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ABSTRACT

Thepurposeofthisarticleistodeterminethesafetystockforanomni-channelenvironment.The
“SquareRootLaw”(forcentralizationofstoragefacilities)wasproposedtocombinethesafetystock
forbothonlineandofflinechannels.Asimulationstudywasconductedusingaspreadsheetprogram
andthreescenarioswerecreatedbasedonreviewtime,leadtimeandsafetyfactor.Thiswasbased
onthemeandemandandstandarddeviationoftheproduct’sdemanddistribution.Thestudyfound
thatthesumofleadtimeandreviewtimearesignificantindeterminingtheamountofsafetystock,
anddemandvariabilityisacrucialdeterminantforsafetystock.Recommendationsareprovidedas
guidelinesforloweringtheamountofsafetystockinomni-channelenvironment.
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INTRODUCTION

Safetystockisalwaysheldtobufferagainstthesupplyofanitemanditsdemand.Thehigherthe
safetystocklevel,thebetterorganizationisabletorespondtouncertainty,andtoachievetheirtarget
servicelevels.However,withahighsafetystocklevel,thecarryingcostalsoincreases.Itincludesthe
opportunitycostofinvestmentsandobsolescencecost.Thus,itcanbeseenthatinventorymanagement
hasamajorroletoplayforthecostsavingsofacompany.

Inthesingle-channelpast,ifaconsumerwantedtobuyatelevision,hewillhavetogodownto
thebrick-and-mortarstore,topickouthisselectionandpayforit.Withmulti-channel,aconsumer
isabletobrowseonlinecatalogues,comparechoices,makehisselectionandgetitdeliveredtohis
home.Withtheadventofthedigitalagetogetherwithmobiledeviceslikesmartphones,laptopsand
tablets,consumersarenowabletomakepurchasesanytime,anywhereandonanydevice,withoptions
tocollectin-storeorgethomedelivery.Inaddition,thewideradoptionoftabletsandsmartphonesin
the2010s,isallowingandencouragingmorepeopletomaketheirpurchasesonline.Omni-channelis
seenasthenextstepinevolutionformulti-channel,inwhichalltheinformationregardingcustomers,
inventory,operationsandlogisticsareallcapturedandintegratedinoneunifiedplatform.However,
thisproducesaproblemforanysupplychainasthereisaneedtounderstandhowmuchtostockto
accommodatetheconsumers’demand.Therefore,thispaperhasproposedanequationthatwillbe
testedinvariousscenarios,toidentifyidealusagesituations.Theproposedequationisbasedonthe
commonsafetystockequation,whichconsidersfactorslikeleadtime,demandandreviewtime,but
hasincludedconsiderationsforbothonlineandofflinedemandandreviewtime.Thepurposeofthis
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equationistodeterminehowmuchsafetystockistobecarriedbyanyorganization,yetkeepinga
balancebynotoverstockingwhichwillincuraheftypenaltyintheformofcarryingcost.

Thispaper isstructuredasfollows: thefollowingsectionintroduces therelated literatureon
inventorymanagementandthedevelopmentoftheconceptofsafetystock,thegrowthoftheOmni-
channel fromsingle-channel; then, theproposed safety stockequation forOmni-channelwill be
presented,togetherwiththevariousscenariositwillbetestedin;thiswillbefollowedbytheresults
analysisandfindings.

LITERATURE REVIEw

Single-channelmeansutilizingonlyasinglemeanofreachingpotentialcustomers.Thisincludes
beingexclusivelybrick-and-mortarretailstores,orhavingpurelyanonlinee-commercebusiness
(Hübner,Wollenburg,&Holzapfel,2016).Figure1showshowasingle-channelworks.

Multi-channelarechannelsworking side-by-sidewithout interacting, similar to“working in
silos”(Kourimsky&Berk,2014;Verhoefetal.,2015).Thereisnologisticsoroperationalinterface
betweenthechannels.Therearenocommonorsharedobjectivesforthechannelsbutindividualized
goals,likesalestargetforeachchannel(Hübneretal.,2016;Kourimsky&Berk,2014).Theend
resultforthecompanyiscompetition,whichmightcreatemorefrictionandmisunderstanding,than
overallbetterperformance.Customersarenotabletomakepurchasesacrossthedifferentchannels,
asinformationisnotsharedacrossthedifferentchannels.

Omni-channelisseenastheadvancementofthemulti-channel(Figure2).ThewordOmni,as
definedbyOxforddictionary,means“all;ofallthings”and“inallwaysorplaces.”Wherethereisa
cleardividebetweentheonlineandphysicalstoresinmulti-channel,inOmni-channelthecustomers
moveseamlesslybetweenthetwodomains,asthechannelsareintegratedtogether.Thecustomer
whoisconnectedonlineviahissmartphone,canaccessinformationanytimeandanywhere.This
allowshimtomakehispurchasesatanytimeoftheday,withrealtimeinformationavailableonall
thechannels(Piotrowicz&Cuthbertson,2014).Themodernconsumer’sshoppingjourneycutsacross
allchannelsincludingsocialmedia.Omni-channel(Figure3)supplychainsareratherimmature,as
significantinvestmentsarerequiredtocreatecross-channelvisibility,withadaptationofbusiness
rules.Itisahugechallenge,whichrequiresaradicalandall-encompassingtransformationofthe
organizationalstructureanditsmetricstoboosttheperformanceofthevariousdepartmentsacross
channels(Yeeetal.,2015).

Currently,hugeadvancementshavealreadybeenmadeintheareaofsafetystockandwarehouse
locationdecisions.InderfurthandMinner(1998)testedvariousservicelevelsandcomparedthem
againstthesafetystockquantity.Graves,Willems,andZipkin(2000)simplifiedtheplacementof
safetystockbyreducingstochasticity.Thiswasdonebymodellingthesupplychainasanetwork
witheachstageinthesupplychainoperatingwithaperiodicreviewreplenishmentpolicy,together
withaboundeddemandandguaranteedservicetimebetweenthestages.Evers(1999)showedthat
transshipmentcouldreduceinventory,byfulfillingdemandsfromotherareasastheprimaryfacility
isunabletocopewiththedemand.

Maister(1976)discoveredtheSquareRootLaw.Thislawstatedthattheratioofadecentralized
inventorynetworktoacentralizedinventorynetworkwillbeequaltothesquarerootofthenumber

oforiginalfieldlocations(ornumberofwarehouses).Namely, Decentralized Inventory

Centralized Inventory
= n ,

wherenrepresentstheinitialnumberofwarehouses.Basically,theideaisthattotalinventorycould
bereducedifallstockwascentralizedandconsolidatedatsmallernumberoffacilities,ratherthan
largenumberoffacilities.TheeffectsoftheSquareRootLawcanbeseeninFigure4.

SeveralresearchershaveagreedthattheSquareRootLawcanbeappliedtodifferentconditions
undercertainassumptionsbutthereisstillnoagreementonwhatpartofinventorycantheSquare
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RootLawbeappliedto(e.g.safetystock,cyclestockand/ortotalstock)?OriginallytheSquareRoot
Lawhasbeenmostlyappliedtosafetystock,maybebecauseforthispartofstockareductionby
consolidationisreadilyexplainedbytherisk-poolingeffect(Schwarz,1981;Zinn,Levy,&Bowersox,
1989;Evers,1995).TheSquareRootLawmightnothavebeenappliedtocyclestockasmuch,because
totalcostsavingsfromcentralisingcyclestockmaybesmallerthanfromsafety-stockcentralisation
duetohigherextratransportationcosts(Maister,1976;McKinnon,1989;Evers,1995).

While therehasalsobeendiscussiononthe importanceof inventorymanagement inOmni-
channel,however,therehasnotbeenmuchresearchdoneonSafetyStockdeterminationinOmni-
channellogistics(Tan&Gligor,2019).SafetyStockisknowntocontributetoinventorycostsand
withtheadventofOmni-channel,acompany’scostswouldincreaseiftherewasnoeffectivemethod
ofcalculatinganoptimumlevelofsafetystock(tocaterforthecompany’sdemandvariability).The
objectiveof thisresearchis toapplySquareRootLawindeterminingthesafetystockforomni-
channelbusinessessincesomeresearchersclaimthattheSquareRootLawprovidesgoodestimates
ofrealsavings(Sussams,1986).Sussams(1986)maintainsthatin25examplestheinventorysavings
predictedwiththeSquareRootLawcloselyreflectedthepracticalones.

Figure 1. Single-channel. Source: (Hübner et al., 2016).
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RESEARCH MODEL

Equation(1)representsageneralSafetyStockequationproposedbyYamazaki,Shida,andKanazawa
(2016).

sS z T L
t

= +σ  (1)

WheresS :SafetyStock,z :Safetyfactor,σ
t
:Standarddeviationofdemandperunittime,T :

Reviewperiod,L :Leadtime.Wetookthisequationandfurtherdevelopedittotakeintoaccount
SafetyStockthatisrequiredforbothonlineandofflinechannels.Allvariableshavebothanonline
andanofflineportionexceptfortheleadtime,L whichisassumedtobesimilarforbothchannels.
TheSquareRootLawwasappliedbecausewearecentralizingthetwochannels(handledbytwo
separatestoragefacilities,oneforphysicalstoreandoneforonlinesales).Thus,themodifiedequation
becomes

sS
OM
=

No. of Future Facilities

No. of Current Facilities
 x Offfline Safety Stock + Online Safety Stock 



 

(2)

sS x z T L z T
OM offline t offline offline online t online
= + +( ) ( )

1

2
  σ σ

oonline
L+




 (3)

Where:
sS
OM

:SafetystockforOmni-channel, z
offline

:Safetyfactorforoffline, z
online

:Safetyfactorfor
online,σ

t offline( ) :Standarddeviationofdemandperunittimeforoffline,σ
t online( ) :Standarddeviation

Figure 2. Multi-channel. Source: (Kourimsky & Berk, 2014).
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Figure 3. Omni-channel. Source: (Kourimsky & Berk, 2014).

Figure 4. Percentage reduction in inventory from centralization of warehouse (Maister, 1976).
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ofdemandperunittimeforonline,T
offline

:Reviewperiodforoffline,T
online

:Reviewperiodforonline,
T :Leadtime(samedeliveryleadtimeforbothchannels).Equation(3)isourproposedmodeland
willbeusedinoursimulationstudiesforthenextfewsections.

SIMULATION SCENARIOS AND PARAMETERS

ExcelwasusedforsimulatingEquation(3),oralsoknownastheresearchmodel.Wesimulatethe
safetystockrequiredforOnline,Offline,MultiaswellasOmni-channels.Thescenariosforsimulation
arecreatedbasedonthesethreefactors:

• Changesintheleadtime
• Changesinthereviewtime
• Changesinthesafetyfactor

Sixlevelsofleadtimeandreviewtime,from1,3,5,7,14,28time-unitsareintroducedintothe
model. The products are also further classified according to their average demands (
µ = 20 100 350 600, , , )andstandarddeviations(σ µ µ µ µ= 1 10 3 10 5 10 7 10/ , / , / , / ).Thedifferent
averagedemandrepresentswhethertheproductisaslow-movingorfast-movingitem,whereasthe
differentlevelsforstandarddeviationrepresentsthedemandvariabilityoftheproduct.Forexample,
aproductwith(µ σ µ= = =20 7 10 14, / ),isaslow-movingitemwithahighdegreeofdemand
variability.Incomparison,aproductwithaveragedemand(µ σ µ= = =600 1 10 60, / ),isafast-
movingitembutwithstabledemand.Theobjectiveforchoosingsuchparameterswastoalignwith
similarparametersusedinpreviousstudiesofinventorymodellingandsimulation(Banerjee,Burton,
&Banerjee,2003;Sezen,2006).Withsixdifferentreviewperiods,fourlevelsofaveragedemand,
fourlevelsofstandarddeviation,fourdifferentresultsforsafetystock,thereisatotalof384different
situationsintheallscenarios,whereonevariableischangedwhiletherestarebeingheldconstant.
Inthefirstscenario,leadtimeiskeptconstantat1timeunit,whereassafetyfactorisvariedsixtimes,
from0.25to2.05,whichcorrespondstotheirrespectiveservicelevelof60%to98%.Forthesecond
scenario,leadtimeisvaried,whilethereviewtimeandsafetyfactorarekeptconstant.Thesafety
factorusedcorrespondstoa95%servicelevel.Forthethirdscenario,reviewtimeisvaried,while
theleadtimeandsafetyfactorarekeptconstant.Thesafetyfactorusedcorrespondstoa95%service
level.ThevaluesofthevariablesareasperTable1fordesignofexperimentbelow.Theresultsfrom
thesimulationstudyaretabulatedinTable4andTable5intheAppendix.

Thesimulationassumptionsare:

• Reviewtimeforofflineis7unittimeasitisperiodicreview,whilethereviewtimeforonline
is1unittimeasitiscontinuousreview

• Demandisnormallydistributedandtheirstandarddeviationsandmeansaredeterministicand
thereisnoseasonalorcyclicdemand.

• Productsaredeliveredwhenrequestedandthereisnobackorder.
• Twodifferentstoragefacilitiesarecurrentlyhandlingthesafetystockforofflineandonline.
• Thereisnotransshipmenthappeningbetweenthefacilities,bothbeforeandafterconsolidation
• Allfacilitiesusethesamesafetyfactor,bothbeforeandafterconsolidation
• Thereiszerovarianceofleadtimeforallfacilities,bothbeforeandafterconsolidation.
• Demandatdecentralizedfacilitiesarenotlinkedandallhavethesamedemandvariance.
• Demandsandleadtimesareindependentandnormaldistributedrandomvariables.
• Averagetotalsystemdemandremainsconstantaftertheconsolidation
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ANALySIS OF RESULTS

Forthefirstscenario,itcanbeobservedthatassafetyfactorincreases,theamountofsafetystock
requiredincreases(Figure5).Thedifferencebetweenthesafetystockrequiredforsafetyfactorof
0.25(60%servicelevel)andsafetyfactorof1.64(95%servicelevel),increasesasthemeanincreases.
Therefore,afastermovingstockcomparedtoaslow-movingstock,requiresmoresafetystock,even
foranitemwithastandarddeviationof10%whichrepresentsastabledemandasthereislower
deviationfromthemean.

Forthesecondscenario,itcanbeobservedthatasleadtimeincreases,theamountofsafety
stockrequiredincreases(Figure6).Thedifferencebetweenthesafetystocksrequiredforleadtime
of1timeunitandleadtimeof28timeunit,increasesasthemeanincreases.Therefore,withdelays
ofdelivery,itcanbeobservedthatmoresafetystockisrequiredtocatertofastermovingproducts.

Forthethirdscenario,itcanbeobservedthatasreviewtimeincreases,theamountofsafetystock
requiredincreases.Thedifferencebetweenthesafetystocksrequiredforreviewtimeof1timeunit
andreviewtimeof28timeunit,increasesasthemeanincreases.Therefore,withmoreinfrequent
inventoryreviews,itcanbeseenthatmoresafetystockisrequiredtocatertoincreasesindemand,
likeinthecaseofperiodicreviewswhereanunexpectedsurgeindemandmightcauseshortagesor
stockout.Therefore,wecanconcludethatifreviewtimeiscontinuous,itwouldhelptoreducethe
amountofreviewtimetoaminimum.

There is a general observable trend that safety stock would increase, when the individual
determinantslikesafetyfactor,leadtimeandreviewtimeareincreased(Figure7).Furthermodels
weresubsequentlytestedtofindouthowstandarddeviationwouldaffecttheservicelevel,whatwould
happenwhenleadtimeandreviewtimewerecombinedtogether,andwhetherdemandvarianceor
leadtimewouldplayamoreimportantroleindeterminingtheamountofsafetystock(Figure8).

Th is  char t  i s  based  on  p roduc t  mean  µ = 100 ,  w i th  s t andard  dev ia t ion
σ µ µ µ µ= 1 10 3 10 5 10 7 10/ , / , / , / ,withvariationinservicelevelfrom55%to99%.Acomparison
oftheresultsshowedthatwithanincreaseinservicelevel,thereisanincreaseinsafetystock.However,
thecurvewouldtaperoff,astheservicelevelincreasesfrom90%onwards.Thisshowsthattheimpact
ofmoresafetystockontheservicelevelislessening.Inotherwords,theinvestmentonhigherservice
levelsmightnotpayoffandthereisdiminishingreturns.Furtherinvestmentinsafetystockwould
onlyenduptyingupcapital,whichthecompanycanutiliseforotherformsofinvestments.Inaddition,
withgreaterdeviationfromtheproductmean,moreinvestmentinsafetystockisrequiredforthe
sameservicelevel.

Table 1. The six different simulation scenarios
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Fromtheanalysisoftheresults,therewasanunderstandingthattheindividualleadtimeand
reviewtimedidnotmatterasmuchasthesumtotalofthesetwotimes.Thus,afurthermodelwas
developedtoseewhatistheeffectofthesumtotalofthetimeversusthesafetystocklevel.Witha
constantservicelevelof90%,thesumtotalofthetimewasvariedfrom1to90timeunits.Themean
oftheproductwas100andthestandarddeviationwas10%ofthemeanorσ=1/10µ.Theresults
showedthatwith4timeunitstotalofreviewtimeandleadtime,thesafetystockrequiredwould
be100%ofthatrequiredfor1timeunittotalofreviewtimeandleadtime(Table2andFigure9).

Theresultsshowedthatwith4timeunitstotalofreviewtimeandleadtime,thesafetystock
requiredwouldbe100%ofthatrequiredfor1timeunit.Ifthattimewasincreasedto14timeunits,it
wouldbe274%morethanfor1timeunit.Thus,toreducesafetystock,theleadtimeandreviewtime

Figure 5. Safety factor vs omni-channel safety stock

Figure 6. Lead time vs omni-channel safety stock
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needtobeshortenedtoensurethatsafetystockiskeptatalowlevel.Thisconcurswiththeresearch
donebyEvers(1999)ontheinfluenceofleadtimeonsafetystocks.Inhisresearch,hefoundthat
itwasmoreeffectivewhentheaverageleadtimesarereducedforslow-movingitemswithunstable
demand,andwhenthestandarddeviationofleadtimesarereducedforfastmovingitemswithstable
demand(Evers,1999).Thisaspectofleadtimeandreviewtimereductionispossibletobecontrolled
bythecompany,bynegotiatingforreducedleadtimeandensuringtheinventoryiscontinuously
reviewed(Farhadetal.,2012).Theobjectiveissothatthecompanyisabletoachieveanoptimum
levelofsafetystockwithoutaffectinginventoryavailabilityandservicelevel.Astheequationwas

Figure 7. Review time vs omni-channel safety stock

Figure 8.  
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usingthe“squarerootlaw”forcentralizationofwarehouses,a2×2matrixwascreatedtoshowthe
differencebetweensafetystockrequiredforcentralized(Omni-channel)anddecentralized(multi-
channel)basedonfastandslowmovingproducts.

Inthefirstmatrix(Figure10),itisbasedonthethirdscenarioinwhichonlyreviewtimeisvaried.
Thesizeofcirclesrepresentstheamountofinventoryrequiredforthedifferentproductmean,with
standarddeviationat10%and70%,andreviewtimeat1and28timeunits.

AscanbeobservedinthematrixinFigure10,productsthatarestoredindecentralisedwarehouses
(multi-channel)wouldrequiremoresafetystockcomparedtothoseinthecentralisedwarehouses
(Omni-channel),duetothe“SquareRootLaw”whichisusedforconsolidationofstock.Withincrease
invariance,whichisrepresentedbythehigherstandarddeviationof70%,theamountofsafetystock
increases.Forslowmovingproductswhicharerepresentedwiththeirlowmeanµ20and50,they
requirelowersafetystockcomparedwiththefast-movingproducts.Slowmovingproductscanbe
consideredtobestoredatdecentralisedwarehousesforfasterresponsetoconsumers,iftheyareof
lowcost.

Forthebarchartshownbelow(Figure11),itisalsobasedonthescenarioinwhichonlyreview
timeisvaried,howeveronlytwosetsofdataareusedwherereviewtime=1timeunitandreview
time=28timeunits.Theaveragedemandis100withastandarddeviationof10%.

Ascanbeobserved in thechartabove, thereareonly twocolorsofwhichone representsa
centralizedfacilitywhiletheotherrepresentsdecentralizedfacilities.Asobserved,thosecategorized
underthecentralizedwarehouse(Omni-channel),requiredalesseramountofsafetystockcompared
tothosecategorizedunderthedecentralizedwarehouses(multi-channel).Thisisbecausethe“Square

Figure 9. Safety stock level vs sum of lead and review time

Table 2. Total of lead and review time compared with safety stock required

Total Time units 1 2 3 4 5 6 7 14 21 28 60 90

SafetyStock
Required 12.80 18.10 22.17 25.60 28.62 31.35 33.87 47.89 58.66 67.73 99.15 121.43

%Differencefrom
Day1 0.0% 41.4% 73.2% 100.0% 123.6% 144.9% 164.6% 274.2% 358.3% 429.2% 674.6% 848.7%

Source: own work.
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RootLaw”wasappliedtothem.Thereisanincreaseof438.5%oftheamountofsafetystockif
theinventorywasdecentralizedandreviewtime=28timeunits,comparedtoaninventorywhich
iscentralizedandonlyreviewtime=1timeunit.Therefore,withanincreaseinthereviewtime
neededtoreviewtheinventorysuchasinperiodicreplenishmentpolicies,theamountofsafetystock
subsequentlyincreased.Thisincreaseisfurtherintensifiedifthefacilityisnotcentralized,asshown
inthechart(Figure11).

Figure 10. Warehouse type vs product velocity

Figure 11. Comparison between centralized and decentralized facilities
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Astherewereincreasesinsafetystockforbothdemandvariationandleadtimeincrease,Figure
12isplottedtocomparewhichdeterminantwouldcauseahigherincreaseintheamountofsafety
stock.Thegraphshowsthatasdemandvariationcausesahigherincreaseintheamountofsafetystock
required.Figure12alsoshowsthatasleadtimeincreaseof60timeunitsrequireslesssafetystock
(185.49)thanademandvariationof40%(196.8).Thus,thisshowsthatdemandvariabilityrequires
morestockthananincreaseinleadtime,andthus,thisisamorecrucialdeterminantthanleadtime.

RECOMMENDATIONS

Fromthissimulation,ithasfoundoutthatthesumofleadtimeandreviewtimeismoresignificant
thaneachindividualleadtimeandreviewtime.Asthesetwofactorscanbeinfluencedandcontrolled
bythecompany,theyshouldbereducedasmuchaspossible.Thesavingsforthereductioninthese
twofactors,canbeseenintheincreaseintheamountofsafetystockcomparedwiththeincreased
sumofleadtimeandreviewtime.Thisfindinghasalsoshowntheimportanceofbuyer-supplier
relationshipandtheimplementationofacontinuousreviewpolicy.Withacollaborativeoralliance
typeofbuyer-supplierrelationship,thecompanywillbeabletonegotiateforareducedleadtimefor
theirpurchaseitemsandthus,beabletoreducetheamountofsafetystockitholds.Inaddition,with
acontinuousreviewpolicy,thereviewtimecanbeeffectivelyreducedtoaminimum,suchthatthe
equationwillhaveonlyaleadtimecomponentandnoreviewtimecomponent.Demandvariation
hasalsoshowntobemorecrucialindeterminingtheamountofsafetystockrequired,comparedto
leadtime.Asdemandvariationisdependentonconsumers’behavior,awaytoreducethedemand
variationisbyriskpooling.

Thereforethecontributionbythispapertowardstheexistingliteratureistherecommendations
thatwillbeputforth.Thefundamentalideaisthatsafetystockwillincreaseasthestandarddeviation
ofdemand,leadtimeorreviewtimeincreases,andcompaniesshouldpooltheiritemstogetherto
reducethedemandvariationandalsotoreducetheamountofsafetystockthattheycarry(Chen2009).
Theresultsofthemodellingconcurswiththevastamountofexistingliteraturedoneoninventory
management.Theeffectsofcentralizationofwarehouses,leadtimeonsafetystockandtheresearch
doneforthevariousmethodsofdeterminingsafetystockarewelldocumented.

FromEquation(3),

sS z T L z T
OM offline t offline offline online t online
= + +( ) ( )

1

2
 x σ σ

oonline
L+




 (3)

Figure 12. Demand variation and lead time variation vs omni-channel safety stock
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WecanadjusttheSafetyfactorforoffline z
offline

withahighervalueascomparedtotheSafety
factor foronline z

online
 since consumers expect the stock tobe available in storewhile theyare

shoppingascomparedtoonlineshoppingwherethestockcanbebackordered.Therefore,moresafety
stockshouldbeallocatedmoretothestorethanforonlinesales.

Next,ABCclassificationcanbeperformedtoclassifytheitems,accordingtotheirpriceand
whethertheyarefastorslowmovinginordertodetermineiftheyshouldbecentralizedordecentralized.
Forcentralization,themainmotivationshouldbetolowercostastheitemsareexpensiveandslow
moving.Fordecentralization,themotivationshouldbefasterresponsetoconsumers,andtheitems
shouldbelowvalueandfastmoving.Thiswillhelptoensurethatconsumersreceivetheiritems
quickly.Poolingisgoodforoperationswhentheuncertaintyisminimalandnotbeneficialwhenthe
uncertaintyistoohigh.Wewouldrecommendproductswiththefollowingcertaincharacteristicsto
storeeitherinacentralizedfacilityordecentralizedfacilitiesaslistedinTable3.

Anotherrecommendationistofurtherpoolandshareinventorywithcompaniesinthesame
industryorcompaniesretailingsimilarstandarditems.Grocerystoresandstoreswhichsellelectrical
appliancesaresomeofthecompaniesthatmightbenefitiftheycouldcometogetherandsharetheir
safetystock.Thisisbecausetheycarryitemswhichcanbestandardizedsuchastelevisionsets,laptops,
cookingoilandcannedfoods.Besidescostsavingsfrompoolingtheirinventories,theindividual
companywillalsosaveonobsolescencecostastheproductsthattheyareretailing,dohaveashelflife.
Althoughtheterms“consolidation”and“pooling”,wouldgivetheideaoflocatingalltheproducts
atonesinglelocation,theideainsteadwouldbetosharetheinformationofhowmuchsafetystock
eachcompanyiskeeping.Thisway,thecompaniesneednotshareaphysicallocationbutinstead
keeptheirsafetystockattheirownfacilities.

CONCLUSION

Safetystockisapartofinventory,anditisusuallyheldtobufferagainstdemandvariationsandsupply
uncertainty.However,incarryingtoomuchsafetystock,companiesruntheriskofobsolescence,
increaseincarryingcosts,missedinvestmentopportunitiesandlowerprofits.WiththeOmni-channel
retailing,whichisthenextstepinevolutionforthemulti-channelretailing,thereisagreaterneed
toensurethatcustomersareabletogettheirpurchasesastheyarenowabletopurchaseanytime,
anywhereandonanyoftheirdevices.Thisresearchquestionistolookintothisrelativelyunexplored
areaofsafetystockinanOmni-channelenvironment,andthesignificanceofthequestionissothat
thecostofsafetystockcanbereduced,andtoincreasetheprofitabilityofacompany.Themain
contributionforthispaperisfindingoutthatthesumofleadtimeandreviewtimeismoresignificant
thantheindividualleadtimeandreviewtime,andshowingthatthedemandvariationisamorecrucial
determinantinthesafetystockequationthanleadtimeincrease,asitwouldrequiremoresafetystock
tocatertoa40%demandvariationthana60timeunitsleadtime.Furthermore,thesafetyfactorsfor
bothonlineandofflinesalesshouldbeadjustedseparatelysinceofflinesalesexpecthigherstock
availabilityascomparedtoonlinesaleswhichallowbackorderifstockisnotavailable.

Table 3. Characteristics of products to be centralized or decentralized

Centralized facility Decentralized facilities

     •SlowMovingStock
     •Bulkyitemslikefridges,washingmachines
     •Highvalueitems
     •Itemswithlimitedshelflife
     •Itemswithlongleadtime
     •Itemswithhighdemandvariability

     •FastMovingStock
     •Smallitemslikethumbdrives,laptops
     •Lowvalueitems
     •Itemswithoutshelflife
     •Itemswithshortleadtime
     •Itemswithlowdemandvariability
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Limitations and Future work
Severalassumptionsweremadeinrefiningtheequation.Theseincludereviewtimebeingoneweek
forofflinechannelsanddailyforonlinechannels,whichinrealitymightnotbethecase,asmostmajor
retailcompanieshavesomeformofanERPsoftwarelikeSAPinstalled,whichtrackstheinventory
allthetime.Anotherlimitationistheassumptionsisthattheordersareimmediatelyfilledandno
backorderisallowed.Foronlinesalesthataredeliveredtotheconsumer’shome,itisnotexpected
tobeimmediateandifthedeliveryisdelayedbyafewdays,theconsumerwouldstillbesatisfied
withthecompany’sservice.Duetotheusageofthe“squarerootlaw”,thesafetyfactoranddemand
havetobethesameforbothonlineandofflinewhichinpracticeisnotlikely.Duetothestochastic
demandforonlinesales,inpractice,lowerlevelsofinventoryandsafetystockaretypicallykept
whichresultsinlowerservicelevels.Demandforonlineandofflinesalesarealsodifferent,thusin
realitytheproposedequationmighthavelimitedusage.

Anareaforfutureresearchcanbetofurtherimprovetheequationsuchthatsafetyfactor,standard
deviationofdemandandmeandemandcanbevariedforboththeonlineandofflinechannels.In
thisway,thecalculationswillbemoreaccurateandthevariableswillbemorelikelytothoseusedin
practice.Anotherareaisthatabettersimulationprogramcanbeusedformodellingthesimulation,
suchthatinsteadofjustthefacilitieslevel,theprogramisabletocomeupwiththedetailedsafety
stockfortheretailstorelevel.Inthisway,theresultswillbemoreaccurateastheinformationfrom
the individual stores will be used to calculate the average demand and standard deviation. This
simulationprogramcanbepartneredwithastandardERPprogram,suchthatthedailydemandcan
begatheredforitsutilization.
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APPENDIX

Table 4. Ranges of parameters used in computational experiments

Table 5. Time review scenario
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