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Abstract - This paper presents our effort in designing 
and implementing an advanced hurricane simulation 
system on the platform of the World Wide Web for the 
purpose of supporting decisional processes and hazard 
mitigation. The development of the system is based on 
amalgamated methodologies which come from diverse 
disciplines and is an integration of a variety of 
techniques. Superior to other similar systems in hurricane 
study, our system assembles and utilizes information and 
techniques in a more flexible and robust manner by 
taking advantage of system layering technique, 
component modeling strategy and database technologies. 
Preliminary experiments have been conducted to 
demonstrate the performance of the system.   

Keywords: Information reuse, component-based design, 
system integration, hurricane simulation. 

1 Introduction 
  Hurricanes are one of the most devastating and costly 
natural perils in the U.S. Their accompanying hazards 
such as storm-driven surge and hurricane-forced wind can 
further aggravate the destructive power, and consequently 
incur tremendous property damage and loss of life [8]. For 
instance, the insurance industry was totally shaken to the 
tune of $15.5 billion losses caused by Hurricane Andrew 
[20]. In fact, hurricanes and tropical storms accounted for 
the major share of all property insurance losses in the past 
years. 
 Due to hurricanes� vast potential to incur property 
damage and loss of life, it is imperative that public, 
property insurance industries and related government 
agencies can be informed of the future occurrence of 
hurricanes and consequently are aware of hurricane related 
damages. 

 Quite a few research works have converged in this 
area and resulted in a number of models and tools to 
address this issue in both the commercial and public 
domains. The most notable commercial products include 
RISKLINK [12], AIR [2], ARA [3], CATALYST and 
USWIND [7]. Generally, most of those models utilize data 
from standard hurricane data resources, and have 
functional modules which can perform hurricane forecast, 
wind field modeling, damage assessment and financial loss 
estimation. HAZUS (Hazards, U.S.) [9], developed by 
Federal Emergency Manage Agency, is one of the most 
well known methodologies which exist in public domain. 
Originally, HAZUS was developed to reckon potential 
losses from earthquakes and gradually has been extended 
into a multi-hazard methodology with support for wind 
and flood hazards. HAZUS has been extensively used for 
the purpose of natural hazard loss estimation, mitigation 
and emergency preparation. 
 Although these models have been widely employed 
and produced promising results, they do have the 
following disadvantages: 
1. Poor data management and data reuse. For data-
intensive applications like hurricane risk and loss 
simulation, the following characteristics hold: a) a 
tremendous amount of historical and simulated data are 
required, b) the data needs to be stored and integrated in a 
structured and meaningful way, c) the data needs to be 
processed and accessed efficiently. However, most of the 
abovementioned systems do not apply real database 
management techniques. Their so-called databases are 
merely served by groups of data sets that are stored in the 
format of text files. 
2. Insufficient system portability and flexibility. 
Most of the software is written in Fortran or C/C++. 
Although they are powerful languages suitable for 



engineering and scientific applications, Fortran and C++ 
provide no or only low-level source code portability due 
to their semantic looseness. Therefore, cross-platform 
migration of the applications is inconvenient or even 
impossible. A lot of effort is required to achieve the 
purpose and usually unpredicted errors are introduced. 
3. Limited accessibility. Most of the products exist as 
stand-alone systems. The associated software has to be 
installed and run on every single machine. The access 
capacity is limited and it is inconvenient for information 
exchange and resource sharing. 
 Our system has been designed and implemented 
considering all of the aforementioned issues. In our 
system, advanced database management and modeling 
techniques are employed to facilitate the data reusability 
and manageability, and diverse system building languages 
are explored and assembled together to achieve system 
integration flexibility and efficiency, specifically Java is 
utilized as the major programming language for its 
promise of portable applications. To support universal and 
extensive accessibility, Internet platform is selected to 
serve as the running environment for our system. 
 The rest of the paper is organized as follows. Section 
2 briefly introduces the envisioned system from the system 
integration perspective. The database design, specifically 
the database reuse is discussed in Section 3. In Section 4, 
the advantage of techniques and components reuse is 
illustrated through the design and implementation of a 
subsystem. System performance is analyzed in Section 5. 
Finally, Section 6 concludes this paper. 

2 System Integration 
 The system is to be used for reckoning hurricane risk 
and loss simulation. Such a system is complicated because 
of the following issues that need to be addressed: 1) 
experts knowledge and techniques from various domains 
such as meteorology, civil engineering and insurance, need 
to be seamlessly integrated into the system; 2) statistical 
rationales and mathematical computing modules are 
indispensable for the target system, due to the requirement 
of enormous amount of data for simulation and the fact 
that there is not enough historical-referenced data 
available; and 3) efficient approaches and strategies are 
required to be incorporated into the system to store, model 
and manipulate the huge volumes of heterogeneous data. 

2.1 System Architecture Selection 

 Almost all the applications must be equipped with 
functionalities that display the interactive user interface, 
perform the main application logic, and store/retrieve data. 
Although it is possible for all the tasks to be interwined 
together within a single module, such an approach is not 
preferable due to its high difficulties in maintenance and 
deployment. The architecture employed in our system is 
derived from the advanced three-tier architecture for its 

elegant support in building robust, sharable and extensible 
applications.   
 The three-tier architecture technology is one of the 
most widely used application development architecture. Its 
attraction lies in the idea of separating the main tasks into 
different layers, and allows the efficient construction of 
robust and extensible systems. The essential tiers of the 
three-tier architecture are the user interface tier, the 
application logic tier and the database tier. Their major 
functionalities are briefly summarized as follows: 
User Interface Tier: The user interface tier comprises the 
entire user experience. This layer provides a graphical 
interface to the users for them to interact with the 
application, to perform task such as input data and view 
the results of the requests. It also handles the data 
manipulation and formatting once the client receives the 
resulting data from the server. 
Application Logic Tier: The application logic tier 
realizes all the functionalities of the system. Application 
logic and control coordination are performed in this tier. 
Application logic can be shared among services with 
different user interfaces. 
Database Tier: The database tier manages the storage of 
data, raw data processing and the access to the data.  

2.2 System Environment Selection 

 From the service-providing point of view, the system 
needs to: 1) provide service to various groups of users 
with different domain knowledge. Some groups of users, 
such as meteorologists, have certain knowledge 
background. Some groups of users do not, for example, 
the residents who are interested in knowing hurricane 
projection, and the occasional web surfers who visit the 
application site by chance; 2) provide hurricane risk and 
loss estimation in a fast and convenient manner to the 
users. The simulated results should be distributed quickly 
and widely so that people can benefit from the system. 
 It is natural to prototype the target system in a web 
environment. Firstly, Internet is known for its tremendous 
capability in information transmitting and exchange, which 
suits our system requirement of fast distribution of the 
simulation results. Secondly, if designed and implemented 
appropriately, web applications are able to encapsulate 
complicated technical details and such an ability meets our 
intention to serve the general-purpose users as well as the 
expert users. Another advantage of Internet is that there is 
no need for additional hardware/software installation at 
the client side in most cases, which is also very valuable 
for our system. 

2.3 System Deployment 

 The system is prototyped as a web-based system. 
Figure 1 depicts the overall architecture of our system. 
The users access the system via a conventional web 
browser such as Internet Explorer or Netscape Navigator. 



System functionalities are provided using Java Beans. 
Oracle Database serves as the database tier. 
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Figure 1. Illustration of the Overall System Architecture 

2.3.1 Utilized Technologies 

 There are a variety of technologies utilized in the 
system. Detailed information is summarized in Table 1. 

             Table 1: Summary of Utilized Technologies 
 Technologies 
Front End HTML 
Server Side JSP script 
Middleware Java Beans 
RDBMS Oracle 9i 
Application Server Oracle 9i AS 
Mathematical Lib IMSL C++ Version 
Back End JDBC, JNI 

 
2.3.2  System Architecture Deployment 

 The system is designed and deployed with respect to 
the three-tier architecture. 

User Interface Tier 

 The user interface (web page) is rendered 
automatically via Java Server Pages (JSP) scripting 
language [5][18]. JSP technique [5][18] can easily and 
flexibly generate dynamic content of web pages. The basic 
idea of JSP is to allow Java codes to be mixed together 
with static HTML or XML templates. The Java logic 
handles the dynamic content generation while the markup 
language manages the layout. 
 The user interface contains both the HTML 
components to collect the information and the HTML 
components to display the results. Components 
responsible for collecting the information, such as control 
buttons and combo boxes, can obtain user input and 
requests. The information-displaying components, for 
example text fields, display the results returned by the 
system. Information transmission between the clients and 
the server are governed via application-level protocols 
such as HTTP and SSL. Moreover, the Java Applet 
technique is exploited as well to make the web page vivid. 

 

Application Logic Tier 

 The application logic tier bridges the gap between 
the user interface tier and the underlying database tier. An 
Oracle9i Application Server (Oracle9i AS) is deployed in 
the system that provides quality of services such as 
security and persistence services. Its OC4J container 
embeds a web server that responds to events such as data 
receiving, translating, dispatching and feed-backing 
[6][19]. Functional components in this tier receive the 
requests from the interface tier and interpret them into 
apropos actions controlled by the pre-defined work flow in 
accordance with certain pre-defined rules. 
 Java Beans perform the appropriate communication 
and calculation activities such as storing/retrieving 
information to/from the database, carrying out necessary 
computing work with respect to proper statistical and 
mathematical models. For the sake of performance, 
complex computation tasks are actually achieved by using 
C/C++ codes that are seamlessly integrated into the 
corresponding Java codes via the JNI (Java Native 
Interface) mechanism [4]. In addition, JDBC [11] is 
utilized to allow the access from Java Beans to the 
underlying physical database. 

Database Tier 

 The database tier is responsible for modeling, storing 
hurricane information, and optimizing the data accesses. 
In our system, the object-relational concept is applied to 
model the spatial-temporal data for hurricane tracking. 
Hence, an oracle9i database is deployed in our system and 
acts as the database tier. 

3 Database Information Reuse 
 Hurricane data used in this system are imported from 
the North Atlantic �best track� HURDAT [10]. Currently, 
this data set has been extended from 1851 to 2000. One 
problem with the original data representation of the storm 
tracks of the Atlantic basin is that they are manually 
recorded in the text files, and there is no unified format for 
the data entries. As a consequence, the contained 
hurricane track information cannot be efficiently analyzed 
nor fully utilized. In order to overcome this obstacle and 
to facilitate the information reuse, we processed the 
original data and populated it into the Oracle9i database. 
Several programs in a variety of programming languages 
(C++, Java, etc.) are developed to automate the processing 
and the populating tasks. 
 When selecting the suitable database management 
system (DBMS) for this system, we take into account the 
scalability of the database. For each storm, there is a 
collection of tracking records to keep its spatio-temporal 
trajectory and strength during its lifecycle. The landfall 
information also needs to be stored. Considering that the 
tracking data for one hurricane may contain more than one 
hundred records, the small-scale and mid-scale DBMSs, 
such as MySQL and Microsoft Access, are not suitable for 



managing such a large-scale database. Instead, an Oracle9i 
database is deployed in our system due to its efficient data 
management for large-scale databases. An object-
relational database schema is designed to facilitate the 
data reusability and manageability. The major advantage 
brought by the object-relational concepts is the ability to 
incorporate higher levels of abstraction into our data 
models; while current relational databases are usually 
highly normalized models but with little abstraction. 

3.1 Object-Relational Schema for  Hurr icane 

Database 

 Figure 2 shows an overview of the basic structure of 
hurricane tracking data. As can be seen from this figure, a 
storm may last from 1 up to N days. On each day, there are 
4 fix points (0 am, 6 am, 12 noon, 6 pm) recording the 
locations and strength of that specific storm at a specific 
time instance. In addition to the basic information, landfall 
information, such as the landfall states and the 
corresponding storm categories, are also recorded. In 
HURDAT, the maximum number of lasting days is 35, 
while the maximum number of landfall states is 4 for some 
storms. Figure 3 depicts the overview of the major part of 
the hurricane database schema. 

 

Figure 2. Hierarchy of Hurricane Tracking Data 

 For example, the object table, Atmosevent_list, is 
used to hold the high-level information for storms and 
hurricanes (atmosevent). Such information includes the 
storm_id, begin_date, category, storm_name, etc. As for 
individual fix points, the table, Stormfix_list, is used to 
store the fixes for all the atmosevents. A specific fix 
record is related to its corresponding storm via a foreign 
key event_id or via a reference field for_event, which 
refers to an Atmosevent object. By using the reference 
concept in ORDBMS (Object-relational database 
management system), it is straightforward to access a 
storm©s abstract information while accessing only one of 
its fix records without the explicit JOIN operation. The 
table, Landfall, is used to store the landfall information for 
storms. Since a storm may make several landfalls, we 
embed a nested table, Landfall_obj, for each storm to hold 
the various numbers of landfalls that the storm may make. 
In this way, it is very easy to retrieve all the landfall 
information for a specific storm. Based on this object-

relational schema, there are also some user defined 
procedures (UDP) in the ORDBMS. Applications can 
access the data directly or via UDPs. Sometimes, in order 
to achieve some level of domain-transparency, UDPs are 
more preferred. Intensive schema-driven optimization 
work has also been done on the SQL queries, which has 
greatly improved the system performance. Our system was 
extensively tested by the professionals at Florida 
International University, Florida Institute of Technology, 
and Hurricane Research Division at NOAA in Miami, and 
the results were satisfactory. 

 
Figure 3. Database Schema  

3.2 Database Query Per formance Tuning 

 The performance of the database, especially the 
performance of database queries, is the main factor of 
consideration during the design of the entire system. The 
query language for our database is Structural Query 
Language (SQL). Retrieving, querying and updating the 
database are achieved by the embedded SQL statements. 
Although SQL is a relatively easy language, its non-
procedural nature tends to obscure the performance-
related issues. Since the databases used in this project are 
expected to be extremely large (including hurricane 
database, simulation database, insurance loss database, 
etc.) and are subject to a great deal of ad hoc query 
activities, the query performance of SQL statements 
becomes a critical issue. 
 Oracle SQL tuning is a phenomenally complex 
subject. In this paper, our experience and results in SQL 


