Ekonomi-tek Volume / Cilt: 4 No: 1 January / O&XL5, 69-104

DOES BROADBAND FACILITATE
IMMIGRATION FLOWS?

A NON-LINEAR INSTRUMENTAL
VARIABLE APPROACH
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Abstract

This paper investigates whether ICT facilitatesratign flows from any one
OECD member country to others, and from non-OECIECD countries.
Among various ICT tools, we primarily focus on bdband. Our instrumen-
tal-variable model derives its non-linear firstggarom a logistic diffusion
model, where pre-existing voice-telephony and caMenetworks predict
maximum broadband penetration. The selection oh BECD- and non-
OECD-origin countries, governed by the availabilifythe data, is based on
the magnitude of the flows, leading us to examimesé with a minimum
number of 100 people (threshold 0.1) who are mimggarom source to host,
followed by 300 (threshold 0.3) and 500 (threshinl) people. By looking at
the efficacy of ICT connections, we intend to file gap in the literature on
the relationship between communication facilitiesl anigration decisions.
We find a strong and positive effect of broadbandrigration flows between
1995 and 2009. This effect is more prominent fon-@ECD to OECD-
country pairs. The larger the threshold, the béfteresults.

JEL Codes C5, F22, J61

Keywords: Determinants of migration, broadband penetratiia, non-linear
instrumental variable, OECD and non-OECD countries

* University of Birmingham. cnsunvr@gmail.com



70 Ekonomi-tek Volume / Cilt: 4 No: 1 January / Ocalk 20

1. Introduction

Currently, 232 million people, who represent apprately 3.6% of the
world population, are living outside their counsrief origin. According to the
International Organization for Migration (IOM) Rap@2013), the growth in
the number of immigrants between 2000 and 2010 deable that of the
previous decade. This figure is slightly higheEurope than in the US. With
such great numbers of people choosing to live detsieir homelands, our
curiosity turns to the reasons behind one’s degigianigrate.

In this regard, we intend to investigate the irfdACD movements (here-
after OtO), as well as from the non-OECD regiothi OECD one (hereafter
non-OtO). The main host countries here are AusB@gium, the Czech Re-
public, Denmark, Finland, France, Germany, Hungtayy, Luxembourg, the
Netherlands, Norway, Poland, Spain, Sweden, antkeand their selection
by us was based on the availability of the data.

Throughout the literature, multiple economic, podit, and social aspects
have been pointed out as factors in individual€iglen to emigrate abroad;
these are, chiefly, wages, employment and unemm@aymates, inequality,
GDP per capita/GDP level, population/populationgign trade, immigration
law, and educational attainments. We find it s@ipg that the levels of ICT
facilities in both the origin and the host courdrieave not been considered as
a determinant, given the dominance this assuméseiife of an immigrant
abroad eager to engage in information exchange tiwike back home. Also
and more importantly, we believe that ICT conneditoster follow-up flows
of migrants to the developed world by improvingessto information (much
of it from previous immigrants now living there)ali the better life awaiting
them there if they decide to move.

In this paper, we look at the role of ICT conneg$ian encouraging migra-
tion; we also examine a number of economic asgectsossible inclusion as
factors in a person’s decision to move abroad.rtteioto do this, we will
confine ourselves to the number of people aged4lgetng from the origin to
the receiving country, obtained from the OECD; colled for the employ-
ment rate in the host country and the unemploymaetin the origin country
(Eurostat); real Gross Domestic Product per cg@taP); broadband, cable-
TV and voice-telephony subscription penetratioresafinternational Tele-
communications Union, ITU); the average wage aciodastries (OECD's
Occupational Wages around the World, OWW) in thet lmountry; and the
distance between the origin and host countries (CERayer and Zignago,
2011). A dummy variable to capture institutionaltiees, FREE, is equal to 1
if an individual has free access to the host cqufurostat, EEA). Since the
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data capture both time-series and cross-sectiamapeonents, a panel data
analysis will be undertaken. By including ICT coatiens, we intend to fill
the gap in the literature that would outline thiatienship between communi-
cation facilities and migration decisions, and weest to find a significant
effect of such for both OtO and non-OtO flows betwé&995 and 2009.

The paper proceeds as follows. Section 2 represefiterature review.
Section 3 presents the data analysis and estimateel. Section 4 discusses
endogenous variables, non-linear instrumental wém the validity of
instruments, certain robustness checks, and thgsasaesults. Finally, Sec-
tion 5 presents the conclusion.

2. Literature Review

From prehistoric to modern times, human beings feways been on the
move. This means that the history of migration cimies with the history of
humanity. By and large, it may appear that indigildumove to better and
safer places, but what is a better and safer plsc#fs criterion sufficient to
encompass the many possible reasons behind indigiddecisions to move
elsewhere? Lewis (1954) pointed out that a necgssardition for someone
to migrate is the availability of adequate earniimgshe host country. More
generally, the direction of movement is from lowrgag to high-earning
countries (Masse¥t al, 1994). Chiswick (1999) claimed that the relative
wage difference between the host and origin coemtand both direct and
indirect migration costs determine the approxinrate of return from migra-
tion, and the greater this rate, the more prolglifie person will migrate.

Furthermore, Greenwood (1975) surveyed the liteeatip to the 1970s
and showed that certain aspects played into thisidedo migrate, such as
distance, the earnings of other immigrants thesdwarking, the cost of
migration, and the characteristioba typical immigrant in the target country.
Greenwood (1985) conducted another survey to dineperiod leading up to
the 1980s and found that, in addition to the fact@ted in his first survey,
labor-market conditions, taxation policies, andiemmental features in the
host country, personal job skills, and individuatemstances, such as educa-
tion, age, gender, and marital status, are essdeterminants of migration.

Migration is a matter of self-selection. In thigaed, the majority of labor
economists follow Roy’s (1951) self-selection mgdehich is based on the
assumption that humans’ decisions to participat@linmarkets depend on
whatever ability they have, the technology to bplied, and the correlation
between these factors in a community where thexeoaly two occupations
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available. Although Roy’s model captures a simpseg it provides a basis
for decision-making problems, such as job, locatasd education.

Borjas (1987, 1989), for instance, launched thst fixxtension to Roy’s
model, stating that the earnings of immigrants s&multiple skill groups are
a main attractant to other would-be immigrants. tHeory holds if the value
of logged wages in the host outweighs the loggddevaf wages in the origin
country, plus migration cost. Niedercorn and Beth(®69) looked at the
gravity model, using the framework of utility thgo/ariables included in
this theory are the population of the host nattba,finite number of journeys
planned, the period of time that will be spenthe host, and the sum of money
that will be needed for this journey from a singlggin country to multiple
host countries.

The most general form of the gravity model was gy Vanderkaup
(2977): the level of immigration flows depends upba relative populations
in the origin and host countries and the distaretevéen the two. Rodriguet
al. (2009) took a different approach to this modekatibing it as a physical
science (also known as Newton’s Law) and commentivgg if the im-
portance of one location increases across anydeatibns, there will also be
a jump in movement between those two locationseHée importance of the
location is measured by population, GDP level, eymplent, unemployment,
poverty, or other appropriate variables.

This gravity model departs from Niedercorn and Biedts (1969) version
in that the importance of a country is not defilbgdoopulation only, but also
captures GDP, labor-market conditions, and othievamt factors. Thus, we
can state that a general assumption of the grawigtel of migration is that
the greater the relative importance of the origid &ost countries, the more
the migration. A gravity model mainly focuses oe firominence of a country
within country pairs and can be adjusted to othigration theories, depending
upon which aspects of decision-making are to béyaed. Thus, this paper
will use the gravity approach.

Hypothetically, a number of economic constraintszhsas overall eco-
nomic hardship, poverty, a low standard of livimgsufficient wages, wage
inequalities, failing infrastructure and dystopisocial factors, such as wars,
famine, drought, and other natural disasters, séh@ducements for those af-
fected to flee abroad. This paper intends to facutusively on the economic
factors. While each man’s or woman’s own personxgleetations motivate
him or her to leave the homeland, other externalities also play a critical
part in the decision: social ties, affiliations, esmply, the dream of a better
standard of living (Jong, 2010). Researchers hdertified employment op-
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portunities and a high future level of income ag keentives to move away
(Daniels and Ruhr, 2003; Sorhun, 2011).

When contemplating emigration, people focus ongdagith a high poten-
tial of finding a job so that they can start eaghimoney for survival soon
after arrival. Widespread unemployment and a loarestof GDP per capita at
home are also major prods to looking elsewhera folace to settle (Feridun,
2007). More specifically, failure to find work witha certain period of time
pushes individuals to look at other locations, oméh lower unemployment
rates. On the other hand, the distance betweeariti® and receiving coun-
tries is deemed to be a key deterrent (Mayda, 2806un 2011); i.e., greater
distance requires more cost of travel as well asemigks. As such, with the
ongoing turmoil in several Middle East countridsliEgypt, Libya, Yemen,
and, most dramatically, Syria, multiple nationaktiare streaming towards
Turkey, which does not have the desired level ohemic growth to put it in
the same category as a developed European countrig mevertheless the
destination of those fleeing neighboring stateskési and Esipova, 2013).

Severe unemployment and wide earnings differentitde figure in the
decision to move to a better off region, as is boout in not only cross-
national but also interregional migration studi®ssgarides and McMaster,
1990). Furthermore, Sorhun (2011) examined theauansize of the receiving
country as another magnet for migrants, as wethasassociation of income
level with the migration decision in the case ofrkay’s internal/external
migration.

Zavodny (1999) investigated location choices witkix states of the US
and found that people desired to live in thoseestahat they perceived as
more beneficial for them. For those living in a blygpopulated country,
grinding poverty and “unpleasant” environments ramst often cited as what
prompted emigrants to head away from home (Amaehat, 1998). Indeed,
living under such conditions inevitably propels plecoutward, not necessarily
to the best, but at least better, places. Deciding host country is also done
in the hope of gaining the greatest return on huoagital (Stark and Taylor,
1991). GDP per capita both in the origin and rdogi\countries is found to
be another criterion that is weighed when decidhgther to stay or go—and
where to go (Marques, 2010).

Overall, the decision to migrate depends both toimmigrant’s unique
characteristics and the general labor-market cammditin the home country
(Pissarides and Wadsworth, 1989). So far, the ritgjof the factors believed
to be motivating migration have been identifiedgémeral, we can state that a
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person will leave his home country if the perceimhefit in doing so out-
weighs any benefit of staying put.

Now that we are living in the 2century, where telecommunications have
assumed a central role in everyone’s life, enalting or her to keep in touch
with family members and friends back home and exghanformation between
the old and new locations, telecommunications separate factor in triggering
migration flows deserves investigation. Thus, dtiapter will analyze whether
there is such a relationship between migration $lanwd telecommunications,
and, if so, fill in the gap in the migration litéuae.

As this paper is to adopt the Gravity Model of Mitjon, the related litera-
ture is followed in more detail and shown in Tablé\s is seen in the table,
to the best of our knowledge, no gravity model udels telecommunications
facilities as a determinant of migration. Telecomigations facilities are
regarded as a tool to measure a country’s wealtblation to GDP, but not as
one that improves the flow of information on hostietries such that it fosters
emigration from poorer places. Our gravity moddl allow us to detect such
mobility in flows from origin to host in relatiorotthe availability of tele-
communications facilities.

As seen in the table, in almost all cases, distenaesignificant disincentive,
as the greater the distance, the higher the rigktlae migration cost. Better
wages, high GDP per capita, and little unemployntent high employment
rate) in the host country are found to be the maativating factors in deciding
where to migrate to. Our results in Section 3 aido demonstrate how these
considerations play a leading role in choosing whemove to.

3. Data and Empirical Model

The empirical analysis employs a panel of data faosample of inflows in
thousands from origin country to host countryj at timet. The main host

countries here are Austria, Belgium, the Czech BkgpuDenmark, Finland,
France, Germany, Hungary, Italy, Luxembourg, thehBands, Norway,
Poland, Spain, Sweden, and the UK, covering thesybatween 1995 and
2009. OECD-origin countries are mainly: Austrialddem, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Hungkayy, the Nether-
lands, Norway, Poland, Slovakia, Estonia, Swedernkdy, and the UK. Non-
OECD-origin countries, on the other hand, are AlyeArmenia, Bosnia-
Herzegovina, Bulgaria, China, Egypt, Morocco, NigePakistan, Romania,
Russia, Tunisia, and Ukraine.
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As an international telecommunications channel,exgect broadband to
present as the most convenient communication &soit is cheap and allows
job applications to be submitted and job interviesbe conducted from
overseas. In order to capture both ICT connectEmusa number of economic
aspects as reasons for individuals’ decision toraigg the following gravity
model will be applied:

logFLOWS, =log BICT; +logS,ICT;, + 3, logDIST; + S3,10gRGDR,
+ 05 IogWAGE” + BUNEMPR, + B,EMPR, +¢; ,
where FLOWS; is the flow of immigrants in thousands. Here, weugred

migration flows into three thresholds that are ¢dqaaand greater than 0.1,
0.3, and 0.5 (i.e., 100, 300, and 500 people orendroth for OtO country

pairs and non-OtOJCT,, ICTj are ICT connections in the origin and host,

(1)

respectivelyDIST; is the distance between the origin and host country

RGDP
RGDR is the relative real GDP (i.e.Rg—DF') both real GDP in the origin—

J
RGDP— and real GDP in the hostRGDP — are constant in US$ in the

year 2000)WAGE is the average wage across industries in the foosttxy,

all adjusted to US$ in the year 2000NEMPR is the unemployment rate in
the origin; EMPR is the employment rate in the host; ang is the error

term. Throughout the literature, technology is as=tl to evolve along an
exponential growth curve (Griliches, 1957; Gero200; Gruber and Ver-
boven, 2001; Comiret al, 2006; Czernictet al, 2011); thus, ICT connec-
tions in origin and host can be written as:

ICT, =a,e™ andICT, =a,e" @)

whered, and A, are the growth parameters of the rate of the I in

the origin and host country, respectively. In ooalgsis, we primarily focus

on broadband as an ICT tool for the reasons weagxpt Section 4. Broad-

band here is counted from 256kbit/s to under 2Mbince migration occurs
between specific country pairs, we focus on thatined broadband penetra-
tion rate within those country pairs. Thus, it Genwritten as:

BROADR, = BROAQxBROADRQ ()
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Based on equation (2BROAL , takes the exponential form of:

BROAD, =a'e" (4)
Here,BROAD is defined as the multiplication of the broadbaedetra-

tion rates in the origin and host country at ttm&here is no previous litera-
ture to guide us as to how to set up a countrygyecific variable suitable for
this transaction. However, since communication feren of information ex-

change, and broadband in particular is our comnatioit variable, we decided
to concentrate on such interaction variables. Githeat broadband (as an
example) may have been introduced into Country #gif two years later

than into Country B (host), the resultant inter@ctvariable will enable us to
observe what happens after A and B have broadbatitk ssame time. We
cannot present them in the form of fractions sitie@e is the possibility of

either of the broadband variables being zero (&mpadband has not been
introduced yet). Since the sample has a mix of &ecountries and later
entrants (in 2004, Czech Republic, Hungary, Pgland Slovakia), as well

as more recent accession countries (in 2007, Balgad Romania), we control
for the legal restriction of traveling/staying ardrking in the host country by

setting up a dummy variableREE; that is equal to 1 if there is no such
restriction on moving from the origin to host cayn® otherwise.
In order to visualize the various effects of broaulh penetration across

country pairs, we also control for the catchinghuroadband diffusion by
including the years since broadband introductioa been introduced into

country pairs,T. iﬁ (Gruber and Verboven, 2001; Czernithal, 2011), where

Brepresents the broadband penetration rate betweentrg pairs (i.e.,
BROAD, ). The calculation oﬂ'ij'i is made based on the broadband penetra-

tion rate, and it is the number of years that l@tties in a country pair have
had broadband. After the addition of time and coupgir subscriptions, the
complete estimation equation will be as follows:

logFLOWS, = f3, + 5,BROAD), + f3, logDIST, + 5, 10gRGDP + 5, logWAGE, (5)
+ BUNEMPR +B,EMPR, +B,FREE , + B,T},

ij.t +5ij +6, T,

Whered; and g are the country-pair effects and the time-fixedeeff

respectively. When the independence of irrelevlatratives fails to charac-
terize the reasons behind individuals’ thinking rargration, the benefits of
migrating to certain destinations take center stéige is called multilateral



78 Ekonomi-tek Volume / Cilt: 4 No: 1 January / Ocal 20

resistance to migration (Bertoli and Moraga, 2018)the presence of this
phenonomen, several studies have adopted the Corlmoelated Effects

(Pesaran, 2006) or have usadhoccontrols for the time-varying benefits of
migration, or they have provided more restrictezbagptions when specifying
the estimated model.

In light of every gravity model's having more thane origin country as
well as more than one destination country, we rinmt ourselves to the rela-
tionship among specific country pairs (Anderson ¥ad Wincoop, 2001). In
this paper, the specification of our main independeariable is in an interac-

tion form (i.e., BROADRD, = BROAQXBROAL). By doing so, we

believe we account for the relative attractiverefgtie country pairs sampled.
However, additional methods could be adopted fdlofioup robustness
checks in the future. See Table 2 below for a Btalescription of the data.

Descriptive statistics for each variable are preesbm Appendix B's Table
11 and Table 12, featuring OtO and non-OtO coupaiys, respectively. The
number of individuals leaving origin nations forshacountries is around
4,058 every year. The employment rate in the hogbiries in the OtO group
averaged around 0.69 between 1995 and 2009. InahetO countries, the
comparable figure was 0.65 for the same period. Uif@mployment rate was
about 9% in origin countries as a whole.

As the broadband penetration rate is measured thethmultiplication of
the broadband penetration rates in origin and ist kkountries, the average
rate for this variable is approximately 2%. Therage wage (in US dollars in
2000) ranged from $944 to $27,641 per year.
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Compared to the OtO flows, non-OtO flows could b&cmhigher—up to
261,273 men and women per year—but, on averapeyéred around 5,700.
The rate of unemployment in the non-OECD-origin rioies typically goes
from a low of 2.9% to a crushing high of 38.4%.

3.1 Causality of Broadband and Migration Flows

The basic gravity model may suffer from differemigims of endogeneity.
One concern is reverse causality: when considénmgrigin and host countries,
we might imagine that the greater the flows of pedmpm origin to host, the
more the communications will be directed from htwstorigin, as migrants
talk to family and friends: we will discuss thisrimore detail in Section 4.1.

In order to address several sources of endogebmityin the model, we
adopted Czernicket al's (2011) instruments for the IV approach. Since
broadband platforms rely on either the copper wirgoice telephony or the
coaxial cable of cable TV between households amd niain distribution

frame, we designated the ceiling of broadband patiet ass; with voice

telephony and cable TV for the year 1997, whicthésyear before broadband
was first introduced to both countries among coupéirs at the same instant:

,7ij = ,70 + ,71VO|CE] 11997 + HZCABLE] 11997 (6)
Here we use the number of non-digital telecommuitina access lines in
1997 YOICE;1997) and the number of cable-TV subscribers in 1997
(CABLE; 1097) to measure the spread of the traditional telecomeations and

cable networks in country pairs, calculated as:

VOICE; ;49; =VOICE, ;3¢; XVOICE; ;45; (7)
CABLE; 145; = CABLE o5, X CABLE; ,4q, (8)

Where VOICE997 and VOICE,q9; are the number of non-digital telecommu-
nications access lines per 100 inhabitants in 1li@9fge origin and host countries,
respectively; CABLE 997 and CABLE 497 are the number of cable-TV
subscribers per 100 inhabitants in 1997, in thgimrand host countries, respec-
tively. These variables were obtained from the I@dicators Database of the

International Telecommunication Union (ITO). AlttgiuVOICE; ,,; and

CABLE; ,4are time-invariant variables, Stata 13l (i.e., non-linear)

command provides time-invariant coefficients focteaf these variables. The
majority of researchers have followed the logidtg@wth curve for a new
technology, defined by Griliches (1957) (among th&ruber and Verboven,
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2001; Cominet al, 2006; Geroski, 2000; Czernieh al, 2011; Stoneman,
2002; Beclet al, 2005; and Michal and Tobias, 2006):

Again, BROAD”. is the broadband penetration rate, measured asuthe
tiplication of the share of the population that sapscribed to broadband in
the origin and the share of the population thatdudscribed to broadband in
the host (i.e.,BROAD x BROAD, ), whereag; determines the maximum
broadband penetration rat@is the diffusion speed, and is the inflexion

point. Inserting Equation 6 into Equation We obtain the following non-
linear first-stage equation:

,70 + ,71VO l C E‘ ,1997 + ,72CAB Lﬁ ,1997

BROAR, = e

(10)

By applying such a non-linear least-squares esimaive compute the
predicted broadband penetration rate with absaxtmenous factors. In or-
der to receive consistent estimates from the sesbtage of the nonlinear
equation, the first-stage estimation must be sigeci€orrectly (Angrist and
Imbens, 1995; Angrist and Kruger, 2001a, 2001b)oliain the fit of the first
stage of the diffusion curve of the instrumentaldelp we plot the graphs of
actual and predicted broadband for OtO and non-€htry pairs for each
threshold. However, we only present 10 countryspfar each threshhold, as
there are 366 OtO country pairs (148 + 118 + 10@d) 269 non-OtO country
pairs (101 + 92 + 76) in total, and it would reguioo much space. Figure 1
to Figure 6 present the actual and predicted biaadlpenetration rates (see
Appendix A).

For OtO country pairs with 0.1 thresholds, Polart-6nd Germany-
Austria appear to have a perfect fit of actual pretlicted broadband penetra-
tion rates. On the other hand, the predicted braadipenetration rates for the
Netherlands-Belgium, Sweden-Norway, and Belgiumdmkourg country
pairs seem slightly below the actual ones. Theahend predicted values for
the rest of the country pairs, for the most pgypaaently conform. The same
pattern holds for OtO country pairs, with 0.3 ansl thresholds.

When it comes to non-OtO country pairs with 0.lesiolds, Algeria-
France, Russia-Germany, Bosnia-Herzegovina-Ausaral Bulgaria-Spain
appear to fit well, whereas the rest of the couptiys have predicted values
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coming under the actual rates. All in all, we cae a diffusion-curve shape
for all country pairs, as expected, which confirting fit of the first stage of

the diffusion curve, corresponding to much of therdture on technology
diffusion (Griliches, 1957; Geroski, 2000; GrubemdaVerboven, 2001;

Cominet al, 2006; Czerniclet al, 2011). Also, we find consistent inflexion
points for both OtO and non-OtO flows for each shi@d. Hence, we believe
that the first-stage estimation is specified adtzjya

In order to establish valid fitted values for thm@ddband penetration rate,
we attempt to use purely exogenous instrumentsbvias. Therefore, we use
voice-telephony and cable-TV subscribers per 10@bitants in 1997, the
year before the first emergence of broadband irctiumtry pairs at the same
time. Even though the instruments are time invayrigims produces time-
variant fitted values.

The first stage of the non-linear instrumental afalé is estimated by
Equation 10, with a non-linear least square. Colrgih (11), and (Ill) in
Table 3 present 148, 118, and 101 OtO country pesspectively; Table 4
presents 101, 92, and 76 non-OtO country pairpertively, for 1995-2009.

Table 3. OECD to OECD Flows: Diffusion Curve of the
Instrumental Model’s First Stage

Dependent variable: Broadband penetration () () (y
rate (BROAR), )
Voice-telephony penetration rat¢ QICE; ,o5,) 0.274** 0.276*** 0.277%
(0.006) (0.007) (0.008)
Cable-TV penetration ratéQABLE, ;44) 0.334% 0.347° 0.302%
(0.018) (0.018) (0.017)
Diffusion speed 3 ) 0.917%* 0.903*+* 0.890***
(0.025) (0.027) (0.028)
Inflexion point (T ) 2005.662** 2005.668*** | 2005.720***
(0.057) (0.064) (0.068)
Constant 0.003** -0.004*+* -0.004"
(0.001) (0.001) (0.001)
R? 0.97 0.97 0.97
N 1981 1580 1342
F-test (p-values in parentheses) 121.90 99.41 88.10
(0.000) (0.000) (0.000)

(D, (I, () present the first-stage results thie diffusion curve for flows with 0.1, 0.3,

and 0.5 thresholds, respectively. For each thrdshe¢ control the first-stage model
with more control variables, namely distance, @BIP, the wage, the unemployment
rate, and the employment rate. The results are gighificant, but the coefficients are
very small, so we do not present them. They aréadla upon request.
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Table 4. Non-OECD to OECD Flows: Diffusion Curve othe
Instrumental Model’s First Stage

Dependent variable: Broadband penetration rate (0} () (D]
(BROAR,)
Voice-telephony penetration rat¢QICE; ,44,) 0.152" 0.154" 0.145°
(0.020) (0.021) (0.024)
Cable-TV penetration rateGABLE, 145/) 0.107” 0.106” 0.105"
' (0.014) (0.014) (0.017)
Diffusion speed 8 ) 0.997" 0.995" 0.954"
(0.104) (0.106) (0.113)
Inflexion point (t ) 2007.30"" 2007.30" 2007.43™
(0.271) (0.277) (0.343)
Constant 0.005" 0.005" 0.005”
(0.001) (0.001) (0.001)
R? 0.84 0.85 0.83
N 1359 1233 1015
F-test (p-values in parentheses) 44.70 43.23 28.13
(0.000) (0.000) (0.000)

(D, (I, () present the first-stage results thie diffusion curve for flows with 0.1, 0.3,

and 0.5 thresholds, respectively. For each thrdshe¢ control the first-stage model
with more control variables, namely distance, @BIP, the wage, the unemployment
rate, and the employment rate. The results are gighificant, but the coefficients are
very small, so we do not present them. They ariadla upon request.

For OtO flows, Table 3 shows that the voice-telephpenetration rate,
cable-TV penetration rate, diffusion speed, antexién point are quite sig-
nificant in determining the broadband penetratiate.r The inflexion point is
estimated at around 2005 for OtO flows, and it dagsvary much for different
thresholds of flows.

For non-OtO flows, Table 4 also confirms the influe of the voice-
telephony penetration rate, cable-TV penetratiae, rdiffusion speed, and
inflexion point in determining the extent of broadid penetration. The in-
flexion point for non-OtO flows is estimated at Z0@nd likewise does not
vary much for different thresholds of flows. In wi®f the multiple aspects of
technology adoption, it is reasonable to seek diffeinflexion points for OtO
and non-OtO flows. Both voice-telephony penetratind cable-TV penetration
appear to have positive and meaningful effectderceiling of the broadband

penetration ratg; . The F-test of joint significance for voice teleply and

cable TV suggests, according to the null hypothéisét the estimated coeffi-
cients for both are different from zero at a 99%fwence interval.

4. Empirical Results

Based on the first stage of the diffusion curve,cakeulate the predicted
broadband penetration rate and plug this variatile Equation Srom Sec-
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tion 3. The second-stage results are shown in $&b&nd 6 for OtO and non-
OtO migration flows, respectively. In addition, wealculate the predicted
years since broadband was introduced to the couaing at the same time
and insert this into Equation 5.

Models with odd numbers are at the second stagieofinstrumental-
variable model with OLS, whereas models with evemipers are at the same
stage but with the country-pair fixed effect. Taaunt for the fact that the
broadband penetration rate is predicted by thé §itzge of the non-linear
model, standard errors are bootstrapped (200 tigpesij in the second stage
of the non-linear models. The broadband penetrative appears to have a
positive and significant effect on both OtO and+@® migration flows. The
significance improves greatly in fixed-effect magleThe coefficient of the
broadband penetration rate is much higher for tre@tO country pairs. This
suggests that broadband connections between nomQ@EBEE OECD countries
affect migration flows from origin to host counsienore than among OECD
member states by improving the amount of positierimation about the
host; this, in turn, ends up inspiring others “bdmkme” to also make the
journey. This might be explained by the inflexionirg’s being around 2007
for non-OtO country pairs—approximately two yediterathe inflexion point
for OtO country pairs. Broadband communication ®&sn to be more promi-
nent between non-OECD and OECD members than ammungfrees within
the OECD between 1995 and 2009. Therefore, we cstulate that the
broadband penetration rate has more sway over tingrlows for non-OtO
cases than for OtO ones.

Consistent with the gravity literature, distanced aelative RGDP are
found to be intimidating deterrents both for OtQ@ aon-OtO migration flows
for all thresholds. When it comes to wages in tbst ltountry, we observe a
positive and significant relation to migration flswas expected. It is only
negative in OtO flows with 0.3 and 0.5 thresholasd in non-OtO with 0.3
thresholds and second-stage OLS, but it is noifi&ignt. Unemployment in the
origin country has a positive and important effestmigration flows for the
fixed-effect models for OtO and non-OtO flows wih thresholds. To some
extent, higher unemployment in the country of arigill impel individuals to
seek a job elsewhere. This also confirms anotheirfg: the employment rate
in the host country is a decisive factor in faatiihg migration flows in all the
fixed-effect models for OtO and non-OtO migratiaike. In other words,
individuals tend to move to where the employmenspects are better.

The dummy variablé-REE; is again found to be positive and significant
in all cases. The value for the predicted yearsesthe introduction of broad-
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band turns out to be significant and negativelatesl to migration flows in
the fixed-effect models. The coefficients of thegicted years since the coming
of broadband appear much higher for the non-OtOntrgupairs. This
reinforces the notion that the effect of the br@adbpenetration rate should
be much higher for non-OtO country pairs. We alsalyed whether other
telecommunications channels, such as mobile pharedixed-landline
phones, affect human movements between origin asdiut found no strong
correlation. Our results are available upon request

4.1 Validity of Instruments

In order to determine whether our instruments—tbieertelephony and
cable networks—might independently and directleeiffmigration flows or
direct migration movements through channels othan toroadband, we con-
sider whether other communication technologiesh sasc mobile phones and
the integrated-services digital network (ISDN—eivaplvoice and data
transmission), might also affect migration flows.

In order to estimate the diffusion curves for mehitlephones and the
ISDN, we apply the same ceilingy; =7, +7,TEL; +7,CABLE .

based on the voice-telephony and the cable-TV patieat rates per 100 indi-
viduals for each flow-rate threshold, for both Cafd non-OtO flows. Then

we follow the logistic curve Ty for both mobile phones and the
at-0
+e !

ISDN. The advent of broadband comes consideraly than that of voice

telephony and cable TV. Since we measure the pestlliroadband penetra-
tion rate according to these two variables in tlearyl1997—i.e., before
broadband made its appearance in the country gainpled—it is safe to say
our instruments are predetermined in terms of Hyvaad diffusion. Yet, pre-

determination may be a necessary but insufficientition for exogeneity in

an econometric sense (Czernethal, 2011).

Thus, first of all, we analyze whether our instruse—TEL and
CABLE—have an indirect effect on migration flowsaffect migration flows
through channels other than broadband. They ngtlmitig about the deploy-
ment of the broadband network but also the difiusib other technologies
that may trigger migration flows. For that, we pighke of the most common
communications tools—the mobile phone—whose adoptiad diffusion
started as far back as the 1980s (Kalba, 2008)irendldest telecommunica-
tions invention—the ISDN—in use since the 1970$p&it/www.nfon.com/
gb/solutions/resources/glossary/isdn/).
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To test our claim, we estimate diffusion curveshviiie same ceiling (see
Equation 9) for MOB and ISDN. The related results m Tables 13-18 in
Appendix C; clearly, no significant effect has bdeand. Thus, we find no
evidence of penetration of the traditional netwerkEL and CABLE—on
the diffusion of MOB and ISDN. We conclude thatddeanstruments only
determine broadband diffusion and not that of offwential telecommunica-
tions modalities that might have an impact on migraflows, thus underlin-
ing the validity of our instruments.

TEL and CABLE could also have a direct impact orgnaiion flows,
which we test by inserting them into the same medelvas used for broad-
band—but to no avail (see Tables 19 and 20 in AgigeD). As is seen in
these tables, we observe no noticeable effectickvielephony and cable TV
on either of the alternative communications chasehobile and ISDN—at
a conventional level. This confirms the validity @ir instruments. Here, we
obtained information from the ITU’s ICT databaselmth mobile-telephone
subscribers per 100 inhabitants and ISDN subsariper 100 inhabitants. The
F-test of joint significance for voice telephonydacable TV suggests that,
based on the null hypothesis, the estimated casftis for both are different
from zero at a 99% confidence interval.

4.2 Robustness Checks

Our first-stage results are based on the voiceieley penetration rate
and the cable-TV penetration rate per 100 inhatstanthe population. This
is done to arrive at the predicted broadband pati@trrate per 100 inhabitants
in the population. However, such a measurement ey to a correlation in
the first-stage result, as both the endogenousnstrdimental variables have a
common denominator. Thus, we estimate the firgestiffusion curve with
the voice-telephony penetration rate per 100 irtaats and the cable-TV
penetration rate per 100 inhabitants to determieebroadband penetration
rate at household IeveBQOADHHj ), as in Table 7 for OtO migration flows

with 0.1, 0.3, and 0.5 thresholds and Table 8 fom-©tO migration flows
with 0.1, 0.3, and 0.5 rate thresholds.

The levels of both instruments—the voice-telephpeyetration rate per
100 inhabitants and the cable-TV penetration rage 100 inhabitants—
remain positive and significant for both OtO anad@tO cases. In fact, the
coefficients are much higher, suggesting that agtrumental variables de-
termine broadband penetration to be higher if mesksat the household lev-
el. The inflexion point remains around 2005 for Gk@vs, 2007 for non-OtO
flows.



88

Ekonomi-tek Volume / Cilt: 4 No: 1 January / Oc&Kd 2

Table 7. Diffusion Curve: First Stage of the Instrunental Variables

for OtO Flows

Dependent variable:BROADHH, (1) (2 (3)
Voice-telephony penetration ratdOICE; ;o0,) 1.251w 1.236x 1.221%
B 100 (0.047) (0.052) (0.056)
Cable-TV penetration rateGQABLE; ,4,,) 0.926™ 1.059** 0.835%
B 1007 (0.144) (0.143) (0.184)
Diffusion speed ﬂ) 0.905*** 0.893*** 0.891***
(0.030) (0.033) (0.035)
Inflexion point (7 ) 2005.783*** 2005.785*** 2005.840***
(0.070) (0.080) (0.087)
Constant 0.084*** 0.081*** 0.088***
(0.008) (0.000) (0.009)
R2 0.96 0.96 0.96
N 1981 1580 1342
F-test (p-values in parentheses) 459.54 (0.000 375.00@). | 312.76 (0.000)

BROADHH, is measured as the multiplication of broadband ailibsrs per house-

hold in the population in origin and host.

Table 8. Diffusion Curve: First Stage of the Instrunental Variables

for Non-OtO Flows

Dependent variable:BROADHH,; (€ @ ©)
Voice-telephony penetration raty'QICE; 0.709*** 0.662*** 0.006™*
ponyp OICE, 1667) (0.141) (0.113) (0.002)
Cable-TV penetration rateGABLE; ,,.,) 0.708* 0.684* 0.671*
P E; 2007 (0.265) (0.154) (0.100)
Diffusion speed ﬂ) 0.961*** 0.962*+* 0.918***
(0.103) (0.106) (0.112)
Inflexion point (7 ) 2007.347*** 2007.348*** 2007.477***
(0.298) (0.306) (0.381)
Constant 0.065*** 0.063*** 0.069***
(0.010) (0.010) (0.012)
R2 0.80 0.80 0.78
N 1359 0.85 1015
F-test (p-values in parentheses) 35.26 (0.000) 34.10@p.00 22.82 (0.000)

BROADHH, is defined above in Table 7.

Following the first-stage results based on the abakl level of broadband
subscription, the second stage of the estimatisult®is presented in Table 9
for OtO flows with 0.1, 0.3, and 0.5 rate threslsoldnd in Table 10 for non-
OtO flows with 0.1, 0.3, and 0.5 rate thresholds.cAn be seen in both tables,
the significance and the sign of the coefficiemtsain the same. The pattern
of how coefficients change across different thrédhalso remains the same.
The F-test of joint significance for voice teleploand cable TV suggests
that, based on the null hypothesis, the estimabedfficients for both are dif-
ferent from zero at a 99% confidence interval, tboth OtO and non-OtO
country pairs.
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Table 9. Second Stage of the Instrumental Variablegodel for

OtO Flows

Dependent variable: Log of migration flows

(Y

@)

(©)

Predicted penetration ratﬂROAQ «_hat)

0.052 (0.018)

0.056** (0.017)

0.049** (0.018)

Log of distance [og D|S'|;J. )

-0.543"** (0.047)

-0.371%** (0.047)

-0.175*** (0.049)

Log of relative real GDP log RGDF"-’I{)

-0.251%* (0.018)

-0.257** (0.017)

-0.212** (0.018)

Log of wage in the host countr)l(()gwagqt)

0.098* (0.037)

-0.043 (0.033)

-0.024 (0.031)

Unemployment rate in the origirtﬂnem[)lrt)

0.028** (0.009)

0.037** (0.009)

0.034** (0.009)

Employment rate in the hostEmpr. ) 20,009 (0.003) | -0.006 (0.003) 0.002 (0.003)
Dummy = 1 if no restriction(FREE; , ) 0.634**(0.087) | 0.353**(0.093) 0.451*** (0.095)
Predicted years¥’ _har) 0.033 (0.023) | 0.004 (0.021) 0.019 (0.022)

Constant 3.392 (0.476) 3.587*** (0.455) 1.628* (0.470)
R 0.16 0.15 0.12
N 2064 1644 1409

(N, (1, (1) present the OLS estimation of tteecond-stage results of instrumental
variables for OtO flows with 0.1, 0.3 ,and 0.5 r#tteesholds, respectively. We also
obtained a fixed-effect estimation of the secoralystresults but do not present
it here, as the time-invariant variable is dropgesm the model. The sign and
significance of the coefficients remain the saméehim fixed-effect model. They are

available upon request.

Table 10. Second Stage of the Instrumental VariabdeModel for

Non-OtO Flows

Dependent variable: Log of migration flows 1) 2) ?3)
Predicted penetration ratBROAD) , _hat) 0.082*** (0.013) | 0.094** (0.013) 0.077+** (0.012)
Log of distance log DIST, ) -0.080 (0.066) | -0.187** (0.062) -0.452"** (0.054)

Log of relative real GDP log RGDR )

-0.286"* (0.021)

-0.247%* (0.021)

-0.195"* (0.019)

Log of wage in the host countnlggwage, ) 0.078* (0.041) 0.049 (0.041) 0.196* (0.038)
Unemployment rate in the origildnempr, ) -0.062 (0.007) -0.058 (0.007) -0.060 (0.006)
Employment rate in the hosEmpr ) 0.029 (0.003) 0.022 (0.003) 0.022 (0.003)
Dummy = 1 if no restriction(FREE; , ) 0.064 (0.230) 0.159 (0.298) 0.961*** (0.264)
Predicted yearst’_hat) 0,032 (0.073) -0.090 (0.071) 0.221%* (0.081)

Constant 3.208* (0.606) | 4.080** (0.558) 5.414* (0.491)
R? 0.20 0.20 0.28
N 13¢7 1277 1015

(1, (), (1) present the OLS estimation of ttleecond-stage results of instrumental
variables for non-OtO flows with 0.1, 0.3, and fafe thresholds, respectively. We also
obtained a fixed-effect estimation of the secoralystresults but do not present
it here, as the time-invariant variable is dropgesm the model. The sign and
significance of the coefficients remain the saméhim fixed-effect model. They are

available upon request.
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Additional robustness checks are listed in Tabe£Q@ in Appendix D.
One can argue that, apart from broadband, phofie tteetween the origin
and host countries might have an effect on mignafliowvs. In order to check
this, we control the second-stage results withxdraevariable of phone traffic
between origin and host, and we calculate thisatéei

phntraffig = phntraffig x phntraffic (11)

Where phntraffi¢ stands for international incoming phone traffictte
origin, and phntraffic; is international outgoing phone traffic from thesho

country. This variable will give the approximatdeimational phone traffic
between countryi and country j at timet. Tables 21-22 in Appendix E

present the results for OtO and non-OtO countriés &1, 0.3, and 0.5 rate
thresholds under Models (1), (Il), and (Ill), respeely. Indeed, phone traffic
within country pairs has a positive and significaffiect on OtO migration
flows, whereas there is little evidence that trogdh true for non-OtO flows.
All in all, the broadband penetration rate is gtifisitive and significant; the
sign of the remainder of the control variables atsnains the same.

We apply additional robustness checks and sedhtbdtroadband penetra-
tion rate holds positive as a significant determinaf migration. These tests
are available upon request.

5. Conclusion

Our non-linear instrumental approach to broadbasepation rates found
a positive and strong effect on migration flowsisTéffect appears to be even
stronger for non-OtO flows in comparison to OtOnftn

Our results are robust to a number of different#jgations. For instance,
measuring broadband penetration at the househoé Vehile keeping our
instrumental variables—voice telephony and cable gahetration—at the
per-100-inhabitant level did not affect the secetalye results as far as the
sign of the coefficients or the significance wantfact, the significance im-
proved. Additionally, we checked whether landlifepe traffic between
country pairs or international calling-in or cafisout phone traffic also had a
similar effect to broadband, controlling for themaill the models. The broad-
band penetration rate remains the main determiofntigration decisions,
while the sign of the other variables does not geaat all for all three
thresholds.

The effect of broadband penetration is higher in-G0O migration flows.
This may be so not only for information-exchangasans but also for job
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applications and interviews, which are more likidytake place online; job-
related travel, on the other hand, can be undertal@e easily between geo-
graphically closer countries. In other words, miggsain non-OtO flows make
more use of broadband to ensure a place to woskagr while those in OtO
flows can interact with contacts in the host coymtot only through broad-
band but also in person.

We had different thresholds, namely 0.1, 0.3, asdrétes (10, 30, and 50
per 1,000 population), as we wanted to capturerétaionship between the
broadband penetration rate and migration flowsaaious levels. The lowest
rate we focused on was 0.1 (10 per 1,000), duautdbelief that the flows
should be at a countable level if we were to amalye effect of broadband
penetration on migration flows. To give even moceaantability, we chose
the other thresholds as 0.3 and 0.5. The resultsaich threshold, particularly
0.3 and 0.5, were quite similar, and they werecalisistent. The results im-
proved above the larger (that is, the 0.5) condtréVe believed a higher fre-
guency—while capturing fewer country pairs—wouldguwce more accurate
results. Moreover, we argue that a group of flowmse threshold is 0.1 can
capture more country pairs but may yield less adeuresults, since the 0.1
threshold will pick up country pairs in which evansingle migrant will be
treated as a migration flow: this segment surelgsdaoot justify an investiga-
tion into the relationship between migration anodaband penetration.

The different thresholds for OtO flows gave coresstresults with one
another, with the results improving from the 0.1he 0.5 rate thresholds. This
was the same for non-OtO flows, where the signifieaof the right-hand-side
variables went from the 0.1 to the 0.5 rate thriesh&/e found the inflexion
points for OtO and non-OtO flows as 2005 and 2085hectively. The possible
explanation for this may lie in the way more depeld countries (OECD
ones) adopt technology versus their developingnaleueloped counterparts
(non-OECD ones). The inflexion point of 2007 fomrOECD countries sug-
gests that they adopt technology and reach saiarptiint approximately two
years later.

What is more, having no legal restriction was abkvepund to be positively
and significantly correlated with migration flowspth OtO and non-OtO;
this relationship was stronger for the latter.His tregard, if we consider legal
restrictions as a migration cost, people comprisirggflows from more dis-
tant countries will take these barriers more intocaint before setting out.
That is also consistent with the result for dissanehich was consistent with
the gravity models across the literature (as onth@fessential demotivating
factors in deciding where to move).
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Overall, we found that the broadband penetratios mad a significant and
positive effect on migration flows. This effect watsonger for non-OtO migra-
tion flows. Broadband appeared to be preferred damdline phones by
potential migrants between 1995 and 2009. Furtksearch is needed to in-
vestigate whether the new and more sophisticateartsphones stimulate
migration flows, which we believe to be true: thedgo provide cheaper and
easier communications to individuals overseas, smanay be preferred by
those contemplating emigrating. However, we werabis to investigate the
existence of such an effect due to lack of dat& IMJ’s ICT indicators con-
sist of only a few years of records of smart-phsmescriptions, but more data
will become available in the foreseeable futuregbding other researchers to
delve into this area for more detail.

APPENDIX A

Figure 1. Actual and Predicted Broadband Penetratio Rates for
Country Pairs, OtO Flows at a 0.1 Rate (10 per 1,@)

Poland-Germany Turkey-Germany Poland-UK Germany-Adustria Italy-Germany

Netherlands-Belgium Sweden-Norway Belgium-Luxembourgrk€y-Netherlands ~ Denmark-Sweden
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Figure 2. Actual and Predicted Penetration Rates fo
Country Pairs, OtO Flows at a 0.3 Rate (30 per 1,@)

Poland-Germany Turkey-Germany Poland-UK Germany-Austria Italy-Germany
Netherlands-Belgium Sweden-Norway Belgium-Luxemboufgrkey-Netherlands  Denmark-Sweden
Swfée 2000 bl 19’9_;‘_‘_‘2000 2005 201 1‘0 ‘‘‘‘‘ 10 1 ‘3 ......

Figure 3. Actual and Predicted Broadband Penetratio Rates for
Country Pairs, OtO Flows at a 0.5 Rate (50 per 1,@)

Poland-Germany Turkey-Germany Poland-UK Germany-Austria Italy-Germany

Netherlands-Belgium Sweden-Norway Belgium-Luxembourgrk&y-Netherlands Denmark-Sweden
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Figure 4. Actual and Predicted Broadband Penetratio Rates for
Country Pairs, Non-OtO Flows at a 0.1 Rate (10 pet,000)

Algeria-France Russia-Germany Bosnia-Austria Bulgaria-Spain China-Spe
I S R T O U

Ukraine-Germany Morocco-France Morocco-Spain Romareeaany Romania-Spain
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Figure 5. Actual and Predicted Broadband Penetratio Rates for
Country Pairs, Non-OtO Flows at a 0.3 Rate (30 pet,000)

Algeria-France Russia-Germany Bosnia-Austria Bulgaria-Spain China-Spain
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Figure 6. Actual and Predicted Broadband Penetratio Rates for
Country Pairs, Non-OtO Flows at a 0.5 Rate (50 pet,000)

Algeria-France Russia-Germany Bosnia-Austria Bulgaria-Spain China-Spain
Ukraine-Germany Morocco-France Morocco-Spain Romargar@ny Romania-Spain
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APPENDIX B

Table 11. Descriptive Statistics for OtO Country Pas

Variable Obs Mean Std. Dev. Min Max
Flowsij 2067 | 4.058166 | 10.9581 0 151.743
Unempri 2220 | 8.878677 | 3.949635 2.513 22.9
Emprj 2220 | 68.60214 | 9.911995 27.6 81.8
Freeij 2220 | .740991 4381893 0 1

Broadijt 2220 | .0176976 | .027628 8.89e-07 .1304825
Distij 2220 | 1162.671 | 686.4299| 160.9283  3027.229
Rgdpij 2220 | 5.193729 | 11.65273  .0029073 104.3875
Awagej 2220 | 2524594 | 3036.444  .9440161 27641
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Table 12. Descriptive Statistics for Non-OtO County Pairs

Variable Obs Mean Std. Dev. Min Max
Flowsij 1401 | 5.683184 14.66967 0 261.273
Unempri 1515 | 11.56115 7.882959 2.9 384
Empr;j 1515 | 65.39724 12.90079 27.6 81.8
Freeij 1515 .0356436 .1854611 0 1
Broadijt 1515 | .0026988 .0058787 2.35e-08 .0504853
Distij 1515 | 3283.739 2426.287 485.1447 9592.118
Rgdpij 1515 | 1.711511 | 6.159809  .0008763 86.71633
Awagej 1515 | 2456.605 3249.689 .9440161 27641
APPENDIX C

Table 13. Diffusion Curve for First Stage of Instrunental Variable

Model: OtO Flows at a 0.1 Rate (10 per 1,000)

Dependent variable: MOBj

Dependent variable:ISDN;;

Voice-telephony penetration ratd/OICE; ;457)

0.235* (0.122)

0.032* (0.002)

Cable-TV penetration rate CGABLE; ;o47)

-0.534 (0.326)

0.010 (0.008)

Diffusion speed (B)

0.403** (0.195)

0.117** (0.010)

Inflexion point (7 ) 2003.572" (2.845) 1995.204** (0.232)
Constant -0.132 (0.780) 6.087** (0.221)

R2 011 019

N 2078 179

F-test (p-values in parentheses)

122.12 (0.000)

117.83 (0.000)
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Table 14. Diffusion Curve for First Stage of Instrunental Variable
Model: OtO flows at a 0.3 Rate (30 per 1,000)

Dependent variable: MOBj

Dependent variable:ISDN;;

Voice-telephony penetration ratl»’OICEj 1007)

0.265* (0.149)

0.034* (0.002)

Cable-TV penetration rateCABLE; ;oq7) -0.627 (0.401) 0.004 (0.008)
Diffusion speed (3) 0.415 (0.239) 0.122° (0.010)
Inflexion point (7 ) 2003.440*** (3.172) 1995.082*** (0.231)
Constant -0.403 (0.914) 5.917*** (0.215)

R2 011 019

N 1475 1275

F-test (p-values in parentheses)

99.16 (0.000)

98.12 (0.000)

Table 15. Diffusion Curve for First Stage of Instrunental Variable
Model: OtO Flows at a 0.5 Rate (50 per 1,000)

Dependent variable: MOB;

Dependent variable:ISDN;;

Voice-telephony penetration ratyOICE; ;447) 0.069 (0.036) 0.033* (0.003)
Cable-TV penetration rateCABLE; ;oq7) -0.183 (0.086) 0.015 (0.010)
Diffusion speed §3) 0.396* (0.104) 0.117> (0.012)
Inflexion point (7 ) 2003.343*** (1.745) 1995.064*** (0.280)
Constant 2.008* (0.734) 5.999** (0.262)

R? 030 0.19

N 1177 1014

F-test (p-values in parentheses)

91.08 (0.000)

87.11 (0.000)

In TableslS-lsMoﬁ is calculated asMOB ><MOBJ where MOBiS the mobile-phone sub-

scribers per 100 inhabitants in the origin awd)BJis the mobile-phone subscribers per 100

inhabitants in the hoslSDNj is calculated agSDN x |5D|\|j where ISDN, is the integrated-

services digital network subscribers per 100 indhigin and ISDN, is the integrated-services

digital network subscribers per 100 in the host.

Table 16. Diffusion Curve for First Stage of Instrunental Variable
Model: Non-OtO Flows at a 0.1 rate (10 per 1,000)

Dependent variableMOB,

Dependent variabld SDN;;

Voice-telephony penetration raté/OICEij 1097)

0.191*(0.074)

0.000 (0.011)

Cable-TV penetration rateGABLE; ;oq7)

-0.353%(0.167)

0.125* (0.055)

Diffusion speed (B)

0.785**(0.296)

-0.193 (5.081)

Inflexion point (7 )

2005.563**(0.980)

2008.178** (9.872)

Constant 0.815**(0.239) 6.419*** (0.065)
R? 0.29 0.14

N 1425 1163

F-test (p-values in parentheses) 7.33 (0.000) 6.11 (0.000)
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Table 17. Diffusion Curve for First Stage of Instrunental Variable
Model: Non-OtO Flows at a 0.3 Rate (30 per 1,000)

Dependent variableMOBj

Dependent variabld SDN;

Voice-telephony penetration rat/OICE; 1447)

0.201* (0.082)

0.000 (0.010)

Cable-TV penetration ratt GABLE; ;o0;)

-0.300 (0.170)

0.072 (0.055)

Diffusion speed (5)

0.789**(0.336)

-7.866 (4.708)

Inflexion point (7 ) 2005.558***(1.098) 2008.355*** (21.283)
Constant 0.635**(0.203) 6.112***(0.066)

R2 0.29 0.15

N 1275 1047

F-test (p-values in parentheses) 6.15 (0.000) 5.39 (0.000)

Table 18. Diffusion Curve for First Stage of Instrunental Variable
Model: Non-OtO Flows at a 0.5 Rate (50 per 1,000)

Dependent variablel’\/IOBj

Dependent variabld SDN;

Voice-telephony penetration ratd/OICE; ;457)

0.247 (0.108)

0.008 (0.012)

Cable-TV penetration rateGABLE; ;oq;)

-0.320 (0.195)

0.233 (0.062)

Diffusion speed (6)

0.836* (0.446)

-7.791 (7.523)

Inflexion point (7 ) 2005.527*** (1.243) 2008.398*** (38.495)
Constant 0.373** (0.185) 5.351*** (0.075)

R2 0.28 0.15

N 1035 855

F-test (p-values in parentheses) 5.12 (0.000) 4.27 (0.000)

In T:':lbl(3516—18,|\/|o|31 is calculated asvoB ><MOBJ where MOBiS the mobile-phone sub-
scribers per 100 inhabitants in the origin awd)BJis the mobile-phone subscribers per 100
inhabitants in the hoslSDNj is calculated agSDN x |5D|\|j where ISDN, is the integrated-
services digital network subscribers per 100 indhigin and ISDN, is the integrated-services

digital network subscribers per 100 in the host.
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APPENDIX D
Table 19. Additional Robustness Checks for OtO Flow
Dependnt vari able: Log of migration flows 1) ) 3)
. _ 0.0447% 0.0370"*
Predicted penetration ra’[(EXROAI:RIt __hat) (0.0130) 0.0359" (0.0124) | (0.0138)
Log of distance [og DIST; ) -0.689%** (0.208) | -0.744** (0.222) -0.489* (0.224)
_ -0.327 -0.390"*
Log of relative real GDP log RGDR ) (0.0742) -0.439** (0.0734) | (0.0778)
Log of wage in the host countnl@gWage,) | 90442+ (0.0254) | 0.0342 (0.0232) 0.0323 (0.0253)
Unemployment rate in the origii4nempr) | 9,003 (0.00964) | 0.00517 (0.00949) |  0.00712 (0.011P)
Employment rate in the hostEmp ) -0.0193 (0.0128) | 0.0224* (0.0111) | 0.0273* (0.0119)

Dummy = 1if no restriction(FREI%lt)

0.675*** (0.148)

0.912** (0.151)

0.929%** (0.177)

Predicted yea\r{r‘i/?t _hat)

0.009 (0.017)

0.007 (0.015)

-0.002 (0.016)

TEL, 0.577 (0.581) 0.836 (0.587) 0.650 (0.707)
CABLE, -0.748 (0.522) -1.665 (0.541) -1.354* (0.692)
Constant 3.697* (1.605) | 4.042** (1.601) 2.136 (1.560)
R 0.26 0.34 0.34

Country pairs 148 118 100

Table 20. Additional Robustness Checks for Non-Ot®&lows

Dependent variable: Log of migration flows 2) ) 3)
Predicted penetration rataROAQVI _hat) 0.086%** (0.016) 0.086%** (0.015) 0.091%** (0.018)
Log of distance [og DIST;) -0.073 (0.29) -0.172 (0.252) -0.395* (0.240)

Log of relative real GDPIbog RGDR )

-0.312** (0.100)

-0.260** (0.094)

-0.183** (0.092)

Log of wage in the host countr)l(()gwagqt)

0.071* (0.043)

0.089* (0.037)

0.100%** (0.036)

Unemployment rate in the origirl_ﬂnemp,[’t)

0.002 (0.012)

0.001 (0.013)

0.005 (0.014)

Employment rate in the host Emp'},t)

0.015 (0.017)

0.018 (0.016)

0.012 (0.017)

Dummy = 1if no restriction(FREﬁ W)

0.785*** (0.157)

0.807*** (0.163)

0.847*** (0.209)

Predicted year(‘[;fl _hat)

-0.052 (0.0526)

-0.065 (0.0496)

-0.096 (0.065)

TEL; -0.578 (0.395) -0.874* (0.392) -0.768* (0.395)
CABLE, 0.195 (0.279) 0.498 (0.242) 0.274 (0.257)
Constant -1.233 (2.500) 0.941 (2.293) 3.540* (2.029)
R? 0.32 0.35 0.33

Country pairs 101 92 76
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Table 21. Robustness Check with Additional ControVariables:
OtO for 0.1, 0.3, 0.5 Rate Flows

Dependent variable: Log of migration flows (1) 2) 3)
Predicted penetration ratBROAR, _hat) | 0.022%(0.016) 0.026%(0.016) 0.038*%(0.017)
Log of distance g DIST,) -0.745*(0.045) | -0.528*(0.045)  -0.329*%(0.047)
Log of relative real GDPlogRGDR ) -0.694*%(0.024) | -0.605**(0.027) | -0.529*%(0.028)
Log of wage in the host countrjgigwage, ) | 0.001%(0.000) 0.002*(0.000) 0.002*(0.000)
Unemployment rate in the origirdnempy,) | 0.058+(0.008) 0.056%(0.009) 0.053*(0.009)
Employment rate in the hosEmpr ) 0.007**(0.003) 0.004 (0.003) 0.011(0.003)
Dummy = 1 if no restriction( FREE ,) 0.039(0.090) -0.085 (0.096) 0.062 (0.096)
Predicted yearsif;,_na) 0.066%(0.023) | 0.060(0.022) | 0.046 (0.023)
Iog_phntrafﬁ(a 0.872*(0.034) 0.659*(0.037) 0.587*(0.037)
Constant - - -

R? 0.35 0.29 0.25

N 1906 1517 1300

Country pairs 148 118 100

Models (1), (I), (Il) present the results for Ot@ws with 0.1, 0.3, and 0.5 rate thresholds, eetiyely. Here,
log_ phntraffic”_ is calculated as international incoming fixed-taimpe trafficlog_trafficin, in the origin

times international outgoing fixed-telephone ttzal‘tb(‘;]_trafficoutj in the host in minutes, respectively.

Table 22. Robustness Check with Additional ControVariables:
non-OtO for 0.1, 0.3, 0.5 Rate Flows

Dependent variable: Log of migration flows

)

&)

(©)

Predicted penetration ratBROAL , __hat)

0.077**(0.013)

0.087**(0.013)

0.106**(0.013),

Log of distance Ibg DIST; )

-0.125%(0.070)

-0.237**(0.065)

-0.429**(0.058

Log of relative real GDPlbg RGDFi]?“) -0.556**(0.033) -0.491**(0.034)| -0.380**(0.031
Log of wage in the host countrjdgwage,) | 0.010 (0.007) 0.011%(0.006) | 0.011*(0.008)
Unemployment rate in the origirinempy,) | -0.053 (0.007) -0.051(0.007) -0.052 (0.007)
Employment rate in the hosEmpr, ) -0.023(0.003) -0.016 (0.003) -0.015 (0.003)
Dummy = 1 if no restrictior(FREI%ll) 0.162 (0.297) 0.246 (0.295) 0.793*(0.273)
Predicted yearsrg{’[ _hat) 0.039 (0.081) -0.076 (0.080) -0.191*%(0.086

log_phntraffig

0.670 (0.070)

0.623 (0.069)

0.429+(0.062)

Constant -2.155 (1.364)
R? 0.30 0.28 0.33

N 1243 1132 923

Country pairs 101 92 76

Models (1), (I1), (IIl) present the results for m®tO flows with 0.1, 0.3, and 0.5 rate threshaldspectively. Here,
log_ phntraffic”_ is calculated as international incoming fixed-télepe trafficlog_ trafficin, in the

origin multiplied by international outgoing fixeeétephone trafficlog_trafficoutj in the host in

minutes, respectively.
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