U.o., GODA _'JJ O)el Erelf)
Frediction with the Hybrld

CQ dlnate Ocean Model
(HYCOM)

CDmmun/tyEffort NRL, U. of Miami, Los Alamos,

- NOAA/NCEP, NOAA/AOML, NOAA/PMEL, PSI, FNMOC,
NAVOCEANO, SHOM, LEGI, OPeNDAP, UNC, Rutgers,
USF, Fugro-GEQOS, Orbimage, Shell, ExxonMobil
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AN GEE N PArtAErSAIP of Institutions that will
sollEldplate in developing and demenstrating
WIENIET formance and application of eddy-
57mg feal-time global and basin-scale

_q-.

' _an prediction systems using HYCOM

' 701 be transitioned for operational use by the
U.S. Navy at NAVOCEANO and FNMOC and by
NOAA at NCEP
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SEN@AVAYINAVA Collalhoration ane coopra o)
EEINg fifom researchi to the operational

.

EVEIS

elohal model outputs available to the
—- cor nmunity at large

= "-Strong participation of the coastal ocean
 modeling community in using and
evaluating boundary conditions from the
global and basin-scale ocean modeling
prediction systems
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SMENEONIS the result of a veny effective

sollaleration between the U. of Miami,

NRE/ Stennis, and the Los Alamos National
| 2le) ratory

_' . YCOI\/I has been configured globally (up
: tD 1/4° ~30km mid-latitude resolution)
and basin-scale (up to 1/12° —7km mid-
latitude resolution)
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" HYCOM2.1 - —
EBIEBBIZTON betweenitieh oT MisMINRIE Snd| LANL)
h *

pi//hycom:rSmas:miami.edu

aNalosHor VMPito automatically support periodic
poundaries
aSlppentnested-domain open boundaries
BEUlly alobal (Pan-Am grid)
SAlternative: mixed layer models
== =Orthogonal curvilinear grids
= Passive tracers, floats
- NPZD model
- NetCDF output files
- User’s manual and guide available

HYCOM 2.2 to be released in Fall 2004 — new features
include alternate advection schemes, new diagnostics,...


http://hycom.rsmas.miami.edu/

HYcOM =

1ty o) § asmgm’@ﬂaﬂdltlonal coordinate surfaces

allows: for sophisticated
'C \ ; .

SEnuuous Vertical Mixing Models (surface to
POLLEM)

= KE=Profile Parameterization, i.e., KPP (default)
= \ Mellor-Yamada level 2.5 turbulence closure
= Canuto/GISS level 2 turbulence closure

=
A—
e
_'-"-

— e -Slab Mixed Layer Models
-~ — Kraus-Turner
— Price-Weller-Pinkel dynamical instability
model

".ﬂ

* Compared in low-resolution climatological
Atlantic simulations [Halliwell, 2004, available
on HYCOM web site]
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KPP32 NAC Velocity Relative to Layer 13 (78m) MY32 NAC Velocity Relative to Layer 13 (78m)

180

270 270

- f_OP*_‘L esterlies KPP32 CRBN Velocity Relative to Layer 9 (41m) MY32 CRBN Velocity Relative to Layer 12 (67m)
om Iirade Winds “

90

“Left: KPP
Right: Mellor-Yamada




vertical Mixing Scheme Eval _Sﬁ;_,
| "'Sum,l:ﬁ'ary“"a—‘gaﬂ

SMENEIEESTTOSErved differences amongl thevertical
MIXIIRE ChoICeS result from:
Setrating shortwave radiation

IFinstability mixing below the mixed layer

—_—

e
A ) —~ v
— Sipjeel

EREPPImiXIng chosen as the default mixing scheme

=== Parameterizes more physical processes than other

-~ schemes

_ — Performed well in tests

® Other mixing algorithms allow one to determine the
sensitivity of scientific results to vertical mixing



Effects of the entr@inment closure on the mixedilayer response during a hurricane

KPP

PWP




= -_frhan) filter and ROIF (Reduced Order

“Infermation Filter) are being evaluated.
The SEEK filter has been implemented In

the 1/3° Atlantic configuration and wi
evaluated in the 1/12° configuration t
summer.

| be

1IS
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guration of the Prediction
- Systems
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ORESENT SYSTEN
—'Q-, e
T | J:d

SS]H‘J-JI_F_- tes the satellite altimeter analysis from the
VIBIDAS operational system at NAVOCEANO
, J\/ngs' fromi the 1/12° MICOM (ECMWE)

. Ve iicall projection via the Cooper and Haines
3 = technigue (1996, JGR)

_-_-_r,__'._"ReIaxatlon to the MODAS SST analysis

s Autemated scripts to run the system from the
preprocessing of the forcing fields to the post
processing of the results

http://hycom.rsmas.miami.edu




SSH in Gulf Stream region
1/12° HYCOM SSH nowcas’[ (9 1) 20030602

45°N

40°N

359N

T ORGYW T1°W 62°W S3%W 44°W

White/black line is the frontal analysis
of MCSST observations performed at
NAVOCEANO. Black line represents
data more than four days old.

—60 —40 -20 0 20 40 50 80
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- i2° Atlantic HYCOM
SERIER Ao RS the GulfSteam region

Mean SSH 1/12° HYCOM (9.1) Jun 2003 — Mar 2004 td H1/12° HYCOM (9.1) Jun 2003 - Mar 2004
55°N 55°N __

50°N

53°w 44°w 35°W 30°W 53°w 44°w 35°w 30°

(N W s

5 10 15 20 25 30 35 40

Black line is the mean and standard deviation of the frontal position
determined from SST observations
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icatan Channel Normal Velocity

Observed Mean 8/1999-6/2000
- ATL HYCOM 1-Year Mean (Abascal et. al, 2003)
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° Atlantic HYCOM

7.00 [02.4H]

5.00-

A‘I’Ldﬂ.k

ci 0.5 cm

20W 8IW  TOW  G0W

Deep Western Boundary Current
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L.
ANEE) o ofiles (T(2) & S(z2)) (weekly)
- PRA# buoys (weekly)

- NJE:D "‘data (monthly)

- Statlstlcs INn different regions of the

_'.-

’_ ~ Atlantic domain
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ARGO profies

http://w3.jcommops.orglcgi-bijebObjects1rgo
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Argo Network, as of March 2004 © MAURITIUS (1) E J
(1121 Floats) FRANCE (55) NEW ZEALAND (3)
AUSTRALIA (19) ©® GERMANY (43) © NORWAY (9) ARGO/MYGOM(S. 1) (1900210) Date: 20040115 LAT: ~5.399 Lon; —6.824
@ CANADA (70) @ INDIA (20) RUSSIAN FEDERATION (3 e ’S I“' ' on =6
® CHINA (13) ® IRELAND(2) ® SPAIN (7) aliniy (psu) 25 MarCh 2004
DENMARK (0) @ JAPAN (208) ® UNITED KINGDOM (59) . ,——————————— ]

®EUROPEAN UNION (52) @ KOREA (Rep. of) (42) ® UNITED STATES (515) 4 207°S 7 641 °W
. P

ARGO/MYCOM(9.1) (1900210) Date: 20040325 LAT: —4.207 Lon; —7.641
Saliniy (psu)

1/12° HYCOM SST 20040325 nowcast (9.1)

ARGO positions for platform 1900210 from 20040115 to 20040325 ¥
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http://w3.jcommops.org/cgi-bin/WebObjects/Argo
http://w3.jcommops.org/cgi-bin/WebObjects/Argo

SOSITIONS OF PIRATA BUGKS
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PIRASIA BUOYS 43 April 2004

15°N 28°W

Temperature at: 15n38w 13-Apr-2004
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- HYCOM nowcast (9.1)
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Temperature at: 6s10w 13-Apr-2004
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L Statistics OFPIRATA profiles
VIENAZ0S — Viay, 2004

2003.05-2004.05 Atlantic Pirata BTs

60°W 50'W 40w 30'W 20w 10'W 0*

Same Data for All Models.
Mean_ NumBT = 2499 (1-500m)

1 2
RMS Temperature [° C]
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Argo Network, as of February 2004 ® MAURITIUS (1)
(1043 Floats) FRANCE (38) NEW ZEALAND (3)
AUSTRALIA (19) ® GERMANY (48) & NORWAY (8)
@ CANADA (73) @ INDIA (21) RUSSIAN FEDERATION (37
® CHINA (10) @ IRELAND(2) ® SPAIN (7)

DENMARK (D)
©® EUROPEAN UNION (55)

® JAPAN (181)
@® KOREA (Rep. of) (45)

@ UNITED KINGDOM (60)
® UNITED STATES (467)

1/12° HYCOM SST 20040115 nowcast (9.1)
ARGO positions for platform 1800210 from 20040115 to 20040115

2500
0

i

G + ARGOrofiles

Saliniy (psu)

anuary 2004 5.431°S, 6.924°W

ARGO/MYCOMI(8.1) (1900210) Date: 20040115 LAT: -5.398 Lon; —6.924

—— Salinity ARGO (gc=0)

Salinity (HY COM (9.1))

—— Temperature ARGO (gc=0)

—— Temperature (HY COM (9.1))
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VIEDS BAIMpeSsItionsDecemben2003

1604 MEDS BTs Dec. 2003
1112 HYCOM SST 20031215 nowcast (9.1)

e

..........................................
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T(z) 2003.12 Line A : 1/12° HYCOM Nowcast (9.1) z) 2003.12Line A: N
(2003.12.01-2003.12.07) (2003.12.01-2003.12.07)




OIS Statistics A P 2002

-'*-"

RMS MEDS vs Models : 2004.04

... Same Data for All Models.
"' Mean_NumBT = 1067 (0-1000m)
.............. Model Mean RMS
ST oL .96
| GDEM3 .96
| H9.1ne .32
| LEVIT94 .04
| MOoDAS .87
1 2
RMS Temperature [° C]
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"RNEWYESII coastline
> Uggejreie/d en‘ lmllatlon

J\/J\/O_J_ Multi-Variate Optimal Interpolation)
uYjiagl SSlmllatlon of vertical profiles

;;—i SE '-< (Smgular Evolutive Extended Kalman
= ,:ﬁlter)

-~ — ROIF (Reduced Order Information Filter)
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SOOINPENE SEVeral medel mean and
diimatological sea surface heights (13
difierent means to date)

= g blne satellite altimeter and XBT data
= s;ﬁng the satellite tracks

_*' Determlne the “best” mean to be used In
the assimilation
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Neithwestern Atlantic Resullits

Table 1: NWA MDT Analysis (B

Grid Name AVG AbsDev [cm]

GBL NLOM RS 1/16° 5.9357
ATL Niiler 1/2° 6.5357
GBL Niiler 1/2° 6.7500
GBL MODAS 1/8° 7.1500
GBL NLOM RS 1/32° 7.5000
ATL MICOM ECMWF 1/12° 7.7571
GBL RIO 1° 7.7714
ATL RIO 1° 8.7929
NWA Kelly 1° 8.8143
GBL NLOM 1/32° 9.2857
ATL NLOM 1/64° 9.8000
GBL NLOM 1/16° 9.9357
ATL MICOM COADS 1/12° 12.0571
ATL HYCOM 1/12° 12.9857
ATL HYCOM 1/3° 16.1071
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PAGIfic;HYCOM Model Configurationys

SHpHzontalighdad/d2sequaterialireselution(2294 x:1362

gRUipeINts, 6.5 Km spacing on average)

n2(5Sito 65.8°N

SONertical coordinates

PP mixed layer model

4__8;;rfsa forcing: (wind stress, wind speed, thermal forcing,

I_-._:cipitation, relaxation to climatological SSS)

= -‘Monthly river runoff (254 rivers)

= Buffer zone: ~3° band along southern and eastern
boundary with relaxation to monthly climatological
(GDEM3) T and S

» Closed boundaries along 20°S, in the Indonesian

throughflow region and in the Bering Strait



100E 110E 120E 130E 140E 150E 160E 170E 180W170W160W150W140W130W120W110W100W S0W ED\'?DS

Nesting strategy: 1-day updating in the buffer zone at the
boundaries using T, S, P, u and v from the Pacific model




~ 1/12° Pacific HYCOM

Zoom C 1e Kuroshio
gy . = f _

3 Ld - v : : \ £
125E 130E 135E 140E 145E 150E 155E 160E 165E 170E 175E 180W 125E 130E 135E 140E 145E 150E 155E 160E 165E 170E 175E 180W

Forced with high frequency climatological ECMWF winds and thermal forcing



Ouith Clna Sea Warm €Current (SCSWE):

Eeeding the Tanwan S —
—
Mean Surface Layer
Currents & Speed
South China Sea

10 = Warm Current 200 m i

- _ 300 m B

-20 I South China Sea i

-30 3 Branch off the Kuroshio 400 m .
5 I""’ PACap.08 | | .
L -50 11I1I1IN11III1]I[||2]01 1 Illl'llllaq“llllIlllllagﬁllllillllllﬁﬂ'llll B

blue = westward, orange = eastward S e e NN, NNTAE |

Results from a 1/12° Pacific S s : \’ '\- \ [
HYCOM simulation forced s R e NSS|
with climatological ECMWF % BEr A ' '
winds and heat fluxes

01 02 03 04 05 06 0.7 08 0.9



eross-section Along Luzon Strait -
top) vs. 1/12° Pacific HYCOM (bottom) in the upper 390 m

on along 21°N between 118.5°E and 124.0°E
119°E 120°E " 129°E  122°F 123°E 124°E
I

Northward velocity
western core:
60+ cm/s

300

50 Northward velocity
western core:
100 40+ cm/s

150

200

250

1991-2000 mean shipboard ADCP data from Liang et al. (2003, DSR Pt. Il)
6 year mean from HYCOM forced with high-frequency ECMWF winds and thermal forcing
No ocean data assimilation in HYCOM



1991-2000 mean shipboard ADCP data from L|ang et al. (2003, DSR Pt. ll)
6 year mean from HYCOM forced with high-frequency ECMWF winds and thermal forcing
No ocean data assimilation in HYCOM

Note how the two-core Kuroshio merges into a single jet in both the observations
and HYCOM from the south to north along the Taiwan coast
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Forced with high frequency climatological ECMWF winds and thermal forcing
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Observations based on CTD/ADCP data from Johnson et al. (2002, Prog. Oceanogr.)
HYCOM forced with ECMWF (middle) or Hellerman and Rosenstein (right) winds
No ocean data assimilation in HYCOM



ress-section Across the Equaterat 1405V

ons (left) vs. 1/12° Pacific HYCOM (middle, rig'ﬁ'ﬁ"in the upper 400 m
Section between 8°S and 10°N

ECMWF Forcing HR Forcing

Observations based on CTD/ADCP data from Johnson et al. (2002, Prog. Oceanogr.)
HYCOM forced with ECMWF (middle) or Hellerman and Rosenstein (right) winds
No ocean data assimilation in HYCOM
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Yellow/red = eastward flow, blue = westward flow
HYCOM forced with interannual ECMWF winds and heat fluxes
No oceanic data assimilation
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spiliguration of the Pl;edJE{IQﬂ_.
Systems

ce Options
J__ ergy Ioan

SV ayer thermodynamic
~ (Russel et al., 2000)

= Los Alamos CICE

— Jrarget
* 1/12° for NAVOCEANO

® 1/4° (=20 km) for FNMOC
(ocean component of coupled
ocean-atmosphere)
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endent OBServations

9 invelvement of coastal ocean
= ellng groups to use and evaluate
— oﬂndary conditions provided by the
= global and basin HYCOM real time
prediction system outputs
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- 1.0° NOGAPS 1.0° NOGAPS 27 km COAMPS
wind forcing wind forcing wind forcing

No ocean data have been assimilated into the models
" Hurricane position at 24-hr intervals through 29 September



1/12° Pacifie HYCOM —6-hourly NOGAPS
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Impact of Hurricane Julliette



OhservedVersusvedeled Sea Level Anomaly Along the Mexican

Bpast Assoclated With the Coastally Trapped Wavesi(CIW),
eEneErated by Hurricane Juliette: 20,Sepi=d0rOct 2001
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0 0 00
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Tide gauge data 1/12° Pacific - NOGAPS 1/37.5° GOC — NOGAPS 1/37.5° GOC - COAMPS

R=.94
R=.95

“» R=.87 R=.87

« R=.84
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2 CTW
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15w 1

Oclober 2001

Puerto Penasco

SSH anomaly 28 Sep 2001 00.

-1
222222
-2a

e—
oW SOW

No ocean data were assimilated into the models. De-tided tide gauge data were provided by the
University of Hawaii and the Secretaria de Marina de México (Mexican Navy). A 1-day running
mean filter was applied to all time series.




SSH and Currents 15-MAR-2001

‘}% CC8a0.08 01.0

130W 126W  122W  1I8W

100E 110E 120E 130E 140E 150E 1Eﬂ 170E180W170WA EﬂW15ﬂW14ﬂW13ﬂW12D:I OW100W 90w Bﬂ‘a‘?ns

Forced with high frequency ECMWEF winds and thermal forcing
SSH Snapshot — 21 March




& Paciij’i?ﬂ‘(-COM Basin=scale Circulation with
ested US West, Coast HYCOM —

Paciile Besin DY ea))y asiediUS West Geast HY . EOM

MODEL SST - JUNE 2001 MODEL SST - JUNE 2001

Nested HYCOM uses same resolution and forcing as Pacific HYCOM to test bc.

Simulation begins on January 1, 2001; no data assimilation is included.
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SWAVEREVllaldle Lo e community at large
vv]"rh]n 24 oursivia ftp and the Miami Live
IGEESS! Server (LAS)

=" )F ng collaboration with NOAA/PMEL (S.
==} ankln) and OPeNDAP (P. Cornillon) to

- enhance the LAS and to provide an efficient
distribution of the model outputs

® Comparison with other GODAE products
(I.e. MERSEA collaboration)
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fiitp://hycom.rsmas.miami.edu
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