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What is the Princeton Ocean Model?

·Three-dimensional, primitive equation, numerical 
ocean model (commonly known as POM)

·Originally developed by Alan Blumberg and George 
-ÅÌÌÏÒ ÉÎ ÔÈÅ ÌÁÔÅ ΫγαΪȭÓ

·Initially used for coastal ocean circulation applications 
(Blumberg and Mellor 1987)

·/ÐÅÎ ÔÏ ÔÈÅ ÃÏÍÍÕÎÉÔÙ ÄÕÒÉÎÇ ÔÈÅ ΫγγΪȭÓ ÁÎÄ άΪΪΪȭÓ

·Many user-generated changes incorporated into 
ȰÏÆÆÉÃÉÁÌȱ ÃÏÄÅ ÖÅÒÓÉÏÎ ÈÏÕÓÅÄ ÁÔ 0ÒÉÎÃÅÔÏÎ 5ÎÉÖÅÒÓÉÔÙ
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Developing HWRF Ocean (POM-TC)

·Available POM code version transferred to University of 
Rhode Island (URI) in mid-ΫγγΪȭÓ

·POM code changes made at URI specifically to address 
ocean response to hurricane wind forcing

·This POM version coupled to GFDL hurricane model at URI

·Coupled GFDL/POM model operational at NCEP in 2001

·!ÄÄÉÔÉÏÎÁÌ 0/- ÕÐÇÒÁÄÅÓ ÍÁÄÅ ÁÔ 52) ÄÕÒÉÎÇ άΪΪΪȭÓ ɉÅȢÇȢ 
initialization) and implemented in operational GFDL/POM

·Same version of POM coupled to operational HWRF in 2007

·4ÈÉÓ 0/- ÖÅÒÓÉÏÎ ÈÅÎÃÅÆÏÒÔÈ ÄÅÓÉÇÎÁÔÅÄ Ȱ0/--4#ȱ

·Some further POM-TC upgrades made at URI since 2007
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Why Couple POM-TC to HWRF?

·To create accurate SST field for input into the HWRF

·Evaporation (moisture flux) from sea surface provides 
heat energy to drive a hurricane

·Available energy decreases if storm-core SST decreases

·Uncoupled hurricane models with static SST neglect 
SST cooling during integration Ą high intensity bias

·One-dimensional (vertical-only) ocean models neglect 
upwelling, which can impact SST during integration 
(e.g. Yablonsky and Ginis 2009, MWR)
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Physics of Storm-Core SST Change

1) Vertical mixing/entrainment (Slide 7)

2) Upwelling (Slide 8)

3) Horizontal advection (Slide 9)

4) Heat flux to the atmosphere (small by comparison)



7

A

T

M

O

S

P

H

E

R

E

O

C

E

A

N

Warm sea surface temperature

Cool subsurface temperature

1) Vertical mixing/entrainment

Wind stress Ÿ surface layer currents

Current shear Ÿ turbulence

Turbulent mixing Ÿ entrainment of cooler water

Sea surface temperature decreases

Subsurface temperature increases

This is a 1-D (vertical) process

POM-TC uses the Mellor-Yamada 2.5 turbulence 

closure submodel to parameterize vertical mixing
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2) Upwelling

Cyclonic wind stress Ÿ divergent surface currents

Divergent currents Ÿ upwelling

Upwelling Ÿ cooler water brought to surface

This is a 3-D process
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3) Horizontal advection

Preexisting cold pool is located outside storm core

Preexisting current direction is towards storm core

Ocean currents advect cold pool under storm core

This is a horizontal process
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Prescribed propagation speed
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What is the impact of varying storm translation speed?
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2.4 m s-1 4.8 m s-1

Hurricanes have historically propagated
in the Gulf of Mexico:
< 5 m s-1 73% and < 2 m s-1 16% of the time  

And in the western tropical North Atlantic:
< 5 m s-1 62% and < 2 m s-1 12% of the time

So 3-5 ŜŦŦŜŎǘǎ ŀǊŜ ƻŦǘŜƴ ƛƳǇƻǊǘŀƴǘΧ
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POM-¢/ DǊƛŘΥ ά¦ƴƛǘŜŘέ wŜƎƛƻƴ

225

254

47.5 N

10 N

50 W98.5 W

~18-km grid spacing
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POM-¢/ DǊƛŘΥ ά9ŀǎǘ !ǘƭŀƴǘƛŎέ wŜƎƛƻƴ

225

209

47.5 N

10 N

30 W~70 W

~18-km grid spacing

2011 Operational HWRF:

Western edge = 60 W 
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POM-TC Sigma Vertical Coordinate

Å23 vertical sigma levels; free surface (ɖ)

ÅLevel placement scaled based on ocean bathymetry

ÅLargest vertical spacing occurs where ocean depth is 5500 m

ÅLocation of 23 half-sigma levels when ocean depth is 5500 m:

5, 15, 25, 35, 45, 55, 65, 77.5, 92.5, 110, 135, 175, 250, 375,

550, 775, 1100, 1550, 2100, 2800, 3700, 4850, and 5500 m 
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ÅHorizontal spatial differencing occurs on staggered Arakawa-C grid

Å2-D variables ñUAò and ñVAò are calculated at shifted location from ñɖò

Arakawa-C Grid: External Mode

Plan View
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ÅHorizontal spatial differencing occurs on staggered Arakawa-C grid

Å3-D variables ñUò and ñVò are calculated at shifted location from ñTò and ñQò

ÅñTò here represents variables ñTò, ñSò, and ñRHOò

ÅñQò here represents variables ñKmò, ñKhò, ñQ2ò, and ñQ2lò

Arakawa-C Grid: Internal Mode

Plan View
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ÅVertical spatial differencing also occurs on staggered grid

Å3-D variables ñWò and ñQò are calculated at shifted depth from ñTò and ñUò

ÅñTò here represents variables ñTò, ñSò, and ñRHOò

ÅñQò here represents variables ñKmò, ñKhò, ñQ2ò, and ñQ2lò

Vertical Grid: Internal Mode

Elevation View
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·POM-TC has a split time step

·External (two-dimensional) mode uses short time step:

·22.5 seconds during pre-coupled POM-TC initialization

·13.5 seconds during coupled POM-TC integration

·Internal (three -dimensional) mode uses long time step:

·15 minutes during pre-coupled POM-TC initialization

·9 minutes during coupled POM-TC integration

·Horizontal time differencing is explicit

·Vertical time differencing is implicit

Time Stepping



20

·Prior to coupled model integration of HWRF/POM -TC, 
POM-TC must be initialized with a realistic, 3-D 
temperature (T) and salinity (S) field

·This T & S field must then be used to generate realistic 
ocean currents via geostrophic adjustment

·4ÈÅ ȰÓÐÕÎ-ÕÐȱ ÏÃÅÁÎ ÍÕÓÔ ÔÈÅÎ ÉÎÃÏÒÐÏÒÁÔÅ ÔÈÅ 
preexisting hurricane-generated cold wake by applying 
4#ȭÓ ×ÉÎÄ ÓÔÒÅÓÓ ÕÓÉÎÇ ÔÈÅ .(# ÈÕÒÒÉÃÁÎÅ ÍÅÓÓÁÇÅ ÆÉÌÅ

POM-TC initialization
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Typical of 

Gulf of Mexico in

Summer & Fall Typical of 

Caribbean in

Summer & Fall
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Subsurface (75-m)

ocean temperature

during Katrina & Rita

Warm Loop Current

water and a warm 

core ring extend far 

into the Gulf of Mexico

from the Caribbeané

Directly under Ritaôs

& Katrinaôs tracké

Buté how do we know 

the locations of (& how

do we assimilate) these 

features in real-time?

Approximate Locations of Oceanic Features 

During Hurricanes Katrina and Rita (2005)

Rita Katrina

TX LA

MS AL GA

FL

Mexico

Gulf of Mexico

C

Caribbean

Loop Current

warm

core ring

cold

core ring
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GDEMData-assimilated

How we modify GDEM T/S Climatology:
Feature-basedmodeling!

ÅLook at 

altimetry/obs

ÅDefine LC & 

ring positions

ÅUse Caribbean 

water along 

LC axis & in 

WCR center

ÅMake CCR

center colder

than environ.
ÅBlend features

w/ env. &

sharpen fronts

Altimetry
x

x

x
x

x

x x

x

x

x x

x

x
x

x

ÅStart with 

GDEM T/S

Oré define using real

obs: e.g. AXBT 6 for 

LC and AXBT 13 (14) 

for WCR (CCR)

Finally, assimilate SST

and integrate ocean 

model for 48 hrs for

geostrophic adjustment
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Gustav 2008082800:
Ocean Initialization & Response

(Next 6 Slides)
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August GDEM T/S Climatology
SST ~75-m Temperature

Å Starting point is August GDEM T/S climatology

Å August GDEM is then interpolated in time to 

start date by blending with September GDEM
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Including Features & Sharpening
SST ~75-m Temperature

Å GDEM T/S climatology is modified using the 

feature-based model (see slide 19)

Å This includes cross-frontal sharpening


