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Review

Several major Physical-Biogeochemical (BGC) Model studies conducted in the GoM and southeast U.S.
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Highlights

examined phytoplankton dynamics on the Louisiana and Texas
continental shelf, concluding that loss terms (e.g., grazing) rather than
growth rates dictated accumulation rates of phytoplankton biomass.

conducted the first gulf-wide study to investigate broad seasonal
biogeochemical variability and to constrain a shelf nitrogen budget.

implemented a biogeochemical model with multiple phytoplankton and
zooplankton functional types to gain a more detailed understanding of
nutrient limitation and phytoplankton dynamics in the GoM

examined phytoplankton seasonality and biogeography in the oligotrophic

Gulf of Mexico, and validated a PBM based on a unique subsurface
autonomous glider dataset.

configured a coupled physical-BGC model for the GoM to estimate
zooplankton abundance and analyze size-structure zooplankton
community dynamics.
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KD1: Storms KD2: Loop Current KD3: Gulf Stream
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» The spatial resolution is 1/25th degree

» extends from 1993-2012
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Climatological meso-zooplankton biomass
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 Many progresses have been made in developing
BGC/marine ecological models that have encouraging
seasonal and mesoscale skills.

* The predictability of marine ecosystem and marine
resources are dependent upon how well we can
understand and predict their physical drivers.
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“Right-hand” bias of SST, Chl-a, DIC, and air-sea pCO2 fluxes
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“The position, strength, and structure of the Loop Current System (LCS) has major implications for hurricane intensity, marine

ecosystems, oil and gas operations, the fishing industry, tourism, and the Gulf region’s economy.” NAS Study report (2018)
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Loop Current “Hyperactivity” (2014-2015): forecasting “nightmare”
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KD2: Loop Current
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Lee et al.(1991), JGR GS meanders and Offshore Distance
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Coupled Physical-BGC Model simulation for the largest GS offshore meander occurred
in November 2009 to April 2010
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Some key predictability questions to be addressed:

1) Are the Loop Current Eddy separation (LCES) and Gulf Stream meanders (GSM)
predictable?

2) How are LCES and GSM affected by winds and other large scale air-sea processes?
3) How do LCES and GSM vary on the daily to decadal time scale?
4) How do the LCES and GSM initiate?

5) How do multiscale physical-BGC processes interact? downscaling (mesoscale - submeso
scale) and upper-scaling (submesoscale - mesosccale)

6) How well can models reproduce the timings, strengthes, and durations of LCES and GSM,
and the biogeochemical variability associated with them?



Ways to improve our understanding

(1) Generate long term (decadal-scale) ocean reanalysis:
* require data assimilation to keep the model on track

(2) Develop new evaluations and improvements in ocean forecasting
methodology:

« multi-model ensembles for inter-comparisons and uncertainty
quantification

(3) Better integrate model and models beyond just validation:

« Observing System Simulation Experiments (OSSEs) can be used to
provide a reference for observational design criteria, instrument locations,
and sampling intervals for the field campaign

19




KP1: Storms KP2: Loop Current KP3: Gulf Stream _

Ensemble Data Assimilation
Ocean Reanalysis
(1993-2021)
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A: ensemble anomalies

155 ensemble members running with
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R: observation error covariance

He et al. (in prep)
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Comparison between observed and modeled monthly surface Chl-a field (mg/m3)
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KP1: Storms KP2: Loop Current KP3: Gulf Stream

« Hurricanes play a major role in US. southeast-GOM ecological
forecasting. Improved hurricane forecast, and better understanding of
how hurricanes interact with the ocean’s nutrient and carbon cycling will
help us predict regional ecological processes.

* Broad spectrum histogram shows the Loop Current eddy shedding has a
weak seasonal signal: maximum in fall, and minimum in spring. Natural
shedding of the Loop Current eddy depend on internal, nonlinear
physics, modulated/perturbed by interannual variations of the large-scale
wind forcing.

« Shelfbreak upwelling and across-shelf transport associated with the Gulf
Stream meanders are the dominant processes leading to large
interannual variability in U.S. southeast marine ecosystem.




KP1: Storms KP2: Loop Current KP3: Gulf Stream

Q1: Are there large scale sources of predictability for the U.S. southeast
and GOM that could advance coastal circulation and ecological
forecasting?

Yes, large scale wind fields, NAO, AMO, etc.

Q2: Which ocean observations are most useful for testing processes
relevant to coastal dynamics and ecological forecasting?

It depends on the processes under study. OSSE can be a good way to
quantify that.

Q3: How could (and should) we leverage high resolution coastal models
to better parameterize coastal processes in global climate models?

Examine both downscaling (global = coastal) and upper-scaling (coastal
- global) and quantify (meso and submeso scales) interactions.
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