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Abstract 
This article focuses on a visualization of tropical cyclone track data occurring over a 40-

year period (1970–2010) and their relationship with (extremely) heavy rainfall reported by 
88 Central American weather stations.  

The purpose of the visualization is to associate the paths of tropical cyclones in oceanic 
areas with heavy rainfall inland. Thus, the potential for producing a set of rainfall patterns 
might somehow help in predicting where different impacts like flooding might occur when 
tropical cyclones develop in specific oceanic regions.  

The visualization will serve as a key tool for CIGEFI scientists to apply in their work to 
determine critical positions of the tropical cyclones associated with extremely heavy rainfall 
events at daily timescales.  

Keywords: Data visualization, tropical cyclones, rainfall data, information visualization, 
relationship data, visualization paradigms.  

 

1. Introduction 
The data collected to the present date with respect to storms are numerous and some of 

them date back more than half a century. In order to analyze these data and to get more out 
of them, visualizations become an important tool in their analysis. In this case, we propose a 
tool that visually overlays data showing which geographic areas are most affected by these 
atmospheric phenomena with the intention of trying to better predict which areas will be 
affected in the future by similar circumstances. 

1.1. Databases 
This visualization project emerged via a request made by the Centro de Investigaciones 

Geofísicas (CIGEFI) of the University of Costa Rica to the iReal research group (of the 
Instituto Tecnológico de Costa Rica). CIGEFI supplied all the tracking data, along with wind 
speed velocities, of all the tropical cyclones occurring over the last 50 years. As in [30], 
information of the trajectories and other characteristics of tropical cyclones at hourly time 
steps from 1970 to 2010 were obtained from the combination of two databases: HURDAT 
from the United States (US) National Hurricane Center and Central Pacific Hurricane Center 
part of the National Oceanographic and Atmospheric Administration and the tracks of the 
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most recent cyclones were obtained from Unisys database from the repositories of the US 
National Aeronautics and Space Administration. 

The project required relating dates on which heavy rainfall was reported in Central 
America with the positions of tropical cyclones on those same days. As part of the research, 
they proposed that the iReal group develop a visualization of 40 years of data (from 1970 to 
2010), made up of these two sets of data. The visualization will serve as a key tool for CIGEFI 
scientists to apply in their work to determine critical positions of the tropical cyclones 
associated with extremely heavy rainfall events at daily timescales. 

Three databases were utilized: 
1. A list of 88 weather stations distributed throughout Central America with their 

corresponding geographic coordinates (see [30] for the metadata information of the 
meteorological stations). 

2. All the daily rainfall data from those stations in the applicable years – consisting of 
more than 110,000 data items. 

3. The dates, storm category and daily positions of all the tropical cyclones that occurred 
during these years. 

Using this information as a guide, we proceeded to generate a database of the days in 
which each station reported rainfall greater than its 90th percentile. This approach was taken 
because each region has its own climatic conditions, and therefore we were interested in the 
identification of extreme events relatively to each site’s local climate. 

Moving forward, the first action undertaken was to generate a script in Processing 3.1 (for 
details, see Section 4: Technical Background) to run all the data from the rainfall database 
(DB2) and to make a new database DB4 that only consisted of the data with rainfall daily 
accumulations greater than the 90th percentile for each station over the 40-year period. 

The next step was to generate another new database (DB5) recording the days when the 
stations experienced those extreme conditions, which would allow for assessing whether 
there were tropical cyclones present on those same days and for pinpointing their locations 
(see Figures 1 and 2 for the details about the databases generated). 

 

 
Fig. 1. Relationships between existing databases and project-generated databases. 

 



 
Fig. 2. Summary of the DB5 database, with 24,196 coincidences between days with the 

presence of hurricanes in the area and rainfall greater than the 90th percentile in at least one 
weather station. 

 

1.2. Geographic area 
Two different tools were developed: one for the eastern Pacific and the other for the 

western Atlantic and Caribbean Sea. 
The tool for the Pacific Ocean would take [90, 180] W and [0, 30] N, and for the Atlantic 

Ocean (Caribbean Sea) [100, 50] W and [5, 35] N – Figure 3 shows the regions selected for 
our analysis. 

These regions were defined based on predictions of which areas would prove important to 
the meteorologists’ scientific hypotheses. 

 



 
Fig. 3. Showing the display zones per tool. 

2. Related Works 
In a review of some research in this field, we found several approaches:  
The works developed by [1], [2], and [3] are based on simulations of how hurricanes can 

impact coastal regions. Although in a similar context to ours, these studies focused on direct 
impacts rather than indirect ones [30], which is our focus. 

Besides, research like [1] and [2], specialized in studying the behavior of trees and their 
branches, using 3D animation to depict their movements when impacted by hurricanes and 
storm flooding. In addition, in [3] authors recreate real-life cities in a 3D environment, 
providing a tool that allows for learning about storm surges.   

On the other hand, as in [4], a new 3D system was implemented to highlight the real risks 
of when a storm surge is present. In doing so, the authors of [4] used the southern area of 
Miami Beach, Florida, as a model. Miami Beach is a city that lies about four to five feet (1.2-
1.5m) above sea level, which makes it particularly vulnerable to surging waves. However, no 
one of the mentioned authors, adopts the specific topic that we are looking to analyze. 

The available research has helped us to explore how tropical cyclones and their effects 
have been represented. However, no examples have focused on visualizing geographic zones 
or the passages and effects of meteorological phenomena.  

Other studies have been focused on the analysis of a particular hurricane. For example, 
[5] aimed at developing a 3D immersive visualization of how Hurricane Lili (2002) changed 
from a Category 1 (119-153 km/h) to a Category 4 (209-251 km/h, Saffir-Simpson scale) in 
just 13 hours. The goal of the work was to exemplify the effectiveness of the 3D immersive 
virtual environments in the context of validating, evaluating, and refining the results of the 
models they normally use. In [6], they worked on tracking the trajectory of the tropical 
cyclone Karl (2010), which impacted Veracruz City in Mexico. And finally, Ko, Marks, Alaka, 
and Gopalakrishnan [7] evaluated the performance of attempts to predict rainfall from 
Hurricane Harvey in 2017.  

In [8], the authors visualized the hurricane structure as a route to understand the 
physical processes that are immersed in this natural phenomenon, while [9] also shows 
another interesting visualization drawn from a simulation of the hurricane storm surge that 
produced flooding during Hurricane Katrina (2005). Their target is to improve the 
understanding of hurricanes and to prepare people in taking crucial decisions when they face 
them.  

Other research seeks to reduce the uncertainty in predicting the paths of hurricanes. Cox, 
House, and Lindell [10], for example, explore the design of an alternate display to provide a 



continually updated set of possible hurricane tracks. In addition, [11] proposes an approach 
for generating smooth scalar fields from such a predicted storm path ensemble, allowing the 
user to examine the predicted state of the storm at any chosen time. And in [12], the work 
focused on how a visualization influenced the prediction of uncertain spatial trajectories, 
while [13] aimed at visualizing uncertain tropical cyclone predictions and, in [14], the 
researchers tested whether the different graphical displays of an uncertain hurricane forecast 
would influence decisions on storm characteristics. Plus, in [15], an interactive method was 
incorporated as an attempt at enhancing risk perception and understanding. 

In [16], the authors present an interactive visualization system to explore global 
hurricane track data from 1851–2009. This visualization allows them to track thousands of 
hurricanes to show common patterns and to reveal outliers. This includes several dashboards 
to complement the visualization, which is fully linked to the hurricane data. The system 
allows for three different ways of observing the data: spatial position, time, and properties 
(wind, speed, pressure, and levels according to the Saffir-Simpson Hurricane Wind Scale 
which rating hurricane in five categories of wind speed, 1 (119-153 km/h), 2 (154-177 km/h), 3 
(178-208 km/h), 4 (209-251 km/h), and 5 ( > 252 km/h). Although this is an excellent 
visualization, it does not consider the influence that hurricanes have on other natural factors, 
such as rainfall. 

The work of Knight and Davis [17] focused on a particular situation as they looked to 
analyze the contributions that tropical cyclones make to extreme rainfall events in the 
southeastern United States. They consider whether tropical cyclones have increased in 
intensity due to a rising trend in sea surface temperatures. Firstly, they used a 50.8 mm 
threshold to define extreme rainfall, supported by 85 surface weather observation stations. 
Although this work has similarities with ours, they do not utilize a visualization system or 
assess the subsequent interactivity it develops. Plus, more importantly, they use a single 
threshold to define ‘extreme precipitation’ at all stations, which is not desired in our case as 
we would like to take into consideration stations’ very different precipitation local climate. 

Similar research was also developed by Alfaro [18], in which the influence of the annual 
activity of tropical cyclones in the Atlantic and the variations of the sea surface temperature 
were studied. In doing so, they use a 2D map to show the hurricane paths. In [19], the goal 
was to create a visualization tool that easily demonstrates how precipitation extremes have 
changed and might change in the future.  

Finally, in [20], Konrad and Perry carry out a study on the relationships between tropical 
cyclones and intense precipitation in the USA’s Carolina region, in which they elaborate on 
the climatology of precipitation events for the period 1950–2004. 

Although being excellent, the previous studies do not go into depth on analyzing the 
relationships between the two datasets, i.e., tropical cyclones positions and precipitation in 
the Central American isthmus surrounding areas, and not only on the coasts. The present 
study also delves into how the visualization itself – together with its possibilities and 
adjustments – can assist a better identification of the relationships under scrutiny. 

3. Visualization Design 

3.1. Overview  
As a project summary, the visualization attempts to show the positions of the tropical 

cyclones at times when the weather stations reported high rainfall. 
By indicating what information needed specifying, and based on the Objective Questions 

methodology [21], it was determined that the interface should show at least the following 
elements (see Figure 4): 

1. The green dots represent the position of each weather station that is part of the study. 
2. The red dots denote the positions of the hurricanes during the studied period. 



In addition, we have embraced the possibility of customizing the visualization according 
to requests from the scientists to help facilitate their work: 

a. Types of tropical cyclones: it is possible to filter the intensity of the tropical cyclones 
by visualizing with buttons for -4, -3, -2, -1, 0, 1, 2, 3, 4, 5 – where -4 to 0 include 
system categories like low pressures, tropical depressions, subtropical storms, and 
tropical storms, while buttons 1 onward are reserved for hurricane with their 
respective categories (in the Atlantic-Caribbean Sea & eastern Pacific Ocean). 

3. Stations by country: these buttons allow for selecting all the stations of a country at the 
same time. 

 

 
Fig. 4. Interface basic elements. 

 
When a station is selected, it ‘highlights’ the points where hurricanes have occurred on 

the days when that station has had rainfall greater than its 90th percentile. Figure 5, for 
example, shows a selected station in El Salvador accompanied by the Pacific Ocean tropical 
cyclones associated with high rainfall in that area. 

 

 
Fig. 5. Animation. Visualization showing a selected station in El Salvador and the positions 
of typhoons coinciding on days when that part of the country had severe rainfall conditions. 

 

3.2. Tropical cyclone visualization 
Several tests were made to determine how the hurricanes were to be visualized and, after 

trialing several options, the summation method was selected – a method that the research 
group had already used in several previous projects [22], [23], [24], [25] and [26]. The idea 
behind this strategy is that, if visualizing an area where a summation of events has occurred is 
the desired result, then each event is visualized with a very subtle color degradation and 



transparency. Thus, the areas featuring numerous results, after a summation of the subtly 
displayed events, become more evident than those with just a few, which remain very subtle 
and so lose importance in the overall view. 

In the case of tropical cyclones, a red circle was used, which is more dense in the center 
and becomes more transparent toward the edges (Figure 6). 

 

 
Fig. 6. Circle showing the color degradation with which a hurricane is visualized. 

 
So, when several tropical cyclones are recorded in one area, the intensities of the 

visualizations increase, and a greater concentration of color is apparent. This is precisely what 
the scientists are looking for as they try to identify “common” areas where several tropical 
cyclones have passed over 40 years of study, and which correspond to heavy rains in one or 
several stations. In this way, they can identify areas where, if a future tropical cyclone 
happens to pass, then this could indicate risks of high rainfall in certain meteorological 
stations.  

To better manage this effect, a slider was also added (point 5 in Figure 4), which allows 
for controlling the transparency of these red circles. This allows for adjusting the color 
intensity for analyses of cases with a small number of associated events, in contrast to cases 
that show many. 

Figure 7 shows the same selection of stations but with different opacities in the red circles 
of the associated tropical cyclones. 

 

 
Fig. 7. Animation. Same station selection (Puerto Limón station in Costa Rica) but  

with two opacity values in the slider. 
 

3.3. Association between objects 
When utilizing the tool, it is possible, as we have seen, to select one or several stations to 

produce a visualization of tropical cyclone positions, but it is also possible to select a single 
tropical cyclone’s position (or several tropical cyclones) to see which stations were affected 
when that tropical cyclone was in that position or, in other words, which stations recorded 
heavy rainfall on that same day. 

Figure 8 shows a selected date/position to show where Hurricane 75 was on September 
17, 1978. At that time, this hurricane was a Category 2 with a latitude of 15.2 and longitude of 
-81.6 – as shown in the pop-up text. 

 



 
Fig. 8. Shows a selected hurricane dated September 17, 1978. 

 
As seen in the Figure 8, the stations that recorded extremely high rainfall on that day are 

now shown with a red circle around them. Note, this is not the same as selecting the stations, 
as doing so would “illuminate” all the tropical cyclones that caused heavy rainfall at those 
stations during the 40-year period, i.e., in this case, the analysis can be adjusted to favor 
either the tropical cyclones or stations depending on your research purposes. The 
visualization allows for analyzing this other possibility. In Figure 9, we see another example 
featuring three positions of a hurricane in the Gulf of Mexico. The result is that the 
corresponding stations (where heavy rains occurred on the same days) appear as red rings. 

 

 
Fig. 9. Three selected hurricane positions near the Yucatan Peninsula in the Gulf of Mexico 

and the corresponding associated stations. 
 



3.4. Chromatic codes 
To define the chromatic codes, basic heuristic tests were performed [27] and chromatic 

scales were defined based on the Küppers model [28], which corresponds to the Hue-
Saturation-Value color model.  

The idea behind the color-use definitions was to achieve a good contrast between the two 
groups of elements – the stations and the tropical cyclones. Figure 10 shows the position in 
the chromatic model. 

 

 
Fig. 10. Used chromatic composition in the Küppers model of the Hue-Saturation-Value color 

model, figure taken from F. Hernández-Castro. Teoría del color (ingredients) [5]. 
 
Once the basic colors were defined, we worked on the associations in order to show 

belongings according to the current selection.  
In general, there are only three types of status: 

1. Showing the positions of tropical cyclones and stations only, with no selections. 
2. Showing the selected stations to reveal the positions of associated tropical cyclones.  
3. Showing the selected tropical cyclones to reveal the associated stations. 
Both hurricanes and stations can appear as three modes: 

1. Passive mode. 
2. Selected.  
3. Showing that it is associated with another (or several) selected elements. 
Red was selected for the tropical cyclone color and green for the stations. So, when a 

station (green) is selected the centers of the associated tropical cyclones also change to green 
to indicate their association with that station. In addition, they show the red zone of influence 
with transparency to collaborate in the chromatic saturation of the zone – as discussed in 
section 3.2. 

On the other hand, when a tropical cyclone is selected, red rings (tropical cyclone color) 
appear in the associated stations, to show where high rainfall occurred on that specific date or 
dates. 

Figure 11 shows this relationship between selected tropical cyclones and the stations 
associated with them.  

 



 
Fig. 11. Animation. Relationship between selected tropical cyclones and their  

associated stations. 
 

3.5. Tropical cyclone tracks 
In addition to the above-mentioned features, a button was included to allow for 

visualizing the historical paths of the different tropical cyclones. Because the points represent 
dates, a single hurricane has several dates in its route, that is to say, a variety of associated 
points. Thus, being able to visualize the routes of hurricanes is useful to know which points 
(or dates) belong to a specific hurricane. See Figure 12.  

 

 
Fig. 12. Visualization showing the tropical cyclone paths. 

 



3.6 Print view 
Both tools (Atlantic and Pacific) include an option to choose more paper-friendly colors. 

This feature was requested by scientists in order to obtain images for inclusion in their 
scientific papers. See Figure 13. 

On-screen, the dark background colors are used but pressing the “p” key allows for 
switching to print colors.  

 

 
Fig. 13. Same data displayed in screen colors and paper-friendly colors. 

4. Technical background 
For previous visualizations [23], the iReal group had conducted a separate analysis [29] 

to select the platform with which to work on these projects. 
After considering some available options, we decided to work with Openframeworks 

(https://openframeworks.cc), which is an open-source toolkit available from the C++ 
programming language and runs on scientists’ three most popular platforms: Microsoft 
Windows, Apple macOS, and GNU/Linux.  

4.1. Data preparation 
The Processing programming language (https://processing.org), which is a dialect of 

Java, was used to create the database parse (see Figure 1). This environment was selected for 
this task due to the many functions it has already programmed for working with CSV and 
JSON files, in addition to being freely accessible. 

The results were corroborated in Exploratory (https://exploratory.io), which is a tool that 
can be used free of charge and allows for the exploration of large amounts of data (see Figure 
2). 

4.2. Background maps 
To obtain a good resolution georeferenced map, we used the polygon database of the 

world map accessible via the Nature Earth portal (https://www.naturalearthdata.com), where 
various types of geographic data from all over the planet can be downloaded with different 
resolutions and different attributes, all freely accessible. 

In our case, working with a relatively small geographic area, the medium resolution of 
one datum every 100 meters was used, although the portal does provide resolutions of up to 

https://openframeworks.cc/
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one datum every 10 meters. The map was exported to JSON file that was translated to CSV 
because the Openframeworks handling of this type of file is more efficient.  

In this case, a CSV file was built in which each polygon of the map is a collection of points 
representing the vertices of the polygon (e.g., an island). To separate one polygon from 
another, a row of the file was used with an indicator that would only mark the end of one 
polygon and the beginning of the next. The number 2000 was used for this, since no latitude 
or longitude data could have this value, showing unequivocally the end and the beginning of 
each polygon - see Figures 14 and 15.  

 

 
Fig. 14. Structure of the CSV file for displaying the map. 

 

 
Fig. 15. Geo-referenced map ([90, 180] W [0,30] N) used for the Pacific Ocean viewer. 
 

4.3. Structure of data 
As explained in Figure 2, two databases were generated from the three available 

databases, and these are the ones that were finally used in the project; one with the days in 
which each station reported rainfall greater than its 90th percentile and the other with all the 
hurricanes’ positions over the 40-year period – see Figure 16.  

 



 
Fig. 16. Structure of the data generated for the tool. 

 
The strategy was to have the days per station input into a database so that, when a station 

is selected, a search of those same dates is made in the hurricane database in order to 
“highlight” the hurricanes’ positions on those days. With this structure, the application was 
able to respond efficiently and in real-time. 

4.4. Application logo 
The schools involved in the project, on the part of Tecnológico de Costa Rica, are the 

School of Industrial Design and the School of Mathematics; so, the School of Industrial 
Design was asked to design a logo for the application a study was made and a logo generated 
(see Figure 17) inspired by the Mayan legend of the god Huracán-Caculhá, from where it is 
believed that the original word for “hurricane” comes. 

 

 
Fig. 17. The petroglyph where the abstraction for the logo of the application were taken  

from and samples of the icon in several sizes. 



5. Usability evaluation 
As explained at the beginning, this project was explicitly requested by the scientists of the 

Centro de Investigaciones en Geofísica (CIGEFI) of the University of Costa Rica and was 
developed with their support throughout. 

Several heuristic validations were performed at different stages of development. At each 
stage "use cases" were defined, each use case corresponded to tasks to be performed by the 
users.  

In each case was valued: (1) effectiveness (if they achieved the objective of the task), (2) 
efficiency (how long it took), and (3) satisfaction (collection of comments on the use of the 
tool). With this information, the design team made the necessary corrections to improve the 
use of the tool. Indeed, the tool has already been used to analyze data. The results of these 
analyses have already helped to generate relevant contributions to the field [30]. 

6. Conclusion and Future Work 
The tool met the development expectations, for which the immediate use and efficacy of 

the tool [30] by scientists is proof. 
Thanks to this success, the possibility of continuing to benefit from visualized climate-

related data is currently being analyzed in cooperation with CIGEFI and the iReal Group. 
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