Physical oceanography of coral reefs
and other shelf-break ecosystems

A Joint Effort of CIMAS, NOAA, and the Florida Keys Marine
Lab (Florida Institute of Oceanography / USF)
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In Collaboration With:

A Soloviev and B Walker (NSU); C Hu and B Barnes
(USF); J Stamates and T Carsey (NOAA-AOML);
jurisdictional resource managers; and ... you?



Three Collaboratively Funded
Physically Oceanography Projects:

Turbidity — American Samoa,
CNMI, and Florida — LBSP

L/

NOAA

ooV \NHII Upwelling — SE Florida — LBSP

CONSERVATION PROGRAM

Resilient Habitats — Florida,
Flower Garden Banks, USVI —
Climate Change




Overarching Goals

* Improve scientific understanding of the
marine environment (turbidity, upwelling,
cross-shelf-dynamics, air-sea fluxes)...

e Of coastal ecosystems such as coral reefs, and
their related fisheries...

* To enhance manager decision-making.
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Satellite Turbidity - Facts

Uses four color bands in MODIS (MOderate-
Resolution Imaging Spectroradiometers)

Two to four overpasses per day, 2002-present
250x250 meter pixels

Uncalibrated: shows variation over time
— Spatial coverage over 100s of km

Site-calibrated: absolute NTU (smaller areas)
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ldentifying LBSP management
priorities: Quantifying the
contribution of upwelling to
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SE Florida shelf — observa

3 biest Palm Beach
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Sea temperature — above Palm Beach

+ Ft. Pierce Inlet

Jupiter Inlet

< + Palm Beach Inlet

® ofishore ® Nearshore



Cold-water Events: Mechanisms

Air-sea fluxes, advection, mixing

— Heat Budget Model of Reef Heating (Gramer 2013)

Submarine groundwater discharge

“Upwelling” wind (coastal Ekman divergence)
Seiches across the Straits of Florida (Soloviev)
Eddies and current meanders (Lee, Hitchcock)

Internal-wave breaking (Leichter, Monismith)

— Internal waves excited by what mechanism?



Wave header data
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Upwelling event on the Dania Bach shelf. Data from the
NSUOC bottom mooring deployed at 11 m isobath.



Summer Upwelling: Martin County




Model of Coastal-ocean
Heating and Shelf-water
Exchange (MoCHSE)

Mapping refugia and at-risk
habitats within U.S. Coastal
MPAs (FKNMS, SEFCRI,
FGBNMS, USVI, others)
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Thermal Stress: Small Scales

* Cross-reef variability

— Topography and geography both condition
thermal stress due to heating and cooling...

e Vertical structure in deeper water

— Summer stratification, internal waves, eddies...

* Result? High-frequency variability...
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Q S Qshortwave + Qlongwave + Qsensible + Qlatent + Qrain + Qbenthic

Qshortwaver Qiongwave - dOWNward from reanalysis, upward
estimated from in situ and model (wave) data.

v . Absorption factor for insolation: depends on attenuation
rate “K,” for visible and near-UV light with depth, time of

day, and seabed reflectivity — y=1-Ppgp-t[1— Ay- (1€
Kg.h. sec(450))] _

Qcensibler Qiatentr Qrain - €Stimated using TOGA-COARE 3.0a
from in situ (temps. and wind) and reanalysis data.

Qpenthic - Benthic flux: model from %insolation reaching
bottom, seabed reflectivity, substrate compaosition:

PoCpblb * & Th= Qpsw *+ Quuw + Qpep' + Quep® + Qbsh

Sea temperature at
shallow, high relief
sites like coral reefs
is @ balance of: air-
sea fluxes, sea-
bottom fluxes,
“passive” heat
advection, and
mixing processes
(“horizontal
convection”, Fickian
heat diffusion)



Balance

Steady temperature
Unsteady temperature

Bo = gaQ24hSMA/pCp
u; = (h - By)?
QY h-AV

T

Sea-surface buoyancy flux
Characteristic conv. Velocity
Volume discharge rate

Buoyancy forcing periodicity

Horizontal convection
counteracts surface
Advective inertia heatlng Or COOlIng
mrral  over sloping sea
Y GT0) floor topography:

[m?/s3]

[ms] Thermal &
momentum

(m?s] balances determine

[s] the convection rate,

and mixing limits it.
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Gramer et al. propose...

* MoCHSE system will serve as a basis for
management and research strategies to
enhance resilience and restoration of coral reefs

and associated fisheries, and inform planning
for extended protection boundaries
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Calibrated Turbidity (NTU)
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Climatology: 2002-2013
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Mechanisms for Reef Cooling

e Rapid air-sea cooling — driven by strong winds
— Can be modeled by a reef heat budget

* Vertical mixing — due to wind and/or waves

— But only over colder waters — only at deeper reefs

* Or, upwelling...



Partners...

— State Partners
— Florida DEP CRCP — data, guidance on end-products
— Florida FWC — data, field partnerships, end-users
— Florida Institute of Oceanography and USF

— NOAA AOML/CIMAS — data, expertise

— Sea temperatures, ocean currents
— In-water nutrient sampling
— Heat-budget model: telling upwelling from air-sea fluxes

— Nova Oceanographic Center
— Sea temperature
— Ocean currents data
— Expertise in physical oceanography of SE Florida shelf



AOML, NSU:
Ocean currents,

Hydrodynamics

All Partners: Sea
Temperature

UPWELLING
SEASONALITY and
FREQUENCY

AOML:
Heat DISTINGUISH
Budget UPWELLING —
Model from air-sea
cooling,
groundwater?

IDENTIFY
UPWELLING
MECHANISMS

Contribution
to Mass
Pollution

Budget

All Partners:
Historical and New
In-Water Sampling

MECHANISM vs.
NUTRIENT

CONCENTRATION,
UNCERTAINTY

All Partners:
Formats,
Requirements,
Jraining

DECISION
SUPPORT
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2014-2016:
Model of Coastal-ocean
Heating and Shelf-water

Exchange (MoCHSE) —
4 Mapping refugia and at-
NOAA risk habitats within

CORAL REEF

CONSERVATION PROGRAM MPAs of Florida
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Thermal Stress: Small Scales

* Cross-reef variability

— Topography and geography both condition
thermal stress due to heating and cooling...

e Vertical structure in deeper water

— Summer stratification, internal waves, eddies...

* Result? High-frequency variability...
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Gramer et al. propose...

* MoCHSE system will serve as a basis for
management and research strategies to
enhance resilience and restoration of coral reefs

and associated fisheries, and inform planning
for extended protection boundaries
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So that Managers can...

e Understand thermal stress on corals better...

* At time and space scales that allow them to
manage for sub-jurisdictional impacts and...

* With more timely and reliable information, to
manage for larger-scale impacts better as well!
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Summer Upwelling: Martin County




Large-scale Heat Budget — Issues
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Near-surface: inshore

Winter — bottom flow offshore,
persistent

stHC vs. In situ 20hlp
103.2 + 37.19%¢, R®*~0.16 (0.16;0.062),
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Near-surface: OFFshore

RMSE=143.743, p=0.00037, N=215

Pr@edicte@d hori?_ontal convection explains
about 16% of observed heat exchange
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