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Scholararedevotinggreaterattentionto humansmuggling4+6]. Analysisof how smug-
glersand migrantsstrategicallyespondto enforcementtthefrontier hasalsohadaresur-
gencqg7+9].In particular,findingsfrom alongthe US-Mexicobordershowthatborder
enforcementtargetingmigrantsbut not smugglers, leadsto displacemenalongalternative
routes[10]. Two complementarstrandsof literaturefocuson the proces®f migration.One
examineghedriversof migration from countriesof origin, highlightingviolence poverty,and
environmentalfactors[11, 12]. Thesecondexploredransitin the Mediterranearregionquali-
tatively.lt describeshe manystepamigrantstypicallytakein their journeyandargueghatthe
nextlegof the journeyis oftennot plannedor envisioneduntil anopportunity ariseq13, 14].

We contributeto this emergingbodyof work by analyzingmigration throughtransitcoun-
triesquantitatively We chooseheword “transit'to link our work the qualitativework on
“transitmigration.' To our knowledgepur studyis thefirst quantitativestudyof how environ-
mentaland political conditionsin transitcountriesinfluencemigration andhumansmuggling
patternsWe examinemigrants'responseto competingrisksin transit. Thenweevaluatehe
effectivenessf apolicy interventiontargetedat the militias that smugglemigrants.Our analy-
siscomplementsvork on borderenforcemenby establishingvaysthatthe transitenviron-
mentdrivesmigrant flows.Our work alsocomplementgjualitativeresearcton transitandthe
importanceof reputationandrelationalcontractingwithin smugglingmarkets[5, 15,16].

With detaileddataaboutcrossinggrom North Africato Italy, weshowarobustrelation-
shipbetweermigrantarrivalsin Italy andpolitical unrestin North Africa. A 10percent
increasen riots nearportswheremigrantscongregateorrespond$o a4.89percentincrease
in migrantsarrivingin ltaly. A reluctanceo leavein risky seaconditionsdrivesarrivalstoo. A
10percentincreasen waveheightcorrespond$o a27percentdecreasé arrivalsin Italy.
Thesdindingsarerobustto anumberof alternativemodeland outcomespecifications.

We examinetheimportanceof militias, that smugglemigrants,usingan eventstudymoti-
vatedby an Italian-ledintervention.In mid-2017 ltaly, with financialsupportfrom the EU,
aimedto disrupt migration by co-optingmilitias that facilitatesmugglingand giving them
acces$o moneyascoastguard.We find that 343fewermigrantsarrivein Italy perday,follow-
ing theintervention,a0.6standarddeviationreductionin migrantcrossingsThereduction
occursdespitdittle changen demand.Underlyingdriversof migration from origin countries
in Sub-SaharaAfrica changedittle in 2017 andthe numberof internationalmigrantsin
Libyaremainedstable Further,thereis limited evidenceof displacemenbf migrantsto alter-
nativeroutesandno evidenceof increasedleathratesat sea.

Our findings suggestransitconditionsareimportant for understandingmigrantflows.
Violencenot only drivesmigrantsfrom their countriesof origin, violencein transitcountries
may createpressurg¢o movealongthe route towardamigrant'snextdestination Environ-
mentalrisksduring travelreducemigrantflows.Evidencerom the Italian interventionin
Libyasuggestaon-stateactorswithin transitcountrieswereusedeffectivelyto stemthe flow
of migrants.

Materials and methods
Context and data

Thehumansmugglingmarketin North African port citiesis competitive[5]. Whensmugglers
begarusinginflatablecraftthatareeasilyreplacedentry barrierswerefurther reduced The
pricefor crossinghe Mediterranearfell substantiallyFromthe initial surgein 2015to 2016,
pricesfor the sedegof the journeywere200to 250USD.In June2017 priceswereaslow as
60USD.Followingtheinterventionwestudy,qualitativeassessmenssiggesprices
rebounded17].
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By 2014whensmugglingacrosghe Mediterranearwasexpandingapidly, therewaslittle
governmeninfrastructureto curtail it. The LibyanNavyand CoastGuard'svesselsvere
amongthe targetsof the 2011INATO interventionin Libya.Militias and otherarmedgroups
controlledportsandthe surroundingwater.In the contextof athriving smugglingndustry,
militias smugglednigrantsthemselveshargedollsto othersmugglergor passageut of con-
trolled watersand operateddetentioncentersor migrantswho werecapturedby formal and
informal authorities[18].

Thejourneyfrom departurein Libyaor Tunisiato arrivalin Italy takesfrom oneto seven
dayslIn aseaworthyboat,thetrip takedesghanaday[19]. Howeverajourneyin awooden
fishingboator rubberdinghy cantakeseveratiays.The mostdetailedestimate®f trip dura-
tion arefrom 2013 beforetherewereNGO rescueboatstheysuggessmugglednigrants'
trips were2 to 6 days[20]. Thisvariationis mostlydueto time at seabeforerescug20]. Dur-
ing the periodwe study,NGO boatsarerescuinga substantiaportion of migrants,and
migrantsaretravelingin their rubberdinghiesshorterdistanceshanin the 2013-14oeriod
[21]. Takentogether the qualitativeevidencesuggestthat mostjourneystaketwo to three
dayswith sometraveltaking severdaysor more.

To accountfor this uncertaintyin howlong cross-se#rips take weusea measuref sea
andpolitical conditionsthat leveragesariationfrom the severdaysprior to arrival. This
choicerelieson reportsfrom extensiventerviewingof migrantsupontheir arrivalin Italy and
somesmugglersn Libya.Typically,whenamigrantin Libyadecidego goto Europe thefirst
stepisto contactanintermediary. Theintermediarytakesthe migrantto aholding place,
wheremigrantswait until seaconditionsarefavorableandthereareenoughpeopleto fill a
boat[22]. Oncetherearesufficientnumbers(80-100) the migrantsboardarubberdinghy,
andonemigrantis chargedwith piloting the boatfor 4-8 hoursstraightinto international
waters.Then,the migrantsmakean SO<callwith anincludedradio[22] andwaitto beres-
cued.Onceon arescueboat,theymaketheir wayto aclosedesignategbort. Our arrival data
is acompositionof estimategrom the United NationsHigh Commissionefor Refugees
(UNHCR) andregistrationfrom the Italian Ministry of the Interior. Thesenumbersarecol-
lectedthe dayof arrival,or within the next2 days dependingon the port andthetiming of
UNHCR accesto arriving migrants[23]. Econometricallyusingvariationfrom alongerlag
introducessomenoisesincethe additionallagsareonly relevantto a (potentiallysmall)subset
of migrants.Thiswould causeattenuationbias.If true, this typeof biaswould leadusto under-
estimatahetrue effect(i.e.,whatwewould estimataf wehaddataon the duration of each
individual'sjourney).

We studymigrantmovementinto Italy from Januar2016to April 2018 Our datatracks
thearrival of 307,056ndividualsand comesrom UNHCR, throughthe OperationalPortalb
MediterraneanThearrivalswerelargelyprocessedtthe LampedusdeceptiorCenter,
locatedin the Italian Pelagidslands Remainingcountswerecompiledat otherfacilitiesalong
theltalian coast.Theserecordsdo not distinguishorigins,yieldinga daily time serief migra-
tion. For moreinformation on origins,weuseroutesbasecdn qualitativeresearctby the
InternationalOrganizationfor Migration (IOM). Therearenine primary searoutesfrom
portsin Libyaand Tunisiato Lampedusdseerig 1).

Migrants'transitmaybeinfluencedby political unrest.To capturevariationin political
unrestnearareasvheremigrantsdepart,we construct25-kilometerbuffersaroundthesenine
ports.Weidentify all riots within thesebufferscollectedn the Armed Conflict Location&
EventDataProject(ACLED) [26]. We selectiots becauséheyoccurin urbanareasaandare
morelikely to affectlabor migrantsthanorganizedviolence We expecimigrantsto respondto
riots becaus¢heymakean arealesssafeand maybeindicativeof more systematiwiolenceto
come.We anticipatethat migrantsshouldbelessaffectedby violencetargetingciviliansand
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(a) Migration Routes (b) Sea Conditions Zone

Fig 1. Regionof Studymigration passagesndsmugglinghubs(a) andareausedfor calculatingseaconditions(b).
Map of smugglingroutesis recreatedasedn information from theIOM [24]. Seacondition zoneis authors'
projectin. Dataon seaconditionsis from the Copernicuamarineenvironmen monitoring serviceBoundaryfilesare
from GADM [25].

https://abi.org/10.1371durnal.por.0236646.90L

rebelviolence asmigrantsmayavoidplaceghat aretargetsof agovernmenicrackdownor
haveongoingrebelviolence During our sampleperiod, nearlyall eventsecordedwithin our
buffersweregeoreferencetb the town (spatialprecisionlevell), giving usmore confidencen
theassignmenof riot eventsand otherinstance®f violenceto ports.

Becaussearaveltakesup to oneweekfrom departureto registrationof arrival, wecount
thenumberof riot eventdn the prior week.For migrantswith long journeys(6 to 7 days) this
impliesthatthereis noisein this measurdsincefuture riots aredifficult to anticipateandlikely
do not effectsmuggling) This noiselikely causesttenuationin the estimatedelationship
with riots. We investigatehis in the Robustnessectionbelow.We follow a similar strategyfor
investigatingviolenceagainstiviliansandrebel-governmentiolence(S2Table).Wefind no
consistenevidencehattheseotherforms of violenceinfluencemigration asmuch asriots,
thoughthe estimatedeffectof civilian harm areimprecise For thisreasonpur main analysis
focuse®nriot events.

Migration mayalsobeinfluencedby seaconditions.To accountfor this, wegatherdaily sea
waveheightdatafrom the EU'sCopernicugmarineenvironmentmonitoring servicg27].
Waveheightswererecordedat 0500localtime (approximatelysunrise) We calculatevave
conditionswithin ageographizonederivedfrom thelOM seaoutes,enablingusto capture
waveheightsalongandaroundthesepassagewaysee~ig 1). Similarto our riot data,wecon-
structanaverag®f waveheightsfrom the prior weekto accountfor the lagbetweerdeparture
conditionsandarrivalsin Italy. For migrantswith shortjourneys(1to 2 days) thisimpliesthe
link betweemmigration andwaveheightwill beattenuatedsincemigrationis unlikely to be
influencedby historicalwaveheightconditionalon currentwaveconditions).We assesthese
dynamicsbelowin the Robustnessection.

We supplementrrival recordswith datafrom the [IOM's MissingMigrantsProject[28].
Thesedataareclusteredby eventand provide estimate®f the numberof migrantskilled or
missing.Theserecordsincludemigrantdeathdrom boatscapsizingand moreregularoccur-
rencedike deathsat seadueto dehydration,jliness,or injury. Coordinatesareassociatevith
thedeathif known and otherwisethe placeof recovery The MissingMigrants Projectgathers
datafrom official sourcedike medicalexaminersaandcoastguard.Theyalsodrawon data
from mediasourceandNGOsthat helpmigrantsandtheir families.ThelOM platformisthe
mostcomprehensivavailableandis usedby governmentahnd non-governmentahctorsfor
trackingcasualtiesWe collapseheserecordsinto adaily time seriesand,asarobustness
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check,combineour information on arrivalswith this datato calculateadaily total flow (of
thosewho did anddid not arrivein Italy).

Time series analysis: Political and environmental risks

We anticipateatradeoffbetweerpolitical risks(e.g. exposurdo riots) andenvironmental
conditionswhichincreasehe probability of deathat sea(dangerousvaveconditions).We
exploitthedaily time seriesdataaboveto studythis question.Our main specificatiorincorpo-
ratespolitical unrest(riots) and seaconditions.We beginby estimatingEq 1:

arrivals, = o + f,riots, + [,wave_height, + ymonth, + Lday, + € (1)

Wherearrivals; is the daily total of arrivals,riots; indicateshe intensity of riots in the prior
week.andwave_height; capturesaverageseaconditionsin the prior week.To easénterpreta-
tion aselasticitiegpercentagesyye evaluatehe log of thesethreemeasured-or consistency,
weaddoneto arrivals; andriots; beforecalculatinghe logarithm.Supplementaiodelsincor-
poratemonth; andday;. month; indicatesmonth of yearfixed effectsand day; representslay
of weekfixed effectsWe leveragenonth; to captureanyseasonatendsin flight, violence or
seaconditions.day; helpsusto accountfor anysystematiwariationin arrivalsthatmight be
driven by intake operationge.qg. thefacility maystafffewerofficerson Sundays)ln our main
specificationyve produceheteroskedasticityobuststandarderrors. To accountfor the possi-
bility that flowsareseriallycorrelatedovertime, we alsoproduceDriscoll-Kraaytemporal
autocorrelatiorrobuststandarderrors.

Migrantsmayleavelibyain responséo riots; howeverit is lessclearwhetherthe smug-
glersor the migrantsarethe decisionmakerswith respecto roughseasQualitativeevidence
suggestthatit isthe smugglersvho decidewhenthe boatsleave Frontex,the EuropearBor-
der Agency explainghat,2Many peoplewho arecomingfrom Africa haveneverseernthe sea
in their livesbefore,q21, par.18] which makest unlikely the migrantsareaccuratelyudging
the seasBasedn primary datacollectionin Libya,UNHCR contractresearchersoncluded
that migrantswait 2until the smugglerdecideshatthe conditionsareright for travel®[22,

p. 144].Economictheoryprovidesarationalefor why smugglerdiavelongtermincentivego
gettheir migrantsinto Europe SpecificallyMediterranearhumansmugglings built on
repeatednteractiong15]. With repeatednteractionssmugglerandintermediariesbuild rep-
utationssimilar to firms with relationalcontractsin supplychains[29, 30]. Thisintuition is
similarto Campana018[5], which studiesnetworksof smugglersn Libya.In part,theagency
of the smugglerss theimpetusfor examiningthe Italian intervention.

Event study: Italy’s 2017 Libya intervention

We leveragan Italian policy interventionbackedoy EU funding to examinetherole of Libyan
militias in humansmugglingacrosghe MediterraneanThe Italian policyis aimedat disrupt-
ing the humansmugglingousinessn Libya,while doing nothing explicitlyto addresshe flow
of migrantsseekingo travelacrosghe MediterraneanAn important discretechangdn July
2017allowsusto examinetherole of the militias involvedin humansmugglingitaly coordi-
natedwith militias engagedn humansmugglingandincorporatedtheminto an@anti-smug-
gling® coastguardforce.

At theendof June2017 Jtaly facilitatedadealwith militias in the keyport of Sabrathaywest
of the capital, Tripoli. Thedealturned militias that facilitatedsmugglinginto an2anti-smug-
gling® coastguard[18, 31]. Thedealalsogavethe militias acces$o fundsandequipmentfor
coastguardactivities Italy brokeredasimilaragreemenin SouthernLibyathat built acoali-
tion amongSoutherntribesandthe UN-backedgovernmenin Libyaandgavethemacces$o
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EU funds[32]. While theltalian ForeignMinister acknowledgedtaly 2spoketo everyone,the
Italian governmentasnot acknowledgedts partin the Sabrathaleal[33, 34]. By the begin-
ning of July,the LibyanCoastGuardhadrefurbishedboats.andjoint operationsbetweerthe
EU-bolstered.ibyanCoastGuardandItalian Navyensuredhat 60%of interceptedmigrant
boatswerebeingreturnedto Libya[18, 34]. At the sametime, Italy announceda draft codeof
conductthat placedrestrictionson NGO rescueships[18]. Subsequerihvestigationsuggest
thatthe Libyangovernmentusedthe cashinflux from the EU to payoff or co-optmilitias who
controlledports,actedascoastguard,andfacilitatedmigrant smugglingand detention[17].
Theltalian interventionis idealfor estimationbecausenigrantscould not haveanticipated
thepolicy. Themedianmigrant spends to 12monthsin Libya(basedn the [OM Displace-
ment TrackingMatrix) anddocumentaryevidencenhasLibyaturning aroundmostboatwithin
2weeks.

Targetingmilitias in the CentralMediterranearmaybe particularlyimportant. Libyato
Italy seacrossingsaredistinctamongirregulartransitbecausenigrantstypicallyusea smug-
gler[1]. Migrantscrossingand bordersoftenmakethe crossingon their own. Particularly cir-
cularmigrantswho crossregularlyknow thewayandknow howto avoidborderenforcement.
Thosewho arelessexperiencer wishto reducerisk choosdo useasmugglefl1, 6]. Because
crossinghe CentralMediterraneans sodifficult, almostall irregularmigrantsengage smug-
gler,which presentsain opportunity for Libyanmilitias to profit.

Thisinterventiondifferedfrom otherinterventionspursuedby the EU andltaly. Beyond
changingthe costof migratingor the expectedutility of movingto Europe,it alteredthe supply
sideof the smugglingmarket.Militias in Sabrathatoppedsmugglingmigrantsandbegan
operatingasacoastguardforce.Theintervention,thus,operatedhroughtwo channelsLike
otherinterventionsit decreasethe probabilityamigrantarrivedin Europe.Theintervention
alsoreducedthe numberofillicit organizationengagedn smugglingThe nextcomponentof
our analysidocuse®n theimpactof the ltalian interventionon migrantarrivals.

Italy receivedrdersof magnitudemore migrantsthan anyothercountryin Europeduring
the period studied.Flowsinto other Europearcountriesthereforecannotserveasreasonable
counterfactuatrends.Becausgvelackaviablecontrol group,weimplementasyntheticpre-
diction model(usinghigh dimensionatime fixed effects}o constructa counterfactuaflow of
migrantsfor 201 7basedn 2016migration patterns(the only completemigration seasomnwve
observébeforethe intervention).We usecalendar-weekpecificparametergo capturethe sea-
sonaltrend in migrationfrom 2016.Usingthis approacho estimatehe counterfactuatrend
enablesisto beagnosticaboutfunctionalform of the seasonatend. Ratherthanrelyingon a
linearor higherorder polynomialapproximationof thetrend, we estimateb2 separateslopes.
This high dimensionalkestimationcaptureshe underlyingseasonatend more preciselyWe
usethe 2016seasonatendto constructahigh resolutioncounterfactuatrend for 2017 We
thenremovethe constructedrend from therealizedtrendin 2017 This residualmeasureour
dependenvariablein the eventstudy,captureghevariationin 2017thatis unexplainedoy
high dimensionalkeasonalariationin the prior year.Thetiming of theinterventionsetsup
anidealshockfrom which we canestimatearegressionrmodelanalogougo adifference-in-
differencespproachusingEq2:

arrivals® = o + f, Post_Intervention, + € (2)

Wherearrivals® is the weeklymeanof arrivals(deseasonalize@nd Post_Intervention; isthe
quantity of interest,the changan migrantflowsinto Italy followingtheintervention.The
coefficienton Post_Intervention; captureghe deviationaftertheinterventionfrom the sea-
sonalmigration trend (whenno comparablénterventiontook place).This deviationis
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equivalento theleveldifferencein adifference-in-differencesesearchdesignFollowingour
mostconservativéime seriespecificationye produceDriscoll-Kraaytemporalautocorrela-
tion robuststandarderrors(with abandwidthof four weeks).

Results
Political and environmental risks

Riotsin North Africa arepositivelycorrelatedwith migrantarrivalsin Italy, andhigherwave
heightsdecreaséhesearrivals.Tablel reportsthe resultsfrom our main specificationsn Eq1.
Summarystatisticarepresentedn S1Table.Our interpretationof the main effectds consis-
tentwith anelasticitypbetweerour independenanddependentiariablesin Column1,we
presenthebaselinecorrelationbetweerarrivalsand political unrestin the prior week We
find evidenceconsistentvith our expectationa strongpositiverelationship A 10percent
increasen riot intensitycorrespondgo a4.89percentincreasen arrivals.In Column2,we
introduceour measuref travelrisk. If our argumentis correct,wewould expectanegative
correlationbetweernwaveheightandarrivalintensity.Here,the evidencds evensharperA 10
percentincreasan waveheightseadso anapproximately27 percentdecreasé arrivals.It is
possiblehat seaconditionsarelinked to riot activity. Jointly estimatingtheserelationshipsn
Column 3 allowsusto partial out anyresidualpair-wisecorrelation.Our estimatesrestable.
In Column 4, weintroducemonth,; fixed effectso the model,which helpsto accountfor sea-
sonalvariationin migration,violence andseaconditions.Our estimateof theimpactof sea
risksis marginallyattenuatedbut remainsmorethanfive timeslargerin magnitudethan
political unrest.It is possibleghat staffingschedulesr intakeregulationdeadto higherlevels
of registeredarrivalson certaindaysof theweek.To accountfor this, weaddday; fixed effects
to Column5. Our resultsareunaffectedlt is alsopossiblehat theintensityof arrivals,and
otherconditions,maybestronglycorrelatedovertime. If so,our baselineapproacho stan-
darderrorsmight overstatehe precisionof our estimatesThus,wecalculateDriscoll-Kraay
temporalautocorrelatiorrobuststandarderrorsin Column 6 usinga 14 daywindow, which
webelieves conservativeThe precisionof our estimateslecreasedut the parametersf
interestriot intensityandwaveheight,remaincorrelatedwvith migration patternsin S3Table

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

) (2) 3) “ (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 Observatios 812 812 812 812 812 812 812
R? 0.00914 0.130 0.139 0.171 0.174 0.0802 0.0742

Outcomeis the daily total of migrantsarriving in Italy (In) (Columns1-6).In Column7,the outcomeis the daily total flow of migrants(the sumof arrivalsandreported
deathsand disappeeances)Totalnumberof riots in the prior week(In) andaverageeaconditions (waveheight)during the prior week(In) aretheregressasof
interest.Unit of analysiss the day.Heteroskeéasticityrobuststandarderrorsarereportedin Columns1-5;Driscoll-Kraaytemporalautocorrelatiorrobuststandard
errors(clusterecby 14daywindows)arereportedin Column6-7.The R? reportedin Columns6-7is the within fixed effectvariation explainedby seaconditionsand
riots, whichiswhy it differsin magnituderelativeto 1-5,whichreportthe standardmeasureStarsindicate

** p <0.01,

**p <0.05,

*p<0.1.

https://da.org/10.137 1§urnal.pon®236646.t001
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wedemonstratehat our inferencesareconsistenfor 21,28,and 56 daybandwidths We also
presentresultsfor clusteringby month. All resultsaresubstantivelyonsistentind preciseat
conventionalevels.

Another possibilityis that the patternswe observeredriven by survivorbias:during poor
seaconditions,fewermigrantssurviveandareableto makelandfall. The negativecorrelation
betweerrisky seaconditionsandarrivals therefore maybebiasedn the direction of our
argumentoverstatinghe elasticity If, insteadof arrivals, wewereableto identify the total
flow of migrants,it would addresghis concern.Thatwould involvecombiningarrivalswith
information on theflow of migrantsthat die or disappeafpresumediead)on their segpas-
sageTo investigatehis, werely on the [IOM's dataon missingmigrants.We collapsehis data
into acomparablaaily time seriesand sumarrivalsand deathsrom this sourceinto atotal
migrant flow. We replicateour mostconservativenodelspecificatiorin Column 7 with this
newoutcome.Theseaconditionscoefficientdecreasei®m magnitudefrom 2.54t0 2.26.The
riots coefficientalsodeclineswhichis consistenin relativescaleThis suggestthat our
benchmarkresultsaremarginallyinfluencedby survivorbias.

Our dataon migrant casualtieallowusto verify the mechanisnof our argumentthat
poor seaconditionsincreaseherisk of death.Weindeedfind higherwavesorrespondo a
higherdeathrate.To evaluatehis mechanismye calculatea daily deathrate.Becaus¢his rate
isunobservedf migrantsneitherarrive nor die on agivenday,our designis now aninter-
rupteddaily time seriesWe beginby visualizingthis relationshipin Fig 2. Thetwo trends,
deathratesandwaveheights covaryclosely Aswavegeachdangeroudevelggreaterthan 1.5
metersfor mostrubbercraft), deathratesincreasesubstantiallyWe nextpresenttatisticakvi-
denceof the correlationbetweerthe deathrateand seaconditionsin S4Table following the
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Fig 2. Trends in death rates and Sea conditions during sample period. Daily deathratesarecalculatedisinglOM dataon
migrantdeathsanddisappearacesin the Mediterranearand UNHCR intakedatafor the Italian coastWaveheightsare
drawnfrom the Copernicusplatform.

https:/Hoi.org/10.137/ournal.pon®236646.g002
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main specificatiorin Column 6 of Tablel. We focusfirst on the correlationbetweerthe cur-
rent deathrateand currentwaveheight(Column 1). We explorethe effectof thefirst lagin
Column2. Thisallowsusto accountfor the possibilitythatthereis alagbetweernreported
deatheventsaandthe precipitatingweatherevent.The effectof thefirst lagrelativeto the day-
of measuras largeandstatisticallydistinct. In Column 3, weattemptto capturethe effectof
anextendedsetof waveheightlagswefind compellingevidenceahatthefirst lagexplainsvari-
ationin deathratesthoughthejoint significanceof the secondandthird lagsis alsostatisti-
callydifferentfrom zero(p = 0.0280) Thisis reflectedn Column4,whereweuseathreeday
movingaverag®f waveheightandfind robustand substantivelyargeeffectsFor consistency
with Tablel,wealsodemonstratéhatthe moving averag®f the weekprior to the deathevent
is highly significantandlargein magnitude Theseestimategonfirm thatthereis astrongpos-
itive relationshipbetweerseaisk andthe percentagef migrantswho die or arelostatsea.

Targeted intervention

Fig 3 displaygheresultsof the ltalian interventionstudy.lt showshattheintervention
reducedmigrant flows.Plot (a) tracesweeklyarrivalsin Italy during 2017(solidline) andthe
predictedweeklyarrivalsin Italy using2016arrivalsto predict2017arrivals(dashedine).
Prior to the policy intervention,counterfactuapredictionsbasedn 2016weeklyarrivals
explain35%of thevariationin arrivalsin 2017 Migrantsflowsarehighly seasonahndone
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Fig 3. Impact of Italian intervention. (a) Weeklytime serief actual(solid) and predicted(dashedprrivals Blue
verticalbarindicatesheweekof theintervenion. As expectediit statisticssuggesthe predictedvariationmapswell
to the pre-treatmat periodandpoorly to the post-treatnent period. (b) Regressiomasedestimate®f the reduction
in migrantflowsfollowing theintervention relativethe predictedflowsfrom the prior year.Reductionis equivalento
0.6standarddeviatiors. Outcomemeanis -387.1standarddeviation is 595.2 95%confiderceintervalsshown.(c)

Monthly trendsin migrantflowsto threereceivirg countries Noticelargereductioncorrespondso minor

displacenentthrough Spainand Greece(d) Monthly trendsin arrivalsanddeathsNote strongcorresponénce
betweertwo trends(R? = .79).

https://dbi.org/10.1371durnal.por.0236646.408
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year'sarrivalsareagoodpredictorof the next.Italy'sinterventionoccursin mid-July,andthe
dropin arrivalsis visible.Followingtheintervention,the 2016migrant flowsexplainonly 2%
of thevariationin arrivals.Plot (b) displaysestimatedcoefficientdrom the deseasonalizeskti-
mationapproachin Eq2. Thefirst point plottedis our preferredspecificationwhich marksthe
interventionat Week?28,the earliestwveekthat we coulddocumentthe LibyanCoastGuard
turning aroundmostboats We estimatehethe policy interventionreducedmigrantarrivals
by 343peopleperdayfor theremainderof 2017 Asrobustnesghecksweincludeestimates
from threeother specificationsThe secondestimatencludescontrolsfor the averagenumber
of dailyarrivalsin the previousweek.Thethird estimateusesan earlierweekfor theinterven-
tion, Week26which followsthe weekendvhenltaly is reportedto havenegotiatedwith
armedgroupsin the port city of SabrathaThefinal estimateuseghe earliertreatmentweek
andincludeslaggedarrivals.Regardlessf the specificationthe estimategrestableand statis-
tically significantat conventionalevels.

It is possiblehat Italy'sinterventionsuccessfulliimited flowsinto Italy while causing
otherproblemsweconsidertwo. First,it maybethatwhencrossingrom Libyato Italy
becameoo difficult or costly,migrantsmovedthroughalternativeroutes. Thetwo mostnatu-
ral routesarethroughthe WesternMediterranearinto Spainor throughthe EasternMediter-
raneaninto GreecePanel(c) showghattheremayhavebeendisplacementhroughthese
routesinto Spainand Greecealthoughthe magnitudeof displacemenis muchlowerthanthe
reductionfrom Italy'sintervention.

Secondeventhoughfewermigrantsarecrossinghe Mediterraneanthosemigrants
who continuetheir journeyduring this period arerelyingon relativelylower quality smug-
glersandtravelingin moredangerouseasPanel(d) comparegshearrivalsanddeaths
beforeandafterltaly'sintervention. The numberof deathgracksthe numberof migrants
consistentlynotethedifferentscales)While thereis onepeakin deathsn November
2017t isnot abnormalfor the winter whenfewmigrantscrossandconditionsaremore
treacherous.

At thetime of Italy'sinterventionin Libya'sport cities,no otherpolicieswerebeingintro-
ducedto reducetheflow of migrantsout of sub-Saharafrica andinto Libya.Indeed,IOM's
estimate®f the numberof internationalmigrantsin Libyain June Julyand August2017
remainedstable The estimatedhe numberof migrantsin May (Round10),beforetheinter-
vention,to be393,652ln SeptembefRound13),the estimatevas416,556Thisjump iscom-
parableto jumpsearlierin theyear[35]. Eventshat occurredafter the Italian intervention,
howevermaycomplicateour empiricaldesignln particular,the battleof Sabrathawhich
beganSeptembel5and 16[36], disruptedthe major smugglinghub for morethan 3 weekslt
isimportant to demonstratehat the effectwe estimatevaspresenteforethe onsetof this bat-
tle.Wedothisin S1Fig,whereweomit the post-battleperiodsof our sampleTheestimated
effectis slightlylargerin magnitude suggestinghat the reductionin migrantsmayhavebeen
largestight aftertheintervention.The point estimate$rom the main analysisandthis sub-
samplehoweverarenot statisticallydifferentfrom oneanother.lmportantly, it is not possible
for usto rigorouslyassessut how eventdike the battleof Sabrathanayhaveimpactedthe
duration of the effectave estimatelt is plausiblethat the Italian interventionmayhavehada
lastingeffectevenin the absencef this port disruption. However welackthe dataneededo
more fully explorethis possibility.

Overall,ltaly'sinterventionreducedthe numberof migrant crossinggand deathsn Medi-
terraneanSeaTheeventstudydemonstratesiow militias that disengagé&om smugglingand
participatein anti-smugglingeffortscaninfluencethe flow of migrantsinto Europe.

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


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

PLOS ONE

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

Robustness

In this sectionwe considerseverathallengeso the researchdesignandour interpretationof
theinfluenceof political and environmentsiskson migrantarrivals.We generallyfind that
our resultsandthe substantiventerpretationof them,arerobustto possiblesourceof bias.
Onenaturalconcernis the exogeneityf political unrest.While seaconditionsareplausibly
exogenou$o migration, it is possiblethat riots maybetriggeredby migration andsmuggling
activity. Another concernss thatriots and migrant crossingshareacommoncauseRiots
maybecorrelatedwith port closureswhich directlyimpactsmugglingactivity. Alternatively
economicupheavamaydriveriots and createtheimpetusfor migrantsto seekout asmuggler
to travelacrosghe MediterraneanWe considerthesetheoreticallymotivatedconcernsand
find statisticallysimilar results.

We beginby systematicallgategorizingall theriot eventsanalyzedn our study.ACLED,
the sourceof our data,providesadescriptionof eachevent.Noneof the eventsan our sample
aredirectlylinked to internationalmigrantsor humansmuggling Thisis reassuringsthe
mostdirect potentialsourceof biasbthatmigrantsor smugglersaretriggeringor participating
in riotsbcan beruled out. We then categorizevhetherariot eventwastriggeredby or
involvedinternally displacedersonsinvolvedfuel smugglingor disruptedor closedmajor
ports.We excludetheseeventsrom our analysisandreplicatethe benchmarkmodelfrom
Tablelin S5Table.Theestimatesn Columns2 through4, whereweexcludethesecategories
of riots, arestatisticallyindistinguishabldrom the estimatefrom our preferredspecification
(Column 1). Economicconditionsmayinfluenceriots and migration jointly. We conducta
reviewof the descriptionsandfind that mostof theriots in Libya,wherean estimated®0%of
Italian seaarrivalsoriginate[3], arepolitical or socialin nature.Tunisia,howevergexperienced
economicdisruption during the sampleperiod, particularlyamongworkersand merchants.
Thistriggeredanumberof protestsandriots. To accountfor this concernweexcludeall Tuni-
sianeventdrom our samplen Column5. Theestimates alsoindistinguishabldrom the esti-
matein our preferredspecification.

Another sourceof potentialbiasis that seaconditionsmayinfluencewhenriots occur.We
investigatehis possibilityempiricallyandfind little evidencahat seaconditionsimpactriots.
An expandinditeraturein climateeconomicsuggestthat climateandweathercandrive vio-
lence[37,38].In our main analysisweaccountfor anycovariancéetweerthesewo typesof
risk. Still, theremaybeconcernsaboutseveranulticollinearity. S2Fig displaysalocalpolyno-
mial regressioriit to the unconditionalbivariatecorrelationbetweerriot intensityandwave
height. The estimatedelationship(solid blackline) is nearlyflat and centerecatthe sample
meanof riot intensity (dashededline). This suggestthat the correlationbetweerthesewo
factorsis nearlyzero.ln S6Tablewe consideranumberof alternativemodels First,werepli-
catethe benchmarkspecificatiorfrom the main analysifa oneweekmoving averagef wave
height;oneweekmovingtotal of riot intensity)andfind no unconditionalcorrelation(Col-
umn 1) or correlationconditionalon month and day-of-weeKixed effect Column 2). Sec-
ond, wereplicatethelocalpolynomialregressiorusingan unconditionalandafixed effects
approachin Columns3 and4. Wethenattemptto estimateanylaggedeffectsof waveheight
onriot intensityin Columns5 and6. Acrossthesespecificationsyefind no statisticallysignif-
icantevidenceof anyrelationshipbetweerseaconditionsandunrest.Last,it is alsopossible
that seaconditionsmeaningfullyinfluencethe relationshipbetweerriots andarrivals.We
explorethisin S7Tableandfind no statisticallyprecisemarginaleffects.

Takentogethertheseresultssuggesthat prominent potentialsourcesf biasdo not drive
theassociatiorbetweerriots and migrantarrivalsin Italy. Seaconditionsarearguablyexoge-
nous,but riots arenot. Therefore wearecarefulto interpretthe impactof risky sea®n
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migrantarrivalsascausahndtherelationshipbetweerriots andarrivalsasanadjusteccorre-
lation. Thereis substantiabvidenceof arobustrelationshipbetweerriots in North Africaand
migrantarrivalsin Italy. Neverthelessye notethat our researcldesigndoesnot exploitadis-
tinct sourceof plausiblyexogenousariationin unrest,and potentialsource®f biasdueto
omitted factorsmaystill complicatea causalnterpretationof theseresults.

Our modelingapproachwhich leverageg transformationsmaybesensitivao alterna-
tive transformationsWe considerthisin S8Table whereweimplementaninversehyperbolic
sine(IHS) transformation.This transformationallowsusto limit the potentialimpactof
extremeoutlierswhile avoidingthe constantaddedto the log transformationof riot intensity.
Boththe estimateon riot intensityandthe effectof waveheightremainlargeand statistically
preciseTheseesultssuggesour preferredestimateg@renot sensitiveo the choiceof non-lin-
eartransformationused.

Seaconditionsmaybeeasilyforecastedwhich could complicateour empiricaldesignIf
migrationis driven by future forecast®f poor seaconditions,this maycausesurgein arrivals
aheadf badconditions.Dangerousvavesonditionsmaydelaymigration, which would
causeanuptick in activity afterstorms.Although eachof thesechange$n migration aredriven
by environmentalisk (throughthe mechanisnwe suggest)}this mayleadusto overstatehe
impactof waveheightsinceour estimatedeffectsaddthesechangesn movementogether.

We evaluatgossiblebiasdueto forecastingn severalvaysanddo no find evidenceof sig-
nificant bias.First, weattemptto smooththeseshockg€o movementby usingathreedaymov-
ing averagef arrivalsin Italy. Theseresultsarepresentedn S9Table.Usingthe moving
averageieldseffectsconsistentvith the main effectgandslightlylargerin magnitude).Sec-
ond, weattemptto estimatethe laggedstructureof seaconditionson arrivalsusingleadsand
lags By comparingthe main estimatedeffectavhenweinclude/excludehe forecastingeffect
(leads)anddelayedsurge(long lags) we benchmarkthe main effectandtestfor potentialbias
in the econometriadesign We do thisin S3Fig.We observesomesuggestivevidenceof fore-
castinganddelaysthoughno systematipatternsacrosslternativespecificationsThemain
effectaareconsistenivhenwe comparemodelswith leadsandall lags(opencircle),all leads
(solidcircle),andmainlags(i.e.,the main effectsgrosssymbol).Thus,our main effectsare
unlikely to besignificantlybiasedoy thesemechanisms.

We alsorevisitthe laggedeffectof seaconditionson migrantdeathsin the main specifica-
tion, wesumarrivalsandreporteddeathson the sameday.In S10Tablewelagthereported
deathdy one,two, andthreedays(Columns2-4respectively)The estimateceffectof wave
heightareconsistentthoughtheyslightlyincreasen magnitudewith additionallags.These
resultsareconsistenwith theevidenceén S4Tablediscusse@bove.

Last,weevaluatehe attenuationbiasdescribecearlier,andfind that our specification
underestimatethe effectof waveheighton migrantarrivals.If relativelyfewmigrantshave
longjourneys(5-7 days) weanticipatemore attenuationof the waveheighteffectrelativeto
attenuationof the coefficienton riot intensity. Thisis because@singour primary approach(7
dayaveragejelativelyfewmigrantswould beclassifiecasexposedo future riots (riots that
occuraftertheydepart)while mostwould beclassifiecasexposedo pastseaconditions(sea
conditionsthatwould havebeenrelevantto earliermigration). We canexplorethis in the data
by comparingthe estimatesisingthe prior severdays(our main specificationjandthe prior
threedaysWedo thisin S11Table.ComparingColumnsl and2 suggestattenuationfor the
coefficienton riot is approximatelyl 2%while attenuationfor the waveheighteffectis 26%.
Columns3and4 suggestheriot coefficient'sattenuationis closerto 20%while the attenua-
tion for seaconditionsis nearly30%.For theriots, the alternativdaggedelationshipis statisti-
callyindistinguishableat conventionalevelsFor waveheightsthe differencesrelargein
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magnitudeand closeto statisticallypreciseatthe 95%level.Overall thesesuggesthat our
main specificatiordoesunderestimatéhe impactof environmentakiskson migration.

Discussion

Our researclelarifieshow environmentaland political risksinfluencethe flow of migrants
acrosghe Mediterranearinto Italy. An additionalstudyof aninterventionin Libyasuggests
thatdisruptingsmugglingnetwork, by co-optingpotentialsmugglerandincreasinghe likeli-
hoodthat migrantsareturned around,reduceghe flow of arrivals. Takentogetherour find-
ingsmakeanimportant contribution. Theyhighlight how environmentalandpolitical risksin
transitcountriesandalongthe migration pathinfluencepatternsof migrationandhuman
smuggling.

Migrantscrossinghe Mediterranearis amongthe mostpressingssuegacingthe EU.
Flowsof migrantsacrosshe Mediterranearbetweer?014and 2019areamongthe largest
migrantflowsinto Europesincethe EU'sinception. The sheamagnitudeof the flowsand
deathsf migrantsmakeaunderstandingmigrationin the Mediterranearimportant for policy
andpolitical sciencescholarsSomeof our insightscarry overto other contextsoo. Previous
researclon the US-Mexicoborderhasdemonstratedhat concentratedorderenforcement
leadgo displacementhroughalternativepaths[10]. Smugglersacilitatethis displacement,
anddemandfor smugglingservicesnayincreasg6]. Our resultssuggesthat migrants
respondto risksalongtheir migration path. The contextof transit mattersfor migration and
migration policy.Violencein amigrant'splaceof residencenayencourag@migration. The
availabilityof smugglingnetworkscanmakethis nextmovepossible.
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S1 Fig. Impact of Italian intervention, accounting for post-intervention Battle of Sabratha.
Regression-basesstimate®f thereductionin migrantflowsfollowingtheintervention,rela-
tive the predictedflowsfrom the prior year.Reductionis equivalento 0.7standarddeviations.
Outcomemeanis -387.1standarddeviationis 595.2 95%confidencentervalsshown.
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S$2 Fig. Non-parametric local regression between sea conditions and riot activity. Local
polynomialregressiorestimatesrereportedwith 95%confidencantervalsin the main plot.
Thefit line is alsoplotted.A red dashedine indicatesthe samplemeanfor riot activity by day
(0.1725)A histogramof waveheightis reportedbelowthe main plot.
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S3 Fig. Using leads and lags of sea conditions to calibrate main effects for forecasting
(anticipation) and departure delays. Time periodsvaryby subplot(daily bins;three-daybins;
seven-dapins)andarenotedin eachaxistitle.
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