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1. Project Summary

FSU produces fields of surface turbulent air-sea fluxes and the flux related variables (winds,
SST, near surface air temperature, near surface humidity, and surface pressure) for use in global
climate studies. Surface fluxes are by definition rates of exchange, per unit surface area, between
the ocean and the atmosphere. Stress is the flux of horizontal momentum (imparted by the wind
on the ocean). The evaporative moisture flux would be the rate, per unit area, at which moisture
is transferred from the ocean to the air. The latent heat flux (LHF) is related to the moisture flux:
it is the rate (per unit area) at which energy associated with the phase change of water is
transferred from the ocean to the atmosphere. Similarly, the sensible heat flux (SHF) is the rate at
which thermal energy (associated with heating, but without a phase change) is transferred from
the ocean to the atmosphere. The SHF directly changes the temperature of the air whereas the
LHF released energy only after the water vapor condenses. In the tropics, the latent heat flux is
typically an order of magnitude greater than the sensible heat flux; however, in the polar regions
the SHF can dominate.

We examine these fluxes on the basis of in situ data (funded solely by NOAA) and satellite data
(leveraged from several NASA projects and from the PI being the NASA Ocean Vector Winds
Science Team Leader). The in situ product is well suited for long time scale studies, and
comparisons to reanalyses®. We find that the variability between flux products is far greater than
the accuracy need to resolve climate variability? (e.g., interannual time scales and larger),
indicating that a great deal more work is needed to make products that are well suited to ocean
process studies where the processes are sensitive to the fluxes (as is often the case). We have also
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found that it is very important to consider high frequency variability® (e.g., finer scale synoptic
variability) in the calculation of longer-term average fluxes (particularly the ocean uptake of
CO,), and in the case of the Gulf of Mexico’s West Florida Shelf, for correctly modeling the
regional ocean climate®. This is very important for the local ecosystem including some important
finfish and shellfish. These studies add to the evidence demonstrating the importance of
considering the ocean and the atmosphere as coupled for climate applications. The same physics
was applied on smaller scale to examine how an oil slick modifies air/sea interaction and thereby
modifies its motion.

The FSU activity is motivated by a need to better understand interactions between the ocean and
atmosphere on daily to interdecadal time scales. Air-sea exchanges (fluxes) are sensitive
indicators of changes in the climate, with links to floods and droughts® and East Coast storm
intensity and storm tracks®. On smaller spatial and temporal scales they can be related to the
storm surge’, and tropical storm intensity. On longer temporal scales, several well-known
climate variations (e.g., El Nifio/Southern Oscillation (ENSO); North Atlantic Oscillation
(NAO), Pacific Decadal Oscillation (PDO)) have been identified as having direct impact on the
U.S. economy and its citizens. Improved predictions of ENSO phase and associated impact on
regional weather patterns could be extremely useful to the agricultural community. Agricultural
decisions in the southeast U.S. sector based on ENSO predictions could benefit the U.S.
economy by over $100 million annually®. A similar, more recent estimate for the entire U.S.
agricultural production suggests economic value of non-perfect ENSO predictions to be over
$240 million annually®. These impacts could easily be extended to other economic sectors,
adding further economic value. Moreover, similar economic value could be foreseen in other
world economies, making the present study valuable to the global meteorological community. By
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constructing high quality fields of surface fluxes we provide the research community the
improved capabilities to investigate the energy exchange at the ocean surface. We have
traditionally examined the distributions of weather, with more emphasis on typical weather
conditions. However, recent work on extremes strongly suggests that climate cycles also
influence the likelihood and magnitude of extreme events'’.

FSU produces both monthly in-situ based and hybrid satellite/numerical weather prediction
(NWP) fields of surface winds (the ‘FSU Winds’) for the tropical Pacific and Indian Oceans. We
are also developing a much higher quality surface flux product that assimilates satellite and in
situ data. Our long-term monthly fields are well suited for seasonal to decadal studies. They are
available in time for monthly updated ENSO forecasts, within eight days after the end of the
month. The flux-related variables are useful for ocean forcing in models, testing coupled
ocean/atmospheric models, ENSO forecasts, and for understanding some aspects of climate
related variability.

2. Scientific and Observing System Accomplishments

The flux project at FSU targets the data assimilation milestones within the Program Plan. Our
assimilation efforts combine ocean surface data from multiple Ocean Observing System
networks (e.g., VOS, moored and drifting buoys, and satellites). One set of performance
measures targeted in the Program Plan is the Air-Sea Exchange of Heat, Momentum, and
Fresh Water. These fluxes can be related to Sea Surface Temperature and Ocean Heat
Content. Additional targets are Ocean Transport and Thermohaline Circulation. Surface
winds (stress) contribute to upper ocean and deep ocean transport. The heat and moisture fluxes
also contribution to the thermohaline circulation. Ocean Carbon Uptake is highly dependent on
wind speed. We plan to work with other members NOAA climate observing team to estimate the
importance of SST-related variability in surface winds in the context of Ocean Carbon Uptake
(see related material in accomplishments). The FSU flux project also strives to understand the
strengths and weaknesses of our flux product relative to operational assimilation systems™*2
(e.g., NCEP and ECMWEF reanalyses) and continues to provide timely data products that are
used for a wide range of ENSO forecast systems.
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The tasks pertain to the continued development/production of products and the dissemination of
scientific results. Results include an evaluation of the sampling and averaging related biases in
the FSU3 in-situ flux products which has led to the determination that the FSU3 methods are not
ideal for the non-tropical oceans. This, combined with continued funding reductions, resulted in
the termination of the FSU3 product development. We continue to routinely produce the
operational FSU tropical Pacific and Indian Ocean products in compliance with GCOS climate
principles.

Work Plan and Deliverables for the past year include the following:
1. Continue operation production of the 2° Tropical Pacific and 1° Tropical Indian Ocean
FSU wind products.
Develop a multi-satellite wind product
Design a satellite-based flux product, based on (2)
Engage new users of (2) and (3)
Continue interaction with national and international satellite and in situ wind groups
Continue interaction with national and international flux groups

IS

Progress on these deliverables specifically target the program deliverables related to sea
surface temperature, surface currents (via wind observations), and the air-sea exchanges of
heat, momentum, and freshwater. The DAC strives to make high-quality fields of surface
turbulent fluxes readily available to the research and operational marine climate community. We
produced the Pacific and Indian Ocean FSU Winds products, with 100% success in meeting our
timeliness goal. However, we are deeply concerned that deterioration of the TOA/TRITON
array adversely impacted the quality of the tropical Pacific Ocean product, particularly in the
eastern Pacific Ocean where data from this array is a very important component of the in situ
observing system. The data-related problem in Indian Ocean remains a lack of sampling in the
northwestern Indian Ocean due to fears of piracy. Our prior examination of this problem found
an enormous impact on the accuracy of in situ-based products in this region®.

The FSU fluxes support a broad user community. Our web data portal currently shows ~170
registered users from 16 countries. Users are from academic institutions (57), governmental
agencies (30), public/non-profit entities, and the military. Although we do not track the users
applications, we know that many are using the FSU winds and fluxes to support tropical SST
forecast models (e.g., LDEO model; http://rainbow.ldeo.columbia.edu/~dchen/forecast.html).

Our satellite winds are currently undergoing a vast improvement. They were not released during
this funding cycle; however, they are expected to be released in at least a beta testing mode
during the next funding year. Pending improvements based on this beta testing (and based on a
first round of beta testing), the wind product will be released in near real time for oceanographic
applications (we are aiming for release within two days of acquisition of the satellite data, which
is typically within 12 hours for satellite data). Last year our satellite wind product suffered from
the limitation that the technique worked only poleward of 20°. We have now improved the
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physics and can produce the winds poleward of 15°. We are now in the process of adding

physics that will bring similar capability to the tropics. The satellite sensible and latent heat
fluxes will continue to be in a development phase. We have addressed many key issues in
producing a high quality product, and we are working towards integrating these many parts into a
high resolution surface flux product that can be produced with a two day or less delay provided
that collaborators can provide the input data within slightly less than two days.

Specific examples of progress include examination of how small scale sea surface temperature
(SST) gradients modify the surface winds (fig. 1), which in turn modify the surface turbulent
fluxes and vertical and horizontal ocean transport'***. Our model for assimilating ocean
observations accounts for these coupling processes, allowing us to capture the small scale
changes in fluxes in the gridded flux product that we are developing. Traditional reanalysis
techniques based on weather forecasting greatly smooth features with spatial scale less than six
times the grid spacing. These small scale processes result in seasonally and regionally varying
systematic errors in air-sea exchanges of heat, momentum, and freshwater based on these
overly smooth products™. In winter months these biases (fig. 2) are sufficiently large to modify
the temperature and salinity characteristics of near surface water, which will impact sea surface
temperature as well as ocean heat content and transport.

Figure 1. (Top) winter
(DJF) seasonal SST
gradients (> 1 K/100 km)
and data subset regions
located over the Gulf
Stream and the Kuroshio
Extension, and the
associated seasonally
averaged changes in wind
speed (bottom) associated
with these small spatial
scale SST gradients

These same changes in surface winds modify currents in the upper ocean including the surface
currents and wind forced vertical motion* (fig. 3). This extra vertical mixing will also impact
the thickness of the mixed layer and hence presumably modify the ocean heat content in that
layer and the surface temperature. We have found that the magnitude of these changes in
motion at the bottom of the ocean’s mixed layer is larger for smaller spatial scales (fig. 4).
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Figure 2. Seasonal biases in sensible heat flux (left), latent heat flux (center) and stress
(right). From top to bottom seasons are winter, spring, summer and fall. On daily or six-
hourly time scales the changes can by roughly a factor of ten greater.
Figure 3. The Ekman upwelling (the wind-induced vertical motion at the bottom of the
ocean’s mixed layer) calculated for one winter day when surface winds respond to SST
gradients (top) and this small scale wind variability is ignored (bottom). Changes are
often greater than 30%.
FY2014 Annual Report [Type Project name here] Page 7 of 15



Figure 4. Changes in Ekman
upwelling filtered by spatial scale.
The greatest changes occur on
smaller spatial scales (top). The top
scales are between 1 and 2 degrees,
2" from 2 to 3 degrees, and so on
to the bottom image at 5 to 6
degrees

The results shown in the above figures are based on observed sea surface temperatures combined
with reanalysis surface pressures, near surface air temperature and near surface humidities. The
winds are determined through the physical model used in our data assimilation technique. In one
case the SST-gradient influence on winds is removed, and in a second case it is included. These
images show the differences in fluxes and Ekman upwelling due to ignoring the small scale
variability. This approach is done on the same grid we will use to assimilate winds and other
flux-related variables. These numbers are expected to be qualitatively consistent to what we will
find when our data assimilation system is fully functional.

We conclude that observations of fine scale surface vector winds and SST are both vital to the
ocean observing system. The result that variability on small spatial scale cause quite substantial
changes to the ocean system is new in the contexts shown above. Even smaller scales are very
likely to be important. The limiting space and time scale where changes have little impact
because the ocean and atmosphere do not have time to adjust are yet to be determined, but it
seems clear that the current observing system is not yet near this boundary. We point out that
high temporal observations from research vessels appear to provide a practical approach to
furthering such an investigation without modifying the observing system.

A further implication is that small spatial scales are very important to the coupling of the ocean
and atmosphere systems. Since SST changes are associated with Ekman upwelling as well as the
horizontal transport due to these wind changes, there will be considerable two way coupling that
is currently missed in weather and climate models.




Through alternative funding we will examine how these small scale changes in SSTs and winds
modify ocean carbon uptake. The Carbon uptake is a function of wind (or surface stress) and
temperature, therefore we expect that the systematic patterns of winds and SST changes will also
cause systematic changes in Carbon uptake.

The key impediments to moving forward in better understanding two way atmospheric and
oceanic coupling have been:

1) Ability to realistically model and observe small scale variability,

2) The need for a constellation of observing systems and the consequent need to for very
carefully intercalibrated data to avoid spurious small scale variability,

3) Satellite observations for near surface air temperature and humidity have vastly improved in
the last five years, however, they are not yet planned for near real time production, and

4) An appropriate mechanism for assimilating the observations and retaining the small scale
features in a realistic fashion.

We have made great strides with (1) as can be seen in the referenced work by two graduate
students, which will soon be submitted for peer review. Intercalibration was still an issue during
this reporting period, but the intercalibration of winds is currently being greatly improved
through the RapidSCAT mission. Validation of SST gradients is an ongoing concern that the
SST community is beginning to appreciate. We continue to improve our data assimilation
technique, but models that work well in mid-latitudes have failed in the tropics. Weather
forecasting centers (e.g., NCEP and ECMWF) have similar problems as can be seen in impact
statistics for data assimilation.

Website:
http://coaps.fsu.edu/RVSMDC/FSUFluxes/index.php

3. Outreach and Education

Activities related to the Ocean Observing System:
1) Co-Chair, GCOS/GOOS/WCRP Ocean Observation Panel for Climate (OOPC)

GCOS (Global Climate Observing System) sets the climate-related observational
requirements and goals for the earth observing system. The Ocean Observation Panel for Climate
(OOPC) focuses on the ocean observations. Over the last year the panel has gathered
information for a report on the status of the observing system, sponsored a very necessary and
urgently needed workshop on the future of the Tropical Pacific Observing system, and begun to
work on the approach for the next Implementation Plan. Part of these tasks have been working
with the Atmospheric Panel to convey the importance of the ocean for their work, and to push
surface fluxes forward as nominees for status as Essential Climate Variables. | have also been
closely involved in developing metrics for assessing if the observing system is “fit to purpose’
and key identifying purposes.

2) NASA Ocean Vector Winds Science Team Leader (funded through NASA)




Activities most closely tied to the Climate Observing System are pushing forward the
RapidSCAT mission, which is extremely well suited to address calibration differences between
North American and Asian instruments with European instruments, which operate at different
frequencies and resolve different spatial scales. Another NASA funded activity that is relevant to
COD is the development of a global over-ocean gridded fields for surface vector winds.

3) Co-chair or organizer of meetings and session on topics closely tied to the observing system.

Work with students and schools

I have advised two graduate students, John Steffen (MS, 2014) and Paul Hughes (Ph.D 2014) on
projects that are tied to the ocean observing system and closely related to our longer-term goals
for improving the use of this observing system. I have support several local middle school
teachers with climate related information and been interviewed by middle school and high school
students.
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