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ABSTRACT  

One of the most noteworthy tropical systems from the record-breaking 2005 Atlantic 

hurricane season was Hurricane Wilma.  Wilma’s deepening rate, minimum central pressure, and 

small eye motivate further research into its life cycle.  Unfortunately, barotropic models have 

difficulty reproducing Wilma’s observed rapid intensification (RI) period.  The cause of this 

predicament may be attributed to the model’s initialization fields, a lack of a denser 

observational network, or insufficient remote sensing measurements.  This research offers 

beneficial insights into Wilma’s dynamic personality by using a 3-D visualization and analysis 

tool, Unidata’s Integrated Data Viewer (IDV), to investigate what dynamic and thermodynamic 

parameters played a role in Wilma’s RI. 

 

Examination of model output retrieved from the Hurricane Weather Research and 

Forecasting (H-WRF) model revealed strong positive correlations between: net latent heat flux 

and wind speed; surface relative humidity and precipitable water.  Strong negative correlations 

were found between: mean sea level pressure and wind speed; mean sea level pressure and 

precipitable water.  An abundant amount of moisture provided the latent heat release needed to 

fuel and further intensify Wilma, evident by its rapid deepening and increasing wind speed.  

Little wind shear and distinct surface cyclonic and upper-level anticyclonic circulations allowed 

Wilma to sustain its composition.  These results serve as a foundation to build upon by others 

exploring the RI of Wilma or other tropical systems.  Unidata’s RAMADDA server is designed 

for the community to gain access to all content related to Wilma, and provide ancillary data 

analysis or model output to further advance Wilma’s case study. 
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1. Introduction 

 

Strong winds, torrential rains, and destructive storm surges accompany and describe one 

of the most dangerous weather systems in nature, hurricanes.  These highly organized, warm-

core cyclones originate in areas of low pressure within the tropical waters of the Atlantic Ocean 

basin and Caribbean Sea; hence the term ‘hurricane’.  Hurricanes develop in unstable 

environments and begin as tropical disturbances that gain energy from the latent heat of ocean 

surface waters.  Considering the potential for hurricanes to acquire maximum intensity, society is 

vulnerable to these vigorous systems in relation to property damage and loss of life.  The 

relationship between a hurricane and its surrounding synoptic-scale patterns, as well as the 

physical interactions that are significant to its lifecycle, are key matters that aid research 

scientists in understanding the dynamics of hurricanes.  Utilizing software that amalgamates 

diverse data types with 3-dimensional visualization tools encourages various insights and richer 

conceptual understandings of the phenomena.  Such tools are especially relevant to the 

investigation of the 2005 Atlantic hurricane season, which is the most active on record.   

 

Identifying the elements or processes responsible for such an active hurricane season 

continues to be a focus of research within the tropical meteorological community.  One of the 

considered contributing factors was the record warmth of the tropical Atlantic Ocean, Caribbean 

Sea, and Gulf of Mexico; sea surface temperatures reached an all-time high of 28.7 degrees 

Celsius during the 2005 season (Shein et al. 2006).  Low vertical wind shear was present over a 

broad area throughout a region similar to that of the sea surface temperatures, with the largest 

anomalies concentrated over the central Caribbean Sea and tropical Atlantic Ocean (Shein et al. 

2006).  An observed increase in latent heat flux within the tropical Atlantic and Caribbean Sea 

south of 21.5 degrees N helped lead to a more unstable and deeper boundary layer that favored 

increased tropical cyclone activity (Shein et al. 2006).  The persistence of anomalous ridging 

across the eastern United States added to why there were a large number of landfalling 

hurricanes during this particular season (Beven II et al. 2008).  While the facts demonstrate how 

significant physical variables were to depicting the dynamic behavior of the 2005 hurricane 

season, the statistics illustrate the devastating ramifications, as shown in Figure 1.  The year 2005 

is remembered as a dreadful year for hurricanes because of the record number of Atlantic 

tropical storms (27), hurricanes (15) and major hurricanes (7) (Ackerman and Knox, 2007).  Out 

of the seven major hurricanes, four reached category 5 strength on the Saffir-Simpson hurricane 

scale (Beven II et al. 2008).  One of the most noteworthy of these storm systems was Hurricane 

Wilma from 15 – 25
th

 of October, 2005. 
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Figure 1: Composite of the names and tracks of all 2005  

Atlantic tropical storms. 

 

Hurricane Wilma was an intense hurricane whose system began to organize over the 

western Caribbean Sea as a lower-tropospheric circulation accompanied by a broad area of 

disturbed weather (see Fig. 2).  As time progressed, a more concentrated area of disturbed 

weather and a surface low pressure system had formed near Jamaica.  Convection near the center 

of the system had developed and continued to intensify, which led to the overall strengthening 

and recognition of Wilma as a tropical storm.  Shortly after its ragged eye feature was attained, 

Tropical Storm Wilma reached hurricane status and rapidly deepened to a category 5 hurricane.  

After the replacement of its eye wall, Hurricane Wilma weakened to a category 4 making 

landfall in Cozumel, Mexico.  As it moved over the southern Gulf of Mexico waters, Wilma re-

strengthened and quickly shifted its direction to the northeast.  The system made its second 

landfall in Cape Romano, Florida as a category 5 hurricane.  Wilma had weakened as it raced 

across Florida before re-gaining its strength once more as it entered into the Atlantic Ocean.  At 

that time, cold air and abundant vertical wind shear infiltrated the core of the system.  This led to 

Wilma’s transition as an extra-tropical cyclone that eventually was absorbed by another storm 

system.  The progression and re-intensification cycles of Wilma resulted in widespread damage 

that impacted many areas, mainly the northeast section of the Yucatán Peninsula, northern 

Central America, the Caribbean islands, Cuba and Florida.  Property damage in the United States 

alone amounted to $20.6 billion, classifying Hurricane Wilma as the third costliest hurricane in 

United States history, behind only Hurricane Katrina and Andrew (Beven II et al. 2008).   
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       Figure 2: Track positions for Hurricane Wilma.  

                          Source: http://www.hpc.ncep.noaa.gov/tropical/rain/wilma2005trk.gif 

 

There are several interesting characteristics of Hurricane Wilma that justify further 

research into its history as a tropical cyclone.  One of its exceptional features was its record-

breaking deepening rate of 9 hPa per hour that ultimately led to its minimum central pressure at 

the time of peak intensity measuring 882 mb.  This set a new record low pressure value for a 

hurricane in the Atlantic basin.  In addition, the eye size of 5 km in diameter at its peak intensity 

is the smallest eye size ever recorded (Chen, 2008).  Wilma is also a textbook example of a 

recurving and accelerating tropical cyclone.  The storm system originally held a westward 

moving track before becoming under the influence of a mid-latitude weather system, which 

changed its course to the northeast.  An energetic upper-level trough, moving eastward from the 

central United States, provided a strong southwesterly steering current that contributed to the 

acceleration of Wilma northeastward towards Florida (Pasch et al. 2006).  Such an impressive 

storm motivates the discussion on what atmospheric and oceanic interactions influenced the 

unique behavior of Wilma.  Specifically, what dynamic and thermodynamic processes can help 

describe the rapid intensification (RI) of the storm system?  The goal of this project is to present 

a scientifically effective way of exploring this question by using a 3-dimensional visualization 

and analysis tool provided by the Unidata Program Center, the Integrated Data Viewer (IDV). 

 

The Unidata Program Center distributes real-time observations to research communities, 

education communities, and students alike supplying data and tools that can be used to advance 

learning within the Earth-system sciences.  Pertinent data can be obtained from surface and 

upper-air observations, satellite imagery, National Weather Service WSR-88D radar products, 

high-resolution model outputs, and NOAA National Profiler Network data (Holmberg et al. 

2007).  The IDV program is able to use this data to display atmospheric conditions and processes 

while simultaneously depicting a multi-dimensional perspective of the atmosphere for the user.  

It contains several formulas that can be used to quantify observations and support data analysis.  

The user can also create new formulas that are not included in the program by deriving 

unavailable variables (Holmberg et al. 2007).  The ability to utilize and create formulas in the 
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IDV serves as a convenience for users who are not comfortable with writing them.  Once the 

formulas are set in the program, access and implementation are just a mouse click away.  The 

many unique capabilities of the IDV can serve as a practical tool in studying the dynamics of 

various weather phenomena.  This project will benefit from using the IDV software as it will 

facilitate an in-depth analysis on the intensification of Hurricane Wilma, both visually and 

quantitatively.  

 

Using the IDV to display observed data and generate imagery in various projections will 

provide a visual perspective on the intensification cycles Hurricane Wilma endured.  Such 

examples include infrared and water vapor satellite imagery, as well as tropical cyclone storm 

tracks.  The IDV can also be used to display model output and conduct numerical analysis to 

improve our physical understanding of Wilma’s RI cycle; this can be done using the IDV’s data 

probes and transects.  In general, a case study will be created on Wilma that investigates how 

various dynamic and thermodynamic parameters changed as the storm system rapidly deepened.  

Synoptic-scale patterns and wind circulations at various levels in the atmosphere are other 

variables taken into account for supplementary observation and analysis.  By constructing such a 

case study using the IDV tools, the user can gain skill in searching for the data, controlling data 

displays, and building their understanding and interpretation on the behavior of the atmosphere 

within and around this profound storm.  It sets the ground for exploring and establishing 

connections between tropical storm systems and atmospheric dynamics; this will serve as an 

advantage to researchers as well as undergraduate students studying tropical meteorology.  

Familiarity and long-term experience with the IDV will lead to a better understanding of the 

atmospheric and oceanic factors that contribute to the formation, preservation, disintegration and 

impact of tropical storm systems on society.  

 

Once the case study has been finalized, it will be uploaded to an application known as the 

Repository for Archiving, Managing and Accessing Diverse DAta (RAMADDA).  The 

RAMADDA serves as a publishing platform that provides access to various data and case 

studies.  It can be used as a learning platform for educational purposes or for independent 

research.  Acknowledging and appreciating the combined value of IDV and RAMADDA and its 

significant contribution to learning can help promote the use of data and tools within the realm of 

meteorological education.  Taking advantage of modern technologies, generating fruitful ideas 

and projects, and communicating with numerous institutions increases the participation and 

educational opportunities within the sciences.  Furthermore, providing accessible data services 

and tools leads to producing atypical observations, valuable analysis and conclusions that will 

build current and inspire future data studies.  The IDV and RAMADDA foster new methods of 

approaching data from various perspectives and from different groups of individuals, allowing 

for a richer and more textured case study.  It will not only enhance what users already know, but 

also help raise questions, discover new aspects of data and share those ideas.  This enhances 

community partnership, collaboration, and enables us to improve our understanding of how 

societies utilize and respond to scientific information.  In addition, it will also help us discover 

new ways of strengthening the learning environments both inside and outside the classroom, by 

continuing the tradition of integrating technology with learning.    
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2. Methods 

 

 In this study, several attempts were made to reproduce Hurricane Wilma in relation to its 

rapid deepening phase.  Wilma’s record-breaking minimum central pressure was observed on 

1200Z 19 October 2005, measuring at a striking 882 mb.  This measurement was recorded by a   

dropwindsonde released from a Hurricane Hunter aircraft.  This time step was used to determine 

a time frame and spatial extent for further analysis.  The 24-hour period prior to Wilma’s peak 

intensity, 1200Z 18 October 2005 to 1200Z 19 October 2005, was chosen as the ideal time 

interval for model simulation in hopes of capturing Wilma’s rapid intensification (RI) period.  

Wilma’s observed minimum central pressure at 1200Z 18 October 2005 was 980 mb.  

Calculating the pressure difference between the first (1200Z 18 October) and last hour (1200Z 19 

October), Wilma had dropped 98 mb over a 24-hour period. 

 

 The first attempt to simulate Wilma used a Hurricane Weather Research and Forecasting 

(H-WRF) model that acquired its initialization fields from the European Center for Medium-

Range Weather Forecasts (ECMWF).  The model was nested inside a 12 km domain, with a final 

nominal resolution of 1.33 km.  It was initialized at 0006Z 18 October 2005 and was run out for 

30 hours.  Unfortunately, the simulation failed to capture the rapid deepening of Wilma, with a 

minimum central pressure of 999 mb.  While Wilma’s observed deepening rate was measured to 

be 9 mb hour
-1

, the model output produced a deepening rate that was much less intense and 

delayed.  With such inconsistencies, a second attempt was made using a similar H-WRF model 

that obtained its initialization fields from the Global Forecast System (GFS) and started 6 hours 

earlier.  This Advanced Research WRF (ARW) physics core model was initialized at 1200Z 18 

October 2005 and was run out for 24 hours.  The model output produced a minimum central 

pressure of 978 mb, a value that is incomparable to the observations.  Nevertheless, the H-WRF 

model with GFS initializations served as our guiding tool into investigating the evolution of 

Hurricane Wilma before its deepest point in time.  It was the best model output currently 

available at the time of analysis and the Unidata community has the intention to run additional 

models while fine tuning their initial conditions in hopes of more realistic output. 

 

 Facing the challenges in reproducing Hurricane Wilma and its unique properties, 

outreach to the scientific community was taken into consideration.  Additional model runs and 

enhanced model output were requested in hopes to provide a better insight into Wilma’s RI.  

Communication was made to Texas A&M University in College Station, Texas and Embry 

Riddle Aeronautical University in Daytona Beach, Florida.  Retrieval of these data sources is still 

in progress.  It is interesting to note that due to the difficulties models have in simulating the RI 

of Wilma, not much literature has been written on this aspect of the storm.  The previous model 

run attempts described above could not reproduce the robust and precise time of Wilma’s 

deepening phase.  This has been attributed to the model’s initialization fields, the lack of a denser 

observation network throughout the Caribbean Sea, as well a deficiency in observational or 

remotely sensed data within the area of Wilma’s RI.  

 

An Automated Tropical Cyclone Forecast (ATCF) storm data archive was used to place a 

data probe at the 30-hour observation point of Wilma’s observed storm track, starting from 

1300Z 18 October 2005 (see Fig. 3).  The purpose of the data probe was to monitor the 

environment preceding Wilma by observing and interpreting how various dynamic and 
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thermodynamic parameters changed as the storm system neared.  Selected parameters: 

precipitable water (PW), surface relative humidity (RH), latent heat (LH) flux, convective 

available potential energy (CAPE), upward helicity, relative vorticity, wind speed, and mean sea 

level pressure (SLP), were examined in an attempt to characterize the period before Wilma’s 

deepest simulated pressure point.  Collecting the numerical data and performing a quantitative 

data analysis using a correlation table, the main variables that played a role in Wilma’s RI were 

selected based on strong positive and negative correlations. 

 

 Geostationary Operational Environmental Satellite (GOES) infrared satellite imagery 

obtained from the Unidata RAMADDA server was evaluated to conduct a qualitative analysis on 

Wilma, from 1245Z 18 October 2005 to 1245Z 19 October 2005.  The purpose was to ascertain 

what part(s) of the tropical storm system experienced the deepest convection at each time step.  

Simultaneously, a data probe was placed within those areas in order to study the behavior of 

similar dynamic and thermodynamic parameters as the storm progressed and deepened.  For 

simplicity, the 6-hour period before Wilma’s peak intensity was chosen as the time frame of 

focus and for additional analysis into characterizing the period before Wilma’s deepest simulated 

pressure point.  Specifically, the time frame was between 0545Z 19 October 2005 and 1145Z 19 

October 2005, and one data probe was used for each time step.  Once again, numerical data was 

collected, and a quantitative data analysis and assessment of correlations was performed with the 

variables during this time of Wilma’s rapid deepening.  The GOES water vapor satellite imagery 

was also used to assess how moist Wilma’s environment was.   

 

 The ATCF storm track, infrared and water vapor satellite imagery integrated with the 

display tools and techniques of the IDV helped to emphasize certain dynamic and 

thermodynamic features relevant to the rapid deepening of Wilma.  Various images were 

produced in order to highlight noteworthy relationships observed between the variables of focus. 

Contour and streamline analysis in 2-dimensional displays, 3-dimensional isosurfaces, data 

probes and time series plots were considered in portraying these relationships to quantify and 

visualize Wilma’s RI period.  

 

3. Results and Discussion 

 

Hurricane Wilma followed a northwesterly track as it traveled across the Caribbean Sea 

towards the Yucatan Peninsula (see Fig. 3).  Studies have concluded that a tropical cyclone’s 

forward motion has an effect on the speed of the total wind associated with the storm.  Typically, 

the winds are strongest on the north and east sides of a tropical cyclone if in the direction of the 

storm’s movement.  This is because the storm’s forward motion adds to the winds of the storm 

itself.  In relation to Hurricane Wilma, we would expect that the strongest winds would be on the 

northern side of the storm.  Interestingly, this inference is supported by the series of GOES 

infrared (IR) satellite imageries shown in Figure 4.  In general, most (5 out of 7) of the IR 

satellite images depict the position of the data probe to be commonly found on the northern side 

of the storm.  It is of note to mention that these data probes were also placed in areas of deep 

convection, as indicated by the lighter shades of green on the IR images.  This can suggest that 

there is a relationship between the areas of Wilma that experience the strongest winds, deepest 

convection, and intensification.    
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      Figure 3: GOES infrared satellite image of Hurricane  

                  Wilma on 1245Z 18 October 2005.  The black line  

                  represents the Automated Tropical Cyclone Forecast  

                  (ATCF) observed track, and the black star indicates the  

                  30-hour observation point. 
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   0545 Z 19 October 2005          0645 Z 19 October 2005            0745 Z 19 October 2005    

           

            
    0845 Z 19 October 2005            0945 Z 19 October 2005     1045 Z 19 October 2005 

 

 
    1145 Z 19 October 2005 

 

Figure 4 (left to right):  A series of GOES infrared satellite imagery depicting the 6-hour 

period prior to Hurricane Wilma’s point of deepest observed minimum central pressure on 

1200Z 19 October 2005.  The magenta star represents the position of the data probe within 

the area of deep convection, signififed by the lighter shades of green. 

 

It is apparent that the mean SLP dropped dramatically as Hurricane Wilma underwent its 

rapid deepening phase (see Fig. 5).  Meanwhile, the net LH flux and wind speed increased 

preceding Wilma’s deepest simulated central pressure.  Before the storm system attained its 

deepest pressure point, the net LH flux and wind speed had sharply decreased.  This observation 

may indicate the passage of the eye of the storm, characterized by subsiding air and light winds.   

In general, the net LH flux and wind speed parameters display a direct relationship; as net latent 

heat flux increases, the wind speed increases and vice-versa.  This correlation can be explained 
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by the properties of LH.  LH flux refers to the flux of heat from the ocean surface to the 

atmosphere.  It is associated with the evaporation of water and subsequent condensation of water 

vapor in the troposphere.  As the wind speed increases, ocean waves are being tossed and stirred 

up, which leads to a greater surface area in which evaporation can occur.  The rate at which 

moisture is being drawn from the ocean’s surface increases, supplying more energy for the 

condensation process.  Thus, a higher wind speed increases the phase change of water from 

evaporation to condensation, increasing the LH flux.  

 

 As a tropical cyclone, Hurricane Wilma possessed a very moist and saturated 

environment near the surface.  A saturated air mass would require a dry air mass to be introduced 

to increase the evaporation of water vapor.  The level at which relative humidity reaches 100% is 

when an air parcel becomes saturated.  When water vapor changes to liquid water, clouds are 

formed and large amounts of energy are released into the atmosphere.  The energy released is in 

the form of heat, or wind.  This concept can show how the relationship between LH flux and 

wind speed can be interpreted the other way around.  As latent heat flux increases, the amount of 

energy being released due to the phase change of water increases and is translated as an increase 

in wind speed. 

 

 
 

Figure 5: Time series on the progression of various dynamic and thermodynamic 

parameters simulated during Hurricane Wilma’s RI period, from 1200Z 18 October 2005 

to 1200Z 19 October 2005.  The inverted black triangle represents the time reference of the 

data probe used to observe the evolution of the parameters up to that time step.   

 

 Many of the correlation values between the dynamic and thermodynamic variables of 

interest conveyed moderate to strong positive and negative relationships (see Table 1).  The 

strongest positive correlation was associated with net LH flux and wind speed.  A moderate 

positive correlation was found between RH and PW.  This relationship can be explained by the 

fact that tropical cyclones, such as Wilma, are characterized as very moist and saturated systems.  

RH is expressed as a ratio- it is the amount of moisture present relative to the amount that would 

be present if the air were saturated.  PW measures the depth of water at the surface that would 

result after precipitating all the water vapor in a vertical column of air.  While the amount of 

moisture present in the atmosphere increased, the amount of liquid water that can be efficiently 
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rained out of an atmospheric column also increased.  Thus, as RH increases, PW increases.  

Although both RH and PW are moisture parameters, RH is a function of temperature as well and 

is not a good measure of the absolute moisture in the atmosphere compared to PW.   

 

The strongest negative correlation was associated with mean SLP and wind speed.  As 

Wilma deepened, its minimum central pressure value decreased.  This created an intense low 

pressure near the center of the storm compared to the outside environment.  As a result, a strong 

pressure gradient developed as the change in pressure over distance increases.  The force that 

results from pressure difference is known as a pressure gradient force (PGF) where air flow is 

defined as always moving from higher pressure towards lower pressure.  Tightly wrapped isobars 

can illustrate the intensity of Wilma and the PGF.  An increase in the PGF led to greater wind 

speeds.  As Wilma intensified and its pressure decreased, its wind speed increased.  On the other 

hand, if Wilma was to weaken and its pressure began to rise, its wind speed would decrease. 

 

There was a moderate negative correlation observed between mean SLP and net LH flux.  

As water vapor from the ocean surface was transported upward and condensed into liquid water 

within the core of Wilma, latent heat was released to the environment.  The surrounding air was 

warmed by this release of latent heat, and the density of the air mass was reduced.  The warming 

caused the air layer to expand and increase in thickness.  An increase in thickness left less mass 

(weight) at the surface, creating an area of low pressure.  As more water vapor condensed and 

latent heat increased, the thickness of the air mass increased and further reduced the pressure 

near the surface. 

 

A moderate negative correlation was also found between the mean SLP and RH.  As 

Wilma intensified and its central pressure deepened, the PGF strengthened and the wind speed 

increased.  As the wind speed increased, more water vapor was being extracted from the ocean 

surface.  This process added to the moist nature of the storm system near the surface.  The 

increase of moisture relates to the fact that relative humidity was increasing and approaching 

saturation.  Thus, as pressure decreased, the increase in wind speed enhanced the withdrawal of 

moisture into the atmosphere, which translated to an increase in relative humidity.  However, if 

the pressure were to increase, the decrease in wind speed reduces the moisture flux into the 

environment and relative humidity decreases.   

 

 
Table 1: Correlation table of the eight simulated dynamic and thermodynamic parameters 

used to characterize the time period just before Wilma’s deepest simluated pressure point.  

Red, green, and yellow highlights represent strong, moderate, and weak correlations, 

respectively (positive and negative correlations were determined by the sign of the value). 

 

From a synoptic-scale point of view, the physical structure of Wilma can help explain 

why it was able to continue its rapid intensification process.  Using the tools of the IDV, Figure 6 
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provides a broad perspective into the pattern of wind vectors at several levels in the atmosphere 

simultaneously.  When combined, the center of circulation at each level does not portray a 

perfectly vertically stacked profile, which is one of the main reasons why Wilma was able to 

maintain its defined structure and not occlude during its RI period.   

                                    

    
 

Figure 6: A 3-dimensional image displaying Wilma’s streamlines at five different levels on 

1200Z 19 October 2005, the time of its deepest observed minimum central pressure, as 

simulated by the H-WRF model.  Streamlines in red, green, blue, purple, and yellow are at 

the 10 m, 850 mb, 700, 500 mb, and 200 mb level, respectively.  

  

Figure 7 (a) - (e) provide a better insight into the streamline pattern at each level.  It is of 

great importance to emphasize the fact that at 10 m above the surface (see Fig. 7a), Wilma 

possessed a very strong, tightly-wrapped cyclonic circulation.  This cyclonic pattern was evident 

throughout the lower and mid-troposphere.  At 200 mb (see Fig. 7e), Wilma possessed a very 

distinct anticyclonic circulation.  The amalgamation of the surface cyclone and upper-level 

anticyclone permitted the ventilation of air motion and helped Wilma maintain its intense low 

pressure.  The function of the upper-level anticyclone is to evacuate the air that is converging 

below near the center of the tropical storm system.  If the surface cyclone and upper-level 

anticyclone were stacked on top of one another, this would lead the system towards occlusion; 

Wilma would have eventually disintegrated.    
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                     (a)                  (b)             (c) 

 

           
                                 (d)                                      (e) 

Figure 7 (left to right): A streamline image taken at the time of Wilma’s deepest observed 

minimum central pressure point on 1200Z 19 October 2005 at a) 10 m b) 850 mb c) 700 mb 

d) 500 mb and e) 200 mb. 

 

Figure 8 (a) - (e) can further provide evidence of Wilma’s wind flow patterns, as the 

system was able to sustain its marked surface cyclone and upper-level anticyclone over a 24-hour 

period prior to the time when it achieved its deepest simulated pressure (see Fig. 8e).  After 

0000Z 19 October 2005 (see Fig. 8c), the surface and upper-level circulation patterns began to 

organize, intensify and without a doubt exemplify the tightly-wrapped wind flows of Wilma.  

The storm system had not begun to weaken until its landfall in Cozumel, Mexico on 21 October 

2005. 
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                                    (a)                                            (b) 

 

      
                                    (c)                                                               (d) 

 

 
                                    (e) 

 

Figure 8 (left to right): An image of Wilma’s streamline pattern during the 24-hour period 

prior to Wilma’s deepest simulated pressure point at a) 1200Z 18 October 2005 b) 1800Z 

18 October 2005 c) 0000Z 19 October 2005 d) 0600Z 19 October 2005 and e) 1200Z 19 

October 2005.  The red and yellow streamlines are at 10 m and 200 mb, respectively. 

 

 An abundant amount of moisture provided the latent heat release needed to fuel and 

further intensify Wilma [see Fig. 9(a) – (i)].  Before making landfall in Cozumel, Mexico on 

2145Z 21 October 2005, Wilma entered into a very moist environment, which would lead to an 

increase in relative humidity values.  This moist air at the mid and upper-levels of the 

atmosphere fostered hurricane intensity due to the process of latent heating.  The phase change of 

water vapor to liquid water released latent heat to the surrounding environment, which helped 

build the warm core structure of the hurricane and enhanced vertical development of convection.  

However, as the distance between the Yucatán Peninsula and Wilma decreased, dry air became a 



SOARS
® 

2010, Vanessa M. Vincente, 15 

hindrance to the storm system.  Wilma weakened from a category 5 to a category 4 hurricane 

while making landfall in Cozumel, Mexico, as its circulation withdrew dry air from the landmass 

and allowed it to penetrate into its system.  Since dry air causes the evaporation of liquid water, it 

is a cooling process that subtracts heat from the surrounding environment.  This would weaken 

Wilma’s warm core structure and suppress vertical development of convection.  

 

           
                      (a)                  (b)                                                (c) 

 

           
                      (d)                                                (e)                                                (f) 

 

           
                      (g)                                                (h)                                                (i) 

 

Figure 9 (left to right):  GOES water vapor satellite imagery depicting Hurricane Wilma 

prior to making landfall in Cozumel, Mexico at a) 1915Z 18 October 2005 b) 2345Z 18 

October 2005 c) 0045Z 19 October 2005 d) 0945Z 19 October 2005 e) 1445Z 19 October 

2005 f) 1945Z 19 October 2005 g) 0045Z 20 October 2005 h) 0545Z 20 October 2005 and i) 

1045Z 20 October 2005.  Lighter shades of purple indicate areas of high water vapor 

content.  The red text states the magnitude of Wilma’s observed minimum central pressure 

for the corresponding time step. 
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4. Conclusion 

 

This work was designed to investigate what dynamic and thermodynamic variables 

played a role in Hurricane Wilma’s rapid intensification (RI).  A 3-D visualization and analysis 

tool, Unidata’s Integrated Data Viewer (IDV), was utilized to perform this task.  Net LH flux, 

wind speed, PW, and mean SLP were considered as the principal parameters used to characterize 

the RI of Wilma.  The surface winds of the storm system helped to evaporate water from the 

ocean surface and add water vapor into the lower and mid-troposphere.  The process by which 

water vapor changed to liquid water was when large amounts of latent heat energy were released 

into the atmosphere, energy that translated to wind.  As latent heat flux increased, the amount of 

energy being released increased as well as the wind speed.  This relationship served as a positive 

feedback, where an increase in wind speed enhances evaporation from the ocean surface and 

introduces more moisture into the atmosphere, enhancing the latent heat flux and producing more 

energy in the form of wind.  Meanwhile, the increase in moisture from the ocean surface led to 

an increase in precipitable water.  The amount of moisture supplied to the atmosphere relates to 

the amount of liquid water that can be precipitated out of an atmospheric column.  The increase 

in wind speed added to the efficiency of the surface cyclonic and upper-level anticyclonic 

circulations of the hurricane, which allowed the system to continuously ventilate. The air that 

converges near the center of the low pressure system cannot pile up and is evacuated by the 

support of the upper-level anticyclone.  The stronger the cyclonic circulation is, the stronger is 

the upper-level anticyclone.  The hurricane intensified by deepening as air was removed from the 

eye and its central pressure was reduced.  With little vertical wind shear present surrounding 

Wilma, the winds did not change fast enough in the vertical to disrupt the cyclone’s own high-

building process.  Any dynamic or thermodynamic processes were able to perform and amplify 

the system. 

 

 Not much literature analysis has been conducted on Hurricane Wilma because barotropic 

models have trouble simulating Wilma’s observed RI period accurately.  The cause of this 

predicament may be attributed to the model’s initialization fields, a lack of a denser network of 

observational data in the tropics, or insufficient remote sensing measurements. The observations 

gathered from this research will serve as a foundation to build upon by others exploring the RI of 

Wilma or other tropical systems in an effort to provide more information about RI.  The IDV and 

Repository for Archiving, Managing and Accessing Diverse Data (RAMADDA) are the client 

and publishing platforms that will be used to execute this mission.  The collaboration of the IDV 

and RAMADDA illustrate a robust ability in managing multiple and diverse types of data.  In 

this research, the IDV was used to develop analysis from various satellite imageries and output 

from the H-WRF model.  Displays of diverse dynamic and thermodynamic variables in a 2-D 

and 3-D format were also created in hopes of fostering new aspects or improved understandings 

of Wilma’s RI.  Layers of diverse data sets were generated to identify and attempt to describe the 

physical interactions between related variables.  All of the efforts described above, as well as 

links to reference research articles, will be aggregated within the RAMADDA.  This server is 

designed for the community to view all content related to Wilma, and provide ancillary research, 

data analysis or model output to further advance Wilma’s case study.  The RAMADDA server 

avails itself to the community for use at various levels: scientific, academia, or the general 

public.  The contributions made by these communities will greatly enhance the Wilma case study 

and allow for the creation of a richer and more textured analysis of the event, while using the 
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results from this research as a baseline.  

 

 The desired outcome of this research is to illustrate the end-to-end capabilities of the 

Unidata software to perform detailed analysis of an event and build research level educational 

content.  Outreach to the academic community is a significant aspect of this project, as any 

material that was or is being created will be accessible to the public and open for feedback.  The 

material can serve as educational content for K-12, undergraduate or graduate level academia.  

The act of publishing data content and analysis can serve as a rewarding experience for many 

individuals in that their personal work is being recognized and referenced by others; it provides a 

valuable insight into the profession of a true scientist.  This process demonstrates a new way of 

integrating atmospheric science and community outreach by promoting the use of data and 

software in educational learning.  Both the IDV and RAMADDA can be used in a curriculum 

that practices hands-on skills and visual interpretations.  Creating learning modules, enhancing 

communications and sharing increased understandings are all a part of this advantage.  The IDV 

and RAMADDA are also of great value to the scientific community; they lead the path in 

refining visualization tools for scientific scholarship and knowledge.  Using various projections, 

multiple display types and 3-D formatting, forecasters may gain better conceptual understandings 

of certain weather phenomena and improve their forecasting practices.  Overall, long-term 

experience with the IDV can be used to increase and expand communications between science 

and society.  

 

5. Acknowledgments 

 

The aim of this project was to identify and investigate the dynamics and thermodynamic 

parameters that played a key role in the rapid intensification of Hurricane Wilma from the 2005 

Atlantic hurricane season.  This idea was inspired by my research mentor Jeff Weber 

(UCAR/Unidata).  I would like to thank Jeff for his dedication, support, and great enthusiasm in 

making this research project a success.  Explaining concepts in a simple manner and providing a 

plethora of ideas on how to approach this project was greatly appreciated.  Many thanks to my 

writing and communication mentor, Loretta Melhado, for her positive feedback and words of 

encouragement throughout this experience.  The countless suggestions written in the margins of 

my drafts have helped improve my way of communicating science with confidence.  Thank you 

to Unidata for supporting this research and providing my work environment.  Lastly, a big thank 

you to the SOARS program for the opportunity to endure another fun and interesting research 

experience.  

 

 

 

 

 

 

 

 

 

 

 



SOARS
® 

2010, Vanessa M. Vincente, 18 

6. References 

 

Beven, J. L., II et al., 2008: Atlantic hurricane season of 2005. Mon. Wea. Rev., 136, 1109–

1173. 

 

Chen, H., 2008: On the rapid intensification of Hurricane Wilma (2005), 29th Conference on 

Hurricanes and Tropical Meteorology, Tuzcon, Arizona, Amer. Meteor. Soc.  

 

Holmberg S., B. Etherton, J. Weber, 2007: IDV Perspective: Climatology of the 2005 Hurricane 

Season, 16th Symposium on Education, San Antonio, Texas, Amer. Meteor. Soc. 

 

Pasch et al., 2006: Hurricane Wilma Tropical Cyclone Report (PDF), National Hurricane Center. 

National Oceanic and Atmospheric Administration, http://www.nhc.noaa.gov/pdf/TCR-

AL252005_Wilma.pdf. 

 

 Shein, K.A., 2006: State of the climate in 2005. Bull. Amer. Meteor. Soc., 87, S1–S102. 

 

Weber, J., B. Etherton, S. Holmberg, 2007: Building A Framework To Facilitate Interactive and 

Dynamic Educational Case Study Modules, 17th Symposium on Education, New Orleans, 

Louisiana, Amer. Meteor. Soc. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 


