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ABSTRACT

Thenumberandscaleofnaturalandman-madedisasters is increasingatanunprecedentedrate,
leadingtodevastatingconsequencesforcitizens,governments,andentireeconomies.Inresponse,
humanitariansupplychains(HSC)areusedasameansofreducingsufferingandsavinglives.HSCs
manageanddeliveraidtothoseinneedafteradisasterstrikesandexistonlyfortheperiodoftherelief
operation.Withreducedbudgetsthereisanimpetustoinvestigatetechnologicalinnovationsthatoffer
increasedefficienciesandreducedcosts.Onesuchinnovationisinformationandcommunications
technology(ICT),whichiscurrentlyunder-utilizedbyHSCs.Thispaperinvestigatesthebenefits,
barriers,andenablersofincreasedICTadoptioninHSCsandofferssolutionsmostsuitedtotheir
needs.Thestudydevelopsamatrixthatidentifiestheenablersandbarriersofimplementinginnovative
ICTandhighlightsassociatedmanagerialimplicationsandsuggestedareasforfutureresearch.
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INTRodUCTIoN

Naturaldisasterscausedevastatingconsequencesforthosecaughtintheaffectedarea,withresearch
suggestingthatthenumberofmagnitudesoftheseeventsareincreasingatanalarmingrate(Overstreet
etal,2011;Sandwell,2011).Earthquakes,floods,andhurricanescausewidespreaddisruptionand
dislocationandoftenoccurwithnopriorwarning(Britton,1998;Fritz,1961;PalenandLiu,2007).
Inaddition,man-madedisasterssuchasconflictandwarscreatesimilarlevelsofdisruptionand
dysfunctionandrequireacomparablecrisisresponse(BeamonandKotleba,2006).

Anorganizedapproachtodisastermanagementisessential(Dubeyetal,2017).Oneresponse
mechanismisHumanitarianSupplyChains(HSC),whicharesupplychains(SC)thatdelivergoods
andservicestothoseinneedinatimelyfashion(BeamonandBalcik,2008).Academicinterestinthis
fieldhasbeenpiqued,drivenbytheincreasednumberandmagnitudeofnaturaldisastersandconflict
crisesinrecentyears.Inadditional,itisacknowledgedthatthemajorityofdisasterreliefprojectsare
deemedunsuccessfulduetothenumerousandmulti-facetedchallengestheseSCsface(Fawcettand
Fawcett,2013).Examplesofthesechallengesincludeuncertaintyoversupplyanddemandlocations
afterthedisasterstrikes,limitedaccesstoaccurateinformationfromthoseinthefield,duplication
ofeffortbythemultiplenon-governmentalorganizations(NGOs)operatinginthesamelocation,
damagetolocalinfrastructureintheaffectedarea,ashortageofskilledworkersontheground,and
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themultitudeofstakeholdersinvolvedintheseoperations(eachwiththeirownculturalandpolitical
nuancesandmandates),tonamejustafew.

AsuggestedmethodofreducingthechallengesfacedbyHSCsisincreaseduseofinformation
andcommunicationtechnology(ICT),especiallygiventheprovenefficiencyandeffectivenessit
offerscommercialSCs(BeamonandBalcik,2008).SuccessfulICTadoptionincreasesagilitywithin
andbetweenorganizations, and the continueddecrease in implementation costsmakes adoption
increasinglyaffordableforNGOs(Scholtenetal.,2010).ThepotentialforICTtohaveapositive
impactonHSCsisthusincreasinglyrecognized(PettitandBeresford,2009),withsomesuggesting
thatICTisthe“single most important factor in determining the success or failure of a disaster relief 
operation”(KovacsandSpens,2007)andothersadvocatingitasa“musthave”toolwithinHSCs
(ÖzdamarandErtem,2015).

Inthiscontext,thestrengthofICTisitsabilitytostoreandmanagevastamountsofinformation
(Brogueiraetal,2017).The importanceof information inHSCscannotbeunderestimated,with
managersneedingtocalculatethedemandforallgoodsandservicesacrosstheSC,theircurrent
locationandtheirdestination,aswellasthetransportationoptionsavailablefordistribution(Baldiniet
al.,2012).UnderstandingtheserequirementsincommercialSCsisdifficultenough,butthecomplexity
ofHSCsmakesmanagingthisinformationevenmorechallenging(Schniederjansetal,2016),further
highlightingtheneedforstrongICTsystemsforstoring,managing,anddisseminatinginformation.

Aside from the technical challenges, there is evidence to suggest that NGOs with crucial
informationcanoftenbereluctanttoshareit,particularlyaspersonalnetworksareusuallyprioritized
intheseenvironments,leadingtoinformationflowinginanad-hocfashion(Bharosa,LeeandJanssen,
2010).AsnumerousNGOsareinvolvedintheHSC,co-ordinationiscrucial,yetstudiesshowhow
humanitarianrelieforganizationstendtouseamultitudeofincompatibleandunconnectedsystems
thatrelyonmanualinput,therebyseverelylimitingtheaccuracyoftheinformationtheypossess
(Ilhan,2011;Overstreetetal.,2011;PettitandBeresford,2005).Similarly,limitedevidenceexists
ofNGOsutilizingICTtoeffectivelymanagethereliefinventories,leadingtosuggestionsthatthis
isanobviousareaforimprovement(Whybark,2007).

StudiessuggestthatseveralbenefitscanbeachievedbyincreasingICTusageinhumanitarian
reliefoperations;examplesincludetrackingandtracingofgoodsfromoriginstobeneficiaries(da
Costaetal.,2012),managingreliefinventories(Whybark,2007),andcoordinatingcommunication
between all parties of theHSC (Kovacs andSpens, 2007).However ICT implementation is not
straightforward.CommunicationinHSCsmustbeabletofunctionwhenexistingcommunication
networks have collapsed (Maroj and Baker, 2007). This is particularly pertinent to developing
regionsthathaverelativelylimitedICTinfrastructuretobeginwith(McClintock,2009;Pettitand
Beresford,2005),anditiswellknownthatimplementingICTsolutionsinsuchdevelopingareascan
beparticularlychallenging(SanfordandBhattacherjee,2008).

Thereareclearlybenefits toapplying ICT toHSCsand this topic therefore requires further
exploration.Therearealsonumerouschallenges(oftenconcernedwithhumaninteraction)associated
withadoptingICTapplicationsinthisfield;forexample,HSCsrequireinputfrommanystakeholders
that are geographically disparate and hold several conflicting mandates, goals and objectives
(OloruntobaandGray,2006;OloruntobaandKovacs,2015).Itiswidelyrecognizedthatinnovative
ICTapplicationsrequirealargedegreeofcollaborationbetweenallinvolved(AlbertandLeBrasseur,
2007)andsuchlackofcollaborationcanthereforeactasasignificantbarriertosuccessfulinnovative
ICTadoptioninHSCs.Similarly,thoseengagedinhumanitarianreliefmaydosobecauseofthe
mission,beliefsorvaluesofthecauseororganization,andmaybelessconcernedwiththeapplication
ofICT.Forthisreason,manyoftheseorganizationsworkinisolation,resultinginsomescholars
callingformoreresearchinvestigatinghowthecollaborativeuseofICTcanincreasethelevelsof
trustandagilitywithinHSCs(Schniederjansetal,2016). Infocusingon technologyandhuman
interaction,thisisthereforeapertinentandtimelytopictoexamineandhencethefollowingresearch
questionsareusedtoframethestudy:
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1. HowcanICTinnovationbenefitHSCs?
2. WhatarethebarrierstoimplementinginnovativeICTinHSCs?
3. WhichinnovativeICTapplicationsofferthemostbenefitstoHSCs?

Theremainderofthepaperisstructuredasfollows;theauthorsbeginbyexplainingthesystematic
literaturereviewmethodologyusedbythisstudy,inparticularfocusingonthemethodsusedtoensure
rigor.Thefindingsfromtheliteraturereviewarethendiscussedbyaddressingthethreeresearch
questionsposed.AmatrixisdevelopedtoclassifytheenablersandbarrierstoinnovativeICTadoption
withinHSCsfrombothapeopleandprocessperspective.Thestudyconcludesbyhighlightingareas
forfutureresearchaswellasthemanagerialimplicationsofthestudy.

RESEARCH METHodoLoGy

Thisstudyadoptsasystematicliteraturereviewapproach;rigoroussystematicreviewsarecharacterized
bytheirreplicabilityandassuchtheauthorsfollowedtheguidelinessetbyDenyerandTranfield
(2009).Thefirstphaseoftheresearchinvolvedliaisingwithexpertscholarsinthefieldoflogistics
andsupplychainmanagementtodefinethescopeofthestudyandalsothespecificsearchtermsthat
shouldbeusedtoidentifyrelevantarticlesinthecitationdatabases.Asonlyarelativelysmallnumber
ofpreviousstudieshavefocusedexclusivelyoninnovativeICTusagewithinHSCs,thediscussions
suggestednottolimitthesearchstringstospecifictermsaroundICT;insteadtheauthorswereadvised
to review theHSC literatureasawhole,beforehoming inonspecific ICT issues.Through this
exercise,theterms“HumanitarianRelief”,“Logistics”,“SupplyChain”,“RapidResponse”,“Agility”,
“OperationsManagement”,“Purchasing”and“Procurement”wereidentifiedasrelevantinobtaining
themostsuitablearticlesintheHSCfield.Aspreviousworkinthisareahasbeenpublishedinan
arrayofdiversejournals,theauthorsensuredtheysearchednumerouscitationdatabases,withthe
followingbeingusedtosearchforrelevantarticles;Scopus,ScienceDirect,Emerald,andBusiness
SourceComplete.

Theresultsoftheinitialsearchproduced5,547papers,ofwhich3,384wereduplicates.The
abstractsoftheremaining2,163paperswerethenreviewedbybothauthorsinordertoremovethose
that:

1. Wereeditorialpapers,
2. DidnotmentionLogistics,SupplyChains,RapidResponse,Agility,OperationsManagement,

PurchasingorProcurementinthecontextofHumanitarianRelief.

Basedontheabovecriteria,280paperswerethenselectedforthesecondphase;thisinvolved
eachofthesepapersbeingreadandthenclassifiedusingthe‘A,B,C’criteriaproposedbyThorpe
etal.(2005).Inthiscriteria,‘A’papersaredefinedasdefinitelyrelevant,‘B’papersaredefinedas
relevancenotclearand‘C’papersaredefinedaslessrelevantorwherethe“nature of the research 
work was unclear”(p260). In thecaseof ‘B’and‘C’papers, thesewere judged tohave limited
information (and thereforeoffer insufficient insight) into ICTwithinHSCs.For example,many
thesepapersmentionedHSCsbuttheirmainfocuswasnottheSC,ratheritwasonanotheraspect
ofoperationsmanagement.Similarly,otherpapersfromthesearchmentionedHSCs,butdidnot
discussissuesofICT.

Codingofthearticleswasconductedindependentlybybothauthors.Severalmeetingstookplace
atvariousstagesthroughoutthisprocesstoensurethatbothauthorswereusingthesamecriteria
forclassification,andafterdiscussionofallpapers,41paperswereplacedonthe‘A’list.These41
paperswereselectedbasedontheirrelevancetothetopic;asaresultnolimitationsintermsofdate
orjournalwereimposed.
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data Analysis
Withtherelevantpapersidentified,thenextphaseinvolveddataanalysis;thematicanalysistechniques
wereusedduetothestrengthofthisanalysismethodwithqualitativedata(Boyatzis,1995).The
authors utilized an inductive method of thematic analysis (sometimes referred to as “grounded
analysis”)toanalyzethedata,wherebycodesandthemeswereidentifiedbasedonthecontentof
thedataratherthanfromprevioustheoriesorpriorresearch(Boyatzis,1995;Easterby-Smithetal,
2013;King,1998p118).Thischoicewasmadeastherehasbeenverylittlepreviousresearchinthe
areaofinnovativeICTinHSCsandalsobecausetheauthorsdidnotwanttobecomebiasedbefore
dataanalysishadbegun,therebymissingsomehighlyimportantaspectsofthedata;thisissuehas
beenhighlightedbyCollinsandHussey(2014:pp.168-169)whostatethat“..if you select only the 
words or phrases you have determined are of interest, you may ignore large amounts of data that 
could help you understand the phenomena under study at a deeper level”.Thisapproachissaidto
createhighlevelsofinter-raterreliabilityaswellasgreatervalidityofthefindingsfromthedata
(Boyatzis,1995).Workingdirectlywiththerawdataallowedtheauthorsamorecompleteviewof
alltheinformationavailable,therebyallowingforboththe“easilyevident”and“difficult-to-discern”
aspectsofthedatatobeuncovered(Boyatzis,1995,p30).

Both authors used the NVIVO software package, as recommended by Easterby-Smith et al
(2013)whosuggestthatusingsoftwaresuchasthisallowsforamorecollaborativeanalysisofthe
data.TheauthorsusedtheopencodingtechniquehighlightedbyRiege(2003),Goulding(2002)and
Saundersetal(2009).Thistechniquebreaksdownthedataintodistinctunitsofmeaning;thetextis
analyzedline-by-lineandkeywordsorphrasesaretransformedintocodes.Throughoutthecoding
processtheauthorsmetregularlytosharecodesandideassothatacommoncodebookwascreated
andadheredto(Saldana,2016).Thecodeswerethencollapsedintothethreethemesofthebenefits
offeredbyICT,thebarrierstoICTadoption,andtheinnovativeICTapplicationsthatarelikelyto
offerthemostbenefitstoHSCs.

FINdINGS

TosystematicallyaddresstheresearchquestionsposedthissectionbeginsbydiscussinghowICT
innovationcanbenefitHSCs,beforehighlightingthevariousbarrierstoimplementinginnovativeICT
inHSCs,andfinallydiscussingtheinnovativeICTapplicationsthatofferthemostbenefitstoHSCs.

How Can ICT Innovation Benefit HSCs?
AnalysisofthedatahighlightedanumberofbenefitsinapplyingICTtoHSCs.Costsavings(Baldini
etal.,2012;Ergunetal.,2014),improveddecisionmaking(ChandesandPache,2010a),increased
coordinationthroughouttheHSC(Jaegeretal.,2007),increaseddonorawareness(Dayetal.,2012;
FawcettandFawcett,2013),increasedSCcapacity(Rietjensetal.,2007)andincreasedSCagility
(Scholtenetal.,2010)weremostprevalent.

ImprovedandmoresecureinformationsharingwasperceivedasimportantforallHSCs(Baldini
etal.,2012).CollectinginformationinonecentralplaceandsharingitacrossallactorsintheHSC
increasestheaccuracyoftheinformationmadeavailable(Jensen,2012),allowingformoreeffective
performancemeasurement, increased inventory savings and increased control of the entireHSC
(PettitandBeresford,2009).TheimprovedvisibilityandtransparencythisoffersacrosstheHSC
hastheaddedbenefitofincreasingaccountability,therebyreducing“theft, losses, or manipulation 
of aid”(TomasiniandvanWassenhove,2009,p556).NotonlydoICTsystemsincreasethelevel
ofinformationexchangeacrosstheHSC,theyalsoincreasethespeedwithwhichtheinformation
canbeexchanged(Rietjensetal.,2007).Disseminatingaccurateinformationtothoseinthefieldis
thereforefareasier,asinformationrelatedtotheemergencyresponsecanbesenttomobilephones,
tabletsandothercommunicationdevicesviatextmessageande-mail(Jaegeretal.,2007).
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ICTalsoenablesimprovementsinthedatacollectionprocess;firstly,datafromthefieldcanbe
collectedrapidlyandinvastquantitiesusingdevicessuchasmobilephonesandtablets,allowing
NGOstoquicklyandeasilyrecognizepatterns, therebycoordinatingtheirresponsetobettersuit
thesepatterns(Jaegeretal.,2007).Secondly,thisinformationcanbecollatedfrommultipleactors
(emergencyresponderssuchasarmyandpolicepersonnel,medics,victims,civilians)andplaces
(satelliteimaging,CCTVcameras),allowingforamoreaccuratepictureofthecurrentsituation(Jaeger
etal.,2007).Havingaccesstoanincreasedamountofaccurateinformation(frommultiplesources
andinmultipleformats)allowsformoreinformeddecisionstobemadeinamuchshortertimeframe
(YatesandPaquette,2011).Combiningthisinformationwithadecisionsupporttoolallowsdecision
makerstocreateasetofrecommendationsbasedontheexperiencesofpastdisasters(Chandesand
Pache,2010a),withthisbeingparticularlyvaluableindecisionsaboutlogisticsoperations(Chandes
andPache,2010b).

IncreasedICTusagealsoimprovestheefficiencyofcoordinationacrosstheentireHSC(Chandes
andPache,2010b;Kabraetal.,2015;Rietjensetal.,2007)byenablingfrequentandmeaningful
communication; the use of the Internet, mobile communication technologies and social media
enhancescoordinationandcommunicationbetweenvictimsandresponders(Holguin-Verasetal.,
2012;Jaegeretal.,2007).Advancementsinbatterytechnology(particularlyalternativesourcesof
energysuchassolar-power),aswellaswirelessandsatellitetechnology,havealsoenabledincreased
communicationopportunitiesinadisasterhitarea,wherebycommunicationcanoccurregardlessof
theimpactthedisasterhasonthelocalinfrastructure(Sandwell,2011).Ascoordinationbetweenthe
numerouspartieswithinHSCsisextremelydifficult,theabilitytohavereal-timecommunication
acrossthislargenumberofdiverseanddisparateactorsisseenasahugebenefitinHSCoperations
(Jaegeretal.,2007;KovacsandSpens,2007),withsomeseeingitasthemostimportantfactorof
effectivecoordination(PettitandBeresford,2009).

Similarly,theuseofICTtoolstoshareinformationacrossboundariesremovesthebureaucratic
structures that usually prohibit knowledge sharing between organizations (Oliveira et al, 2017).
Previously,informationwasonlysharedduringprivateformalmeetings,yetICThasenabledincreased
visibilitythroughouttheorganization(andalsoacrossorganizations)byallowinguserstologonto
asystemtoaccessallrelevantinformationaswellassearchfortheexactinformationthatisrequired
(YatesandPaquette,2011).Thisallowsallpartiestohaveaccesstothesameinformationsources,
therebypermittingthemtoidentify(andsubsequentlyreduce)duplicationofeffortaswellasusethe
sameinformationformultiplerequirements(Schniederjansetal,2016).

Increasedawarenessisanotherbenefit;theInternet(andsocialmediainparticular)hasallowed
ustobecomemoreawareoftheimpactofadisasterinrealtime(Dayetal.,2012).Thedistressof
thoseaffectedbydisastersisshowcasedonTV,mobilephones,tabletsandlaptops/PCs,allowingus
towitnessthepainandsufferingofthevictims,aswellasunderstandtheirimmediateneeds(Fawcett
andFawcett,2013).Socialmediaenablescitizenstoengageinthereliefoperationbyprovidingand
receivinginformation(Simonetal,2015).Donorscanalsoquicklyrespond,withICThavingthe
potentialtoincreasetheamountofdonationswhilstsimultaneouslyallowingNGOstoquicklyand
easilycommunicatetheexactrequirementsofvictims,therebyminimizingthedetrimentalimpact
ofunsoliciteddonations(Balciketal.,2010).

Finally,ICThasthepotentialtoincreasetheefficiencyofindividualNGOsaswellastheentire
reliefoperation(Ergunetal.,2014).ICThasbeenshowntoincreaseagilitywithincommercialSCs,and
somebelieveithasevengreaterpotentialforHSCs,giventhatagilityissuchanessentialrequirement
(Scholtenetal.,2010).ICTalsooffersincreasedcapacitytoprocessinformationacrosstheHSC
(Rietjensetal.,2007),aswellastheabilitytoimprovetheprocesseswithinHSCs;Sheppardetal
(2013,p33)foundthatadoptingacommonITsystemacrossallpartiesintheHSChelpedto“drive
commonalityoflogisticprocesses”.Solutionssuchastrackingandtracingofgoodsandservices
alsohavetheadditionalbenefitofreducingtheopportunitiesforcriminalstostealtheimportant
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items(thatareextremelydifficulttoreplaceduetotheirbeinginshortsupply)whiletheyarebeing
transportedtotheirdestinations(Baldinietal.,2012).

what are the Barriers to Implementing Innovative ICT in HSCs?
DespitethevariousbenefitsofICTadoptionwithinHSCs(andtheapparentawarenessandwillingness
toadoptthesetoolsfromthoseinthefield(Scholtenetal.,2010)),barriersexisttoimpedesuccessful
implementation.InfactKabraetal(2015)foundthattheeffectivemanagementofHSCsismost
affectedbythesignificantbarrierstoICTadoption;thisisperhapswhytheuseofICTisstillnot
prevalentwithinHSCs(ÖzdamarandErtem,2015).

IncompatibilityoftechnologiesacrosstheHSCisonesuchchallenge(Jaegeretal.,2007;John
andRamesh,2012)witheachpartyintheHSCusingtheirownsoftwaredictatedtothembytheir
headquarters.For those in the field,havingamultitudeof systems is important (particularly for
communication)as this increases their resilienceandcapacityby reducing their relianceonone
particularsystem.However,havingtoomanysystemscanleadtocompatibilityissuesaswellas“black
holes”incoveragewherebysomeareasarewellservedbutothersarenot(PettitandBeresford,2009).

Lackoffamiliaritywiththesystemcanalsobecauseforconcern.Communicationproblems
caneasilyoccurifusersarenotsufficientlyexperiencedinusingthesystems,andarereluctantto
spendtimelearninganewpieceofsoftwareratherthanconductingtheirworkactivities,especially
inthetime-sensitiveenvironmentHSCsoperatein(Wakolbingeretal.,2013).Giventhestressful
conditionsencounteredbythoseworkinginHSCs,familiarityisamustifthetechnologyistobe
usedeffectivelyandefficiently(Jaegeretal.,2007);especiallyaselectroniccommunications(e-mail,
textmessagesetc.)aremisinterpretedasmuchas50%ofthetime(Wakolbingeretal.,2013).Given
whatisatstakeduringthesereliefoperations,thesetypesofmistakesneedtobeminimized,and
moststaffwillthereforerequiretrainingonnewsystems(Jensen,2012).

OneofthemostsignificantbarrierstoICTadoptioninHSCsisthelackofsufficientfundsto
investinnewtechnologiesowingtothewaysinwhichNGOsarefunded(Ergunetal.,2014;Maonet
al.,2009).WhileICTsystemscanreducetheuncertaintyassociatedwithcomplexenvironments,they
willincreasecostsifusedonlyforsimpleactivities(Rietjensetal.,2007).TrainingstaffinnewICT
systemscanbeprohibitivelyexpensiveforNGOs,asaretheimplementationcostswhenattempting
toinstallnewsystemsinanareathathasjustrecentlybeenhitbyadisasterandcannotguaranteea
sufficientelectricitysupply(Sandwell,2011).ThelackofelectricityandsubsequentInternetaccessin
theaffectedareaduringtheimmediateaftermathofadisasterresultsinanoverrelianceonexpensive
battery-operatedtechnology(Jaegeretal.,2007).Theensuingbandwidthrestrictionscanalsolimit
theamountofinformationexchanged(Jaegeretal.,2007),severelyimpactingthecoordinationeffort.

AfurtherchallengeisthevolumeofdatathatiscreatedduringHSCoperations.HavingICT
systemsaccessiblebymultiplestakeholdersforthepurposeofsharinginformationisobviouslyagreat
advantage,howeverYatesandPaquette(2011)suggestthatwhentheownershipoftheinformationis
sharedacrossmultipleparties,themanagementoftheinformationbecomesincreasinglyambiguous.
Forexample,ifallusersarecontributingcontenttothesystemswithoutformalstructuresornaming
conventions,thesystemscanquicklybecomeunwieldy,withinformationoverloadmakingitextremely
difficultforuserstofindthespecificinformationtheyrequire.Conflictinginformationfrommultiple
datasourcesisacommonoccurrence.Astheaccuracyoftheinformationavailableisofthehighest
importanceinHSCoperations,ahugetaskensuestocheckandvalidatealltheinformationpresent
intheICTsystemwhichleadstoquestionsaboutits“manageability,usabilityandperceivedvalue”
(YatesandPaquette,2011).

Afinalimplementationbarrieristhesecurityoftheinformationstored,particularlygiventhat
thevastmajorityofNGOsutilizestandalonesoftwarethatrunsonlaptopsandmakeshiftnetworks
withlimitedsecuritysettings(Scholtenetal.,2010;WhitingandAyala-Öström,2009).Somefear
thatcriminalscouldeasilyhackintothesesystemstostealidentitiesoreventakeadvantageofatrisk
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populations,orthatgovernmentagenciescouldabusetheirpowerbyinvadingtheprivacyofthose
involvedinthedisasterresponse(YatesandPaquette,2011).

which Innovative ICT Applications offer the Most Benefits to HSCs?
TheliteraturesuggestsanumberofareasofICTthatareparticularlysuitedtoincreasetheefficiency
andeffectivenessofHSCs.Onesuchopportunity involves theuseof ICTfor increased tracking
andtracingofbothgoodsandservices(daCostaetal.,2012;DelaTorreetal.,2012).Pettitand
Beresford(2009)believethatutilizingICTfortrackingandtracinghasthepotentialtoincreasethe
efficienciesoftheHSCaswellasminimizethelevelofwastewithintheSC;theycitetheexample
oftheWorldFoodProgramme(WFP)gainingbenefitsofimprovednetwork,warehouse,vehicle
andsparepartmanagementsimplybyadoptingtheICTsystemsutilizedinthecommercialsector.
SomeauthorshavesuggestedtheuseofRadioFrequencyIdentification(RFID)forthistaskdueto
theopportunitiesitoffers(Baldinietal.,2012).RFIDisbeneficialforincreaseddatasecuritywhen
comparedtomoretraditionaltechnologies,suchasbarcode,andhasalsobeenproventoimprove
theoperationalefficiencyofcommercialSCs(Baldinietal.,2012).Itappearsthatsuchtrackingand
tracingsoftwareisavailabletothoseinHSCsandisbeingusedbysomeNGOsbutitsuseisnot
widespread.SomeNGOshaveactuallybegundevelopingtheirownspecializedsoftwarefortracking
andtracing(aswellasfleetmanagement)andhavebegunofferingthissoftwaretootherpartiesin
ordertoimproveHSCefficiency(KovacsandSpens,2011).OnesuchexampleisSUMA,asimple
pieceofsoftwarethatcanbeusedonlaptopcomputersinordertotrackandtracedonationsfrom
pointoforigintopointofconsumption,allowingthoseinthefieldtobemoreorganizedinterms
ofknowingwhattheycurrentlyhaveandwhereitisneeded(ChandesandPache,2010b).Inventory
trackingsystemssuchasthisallowNGOsanoverallpictureofallthepurchases(anddonations)that
entertheHSC,andcanalsoautomaticallyproducereportshighlightinggoodsreceivedanddispatched,
theoutstandingrequirementsforthebeneficiariesperareaaswellasdetailingthepartiesresponsible
forthedeliveryoftheaid(TomasiniandVanWassenhove,2009).

John and Ramesh (2012) suggest another opportunity; a central databaseholding details of
previousdisasterreliefactivities.Informationcontainedinsuchadatabasecouldincludethetype
ofdisaster,theNGOsinvolved,thesuppliersused(andtheirassociatedreliability,quality,andlead
timeratings),thevolunteerorganizationsinvolved,andthelocationsandassociatedcapacitiesof
warehouses.Theauthorssuggestthatattachingsuchadatabasetoadecisionsupportsystem(DSS)
wouldallowformorerapidandaccuratedecisions,thusempoweringthoseinthefield.Suchadatabase
couldalsobeusedtomatchtheneedsofvictimswithindividualdonorsinordertofacilitatemore
rapiddonationincomeaswellasreducingtheamountofunsoliciteddonationsreceived(Tomasini
andVanWassenhove,2009).

Theuseofsatellitetechnologyisanotherfrequentlysuggestedopportunity.VSAT(verysmall
apertureterminal)servicesseemsappropriate,particularlywherelocalcommunicationinfrastructure
isdamagedordestroyed(Ergunetal.,2010;Tapiaetal.,2012).Thesesmallsatellitesarehighly
portable(somecanbetransportedinasmallsuitcase)andcanbeusedtoenableInternetaccess
inremoteareas.Althoughrelativelyexpensive,Tapiaetal(2012)suggestthatNGOscouldcome
togethertojointlypurchaseandmaintainsuchasolution.Asimilaropportunityistheabilitytodevelop
bespokeapplications(or“apps”)forsmartdevicessuchasmobilephonesandtabletsthatcanlead
toincreasedresilienceandscalabilityintheHSC(Wakolbingeretal.,2013).Theuseofsatellitesis
notonlyrestrictedtocommunication;satelliteimaginggivesthoseinthefieldanaccuratepicture
astothestateofthetransportationnetworkaswellasallowingthemtoidentifythelocationsof
beneficiariesandtheoptimumroutes(Holguin-Verasetal.,2012).Havingaccesstoinformationthat
isbothcurrentandhighlyaccurateisincrediblyhelpfultothoseinthefield(CrooksandWise,2013).

AnopportunitythathasgainedsignificantinterestistheuseofWeb2.0/socialmediaforHSC
operations.Theimportanceofsocialmedia(inparticularsocialnetworks)indisasterreliefhasgained
tractionintheliterature(YatesandPaquette,2011),particularlyassomehavealreadyfoundthat
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socialmediausagecanimproveHSCcoordination(Holguin-Verasetal.,2012).Theproliferationof
socialnetworkingsitesallowsNGOstotrackvictims’activitiesbefore,duringandafteradisaster
hits,whilstalsoallowingvictimstoreportincidentsthatareoccurringinreal-time;victimsarealso
abletoreceiveup-to-dateemergencyinformationfromgovernmentagenciesandNGOs,allowingfor
amorecoordinatedresponse(Patemanetal.,2013).Inthisregard,establishedsocialmediaplatforms
suchasFacebookandTwitterallowNGOstogainahighlyaccurateunderstandingofthesituationin
theaffectedareainashortspaceoftime.Thisallowsthemtoassessthedamagetotheinfrastructure
fortransportationpurposesaswellastherelativesecuritysituationintheareaandthenumber(and
associatedneeds)ofthoseaffectedbythedisaster(CrooksandWise,2013).

Other applications for social media include searching for missing relatives, fundraising for
NGOs,andmatchingdonationswithdemand(KovacsandSpens,2011).Theuseofsocialmedia
fundamentallychangesthenatureofdonations;ratherthanaskingfordonations,NGOscannowask
forpeople’stimethroughcrowdsourcinginitiativeswherebyindividualsassistintheHSCoperation
bytaggingphotos,markingareasofinterestonsatelliteimages,andalsoofferingvitalinformation
on local culturalnormsandotherbackground information (Yates andPaquette, 2011).The first
recordeduseofsocialnetworksandcrowdsourcingoccurredduringtheHaitiearthquakein2010,
wherebycitizens,NGOs,thearmedforces,technicalexpertsandgovernmentorganizationsutilized
these toolsextensively tohelpcoordinate theHSCoperations in real time,with these toolsnow
beingusedregularlyinHSCoperationstofilltheinformationgap(CrooksandWise,2013).Both
NGOandmilitarypersonneltookhundredsofphotographsthatwerethenuploadedontowikisso
thateveryoneinvolvedin theoperationcouldunderstandthecurrentsituationontheground;all
userswerethenabletocommentontheusefulnessofthesephotographs(YatesandPaquette,2011).
CrooksandWise(2013)suggestthatthisincreaseduseofWeb2.0toolshasfacilitatedamovefrom
DisasterRelief1.0toDisasterRelief2.0;Web2.0ischaracterizedastheuseoftoolsthatallowfor
user-generatedcontent,thereforeDisasterRelief2.0canbecharacterizedasthenumerousparties
involvedintheHSCutilizingsuchtoolstohelpfillthegapsininformationalmostinstantaneously.

YatesandPaquette(2011)believethattheHSCenvironmentistheperfecttestinggroundfor
socialmediaapplicationsasknowledgemanagementplatforms.Firstly, socialmediaencourages
frequentsmallcontributionsofinformationthatcanbeacquired,sharedandusedeasily;disaster
responseinformationissentviaimages,textmessages,blog/wikiposts,weblinksandshortvideos.
Secondly,socialmediaapplicationsallowforuserswithdifferentexpertiseandbackgroundstobe
broughttogetherthroughacommoninterest.HSCsareaperfectapplicationforthis,astheyrequire
coordinationamongparticipantsfromamultitudeofculturalandprofessionalbackgrounds.Finally,
socialmediahas the ability to “createorder fromchaos”byorganizingknowledge into clusters
throughuseofcommentsonwikisandblogpostsortaggingonimages;giventhechaoticnatureof
HSCoperations,decisionmakersareindesperateneedofinformationthatiscontextualizedinsuch
away,therebyminimizingmisunderstandingsandallowingformoreaccuratedecisionstobemade.

AfinalopportunityforincreasedICTusageinHSCsiscloudcomputing.Schniederjansetal
(2016)foundthatsomeNGOsarealreadyusingcloudcomputingtoenableondemandaccesstodata
storageandservicessuchasjointwritingofproposals,transferringdatatosuppliersandgovernment
agencies,geo-taggingimagesforthoseinthefield,andappealingfordonationsfromcorporations.
Theabilitytoscale-upcomputingcapacityondemandisextremelyhelpfulgiventhattheremote
locationofhumanitariandisasters(andtheirassociateduncertainenvironmentintermsofaftershocks
etc.)oftenresultsinlimitedavailabilityforpowerfulserversinthelocalarea(Schniederjansetal.,
2016).CloudcomputingalsooffersNGOstheabilitytobackupdataovertheInternet,ensuring
informationsecurityaswellasincreasinginformationtransparencyandavailabilitybyallowinglarge
amountsofdatatobesharedgloballyandinstantaneously(Schniederjansetal.,2016).Finally,cloud
computingoffersopportunitiesforNGOstoobtaininternalefficiencies.NotonlydoesoutsourcingIT
solutionsoffertheadvantagesofcostandeffortreductionovermanagingandmaintainingtheirown
datacentersandservers,italsoallowsNGOstofocusmoreonthequalityofthedatabeingcollected,
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processedandtransferred, therebyfacilitatingincreasedcollaborationefficienciesthroughoutthe
HSC(Schniederjansetal.,2016).

Tosynthesizetheliteraturethathasbeenexamined,Table1belowprovidesasummaryofthe
barriersandenablerstoICTadoptioninHSCs.Asthefocusofthestudyistechnologyandhuman
interaction,thebarriersandenablershavebeencategorizedasrelatingtoeither‘process’or‘people’.
Adoptingthisapproachpermitsaclearinterpretationastowhetherthebarrierorenablerisdueto
eithertechnologicalfactorsorhumaninteractionfactors.

CoNCLUSIoN ANd IMPLICATIoNS

Itispredictedthatthenumberofhumanitariancriseswillincreasedramaticallyoverthenextfew
years,whilefundingforaidreliefislikelytodiminish(Sandwell,2011;SchulzandBlecken,2010).
Inconsequence,HSCsneed to increase their efficiencyandagility inorder tomake themselves
morecost-effective.ICTofferstheopportunitiestoachievethesegoals.Thisstudyoffersimportant
strategicandpracticalrecommendationsconcerningthebenefitsandopportunitiesofparticularICT
adoptionwithinHSCs.

Basedontheanalysisof thefindings, thestudysuggestsanumberofICTtools thatcanbe
implementedbyNGOsinordertoincreasetheefficiencyandeffectivenessoftheiroperationsas
wellasthatoftheentireHSC.Thisisparticularlyrelevantfollowingsuggestionsfromscholarswho
believethatadoptingtoolsandtechniquesfromthecommercialsectorcouldgivesignificantbenefits
toHSCs(ChandesandPache,2010a;Jahreetal.,2009).FromthesummaryinTable1,itisworth
notinghowthebarrierstoimplementationoutweightheenablers;thisisanimportantfindingand
demonstratesarequirementforscholarsandmanagerstochampiontheuseofICTinHSCsinorder
toraiseawarenessofboththeirusefulnessandthepositiveimpacttheycanhave.Italsooffersan
interestingresearchagendaforfurtherworkonthiscriticaltopic.Forexample,thestudyidentifiesa
numberofnewICTsolutionsthatcouldbeinvestigatedinfutureresearch;theuseofsocialmedia,RFID
andcloudcomputingsolutionsinparticularcouldbeexaminedtoseeiftheyholdanyadvantagesfor
NGOsoperatingwithinHSCs.Similarly,barrierstotheadoptionoftheseparticularICTtoolscould
beinvestigatedfromtheperspectiveofthoseinthefieldthroughuseofsemi-structuredinterviews,
focusgroupsand/orquestionnairesurveys.

ThestudyidentifiesopportunitiesforfutureICTdevelopmentintheareaofHSCsandisof
particularrelevancetosupplychainmanagers.Duetothecomparativeinfancyofthetopicwhen
comparedtoresearchoncommercialsupplychainICTimplementation,thestudyprovidesasynthesis
ofusabletechnologiesforHSCmanagersandclearlysetsoutthebarriersandenablerstoadoption.
ThoseworkinginNGOsorwithotherorganizationsinthefieldcandrawonthisresearchindeveloping
fundraisingstrategies,understandingtrainingrequirementsandconsideringcollaborationapproaches
withotheractorsintheHSC.Thestudymakesapracticalcontributiontothefieldbyprovidinga
rationaleforadoptingspecificICTtoolsandtechniquesaswellasbyidentifyingaclearfocusfor
areasofICTthatcanorshouldbeimplementedinHSCsinthenearterm;bothofwhichwillbeof
interesttoHSCmanagersandthoseresearchingthisemergingtopic.
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Table 1. Process and People Barriers and Enablers to ICT adoption in HSCs

Barriers to innovative ICT adoption in HSCs Enablers to innovative ICT adoption in HSCs

Process •Lackofaccurateinformationontheground
afteradisasterhits(KovacsandSpens,2007)
•InsufficientICTinfrastructureintheaffected
area(eitherthereisaninsufficientinfrastructure
inthefirstplaceand/orthedisasterdestroys
communicationtowersandelectricity/gas
supplies)(Jaegeretal,2007)
•Sporadic,short-termandfrontlinedelivery-
specificnatureoffundingdetractsfromability
toinvestinICT(Maonetal,2009)
•Donorsreluctanttogivefundingfor“back
office”operationssuchasICT(Sheppardetal,
2013)
•ConcernsoversecurityofICTnetworkslimits
usage(Scholtenetal,2010)
•Privacyconcerns;highlysensitiveinformation
aboutbeneficiariesisoftenunsecurelystored
andissusceptibletohackers(Whitingand
Ayala-Öström,2009)

•Newtechnologies(e.g.cloudcomputing,
VSATetc.)arecheaperandthereforeconstitutea
reducedinvestmentriskwhileofferingpotentially
improvedresultscomparedtomoretraditional
ICTsolutions(Ergunetal,2014)
•Satellitetechnologies(suchasVSAT)can
operatewithouttheneedforanyphysical
infrastructure(thatmayormaynotbepresentto
beginwith,ormaybedestroyedasaresultofthe
disaster)(Sandwell,2011)
•NGOreportingrequirements(i.e.reportingto
donorshowtheirdonationshavebeenspent)may
requireinnovativeICTsolutiontoaccuratelytrack
andtracedonations(Baldinietal,2012)

People •Lackofmotivationtoshareinformation
betweenNGOs(duetodifferentmandates,goals
etc.andalsocompetitionbetweenNGOsleading
tothemnotwantingtoshareinformation)
(OloruntobaandKovacs,2015)
•Largenumberofstakeholders,eachwith
theirowngoals,objectivesandmandatesas
wellassize,structureandprocessesresultsin
ICTintegrationacrosstheHSCbecomingan
incrediblydifficulttask(OloruntobaandGray,
2006)
•CompetitionbetweenNGOsforfundingand/
orlimitedresourcesintheaffectedarearesults
inalackoftrust,therebylimitingmotivation
forinformationexchange(ChandesandPache,
2010a,2010b)
•Currentlyalackofskilledworkerswithinthe
HSC,withICTbeingaparticularlydifficult
skilltoobtain(Wakolbingeretal,2013)
•Threatofcriminalactivity(e.g.hackers);there
havebeenexamplesofcriminalsattemptingto
relocate/redirectaid-carryingvehiclesfrom
thosethatneeditmosttothosethatwillpayfor
theaid(KovacsandSpens,2011)
•Highstaffturnover(canbeashighas
80%annually(Sheppardetal,2013))poses
challengesforknowledgemanagement

•Individuals’willingnessandcapabilitytoadopt
ICTinHSCs(Scholtenetal.,2010)mayprovea
significantenablertoadoption
•Previousworkingrelationshipsbetweenstaff
ofdifferentNGOsincreasestrustandtherefore
promotesincreasedinformationexchange(Petit
andBeresford,2009)
•Increasedpopularityofcrowdsourcingtoobtain
additionalfundingviasocialmedia(Fawcettand
Fawcett,2013)mayincreaseNGOawarenessof
(andeagernesstoadopt)newtechnologies
•Thelargenumberofvolunteersactivewithin
theHSC(DelaTorreetal,2012)maysuggest
newICTsolutionstheyhaveseeninother
environments(orevenpreviousdisasterstheyhave
workedin)
•Increasedpublicawarenessofdisasters(viathe
Internetandsocialmedia)increasestheamountof
donationsreceived(Balciketal,2010);thismay
motivateNGOstoutilizemoreinnovativeICT
solutionsto“tapin”tothesepotentialresources
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