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3D, 35 levels < 2 km
Realistic bathymetry
Internal tides/waves
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Ocean will always be under-sampled and unconstrained /‘

IMOS - providing glider, HF radar, ADCP/CTD moorings, ships, SST ... \JIMOS
Global - satellite (SST, SSH, SSS) products, ARGO

AVHRR SST 2011/4/3 03:20
r \
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Global models

Monday 16 May 2016 00UTC @ECMWF Forecast t+120 VT: Saturday 21 May 2016 00UTC
Surface: Mean sea level pressure / 850-hPa wind speed
1 120

Atmosphere, global-regional scale: .
- ECMWEF IFS (137 sigma, ~16 km ->9km)} |
- Restricted access for real-time
- US GFS (~13 km), 0.25° ~25 km |}
- Free access via openDAP
- Australia ACCESS (R~12 km, C~4 km) |
- Restricted
Ocean
- US Hycom (1/12°) with nesting (1/25°) |
- France Mercator (1/12°) with nesting (1/360)1
- Australia BLUElink (OCEANmaps) 0.1°]

Provide forcing and/or local nesting brys and init

Global Sea Level variability simulated by the Mercator high resolution global ocean model.
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Local models / operational <& AUSTRALIA

ROMS model is the (only) “serious™ ocean model today

MIT licenced, ocean community model, used by many, supported/documented
time split, finite difference, parallelized (MPI), small to global scale

2-way coupling with atmosphere/waves, MCT

assimilation comparable to the atmosphere 4DVar IS/IPSAS/EKF

WRF-ARW — modern NWP model

Used to downscale global models at local high res
2-way nesting, vortex moving grids, non-hydrostatic, etc...

« \Wave models — spectral models
« WWM Il & SWAN implicit time scheme, WW3 global and local WAM ...

1) Janekovi¢ et al., 2013. 4D-Var Data Assimilation in a Nested, Coastal Ocean Model: A Hawaiian Case Study. Journal of geophysical research. 118
2) Matthews, D., Powell, B., Janekovic, |. 2012. Analysis of Four-dimensional Variational State Estimation of the Hawaiian Waters. Journal of geophysical research. 117
3) Dutour Sikiri¢ et al., 2012. Hindcasting the Adriatic Sea near-surface motions with a coupled wave-current model. Journal of geophysical research 117
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steep |

¥ s_coordinate models suffer from HPGE

Dutour-Sikiri¢, M. Janekovi¢, |., Kuzmi¢, M. 2009. A new approach to bathymetry smoothing in sigma-coordinate ocean models. Ocean Modelling. 29
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Open source system [
Linux /shell scripts from scratch f&
Modular design
Python/phpl/js

Tomcat/openDAP (TB)

CPU 48 ->192
All modules are here
Need users/project
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Atmospheric WRF local model

WRF-ARW, 2-way nesting big domain 10 km, 60s using GFS 0.25° for initial and bry

Wind speed 17:00 (UTC+08) 19/uli2017 Heﬂecﬂwf_y 17:00 (UTC+08) 19/Juli2017 Air Temp. and pressure 17:00 (UTC+08) 19/Juli2017
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Atmospheric WRF local model
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2-way nesting, 2 km res. inside big domain (10km), different physical params (dt 12s)

Wind speed 17:00 (UTC+08) 19/Jul/2017
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Ocean ROMS local model &5 RUSTRALIA

ROMS, 2-3 km big domain using Hycom and Mercator boundaries with nested 500m

Sea surface temperature 17:00 (UTC+08) 19/Jul/2017 Salinity 17:00 (UTC+08) 19/Jul/2017

24°S A 24°8 ‘

« 25 sigma levels

* 640x480 curved

* LP smoothed bathy

* Resolve shelf

 Dense water

» Tides (8 harm), bulk

« 2011-today

« Data assimilation using

SST, SSH, HF, gliders,

s ADCP, CTD,... currently
not operationally used
(need project/CPU)

se 2-way coupling (not op.)
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Ocean ROMS local model & AUSTRALIA

ROMS 500m nested domain, 20 lev, boundaries 1-way @ 10min, Swan river, 1h outputs

Sea surface temperature 17:00 (UTC+08) 19/Juli2017 Sea surface currents 17:00 (UTC+08) 19/Jul/2017
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SOMS CWh model grid file url="http://130.95.29.59:8080/thredds/dodsC/realtime/agg_avg.ncml’
3 moms cwa 2011 - 2014 model outputss nc = netCDF4.Dataset(url)

Sea surface temperature 20:00 (UTC) 21/Junf2017
i

lon_rho = nc.variables['lon_rho'][:] W ) R wEstERn
) _— . — . N j A= AUSTRALIA |
Ea ROMS CWA 2015 and relatime model outputs/ |at_l‘h0 — nC.VariableS[llat_rhOI][:] pivs 4 c)
@ zowwr 2011-2015 model outputss temp= nc.variables[‘temp[itime, -1, :, :]
a HCEP CFS 0.25deg model outputs/ 26°S

Ea WRF model outputs for CWA/S

@3 Au crID scEISM-wWM FEM 1981 winter storms surge model outputs/ s

a AU GRID SCHISM-WWM FEM 2007 winter storms surge model cutputs

30°S
Ea AU GRID SCHISM-WWM FEM tidal model outputs/

Eﬂ QLD GRID SCHISM-WWM FEM Yasi full coupling model outputs/

32°8

a QLD GRID SCHISM-WWM FEM Yasi Sxx_out coupling model outputs/

REDDS Data Server [Version 4.6.2 - 2015-06-09T15:16:47-0600
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Coastal Oceanography
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Rotthest swim




Rotthest swim




Using hourly UWA ROMS

CSIRO Optimizing route tool




Sea surface currents
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Data Assimilation: Observations & Austratia

~ 2,5 million observations (4 day window from 21/Jan)
PLATFORM OBS

NOAA 15 297420
NOAA 16 588766
NOAA_18 734152
NOAA 19 699573
ROT_HF 117618
AVISO 4768
ADCP_WATR10 1536
ADCP_WATR20 2880
ADCP_WATR50 2880
ADCP_WACA20 2880
TZ_WACA20 3591
TZ WACASO 5433
TZ_WATR10 3586
TZ_WATR20 3753
CTD_WATR20 1026

ARGO_R59 160
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Data Assimilation: WA (4 days & WESTERN
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Magnus Pawsey HPC AL AUSTRALIA

ROMS CWA (640x480x25) @ Cray XC40
Used cores

4896 192 384 768 Magnus Cray XC40

ranked number 78 in the world - the fastest

supercomputer in the southern hemisphere
1488 nodes (35,712 cores)

1) Data Assimilation for the Western Australia using ROMS @ Pawsey
80x80  40x40 20x20  2) Optimizing ROMS data assimilation model for CRAY XC40 supercomputer system

tile size (eta*xi)
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2-way WRF<->ROMS<->SWAN & avstraLia

Wind speed 20:00 (UTC) 21/Jun/2017 Sign. Wave Height 20:00 (UTC) 21/Junv2017 Sea surface currents 20:00 (UTC) 21/Junt2017
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Sign. Wave Height 00:00 (UTC) 22/Jun/2017
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Sign. Wave Height 00:00 (UTC) 22/Jun/2017
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2-way coupled WRF-ROMS-SWAN diff S AUSTRALIA

e Edit Item Model Help

E TR o I L=V P e ===y our 1

Computational time step: 1.00 hr

B Include the Minimum Regret
solution [RED SPLOTS on screen|
B Show Currents
B Prevent Land Jurmping
[0 Run Backwards
Daylight Savings Time Disabled
Universal Movers
Maps
w Yector Map: coastbna
Refloat half life: 1 hr
B Show Land / \wWater Map
* Movers
w “wind File: WRF_for_gnome.nc
B Active
0 Show Grid
B Show VYelacities (@ 1 in = 150 m/s)
Start Time: June 21. 2017 08:00
Erd Timne: June 25, 2017 05:00
[» Uncertainty
w Random: "Diffusion”
B Active
100000 cm2/sec
Uncertainty factar: 2
w» Currents: "ROMS_wWRS_gnome.nc"
B Active
0 Show Grid
O Show Velocities (@ 1 in =10 m/s) at
tultiplicative Scalar. 0.01
Start Time: June 22, 2017 08:00
Erd Tirme: June 23, 2017 08:00
[» Uncertainty
Spills
[> Splot Mass Balance Totals [Best estimate)
w et Nonweathering
B Active
“wiindage: 1% to 4%, Persistence: 0.25 hrs
Ovwerflight Time: June 22, 2017 08:00
Amount at Owerflight Time: 100 barrels
w Splot Mass Balance (Best Estimate]
Released: 100 barels (100.0%)
Flaating: 100 barrels [100.0%)
Beached: 0 barnels (0.0 ]
Evaporated and Dispersed: 0 barels (0.0

e rmial
'J.'.'H'_‘n

114" 115" 116"




Conclusion

~ 2 years of near-real-time ROMS/WRF
Online, data (!) & web
Relocatable engine (modular)

Many studies, validations

New developments (where to go?)
« Data assimilation (model vs. obs space)

« 2-way coupled system (atmo/ocean)
Vortex formulation, 3D Stokes, TKE modified
Atmo. drag modified with waves -> reduce U10
Coastal application affected, open ocean?

Specific requests/users
» Specific outputs/levels/variables?
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