


Scholarsaredevotinggreaterattentionto humansmuggling[4±6].Analysisof howsmug-
glersandmigrantsstrategicallyrespondto enforcementat thefrontier hasalsohadaresur-
gence[7±9].In particular,findingsfrom alongtheUS-Mexicobordershowthatborder
enforcement,targetingmigrantsbut not smugglers, leadsto displacementalongalternative
routes[10]. Two complementarystrandsof literaturefocuson theprocessof migration.One
examinesthedriversof migrationfrom countriesof origin, highlightingviolence,poverty,and
environmentalfactors[11,12].Thesecondexplorestransit in theMediterraneanregionquali-
tatively.It describesthemanystepsmigrantstypicallytakein their journeyandarguesthat the
nextlegof thejourneyisoftennot plannedor envisioneduntil anopportunityarises[13,14].

Wecontributeto thisemergingbodyof work byanalyzingmigrationthroughtransitcoun-
triesquantitatively.Wechoosetheword `transit'to link our work thequalitativework on
`transitmigration.'To our knowledge,our studyis thefirst quantitativestudyof howenviron-
mentalandpolitical conditionsin transitcountriesinfluencemigrationandhumansmuggling
patterns.Weexaminemigrants'responsesto competingrisksin transit.Thenweevaluatethe
effectivenessof apolicyinterventiontargetedat themilitias thatsmugglemigrants.Our analy-
siscomplementswork on borderenforcementbyestablishingwaysthat thetransitenviron-
mentdrivesmigrant flows.Our work alsocomplementsqualitativeresearchon transitandthe
importanceof reputationandrelationalcontractingwithin smugglingmarkets[5, 15,16].

With detaileddataaboutcrossingsfrom North Africa to Italy,weshowarobustrelation-
shipbetweenmigrantarrivalsin Italy andpoliticalunrestin North Africa.A 10percent
increasein riots nearportswheremigrantscongregatecorrespondsto a4.89percentincrease
in migrantsarriving in Italy.A reluctanceto leavein riskyseaconditionsdrivesarrivalstoo.A
10percentincreasein waveheightcorrespondsto a27percentdecreasein arrivalsin Italy.
Thesefindingsarerobustto anumberof alternativemodelandoutcomespecifications.

Weexaminetheimportanceof militias, thatsmugglemigrants,usinganeventstudymoti-
vatedbyanItalian-ledintervention.In mid-2017,Italy,with financialsupportfrom theEU,
aimedto disruptmigrationbyco-optingmilitias that facilitatesmugglingandgivingthem
accessto moneyascoastguard.Wefind that343fewermigrantsarrivein Italy perday,follow-
ing theintervention,a0.6standarddeviationreductionin migrantcrossings.Thereduction
occursdespitelittle changein demand.Underlyingdriversof migrationfrom origin countries
in Sub-SaharanAfrica changedlittle in 2017,andthenumberof internationalmigrantsin
Libyaremainedstable.Further,thereis limited evidenceof displacementof migrantsto alter-
nativeroutesandno evidenceof increaseddeathratesatsea.

Our findingssuggesttransitconditionsareimportant for understandingmigrant flows.
Violencenot only drivesmigrantsfrom their countriesof origin, violencein transitcountries
maycreatepressureto movealongtheroutetowardamigrant'snextdestination.Environ-
mentalrisksduring travelreducemigrant flows.Evidencefrom theItalian interventionin
Libyasuggestsnon-stateactorswithin transitcountrieswereusedeffectivelyto stemtheflow
of migrants.

Materials and methods

Context and data

Thehumansmugglingmarketin North African port citiesiscompetitive[5]. Whensmugglers
beganusinginflatablecraft thatareeasilyreplaced,entrybarrierswerefurther reduced.The
pricefor crossingtheMediterraneanfell substantially.Fromtheinitial surgein 2015to 2016,
pricesfor thesealegof thejourneywere200to 250USD.In June2017,priceswereaslow as
60USD.Followingtheinterventionwestudy,qualitativeassessmentssuggestprices
rebounded[17].
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By2014whensmugglingacrosstheMediterraneanwasexpandingrapidly,therewaslittle
governmentinfrastructureto curtail it. TheLibyanNavyandCoastGuard'svesselswere
amongthetargetsof the2011NATO interventionin Libya.Militias andotherarmedgroups
controlledportsandthesurroundingwater.In thecontextof athriving smugglingindustry,
militias smuggledmigrantsthemselves,chargedtolls to othersmugglersfor passageout of con-
trolled waters,andoperateddetentioncentersfor migrantswhowerecapturedby formaland
informal authorities[18].

Thejourneyfrom departurein Libyaor Tunisiato arrival in Italy takesfrom oneto seven
days.In aseaworthyboat,thetrip takeslessthanaday[19]. Howeverajourneyin awooden
fishingboator rubberdinghycantakeseveraldays.Themostdetailedestimatesof trip dura-
tion arefrom 2013,beforetherewereNGO rescueboats;theysuggestsmuggledmigrants'
trips were2 to 6days[20]. Thisvariationismostlydueto time atseabeforerescue[20]. Dur-
ing theperiodwestudy,NGO boatsarerescuingasubstantialportion of migrants,and
migrantsaretravelingin their rubberdinghiesshorterdistancesthanin the2013-14period
[21]. Takentogether,thequalitativeevidencesuggeststhatmostjourneystaketwo to three
dayswith sometraveltakingsevendaysor more.

To accountfor thisuncertaintyin howlongcross-seatrips take,weuseameasureof sea
andpoliticalconditionsthat leveragesvariationfrom thesevendaysprior to arrival.This
choicerelieson reportsfrom extensiveinterviewingof migrantsupontheir arrival in Italy and
somesmugglersin Libya.Typically,whenamigrant in Libyadecidesto goto Europe,thefirst
stepis to contactanintermediary.Theintermediarytakesthemigrant to aholdingplace,
wheremigrantswait until seaconditionsarefavorableandthereareenoughpeopleto fill a
boat[22]. Oncetherearesufficientnumbers(80-100),themigrantsboardarubberdinghy,
andonemigrant ischargedwith piloting theboatfor 4-8hoursstraightinto international
waters.Then,themigrantsmakeanSOScallwith anincludedradio [22] andwait to beres-
cued.Onceon arescueboat,theymaketheir wayto aclose,designatedport. Our arrivaldata
isacompositionof estimatesfrom theUnited NationsHigh Commissionerfor Refugees
(UNHCR) andregistrationfrom theItalian Ministry of theInterior. Thesenumbersarecol-
lectedthedayof arrival,or within thenext2 days,dependingon theport andthetiming of
UNHCR accessto arriving migrants[23]. Econometrically,usingvariationfrom alongerlag
introducessomenoisesincetheadditionallagsareonly relevantto a(potentiallysmall)subset
of migrants.Thiswouldcauseattenuationbias.If true,this typeof biaswould leadusto under-
estimatethetrueeffect(i.e.,whatwewouldestimateif wehaddataon thedurationof each
individual'sjourney).

Westudymigrantmovementinto Italy from January2016to April 2018.Our datatracks
thearrivalof 307,056individualsandcomesfrom UNHCR,throughtheOperationalPortalÐ
Mediterranean.Thearrivalswerelargelyprocessedat theLampedusaReceptionCenter,
locatedin theItalian PelagieIslands.Remainingcountswerecompiledatotherfacilitiesalong
theItalian coast.Theserecordsdo not distinguishorigins,yieldingadaily time seriesof migra-
tion. Formoreinformation on origins,weuseroutesbasedon qualitativeresearchby the
InternationalOrganizationfor Migration (IOM). Therearenineprimary searoutesfrom
portsin LibyaandTunisiato Lampedusa(seeFig1).

Migrants'transitmaybeinfluencedbypoliticalunrest.To capturevariationin political
unrestnearareaswheremigrantsdepart,weconstruct25-kilometerbuffersaroundthesenine
ports.Weidentify all riots within thesebufferscollectedin theArmedConflict Location&
EventDataProject(ACLED)[26]. Weselectriots becausetheyoccurin urbanareasandare
morelikely to affectlabormigrantsthanorganizedviolence.Weexpectmigrantsto respondto
riots becausetheymakeanarealesssafeandmaybeindicativeof moresystematicviolenceto
come.Weanticipatethatmigrantsshouldbelessaffectedbyviolencetargetingciviliansand
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rebelviolence,asmigrantsmayavoidplacesthataretargetsof agovernmentcrackdownor
haveongoingrebelviolence.During our sampleperiod,nearlyall eventsrecordedwithin our
buffersweregeoreferencedto thetown (spatialprecisionlevel1),givingusmoreconfidencein
theassignmentof riot eventsandotherinstancesof violenceto ports.

Becauseseatraveltakesup to oneweekfrom departureto registrationof arrival,wecount
thenumberof riot eventsin theprior week.Formigrantswith longjourneys(6 to 7days),this
impliesthat thereisnoisein thismeasure(sincefutureriots aredifficult to anticipateandlikely
do not effectsmuggling).Thisnoiselikely causesattenuationin theestimatedrelationship
with riots.Weinvestigatethis in theRobustnesssectionbelow.Wefollow asimilarstrategyfor
investigatingviolenceagainstciviliansandrebel-governmentviolence(S2Table).Wefind no
consistentevidencethat theseotherformsof violenceinfluencemigrationasmuchasriots,
thoughtheestimatedeffectsof civilian harmareimprecise.For this reason,our mainanalysis
focuseson riot events.

Migration mayalsobeinfluencedbyseaconditions.To accountfor this,wegatherdailysea
waveheightdatafrom theEU'sCopernicusmarineenvironmentmonitoring service[27].
Waveheightswererecordedat0500localtime (approximatelysunrise).Wecalculatewave
conditionswithin ageographiczonederivedfrom theIOM searoutes,enablingusto capture
waveheightsalongandaroundthesepassageways(seeFig1).Similarto our riot data,wecon-
structanaverageof waveheightsfrom theprior weekto accountfor thelagbetweendeparture
conditionsandarrivalsin Italy.Formigrantswith shortjourneys(1 to 2days),this impliesthe
link betweenmigrationandwaveheightwill beattenuated(sincemigration isunlikely to be
influencedbyhistoricalwaveheightconditionalon currentwaveconditions).Weassessthese
dynamicsbelowin theRobustnesssection.

Wesupplementarrival recordswith datafrom theIOM's MissingMigrantsProject[28].
Thesedataareclusteredbyeventandprovideestimatesof thenumberof migrantskilled or
missing.Theserecordsincludemigrantdeathsfrom boatscapsizingandmoreregularoccur-
renceslike deathsatseadueto dehydration,illness,or injury. Coordinatesareassociatedwith
thedeathif knownandotherwise,theplaceof recovery.TheMissingMigrantsProjectgathers
datafrom official sourceslike medicalexaminersandcoastguard.Theyalsodrawon data
from mediasourcesandNGOsthathelpmigrantsandtheir families.TheIOM platformis the
mostcomprehensiveavailableandisusedbygovernmentalandnon-governmentalactorsfor
trackingcasualties.Wecollapsetheserecordsinto adaily time seriesand,asarobustness

Fig 1. Regionof Studymigrationpassagesandsmugglinghubs(a)andareausedfor calculatingseaconditions(b).
Mapof smugglingroutesis recreatedbasedon information from theIOM [24].Seaconditionzoneisauthors'
projection. Dataon seaconditionsis from theCopernicusmarineenvironment monitoring service.Boundaryfilesare
from GADM [25].

https://doi.org/10.1371/journal.pone.0236646.g001
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check,combineour information on arrivalswith thisdatato calculateadaily total flow (of
thosewhodid anddid not arrivein Italy).

Time series analysis: Political and environmental risks

Weanticipateatradeoffbetweenpolitical risks(e.g.,exposureto riots) andenvironmental
conditionswhich increasetheprobabilityof deathatsea(dangerouswaveconditions).We
exploitthedaily time seriesdataaboveto studythisquestion.Our mainspecificationincorpo-
ratespoliticalunrest(riots) andseaconditions.WebeginbyestimatingEq1:

arrivalsi ¼ aþ b1riotsi þ b2wave heighti þ gmonthi þ ldayi þ � ð1Þ

Wherearrivalsi is thedaily totalof arrivals,riotsi indicatestheintensityof riots in theprior
week,andwave_heighti capturesaverageseaconditionsin theprior week.To easeinterpreta-
tion aselasticities(percentages),weevaluatethelogof thesethreemeasures.Forconsistency,
weaddoneto arrivalsi andriotsi beforecalculatingthelogarithm.Supplementalmodelsincor-
poratemonthi anddayi.monthi indicatesmonth of yearfixedeffects,anddayi representsday
of weekfixedeffects.Weleveragemonthi to captureanyseasonaltrendsin flight, violence,or
seaconditions.dayi helpsusto accountfor anysystematicvariationin arrivalsthatmight be
drivenby intakeoperations(e.g.,thefacility maystafffewerofficerson Sundays).In our main
specification,weproduceheteroskedasticityrobuststandarderrors.To accountfor thepossi-
bility that flowsareseriallycorrelatedovertime,wealsoproduceDriscoll-Kraaytemporal
autocorrelationrobuststandarderrors.

MigrantsmayleaveLibyain responseto riots;however,it is lessclearwhetherthesmug-
glersor themigrantsarethedecisionmakerswith respectto roughseas.Qualitativeevidence
suggeststhat it is thesmugglerswhodecidewhentheboatsleave.Frontex,theEuropeanBor-
derAgency,explainsthat,ªMany peoplewhoarecomingfrom Africa haveneverseenthesea
in their livesbefore,º[21,par.18]whichmakesit unlikely themigrantsareaccuratelyjudging
theseas.Basedon primary datacollectionin Libya,UNHCR contractresearchersconcluded
thatmigrantswait ªuntil thesmugglerdecidesthat theconditionsareright for travelº[22,
p.144].Economictheoryprovidesarationalefor whysmugglershavelongterm incentivesto
gettheir migrantsinto Europe.Specifically,Mediterraneanhumansmugglingisbuilt on
repeatedinteractions[15]. With repeatedinteractionssmugglersandintermediariesbuild rep-
utationssimilar to firms with relationalcontractsin supplychains[29,30].This intuition is
similar to Campana2018[5], whichstudiesnetworksof smugglersin Libya.In part,theagency
of thesmugglersis theimpetusfor examiningtheItalian intervention.

Event study: Italy’s 2017 Libya intervention

WeleverageanItalian policyinterventionbackedbyEUfunding to examinetheroleof Libyan
militias in humansmugglingacrosstheMediterranean.TheItalian policyisaimedatdisrupt-
ing thehumansmugglingbusinessin Libya,whiledoingnothingexplicitlyto addresstheflow
of migrantsseekingto travelacrosstheMediterranean.An important discretechangein July
2017allowsusto examinetheroleof themilitias involvedin humansmuggling:Italy coordi-
natedwith militias engagedin humansmugglingandincorporatedtheminto anªanti-smug-
glingº coastguardforce.

At theendof June2017,Italy facilitatedadealwith militias in thekeyport of Sabratha,west
of thecapital,Tripoli. Thedealturnedmilitias that facilitatedsmugglinginto anªanti-smug-
glingº coastguard[18,31].Thedealalsogavethemilitias accessto fundsandequipmentfor
coastguardactivities.Italy brokeredasimilaragreementin SouthernLibyathatbuilt acoali-
tion amongSoutherntribesandtheUN-backedgovernmentin Libyaandgavethemaccessto
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EU funds[32]. While theItalian ForeignMinister acknowledgedItaly ªspoketo everyone,ºthe
Italian governmenthasnot acknowledgedits part in theSabrathadeal[33,34].Bythebegin-
ning of July,theLibyanCoastGuardhadrefurbishedboats,andjoint operationsbetweenthe
EU-bolsteredLibyanCoastGuardandItalian Navyensuredthat60%of interceptedmigrant
boatswerebeingreturnedto Libya[18,34].At thesametime,Italy announcedadraft codeof
conductthatplacedrestrictionson NGO rescueships[18]. Subsequentinvestigationssuggest
that theLibyangovernmentusedthecashinflux from theEU to payoff or co-optmilitias who
controlledports,actedascoastguard,andfacilitatedmigrantsmugglinganddetention[17].
TheItalian interventionis idealfor estimationbecausemigrantscouldnot haveanticipated
thepolicy.Themedianmigrantspends6 to 12monthsin Libya(basedon theIOM Displace-
mentTrackingMatrix) anddocumentaryevidencehasLibyaturning aroundmostboatwithin
2weeks.

Targetingmilitias in theCentralMediterraneanmaybeparticularlyimportant.Libyato
Italy seacrossingsaredistinctamongirregulartransitbecausemigrantstypicallyuseasmug-
gler[1]. Migrantscrossinglandbordersoftenmakethecrossingon their own.Particularly,cir-
cularmigrantswhocrossregularlyknowthewayandknowhowto avoidborderenforcement.
Thosewhoarelessexperiencedor wishto reducerisk chooseto useasmuggler[1, 6]. Because
crossingtheCentralMediterraneanissodifficult, almostall irregularmigrantsengageasmug-
gler,whichpresentsanopportunity for Libyanmilitias to profit.

This interventiondifferedfrom otherinterventionspursuedby theEU andItaly.Beyond
changingthecostof migratingor theexpectedutility of movingto Europe,it alteredthesupply
sideof thesmugglingmarket.Militias in Sabrathastoppedsmugglingmigrantsandbegan
operatingasacoastguardforce.Theintervention,thus,operatedthroughtwo channels.Like
otherinterventionsit decreasedtheprobabilityamigrantarrivedin Europe.Theintervention
alsoreducedthenumberof illicit organizationsengagedin smuggling.Thenextcomponentof
our analysisfocuseson theimpactof theItalian interventionon migrantarrivals.

Italy receivedordersof magnitudemoremigrantsthananyothercountryin Europeduring
theperiodstudied.Flowsinto otherEuropeancountriesthereforecannotserveasreasonable
counterfactualtrends.Becausewelackaviablecontrol group,weimplementasyntheticpre-
diction model(usinghighdimensionaltime fixedeffects)to constructacounterfactualflow of
migrantsfor 2017basedon 2016migrationpatterns(theonly completemigrationseasonwe
observebeforetheintervention).Weusecalendar-weekspecificparametersto capturethesea-
sonaltrend in migrationfrom 2016.Usingthisapproachto estimatethecounterfactualtrend
enablesusto beagnosticaboutfunctionalform of theseasonaltrend.Ratherthanrelyingon a
linearor higherorderpolynomialapproximationof thetrend,weestimate52separateslopes.
Thishighdimensionalestimationcapturestheunderlyingseasonaltrendmoreprecisely.We
usethe2016seasonaltrend to constructahigh resolutioncounterfactualtrend for 2017.We
thenremovetheconstructedtrend from therealizedtrend in 2017.Thisresidualmeasure,our
dependentvariablein theeventstudy,capturesthevariationin 2017that isunexplainedby
highdimensionalseasonalvariationin theprior year.Thetiming of theinterventionsetsup
anidealshockfrom whichwecanestimatearegressionmodelanalogousto adifference-in-
differencesapproachusingEq2:

arrivalsdsi ¼ aþ b1Post Interventioni þ � ð2Þ

Wherearrivalsdsi is theweeklymeanof arrivals(deseasonalized)andPost_Interventioni is the
quantityof interest,thechangein migrant flowsinto Italy following theintervention.The
coefficienton Post_Interventioni capturesthedeviationaftertheinterventionfrom thesea-
sonalmigration trend(whenno comparableinterventiontook place).Thisdeviationis
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equivalentto theleveldifferencein adifference-in-differencesresearchdesign.Followingour
mostconservativetime seriesspecification,weproduceDriscoll-Kraaytemporalautocorrela-
tion robuststandarderrors(with abandwidthof four weeks).

Results

Political and environmental risks

Riotsin North Africa arepositivelycorrelatedwith migrantarrivalsin Italy,andhigherwave
heightsdecreasethesearrivals.Table1 reportstheresultsfrom our mainspecificationsin Eq1.
Summarystatisticsarepresentedin S1Table.Our interpretationof themaineffectsisconsis-
tentwith anelasticitybetweenour independentanddependentvariables.In Column1,we
presentthebaselinecorrelationbetweenarrivalsandpoliticalunrestin theprior week.We
find evidenceconsistentwith our expectation,astrongpositiverelationship.A 10percent
increasein riot intensitycorrespondsto a4.89percentincreasein arrivals.In Column2,we
introduceour measureof travelrisk. If our argumentiscorrect,wewouldexpectanegative
correlationbetweenwaveheightandarrival intensity.Here,theevidenceisevensharper.A 10
percentincreasein waveheightsleadsto anapproximately27percentdecreasein arrivals.It is
possiblethatseaconditionsarelinked to riot activity.Jointlyestimatingtheserelationshipsin
Column3 allowsusto partialout anyresidualpair-wisecorrelation.Our estimatesarestable.
In Column4,weintroducemonthi fixedeffectsto themodel,whichhelpsto accountfor sea-
sonalvariationin migration,violence,andseaconditions.Our estimateof theimpactof sea
risksismarginallyattenuated,but remainsmorethanfivetimeslargerin magnitudethan
politicalunrest.It ispossiblethatstaffingschedulesor intakeregulationsleadto higherlevels
of registeredarrivalson certaindaysof theweek.To accountfor this,weadddayi fixedeffects
to Column5.Our resultsareunaffected.It isalsopossiblethat theintensityof arrivals,and
otherconditions,maybestronglycorrelatedovertime. If so,our baselineapproachto stan-
darderrorsmight overstatetheprecisionof our estimates.Thus,wecalculateDriscoll-Kraay
temporalautocorrelationrobuststandarderrorsin Column6 usinga14daywindow,which
webelieveisconservative.Theprecisionof our estimatesdecreases,but theparametersof
interest,riot intensityandwaveheight,remaincorrelatedwith migrationpatterns.In S3Table

Table 1. Riots, sea conditions, and migrant flows to Italy.

(1) (2) (3) (4) (5) (6) (7)

RIOTS (LN, PRIORWEEK TOTAL) 0.489��� 0.478��� 0.503��� 0.503��� 0.503�� 0.467��

(0.174) (0.162) (0.163) (0.164) (0.200) (0.197)

WAVE HEIGHT (LN, PRIORWEEK AVERAGE) -2.715��� -2.711��� -2.542��� -2.542��� -2.542��� -2.259���

(0.233) (0.231) (0.333) (0.332) (0.364) (0.352)

Numberof Observations 812 812 812 812 812 812 812

R2 0.00914 0.130 0.139 0.171 0.174 0.0802 0.0742

Outcomeis thedaily total of migrantsarriving in Italy (ln) (Columns1-6).In Column7,theoutcomeis thedaily total flow of migrants(thesumof arrivalsandreported

deathsanddisappearances).Totalnumberof riots in theprior week(ln) andaverageseaconditions(waveheight)during theprior week(ln) aretheregressorsof

interest.Unit of analysisis theday.Heteroskedasticityrobuststandarderrorsarereportedin Columns1-5;Driscoll-Kraaytemporalautocorrelationrobuststandard

errors(clusteredby 14daywindows)arereportedin Column6-7.TheR2 reportedin Columns6-7is thewithin fixedeffectvariation explainedby seaconditionsand

riots,which is why it differsin magnituderelativeto 1-5,whichreport thestandardmeasure.Starsindicate
��� p< 0.01,
�� p < 0.05,
� p < 0.1.

https://doi.org/10.1371/journal.pone.0236646.t001
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wedemonstratethatour inferencesareconsistentfor 21,28,and56daybandwidths.Wealso
presentresultsfor clusteringbymonth.All resultsaresubstantivelyconsistentandpreciseat
conventionallevels.

Anotherpossibilityis that thepatternsweobservearedrivenbysurvivorbias:during poor
seaconditions,fewermigrantssurviveandareableto makelandfall.Thenegativecorrelation
betweenriskyseaconditionsandarrivals,therefore,maybebiasedin thedirectionof our
argument,overstatingtheelasticity.If, insteadof arrivals,wewereableto identify thetotal
flow of migrants,it wouldaddressthisconcern.Thatwould involvecombiningarrivalswith
information on theflow of migrantsthatdieor disappear(presumeddead)on their seapas-
sage.To investigatethis,werelyon theIOM's dataon missingmigrants.Wecollapsethisdata
into acomparabledaily time seriesandsumarrivalsanddeathsfrom thissourceinto atotal
migrant flow.Wereplicateour mostconservativemodelspecificationin Column7 with this
newoutcome.Theseaconditionscoefficientdecreasesin magnitude,from 2.54to 2.26.The
riots coefficientalsodeclines,whichisconsistentin relativescale.Thissuggeststhatour
benchmarkresultsaremarginallyinfluencedbysurvivorbias.

Our dataon migrantcasualtiesallowusto verify themechanismof our argument,that
poorseaconditionsincreasetherisk of death.Weindeedfind higherwavescorrespondto a
higherdeathrate.To evaluatethismechanism,wecalculateadailydeathrate.Becausethis rate
isunobservedif migrantsneitherarrivenor dieon agivenday,our designisnowaninter-
rupteddaily time series.Webeginbyvisualizingthis relationshipin Fig2.Thetwo trends,
deathratesandwaveheights,covaryclosely.Aswavesreachdangerouslevels(greaterthan1.5
metersfor mostrubbercraft),deathratesincreasesubstantially.Wenextpresentstatisticalevi-
denceof thecorrelationbetweenthedeathrateandseaconditionsin S4Table,following the

Fig 2. Trends in death rates and Sea conditions during sample period. Daily deathratesarecalculatedusingIOM dataon
migrantdeathsanddisappearancesin theMediterraneanandUNHCRintakedatafor theItaliancoast.Waveheightsare
drawnfrom theCopernicusplatform.

https://doi.org/10.1371/journal.pone.0236646.g002
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mainspecificationin Column6of Table1.Wefocusfirst on thecorrelationbetweenthecur-
rent deathrateandcurrentwaveheight(Column1).Weexploretheeffectof thefirst lagin
Column2.Thisallowsusto accountfor thepossibilitythat thereisalagbetweenreported
deatheventsandtheprecipitatingweatherevent.Theeffectof thefirst lagrelativeto theday-
of measureis largeandstatisticallydistinct.In Column3,weattemptto capturetheeffectof
anextendedsetof waveheightlags;wefind compellingevidencethat thefirst lagexplainsvari-
ation in deathrates,thoughthejoint significanceof thesecondandthird lagsisalsostatisti-
callydifferentfrom zero(p = 0.0280).This is reflectedin Column4,whereweuseathreeday
movingaverageof waveheightandfind robustandsubstantivelylargeeffects.Forconsistency
with Table1,wealsodemonstratethat themovingaverageof theweekprior to thedeathevent
ishighlysignificantandlargein magnitude.Theseestimatesconfirm that thereisastrongpos-
itive relationshipbetweensearisk andthepercentageof migrantswhodieor arelostatsea.

Targeted intervention

Fig3 displaystheresultsof theItalian interventionstudy.It showsthat theintervention
reducedmigrant flows.Plot (a) tracesweeklyarrivalsin Italy during 2017(solid line) andthe
predictedweeklyarrivalsin Italy using2016arrivalsto predict2017arrivals(dashedline).
Prior to thepolicyintervention,counterfactualpredictionsbasedon 2016weeklyarrivals
explain35%of thevariationin arrivalsin 2017.Migrantsflowsarehighlyseasonal,andone

Fig 3. Impact of Italian intervention. (a)Weeklytime seriesof actual(solid)andpredicted(dashed)arrivals.Blue
verticalbarindicatestheweekof theintervention. Asexpected,fit statisticssuggestthepredictedvariationmapswell
to thepre-treatment periodandpoorly to thepost-treatmentperiod.(b) Regression-basedestimatesof thereduction
in migrantflowsfollowingtheintervention, relativethepredictedflowsfrom theprior year.Reductionisequivalentto
0.6standarddeviations.Outcomemeanis -387.1;standarddeviation is595.2.95%confidenceintervalsshown.(c)
Monthly trendsin migrant flowsto threereceivingcountries. Noticelargereductioncorrespondsto minor
displacementthroughSpainandGreece.(d) Monthly trendsin arrivalsanddeaths.Notestrongcorrespondence
betweentwo trends(R2 = .79).

https://doi.org/10.1371/journal.pone.0236646.g003
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year'sarrivalsareagoodpredictorof thenext.Italy'sinterventionoccursin mid-July,andthe
drop in arrivalsisvisible.Followingtheintervention,the2016migrant flowsexplainonly 2%
of thevariationin arrivals.Plot (b) displaysestimatedcoefficientsfrom thedeseasonalizedesti-
mationapproachin Eq2.Thefirst point plottedisour preferredspecificationwhichmarksthe
interventionatWeek28,theearliestweekthatwecoulddocumenttheLibyanCoastGuard
turning aroundmostboats.Weestimatethethepolicyinterventionreducedmigrantarrivals
by343peopleperdayfor theremainderof 2017.Asrobustnesschecks,weincludeestimates
from threeotherspecifications.Thesecondestimateincludescontrolsfor theaveragenumber
of dailyarrivalsin thepreviousweek.Thethird estimateusesanearlierweekfor theinterven-
tion, Week26whichfollowstheweekendwhenItaly is reportedto havenegotiatedwith
armedgroupsin theport city of Sabratha.Thefinal estimateusestheearliertreatmentweek
andincludeslaggedarrivals.Regardlessof thespecification,theestimatesarestableandstatis-
ticallysignificantatconventionallevels.

It ispossiblethat Italy'sinterventionsuccessfullylimited flowsinto Italy whilecausing
otherproblems;weconsidertwo.First,it maybethatwhencrossingfrom Libyato Italy
becametoo difficult or costly,migrantsmovedthroughalternativeroutes.Thetwo mostnatu-
ral routesarethroughtheWesternMediterraneaninto Spainor throughtheEasternMediter-
raneaninto Greece.Panel(c) showsthat theremayhavebeendisplacementthroughthese
routesinto SpainandGreece,althoughthemagnitudeof displacementismuchlowerthanthe
reductionfrom Italy'sintervention.

Second,eventhoughfewermigrantsarecrossingtheMediterranean,thosemigrants
whocontinuetheir journeyduring this periodarerelyingon relativelylowerqualitysmug-
glersandtravelingin moredangerousseas.Panel(d) comparesthearrivalsanddeaths
beforeandafterItaly'sintervention.Thenumberof deathstracksthenumberof migrants
consistently(notethedifferentscales).While thereis onepeakin deathsin November
2017,it is not abnormalfor thewinter whenfewmigrantscrossandconditionsaremore
treacherous.

At thetime of Italy'sinterventionin Libya'sport cities,no otherpolicieswerebeingintro-
ducedto reducetheflow of migrantsout of sub-SaharanAfrica andinto Libya.Indeed,IOM's
estimatesof thenumberof internationalmigrantsin Libyain June,JulyandAugust2017
remainedstable.Theestimatedthenumberof migrantsin May(Round10),beforetheinter-
vention,to be393,652.In September(Round13),theestimatewas416,556.This jump iscom-
parableto jumpsearlierin theyear[35]. Eventsthatoccurredafter theItalian intervention,
however,maycomplicateour empiricaldesign.In particular,thebattleof Sabratha,which
beganSeptember15and16[36], disruptedthemajorsmugglinghubfor morethan3weeks.It
is important to demonstratethat theeffectweestimatewaspresentbeforetheonsetof thisbat-
tle.Wedo this in S1Fig,whereweomit thepost-battleperiodsof our sample.Theestimated
effectisslightlylargerin magnitude,suggestingthat thereductionin migrantsmayhavebeen
largestright aftertheintervention.Thepoint estimatesfrom themainanalysisandthissub-
sample,however,arenot statisticallydifferentfrom oneanother.Importantly, it isnot possible
for usto rigorouslyassessout howeventslike thebattleof Sabrathamayhaveimpactedthe
durationof theeffectsweestimate.It isplausiblethat theItalian interventionmayhavehada
lastingeffectevenin theabsenceof thisport disruption.However,welackthedataneededto
morefully explorethispossibility.

Overall,Italy'sinterventionreducedthenumberof migrantcrossingsanddeathsin Medi-
terraneanSea.Theeventstudydemonstrateshowmilitias thatdisengagefrom smugglingand
participatein anti-smugglingeffortscaninfluencetheflow of migrantsinto Europe.

PLOS ONE Political and environmental risks influence migration and human smuggling across the Mediterranean Sea

PLOS ONE | https://doi.org/10.1371/journal.pone.0236646 July 31, 2020 10 / 16

https://doi.org/10.1371/journal.pone.0236646


Robustness
In thissection,weconsiderseveralchallengesto theresearchdesignandour interpretationof
theinfluenceof politicalandenvironmentsriskson migrantarrivals.Wegenerallyfind that
our results,andthesubstantiveinterpretationof them,arerobustto possiblesourcesof bias.
Onenaturalconcernis theexogeneityof politicalunrest.While seaconditionsareplausibly
exogenousto migration,it ispossiblethat riots maybetriggeredbymigrationandsmuggling
activity.Anotherconcernsis that riots andmigrantcrossingsshareacommoncause.Riots
maybecorrelatedwith port closures,whichdirectlyimpactsmugglingactivity.Alternatively
economicupheavalmaydriveriots andcreatetheimpetusfor migrantsto seekout asmuggler
to travelacrosstheMediterranean.Weconsiderthesetheoreticallymotivatedconcernsand
find statisticallysimilar results.

Webeginbysystematicallycategorizingall theriot eventsanalyzedin our study.ACLED,
thesourceof our data,providesadescriptionof eachevent.Noneof theeventsin our sample
aredirectly linked to internationalmigrantsor humansmuggling.This is reassuringasthe
mostdirectpotentialsourceof biasÐthatmigrantsor smugglersaretriggeringor participating
in riotsÐcan beruledout.Wethencategorizewhetherariot eventwastriggeredbyor
involvedinternallydisplacedpersons,involvedfuelsmuggling,or disruptedor closedmajor
ports.Weexcludetheseeventsfrom our analysisandreplicatethebenchmarkmodelfrom
Table1 in S5Table.Theestimatesin Columns2 through4,whereweexcludethesecategories
of riots,arestatisticallyindistinguishablefrom theestimatefrom our preferredspecification
(Column1).Economicconditionsmayinfluenceriots andmigration jointly. Weconducta
reviewof thedescriptionsandfind thatmostof theriots in Libya,whereanestimated90%of
Italian seaarrivalsoriginate[3], arepoliticalor socialin nature.Tunisia,however,experienced
economicdisruptionduring thesampleperiod,particularlyamongworkersandmerchants.
Thistriggeredanumberof protestsandriots.To accountfor thisconcern,weexcludeall Tuni-
sianeventsfrom our samplein Column5.Theestimateisalsoindistinguishablefrom theesti-
matein our preferredspecification.

Anothersourceof potentialbiasis thatseaconditionsmayinfluencewhenriots occur.We
investigatethispossibilityempiricallyandfind little evidencethatseaconditionsimpactriots.
An expandingliteraturein climateeconomicssuggeststhatclimateandweathercandrivevio-
lence[37,38].In our mainanalysis,weaccountfor anycovariancebetweenthesetwo typesof
risk.Still, theremaybeconcernsaboutseveremulticollinearity.S2Figdisplaysalocalpolyno-
mial regressionfit to theunconditionalbivariatecorrelationbetweenriot intensityandwave
height.Theestimatedrelationship(solidblackline) isnearlyflat andcenteredat thesample
meanof riot intensity(dashedredline).Thissuggeststhat thecorrelationbetweenthesetwo
factorsisnearlyzero.In S6Tableweconsideranumberof alternativemodels.First,werepli-
catethebenchmarkspecificationfrom themainanalysis(aoneweekmovingaverageof wave
height;oneweekmovingtotalof riot intensity)andfind no unconditionalcorrelation(Col-
umn 1) or correlationconditionalon month andday-of-weekfixedeffects(Column2).Sec-
ond,wereplicatethelocalpolynomialregressionusinganunconditionalandafixedeffects
approachin Columns3 and4.Wethenattemptto estimateanylaggedeffectsof waveheight
on riot intensityin Columns5 and6.Acrossthesespecifications,wefind no statisticallysignif-
icantevidenceof anyrelationshipbetweenseaconditionsandunrest.Last,it isalsopossible
thatseaconditionsmeaningfullyinfluencetherelationshipbetweenriots andarrivals.We
explorethis in S7Tableandfind no statisticallyprecisemarginaleffects.

Takentogether,theseresultssuggestthatprominentpotentialsourcesof biasdo not drive
theassociationbetweenriots andmigrantarrivalsin Italy.Seaconditionsarearguablyexoge-
nous,but riots arenot. Therefore,wearecarefulto interpret theimpactof riskyseason

PLOS ONE Political and environmental risks influence migration and human smuggling across the Mediterranean Sea

PLOS ONE | https://doi.org/10.1371/journal.pone.0236646 July 31, 2020 11 / 16

https://doi.org/10.1371/journal.pone.0236646


migrantarrivalsascausalandtherelationshipbetweenriots andarrivalsasanadjustedcorre-
lation.Thereissubstantialevidenceof arobustrelationshipbetweenriots in North Africa and
migrantarrivalsin Italy.Nevertheless,wenotethatour researchdesigndoesnot exploitadis-
tinct sourceof plausiblyexogenousvariationin unrest,andpotentialsourcesof biasdueto
omittedfactorsmaystill complicateacausalinterpretationof theseresults.

Our modelingapproach,which leverageslogtransformations,maybesensitiveto alterna-
tive transformations.Weconsiderthis in S8Table,whereweimplementaninversehyperbolic
sine(IHS) transformation.This transformationallowsusto limit thepotentialimpactof
extremeoutlierswhileavoidingtheconstantaddedto thelogtransformationof riot intensity.
Boththeestimateon riot intensityandtheeffectof waveheightremainlargeandstatistically
precise.Theseresultssuggestour preferredestimatesarenot sensitiveto thechoiceof non-lin-
eartransformationused.

Seaconditionsmaybeeasilyforecasted,whichcouldcomplicateour empiricaldesign.If
migration isdrivenby future forecastsof poorseaconditions,thismaycauseasurgein arrivals
aheadof badconditions.Dangerouswavesconditionsmaydelaymigration,whichwould
causeanuptick in activityafterstorms.Althougheachof thesechangesin migrationaredriven
byenvironmentalrisk (throughthemechanismwesuggest),thismayleadusto overstatethe
impactof waveheightsinceour estimatedeffectsaddthesechangesin movementtogether.

Weevaluatepossiblebiasdueto forecastingin severalwaysanddo no find evidenceof sig-
nificant bias.First,weattemptto smooththeseshocksto movementbyusingathreedaymov-
ing averageof arrivalsin Italy.Theseresultsarepresentedin S9Table.Usingthemoving
averageyieldseffectsconsistentwith themaineffects(andslightlylargerin magnitude).Sec-
ond,weattemptto estimatethelaggedstructureof seaconditionson arrivalsusingleadsand
lags.Bycomparingthemainestimatedeffectswhenweinclude/excludetheforecastingeffect
(leads)anddelayedsurge(long lags),webenchmarkthemaineffectandtestfor potentialbias
in theeconometricdesign.Wedo this in S3Fig.Weobservesomesuggestiveevidenceof fore-
castinganddelays,thoughno systematicpatternsacrossalternativespecifications.Themain
effectsareconsistentwhenwecomparemodelswith leadsandall lags(opencircle),all leads
(solidcircle),andmain lags(i.e.,themaineffects;crosssymbol).Thus,our maineffectsare
unlikely to besignificantlybiasedby thesemechanisms.

Wealsorevisitthelaggedeffectsof seaconditionson migrantdeaths.In themainspecifica-
tion, wesumarrivalsandreporteddeathson thesameday.In S10Tablewelagthereported
deathsbyone,two,andthreedays(Columns2-4respectively).Theestimatedeffectsof wave
heightareconsistent,thoughtheyslightlyincreasein magnitudewith additionallags.These
resultsareconsistentwith theevidencein S4Tablediscussedabove.

Last,weevaluatetheattenuationbiasdescribedearlier,andfind thatour specification
underestimatestheeffectof waveheighton migrantarrivals.If relativelyfewmigrantshave
longjourneys(5-7days),weanticipatemoreattenuationof thewaveheighteffectrelativeto
attenuationof thecoefficienton riot intensity.This isbecauseusingour primary approach(7
dayaverage)relativelyfewmigrantswouldbeclassifiedasexposedto future riots (riots that
occuraftertheydepart)whilemostwouldbeclassifiedasexposedto pastseaconditions(sea
conditionsthatwouldhavebeenrelevantto earliermigration).Wecanexplorethis in thedata
bycomparingtheestimatesusingtheprior sevendays(our mainspecification)andtheprior
threedays.Wedo this in S11Table.ComparingColumns1 and2 suggestsattenuationfor the
coefficienton riot isapproximately12%whileattenuationfor thewaveheighteffectis26%.
Columns3and4 suggesttheriot coefficient'sattenuationiscloserto 20%whiletheattenua-
tion for seaconditionsisnearly30%.For theriots, thealternativelaggedrelationshipisstatisti-
callyindistinguishableatconventionallevels.Forwaveheights,thedifferencesarelargein
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magnitudeandcloseto statisticallypreciseat the95%level.Overall,thesesuggestthatour
mainspecificationdoesunderestimatetheimpactof environmentalriskson migration.

Discussion
Our researchclarifieshowenvironmentalandpolitical risksinfluencetheflow of migrants
acrosstheMediterraneaninto Italy.An additionalstudyof aninterventionin Libyasuggests
thatdisruptingsmugglingnetwork,byco-optingpotentialsmugglersandincreasingthelikeli-
hoodthatmigrantsareturnedaround,reducestheflow of arrivals.Takentogether,our find-
ingsmakeanimportant contribution.Theyhighlighthowenvironmentalandpolitical risksin
transitcountriesandalongthemigrationpathinfluencepatternsof migrationandhuman
smuggling.

MigrantscrossingtheMediterraneanisamongthemostpressingissuesfacingtheEU.
Flowsof migrantsacrosstheMediterraneanbetween2014and2019areamongthelargest
migrant flowsinto EuropesincetheEU'sinception.Theshearmagnitudeof theflowsand
deathsof migrantsmakesunderstandingmigration in theMediterraneanimportant for policy
andpoliticalsciencescholars.Someof our insightscarryoverto othercontextstoo.Previous
researchon theUS-Mexicoborderhasdemonstratedthatconcentratedborderenforcement
leadsto displacementthroughalternativepaths[10]. Smugglersfacilitatethisdisplacement,
anddemandfor smugglingservicesmayincrease[6]. Our resultssuggestthatmigrants
respondto risksalongtheir migrationpath.Thecontextof transitmattersfor migrationand
migrationpolicy.Violencein amigrant'splaceof residencemayencourageamigration.The
availabilityof smugglingnetworkscanmakethisnextmovepossible.
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