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Phytoplankton drifting near the ocean 
surface play a critical role in marine 
biogeochemistry, carbon cycling, and 
ecosystem health. But measuring the 
activity these microscopic organisms is 
challenging. Although scientists rely on 
ship-based sampling and satellites to 
quantify their abundance, both methods 
have limitations. In a study published 
recently in the Journal of Geophysical 
Research-Biogeosciences,* Argo profiling 
floats equipped with biogeochemical 
sensors, i.e., BGC Argo floats, were used 
to obtain the first year-long estimates of 
phytoplankton in the western North 
Atlantic Ocean.

The western North Atlantic produces 
one of the largest seasonal blooms of 
phytoplankton in the global ocean. Bo 
Yang, PhD, a University of Miami- 
Cooperative Institute researcher at AOML, 
led an effort to test the viability of using 
BGC Argo floats to quantify phytoplankton 
in this region.

“Our results highlight the utility of float 
bio-optical profiles,” said Dr. Yang. “They 
indicate that environmental conditions, 
e.g., light availability and nutrient supply, 
are major factors controlling the seasonality 
and spatial (horizontal and vertical) distri-
butions of NPP in the western North 
Atlantic Ocean.”

Known as primary producers, phyto-
plankton are the foundation of the marine 
food web, directly or indirectly feeding 
ever larger organisms. Like plants on land, 
phytoplankton contain chlorophyll and, 
through photosynthesis, convert atmo-
spheric carbon dioxide and sunlight into 
simple sugars for nourishment. 

Phytoplankton multiply rapidly on 
sunlit days when nutrients are plentiful, 
creating dense swirling blooms that color 

the ocean surface (see above image). The 
total energy they collectively produce is 
their gross productivity. The energy left 
after their nutritional needs are met, 
referred to as net primary production or 
NPP, is available for other marine life to 
consume. NPP is a critical metric used to 
assess the ocean’s biological productivity.

Ship-based measurements of NPP are 
specific to the area and time of sampling, 
providing only limited snapshots of the 
biological productivity occurring in the 
global ocean. Satellites measure NPP 
across large swaths of the sea surface but 
have difficulty capturing biological activity 
at depths below the surface and in regions 
obscured by clouds. 

The science team used field data from 
five BGC Argo floats that gathered 
measurements during the North Atlantic 

Image of a massive phytoplankton bloom in the North Atlantic Ocean observed from space on May 22, 
2016 by the Moderate Resolution Imaging Spectroradiometer instrument (MODIS) on NASA’s Aqua satellite. 
Phytoplankton are denoted by the bright turquoise color (photo credit: NASA).

Aerosols and Marine Ecosystems Study 
(NAAMES) conducted from 2015-2018. 
Ship-based sampling for NPP was also 
conducted during the NAAMES project. 
All five BGC floats operated within close 
proximity to NAAMES cruise stations 
where ship sampling occurred, facilitating 
their comparison.

Using two bio-optical models, the team 
evaluated the performance of Argo-based 
NPP estimates against ship-based estimates, 
followed by an analysis of the spatial and 
temporal distributions of NPP in the western 
North Atlantic. Although the models 
exhibited both advantages and limitations, 
NPP derived from the Argo floats was 
found to be comparable to shipboard and 
satellite estimates.

With their ability to continually drift, 
gathering measurements at the surface to 
depths of 2000 m, BGC Argo-derived data 
complement ship and satellite approaches 
by filling gaps in coverage. Sampling over 
longer time frames and at a variety of the 
depths provides greater temporal and spatial 
information on phytoplankton carbon 
production, enabling year-round estimates 
of NPP.

Examples of phytoplankton, microscopic single-celled algae. Although tiny, phytoplankon are of vast  importance 
to the health of the ocean and Planet Earth. They lie at the foundation of the marine food web, removing a 
significant amount carbon dioxide from the atmosphere through photosynthesis. Phytoplankton also produce 
more than 50 percent of Earth’s oxygen, a byproduct of their photosynthesis (photo credit: NOAA).

*Yang, B., J. Fox, M.J. Behrenfeld, E.S. Boss, N.
Haëntjens, K.H. Halsey, S.R. Emerson, and S.C.
Doney, 2021: In situ estimates of net primary
production in the western North Atlantic with
Argo profiling floats. Journal of Geophysical 
Research-Biogeosciences,126(2):e2020JG006116, 
https://doi.org/10.1029/2020JG006116.

BGC Argo Floats Provide First Year-Round Net Primary Production Estimates for 
the Western North Atlantic
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Year-to-year variations of US tornado 
activity are mostly driven by weather, and 
thus, are largely unpredictable beyond the 
time frame of several days. This can prove 
difficult for communities as they prepare 
for these hard-hitting weather disasters. By 
focusing on very active tornado seasons 
that are most likely linked to climate 
signals, researchers at AOML have made a 
small but important step in seasonal 
tornado forecasting—a model named 
SPOTter (Seasonal Probabilistic Outlook 
for Tornadoes)—that shows promise in 
predicting active tornado seasons 1-2 
months in advance. 

In a new paper published in Monthly 
Weather Review,1 a team of researchers 
from AOML, the Geophysical Fluid 
Dynamics Laboratory, and Climate 
Prediction Center introduce SPOTter and 
evaluate its prediction skill. They found 
that SPOTter holds the potential to predict 
subseasonal to seasonal tornado activity 
based on how key atmospheric parameters 
over the US respond to various climate 
signals, including El Niño and La Niña 
activity in the Pacific Ocean.

SPOTter provides an initial forecast in 
late February for March-April tornado 
activity and is updated in late March for 
April-May activity. This partly statistical 
and partly dynamic (i.e., hybrid) model 
was built based on the severe weather 
database of NOAA’s Storm Prediction 
Center and NOAA’s Climate Forecast 
System, version 2. SPOTter is the first of 
its kind to show fairly useful skill in 
predicting seasonal US tornado activity. 

The study examined tornado activity 
for the period from 1982-2018. SPOTter 
predicted ten out of 14 active seasons for 
March-April and eight out of 14 active 
seasons for April-May, which indicates 
roughly 60-70 percent accuracy. The 
model also successfully identified the four 
most active tornado seasons during the 
study period: 1982, 1991, 2008, and 2011.

This project is the result of numerous 
collaborative efforts and more than 10 
years of research. It began in May 2011 
when a question was raised about whether 
La Niña contributed to the super tornado 
outbreak of that year. I later learned the 
question was in response to a remark made 
by then President Barack Obama, who 

wanted to know what could be done to 
better prepare the nation to anticipate and 
respond to deadly tornado outbreaks. This 
resulted in an implicit call for a seasonal 
outlook for tornadoes, just like there is for 
hurricanes. 

My team and I have been working on 
this research since 2011. Our initial 
findings directly addressed whether the 
2010-2011 La Niña contributed to that 
year’s super tornado outbreak.² We found 
through model experiments that long-term 
climate signals, specifically the way the El 
Niño-Southern Oscillation (ENSO) transi- 
tions between El Niño and La Niña and 
how this affects sea surface temperatures 
in the tropical Pacific, could potentially 
provide seasonal predictability for tornado 
outbreaks. This connection influences 
winds in both the upper and lower 
atmosphere over the central and eastern 
United States. 

We learned these anomalous winds 
transport more cold and dry upper-level 
air from the high latitudes and more warm 
and moist lower-level air from the Gulf of 
Mexico that converge east of the Rockies. 
These winds also increase lower-level 
vertical wind shear and convective avail-
able potential energy values, creating 
large-scale atmospheric conditions that 

are conducive to intense tornado outbreaks 
over the United States.

A number of excellent studies have 
been published since 2011. These studies 
provide the framework for predicting 
seasonal tornado activity before the severe 
weather season begins on March 1. 

In January 2016, NOAA’s Climate 
Prediction Center hosted the first experi-
mental severe weather outlook forum. 
Representing AOML, I have participated 
in this forum ever since, working closely 
with its team members. This outlook 
forum has recently expanded with funding 
from NOAA’s Office of Oceanic and 
Atmospheric Research. Last year, NOAA’s 
Physical Science Laboratory and Geophysical 
Fluid Dynamics Laboratory, the two 
powerhouses in the nation for climate 
research, joined the team. 

This year marks the 10-year anniversary 
of the 2011 super tornado outbreak that 
claimed more than 500 American lives. 
Over the past 10 years, researchers across 
NOAA, including myself, have been 
dutifully involved in answering the question 
posed by President Obama. This new 
advance, SPOTter, is a small but important 
milestone in our effort to create a 
subseasonal-to-seasonal outlook for tornado 
activity in the United States.

Experimental Model Shows Skill in Predicting Seasonal US Tornado Activity

Researchers at AOML have been working to develop a seasonal outlook for tornadoes over the past decade.

1Lee, S.-K., H. Lopez, D. Kim, A.T.Wittenberg, andA. Kumar, 2021: A seasonal probabilistic outlook
for tornados (SPOTter) in the contiguous US based on the leading patterns of large-scale
atmospheric anomalies. Monthly Weather Review, 149(4):901-919, https://doi.org/10.1175/
MWR-D-20-0223.1.

²Lee, S.-K., R. Atlas, D.B. Enfield, C. Wang, and H. Liu, 2013: Is there an optimal ENSO pattern
that enhances large-scale atmospheric processes conducive to major tornado outbreaks
in the United States? Journal of Climate, 26(5):1626-1642, https://doi.org/10.1175/
JCLI-D-12-00128.1.

This article is modified from an AOML 

website blog post by Dr. Sang-Ki Lee
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Scientists at AOML, in collaboration 
with partners at the University of Miami’s 
Rosenstiel School of Marine and 
Atmospheric Science, have identified 
Loop Current-related anticyclonic eddies 
along the northwest coast of Cuba in the 
southern Gulf of Mexico, named “CubANs” 
(Cuba anticyclones). These eddies play an 
important role in the ocean circulation 
associated with the Loop Current, and this 
team of scientists is the first to study them.*

An eddy is an independent circular 
current of water that can break off from an 
ocean current. In the northern hemisphere, 
anticyclonic eddies rotate clockwise and 
their center is often warmer than outer 
waters, leading to their referral as warm-
core eddies. This discovery of new 
anticyclonic eddies has implications for 
how oil spills and pollution move through-
out the Gulf, as well as how larval 
transport associated with these eddies 
affects fisheries populations in the region.

The Gulf of Mexico is a semi-enclosed 
basin connected to the Caribbean Sea and 
North Atlantic Ocean. Its main dynamical 
feature is the Loop Current, which is a 
portion of the North Atlantic western 
boundary current that carries ocean waters 
from the tropics towards higher latitudes.

The Loop Current changes its shape 
with time, sometimes moving directly 
from the Yucatan Channel (between 
Mexico and Cuba) to the Florida Straits 
(between Cuba and Florida), and some-
times growing until it forms a large loop 
that extends into the northern Gulf of 
Mexico, near the Mississippi Delta. 

These different tracks are known as 
retracted and extended phases of the Loop 
Current. When extended, the Loop Current 
eventually forms a large, anticyclonic 

warm-core eddy known as a Loop Current 
Eddy that drifts westward inside the Gulf, 
while the main current returns to its 
retracted position (see image above).

“The identification of smaller anticy-
clonic eddies along the coast of Cuba, 
named CubANs, are different from the 
large Loop Current Eddies and add a level 
of complexity to the original picture we 
had of the Loop Current system. We found 
that these CubAN eddies are connected 
with the shape of the Loop Current and 
with coastal processes,” said AOML 
Cooperative Institute scientist Matthieu 
Le Hénaff. 

“These eddies appear to be connected 
to coastal upwelling taking place along 
the coasts of Cuba and the associated 
formation of small cyclonic eddies, i.e., 

cold core eddies that rotate counterclock-
wise. When there are pairs of eddies 
rotating in opposite directions of each 
other, they trap and transport coastal 
waters offshore, which is important for 
biological transport, or in the case of 
marine pollution,” added Le Hénaff. This 
is similar to how gears in a machine work 
together.

Cuban waters inside the Gulf of Mexico 
are an area for oil exploration. In the case 
of an accidental oil spill, understanding 
these new processes can help scientists 
predict where the oil will travel. 

There are also several marine protected 
areas along the Cuban coast that are 
reservoirs for biological productivity. 
When a pair of eddies form, larvae from 
these areas can be sent offshore and then 
transported by the Loop Current system, 
bringing them into the Gulf or towards 
Florida.

This research was a part of a Gulf of 
Mexico Research Initiative project entitled 
“Southeastern Gulf of Mexico processes 
affecting basinwide connectivity and 
hydrocarbon transport: The role of meso-
scale eddies and upwelling near Cuba.” As 
part of the project, scientists analyzed 
ocean observations collected in Cuban 
waters inside the Gulf of Mexico during 
NOAA Fisheries cruises to study bluefin 
tuna larvae, which provided details on the 
structure and evolution of these ocean 
processes taking place along the Cuban 
coasts.

Scientists Discover New Current Structure in Gulf of Mexico off Cuban Coast

*Kourafalou, V., Y. Androulidakis, M. Le Hénaff, and H.-S. Kang, 2017: The dynamics of Cuba
anticyclones (CubANs) and interaction with the Loop Current/Florida Current system. Journal 
of Geophysical Research: Oceans, 122(10):7897-7923, https://doi.org/10.1002/2017JC012928.

Androulidakis, Y., V. Kourafalou, L.R. Hole, M. Le Hénaff, and H.-S. Kang, 2020: Pathway of oil spills
from potential offshore Cuban exploration: Influence of ocean circulation. Journal of Marine 
Science and Engineering, 8(7):535, https://doi.org/10.3390/jmse8070535.

Androulidakis, Y., V. Kourafalou, M. Le Hénaff, H.-S. Kang, N. Ntaganou, and C. Hu, 2020: Gulf
Stream evolution through the Straits of Florida: The role of eddies and upwelling near Cuba.
Ocean Dynamics, 70(8):1005-1032, https://doi.org/10.1007/s10236-020-01381-5.

Le Hénaff,M., V.H. Kourafalou, Y. Androulidakis, R.H. Smith, H.-S. Kang, C. Hu, and J. Lamkin, 2020:
In situ measurements of circulation features influencing cross‐shelf transport around northwest
Cuba. Journal of Geophysical Research: Oceans, e2019JC015780, https://doi.org/10.1029/
2019JC015780.

Androulidakis, Y., V. Kourafalou, M. Le Hénaff, H. Kang, and N. Ntaganou, 2021: The role of
mesoscale dynamics over northwestern Cuba in the Loop Current evolution in 2010, during the
Deepwater Horizon Incident. Journal of Marine Science and Engineering, 9(2):188, https://doi.
org/10.3390/jmse9020188.

Topography of the Gulf of Mexico model domain (m), with the various stages of the Loop Current, 
including a shed Loop Current Eddy (orange). Adapted from Le Hénaff et al. (J. Geophys. Res., 2012).
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AOML and University of Miami-Cooperative Institute researchers 
departed Miami Beach, Florida on January 15 for the PIRATA 
(Prediction and Research moored Array in the Tropical Atlantic) 
Northeast Extension (PNE) cruise. The effort aboard the NOAA 
ship Ronald H. Brown was led AOML oceanographer Greg Foltz, 
PhD, as Chief Scientist. Diego Ugaz, an AOML-Cooperative 
Institute technician, served as the Night Watch Leader. The 
successful cruise ended on February 24 with the Brown’s arrival in 
Key West, Florida.

PIRATA consists of 18 open-ocean moorings and is a collabora-
tive effort between Brazil, France, and the United States to study 
and improve predictability of ocean-atmosphere interactions that 
affect regional weather and climate variability on seasonal, 
interannual, and longer time scales. PNE is part of the US 
contribution to PIRATA and is a joint effort between NOAA’s 
Pacific Marine Environmental Laboratory (PMEL) and AOML, 
funded through the Global Ocean Monitoring and Observation 
program.

During the 41-day cruise, four PNE buoys and one Brazilian 
PIRATA mooring were replaced, and one French mooring was 
serviced (see map below). This was by far the longest and most 
remote cruise on a NOAA ship since the NOAA fleet was called 
home due to the COVID-19 pandemic. The four PNE moorings 
were scheduled for replacement in May-June 2020, but that cruise 
was canceled because of COVID-19. As a result, by the start of the 
cruise in January 2021 the moorings had been in the water for 
21‑23 months, far beyond their expected lifetimes of 12-14 months, 
and in desperate need of replacement. On the return transit to Key 
West, an additional PIRATA mooring in the central tropical North 
Atlantic was deployed. The previous mooring at this site had been 
deployed by the Brazilians in late 2018 and had since become 
unmoored and lost data transmission. The combination of 
COVID-19, an ocean oil spill, and ship mechanical issues had 
prevented Brazil from replacing the buoy as originally planned.

Sixty-one CTD profiles of the water column, from the ocean 
surface to 1500 m depth, were conducted along the ship’s track to 
gather temperature, salinity, dissolved oxygen, seawater pressure 
and density, and velocity data. Twelve Argo floats were also 
deployed. Additionally, a group from Virginia Union University 
measured vertically-integrated atmospheric aerosol loads and 

near-surface concentrations of carbon monoxide, sulfate, and 
ozone throughout the cruise. The data are in support of AEROSE 
(Aerosols and Ocean Science Expeditions), which has participated 
in PNE cruises since 2006 and also involves researchers from 
NOAA’s National Environmental Satellite, Data, and Information 
Service (NESDIS), Howard University, and Arizona State 
University. AEROSE measurements monitor African dust and 
smoke emission/transport and their impacts on the environment 
and provide crucial in-situ calibration and validation of satellite 
data.

A new addition to the PNE cruise this year was the Fearless 
Fund, a nonprofit organization supported by the US Department of 
Energy, in conjunction with NOAA, to produce macroalgae at an 
energy (or carbon dioxide removal) scale. The group joined the 
cruise to better understand the production system of the macroalgae 
Sargassum, which has been expanding farther into the tropical 
Atlantic since 2011. The Sargassum team worked with AOML to 
obtain more than 300 near-surface water samples that will be 
analyzed for phosphate and nitrate by AOML’s Ocean Chemistry 
and Ecosystems Division. The goal is to improve understanding of 
the sources of nutrients for Sargassum production in the tropical 
Atlantic. The Sargassum group, in collaboration with AOML and 
PMEL, also performed a CO2 sequestration test, which involved 
sinking Sargassum biomass to the deep sea (see image below). The 
Sargassum will be retrieved during next year’s PNE cruise to 
assess its decay rate and potential for CO2 sequestration. AOML, 
PMEL, AEROSE, and Fearless Fund look forward to continuing 
their joint efforts during the 2022 PNE cruise.

PIRATA Cruise Continues Tropical Atlantic Ocean-Atmosphere Monitoring, 
Provides Long-Awaited Refresh of Moorings 

PNE cruise track with starting port (green circle) and end port (red circle). Symbols 
show locations of moorings that were recovered, deployed, and serviced, ocean 
profiles from CTD casts, nutrient samples, and Argo deployments.

The Brown’s deck crew, PMEL’s mooring technicians, and AOML volunteers 
deploy a PIRATA buoy at 15°N, 38°W.

Sargassum was sealed in a container and sent to the bottom of the ocean for a 
CO2 sequestration experiment.
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Study Examines how Different Techniques to Model the Hurricane Boundary 
Layer Can Improve Forecasts

In a recent study published in the 
journal Atmosphere,* hurricane scientists 
at AOML examined how turbulent mixing 
in the boundary layer affects the intensity 
and structure of hurricanes in NOAA’s 
Hurricane Weather Research and Forecasting 
(HWRF) model. They found that turbulent 
mixing affects where thunderstorms in 
hurricanes occur and how fast air flows 
towards the center of a storm.

Knowing what is happening in the 
atmosphere immediately above the ocean, 
an area called the boundary layer, is vital 
for predicting hurricane intensity. While 
hurricanes can measure hundreds of miles 
across, the strongest winds usually occur 
in gusts smaller than 100 yards across, 
what is known as the turbulent scale. The 
swirling flow associated with this small 
area is called turbulent mixing, which is 
especially important in the boundary 
layer, as it can transport heat and moisture 
from the ocean below to the storm above.

However, turbulent-scale features are 
too small for HWRF and other models to 
capture; instead, scientists use parameter-
ization to estimate the strength of turbulent 
mixing. Parameterization is a method used 
to represent the small-scale processes that 
can’t be resolved by models. This study 
reviewed the impact of planetary boundary 
layer parameterization schemes that have 
been used in the operational version of 
HWRF since 2011.

“The horizontal grid spacing of a hurri-
cane forecast model is usually larger than 
1 km, but the scales of turbulent eddies 
can be as small as 10 m,” said Jun Zhang, 
PhD, a Cooperative Institute hurricane 
scientist at AOML.

In this study, the HWRF model was run 
multiple times using five types of parame-
terization to determine which forecasts 
were closest to the observations obtained 
from NOAA’s Hurricane Hunter aircraft. 
Scientists then looked at how and why 
different boundary layer parameterization 
schemes produced different forecasts in 
the HWRF model.

Turbulent mixing is controlled by a 
parameter called the vertical eddy 
diffusivity. According to Zhang, the 
vertical eddy diffusivity is a parameter in 
the forecast model that describes the 
strength of vertical mixing by the small-
scale rotating flow in the atmosphere. 
“This study shows the tremendous value 

in using observations from the unique 
platform of Hurricane Hunter aircraft to 
improve the representation of fundamental 
physical processes in hurricane models,” 
said AOML meteorologist and study 
coauthor Robert Rogers.

“This parameter is very important for 
hurricane intensity forecasts,” said Zhang. 
When vertical eddy diffusivity is large, 
more turbulent mixing occurs. When it is 
small, less turbulent mixing occurs, and 
the strongest winds in the model are closer 
to the center of the storm.

Scientists also determined that turbu-
lent mixing affects where thunderstorms 
are located in hurricanes. When vertical 
eddy diffusivity is small, the strongest 
thunderstorms in a hurricane tend to be 
located closer to the center of the storm 
and farther inside the eyewall where the 
fastest winds occur.

Turbulent mixing can also impact how 
fast air flows towards the center of a hurri-
cane near the ocean surface, otherwise 

known as the radial flow, as well as the 
height of the boundary layer. This inflow 
feeds energy from the ocean into the 
hurricane’s core. When the vertical eddy 
diffusivity is small, the radial inflow is 
strong, and the boundary layer is shallow.

These findings emphasize the importance 
of model physics on hurricane intensity 
and structure forecasts and will guide 
model developers to further improve 
hurricane forecast models. Such improve-
ments have the potential to save lives, 
reduce property damage, and increase the 
public’s confidence in NOAA’s official 
hurricane forecasts and warnings.

Two images that show hurricane structure differences in the region closest to the storm center due to changes 
in the vertical eddy diffusivity. RMW represents the radius of maximum wind speed, or the eyewall. Light blue 
arrows show radial flow, while dark blue arrows show updrafts and convection. The region below the green 
line is the boundary layer. When eddy diffusivity is small, both the strongest winds and thunderstorms tend to 
be located closer to the storm center.

*Zhang, J.A., E.A. Kalina, M.K. Biswas, R.F.
Rogers, P. Zhu, and F.D. Marks, 2020: A
review and evaluation of planetary boundary
layer parameterizations inHurricaneWeather
Research and Forecasting model using
­idealized simulations and observations.
Atmosphere, 11(10):1091, https://doi.org/
10.3390/atmos11101091.
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Scientists at AOML have created a new,  
advanced moving nest model within the 
Unified Forecast System, the bedrock of 
NOAA’s weather prediction applications. 
AOML’s Hurricane Modeling Group 
developed the high resolution model for 
the FV3 dynamical core, laying the 
foundation for the next generation of 
advancements in hurricane forecasting.

The Hurricane Analysis and Forecast 
System (HAFS) is NOAA’s next-genera-
tion numerical model and data assimilation 
system, which is being developed within 
the framework of the Unified Forecast 
System. Central to the improvement of 
HAFS has been the goal of adding an 
embedded moving nest to the FV3 
dynamical core, enabling scientists to 
track the inner core region of tropical 
cyclones at 1-2 km resolution. 

“The creation of the moving nest model 
capability is a key milestone in the 
development of the next generation 
Hurricane Analysis and Forecast System,” 
said Frank Marks, PhD, the director of 
hurricane research at AOML.

 Scientists at AOML partnered with 
colleagues at NOAA’s Environmental 
Modeling Center and NOAA’s Geophysical 
Fluid Dynamics Laboratory during the 
overactive 2020 Atlantic hurricane season 
to test and evaluate the HAFS in real-time. 
Two models were configured within the 
framework of the 2020 Hurricane Forecast 
Improvement Project for testing purposes.

 The first model was a version of HAFS 
with a high resolution static nest embedded 
within a global domain. The second model 
was a version of the Hurricane Weather 
Research and Forecasting (HWRF) system 

with multiple storm-following nests that 
allow hurricane forecasters to simultane-
ously track multiple tropical cyclones. 

The HWRF model has demonstrated a 
remarkable improvement as a result of the 
Hurricane Forecast Improvement Project, 
which aims to reduce errors in hurricane 

Scientists at AOML Facilitate Leap in Hurricane Modeling and Prediction Systems

Hurricane Laura (2020) as depicted by the Hurricane Forecast and Analysis System (HAFS) model prior 
to landfall along the Louisiana coast as a powerful Category-4 hurricane. HAFS accurately predicted 
Laura’s track, structure, and intensity.

track, intensity, and storm surge forecasts. 
Since the project began in 2009, HWRF 
track errors have been reduced by about 
30% and intensity forecast errors by about 
25%. The HWRF model has additionally 
demonstrated a near 10% improvement in 
hurricane intensity forecast accuracy 
annually since 2011.

“We are now developing a system that 
will surpass the HWRF system,” said lead 
scientist for the Hurricane Modeling 
Group and chief architect of the HWRF 
model, Sundararaman Gopalakrishnan, 
PhD. “We’re moving from one generation 
to the next.”

The advancements in these models will 
improve forecasting skill by increasing the 
accuracy of NOAA’s extended forecasts 
and the extent of evacuation areas, especially 
on 5-7 day timescales, well before tropical 
cyclones make landfall. This research 
transition will greatly benefit emergency 
managers by providing information that 
will improve the quality of their planning 
efforts, ultimately saving lives and reducing 
property damages.

After cutting a path of destruction across the Caribbean, Hurricane Laura came ashore in Cameron, Louisiana 
on August 27, 2020 with 150 mph sustained winds and a 15-foot storm surge.
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Welcome Aboard
Dr. Heidi Hirsh joined AOML’s Ocean 

Chemistry and Ecosystems Division in January as 
a University of Miami-Cooperative Institute 
post-doctoral researcher. Heidi is working with 
Dr.  Ian Enochs and other NOAA principal 
investigators in Miami and Honolulu to complete 
a synthesis of the National Coral Reef Monitoring 
Program’s carbonate chemistry observations from coral reefs in the 
Central Pacific and Atlantic/Caribbean regions. She will use these 
observations to build statistical models that link offshore data with 
nearshore reef carbonate chemistry, facilitating better forecasts of 
future ocean acidification conditions on coral reefs. Heidi recently 
earned a PhD in Earth System Science from Stanford University.

 Dr. HeeSook Kang joined AOML’s Physical 
Oceanography Division in January as a University 
of Miami-Cooperative Institute senior research 
associate. HeeSook joins the Ocean Modeling 
team to contribute to an assessment of the impacts 
of ocean observations primarily in regard to 
hurricane forecast applications. She previously 
completed a 3-year post-doctoral appointment with the Physical 
Oceanography Division in 2006 where she worked to improve how 
data were assimilated into the HYbrid Coordinate Ocean Model 
(HYCOM). HeeSook holds a PhD in Physical Oceanography from 
the University of Miami’s Rosenstiel School.

Emily Milton joined AOML’s Ocean Chemistry 
and Ecosystems Division in February as a 
University of Miami-Cooperative Institute 
research associate. Emily will work with Kelly 
Montenero, Chris Kelble, and the Integrated 
Ecosystem Assessment team to assess the role of 
watershed processes on coastal water quality in 
south Florida by using water quality data to identify spatial and 
temporal hot spots and changing patterns. She will also support 
fieldwork in Florida Bay and participate in bimonthly research 
cruises for AOML’s ongoing South Florida Project. Emily is a 
recent graduate of the University of Miami’s Rosenstiel School 
with an MS degree in Marine Biology and Ecology.

Dr. Kandaga Pujiana joined AOML’s Physical 
Oceanography Division in January as a University 
of Miami-Cooperative Institute assistant scientist. 
Kandaga’s research at AOML will focus primarily 
on studying the role of the North Atlantic’s large-
scale ocean circulation and its influence on 
regional weather and climate. He holds a PhD in 
Ocean and Climate Physics from the Department of Earth and 
Environmental Sciences at Columbia University.

Dr. Filippos Tagklis joined AOML’s Physical 
Oceanography Division in February as a University 
of Miami-Cooperative Institute post-doctoral 
researcher. Filippos will work with Drs. Sang-Ki 
Lee, Shenfu Dong, and other scientists at AOML 
to better understand the impact of physical oceanic 
processes on ocean acidification and ecosystems 
along the US east coast. He holds a PhD in Chemical and Physical 
Oceanography from the School of Earth and Atmospheric Sciences 
at Georgia Institute of Technology.

Farewell
Dr. Levi Cowan, a University of Miami-

Cooperative Institute post-doctoral scientist with 
AOML’s Hurricane Research Division, resigned in 
February. Levi has accepted a federal position as a 
meteorologist forecaster with the Joint Typhoon 
Warning Center in Pearl Harbor, Hawaii. During 
his year at AOML, Levi worked with the Modeling 
Group on the development and analysis of NOAA’s Hurricane 
Analysis and Forecast System, as well as the Advanced Weather 
Interaction Processing System.

Elizabeth Ehrbar, a University of Miami-
Cooperative Institute information technology 
programmer with AOML’s Hurricane Research 
Division, resigned in January. Elizabeth has 
accepted a federal position as a meteorologist with 
the Ocean Prediction Center at the National Centers 
for Environmental Prediction in College Park, 
Maryland. During Elizabeth’s 4 years at AOML, she performed data 
backups, upgrades of software, and wrote computer scripts.

Nancy Griffin, an information technology 
specialist/data manager with AOML’s Hurricane 
Research Division, retired in March after 40 years 
of federal service. Nancy began her federal career 
at AOML in 1980. At the time, airborne Doppler 
radar was a new technology being introduced 
aboard NOAA’s P-3 Hurricane Hunter aircraft. 
Nancy participated in the testing cycles for the first prototype 
instruments and wrote some of the computer code that processed, 
quality controlled, and graphically displayed the raw data they 
collected. Over the years, Nancy continued to quality control 
airborne Doppler radar data, refine airborne radar software, and 
make radar products more useful to scientists and the tropical 
cyclone community. 

Dr. Derek Manzello, an oceanographer with 
AOML’s Ocean Chemistry and Ecosystems 
Division, resigned in January. Derek has accepted 
a position as the Coral Reef Watch Coordinator 
with the Center for Satellite Applications and 
Research at NOAA’s National Environmental, 
Satellite, Data Information Service (NESDIS) in 
College Park, Maryland. During Derek’s 20 years at AOML, his 
research focused on coral reef ecology, particularly how climate 
change and ocean acidification impact the health and continuity of 
coral reefs across the Atlantic/Caribbean region and other locales. 

Dr. Christopher Meinen, an oceanographer with 
AOML’s Physical Oceanography Division, 
resigned in February to pursue other opportunities. 
Chris began at AOML in August 2002 as a 
University of Miami-Cooperative Institute assistant 
scientist. He became a federal oceanographer in 
October 2004. Over the years Chris’ research 
focused on the meridional overturning circulation, warm water 
volume changes in the equatorial Pacific, the structure and variability 
of strong ocean currents, how ocean circulation patterns and seafloor 
temperatures change, and how they relate to the global climate 
system. Chris also mentored many early career scientists and played 
a key role in two international field programs to observe the 
meridional overturning circulation in the North and South Atlantic.






