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I. 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 including at present eight additional Florida and Caribbean 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 in Miami: 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 encompasses seven inter-related Research 

Themes which are linked to NOAAôs Strategic Science Goals. These mandatory Research 

Themes were specified and defined by NOAA in the request for proposals (RFP) to which 

CIMAS responded during the recompetition process. 

 

Theme 1: Climate Research 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, II, III and IV) under the present Cooperative Agreement (CA) during this 

reporting period was $17.1M. Task I which includes not only Administration but also Research 

Infrastructure (shiptime, computing resource access etc.), Education and Outreach was ca. 

$1.6M. The University of Miami contributed an additional $.24M towards Administration.  Task 

II, which supports CIMAS employees conducting research off- campus was ca. $ 8.9M.   

 

Research project funding (Tasks III and IV) totaled ca. $6.7M. The largest portions of Tasks III 

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

and Ecosystem Management which together account for 69%. The smallest portions were in 

Themes (4, 5 and 7) Ocean Modeling, Ecosystem Modeling & Forecasting and Protection and 

Restoration of Resources which together account for only 9%.  These percentages are somewhat 

misleading in that these Theme assignments reflect only the ñprimaryò not secondary or tertiary 

ñthemeò designations.  In many cases which Theme is primary is arbitrary given the 

interdisciplinary character of the research.   Moreover the above expenditures (Tasks II, III or 

IV) refer only to those under the new CA initiated October 2010.  They do not include 

continuing expenditures during these same time period under prior agreements with CIMAS (the 

last of the so-called Shadow Awards).   

 

During this reporting period a total of 126 individuals at UM were directly provided salary 

support through CIMAS. Of these, 106 received over 50% of their support through CIMAS. Of 

the 106 research employees who received over 50% NOAA support, 68 worked with AOML, 34 

with SEFSC, 3 with RSMAS and one with the NHC.  Twenty seven of these employees were 
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Research Scientists including 4 part time former NOAA employees.  The employees in the 

Research Associate and Research Scientist ranks have a diverse demographic profile.  The 

population is 56% female.  Foreign-born individuals make up 53% of the personnel. Of these, 

Hispanics make up 20% of the ranks; Asian and Pacific Islander, 19%. The population of 

CIMAS is relatively young in comparison with NOAA overall (or the local laboratories) and has 

an average age of only 39. This is the same to last yearôs demographic profile.   

 

During this last year there were 96 peer-reviewed publications and another 14 non-peer reviewed 

technical reports or other publications resulting from CIMAS research. Partial results from a few 

individual projects are highlighted below. They were selected from various themes to be 

representative of the wide diversity of activities carried out within CIMAS and are sorted with 

respect to three of  NOAAôs scientific goals. An attempt was made to avoid highlighting 

continuing projects highlighted in the two prior annual reports.  A more detailed description of 

these projects can be found in the body of the Report within the full sets of individual project 

summaries provided for each of the seven CA Research Themes or for individual competitive 

program awards made to CIMAS investigators under the new CI competitive award policy in an 

Appendix to be made available on the CIMAS website.   That Appendix will contain abstracts 

from the most recent progress reports furnished to the NOAA competitive program offices that 

funded those projects.  

 

Research, educational and outreach activities conducted by CIMAS during the twelve months 

summarized herein but related to prior Cooperative Agreements through Shadow Awards will be 

separately reported in subsequent reports as directed by the NOAA CI Program Office. 

 

SOME RESEARCH HIGHLIGHTS  

 

Goal 1:  Climate Adaptation and Mitigation: An informed society anticipating and 

responding to climate and its impacts 
 

Western Boundary Time Series Project: The Western Boundary Time Series (WBTS) project 

maintains one of the longest time series of water mass and transport observations of key components of 

the global meridional overturning circulation (MOC).  During this last year project personnel have found 

important connections between Florida Current variations and direct wind forcing (Frajka-Williams et al., 

Geophys. Res. Lett., 40, 349-353, 2013) and intriguing potential connections between the deep flows on 

either side of the Mid-Atlantic Ridge associated with the MOC (Meinen et al., Deep-Sea Res., 85, 154-

158. 2013). 

 
Coral Health and Monitoring Program (CHAMP): 

¶ Predicting effects of climate change on coral reefs: Novel analysis of data from state of the art 

climate models has shown that coral reefs in the western tropical Pacific Ocean are likely to be among 

the first to perish due to climate change induced bleaching, whereas coral reefs in other places, such 

as near the high-latitude limits of their range may represent temporary refugia from temperature stress 

but may see the biggest impacts of ocean acidification. 

¶ Refugia from ocean acidification in The Florida Reef Tract Seagrasses likely caused a net draw-

down of CO2 at inshore sites in the upper Keys and coral reefs in this area may therefore be buffered 

from the deleterious effects of OA.  
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Southwest Atlantic Meridional Overturning Circulation (ñSAMò) Project:  Despite significant 

uncertainty about the path of the lower limb of the MOC in the South Atlantic (as opposed to the better 

understood North Atlantic pathway), the observed time variability of the Deep Western Boundary Current 

transport in the South Atlantic is equal in magnitude to that observed in the North (Meinen et al., Ocean 

Sci., 8, 1041-1054, 2012). 

 

OSSE Evaluation of Targeted Airborne Ocean Observing Strategies in the Gulf of Mexico: 
Successful validation of the first ocean OSSE system demonstrates the potential to provide important 

feedback to NOAA and other agencies regarding the impacts upon forecast uncertainty of alternative 

regional and global ocean observing systems that will permit cost-effective optimization of observing 

system design. 
 

 

Goal 2: Weather Ready Nation: Society is prepared for and responds to weather-

related events 
 

Ensemble-based high-resolution, vortex-scale data assimilation for hurricane model 

initialization: The Hurricane Ensemble Data Assimilation System (HEDAS) was developed to 

assimilate high-resolution, vortex-scale observations collected during the field program run by the 

Hurricane Research Division.  HEDAS was shown to more realistically represent initial hurricane vortex 

structure. As a result, HWRF forecasts initialized with HEDAS analyses have been found to be superior 

both in track and intensity to the currently operational HWRF.   
 

Multi -model Ensembles for Hurricane Forecasts: Results obtained demonstrate much improved 

hurricane track and intensity forecasts out to day five using a multi-model super-ensemble. 

 
Studies in Support of NOAAôs Operational Ocean Heat Content Analysis Using Deep Water 

Horizon Measurements: Aircraft-based ocean measurements acquired during Deep Water 

Horizon incident provided an independent measure of satellite-derived isotherm depths and OHC 

products relying upon the SMARTS climatology. A derived operational product was provided 

which includes assessments of the quality of the OHC product using all available in-situ data 

from floats, XBT transects, moorings and ships. 

 

 

Goal 3: Healthy Oceans: Marine fisheries, habitats, and biodiversity sustained 

within healthy and productive ecosystems 
 

Development of a Towed Camera System for Assessing Demersal Fish Stocks: C-BASS 

(Camera-Based Assessment Survey System): The rapid, precise and credible assessment system 

developed will improve science understanding and ultimately the management of reef fish populations 

such as red snapper, groupers, amberjack, porgy and other reef-dependent species not only in the Gulf of 

Mexico but anywhere hard bottom reefs limit the utility of traditional sampling gears.   
 

Ocean Conditions in the Gulf of Mexico: Significant progress has been made in understanding 

the circulation of waters in the Gulf of Mexico using satellite data: ocean color, infrared and 

satellite altimeters. Findings suggest that the position and strength of anticyclonic mesoscale 

features in the GOM define the most favorable spawning habitats for these species.  
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Investigation of the Movement of Adult Billfish in Potential Spawning Areas: Progressive 

warming leads to shoaling of the available habitat by about 1 m yr
-1

, which concentrates both 

predator and prey in progressively shallower surface areas.  Moreover the documented decline in 

dissolved oxygen is estimated to have resulted since 1960 in about a 15% habitat loss for tropical 

tuna and billfish. 

 

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

Impacted by the Deep Water Horizon MSC 252 Oil Spill: Juvenile oceanic developmental and 

foraging habitats are not been defined for any federally protected sea turtle species. This project 

is providing among the first satellite tracks of oceanic stage sea turtles in the Gulf of Mexico 

allowing preliminary definition of the foraging habitat. 
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II. CIMAS MISSION AND ORGANIZATION  
 

CIMAS, the University Partners, and NOAA 
 
The Cooperative Institute for Marine and Atmospheric Studies (CIMAS) is hosted at the University 

of Miami (UM) in the Rosenstiel School of Marine and 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 (UVI). CIMAS works particularly closely with 

the three NOAA facilities located in Miami: the Atlantic Oceanographic and Meteorological 

Laboratory (AOML), the Southeast Fisheries Science Center (SEFSC) and the National Hurricane 

Center (NHC) - see www.ci-mas.org for additional details and geographic distribution. 

 

Goals 

Although CIMAS had served its purpose well for more than three decades, it needed to 

substantially change in order to keep pace with changes in scientific and societal priorities as 

well as changes in both NOAA and the regional university landscape.  The re-competition 

process represented an opportunity to establish a renewed institution that would 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 enable NOAA to better 

address the enormous challenges of the twenty first century. 

 

Vision: 

¶ 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; 

¶ To disseminate this information and the understanding resulting from it through targeted 

education and outreach activities; and, 

¶ To facilitate the process of applying our scientific knowledge to effectively sustaining, 

protecting and restoring our natural environment as well as the economy and human 

society that ultimately depend upon it.  

 

Mission: 

¶ To conduct research in the terrestrial, ocean, and atmospheric environments consistent 

with the priorities expressed in NOAAôs present and future Goals and Mission. 

¶ To characterize physical, chemical and biological interactions and processes within, 

between, and amongst these environments;, 

¶ To better understand the role of humans in affecting these environments and the impacts 

of change in these environments upon human societies and economies, and, 

¶ 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/
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To achieve this Vision and carry out this ambitious Mission, CIMAS re-invented and 

restructured itself: 

¶ By enhancing interconnections with the regional NOAA community beyond Virginia 

Key (including inter alia NWS/NHC, Florida SG, SECART, GOMART); 

¶ By broadening the participation of the regional academic community beyond UM by 

incorporating; complementary capabilities from other Florida and U.S. Caribbean 

universities (specifically FAU, FIU, FSU, UF, USF, NSU, UPR and UVI); 

¶ By offering NOAA access to state-of-the-art research infrastructure both at UM and its 

partner universities (including high performance computing facilities, ships, ocean 

engineering technology, hurricane simulation facilities etc); 

¶ By developing new graduate and undergraduate educational programs to train the NOAA 

workforce of the future. 

¶ By establishing collaborative relationships with other regional CIôs (specifically NGI, 

CIOERT and CICS);  

¶ 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 Spatial Planning as reflected in NOAAôs Annual 

Guidance Memorandums, Research Plans and Strategic Plans. 

 

How CIMAS Carries Out Its Mission 

CIMAS addresses issues of national interest within the context of NOAAôs missions of 

environmental prediction and stewardship. CIMAS accomplishes this: 

Å  By fostering, facilitating and implementing joint projects between regional university 

scientists and those employed by NOAA; 

Å  By providing a mechanism for engaging undergraduate students, graduate students and 

post-doctoral fellows in this research; 

Å  By arranging for 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; 

Å  By providing training for personnel in various areas of research in marine and 

atmospheric science. 

 

CIMAS enhances NOAA-university 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 breadth of university activity in research areas that are complementary to NOAAôs 

mission. 

 

The Link between CIMAS Research and NOAA Goals 

CIMAS research and its scientific objectives have been guided by the general objectives of 

NOAAôs scientific mission goals:  

Goal 1: Climate Adaptation and Mitigation - An informed society anticipating and responding to 

climate and its impacts 
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Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

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

and productive ecosystems 

Goal 4: Resilient Coastal Communities and Economies - Coastal and Great Lakes communities 

that are environmentally and economically sustainable 

 

These NOAA's scientific mission goals are consistent with the broader scientific mission of 

CIMAS and each research project in CIMAS must contribute to at least one of these NOAA 

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 is a senior faculty member 

of the host institution, the University of Miami.  Many 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 national or international standing who hold 

regular teaching or research faculty appointments in one of the nine participating universities or 

who are senior staff members at 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 

implementation of research programs. One of the Fellowsô most important tasks is fostering the 

development of 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 the three local 

NOAA facilities and the Director of the NOAA CI Office.  The CIMAS Director participates as 

an ex officio member of the Board and was appointed by the Board.  

 

CIMAS activities fall into four Task categories. The Administrative functions of CIMAS are 

carried out under Task I with funding provided by both the University and NOAA. Task I also 

includes both Research Infrastructure and Education & Outreach.  Under Task II CIMAS 

supports research scientists or research associates who work on research projects carried out off 

campus primarily at NOAAôs Miami facilities. The expertise of these CIMAS employees 

complements that already present within NOAA. CIMAS Research Scientists can serve as 

project principal investigators and submit proposals to NOAA and other agencies through Tasks 

III and IV described below. 

 

The remaining research in CIMAS is carried out under Tasks III and Task IV. These Tasks 

provide funding to university faculty and CIMAS scientists to conduct project-based research 

consistent with CIMAS research themes. Task III primarily encompasses research collaborations 

with NOAA scientists (typically but not necessarily located in Miami) and NOAA program 

offices.  Support for individual Task III projects is based on proposals submitted to specific 

NOAA units or funding programs often but not necessarily in response to a general 

Announcement of Opportunity or Request for Proposals.  Task IV encompasses projects that 

support or complement the NOAA mission and are consistent with the CIMAS Themes but are 

funded by other federal (non-NOAA), state or private funding sources.  All funding provided by 

NOAA to University Partners other than UM is Task III.  
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III. PERSONNEL  
 

Distribution of Personnel 
CIMAS personnel participate in a wide range of NOAA-related activities. During the past twelve 

months a total of 130 persons were associated with CIMAS in various capacities. Of these, 106 

received over 50% of their support from NOAA sources. Table 1 shows the distribution of these 

individuals by category and by their association with the local NOAA facilities.  Of the 106 who 

received over 50% NOAA support, 68 are associated with AOML, 34 with SEFSC, 3 at RSMAS and 

one with NHC. Two of these work out of state.  All but two were research personnel. 

  

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

CIMAS Research Associates/Scientists are hired into a well-delineated 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 staff essential to support of research activities at the University. 

Advancement is not automatic with time in grade. Additional education, continuing professional 

achievement, and/or increased responsibility are the basis for advancement to higher-level positions. 

The progression order is: Research Associate, Senior Research Associate, Assistant Scientist, 

Associate Scientist, and Scientist. The "Scientist" ranks (Assistant Scientist, Associate Scientist and 

Scientist) are designed to parallel those of the research faculty at the University (i.e., Assistant 

Research Professor, Associate Research Professor and Research Professor). Over the last twelve 

months, there were in addition a total of 9 Postdoctoral Fellows. Postdoctoral Fellows have become 

an increasingly important part of the CIMAS employee pool during the current Cooperative 

Agreement. A new category of CIMAS employment is non-research support employee (e.g. 

computer program or engineer). At present there are two such employees but we expect this category 

to continue to grow.  

Table 1: CIMAS Research Personnel 2012 ï 2013 

 

Category Number BS MS Ph.D 

Research Associate/Scientist 68 16 24 28 

Part Time Research Associate/Scientist 9 3 2 4 

Postdoctoral Fellow 9     9 

Research Support Staff 20 1 0   

Total (> 50% NOAA support) 106 20 26 41 

Full Time Administrative Staff 5     2 

Task I Undergraduate Students 10       

Task I Graduate Students 5       

Visiting Scientist 4       

NOAA Association 

68-AOML       

34-SEFSC       

3-RSMAS       

1-NHC       

Obtained NOAA employment within 

the last year 
0 
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Research Support Staff are temporary employees, hired for the duration of specific projects. These 

include persons from a variety of backgrounds including both retired PhDs and local high school 

students often as a part of CIMAS associated K-12 outreach programs. 

 

It should be noted that although CIMAS has the status of a Division within UMôs Rosenstiel School 

it has no faculty. School faculty participate in CIMAS activities in many ways, but they hold their 

primary appointment in one of the School academic divisions (including both the CIMAS Director 

and Associate Director). University faculty are not counted in the listing of CIMAS employees not 

even those who serve as CIMAS Fellows or conduct Task III research projects. All the graduate 

students who work on CIMAS Task I programs and are included therein have their primary 

affiliation with an Academic Division which has the ultimate responsibility for overseeing the 

studentsô academic performance and the granting of degrees.  

 

See Section X for a list of the students and post-docs associated with CIMAS. 

 
Over the past twelve months, CIMAS has continued its efforts to improve the working environment 

of its many off-campus employees. Specific efforts included:  

1.  Updating itsô Awards Policy modeled upon the awards available to NOAA employees 

(http://cimas.rsmas.miami.edu/pdfs/CIMAS_Award_Program_Policy.pdf) and awarding 13 

awards under this policy;   

2.  Expanding the breadth and increasing the upper limit of the Pay Bands applicable to CIMAS 

employees  (http://cimas.rsmas.miami.edu/pdfs/pay-bands.pdf) and not only hiring new 

employees within these limits but raising the salary of legacy employees so they all 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 CIMAS Task II employees are 

not U.S. citizens); and,   

4. Preparing and providing briefing documents and workshops for relevant NOAA personnel 

(advisors and administrators) regarding UM Human Resources policies, practices and 

regulations. 

5. Providing support for part-time liaison positions at each of the two primary off-campus work 

sites (AOML and SEFSC). 

 

CIMAS Fellows 
CIMAS Fellows play a critical role in the governance of the Institute. At present there are 29 CIMAS 

Fellows.  6 CIMAS Fellows are from RSMAS, 8 from the local NOAA facilities and 15 from the 

Partner Universities.  A list of the present CIMAS Fellows is given in the Fellows section of this 

report along with their affiliation.  The CIMAS Director serves ex officio as 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 NOAA representation) 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 facilities (R. Atlas, OAR/AOML; B. Ponwith, 

NMFS/SEFSC and R. Knabb, NWS/NHC), the Director of the NOAA CI Office (P. Hoffman) and 

senior administrators from each of the Partner Universities including the Dean of  UM/RSMAS (R. 

http://cimas.rsmas.miami.edu/pdfs/CIMAS_Award_Program_Policy.pdf
http://cimas.rsmas.miami.edu/pdfs/pay-bands.pdf
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Avissar), the host institution. (A list of members is given in the Executive Advisory Board section of 

this report along with their affiliation.   Given the geographic dispersion of the membership, these 

meetings as well are conducted as GOTOMEETING teleconferences. 

 

CIMAS Administration 
CIMAS administrative staff consists of a Director: Dr. Peter B. Ortner, an Associate Director: Dr. 

David Die, and three full-time administrative personnel.  Part-time or work-study students are 

employed on an as needed basis. 
   

Transition to Federal Positions 
More than thirty five former UM undergraduate/graduate students and/or research 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.   
 

Demographics of CIMAS Employees 
The CIMAS population is 56% female.  Foreign-born individuals make up 53% of the personnel; of 

these Hispanics make up 20% of the ranks; Asian and Pacific Islanders, 19%.  Only 4% are African-

Americans despite our efforts to expand this groupôs participation.  The population of CIMAS is 

relatively young with an average age of 39. The largest age decade is that between 30 and 40, for a 

total of 54.   Comparison with local laboratory populations and the 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 currently 5 UM/RSMAS graduate students supported through CIMAS Task I. Many others 

are supported on Task III projects and in other capacities (see Section X for a full list). In addition 10 

undergraduates are currently supported.  A number of high school students are also being employed 

as temporary 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) which is co-located on 

the Virginia Key Marine Campus adjacent to AOML and across the street from the UM marine 

campus 
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IV. FUNDING  
 

General Funding: 
This reporting period, funding from all sources totaled ca. $17.1 under the new Cooperative 

Agreement.   A summary of funding under the four Tasks is shown in Table 1.  

 

 

      
 

 
 
 
 
 
 

 

 

 

 

 

The sources of that funding are shown in Table 2. The major source of funding continued to be OAR 

which provided 54% of the total.  NMFS, NESDIS, NOS and NWS were second at 25%, 12%, 4% 

and 3% respectively.  Of the total OAR funding most originated from the Climate Program Office 

(CPO). The other major source NOAA funding was associated with the implementation of the 

NOAA Hurricane Forecast Improvement Program (HFIP) program.  ñOtherò sources of funding 

include awards from NSF, NASA and private industry as well as a sub-contractual award from FIU.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 July 2012 - 30 June 2013 

Source  Funding $M  % Total 

NESDIS 2.00  12% 

NMFS 4.37  25% 

NOS 0.64  4% 

NWS 0.45  3% 

OAR/AOML 7.84  46% 

OAR/CPO 0.79  5% 

OAR/OER 0.60  3% 

Other 0.44  2% 

GRAND TOTAL 17.13 100% 

 

Table 2: Funding by Source 

 

Period   Task I   Task II   Task III   Task IV   TOTAL  

 Year 1  
   
1,742,457  

    
7,924,090  

       
1,583,572  

           
824,640  

       
12,074,759  

 Year 2  
   
3,269,557  

    
7,880,380  

       
6,236,972  

        
2,012,573  

       
19,399,482  

 Year 3  
   
1,634,929  

    
8,941,974  

       
5,854,265  

           
698,591  

       
17,129,759  

 
TOTALS  

   
6,646,943  

  
24,746,444  

      
13,674,809  

        
3,535,804  

       
48,604,000  

 

 

Table 1: Summary of Funding 
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Funding by Task 
CIMAS activities continue to be administratively grouped under four distinct Tasks that reflect 

complementary aspects of the CIMAS mission. 

Å  Task I provides support for the Administrative structure of CIMAS (including website outreach, 

meetings, GOTOMEETING etc.), NOAA access to Research Infrastructure as well as support for 

students and limited-term visiting scientists.  UM directly contributes to the administration of 

CIMAS as a Division within the School moreover UM charges no Indirect Costs (IDC) 

whatsoever on Task I expenditures. 

Å   Task II  provides support for researchers and support personnel employed by CIMAS to conduct 

collaborative research primarily at NOAA facilities.  Their expertise complements that already 

existing at NOAA or present at UM.  Support for postdoctoral research associates is also 

included under Task II.  UM charges 26% IDC on Task II.    

Å   Task III and Task IV  encompass project-specific research funding at CIMAS. These Tasks 

provide support for research by university faculty, scientists and students. Task III encompasses 

activities that are funded by NOAA and may be carried out in cooperation with NOAA personnel 

in the local NOAA laboratories and elsewhere in the United States. Task III proposals may be 

submitted by UM or Partner University faculty and scientists or by CIMAS research scientist 

employees. Task IV includes projects supported by other (non-NOAA) funding sources. The 

approval of the Director (as the designate of the RSMAS Dean), is required for CIMAS 

employees to submit Task III or IV proposals.   Their subject must be consistent with CIMAS 

research themes and contribute to NOAA strategic goals.  The indirect cost rate for Task III is 

40% and for Task IV is either the federally negotiated UM rate (currently 55%) or whatever rate 

is specified in the relevant RFP. The lower rate for Task III is in recognition of the substantial 

funding CIMAS receives from the local NOAA laboratories under Task 1 for the Administrative 

support toward which that IDC would have contributed.   
   

The total of Task I Funding (including the UM contribution) was $ 1.63M, of which $0.67M was 

for the Administration component and the remainder for Research Infrastructure, Education and 

Outreach. The numbers reported last year were higher due to advance funding of Task I for this 

reporting period. The distribution of NOAA Task 1 expenditures is shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Distribution of Task 1Funding 

 

Task I: General Activities 
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The total NOAA-supported Task 1 budget was $ 1.63M. The category ñAdministrationò 21% covers 

only a portion of the salary of CIMAS staff including its Director and Associate Director. In addition, 

the University of Miami provided a direct contribution to Task I Administration of another $.237M.  
                     
The category "Other" 22% includes: travel for students, visiting scientists and temporary staff in 

support of research activities, consulting agreements, other supplies (minor equipment, peripherals, 

etc.). Research ship-time accounts for 14% of the total.  Temporary Staff (21%) covers persons hired 

on a temporary basis to support research. Infrastructure accounts for 11% of total budget, this 

category allowed the purchase of N-Wave connection and access to high performance computing or 

other university owned research facilities as well as the acquisition of moorings.  

 

 The funding provided for Task II employees totaled $8.9M over the past twelve months.  The 

distribution of these funds by employee category is depicted in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  F igure 2:  Distribution of Task 2: Funds by Employee Category 

 

Funding By Theme 
Project specific research funding (Tasks III and IV) under the new CA totaled ca. $6.6M as 

shown above in Table 1. Figure 3 shows the percentage of Task III and Task IV funding expended 

upon each CIMAS Themes during the twelve months.  Of total CIMAS research funds, Theme 3: 

Sustained Ocean and Coastal Observations continues to account for the largest portion of the funding 

- 46%. The smallest portion of funding was in Theme 4: Ocean Modeling ï 1%.  

 

The distribution of project specific funding by Theme as shown in Figure 3 is based upon somewhat 

arbitrary assessments of the major focus of specific projects. In truth nearly all CIMAS projects are 

highly interdisciplinary and could reasonably be assigned to more than one Theme.  To better reflect  

this complexity projects are given not only primary but also secondary (and sometimes tertiary) 

theme assignments.  Moreover this figure only shows the distribution of funding under Tasks III and 

IV; it does not show the funding that supports Task II research personnel working on research 

 

Task II Employees by Category 
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projects that necessarily fall within these same Themes. While the salary of those personnel is paid 

through CIMAS all the other costs for those research projects are budgeted directly within NOAA 

and no specific project proposal was submitted through CIMAS to obtain the requisite funding. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Percentage of Task 3 and Task 4 (Research) funding in the CIMAS Themes 

 

Table 3 below tabulates NOAA current funding received by CIMAS under the present 

Cooperative Agreement as well as its immediate predecessors.  For example, note that the 

Shadow Award continued to be operative; it was in its final year during the present reporting 

period although those expenditures are not reported herein.   

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

NOAA Award Number  Award Period  Total Funds  

NA10OAR4320143 09/01/10 - 8/31/15  $        43,077,176  

NA08OAR4320889 Shadow 07/01/08 - 06/30/13  $          3,068,262  

NA10OAR4310120 09/01/10 - 8/31/15  $             457,924  

NA11OAR4310207 09/01/11 - 08/31/13  $               71,964  

NA11NOS4780045 09/01/11 - 08/31/16  $          1,515,182  

 NA11OAR4310077 09/01/11 - 08/31/14  $             307,600  

NANA12OAR4310105 08/01/12 - 07/31/14  $             190,000  

NANA12OAR4310089 08/01/12 - 07/31/14  $             130,000  

NANA12OAR4310083 08/01/12 - 07/31/16  $               10,000  

NANA12OAR4310073 08/01/12 - 07/31/16  $               10,000  

 

Table 3: Recent NOAA Funding Directly to CIMAS  

 

11%

13%

46%
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3% T-1 Climate Research
and Impact

T-2 Tropical Weather

T-3 Sustained Ocean and
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T-4 Ocean Modeling

T-5 Ecosystem Modeling
and Forecasting

T-6  Ecosystem
Management
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Research Funding by Theme 
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Funding distributed through CIMAS to the Partner Universities during the present reporting 

period was $1.7M or 29% of Task III (Partner Universities are only eligible for Task III funding 

through CIMAS).  

 

Awards to CIMAS during this last reporting period under the new CI award policy whereby 

those projects get assigned a different accounting code (although they are ñassociatedò with the 

overall Cooperative Agreement) are listed in the following table. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 
In our funding summary we report only expenditures during the twelve months project period 

under the new Cooperative Agreement or associated with it under the new CI Policy with respect 

to competitive NOAA program awards. There were also a few additional CIMAS expenditures 

that either just missed the deadline (or represented continuations of pre-existing awards ï see 

Table 3) which were also not included herein.  Specifically, due to this yearôs budget uncertainty, 

some awards normally made during this project period (typically during April or May) were 

deferred until June/July.  Last, there is a substantial number of research and educational activities 

that are carried out by university faculty at both UM and the Partner Universities that 

complement and contribute to the NOAA-supported CIMAS-linked programs but are not directly 

associated with CIMAS.  That leveraging does not appear in the present accounting.   

PI 
Funding 
Source  

Project Title 

Dunion, J NWS Development of a Probabilistic Tropical Cyclone Genesis Prediction 

Cowen, R NOS 
Population Connectivity of the Pulley Ridge - South Florida Coral Reef Ecosystems: Processes 
to Decision-support Tools 

Chen, S NWS Convective Structure and Environmental Conditions in the MJO Initiation over the Indian Ocean 

Criales, M 
 

OAR/CPO  
Integrated Models for Evaluating Climate Change, Population Growth, & Water Management 
(i.e. CERP) Effects on South Florida Coastal Marine and Estuarine Ecosystems (iMODEC) 

Soden, B 
 

OAR/CPO  
Development of a Long-term Homogenized Upper Tropospheric Water Vapor Data Set from 
Satellite Microwave Radiances 

Kirtman, B 
 

OAR/CPO  
A. U.S. National Multi-Model Ensemble ISI Prediction System 

Lee, s 
 

OAR/CPO  
Toward Developing a Seasonal Outlook for the Occurrence of major US Tornado Outbreaks 

Kamenkovich, I 
 

OAR/CPO  
Mesoscale variability in the Gulf of Mexico and its importance in climate extremes over North 
America 

 

Table 4: Task III Project s Linked to CIMAS  
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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 topics.  These Research Themes were specified and explicitly 

defined by NOAA in the 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 

¶ Protection and Restoration of Resources 

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 as well as the impacts of climate variability and change. Activity under this theme also 

includes both research to determine effective regional adaptation strategies, and the 

development 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 Mission Goal 2: Understand climate variability and 

change to enhance societyôs ability to plan and respond.  

 

2.    Tropical Weather ï Research conducted under this theme encompass the collection and 

analysis of hurricanes and other tropical weather system observations.  Research activities 

include identifying and validating observational needs, developing instrumentation, obtaining 

observations, 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 activities contribute to NOAA Mission Goal 3:  Serve Societyôs Needs for Weather 

and Water Information 

 

3.   Sustained Ocean and Coastal Observations - Research focused on the collection and 

analysis of observations of the ocean and coastal environment important for understanding 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 

instruments that measure biological, physical, and chemical parameters; studying the optimum 
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configurations for observation networks; modeling, data assimilation, and diagnostic analysis of 

local, regional, and global marine data sets; and information product development. 

 

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

of Coastal and Ocean Resources through Ecosystem-based Management 

Theme 3 activities contribute to NOAA Mission Goal 2: Understand climate variability and 

change to enhance societyôs ability to plan and respond.  

Theme 3 activities contribute to NOAA Mission Goal 3:  Serve Societyôs Needs for Weather 

and Water Information 

 

 

4.  Ocean Modeling ï Research focused upon improved model representation of ocean 

processes particularly those processes governing sea surface temperature, upper ocean heat 

content, and salinity variability including air-sea exchanges, heat-flux, lateral ocean advection, 

and entrainment at the base of the ocean mixed layer that play a significant role in controlling 

short-term variability in ocean and coastal circulations as well as long-term 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 climate change. 

  

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

of Coastal and Ocean Resources through Ecosystem-based Management 

Theme 4 activities contribute to NOAA Mission Goal 2: Understand climate variability and 

change to enhance societyôs ability to plan and respond.  

Theme 4 activities contribute to NOAA Mission Goal 3:  Serve Societyôs Needs for Weather 

and Water Information 

 

 

5.   Ecosystem Modeling and Forecasting ï Research focused upon improved forecasting of the 

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 geographic focus of this 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 and recovery, all of which are deemed relevant to NOAAôs 

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 Ecosystem-based Management 

 

6. Ecosystem Management ï Research focused upon promoting sustainable coastal 

development, facilitating community resiliency, and enabling NOAAôs ecosystem approach to 

management in the Southeast U.S. coastal ocean, the Caribbean Sea, and Gulf of Mexico marine 

ecosystems by enhancing scientific understanding of the interconnections between the marine 

ecosystem and the adjacent watershed including their human health and resource stewardship 
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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 Coastal and Ocean Resources through Ecosystem-based Management 

 

 

7. Protection and Restoration of Resources ï Research focused upon the prototype 

development of technology, tools, and effective approaches to restoration, as well as bio-

geographical characterizations, 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 and techniques 

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 Ecosystem-based Management 

 

In Section VI following, Task II, III and IV CIMAS 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 sorted by primary theme but in some cases this is an essentially arbitrary 

decision and the same project could as well have been assigned to another thematic category.   

For that reason we asked those preparing reports to choose not only the primary theme but also if 

they so desired secondary and tertiary themes. 

  



20 

 

 

 

 

THEME 1: Climate Research and Impact 
 

 

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 and G. 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 (AMOC) and 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 (Primary) 

Theme 4: Ocean Modeling (Secondary) 

 

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 s:  OAR/AOML and OAR/CPO  

NOAA Technical Contact:  Alan Leonardi  

 

RESEARCH REPORTS 
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Research Summary:  
(1) Analysis of T/S measurements from Argo profiling floats for MOC/MHT in the South Atlantic: 

The objective of the study is to examine model-data differences in the seasonal variations of the 

meridional overturning circulation (MOC) and meridional heat transport (MHT) in the South 

Atlantic, and to investigate the causes for those differences. Temperature and salinity climatology 

from Argo profiling floats and from GFDL models are used to estimate the MOC/MHT at 34S. On 

the time-mean the MOC from model T/S fields show strong transport in the ocean interior region, but 

weaker eastern boundary transport, compared to the estimated from Argo T/S fields and from XBT 

measurements (Figure 1). 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. However, the 

seasonal variations of the geostrophic contributions to the MOC 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. Previous studies in the North Atlantic suggested 

that the wind stress curl forcing in the eastern boundary forces the seasonal variations in the MOC 

through Rossby Wave propagation. The missing seasonal variations in the geostrophic transport in 

the model may be due to the mis-representation of the winds in the eastern boundary. Also interesting 

is that the density field as well as estimated velocity from observations show strong vertical coherent 

variations, which is not shown in the model field. This missing vertical coherent variation may also 

contribute to the difference in the seasonal variations in geostrophic transport. We also noticed that 

the zonal wind stress in the model shows a strong seasonal variations resulting in strong seasonal 

cycle in the Ekman transports. 

  

 
 

 

 

 

Figure 1:  Cumulative volume transports from west to east in the upper water column estimated 

from Argo (red) and XBT (blue) measurements and that from GFDL CM2.1 model (black). 
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(2) Analysis of CMIP5 climate models: 
Our analysis of the 20th Century historical simulations in CMIP5 models demonstrates that the 

SAMOC in all 20 available models exhibits variations on decadal and longer time scales (Figure 2), 

although the long-term mean SAMOC varies over a large range and the specific time scale of the 

variations differ among these 20 models. Out of these 20 models, 8 including two GFDL models and 

CCSM4 give a mean MOC value consistent with observational based estimates of 17.9 ° 2.2 Sv. The 

variations in SAMOC and the Southern Hemisphere westerlies show different relationship in 

different models. Among the 20 models investigated 9 display a statistically significant positive 

correlation between the winds and the MOC with the winds leading the MOC by ~4 years. No 

significant correlations between the two were found in 6 models, consistent with the results from 

fine-resolution models in which wind-driven Ekman transport is compensated by eddy-driven 

transport. Interestingly, the other 5 models show a negative correlation between the MOC and the 

winds, suggesting that the MOC decreases with enhanced Southern Hemisphere westerlies. What 

causes the discrepancy among CMIP5 models and how the different eddy parameterization schemes 

used in each model contribute to these discrepancies need further investigation. 

 

 
 

 

 

 

Research Performance Measure: Quantitative comparison of the differences between models and 

observations with respect to seasonal variation in the SAMOC.  This objective was realized and the 

initial results obtained were presented at the AMOC annual PI meeting, August 2012 in Boulder, CO. 

Figure 2: Time series of the South Atlantic MOC at 34̄S from 20
th
 Century historical simulations in 

CMIP5 models. A five-year running mean is applied to show MOC variations on decadal and longer time 

series. Corresponding models are listed in the legend. 
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Coral Health and Monitoring Program (CHAMP) 
 

Project Personnel:  R. Carlton, I.C. Enochs, L.J. Gramer, S. Hariharan, K.P. Helmle, 

R. van Hooidonk, M. Jankulak and D.P. Manzello (UM/CIMAS); T. Burton, D. Graham and 

L. Olinger (UM undergraduate)  

NOAA Collaborators: J.C. Hendee and M. Shoemaker (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To: 1) Facilitate in situ observations at coral reef areas, 2) integrate in situ, remote-

sensing, and other environmental data so as to better understand the physical and biogeochemical 

processes that affect the health and life cycles of organisms in the reef ecosystem, 3) compile 

ecological forecasts for coral reef ecosystems to help to understand them, and to aid in decision 

support for Marine Protected Area management, 4) reconstruct coral growth and calcification 

records along with proxy environmental records over the past centuries in order to identify 

baseline values, variability, and limiting environmental controls on coral growth over time, 5) 

assess the effects of naturally-occurring CO2 variation in the Florida Keys on the persistence of 

reef structures and biodiversity of their associated fauna and growth/calcification rates of 

multiple species of coral, 6) develop climatologies and near real-time anomaly products for 

remote and in situ sensing of physical and biochemical conditions on monitored coral reefs. 

Strategy: Construct and operate meteorological and oceanographic monitoring platforms near key 

coral reef areas; provide information to management on small-scale geographic variations in 

thermal stress, based on an improved understanding of the physical environment of reefs; provide 

data archiving and artificial intelligence tools to facilitate the acquisition and integration of high-

quality data from these and other reef areas worldwide. Utilize an integrated analysis of coral 

growth records, bioerosion monitoring units, settlement plates, as well as long-term records of 

carbonate chemistry, oceanographic, and meteorological conditions, to identify the past and 

present limiting controls on coral growth, reef structure, and community composition in order to 

improve ecosystem-based management of threatened coral reef resources. 

 

CIMAS Research Theme:  
Theme 1: Climate Research and Impact (Primary) 

Theme 6: Ecosystem Management (Secondary) 

Theme 3: Sustained Ocean and Coastal Observations (Secondary) 

Theme 4: Ocean Modeling (Secondary) 

 

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

climate and its impacts (Primary) 

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

productive ecosystems (Secondary) 

 

NOAA Funding Unit s:  OAR/AOML, NOS/CRCP, OAR/OAP 

NOAA Technical Contact:  Alan Leonardi  

 

Research Summary:  
In the past year the Coral Health and Monitoring Program (CHAMP) team conducted field 

operations at Coral Reef Early Warning System (CREWS) stations in Puerto Rico, the Cayman 

Islands, and Saipan.  The Puerto Rico station was upgraded with new sensors, new programming and 
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a new satellite transmitter.  The Little Cayman CREWS station received a detailed evaluation after 

damage caused by Hurricane Sandy and plans are underway for the deployment of replacement 

infrastructure.  The Saipan station was refurbished following a power failure in mid-2012 and is once 

again operational (Figure 1).   

 

 

 

 

 

The Saipan CREWS station was refurbished 

concurrently with site surveys for the potential 

installation of a MApCO2 (Moored Autonomous 

pCO2) buoy, in accordance with the priorities of  the 

Coral Reef Conservation Programôs (CRCP) new 

National Coral Reef Monitoring Plan (NCRMP). 

Existing MaPCO2, pH logging, and light sensing assets 

at the Atlantic Ocean Acidification Test-bed (AOAT) 

site at Cheeca Rocks, Florida Keys, were maintained. Seasonal process-based studies were conducted 

at the AOAT site along with collaborators from URI, WHOI, and UM. Seawater samples were 

collected from the AOAT site and from locations throughout the Florida Keys. Samples were 

analyzed for Dissolved Inorganic Carbon (DIC) and alkalinity. Derek Manzello and Ian Enochs used 

these data to characterize spatio-temperal variability in carbonate chemistry and identify potential 

ocean acidification refugia (Figure 2).  

 
Ian Enochs, Derek Manzello, Renee Carlton, and Ruben van Hooidonk, along with RSMAS/MBF 

graduate student Sean Bignami conducted experiments to assess the effects of elevated pCO2 on 

benthic-reef dwelling invertebrates (Acropora cervicornis, Figure 3; clionaid sponges; octocorals) 

and fishes (Cobia, Figure 4).  

Figure 1: Mike Jankulak (CIMAS) and Gordon Walker 

(PacIOOS) install instrumentation on the Saipan CREWS 

station. 

 

Figure 2: (A) Total CO2 (TCO2), (B) 

Total Alkalinity (TA), (C) partial pressure 

of CO2 (pCO2), and (D) aragonite 

saturation state ((Warag) from April 2011 

for the Florida Reef Tract. 

 



25 

 

 

 
 

 

 

 

 

         
 

 

Lewis J. Gramer, in collaboration with scientists from RSMAS, JCU, and NOAA, published research 

on the dynamics that drive sea-temperature variability on coral reefs of the Florida Keys National 

Marine Sanctuary. The reef heat budget model initially constructed in 2011-2012 was refined and 

expanded upon. Data from previous studies in the Keys were analyzed to demonstrate the 

characteristics and operation of a physical process previously unreported in Florida coral reefs, 

horizontal convection (Figures 5).  

Figure 3: 3D scans of two branches of ESA-listed Acropora cervicornis, showing growth over 

several weeks in experimental aquaria. 

 

Figure 4: Micro-CT image of the 

skull and ear bones of larval Cobia 

(Rachycentron canadum). 
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Ruben van Hooidonk utilized state of the art global fully coupled climate models from the 5th 

Intergovernmental Panel on Climate Change Assessment Report (AR5) to project both temperature 

stress and ocean acidification impacts on coral reefs in the coming century under four different 

carbon dioxide emission scenarios. Changes in coral calcification globally were forecast by relating 

changes in aragonite saturation state to observed rates of change found in a meta-analysis of ocean 

acidification literature. Results are made available to managers in a Google Earth tool (Figure 6).  

 

 
 

 

 

Figure 5:  (a) The operation of horizontal convection, 

a frequent mechanism of cross-shore heat exchange on 

Keys reefs, not previously reported. HC may also play 

a significant role in cross-reef exchange of nutrients 

and other tracers.  Ocean currents data courtesy of 

Looe Key mooring, AOML's South Florida Program. 

(b) Climatological mean (1993-2012) sea temperature 

and reef heat budget result, including horizontal 

convection, at Fowey Rocks Lighthouse station.  

 

Figure 6:  Screenshot of a Google Earth tool showing one of 71 available information layers on temperature 

stress and ocean acidification on coral reefs. Here the year when Degree Heating Weeks are projected to surpass 

8 annually, indicating severe bleaching every year is shown. 
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CIMAS scientist Kevin Helmle along with NSU graduate student Elizabeth Mullikin determined 

relationships between coral size, age, and growth rate of the reef corals Monstastraea faveolata and 

Diploria labyrinthiformis. The coral height and age relationship derived from colony measurements 

and density band records of more than 70 corals indicates that coral age estimates based on size and 

average growth rates underestimate the actual age of the colony by up to 10 years or more. 

 

Coral sclerochronology was also used to reconstruct historical records of coral growth and 

calcification as they varied with environmental conditions such as sea surface temperature and 

seawater pH. Kevin Helmle and NSU graduate student Darren Marshall have collected growth data 

spanning a period from 1748 to 2009 from 10 corals. Derek Manzello, Ian Enochs, and Renee 

Carlton collected hundreds of small coral cores (~10 years of growth data) from sites throughout the 

Pacific and Florida Keys. 

 

Research Performance Measure: The CHAMP project addressed and met the defined objectives 

during 2012-2013 through a suite of research components that included ongoing data gathering from 

the latest CREWS system in Saipan as well as maintenance, data processing, and data delivery of 

existing CREWS stations throughout the Caribbean.  Additionally, biogeochemistry and 

oceanographic process studies and autonomous data-gathering were ongoing at the Cheeca Rocks 

AOAT and throughout the Florida Keys. These in situ measurements continue to drive field-based 

and laboratory research including studies of net ecosystem calcification, net community productivity, 

and benthic community composition. Coral growth records and bioerosion monitoring units have 

been collected and analyzed using x-ray and micro CT technologies in order to address baseline 

values, spatial gradients related to carbonate chemistry, as well as variability over time. Coral colony 

measurements and density band records have been used to assess coral age and size relationships. 

Finally, reef heat budget modeling efforts were constructed to clarify sub-regional-scale thermal 

variability and cross-reef circulation. 

 

 

******  
 

Western Boundary Time Series Project 
 

Project Personnel: R. Garcia, K. Seaton, J. Hooper, N. Melo, G. Rawson, R. Roddy, 

R. Domingues, G. Berberian, Q. Yao and S. Garzoli (UM/CIMAS)  

NOAA Collaborators:  M. Baringer, C. Meinen, R. Smith, U. Rivero, P. Pena, A. Stefanick and 

Y-H. Daneshzadeh (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Theme: 
Objective: 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 observations ï submarine telephone cable measurements, 

hydrographic, satellite, freely dropped and moored instruments - to study the Florida Current, 

Deep Western Boundary Current and Antilles Current systems.  

 

CIMAS Research Theme:  
Theme 1: Climate Research and Impacts (Primary) 

Theme 3: Sustained Ocean and Coastal Observations (Secondary) 

Theme 4: Ocean Modeling (Tertiary) 
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Link to NOAA Strategic Science Goals:  
Goal 1: Climate Adaptation and Mitigation - An informed society anticipating and responding to 

climate and its impacts 

 

NOAA Funding Unit s:  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 

of locations around the globe. In the Atlantic, near 27ęN, the warm upper-limb of the MOC is 

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 southward deep 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.  Long-term observations of the Florida Current, Antilles Current 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 well-established and climatically significant Florida Current volume 

transport time series. More than 30 years of daily mean voltage-derived transports have been 

obtained for the Florida Current using out-of-use and in-use telephone cables spanning the Straits of 

Florida. The cable voltages are converted to physically meaningful volume transport estimates, 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 on the University of Miamiôs R/V Walton Smith, small sport fishing 

boats 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 page http://www.aoml.noaa.gov/phod/floridacurrent (See Figure 1). 

 
 

Figure 1: Volume transport of the Florida Current at 27ºN.  The two most recent years are highlighted in color. 
 

http://www.aoml.noaa.gov/phod/floridacurrent
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This project also maintains moored instruments and repeated hydrographic sampling east of Abaco 

Island that has established a high-temporal-resolution record 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 with the National 

Science Foundation-funded Meridional Overturning Circulation Heat-flux Array experiment and the 

United Kingdom National Environmental Research Council funded RAPID-Meridional Overturning 

Circulation program, this program executes hydrographic cruises each year to monitor water mass 

changes along 26.5ºN east of Abaco Island in the Bahamas.  These cruises usually involve 

collaborations with scientists from RSMAS/University of Miami and from the National 

Oceanographic Centre, Southampton (NOCS), United Kingdom.  

 

Research Performance Measure: Most research goals were met during this last year.  During the 

year we have reduce the number of Florida Current sections due to shortfall in charter funds. We 

continue to achieve our major objectives ï to maintain the continuity of this long term data set and to 

continually improve the calibration of the data obtained. 

  

 

******  
 

 

Southwest Atlantic Meridional Overturning Circulation (ñSAMò) Project 
 

Project Personnel: R. Garcia, R. Perez, S. Dong, and S. Garzoli (UM/CIMAS) 

NOAA Collaborators:  C. Meinen, M. Baringer, G. Goni, U. Rivero, P. Pena, and R. Smith 

(NOAA/AOML)  

 

Long Term Research Objectives and Strategy to Achieve Theme: 
Objectives: To sustain time series measurement system for the South Atlantic western boundary 

components of the meridional overturning circulation at 34.5S̄. 

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 Impacts (Primary) 

Theme 3: Sustained Ocean and Coastal Observations (Secondary) 

Theme 4: Ocean Modeling (Tertiary) 

 

Link to NOAA Strategic Science Goals:  
Goal 1: Climate Adaptation and Mitigation - An informed society anticipating and responding to 

climate and its impacts 

 

NOAA Funding Unit s:  OAR/AOML and OAR/CPO         

NOAA Technical Contact:  Alan Leonardi  
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Research Summary:  
Studies using numerical climate models have suggested that variations in the transport of the 

Meridional Overturning Circulation (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 components of the MOC in the South Atlantic near 

34.5̄ S since 2009 via the óSouthwest Atlantic MOCô, or óSAMô, project.  Observations and 

modeling studies have indicated that water mass transformations occurring in the South Atlantic 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 MOC-related flows 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 Current in 

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.  Long-term 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 NOAA moored instruments near the 

western boundary at 34.5̄S.  During 2009-2010, collaborators from France had a pair of moored 

instruments deployed along the same line of latitude off the western coast of South Africa, providing 

an initial opportunity to simultaneously observe the western and eastern boundary flows.  Ultimately 

the goal of the NOAA SAM program and the international collaborating programs is to expand to 

develop a truly trans-basin measuring array from South America to Africa along 34.5S̄. Towards 

this goal, colleagues from Brazil deployed new instruments augmenting the western boundary array 

in December 2012, and participants from South Africa and France will deploy instruments on the 

eastern side in late 2013.   

 
 

 

 

Figure 1: Map indicating the location of the four NOAA PIES making up the SAM array.  Also shown are 

the new and planned additions to the experiment working towards the goal of the trans-basin array. 
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Research Performance Measure: Most research goals were met during the last year. An 

international workshop was hosted by CIMAS and AOML personnel in January 2013 at AOML to 

design future array augmentations, processing methodology, data sharing policies, and collaboration 

procedures.  One data-download cruise was canceled due to a shortfall in charter funds.  

Nevertheless, the primary goals of the program are advancing.  Results from the study were 

presented at the U.S. AMOC Meeting in Boulder, CO in August 2012.  Perhaps the most exciting 

new achievement was the deployment of additional moored instruments in the array via a 

collaborative cruise with Brazilian partners.   

 

 

******  

 

NOAA Climate Test Bed (CTB) National Multi-Model Ensemble (NMME) 

Prediction System Phase 1 NMME Implementation Plan 
 

Project Personnel:  B. Kirtman (UM/RSMAS) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To improve intra-seasonal to interannual prediction through a mutli-model ensemble 

prediction strategy. 

Strategy: The research is carried out as part of the CIMAS program, and address the CIMAS climate 

impacts and research theme in that the objectives include improving understanding of seasonal-

to-interannual prediction using multi-model ensembles. In addition, the results of the proposed 

research serve NOAAôs goal of understanding climate variability and change to enhance 

societyôs ability to plan and respond using quantitative information from a US National multi-

model seasonal-to-interannual predictive 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 (Primary) 

Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

(Secondary) 

 

NOAA Funding Unit:   CPO 

NOAA Technical Contact:  Annarita Mariotti 

 

Research Summary:  
The recent US National Academies ñAssessment of Intraseasonal to Interannual Climate Prediction 

and Predictabilityò (NRC 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 prediction and 

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 and be of societal value. 
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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 and Projections (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 time-scales) 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 testing various national models on weather 

and seasonal time-scales, 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, the prediction systems can potentially be used to evaluate and design long-term 

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 require that we (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 collaboration network open among operational ISI forecasting, research and 

model development. 

 

RSMAS CCSM Forecasts: We are in 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 

the real-time predictions. CCSM4 has significant improvements in the simulation of tropical 

variability relative to CCSM3.0. The initialization procedure differs from CCSM3 in that we will use 

the operational CFSR ocean, land and atmospheric states to initialize CCSM4 as opposed to ocean 

only initialization using optimal interpolation from GFDL. We have begun testing the CFSR ocean 

states in CCSM4 hindcast experiments, and Fig. 1 shows the hindcast SSTA correlation for a parallel 

set of experiments using CCSM3 with the original GFDL ocean states (bottom panel) and using the 

CFSR ocean states (top panel). The correlation is noteable larger with CCSM4 using CFSR ocean 

states. We separately examined the impact of the model changes (i.e., CCSM3 vs. CCSM4) and the 

changes associated with the different ocean state. Both changes contribute to the increases in the 

correlation, but are dominated by the model changes. We have also developed procedures for using 

CFSR data for the atmosphere and land initial states (e.g., Paolino et al. 2012). 

 

NMME Skill Assessment: One of the important motivating factors for the NMME project is to 

understand the complementary sources of skill among the models. Essentially, we seek to understand 

the ñwhere and whyò in how the multi-model approach improves forecast quality. Here we show the 

first step in this process ï simply documenting how the multi-model compares to any single model.  

For example, Figure 2 shows the difference in the between the grand NMME SSTA correlation and 

the same correlation for a set of forecasts with CFSv2. We have sub-sampled the NMME ensemble 

to: (i) not include CFSv2 and (ii) to only use exactly the same ensemble size for the NMME system. 

Regions where the NMME system improves on CFSv2 are positive and regions where the CFSv2 

improves the NMME system have negative values. Figure 3 show a similar result except for rainfall 

forecast over North America. 
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Figure 1: SSTA hindcast correlation with observational estimates for May start dates (1982-1999) verifying for 

the following November. For these testing experiments there is only one ensemble member. 

 

Figure 2: NMME SSTA correlation vs CFSv2. Positive values indicate NMME has larger correlation than 

CFSv2 and negative values indicate that CFSv2 has larger correlation. 
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Research Performance Measure: The performance metric for this project is continuing to run 

CCSM3.0 predictions in real-time and to generate CCSM4 retrospective forecast for calibration and 

prediction quality assessment. 

 

******  

 

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/AOML)  

 

Long Term Research Objectives and 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 ocean 

acidification 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, physiological response, settlement success and behavior, and 

post-settlement growth of several species of Caribbean coral larvae (Acropora palmata, 

Montastraea faveolata and Diploria strigosa) under projected climate change conditions.  

Settlement tiles are established on the reef and following recruitment of benthic 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 

Figure 3: NMME North American rainfall correlation vs CFSv2. Positive values indicate NMME has larger 

correlation than CFSv2 and negative values indicate that CFSv2 has larger correlation. 
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Link t o NOAA Strategic Goals:  
Goal 3: Healthy Oceans - Marine fisheries, habitats, and biodiversity sustained within healthy and 

productive ecosystems (Primary) 

Goal 4: Resilient Coastal Communities and Economies - Coastal and Great Lakes communities that 

are environmentally and economically sustainable (Secondary) 
 

NOAA Funding Unit s:  AOML and OAR/OAP               

NOAA Technical Contact:  Alan Leonardi 

 

Research Summary:  
1. Effects of ocean acidification and increased temperature on coral early life history stages. 

Experiments were carried out following the strategy from the 2011 spawning season.  In 2012, no 

Acropora or Diploria larvae were collected so the research focused on the larvae of Montastraea 

faveolata as the subject of the experiments.  All of the experiments contained four treatments which 

was a control treatment (29 °C/390 ppm), an elevated temperature treatment (31 °C/390 ppm), an 

elevated CO2 treatment (29 °C/900 ppm), and a elevated CO2 and temperature treatment (31 °C/900 

ppm). 

 

Larval survivorship was quantified for the first four days post spawning.  Survivorship was highest in 

the control treatment with 85 ± 8 % (Avg. ± SE) surviving after four days at treatment conditions.  

Survivorship was lowest in the 31 °C/900 ppm treatment at 64 ± 5 %.  The other two treatments (31 

°C/390 ppm, and 29 °C/900) showed intermediate values of 76 ± 7 % and 73 ± 7 %.  

 

To gain insight into the physiological cost of ocean acidification and increased temperature 

respiration experiments were performed on two day old larvae.  Respiration was significantly 

increased under high temperature as well as high CO2 levels when compared to the control treatment.  

The combination treatment of both high temperature and CO2 showed a slight increase but not as 

much as in the single stressor treatments.  The increased metabolic cost of dealing with increasing 

temperature and OA could have major implications for larval dispersal as broadcast larvae are unable 

to feed during the dispersal period and rely on lipid stores for energy.  Thus there is a finite amount 

of energy available to these larvae, which is declined more rapidly under OA and increased 

temperature.  This could limit potential dispersal distances and global recovery potential.  

Experiments this year will focus on quantifying lipid decrease alongside respiration to further support 

out findings. 

 

Batch settlement assays were carried out under control conditions with settlement tiles conditioned 

for three months under either ambient (390 ppm) or elevated (900 ppm) CO2 conditions.  Settlement 

on the upper surface of the tiles was much greater on the tiles conditioned at 390 ppm with an 

average of 13.6 ± 2.1 larvae settling per cm2 (n=18, avg. ± SE) as compared to the tiles conditioned 

at 900 where only 1.42 ± .34 larvae per cm2 settled (n=17).  This is most likely a factor of the 

absence of positive settlement cues, such as crustose coralline algae (CCA), on the tiles conditioned 

at high CO2 as well as a potential increase of negative settlement cues, such as dense turf algae. 

 

Following the batch settlement experiments, the newly settled larvae were separated into the four 

treatment conditions and held under those conditions for a month and a half.  Pictures were taken 

under the microscope every two weeks and analyzed using ImageJ, software designed by NIH for 

picture analysis.  Average growth rates were calculated for the individuals in each treatment from the 

2-D area obtained from successive pictures.  The results are displayed in Figure 1.  The highest 
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average growth rates were observed in the high temperature treatment (0.0026 ± .0027 mm2day-

1polyp-1), followed by the control treatment (0.00072 ± .0013 mm2day-1polyp-1).  The 29 °C, 900 ppm 

treatment was the only treatment that exhibited negative growth (-0.0011 ± .0011 mm2day-1polyp-1).  

These results illustrate the fact that OA can limit and even reverse the growth of juvenile coral 

greatly hindering the potential for these new recruits to 

grow into adult reef building coral.  In this species 

however, slightly elevated temperatures (1-2 °C above 

ambient maximum summer temperatures) can actually 

increase growth and may aid in mitigating the negative 

effects of OA. 

 

 
 

2.  Field measurements of macroalgae and benthic 

algae productivity 

The permit from FKNMS (#FKNMS-2013-034) has been extended for three years, for the work that 

is being conducted on a patch reef near Cheeca 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 have been accumulating a benthic algal community and even some coral recruits.  In the 

coming year, 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, there has already been a year worth of sampling on the reef of the two major species found 

during every sampling season (winter, spring, summer and fall), Halimeda tuna (green calcifying 

alga) and Dictyota sp. (brown alga).  Other species of algae have been measured, but have not been 

found at every season so seasonal changes cannot be computed.  Dictyota spp. exhibited much 

greater net photosynthesis rates as compared to H. tuna in every season (~10X more in June and 

August and 25-30 X more in Nov and Feb).  This is due to the fact that H. tuna is a calcifying 

macroalgae so a lot of energy is devoted to this process.  Calcification measurements of H. tuna were 

also obtained but are still in the process of analysis.  Photosynthesis was highest for both species in 

August which correlated to the highest SST.  Respiration measurements have also been initialized to 

gain a further understanding of the balance of algal photosynthesis to respiration in the overall carbon 

budget of coral reefs.  Ocean acidification experiment are also being planned and will be carried out 

in the in-situ metabolic chambers to investigate if photosynthesis is stimulated by increased CO2 

levels, potentially hindering the ability of corals to outcompete as the prominent reef builder. 

 

Research Performance Measure: This program is attaining all its goals on schedule. 

Figure 1: Montastraea faveolata post-

settlement growth.  Gametes were collected 

from Sand Island Reef, Key Largo, FL on 

9/06/12.  Batch settlement was carried out 

near the site of collection in Key Largo, FL 

and the tiles were brought to RSMAS on 

9/27/12.  T0 measurements were conducted 

on 10/15/12 following a two week 

acclimation to the NSF tank conditions (light, 

salinity, ect.) at 29 C, 390 ppm.  On 10/18/12 

tiles were randomly distributed between the 

treatments.  Settled juveniles were fed 

weekly and growth was quantified bi-weekly 

for a month and a half.  Pictures were taken 

under the microscope of individuals and later 

analyzed using ImageJ.  Data is displayed as 

average growth rates calculated from the 

slope of the regression line through the areal 

measurements obtained from the picture 

analysis. Only those regression lines with an 

r
2
 value > 0.5 were included.  Sample size 

next to treatment labels represents the 

number of individuals quantified in each 

treatment.  Error bars represent standard 

error. 
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Is There An Optimal ENSO Pattern That Enhances Large-scale Atmospheric 

Processes Conducive to Major Tornado Outbreaks in the U.S.? 

 

Project Personnel:  S.-K. Lee, D.B. Enfield and H. Liu (UM/CIMAS) 

NOAA Collaborators: R.M. Atlas and C. Wang (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Theme: 
Objectives: To understand the impact of ENSO on U.S. tornadoes. 

Strategy: To perform composite analysis of key atmospheric variables for U.S. tornado activity.  

 

CIMAS Research Theme:  
Theme 1: Climate Research and Impact 

 

Link to NOAA Strategic Goals:  
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

(Primary) 

Goal 1: Climate Adaptation and Mitigation - An informed society anticipating and responding to 

climate and its impacts (Secondary) 

 

NOAA Funding Unit s: AOML and CPO  

NOAA Technical Contact: Alan Leonardi 

 

Research Summary:  
The record-breaking U.S. tornado outbreaks in the spring of 

2011 caused unprecedented destruction and raised a question 

as to whether such destructive events are linked to a specific 

large-scale climate pattern, which may possibly serve as a 

predictor before the season begins. Our research shows that a 

repeating pattern of tropical Pacific sea surface temperature 

(SST) anomalies appearing most notably during the 

transitional phase of the El Niño-Southern Oscillation 

(ENSO) in spring may be one such climate pattern. This 

pattern, known as the positive phase Trans-Niño, is 

characterized by colder-than-normal SSTs in the central 

tropical Pacific and/or warmer-than-normal SSTs in the 

eastern tropical Pacific. The study looked at the ten worst 

tornado outbreak years in April and May during 1950-2010 

and found that seven of those ten years were strongly 

positive phase Trans-Niño years. Consistent with this 

finding, the number of intense tornadoes, those rated as F3 to 

F5 on the Fujita scale, in April and May is nearly doubled 

from neutral Trans-Niño years to positive phase Trans-Niño 

years (Figure 1). 

Figure 1: Incidents of intense U.S. tornadoes in April - May for 

(a) the top ten positive phase Trans-Niño years, and (b) ten neutral 

Trans-Niño years during 1950-2010 obtained from Severe 

Weather Database. Green color is for F3, blue color for F4 and 

red color for F5 tornadoes. 
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Modeling experiments suggest that the spatial pattern of tropical Pacific SST anomalies associated 

with the positive phase Trans-Niño forces a strong and persistent atmospheric teleconnection pattern 

that increases both the upper-level westerly and lower-level southeasterly over the central and eastern 

U.S. These anomalous winds bring more cold and dry upper-level air from the high-latitudes and 

more warm and moist lower-level air from the Gulf of Mexico converging into the east of the 

Rockies, and also increase both the lower-tropospheric (0 ~ 6 km) and lower-level (0 ~ 1 km) vertical 

wind shear values therein, thus providing large-scale atmospheric conditions conducive to intense 

tornado outbreaks over the U.S. A practical implication of the new results is that a seasonal outlook 

for extreme U.S. tornado outbreaks may be achievable if a seasonal forecasting system has 

significant skill in predicating the Trans-Niño and associated teleconnections to the U.S. However, 

there remain many fundamental scientific questions and various issues with the tornado database to 

be addressed before we can achieve such a goal. 

 

Research Performance Measure:  We achieved our main objective:  To understand the impact of 

non-canonical El Niño patters on Atlantic hurricane activity. 

 

 

******  
 

Relationship of the Atlantic Warm Pool with the Atlantic Meridional 

Overturning Circulation 
 

Project Personnel: S.-K. Lee, L. Zhang, D.B. Enfield and Z. Song (UM/CIMAS) 

NOAA Collaborators: C. Wang (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Theme: 
Objectives: To understand interactions between the tropics and the high latitude Atlantic Meridional 

Overturning Circulation (AMOC) variations, particularly the influence of tropical Atlantic 

climate on the AMOC. 

Strategy: To diagnose the observations, reanalysis data, IPCC-AR5 simulations and perform coupled 

model experiments using NCAR Community Climate System Model (CESM1). 

 

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: AOML             NOAA Technical Contact: Alan Leonardi 

 

Research Summary: 
Recent studies have indicated that the multidecadal variations of the Atlantic Warm Pool (AWP) can 

induce a significant freshwater change in the tropical North Atlantic Ocean. In this study, the 

potential effect of the AWP-induced freshwater flux on the Atlantic Meridional Overturning 

Circulation (AMOC) is studied by running a series of ocean-sea ice model experiments. Our model 
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experiments demonstrate that ocean response to the anomalous AWP-induced freshwater flux is 

primarily dominated by the basin-scale gyre circulation adjustments with a time scale of about two 

decades. The positive (negative) freshwater anomaly leads to an anticyclonic (cyclonic) circulation 

overlapping the subtropical gyre. This strengthens (weakens) the Gulf Stream and the recirculation in 

the interior ocean, thus increases warm (cold) water advection to the north and decreases cold (warm) 

water advection to the south, producing an upper ocean temperature dipole in the midlatitude. As the 

freshwater (salty water) is advected to the North Atlantic deep convection region, the AMOC and its 

associated northward heat transport gradually decreases (increases), which in turn leads to an inter-

hemispheric SST seesaw. In the equilibrium state, a comma-shaped SST anomaly pattern develops in 

the extratropical region, with the largest amplitude over the subpolar region and an extension along 

the east side of the basin and into the subtropical North Atlantic. Based on our model experiments, 

we argue that the multidecadal AWP-induced freshwater flux can affect the AMOC without air-sea 

feedbacks, which plays a negative feedback role that acts to recover the AMOC after it is weakened 

or strengthened. The sensitivity of AMOC response to the AWP-induced freshwater forcing 

amplitude is also examined and discussed. 

 

 
 

 
 

 

 

 

Research Performance Measure: We achieved our second year work plan: to run the ocean model 

and analyze its output associated with the AWP.  

 

 

Figure 1: Time evolution of the AMOC index for 6 ocean model experiments forced by the large and 

small AWP-induced freshwater forcing amplified fivefold (red and dark blue lines), threefold (light 

blue and pink lines) and one fold (black and green lines), respectively.  
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Measuring the Value of Climate Variability on the Agricultural Sector 
 

Project Personnel: D. Solís 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 Impacts 

 

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

climate and its impacts. 

 

NOAA Funding Unit:  NWS/CPC/Climate Test Bed 

NOAA Technical Contact:  Fiona Horsfall 

 

Research Summary: 
Climate variability influences agricultural yields and incomes. Climate information offers a potential 

to tailor agricultural management to mitigate impacts of adverse conditions and to take advantage of 

favorable conditions. Drought has negative effects on crop 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 Niño 

Southern 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 production analysis. 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, authors have justified such 

an omission by arguing that weather 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 results of empirical 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 the impact of climate variability and prediction on agricultural 

production. In this study we implement a regional Stochastic Production Frontier (SPF) analysis for 

the Southeast U.S. The SPF method is used because of its ability to measure the marginal effect of 

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 total value-added. That is, we 

are able to measure the monetary change in the contribution 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 

sensitivity 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 it ideal for studying 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 three major 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 

sector as well as on its three subsectors; and, 

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

production. 

 

Emperical Model 

We use the SPF method for this study (Figure 1). The empirical specification is: 
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where VAit is the agricultural value-added for the State i in year t; 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 terms, v and u. v is a random variable reflecting noise and other stochastic shocks 

entering into the definition of the frontier, and u captures the technical inefficiency (TI) relative to the 

stochastic frontier.  

To control for regional differences in land quality and labor we use the well-known 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 
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Figure 1: Stochastic Production Frontier 
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the impact of climate variability 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 model are normalized by their geometric 

mean (GM). Thus, the first-order coefficients can be interpreted as partial production elasticities 

(marginal effects) at the GM. The maximum likelihood estimation of equations (1) produces 

consistent parameter estimates for the SPF. A sensitivity analysis on the estimated marginal effects is 

used to estimate the potential economic value of climate prediction. 

 

After estimating the SPF an index for technical efficiency (TE) can be defined as the ratio of the 

observed output (y) and maximum feasible output (y*): 
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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 a balance panel data, including the economic, production and 

climate information over approximately a 50-year period from 1960 to 2007. The economic and 

production data has been collected from the USDA Economic Research Service and the USDA 

National Statistical Service. The climate information has been collected from the South East 

Regional Climate Service.  

 

Research Performance Measure: The goals in the development of models and forecast-

information systems have been met on schedule. 

 

 

******  

 

Measuring the Value of Climate Variability on the Agricultural Sector: 

Climate Prediction Applications Science Workshop  
 

Project Personnel:  D. Letson (UM/RSMAS 

Other Collaborators: M. Timofeyeva (NOAA/NWS)  

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objective: NOAA sponsors an annual Climate Prediction Applications Science Workshop (CPASW) 

that brings together climate information users, tool developers, researchers and providers. The 

objective of these meetings is to identify state-of the-art use of climate information and gaps in 

services.  

Strategy: To build a community of climate practitioners, discover user needs, assess impacts of 

climate forecasts on environmental-societal interactions, identify the science potential for 

meeting these needs, and provide feedback to producers on the usability of existing climate 

products. 



43 

 

CIMAS Research Theme:  
Theme 1: Climate Research and Impacts 

 

Link to NOAA Strate gic Goals:  
Goal 1: Climate Adaptation and Mitigation - An informed society anticipating and responding to 

climate and its impacts 
 

NOAA Funding Unit:   NWS 

NOAA Technical Contact:  Marina Timofeyeva 

 

Research Summary:  
The 10th annual Climate Prediction Applications Workshop convened in Miami, FL, on March 13ï

15, 2012, around the integrated theme of ñClimate Services for National Security Challengesò. The 

workshop highlighted national and global uses of data and outlooks from seasonal to decadal scales 

in applications for a broad array of national security issues: state stability (including border security), 

international treaties, environmental regulation, resilience of coastal communities, security of natural 

resources, transportation, health, energy, and food, including agriculture and fisheries. 

 

Permafrost in cold regions creates engineering and mobility challenges. Where ice within permafrost 

melts, these challenges are exaggerated. Temperature increases already observed in Alaska have 

disrupted structures and transportation, and these temperature increases (and attendant permafrost 

melting) are projected to accelerate in the future. 

 

One speaker at the workshop described challenges that permafrost processes pose to infrastructure in 

Alaska and how these challenges grow in importance as infrastructure such as pipelines expands and 

as climate continues to change in Alaska. She recommended that NOAA work with national security 

agencies to develop new forecast products to support infrastructure management and to warn of 

impending conditions that could disrupt infrastructure, transportation, and communication. 

 

Thawing permafrost could increase repair costs for public infrastructure by billions of dollars. Active 

layer thickness (ALT) affects engineering stability and varies with the ground temperature regime. 

Multiple factors affect ALT, including soil type, thickness, and moisture content; slope azimuth and 

declivity; cloudiness; and vegetative cover. Physically based geographically detailed models can 

calculate the multiple controls on ALT and other relevant parameters. 

 

 
 

Figure 1: Permafrost damage to Copper 

River and Northwestern Railway in Alaska. 

Source: http://earthdata.nasa.gov/sites/default 

/files/styles/large/public/2005_permafrost_ 

copper.jpg 

 

http://earthdata.nasa.gov/sites/default
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Forecasts of ALT up to 1 year in advance using an existing permafrost model would represent a new 

product and could serve multiple user communities, including the national security community. Such 

a system might be implemented by the Army Corps. NOAA would provide results from existing 

forecast systems and work with the Army Corps to make sure climate forecasts are applied correctly. 

 

Forewarning of the extent of melting of the active layer can allow those who must respond to 

infrastructure damage an opportunity to plan response, position resources, and prepare for action. 

Such forewarning can also allow those planning mobile operations to foresee and avert risks. 

Advance notice of potential disruptions in oil pipeline systems may allow stockpiling reserves so that 

refinery operations are not interrupted. Increased awareness, operational integration, and success will 

foster further opportunities to prepare for greater challenges from permafrost changes under climate 

change throughout the Arctic and beyond. 

 

Research Performance Measure: Participants in the workshop reported multiple climate services 

relevant to the national security community and identified barriers and opportunities for better 

cooperation. 

 
 

******  
 

Variability and Predictability of the Atlantic Warm Pool 

and Its Impacts on Extreme Events in North America 
 

Project Personnel: S.-K. Lee, H. Liu, and D.B. Enfield (UM/CIMAS) 

NOAA Collaborators:  C. Wang (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To access and improve the Atlantic Warm Pool (AWP) predictability and its climate 

impact. 

Strategy: To diagnose the mechanisms and climate impacts of the AWP in the IPCC models and to 

develop an experimental forecasting system using NCARôs CESM1.  

 

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:  
This study investigates Atlantic Warm Pool (AWP) variability in the historical run of 19 coupled 

general circulation models (CGCMs) submitted to phase five of the Coupled Model Intercomparison 

Project (CMIP5). As with the CGCMs in CMIP3, most models suffer from the cold SST bias in the 

AWP region, and also show very weak AWP variability represented by AWP area index. However, 

for the seasonal cycle the AWP SST bias of model ensemble and model sensitivities are decreased 
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compared with CMIP3, indicating that the CGCMs are improved. The origin of the cold SST bias in 

the AWP region remains unknown, but among the CGCMs in CMIP5 excess (insufficient) high-level 

clouds simulation deceases (enhances) the cold SST bias in the AWP region through the warming 

effect of the high-level clouds radiative forcing. Thus the AWP SST bias in CMIP5 is more 

modulated by an erroneous radiation balance due to misrepresentation of high-level clouds rather 

than low-level clouds as in CMIP3. AWP variability is assessed as in our previous study in the 

aspects of spectral analysis, interannual variability, multidecadal variability and comparison of the 

remote connections with ENSO and the NAO against observations. In observations the maximum 

influences of the NAO and ENSO on the AWP take place in boreal spring. For some CGCMs these 

influences erroneously last to late summer. The effect of this overestimated remote forcing can be 

seen in the variability statistics as shown in the rotated EOF patterns from the models (Figure 1). We 

conclude that NCAR-CCSM4, GISS-E2H and GISS-E2R are the best three models of CMIP5 in 

simulating AWP variability. 

 
 

Research Performance Measure: We evaluated the performance of CGCMS provided by IPCC 

AR4 and CMIP5 in simulating the AWP variability and its climate impacts. 

Figure 1: Regression map of 

surface wind stress (vector, N/m
2
), 

net surface heat flux (positive into 

the ocean with solid contour line, 

W/m
2
), and SST (shading contour, 

o
C) averaged in longitude onto 

Niño-3 Index (DJF) and onto 

negative NAO index (DJFM). 

Shown are (a1) regression map 

onto Niño-3 Index for 

observations, (a2) regression map 

onto negative NAO Index for 

observations, (b1) regression map 

onto Niño-3 Index for ensemble 

of 19 models, (b2) regression map 

onto negative NAO Index for 

ensemble, (c), (d) and (e) are the 

same as (b) for selected models. 
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Predicting the Effects of Natural and Forced Climate Change on the Gulf of 

Mexico Using Downscaled Climate Models 

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

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

(NOAA/AOML)  

Other Collaborators M. Roffer (Rofferôs Inc); F.E. Muller-Karger (USF) 

 

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 climate models 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 Impact (Primary) 

Theme 5: Ecosystem Modeling and Forecasting (Secondary) 

 

Link to NOAA Strategic Science Goals: 
Goal 1: Climate Adaptation and Mitigation - An informed society anticipating and responding to 

climate and its impacts (Primary) 

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

productive ecosystems (Secondary) 

 

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 the Gulf of Mexico (GoM) from April to June with the optimal 

spawning temperature of 24 - 27oC. Adult BFTs are adversely affected by warm water (>28°C) and 

thus avoid warm features in the GoM such as the Loop Current (LC). A recent study, which used the 

IPCC-AR4 climate model simulations, showed that cooler areas in the northern GoM with high 

probabilities of larval occurrence could be substantially reduced by the end of the 21st century 

(Muhling, B.A., S.-K. Lee, J.T. Lamkin and Y. Liu, 2011, Predicting the Effects of Climate Change 

on Bluefin Tuna (Thunnus thynnus) Spawning habitat in the Gulf of Mexico. ICES Journal of Marine 

Science, 68 (6), 1051-1062, doi:10.1093/icesjms/fsr008).  

 

BFTs are therefore likely to be vulnerable to climate change, suggesting that there is potential for 

significant changes in their spawning and migration behaviors. According to our previous study (Liu 

et al. 2012), the volume transport by the Loop Current (LC) can be reduced by 20 - 25% at the end of 

21st century. The reduced LC and the associated weakening of the warm LC eddy may have a large 

cooling impact in the GoM, particularly in the northern basin, and thus have strong impacts on the 

marine ecosystem in the GoM. Here, we further confirmed our conclusion using a high-resolution 

ocean model constrained with the surface forcing fields, initial and boundary conditions obtained 

from the CMIP5 model simulations under RCP4.5 and RCP8.5 scenarios (Figure 1 and 2). The 

downscaled model results indicate that the GoM is warmed everywhere, but the spatial pattern of the 

warming is quite different from that of the CMIP5 models (Figure 1a and 2a). In particular, the SST 

http://www.aoml.noaa.gov/phod/docs/muhling_etal_ices_jms_2011.pdf
http://www.aoml.noaa.gov/phod/docs/muhling_etal_ices_jms_2011.pdf
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increase in the high-resolution model (Figure 1b) is much less especially in the northern GoM. A 

potential cause for this difference may be the weakening of the LC and the associated reduction in 

the warm water transport through the Yucatan Channel, which are not well simulated in the CMIP5 

models. The downscaling CMIP5 climate models show that YC transport will be reduced during 21st 

century (under both RCP4.5 and RCP8.5 scenarios, see Figure 1c and 2c), consistent with a similar 

rate of reduction in the Atlantic meridional overturning circulation (AMOC). Figure 1d and 2d show 

clearly the weakening of the main branch of LC, an anomalous cyclonic ring formed in the central 

and northern GoM. The reduced LC and the associated weakening of the warm LC eddy have a 

cooling impact in the northern GoM. Due to this cooling influence, the northern GoM is 

characterized as the region of minimal warming. The reduced warming in the northern GoM will 

have important implications for marine ecosystems, including the spawning of Bluefin tuna. These 

results are consistent with the results using CMIP3 forcing. 

 

 
 

 

 

 

 

 

 

Figure 1: SST difference between the late 21st century and late 20th century for the AMJ spawning season 

obtained from (a) CMIP5 models (low resolution) under the RCP4.5 scenario and (b) high-resolution MOM4 

model output under the RCP4.5 scenario forcing. (c) Seasonal transport through the Yucatan Channel for the 

three different periods (late-20th century, mid 21st century and late 21st century) from the high-resolution 

MOM4 model output. (d) Surface current (vectors) and current speed difference (colors) between the late 21st 

century and late 20th century for AMJ season from the high-resolution MOM4 model output under the RCP4.5 

scenario. 
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The downscaled ocean model results indicate that the sea surface temperature in the GoM may 

increase by more than 1.5oC at the end of the 21st century. The observed SST in the GoM during the 

20th century shows long-term SST variability similar to the Atlantic Multidecadal Oscillation 

(AMO). The amplitude of this multi-decadal signal is as large as 0.5oC, which is comparable to the 

AGW-induced SST increase in the GoM by 2030. This means that the AGW-induced SST increase 

in the GoM can be doubled or nearly canceled out due to natural variability until the mid-21st 

century. Therefore, we further explore the impact of natural climate variability on the forced 

response of the GoM during the 20th century. We show 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 inter-hemispheric 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. Figure 3 shows the monthly wind stress and wind stress curl (WSC) 

regressed onto the AMO index from 1871 to 2008. As clearly shown in Figure 3, the spatial pattern 

of AMO-WSC co-variability leads to a positive WSC anomaly in the subtropical North Atlantic and 

a negative WSC anomaly in the tropical Atlantic region during a positive phase of the AMO. During 

Figure 2: Same as Fig. 1, except that the differences are from the CMIP5 under the RCP8.5 scenario. The 

color bar is different with that in Fig.1. SST increase is more severe under RCP8.5 scenario. 
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a positive phase of the AMO, both the westerly winds in the subtropical region the northeasterly 

trade winds in the tropical 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. Our analysis of the ocean reanalysis 

simulation reveals that the volume transport across the Yucatan Channel is both wind-driven and 

thermohaline-driven, with the wind-driven component dominating the variation of the total volume 

transport.  

 

 

 
 

 

 

 

 

 

Research Performance Measure: We have met our primary objectives: to quantify potential 

impacts of climate change on bluefin tuna spawning habitat in the Gulf of Mexico. 

 

 

 

Figure 3: Regression of (a) monthly wind stress curl and (b) wind stress component on the AMO index from 

1871 to 2008 obtained from CCSM_POP. (c) Zonal averaged wind stress (blue) and wind stress curl (red) for 

1871ï2008 period, obtained from the CCSM_POP. 
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Upper Ocean Processes Associated with the Madden-Julian  

Oscillation in the Indian Ocean 
 

Project Personnel:  X. Wang (UM/CIMAS) 

NOAA Collaborators:  C. Wang (NOAA/AOML) 

Other Collaborators: T. Shinoda (Naval Research Laboratory); W. Han (UC) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
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 and1-D Ocean models. 

 

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:   AOML     NOAA Technical Contact:  Alan Leonardi 

 

Research Summary:  
Based on their opposite influences on rainfall in southern China during boreal fall, El Niño Modoki is 

classified into two groups: El Niño Modoki I and II, which show different origins and patterns of 

SST anomalies. The warm SST anomalies originate in the equatorial central Pacific and subtropical 

northeastern Pacific for El Niño Modoki I and II, respectively. Thus, El Niño Modoki I shows a 

symmetric SST anomaly distribution about the equator with the maximum warming in the equatorial 

central Pacific, whereas El Niño Modoki II displays an asymmetric distribution with the warm SST 

anomalies extending from the northeastern Pacific to the equatorial central Pacific. Additionally, the 

warm SST anomalies in the equatorial central Pacific extend farther westward for El Niño Modoki II 

than for El Niño Modoki I. Similar to the canonical El Niño, El Niño Modoki I is associated with an 

anomalous anticyclone in the Philippine Sea that induces southwesterly wind anomalies along the 

south coast of China and carries the moisture for increasing rainfall in southern China. For El Niño 

Modoki II, an anomalous cyclone resides east of the Philippines, associated with northerly wind 

anomalies and a decrease in rainfall in southern China. The canonical El Niño and El Niño Modoki I 

are associated with a westward extension of the western North Pacific subtropical high (WNPSH), 

whereas El Niño Modoki II shifts the WNPSH eastward. Differing from canonical El Niño and El 

Niño Modoki I, El Niño Modoki II corresponds to northwesterly anomalies of the typhoon steering 

flow, which are unfavorable for typhoons to make landfall in China. 

 

Research Performance Measure: Complete analysis of the  the variations of rainfall in southern 

China and the typhoon tracks during boreal fall associated with El Niño Modoki I and II. 
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THEME 2: Tropical Weather  

 

Ensemble-Based High-Resolution, Vortex-Scale Data Assimilation 

for Hurricane Model Initialization 
 

Project Personnel:  A. Aksoy and K. Sellwood (UM/CIMAS) 

NOAA Collaborators:  S.D. Aberson  and T. Vukicevic (NOAA/AOML) 

 

Long Term Research Objectives and 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 high-resolution observations (dropwindsonde, radar, flight level, surface 

wind speed, etc.) collected during the Hurricane Field Program run by NOAA/AOML/HRD by 

taking advantage of flow-dependent covariance structures that can be obtained from an ensemble 

of model forecasts that form the basis of an ensemble Kalman filter data assimilation system. 

 

CIMAS Research Theme:  
Theme 2: Tropical Weather 

 

Link to NOAA S trategic Goals:  
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

 

NOAA Funding Unit:  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 high-resolution, vortex-scale observations that are routinely 

collected and transmitted in real time during NOAAôs annual Hurricane Field Program and regular 

RESEARCH REPORTS 
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reconnaissance flights.  Various observation types that are assimilated include Doppler radar radial 

wind speed, dropwindsonde wind velocity, pressure, temperature, and humidity, flight-level wind 

velocity, pressure, temperature, and humidity, and stepped-frequency microwave radiometer (SFMR) 

surface wind speed.  The EnKF is a state-of-the-art data assimilation system first proposed for 

geophysical applications by Evensen (JGR, 1994).  In this specific application, the ñensemble square 

rootò filter of Whitaker and Hamill (MWR, 2002) is implemented. 

 

HEDAS has been developed within the framework of NOAAôs Hurricane Weather Research and 

Forecast (HWRF) model.  Data assimilation is performed on a domain with 3-km horizontal 

resolution, while HWRF runs in a nested 9/3-km 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 subsequent 5-day model forecast. 

 

Currently, there are several major research directions with HEDAS: 

(1) The value of the Doppler radar wind observations in ensemble-based 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 (Aksoy et al. 2012a, Monthly 

Weather Review, 140, 1843-1862). 

 

(2) Using the OSSE infrastructure of research topic (1), the value of assimilating hurricane 

observations in a storm-relative framework has been investigated.  A manuscript that summarizes the 

results is published in Monthly Weather Review (Aksoy 2012). 

 

(3) HEDAS has been tested in retrospective experiments for the hurricane seasons 2008-2011.  

Eighty-three cases are investigated that span intensities from tropical depression to category-4 

hurricane.  Overall, it is found that when high-resolution observations are assimilated with HEDAS, 

the result is analyses of the primary circulation that are realistic in terms of intensity, wavenumber-0 

radial structure, as well as wavenumber-1 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 experimental 

HWRF due to the over-diffusive nature of the planetary boundary layer parameterization utilized.  

The results of this work are published in Monthly Weather Review (Aksoy et al. 2012b, Assimilation 

of high-resolution tropical cyclone observations with an ensemble Kalman filter using 

NOAA/AOML/HRD's HEDAS: Evaluation of the 2008-2011 vortex-scale analyses. Monthly 

Weather Review, accepted and available for early online viewing). 

 

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 Centerôs (NHC) best track database (Fig. 1a) shows a general proximity of the cases to 

land, which is due to the range limitations of the NOAA P-3 aircraft.  In Figure 1b, a skewed 

distribution of intensity that peaks at tropical storm intensity is evident.  Overall, more than half of 

the cases have intensities of tropical storm or category-1 hurricane. 

 

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 smaller position errors.  Moreover, the cases with the greatest 
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position errors (~100 km or greater) are of tropical-storm intensity or weaker.  This is likely the 

result of a combination of two possible scenarios:  (a) The HEDAS system is better capable of 

analyzing storm position in stronger storms.  This would mainly result from better-defined radial 

gradients that lead to stronger correlation signals between wind observations and position.  (b) The 

procedure of center finding itself is easier (and therefore more accurate) in stronger storms, mainly 

due to stronger radial gradients and fewer local surface pressure minima in stronger storms. 

 
 

 

 

 

 
 

 

 

Figure 1: (a) Geographical distribution of the case position as observed in the best track dataset.  (b) Frequency 

distribution of the case intensity category as observed in the best track dataset.  Cases that do not exist in the 

best track database are assigned ñ<TSò category.  ñTSò and ñHò stand for tropical storm and hurricane, 

respectively. 

 

Figure 2: Position error in the final analysis as compared to the best track. (a) Analysis storm centers (plus 

markers) relative to the best track.  Azimuth is measured relative to observed storm motion where 0° represents 

the direction of storm motion.  Radial distance is measured from the best track storm center.  The centroid 

location of all cases is shown with the diamond marker.  The standard deviation of position errors is indicated 

with the circle around the centroid location.  (b) Number of cases as a function of the analysis-observed radial 

distance of storm centers and intensity category (2-d matrix plot, color scale on right), and cumulative as a 

function of the analysis-observed radial distance of storm centers (histogram).  The 2-d matrix plot population 

bin values are normalized by the respective maxima of populations for each intensity category. 
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In terms of intensity, analyses compare well against the 

best track.  Figure 3a shows that, for maximum 10-m 

wind speed, which is the standard measure of intensity, 

analyses explain ~87% of the variance in the best track.  

There is also a 1.1 m s-1 negative bias in analysis intensity 

(i.e., under-estimation of intensity), although it is not 

statistically significant at the 95% confidence level.  An 

even better linear regression fit is achieved for minimum 

sea-level 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 analysis-best track 

similarities in maximum intensity and minimum sea-level 

pressure are also reflected in the wind-pressure 

relationship (Fig. 3c).  For the cases analyzed here, both 

HEDAS and the best track depict a linear relationship 

with 82-83% variance explained.  The separation between 

the two regression lines reflects the positive bias in 

analysis minimum sea-level pressure, although it is not 

statistically significant at the 95% confidence level (not 

shown). 

 

Impact of forecast model deficiencies on the HEDAS 

analyses is investigated in Vukicevic et al. 2012 ( Joint 

impact of forecast tendency and state error biases in 

ensemble Kalman filter data assimilation of inner-core 

tropical cyclone observations. Monthly Weather 

Review, accepted and available for early online 

viewing).  It is found that some of the systematic analysis 

errors in HEDAS were related to the model error in the 

planetary boundary layer (PBL) parameterization of 

HWRF.  These findings contributed to the improvements 

in the PBL parameterization of the later versions of 

NOAAôs operational HWRF model. 

 

(4) HEDAS has run in real time during the 2012 

hurricane season as a demonstration system for NOAAôs 

Hurricane Forecast 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, HEDAS will be integrated with 

Figure 3: Intensity error in the final analysis as compared to the best track. (a) Analysis vs. observed scatter 

diagram of maximum 10-m wind speed (kt) for all cases in the best track database.  The thick line represents the 

linear regression between analysis and observations.  The coefficient of determination (R
2
) is presented in the 

lower-right box.  The mean analysis-observation difference along with its 95% confidence interval bounds is 

given in the upper-left box.  The dashed gridlines represent intensity category thresholds.  (b) As in (a), but for 

minimum sea-level pressure.  (c) Wind-pressure relationship in observed (square markers, solid linear regression 

line) and analysis (diamond markers, dashed linear regression line) data. 
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the latest operational version of HWRF.  (b) Changes have been made in HEDAS to update the time 

derivative of vertical wind speed for better non-hydrostatic initialization.  (c) It is planned to 

assimilate observations in a storm-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 Gulfstream-IV aircraft are being tested.  Vortex-scale analyses from HEDAS 

are then provided as the initial conditions to the HWRF model to produce 126-h forecasts.  The 

performance of these forecast runs is summarized in Aberson et al. (2013), which is currently in 

internal review and will be submitted to Monthly Weather Review for publication. 

 

Figure 4 summarizes the performance of the short-range (up to 72-h) forecasts initialized with 

HEDAS analyses as compared to operational HWRF for the 2012 hurricane season and all cases with 

aircraft data.  It is evident that assimilation of aircraft data in HEDAS leads to improvements in the 

forecast of both track (by ~10 nm, Fig. 4a) and intensity (by ~3 kt, Fig. 4b) over the operational 

model.  These demonstrations have led to the assimilation of inner-core aircraft data to become a part 

of the operational HWRF data assimilation system starting with the 2013 hurricane season. 

 

 
 

 

 

 

 

(5) Using the OSSE infrastructure of research topic (1), optimal sampling strategies using the new 

radar platform on the NOAA Gulfstream -IV aircraft are being investigated. 

 

Research Performance Measure: All objectives are being met on schedule. 

 
 

 

 

Figure 4: Comparison of the forecast error between HWRF forecasts initialized with HEDAS analyses and 

operational HWRF forecasts. (a) Track forecast errors (nm).  (b) Intensity forecast errors (kt). 
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Investigation of HWRF Model Errors Associated with Surface-Layer and 

boundary-Layer Parameterizations To Improve Vortex-Scale,  

Ensemble-Based Data Assimilation Using HEDAS 

 
Project Personnel:  A. Aksoy, J. Zhang and B. Klotz (UM/CIMAS) 

NOAA Collaborators: E. Uhlhorn and J. Cione (NOAA/AOML/HRD) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: Improve NOAAôs HWRF hurricane forecast model by addressing the sources of error in 

its parameterization of the surface and boundary layers. 

Strategy: Combine an idealized HWRF environment, observed and composited steady-state 

hurricane structure, and HEDAS ensemble environments to comparatively investigate model 

sensitivities to initial vortex structure, hurricane environment, and the parameterization of the 

surface and boundary layers.  

 

CIMAS Research Theme:  
Theme 2: Tropical Weather 

 

Link to NOAA Strategic Goals:  
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

 

NOAA Funding Unit:  NWS/NWSPO/JHT           NOAA Technical Contact:  Daniel Melendez 

 

Research Summary: 
Two major accomplishments of this project to date are: 

 

(1) Observation-based, composite, axisymmetric vortex fields of tangential and radial wind speed, 

temperature, moisture, and pressure are constructed for initialization and comparison.  The 

observation-based thermodynamic analyses (pressure, temperature, moisture) are developed from a 

weighted combination of historical radius-height cross sections and GPS dropwindsondes from 

multiple aircraft, both low- and high-altitude. The historical analyses serve as a low-weight 

background and are particularly useful where significant dropsonde data gaps exist. As part of the 

NOAA/AOML/HRD dropsonde database development effort, each dropsonde is associated with 

several storm-specific parameters, including intensity, radius of maximum wind, environmental shear 

vector. Each of these parameters is used to develop specific composite analyses representative of a 

TC of interest. A general Gaussian weighting function with Barnes-type successive correction is 

applied for interpolation purposes, and scaling parameters are chosen by trial-and-error.  Horizontal 

wind (radial and tangential component) analyses are developed based on a combination of NOAA P-

3 Doppler radar composite analyses and dropwindsonde observations. The Doppler analyses rarely 

extend beyond ~5 maximum wind radii from the storm center and higher than ~14 km due to weak 

precipitation scattering. Relatively little in situ observational data exist at greater altitude, which 

presents a challenge for resolving the upper-tropospheric outflow. To fill this important, but data-

void, region, several analyses from the Hurricane Ensemble Data Assimilation System (HEDAS, 

developed by the P.I.) for Hurricane Earl (2010) are used a low-weight background.  Interpolation 

procedures are the same as used for the thermodynamic fields.  In Fig. 1, the axisymmetric tangential 

and radial horizontal wind and temperature perturbation fields of the observation-based vortex are 

shown. 
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(2) An idealized end-to-end HWRF system is developed with the following components: (a) The 

capability to initialize within any environmental profile where the boundary conditions remain 

consistent with the initial specified profile throughout the run.  (b) The capability to specify a zonal 

vertical shear profile within any two vertical levels.  A mass balancing constraint is also implemented 

to allow for meridional mass adjustment to balance the specified zonal shear.  (c) The capability to 

control the overall storm speed through vertical mass integration of the winds.  (d) A full coupling 

with a one-dimensional column ocean model developed within NOAA/AOML (George Halliwell, 

NOAA/AOML/PhOD) and the capability to initialize with any specified ocean profile of temperature 

and salinity.  (e) The capability to control ocean-relative storm motion either through a moving 

atmosphere or a moving ocean.  (f) The capability to initialize with any axisymmetric vortex 

structure, including the observationally based composite vortex as explained above. 

 

The simulation that is initialized with the observed vortex and 8 ms-1 vertical (850-200 hPa) wind 

shear in the zonal direction is deemed the ñcontrolò.  Some of the features of this 5-day simulation 

are summarized in Figure 2.  Figure 2a demonstrates that the environmental conditions remain 

generally steady throughout the simulation, which implies that the evolution of the vortex structure is 

generally the result of internal vortex dynamics and not the adjustment process to a changing 

environment.  In Figure 2b, the steady-state nature of the simulation is demonstrated. The intensity 

(maximum 10-m wind speed) and minimum sea-level pressure MSLP in the steady-state regime are 

very close to those observed for the type of hurricane in question.  The realistic response of sea 

surface temperature (SST) and specific humidity (SSQ) to the ocean coupling is demonstrated in 

Figures 2c and 2d.  Finally, the simulation also depicts realistic air-sea contrast structures as can be 

seen in Figs. 2e and 2f.  Diagnostics such as these are unique in that modeled structures can be 

directly compared to observed structures in high detail thanks to HRDôs existing observational 

databases. 

Figure 1: Axisymmetric fields from the composite, observation-based vortex.  (a) Tangential wind speed (ms
-1
).  

(b) Radial wind speed (ms
-1
, positive denotes outflow).  (c) Temperature perturbation from the environment (K). 
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Research Performance Measure: All objectives are being met on schedule. 

 
 

 

Figure 2: Various diagnostics from a realistic idealized HWRF simulation. (a) Evolution of environmental 

850-200 hPa vertical wind shear (solid blue), storm speed (dashed blue), and storm motion direction 

(green). (b) Evolution of intensity (blue) and MSLP (green). (c) Time-radial distance plot of SST 

perturbation from initial constant SST of 29 C. (d) Time-radial distance plot of SSQ perturbation from 

initial (variable due to pressure change with radial distance). (e) Temperature contrast between the ocean 

surface and 10 m atmosphere at 72 h of simulation (green) compared to composite observations in similar 

conditions (blue). (f) As in (f) but for specific humidity. 
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Software Support for the Execution of 

Atmospheric Observing System Simulation Experiments 
 

Project Personnel:  A. Aksoy, B. Annane, L. Bucci and J. Delgado (UM/CIMAS) 

NOAA Collaborators:  R. Atlas, S. Gopalakrishnan, F. Marks, T. Vukicevic and X. Zhang 

(NOAA/AOML)  

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To develop software to facilitate running of Observing System Simulation Experiments 

(OSSEs); to address technical, software-related issues with the components used to run these 

experiments. 

Strategy: Details of the experiments to be carried out will be discussed during weekly meetings and 

software will be created to integrate the existing software components needed for the 

experiments. Issues with existing software will be addressed as they arise. 

 

CIMAS Research Theme:  
Theme 2: Tropical Weather 

 

Link to NOAA Strategic Goals:  
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

 

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

 

Research Summary:  
The OSSE experiments being conducted consist of assimilating various observation data. Each 

experiment consists of running an ensemble of multiple weather forecast simulation members with 

perturbed initial and boundary conditions for several cycles. We use the Hurricane Weather Research 

and Forecasting (HWRF) model to perform the weather simulations and the Gridpoint Statistical 

Interpolator (GSI) software for the data assimilation.  

 

J. Delgado has developed UNIX scripts that run data assimilation cycles for individual members. The 

scripts provide flexibility in terms of the observation data that is used, the duration of the forecasts, 

the frequency between cycles, etc. They are optimized to reduce the required execution time and disk 

space, while ensuring enough data is available for proper post-processing. He has also developed a 

system for running an ensemble of members. This system is currently being modified to allow more 

flexibility in terms of the parameters of the experiments. 

 

J. Delgado has also worked on software issues that have presented themselves in the process of 

designing and running experiments. For example, to be effective, OSSEs require weather simulations 

to be performed at relatively high spatial resolutions across relatively large sections of land. Due to 

the large computational requirements of these simulations, a balance must be made between 

resolution and execution time. J. Delgado was responsible for configuring the simulation 

environment such that these large experiments could be run. He also inspected the model source code 

to try and find issues with the code that prevented it from running certain large weather simulations, 

and determining the computational requirements of different experiments. Relatedly, it is possible to 

use the concept of "nesting" higher resolution domains that focus on regions of interest inside of 

larger, coarser domains. He addressed technical issues that were necessary to enable these kinds of 

simulations to be run with HWRF in order to work with the OSSEs. 
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Research Performance Measure: The software currently works satisfactorily with the current 

single-member experiments being run, although the experiments will change as new data is received. 

The program for running ensembles will be modified to accommodate changes in the experiments.  

 

 

******  
 

 

Development of an Objective Scheme for Predicting Tropical Cyclone Genesis 
 

Project Personnel: J.P. Dunion (UM/CIMAS) 

NOAA Collaborators: J. Kaplan (NOAA/AOML/HRD); M. DeMaria (NOAA/NESDIS) 

Other Collaborators: A. Schumacher (CSU); J. Cossuth (FSU) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To develop and objective scheme for predicting the likelihood of tropical cyclone genesis 

in the North Atlantic for both the 0-48 and 0-120 hr timeframes.  Design this scheme to be a real-

time tool for forecasters at the NOAA National Hurricane Center (NHC). 

Strategy: To continue development and real-time development of this scheme, the Tropical Cyclone 

Genesis Index (TCGI), and begin a real-time demonstration during the 2013 Atlantic hurricane 

season.  

Figure 1: This figure depicts the interaction among different components of the OSSE system. We are presently 

developing the software that automates the workflow, so that a wide range of experiments can be conducted 

seamlessly. We are still evaluating our options for the Ensemble Kalman Filter component, hence the dashed 

lines. Note that the cycling is not illustrated in this figure. 
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CIMAS Research Theme:  
Theme 2: Tropical Weather 

 

Link to NOAA Strategic Goals:  
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 
 

NOAA Funding Unit:  NWS/JHT      NOAA Technical Contact:  Christopher Landsea  

 

Research Summary: 
Tropical cyclone (TC) genesis represents an intensity forecasting challenge and is perhaps one of the 

more difficult stages of the tropical cyclone lifecycle to diagnose and predict.  Additionally, there are 

limited objective resources available to NHC forecasters tasked with diagnosing the potential for TC 

genesis in the 0-48-hr and 0-120-hr time frames.  The main goal of this project is to develop a 

disturbance-following TC genesis index (TCGI) to provide forecasters with an objective tool for 

identifying the 0-48hr and 0-120hr probability of TC genesis in the North Atlantic basin.  Sixty 

predictors from a variety of satellite and model-based sources were tested for potential integration 

into this new scheme and real-time testing will begin during the summer of 2013. The final TCGI 

predictors and their relative importance for 0-48 and 0-120 hr genesis forecasts are shown in 

Figure 1. 

 

 
 

Figure 1: Predictors that were selected for inclusion in the TCGI scheme and their relative importance for 

forecasting 0-48 and 0-120 hr TC genesis.  These predictors include: 12-hr vortex tendency (DV12, from the 

NOAA Global Forecast System (GFS) model), Dvorak T-Number satellite intensity estimates (TNUM, from the 

NOAA Tropical Analysis & Forecasting Branch), low-level divergence (HDIV, GFS model), 250-850 hPa 

vertical shear (VSHD, GFS model), GOES water vapor satellite imagery (PCCD), and middle level moisture 

(GFS model). 
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Research Performance Measure: This project is in the year-2 phase of a proposed two-year effort.  

Accomplishments that focus on the objective of creating a real-time TC Genesis Index for 

operational use include: 

1. The proposal team completed the development of a special tropical disturbance forecast model 

that will be utilized in the TCGI scheme to determine various genesis predictor values along the 

forecast track (out to 5 days).  

2. The proposal team completed the identification and testing of potential storm and environmental 

predictors for the TCGI database. 

3. PI Dunion presented year-2 project results at the 66th Interdepartmental Hurricane Conf., (March 

2012): Development of a Probabilistic Tropical Cyclone Genesis Prediction Scheme. 

4. PI Dunion submitted a mid-year report (March 2013) to NOAA JHT. 

5. The proposal team has begun developing code to run the TCGI scheme in real-time during the 

2013 Atlantic hurricane season. 

 

 

******  

 

Multimodel Ensembles for Hurricane Forecasts 
 

Project Personnel: T.N. Krishnamurti and R.O. 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: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

 

NOAA Funding Unit:   OAR/AOML/NWS  

NOAA Technical Contacts:  Alan Leonardi and Stephen J. Lord (NWS) 

 

Research Summary:  
First it should be stated that the results from the FSU multimodel superensemble are nearly always 

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 impressive, as we noted from many years of 

research. The hurricane forecasts covering the seasons 2010, 2011 and 2012 are included in our 

proposal's task line and those results are summarized here. The member models utilize a variety of 

physical parameterization schemes, a variety of assimilation schemes, initial vortex bogussing and 

the treatment of the atmosphere-ocean interface fluxes. Forecasts are made every 12 hours. The 

method for ensemble forecasting follows our recent papers, Krishnamurti et al (2010, 2011). We 

have 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 
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first collected for some 100 recent hurricane forecasts 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 for all the recent past 

storms. Those 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 exceeding twice 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.  

 

It recently became possible to include the data sets for SHIPS/SPICE for the 2012 hurricane season. 

SHIPS was available for the hurricane seasons of 2010, 2011 and 2012. The track and intensity 

forecasts for the three hurricane seasons are presented in Figure 1 (a,b,c). The results from the 

multimodel superensemble are shown by a red bar. Here the ordinate denotes the errors for the 

position (in nautical miles) and intensity (in knots), the abscissa denotes the hours of forecast, and the 

vertical bars denote the performance for the members of the mesoscale model suite. Overall the 

results, based on the multimodel superensemble, of the mesoscale model suite stand out quite 

glaringly. These vertical bars also include a baseline for the expectation of NOAA (defined by NHC) 

which is exceeded by the multimodel superensemble in its performance.  Overall the analyses 

confirm that the multimodel ensemble consistently provides the best results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1a: Track and intensity forecast errors for 

all the hurricanes of 2010. 
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Research Performance Measure: The track forecast improvements of the multimodel 

superensemble are of the order of 150 nm for day 5 of forecasts and the corresponding intensity 

forecast improvements are of the order of 10 knots. 

Figure 1b: Track and intensity forecast errors for 

all the hurricanes of 2011. 

 

 

 

Figure 1c: Track and intensity forecast errors for 

all the hurricanes of 2012. 
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Further Development 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 aircraft. 

Strategy: To develop and perform one or more high quality, high-resolution numerical simulations of 

an Atlantic hurricane which will be used as the ground truth, the so-called ñnature run,ò which is 

used to derive observations from hypothetical instruments and to evaluate the track and intensity 

prediction of forecast models that assimilate those observations.  

 

CIMAS Research Theme:  
Theme 2: Tropical Weather 

 

Link to NOAA Strategic Goals:  
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

(Primary) 

Goal 4: Resilient Coastal Communities and Economies - Coastal and Great Lakes communities that 

are environmentally and economically sustainable (Secondary) 
 

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

 

Research Summary:  
The goal of this project 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 nature run simulation is 

performed with 1 km horizontal grid spacing on the innermost nested grid, which is sufficient for the 

reproduction of relevant inner-core processes such as rapid intensification, polygonal eyewalls, and 

secondary eyewall formation. The T511 ECMWF 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 simulations. 

 

In the past year, we have completed our work on ñvalidatingò the simulation; that is, determining 

how well it reproduces the structure and behavior of a real hurricane. Since the simulation is based 

on a hurricane that occurred within a global nature run (another free-running simulation), it does not 

correspond to a hurricane that actually occurred. Thus, we must compare our simulated hurricane to 

composites of data from real storms. To date, we have validated the simulation in the following 

ways: we have evaluated its wind-pressure relationship; we have compared its boundary layer to 

composites from observed hurricane boundary layers; we have compared to a data set of the outward 

slope of the eyewall; and we have compared the vertical distribution of vertical motion and 

reflectivity to similar analyses of observed storms. The nature run hurricane also reproduces a 

realistic eyewall replacement cycle. A full-length article on the nature run simulation and its 

validation was submitted and recently accepted for publication in Journal of Advances on Modeling 

Earth Systems. 
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The nature run has been archived and made available to several other research groups for its intended 

use in OSSEs and other research purposes. 

 

Research Performance Measure: Most of the goals for the project have been met. A second 

nature run is under development and we expect it to be completed in the next few months. 

Figure 1: This figure shows the 

simulated reflectivity at an altitude 

of z = 2.9 km (approximate flight 

level for NOAA research aircraft) 

during the secondary eyewall 

formation simulated in the hurricane 

nature run. The outer eyewall forms 

from the long rainband that starts 

southwest of the center and wraps 

around the center to the west side of 

the eye. The low-reflectivity ñmoatò 

on the east side of the eyewall is a 

common feature for such events. 

 

Figure 2: This figure shows the 

simulated wind speed at the same 

time and altitude as Figure 1. The 

secondary eyewall formation is 

associated with an outer wind 

maximum that nearly wraps around 

the center.  
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Real-Time Hurricane Wind Analysis 
 

Project Personnel:  B. Annane, S. Otero, 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 more readily available to scientists in real-time. 

 

CIMAS Research Theme:   
Theme 2: Tropical Weather 

 

Link to NOAA Strategic Goals:  
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

 

NOAA Funding Unit:   OAR/AOML/HRD 

NOAA Technical Contact:  Alan Leonardi 

 

Research Summary: 
The HRD Real-time Hurricane Wind Analysis System (H*Wind) is a distributed system that ingests 

real-time global tropical cyclone observations measured by land-, sea-, space-, and air-borne 

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 visualize the information.  The H*Wind 

system consists of five sub-components: data collection, database, quality control interface, analysis 

package, and product generation package. 

 

Data collection is accomplished through a suite of Unix scripts and C programs.  Current 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 Group and WeatherFlow. 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 and tools 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 database.  QC graphically 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 products offer vorticity, divergence, wind contour plots 

compatible with Google framework, wind swaths, and Hovmoller diagrams.  Each analysis is 
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published with a self-explanatory metadata file compliant with FGDC (Federal Geographic Data 

Committee). 

 

Just in time for Hurricane Sandy, some minor refinements to the Integrated Kinetic Energy (IKE) 

formulas had been implemented, based on research from GPS sonde measurements.  Despite 

Hurricane Sandy ranking only a category 1 storm per the Saffir-Simpson scale, Sandy carried record 

large values of IKE (> 300 TJ, with Surge/Wave Destructive Potential ratings > 5.5 in a scale of 0 to 

6), due to an extensive field of winds in excess of 34 kt.  Several media articles wrote about the 

ability of IKE-based metrics to more accurately rate the multi-faceted destructive power of a storm, 

versus just using the peak wind to describe intensity: 

 

http://www.outsideonline.com/blog/outdoor-adventure/science/hurricane-researcher-brian-mcnoldy-

on-the-science-behind-sandy.html 

 

http://www.ouramazingplanet.com/3730-hurricane-sandy-second-most-powerful.html 

 

http://www.empiricalzeal.com/2012/11/01/what-is-the-true-measure-of-a-storm/ 

 

http://usatoday30.usatoday.com/weather/storms/hurricanes/story/2011/08/New-hurricane-scale-puts-

more-focus-on-storm-surge/49958782/1 

For the upcoming hurricane season, the H*Wind ATCF-formatted products will be appended with 

IKE results per storm quadrant. 

 

 

 
 

 

 

Research Performance Measure: All objectives are being met on schedule. 

 

Figure 1: Time series of IKE Surge Destructive Potential of Hurricane Sandy, October 2012. 

 

http://www.outsideonline.com/blog/outdoor-adventure/science/hurricane-researcher-brian-mcnoldy-on-the-science-behind-sandy.html
http://www.outsideonline.com/blog/outdoor-adventure/science/hurricane-researcher-brian-mcnoldy-on-the-science-behind-sandy.html
http://www.ouramazingplanet.com/3730-hurricane-sandy-second-most-powerful.html
http://www.empiricalzeal.com/2012/11/01/what-is-the-true-measure-of-a-storm/
http://usatoday30.usatoday.com/weather/storms/hurricanes/story/2011/08/New-hurricane-scale-puts-more-focus-on-storm-surge/49958782/1
http://usatoday30.usatoday.com/weather/storms/hurricanes/story/2011/08/New-hurricane-scale-puts-more-focus-on-storm-surge/49958782/1
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A Seventeen-Year Tropical Cyclone Global Positioning 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 available to the 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 data as it arrives. 

 

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 impacts 

Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

 

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

 

Research Summary: 
Since 1996, NOAA, the United States Air Force, and other international agencies have been releasing 

dropwindsondes in and around tropical cyclones to obtain vertical profiles of wind velocity, 

temperature, humidity, and mass from flight level to the ocean surface. These observations are used 

operationally by meteorological centers to diagnose current conditions and to improve initial 

conditions of numerical weather prediction models. After the fact, these data are invaluable to 

researchers in studies of tropical cyclone dynamics and thermodynamics, and in studies of targeted 

observations and predictability, as well as in climate research and numerical model evaluation. For 

example, research with this data set has been instrumental in estimating the drag coefficients 

employed in numerical forecast models to simulate the effects of surface friction. As a result the 

representation of the hurricane boundary layer in the HWRF model has been greatly improved. 

Dropwindsonde data provide the only near surface observations of pressure, temperature humidity 

and wind direction in the hurricane inner core and are therefore crucial to this type of research. 

Hundreds of these profiles are obtained annually in the Atlantic and northern Pacific Oceans, and 

might soon become available in the Indian Ocean. Dropwindsonde data in the Atlantic obtained using 

unmanned aircraft should also be available beginning in 2013.  

  

In this project, we gather, organize, and quality control, all GPS dropwindsonde data in and around 

tropical cyclones. We subsequently make these data available to the broader community and we 

provide support for other scientists who wish to use the data for research. These data are organized 

and made freely available on an ftp site. Additional information which might aid researchers, such as 

dropsonde scientist logs and notes, is provided when possible. Both numerical and graphic versions 

of the data are provided in order to meet the various needs of the research community. See Figure 1.    
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Additionally we have developed computer programs which 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 missing fields and formats the information in a 

manner that enables a quick look at the data and provides high-resolution observation times and 

locations that are essential for data assimilation with advanced hurricane forecasting models. These 

programs have been successfully implemented for real-time data assimilation into HRDôs 

experimental version of the Hurricane Weather Research and Forecasting model (HWRFx) since the 

Figure 1: (a) Wind field at a height of 1 km. for hurricane Sandy, valid 12Z, October 28, 2012 produced from a 

composite of radar and dropwindsonde data. (b) Vertical temperature sounding taken in the eye region of Sandy 

during the same flight .Graphics such as these provide a quick look at the hurricane inner core structure. 
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2010 Atlantic hurricane season. This data is also being assimilated retrospectively for the 2008 

through 2012 seasons in order to evaluate the relative impact of dropwindsonde and other data types 

on numerical model forecasts. 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. 

 

 
 

 

 

 

 

Research Performance Measure: All objectives are being met on schedule. 

 

 
 

 

 

 

 

Figure 2: Initial condition for the high-resolution HWRF model produced by assimilating dropwindsonde and 

other data collected using NOAA and USAF aircraft during hurricane Sandy, 2012. 
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Data Integration and Data Mining Support for Tropical Cyclone 

Integrated Observing Systems 
 

Project Personnel: M.-L. Shyu (UM/ENG) 

NOAA Collaborators: F. Marks, M. Powell and T. Quirino (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To design, develop, and implement an HRD Web Portal that enables the researchers and 

scientists to connect to the database consisting of geographical and non-geographical data to 

integrate, mine, and analyze the raw and post-processed Tropical Cyclones data. This web portal 

also displays the results to the users in order to improve the public's awareness of the dangers that 

may be imposed by Tropical Cyclones. 

Strategy: To develop the web-based ñHRD Web Portalò utilizing Java, Smart GWT/GWT (Google 

Web Toolkit), and Google Maps APIs.   

 

CIMAS Research Theme:  
Theme 2: Tropical Weather (Primary) 

Theme 1: Climate Research and Impact (Secondary) 
 

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

climate and its impacts (Primary) 

Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

(Secondary) 

 

NOAA Funding Unit:  OAR/AOML 

NOAA Technical Contact:  Alan Leonardi 

 

Research Summary:  
An HRD Web Portal was designed, developed, and implemented to render wind data from diverse 

sources and in different formats with geographical information in multiple visualization maps, as 

well as synchronized animations of various products, all geared toward comprehensive forecast and 

model evaluation. The database stores raw point-observational data (land, atmosphere, and ocean) 

and graphical products derived from observational and model data. The left-hand side of Figure 1 is 

the HRD Web Portal which is part of the HRD Forge framework (Figure 1) for improving the utility 

of NOAAôs hurricane data. Figure 2 shows the visualization interface for tropical cyclone (e.g., 

hurricanes) forecast and model diagnostics by real natural events or idealized studies, displaying the 

available graphical products of model or observation in the database. The key features to enable 

comprehensive data inter-comparison are: 1) It is a lightweight architecture since it runs on a web-

browser, and 2) It consists of a multi-map interface capable of side-by-side animations of diverse 

model and geo-referenced and non-geo-referenced observational data. This web portal is built by 

taking the advantages of the Web Services Layer as the data source and serves as an example of 

potential visualization applications. Using this web portal, the users can overlay different types of 

tropical cyclone data such as their own KML documents with proprietary data.  

 

Research Performance Measure: All objectives were reached. 
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Figure 1: The HRD Forge framework for improving the utility of NOAAôs hurricane data 

 

Figure 2: Snapshots of the HRD Web Portal with selection windows of graphical products (Tracks, XY plots, 

X-sections, and Predictors time-series) 
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 System Support for the Development and Simulation of Tropical Cyclone 

Numerical Models in a Linux Cluster System 
 

Project Personnel: M.-L. Shyu (UM/ENG) 

NOAA Collaborators:  F. Marks, S. Gopalakrishnan, T. Quirino and R. Rogers (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To develop novel data mining techniques and tools to discover useful knowledge/patterns 

from the rapid intensity changes in tropical cyclones (TCs), to build a database that integrates 

both the historical and modeling data from different sources, and to develop a web portal that 

displays the data geared towards scientistsô needs.  

Strategy: To mine useful patterns/knowledge from the structure and dynamics of tropical cyclones 

(TCs) and to analyze specific hurricane cases using model and observational data sets. In this 

project, the Experimental Hurricane Weather and Research Forecast (HWRF-X) System at 

AOML/HRD was developed and maintained. The database stores data from the H*WIND 

relational database, HRDôs operational flights (radar, dropsondes, AXBT, UAS), satellite, and 

operational and research models. The lightweight web portal for data presentation was designed 

and developed utilizing the industry standard developmental tools such as Smart Google Web 

Toolkit (SmartGWT) and Google Maps APIs.  

 

CIMAS Research Theme:   
Theme 2: Topical Weather (Primary) 

Theme 1: Climate Research and Impact (Secondary)  

 

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

climate and its impacts (Primary) 

Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

(Secondary) 
 

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

Research Summary:  
In order to predict the tropical cyclone (TC) track, intensity, and impact, data mining techniques and 

tools were developed and utilized. To extract useful knowledge from TC intensity and rainfall, one 

must consider factors such as magnitude and direction of vertical shear of the environmental wind, 

upper oceanic temperature structure, and low- and mid-level environmental relative humidity. The 

data sets collected from the model runs on 60 hurricane cases were utilized to analyze all these 

parameters. The purpose is to enable the researchers with the ability to synthesize model and 

observation data in a centralized and comprehensive manner and to unify the modelers and observers 

in an efficient way to access and share data for the sake of inter-comparison, verification or other 

potential research tools. This is based on the fact that the advances in hurricane modeling are actually 

tightly correlated with the ability to quickly evaluate model output against a diverse set of 

observations. This activity leads to the determination of deficiencies in model forecast. 

 

A database was designed and developed to store the hurricane data from various data sources - 

H*WIND relational database and satellites data. A user-friendly HRD Web Portal was implemented 

so that the scientists could access different real-time and historical hurricane data easily. The 
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synchronized animation control for data products from different sources using the HRD web portal is 

presented in Figure 1.  Figure 2 shows the implementation of creating and managing multiple 

animation groups on the HRD web portal. 
 

 
 

 

 
 

 

Research Performance Measure: All objectives were reached. 

Figure 1: Synchronized animation control on the HRD web portal 

 

Figure 2: Animation group management on the HRD web portal 
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SFMR Wavenumber Analyses for Assessing Surface Wind Asymmetries 

in Hurricanes 
 

Project Personnel:  B. Klotz (UM/CIMAS) 

NOAA Collaborator s: E. Uhlhorn, T. Vukicevic, P. Reasor and R. Rogers (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To determine effects of wind shear and storm motion on surface wind asymmetries in 

hurricanes 

Strategy: To use SFMR data from various hurricanes to develop a low wavenumber analysis and 

simulate a two-dimensional surface wind field in order to develop a statistical reference for the 

behavior of surface wind asymmetries in the presence of vertical wind shear and in relation to 

storm motion 

 

CIMAS Research Theme:  
Theme 2: Tropical Weather 

Link to NOAA Strategic Goals:  
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 
 

NOAA Funding Unit:   OAR/AOML 

NOAA Technical Contact:  Alan Leonardi 

 

Research Summary:  
The stepped frequency microwave radiometer (SFMR) measures surface wind speeds and rain rates 

along an aircraftôs flight track.  These winds are operationally used to assess the intensity of tropical 

cyclones.  While the general flight track is designed to provide high-resolution wind data in radial 

directions, the SFMR point measurements lack substantial azimuthal coverage and alone cannot 

provide a two-dimensional representation of the tropical cyclone surface wind field.  In fact, the 

SFMR tends to underestimate the operationally required 1-minute maximum sustained 10-meter 

wind on the order of ~10%.   

 

Using a Fourier decomposition technique to produce wavenumber-0 and wavenumber-1 amplitude 

and phase (WN0, WN1, PH1), a two-dimensional representation of the surface wind speed can be 

produced in a storm-centric frame of reference.  This type of analysis works best for well-developed 

tropical systems (i.e., hurricanes); therefore, 128 flights from 35 hurricanes between 1998 and 2011 

were used to develop these two-dimensional analyses.  Figure 1 provides a singular example from 

Hurricane Katrina during the 2005 season showing the resulting two-dimensional wind fields based 

on the Fourier decomposition for surface (left panel) and flight-level (right panel) winds.  This figure 

simply indicates the usefulness of the analysis for hurricanes and for determining the location of the 

maximum surface wind.  It should be noted that because these analyses only include wavenumber-0 

and wavenumber-1, some of the higher harmonics that contribute to the total wind speed are not 

included and thus this analysis method will tend to slightly underestimate the maximum wind. 

 

Analyses similar to the example in Figure 1 were completed for all hurricane cases in the sample.  A 

composite analysis of the data set was produced and is shown in Figure. 2.  In the left panel, it is 

clear that the flight-level WN0 amplitude (red line) is larger than that of the surface (black line).  In 

fact, at the radius of maximum wind (RMW, r* = 1), the surface WN0 is about 90% of the flight-
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level, which corresponds with results in the known literature.  Outside the RMW, this percentage 

reduces to about 75-80%.  From the far right panel showing the storm-motion-relative PH1, it was 

concluded that the flight-level maximum is generally to the right of storm motion and that the surface 

wind maximum is also right of storm-motion and usually upwind of the flight-level value. 

 
 

 

 

 
 

 

 

 

 

Looking specifically at the wavenumber-1 amplitude and phase relationships to storm motion and 

vertical wind shear magnitude, certain trends can be seen in the data set.  Figures 3 and 4 show the 

WN1 and PH1 relationships with storm motion and shear magnitude, respectively.  From Figure 3, it 

seems like the trends at the surface in relation to storm motion are opposite of the trends at flight-

level.  There is no distinguishable signal between the storm motion and surface WN1 amplitude but 

there tends to be an upwind rotation of the surface PH1 with increasing storm motion speed.  The 

opposite is true of the flight-level data where the WN1 amplitude increase noticeably with increasing 

storm-motion but no signal is seen with PH1.  In the relationship to wind shear magnitude (shown in 

Fig. 4), there is not much of a trend in either surface or flight-level WN1 amplitude with increasing 

shear magnitude, but both flight-level and surface PH1 rotates cyclonically with increasing shear 

magnitude, with a statistically significant relationship at the surface. 

 

Figure 1: Surface (left) and flight-level (right) WN0+1 wind speed analysis for Hurricane Katrina on 28 

August, 2005.  The arrow in each panel points to the north.  Wind speed units are in m s
-1
. 

 

Figure 2: Composite (a) WN0 wind speed (m s
-1
), (b) WN1 amplitude (m s

-1
), and (c) storm motion-relative 

PH1 (deg.) at surface (black) and flight level (red) as functions of normalized radius (r*, r/RMW). Solid lines 

are averages for the n = 128 sample, thick dashed lines are 95% confidence intervals on the means, and dotted 

lines are 1 standard deviation. 
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From these figures, it is clear that there are relationships between the storm motion strength and wind 

shear magnitude and the surface and flight-level wind maxima.  This particular study exemplifies that 

Figure 3:  Surface WN1 (a) amplitude, and (b) phase; and flight-level WN1 (c) amplitude and (d) phase at the 

RMW for each of the 128 analyses, as a function of storm motion speed (Vstorm, m s
-1
). Asymmetry amplitudes 

are in m s
-1
, and storm motion-direction phase angles are in degrees. Linear regressions (solid lines) and 95% 

confidence intervals for the fits (dashed lines) are also shown.  The initials BM, RM, FM, and LM indicate 

locations behind, right-of, forward-of, and left-of storm motion direction, respectively. 

 

Figure 4: Same as Fig. 3, but plotted versus shear magnitude (m s
-1
) after removing storm motion induced 

asymmetry. Phase angle (deg.) is clockwise azimuth relative to shear direction.  The initials RS, DS, and LS 

indicate locations right-of, down, and left-of shear direction, respectively. 
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the SFMR is useful for producing representative two-dimensional wind fields that aid in depicting 

wind asymmetries as well as estimates of the maximum intensity and its location within the storm.  

 

Research Performance Measure: All major research objectives related to this project have been 

met.  As planned, project personnel recently submitted a manuscript toa peer reviewed journal. 

 
 

 

******  

 

Improved SFMR Surface Wind Measurements in Intense Rain Conditions 
 

Project Personnel:  B. Klotz (UM/CIMAS) 

NOAA Collaborator:  E. Uhlhorn (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To evaluate performance of SFMR bias correction model and to formulate new wind and 

rain models in the SFMR algorithm that removes bias in heavy rain 

Strategy: To apply the bias-correction model to evaluate statistics of data from 2012 hurricane 

season. To develop a new wind-emissivity model function based on the bias-correction and to 

use rain data from independent sources to improve the rain-absorption model function. 

 

CIMAS Research Theme: 
Theme 2: Tropical Weather 

Link to NOAA Strategic Goals: 
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 
 

NOAA Funding Unit:   OAR/USWRP/JHT 

NOAA Technical Contact:  Alan Leonardi 

 

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 is degraded in conditions where weak-to-moderate winds are 

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.  

 

Based on an increased number of SFMR versus GPS dropsonde surface-adjusted wind speed pairs, a 

bias correction model was developed in the first year of this project.  The model increasingly reduces 

the bias as wind speed decreases and rain rate increases.  This bias correction model was applied in 

real-time at NOAAôs National Hurricane Center during the 2012 hurricane season, and was well-

received.  As part of the funded JHT project, an evaluation of the modelôs performance is provided. 

 

The NOAA and Air Force Reserve SFMR data from 2012 were paired with matching GPS dropsonde 

surface-adjusted wind speed data.  There were a total of 582 usable pairs with a majority of these 

pairs (518, 89%) having rain rates less than 10 mm hr-1 and 64 pairs (11%) having rain rates greater 

than 10 mm hr-1.  At all wind speeds and rain rates, the application of the bias correction successfully 



80 

 

reduced the wind speed difference between the SFMR and dropsondes, and at wind speeds less than 

33 m s-1 and rain rates greater than 10 mm hr-1, average wind speed differences were reduced on the 

order of 80%.  This indicates that application of the bias correction model in heavy rain and weaker 

winds is successful at reducing the high bias in the SFMR winds.  To showcase this concept, 

Figures 1 and 2 show frequency histograms of the wind speed differences with and without 

application of the bias correction for the 2012 SFMR data.  These figures portray the entire sample of 

pairs as well as the pairs in moderate-to-heavy rain. 

 

 
 

 

 

 

In Figure 1, a clear shift toward zero occurs when comparing the bias corrected (BC) data against the 

uncorrected (UC) data.  The overall mean for the uncorrected data is 2.30 m s-1 and the overall mean 

for the bias corrected data is 0.08 m s-1.  Also, the difference in these populations is statistically 

significant at 95% confidence based on a student's t-test.   Figure 2 provides insight into data that 

were collected in the presence of rain.  The overall mean of the UC data is 3.48 m s-1 while the 

overall mean of the BC data is 0.68 m s-1, and similarly to the entire dataset, these populations differ 

significantly at 95% confidence according to a student's t-test.  These results indicate that for all 

conditions and specifically for rain-coincident data, the SFMR relationship to the GPS dropsonde 

wind speeds is improved by using the bias correction model. 

 

Figure 1: Histogram of SFMR-GPS wind speeds from the 2012 hurricane season for all uncorrected (blue) and 

bias-corrected (red) pairs.  Data are plotted as frequency percentages. 
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With confirmation that the bias correction reduces the impact of heavy rain on the estimate of the 

surface wind, a new wind versus emissivity model function was developed using dropsonde wind 

speeds in combination with the brightness temperatures from the SFMR.  Additionally, independent 

rain data from the NOAA Tail Doppler radar (TA) and from the Precipitation Imaging Probe (PIP) 

were used to compare with the SFMR rain rate.  Figure 3 provides an example from Hurricane 

Katrina of the comparison of the three rain measurements.  Based on about 10 flights from the 2005 

and 2010 hurricane seasons, a new rain versus reflectivity relationship was developed from these 

independent sources and was used to produce a new rain versus absorption SFMR model function.  

Using the two new SFMR model functions, all available SFMR data were reprocessed and compared 

to data that were processed with the current model functions.  The linear best-fits for each data-set 

(SFMR vs. GPS dropsonde) are provided in Figure 4.  The new model functions clearly act to 

remove the bias since the best-fit line for the new functions is nearly the same as the line indicating 

the unity relationship.  Statistical tests still need to be performed on the new data, but preliminary 

results indicate positive changes for the SFMR algorithm. 

 

 

Figure 2: Same as Fig. 1 but for pairs with SFMR rain rates greater than 10 mm hr
-1
. 
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Research Performance Measure: All major research objectives are being met for the second year 

of this project. More tests need to be performed on the new model functions before these are applied 

in the field. 

 

Figure 3: A single NOAA WP-3D penetration of Hurricane Katrina from 28 August, 2005 is shown.  In the top 

panel, Tail Doppler radar reflectivity (dBZ) is shown as a function of radial distance from the center.  In the 

bottom panel, the column-mean radar reflectivity (blue, dBZ), PIP rain rate (green, mm hr
-1
) and SFMR rain rate 

(red, mm hr
-1
) are shown over the same radial distances as the top panel. 

 

Figure 4: SFMR versus GPS dropsonde 

pairs are plotted for the data processed 

with the new model functions (gray dots).  

Linear best-fit lines are plotted in 

conjunction with the new data (red line), 

with the current model functions (blue 

line), and the unity relationship between 

the two wind speed measurements (black-

dashed). 
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SFMR Wavenumber Analyses for developing a Multi-Scale Intensity Metric 

(MSI) 
 

Project Personnel:  B. Klotz (UM/CIMAS) 

NOAA Collaborator s: T. Vukicevic , E. Uhlhorn  and P. Reasor (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To determine a multiscale intensity metric for use in regional model intensity evaluation 

Strategy: To use SFMR data to produce wavenumber-0 and wavenumber-1 analyses and to use these 

analyses to compare with operationally determined tropical cyclone intensity estimates. To 

produce similar analyses in a model framework and compare to those of the SFMR observations 

for verification purposes. 

 

CIMAS Research Theme:  
Theme 2: Tropical Weather 

 

Link to NOAA Strategic Goals:  
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 
 

NOAA Funding Unit:   OAR/AOML      

NOAA Technical Contact:  Alan Leonardi 

 

Research Summary:  
Operational tropical forecasting centers produce estimates of intensity for tropical cyclones based on 

a maximum 10-meter, 1-minute sustained wind speed within the tropical cyclone wind field.  

However, due to the fact that these wind fields are highly turbulent and rapidly evolving, the 

operational intensity estimates are generally irresolvable in dynamical numerical weather models.  

Intensity forecasts within models are currently verified using the operational estimates in the 

Hurricane Best-Track (BT), but representative errors from both methods are difficult to quantify.  In 

order to truly understand the intensity errors produced by the model, a technique that utilizes 

methods that are resolvable in both the model and in observations must be used. 

 

In order to produce such a comparison, stepped frequency microwave radiometer (SFMR) surface 

winds are used to produce wavenumber-0 and wavenumber-1 analyses.  These analyses (described in 

a previous report entry entitled SFMR Wavenumber Analyses for Assessing Surface Wind 

Asymmetries in Hurricanes) provide a Fourier decomposition of the low wavenumber amplitudes and 

phase that are also easily resolvable in the model.  By producing equivalent analyses in the Hurricane 

Weather Research and Forecast (HWRF) model, a two-dimensional surface wind field is produced.  

In this work, 157 SFMR cases between 1998 and 2011 are used, ranging in storm strength from 

tropical storm and to Category-5 force surface winds.  Additionally, 83 HWRF cases from 2008-

2011 are used to produce the model-derived low wavenumber analyses.  The observational cases 

coincide with the HWRF model estimates in 245 instances.  Because the intensity of the tropical 

cyclone is the main interest, the wind speed at the radius of maximum wind (RMW) is estimated by 

adding the wavenumber-0 and wavenumber-1 (WN0+1) amplitudes along with a residual term to 

account for the remaining higher harmonics. These higher harmonic terms are the reason for the 

inability for the model to accurately represent intensity errors.  The method described above is being 

portrayed as a Multiscale Intensity Metric (MSI). 
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This described intensity metric allows for the verification of numerical intensity forecasts at 

resolvable scales in terms of standard error measures, such as mean and mean absolute error, and at 

the un-resolvable scales (i.e. the higher harmonics) in terms of properties of probability density 

functions (PDFs) of  a stochastic or non-deterministic residual term.  In Figure 1, the relationship 

between the WN0+1 maximum and the BT intensity estimate is shown for the cases used in this work 

(for model (red) and observations (black) separately).  Additionally, the PDFs of the observation and 

model determined residual term is provided (i.e. the difference between the maximum wind and 

WN0+1).  From this figure, it is clearly seen that the BT maximum wind will usually be higher than 

the WN0+1 estimate from both the model and the observations, but the estimates are well correlated 

(0.91 for both datasets).  The PDFs in the right panel indicate that the higher harmonics are indeed 

represented by a non-deterministic process and that the mean and standard deviation for the model 

and observations are relatively low.  In fact, these representative statistical parameters are well within 

the known BT error of 5 m s-1 and indicate that the low wavenumber estimate provides an accurate 

representation of the intensity compared to the BT. 

 

 
 

 

 

 

 

In Figure 2, the mean error and mean absolute error for the low wavenumber and residual intensity as 

function of HWRF forecast lead time for the sample data are displayed together with the 

corresponding errors using the BT metric.  Clearly it can be seen that the mean errors as function of 

forecast time for the forecast maximum (with respect to the BT values) and the wavenumber-0 (with 

respect to the SFMR analysis) are highly correlated. This result is consistent with the high correlation 

between the maximum and WN0+1 intensity evolution in the forecast and confirms that the errors 

with respect to the BT values are dominated by the errors in the WN0+1 component of the forecast 

wind.  In addition, the mean errors for wavenumber-1 (red curve) and higher harmonics (green curve) 

are negative for all forecast times. The negative mean error for the residual intensity is consistent 

Figure 1: (a) Maximum intensity versus low wavenumber intensity, where  black is for Best-Track vs. SFMR-

based values for 157 observed cases in years 1998-2011 and red is for Best-Track versus forecast for 2889 

instances of forecast data in years 2008-2011.  In (b), the PDF of residual intensity using the same data as for 

(a) is shown. 
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with the differences between the observation- and forecast-based statistical distributions in Figure 1.  

The effect of error compensation is also evident in the mean absolute error measure (Figure 2b) 

where the errors using the standard metric are of similar amplitude to the wavenumber-0 errors for 

the forecast times for which the mean error compensation occurs.  It should be noted that the absolute 

errors for the wavenumber-1 and residual intensity are significant. 

 

 
 

 

 

 

 

 

In summary, this work demonstrated that the MSI metric would provide more informative error 

analysis for the verification of TC intensity forecasts than the maximum intensity metric.  Because 

the MSI metric makes use of resolvable and observable quantities, quantification of forecast errors 

can be made more robust leading in turn to significant improvements in operational modeling 

systems. 

 

Research Performance Measure: All major research objectives for the initial performance period 

related to this project have been met.  Project personnel recently submitted a manuscript for peer 

review. 

 
 

 

Figure 2: Mean (a) and mean absolute (b) forecast errors as function of forecast lead time using the Best-Track 

and MSI metrics. Wavenumber-0 and wavenumber-1 errors are shown in the blue and red curves, respectively.  

The green curve provides the residual intensity errors and the purple line indicates the error between the 

maximum estimates. 
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Re-Analysis of the Atlantic Basin Tropical Cyclone Database in the Modern Era 
 

Project Personnel:  H.E. Willoughby and S. Delgado (FIU) 

NOAA Collaborators: C.W. Landsea (NOAA/NHC); F.D. Marks (NOAA/AOML/HRD) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To reanalyze the years 1955ï1964, inclusive, of the HURDAT hurricane climatology in 

order to improve understanding and statistical descriptions of historical hurricanes.  

Strategy: To revise and update HURDAT based upon the gamut of historical sources, additional 

observations, better meteorological insight, and synoptic reanalyses now available.   

 

CIMAS Research Theme:  
Theme 2: Tropical Weather (Primary) 

Theme 1: Climate Research and Impact (Secondary) 

 

Link to NOAA Strategic Goals:  
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

(Primary) 

Goal 1: Climate Adaptation and Mitigation - An informed society anticipating and responding to 

climate and its impacts (Secondary) 

 

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

 

Research Summary:  
The Hurricane Database (HURDAT) is the historical archive that describes all tropical cyclones from 

1851 to the present in the North Atlantic Basin, which includes the Caribbean Sea and Gulf of 

Mexico. NOAAôs National Hurricane Center (NHC) maintains HURDAT and updates it annually. 

HURDAT represents six-hourly positions, intensities and central pressures for all Atlantic tropical 

systems. From 2004 onward, HURDAT also includes radii of 34, 50, and 64 kt (1 kt = 0.515 m sī1) 

winds. Since HURDAT is essential to the work of research scientists, operational forecasters, 

insurance companies, emergency managers, and others, it has taken on the status of a legal document. 

 

Accuracy of the HURDAT database is essential, but it originally contained both systematic biases 

and random errors. NHCôs Atlantic Hurricane Reanalysis Project (AHRP) is a continuing effort to 

correct these errors based upon all available data and to provide the most accurate database possible.  

The present project entails reanalysis of the period 1955-1964. We are reassessing track, intensity, 

genesis and dissipation for each existing tropical cyclone in HURDAT. Additionally, we have 

detected and analyzed previously unrecognized tropical cyclones. The resulting changes will be 

recommended to the National Hurricane Center Best Track Change Committee (NHCBTCC) for 

inclusion in the next release of HURDAT. Changes to HURDAT become official only with 

NHCBTCCôs approval. 

 

For example, during the historic 1955 season, 3 hurricanes made landfall in the Mid-Atlantic states 

and affected the US coast northward to New England. Category 5 hurricane Janet struck Mexicoôs 

Yucatan Peninsula. In total, the original HURDAT documented 12 tropical cyclones. The reanalysis 

retains all of them, and adds 2 newly discovered tropical cyclones over the eastern Atlantic, for a 

total to 14 tropical storms and hurricanes combined. Because reconnaissance-aircraft aerologists 

systematically overestimated maximum surface winds, the number of reanalyzed hurricanes 
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decreased from 9 to 7, and the number of major hurricanes (categories 3, 4 or 5) from 6 to 4. The 

intensities of some landfalling hurricanes also changed. The maximum sustained surface winds of 

Hurricane Connie increased from the original 65 to 85 kt, and the maximum sustained surface winds 

of Hurricane Diane was increased to 75 kt from the original 65 kt. The maximum sustained surface 

winds of Hurricane Ione were retained at 90 kt, but the Saffir-Simpson category at landfall decreased 

from 3 to 2. The extratropical lifetimes of several cyclones were extended because additional data 

supported tracking them farther eastward into the North Atlantic.  

 

 
 

 

 

 

Research Performance Measure: The 1955-1964 reanalysis should be complete when this 

proposal ends in August 2014. So far, the analysis is complete through 1957. Since the completed 

portion includes the active and destructive mid-50s, we are on schedule for timely completion.  

 

 

Figure 1: The tracks and intensities of hurricanes during the 1955 Atlantic season: (a) As originally depicted in 

HURDAT, and (b) After reanalysis. 
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Advanced Model Diagnostics of Tropical Cyclone Inner-core Structure 

Using Aircraft Observations    

 
Project Personnel: J.A. Zhang (UM/CIMAS); D.S. Nolan (UM/RSMAS) 

NOAA Collaborators: R.F. Rogers and P.D. Reasor (NOAA/AOML) 

 

Long Term Research Objectives and Strategy to Achieve Them: 
Objectives: To increase usefulness of observations in high resolution hurricane modeling systems 

and to develop advanced model diagnostic techniques in support of model improvements.  

Strategy: To generate composites of multiple types of aircraft observations from Hurricane Research 

Divisionôs extensive observation database and to create metrics to quantitatively evaluate 

deficiencies in the inner-core structure in HWRF simulations. 

                 

CIMAS Research Theme: 
Theme 2: Tropical Weather 

 

Link to NOAA Strategic Goals: 
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

 

NOAA Funding Unit: OAR/AOML                     

NOAA Technical Contact: Alan Leonardi 

 

Research Summary: 
Much previous work has focused on evaluating the performance of numerical models using 

ñtraditionalò metrics, e.g., position and intensity errors. These are useful metrics for monitoring long-

term trends of forecast ability, but they provide little insight into the reasons for errors or how the 

models might be improved.  As the horizontal resolution of operational hurricane forecast models 

approaches 3 km (and eventually reaches 1 km), the ability of these models to resolve tropical 

cyclone (TC) inner-core structures increases.  Robust evaluations of TC inner-core structure are 

therefore crucial to assess the realism of high-resolution numerical model forecasts and identify 

deficiencies in the modeling system. 

 

Funded by NOAAôs Hurricane Forecast Improvement Project (HFIP), this project provides advanced 

model diagnostic techniques of tropical cyclone inner-core structure.  These techniques include 

compositing model output in terms of axisymmetric and asymmetric structures. These model 

forecasts are evaluated by comparing them with a suite of observational analyses collected from 

NOAA aircraft.  This project emphasizes the use of the radar, dropsonde and flight-level data to 

generate products such as vortex scale, convective scale, and boundary layer structure to evaluate the 

model output.  The discrepancies in the model are identified and feedbacks are given to the model 

developers.  

 

Observations of axisymmetric structures of the vortex-scale, convective-scale and boundary layer 

were summarized in our recently published papers (Zhang et al. 2011a; Rogers et al. 2012). Rogers et 

al. (2013) documented differences based on observations in the inner-core structure of tropical 

cyclones that are intensifying compared with those that are remaining steady-state. Reasor et al. 

(2013) documented asymmetric vortex-scale structures relative to the environmental vertical wind 
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shear. The asymmetric boundary-layer structure in relation to the environmental vertical wind shear 

is summarized by Zhang et al. (2013a) 

 

Our model diagnostic work was summarized in a context of model developmental framework for 

improving model physics (Zhang et al. 2013b).  This physics improvement framework includes four 

steps: model diagnostics, physics development, physics implementation and further evaluation.  

Model deficiencies are first identified through model diagnostics by comparing the simulated 

axisymmetric multi-scale structures to observational composites (Fig. 1). New physical 

parameterizations are developed in parallel based on in-situ observational data from specially 

designed hurricane field programs (Fig. 2). The new physics package is then implemented in the 

model (Fig. 3), which is followed by further evaluation. This developmental framework has been 

successful in improving the surface layer and boundary layer parameterization schemes in the 

operational Hurricane Weather Research and Forecast (HWRF) model, resulting in improved track 

and intensity forecasts along with other HWRF upgrades (Fig. 4). 

 

 
 

 

 

 

 

 

Figure 1: Composite mean radius-height plot of axisymmetric radial wind from the HRH 69 runs using the 

2010-versional HWRF model for (a) 27-9 km resolution; (b) 9-3 km resolution; and (c) from dropsonde 

composite (Zhang et al. 2011a).  Radial dimension plotted as normalized radius r*, where r* is the ratio of the 

actual radius and radius of maximum axisymmetric wind at 2 km. The black line represents the zero contours 

and the white line represents the inflow layer depth defined as the height for 10% of the peak inflow. 
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Figure 2: Plot of (a) exchange coefficients for enthalpy transfer as a function of surface wind speed from 

an idealized simulation with the HWRF model operationally used prior to 2010 seasons and (b) vertical 

eddy diffusivity for momentum flux as a function of wind speed, from an idealized simulation with the 

HWRF model operationally used prior to 2012 seasons. 

 

Figure 3: Plot of (a) exchange coefficients for enthalpy transfer as a function of surface wind speed and (b) 

vertical eddy diffusivity for momentum flux as a function of wind speed, from an idealized simulation with the 

2012 version HWRF model used and from the observational studies. 
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Research Performance Measure: The program is on schedule. Three peer-reviewed articles have 

been published in Monthly Weather Review and Tropical Cyclone Research and Review. Three 

papers have been accepted for publication or in press in Monthly Weather Review.    

Figure 4: Comparison of average (a) track and (b) intensity errors between the 2011 (blue) and 2012 (red) 

version operational HWRF system for the 2010-2011 Atlantic Season tropical cyclone simulations. 
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Development of Multiple Moving Nests Within a Basin-Wide 

HWRF Modeling System 
 

Project Personnel: X. Zhang and J. Delgado (UM/CIMAS) 

NOAA Collaborators: S.G. Gopalakrishnan, T.S. Quirino and F.D. Marks, Jr. (NOAA/AOML); 

V. Tallapragada, Q. Liu, Z. Zhang and S. Trahan (NOAA/NCEP/EMC) 

Other Collaborators: D.-L. Zhang (U. Maryland) 

 

Long Term Research Objectives and Strategy to Achieve Them:  
Objectives: To guide and accelerate improvements in hurricane track and intensity forecasts with 

emphasis on rapid intensity (RI) change and the reduction of false alarms. 

Strategy: To improve hurricane forecasts through the development of numerical modeling and data 

assimilation techniques valid for scales of motion down to about 1-km resolution. 

 

CIMAS Research Theme: 
Theme 2: Tropical Weather 

 

Link to NOAA Strateg ic Goals: 
Goal 2: Weather-Ready Nation - Society is prepared for and responds to weather-related events 

  

NOAA Funding Unit:   NWS/JHT  

NOAA Technical Contact: Daniel Melendez  

 

Research Summary 
This study is part of the integrated research program ñAdvanced Modeling and Prediction of Tropical 

Cyclonesò in AOML/HRD. In this study, we attempt to develop a forecast system. The system can 

follow multiple storms with each storm having multiple nest levels to meet both requirements of 

high-resolution and domain coverage to resolve the evolution of large-scale circulations, the 

hurricane related mesoscale convective features, and multi-scale interactions. 

 

In collaboration with NCEP/EMC scientists, the basin scale model system configuration had been set 

up to fulfill the research and operational interests. The model covers both the Atlantic and east 

Pacific basins (Fig. 1). The vertical coordinate is 61 hybrid interface levels with model top at 2 hPa. 

The hybrid transitional level is at 420 hPa. Current basin-scale model system has no ocean coupling 

yet. The detailed configurations and physical schemes are shown in Table 1. 

 

In order to perform the real-time forecast, we created an automatic real-time forecast system by 

collaborating with AOML/HRD scientist: Dr. Thiago Quirino. The multiple movable nest code was 

incorporated in HWRF atmospheric model component. The experimental modeling system had run 

with all HWRF 2012 operational implementations on HFIPôs supercomputer JET system in 2012 

hurricane season. The modeling system used GFS analyses and forecasts as initial and lateral 

boundary conditions respectively. With this system, we completed 2012 hurricane season 

retrospective forecasts and performed real-time forecasts of Hurricane Sandy. The real-time and 

retrospective products were available on the website: https://storm.aoml.noaa.gov/basin. The 6-

hourly retrospective forecasts started at 00Z 19 May 2012 and ended at 00Z 04 November 2012 and 

performed real-time forecasts of hurricane Sandy (24 cycles, 06Z 24 October-00Z 30 October) on the 

JET system.  
 

https://storm.aoml.noaa.gov/basin
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Table 1: Configuration Summary of the Basin-scale System 

 
 27-9 km resolution 27-9-3 km resolution 

Number of moving nest 2 (one storms) Up to 8 (four storms) 
Microphysics Ferrier  Ferrier  

Surface scheme GFDL GFDL 
PBL scheme GFS GFS 

Cumulus Parameterization SAS SAS 
Explicit Lateral Diffusion COAC=0.75 (27 km) 

COAC=3.0 (9km) 
COAC=0.75 (27 km) 

COAC=3.0 (9km) 
COAC=4.0 (3km) 

Initial and Lateral Boundary 
Conditions 

GFS GFS 

Vortex initialization  No No 
Coupling No No 

 

 
 

 

 

Figure 2 shows the verification of track forecast errors in 2012 hurricane season. The results indicate 

that basin-scale HWRF significantly reduce the track forecast errors in the Atlantic basin and is very 

close to 5-year goal track errors in both the Atlantic and the East Pacific basins up to 72 hours. The 

96-hour and 120-hour forecasts are better than operational HWRF although the errors are still above 

5-year goal errors in the Atlantic basin. Figure 3 gives the verification of track forecast errors of all 

Hurricane Sandy forecasts. The performance of the basin-scale HWRF system is similar to the 

operational GFS track forecasts. GFS is commonly regarded as one of the best forecasts in all 

numerical predication models. The regional models generally perform inferior track forecasts 

comparing to global model forecasts. However, the statistics improvement of the track forecast 

accuracy in this research suggests that the basin-scale HWRF system be a potential operational 

Figure 1: Basin scale model system domain. 
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approach, which could provide similar track forecast accuracy that global models have while attain 

superior intensity forecast accuracy/guidance by regional models through enhancing the resolution in 

the storm regions. 

 

Track	error	(Atlan c	01-19)	

24	

Forecast	lead	me	(hr)	
396	 356	 317	 282	 246	 191	 146	 105	

(a)	

Track	error	(East	Pacific	01-17)	

25	

Forecast	lead	me	(hr)	
290	 265	 238	 206	 178	 125	 78	 33	

(b)	

 
 

 
Figure 2: Basin-scale HWRF system track error verification in (a) the Atlantic Basin, and (b) the East Pacific 

Basin. HWRF, HWFM, GFSO, GFDL denote operational HWRF, Basin-scale HWRF, operational GFS, and 

operational GFDL forecast systems, respectively. BASE denotes HFIP baseline track error authored by James 

Franklin (detailed methodology were summarized in Gall et al., 2010), BA20 and BA50 denote HFIP 5-year 

(20% improvement) and 10-year (50% improvement) goal track errors, respectively. 

 


