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WCOFS design and forecast skill assessments
Science studies using the smaller domain
(Oregon-Washington coastal ocean forecast
system; Ivo Pasmans et al.)
- Glider assimilation
- Ens4DVAR

WCOFS model domain
COLOR: Daily averaged
SST, day-1 forecast (22Aug-2018)

WCOFS:
- NOAA operational model
- provides daily updates of 3-day forecasts
(SST, currents, total sea level, etc.)
- is based on a high-resolution 3D ocean
circulation ROMS model and 4DVAR data
assimilation, to improve forecast accuracy
Users:
- navigation
- fisheries
- environmental hazard response (incl. oil
spills)
- search and rescue
- base for coupled physical-bio-geo-chem
forecasts
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WCOFS, system design:
2-km horizontal resolution*
NAM atmospheric forcing [NOAA NCEP]
Boundary Conditions: HYCOM-based global
RTOFS [NCEP] + TPXO tides
Rivers (Columbia, Fraser, small rivers in Puget
Sound)

DA: ROMS 4DVAR
-------------* This is the target resolution. The model was

initially tested without assimilation at the 2-km
resolution. Data assimilation and real-time
forecasts are currently performed at the 4-km
resolution.
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WCOFS skill assessment (no DA):
Kurapov, A. L., N. A. Pelland, and D. L. Rudnick, 2017: Seasonal and interannual variability in along-slope oceanic
properties off the US West Coast: Inferences from a high-resolution regional model, J. Geophys. Res. Oceans, 122,
5237–5259, doi:10.1002/2017JC012721.
Kurapov, A.L., S. Y. Erofeeva, and E. Myers, 2017: Coastal sea level variability in the US West Coast Ocean Forecast
System (WCOFS), Ocean Dynamics, 67: 23. doi:10.1007/s10236-016-1013-4.

WCOFS no-DA: Areaaveraged, daily-averaged
alongshore currents off
Oregon are close to
observed

Data for assimilation:
5 nadir altimeters, 5-7 Jun 2017
(data: courtesy E. Leuliette, NOAA NESDIS)

Color: SSH
anomaly

NPP VIIRS SST Level 3 Uncollated
(A. Ignatov, NOAA NESDIS)

HF radar (hourly, 6-km uv)

Real-time operational WCOFS test:
- run routinely in the near-real-time regime
with data assimilation since 2 Aug 2018
(still in the “developmental mode”)
- intermediate 4-km resolution for
assimilation and forecasts
- assimilates VIIRS L3U SST and HighFrequency Radar (HF) surface currents;
altimetry assimilation will be added in the
future
- 3-day forecasts are updated daily
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MEX

DA methodology: 4-dimensional variational DA (4DVAR)
Every day, the ROMS 4DVAR is run to improve the ocean state estimate at the beginning of the 3-day window. Then
the 3-day nonlinear analysis is run over the same period. Initial conditions for the forecasts are sampled from the
DA analysis
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The ocean forecast system, OFS
(WCOFS: daily updates of 3 day
forecasts)

The assimilation system (everyday
cycle over the past 3 days)

The 4DVAR cycle:

7/24

7/25

(a) Over a given time interval (here, 3 days) use
available observations to correct initial conditions
for the analysis
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(b) The cost function is minimized:
𝐽 𝑢 = 𝑢 − 𝑢𝑃𝑅𝐼𝑂𝑅
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(VIIRS L3U: we assimilate data from individual
granules, at their respective times)

𝑢:
𝑢𝑃𝑅𝐼𝑂𝑅 :
𝑀:
𝐻:

improved initial conditions on 7/24
prior initial conditions
model, propagating initial conditions in time
data functionals (sampling the model
solution at obs. locations and times)

(c) The minimizer is found iteratively, using repeatedly
the tangent linear (TL) model and its adjoint (ADJ)
counterpart

The advantage of using the 4DVAR system (shown are VIIRS L3U daily mozaics, 15-20 Aug 2018):
- dynamically-based time and space interpolation
- the estimate is close to the prior where data are not available

3-day assimilation window
- opportunity to include data from multiple satellites
(not implemented here)
(potential challenges: DA convergence, biases between different sets)
- synthesis of observations from different platforms (SST, u-v, SSH, etc.) to obtain the best available ocean estimate

Impact on surface transports and SST (daily-averaged, day 3 forecasts):

Coastal jets follow
closely the SST fronts
DA changes in SST yield
changes in surface
currents
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In Southern CA Bight:
18-Aug-2018: night+day VIIRS

WCOFS4 DA (Day 1 forecast)

WCOFS4 , no DA

The geometry of the SST front is improved qualitatively,
compared to the case without assimilation

Interactive WCOFS Viewer (Z. Burnett, ERT): GIS technology, web server/client application

Science of DA:
𝐽 𝑢 = 𝑢 0 −

𝑢𝑃𝑅𝐼𝑂𝑅
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𝑇

𝐵−1 (𝑢 0 − 𝑢𝑃𝑅𝐼𝑂𝑅 (0))+ 𝑑 − 𝐻𝑢 𝑇 𝑅−1 𝑑 − 𝐻𝑢

𝑢 = 𝑀[𝑢 0 ]

The model error covariance (B). Possible choices are:
- univariate (errors in the prior u,v,T,S,SSH are not correlated)
- multivariate, based on the balance operator (Weaver et al.)
- multivariate, based on the ensemble of model solutions => Ens4DVAR
Informational content of the data (how do we match the data and the model? H)
Treatment of high-frequency signal in the data
Impact of data on the forecasts
Computational aspects (convergence, performance)
etc.

Sensitivity studies, using the OSU 4DVAR system
(Pasmans)
Nonlinear model: ROMS
TL&ADJ system: OSU AVRORA codes
Assimilated data:
SST, alongtrack altimetry, HF radar surface currents

3-day windows (no overlapping)
Balanced B

Study period: summer 2011 (anomalously strong
Columbia River outflow)
Shown: OSU model map. S=31.5 contour (Columbia
R. plume boundary), during upwelling (dotted line)
and wind relaxation (solid line) events
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Large scale or small scale
correction to the shape
of the isopycnal surface?

4 Experiments:

(LEFT): Cross-shore section of SST (color), =26.5
kg/m3 (line); (RIGHT): StDev of the depth of
=26.5 kg/m3

DA Case Surface Only

DA Case Glider Only

DA Case Combined

Assimilation of in-situ profiles
without surface data support
introduces erroneous eddy
variability

(shown are daily ave
surface currents and
surface relative
vorticity normalized
by the Coriolis
parameter)

Combined assimilation of in-situ profile data and
surface data (SSH, SST, HFR uv) improves accuracy of
forecasts compared to surface only or glider only
cases

DA Case Combined yields the best fit to the glider data in terms of density, and the best forecast
compared to the future glider data

Ens4DVAR system (Pasmans):
The problem with the existing system based on “traditional” 4DVAR: the model error covariance
is the same in every assimilation window: not sensitive to “errors of the day”
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(in this series of experiments surface data are only assimilated)
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Perturbed observations
for ensemble members.
(Houtekamer and
Mitchell, 1998).
Monte-Carlo localization
(Pasmans and Kurapov,
2017).
Restricted B-conjugate
gradient (Gürol et al.,
2014) preconditioning.
Parallel expansion of
the search space in
which a iterative
solution is sought.
Lower-rank
approximation inverse
reused for ensemble
members (similar to SEVIL, Auligné et al.,
2016) .

NH10 comparison
E4DVAR as accurate as satellite
SST (+) near surface.

E4DVAR more accurate below the
surface layer.

Average RMSE 4/19-10/1

Balance Operator performance
deteriorates if no satellite SST
observations near NH10 are
present.

Image source:
http://www.ndbc.noaa.gov/station_page.php?sta
tion=46094

T,S-diagram

 Deformation in
T,S-relation using
Balance
Operator
 Using E4DVAR
removes
deformation

−

1 𝛿𝑇
=
𝛼 𝛿𝑆

Image source:
https://www.niwa.co.nz/coasts-andoceans/research-projects/using-oceangliders-to-understand-the-biophysicalcharacterisation-of-new-zealands-shelf

Forecasts 19 April 2011-30 June 2011

T,S-relation
 E4DVAR reproduces the
observed T,S-relation
when it reverts to -0.16
ppt/◦C

𝛿𝑆 = −𝛼𝛿𝑇

Forecasts 1 July 2011 – 1 October 2011

The problem: DA induces large corrections in the plume size
No constraint on salinity

 Assimilation with ensemble B can instantly
increase/decrease the size of the plume

Constraining DA salinity changes
 The constraint on surface salinity is
introduced using the prior model solution
(in the area-averaged sense)
 This drastically reduces changes in plume
water volume introduces by data
assimilation.
 Constraining does not completely eliminate
the changes to plume water volume by DA.
Find plume water volume per grid cell by solving

𝑆𝑔𝑟𝑖𝑑 𝑐𝑒𝑙𝑙 𝑉𝑔𝑟𝑖𝑑 𝑐𝑒𝑙𝑙
= 𝑆𝑓𝑟𝑒𝑠ℎ 𝑉𝑓𝑟𝑒𝑠ℎ + 𝑆𝑜𝑐𝑒𝑎𝑛 (𝑉𝑔𝑟𝑖𝑑 𝑐𝑒𝑙𝑙 −𝑉𝑓𝑟𝑒𝑠ℎ )
𝑆𝑓𝑟𝑒𝑠ℎ = 0.3 𝑝𝑝𝑡, 𝑆𝑜𝑐𝑒𝑎𝑛 = 32.2 𝑝𝑝𝑡

Plume water volume south of the Columbia River
On the next slide

Shown 2 slides
ago

SUMMARY:

The recent advantages in coastal ocean DA are being translated into the NOAA WCOFS, which is
presently run in the near-real time “developmental” mode
The data-assimilative WCOFS shows skill in day 1-2-3 forecasts for surface currents and SST front
geometry
Using the OSU DA system, a smaller-size precursor of WCOFS, we demonstrated:
- Assimilation of in-situ data (glider, Argo profiles) without surface observations can result in
spurious error variability
- Glider data assimilated in combination with the surface data (esp. SST) can provide meaningful
local correction
- The Ens4DVAR method has been implemented: improved performance on the shelf, improved
T-S relation in the area of the CR plume
- Ens4DVAR: the impact on unobserved fields can be strong and erroneous

