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|. EXECUTIVE SUMMARY

The Cooperative Institute for Marine and Atmospheric Studies (CIMAS) is a research institute
hosted at the University of Miami (UM) in the Rosenstiel School of Marine and Atmospheric
Science (RSMAS) and incluty at present eight additional Florida and iBbean University
Partners (FAU, FIU, FSU, NSU, UF, UPR USF, UVI). CIMAS is jointly sponsored by the
University of Miami and the National Oceanic and Atmospheric Administration (NOAA).
CIMAS works particularly closely with three NOAA facilities located Niami: the Atlantic
Oceanographic and Meteorological Laboratory (AOML), the Southeast Fisheries Science Center
(SEFSC) and the National Hurricane Center (NHC). Reflecting the diversity of research
conducted throughout NOAA, CIMAS research, education ariceach encompass seven inter
related Themes whi ch arSeendeGoalk ghtsetResealtiOFhéntes St r
were specified by NOAA in the request for proposals (RFP) to which CIMAS responded during
the recompetition process.

Theme 1: ClimateResearch and Impact

Theme 2: Tropical Weather

Theme 3: Sustained Ocean and Coastal Observations
Theme 4: Ocean Modeling

Theme 5: Ecosystem Modeling and Forecasting
Theme 6: Ecosystem Management

Theme 7: Protection and Restoration of Resources

Total funding (Tasks 1, I, Ill and IV)related to this Cooperative Agreement (Ghjring this
reporting period w&s $19.41. Task | which includes not only Administratidout also Research
Infrastructure (shiptime, computing resource access gtEducation and OutrehAcwas ca.
$3.3M. The University of Miami contribute®.24M towards Administration. Task I, which
supports CIMAS employeaeonducting research eftampus wasa. $7.9M.

Projectresearch funding (Tasks Il and V) totaled c8.2M. The largest portiomof Tasks Il

and IV were the research projects witAlihemes (3, 6) Sustained Ocean & Coastal Observations

and Ecosystem Management which together accoun®®r. The smallest portions were in
Themeg4, 5 Ocean Modeling an&cosystem Modeling & Foresting which together account

for only 5%. These percentages are somewhat misleadirigat these Theme assignments
reflect only the Aprimaryo not Imsnamycased ahicy or t
Theme is primary is arbitragiven the inérdisciplinary character of the researchloreoverthe

above expenditures refer only to thaseler this new CAnitiated October 2010. They do not

include continuindgundingduring these same time periodder prior agreements

During this reportingperiod a total ofl22 individuals atUM were directly provided salary
support through CIMAS. Of thes&04 received over 50% of their support through CIMAS. Of

the 104 researckemployees who received over 50% NOAA supp@@tyworked with AOML, 3t

with SEFSEC and one with the NHC. Twenty three of these employees were Research Scientists
including 8 part time former NOAA employees. The employees in the Research Assouate
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Research Scientist ranks have a diverse demographic prdfile. population is 41%emale.
Foreignborn individuals make up 53% of the personnel. Of these, Hispanics make up 23% of

the ranks Asian and Pacific Islander, % The population of CIMAS is relatively young
comparison with NOAA overall (or the local laboratories) and dmasverage age ainly 39.

This is very close to | ast yearo6s demographic

During this last year there were @éerreviewed publications ar@hotler 25 non-pee reviewed
technical reports oother publicationsesulting from CIMAS researciThe results frona few
individual projects are highlighted below. They were selected fuamous themes to be
representative of the wide diversity of activities carried out within CIMAS and are sorted with
respect to threef NOAAG scientific goals. Anore detailed description of thegmjectscan be
found in the body of the Report within the full sets of individual project summamesdedfor

each of the esven CA Themesand separately for individual competitive program awards to
CIMAS investigatos under the new CI policy in that regard

Research, educational and outreach activities conducted by CIMAS during the twelve months
summarized hereibut related to prior Cooperative Agreememisl be separately reported in
subsequent reports as directgdthe NOAA CI Program Office.

SOME RESEARCH HIGHLIGHTS

Goal 1: Climate Adaptation and MitigationAn informed society anticipating and
responding to climate and its impacts

Western Boundary Time Series Project

A This project studies the alorsreamchange in Labrador Sea Water as it travels from the
formation region to 26.] along the eastern seaboard of North America. Results obtained
confirm the transit time from the formation region into the study area is roughly 10 years.
Bulk mixing of this waer was estimated using water property data for various source waters.

Assessing the Sensitivity of Northward Heat Transport/Atlantic Meridional Overturning

Circulation to Forcing in Existing Numerical Model Simulations

A Analyses of temperature/salinitigld from Argo and models suggest that the models do not
capture the seasonal variation in geostrophic transport estimated from observations, which
may be related to wind forcing.

A A nineyear time series of the MOC and MHT estimated from tzasn XBT
measurements suggest that MOC and MHT are highly correlated and a one Sverdrup increase
in the MOC would cause an increase of 0.05 PW in MHT.

A Assimilating Argo measurements into models has greatly improved the model performance
in terms of representing thabserved MOC and MHT structure: the transports of boundary
currents are twice as strong as those duringdpge period, and the overturning flow in the
interior region is reduced.



Diagnostic and Modeling Studies on Impacts, Mechanisms and Predictgbdit the Atlantic

Warm Pool

A Coupled models can show a very weak AWP because of a cold sea surface temperature
(SST) bias in the northwest tropical Atlantic moreover the models demonstrate very different
interannual variability.

A Empirical Orthogonal Funcin (EOF) analysis of tropical Atlantic SST indicates there are
two dominant modes (zonal and meridional) of variability. While some coupled models are
able to display the meridional mode correctly most misrepresent the zonal mode due to the
southeast tropal Atlantic SST warm bias included in the interannual variability.

A Both the positive ENSO phase and the negative NAO phase in winter correspond to
anomalous westerlies in the AWP region. This leads to local heating and subsequent warm
SST. This feature iwell-captured by models.

Development and Evaluation of an Ocean OSSE System

A In energetic regions of the ocean such as the Gulf of Mexico, data assimilation greatly
reduces velocity errors compared to unconstrained ocean models. However, vetocity er
still remain large, indicating that additional improvements are needed with respect to ocean
data assimilation if the models are to accurately forecast the transport and dispersion of oil
and marine debris.

Predicting the Effects of Climate Change dBluefin Tuna (Thunnus thynnus) Spawning in

the Gulf of Mexico Using Downscaled Climate Models

A Low-resolution modelsinderestimate Loop Current (LC) change and the cooling induced.
Higher resolution models show minimal cooling.

A The area of spawninbabitat for the bluefin tuna may not be as drastically reduced as
predicted based upon the IP@&R4 model projection.

Relationship of the Atlantic Warm Pool with the Atlantic Meridional Overturning Circulation

A A large (small) AWPali sf rassthwatagredgaviin h( laod o)
transport across Central America and a | ocal

A Results suggest a novel me ¢ h aimai spno sfiari vio rftehe
bet ween North At ldarmstti,c a®%9T,S aAifertiacddaai nf amés oal

Simulation of the Argo Observing System

A The Argo array has been brought to full strength, and is now providing the oceanographic
community with reliable thredimensional global measurements of tloean temperature
and salinity. These data are used to detect changes in the oceanic state and climate of the
Earth, which has a large societal importance.

A The results from this project have identified regions, in which the reconstruction of oceanic
variades from the Argo data can be less reliable than in the rest of the World Ocean, and
where additional, dense spatial sampling is needed.

PIRATA Northeast Extension (PNE)
A After quantifying the interannual NECC variability based on a synthesis produbie of
surface geostrophic circulation, this study investigated the relation to the coupled tropical



Atlantic climate modes and found indications of a connection with both the meridional and
zonal mode.

An analysis of the mechanisms modulating Atlatropical instability wave (TIW) intensity
found that interannual variations of @uatorial TIWs (with maximum amplitudes near

2 N or 5N) can be largely explained by dynamic effects such as the meridional shear
between the northern branch of the Soutjudorial Current and the North Equatorial
Countercurrent.

In an effort to start measuring the upper ocean with new technology, the Physical
Oceanography Division at NOAA/AOML evaluated an Underway CTD system with two
CTD probes fromOceansciencéhttp://www.oceanscience.com/uctd.hjnauring the PNE
cruise in Julyi August 2011.

Developing the Operational Calibration/Validation Components for VIIRS SST Retrievals

Following launch of the NPP satellite Fall, 2011 and the subsequent activation of the
VIIRS sensor in late January, 2012, the performance of the VIIRS sensor has been monitored
and compared to global in situ observations. Results from analyzing these observations have
been communicated the VIIRS SST team, NOAA Lead Sasha Ignatov, duringédekly
telecons and through submission of analysis reports. Significant have been observation of a
0.15K offset in retrieved VIIRS SST stemming from a change introduced into the VIIRS
Sensor Data Recdr(SDR) radiance file by the JPSS/SDR team andpigsical brightness
temperatures > 400K in therdh band over open ocean during nighttime observations. These
anomalies have been reported to the appropriate JPSS teams for investigation and
remediation.In addition, the global matchup VIIRI8 situ database has enabled comparison

of various team member proposed SST retrieval algorithms using both proposer supplied
SST retrieval coefficients and equivalent coefficient sets estimated at RSMAS. This has
fadlitated selection of the best SST retrieval approach and enabled calculation of an
uncertainty budget. In situ validation observations are being acquired byAteRVIMark |

and Mark Il radiometers on board ships of opportunity. Installation of omwoopf the
radiometers on board RCCL cruise line ships is being undertaken this year.

Goal 2: Weather Ready NatiorSociety is prepared for and responds to weather
related events

Impacts of NonCanonical El Nifio Patterns on Atlantic Hurricane Activity

A

Non-canonical El Nifio patterns, namely central Pacific warming, El Nifio Modoki, (+) phase
TransNifio, and (+) phase Pacific meridional mode, have insubstantial impact on Atlantic
TC activity because théropical Pacific SSTs associated with these padtare not strong
enough to cause a substantial warming of the troposphere in the Atlantic region.

Advanced Modeling and Prediction of Tropical Cyclones

A

The operational HWRF modeling system has become the highest resolution hurricane model
ever implemented operationally by the National Weather Service and haspelonitting
resolution. Retrospective experiments show improvements of both track andtyng€8si

and 10%, respectively.


http://www.oceanscience.com/uctd.html

Studies in Support of NOAAOGs Operational Oc e a

Horizon Measurements

A Aircraft-based ocean measurements acquired during Deep Water Horizon incident provided
an independent measure of daellitederived isotherm depths and OHC products from the
SMARTS climatology.

A Using an archive dating back to 1998, data have been provided to CIRA to update regression
parameters for OHC in the Statistical Hurricane Intensity Prediction Scheme fmaharr
intensity forecasting at NHC during the upcoming season.

Marine Optical Buoy (MOBY) Operations Bridge Through NPP Launch

A For the ocean color data record to be compared, merged, and maintained over a significant
time period between international dbite sensors requires a common calibration point,
maintained at the highest accuracy possible. The MOBY calibration site, supported by this
work, provides that single reference point used by the international community of ocean
color satellite systems ftite these measurements together and is a key asset to the current,
recently launched, NOAA satellite instrument, VIIRS.

Goal 3: Healthy OceansMarine fisheries, habitats, and biodiversity sustained
within healthy and productive ecosystems

IntegratedMarine Protected Area Climate Tool (IMPACT)Planning and Implementation of

a Standardized Webased Data Access Service for IMPACT Data Layers Using NOAA's

IOOS Data Management and Communication (DMAC)

A This is the first attempt to incorporate biogeochmthidata from water quality monitoring
programs into 100S. The U.S. EPA, the Florida Department of Environmental Protection
and the National Park Service have recently adopted the biogeochemical segmentation of the
Florida Keys National Marine Sanctuanydathe SW Florida Shelf waters derived from from
this research, for the determination of numeric nutrient criteria.

Vieques Sound and Virgin Passage Transport Study Modeling

A Simulated current are being used to assess regional linkages and biophysical connectivity
between marine habitats in order to assess the effectiveness of MPA management and to
develop adaptive strategies for the future. To improve the accuracy of thectwatne
network, the model is constrained by observations. A specific data assimilation scheme for
ADCP profiles was being developed specifically for the model of this region.

Investigation of the Movement of Adult Billfish in Potential Spawning Areas

A Major peerreviewed contributions describing ocean scale hypbaged habitat
compression of billfishes, vertical habitat use by sailfish, and-netestise behavior
modification of tagged fish.

Assessing the Locations and Status of Reef Fish Spawning Aggfrens in the Florida Keys

A The question being addressed is whether there is a consistent relationship between seabed
geomorphology and the locations of FSAs in the Florida K&ysr 55% of the benthic
habitat of the FKNMS remains unmapped, mostly in wakeeper than 20 m, which is
primarily where the FSAs of commercially important as grouper and snapper species were
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historically found. Through a combination of acoustic seabed classification, fisheries acoustic
surveys, aerial and diver observations, we iavestigating the current status of historical
spawning aggregation sites as well as patterns of seabed features common to those sites.
Knowledge of such a relationship is essential to refine the FKNMS zoning plan.

Dispersal, Habitat Use and Behaviof Neonate Sea Turtles in the Gulf of Mexico and Waters

Impacted by the Deep Water Horizon MSC 252 Oil Spill

A This project is attempting to bridge gaps in our understanding of early sea turtle life history
in order to provide improved estimation of theeat foraging areas and along migration
routes for oceanic stage sea turtles in the Gulf. Novel satellite tracking methods coupled with
theoretical ocean circulation simulations have provided the first tracks of oceanic stage sea
turtles in the Gulf of Meico.



lI. CIMAS M ISSION AND ORGANIZATION

CIMAS, the University Partners, and NOAA

The Cooperative Institute foMarine and Atmospheric Studie€IMAS) is hosted athe University

of Miami (UM) in the Rosenstiel School of Maria@d Atmospheric Science (RSMAS) and includes

at present eight additional Florida and Caribbean University Partners (Florida Atlantic University
(FAU), Florida International University (FIU), Florida State University (FSU), NOVA Southeastern
University (NSU, University of Florida (UF), University of Puerto Rico (UPR) University of South
Florida (USF) and University of the Virgin Islands (UVQIMAS works particularly closely with

the three NOAA facilities located in Miami the Atlantic Oceanographic and Merological
Laboratory (AOML) the Southeast Fisheries Science Center (SER8@Q)the National Hurricane
Center (NHC) seewww.ci-mas.orgor additional details and geographic distribution.

Goals

Although CIMAS hadservedits purposewell for more than three decades, it needed
substantially changen orderto keeppacewith changes in scientific and societal priorities as
well as changes in both NOAA and the regional university landscapge re-competition
proess represeatl an opportunity toestablish arenewed institution that euld take full
advantage of the scientific and educational capabilities of the academic community within our
region, better connect NOAA with the needs of its stakeholders and év@Bla to better
address the enormous challenges of the twenty first century.

Vision:

1 To serve as a center of excellence in Earth System, Ecosystem and Human Dimensions
Science and improve information about and understanding of the changes transforming our
environment and society;

1 To disseminate this information and the understanding resulting from it through targeted
education and outreach activities; and,

1 To facilitate the process of applying our scientific knowledge to effectively sustaining,
protecting ad restoring our natural environment as well as the economy and human
society that ultimately depend upon it.

Mission:

1 To conduct research in the terrestrial, ocean, and atmospheric environments consistent
with the priorities abpdfyiureéeatsar Misson.NOAAOG S pr

1 To characterize physical, chemical and biological interactions and processes within,
between, and amongst these environments;,

1 To better understand the role of humans in affecting these environments and the impacts
of changen these environments upon human societies and economies, and,

1 To create and implement formal education and training programs creating the
intellectual capital required by the present and future NOAA


http://www.ci-mas.org/

To achieve this Vision and carry out this ambitioBssion, CIMAS re-invenied and
restructuredtself:

1 By enhancing interconnections with the regional NOAA community beyond Virginia
Key (includinginter aliaNWS/NHC, Florida SG, SECART, GOMART);

1 By broadening the participation of the regional academic commbeypnd UM by
incorporating; complementary capabilities from other Florida and U.S. Caribbean
universitieg(specifically FAU, FIU, FSU, UF, USF, NSU, UPR and UVI);

1 By offering NOAA access tatateof-the-art research infrastructure both at UM and its
partner universities(including high performance computing facilities, ships, ocean
engineering technology, hurricane simulation facilities; etc)

1 By developing new graduate and undergraduateatidumnal programs to train the NOAA
workforce of the future.

T By establishing coll abor at i v dspecifedllyaNGl,on s hi p
CIOERT and CICS)

1 By specifically addressing NOAA priorities most relevant to our thematic focus including
the Future NOAA Workforce, the NOAA Hurricane Forecasting Improvement Program,
Community Resilience to Extreme Weather Events, Climate Services, Ecosystem
Approaches to Management and Marine Spatia
Guidance Memorandaios, Research Plaand Strategic Plas

How CIMAS Carries Out Its Mission
Cl MAS addresses i ssues of nati onal i nterest
environmental prediction and stewardship. CIMAS accomplishes this:

A By fostering facilitating and implementingoint projects betweerregional university
scientists and those employed by NOAA;

A By providing a mechanism for engaging undergraduate students, graduate students and
postdoctoral fellows in this research;

A By arranging 6r visiting specialists to enhance the general effort in relevant research
areas through short term consultations and seminars or by arranging for their involvement
in ongoing projects for longer time periods;

A By providing training for personnel in vamis areas of research in marine and
atmospheric science.

CIMAS enhances NOAAiniversity cooperation and thus promotes both the quality and
attractiveness of the local NOAA facilities as a scientific working environment. It also serves to
increase the brdat h of wuniversity activity in research
mission.

The Link between CIMAS Research and NOAA Goals
CIMAS research and its scientific objectives have been guided by the general objectives of
NOAAOGs scientific mission goal s:



Goal 1 Climate Adaptation and MitigationAn informed society anticipating and responding to
climate and its impacts

Goal 2 WeaherReady Nation Society is prepared for and responds to weatkéated events

Goal 3 Healthy Oceans Marine fisheries, habitats, and biodiversity sustained within healthy
and productive ecosystems

Goal 4 Resilient Coastal Communities and Economi€pastal and Great Lakes communities
that are environmentally and economically sustainable

These NOAA'sscientific mission goals are consistent with the broasigentific mission of
CIMAS and each research project in CIMASust contribute to at leasine of theseNOAA
goals.

The Administration and Governance of CIMAS

The organization of CIMAS is designed to reflect the joint interests of the universities and
NOAA in carrying out the CIMAS Mission. The Director of CIMAS iseniorfaculty member

of the host institution, the University of MiamMany aspects of the governance of CIMAS are
dealt with in consultation with the CIMAS Council of Fellows and the CIMAS Executive
Advisory Board.Fellows are scientists of established natiamanternational standing who hold
regular teaching or research faculty appointments in one of theaiheipatinguniversities or

who areseniorstaff membersat one of the three local NOAA facilities. The Fellows play an
important role by providing guidance to the Director of CIMAS in matters regarding the
implementatoro f r esearch progr ams. One of the Fell o
developmenif new CIMAS research activities that benefit both NOAA and the universities.
The Council of Fellows is chaired by the CIMAS Director. The Executive Advisory Board
consists of a senior administrator from each of the universities, the Directors of #néottale
NOAA facilities and the Director of the NOAA CI OfficeThe CIMAS Director participates as
anex officiomember of the Board and was appointed by the Board.

CIMAS activities fall into four Task categories. Thalministrative functions of CIMAS ra

carried out under Task | with funding provided by both the University and NOAA. Tals |

includes both Research Infrastructure and Education & Outreadbnder Task II CIMAS
supportsresearch scientisty research associatedio work on research pgexts carried out off
campus primarily at NOAAGS Mi a mi facilities.
complements that already present within NOABZIMAS Research Scientists can serve as

project principal investigators and submit proposals to NOAAahdr agencies. See Tasks lli

and IV (see below).

The remaining research in CIMAS is carried out under Tasks lll and Task IV. These Tasks
provide funding to university faculty and scientists to congwojectbasedresearctconsistent

with CIMAS researchthemes. Task Il primarily encompasses research collaborations with
NOAA scientists(typically but not necessarilpcated in Miamj and NOAA program offices.
Support forindividual Task Il projects is based goroposals submitted to specific NOAA units

or funding programs oftebut not necessarilyn response to a general Announcement of
Opportunity or Request for Proposals. TalBk encompasses projects that support or
complement the NOAA mission but are funded by other fede@tNOAA), state or puate
funding sourcesNon-UM CIMAS University Partners are funded by NOAA through Task llI.
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lll. PERSONNEL

Distribution of Personnel

CIMAS personnel participate in a wide range dDAA-related activities. During the past twelve
monthsa total of 125 persons werassociatedvith CIMAS in various capacities. Of these, 104
received over 50% of their support from NOAA sources. Table 1 shows the distributibasef
individuals by category and by their association with the local NO@ailities. Of the 104 who
received over 50% NOAA suppom9 are associated with AOML34 with SEFSC and one with
NHC. Two of these work out of statéll but two were research personnel.

Table 1: CIMAS ResearchPersonné 20117 2012

Category Number
Research Assaate/Scientist 68

Part Time ResearcAssociate/Scientist
Postdoctoral Fellow

Research Support Staff

Total (> 50% NOAA support)
Administratbn

Task | Undergraduate Students
Task | Graduate Students
Visiting Scientist

69
AOML

NOAA Association 34-FFSC
1-NHC

Obtained NOAA employment within the
last year

2

CIMAS Research Associates/Scientists are hired into adeéheated series of categories that allow

for professional advancement in the research ranks. There is a sequence of five positions targeted for
advanced technical or scientific stafsential @ support of research activities at the University.
Advancenent is not automatic with time in grade. Additiormlucation, continuing professional
achievement, and/or increasesponsibilityarethe basis for advancementti@herlevel positiors.

The pragression order is: Research Associate, Senior Research Associate, Assistant Scientist,
Associate Scientist, and Scientist. The "Scientist" ranks (Assistant Scientist, Associate Seidntist
Scientist) aredesignedto parallel those of the research facudtly the University (i.e., Assistant
Research Professor, Associate Research ProfessbResearch Professorpver the last twelve
months, there were in additi@ntotal of7 Postdoctoral FellowsPostdoctoral Fellows have become

an increasingly mportant part of the CIMAS employee pool during the current Cooperative
Agreement A new category of CIMAS employment is noesearch support employee (e.g.
computer program or engineer). At present there are only two such employees.
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Research Support Staff aremporary employees, hired for the duration of specific projects. These
include persons from a variety of backgroumiduding both retired PhDs ardcal high school
students ofteas a part o€CIMAS associated KL2 outreach programs.

It should be notedhaat altrough CIMAS has the status of aviBionwi t hi n UMOo Schoglo s en st
it has no faculty. School faculty participate CIMAS activities in many ways, but they hold their

primary appointment in one of the School academic divis{orduding both tle CIMAS Director

and Associate Directorlniversity faculty are not counted in the listing of the 186t even those

who serve as CIMA%ellowsor conduct Task Il research projectdl the graduate students who

work on CIMASTask Iprogramsand are inluded in the 125 total aldzave their primargffiliation

with an Academic bvi si on which has the wultimate respor
academic performance and the granting of degrees.

SeeSection Xor the list of students and peddcs associated with CIMAS.

Over tre past twelve month§€IMAS hascontinued its efforts to improve thveorking environment
of its manyoff-campus employees. Specific efforts incldde

1. Updat i Awards Rolecymodeled upon the awards available to NOAA employees
(http://cimas.rsmas.miami.edu/pdfs/CIMAS _Award_Program_Policy.pdd awardingl3
awards under this policy

2. Expandingthe breadth anohcreasing theipper limit of the Pay Bands dpgable to CIMAS
employees (http://cimas.rsmas.miami.edu/pdfs/pagnds.pdf and not only hiring new
employees within these litsi but raising the salary of legacy employees so they now fall
within the appropriate pay bands

3. Assisting personnel with respect to the increasing difficulty of negotiating the escalating
requirements of the Department of Homeland Security (many CIM#&sk Tl employees are
not U.S. citizens)and,

4. Preparing and providing briefing documents and workshops for rel®@A¥A personnel
(advisors and administratorsegarding UM Human Resources policies, practices and
regulations.

5. Providing support for pattime liaison positions at each of the two primary-cdimpus work
sites (AOML and SEFSC).

CIMAS Fellows

CIMAS Fellows play acritical role in the governance of the Institufd.present there are 3DIMAS

Fellows 6 CIMAS Fellows are from RSMAS, ®om thelocal NOAA facilities and 15 from the
Partner Universities.A list of the present CIMAS Fellows is given in tRellows section of this

report along with thie affiliation. The CIMAS Director servesx officioas the Chair of the Fellows.
Given the geographic dispersion of the membership, meetings are conducted as GOTOMEETING
teleconferences. Although it was cancelled this year due to the overall uncertainty in the NOAA
budget process (and the inability therefore to obtain appropriate NOAAsegation) an annual
meeting in Miami was planned is expected to be held next year.

CIMAS Executive Advisory Board

The Board includes the Directors of the local NOAA faciliies Atlas, OAR/AOML; B. Ponwith,
NMFS/SEFSCand R. Knabb, NWS/NHX the Diector of the NOAA CI Office (P. Hoffman) and
senior administrators from each of the Partner Universities including the Dean of UM/RSMAS (R.
Avissar), the host institution. (A list of members is given inExecutive Advisory Boarsection of
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this reportalong with their affiliation. Given the geographic dispersion of the membership, these
meetings as well are conducted as GOTOMEETING teleconferences.

CIMAS Administration

CIMAS administrativestaff consists ot Director. Dr. Peter B. Ortneran Associate DirectorDr.
David Die, and three fulime administrative personnel Parttime or workstudy students are
employed on an as needed basis.

Transition to Federal Positions

More than thirty five former UM undergraduate/graduate students amd&garch CIMAS
employees currently hold Federal positions in the three local NOAA facilities. This total represents
only a small fraction of the hundreds contributed to the national NOAA workforce. During the past
year, 1 more CIMAS employee joined higgecessors in this regard.

Demographics of CIMAS Employees

The CIMAS population igl1%female. Foreigiborn individuals make up3% of the personnel; of
these Hispanics make @3% of the ranks; Asian and Pacific Islanglel7%. Only 3% are African-
Americars despite our efforts to expand tlgsr o u p 6 s  p arhet populatipradt CIMAS. is
relativdy young with an average age of.3Bhe largest agdecade is that between 30 and 40,dor

total of49. Comparison with local laboratory populationsdahe overall NOAA federal workforce
analyses, indicate this is a much younger and more diverse group than the overall NOAA population.

CIMAS Student Employees

There are currentl$ UM/RSMAS graduate studenwipported through CIMAS Task I. Many others

are supported on Task Il projects and in other capacitiesS@eten Xor a full list). In addition 5
undergraduates are currently supported. A number of high school students are also being employed
as tenporary hires (under the category "Research Support Staff'). Most of these are enrolled in the
Miami-Dade MAST Academy, a magnet school in the county (see Outreach) whiclosated on

the Virginia Key Marine Campus adjacent to AOML and across thet e the UM marine
campus
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General Funding:

This reporting period, funding from all sourcestaled ca. $19.4M under the new Cooperative
Agreement. Asummary of inding under the four Tasksshown in Table .1

V. FUNDING

Table 1: Summary of Funding

Period

Task |

Task Il

Task Il

Task IV

TOTAL

Year 1

1,742,457

7,924,090

1,583,572

824,640

12,074,459

Year 2

3,269,557

7,880,380

6,236,972

2,012,573

19,399,482

TOTALS

5,012,014

15,804,470

7,820,544

2,837,213

31,474,241

The sources ahatfunding are showim Table 2. The major source of fundiogntinued to b®©AR
which provided41% of the total. NESDIS, NMFS and NOS were second &t ,196% and 13%
respectively. Of the total OAR funding mastiginated from the {imate Program Office (CPO
Ancther major source of OAR fundingas associated with the implementation of the NOAA
Hurricane Forecast Impvement Program (HFIP) programii Otdhes our c e s
awards from NSANOPP and pvate industry as well as stdontractual awards from FIU and USF

Table 2: Funding by Source

1 July 2011 - 30 June 2012

Source

Funding $M

% Total

OAR

7.95

41%

NESDIS

3.77

19%

NMFES

3.20

16%

NOS

2.48

13%

Dept of Defense

0.43

2%

CRCP

0.30

2%

NWS

0.56

3%

Other

0.71

4%

GRAND TOTAL

19.40

100%

Funding by Task

CIMAS activities continue to beadministratively grouped under four distinct Tasks tredtect

complementanaspects of the CIMAS mission.
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A Task | providessupport forthe Administrative structuref CIMAS (including website outreach,
meetings, GOTOMEETING et¢.INOAA access to Bsearchnfrastructureas well asupport for
students and limiteterm visiting scientists.UM directly contributes to the admirtigtion of
CIMAS as a Division within the Schoainoreover UM charges no Indirect Costs (IDC)
whatsoever on Task | expenditures.

A Taskl provides support for reseams and support personmhployed by CIMAS taonduct
collaborative research primarigt NOAA facilities. Their expertiseomplemerd that already
existing at NOAA or present at UM. Support for postdoctoral research associates is also
includedunder Task LIl UM charges 26% IDC on Task II.

A Task Il and Task IV encompasgrojectspecific researchfunding atCIMAS. TheseTasks
provide supportdr research byniversity faculty, scientists and students. THskencompasses
activities that are funded by NOAA anahy becarried out in cooperation with NOAA personnel
in the laccal NOAA laboratories and elsewhere in the United Statask Ill proposals may be
submitted by UM or Partner University faculty and scientists or by CIMAS research scientist
employeesTask IV includesprojectssupported by other (neNOAA) funding soures The
approval of the Director (as the designate of the RSMAS Dean), is required for CIMAS
employees to submit Task Ill or IV proposalsTheir subject must be consistent with CIMAS
research themes and contribute to NOAA strategic goBite indirect ost rate for Tashll is
40% andfor Task1V is either the federally negotiated UM rate (currently5%3 or whatever
rate is specified in the relevant RFPThe lower rate for Task Il isn recognition of the
substantial funding CIMAS receives from thecdd NOAA laboratories under Task 1 for the
Administrative sipporttoward which that IDC would have contributed.

The total of Task | Funding (including the UM contribution) was $ 3.50M, of which $0.58M was
for the Administration component and the remeainfibr Research Infrastructure, Education and
Outreach.The distribution of NOAA Task Ixpenditures is shown in Figure 1.

Task 1: General Activities

4% 1%

B Graduate Students
® Undergraduate Students
= Temporary Staff
® Qutreach
= Administration
= Shiptime
Internet I and II

Other Research Support

Figure 1. Distribution of Task 1Funding
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The total NOAAsupportedTask 1 budgetwas $38/The category @ Adoweisni str a

only a portion of the salagf CIMAS staff including its Director and Associate Director. In addition,
the University of Miamiprovided adirect contributiorto Task | Administration of anoth&:.237M.

The category "Other" 12%cludes: travel for students, visiting scientists and temporary staff in
support of research activitiesiew hire expenses rigg tests, background searchesdnsulting
agreements, other supplies (computer equipmenphezals, etc,)and access to high performance
computing or other university owned research facilitRassearch shifime account$or 46% of the
total; this is the first year in which NMFS/SEFSC not just AOML provided funding fortghip.
TemporaryStaff (14%) covers persons hired on a temporary basis to support research.

The funding provided for Task Il employees totaled $7.9M over the past twelve months. The
distribution of these funds by employee category is depicted in Figure 2.

Task Il Employee by Category

4%
M Research Associates

M Senior Research
Associates

W Postdoctorals

B Programmers

m Assistant Scientists

W Associate Scientists

Scientists

Figure 2 Distribution of Task2: Funds by Employee Category

Funding By Theme

Project specificresearch funding (Tasks Il and I\dnder the new CA totaled ca. $8l12as
shown above in Table Eigure3 shows the percentage ofskalll and Task IV funding expended
upon each CIMAS Themes during the twelve montkX.total CIMAS research fundgheme 3:
Sustained Ocean and Coastal Observations accounts for the largest portion of the- #W@#tinghe
smallest portion of funding véan Theme 5: Ecosystem Modeling and Forecas$ti2gp.

The distribution ofproject specifidunding by Theme as shown in Figurés3ased upon somewhat

arbitrary assessemts of the major focus of specific projects. In truth nearly all CIMAS progrets
highly interdisciplinary and could reasonably be assigned to more than one.Theletterreflect
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this complexityprojects are given not only primary but also secondary (and somet@mesy)
theme assignmentsThis figure only shows the distribon of funding under dskslll andIV; it
does not show the funding that supports T#skesearchpersonnel working orresearch that
necessarilyfalls within these same Themes. While the salaf those personnel ispaid through
CIMAS all the other costsof those research projects are budgetieectly within NOAA and no
specific project proposal was submitted through CIMAS to obtain the requisite funding.

Research Funding by Theme

0,
4% ® T-1 Climate Research and
Impact

W T-2 Tropical Weather

8% ® T-3 Sustained Ocean and
(] .
Coastal Observations
® T-4 Ocean Modeling

W T-5 Ecosystem Modeling and
Forecasting

Z%h-‘
__—

3%
W T-6 Ecosystem Management

W T-7 Protection and
Restoration of Resources

Figure 3: Percentage of Task 3 and Task 4 (Research) funding in the CIMR®&mes

Table 3 belowtabulates NOAA current funding received by CIMAS under the present
Cooperative Agreement as well as its immediate predecessors. Note that the Continuation and
Shadow continue to be operative and in effect during the present reporting period althoegh thos
expenditures are not reported hereiAs per the guidance issued by the NOAA CI Program
Office, they will be the subject of subsequent reports.

Table 3: Recent NOAA Funding

Award Number Award Period Total Funds

NAOBOAR4320892ontinuation | 07/01/08- 06/30/12 6,809,019

NAOBOAR4320889 Shadow 07/01/08- 06/30/13 3,068,262

NA100AR4320143 09/01/10- 08/31/15 28,637,028

NA110AR4310207 09/01/11- 08/31/13 71,964
NA11INOS4780045 09/01/11- 08/31/16 1,491,950
NA110AR4310077 09/01/11- 08/31/14 99,959
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Funding distributed through CIMAS to the Beer Universitiesduring the present reporting
periodwas$.92M or 16% of Task Ill(Partner Universities are only eligible for Task Il funding
through CIMAS).

Conclusion

In our funding summary we report only expenditures duringtwedve months project period
under the new Cooperative Agreeméiifiere were considerable additional CIMAS expenditures
that eitherjust missed the deadline (or represented continuations afxweng awardsyvhich
werenot included herein.Moreover here are a substantial number of researath educational
activitiesthat arecarried out by university faculty that complemant! contributéo the NOAA
supported CIMASlinked programs buare supported directhyoutside CIMAS Consequently
there is considerable leveraging of NOAA funds which does not appear in thetpresen
accounting.
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V. RESEARCH THEME OVERVIEW
Organization of CIMAS Themes

CIMAS conducts research, support research and education and provides outreach services with
respect to the following scientific topic§ hese Research Themes were defined by N@XAe
request for proposals (RFP) to which we responded in the recompetition process.

Climate Research and Impact

Tropical Weather

Sustained Ocean and Coastal Observations
Ocean Modeling

Ecosystem Modeling and Forecasting
Ecosystem Management

1 Protectionand Restoration of Resources

= =4 4 -4 A4 4

Research Themes

1. Climate Research and Impacts Research focused upon understanding oceanic and
atmospheric processes associated with global and regional climate change on various temporal
scales a well asthe impacts of lanate vaiability and change. Activitynder this themalso
includes both research to determine effective regional adaptation strategies, thed
develomnent of new climate information products and tools appropriate for evolving user needs,
particularly in the Southeast United States and the Caribbean.

Theme 1 activities contribute to NOAA Mion Goal 2: Understand climate variability and
change to enhance societyés ability to plan a

2. Tropical Weatheri Research conducted under this theemeompasshe collection and
analysis of hurricanes and other tropical weather systdrervations Research activities
include identifying and validating observational needs, developing instrumentation, obtaining
obsewations, studying the optimum configurations for observation networks, modeling and data
assimilation, expediting and facilitating the transition of research to operations, and developing
analysis and forecast applications for operations.

Theme 2 activtis contri bute to NOAA Mission Goal 3:
and Water Information

3. Sustained Ocean and Coastal ObservationsResearch focused on the collection and
analysis of observations of the ocean and coastal environment impontamderstanding and
monitoring on a range of timescales, particularly in the Gulf of Mexico, Caribbean and Atlantic.
This includes the development and improvement of ocean and coastal observation platforms and
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instruments that measure biological, physi@id chemical parameters; studying the optimum
configurations for observation networks; modeling, data assimilation, and diagnostic analysis of
local, regional, and globamarinedata sets; and information product development.

Theme 3 activitiegontribute to NOAA Mission Goal 1: Protect, Restore, and Manage the Use

of Coastal and Ocean Resources through Ecosysteared Management

Theme 3 activities contribute to NOAA Mign Goal 2: Understand climate variability and
change t o e ndbilitytcman and espend.y 6 s

Theme 3 activities contribute to NOAA Mission
and Water Information

4. Ocean Modelingi Research focused upon improved model representation of ocean
processes patrticularly tise processes governing sea surface temperature, upper ocean heat
content, and salinity variability including asea exchanges, heftix, lateral ocean advection,

and entrainment at the base of the ocean mixed layer that play a significant role in controlling
shortterm variability in ocean and coastal circulations as well as g variations. It also
includes modeling of the ocean from the surface to the ocean floor to improve understanding
and, eventually, forecasting of climate variability and climdtenge

Theme 4 activities contribute to NOAA Mission Goal 1: Protect, Restore, and Manage the Use

of Coastal and Ocean Resources through Ecosysteased Management

Theme 4 activities contribute to NOAA Mign Goal 2: Understand climate variability and
change to enhance societyodos ability to plan a
Theme 4 activities contribute to NOAA Mission
and Water Information

5. Ecosystem Modeling and ForecastingResearch focused upon improved forecasbindpe

structure and function of marine ecosystems including the provision of ecosystem services,
particularly in the Southeast U.S. coastal ocean, the Caribbean Sea, and Gulf of Mexico Large
Marine Ecosystems. These regions are the primary geographis fifcthis and the following

two research theme areas. Modeling and forecasting topics include: human health (e.g., beach
closings, fish contaminants, and harmful algal blooms), fish recruitment and productivity, and
protected species sustainability andcre ver y , al |l of which are dee
responsibilities with respect to the assessment and management of living marine resources and
their habitats.

Theme 5 activities contribute to NOAA Mission Goal 1: Protect, Restore, and Manage the Use
of Coastal and Ocean Resources through Ecosystsamsed Management

6. Ecosystem Management Research focused upon promoting sustainable coastal
devel opment , facilitating community resilienc
management in thBoutheast U.S. coastal ocean, the Caribbean Sea, and Gulf of Mexico marine
ecosystems by enhancing scientific understanding of the interconnections between the marine
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ecosystem and the adjacent watershed including their human health and resource stpwardsh
implications. This research theme (as well as the one following) specifically includes human
dimensions science in addition to the natural sciences.

Theme 6 activities contribute to NOAA Mission Goal 1: Protect, Restore, and Manage the Use
of Coastaland Ocean Resources through Ecosystbased Management

7. Protection and Restoration of Resource$ Research focused upon the prototype
development of technology, tools, and effective approaches to restoration, as well as bio
geographicalcharacterizations, intended to enable improvements in defining and protecting
components of marine protected areas and restoring habitats and populations. A wide range of
problems are addressed from removing contaminants to providing new materials amduesh

to protect underwater cultural resources.

Theme 7 activities contribute to NOAA Mission Goal 1: Protect, Restore, and Manage the Use
of Coastal and Ocean Resources through Ecosysteased Management

In Section VI following, Task Il, Il and NMCIMAS research activities are briefly described and

the participating university and NOAA personnel enumerated. More detailed information on
specific research activities can be obtained by contacting the participants. As discussed above,
the activities are agted byprimary theme but in some cases this is an essentially arbitrary
decision and the same project could as well have been assigned to anotlagic ttegegory.

For that reason we asked those preparing reports to choose not only the primaryutheseeib

they so desirga secondaryandtertiary theme.
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THEME 1: Climate Research and Impact

Western Boundary Time Series Project

Project Personnel: R. Garcia, K. Seaton, J. Hooper, N. Melo, G. Rawson, R. Roddy,
R. Dominguesand G. Berberian (UM/CIMAS)

NOAA Collaborators: M. Baringer, C. Meinen, Ssarzoli, R. Smith, U. Rivero, P. Pena,
A. Stefanick and YH. Daneshzadeh (NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To monitor the meridional overturning circulation through sustained time series
observations of the North Atlantic western boundary currents.

Strategy To use a wide range of observationssubmarine telephone cable measurements,
hydrographic, satellite, freely droppeddamoored instrumentsto study the Florida Current,
Deep Western Boundary Current and Antilles Current systems.

CIMAS Research Theme:

Theme 1 Climate Research and ImpacBrifary)

Theme 3 Sustained Ocean and Coastal ObservatiSasgndary
Theme 4 Ocean ModelingTertiary)

Link to NOAA Strategic Goals:
Goal I Climate Adaptation and Mitigation An informed society anticipating and responding to
climate and its impacts

Funding Unit: OAR/AOML and OAR/CPO NOAA Technical Contact: Alan Leonardi

Research Summary:
Variations in the transport of the Meridional Overturning Cell (MOC) in the Atlantic Ocean have
been shown in numerical climate models to have significant impacts on the climate over a wide range
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of locations around the globe. In the Atla i c , near 2 7 elimb of the OCM& r m u p
principally carried by the Florida Current between the eastern Florida coast and the Bahamas,
although the Antilles Current east of the Bahamas also carries some of the warm northward flow.
The southwardeep flow of the MOC is contained primarily within the Deep Western Boundary
Current east of Abaco Island in the Bahamas, although some fraction is also thought to transit near
the Mid Atlantic Ridge. Longerm observations of the Florida Current, Ansli€urrent and Deep

Western Boundary Current are required in order to quantify the natural time scales of variability for
these currents.

This project maintains NOAA's wedistablished and climatically significant Florida Current volume
transport time gé&es. Almost 30 years of daily mean voltaggrived transports have been obtained

for the Florida Current using cof-use and iruse telephone cables spanning the Straits of Florida.
The cable voltages are converted to physically meaningful volume traresgtimates, i.e. intensity

of the flow, using electromagnetic induction theory and data from calibration sections on research
vessels. Quarterly calibration cruises for cable transport and water mass changes within the Florida
Current were conducted dnhe Uni versity of Miamibés R/V Walto
charter from Sailfish Marina in West Palm Beach, and on the NOAA/AOML Research Vessel
Hildebrand. During the past year, the monitoring and data distribution systems for the Florida
Current cable program have continued, providing Florida Current volume transports in near real time
via the web paghttp://www.aoml.noaa.gov/phod/floridacurrgee Figure 1).

R This project also maintains moored instruments and

e wesss’ | repeated hydrographic sampling east of Abaco Island
; e that has established a hitgmporairesolution reord
of water mass properties in the Deep Western
Boundary Current. Events such as the intense
convection period in the Labrador Sea and the renewal
of classical Labrador Sea Water in the 1980s are clearly
reflected in the cooling and freshening of the Deep
Western Boundary Current waters off Abaco, and the
arrival of a strong pulse of Labrador Sea Water
approximately 10 years later. Through a collaboration
T with  the National Science Foundatifumded
Meridional Overturning Circulation Hedlux Array
Figure 1: Volume tansport of the Floridg experiment and the United Kingdom National
Current at 27°N. The two most recent yed Environmental Research Council funded RAPID
are highlighted in color. Meridional Overturning Circulation program, this

program executes hydrographic cruises each year to

monitor water mass changes along 26.5°N east of Abaco Island in the Bah@hese cruises
usually involve collaborations with scientists from RSMAS/University of Miami and from the
National Oceanographic Centre, Southampton (NOCS), United Kingdom.

Research Performance MeasureMost research goals were met during this last .ye&ve
continue to achieve our major main objectiveo maintain the continuity of this long term data set

and to continually improve the calibration of the data obtained. One research cruise was canceled
due to ship time availability issues (November 201

23


http://www.aoml.noaa.gov/phod/floridacurrent

Assessing the Sensitivity of Northward Heat Transport/Atlantic Meridional
Overturning Circulation to Forcing in Existing Numerical Model Simulations

Project Personnel:S. Dong (UM/CIMAS)
NOAA Collaborators: M. Baringer,G. Goni ands. Halliwell (NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To investigate the mechanisms underlying the observed differences in the role of Ekman
and geostrophic transports in the Atlantic Meridional Overturning Circulation (BM&hd the
net northward heat transport in both the North and South Atlantic on seasonal to longer time
scales, and to diagnose the causes for the inconsistency between their observed variability and
that demonstrated in the numerical model simulations.

Strategy. Combine data analyses and numerical model outputs.

CIMAS Research Theme:
Theme 1 Climate Research and Impact

Link to NOAA Strategic Goals:
Goal 1 Climate Adaptation and Mitigation An informed society anticipating and responding to
climate and its impacts

Funding Unit: OAR/AOML and OAR/CPO NOAA Technical Contact: Alan Leonardi

Research Summary:

(1) Analysis of T/S measurements from Argo profiling floats for MOC/MHT in tBeuth Atlantic:

The objective of the study is to examine the maltigh differences in the seasonality of the
meridional overturning circulation (MOC) and meridional heat transport (MHT) in the South
Atlantic, and to investigate the causes for the possilifierences. Temperature and salinity
climatology from Argo profiling floats and from GFDL models are used to estimate the MOC/MHT
at 34S. The MOC from model T/S fields show strong transport in the ocean interior region compared
to the MOC estimated fromrgo T/S fields. The geostrophic component of the MOC estimated
from Argo data shows a seasonal variation with the maximum value in January and minimum value
in August (Figure 1). However, the seasonal variations of the geostrophic contributions toGe MO
from model T/S fields is very weak. Differences are seen in all three regions: western boundary,
interior region, and eastern boundary, with the largest difference in the eastern boundary.
Examination of the density field suggests that the differentieeirastern boundary is related to the
vertical coherent density variations in the Argo measurements, which is not shown in the model field.
Those differences may be related to the differences in the wind stress curl between model and
observations, whergtrong differences are seen in the eastern boundary. Further investigation will be
conducted to link modeadata difference in MOC/MHT with forcing fields.

(2) Analysis of GFDL CM2.1 and GFDL coupled data assimilation (GFDL CDA) models:

The meridional oveurning circulation (MOC) and meridional heat transport (MHT) obtained from
two GFDL coupled models, with and without data assimilation, are examined and compared with
observations collected at nominally 3in the South Atlantic. The results demonsttate the
performance of the Geophysical Fluid Dynamic Laboratory (GFDL) coupled data assimilation
(CDA) model is quite different between the two periods, 12002 and 2002007, due to the
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assimilation of Argo data in
s (a) GFDL CDA (pre-Argo) s (b)GFD‘LCDA(Argoperjod)zs (c) Argo climatology later period. The MOC
components m the GFDL

20 jA 201 201 CDA during 19792002 are
b@f similar to those from GFDL

27| o 15‘A - CM2.1 IPCC simulation, both
£ 10| Geostroptic 101 10 give weak boundary currents
@ : and strong interior overturning
° °] > transport compared to
5 o 8 observations. However, after

assimilating temperature and
> 4 681012 246811 ° 346 s 101 | Salniyprofiles fromhe Argo
Month Month Month floats, the performance of the

GFDL CDA is greatly
Figure 1: Estimates of MOC (black) and it contributions fro improved in terms of

geostrophic (red) and Ekman (green) components based on tempeg representing the observed MOC
and salinity climatology constructed from GFDL coupled d| and MHT structure: the

assimilation during prérgo period (a)and Argo period (b), and fron
Argo profiling float measurements (c). tranqurts of boundary currents
are twice as strong as those

during preArgo period, and the overturning flow in the interior region is reduced (Figure 2). The
improvement of the boundary currents, despite the lack of Argo data at the boundaries, is probably
due to better temperature/salinity representation at the interior sideeoboundaries. Those
comparisons suggest the importance of the Argo float measurements in improviaggiatidating
model performance in representing the MOC processes. The lack of Argo data at the boundaries may
be responsible for the weak MOC and Midiiring the Argo period (2002007), suggesting that
measurements from other platforms are needed at the boundaries to further improve MOC processes
in dataassimilatingmodels.
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Figure 2: Meridional velocity from GFDL CDA averaged (a) during 19802, (b) during 2002007, and
differences in averaged meridional velocity for the two periods,-200F and 1972002. Unit ism s.
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3) Analysis of highdensity XBT measurements in the Souftlantic:

The properties of the meridional overturning circulation (MOC) and associated meridional heat
transport (MHT) and salt fluxes are analyzed in the South Atlantic. The oceanographic data used for
the study consist on Expendable bathythermograpBT{Xdata collected along 27 sections at
nominally 35°S for the period of time 2002 to 2011 and Argo profiles data collected in the region.
Previous estimates obtained with a shorter record are improved and extended, using new
oceanographic sections and wdirfields. Different wind products are analyzed to determine the
uncertainty in the Ekman component of the MHT due to the use of different products. Results of the
analysis provide a niagear time series of MHT, and volume transport of the upper layéneof

MOC (Figure 3). Salinity fluxesit 35°Sare estimated using a parameter introduced by numerical
studies, theM,, that represents the salinity flux and helps determine the basin scale salt feedback
associated with the MQCVolume transport by the boungacurrents are estimated, and the
irrelation to the heat transport carried within each current are analyzed. Analysis of the data shows
that the South Atlantic is responsible for a northward MHT with a mean value of 0.54 + 0.14 PW.
The MHT exhibits no sigificant trend from 2002 to 2011. The MOC varies from 14.4 t022.7 Sv
with a mean value of 18.1 + 2.3 Sv and the maximum overturning transport is found at a mean depth
of 1250 m, which is deeper than that in the North Atlantic. Statistical analysis sutigestn
increase of Bv in the MOC leads to an increase of the MHT of 0.04 + 0.02PW. Contrary to model
results that yields positive values for thlk,, the analysis conducted in this paper indicates that the
MOC has a net transport of salt to the nomhieemisphere (mean Mov €9.16 Sy. Observations
indicate that the mean value of the Brazil Currer8i6 + 4.1 Sv at 24°S and9.4 + 4.4 Sy at 35°S,
increasing towards the south. East of 3°E,the northward flowing Benguela Current and Agulhas
ringshae a net northward transport of 22.5 Sv + 4.7 Sv. Products fro@déan general circulation
model For the Earth Simulator (OFES) are used to valiaegthodology used to extend the XBT
record, and to aid in the interpretation of the observed findings.
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Figure 3: Time series of the MHT (black) and the AMOC (red) along nominally 35°S for the time p
2002 to 2011.

Research Performance MeasureThe main object is to investigate the contributions of various
processes to the AMOC variability.
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Diagnostic and Modeling Studies on Impacts, Mechanisms
and Predictability of the Atlantic Warm Pool

Project Personnel: D. Enfield, S:K. Lee and H. Liu (M/CIMAS)
NOAA Collaborator: C. Wang (NOAA/AOML)

Long Term Research Objectivesand Strategy to Achieve Them:

Objectives:To access and improve the Atlantic Warm Pool (AWP) predictability and its climate
impact.

Strategy: To diagnose the mechanisms andnelie impacts of the AWP in the IPCC models, and
apply NCAR CESML1 to develop an experimental forecasting system.

CIMAS Research Theme:
Theme 1:Climate Research and Impact

Link to NOAA Strategic Goals:
Goal 1: Climate Adaptation and Mitigation An informed society anticipating and responding to
climate and its impacts

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

The AWP variability in the 0] century climate simulations of 22 coupled generalutation

models (CGCMs) submitted to the Intergovernmental Panel on Climate Change (IPCC) Fourth
Assessment Report (AR4) is investigated. Based on AWP area index definition, most coupled models
show very weak AWP and variability because of the cold seactémperature (SST) bias in the
northwest tropical Atlantic. The bexveraged SST in AWP region is defined as AWP index for this
study. Only for four models the seasonal cycles are in good accordance with observations. Wavelet
analysis reveals only mulecadal band variability of AWP is significant in observations. Most
models successfully capture this character but a few models show either interannual or decadal
variability is dominant. Time series of AWP SST index further shows that each model dextesnstr
very different interannual variability. Empirical Orthogonal Function (EOF) analysis on
observational SST of July to October in the tropical Atlantic shows zonal mode as the first mode and
meridional mode as the second mode. A majority of the coupledels are able to display the
second mode (meridional mode) correctly. But a part of models misrepresent the first mode (zonal
mode) due to the southeast tropical Atlantic SST warm bias included in the interannual variability.
Regression of global SST anAWP SST index at multidecadal band shows the AWP multidecadal
variability resembles the Atlantic Multidecadal Oscillation (AMO) for most coupled models.

Observation analysis indicates both positive ENSO phase and negative NAO phase in winter
correspondto anomalous westerlies in the AWP region. The ENSO (NAO) induced westerlies
anomaly leads to local heating and warm SST during March to May (during February to April). This
feature is well captured by four models.

Research Performance MeasureWe evalated the performance of CGCMS provided by IPCC
AR4 and CMIP5 in simulating the AWP variability and its climate impacts.
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Development and Evaluation of an Ocean OSSE System

Project Personnel: C. Thacker and H. Yang (UM/CIMAS)
NOAA Collaborator: G. Halliwell (NOAA/AOML)

Long Term Research Objectivesand Strategy to Achieve Them:

Objectives Perform Observing System Experiments (OSEs) and Observing System Simulation
Experiments (OSSESs) to evaluate.

Strategy To develop the capability of performing Observing System Simulation Experiments
(OSSEs) and Obsang System Experiments (OSEs) at NOAA/AOML and use these systems for
observing system design; to perform Avirtual
AMOC observing strategies.

CIMAS Research Theme:

Theme 1 Climate Research and Impa&trimary)

Theme 3 Sustained Ocean and Coastal ObservatiSasgndary
Theme 4 Ocean ModelingTertiary)
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Link to NOAA Strategic Goals:

Goal I Climate Adaptation and Mitigation An informed society anticipating and responding to
climate and its impact@rimary)

Goal 2 WeatherReady Nation Society is prepared for and responds to weatkéated events
(Secondary

Funding Unit: OAR/AOML and OAR/CPO NOAA Technical Contact: Alan Leonardi

Research Summary:

The primary goal of this project is to dése and test an ocean OSSE system that can be used to
design observing strategies for a wide range of oceanographic problems. A particular focus of this
effort is to develop an OSSE system that can be used to evaluate monitoring strategies for the
Atlantic Meridional Overturning Circulation (AMOC). Another focus is to test observing strategies

in the Gulf of Mexico that will be used to improve the accuracy of ocean forecasts to improve our
capability to forecast the dispersion of oil spills and marine gebhe primary effort focuses on
developing an ocean data assimilation system optimized for use with the HYbrid Coordinate Ocean
Model (HYCOM) along with the software toolboxes required to perform both Observing System
Experiments (OSE) to evaluate exigtiobserving systems and OSSEs to evaluate new observing
systems and strategies. The initial OSSE system
one configuration of HYCOM as the nature run and a second configuration of HYCOM in the
operatioml data assimilation system. The key to this approach is to employ two substantially
different configurations of HYCOM that reproduce the same level of uncertainty between them in the
representation of ocean features of interest that is achieved by pilagestateof-the-art ocean
models with respect to the actual ocean.

The work to date has focused on development and testing of the data assimilation system and the
OSE/OSSE toolboxes. As this development progresses, we have focused on evaluating the
performance of HYCOM in the two different configurations to be used for the fraternal twin OSSE
system, and also evaluating HYCOM performance in comparison to other ocean models, with the
overarching goal of identifying and verifying potential nature runsa\example, HYCOM was run

in two substantially different configurations in the Gulf of Mexico for the years 2004 through 2010.
One configuration uses the standard hybrid vertical coordinate while the other uses the& sigma
vertical coordinate configuratigisee Figure 1, bottom panels). These two runs generate substantially
different representations of synoptic ocean fields in the GOM (Figure 1), and they both reproduce
ocean features in a statistically realistic manner. As a result, these two HYCOM catidigsl are
suitable for use in the Gulf of Mexico fraternal twin OSSE system, one as the nature run and the
other as the datassimilative operational model Evaluations are performed against observations
taken during the Deepwater Horizon oil spill, pautarly airborne profilers deployed by NOAA WP

3D hurricane research aircraft and surface drifters released as part of the AOML surface drifter
program by Rick Lumpkin. Evaluations using surface drifters are illustrated in Figure 2. The growth
rate in mearseparation distance between actual surface drifters released in the ocean (data provided
by R. Lumpkin, AOML/PhOD) and synthetic drifters released in the two models (hamed Candidate
models 1 and 2 in Figure 2) at the same locations as actual driftery isimilar. The slopes of the

lines in Figure 2 at t=0 equal the rms velocity error. These results demonstrate that the two candidate
HYCOM configurations for the OSSE system represent ocean variability with similar error
magnitudes, which supports theise in the OSSE system. Also shown in Figure 2 are the growth
rates in mean separation distance for some research and operational ocean forecast systems. Data
assimilation tends to substantially reduce velocity errors as expected.
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Figure 1. Maps of SSH (top panels) and SST (middle panels) along with temperature
sections (bottom panels) for the hybrid coordinate model run (left panels) and thezsngouke|
run (right panels) on 20 April 2010.

Development of our new staté-the-art data assimilation system is being tested and will soon be
compared to other assimilation systems as shown in Figure 2. Before using our system to perform
OSSEs and ocean forecast studies, we will first make surthéhperformance is at least comparable

to the best existing assimilation systems. Ashwanth Srinivasan is the primary developer of our
system. This new code contains four data assimilation methods -uitite Optimum
Interpolation, Sequential Extendeddtutive Kalman Filter, Ensemble Kalman Filter, and Reduced
Order Information Matrix). It is being optimized to work within the framework of the Lagrangian
vertical coordinates used by HYCOM.
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Figure 2. A multi-model comparison of the mean separatidstatice between model and actual surfg
drifters as a function of time. The three panels represent the error growths for (a) zonal, (b) meridional
total separations, respectively. The rates of separation (slopes of the lines) at t=0 equalsdeMSevedr.

The model results labeled Candidate models 1 and 2 are for the free HYCOM runs to be used in th
fraternal twin OSSE system. The fact that they have very similar RMS velocity errors supports their us|
two candidate models in the OSSystem. Other model results illustrate the error reduction achieved by
assimilation. The new AOML data assimilation system optimized for HYCOM will be compared to the
model assimilation systems during the upcoming testing phase.

Resarch Performance Measure:Preparation for the rigorous AMOC OSSEs required running
two global HYCOM runs with the two vertical coordinate configurations over several decades, a task
that took several months. The nested Atlantic model was then set ugsted! During the next few
months, our goal will be to set up and run rigorous OSSEs using the new ocean forecasting system.
We intend to prepare three publications, one focusing on the AMOC OSSEs, another focusing on
multi-decadal changes in the AMOC aaskociated global overturning using the global model runs,

and
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Prediction System Phase IN\ME Implementation Plan

Project Personnel:B. Kirtman (UM/RSMAS)

Long Term Research Objectives and Strategy to Achieve Them:
Objectives To improve intraseasonal to interannual prediction through a rmtdel ensemble
prediction strategy.
Strategy The research is carried out as part of the CIMAS program, and addresses the CIMAS
climate impacts and research theme in that the objectives include improving understanding of
seasonato-interannual prediction using multhodel ensembles. In addition, thesults of
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National multtmodel seasondb-interannual predictive system.
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CIMAS Research Theme:
Theme 1 Climate Research and Impact

Link to NOAA Strategic Goals:
Goal I Climate Adaptation and Mitigation An informed society anticipating and responding to
climate and its impacts

NOAA Funding Unit: OAR/CPO NOAA Technical Contact: Annarita Mariotti

Research Summary:

The recent US National Academidssessment of Intraseasonal to Interannual Climate Prediction
and PredictabilityfNRC 2010 (http://www.nap.edu/catalog.php?record_id=12878)] was unequivocal

in recommending the need for the development of a US NMME operational predictive capability.
Indeed, the national effort is required to meet the specific tailored regional mediod decision
support needs of the emerging National Climate Service. The challenge is to meet this national need
without diluting existing model development activities at the major centers and ensure that the
forecast products continue to improve aedo societal value.

There is little doubt that US participation in EUROSIP is beneficial to both the US and European
forecasting communities. However, as a US National Climate Service emerges and as the possible
National Center for Predictions arrtojections (NCPP) develops, the need for a NMME system
becomes paramount for supporting continued research on MME based prediction that can transition
to operations. For example, a NMME system facilitates modifications (e.g., extending the forecast to
longer timescales) to the forecast strategy, allows for better coordination of the forecast runs
compared to EUROSIP (e.g., hindcast period, forecast scheduling etc.) and allows free exchange of
data beyond what is supported by EUROSIP. Also, by testingugnational models on weather

and seasonal timscales, the NMME system will accelerate the feedback and interaction between US
ISI prediction research, US model development and the decision science that the forecast products
support. For instance, theggliction systems can potentially be used to evaluate and desigtetang

climate observing systems, because US scientists will have open access to the prediction systems (i.e.
data, data assimilation and forecast models). Our national interests tagquinee (1) run these ISI
prediction systems operationally in the US, (2) retain the flexibility to modify the prediction systems
and how they are used based on emerging national needs, and (3) ensure that there is a robust
communication and collaboratiometwork open among operational ISI forecasting, research and
model development.

We have begun the transition from CCSM3 (T85) to CCSM4 (0.9x1.25_g1v6 resolution), although if
CCSM3 continues to be a useful contributor to the NMME, we will continue thietimea
predictions. The new atmospheric component has extensive changes in the parameterization of sub
grid-scale processes that have resulted in a significant improvement in the simulation of tropical
variability relative to CCSM3.0 (Neale et al. 2008hanges in the other component models, while

less extensive, have also contributed to a reduction in systematic biases. The initialization procedure
is to use the operational CFSR ocean, land and atmospheric states to initialize CCSM4 much in the
same manrreas we have done for CCSM3 using the GFDL ocean data assimilation. We have begun
testing the CFSR ocean states in hindcast experiments CCSM4, and Figure 1 shows the hindcast
SSTA correlation for a parallel set of experiments using CCSM4 with the ongiial ocean states

(top panel) and using the CFSRR ocean states (bottom panel). Clearly, the correlation is quite
comparable and there is some suggestion that it might even be superior with the CFSR data.
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Although, not shown, CCSM4 has better SSTA correfathan CCSM3. As with CCSM3, we are in
the process of developing procedures for using CFSR data for the atmosphere and land.
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Figure 1: SSTA hindcast correlation with observational estimates for May start dates{298p verifying
for the following November. For these testing experiments there is only one ensemble member.

Research Performance MeasureThe performance metric for this project is continuing to run
CCSM3.0 predictions in redgiime and to generate CCSM4 retrospective forecastdtioration and
prediction quality assessment.
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Potential for Recovery/Resilience of Corals and Algal Interference
Under Climate Change

Project Personnel: C. Langdon and J. Fisch (UM/RSMAS)
NOAA Collaborator: M. Miller (NOAA/SEFSC)

Long Term Research Objectivesand Strategy to Achieve Them:

Objectives To document the potential for coral recovery and resilience in the face of climate change,
experiments were conducted documenting the effects of increased temperature and carbon
dioxide levels on coral early life history stages. In addition, changes in benthic substrate
communities may provide insight on the potential secondary effects to coral reef recovery.

Strategy To measure the survivorship, settlement success, anesgitisiment growth of several
species of Caribbean coral larvaAcfopora palmata, Montastrea faveolatnd Diploria
strigosg. Settlement tiles are established on the reef and following recraitthbanthic algae,
metabolic processes of settlement communities and reef associated macroalgae are measured to
investigate the effects on benthic microhabitats utilized by coral during early life history stages.

CIMAS Research Theme:
Theme 1:Climate Research and Impact

Link to NOAA Strategic Goals:

Goal 3 Healthy Oceans Marine fisheries, habitats, and biodiversity sustained within healthy and
productive ecosysteniBrimary)

Goal 4 Resilient Coastal Communities and Economi€oastal and Great Lees communities that
are environmentally and economically sustaingl8econdary

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

1. Effects of increased temperature and carbon dioxide levels on coral early life history stages.
Montastrea faveolatdarvae were subjected to two temperatures (27°C and 30°C) and two carbon
dioxide concentrations (targeted at 400 ppm and 800 ppm, bsunedao be 507.1 + 16.4 ppm and
886.2 + 17.4 ppm respectively). Larvae were exposed to one of four treatments, 27°C_400 ppm
(LTLC=low temp, low CQ), 30°C_400 ppm (HTLC), 27°C_800 ppm (LTHC) and 30°C_800 ppm
(HTHC). Survivorship was quantified after twiays (Figure 1). The highest survivorship was seen

in the control treatment, LTLC, while the lowest survivorship was observed at the HTHC treatment.
Settlement experiments were carried out following this experiment using two day old larvae that
were heldat control temperatures prior to the experiments. The same treatments were used for the
settlement experiments. Variability was very high in these experiments, but at LTLC 11% settled, at
HTLC only 1% settled, at LTHC 4% settled, and at HTHC 5% setsleccessfully. Further
experiments are planned for this summer to look at the combined effects of increased temperature
and CQwith greater replication.

Larvae ofAcropora palmata, Montastrea faveolasand Diploria strigosawere batch settled and
deployal into the field. Forty five days post spawning, a subset of settlement tiles were moved to
four closed system tanks with regulated temperature ang I€@Is corresponding to the four
treatments used in the previous experiments. 1 montkegpstsure albf the A. palmata larvae died,
while 14 % of M. faveolataand 23% ofD. strigosalarvae remained alive, with the highest
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survivorship found in the HTLC treatment.
M. faveolata (n=6) Additional D. strigosalarvae were transported from
i the field into the experimeal conditions 97 days post
[ spawning. Growth was measured biweekly for three
months under a compound microscope alongside
} picture analysis using coral point count (CPC#).
s ] faveolatadid not show clear trends, but at 300C
60 strigosa grew significantly more when exposed to
55 - elevated CQ levels as opposed to ambient levels
S ——————— (Figure 2, data does not includ® strigosalarvae
bz transported 97 days post spawning). These
preliminary results indicate that this species may be
able to take advantage of the combined effects of
elevated temperature and €85 the oceans change in
the coming century (at least in terms of overall
growth, further tradeoffs will need to bevestigated).
Further experimentation will be carried out this
coming season to verify these findings.

Survivorship (%)
~
a

Figure 1: Survivorship of Montastrea
faveolatalarvae under two carbon dioxide arf
tempeature levels. Six replicates p¢
treatment.  Initial number of larvae pée
replicate was fifty individuals. Datd
represents percentage of surviving individu
after two days in treatment conditions. Err|
bars represent standard error within t
treatrent.

2. Field measurements of macroalgae and benthic
algae productivity.
* . sifgusagrowtiat 5076 A permit from FKNMS (# FKNM$S2012016) was
obtained and a field site has been established near the
MAP CO; buoy site in Geeca Rocks. The initial
visit to the site involved the deployment of ceramic
settlement tiles attached to a PVC frame adjacent to a
patch reef at the site. These tiles will be left to
accumulate a benthic algal community. The
colonizing species will be identified and
measurements of the tile community photosynthesis,
respiration and calcification will be quantified using
in-situ metabolic chambers. In addition, three species
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Figure 2: Postsettlement growth oDiploria
strigosalarvae. Data displayed in surface ar,
(mn?) of coral juveniles each time point. On
individual had three mouths so surface a
was divided by three.

of macroalgae were sampled from the reef during the
initial visit to the site. Three samples each of
Halimeda tunggreen alga)Pictyota sp.(brown alga)
andAsparagopsis taxiformi@ed alga) were enclosed

in the metabolic chambers for one hour. At the end of

the hour, samples were taken for oxygen and dissolved inorganic cafhese samples were later
analyzed and normalized to the dry weight of the individual samples of algae. Results were variable
as the sample size was small, but an average photosynthetic yield for the algae was 1.1 which falls
within the range of valuesxpected for synthesizing carbohydrates. This proved to be a successful
test of the method and the experiment will be carried out again next month (June 2012) and once
every two or three months following.

Research Performance MeasureAll research objetives are progressing satisfactorily as we are
sticking to the plan outlined in the proposal.
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Impacts of NonCanonical El Nifio Patterns on Atlantic Hurricane Activity

Project Personnel: S-K. Lee and D. Enfield (UM/CIMAS), S. Larson and-&. Chung
(UM/RSMAS)
NOAA Collaborator: C. Wang (NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Theme:

Objectives To understand the impact of neanonical El Nifio patters on Atlantic hurricane activity

Strategy To perform composite analysis kéy Atlantic TC indices and tropospheric vertical wind
shear over the Atlantic main development region.

CIMAS Research Theme:
Theme 1 Climate Research and Impa&trimary)
Theme 2 Tropical Weather$econdary

Link to NOAA Strategic Goals:

Goal 2 WeatherReady Nation- Society is prepared for and responds to weatkéated events
(Primary)

Goal 1 Climate Adaptation and Mitigation An informed society anticipating and responding to
climate and its impactéSecondary

NOAA Funding Unit: OAR/CPO,0AR/AOML and NOAA/OEd (Office of Education)
NOAA Technical Contact: Alan Leonardi

Research Summary:

The impact of norcanonical El Nifio patterns, typically characterized by warmer than normal sea
surface temperatures (SSTs) in the central tropical iPacih Atlantic tropical cyclone (TC) is
explored by using composites of key Atlantic TC indices and tropospheric vertical wind shear over
the Atlantic main development region (MDR). The highlight of our major findings is that, while the
canonical El Nifigoattern has a strong suppressing influence on Atlantic TC activitycamonical

El Nifio patterns considered in this study, namely central Pacific warming, El Nifio Modoki, positive
phase Trandlifio, and positive phase Pacific meridional mode, all havebstantial impact on
Atlantic TC activity. This result becomes more conclusive when the impact of MDR SST is removed
from the Atlantic TC indices and MDR wind shear by using the method of linear regression. Further
analysis suggests thtite tropical Paci€ SST anomalies associated with the scanonical El Nifio
patterns are not strong enough to cause a substantial warming of the tropical troposphere in the
Atlantic region, which is the key factor that increases the wind shear and atmospheric static stabil
over the MDR.During the recent decades, the reamonical El Nifios have been more frequent
while the canonical El Nifio has been less frequent. If such a trend continues in the future, it is
expected that the suppressing effect of El Nifilo on AtlanGcattivity will diminish and thus the

MDR SST will play a more important role in controlling Atlantic TC activity in the coming decades.

Research Performance Measure:We achieved our main objectivelo understand the impact of
non-canonical El Nifio p&trs on Atlantic hurricane activity
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Figure 1. Composites of geopotential thickne
(200 minus 850 hPa) anomalies in Jur
November (JJASON) for the eight strongest

phase central Pacific warming (CPW), EIl Nif
Modoki Index (EMI), TransNifio Index (TNI),
Pacific Meridional Mode (PMM) and canonica
El Nifio composites by using the (or easts
pacific warming) years. The influence of MD
SST is removed prior to making thesethod

of linear regression. The unit is gpm. The blg
box in each plot indicates the ma
development region (MDR, 85°W 15°W,

10°N7i 20°N).




Measuring the Value of Climate Variability on the Agricultural Sector
Project Personnel:D. Solis and D. Letson (UM/RSMAS)

Long Term Research Objectives and Strategy to Achieve Them:

Objective To use advances in climate sciences, including improved capabilities to forecast seasonal
climate; to provide scientifically sound information and decision support tools for agriculture,
forestry, and water resources management in the Southeastern USA.

Strategy. Develop generic tools for the production and dissemination of relevant climate information
(diagnostic and forecasts)

CIMAS Research Themes:
Theme 1 Climate Research and Impact

Link to NOAA Strategic Plan Goals:
Goal 1: Climate Adaptation ah Mitigation: An informed society anticipating and responding to
climate and its impacts.

NOAA Funding Unit: NWS/CPC
NOAA Technical Contact: Fiona Horsfall

Research Summary:

Climate variability influences agricultural yields and incomes. Climate information @ffpatential

to tailor agricultural management to mitigate impacts of adverse conditions and to take advantage of
favorable conditionsDrought has negative effect® @rop and dairy production, and increases the
likelihood for wildfire affecting forestry sector. Variability in extreme temperatures (i.e., freezes and
heat waves) also affects agricultural and livestock production. In addition, the impact of El Nifio
Souhern Oscillation ENSO) on crop production has been well documented around the world.

Although there is strong evidence that climate variability impacts the agricultural sector, the
economic literature has, in general, neglected climate in empirical giradwanalysis. Indeed, a
recent review of the agricultural productivity and efficiency literature, reports very few studies
including climate related variables in their empirical models. In general, authorguktfied such

an omissiorby arguing thatveather and climate can be considered as stochastic shocks, since they
are beyond control of the farmers

However, in recent years, some authors have questioned this approach, claiming that the omission of
environmental variables could bias the resutterapirical production models. Advances in climate
forecasting and the consequent ability to predict climate fluctuations provide opportunities to
improve the management of climate related issues in agriculture.

Procedures

Our main goal is to evaluate ghimpact of climate variability and prediction on agricultural
production. In this study we implement a regional Stochastic Production Fr@@®Ey &nalysis for

the Southeast U.9he SPF method is used because of its ability to measure the margioabéffe
climate variability on aggregate production levels as well as on technical efficiency. To evaluate this
impact in economic terms, agricultural production is measured as the totaladaled. That is, we

are able to measure the monetary change icdhg&ibution of this sector to the whole economy due
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to the use of climate information. A sensitivity analysis measures the impact for alternative climatic
scenarios. The difference between the current estimates and the estimates obtained from the
sensitvity analysis gives an estimate of the potential economic value of climate prediction.

The Southeast U.S. (i.e., Alabama, Florida, Georgia, North Carolina and South Carolina) is an
appropriate region of study because of its ENSO signal, making itfatestudying the interaction
of climate variability and agricultural production.

The specific goals of this study are the following:

1) Measure the current marginal effect of climate variability on aggregate agricultural production as
well as on its threenajor subsectors: Crop, Forestry and Livestock;

2) Perform a sensitivity analysis to evaluate the economic impact of alternative climatic scenarios;

3) Measure the impact of climate variability on the technical efficiency of aggregate agricultural
sectoras well as on its three subsectors; and,

4) Evaluate regional and temporal disparities on the impact of climate variability on agricultural
production.

Empirical Model
We use the SPF method for this study (Figure 1). The empirical specification is:

INVA, =a +§ b, Inx; +%é_ a b, Inx;, Inx, +a/T +%a{T2 +V, - U, (1)
i ik

where VA, is the agricultural valuadded for the State in yeart; x are the inputs including
cultivated land (A), labor (L), capital (K) and climate index (C); and T is a time trend. The error term
is composed of two termg,andu. v is a random variable reflecting noise and other stochastic shocks
entering into the definition of the frontier, anataptures the technical inefficiency (TI) relative to the
stochastic frontier.

To control for regional differences in land quality and lake use the welknown approach
originally proposed by Eldon Ball. A set of climate indexes is also tested in the implementation of
the empirical model (e.g., ENSO index, Drought index, Freeze index, etc.). In addition, to measure
the impact of climate vability on the agricultural subsectors, we disaggregate the output variable
into it three components crop, forestry and livestock production.

Following common practices, all variables in the empirical modehammalizedby their geometric
mean GM). Thus, the firstorder coefficientscan be interpreted as partial production elasticities
(marginal effects) at the GMThe maximum likelihood estimation of equations (1) produces
consistent parameter estimates for the SPF. A sensitivity analysis on mthatedtmarginal effects is
used to estimate the potential economic value of climate prediction.

After estimating the SPF an index for technical efficienti)(can be defined as the ratio of the
observed outputyf and maximum feasible outpuyt*{:

Yi _ f(Xij .b) C"Bzxp(vi } ui)

TE= = .
y, * f(x;;0) @xplv,)

:exp(- U ); Tl =1- TE, (2
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A statistical analysis is performed, in using the TE estimates, to evaluate the impact of climate
variability on agricultural efficiency. We also test for regional, subsector and temporal disparities on
this impact.

To implement this model we use balance panel data, including the economic, production and
climate information over approximately a-y8ar period from 1960 to 2007. The economic and
production data has been collected from the USDA Economic Research Service and the USDA
National Statiscal Service. The climate information has been collected from the South East
Regional Climate Service.

Production Frontier

«

Y A Random
Error

Stochastic

Inefficiency Observed

Output

A 4

Figure 1: Stochastic Production

Research Performance Measure:The goals in the development of models and forecast
information systems have been met on schedule.
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Relationship of the Atlantic WarnPool with the AtlanticMeridional
Overturning Circulation

Project Personnel:S-K. Lee, L. Zhang, DB. Enfield (UM/CIMAS)
NOAA Collaborator: C.Wang (NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Theme:

Objectives To understand interactions between the tropics and the high lafittde ant i ¢ Mer i d|
Ov er t uQinricnug(AMOCQ) ovariations, particularly the influence of tropical Atlantic
climate on the AMOC.

Strategy To diagnose the observations, reanalysis data, {RRE simulations and perform coupled
model experiments using NCAR Community Climate Systemél(@ESML1).

CIMAS Research Theme:
Theme 1 Climate Research and Impact

Link to NOAA Strategic Goals:
Goal 1 Climate Adaptation and Mitigation An informed society anticipating and responding to
climate and its impacts

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

The response of freshwater flux and sea surface salinity (SSS) to the Atlantic warm pool (AWP)
variations from seasonal to multidecadal timescales is investigated by using various eanalysi
products and observations. All of data sets show a consistent response for all timescales: A large
(small) AWP is associated with a local freshwater gain (loss), a less (more) moisture transport across
Central America and a local low (high) SSS. Our e budget analysis demonstrates that the
freshwater change is dominated by the mean circulation dynamics, while the effect of
thermodynamics is of secondary importance. Further decomposition points out that the contribution
of the mean circulation dynaos primarily arises from its divergent part which mainly reflects the
wind divergent change in the low level as a result of SST change. In association with a large (small)
AWP, warmer (colder) than normal SST over the tropical North Atlantic can induaacemalous
convergence (divergence), which favors an anomalous ascent (decent) and thus generates more (less)
precipitation. On the other hand, a large (small) AWP weakens (strengthens) the trade wind and its
associated westward moisture transport to ttsteem North Pacific across Central America, which

also favors more (less) moisture resided in the Atlantic and hence more (less) precipitation. The
results imply that variability of freshwater and ocean salinity associated with the AWP may have the
potental to affect the Atlantic meridional overturning circulation.

Local freshwater flux response to a | arge (smal
freshwater or negative (positive) evapohation

EmP anomalies in the AWP region are also influe
Pacific and in the tropical South Atl ant-i c. Th
basin mode (represented thryoptirceal SN rgrha dAAitd mtnth et
and the Atlantic meridional mode (defined as th
Atl antic). When either of these modes is in the

can btei vpeosail t hough the AWP is | arge. Thibasimdica
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Research Performance MeasureWe achieved our first year work plan: to ayzal oceanic and
atmospheric variations associated with the AWP, AMO. Meanwhile, we also analyzed the AMOC
variability and its relationships with the AWP and AMO.
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Predicting the Effects of Climate Change @luefin Tuna (Thunnus thynnus)
Spawning in theGulf of Mexico using Downscaled Climate Models

Project Personnel:Y. Liu, S-Ki Lee, B. Muhling, D. Enfield and D. Lindo (UM/CIMAS)

NOAA Collaborators: J. Lamkin, W. Ingram and M. Schirripa (NOAA/SEFSC); G.J Goni
(NOAA/AOML)

Other Collaborators: M. Roffer( Rof f er 6 s I-Kaoger(USH. E Mul | er

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To quantify potential impacts of climate change on bluefin tuna spawning habitat in the
Gulf of Mexico.

Strategy To downscale global climateodels to the scale of the Gulf of Mexico, and predict
changes in spawning habitat using habitat preference models

CIMAS Research Theme:
Theme 1 Climate Research and ImpdErimary)
Theme 5 Ecosystem Modeling and Forecastigg¢ondary

Link to NOAA Strategic Goals:

Goal 1 Climate Adaptation and MitigationAn informed society anticipating and responding to
climate and its impact@rimary)

Goal 3 Healthy Oceans Marine fisheries, habitats, and biodiversity sustained within healthy
and productiveecosystemgSecondary

NOAA Funding Unit: NMFS/SEFSC NOAA Technical Contact Theo Brainerd

Research Summary:

Although the Atlantic bluefin tuna (BFT) is widely distributed, its spawning in the western Atlantic
has been recorded predominantly in @f of Mexico (GoM) from April to Junevith the optimal
spawning temperature of 227°C. Adult BFTsare adversely affected by warm wate2&3C) and

thus avoid warm features in the GoM such as the Loop Current (LC). A recent study, which used the
IPCGAR4 climate model simulations, showed that cooler areas in the northern GoM with high
probabilities of larval occurrence could be substantr@tiuced by the end of the 21st century.

BFTs are therefore likely to be vulnerable to climate change, suggesting that there is potential for
significant changes in their spawning and migration behaviors. However, since theARLCC
models have a very cse resolution, the simulated changes in the strength, position and eddy
shedding characteristics of the LC, which are important factors for the upper ocean temperature
response to the changing climate, are far from realistic. Therefore, we examineethteapwhpact

of future anthropogenic global warming on the Gulf of Mexico by using a downscaled high
resolution ocean model. This study shows that the simulated transport by the Loop Current is reduced
considerably by 20 25% during the late 21st centumesulting in a mitigation of AGWhduced

surface warming, particularly in the northern GoM. The reduced warming in the northern GoM will
have important implications for marine ecosystems, including the spawning of Bluefin tuna.

The observed SST in theo®! during the 20th century shows leteym SST variability similar to the
Atlantic Multidecadal Oscillation (AMO). The amplitude of this nudgcadal signal is as large as
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0.5°C, which is comparable to the AGiduced SST increase in the GoM by 2030. The&ans that

the AGWinduced SST increase in the GoM can be doubled or nearly canceled out due to natural
variability until the mid21st century. Therefore, we further explore the impact of natural climate
variability on the forced response of the GoM dgrihe 20th centuryWe show for the first time that

the AMO is also linked to the North Atlantic Ocean gyre variability. We used both observations and
an ocean reanalysis simulation to show that the-imenispheric winds, associated with the AMO,

give rise to a robust wind stress curl influence over the tropical and subtropical North Atlantic, and
thus influence the subtropical North Atlantic gyre variability. Aroun8\28or instance, the AMO
induced gyre variability explains up to 25% of the total asace in the windliriven gyre variability.

Figure 1 shows thenonthly wind stress and wind stress curl (WSC) regressed onto the AMO index
from 1871 to 2008. As clearly shown in Figure 1, the spatial pattern of -AW8T covariability

leads to a positive WS@&nomaly in the subtropical North Atlantic and a negative WSC anomaly in
the tropical Atlantic region during a positive phase of the AMO. During a positive phase of the
AMO, both the westerly winds in the subtropical region the northeasterly trade witigstnopical

North Atlantic are weakened. This, in turn, causes a positive WSC anomaly and anomalous Ekman
divergence over the subtropical North Atlantic, and thus leads to a weakening of the subtropical
North Atlantic gyre circulation.

The 30year longmeasurement of the volume transport across the Florida Straight is used to confirm
the important role played by the AMO. Our analysis of the ocean reanalysis simulatiorthravtad
volume transport across the Yucatan Channel is both-drneén and themohalinedriven, with the
wind-driven component dominating the variation of the total volume transport. Further analysis of
the ocean simulation shows thédr the volume transport across the Yucatan Channel, the- wind
driven gyre variability linked to #n AMO explains about 20% of the total variance of the vdride
component, while the 20% of the residual (non wilndben component) can be explained by using
the Atlantic Meridional Overturning Circulation variability at®BD

EXP_CTR: WSC/TAU Regressed onto AMO (1871:2008)
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Figure 1: Regression of (a) monthly wind stress curl and (b) wind stress component on the
index from 1871 to 2008 obtained from CCSM_POP. (c) Zonal averaged wind stress (blue) ar
stress curl (red) for 1872008 period, obtained from the CCSM_POP.

Research Performance MeasureWe have met our primary objectives: to quantify potential
impacts of climate change on bluefin tuna spawning habitat in the Gulf of Mexico.
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Sout hwest Atl antic Meridional Overtur

Project Personnel:R. Garcia, R. Perez (UM/CIMAS)
NOAA Collaborators: C. Meinen, SGarzoli, M. Baringer, G. Goni, U. Rivero, and P. Pena
(NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Theme:

Objectives To initiate a sustained time series measient system for the western boundary
components of the meridional overturning circulation at 3.5

Strategy To use moored instruments and hydrographic observations collected in partnership with
international collaborators to study the Brazil Current and the Deep Western Boundary Current
systems.

CIMAS Research Theme:

Theme 1 Climate Research and ImpacBifnary)

Theme 3 Sustained Ocean and Coastal ObservatiSasgndary
Theme 4 Ocean ModelingTertiary)

Link to NOAA Strategic Science Goals:
Goal 1 Climate Adaptation and MitigationAn informed society anticipating and responding to
climate and its impacts

NOAA Funding Unit: OAR/AOML and OAR/CPONOAA Technical Contact: Alan Leonardi

Research Summary:

Studies using numerical climate models have suggested that variations frarteport of the
Meridional Overturning Cell (MOC) are correlated with significant changes in surface air
temperatures and precipitation both regionally and globally. NOAA has maintained a crucial long
term array measuring the western boundary compoiefts t he MOC i n t he Atl ant
1982; the SAM project represents an effort to start a similar program in the South Atlantic near
34.5S. Observations and modeling studies have indicated that water mass transformations occurring
in the South Athntic alter the waters circulating in the global MOC resulting in changes to the global
circulation system. The SAM project represents a collaborative effort with partners in France,
Argentina, Brazil, and South Africa to begin to monitor the M@@&tedflows in the South Atlantic

to improve our understanding of the key processes occurring in the South Atlantic Ocean.
Specifically the NOAA component of this international effort is focused on the western boundary
currents, specifically the Brazil Curreimt the upper layer and the Deep Western Boundary Current
(DWBC) at depth. The DWBC is of particular importance because it is difficult to observe, it is
poorly known at this location, and yet it is believed to carry a significant percentage of the lower
limb of the MOC. Longterm observations of these key flows will be required to understand the
mechanisms leading to changes in the MOC system in the South Atlantic.

This project began in March 2009 with the deployment of four moored instruments e@adiern
boundary at 34.55. Collaborators from France have a pair of moored instruments deployed along
the same line of latitude off the western coast of South Africa, providing an initial effort at observing
the western and eastern boundary flows.inditely the goal of the NOAA SAM program and the

45



international collaborating programs is to expand to develop a trulyhesis measuring array from
South America to Africa along 34 .S.

The SAM project is in its initial stages, with the moornedtruments (three pressueguipped
inverted echo sounders, PIES, and one cuaatipressureequipped inverted echo sounder, CPIES)
being deployed in March 2009 on a collaborative cruise with the Brazilian Naval Hydrographic
Service. Research cruises acoustically download data from the PIES & CPIES have been
completed in August 2009, July 2010, December 2010, and July 2011 during cruises jointly
sponsored by NOAA and the Argentine Naval Hydrographic Service. During the July 2011 cruise a
problematicinstrument was lost while trying to be recovered. That CPIES instrument was replaced
by a PIES. The next cruise is scheduled for July 2012.
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Figure 1: Map indicating the location of the four PIES/CPIES making up the SAM array. Blue vectors if
the water velocity at 21 meters measured via shipboard acoustic Doppler current profiler on the Brazilia
research vessel Cruzeiro do Sul in March 2009 during the array deployment cruise. Black letters indi
names instrument types are notéulegend. In July 2011 the CPIES was replaced by a PIES.

Research Performance MeasureMost research goals were met during this last year. Some
difficulties were present with the loss of one of the instruments and a planned cruise was cancelled
due to ship problems (December 2011).
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Global Carbon Data Management and Synthesis Project

Project Personnel: F.J. Millero, F. Huang and G. IngranflUM/RSMAS); K. Sullivan,
D. Pierrot,F. BringasG.-H. Park and FH. Peng (UM/CIMAS);

NOAA Collaborators: R. Wanninkhof (NOAA/AOML); C.L.Sabine, R.A. Feely and Bankin
(NOAA/PMEL)

Other Collaborators: A. Kozyr (CDIAC); R. Key (Princeton); A. Dickson (UCSD);
J.A. Trinanes (University of Santiago de Compostela)

Long Term Research Objectives and Strategy téchieve Them:

Objectives NOAAG s Oof fice of Climate Observations (O
laboratories Pacific Marine Environmental Laboratory (PMEL) and Atlantic Oceanographic and
Meteorological Laboratory (AOML), as well as the Carbon Dioxidermation Analysis Center,

Princeton University, University of California San Diego and the University of Miami to
participate in a project to manage, synthesize and interpret data in an endeavor to understand how
the ocean carbon cycle changes over tiéeOAAGs Of fice of Climate O
oversees this group project and recognizes the need for proper data management and synthesis.

Strategy As a member of this global carbon data management and synthesis project, principal
investigators particiga in national and international planning efforts to evaluate and improve the
global ocean observing system. The principal investigators of this multi institutional project
gather data and bring it together. They collaborate to discuss and providartdatethods to
manage the data, insure accuracy and facilitate easy access.

CIMAS Research Theme
Theme 1 Climate Research and Impa&trimary)
Theme 3 Sustained Ocean and Coastal ObservatiSasdndary

Link to NOAA Strategic Goals:
Goal I Climate Adaptation and Mitigatior An informed society anticipating and responding to
climate and its impacts

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

The goal of the Global Carbon Data Management and SyntPegect is to work together with the

OCO carbon measurement projects to take the fundamental carbon observations and turn them into
products that are useful for scientists and the public for understanding the ocean carbon cycle and
how it is changing oveime. This effort ranges from ensuring that the observations are of the highest
qguality and are mutually consistent with each other to combining the observations into a common
data set that is available and easy for the community to use and exploreutdiegahe time rate of

change in global ocean carbon uptake and storage. This project brings together ocean carbon
measurement experts, information technology experts and data managers to ensure the most efficient
and productive processing possible fa dCO carbon observations.

Last year we participated in two CLIVAR cruises. One was the S4P cruise in the Antarctic aboard
the RVIB Palmer (McMurdo to Punta Arenas, Chiles) and the second was the A10 cruise in the
Atlantic. After a month delay because exfuipment malfunction, the R/V Ronald H. Brown A10
cruise departed Cape Town, South Africa 26 September 2011 and arrived in Rio de Janeiro, Brazil 31
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October 2011. The data set for these cruises will be available for distribution to the scientific
commurity next year.
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Figure 1. Research Cruises for the U.S. Global Ocean Carbon
Repeat Hydrography Program 26R314.

As a result of the standardized measurements from the Climate Variability (CLIVAR) and Volunteer
Observing Ships (VOS) cruises, several publications have resulted.

A paper published in Aquatic Geochemistry by Millero et al. (2011) discusses the éffiestaived
organic carbon and alkalinity on the density of Arctic Ocean waters. Waters et al. (2011) studies
changes in anthropogenic €é@nd pH on the CLIVAR research cruises P06 and P18. Research by
Millero and Huang (2011) was partially supportedtig grant.

Several refereed publications have been written using this data with graduate studetaisthsrso
(Millero et al. (2011); Waters et al. (2011); Rodriguez and Millero, (2012); Woosley et al. (2012).
Feely et al. (2012) with NOAA collabora® Sabine, and Wanninkhof have a paper in press in
Global Biogeochemical Cycles on decadal changes in the Pacific Ocean.

CDIAC has prepared or is preparing reports from all the participating investigators on the chemical
data obtained during the reseaiiuises. The reports are a compilation of all the data obtained
during the cruises and briefly describes the methods of obtaining data consistent with community
standards, issues with the data and the resulting quality data.

Research PerformancéVeasure: All objectives have been met.
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Natural Variability and Anthropogenic C@Increase in the Synthesis and Data
Management Project, NOAA Ocean Climate Observation Program (OCO)

Project Personnel:T.-H. Peng (UM/CIMAS)

Long Term Research Objectivesand Strategy to Achieve Them:

Objectives To understand the temporal variations of anthropogenici@@ease

Strategy To compare properties along the isopycnal surfaces in order to minimize the effects of
mixing processes on variations in dissoluwearganic carbon

CIMAS Research Theme
Theme 1 Climate Research and Impact

Link to NOAA Strategic Goals:
Goal 1 Climate Adaptation and Mitigation An informed society anticipating and responding to
climate and its impacts

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

The atmospheric C{roncentration continues to rise due to the emission gft©ugh the burning

of fossil fuel and changes in land use. The increasing €@centration in the atmosphereais
important factor forcing climate change. The ocean is a vast carbon reservoir, which exchanges CO
with the atmosphere through @ea interface, and is recognized as an important carbon sink which
takes up a substantial fraction of anthropogeeieagd CQ from the atmosphere. The amount
taken up by the ocean and the temporal and spatial distribution of anthropogenit t8©ocean
provides important information for a better understanding of the variability of the carbon cycle in the
ocean and theoean's role in sequestering fossil fuel LDhe carbon survey completed in 2009

2010 as a part of CLIVAR CORepeat Hydro program along & the South Pacific cruise track

P06, provides an opportunity for evaluation of anthropogeni¢ i@€eases sinceh¢ last CQ
surveys along the same cruise track in 2003 and 1992. The isopycnal method used in this study
provides estimates of anthropogenic {fxrease for the decades 1992 to 2003 and 2003 to 2010.
For SubAntarctic Mode Water (SAMW) the anthropoger@©, increases are 7.6 to 8.7 umol/kg
between 1992 and 2003, and 4.7 umol/kg between 2003 and 2010. For the Antarctic Intermediate
Water (AAIW), the CQ increases are estimated to be 1.3 to 5.0 umol/kg from 1992 to 2003, and
approximately 3.3 umol/kg from0B3 to 2010. These estimates are slightly lower than Murata et al.
(2007) results. The rate of inventory change is estimated to be 0.52¥olfon the decade of 1992

to 2003, and 0.70 Mol/ftyr for the decade of 2003 to 2010. This estimate is aboutl&@& than

that estimated by Murata et al. (2007) of 1.0 + 0.4 Mol/m2/yr for the decade of 1992 to 2003. The
average water column AOU is estimated to decrease approximately 3.8 umol/kg from 1992 to 2003,
while it is estimated to increase approximately @rbol/kg from 2003 to 2010. However, the
magnitude of these estimated AOU changes is relatively small, and is very close to the uncertainty
derived from precision of the oxygen determination and the integration error.
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As shown inFigure 1 the change inotal dissolved C@as a function of density shows a general
trend that higher increases of DICn are observed in water mass representedAnasctc Mode

Water (SAMW) as isopycnal surfaces 26.6 to 26.8, while lower increases of DICn are seen in the
Antarctic Intermediate Water (AAIW) as represented by isopycnal surfaces 27.0 to 27.4.

Pacific P06: 1992 to 2010 Pacific P06 Data: 1992 to 2010
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Figure 1: The P06 cruise wide average DI( Figure 2: Distribution of AOU with longitude along
increases along the isopycnal surfaces for deca i sopycnal surface 0d 3
19922003 (black), 2002010 (green), and 1992 the Pacific cruise line PO6long latitude of 38.
2010 (magenta). The cobr represents year of survey: 1992 (blac
2003 (magenta), 2009 (green), and 2010(cyan).

The variations of AOU along the isopycnal surface 26.8 are showkigure 2 The temporal
variations of AOU from 1992 to 2010 are apparent in this isopycnal horizon. However, the
magnitude of variations is small. Results of analysis are shown in Bgure

Over the year we had planned an exhaustive carbon data analysis for the Indian Ocean to better
understand alkalinity variations in surface and deep oceans. We have decided to extend that analysis
to the Atlantic and Pacific Oceans. The surface cadada above 50m depth in the Indian, Atlantic

and Pacific Oceans taken during the WOCE program have been extracted for analysis. One of initial
results of analysis in the Atlantic Ocean for the region north ®f 88ows a tight linear relationship
betweenAlkalinity and Salinity which gives a best fit line as Alk = 540.82 + 50.6073*Sal. The
deviation of alkalinity distribution from this trend (dAlk) is an indication of the possible variations of
sources of extra alkalinity. Analysis of dAlk near the coastglons should shed more lights on
sources and sinks of surface Alkalinity. Shown in Figure 4 is the distribution of dAlk in the Atlantic
Ocean. We are searching for available Alkalinity data collected in global coastal regions.
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Pacific P06: 1992 to 2010
Delta AOU (Decadal Change)
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Figure 3. Decadal AOU changes along the isopycnal surfaces. Black dots are for decade 1992 {
magenta dots are for decade 2003 to 2010, and the green dots are for decades 1992 to 2010.
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Figure 4: Distribution of dAlk of surface
Alkalinity in the Atlanic Ocean.

Research Performance MeasureAll objectives are being met on time.
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Design and Testing of a Monitoring Array for the MOC and MHT
in the South Atlantic

Project Personnel:R.C. Perez (UM/CIMAS)
NOAA Collaborators: S.L. Garzoli and C.S. Meinen (NOAA/AOML)
Other Collaborator: R.P. Matano (OSU/COAS)

Long Term Research Objectivesand Strategy to Achieve Them:

Objectives To determine suitable latitudes for the deployment of a 4bassn meridional
overturning circulation (MOC) and meridional heat transport (MHT) array in the South Atlantic.

Strategy To conduct observing system experiments within frggolution ocean geral circulation
models to design a trastmsin array.

CIMAS Research Theme:
Theme 1 Climate Research and Impa&rimary0
Theme 4 Ocean Modeling%econdary

Link to NOAA Strategic Goals:
Goal 1 Climate Adaptation and Mitigation An informed sociy anticipating and responding to
climate and its impacts

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

Variations in the oceands MOC are strongly <corr
and surface air temperatures. The Atlantic component of the MOC includes the sinking of surface
waters at high latitudes in the North Atlantic, meridional translation of these deep waters around the
world, gradual upwelling, and a return to the deeger formation regions through the South
Atlantic. However, model studies show that the South Atlantic is not just a passive conduit for water
masses formed in other regions of the world ocean, but instead actively participates in their
transformation. The South lantic also plays a significant role in the establishment of oceanic
teleconnections: the Agulhas leakage reaches the northern hemisphere, and models suggest that
changes occurring in the South Atlantic alter the global MOC. These results highlight thiomee
sustained observations in the South Atlantic that in conjunction with modeling efforts would improve
our understanding of the processes necessary to formulateelonglimate predictions.

Model sampling experiments have been used to test thdyadbiliin situ geostrophic velocity
measurement systems to measure the MOC and MHT in theteofieal South Atlantic. Two
methods of estimating geopotential height anomalies and geostrophic velocities were tested,
simulating dynamic height moorings andrent and pressure recording inverted echo sounders
(CPIES/PIES) deployed within the moddiswas shown that MOC and MHT reconstructions from
arrays of dynamic height moorings and CPIES have comparable skill at higher latitudes, and that an
realistically-sized array of approximately 20 instruments can be effectively used to reproduce the
temporal evolution and vertical structure of the MOC and MHT aB#h§°S Based on the sampling
experiments, the South Atlantic MOC community intends to deploy a balanced array (including both
dynamic height moorings and CPIES/PIES) of approximately 20 instruments along the nominal
latitude of 34.5°S. More details of the pladnearray can be found at
http://www.aoml.noaa.gov/phod/SAMOC _internatidnal
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http://www.aoml.noaa.gov/phod/SAMOC_international

Research Performance Measure:Based on our findings, several national and international
proposals have begmmoposed and/or funded to request support for components of do&sinsarray

along 34.5°S (Figure 1). One paper has been published in Journal of Atmospheric and Oceanic
Technologyi Oceans, and International CLIVAR has endorsed the SAMOC project.
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Figure 1: Schematic of (a) existing (filled symbols) and funded (open symbols) moorings on the boun
and (b) proposed sloge-slope interior array along 34.5°S. The proposed array consists of dynamic |
moorings (red triangles) with fulbater coumn T, S, p and discrete current measurements, bottom pre
recordersat the base of the dynamic height moorings and on the eastern slope (cyan stars), pressure
inverted echo sounders (black circles) pnelssure equipped inverted echo soundétts data pods (yellow
circles) in the interior. Mean and standard deviation of mddeled (OFES) meridional velocity are shoy
in panels a) and b), respectively. Boundaries between water masses are indicated.
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Upper Ocean Processdsssociated with the Maddedulian Oscillation
in the Indian Ocean

Project Personnel: X. Wang (UM/CIMAS)
NOAA Collaborator: C. Wang (NOAA/AOML)
Other Collaborators: T. Shinoda (NRL) and W. Han (UC)

Long Term Research Objectives and Strategy to AchievEhem:

Objectives To improve our understanding of upper ocean processes that control SST variability in
the tropical central Indian Ocean on the diurnal to intraseasonal time scales, which may play an
important role in MJO initiation and evolution.

Strategy: To diagnose the observations, and perform OGCMs-@8n@tean models.
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CIMAS Research Theme:
Theme 1 Climate Research and Impact

Link to NOAA Strategic Goals:
Goal I Climate Adaptation and Mitigation An informed society anticipating and respondiing
climate and its impacts

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

Canonical El Nifio, EI Nifio Modoki I, and El Nifio Modoki Il are classified based on the distinct SST
anomaly pattern in the tropicBacific during the El Nifio developing year. For canonical El Nifio,

the warm SST anomalies originate along the coast of South America in boreal spring, and then
propagate toward the central tropical Pacific with the maximum warming SST anomalies in the
easern tropical Pacific. Consistent with the previous studies, a positive Indian Ocean Dipole (I0D)
during summer and autumn tends tecozur with canonical El Nifio. The warming SST anomalies

for ElI Nifio Modoki | appear in the central tropical Pacific synmueto the equator in summer,
intensify and reach the peak in the equatorial central Pacific. Similar to canonical El Nifio, a positive
IOD is seen in the Indian Ocean during summer and autumn, and disappears in winter. However, for
El Nifio Modoki Il, thewarm SST anomalies originate in the subtropical northeastern Pacific in
spring, and further develop reaching the equatorial central Pacific in summer and autumn. Such
warm SST anomaly pattern in the tropical Pacific is characterized to be asymmetricetuaber

with the maximum in the subtropical north Pacific during summer and autumn. Accompanying with
El Nifio Modoki I, a negative 10D is seen in summer and autumn, which is opposite to the
conditions of canonical El Nifio and El Nifio Modoki I. In summagnonical El Nifio and El Nifio
Modoki | are related to the positive 10D events, whereas El Nifio Modoki Il is in association with the
negative 10D event.

It is shown that the Walker circulation variations play a key role for different influences onbhe 10
Canonical El Nifio features a significant weakening of the Walker circulation. Air rises in the eastern
tropical Pacific, flows westward aloft, sinks in the western tropical Pacific and the eastern Indian
Ocean, which produces the easterly wind anomailie the eastern Indian Ocean and westerly
anomalies in the tropical Pacific at the lower troposphere, respectively. The descent branches of the
Walker circulation result in precipitation decreasing and easterly wind anomalies enhancing in the
eastern Indin Ocean, which supports the positive IOD commence and development. The anomalous
Walker circulations induced by EI Nifio Modoki | are similar to these by canonical El Nifio, and thus
the positive 10D is expected to be forced. In contrast, the El Nifio Modlekduced Walker
circulation anomalies enhance a little rather than significantly weaken, in which ascent motion
branches are seen in the eastern Indian OcearlUE) and the central tropical Pacific (150°
210E°). The increase diabatic heating anel libhwerlevel westerly wind anomalies in the eastern
Indian Ocean associated with the ascent motion of the Walker circulation support the favorable
external force conditions to form a negative IOD event in term of the Bjerknes feedback.

Research Performarce Measure:We analyzed the SST variability in the Indian Ocean associated
with El Nifio.
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Figure 1: Evolution of composited SST anomalies for canoniiflaNifio (the first column), El Nifio
Modoki | (the second column), El Nifio Modoki Il (the thicdlumn), and EI Nifio Modoki 0 (the
fourth column). The first, second, third and fourth row represents the different El Nifio pha
MAM (March[0] to May[0]), JJA (June[0] to August[0]), SON (September[0] to November[0])
DJF (December[0] to Februamf]), respectively. The hatched represents exceedingsgfi¥ticant
|l evel, which i s teeatl cul ated by Studentés
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THEME 2: Tropical Weather

EnsembleBased HighResolution, VortexScale Data
Assimilation for Hurricane Model Initialization

Project Personnel: A. Aksoy, K. Sellwood and S. Lorsolo (UM/CIMAS)
NOAA Collaborators: S.D. Aberson and T. Vukicevic (NOAA/AOML/HRD)

Long Term Research Objectivesand Strategy to Achieve Them:

Objectives Improve hurricane intensity and track forecasts through improved representation of
hurricane vortex structures in the initial conditions of hurricane forecast models.

Strategy To better utilize higkresolution observations (dropwindsonde, radar, flightl, surface
wind speed, etc.) collected during the Hurricane Field Program run by NOAA/AOML/HRD by
taking advantage of flowdependent covariance structures that can be obtained from an ensemble
of model forecasts that form the basis of an ensemble Kdliteardata assimilation system.

CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:
Goal 2 WeatherReady Nation Society is prepared for and responds to weatkeéted events

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

The Hurricane Ensemble Data Assimilation System (HEDAS) is an ensemble Kalman filter (EnKF)
data assimilation system to assimilate higholution, vortexscale observations that are routinely
coll ected and transmitted in real time during
reconnaissance flights. Various observation types that are assimilated include Doppler radar radial
wind speed, dropwindsonde wind velocity, pressure, temperaamd humidity, flighdevel wind
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velocity, pressure, temperature, and humidity, and stefjpgdency microwave radiometer (SFMR)

surface wind speed. The EnKF is a stft¢he-art data assimilation system first proposed for
geophysical applications vensen JGR 1994). In this specific application,.h e fiensembl e s
rooto filter ofMWRh2DOR)askngplemeateadd Ha mi | | (

HEDAS has been developed within the frameworKk
Forecast (HWRF) model. Datassamilation is performed on a domain withk@ horizontal
resolution, while HWRF runs in a nested 88 configuration during cycling. At this scale, the
numerical model is capable of resolving the details of the hurricane vortex. By incorporating high
resolution airborne observations into the model through data assimilation, a realistic vortex structure
is obtained for the initialization of a subsequettlay model forecast.

Currently, there are several major research directions with HEDAS:

(1) Thevalue of the Doppler radar wind observations in ensefbh$éed data assimilation using
HEDAS has been demonstrated in observing system simulation experiments (OSSEs). The results of
this investigation have been published in Monthly Weather Review (Aksady 2012a).

(2) Using the OSSE infrastructure of research topic (1), the value of assimilating hurricane
observations in a stormelative framework has been investigated. A manuscript that summarizes the
results of this work is currently under review Monthly Weather Review (Aksoy 2012) and is
conditionally accepted for publication.

(3) HEDAS has been tested in retrospective experiments for the hurricane seasc2612008
Eighty three cases are investigated that span intensities from tropicaksiepréo category
hurricane. Overall, it is found that when higdgsolution observations are assimilated with HEDAS,

the result is analyses of the primary circulation that are realistic in terms of intensity, wave@umber
radial structure, as well as wenumberl azimuthal structure. Representing the secondary
circulation in the analyses is found to be more challenging with systematic errors in the magnitude
and depth of the radial inflow. This is believed to result from a model bias in the expekimenta
HWRF due to the ovediffusive nature of the planetary boundary layer parameterization utilized.
The results of this work are summarized in a manuscript that is currently in internal review and will
be submitted to Monthly Weather Review (Aksoy et AlLZb).

In Figure 1, the distribution of the 83 cases for storm center and intensity is provided. The
geographical distribution of the observed position of the cases, as obtained from the National
Hurricane Centerdés ( NHC) ws a geherakprogimity of tha casebtas e ( |
land, which is due to the range limitations of the NOAA Rircraft. In Figure 1b, a skewed
distribution of intensity that peaks at tropical storm intensity is evident. Overall, more than half of

the cases have gnsities of tropical storm or categetyhurricane.

The distribution of the storm centers in analyses is compared to the best track storm centers at
respective verification times (Fig. 2a). It is inferred from the centroid of displacements that analyses
exhibit a slight left and forward bias relative to the best track storm position. When the distribution
of the radial distance between analysis and best track storm centers is analyzed (Fig. 2b), most of the
cases are found to exhibit 40 km or smalleritpms errors. Moreover, the cases with the greatest
position errors (~100 km or greater) are of tropstarm intensity or weaker. This is likely the

result of a combination of two possible scenarios: (a) The HEDAS system is better capable of
analyzingstorm position in stronger storms. This would mainly result from bd&éned radial
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gradients that lead to stronger correlation signals between wind observations and position. (b) The
procedure of center finding itself is easier (and therefore numerate) in stronger storms, mainly
due to stronger radial gradients and fewer local surface pressure minima in stronger storms.

(a) Position (b) Frequency Distribution
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Figure 1: (a) Geographical distribution of the case position as observed in the best track dataset. (b) Fr
distribution of the case intensity category as observed in the best track dataset. Cases that do not e
best track database are assigned A<TSO0O categgqg
respectively.

In terms of intensity, analyses compare well against the best track. Figure 3a shows that, for
maximum 10m wind speed, which is the standard measure of intensity, anaygksn ~87% of

the variance in the best track. There is also a 1.4l megative bias in analysis intensity (i.e., urder
estimation of intensity), although it is not statistically significant at the 95% confidence level. An
even better linear regressifit is achieved for minimum sdavel pressure (97% variance explained,

Fig. 3b). However, this is now accompanied by a more distinct, positive bias of 3.7 hPa (under
estimation of intensity) that is statistically significant. The analyges tracksimilarities in
maximum intensity and minimum séavel pressure are also reflected in the wpmessure
relationship (Fig. 3c). For the cases analyzed here, both HEDAS and the best track depict a linear
relation§hip with 8283% variance .expl_ained. Th Figure 2: Posiion eror in the final
separation between the two regression lines reflects| analysis as compared to the best track.
positive bias in analysis minimum sksvel pressure, Analysis storm centers (plus marker,
although it is not statistically significant at the 95| relative to the best track. Azimuth |

confidence level (not shown). measured relative to observed sto
motion where 0° represents the directi

of storm motion. Radial distance
measired from the best track storr
center. The centroid location of all cas
is shown with the diamond marker. TH
standard deviation of position errors

indicated with the circle around th
centroid location. (b) Number of cases
a function of the angsis-observed radial
distance of storm centers and intens
category (2d matrix plot, color scale or
right), and cumulative as a function of tH
_ ..o | analysisobserved radial distance of stor
bistance from Center (kn) Distance fron Center (k) centers (histogram). Thed®matrix plot
population bin valuesra normalized by
the respective maxima of populations f
each intensity category.
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(4) HEDAS is currently being prepared to run in real
time during the 2012 hurricane season as a
demonstration system for
Improvement Project (HFIP). Several advancements
have been implemented for the 2012 version of
HEDAS: (a) Upgrades have been made to the HWRF
model. In 2012, BDAS will be integrated with the
latest operational version of HWRF. (b) Changes have
been made in HEDAS to update the time derivative of
vertical wind speed for better ndrydrostatic
initialization. (c) It is planned to assimilate
observations in a stm-relative framework based on the
results in Aksoy (2012). (d) Additional data types, such
as dropwindsondes from unmanned vehicles and flight
level and radar data from the NOAA Gulfstre#ivh
aircraft are being tested.

(5) Using the OSSE infrastructuoé research topic (1),
the current Doppler radar wind supsyservation
methodology is being evaluated so that it can be
optimized for the problem of highesolution vortex
scale data assimilation. Specifically, vertical resolution
of data and impacts dhe quality control criteria are
being investigated.

(6) Using the OSSE infrastructure of research topic (1),
optimal sampling strategies using the new radar
plattorm on the NOAA GulfstreamlV aircraft are
being investigated.

Research PerformanceMeasure: All objectives are being met on schedule.
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Hybrid Data Assimilation System for HWRF

Project Personnel:B. Annane (UM/CIMAS)
NOAA Collaborator: T. Vukicevic(NOAA/AOML/HRD)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives Develop hybrid data assimilation capability for operational use with HWRF basin scale
system.

Strategy Integrate global and regional hybrid DA. Cycled data assimilation at all scales resolved by
HWRF; synoptic, meso and inner core.

CIMAS Research Therre:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:
Goal 2: WeatherReady Nationt Society is prepared for and responds to weatiedated events

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

The Hybrid VariationaEnsemble Data Assimilation System (HVEDAS) combines aspects of the
EnKF and 3BVAR (GSI). This system is under development at NOAA/NCEP/EMC,
NOAA/OAR/ESRL and NOAA/AOML/HRD.It is expected to be ready for testing in the 2014
season. This hybrid approach is likely to define the operational regional data assimilation system for
NOAA in the 5year timeframe.

The Gridpoint Statistical Interpolation (GSI) system is a unifiadational data assimilation (DA)
system for both global and regional applications. GSl is constructed in physical space and is designed
to be a flexible and efficient on available parallel computing platforms.

The GSI analysis system became operatiasathe core of the North American Data Assimilation
System (NDAS) in June 2006 and the Global Data Assimilation System (GDAS) in May 2007 at
NOAA. Some of the assimilated observations aeevinsonde, pibal, class sounding, profiler,
dropsonde, AIRCFT, AIRAR, GPSIPW, surface marine/land/spkasiel/mesonet, satellite wind,
satellite radiance data: HIRS, AMSA] AMSU-B/MHS, AIRS, GOES sounder, NOAA P3 TDR,
and Pseudd/SLP.

The activities of the past year have focusedhenfollowing tasks:
1) Reviewed, gtracted and modified GSlybrid scripts from NOAAESRL and NCEP/EMC.
Incorporated these into HWRF scripts for var related testing.
2) The following experiments, for the month of July and August 2011, were performed using model
configuration with g1gle basin scale domain, at 27 km resolution:
a) No-GSI (baseline) : Sequence of 126 h forecasts on single basin scale grid, using
downscaled, GFS analysis to initialize the model every 6 h.
b) GSI without cycling: Assimilation with GSI at frequenoy 6 h, starting each cycle from
global analysis. At end of each cycle performed 126 h forecast
c) Partial GSI cycling : Several experiments with 126 h forecast at end of each 6 h cycle. Re
started from GFS analysis every 1 day
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The results indicated that HWRESI data exchange has some bugs that need to be addressed.

Experimental Praduct

TON 1~

BON g, Bt
w
50N

40N n ’ F T iy N
30N 4o s o 1§ s / £
20N % 0

10N - -

108
203 ' : ' : , - X : . :
TEOW 150W 140W 130W 120W 110W 100W 9OW BOW 70W 60W S5OW 40W  30W 20W 10W O 30E
: T
10 20 30 40 50 60

Initial date: 2011082212

Figure 1:HWRF basin scale initialized with GSPrecipitable water at hour zero

Research Performance MeasureAll objectives were met on schddu
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Investigating Tropical Cyclone Diurnal Pulsing

Project Personnel: J.P. Dunion (UM/CIMAS); D. Nolan (UM/RSMAS)
Other Collaborators: C. Thorncroft (SUNYAIbany) and C. Velden (Univ. Wiscons{DIMSS)

Long Term Research Objectivesaand Strategy to Achieve Them:

Objectives:To develop an experimental rdahe web page for monitoring the tropical cyclone
diurnal cycle for active storms around the globe and advance the understanding of this newly
discovered phenomenon.

Strategy:Collabaate with scientists at the University of Wiscor€ItMSS to implement a redime
web page for monitoring the tropical cyclone diurnal cycle during the 2012 Atlantic hurricane
season; visit the University of Wiscons@iMSS to collaborate with scientissg CIMSS and
facilitate completion of the experimental web page; conduct research to advance the
understanding and monitoring capabilities of the tropical cyclone diurnal cycle under two
successfulsf unded proposal s: 1) UOtilz8dNABA Reeosnaigsanoep o s a |
Assets to Investigate Hurricane Upgevel Warm Core Evolution, Inner Core Pulsing, and
NearEnvironment Moisture Interactions and 2) NROthavel gt préposal titled,
fiDevelopment of Geostationary Satellite Products fdis€ving Tropical Cyclone Intensity
Change and Saharan Dust Stooms

CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:
Goal 2 WeatherReady Nation Society is prepared for and responds to weatkeated events

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

Although numerous studies have documented the existence of diurnal maxima and minima
associated with tropical convection and the tropical cyclone dppel cirrus canop predicting the

timing and extent of this variability remains a difficult challenge. This research is investigating a
new area of research relatedatointriguing diurnal pulsing pattern that may represent an unrealized,

yet fundamental process of megtropical cyclones New infrared GOES satellite imagery reveals a
icool ringo, or pulse, that begins forming in t
This pulse continues to move away from the storm overnight, reaching areas $ewehad
kilometers from the storm center by the following afternoon. There appear to be significant
structural changes and disruptions to a storm as this pulse moves out from the inner core each day to
peripheral radii hundreds of kilometers from the eent Additionally, the timing/propagation of

these "cool rings" also appear to be remarkably predictable. Therefore, the GOES infrared imagery
can readily be wused to anticipate nAcool ringo
targeting of thee features by aircraft (e.g. the NASA Global Hawk, NOAA& Prions, and NOAA

G-IV jet).

Figure 1 shows an example of diurnal pulsing for 2005 Hurricane Emily on 15 JRilga®s before
NOAA and NASA began flying the storm during their IFEX and TCSPdfiekperiments
respectively. The top left panel shows a GOES IR differencing image and depicthénges in
the stormés infraredO@&@empeT@t urEhéi@dadolf roimmn@d 4
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had already began to propagate away fromirther core and was ~150 km from the storm center.

Emily was a powerful, compact storm at this time (Fig. 1, lower left panel). By 1445 UTC that day,

the fAcool ringo had p350kmdrgnatheecentertand tree inmeacore clowd o f -
topshside 200 km radius) of t he-4BC(Big L, upper rightpandl)a d war
The GOES IR images from those corresponding times (Fig. 1, lower panels) reveal a storm with a
much larger cloud shield and a structure that had visibly detertb(alHC Best track intensity for

Emily dropped 10 m S during that afternoon). Additional tropical cyclone cases investigating
diurnal pul sing have exhibited similar fAcool roi
after local sunset anectach the 40800 km radii during early afternoon (local time) the following

day. The phases of these pulses of cooling and warming of the TC cloud shield are remarkably
predictable and aligned when the local time is referenced. It is hypothesizedihidmal cooling

at the top of the storm near/after sunset is the driving mechanism behind tropical cyclone diurnal
pul sing and the associated icool ringso that ¢

Figure 1: (Top panels) GOE®frared image differencing for 2005 Hurricane Emily on 15 July at (left) O
UTC and (right) 1445 UTC. The (top) yellow t
the storm during this-8our period. The corresponding GOES infraredges for these times are shown
the lower panels.
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Microwave satellite imagery is also suggesting that diurnal pulsing may be associated with
significant changes in tropical cyclone structu
core regon. Current efforts are examining the relationship between the tropical cyclone diurnal
cycle, shorterm intensity changes, and changes in Dvorak satellite intensity estimates. Project
findings continue to suggest that the tropical cyclone diurnal ¢yc@ important physical process

that may be a fundamental characteristic of all tropical cyclones and tropical convection in general.

The experimental redime diurnal cycle web page will be used to monitor this phenomenon during

the 2012 Atlantic huicane season and is available at:
http://tropic.ssec.wisc.edu/retine/tc_diurnal_cycle/tc_diurnal_cycle.php

Research Performance MeasureAlthough this esearch project is justyear in maturity, the
following tasks have been completed to facilitate continued development of this project:
The PI presented preliminary findings and results of the tropical cyclone diurnal cycle project
Diurnal Pulsing of Topical Cyclones: An Overlooked Yet Fundamental TC Processthe
following invited seminars/conferences:
1) NASA Goddard Space Flight Center, Guest Lecturer (Nov 2011)
2) 65th Interdepartmental Hurricane Conf., Charleston, SC (March 2012)
3) University of WiscmsinMadison Department of Atmospheric & Oceanic Sciences, Guest
Lecturer (March 2012)
4) 30" Conference on Hurricane and Tropical Meteorology, Ponte Vedra Beach, FL (April
2012)
A The PI traveled to the University of Wiscong€diMSS to collaborate with saiists at CIMSS
under a successfully funded proposal to the NOAA/NESDIS/GIMPAP Visiting Scientist
Program. These two trips facilitated the development of an experimentéhtealeb page for
monitoring the tropical cyclone diurnal cycle in storms arotinel globe and will be run
throughout the 2012 Atlantic hurricane season;
A The Pl submitted a successful pr op o sUdlizihngt o t he
NASA Reconnaissance Assets to Investigate Hurricane UpmEnNVarm Core Evolution, trer
Core Pulsing, and NedEnvironment Moisture Interactions. Thi s effort Wi
continued advancements in the understanding of tropical cyclone diurnal pulsing;

*kkkkk

Development of an Objective Scheme for Predicting Tropical CyclGemesis

Project Personnel:J.P. Dunion (UM/CIMAS)
NOAA Collaborator: J. Kaplan (AOML/HRD)
Other Collaborators: A. Schumacher (Colorado State University)Cossuth (FSU)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To develop and objective probabilistic scheme for predicting the likelihood of tropical
cyclone genesis for tropical disturbances of interest. To design a scheme that provides a unique
tool to forecasters that specifically focuses on insipient tropisiesis and provides objective
guidance of the probability of genesis in both th&80and 6120 hr timeframes.

Strategy Submitted a successfully funded proposal to the NOAA Joint Hurricane Testbed titled,
fiDevelopment of a Probabilistic Tropical Cyclonee#iction Schente . Devel opment an:
of this new Tropical Cyclone Genesis Index (TCGI) began in late summer 2011. Curreht year
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efforts include identifying and testitbasgd pot en
predictors that wilbe used in the operational version of the TCGI.

CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:
Goal 2 WeatherReady Nation Society is prepared for and responds to weatkeated events

NOAA Funding Unit: NWS/NHC/JHT
NOAA Technical Contact: JiaanGwo Jiing

Research Summary:

Forecasts for Atlantic tropical cyclone (TC) track have been steadily improving over the past several
decades. However, advancements in predicting TC intensity have been much more modest. This
relates to our limited understanding of the various syn@ptitmesoscale influences that can impact

TC intensity, as well as the fact that successful intensity forecasts are highly affected by the accuracy

of the associated track forecast. TC genesis represents an intensity forecasting challenge and is
perhaps oa of the more difficult stages of the tropical cyclone lifecycle to diagnose and predict.
Tropical disturbances are vastly under sampled phenomenon in the North Atlantic and account for
<10% of all NOAA aircraft missions that have been conducted sincentiggle 1970s.
Unfortunately, there are also limited resources available to forecasters to objectively identify and
predict TC genesis in the North Atlantic basin.
has developed a-48-hr operational and-020hr e x per ihmesteadl piiomwabi |l i sti
identifying TC genesis potential, it is a highly subjective process. Additionally, Colorado State
University/CIRA has developed an operational NESDIS TC Formation Probability (TCFP) product

that detemines the 24our probability of TC formation in each 5 x 5 degree latitude/longitude grid

box in its basifwide domain. However, the TCFP product is not disturbapeeific and simply
determines the probability of TC genesis across the entire basif.x 15 degree grid spacing is also
relatively course. Finally, although the Statistical Hurricane Intensity Prediction Scheme (SHIPS)
represents a valuable tool for forecasting the prediction of TC intensity change, it was developed for
storms of tropial depression and greater intensity and was not intended for predicting TC genesis.

This project combines some of the strengths of both the NHC genesis scheme and the NESDIS TCFP
product to develop a storgentric TC Genesis Index (TCGI) to provide fomsters with an objective

tool for identifying the probability of TC genesis-4& hr and @120 hr) in the North Atlantic basin.

Two new predictors are also being incorporated that show promise for improving the prediction of
TC genesis and are not curtlgnbeing utilized operationally: total precipitable water (TPW)
microwave satellites and Dvoraknumbers (a technique employed by forecasters that uses pattern
recognition in infrared satellite imagery to estimate TC intensity). Dvoralriibers rangedm 1.0

to 7.5 and increment by 0.5-flumber values. Tropical disturbances that are not sufficiently
organized to attain a 1.0-Mfumber are assigned as ATWTC (Too V
generally reach tropical storms intensity near 2.0. Researdér this project indicates that pre
genesis Dvorak -humber information is a robust predictor of possible storm development and is
routinely available for analysis across the North Atlantic basin (Fig. 1). These sad@d and

other top TC genesigredictors are currently being used to develop the objective TCGI that will be
utilized by forecasters to provide estimates of the probability of TC genesis over a perié8 ah@

0-120 h.
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TAFB Atlantic Dvorak Fixes: Genesis Dataset [2001-2010]

100w oW 80W 70w 60W 50w 40W 30w 20w 10w

55N : b
Dvorak CI Number HP75 ST sa e Bo

soN]®75 50 o825 |am35 ‘;*F
e 7.0 e 45 e o 2.0 am30 ¢} y
65 40 o= 15 '
©60 35 oo 1.0
©55 e 30

45N -

35N 1

30N 1

25N 1

15N 1

.
10N Genesis?
© YES: Tropical Fix
5N & YES: Subtropical Fix

@ NO

EQ

Figure 1: North Atlantic Dvorak intensity fixes conducted bdye NOAA Tropical Analysis and Foreca
Branch from 2002010. The initial Dvorak CI (current intensity) numbers (TWTC through 7.5) are indiq
by the color shading. Circles (triangles) indicated that the tropical (subtropical) disturbance eve
developed into a tropical cyclone, while squares indicate that the storm did not develop.

Research Performance MeasureThis project is in the yedt phase of a proposed tvwear effort.
Accomplishments that focus on the objective of creating &timea TC Genesis Index for
operational use include:

1.
2.

3.

The Pl was successfully funded by the NOAA Joint Hurricane Testbed to develop the TCGI;

The proposal team has completed the development of the Dvorak Database and incorporated
disturbance positions,-humbers, and CI (current intensity) numbers into the TCGI database;

The proposal team is currently working to complete a special tropical disturbance forecast model
that will be utilized in the TCGI scheme to determine various genesis predictor valueshalong
forecast track (out to 5 days);

The proposal team is currently working to identify/develop potential environmental predictors for
the TCGI database;

The PI presented yedrproject results at the 65th Interdepartmental Hurricane Conf., Charleston,
SC(March 2012)Development of a Probabilistic Tropical Cyclone Genesis Prediction Scheme
The PI submitted a miglear report (Feb 2012) and yearenewal proposal (April 2012) to
NOAA JHT.
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Ocean Modeling to Improve Coupled Forecast Model Intensity Fasic
for the Hurricane Forecast Improvement Project (HFIP)

Project Personnel: Debra Willey (UM/CIMAS)
NOAA Collaborators: G. Halliwell and R. Atlas (NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives Improve ocean modgderformance in coupled hurricane forecast models for improving
intensity forecasts.

Strategy Develop the capability of performing Observing System Simulation Experiments (OSSES)
and Observing System Experiments (OSEs) at NOAA/AOML and use these systems fo
designing observing system enhancements, both operational and targeted that will improve ocean
model initialization in coupled forecast models. Evaluate and improve ocean model performance
in the HWRF coupled forecast model.

CIMAS Research Theme:

Theme2: Tropical WeatherFrimary)

Theme 3 Sustained Ocean and Coastal ObservatiSasgndary
Theme 4 Ocean ModelingTertiary)

Link to NOAA Strategic Goals:
Goal 2 WeatherReady Nation Society is prepared for and responds to weatketated events

NOAA Funding Unit: NWS/HFIP
NOAA Technical Contact: Dr. Robert Gall, NWS/OST

Research Summary:

For a coupled tropical cyclone (TC) prediction model to correctly forecast intensity evolution, it must
accurately predict the magnitude and pattern of seéace temperature (SST) cooling over the
region directly forced by the stor m, particul a
component must therefore accurately predict the magnitude and pattern of temperature cooling
within the ocean mixedayer (OML) under intense TC forcing. SST evolution is sensitive to the
initial temperaturesalinity and associated density profiles provided to the ocean model because
between 70 and 90% of OML cooling typically results from the entrainment of colder wet the

OML. Initial errors in the thickness of the surface warm layer can produce large errors in the
predicted SST cooling rate. This places a high premium on accurate initialization of ocean model
fields. It is also critically important to quantifyne importance of the ocean in hurricane intensity
evolution. The ocean impact on intensity is a function of ocean heat content, storm size, storm
intensity, and storm translation speed, and we presently have a poor quantitative understanding of the
importance of the ocean compared to the impact of atmospheric processes such as shear and dry air
entrainment. This project has two primary goals: (1) improve the accuracy edsatalative ocean

analysis products used to initialize the ocean component @leminurricane forecast models and

(2) collaborate with NOAA/NCEP/EMC to evaluate ocean model performance in the HYCOM
HWRF coupled hurricane forecast model.
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For model initialization, our strategy is to use Observing System Experiments (OSEs) andngbservi
System Simulation Experiments (OSSESs) to evaluate existing ocean observing systems (OSE) and
new ocean observing strategies (OSSE). Our i ni
approach; i.e., using one model type (HYCOM) as the nature runlsmdag the ocean model
component of the operational data assimilation system. The key to this approach is to employ two
substantially different configurations of HYCOM that reproduce the same level of uncertainty
between them in the representation of symopcean variability in the ocean that is achieved by
presenday stateof-the-art ocean models with respect to synoptic variability in the actual ocean.
Development of our new staté-the-art ocean forecast system that will be used as the operational
data assimilation system for the OSEs and OSSEs is nearing completion. The next step will be to
evaluate and calibrate if necessary the OSSE system in the Gulf of Mexico, then perform OSSEs to
evaluate targeted observing strategies to optimizestoren ocea model initialization for coupled
forecasts.
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Figure 1: Evolution of minimum central pressure in idealized coupled forecast experiments. The final st
intensity is a function of storm size (large storms in the top row and small storms in the tootjomcean
heat content (cool ocean in the left panels, warm ocean in the middle panels, and hot ocean in the right panels),
and storm translation speed. In each panel, colors represent stationary storms (thin black lines) and translation
speeds of 2, 4, 8, and 10 m(red, green, blue, cyan, and magenta lines). The thick black lines represent
uncoupled experiments

To evaluate ocean model performance in coupled forecasts, two approaches are being used. The first
is to evaluate ocean model pmrhance in the HYCOMHIWREF forecast model that is now being

tested for possible operational implementation within the next two or three years. Ocean model
output from test forecasts will be analyzed against available ocean observations to identify drrors an
biases in the forecast ocean response, and then use this information to devise strategies to improve
ocean model performance. The second approach is to collaborate with HRD modelers to perform
idealized studies of the impact of ocean and storm paranwetdise intensity evolution in coupled
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forecasts. A large set of experiments were designed to minimize the impact of atmospheric processes
on intensity and thus allow the impact of the ocean to be unambiguously identified and quantified.
Figure 1 demonsttas that ocean heat content, storm size, and storm translation speed have
significant impact on the equilibrium intensity of hurricanes. This study aims to understand the
processes responsible for this impact. Figure 2 illustrates the impact of SST coolieducing the
enthalpy flux from ocean to atmosphere that is the source of fuel for the storms. The idealized
experiments are being analyzed to identify the physical processes controlling the complex
interactions between the oceanic and atmospheriacitioundary layers that controls SST cooling

and enthalpy flux.

Figure 2. Surface enthalpy flux (colors) and SST (contours) for six idealized experin
representing large storms (top row) and small storms (bottom row) for three different
translation speeds: 2 rit deft panels), 4 m§(middle panels) and 8 ntgright panels).

Research Performance MeasureThe development of the OSSE toolbox and the new ocean
forecast system is nearly complete. We are now preparing a paper that thoroughly demonstrates how
a rigorous ocean OSSE must set up, evaluated, and taditicaprovide valid assessments of ocean
observing systems. Our first OSSE experiments will be performed to assess the impact of targeted
observations (aircraft, ship, drifter, glider, etc.) on improving initial ocean fields for hurricane
forecasting.
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Multimodel Ensembles for Hurricane Forecasts
Project Personnel: T.N. Krishnamurti and FO. Lawton (FSU)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To advance the state of hurricane forecast (for track and intensity) out to day 5 of
forecasts.

Strategy The strategy we deploy here is to utilize a multimodel superensemble method using the
results from a suite of mesoscale hurricane forecast models.

CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:
Goal 2 WeatherReady Nation Society is prepared for and responds to weatketated events

NOAA Funding Unit: NWS
NOAA Technical Contact: Stephen J. Lord

ResearchSummary:

First it should be stated that the results from the FSU multimodel superensemble are far better than
those of all members of the suite of models. It is important for NOAA to find means to make this
operational since the results are quite impxessas we noted from many years of research. The
hurricane forecasts covering the seasons 2010 and 2011 are included in our proposal'satagk line
those results are summarized here. The member models utilize a variety of physical parameterization
schemes a variety ofassimilation schemes, initial vortex bogussamgl the treatment of the
atmospher@cean interface fluxes. Forecasts are made every 12 hours. The method for ensemble
forecasting follows our recepapers, Krishnamurti et al (2010, 2011). Wave a training phase

where the x and y coordinates of the storm position and the storm intensity are used as the prime
variables for the construction of the multimodel superensemble. Those data sets are first collected for
some 100 recemturricane forecsts of a previous year. The training phase of the multimodel
superensemble finds the statistical weights from regression (against observed storm positions and
intensity) for the three variables using each 6 hourly forecast ftheallecent past stormshadse
statistical weights are next used in the forecast phase for hurricanes of the 2010 and 2011 seasons.
An important step in this exercise is the exclusion of outliers during the training phase. The outliers
for position and intensity variables exceedtngce the standard deviation with respect to the mean

are excluded from the training inventory. This step is very important for improving the training phase
statistical weights. The results on track and intensity forecast errors for the hurricanes ah@010
2011 seasons are shown in figures 1a and 1b. The results from the multimodel superensemble are
shown by aed bar. Here the ordinate denotes the errors for the position (in nautical miles) and
intensity (in knots), the abscissa denotes the hours retdst, and the vertical bars denote the
performance for the members of the mesoscale model suite. Overall the results, based on the
multimodel superensemble, thle mesoscale model suite stand out quite glaringly. These vertical
bars also include a bassdi for the expectation of NOAA (defined by NHC) which is exceeded by

the multimodel superensemble in its performance.
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2010 Track Errors 2011 Track Errors
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Research Performance Measure:The track forecast improvements of the multimodel
superensemble are of the order of 150 nm for5ay forecasts and the corresponding intensity
forecast improvenents are of the order of 10 knots.

*kkkkk

Characterization of the Kinematic and Turbulent Structure of the Hurricane
Boundary Layer Using Doppler Measurements

Project Personnel S. Lorsolo, A. Aksoy, J. Zhang (UM/CIMAS)
NOAA Collaborators: J. GamacheR. Rogers, P. Reasor and F. Marks (NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To investigate the Hurricane Boundary Layer (HBL) kinematic and turbulent structure to
better understand the HBL physical processes impacting hurricane intensity change and to help
evaluate numerical weather prediction models. To improve intensity farerdsy providing
high-resolution observational data of the HBL to the data assimilation and model community.

Strategy To process and analyze extensive airborne Doppler radar database and other remote
sensing andn-situ measurements from the NOAA 8D research aircraft to provide a
comprehensive evaluation of the kinematic and turbulent structure of hurricanes and more
specifically the HBL. To design new analysis methods to study HBL physical processes using
Doppler measurements and to develop bett&a geocessing method and new metrics for data
assimilation and model evaluation.
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CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals
Goal 2 WeatherReady Nation Society is prepared for and responds to weatkeated events

NOAA Funding Unit: OAR/AOML NOAA Technical Contacts: Alan Leonardi

Research Summary:
The hurricane intensity forecast problem has long been one of the main challenges of the hurricane
research and forecasting community. Various aspects and regiahs bfirricane structure have

been investigated to better understand the physical processes impacting hurricane intensity and thus
improve intensity forecast.

The present research project focuses on 2 main objectives:

1. Identify and characterize the roléthe HBL in the intensification process

2. Provide an accurate representation of the kinematic and turbulent structure of the HBL for a
better evaluation of mesoscale numerical models.

The primary observations used in this project are the NOAA tail Doppliar data and more
particularly the twedimensional profiles of reflectivity, wind (Fig. 1) and turbulent kinetic energy
produced by HRD radar analysis software. Accuracy in the retrieved wind is essential to best
diagnose numerical models, so an addéla@tep was taken in the project: evaluation of the software.

This evaluation is under way. Doppler radar data were simulated using HRD Observing System
Simulation Experiments (OSSE) system, run through the radar analysis software and compared to the
origin a | Atrutho field. Because part of this work
Improvement Project (HFIP) requiring large data sets, one other task was to expand the Doppler
radar database. More data were processed. The data wererizatedyy intensity, change in
intensity and shear direction and magnitude to
experiment project were used as guidance to produce merged analyses. Doppler analyses from 7
storms were produced and addethi® database.

Povems.. i gl The other focus of this project is to better
' B ™ understand the role of the HBL in the
!3‘2 intensification process. Doppler observations are

Jes used to investigate theoretical work barricane
E o] “‘ } e intensification. The analysis focuses on comparing
2, %= | the HBL structure between strong (best track
$ ® intensity > 120 kt) and weak storms (best track
:-; intensity < 105 kt) and assessing the angular
‘"‘ h : - = momentum budget and supergradient wind
o mway Wy W Wt em L, between these 2rgups, using the Doppler radar
Distance from center (km) analyses. Figure 2 presents the distribution of
Figure 1: Tangential wind profile from Hurricang inflow magnitude at 150 m altitude near the_
Katrina eyewall and shows that stronger storms exhibit

statistically significantly stronger inflow than
weaker storms. Figure 3 shows a congmmn of the advection of angular momentum between the
groups, suggesting that stronger storms might produce more supergradient wind. This result supports
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the hypothesis that the advection of angular momentum is a critical mechanism in the intensification
process.

Distribution of inflow magnitude for strong cases Distribution of inflow magnitude for weak cases
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Figure 2: Distributionof inflow magnitudefor strong(left) andweak(right) storms
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Research PerformanceMeasure: Project is on schedule. Preliminary findings were presented at

the AMS Hurricane Conference. Results from the gap experiment project were published in the
Monthly Weather Review journal. Work on HFIP is on schedule, with the Doppler radar database
constantly expanding. Initially, the goal was to compare the HBL structure between intensifying
storms versus steady state storms, but the current data set does not yet allow for such comparison.
Thus, the HBL work was delayed. However, with the expansidhe dataset, this initial idea will be
revisited in the future. Progress was however made using the comparison between storms of different
intensity. Finally, the first draft on the evaluation of the analysis software is being completed.
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Further Dewelopment of Observing System Simulation Experiments
for Unmanned Aircraft Systems in Hurricanes

Project Personnel:D.S. Nolan (UM/RSMAS)
NOAA Collaborator: R. Atlas (NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To contribute to the development of a complete observing system simulation experiment
(OSSE) to evaluate the impact on hurricane forecasts of observations obtained from current and
future unmanned aircratft.

Strategy To develop and perform one or morethiguality, highresolution numerical simulations of
an Atlantic hurricane which will be used as the ground truth, tteead | ed fAnature run
used to derive observations from hypothetical instruments and to evaluate the track and intensity
predicion of forecast models that assimilate those observations.

CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:

Goal 2 WeatherReady Nation- Society is prepared for and responds to weatkéated events
(Primary)

Goal 4 Resilient Coastal Communities and Economié€doastal and Great Lakes communities that
are environmentally and economically sustaingl®econdary

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

The goal of thigroject is to produce one or more highly realistic simulations of a hurricane in the
Atlantic basin. The numerical prediction model used for this purpose is the Weather Research and
Forecasting Model (WRF) version 3.2.1 (Skamarock et al. 2008). The natursimulation is
performed with 1 km horizontal grid spacing on the innermost nested grid, which is sufficient for the
reproduction of relevant inn@ore processes such as rapid intensification, polygonal eyewalls, and
secondary eyewall formation. The T6 ECMWEF nature run that is being used by NOAA in their
global model OSSE studies has been chosen to provide the initial and boundary conditions for the
regional, nested simulation.

In the past year, the nature run simulation was completed and haschared at the University of

Miami Center for Computational Sciences data storage system. The simulation took about 3 weeks
running on 96 processors, using about 48,000 CPU hours. Before successful completion, the nature
run simulation had to be restartabout halfway through, twice, to address obvious flaws in the
simulation.

Since completion of the simulation, our wor k h
determining how well it reproduces the structure and behavior of a real hurrigeme. the

simulation is based on a hurricane that occurred within a global nature run (anothenfrieg

simulation), it does not correspond to a hurricane that actually occurred. Thus, we must compare our
simulated hurricane to composites of data fromal storms. To date, we have validated the
simulation in the following ways: we have evaluated its winelssure relationship; we have
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compared its boundary layer to composites from observed hurricane boundary layers; we have
compared to a data set oktbutward slope of the eyewall; and we have evaluated the diurnal cycle
of convection. The nature run hurricane is remarkably realistic in all of these aspects except for its
eyewall slope: similar to many previous simulations, the eyewall slopes outwanid more than it

should when compared to real storms.
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Figure 1: This figure plots instantaneous values of the minimum surface pressure vers
peak surface wind speed every 30 minutes from day 4 through day 11. Also showr
curve for the AtknsonHolliday formula, a curve that fits the Dvorak table, and pres
values predicted by wind speed from a new formula developed by Knaff and Zehr (:
During the period of days-8.75, the RMS error between the nature run and the Kaedff
formulais 4.5 hPa, which is less than the error between the formula and the data to w
was fit. After 8.75 days, the simulated hurricane expands and its pressure be
anomalously low, much like Hurricane Irene (2011).

Research Performance Masure: Most of the goals for the project in the past year have been met.
What remains is to further validate the simulated hurricane against other known aspects of real
hurricanes, such as the spatial distributions of reflectivity and vertical velocitgubAcation
documenting the development and validation of the simulation is in preparation.
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RealTime Hurricane Wind Analysis

Project Personnel: B. Annane, S. Otero and R. St. Fleur (UM/CIMAS)
NOAA Collaborators: M. Powell and S. Murillo (NOAA/AOML/HRD)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To improve our understanding of the wind distribution in tropical cyclones.

Strategy To apply advanced computing methodologies to integrate cyclone data and to make the
data moregeadily available to scientists in re@he.

CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:
Goal 2 WeatherReady Nation Society is prepared for and responds to weatkeated events

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

The HRD Reatime Hurricane Wind Analysis System (H*Wind) is a distributed system that ingests
reattime global tropical cyclone observations measured by-Jasea, space and airborne
platforms adjusting them to a common framework, 10m marine exposure. These observations are
stored in a relational database, and then graphically displayed via an interactive Java application
where scientists can quality control, objectively analyze, and visutide information. The H*Wind
system consists of five sttdmponents: data collection, database, quality control interface, analysis
package, and product generation package.

Data collection is accomplished through a suite of Unix scripts and C proguomsent platforms

being ingested include Air Force and NOAA reconnaissance, Dropwindsondes, GOES, SSM/I, TM/I,
QSCAT, ASCAT, WINDSAT satellites and the AMSU satellite product, METAR, C_MAN, Buoys,
Ships, mobile Towers, MESONET data from FSL MADIS Grouogd ®eatherFlow. Currently based

on research performed, the packages developed to bring data into the H*Wind database are being
ported to Python, a platform independent language similar to Java. The effort will lead to a wider use
with in other systems andols and further promotes the software paradigm of code reuse endorsed
by the H*Wind project.

The H*Wind Quality Control (QC) Client is the focal point of the H*Wind system. The QC Client
allows scientist to interact with the data stored in the datab@€egraphically displays the data and
allows close inspection, editing or removal of data from the analysis, and customization of analysis
parameters.

The analysis algorithm consists of a process of estimating the continuous spatial field of a physical
variable from a set of discrete observational data. For our purposes, the physical variables of concern
are wind, pressure, temperature and relative humidity. The basic product of this analysis is a colored
and annotated wind contour plot. Other prodwdfsr vorticity, divergence, wind contour plots
compatible with Google framework, wind swaths, and Hovmoller diagrams. Each analysis is
published with a seléxplanatory metadata file compliant with FGDC (Federal Geographic Data
Committee).
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HRD researcers expressed interest to use H*Wind past and future analyses to evaluate forecast
model in terms of surface wind structure, and potentially introduce new model diagnostic tools. It
was determined that additional analysis results should be appendee AT @~formatted file
currently produced to easily share results with others. The database was altered to store observed
maximum wind vector components, its radius, central pressure and uncertainty errors. Additional
effort will be required to pull thoseesults from all operaional analyses since 2008 and ingest them
according to the new database schema, in order to utlimately reproduce the desirelik@& TS

for historic events.

Experiments were conducted with the objective of producing wind asalgeger than the traditional
8x8-degree domain size. For a higher quality representation, it is important to adapt analysis domain
size to the extensive wind field of hurricanes like Betsy in 1965 or, more recently, tropical storm
Debby, which covered large area in the Gulf of Mexico.

Figure 1: A 10x10-degree H*Wind analysis of tropical storm Debby, Jung2Pd2, 0430 UTC.

Research Performance MeasureAll objectives are being met on schedule.
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A SixteenYear Tropical Cyclone GlobdPositioning System
Dropwindsonde Dataset

Project Personnel:K. Sellwood (UM/CIMAS)
NOAA Collaborator: S. Aberson (NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To gather, organize, quality control, and make availablthe broader community all
GPS dropwindsonde data in and around tropical cyclones, and to provide support for other
scientists who wish to use the data for research.

Strategy Systematically organize data from past years and incorporate new dataiasst ar

CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:

Goal 1 Climate Adaptation and Mitigation An informed society anticipating and responding to
climate and its impact&rimary)

Goal 2 WeatherReady Nation- Society $ prepared for and responds to weathelated events
(Secondary

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:
Since 1996, NOAA, the United Semt Air 20110826H1 IRENE at 1 km (m/s)
Force, and other international agencies hj Ylick: 201 105262540

been releasing dropwindsondes in a
around tropical cyclones to obtain vertic
profiles of wind velocity, temperaturg
humidity, and mass from flight level to th] ..
ocean surface. These observations @edy
operationally by meteorological centers A
diagnose current conditions and to impro
initial conditions of numerical weathe
prediction models. After the fact, these dg ;s
are invaluable to researchers in studies
tropical cyclone dynamics and therm s
dynamics, and in studies of targetg e R
observations and predictability, as well as '
climate research and numerical moq .

33.5N

evaluation. Hundreds of these profiles g T

obtained annually in the Atlantic an =5

northern Pacific Oceans, and may soon

become availabklin the Indian Ocean. Figure 1: Wind field at a height of 1 km. for hurrican

Irene, valid 0Z, August 27, 2011 produced from
In this project, we gather, organize, aj composite of radar and dropwindsonde data. Graphics |

quality control, all GPS dropwindsonde da 25 these provide a quick look at the hurricane inner (
in and around tropical cyclones. W.STUCture:
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subsequently make these data available to the broader community and we provide support for other
scientists Wwo wish to use the data for research. These data are organized and made freely available
on an ftp site. Both numerical and graphic versions of the data are provided in order to meet the
various needs of the research community (see Figure 1).

Additionally we have developed computer programs to extract the environmental data that are
transmitted, in real time, from the various aircraft so that it can be easily ingested into numerical
models. One such program produces estimates of the migduhgydnd formats the information in a
manner that enables a quick look at the data and providesdsghution observation times and
locations that are essential for data assimilation with advanced hurricane forecasting models. These
programs have beenuccessfully implemented for reali me dat a assimilatio
experimental version of the Hurricane Weather Research and Forecasting model (HWRFx) during
the 2010 and 2011 Atlantic hurricane seasons and in retrospect for the 2008 and 2009 seasons (See
Figure 2). The codes are publicly available upon request and are frequently refined in an effort to
meet the growing needs of the scientific community that is focused on computer modeling of tropical
cyclones and the assimilation of observational data.
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Figure 2: Initial condition for the higkresolution HWRF model produced by assimilati
dropwindsonde and other date collected using NOAA and USAF aircratft.

Research Performance MeasureAll objectives are being met on schedule.
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ExtremeSurface Wind Observations in Recent Categéryiropical Cyclones

Project Personnel: B. Klotz (UM/CIMAS), J. Zhang (UM/CIMAS)
NOAA Collaborator: E. Uhlhorn (NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To examine the surface and boundary layer fields within extreme tropical cyclones to
evaluate the nature of the extreme surface wind speeds

Strategy To use radial profiles of flighievel and stepped frequency microwave radiometer (SFMR)
data from sevetaxtreme tropical cyclones and extend previously defined flgll to surface
relationships to extreme conditions

CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:
Goal 2 WeatherReady Nation Society is prepared fand responds to weatheelated events

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

On rare occasions, tropical cyclones (TCs) reach extreme intensitie55(kts, 80 m § when
environmental conditionallow. Such storms are characterized by extremely peaked wind radial
profiles, small maximum wind radii, and compact eyes in satellite imagery. Thip san be found

at the conclusion of a rapid intensification period and tends to remain for one foregast cycles,

at which point the eyewall tends to collapse or an eyewall replacement cycle begins. Some wind data
recently obtained in several intense categopfiyCs indicate that surfade-flight-level wind speed

ratios may exceed 1.0 in these erte cases where more typical values are on the order e® @85

Recent analyses of flighével reduction factors suggest that slant reduction factors tend to increase
with inertial stability () at the radius of maximum wind (RMW).

Flight-level (700mb) and steppefiequency microwave radiometer (SFMR) surface wind data are
used to construct radial profiles of axisymmetric wind speed and gradient wind for 36 individual
hurricane flights, including Hurricane Felix (02 Sept. 2007) and Supertyphoon(Megict. 2010).
Additionally, 700 mb flightlevel data were obtained in Hurricane Wilma (19 Oct. 2005). Individual
radial profiles are averaged together to compute a symmetric mean. Flight level geopotential height
(2) observations are utilized to estimdtes radial profile of gradient wind. Ratios of maximum
surface to flightlevel axisymmetric average wind speed are computed for each case, and placed
within the context of results of previous studies, which found that ratios tended to increakeawiith
measured at the flight level radius of maximum wind (RMW). Extending this work, ratios of
maximum surface wind to maximum fligldvel gradient wind are computed here for several
hurricanes. Linear regression is used to develop statistical relationsbipgeb flightlevel
reduction ratios and wind speeds relative to graehatdnced winds, for a broad range of storms,
including Felix and Megi. These relationships are extended to estimate maximum surface winds for
Wilma, in which no SFMR data were obtathon the day of interest.

Figure 1 shows the ratios of maximum axisymmetric average iylel wind speed to maximum
gradient winds as a function bft the flightlevel RMW. From this figure it is possible to see that
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the extreme cases fit fairly Wento this previously defined relationship. While the Wilma case has a
much higher value for inertial stability, the ratio fits well into the relationship defined by the weaker
storm cases as well. If the ratio between the maximum surface wind andxhreum gradient wind

is considered in relation to both flighavel and surface inertial stability parameters (calculated at the
respective RMWSs), the extreme cases also compare well with the relationship previously determined
with the weaker storms, whicis shown in Fig. 2. Figure 2a implies that with extreme TCs, it is
expected that the maximum surface wind speed will be sgnaelient. Due to the lack of surface

wind speed measurements from the SFMR in this particular hurricane Wilma case, thesta|ati

given in Fig. 2 can be used to extrapolate maximum axisymmetric average wind speeds of 94 m s
(182 kts). Surface wind speeds of this magnitude have never been physically observed to date in a
tropical cyclone.
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Figure 1: The ratio of flightlevel maximum wind to flightevel gradient wind (both
axisymmetrically averaged) as a function of fliggwel inertial stability. The black square
indicate the weaker cases initially used in development of the relationship, ahdethextreme
cases of interest are shown in red (Felix), blue (Megi), and green (Wilma). The blac
indicates the linear regression relationship as denoted by the equation presented on the fig

The ideas presented here show that evengimextreme TCs are a rare event, they do produce
results that fit existing intertial stability relationships. These results also show that if no surface
measurements exist for extreme cases, surface measurements can be extracted within a reasonable
amour of error spread.
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Figure 2: Similarly to Fig. 1, the ratio of maximum surface wind to maximum surface graq
wind as a function of (a) surface inertial stability and (b) fliigivel inertial stability are shown
As in Fig. 1, red indicates the Felix case and blue indicates ¢y ddse.

Research Performance MeasureAll major research objectives related to this project have been
met. The project personnel are beginning to draft a manuscript for publication.
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Improved SFMR Surface Wind Measurements in Intense Ré&onditions

Project Personnel: B. Klotz (UM/CIMAS)
NOAA Collaborator: E. Uhlhorn (NOAA/AOML)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To reduce the SFMR wind speed bias in the presence of heavy precipitation

Strategy To quantify the wind speed errors associated heavy precipitation conditions and to expand
the SFMR vs. dropwindsonde database in order to develop a bias correction model that can be
applied to reatime SFMR wind speeds

CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:
Goal 2 WeatherReady Nationrr Society is prepared for and responds to weatkeéted events

NOAA Funding Unit: NWS/NHC/JHT
NOAA Technical Contact: JiannGwo Jiing

Research Summary:

The airborne stepped frequency microwave radiometer (SFMR) estimates surface winds and rain rate
in most conditions, but is particularly useful in tropical cyclones. However, due to a couple of
potential factors, retrieval accuracy has been shown to beadbsyin weako-moderate winds

82



coupled with strong precipitation. In particular, winds are typically overestimated in such conditions.
Quantifying the errors associated with these situations will be helpful for resolving this problem.

To accomplish thigioal, an SFMR vs. GPS dropwindsonde database has been expanded to include a
broader distribution of wind speed and rain rate combinations to assess accuracy in all expected
conditions. In a previous observational sample, only 103 of the 1591 dropwindseeacdecollected

in weakto-moderate winds and heavy precipitation. With our efforts to collect the data, especially
during the 2011 season, this number increased by over 20%. Although direct observations were
obtained, these conditions continue to remmalatively undeirepresented in the overall data sample.

To improve the representation, synthetic dropwindsonde surface wind observations were estimated

from the observed flight e v e |

adjusted to the surface.

With the database sufficiently expandedramdom sample of 80% of the total population was
extracted for developing a bias correction model. The remaining paired samples (20%) are
subsequently used to evaluate the results of the bias correction. The SFMR surface wind speed and
dropwindsonde surfaeadjusted wind speed differences were binned into four rain rate (R) bins and
five wind speed (&wr) bins. Synthetic dropwindsondes were weighted relative to the real
dropwindsonde surfaeadjusted wind speed leasquares fit to the SFMR wind speed. Adal data

are given the highest weight in this process. Weighted mean differences and error statistics are
computed for each bin, and a polynomial function is fit to theaeraged differences. Figure 1
shows this relationship and includes the bin ages, counts, and relative weights applied for the
calculation of the polynomial fit. Figure 1 indicates that for low wind speeds and high rain rates, the
SFMR wind speed bias is largest, and conversely, the bias is smallest for high winds and low rain
rates. In particular, at minimal tropicatorm force winds (~17 m™}, the SFMR tends to over

wi nd

speeds. An

estimate the wind speed by at least 4.5'wisen the rain rate exceeds 30 mri.hr

Wind Speed Bias
T T

Rain Rate (mm hr™)

357 185 27/
036 045 i g

Y
///
M 217 (217)/ 140 (140)
ga5 (aasy” o199 /1 069
Y 207 0.34

/

4 /
188 (36) 184 (70)  152(85) /
1

/
/
£

."6,

AT

//
/
/
/

,‘/ ]
38(f2) /| ¥
218 /]
A9

//‘
15/(41)

075 .
-4
0.08

16 (16) | W

1.37
0.06
il

0 222, 10.70 2 1
101.00 20 30 40
Wind Speed (ms™)

50

60 70

83

average
dropwindsonde wd speed (W.150) and ~708mb flight-level wind speed K is developed based on
observations obtained in 202011 and is used to obtain expectegl id wind speeds that can be

Figure 1: Fitted wind speed biasad))
function showing contours every 1 s with
warmer colors representing higher biases 4
colder colors representing lower biase
Values are located at the mean wind spe
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The improvement in the SFMR surface wind estimate by applying the bias model is evaluated using
the remaning 20% of the sample not used for model development. For each paired dropwindsonde
and SFMR (W vs. Uspmr) sample, thesd) is computed from kkyr and R, and is then subtracted

from Ussyrt 0 Obt ain a fAcorr ec . dide oRialbdeurasyuof doreected wi n d
observations relative toJd data is found to be within 3.2 m*sor an improvement of 1.4 m's

(31%). The overall bias is reduced to 1.0 ™) which is a 50% improvement. Since we are
specifically interested in improving the wdrspeed estimate at wetikkmoderate winds and heavy
precipitation, we have examined the improvement wheggidx 33 m § and R > 20 mm Hr (Fig.

2). In this particular range, the accuracy improves from 5.4 10 2.6 m § (51%), and the bias is
redwed from 2.9 to 0.8 m”s(72%). These results are encouraging and provide a substantial
foundation for resolving the issue of raontaminated wind speeds from the SFMR. With these

improvements, forecasters will be able to better assess the surfatepeied of tropical cyclones,
especially weaker and developing systems.

GPS vs. SAMR WS for WS <33 m s™ and RR > 20 mm hr’! GPS vs. corrected SAVIR WS for WS < 33 ms™ and RR > 20 mm hr'
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Figure 2: Comparison of Wrwr Vs. Uy for wind speeds < 33 mi'sand R > 20 mm Hf(left), and
comparison for bk, vs. Uy, for same range based on independent observation sample.

Research Performance MeasureAll major research objectives have been met for the first year of

this project. Research towards improving the SFMR algorithm is ongoing through the next fiscal
year.
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Microphysics of Deep Convection

Project Personnel:P. Willis (UM/CIMAS)
NOAA Collaborator: F. Marks (BAR/AOML)
Other Collaborator: A. Heymsfield (NCAR)

Long Term Research Objectives and Strategy to Achieve Them:

Objectives To improve the understanding and prediction of tropical cyclone genesis, intensity
change, rainfall, water content, as well as the microphysical schemes in tropical cyclone
simulations.

Strategy Evaluate and compare microphysical fields from in situ dathfrom NOAAWP 3 D6s and
NASA DC-8 aircraft and highresolution numerical models.

CIMAS Research Theme:
Theme 2 Tropical Weather

Link to NOAA Strategic Goals:
Goal 2 WeatherReady Nation Society is prepared for and responds to weatkeéated events

NOAA Funding Unit: OAR/AOML NOAA Technical Contact: Alan Leonardi

Research Summary:

Work continues on the study of the NAMMA cloud system (MCS) convective cloud microphysics as
outlined in the 2010 report. The work has centered on the rapidogement of ice from well
developed warm rain distributions at ##C level (all liquid); to virtually all ice at thel1C level.

The analysis has focused on the development of proto ice (first ice), and the role of secondary ice
production (very likely Hllet-Mossop). The distributions of vertical wind, which make the
condensed water mass available, as measured in the cloud system were analyzed in some detall

(Fig. 1).

po— The first ice is found to be frozen raindrops in
19 ek concentrations consistent withe concentration of
- drop of diameter > .8mm in the warm rain
distributions. There is considerable evidence in the
1 image data of drops having fragmented upon
freezing. In the strongest updraft regions-EHtC
there are copious concentrations of smallitig
1 cloud droplets. Downshear of the most active
updrafts the distributions are characterized by high
concentrations of small to medium sized columnar
crystals, consistent with a Hallettossop ice
p splintering mechanism, and subsequent growth of
e the secadary ice particles.
01 l1 ; ;110 210310 5‘0 710810 QID 9'5 9!9 99]999 99
percent Figure 2 presents the data from the cloud transect at
-2C, to be compared to the data presented in Figure
Figure 1: Distributions of vertical winds (w)] 3 from the-11C levd. The vertical winds, the
for 3 sampling transects and the combin relative humidity with respect to water, and the
distributions. concentrations of four sizes of hydrometeors are
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presented. Figure 4 shows the high resolution 2DS images in the all water level in the cloud arriving
at the freezing level witldeveloped warm rain. Figures 5 and 6 show the complete dramatic
conversion to all ice by F11C; characterized by riming frozen drops. Figure 7 shows another all
frozen drop frame, and two frames in the copious column region of the cleL®iCGat Notethat the

rimed graupel coexists in close proximity to the copious columns. Figure 8 shows one frame of
columns and two frames frol22C showing remarkable growth of fragile dendritic spicules on the
surface of the graupel.
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Figure 4: Cloud 23 transecDS image samples at 65659s, 65669s, 65672s, |Ilustrat|ng imag
all rain at T=2C. Size is indicated by horizontal bars which are dimension of 1.28 mm apart.
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Figure 5: Cloud 4 transect 2DS image samples at 65921s, 65923s, 65928s, illustnatyy@g in upsheal
active updrafts at T21C. Size is indicated by horizontal bars which are dimension of 1.28 mm apq

Figure 6: Cloud 4 transect 2DS image samples at 65931s, 65934s, 65939s, further illustrating im
upshear active updtafat T=11C. Size is indicated by horizontal bars which are dimension of
mm apart.
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