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Abstract— As an envir onmental phenomenon hurricanes cause
significant property damage and loss of life in coastal areas
almost every year. Reseach conceming hurricanes and their
aftermath is gaining more and more attentions nowadays. The
potential changeability of hurricane data and hurricane models
requires robust, maintainable and easily extensible software
system for hurricane simulation. With focuseson the design
and the implementation of the componentsat each layer, this
paper describesa hurricane simulation systembuilt on the thr ee-
tier architecture to achieve good flexibility, extensibility and
resistanceto potential changes.

Index Terms— Three-tier architecture, Web-based system,
Database,Hurricane

I. INTRODUCTION

An importantstepin hurricaneanalysisand predictionis
building computermodelsof a hurricane.Usually, statistical
modelsarebuilt from the historicalhurricanedataandthenthe
analysisand the predictioncan be performedbasedon these
models.Unfortunately, the numberof documentedhurricanes
is limited. For example,in HURDAT databasg11], which
is maintainedby the National Hurricane Centerin Miami,
Florida and the National Climatic Data Centerin Asheville,
North Carolina, thereare only 1274 hurricanes.One way to
supplementor the numberof hurricaness to run simulations
basedon the statistical models built from historical data.
The projection data from the simulation can be integrated
with the real hurricanedatafor further usesuchas hurricane
track modeling and loss and damageestimation. Therefore,
the computersystemfor the purposeof hurricanemodeling
and projectionis of greatsignificancein aiding the hurricane
analysisand hurricanehazardprediction.

This paperpresentsour work in designingand building a
web-baseddistributed software systemthat can be usedfor
the modeling and projection of hurricane occurrencesOur

systemcanlet theuserbuild statisticalmodelsof the hurricane
occurrencefrom the historical data storedin the database,
which is a part of the system.It also provides simulationand
projection functionality so that the user can run simulations
and projectionsbasedon the statisticalmodels.

Comparedwith otherrelevantsystemswhich arediscussed
in sectionll, the proposedystemhasthefollowing features1)
It is a large-scalesystemwhich can handlethe hugeamount
of hurricane simulation data and the intensive computation
requiredfor analysisandprojection;2) It aimsto supportboth
professionaland general-purposeisersin a very corvenient
way; 3) Our systemis built uponan object-relationabatabase
managemergystemOracle9i,whichis oneof the coresystem
componentsto store and managethe historical hurricane
data, the hurricanedata model and the projectionresults.4)
Sincethe hurricanedataare constantlybeingupdatedandthe
mathematicaimodelsfor the hurricanedataarealsopotentially
changeablea three-tierarchitecturas adoptedasour systems
fundamentalarchitectureto provide the transpareng among
the datalayer, businesdogic layerandthe userinterfacelayer,
thus making our systemmore flexible, maintainable,robust
and resistantto the potential changesin the lifetime of the
system.

The rest of this paperis organizedas follows. First, the
relatedworks are discussedriefly. Next, the systemis intro-
ducedfrom the architecturapoint of view in Sectionlll. Then
the designand implementationof the major systemcompo-
nents,namelythe userinterfacelayer, applicationlogic layer
and databasecomponentsare describedin a comprehensie
way in SectionlV, SectionV and SectionVI respectiely.
Finally, SectionVIl givesthe conclusion.



Il. RELATED WORK

There has been a lot of researchon modeling natural
atmospherichazards.Ever since 1948 when Charng et al.
made the first successfuldynamical-numericaforecast,nu-
merous researchershave contributed to weather modeling
and predictionand establishedNumericalWeatherPrediction
(NWP) modelsand systems,suchas ARPS [1] and RAMS
[14]. The Advanced Regional Prediction System (ARPS),
developed at the University of Oklahoma,is a complete
atmosphericnumerical modeling/predictionsystemdesigned
to explicitly representcorvective and cold-seasonstorms.
RAMS [14], or the Regional AtmosphericModeling System,
is a highly versatilenumericalcodeproducedto simulateand
forecast meteorologicalphenomenaRAMS was developed
by researcherait Colorado State University and the ASTER
division of Mission ResearchCorporation.Like most of the
meteorologicalphenomenamodeling and projection system,
ARPS and RAMS have the following components1) A data
analysispackageto preprocesghe datafrom obsenation for
futurecomputation?) An numericalatmospherienodelwhich
performs the actual simulation and prediction; 3) A post-
processingpackagethathandlesthe visualizationand analysis
of results.

Althoughimprovementin the studyof NWP systemdavors
more and more accurateweatherforecasting,most of those
systemshave the following limitations:

1) There are very few databasemanagementand ware-

house techniquesused in those systems.Due to the
tremendousamountof data and time-consumingmod-
eling processwhich are two inherentproblemsin nat-
ural hazardmodeling and prediction, it could be very
helpful to apply databasemanagemenbr data ware-
housetechniquego store,retrieve and managethe data
and modelsefficiently. Currently most of the so-called
GIS “Databases”,such as Global Ecosystems(GEP)
Database[3] and State Soil Geographic(STATSGO)
Databas¢l15], aremerelycollectionsof datasetsinstead
of being storedin and managedby a real Database
ManagemenBystem(DBMS).
Most of these systemsare stand-alonesystems.Each
applicationis running on one or several machinesand
they are totally independenfrom eachother Thus it
is difficult for different usersto shareand exchange
information.

Ontheotherhand,somesoftwareproductsfor the hurricane
damageand loss assessmentlreadyexist. One of the most
prominent tools is HAZUS [2] [10]. HAZUS stands for
HazardsU.S. and was developedby the FederalEmegeng
ManagementAgeny (FEMA) as a standardized,national
methodology for natural hazardslosses assessmentUsing
Geographiclnformation Systems(GIS) technology HAZUS
can supportestimatesof damageand lossesthat result from
variousnaturaldisastersuchaswind andflood. Someuseful
databasessuch as a national-level basic exposuredatabase,
arebuilt into the HAZUS systemthat allows the userto run a
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preliminaryanalysiswithout having to collectadditionallocal
data.lt alsoprovidesthefunctionalityto allow the userto plug
their own datainto the databases.

Although HAZUS is powerful and useful, it is not suitable
to be usedby general-purposaserswho may know a little or
nothingaboutthe profoundmechanismsAnd asa stand-alone
GIS system,the necessarysoftware such as the commercial
GIS packagdike ArcView, and hardware needto be installed
in every machineon which the HAZUS systemruns, which
in turn increasedoth the expensesand manuallabor.

I1l. SYSTEM ARCHITECTURE

To achieve the systemrobustnessflexibility andresistance
to potential change,the popularthree-tierarchitectureis de-
ployed in our system.The architecturels composecof three
layers:the userinterfacelayer, the applicationlogic layer and
the databasdayer. The three-tierarchitectureaimsto solve a
numberof recurringdesignand developmentproblems hence
to make the application developmentwork more easily and
efficiently. The interface layer in the three-tier architecture
offersthe usera friendly andcornveniententryto communicate
with the systemwhile the applicationlogic layer performs
the controlling functionalitiesand manipulatingthe underly-
ing logic connectionof information flows; finally, the data
modelingjob is conductedby the databasdayer, which can
store, index, manageand model information neededfor this
application.

User Interface Tier The first tier is the userinterfacetier.
This tier manageshe input/outputdataandtheir display With
the intention of offering greatercorvenienceto the user the
systemis prototypedon the Internet. The usersare allowed to
accesghe systemby usingary existingwebbrowsersoftware.
The user interface tier containsHTML componentsneeded
to collect incoming information and to display information
receved from the application logic tiers. The web visitors
communicatewith the web sener via applicationprotocols,
suchasHTTP andSSL,sendingequestandreceving replies.
In our system,the major web-scriptinglanguageexploited in



designingthe presentatioayeris the Java Sener Pages(JSP)
techriiqud7] . The detaileddesignandimplementatiorof this
tier will be discussedn detail in SectionlV.

Application Logic Tier The application logic tier is the
middle tier, which bridgesthe gap betweenthe userinterface
andthe underlyingdatabasehiding technicaldetailsfrom the
users.An Oracle9iApplication Sener is deployed. Its OC4J
containerembedsa web sener, which responddo events,such
as data receving, translating,dispatchingand feed-backing
jobs[12] [13]. Componentsn thistier receive requestsoming
from the interfacetier andinterpretthe requestdnto apropos
actions controlled by the defined work flow in accordance
with certain pre-definedrules. Jasza Beans perform the ap-
propriate communicationand calculation actvities, such as
getting/pushinginformation from the databaseand carrying
out the necessarycomputing work with respectto proper
statisticaland mathematicamodels.JDBC [5] is utilized for
Java Beansto accesghe physicaldatabaseln the interestof
the quick systenresponseC/C++languagés usedto program
the computingmodulesthat are integratedinto the Jasza code
via JNI [6]. The detailson this tier arein SectionV.

DatabaseTier The databasdier is responsiblgfor modeling
and storing information neededfor the systemand for opti-

mizing the dataaccessData neededby the applicationlogic

layer are retrieved from the databasethen the computation
resultsproducedby the applicationlogic layer are storedback
in the databaseSince data are one of the most complex

aspectsof mary existing information systemsiit is essential
in structuringthe system.Both the facts and rules captured
during datamodelingand processingare importantto ensure
the data integrity. An Oracle9i databaseas deployed in our

systemandthe ObjectRelationalModel is appliedto facilitate
datareuseand standardadherenceSectionVI will give more
detailsaboutit.

IV. USER INTERFACE

The intendedsystemis prototypedinto Internet;therefore,
the designand implementationof the systemuser interface
mainly becomesa job of designingand implementingweb
pages.The userscan gain accessto the systemthrough ary
commonlyusedcommerciabrowsersuchasinternetExplorer,
Netscapeegtc.

Dueto its “unlimited” expressive power and naturalcoher
encewith the J2EEarchitectureJSPweb-scriptingtechnology
is adoptedto implementthe web pageq7] [8]. JSP sitting on
top of a Java servletsmodel, can easily andflexibly generate
the dynamic contentof a web page.The basicidea of JSP
is to allow Java code to be mixed with static HTML or
XML templatesThe Java logic handlesthe dynamiccontent
generatiorwhile the markuplanguagecontrolsthe structuring
andthe presentatiorof data.

Figure 2 shavs the basiccourseby which the userinteracts
with the system.Oneindividual JSPpageis implementedor
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eachindividual usersysteminteraction. First, a log-in JSP
pageis usedto take careof the userlog-in processThe user
needsto provide the usernameand passverd for the system
to authenticatehe user

One meteorologicalfact is that the statistical properties
of hurricanesvary with different year ranges.For example,
the statisticalpropertiesof stormsin EI-Nino yearsare quite
differentfrom thosein non-El-Ninoyears.Therefore different
statisticalmodelsare necessaryor different year ranges.In
our systemall the historicalhurricanerecordsin the database
are catgyorizedinto five datasetsaccordingto meteorologic
criteria, which are: 1) 1851-2000,2) 1900-2000,3) 1944-
2000, 4) ENSO and 5) Multi-Decadal. Different statistical
modelsare built for individual datasetsTherefore,after the
userlogs onto the system,anotherJSPpageshovn as Figure
3, allows the userto selectthe dataset. After a userselects
the dataset, anotherJSP pagelets the usersubmita request
to the applicationlogic layer to build the statisticalmodel of
the hurricanefor the selecteddata set. Then the application
layer builds the model, storesthe model into databaseand
sendsthe modelto the userinterfacelayer which displaysthe
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resultantstatistical model to the user by using anotherJSP
page.After that, the usercanrequestthe applicationlayer to
run simulation(projection)basedon the statisticalmodel. The
applicationlayer doesa simulationasthe responsestoresthe
modelinto the databaseand feedbackghe simulationresults
to theuserinterfacelayer, which displaysthemvia a JSPpage.

V. APPLICATION LOGIC LAYER

The applicationlogic tier is the middle tier which bridges
thegapbetweertheuserinterfaceandthe underlyingdatabase,
hiding technicaldetails from the user It communicateswith
the userinterface,performsthe statisticalmodelingand simu-
lation, andinteractswith the databasdayer suchasretrieving
hurricanedata from the databaseand storing the statistical
model and simulationresultsinto the database.

A. Application Logic Layer Overviav

Figure 4 shows the basic componentsin the application
logic layer andthe relationshipsamongthosecomponents.

An Oracle9iApplication Sener is deployed to supply the
fundamentakerviceghatallow componentgo concentraten
businesslogic without concernfor low-level implementation
details. It handlesnetworking, authentication,authorization,
persistence,and remote object access.lts OC4J container
embedsa web sener, which respondgo eventssuchas data
receving, translating,dispatchingand feed-backingjob [12]
[13]. The Java Beansperformall the actualwork in business
logic. The “databaseJavaBean” utilizes JDBC [5] to access
the physicaloracledatabaseo retrieve andstorethe hurricane
data,statisticalmodelsand simulationresults.The “modeling
JaraBean” is responsiblefor building the statistical models
for the hurricanedatafrom the users specifieddataset. The
“simulation JavaBean” runs simulationsusing the statistical
models.For the sale of performance time-consumingcom-
putation tasks, namely the statistical model calculation and
simulation, are actually achiezed by using C/C++ codesin
“Math/StatisticalModule”, which runson linux platform. The
C/C++ codeis seamlesslyintegratedinto correspondinglava
codesin the Java Beans(the “modeling JavaBean” and the

“simulation JavaBean”) via the JNI (Java Native Interface)
mechanisn{6]. The commercialsoftware IMSL [4] provides
the high-performanceC routinesfor mathematicabnd statis-
tical calculation.

B. AnnualHurricane Occurrencemodeling

Annual HurricaneOccurrencenodelingaimsto modelthe
number of hurricanesoccurring per year (AHO) and the
hurricanegenesistime (AHO). Therefore,for each data set
there are actually two statistical models: one for the SGT
andthe otherfor the SGT After the modelingprocedurethe
statisticalmodelsarestoredinto the databaseia the “database
JaraBean”. The modeling algorithms are implementedin
“Math/StatisticalModule” which is called by the “modeling
JavaBean”andthe “simulation JavzaBean”

1) AHO Modeling: Since different statistical models are
built for different dataset,the user first needsto selectone
datasetfrom the five categyories through the user interface
as aforementionedLet M datasamplesin the userspecified
datasetretrieved from the databasebe denotedby X
{z;}(@ = 1,2,..., M), where M is the numberof yearsin
the dataseand z; denoteghe numberof hurricanesoccurring
in the i** yearin the dataset.The statisticalmodel of AHO
is built basedon the M datasamples.According to domain
knowledgein meteorology the best statisticaldistribution of
the number of hurricanesoccurring per year is either the
Poissondistribution or the Negative Binomial distribution.
First, the parametersof both the Poissondistribution and
Negative Binomial distribution are estimatedfrom the data
samplesX. Thenthe chi-squarestatisticis calculatedo select
thefinal model. Thedistribution with a higherp-value,namely
the distribution with the better fit is selectedas the final
statisticalmodel of the AHO.

2) SGTmodeling: The genesigime of a stormis the first
fix data of that storm. SGT modeling aims to model the
genesigime of the hurricanes.This is achiezed by modeling
the numberof hoursbetweenthe genesisof a stormin six-
hourresolutionandthe startof its hurricaneseasomatherthan
directly modelingthestormgenesigime. A stormseasorstarts
from May 1st of oneyearandendsat April 30th of the next
year After modelingthe numberof stormsusing AHO from
the historical data,the SGT model can be usedto predictthe
time intervals amongstorms,andthusthe stormgenesigime
of eachstorm canbe predictedaswell.

Let N datasamplesin the userspecifieddatasetretrieved
from the databasébe denotedby S = {s;}(: = 1,2,...,N)
where N is the numberof hurricanesin the datasetand the
time associatedvith the i** hurricanein the selecteddataset
be donotedby s;. The statisticalmodel of SGTis built using
the data samplesS. Specifically a nonparametricapproach
is applied to estimatethe Cumulative Distribution Function
(CDF) of the time intervals . Let the randomvariable time
denotedby T'. Firsttheempirical CDF F'(¢) for T is calculated
from thedatasamplesS. Thenthe smoothestimatorof F'(¢) is



calculatedbasedn empirical CDF usingEpanechnikv kernel
which senesasthe final statisticalmodelof SGT

C. Simulation/Pojection

Based on the statistical model built from the historical
hurricanedata, the systemcan run a simulation/projectionin
responsdo the users requestbasedon the desirednumberof
yearsfor the simulationhe/shespecifies After the simulation
procedurethe simulationresultsare storedinto the database
via the “databaseJasaBean”.

Let K denote the number of years the user specifies.
First, K randomnumbersr;(i = 1,2,...,K) are generated
from the AHO model, namely either the estimatedPoisson
distribution or Negative Binomial distribution. Each random
number r;, meansthe numberof hurricanesoccurredin an
individual year The total numberof hurricanessimulatedis

K

U = Z”‘ Then, U randomnumbersh;(j = 1,2,...,U)

are géﬁérated‘rom the distribution in the SGT model. Each
randomnumber h;, denotesthe interval associatedvith the
jth simulated hurricane. Therefore, for the jt* simulated
hurricane,its genesigime is projected,which is the first day
of the hurricaneseasorplus the interval h;.

VI. DATABASE COMPONENT

Dataanalysisandmodelingis a vital aspecibf the database
componentin our system,an object-relationaldesignpattern
is applied to model hurricanedata. Object-relationalmodel
can assistthe reuse of the databaseobjects. The Oracle9i
databaseis incorporatedin the systemas the information
storehousewhich storesdatarecordsfor all stormsoccuring
in the Atlantic Basinsince1851.An object-relationatiatabase
schemais designedto facilitate the data reusability and
manageability The major advantagebrought by the object-
relational conceptsis the ability to incorporatehigher levels
of abstractioninto our data models,while currentrelational
databaseare usually highly normalizedmodelsbut with little
abstractionThe overall view of the hurricanedataschemais
depictedin Figure5 .

VIl. CONCLUSION

In this paper a web-basedlistributed systemfor the pro-
jection of hurricane occurrencesis presented.lt integrates
a group of individual applicationsby combining hurricane
dataacquisition,storageretrieval, andanalysisfunctions.The
systemexhibits a modular extensible,and scalablearchitec-
ture that makes it possibleto adaptto more complex tasks,
suchasstormtrack simulationandwind field generationThe
well-establishedhree-tierarchitecturas exploitedto build the
systemA variety of advancedechniquesuchasJSRJNI and
JDBC areusedin the designand developmentof the applica-
tion. Both the OracleDatabaseandthe Application Sener are
deployed to integrate the systemcoherently The completed
implementationis easyand convenientto use.In addition, it
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Fig. 5. Databaseschema

is accessibleo any userwho is ableto connectto the Internet
and hasinterestin hurricanepredictioninformation.
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