity  
Model vs CalCoFI!

Bias 
 
Error STD 

2681 casts 
contribute to 
1999-2009 

323 casts 
contribute to 
1999-2009 
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Comparison of NRT and CCSRA13!

With subsurface obs 
And better IC  

With subsurface obs 
And better IC  
 

Few subsurface  
observations 

Few subsurface  
observations 
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ROMS 4D-Var Application Summary!

•  Near real-time system 
functions.  Quasi-
opertational. 

•  Reanalysis 
performance is superior 
(smaller hydrographic 
bias and error std) 
–  Subsurface data 
–  Larger control space 
–  Satellite SST vs 

smoothed OSTIA 
product 

–  Overlapping assimilation 
cycles 

•  Performance using 
COAMPS is slightly 
superior to using 
ERA40/CCMP (reduced 
cost-function). 


