
The influence of environmental vertical wind shear 

on hurricane eye formation 

 

Diamilet Pérez-Betancourt 
 

Academic Affiliation, Fall 2010: Senior, University of Puerto Rico at Mayagüez  

 

SOARS
®
 Summer 2010 

 

Science Research Mentors: Shuyi S. Chen, Jonathan L. Vigh 

Writing and Communication Mentor: Brian Bevirt 

Community Mentor: Marina LaGrave 

Peer Mentor: Ian C. Colón-Pagán 

ABSTRACT 

Studies of tropical storms recognize eye formation as an important indicator of intensification 

toward a mature cyclone. However, the reason why some tropical storms form eyes while others 

do not is not well understood. Our goal is to identify large-scale environmental conditions that 

favor or inhibit hurricane eye formation. Although a variety of factors were considered, we 

focused on environmental vertical wind shear (EVWS) because it is often considered the most 

disruptive to storms. We compared nine North Atlantic basin storms from 2000-2008 for a 48-

hour period centered on the time of eye formation or the time of peak intensity (if no eye 

formed). To select cases for detailed study, infrared and microwave satellite imagery, aircraft 

data, and best track data were used. Three categories were considered: storms that 1) successfully 

formed an eye (2001 Michelle, 2002 Isidore, 2005 Rita) 2) did not form an eye at all (2002 

Chris, 2002 Edouard, 2005 Gamma), and 3) had a transient eye formation (2002 Gustav, 2005 

Ophelia, 2008 Fay). We used Statistical Hurricane Intensity Prediction Scheme developmental 

data and Global Positioning System dropsonde data to compare these nine storms in terms of 

EVWS speed and direction. Storms that formed an eye had lower EVWS values than storms that 

did not form an eye at all. These results suggest that EVWS has a detrimental effect on eye 

formation. Understanding the structural changes in tropical cyclones as they intensify is essential 

for improving hurricane forecasting skill. 
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1. Introduction 

 

The first reconnaissance aircraft flight into a hurricane eye in 1943 (Simpson 1990) 

launched a profusion of research on tropical cyclone formation. In the 1960s, both polar-orbiting 

and geostationary satellite technology enhanced researchers’ efforts to fully understand 

hurricanes and their features. Since then, considerable effort has been spent analyzing the origin 

of tropical disturbances, the very early stages of cyclogenesis (e.g., Gray 1968). Less than one-

tenth of all the tropical disturbances occurring in the Atlantic Ocean every year ever develop into 

tropical cyclones. Discovering the factors that influence these phenomena became imperative for 

atmospheric scientists. Other substantial efforts have attempted to explain the processes that 

sustain tropical cyclones at their mature stages (e.g., Emanuel 1991). However, a relatively small 

amount of research has examined the factors that influence the stage of hurricane eye formation. 

Researchers still lack understanding of why some tropical storms form eyes while others do not 

experience what could be ―the point of no return in hurricane formation‖ (Malkus 1958a).  

Various studies have noted an intrinsic relationship between eye formation and tropical 

storm intensification. For example, Malkus (1958a) stresses this connection by presenting first a 

few ―symptoms‖ exhibited by tropical disturbances upon intensifying into mature tropical 

cyclones. One of these includes the development of a warm-core at the mid-upper levels of the 

atmosphere. This low-pressure area, warmer than the surrounding parts of the storm, has twofold 

significance: 1) it maintains a low central pressure at the ground, and 2) it sustains the outflow 

aloft and the inflow at ground level. Another ―symptom‖ is associated with what Riehl and 

Malkus (1958) called ―hot towers.‖ The condensation of the warm moist rising air that forms 

these undiluted cumulonimbus cloud cores around the storm center serves as a source of heat 

energy for the system. However, Malkus (1958a) considered these two factors as ―necessary but 
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not sufficient‖ conditions for storm intensification. As stated by Vigh (2010), it is the formation 

of the eye that structurally ―paves the way‖ for the organization and intensification of the storm. 

The eye formation is generally viewed as an essential warming mechanism that produces an even 

greater decrease in surface pressure at the storm’s center.  

 

 

 
Figure 1. Main structural elements of a tropical cyclone. Reprinted from Laing et al. (2010).  

 

 

Thus, the hurricane eye is a central area governed by subsidence (descending air), 

comparatively light winds, and lessened precipitation (Fig. 1). Nevertheless, this region would 

not be called an ―eye‖ if a ring of cumulonimbus clouds did not encircle it. In fact, the eye can be 

classified according to the segment of arc covered by the eyewall. As explained by Vigh (2010), 

a radar-indicated closed eye is one in which the wall forms a complete ring around the eye 

region. An open eye is encircled by at least 180 degrees of arc. If the convection surrounding the 

eye is not different from that of the adjacent spiral bands of the storm, the arrangement of clouds 

around the central area is described as banding. In spite of the ability to successfully describe the 

eye feature with the aid of technology, scientists still struggle to answer one of the most 

challenging questions in tropical cyclone research: what are the conditions that determine 
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whether a storm develops an open or closed eye feature, experiences banding, or undergoes no 

eye formation at all?  

The general purpose of this research is to ascertain large-scale environmental factors that 

favor or inhibit hurricane eye formation. To answer this question, this research examines three 

categories of tropical storms in the North Atlantic hurricane basin, those that 1) successfully 

formed an eye (that lasted at least 24 hours), 2) did not form an eye at all, and 3) had a transient 

eye formation (the eye did not last at least 24 hours). To visualize the evolution of the storm 

centers and select pertinent cases, this study uses infrared and microwave satellite imagery, 

aircraft data and best track data. Comparisons between cases were based on aircraft data and 

forecasting model predictors that are discussed later in the paper. 

We propose the hypothesis that an unfavorable environment should inhibit eye formation, 

while a favorable environment should allow it to proceed. The previous studies already cited 

suggest that the environmental parameters favoring eye formation include high moisture content, 

convective instability, and low vertical wind shear. High levels of moisture allow ongoing 

condensation and release of latent heat that maintain the previously described ―hot towers‖ and 

warm core. Convective instability provides the buoyancy necessary for air to continue rising. 

Finally, a large-scale vertical shear that tilts the cumulonimbus cloud system (Fig. 2a) and 

ventilates heat away from the storm center is considered an unfavorable factor (Heymsfield et al., 

2006). 
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Figure 2. (a) Vertical wind shear might tilt the cumulonimbus clouds away from the eye allowing for the dispersion 

of the heat. Reprinted from Malkus (1958b). (b) Example of vertical wind shear calculation between the surface 

wind vector and the wind vector at upper levels. Reprinted from Laing et al. (2010). 

 

 

This study focuses on the effect of the environmental vertical wind shear (EVWS) 

because it has been often recognized as the most destructive to storms. The vertical wind shear is 

defined as the difference between the mean horizontal wind vectors of the 200- and 850-hPa 

levels of the atmosphere (Fig. 2b). The EVWS is the vertical wind shear over an outer region 

extending from the radius of 200-800 km around the storm (Chen et al. 2006). Although the 

general influence of EVWS over tropical cyclones has been well established (Frank et al. 2001), 

much is still to be learned about the specifics of the complex connection between EVWS and 

tropical cyclone intensity (Rhome et al. 2006).  

  We therefore examine in situ and remotely acquired observations to determine whether 

the EVWS acts as a favoring or inhibiting factor to eye formation. This study’s goal is to 

improve the understanding of eye development, which can lead to improved skill in initializing 

numerical models and in forecasting intensity changes. This paper is organized as follows. 

Section 2 explains the case selection process and describes the data sets and methods applied to 

analyze the data. Section 3 provides an overview of the selected cases while Section 4 presents 
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the results obtained from this analysis and discusses their implications. Finally, section 5 

summarizes the study and states its principal findings.  

 

2. Methods 

 

a. Case selection 

 

 This study focused on storms from the North Atlantic basin, where reconnaissance 

aircraft missions are conducted more regularly. Vigh (2010) classified 143 North Atlantic basin 

storms from 1989-2008 with sufficient aircraft data into five categories. This classification 

depended on the duration and persistence of an eye during the 72-h period after the first aircraft 

report, if any. To ensure the availability of the data sources of interest, we reduced the list of 

cases to the 73 storms that formed from 2000-2008. In addition, the extratropical storms, the 

subtropical storms, and the disturbances that just reached very early stages of development were 

discarded. For the purpose of this study, we further classified the remaining cases into three 

categories. These include storms that: 

  i. Successfully formed an eye. The term ―successful‖ here stands for storms that initially 

or eventually formed an eye that lasted at least 24 hours.  

  ii. Did not form an eye at all. Aircraft missions never reported an eye during these 

storms’ life cycles.  

 iii. Had a transient eye formation. This category includes storms in which an eye was 

reported one or more times but never lasted at least 24 hours. 

Infrared and microwave satellite imagery were used to examine the evolution of the 

storms and select the cases. Ultimately, the availability of the data played the most important role 

in the case selection, and reduced the number of cases to three per category, for a total of nine.  
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b. Data sources and treatment 

 

1.) INFRARED SATELLITE IMAGERY 

 

 The infrared imagery used in this study belongs to the Cooperative Institute for Research 

in the Atmosphere (CIRA) Geostationary Operational Environmental Satellites (GOES) -IR 

satellite archive. The purpose was to obtain a cloud-top view of the tropical cyclones during the 

process of eye formation. The advantage of this data set is that the images are centralized on a 

constant domain that follows the center of each storm (Zehr 2000; Vigh 2010) throughout its 

―life.‖ Moreover, the infrared channel is able to observe the storms both at daytime and 

nighttime. Unfortunately, this channel is not able to penetrate cirrus clouds that often cover storm 

centers, increasing the uncertainty in determining the presence of an eye. 

 

 2.) MICROWAVE SATELLITE IMAGERY 

 

 The microwave imagery used in this study belongs to the Naval Research Laboratory 

(NRL) archive. The microwave sensors aboard the polar-orbiting satellites are able to reveal the 

storm structure that is often obscured by cirrus clouds on IR images. This is particularly useful to 

improve the understanding of the lower structure of the storms, position their centers, and 

estimate their intensities. The images were interpreted following the guidelines ―Using 

Microwave Observations for Tropical Cyclone Analysis,‖ which were developed by the 

Cooperative Program for Operational Meteorology, Education and Training (COMET). 

 

 3.) VORTEX DATA MESSAGES (VDMS) 

 

  The Vortex Data Messages (VDMs) are real-time transmitted messages from the 

reconnaissance aircrafts to the National Hurricane Center during their missions. This data set 

contains a large amount of information about the storm’s intensity and structure, as described by 
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Vigh (2010). The date and time of eye formation (fix time) used in this study was obtained from 

processed data from the VDMs. The aircraft fix time is preferred over the time of eye formation 

from satellite imagery because it does not depend on the subjective analysis of the observer. 

  4.) BEST TRACK  

 

 The National Hurricane Center (NHC) best track data set utilized contains post-season 

analyses of the storm tracks and intensities. The parameters considered in this study include the 

best-estimated storm maximum sustained surface (at 10 m) wind speed (averaged over 1 min) in 

knots, and the date and time of this measure. 

  

 5.) STATISTICAL HURRICANE INTENSITY PREDICTION SCHEME (SHIPS)  

 

 Developed by DeMaria et al. (1994), SHIPS is one of the leading hurricane intensity 

models. SHIPS uses climatology, persistence, and synoptic predictors (environmental conditions) 

to forecast intensity (1-min maximum sustained surface winds) out to 72 hours (DeMaria et al. 

1999). Among the synoptic predictors, the model uses SHDC (as recorded on the predictor files), 

which is the environmental 850-200 mb wind shear magnitude, and SDDC, which is the 

environmental heading (deg) of the above shear vector. SHIPS averages the wind shear field 

from 0-500 km relative to the storm’s 850 mb vortex center and removes the storm’s circulation 

from the initial analysis of the National Center for Environmental Prediction (NCEP) global 

forecasting system (GFS). This is done to ensure that the predictors represent the environment 

and not the shear due to the storm itself. The 850 mb vortex center position utilized by SHIPS is 

obtained from the NHC best track.  

 

 

 

 

 



SOARS
® 

2010, Diamilet Pérez-Betancourt, 9 

 6.) GLOBAL POSITIONING SYSTEM (GPS) DROPSONDES 

 

 The GPS dropsondes are instruments launched from reconnaissance 

aircrafts to measure temperature, pressure, humidity, wind speed, and wind 

direction from flight level to the surface. The data set used in this study 

belongs to the Hurricane Research Division (HRD) dropsonde archive for 

the reconnaissance missions. We selected the data from the NOAA-49 

(Gulfstream IV) aircraft. Because of this aircraft’s high flight level of 

45,000 feet, deployed dropsondes provide a full vertical sounding of the 

atmosphere. The NOAA-49 is mostly used for large-scale surveillance 

around the storms, identifying environmental features. A total of 359 

dropsondes were processed using the Atmospheric Sounding Processing Environment (ASPEN) 

Version 3 (beta version) developed by the National Center for Atmospheric Research.  

The plots of the GPS dropsonde data were made with the numerical computing 

environment and programming language MATLAB. The rest of the data was plotted using the 

NCAR Command Language (NCL). 

 

3. Overview of the selected cases 

 We briefly narrate the ―life‖ of each of the selected cases, from the early stages of 

development to dissipation.   

a. Storms that successfully formed an eye 

 

1.) 2001 MICHELLE 

 

 Michelle was the strongest storm of the 2001 North Atlantic hurricane season, reaching 

Category 4 peak intensity on the Saffir-Simpson scale. It originated from a tropical wave that 

Figure 3. NCAR’s GPS  

dropsonde 
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moved off the African coast on October 16. The wave developed into a tropical depression on 

October 29 when it reached the western Caribbean Sea. Michelle became a tropical storm on 

November 1 and later experienced rapid intensification. Its maximum sustained winds increased 

45 knots in 24 hours and its central pressure decreased 51 mb in about 29 hours. The VDMs 

reported a closed eye on November 2, 18:11 UTC, which persisted for days. Figure 4a shows the 

storm’s intensification around the time of eye formation, which is consistent with literature 

(Malkus 1958a). The hurricane covered a vast area (Fig. 4b) and its torrential precipitation 

caused extensive damage. It made landfall at Cuba on November 3 as a Category 4 hurricane, 

and weakened after this interaction. 

  The satellite image (Fig. 4b) indicates that Michelle already had a definite eye by the time 

the VDMs reported an eye. The eye clearly formed earlier, but the aircraft did not detect it 

because the lag between fixes was large.  In most cases, the average uncertainty in eye formation 

time is just a few hours. Since this study uses the aircraft-derived data set of Vigh (2010), we use 

the same eye formation time as Vigh (2010) for consistency rather than try to adjust based on 

satellite imagery.  
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Figure 4. (a) Maximum sustained wind speed from NHC best track data. The shaded region denotes the 48-h period 

under study. The vertical line marks the time of eye formation as obtained from the VDMs. (b) GOES-IR satellite 

image of Michelle from the CIRA data set, taken near the time of eye formation (November 2, 18:15 UTC). 

 

 

 

2.) 2002 ISIDORE 

 

   Isidore was the most intense storm of the 2002 North Atlantic hurricane season because 

it reached the lowest central pressure (934 mb). However, its maximum sustained wind speed 

was never enough to move it from Category 3 to Category 4 classification (peak: 110 knots). At 

the very early stages of development, the tropical disturbance that eventually became Isidore 

struggled with land interaction. It was September 18 when it finally intensified into a tropical 

storm over the western Caribbean Sea. The VDMs reported an eye on September 19, 08:03 UTC. 

Figure 5a shows how Isidore also experienced intensification around the time of eye formation. 

On September 20, Isidore hit western Cuba as a Category 2 hurricane. It reached its peak 

intensity on September 21 and hit the Yucatan Peninsula on September 22. Although it 

weakened after this interaction, it re-strengthened later over the Gulf of Mexico’s warm waters. 
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Finally, on September 26 it entered the United States through Louisiana as a strong tropical 

storm.  

  

 

 
Figure 5. (a) Maximum sustained wind speed from NHC best track data. The shaded region denotes the 48-h period 

under study. The vertical line marks the time of eye formation as obtained from the VDMs. (b) GOES-IR satellite 

image of Isidore from the CIRA data set, taken near the time of eye formation (September 19, 08:15 UTC). 

 

 

 

2.) 2005 RITA 

   

 One of the seven major hurricanes of the 2005 North Atlantic hurricane season, Rita is 

well-known for further devastating Louisiana after the destruction caused by 2005 Hurricane 

Katrina. It is also the most intense cyclone ever observed over the Gulf of Mexico and had the 

fourth lowest central pressure on record in its basin. The tropical wave that eventually became 

Rita moved off the African coast on September 7. It was not until September 18 that it favorably 

interacted with the remnants of a cold front over the western Atlantic and became a tropical 

depression. Although it struggled to maintain its inner core, Rita became a tropical storm on 

September 18. The VDMs reported an eye formation on September 20, 12:03 UTC as Rita 
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intensified into a hurricane near the Florida Keys. Figure 6a shows Rita’s intensification around 

the time of this first eye formation. Rita experienced rapid intensification over the warm waters 

of the Gulf of Mexico, going from tropical storm to Category 5 hurricane in less than 36 hours. It 

reached its peak intensity (155 knots) on September 22, around 06:00 UTC. Later, Rita 

experienced significant changes in its inner structure, such as increase in eye diameter and eye-

wall replacement. It had weakened to a Category 3 hurricane when it hit Texas/Louisiana and 

weakened further after landfall.  

 
Figure 6. (a) Maximum sustained wind speed from NHC best track data. The shaded region denotes the 48-h period 

under study. The vertical line marks the time of eye formation as obtained from the VDMs. (b) GOES-IR satellite 

image of Rita from the CIRA data set, taken near the time of eye formation (September 20, 12:15 UTC). 

 

 

b. Storms that did not form an eye at all 

  

1.) 2000 CHRIS 

 

 Chris developed from a tropical wave that moved off the African coast on August 12. It 

strengthened to a tropical depression on August 17 and became a tropical storm on August 18 
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near the eastern Caribbean islands (Fig. 7b). It reached its peak intensity (35 knots) on August 

18, around 12:00 UTC (Fig. 7a). Chris rapidly dissipated without making landfall.  

 

 

 
Figure 7. (a) Maximum sustained wind speed from NHC best track data. The shaded region denotes the 48-h period 

under study. The vertical line marks the time of peak intensity as obtained from the best track. (b) GOES-IR satellite 

image of Chris from the CIRA data set, taken near the time of maximum intensity (August 18, 12:15 UTC). 

 

 

 2.) 2002 EDOUARD 

 

 Edouard developed from a disturbance interacting with a dying cold front around August 

25. On September 1, the disturbance became a tropical depression east of Florida. It peaked in 

intensity at 55 knots on September 3, 12:00 UTC (Fig. 8a). Edouard made landfall over Florida 

on September 5 causing no significant damage, and began to weaken rapidly. Its environment 

was influenced by tropical storm Fay, which can be seen on the left side of Figure 8b.  
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Figure 8. (a) Maximum sustained wind speed from NHC best track data. The shaded region denotes the 48-h period 

under study. The vertical line marks the time of peak intensity as obtained from the best track. (b) GOES-IR satellite 

image of Edouard from the CIRA data set, taken near the time of maximum intensity (September 3, 12:15 UTC). 

 

 3.) 2005 GAMMA 

 

 Gamma is one of the late-season tropical storms that developed after all the 

predetermined hurricane names had already been used. It emerged from a tropical wave that 

moved off the African coast on November 3. The wave continued westward through the Atlantic 

into the Caribbean, where it strengthened into a tropical depression. Gamma became a tropical 

storm on the Gulf of Honduras on November 18. It reached its peak intensity (45 knots) on 

November 19 (Fig. 9) and dissipated on November 22.  
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Figure 9. (a) Maximum sustained wind speed from NHC best track data. The shaded region denotes the 48-h period 

under study. The vertical line marks the time of peak intensity as obtained from the best track. (b) GOES-IR satellite 

image of Gamma from the CIRA data set, taken near the time of maximum intensity (November 19, 12:15 UTC). 

 

 

c. Storms that had a transient eye formation 

 

 1.) 2002 GUSTAV 

 

  Gustav was the first hurricane of the 2002 North Atlantic season. It emerged from a 

subtropical depression north of the Bahamas. It was declared a subtropical storm on September 

8. The VDMs reported an eye on September 10, 14:49 UTC, which dissipated shortly thereafter. 

However, Gustav became a hurricane and reached Category 2 peak intensity (85 knots) on 

September 11, 18:00 UTC. Figure 10a shows how it intensified around the time of eye 

formation. It moved parallel to United States east coast (Fig. 10b) and its remnants dissipated 

completely on September 15 over the Labrador Sea. 
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Figure 10. (a) Maximum sustained wind speed from NHC best track data. The shaded region denotes the 48-h 

period under study. The vertical line marks the time of eye formation as obtained from the VDMs. (b) GOES-IR 

satellite image of Gustav from the CIRA data set, taken near the time of eye formation (September 10, 14:45 UTC). 

 

 

 2.) 2005 OPHELIA 

     

  Ophelia formed from a non-tropical disturbance related to a cold front over the Bahamas. 

It became a tropical depression on September 6 and a tropical storm on September 7. It 

intensified off the Florida east coast and became a hurricane on September 18, after the VDMs 

recorded the first eye formation at 01:45 UTC. Figure 11a shows Ophelia’s intensification 

around the time of eye formation. Note that the rate of intensification is almost constant over the 

48-hour period under study. Ophelia oscillated between hurricane and tropical storm intensity 

from September 8-15. It reached peak intensity (Category 1, 75 knots) on September 11, around 

06:00 UTC. It became extratropical on September 18 and continued moving parallel to the 

United States east coast (Fig. 11b). Its remnants eventually dissipated over the North Sea on 

September 23.  
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Figure 11. (a) Maximum sustained wind speed from NHC best track data. The shaded region denotes the 48-h 

period under study. The vertical line marks the time of eye formation as obtained from the VDMs. (b) GOES-IR 

satellite image of Ophelia from the CIRA data set, taken near the time of eye formation (September 8, 01:45 UTC). 

 

  

 3.) 2008 FAY 

 

  Fay experienced a lot of interaction with land over its life cycle. It made landfall eight 

times overall and it was the first storm to hit the same U.S. state four different times. It emerged 

from a tropical wave that moved off the African coast on August 6. The wave became a tropical 

depression on August 15 when it reached the western Atlantic. It made landfall over the 

Dominican Republic and became a tropical storm over land later on August 15. On August 16, it 

hit Gonâve Island, Haiti. Fay strengthened slightly before making landfall along Cuba on August 

17. On August 18, it hit Key West and made landfall along the southwestern Florida coast on 

August 19. Shortly after landfall, the VDMs reported the first eye at 06:54 UTC (Figure 12), 

which failed to persist for more than 24 hours. Fay reached its peak intensity (60 knots) at 18:00 

UTC as it continued interacting with Florida. From August 18-20, it made landfall over Florida 
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four times. Fay finally weakened to a depression on August 24 and eventually merged with an 

old frontal boundary. 

 

 
Figure 12. (a) Maximum sustained wind speed from NHC best track data. The shaded region denotes the 48-h 

period under study. The vertical line marks the time of eye formation as obtained from the VDMs. (b) GOES-IR 

satellite image of Fay from the CIRA data set, taken near the time of eye formation (August 19, 06:55 UTC). 

 

 

4. Environmental Vertical Wind Shear 

 

   We present and discuss our main findings about the influence of EVWS on hurricane eye 

formation, based on SHIPS and GPS dropsonde data.  

  Figure 13 shows the SHIPS-EVWS speed and direction for the cases belonging to the 

first case type: 2001 Michelle, 2002 Isidore, and 2005 Rita. The upper curves reveal that, for 

each case, the EVWS was below 20 knots throughout the 48-hour period under study. 
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 Figure 13. Time evolution of EVWS speed (upper plots) and direction (lower plots) as analyzed by the GFS for 

SHIPS. The shaded region marks the period under study. The vertical line marks the time of eye formation as 

obtained from the VDMs. 

 

 In fact, for Michelle (Fig. 13a) the shear began increasing dramatically from the northeast 

exactly after this 48-hour period. The upper plot shows a decrease in wind shear for this storm 

precisely at the time of eye formation. The GPS dropsondes (Fig. 14a) mostly reveal the shear 

due to the storm’s outflow at upper levels. Nevertheless, by comparing Figure 14a with the 

corresponding satellite image (Fig. 14b), we infer that the arrows farther to the west are part of 

an upper-level low circulation that seems to be merging with the storm’s outflow. The influence, 

whether positive or negative, that upper-level lows might have on the structure of tropical 

cyclones, still needs insightful study.  
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Figure 14. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight from November 01, 18:18 UTC to November 02, 01:31 UTC, before the time of eye formation.  

(b) GOES-IR satellite image of Michelle from the CIRA data set taken on November 01, 20:45 UTC, closer to the 

time of the middle of the flight track. 

 

On the other hand, Isidore’s SHIPS-diagnosed EVWS (Fig. 13b) indicates a peak in 

vertical shear from the south-southeast almost exactly at the time of eye formation. However, the 

EVWS speed is still less than 20 knots. Since the SHIPS values represent an average of the 

EVWS, the GPS dropsondes can help us further understand the structure of the shear and how it 

was affecting the storm. In all the reconnaissance flights made over Isidore on the period under 

study (Figs. 15a, 16a, and 17a), we identify a feature on the western part of the storm. If we 

compare to the satellite images (Figs. 15b, 16b, and 17b), we confirm that this feature does not 

represent the shear due to the outflow of the storm itself. This feature is also an upper-level low, 

which seems to be merging with the storm’s outflow from the northwest. The localization of the 

storm relative to the low is similar to that of Michelle. The GPS dropsondes EVWS vector 

magnitudes for Isidore shown in Figures 15a, 16a, and 17a range from 4-47 knots. The influence 

of the EVWS does not only depend on its magnitude but also its localization with respect to the 

storm.  

(a) (b) 
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Figure 15. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight from September 18, 18:12 UTC to September 19, 01:22 UTC, before the time of eye formation.  

(b) GOES-IR satellite image of Isidore from the CIRA data set taken on September 18, 20:45 UTC, closer to the 

time of the middle of the flight track. 

 

 

 
Figure 16. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight on September 19 from 06:08-13:13 UTC, around the time of eye formation. (b) GOES-IR satellite 

image of Isidore from the CIRA data set taken on September 19, 09:45 UTC, closer to the time of the middle of the 

flight track. 

 

 

(a) (b) 

(a) (b) 
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Figure 17. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight from September 19, 18:42- UTC to September 20, 01:07 UTC, after the time of eye formation. 

(b) GOES-IR satellite image of Isidore from the CIRA data set taken on September 19, 20:45 UTC, closer to the 

time of the middle of the flight track. 

 

 

 Rita’s SHIPS plots (Fig. 13c) also indicate a maximum of shear at almost exactly the time 

of eye formation, but the speed remains below 20 knots. The GPS dropsonde map on Fig. 18a 

shows EVWS reaching the storm from the west. The magnitudes of these shear vectors range 

from 17-23 knots. By comparing Fig. 19a to the corresponding satellite image (Fig. 19b), we 

conclude that the shear vectors from the GPS dropsondes on this flight are all representing the 

storm’s shear itself. Therefore, environmental features could not be identified from this plot.  
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Figure 18. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight from September 19, 18:20 UTC to September 20, 01:22 UTC, before the time of eye formation.  

(b) GOES-IR satellite image of Rita from the CIRA data set taken on September 19, 20:45 UTC, closer to the time 

of the middle of the flight track. 

 

 
Figure 19. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight on September 20, 06:18-13:07 UTC, before the time of eye formation. (b) GOES-IR satellite image 

of Rita from the CIRA data set taken on September 20, 09:45 UTC, closer to the time of the middle of the flight 

track. 
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Figure 20. Time evolution of EVWS speed (upper plots) and direction (lower plots) as analyzed by the GFS for 

SHIPS. The shaded region marks the period under study. The vertical line marks the time of peak intensity as 

obtained from the best track. 

 

 

  Figure 20 shows the SHIPS-EVWS speed and direction for the cases belonging to the 

second case type: 2000 Chris, 2002 Edouard and 2005 Gamma. The upper curves reveal that, 

especially for Edouard and Gamma, the EVWS exceeded 20 knots during the 48-hour period 

under study. 

  Chris’ EVWS from SHIPS (Fig. 20a) started increasing just after the storm reached its 

peak intensity. The shear, consistently coming from the north-northeast (on an average), might 

have been responsible for the storm not being able to form an eye. The GPS dropsonde data (Fig. 

21a) and the image in Figure 21b show how the EVWS was affecting the storm on the western 

side, with magnitudes that ranged from 38-51 knots. These values are higher than those of the 

vectors affecting the first case type (storms which readily formed an eye). 
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Figure 21. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight from August 18, 19:54 UTC to August 19, 01:13 UTC, after the time of peak intensity.  

(b) GOES-IR satellite image of Chris from the CIRA data set taken on August 18, 20:45 UTC, closer to the time of 

the middle of the flight track. 
 

For tropical storm Edouard, the SHIPS-EVWS values exceeded 20 knots throughout the 

entire period under study. The shear was consistently coming from the east-southeast. The GPS 

dropsonde plot (Fig. 22a) also shows high values of EVWS disrupting the northern part of the 

storm (Fig. 22b), which provided a hostile environment for eye formation. The shear, contrary to 

what SHIPS reveals, is coming from the west-northwest. This suggests that it might have been 

related to the outflow of tropical storm Fay located in the Gulf of Mexico. 
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Figure 22. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight from September 03, 18:03 UTC to September 04, 01:30 UTC, after the time of peak intensity.  

(b) GOES-IR satellite image of Edouard from the CIRA data set taken on September 03, 20:45 UTC, closer to the 

time of the middle of the flight track. 

   

SHIPS plots for Gamma also show that the EVWS exceeded 20 knots throughout the 

entire 48-h period under study and the storm’s life cycle. The GPS dropsonde plot (Fig. 23a) 

reveals strong EVWS affecting the storm mainly from the southwest. If we compare Figure 23b 

to the satellite image corresponding to the time of maximum intensity (Fig. 9b), we can see how 

the storm’s structure was completely disrupted by the shear.  
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Figure 23. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight from November 19, 18:55 UTC to November 20, 01:10 UTC, after the time of peak intensity.  

(b) GOES-IR satellite image of Gamma from the CIRA data set taken on November 19, 20:45 UTC, closer to the 

time of the middle of the flight track. 

 

 
Figure 24. Time evolution of EVWS speed (upper plots) and direction (lower plots) as analyzed by the GFS for 

SHIPS. The shaded region marks the period under study. The vertical line marks the time of eye formation as 

obtained from the VDMs. 
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Finally, Figure 24 shows the SHIPS-EVWS speed and direction for the cases belonging 

to the third case type: 2002 Gustav, 2005 Ophelia, and 2008 Fay. The upper curves reveal that, 

for Ophelia and Fay, the EVWS did not exceed 20 knots during the 48-hour period under study. 

However, Gustav’s EVWS did exceed 20 knots after the time of eye formation.  

Unlike Ophelia and Fay, Gustav only had one attempt at eye formation. Gustav’s SHIPS-

EVWS (Fig. 24a) is similar to that of the cases that did not form an eye at all. After the time of 

eye formation, the shear continued increasing and reached more than 20 knots. The shear never 

decreased again, which explains why Gustav failed to form an eye again. The GPS dropsonde 

plot (Fig. 25a) reveals no sign of this shear because of the vast area covered by the storm (Fig. 

25b). The shear vectors mostly belong to the storm itself.  

 

 
Figure 25. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight from September 09, 18:19 UTC to September 10, 00:32 UTC, before the time of eye formation. 

(b) GOES-IR satellite image of Gustav from the CIRA data set taken on September 09, 20:45 UTC, closer to the 

time of the middle of the flight track. 
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Unlike Gustav, Ophelia intermittently attempted to form an eye. Ophelia’s SHIPS-EVWS 

is consistent with this pattern, as the shear oscillates throughout the period under study. 

Nevertheless, the EVWS never exceeds 20 knots. The GPS dropsonde plot (Fig. 26a) mostly 

reveals the shear due to the storm itself. However, the satellite image on Figure 26b shows signs 

of wind shear affecting the storm on the northwestern side.  

Ophelia was one of the cyclones studied during the 2005 Hurricane Rainband and 

Intensity Change Experiment (RAINEX). The science summary from RAINEX helps explain 

how the shear was affecting the storm. RAINEX found moderate wind shear affecting the storm 

on its western side on September 9, which falls into our 48-hour period. This suggests that the 

development of a ―successful‖ eye was probably somehow inhibited by EVWS.  

 

 

 
Figure 26. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight from September 08, 18:29 UTC to September 09, 01:00 UTC, after the time of eye formation. 

(b) GOES-IR satellite image of Ophelia from the CIRA data set taken on September 08, 20:45 UTC, closer to the 

time of the middle of the flight track. 

 

 

 

(a) (b) 



SOARS
® 

2010, Diamilet Pérez-Betancourt, 31 

Of all the cases, Fay has the most complex environment due to land interaction, as it even 

formed an eye over land. The SHIPS-EVWS did not exceed 20 knots throughout the 48-hour 

period under study. In fact, EVWS decreased after the eye formation. The interaction with land 

was probably a key factor that prevented a ―successful‖ eye formation for Fay. However, the 

GPS dropsonde plots (Figs. 27a and 28a) reveal high values of EVWS affecting Fay from the 

northwest, related to the outflow of a system in the Gulf of Mexico (Figs. 27b and 28b). The 

magnitudes of these vectors ranged from 8-49 knots.  

 

 
Figure 27. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight on August 18, from 06:02-13:17 UTC, before the time of eye formation. (b) GOES-IR satellite 

image of Fay from the CIRA data set taken on August 18, 09:45 UTC, closer to the time of the middle of the flight 

track. 

(a) (b) 
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Figure 28. (a) 200-850 hPa EVWS vectors calculated from GPS dropsonde data. This track corresponds to a 

NOAA-49 flight from August 18, 18:17 UTC to August 19, 00:47 UTC, before the time of eye formation.  

(b) GOES-IR satellite image of Fay from the CIRA data set taken on August 18, 20:45 UTC, closer to the time of 

the middle of the flight track. 

 

5. Conclusions 

 

In this study, we compared the EVWS between three types of tropical cyclones, storms 

that 1) successfully formed an eye, 2) did not form an eye at all, and 3) had a transient eye 

formation.  

SHIPS-diagnosed EVWS did not exceed 20 knots during the 48-hour study period for all 

the cases that successfully formed an eye lasting at least 24 hours. The GPS dropsondes show 

EVWS values over SHIPS’ average, but they also help identify environmental features that 

might have been responsible for the shear experienced by the storms. Nevertheless, the 

localization of the shear relative to the storm seems to be key to explain why the storms were not 

affected negatively by it.  

For the cases that did not form an eye at all, SHIPS-EVWS exceeded 20 knots during the 

period under study. High values of EVWS were also present on the GPS dropsonde plots for 

(a) (b) 
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each of these storms. The disruption of these storms caused by the EVWS could be seen on the 

satellite images corresponding to the reconnaissance flight times.  

Finally, the EVWS for the cases that had a transient eye formation showed more 

complexity. We needed to examine these cases in more detail, although SHIPS revealed that the 

EVWS was mostly less than 20 knots for all of them. Gustav was the most similar to the storms 

that did not form an eye at all, since it had just one transient eye formation. It was also the only 

case from the third case type that had EVWS higher than 20 knots during the 48-hour period. 

Ophelia was affected by moderate wind shear around the time of its first eye formation. Fay 

continually interacted with land, which complicated the identification of the EVWS influence on 

its eye formation. 

Overall, these results suggest that the EVWS is detrimental to eye formation, as stated by 

literature for the rest of the storms’ stages. EVWS lower than 20 knots will most likely allow eye 

formation to proceed, while values higher than 20 knots will inhibit it.  

  For future work, the vertical structure of the EVWS from the GPS dropsonde data can be 

studied. The addition of cases might also be possible as the availability of the data increases. 

Finally, other SHIPS predictors might be used to further understand the storms’ environment. 

For example, the 850-700 mb relative humidity (RHLO), the 700-500 mb relative humidity 

(RHMD), the 500-300 mb relative humidity (RHHI), instability parameters, and the Reynolds 

sea surface temperature (RSST) might be studied to determine their influence on eye formation.  
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