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* Physical Oceanography Division Observational Assets
* Meridional Overturning Circulation (MOC) review
* South Atlantic Research
* Tropical Atlantic Research
* North Atlantic Research

* Ocean’s influence on hurricanes

(genesis, track, intensity and prediction)

e (Climate and hurricanes, rainfall and tornadoes

* MOC observations
* Product Development



PHOD maintains numerous observational systems
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Satellite products

Surface Winds
Surface Currents
Hurricane Heat potential
Current transports
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Merldlonal Overturnmg Circulation(MOC)
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The Atlantic Multidecadal Oscillation (AMO) Simulated
from 27 IPCC-ARS Models
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* Models show a large spread of uncertainty, but better than IPCC-AR4 simulations.
* All models display a warming in the last two decades.
* Models underestimate the cooling (1900-25) and the subsequent warming (1926-65).



(1979 to 2008) — (1871 to 1900)

1 1 1 1 1 | 1 1 l 1 1 1 1 | 1 1 1

100W S0W 0 S50E 100E

[ e mm— | ]
—2 —1-05602010 010205 1 2

Heat transport and vectors

(1073))

Why has the Atlantic Ocean warmed substantially more than
any other ocean basin since the 1950s?

(a) Atlantic Ocean Heat Content
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South Atlantic MOC and
associated heat transport can
explain observed warming in
the North Atlantic since
1950°s (black curve).

Lee et al, 2011



South Atlantic: Disagreements between models and

observations:
. AMOC from AX18 (34°S) AMOC from GFDL CM2.1 (34°5)
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South Atlantic Upper Ocean Water Mass
Transformations and Pathways

| IConl'lluencle l5A Clurrenlt |Ca TranspOrt AIGy 1 . NIBC | Gqu +An, ngola ola Dor.

Wl
' W‘ | w“u"‘l

' _fu 1'“
"Tlme " ';-“Q-

2003 2004 2005

1SR S92139(]

smnmnsosnrns (GONl, pers. comm.) !

Mean SHA (cm)

RMS of SSH (cm)



Heat Transport Residuals [PW]

Latitude

South Atlantic: Future Plans
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The international effort
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Tropical Atlantic warm bias in climate models

NCAR Coupled Model (CCSM3) — Obs for JJA

(e}) Ocean Model Forced with Observation
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Thermocline layer
is too diffusive and
thus too warm in
the ocean model
component.

Seasonal upwelling
of the thermocline
water warms the
surface water.

Air-sea coupling
further amplify the
surface warm bias.

Lee et al, 1n prep.




Tropical Atlantic variability

Anomalous conditions
durmg Apr—May 2009

80w

Data from PIRATA and Argo reveal
the mechanisms responsible for the
2009 event

Enhanced wind speed,
thicker mixed layer

>
Ekman pumping,
shallower thermocline
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Tropical Atlantic variability
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Tropical Atlantic SST forced by Dust

AMM=Atlantic Meridional
Mode of SST variability
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Dust and Atlantic Hurricanes

(a) Dust & Hurricanes
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Large AWP (SST > 28.5°C)
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Atlantic Warm Pool, Hurricane Genesis and Track
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(c) 14 Large Warm Pools

. I {,,/

60°N

50°N
40°N
30°N 1 !
20°N

10°N +

0° T T T 1 } T
120°W  100°W  80°W 60°W 40°W

}
1

20°W 0°

(d) 15 Small Warm Pools

60°N

50°N
40°N
30°N | ¥

20°N A

TMajor Hurricang
00 1 l 1

120°W  100°W  80°W  60°W  40°W  20°W 0°

Wang et al, 2012



Texas

Developed at AOML,
now 1s one of the
predictors used 1n the
SHIPS and STIPS
hurricane intensity
forecast tools.

Katrina

L Goni, pers. comm.

| \ La. % Miss. |

T /“‘ \‘

exas ,"f NCW\‘ \ \
. Orleans b

Cooler areas

Upper ocean heat content
can provide one source of
energy to intensify
hurricanes.

One difference between
Isaac and Katrina was the
ocean conditions.



Latitude (°N)

Using observations to improve models

Ocean Model U RMS error (m/s) | VRMS
error (m/s)

Operational global ~ ().19 0.17

HYCOM

Operational Gulfof () 18 0.17

Mexico HYCOM

IASROMS (ROMS () 19 0.18

ocean model)

IASNFS (NCOM 0.22 0.20

ocean model

I | I I I I I hd .. .
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Evaluation of ocean model velocity fields, June-December 2010
(DWH oil spill)
1. Synthetic drifters released every 2 days at actual in-situ drifter locations
2. Velocity difference calculated between 1104 synthetic and real drifter pairs
3. RMS differences calculated for u and v shown in above table

* Data assimilation can reduce errors by >50%
* Relative performance of different models can be compared

Halliwell et al. (in prep.)



Impact of Ocean Temperature on North American Rainfall

Regression of rainfall onto AWP index
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A large Atlantic warm pool is associated
with reduced rainfall in the United
States during summer and fall.

Why: high ocean temperatures decrease
the moisture transport to the United
States from the Gulf of Mexico. The
opposite occurs when temps are cool.

19 IPCC-ARS climate models fail to
simulate the decreased rainfall in U.S.
CMIP5
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Trans-Nino
and U.S.
Tornado
Outbreak
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Transport positive northward (Sv)
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North Atlantlc Deep Western Boundary Current Transport
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cLSW salinity at Abaco line

cLSW salinity in Labrador Sea

Deep Ocean Water Mass Transformations and
Pathwayvs
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50% and appear at Abaco 9 years later

Van Sebille et al 2011



Interannual “Geostrophic” MOC variability

(Ekman transport response and mean seasonal cycle removed)
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Oceanographic Conditions in the Gulf of Mexico
in July 2010, during the Deepwater Horizon Oil Spill
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No major oil
pathway found in
Loop Current

Led to
collaboration with
OR&R for daily
maps of surface
currents from
altimetry



Predicting the effects of climate change on bluefin tuna
spawning habitat in the Gulf of Mexico
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The spawning of
Atlantic bluefin tuna
is predominantly in
the northern Gulf of
Mexico from April to
June with the
optimal temperature
of 24 - 27°C.

Probability
of larval
occurrence

Due to the projected
warming, the areas
with high larval
occurrence will
decrease by more
than 90% toward the
end of the 21st
century.

0

This is a collaborative project between SEFSC and AOML.
Dynamic downscaling of IPCC-AR4 simulations is performed by AOML

scientists and is applied to bluefin tuna spawning habitat model developed by
SEFSC scientists [Muhling et al. 2011 ICES_JMS & Liu et al. 2012 JGR].




AOML Key Findings:

PHOD houses a great number of critical observational platforms
that are being used to evaluate models and determine physical
processes of climate variability.

Analysis done using these observations shows that models don’t
reproduce the observations particularly well (e.g. seasonal cycle in
heat transport, fresh water transport in the SA, changes in deep
water properties, phasing of AMO and the tropical thermocline).

Our studies show that large-scale climate phenomena can provide
favorable conditions for extreme weather events and changes to
ecosystems (tornadoes, hurricanes, rainfall, dust, stock assessments,
etc).



The Future:

Improving Observations: Deep Argo, climate quality XBTs, data
retrieval systems from moorings, South Atlantic MOC

Testing Models: Confronting models with available observations

Evaluating observing systems to make more cost effective (OSE,
OSSE, etc)

Model improvements/evaluations for different time scales
(seasonal to decadal and longer)

Hierarchy of models to test hypotheses of physical processes

PHOD will continue to show critical value of the observing system



