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Abstract. Atlantic tropical storms are among the most damaging natural disasters for the 
coastal regions of Eastern and Southern United States. The forecast of these events,
preparation for storm, population evacuation and damage management are paramount
steps to minimize the impact of hurricanes on infrastructure and to reduce loss of life.
Within ArcGIS framework, data of interest from various sources: climate, weather
forecast, flood maps, population, and environment, can be analyzed in a timely manner.
This approach employs the ArcGIS integrating capabilities and enables GIS users to
study the potential impact of a tropical storm. ArcGIS is used to establish a climatology
based on over 100 years of Atlantic tropical storm data. The aim is to document the
variations in tropical storm frequency, intensity and to estimate the likelihood of impact
in the US coastal regions. The advantages of ArcGIS data integration are illustrated and
discussed.

Introduction

Extreme weather events have a great impact on economy and environment. Weather
hazards are caused by excessive rain, drought, snow, heat or cold, ice, or wind. A weather 
disaster is the result of the combination of a weather hazard (such as heavy precipitation
or very intense wind) and human activities and can lead to significant losses. The
resulting losses depend on the capacity of the population to support or resist the disaster, 
and the ability for rapid recovery. To better prepare the society for such potential hazards,
weather forecast, warning systems, risk assessments and disaster management tools need
to be implemented based on GIS.

Hurricanes are the costliest natural disasters in the United States. Understanding both
hurricane frequencies and intensities is a topic of great interest to meteorologists, and
decision makers. Previous work showed that damage has been dramatically increasing
within the last two decades, in part due to rapid increase of population and wealth in
coastal regions (Landsea, 1993; Blake et al., 2005; Emanuel, 2005; Pielke et al., 2005;
Webster at al., 2005; Klotzbach, 2006). A hurricane is a type of tropical cyclone. Tropical 
cyclones are classified as: Tropical Depression (maximum sustained winds of 38 mph);
Tropical Storm (maximum sustained winds of 39-73 mph), and Hurricane (maximum
sustained winds of 74 mph or higher) (Simpson, 1974). In this study, the term “tropical
storm” (TS) will denote all types of Atlantic tropical cyclones. TS forecast can save lives, 
mitigate property loss, by producing best watches, warnings, and analyses of hazardous
tropical weather. There are two major types of TS forecast:

a) short term forecast based on dynamic numerical models and detailed observations for
initial conditions and large scale conditions (Kurihara et al., 1995) Such forecasts by the 
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National Weather Service (NWS) are important for detailed weather evolution, warning, 
preparation for storm, and recovery. GIS can be employed for risk assessment, warning in 
the regions of potential TS landfall, and various aspects of hazard management. Data of
interest are: weather forecast, flood maps, other damage risk maps, population evacuation 
and recovery scenarios. There are already outstanding examples of NWS and National
Oceanic and Atmospheric Administration (NOAA) applications of GIS use with
meteorological and climatological data.

 b) seasonal outlook of hurricane activity. For this purpose, historical data sets are useful: 
sea surface temperature (SST), El Nino – Southern Oscillation (ENSO) activity, quasi-
biennial oscillation (QBO), other tele connections, meteorological and climate data used
to establish analogues or for cases studies (Gray et al., 1984, 1990, 1992, 1997; Landsea
and Gray, 1992; Landsea et al., 1992; Knaff, 1999). In such case, GIS is valuable in data
analysis, and visualization, and data integration from different sources.

    In this paper we use ArcGIS to illustrate a) some climatological features of TS, and b) 
show a case study on short term impact of a major hurricane. For the first part, we use
long term datasets related to TS activity in Atlantic region. Such data sets are:  TS tracks,
with peak wind and minimum pressure for each recorded storm. Other variables such as:
SST, surface pressure, precipitation and wind records, climatic indices related to North
Atlantic activity, ENSO and QBO, are under consideration to further expand this analysis 
on historical TS. Various data sets are reevaluated and reconstruction of different
variables is extended in the past. Examples shown here are based ArcGIS with selected
available datasets.

Atlantic tropical storms data

Data on Atlantic tropical storm activity are available from over a century, with
increased resolution, frequency and accuracy after 1950. Several examples of such
datasets used in our analysis are outlined here:

1851 – 2005. The Historical North Atlantic and East-Central North Pacific Tropical
Cyclone Tracks file contains the 6-hourly (0000, 0600, 1200, 1800 UTC) center locations 
and intensities for all subtropical depressions and storms, extra tropical storms, tropical
lows, waves, disturbances, depressions and storms, and all hurricanes, from 1851 through 
2005 (NOAA) (Elsner et al., 1999).

1951 – 2000. Tropical Northern Atlantic Index Anomaly of the average of the monthly
SST from 5.5N to 23.5N and 15W to 57.5W. GISST and NOAA optimal interpolation
(OI) 1x1 datasets are used to create index. Climatology is 1951-2000 (Enfield et al.,
1999). Similarly, the time series of SST anomalies averaged over the Caribbean region
are available. Data is obtained from the COADS dataset for 1951-1991 and National
Center for Environmental Prediction (NCEP) after. Anomalies are relative to the 1951-
2000 climatology (Penland and Matrosova, 1998).

Generally after 1950, reliable data sets of SST and multiple atmospheric variables are
available for comprehensive studies. After 1970, satellite data provide global coverage
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and in the last three decades, data quality and resolution permit detailed post analysis of
each TS case. In addition to historical data, recently, the NWS produces several data sets 
available in formats which can be imported into GIS. Examples are: a) Watch Warning
Advisories (WWA) for Tornado, Severe Thunderstorm, Flash Flood; b) National Digital
Forecast Database (NDFD), a collection of girded forecasts of sensible weather elements
(e.g., cloud cover, maximum temperature), available in GRIB2, a compressed binary
format (that can be transformed to shapefiles); c) WSR-88D NEXRAD Radar Imagery;
d) High Resolution Precipitation Estimates containing Daily precipitation totals across
the lower 48 United States (CONUS) and Puerto Rico at spatial resolution of 4x4 km. In 
addition to precipitation totals, deviation from normal precipitation amounts is also
available in format GIF, shapefile, and netCDF; e)National Hurricane Center GIS data
makes available additional data in GIS formats, including Tropical Cyclone Wind Speed
Probabilities.

To illustrate the use of historical datasets, data from 1851 -2005 are analyzed with
ArcGIS to prepare TS trajectory maps for each year. Analysis can be done for each
individual storm, with representation of trajectory, wind peak as well as the minimum
pressure in the storm “eye” for most cases. This approach allows rapid investigation of
similar cases and allows addition of other ArcGIS format compatible data related to
storm, landing site, and census data. Data can be also grouped by various time intervals,
and used to create animations. Here we illustrate two extreme cases: 1993 a less active
hurricane season (Figure 1) and 2005 a very active hurricane season (Figure 2). We note
cases in the past when there was a relatively active season in Atlantic region, but low or
absent landing of tropical storms on US coastal regions.

Figure 1.   ArcGIS map of tropical storms in 1993, a less active hurricane season, with
minimum impact on US coastal regions.
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Figure 2. ArcGIS map of tropical storms in 2005, a very active hurricane season, with
multiple hurricanes landing in US coastal regions.

A statistical summary of all TS data from 1851 – 2005 is presented here in the form of 
histograms of minimum pressure, wind peak and spatial location (Figure 3) and time
series (Figure 4).

Figure 3. a) Frequency of hurricane “eye” minimum pressure; b) Frequency of peak wind 
speed; c) Frequency of “eye” latitude, and d) Frequency of “eye” longitude. The time
interval is 1851 – 2005.
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Figure 4. a) Latitude of the hurricane “eye” (or minimum pressure) versus time; b)
Longitude of the hurricane “eye” versus time, and c) Peak wind speed versus time. The
time interval is 1851 – 2005.

Atlantic seasonal TS frequency exhibits interannual variability related to the large-
scale atmospheric conditions such as ENSO and the stratospheric (QBO) (Gray et al.,
1984). The development and enhancement of TS are also linked to local SST anomalies
in the Atlantic (Shapiro and Goldenberg 1998) and rainfall over the Sahel in Africa
(Landsea and Gray 1992; Goldenberg and Shapiro 1996). Such factors have been used as 
predictors of Atlantic hurricanes. Many TS start to develop in the area extending from
Central America to the west coast of Africa over the tropical Atlantic from 5 to 20 N.
This area is named the ‘‘main development region’’(MDR) by Goldenberg and Shapiro
(1996). During warm ENSO events, there is an anomalous increase in upper-troposphere
westerly winds over the Caribbean Sea and the tropical Atlantic (Gray 1984). Enhanced
westerlies increase the vertical wind shear in the MDR which leads to less favorable
condition for TS development. The increase in Atlantic major hurricane activity in the
last decade appears to be connected with the multidecadal fluctuations in the strength of
the Atlantic multidecadal mode and strength of the Atlantic Ocean thermohaline
circulation. Associated with a positive phase of the Atlantic multidecadal mode are warm 
North Atlantic sea surface temperatures, low tropical Atlantic sea level pressures,
reduced tropospheric vertical wind shear, and increased Atlantic major hurricane activity
(Klotzbach and Gray, 2006). An example of global distribution of SST for August 2005
(available from NCEP) is shown in Figure  5. Note the extended areas of high SST in
Caribbean region, important for intensification of some of the most dangerous TS
reaching US.
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Figure 5. Global distribution of SST for month August, 2005 (Source: NCEP)

     Most of the historical data on SST are available as monthly means, but after 1983, a
weekly 18 spatial resolution optimum interpolation SST analysis has been produced at
the NOAA using both in situ and satellite data from November 1981 to the present. The
weekly product is widely used for weather and climate monitoring and forecasting.
(Reynolds et al., 2002). Tropical cyclones fluctuate in intensity based on several
environmental factors, but the underlying ocean is perhaps the most important in
supplying the necessary energy to sustain these systems. Therefore, a more accurate
representation of the SST would potentially produce more realistic forecasts. 

Tropical storms impact on US coastal regions

Data compiled by the NWS shows that the number of strikes (NS) of hurricanes on US 
coastal areas from 1925 – 2005 varied by state and county. For example, in South
Florida, NS > 20, while on coastal regions of TX, LA, MS and AL, the NS < 10, except 
for several counties in South LA, around New Orleans. Another state with large total
number or strikes in NC. The rest of Atlantic states have NS < 10. Maps are created for
NS at county level, based on climatological data. Such maps can be also produced based 
on the seasonal hurricane outlook, with various probabilities of interest for damage
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mitigation and hazard management (Klotzbach, 2007).  ArcGIS can be used to integrate
data from several sources (weather forecast, observations, climatology, census, flood
risk) to document the evolution and impact of a specific TS. Our example illustrated
below, is based on hurricane Katrina. Post analysis of various meteorological data makes 
possible the representation in detail of the evolution of this TS. 

To get a full perspective of Katrina trajectory between August 23 – 31, 2005, Figure 6
combines census data by county and the NOAA trajectory and wind intensity (in Kts)
information.  The second panel shows the same data with superposed NWS integrated
precipitation (in/day) for August 30, 2005. The total precipitation in New Orleans area
and parts of south LA, are over 10 in/day and contributed to flood.

Figure 6. Katrina track during Aug 23 – 31, 2005, and population by county (left), and
Katrina track and total precipitation (in/day) for Aug 30, 2005 (right). Source of data:
NOAA, NWS and ESRI.

To further focus on New Orleans area, Figure 7 shows the precipitation on August 30
2005, total population, and the hurricane trajectory. The next panel shows isolines of total 
precipitation, which confirm that most intense precipitation was in the city section known 
to have elevations below sea level. Figure 8 represents the region at larger scale, and adds 
the surge levels provided by FEMA (left) and presents a superposition of precipitation
isolines and surge levels (right).
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Figure 8. Aug 30 2005 total precipitation, and total population in LA state, based on 2000 
census data (left), and in New Orleans area (right). Source of data: NOAA, NWS and
ESRI.

Figure 8. Surge elevation levels (left), and the same data with total precipitation contours
overlapped for August 30, 2005. Source of data: NOAA, NWS, ESRI and FEMA.
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Conclusions

Weather and climate datasets from NWS, NOAA and NCEP become available for use 
in ArcGIS 9.2 and other GIS applications. The rapid progress in weather observation and 
forecast using numerical models, result in vast amount of data that can contribute to
improvement of forecast, and management of weather hazards. Simultaneously, the
reconstruction of various historical weather and climate datasets enhances our ability to
study past extreme weather events such as Atlantic hurricanes. Tropical storm data is of
great interest for damage mitigation and for hazard management scenarios using GIS.
Other data of interest (census, maps of terrain, flood risk) can be used with weather and
climate data within the ArcGIS framework.
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