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HWRF Ocean: The Princeton
Ocean Model (POM-TC)
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What is the Princeton Ocean Mode

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

Originally developed by Alan Blumberg and George

- ALl 1O EFI OFEA | AGA Yvaloso
Initially used for coastal ocean circulation applications
(Blumberg and Mellor 1987)
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Many user—generated changes incorporated into
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Developing HWRF Ocean (POR)

Available POM code version transferred to University of
Rhode Island (URI) inmid-Yy y | 0 O

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

| AAEOEI T AI 0/ - OBPCOAAAO | AAA
Initialization) and implemented in operational GFDL/POM
Same version of POM coupled to operational HWRF in 2007
AEEO 0/ - OAOOEI T EAT AA#DbOOE
Some further POM-TC upgrades made at URI since 2007
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Why Couple POMC 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 storm-core SST decreases

Uncoupled hurricane models with static SST neglect
SST cooling during integration A 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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Hurricane Katrina C oup/ed Model Forecast .| cowroicee
Aug 27 02:30 UTC

Sea Surface Temperature (°F)

e

71 75 79 83 88




Physics of Storr@ore 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)
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POM-TC uses the Mellor-Yamada 2.5 turbulence

closure submodel to parameterize vertical mixing -

Sea surface temperature decreases (E:
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Subsurface temperature increases

This is a 1-D (vertical) process




Cyclonic wind stress Y

Upwelling Y cool er
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This is a 3-D process
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3) HorizoW

Preexisting cold pool is located outside storm core
Preexisting current direction is towards storm core

This is a horizontal process
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rescribed

Cyclonic

| hurricane
P N vortex

What is the impact of varying storm translation speed?
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Hurricanes have historically propagated
in the GulfcofiMexico:

SST cooling (°C) within 60-km radius of storm center

-9 < 5m: 73%-and-< 21misl16%ofithe time
-6 And iinithe westernn tropical North:Atlantic:
< 5m<s 62%-and-< 2 ms12%ofithe time
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Translation Speed (m 5'1)
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POMTC Sigma Vertical Coordinat
7220 — — — — — _ i 5= 0

A23 vertical sigma levels; free surface (d)

ALevel placement scaled based on ocean bathymetry

ALargest vertical spacing occurs where ocean depth is 5500 m

ALocation of 23 half-sigma levels when ocean depth is 5500 m:
Hilh 2637 Bh ehif b 92 6311036 1257250 375;

550, 775, 1100, 1550, 2100, 2800, 3700, 4850, and 5500 m
15



ArakawaC Grid: External Mode

VA (I, J+1]
UA(I,J) (T, J UA(I+1,J)
Y
VA(I,J)
-
Plan View

AHorizontal spatial differencing occurs on staggered Arakawa-C grid
A2-D variables AUAO and fAVAO areddcal cul
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ArakawaC Grid: Internal Mode
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Y
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X
Plan View

AHorizontal spatial differencing occurs on staggered Arakawa-C grid

AS-D variablbes fdllovand Ao are wcalculka
ANTO here represents variables ATO, #
AMQd here represents variables @AKmo,
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Vertical Grid: Internal Mode
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Elevation View

AVertical spatial differencing also occurs on staggered grid
A3-D variables fAWO0O and AQ0 are ca
ANTO here represents variables ATO, #
A Q0 here represents variabl es



Time Stepping

POM-TC has a split time step

External (two-dimensional) mode uses short time step:
. 22.5 seconds during precoupled POM-TC initialization
- 13.5 seconds during coupled POMC integration
Internal (three -dimensional) mode uses long time step:
- 15 minutes during precoupled POM-TC Iinitialization
-9 minutes during coupled POM-TC integration
Horizontal time differencing is explicit

Vertical time differencing is implicit

19
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POMTC initialization
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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

AEA GOBOIT AAAT [ OO0 OEAT E
preexisting hurricane-generated cold nge by applying
4#60 xET A OOOAOO OOEI C OEA
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Rising cold
water diminishes
a hurricane’s
intensity

Typical of
Gulf of Mexico in
Summer & Fall Typical of

Caribbean in

Summer & Fall 21



~_ Approximate Locati ures

~ During Hurricanes Katrina and Rita (2005)

- Rita Katrina
[ Subsurface (75-m)

ocean temperature

during Katrina & Rita
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98 -96 -94 -92 -90 -88 -86 -84 -82 But é how do we

longttuce the locations of (& how
do we assimilate) these
features in real-time?
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How we modify GDEM T/S Climatolegy:
Featurebasedmodelmg' AStart with
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GDEM T/S
ALook at
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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

A Starting point is August GDEM T/S climatology
A 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

A GDEM T/S climatology is modified using the
feature-based model (see slide 19)
A This includes cross-frontal sharpening

26



