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ABSTRACT

TheAgri-Foodsectorisfacingglobalchallenges.Thefirstchallengeisfeedingaworldpopulation
thatwill reach9.3billionpeople in2050,according toUNprojections.Thesecondchallenge is
thedemandfromconsumersforhigh-qualityproductsobtainedthroughmoresustainable,safeand
clear agri-food chains. Integratedpestmanagement (IPM) couldbe an important instrument for
helpingfarmersfacethesechallenges.IPMrequiresthesimultaneoususeofdifferentcropprotection
techniquestocontrolpeststhroughanecologicalandeconomicapproach.Thisworkexploresthe
possibilityofdevelopingaframeworkthatcombinesbusinessintelligence(BI)technologieswith
IPMprinciplestosupportfarmersinthedecisionalprocess,therebydecreasingenvironmentalcost
andimprovingproductionperformance.TheproposedBIsystemiscalledBI4IPM,anditcombines
on-linetransactionprocessing(OLTP)withon-lineanalyticalprocessing(OLAP)toverifyadherence
totheIPMtechnicalspecifications.
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1. INTROdUCTION

TheAgri-Foodsectorisfacingglobalchallenges.Thefirstchallengeisfeedingaworldpopulation
thatwillreach9.3billionpeoplein2050,accordingtoUnitedNationsprojections(UnitedNations
[UN],2013).Thesecondchallengeisthedemandfromconsumersforhigh-qualityproductsobtained
throughmoresustainable,safeandclearagri-foodchains(Grunert,2005;Seuring&Müller,2008).
Toaddressthesechallenges,farmersneedtoincreasethequalityandquantityofproductionand
reducetheenvironmentalimpactthroughnewmanagementstrategiesandtools.Inthiscontext,farm
managementinformationsystems(FMISs)playanimportantrole.FMISshavebeendefinedasa
“plannedsystemforcollecting,processing,storing,anddisseminatingdataintheformneededtocarry
outafarm’soperationsandfunctions.”(Sorensenetal.2010).Accordingto(Fountasetal.,2015),
FMISsprovidefunctionalitiesforfieldoperationsmanagement,bestpracticetools1,finance,inventory,
traceability,reporting,site-specifictools,sales,machinerymanagement,humanresourcemanagement,
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andqualityassurance.FMISscanbeviewedasOLTP(on-linetransactionalprocessing)systemsfor
analyzingspatialdata.ThetermOLTPreferstosystemsinwhichqueriesachievetransactionsthat
readandwriteasmallnumberofrecordsfromdifferenttables(Harizopoulos,Abadi,Madden,&
Stonebraker,2008).AnOLTPsystemmustguaranteereliabletransactionsondata,recoveryfrom
everypossibledatafaultanddataconsistency,allwithinahighlevelof“competition”(parallelism/
concurrencyofaccesses)(Schaffner,Bog,Krüger,&Zeier,2008).Incorporatingtheintegratedpest
management(IPM)frameworkintoFMISsappearstobemandatorytohelpfarmersfacethechallenges
ofsustainableagriculture.IPMsrequirethesimultaneoususeofdifferentcrop-protectiontechniques
for thecontrolof insects,pathogens,weedsandvertebrates throughanecologicalandeconomic
approach(Prokopy,2003).Theaimistocombinedifferenttechniquestocontrolpestpopulations
belowaneconomicdamagethreshold(Chandleretal.,2011).TherelevanceoftheIPMisunderlined
bytheEU,whichhasrecognizedIPMashavingacentralroleinreducingtherelianceontheuseof
conventionalpesticidesinthecontextoftheFrameworkDirective2009/128/EC(EuropeanParliament
[EP],2009)onSustainableUseofPesticides.

Unfortunately,IPMsaremanuallyfulfilledbyfarmers,andIPMsfromdifferentcampaignsand
farmsarenotsharedandstored.Therefore,usingpastIPMstoresearchbestsustainablepractices
appearsdifficult.Thisisanimportantlimitationinsupportingfarmersinthedecisionalprocessfor
improvingenvironmentalandproductionperformances.

Therefore,inthiswork,weextendpreviousresearch(Zazaetal.,2017)byexploringtheusageof
thedatawarehouse(DW)andon-lineanalyticalprocessing(OLAP)systemsforIPManalysisusingan
FMIS.ContrarytoOLTPsystems,DWandOLAPsystemsarebusinessintelligence(BI)technologies
allowingforonlineanalysisofamassivevolumeofmultidimensionaldata.Warehoused(spatial)data
arestoredaccordingtothemultidimensionalmodel(Gallo,DeBonis,Perilli,2010;Kimball&Ross,
2013).Dataareorganizedbydimensionsandfacts.Dimensionsarerepresentedbytheanalysisaxes
andareorganizedintohierarchies(forexample,cities,departmentsandregions).Factsarerepresented
bytheanalysissubjectsandaredescribedbynumericalattributescalledmeasures(forexample,the
quantityofsoldproducts).MeasuresareexploredwiththeOLAPoperators,whichallownavigation
intotheDW.CommonoperatorsincludeSlice,whichallowstheselectionofasubsetofwarehoused
data,andDrill,whichallowsforthenavigationintohierarchiesaggregatingmeasuredvaluesusing
SQLaggregationoperators(i.e.,MIN,MAX,SUM,AVG,etc.).

Inparticular,inthiswork,wepresenttheFMISusedtoverifycompliancewiththerequirements
included in thegeneralpartof theIPMtechnicalspecification.Theresult isaBIsystem,called
BI4IPM,thatcombinestheFMISandOLPTapproachesforthegeneralIPMindicationswiththe
DWandOLAPsystemsthatarefocusedontheIPMdefenserules.

Thepaperisorganizedinthefollowingway.Section2presentsourdatamodelsfortheanalysis
oftheIPMGeneralPartandDefenseRules;Section3detailsitsimplementations;Section4presents
astate-of-the-artFMISandOLAPapplicationintheagriculturaldomain;andSection5concludes
thepaper.

2. dATA MOdELS FOR OLIVE TREE IPM

The Framework Directive 2009/128/EC (EP, 2009) on Sustainable Use of Pesticides obliges all
professionalusersofpesticidestoapplytheIPMapproachintheEuropeanmembercountriessince
1January2014.ThetaskoftheMemberStatesistocombinetheeightIPMprinciples(Barzmanet
al.,2015)toachievethecroptechnicalspecifications.Forexample,inItaly,eachregiondevelops
itsownguidelines,takingintoaccounttheagro-environmentalconditions,thepresentcropsandthe
relatedpests.

TheapplicationoftheIPMprinciplesensuresfarmsabetterperformancefromthesustainableand
economicperspectives.Furthermore,insomeregions,suchastheApuliaRegionwiththeMeasure
10.1.1oftheRuralDevelopmentProgramme(RDP)2014–2020,thediffusionofcertifiedintegrated
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