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1 Introduction

Technological progress has made communication faster, more convenient, and more
accessible, allowing people to connect with others in ways that were previously im-
possible. The availability of high-speed internet enabled remote face-to-face meet-
ings among participants from multiple locations, exchanging large files, or simulta-
neous working on data located on shared drives or in the cloud. Teams consisting
of people working for different companies and located in different places can seam-
lessly collaborate facilitating business-to-business transactions, exchange of infor-
mation and troubleshooting, joint design, electronic billing, etc. Around the world,
governments and multilateral development banks see digitalization, including in-
vestment in high-speed internet connectivity, as a powerful tool for promoting eco-
nomic growth and development.

This paper studies empirically and theoretically the effects of the rollout of fast
and reliable internet access on input sourcing and hence economic growth across
space. To the best of our knowledge, it is the first study using microdata on firm-to-
tirm transactions to assess the impact of ICT infrastructure improvements on firms’
input sourcing patterns and quantifying the resulting welfare gains in a general
equilibrium setting. It is also the first study quantifying the contribution of two
distinct channels affected by communications infrastructure: the cost of acquiring
information about potential suppliers and the cost of communications in the course
of running business operations.

Our study is based on the empirical context of Tiirkiye, a country that has in-
vested heavily in high-speed internet infrastructure and significantly expanded its
optical fiber cable network between 2012 and 2019. Leveraging extensive micro-
data on firm-to-firm transactions and the deployment of optical fiber cables across
Turkish provinces, we find that firms exhibit a stronger propensity to acquire inputs
from regions with superior internet connectivity. Further, firms diversify their in-
put sourcing by engaging with a larger number of suppliers and distributing their
sourcing more equitably among suppliers located in provinces with improved in-
ternet connectivity. We rationalize these findings with a spatial equilibrium model
that incorporates rationally inattentive input sourcing by firms. We structurally
estimate the model and show that internet connectivity not only reduces the cost
of obtaining information about potential suppliers but also reduces costs of syn-



chronous communication with suppliers. Using the estimated model, we further
show that the gains from improvement in the high-speed internet infrastructure
in real income amount to 2.2% in the median Turkish province with comparable
contribution of both channels.

Our analysis centers around the construction of an extensive administrative mi-
crodata set from Tiirkiye, which comprises the following key components: i) mi-
crodata covering a quasi-comprehensive set of firm-to-firm transactions, comple-
mented by essential firm characteristics such as location (province) and industry
of operation, along with balance sheet information including gross sales, employ-
ment figures, and wage information, obtained from the Ministry of Industry and
Technology, spanning the period of 2012 to 2019; ii) province-level data on fiber
cable length for 2012 to 2019, obtained from the Information and Communication
Technologies Authority; and iii) the GIS database of information on the BOTAS nat-
ural gas and oil pipeline network, which serves as the backbone for the optical fiber
cable network.

Armed with this database, the analysis proceeds in two parts. In the first part,
we provide empirical evidence on the effect of the roll-out of optical fiber cables on
firms’ input sourcing at across Turkish provinces. The roll-out of optical fiber cables
across Tiirkiye over 2012-2019 was staggered across provinces albeit with a secular
increase in the length of optical fiber cables rolled out in the median province. The
roll-out of cables was accompanied by uniform adoption of high-speed internet
by firms across all sectors. In this context, our empirical strategy aims to use the
temporal variation in high-speed internet access across the cross-section of Turkish
provinces to capture the effects on firms’ input sourcing both across provinces and
within provinces across individual suppliers. To do so, we postulate that to engage
in high-quality communication and remote collaboration, both parties require ac-
cess to high-speed internet. Using data on the length of optical fiber cables rolled
out, we construct bilateral measures of internet connectivity across pairs of Turkish
provinces for each year that captures this complementarity between internet speeds
at both provinces.

In reduced form regressions, the identifying assumption is that the higher prox-
imity to the optical fiber network does not affect input sourcing of firms at a des-
tination province from an origin province except through their effect on better in-
ternet connectivity at both provinces. We assess the validity of this assumption



in several ways. We report how point estimates are affected by the inclusion of a
variety of controls across origin-destination province pairs, both time-varying and
time-invariant, as well as by using alternative specifications of our bilateral mea-
sure. To address concerns that the roll-out of optical fiber cables was correlated
with province pairs which were predisposed to trade more a priori, we employ
estimation using instrumental variables.

Our instrumental variable is motivated by the context in which Tiirkiye’s mas-
sive expansion of optical fiber network occurred starting late 2011. On October 3,
2011, the government made a significant decision regarding fiber access services,
stipulating their exemption from regulations for a span of five years or until the
proportion of fiber internet subscribers reached 25% of the fixed broadband sub-
scriber base. The ensuing growth in optical fiber network was facilitated by the
government’s decision to grant private internet providers the authority to utilize
optical fiber cables laid out by BOTAS, the local natural gas and oil distributor in
Tiirkiye, to connect to farther locations. Optical fiber cables are typically laid out
along with oil and gas pipelines to enable close monitoring and detection of faults.
The BOTAS optical fiber network was laid out for pipeline monitoring before the
expansion was set in motion. Since the BOTAS network was not laid out to facilitate
internet connectivity across provinces, we are able to exploit plausibly exogenous
variation in the distance of individual districts in Tiirkiye to the BOTAS network to
construct our instrument for internet connectivity.

Using this design, we find that better internet connectivity has strong and sig-
nificant positive effects on input sourcing by firms at a destination province from an
origin province. That is, firms reallocate their input purchases towards provinces
with better internet connectivity. Furthermore, they diversify their input sourcing
by engaging with more suppliers and sourcing more equitably across suppliers,
conditional on the reallocation across origins.

In the second part of the paper, we shed light on the aggregate implications
through a quantitative spatial equilibrium model featuring endogenous formation
of input-output linkages between firms under rational inattention. We build on
the theoretical framework developed in Oberfield (2018) and Panigrahi (2022), and
extend it in several dimensions to capture economic forces that are relevant in our
context. In the model, firms” production processes consist of multiple input require-

ments, and firms select the most attractive suppliers for their production require-



ments. However, firms operate with imperfect information regarding the attrac-
tiveness of potential suppliers. A potential supplier is considered more attractive if
it (a) possesses a higher match-specific productivity with the buyer, (b) has lower
production costs, and (c) is geographically closer thus implying lower trade costs.
Acquiring information about potential suppliers is costly. The firm is only privy to
the distribution from which match-specific productivities are drawn and does not
know the marginal cost of potential suppliers. However, it can opt to invest atten-
tion resources to gather information about potential suppliers, akin to the approach
employed by Dasgupta and Mondria (2018). The presence of internet connectivity
influences both the cost of information acquisition and the cost of communication
within buyer-supplier pairs. Where both origin and destination provinces have rel-
atively better internet connectivity, costs of gathering information are lower and
match-specific productivities are being drawn from a stochastically better distribu-
tion in a first-order sense. The former implies that firms diversify their supplier
base more extensively in provinces with superior internet access, while the latter
implies that firms reallocate their input purchases towards provinces with better
internet connectivity.

To quantify these forces, we estimate the model parameters, and calibrate the
model to the 2012 Turkish economy as a reference equilibrium. In particular, we es-
timate the elasticity of firm-to-firm trade with respect to internet connectivity using
an approach that combines model-based maximum likelihood with the exclusion
restrictions of our IV through control functions. We find that the estimated elas-
ticities are statistically significant. This indicates that improved fiber connectivity
reduces both communication and information acquisition costs.

Armed with the calibrated model, we proceed to explore general equilibrium
counterfactuals. We find that better access to high-speed internet led to a 2.2% an-
nualized increase in real income in the median Turkish province. This gain is driven
by a dual mechanism: improved internet connectivity lowers information costs,
enabling firms to assess and engage with a wider range of suppliers, and reduces
communication frictions, promoting smoother interactions and transactions over
long distances. Our paper is the first study assessing the welfare gains resulting
from ICT infrastructure improvements in a general equilibrium setting, incorpo-
rating granular data on the domestic production network. It is also the first study
focusing on the two distinct channels.



Our paper contributes to several strands of literature. First, it is closely related to
the literature examining the impact of internet on various economic outcomes (see
Hjort and Tian (2024) for a comprehensive review), especially international trade.
In a cross-country study, Freund and Weinhold (2004) find that increase in the num-
ber of web hosts led to export growth. Fernandes, Mattoo, Nguyen, and Schiffbauer
(2019) show evidence that internet roll-out in China increased firm-level exports,
while Malgouyres, Mayer, and Mazet-Sonilhac (2021) use the staggered roll-out
of broadband internet in France to show its positive effect on firm-level imports.
Hjort and Poulsen (2019) find evidence of a notable increase in direct exports when
submarine internet cables reach Africa. Exploiting the roll-out of the global tele-
graph network, Juhdsz and Steinwender (2018) show evidence that improvements
in ICT increased trade in intermediates whose specifications can easily be commu-
nicated at a distance. In another study, Akerman, Leuven, and Mogstad (2022)
exploit the roll-out of broadband internet in Norway and show that availability of
internet increases the sensitivity of trade to distance. Jiang (2023) finds that firms
that adopt more advanced technology have both higher within-firm communica-
tion and larger geographic coverage. We contribute to this literature by highlight-
ing the importance of bilateral communication costs working through two distinct
channels and by showing that access to fast internet enhances firms” ability to ac-
cess a wider variety of inputs also within national borders. Unlike the other studies,
we rely on a quasi-universe of firm-to-firm transactions.

Second, our paper is related to the literature that studies the propagation of
shocks in production networks (Acemoglu, Carvalho, Ozdaglar, and Tahbaz-Salehi
(2012); Bagaee and Farhi (2019, 2024, 2020); Bigio and LaO (2020); Demir, Javorcik,
Michalski, and Ors (2024b)), and in particular ones that model endogenous forma-
tion of production networks (Chaney (2014); Lim (2018); Oberfield (2018); Huneeus
(2020); Acemoglu and Azar (2020); Demir, Fieler, Xu, and Yang (2024a); Eaton,
Kortum, and Kramarz (2022); Bernard, Dhyne, Magerman, Manova, and Moxnes
(2022); Panigrahi (2022); Miyauchi (2023); Arkolakis, Huneeus, and Miyauchi (2023)).
Our contribution extends the framework outlined in Panigrahi (2022) in two crucial
ways. First, we introduce match-specific productivities among buyer-seller pairs
that can stochastically vary contingent on the availability of high-speed internet ac-
cess between the provinces where these firms are located. Second, we incorporate

rationally inattentive behavior into firms’ decisions regarding input sourcing. This



means that firms endogenously determine the amount of information to acquire,
with information acquisition costs being lower for province pairs with better inter-
net connectivity.

Third, our paper is also related to papers studying information frictions in trade
models. Rauch and Trindade (2003) augment a conventional trade model with in-
formational trade barriers to demonstrate how the Internet and other ICT technolo-
gies can enhance the compatibility of international trade partners. This, in turn,
leads to a greater integration of labor markets. In a similar vein, Allen (2014) in-
troduces information frictions into a trade model, positing that diverse producers
undertake a costly, sequential search process to determine optimal markets for their
goods. His findings suggest that information frictions play a crucial role and help
explain observed trading patterns in empirical data. Dickstein and Morales (2018)
provide evidence that exporters operate without complete information sets, with
larger firms possessing superior knowledge of foreign market conditions. They ob-
serve that improved access to information leads to an increase in total exports, even
as the number of exporters decreases. Meanwhile, Dasgupta and Mondria (2018)
endogenize information within a trade model, revealing that information costs ex-
ert non-monotonic and asymmetric impacts on bilateral trade flows. Our model is
closest in this literature to Dasgupta and Mondria (2018) in that we introduce infor-
mation costs and rationally inattentive behavior in firms’ input sourcing decisions
but extend the formulation of information costs to allow for more flexible patterns
of substitution across suppliers.

Finally, our paper contributes the growing literature on market integration (Bernard,
Moxnes, and Saito (2019, 2020); Donaldson (2015, 2018); Cristea (2011)) in quantita-
tive spatial economics (Allen and Arkolakis (2014); Redding (2016); Caliendo, Parro,
Rossi-Hansberg, and Sarte (2017a); Redding and Rossi-Hansberg (2017); Redding
(2022); Cosar, Demir, Ghose, and Young (2021)). While this literature has focused
on the impact of technology and transportation cost shocks on the spatial economy;,
we utilize the broader framework to assess the quantitative impact of reduction
in communication costs due to high-speed internet access on the spatial distribu-
tion of economic activity. Cristea (2011), Bernard, Moxnes, and Saito (2019), and
Bernard, Moxnes, and Saito (2020) show that lower transportation costs facilitate
creation of new business relationships. Our contribution lies in demonstrating that

access to fast internet connections can have similar effect on facilitating firm-to-firm



interactions as lower transport costs.

The remainder of the paper proceeds as follows. Section 2 describes the back-
ground of optical fiber cable rollout in Tiirkiye and the data. Section 3 presents
the empirical evidence on the effects of fiber cable rollout on firms’ input sourcing
patterns. Section 4 describes our model of input sourcing under rational inatten-
tion. Section 5 describes our estimation framework, presents results of structural
estimation and quantitative assessment of the effects of optical fiber cable roll-out
in Tiirkiye. Section 6 concludes.

2 Background & Data

2.1 Rollout of Fiber Optic Infrastructure in Tiirkiye

Prior to 2010, Tiirkiye’s internet infrastructure was extensive but had limited speed.
In 2011, Tiirkiye’s Information and Communication Technologies Authority (ICTA)
decided not to regulate the incumbent fixed operator, Turk Telekom, for a period of
five years or until fiber subscribers represented less than 25% of total fixed broad-
band subscribers. Turk Telekom agreed to offer wholesale access (Re-sale and Bit-
Stream Access) to its fiber network under equal and non-discriminatory conditions.
Additionally, to protect the rights of competing ISPs, ICTA mandated that Turk
Telekom continue providing wholesale services on its existing network in areas un-
dergoing fiber transition.

During the following eight years, from 2011 to 2019, the fiber network expanded
extensively, covering a remarkable distance of 390.8 thousand kilometers, equiva-
lent to an impressive 0.48 kilometers per square kilometer of land area. This re-
markable growth was facilitated by the government’s decision to grant private in-
ternet providers the authority to utilize the existing fiber cables owned by BOTAS,
the local natural gas and oil distributor. This played a pivotal role in accelerating
the rollout of fiber connectivity across the country. Figure 1 shows that the length of
optical fiber cables rolled out in Tiirkiye almost doubled from 2012 to 2019. It also
shows that investment in fiber optic infrastructure was primarily directed towards
rolling out fiber internet to farther locations (i.e. fiber to the home, FITH) and less
towards the backbone of the fiber optic network. Figure 2 shows that, between 2012
and 2019, not only has the number of subscribers (both households and firms) to



Figure 1: Optical Fiber Cable Roll-out in Tiirkiye

Fibre to the Home Network Backbone

400

200

Optical Fibre Cables ('000 kms)

2011 2012 2013 2014 2015 2016 2017 2018 2019

Note: This figure depicts the roll-out of optical fiber cables and its breakdown between the backbone of the network and
peripheral fibers laid to reach farther locations (fiber to the home) across Turkish provinces during the period 2012-2019.
It is based on data obtained from the ICT Authority in Tiirkiye. Over 2012-2019, the length of optical fiber cables rolled
out increased by 85% with the network backbone increasing by 33% and that of cables rolled out to expand the network
increasing by 375%

fiber internet lines increased fivefold, but their share in all fixed broadband con-
nections has also been steadily rising. As of 2020, the fiber internet lines accounted
for 23.9% of all fixed broadband connections in Tiirkiye, converging to the OECD
average of 30.6%.

2.2 Data

This subsection provides a brief overview of the main datasets used in the analysis.
We combine data from multiple sources. Broadly, they fall into four categories: (a)
data on firm-to-firm transactions and other firm-level outcomes, (b) data relating
to internet availability and usage across Turkish provinces, (c) regional economic
data, (d) other data.

Firm-to-Firm Trade & Firms’ Balance Sheet Data We combine three data sets cov-
ering all formal firms in Tiirkiye from 2012 through 2019. The Ministry of Industry
and Technology (MolT) in Tiirkiye maintains all the data sets and uses the same
firm identifier, allowing us to merge them. The data sets are as follows. First, the
VAT data report the value of all domestic firm-to-firm trade that exceeds 5,000 Turk-
ish liras (about US$840 in 2019) in a given year. Second, from the income statements,
we use the yearly gross sales, employment, and wage bill of each firm. Third, from

the firm registry, we extract each firm’s province and 4-digit NACE code, the stan-



Figure 2: Fiber Internet Subscribers
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Note: The left panel depicts the evolution of the number of fiber internet subscribers in Tiirkiye during the period
2012-2019. The right panel shows the breakdown of fixed broadband connections into fiber, xXDSL, Cable TV and others.
Over 2012-2019, not only did the number of subscribers increase five-fold, but the share of broadband subscriptions due to
fiber internet also increased.

dard industry classification in the European Union. The full sample consists of
about 1.5 million unique firms operating in 494 distinct industries and forming a
network of over 27 million business links.

We restrict the analysis to firms in the manufacturing sector, covering 226 four-
digit NACE codes, unless otherwise noted. The baseline sample has just under
265,000 unique firms, forming a network of about 4 million business links. On av-
erage, each buyer has 9.3 suppliers, with 4.7 suppliers per buyer-origin province.

Regional Economic Data We obtain data on economic outcomes such as sectoral
GDP, population, employment rate, urbanization rate etc from TUIK both at the
province and district level. Tiirkiye has 81 provinces which are further subdivided
into 973 districts. We use this data as controls for spatial and temporal variation in

province and district characteristics.

High-Speed Internet Data For the period 2012-2019, we have province-level in-
formation on length of optical fiber cables rolled out as well as number of fixed
broadband, mobile and cable TV subscribers. The data is obtained from the In-
formation and Communication Technologies Authority (ICTA) in Tiirkiye. We use
data on cable roll-out to construct measures of fiber internet connectivity across

province-years.!

!We use data on cable TV subscriptions to construct a measure of cable TV connectivity across
province-years in a falsification exercise as discussed later in Section 3.
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Other Data We digitize the map of BOTAS’ oil and gas pipeline network in 2011
which also forms the backbone of the optical fiber network. Using this GIS data,
we measure distance of Turkish districts to the pipeline network to construct our
instruments for fiber connectivity. We also obtain the GIS database of the road net-
work in Tiirkiye to measure travel times between Turkish provinces in 2005 and
2010 (as in Cosar et al. (2021)). We use travel time data as a control variable in some
of our empirical specifications.

For the period 2012-2019, we have micro-level data on ICT usage by businesses
from a survey conducted annually by the Turkish Statistical Institute (TUIK) since
2005. The survey includes approximately 10,000 firms annually, comprising all
firms with over 250 employees and a representative sample of smaller firms. We
use the survey data on ICT usage to assess firm-level adoption of high-speed inter-
net which is defined as connections with internet speeds exceeding 100Mbps.

For a shorter period 2016-2019, we also obtain data on upload and download
speeds across finer locations in Tiirkiye which we aggregate to the province-level
to concord with the rest of the analysis. This data is obtained from Ookla, a private

internet speed testing firm.

2.3 Spatial Variation in Fiber Internet Rollout

To capture spatial variation in roll-out of fiber optic infrastructure across Turkish
provinces and years, we construct a measure of fiber intensity for each province
and year. In particular, we measure fiber intensity as the length of fiber optic cables
rolled out in a province normalized by its land area. Formally, for a province d in

year t, fiber intensity I;; is calculated as:

Ly
ILy=In{14+—"],
a n( +Ad>

where Lj; denotes the length of optical fiber cables (in kms) rolled out in province
d in year t and Ay is the surface area of the province (in km?). Figure 3 depicts the
change in fiber intensity across Turkish provinces between 2012 and 2019.2

We assess whether more fiber optic cables translate to better internet connectiv-
ity in Turkish provinces. To do so, we obtain upload and download speeds reported

2Figure A1 shows the annual variation in the length of optical fiber cables rolled out and the
corresponding fiber intensity.
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Figure 3: Change in Optical Fiber Length

Note: This figure depicts the spatial variation in optical fiber cable roll-out across Turkish provinces during the period
2012-2019. The median Turkish province saw a 68% increase in optical fiber roll-out, with a maximum of 177% for Istanbul
and a minimum of 31% for Kutahya.

across provinces for years 2016-2019. Figure A2 shows that change in our measure
of fiber intensity correlates positively with both upload and download speeds.

2.4 Fiber Internet Adoption by Firms

The roll-out went hand-in-hand with high take-up by firms. Figure A3 shows that
the share of firms with high-speed internet followed the trend in roll-out and in-
creased drastically since 2011.> The fraction of firms with high-speed internet in-
creased from zero in 2011 to about 30% by the end of 2019.

To investigate how strongly adoption responded to the roll-out of fiber internet,
we estimate the following equation for the 2012-2019 period:

Adoption of High-Speed Internet = Ylar+ag+as+Sizes +ep (1)

where the dependent variable takes on the value one if firm f adopts high-speed

3We consider a firm to have access to high-speed internet if it reports internet speed over
100Mbps in the ICT Survey.

12



internet in year t, and zero otherwise. The specification controls for firm size in
terms of employment and includes province as well as sector-year fixed effects.*
In Table A1, column (1), the parameter of interest, which captures the adoption
rate by firms, is positive and statistically significant, suggesting that firms adopted
high-speed internet as it became available in their provinces. The magnitude of the
estimate implies that a 1 percent increase in fiber cable length to area is associated
with a 0.017 percentage-point increase in the share of firms with high-speed internet
access, which corresponds to a 8.7 percent increase relative to the mean value the
dependent variable over the sample period.

In column (2), we estimate the effect of the availability of high-speed internet on
tirm-level adoption by sector. The results imply that firm-level adoption of high-
speed internet as a response to its availability does not vary significantly across
sectors.

3 Empirical Evidence

Tiirkiye witnessed a massive investment in fiber optic infrastructure during 2012-
2019. This resulted in staggered roll-out of optical fiber cables across Turkish provinces.
In this context, our aim is to exploit both temporal and cross-sectional variation in
tiber connectivity across province pairs to capture the consequences of high-speed
internet access on input sourcing patterns and hence supply chain organization
across Turkish provinces. This section uses the datasets described above to esti-
mate the effects of high-speed internet access on the spatial distribution of firms’

intermediate input purchases.

3.1 Why Fiber Infrastructure Matters

Fiber-optic internet is often considered superior to other broadband technologies
like DSL (Digital Subscriber Line) or cable internet for several reasons. First, fiber
internet offers faster download and upload speeds compared to many other broad-
band technologies. It can provide symmetrical speeds, meaning the upload speed is
as fast as the download speed. This makes fiber-optic internet ideal for bandwidth-

intensive activities like high-definition streaming and large file transfers. Second,

4Sectors are aggregated from 2-digit NACE industries as listed in the second column of Table A1.
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fiber-optic connections generally have lower latency compared to some other broad-
band options. Low latency is crucial for real-time applications like video conferenc-
ing, as it reduces delays and lag in communication. Third, fiber-optic cables are
less susceptible to interference from electrical and radio frequency sources, mak-
ing them more reliable than some other broadband technologies, especially in areas
with high levels of electromagnetic interference. Finally, fiber internet offers a more
consistent and reliable speed experience compared to other technologies like DSL
or cable. While internet speed with DSL or cable may be influenced by factors like
distance from the provider’s equipment or network congestion, fiber provides a
more stable and predictable performance.’

For synchronous communication to work effectively, whether it is in the form of
a video call, voice call, online chat, or any other real-time interaction both parties
typically require a good internet connection. Synchronous communication involves
the exchange of data in real-time. A stable and sufficiently fast internet connection
is necessary to transmit this data smoothly. A good internet connection ensures that
messages or signals are sent and received promptly. With a poor connection, there
can be delays in sending and receiving messages, audio dropouts, video stuttering,
which can disrupt the flow of conversation and make it less effective. A weak or un-
reliable connection can also lead to disconnects, dropped calls, or interrupted chats,
which can be frustrating and disruptive to the communication process. Different
forms of synchronous communication have varying bandwidth requirements. For
example, video calls and high-quality voice calls require more bandwidth than text-
based chat. If one party has limited bandwidth, it may struggle to handle the data
requirements of the chosen communication method, leading to a suboptimal expe-
rience. For smooth and effective synchronous communication, both parties should
ideally have good internet connections. Based on this rationale, we construct a bi-
lateral measure of connectivity across Turkish province pairs o and d that aims to
capture this strong complementarity of internet speed in both provinces. In par-
ticular, we proxy for fiber connectivity between provinces as the minimum of fiber

intensity between both provinces, that is,

Fiber Connectivity I, s =min{loI;;}

5 According to a survey conducted by Which magazine among 3,000 participants, 63% reported
faster speeds, 49% experienced fewer connection dropouts, and 39% reported fewer prolonged
outages.
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where [}, ; is a measure of fiber intensity in province p in year t. Figure A4 shows
the change in bilateral fiber connectivity across province pairs over the 2012-2019
period.

3.2 Empirical Strategy

To estimate the effect of fiber connectivity on firms” input sourcing strategy across
province pairs over time, we estimate the following baseline specification:

Iny, 5 + = BInFiber Connectivityo’d( byt T &b ot 00 () T+ o Xodirteopt (2

where o indexes origin provinces, b indexes buyer firms, d(b) indexes destination
province where b is located and t indexes years. In our baseline specification, we
regress origin-buyer-year level outcomes y,, , ; on our bilateral measure of fiber con-
nectivity, buyer-year fixed effects, origin-year fixed effects, and origin-destination
tixed effects. To address concerns about auto-correlated error terms for the same
province pair over time, we cluster standard errors two-way at the origin and desti-
nation level. After reporting the reduced-form estimation results, we then estimate
IV point estimates using an instrument for fiber connectivity. Subsequently, to ac-
count to the substantial number of zero observations at the origin-buyer-year levels,
we estimate the specification using PPML and also report point estimates obtained
via a control function approach to address endogeneity concerns. The identifying
assumption in specification (2) is that length of fiber cable rolled out affect buyer-
origin level outcomes relative to other buyer-origin pairs only through their effect
of internet connectivity from fiber internet. To assess this assumption, as we discuss
in detail below, we also report a number of additional robustness checks as part of
the reduced-form and IV estimation.

3.3 Reduced-Form Estimation

Reallocation across Origins We begin by estimating the effect of improvements
in fiber connectivity on firms’ input sourcing strategy across provinces. To do so,
for each buyer firm and year, we compute the share of its material costs that is due

to purchases from suppliers from each origin province in that particular year. Us-
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ing data on firm-to-firm transactions that we obtain from the Ministry of Industry
and Technology in Tiirkiye, the cost share of a firm b located in province d due to
purchases from suppliers at province o in year ¢ is calculated as:

Y sco,Purchases(s,b,t)
h. b,t)=
Cost Share(o,b,) Y o Purchases(s’,b,t) ’

where Purchases(s,b,t) denotes the value of purchases by firm b from supplier s.
We estimate specification (2) with these cost shares on the left-hand side. Table
1 Panel A, column (1) presents the reduced-form results. We find that the effect of
tiber connectivity on cost share from origin is positive and statistically significant
at the 1% level. This implies that Turkish firms sourced inputs relatively more from

provinces for which fiber connectivity improved.

Diversification across Suppliers within Origins To further investigate the effect
of fiber connectivity on input sourcing, we explore the effect of fiber connectivity
on input sourcing across suppliers within an origin province. We consider three
outcomes. First, we estimate the effect of fiber connectivity on the number of sup-
pliers at province o that firm b in province d sources from in year t. Table 1 Panel
A, column (2) reports the reduced-form results. We find that fiber connectivity be-
tween provinces o and 4 has a positive and statistically significant positive effect on
the number of suppliers that b engages with in o.

Second, we estimate the effect of fiber connectivity on the concentration of in-
put purchases across suppliers within an origin province. To do so, for each buyer
firm and year, we compute the Herfindahl-Hirschmann index of its share of mate-
rial costs that is due to purchases from suppliers from each origin province in that
particular year. In particular, the cost share HHI of a firm b located in province d

due to purchases from suppliers at province o in year t is calculated as:

Purchases(s,b,t) 2
hare HHI t)= .
Cost Share (0bt) S;) (ZS/PurChases(s’ ,b,t))

We estimate specification (2) with these cost share HHIs on the left-hand side.
Table 1 Panel A, column (3) presents the reduced-form results. We find that the ef-
fect of fiber connectivity on cost share HHI from origin is negative and statistically

significant at the 1% level.
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Finally, we estimate the effect of fiber connectivity on the number of new con-
nections that a firm makes at an origin province in a given year relative to the year
before. Table 1 Panel A, column (4) presents the reduced-form results. We find the
effect to be positive and statistically significant at the 1% level.

These results imply that not only do Turkish firms reallocate their input pur-
chases towards provinces with better internet connectivity but they also diversify
their input sourcing strategy conditional on reallocation. They source from more
suppliers and do so more equitably across suppliers.

Table 1: Reallocation and Diversification in Input Sourcing

Dependent Variable: Cost Share No. Suppliers Cost Share HHI New Connections

1) (2 ®3) 4)
Panel A: OLS
Fibre Connectivity 0.510%** 0.325%** -0.107*** 0.0632***
(0.0549) (0.0297) (0.0136) (0.0196)
Panel B: 2SLS
Fibre Connectivity 0.498*** 0.309*** -0.102*** 0.0629***
(0.0577) (0.0310) (0.0139) (0.0197)
KP test stat. 319 31.9 31.9 319
Fixed Effects:
Buyer x Year v v v v
Origin x Year v v v v
Origin x Destination v v v v
Observations 2,230,473 2,230,473 2,230,473 2,230,473

Note: Each observation pertains to a buyer firm, an origin province and a year. All variables are in
natural logarithms. Cost Share is the fraction of purchases of a buyer from the origin province. No.
Suppliers is the number of suppliers of the buyer firm located in a given origin province. Cost Share
HHI is the Herfindahl-Hirschman Index of cost shares of suppliers of a buyer, which are located
in a given origin province. New Connections is the number of new suppliers relative to the year
before. * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered at origin and destination
level, are reported in parentheses.

Robustness Checks Table 1 Panel A documents strong effects of fiber connectiv-
ity on firms’ spatial distribution of input purchases captured by cost share from
origin, number of suppliers, cost share HHI across provinces. One potential con-
cern is that other correlated factors that simultaneously affect fiber connectivity and
firms” input sourcing might affect our estimates. We subject our estimates in Table

1 to a battery of robustness checks.
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With the inclusion of buyer-year, origin-year, and origin-destination fixed ef-
fects, any potential threat to identification would come from time-varying factors
pertaining to an origin-destination pair. In Table A2, we include (a) absolute differ-
ence in GDP per capita at origin and destination to account for the fact that similar
provinces are likely to trade more and (b) mobile connectivity between origin and
destination provinces to account for other forms of connectivity that might make it
more likely for origin and destination provinces to trade more. The results show
that our baseline estimates are robust to omission of such variables.

In Table A3, we use an alternative measure of fiber connectivity computed as the
negative absolute difference of fiber intensity at origin and destination provinces.
We find that the coefficients are still statistically significant and of the same sign as
the baseline estimates. In Table A4 we conduct a placebo test where we replace our
fiber connectivity variable with the minimum value of the ratio of cable TV sub-
scribers per capita at origin and destination. While both require similar infrastruc-
ture, cable TV does not provide direct benefits to firms. To the extent that our results
reflect the adoption of high-speed internet by businesses rather than improvements
in regional infrastructure over the sample period, the extent of cable TV subscrip-
tion should not affect trade-related outcomes. The results confirm our conjecture.
In Table A5, we also include purchases from non-manufacturing suppliers and find
that our results still hold in sign and statistical significance.

In Table A6, we look into the source of variation in our bilateral connectivity
measure. Our measure is dominated by the trade partner whose fiber connectivity
is of lower quality than the other. Therefore, we expect that improvements in fiber
connectivity of a trade partner have an effect on our bilateral connectivity measure
when the other trade partner’s connectivity measure is in the higher quartiles of the
respective distribution. The results presented in Table A6 confirm our predictions.

In addition to the analysis presented here, we present further robustness results
in the IV estimation that follows.

3.4 1V Estimation

One potential concern is that FTTH predominantly reached economically attractive
locations or locations that are predisposed to trade more a priori. To address this,

we employ instrumental variables estimation.
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Construction of IV Our choice of instrumental variable is driven by the context
in which Tiirkiye witnessed a substantial expansion of its optical fiber network,
commencing in late 2011. The deregulation of broadband services paved the way
for the subsequent growth in the optical fiber network, as it empowered private
internet providers to utilize optical fiber cables laid out by BOTAS, the local natural
gas and oil distributor in Ttirkiye, to establish connections to more distant locations
(see Figure A5).

Optical fiber cables are commonly installed alongside oil and gas pipelines to
serve as reliable communication infrastructure. These fiber cables are used by op-
erators to detect potential leaks or damages, identify security breaches or any at-
tempts to tamper with the pipeline infrastructure and effectively manage the sub-
stantial volumes of data generated by sensors and monitoring equipment distributed
along the length of the pipeline. The BOTAS optical fiber network was laid out for
before the expansion of the optical fiber network set in motion. Since the BOTAS
network was not laid out to facilitate internet connectivity across provinces, we are
able to exploit plausibly exogenous variation in the distance of individual districts
in Tiirkiye to the BOTAS network to construct our instrument for internet connec-
tivity.

The 81 provinces of Tiirkiye are further subdivided into 973 districts. For each
district m, we calculate the minimum distance from the district center to the BOTAS
pipeline network, Z,,. We then compute the average distance for each province to
the pipeline network as the weighted average distance of its districts with weight
pertaining to each district’s share of the province’s total population in 2011 (see Fig-
ure A6). In particular, the weighted distance of province o to the pipeline network
is calculated as:

Population
P m2011 Z.

Zo= 1

meo Population, 50,4

We show that these distance measures across provinces are not correlated with
a series of initial province characteristics, such as GDP, area, population, manu-
facturing share of GDP, urbanization rate, and employment rate, pertaining to the
year 2011. Figure A7 shows that the corresponding estimates are not significantly
different from zero.

To capture the notion of strong complementarity in internet speed for synchronous
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communication, we construct the IV for fiber connectivity for each province pair as:
Zog=max{Zy,Z;}.

Since this bilateral measure is time-invariant, we use its interactions with year
dummies for years 2012 through 2019 in our first-stage regression. One would ex-
pect a negative correlation between this measure and our bilateral fiber connectivity
measure, and also that the magnitude of the correlation to increase over time. The
results presented in Figure A8 are consistent with our prior: relative to the year
2012, distance to the BOTAS pipeline network is negatively related to high-speed
internet connectivity across all years with the effect increasing over time. The inter-

action terms are jointly significant, with an F-statistic above 500.

IV Estimation Results Table 1, Panel B presents IV point estimates of the effect of
tiber connectivity on cost share, number of suppliers, cost share HHI, and number
of new connections. In the IV estimation, the effect of fiber connectivity is positive
and statistically significant for firms’ cost share from origin, number of suppliers
and new connections while negative and statistically significant for cost share HHI
among suppliers at origin. Reassuringly, the IV point estimates are close to the OLS

estimates.

3.5 Event Study Estimates

Finally, we conduct an event-study analysis of the improvements in fiber connectiv-
ity. Our setting deviates from a standard one for two reasons. First, our treatment
variable is a continuous one. Second, regardless of how treatment is defined, time
of treatment varies across units, i.e. province pairs. To address the former issue,
we define a binary treatment status variable as follows. We calculate the median
of the fiber intensity variable across all provinces and years. Then we define the
year of “treatment"” for a province pair as the year when the fiber intensity of both
provinces is above the sample median. Needless to say, the timing of the treatment
status changes across province pairs. We address the staggered nature of treatment
using the approach proposed by Callaway and Sant’Anna (2021). Right panel of
Figure A9 presents the event-study estimates for the three main outcomes of inter-

est. It is reassuring that none of the variables exhibit any significant pre-trend in
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the years up until the year of treatment. While the estimates are not directly com-
parable to our baseline estimates, the two sets of estimates are qualitatively similar.

We repeat the event study exercise described above also using a binary treat-
ment variable based on our instrumental variable. In particular, we regress fiber
intensity, Iz, on the instrumental variable interacted with annual dummies, con-
trolling for province and year fixed effects. We recover the projected values [ and
calculate their median. As before, the year of “treatment” for a province pair is
when the projected fiber intensity of both provinces is above the sample median.
The event study estimates based on our instrumental variable, as presented in the

left panel of Figure A9, are very close to their OLS counterparts.

4 A Model of Input Sourcing under Rational Inatten-
tion

With these empirical results in hand, we now lay out a spatial equilibrium frame-
work that features heterogeneous input sourcing by imperfectly informed firms.
Our main objectives are twofold. First, estimation of the model would allow us
to shed light on the aggregate implications of access to high-speed internet arising
from its effects on input sourcing patterns that we observe in the previous section.
Since we employ variation over time and across province pairs, our empirical es-
timates are by construction based on relative changes in sourcing patterns across
provinces and hence cannot directly speak to aggregate effects. Second, the model
allows us to shed additional light on the underlying channels. The previous sec-
tion suggests that firms not only reallocate more purchases towards provinces with
better access to high-speed internet but they also source more equitably across sup-
pliers in such provinces.

What are the welfare effects of access to reliable high-speed internet? The model
incorporates distinct channels through which access to high-speed internet affects
firm-to-firm trade across space and leads to the observed reduced form effects. In
the model, better access reduces the costs of acquiring information about potential
suppliers and the costs of synchronous communication between suppliers and buy-
ers. While the lower cost of acquiring information results in a more informed choice

of the lowest-cost supplier, and the lower cost of synchronous communication re-
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duces the costs of purchasing goods from any chosen supplier. This reduces input
costs, and hence the cost of goods produced. However, whether these reductions
in input costs help to increase outward market share across provinces depends on
two factors. First, for firms in a relatively expensive province, lower information
acquisition costs might result in loss of market share and vice versa. Second, the
general equilibrium effects on local factor prices can dampen the effect of reduced
input prices. Thus, the aggregate welfare effect is a priori unclear as it depends on
the strength of each of the two channels.

4.1 Model Setup

The theoretical framework is a model of trade between provinces in Tiirkiye in
the spirit of Eaton and Kortum (2002), with endogenous formation of firm-to-firm
linkages as in Panigrahi (2022) and input sourcing under rational inattention as
in Dasgupta and Mondria (2018). The resulting framework has three key features
that capture the important empirical patterns presented so far. First, the cost of
synchronous communication plays a role in firms” decisions of where to source in-
puts from, in addition to standard iceberg trade costs of shipping goods from one
province to another. Second, firms are imperfectly informed about potential suppli-
ers when deciding whom to source inputs from. However, firms can acquire more
information about potential suppliers. Third, access to better internet influences
both the cost of synchronous communication and the cost of acquiring further in-
formation about suppliers. The model economy consists of multiple provinces that
trade goods with each other. Provinces are indexed by o,d. Each province has a
positive and exogenously given measure of firms and households. The model is
static and aims to capture the long-run steady state of the economy.

Production Function Firms differ ex ante in their idiosyncratic productivity, and
each produces a differentiated good using labor supplied by households and inter-
mediate inputs sourced from potentially different sets of suppliers spread across
multiple provinces. Their production processes involve combining labor and per-
forming a set of tasks using intermediate inputs obtained from other firms. The
production function features constant returns to scale. In what follows, we sup-
press the identity of the buyer for simplicity of notation and describe the produc-

tion process for an anonymous firm located in province d. The production function
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for any firm, defined over labor and a discrete number of tasks (indexed by k), is:

_ L\ (TR m (k)% ’
y_z<ﬂ) ( ® ’

m(k)=Y m(sk),

where y is the output of firm, / is the amount of labor input used, m(s,k) is the quan-
tity of materials purchased from supplier s to accomplish task k, z is the idiosyn-
cratic Hicks-neutral productivity with which the firm produces, « is the materials
share of costs, and K is the number of tasks in the production function. For accom-
plishing any task, the outputs of potential suppliers are perfectly substitutable. This
formulation of the production function in terms of the tasks performed by interme-
diate inputs is similar to that proposed by Eaton, Kortum, and Kramarz (2022). As
in Panigrahi (2022), the outputs of potential suppliers are perfectly substitutable
within tasks of a firm, and the outputs of the same supplier can be used across
multiple tasks by the same firm.

Supplier Choice & the Role of High-Speed Internet Access To accomplish a task
a firm chooses whom to source inputs from and how much, given the costly in-
formation it chooses to acquire. For the cost-minimizing firm, the supplier choice
depends on three factors: (a) the marginal cost of production of supplier c(s), (b)
the iceberg trade cost of shipping goods from os, the supplier province, to the des-
tination province d, denoted by 7, 4 and (c) the match-specific productivity a(s,k).
Since tasks enter symmetrically in the production function, we suppress the index
k for tasks in the rest of the section for simplicity.

The firm has, however, imperfect information when making this choice. While
iceberg trade costs are common knowledge, the firm is imperfectly informed about
the marginal costs and the associated match-specific productivities with potential
suppliers for any particular task. We assume that high-speed internet access affects
synchronous communication costs and information acquisition costs.

First, communication costs are likely to be lower when both parties have access
to high-speed internet. To model this relationship, we assume that match-specific
productivities are drawn independently for all potential suppliers involved in each
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of the tasks within a firm’s production function. In particular, match-specific pro-
ductivity a(s) for firms at province o for tasks of firms at 4 are drawn independently

according to the following Fréchet distribution:®

P(a(s) <a) =exp (o1 "),

where o0; denotes the province where s is located. We specify that the scale parame-

ter of the Fréchet distribution has a constant elasticity concerning fiber connectivity:

Ingoq =¥+ rInlyy.

This means that the better the quality of internet access between the origin and des-
tination provinces, the more likely it is that match-specific productivities are higher.
In other words, when the scale parameter ¢, is higher, communication costs tend to
be lower. When making their supplier choice decision, while ¢, is common knowl-
edge across all province pairs, the exact realization of match-specific productivities
between a buyer-seller pair across tasks would be unknown ex ante.

Second, costs of acquiring information about potential suppliers are lower when
both the origin and destination provinces have better access to high-speed internet.
We model the firm as being rationally inattentive. The firm has some prior knowl-
edge about the options available and can choose to expend costly attention to obtain
further information on marginal costs. The firm chooses the amount of information
to acquire optimally based on the expected decrease in the cost of production. We
follow Sims (2003) and model the rationally inattentive firm’s problem as one of di-
rectly choosing the probability of choosing a supplier conditional on prior knowl-
edge. Formally, the firm’s supplier choice problem for any given task is:

Z?T(S)IH(C(S)TOSM(S))] —1#(”,#)}/ 3)

S

logp = mgx{ —E,

subjectto  7(s)>0foralls, ) 7m(s)=1
S

where p is the effective price of the task, 71(s) denotes the probability of choosing

®Note that match-specific components vary by task within a buyer’s production function, thus
a single supplier may not be best for all tasks.
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supplier s for the task conditional on prior knowledge, u is the probability measure
that denotes prior knowledge of the firm and (7r,u) denotes the cost of acquiring
information.

As in the existing literature on rational inattention (Sims (2003); Matejka and
McKay (2015)), we specify information costs as proportional to the decline in uncer-
tainty due to the additional information relative to prior knowledge. In particular,

information acquisition cost (7t,) is given by:

¥(rru) =Q(E,[r]) —E,[Q(r)],

where the level of uncertainty Q)(-) for a vector of choice probabilities is the as-
sociated generalized entropy as defined in Fosgerau, Melo, de Palma, and Shum
(2020). In particular, the level of uncertainty associated with a vector of supplier

choice probabilities for tasks of firms at d is:

Q(r)=-) n(s) ()\Osdlrm(s) +(1 —)Losd)ln< ) n(s’)) ) ,

s’ €og

In this formulation, for a firm at d, the cost of acquiring information about potential
suppliers at o is captured by A,;. For province pairs where A,; is high, the costs are
higher. We specify that the inverse of this parameter is related to fiber connectivity
with constant elasticity:

1
— =7+nlnl,,.
)\od 17_H7n0d

This expression captures in a reduced-form way the effect of access to high-speed
internet on information acquisition costs. In other words, when 77 > 0 the better the
access to high-speed internet, the lower is the cost incurred by a buyer firm in the
destination province to obtain additional information about potential suppliers at
the origin province. Our formulation also implies that acquiring more information
about a potential supplier reduces the cost of obtaining information about other

suppliers in the same province.

Household Preferences

Each household supplies one unit of labor inelastically to firms in its province and
earns labor income. Household preferences are modeled analogously to production
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functions, with tasks in their utility function. The utility function for any house-
hold, defined over a discrete number of tasks (indexed by k), is:

K VK
u H(Zﬂ(&@) ,

k=1 \ s

where 4(s,k) is the quantity of goods purchased from supplier s to accomplish task
k, and K is the number of tasks in the utility function. Similar to firms, they are
imperfectly informed but rationally inattentive and choose the vector of optimal

conditional choice probabilities.

4.2 Equilibrium

With these model primitives in hand, we now turn to characterizing equilibrium in
the model economy. An equilibrium in the model economy is a system of alloca-
tions and prices such that (a) households maximize their utility subject to budget
constraints, (b) firms decide on optimal input sourcing to minimize costs of produc-
tion, and (c) goods and labor markets clear. We begin by characterizing expressions
for firm-to-firm trade that arise from firms” optimal input choice. These expres-
sions are novel to our setup and assist in transparent estimation of our model us-
ing microdata on firm-to-firm transactions, as we will describe in Section 5. Then,
we describe how these expressions feed into labor market clearing conditions and
determine wages in general equilibrium, allowing us to conduct counterfactual ex-
periments.

Firm-to-Firm Trade We characterize firm-to-firm trade through posterior proba-
bilities of supplier choice. These probabilities are conditional on marginal costs of
potential suppliers but in expectation over match-specific productivities that are
unknown at the time of supplier choice. Since match-specific productivities are in-
dependent and identically distributed across tasks, the probability of firm s getting
selected for any one of the tasks is the same as for any other. Given the firms’ ratio-
nally inattentive supplier choice problem (3) and the functional form assumptions
for communication costs and information acquisition costs, we can characterize, for

any firm located in province d, the conditional probabilities of choosing a supplier
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s as stated in the following proposition.

Proposition 1. Conditional on the marginal cost of production for firm s being c(s), the
probability with which any firm located in d selects supplier s for any given task is

7t(s,d)=7t(s|os,d)x 1(0s,d),
0s, &/ Aoga
o BTl

Yoo Epl7t(s' [05,d)]c(s') /s’
By [71(0,8) |7 o (T co el (s" [ 0,d) (')~ hoa)

)L/d’

Yo 700" )] o (oo Bl (' [0/ ) ()~ )

(4)

m(o,d)= 5)

where 71(0,d) denotes the probability of choosing a supplier from province o and 7t(s|os,d)
the probability of choosing supplier s conditional on having chosen to source from the

province where it is located, o
Proof. See Section C.1. O

The above expressions for posterior choice probabilities have a structure similar
to nested logit, except that they are adjusted by prior probabilities [E, [7r]. As can
be expected, prior probabilities positively influence posterior probabilities. Equa-
tion (4) provides the probability of choosing a supplier within a province while
equation (5) provides the probability of choosing a province. Equation (4) shows
that firms with lower marginal costs are more likely to get selected. Furthermore,

alarlfc(ég)) | = Aid, i.e., these probabilities are less sensitive to marginal costs if the pa-

rameter A,; associated with information acquisition costs is higher. In other words,

with better fiber connectivity, information costs are lower and the choice of supplier
is more sensitive to marginal cost. Equation (5) shows that province pairs trade

more intensively when the scale parameter associated with match-specific produc-

dlnrt(o,d)
aln@od

(and hence higher ¢,;), communication costs tend to be lower which makes it more

tivities are higher, i.e.,

= 1. In other words, with better fiber connectivity
likely for a supplier to be chosen from province o.

Labor Market Clearing At equilibrium, for all provinces o:

woLo=) (0,d)wyLy (6)
a
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Equation (6) is the labor market clearing condition for each province. It equates the
labor income (total wage bill of all firms) in o to expenditure of goods produced at

0, coming from final consumption and intermediate input usage in all provinces.

Comparative Statics The choice probabilities stated above map directly to data
on firm-to-firm sales and hence transparently show how comparative statics aris-
ing from the model deliver the reduced-form results we presented in Section 3. The
elasticity of 77(0,d) with respect to fiber connectivity I, is y. For positive values of ¢
, this implies that firms in a destination province tend to reallocate a larger propor-
tion of their input purchases from suppliers in province o when fiber connectivity
between these provinces improves and communication costs decline. Furthermore,
for positive values of 17, when fiber connectivity improves, information acquisition
costs fall and A,; decreases. Recall that A,; regulates the level of sensitivity of the
choice of a supplier within its province to its marginal cost. For a given distribution
of marginal costs in a province, this implies that when information acquisition costs

decline, choice probabilities become more equitable across suppliers.

4.3 Welfare Impact of High Speed Internet Access

We use as a measure of welfare in a province the average utility level enjoyed by
households who reside there. Given households’ utility maximization, changes in
this welfare level for households in province d can be expressed as:

~ Wy
\% —_ =y 7
=3 7)

where w,; denotes the wage, P; the price index, and V; the indirect utility, all for
province d, and ~ denotes the change in a variable. Equation (8) shows that change
in average welfare level across households depends on (i) changes in labor income
(common across all households) @, and (ii) changes in price index of the average
household P;. Change in price index is defined recursively as:

~ ~ 1o\ 0
Pd:<zn(0/d)¢odwod(wg “PS") ) ,
0

28



c(s)~¢ VAo "o
ot = (SEZ;EMSWH(—zs,@c@/)—g) ) - ®)

The above expression implies that the change in the price index in a province d
is a weighted power mean of changes in wages @,, prices indices p,, synchronous
communication costs (captured by ¢,,) and information acquisition costs (captured
by @,,) in all provinces, weighted by trade shares 7(0,d).

To quantify the welfare gains brought about by high-speed internet access in
Tirkiye, we conduct the following thought experiment. We compare the level of
welfare in Tiirkiye prior to the expansion of optical fiber network to what it would
have been in a counterfactual equilibrium where only the fiber cable network ex-
pansion had occurred, holding all other factors constant. By doing so, we aim to
measure the welfare gains that the Turkish economy had incurred on account of the
tiber cable roll-out.

Counterfactual Equilibria To create the counterfactual equilibrium, we model the
Turkish economy with the exact same exogenous determinants as in 2012 prior to
expansion of the optical fiber cable network, except that we assume the fiber cable
network differs by the average annual change across the years 2012-2019. This ap-
proach provides a natural measure of the gains from rollout of optical fiber cables,
ceteris paribus. Through the lens of our model, this measures the combined effect
of reallocation and diversification in input sourcing. In the counterfactual equilib-
rium, firms and households face lower communication and information frictions on
account of better access to high-speed internet. This, ceteris paribus, leads to more
efficient input sourcing for firms by lowering their cost of intermediate use. At the
same time, general equilibrium response leads to differential change in nominal
wages across provinces.

To solve for the counterfactual equilibrium, we follow the methodology devel-
oped by Dekle, Eaton, and Kortum (2008) as adapted to settings with granular data
in Dingel and Tintelnot (2020) and Panigrahi (2022), and express the equilibrium
conditions of the model in changes relative to their baseline values. This allows us
to solve for a counterfactual equilibrium of the economy corresponding to an im-
provement in fiber internet connectivity, as captured by a change in communication

and information costs, given the parameters of the model and the values of the en-
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dogenous variables in the baseline equilibrium. However, in our model, changes in
fiber connectivity affect the elasticity of firm-to-firm trade with respect to marginal
costs. Since the elasticity is non-constant, we cannot use their methodology as is.
Therefore, unlike their methodology, where all model primitives cancel out when
evaluating counterfactuals, we explicitly utilize model primitives that we back out
from our estimated model to construct shocks that capture changes in information

acquisition costs (W,g).

5 Estimation and Quantification

To conduct quantitative analysis using the model, we proceed in four steps. First,
we estimate key parameters through which access to high-speed internet affects
communication and information acquisition costs (7, 7, 7). Second, we calibrate
endogenous quantities such as firm-to-firm trade in the baseline equilibrium using
model-predicted values and use as wages the set of values that satisfy labor mar-
ket clearing conditions. We also calibrate the shape parameter of match-specific
productivities ¢ and materials share of costs a. Third, we construct shocks to com-
munication and information acquisition costs using annualized changes in fiber
connectivity and our estimated parameters. Finally, we follow the procedure de-
scribed in the previous section to evaluate welfare changes across provinces owing

to these shocks.

5.1 Estimation of Communication and Information Acquisition Costs

To estimate key elasticities of communication and information acquisition costs
with respect to fiber connectivity, we operationalize expressions in Proposition 1
as a nested logit model of supplier choice. Estimation relies on variation of fiber
connectivity across time. Therefore, it is useful to emphasize that the expressions
hold for every period. We index observations across years by t to emphasize the
panel nature of the data. Estimation of the nested logit model entails controlling for
several unobserved variables, chiefly the unconditional choice probabilities for each
seller and destination province as well as marginal cost of production for each seller
in each year. From a fixed effects perspective, these are very high-dimensional. To

tame the computational difficulties associated with such an effort, we take the se-
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quential approach to estimating the nested logit model. That is, first, we estimate
the inner nest associated with choice of suppliers within a province via multino-
mial logit using suitable summary statistics at the seller-destination and seller-year
levels. Then, we estimate the outer nest associated with the choice of the province,
again as a multinomial logit but while controlling for the inclusive values estimated
in the previous step.

We next utilize the first order conditions implied by the joint likelihood max-
imization problem to derive dependent variables to be used for estimation of the
inner and outer nests. The first order conditions implied by the likelihood maxi-
mization problem can be solved to obtain the appropriate dependent variables as
described in the following proposition.

Proposition 2. For a firm located in province d, the maximum likelihood estimate of the
probability of choosing a supplier from province o satisfies:

*

—C 4

c. E,|m(o,d)]|T w

o,_té H[ ( )] od_(lgod,t od,t :LZZCOSt Share(s,b,t) Yod. (9)
Zolco/,tIEV[T((Olld)]To’ (Po’d,two’d,t dbEdSEO

Further, the maximum likelihood estimate of the probability of choosing a supplier s condi-

tional on choosing the province os where it is located satisfies:

Vs,d. (10)

Ey[ri(s|ood))e(s,t) "% \" 1 Cost Share(s,b,t)
YorcolBu[m(s!| 0s,d)](s",t) =/ Hodt M, /=Y 5c,Cost Share(s',b,t)

Purchases(s,b,t)
Y.s Purchases(s',b,t)"

Here -* denotes the maximum likelihood estimate and Cost Share(s,b,t) =
Proof. See Section C.2. O

The proposition above provides expressions useful for the sequential estimation
of the nested logit model of supplier choice. Specifically, equation (9) identifies the
dependent variable for estimating the outer nest as the average trade share, calcu-
lated as the origin province’s cost share averaged across firms in the destination
province. In turn, equation (10) suggests that the dependent variable for the inner
nest estimation is the average relative cost share, calculated as a supplier’s cost share
relative to the total cost share of all suppliers within its province, also averaged

across destination firms.
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Estimating the inner nest using equation (10) yields an estimate for # /7. This
estimation equation includes unobserved factors, specifically the marginal costs of
suppliers ¢(s,t) and the unconditional choice probabilities of selecting a supplier,
conditional on its province of location IE, [7t(s |0s,d)]. Estimating these as two-way
tixed effects, with both seller-year and seller-destination fixed effects, would be
computationally prohibitive. Thus, we proxy for these two-way fixed effects by
using estimates that would have been obtained from separate inclusion of each set
of fixed effects. Specifically, we estimate the following specification:

exp(xod(s,d) +x16(s,t) +x20(s,t) xInlpq,) - 1 Cost Share(s,b,t)
YgcoeXp(kod(s',d) +Kk18(s",t) +K28(s',t) xInlogs) | Mg f=4 oo Cost Share(s’,b,t)
(11)

where J(s,d) and J(s,t) are proxy variables at the seller-destination and seller-year
levels. The ratio x, /1 provides an estimate of 1 /7.

Estimating the outer nest equation (9) provides estimates for v and 7 . This
estimation requires controlling for the inclusive value obtained in the inner nest es-
timation. Specifically, the coefficient on fiber connectivity offers an estimate of v,
while the coefficient on the inclusive value provides an estimate of 7. We estimate

the following specification:

exp(d(o0,t)+9(0,d) +vInlyy s +7lncw,, ;) 1
- —— — Cost Share(s,b,t)| (12)
Eexp(3(0 1) +0 o) 1INl +nosar) | My i (o)

where 6(0,t) and é(o,d) are fixed effects at the origin-time and origin-destination
levels, and w,,; denotes the inclusive value obtained from estimation of the inner
nest. The fixed effects capture time-varying factors specific to the origin, as well as
time-invariant factors at the province-pair level, including transportation costs and
the unconditional probability of choosing the origin.

To address endogeneity concerns, we include the residual obtained from first
stage regressions, using our instrumental variable outlined in Section 3, as a con-
trol function. We present the results of the estimation from the inner nest spec-
ification (11) and outer nest specification (12) in columns (1) and (2) of Table 2,
respectively. Our estimates suggest the following values for structural parameters:
¥ =0.465,7=1.501, and 1 = 0.060.
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Table 2: Estimation of Information Acquisition and Communication Costs

Dependent Variable: Average Relative ~ Average
Cost Share Trade Share

(1) 2)

Fibre Connectivity x 0.00744***
Seller x Year Proxy (0.00282)
Seller x Year Proxy 0.187***
(0.00238)
Seller x Destination Proxy 0.840%*
(0.00319)
Fibre Connectivity 0.465***
(0.110)
Inner Nest Incl. Value 1.501%**
Fixed Effects:
Origin x Year v
Destination x Year v
Origin x Destination v
R? 0.678 0.989
Observations 72,233,694 45504

Note: In column (1), each observation pertains to a supplier firm, a destination province, and a year. In column (2), each
observation pertains to an origin province, a destination province, and a year. To address endogeneity concerns, estimation
is done though a control function approach by including predicted residuals obtained from the first-stage regression. * 10%,
** 5%, *** 1% significance levels. Standard errors, clustered at origin and destination level, are reported in parentheses.

5.2 Calibration

Equation (5) indicates that the shape parameter { of the distribution of match-
specific commmunication costs coincides with the trade elasticity. Therefore, we
calibrate the shape parameter ¢ to 5 based on the median estimate of trade elastici-
ties reported in Head and Mayer (2014). We set the material share a to 0.7, based on
the average material share among all firms in our data. For counterfactual experi-
ments, we calibrate endogenous quantities such as firm-to-firm trade in the baseline
equilibrium using model-predicted values and use as wages the set of values that

satisfy labor market clearing conditions.

5.3 Welfare Effects of High-Speed Internet Infrastructure

Our objective is to conduct a quantitative assessment of the effect of optical fiber
rollout in Tiirkiye. To achieve this, we begin by selecting the Turkish economy in
2012 as our reference point. We construct shocks to the economy using actual an-

nualized changes in fiber rollout between 2012 and 2019 and evaluate how much
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annual real income would have changed across Turkish provinces if the 2012 econ-
omy had been subject to these shocks, ceteris paribus. This is the first exercise in
the literature that assesses the welfare gains resulting from improvements in ICT

infrastructure in a general equilibrium setting.

Figure 4: Welfare Effects across Turkish Provinces

Note: This figure depicts the welfare impact of high-speed internet roll-out across Turkish provinces.

To examine the distinct roles of communication and information acquisition
costs, we consider two additional counterfactual equilibria. First, to isolate the ef-
fect of reallocation across provinces in input sourcing, we compute welfare changes
between the baseline and a counterfactual equilibrium in a version of our model
where the diversification channel (i.e., changes within a province) is absent (i.e.,
7 =0). The summary statistics indicate a median gain of 1%, with an interquartile
range from 0.9% to 1.2%. Similarly, to capture the effect of diversification in input
sourcing, we compute welfare changes in a version of our model where the reallo-
cation channel is absent (i.e., ¥ =0). The summary statistics for this scenario show
a median gain of 1.03%, with an interquartile range from 0.66% to 1.53%. Figure
5 decomposes welfare changes into reallocation and diversification channels. Both
channels significantly contribute to overall welfare gains, with the diversification
channel exhibiting more variation across provinces.

The results of our quantification exercise are displayed in Figure 4, which de-
picts a map of welfare gains across Turkish provinces, revealing considerable het-
erogeneity in gains among them. The summary statistics show a median gain of
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2.2%, with an interquartile range from 1.8% to 2.6%.

The reallocation channel captures the gains arising from reduced synchronous
communication costs between buyers and suppliers, resulting in lower costs of in-
termediate goods for all. Although the general equilibrium effects on local wages
dampen the effect of reduced input prices, the welfare effects due to the reallo-
cation channel are positive for all provinces. The diversification channel captures
the gains arising from reduced information acquisition costs. While it also leads to
lower production costs, the effect on sales is ambiguous: the sales effect is positive
for a province that is relatively cheaper but was perceived as a high-cost source,
and negative for one that is relatively expensive but was perceived as a low-cost
source of inputs. Consistent with this intuition, the gains due to the diversification
channel are larger for smaller and relatively remote provinces, where information
frictions are initially expected to be higher.

Figure 5: Welfare Effects: Comparison of Reallocation and Diversification
Channels

# Provinces
Gains from Diversification
Y N

. | (M ]

09 4%

1% 2%
Gains from Reallocation

e 2%
Welfare Gains

Note: The left panel presents the distribution of welfare gains from high-speed internet roll-out across Turkish provinces,
and the right panel their breakdown into the reallocation and diversification channels.

6 Conclusion

This study explores the substantial effect of high-speed internet infrastructure on
economic activity, particularly focusing on how it reshapes firms” input sourcing
strategies and the resulting implications for regional economic growth. By analyz-
ing the extensive rollout of fiber-optic internet across Turkish provinces from 2012

to 2019 and utilizing rich microdata on firm-to-firm transactions, we provide em-

35



pirical evidence that highlights how enhanced internet connectivity significantly
transforms the way firms interact within supply chains.

Our findings show that improved internet access encourages firms to reallo-
cate their purchases towards suppliers in regions with better connectivity, fostering
a more robust and diversified input sourcing strategy. Specifically, firms do not
merely shift their sourcing to regions with better internet; they also increase their
number of suppliers and distribute their purchases more evenly across these suppli-
ers. This pattern of diversification suggests that better internet infrastructure low-
ers both the cost of obtaining information and the cost of maintaining synchronous
communication, which are crucial for managing complex supply chains.

To rationalize these empirical observations, we develop and estimate a spatial
equilibrium model incorporating rational inattention in the endogenous formation
of production networks. Our model provides an understanding of how high-speed
internet reduces information acquisition and communication costs, driving firms to
make more informed choices regarding their suppliers and enabling more efficient
and resilient supply chains.

The quantitative findings suggest that improvements in high-speed internet con-
nectivity contribute significantly to economic welfare. We estimate that the rollout
of fiber-optic networks led to a 2.2% increase in real income in the median Turkish
province, illustrating the tangible economic benefits that stem from investments in
digital infrastructure. This gain is attributed to a dual mechanism — enhanced inter-
net reduces information costs, allowing firms to evaluate and engage with a broader
pool of suppliers, and decreases communication frictions, facilitating smoother in-
teractions and transactions over distance.

In conclusion, our findings highlight that by reducing communication and infor-
mation costs, digital infrastructure investments can lead to far-reaching improve-
ments in business operations, supply chain efficiency, and overall economic re-

silience, ultimately promoting higher welfare and sustainable development.
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Online Appendix
A Appendix: Background & Data

Figure Al: Change in fiber cable length between 2012-2019
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Note: The left panel is a box and whiskers plot of length of optical fibre cables rolled out across
Turkish provinces over years. The right panel is a box and whiskers plot of fibre intensity across

Turkish provinces over the years.
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Figure A2: Correlation of Fiber Intensity with Upload and Download Speeds
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Note: The left panel depicts how change in measured fiber intensity correlates with change in
reported upload speeds during the period 2016-2019. The right panel depicts correlation of fiber
intensity with reported download speeds. Data on upload and download speeds across Turkish
districts, which we aggregate to the level of provinces, during 2016-2019 was obtained from Ookla.

Figure A3: Firms’ Adoption of High-Speed Internet in Tiirkiye
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Note: This figure depicts the evolution of firms’ adoption of high-speed internet across broad
sectors (manufacturing, professional services and wholesale trade) and for the overall economy.
During 2012-2019, firms in all sectors increasingly adopt high-speed internet. The fraction of firms
with high-speed internet increased from zero in 2011 to about 30% by the end of 2019.
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Table Al: Firms’ adoption of high-speed internet

1) )
Fibre Intensity 1.660**
(0.648)
Fibre Intensity X
Food, beverages, and tobacco 1.648**
(0.661)
Textiles, clothing, and footwear 1.637**
(0.647)
Wood and paper products 1.666**
(0.657)
Coke, petroleum, chemical products, and pharmaceuticals 1.668**
(0.648)
Plastics and non-metallic mineral products 1.683**
(0.644)
Basic metals 1.361**
(0.651)
Fabricated metal products and general-purpose machinery 1.611*
(0.644)
Computer, electronic, electrical and optical products 1.713**
(0.665)
Manufacture of motor vehicles and ships 1.603**
(0.651)
Furniture and other manufacturing 1.736"*
(0.650)
Trade 1.614**
(0.643)
Professional services 1.629**
(0.650)
Observations 3337 3337

Note: * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered by province, in paren-

theses.

All columns include firm size (measured in terms of employment) as a control.

The

corresponding specification is in (1). Column (1) presents results at the province-year level and

column (2) at the province-firm size-year level. The latter includes dummies for each firm size.
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B Appendix: Empirical Evidence

Figure A4: Change in Bilateral Fibre Connectivity
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Note: This figure depicts the change in fibre connectivity between each pair of Turkish provinces
during the period 2012-2019. Fibre Connectivity is measure as the minimum of fibre intensity
between provinces in a pair. Darker shades represent higher values.
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Figure A5: BOTAS Oil and Gas Pipeline Network

Note: This map shows the gas pipeline network of BOTAS.

Figure A6: Distance to BOTAS Pipeline Network

Note: This map depicts the spatial variation in weighted distance of provinces to the BOTAS
pipeline network. The distance of a province to BOTAS pipeline is calculated as the weighted
average of the shortest distance of its districts to the pipeline where each district is weighted by its
population. Lighter shades represent higher percentiles.
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Figure A7: Distance to BOTAS pipelines and Initial Province Characteristics
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Note:See Section 3.4 for discussion. The distance of a province to BOTAS pipelines is constructed
as the weighted average of the distances of districts within the province where the district
population are used as weights. This figure plots the coefficient estimates and the corresponding
95% confidence intervals obtained from regressing this distance on initial provincial characteristics
(pertaining to 2011), controlling for NUTS2 level fixed effects.

Figure A8: Distance to BOTAS pipelines and First Stage Estimates
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Note: See Section 3.4 for discussion. The distance of a province to BOTAS pipelines is constructed
as the weighted average of the distances of districts within the province where the district
population are used as weights. This figure plots the coefficient estimates and the corresponding
95% confidence intervals obtained from first-stage regression of fibre connectivity on distance to
BOTAS pipelines interacted with year dummies.
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Figure A9: Event study estimates

T T T T T T
-2 -1 0 1 2 3
Periods to Treatment

Periods to Treatment

T T T T T T
-2 -1 0 1 2 3
Periods to Treatment

14
.05
Pre-treatment [
=
Post-treatment <
.
-.054
T
-4

(a) Cost Share

T T T T
-2 -1 0 1
Periods to Treatment

.06

.04+

Pre-treatment E |

Post-treatment < 02

.

-.024
T
-4

(b) No. Suppliers

Periods to Treatment

.01+
.
Pre-treatment =
c
Post-treatment < .01
-.02
-.034
T
-4

(c) Cost Share HHI

T T T T
-2 -1 0 1
Periods to Treatment

Pre-treatment
Post-treatment

Pre-treatment
Post-treatment

Pre-treatment
Post-treatment

Note: The figures show the event study estimates based on a binary treatment variable defined in
Section 3.5. The specification includes firm-source province fixed effects. Left panel plots the 2SLS
estimates, and the right panel OLS estimates.
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Table A2: Reallocation and Diversification in Input Sourcing: Additional Controls

Dependent Variable: Cost Share No. Suppliers Cost Share HHI New Connections
(1) (2) (3) (4) (5) (6) (7) (8)
Fibre Connectivity 0.467***  0.515***  0.291***  0.323*** -0.0916*** -0.105*** 0.0531*** 0.0549***
(0.0559)  (0.0590)  (0.0316)  (0.0280)  (0.0129)  (0.0144) (0.0198)  (0.0196)
Difference in GDP p.c.  0.208** 0.165*** -0.0735*** 0.0483**
(0.0808) (0.0393) (0.0195) (0.0242)
Mobile Connectivity -0.0615 0.0255 -0.0174 0.0981
(0.231) (0.105) (0.0626) (0.0667)
Fixed Effects:
Buyer x Year v v v v v v v v
Origin X Year v v v v v v v v
Origin x Destination v v v v v v v v
Observations 2,230,473 2,230,473 2,230,473 2,230,473 2,230473 2,230,473 2,230,473 2,230,473

Note: See Section 3.3 for discussion. Each observation pertains to a buyer firm, an origin province and a year. All variables are in natural
logarithms. No. Suppliers is the number of suppliers of the buyer firm located in a given origin province. Cost share is the fraction of
purchases of a buyer from a given source province. Cost Share HHI is the Herfindahl-Hirschman Index of cost shares of suppliers of a buyer,
which are located in a given origin province. New Connections is the number of new suppliers relative to the year before. For a pair of
origin and destination provinces in a given year, difference in GDP p.c. is the absolute difference in GDP per capita and mobile connectivity
is computed as the minimum of 3G/4G mobile subscribers per capita between both provinces. * 10%, ** 5%, *** 1% significance levels.
Standard errors, clustered at origin and destination level, are reported in parentheses.



Table A3: Reallocation and Diversification in Input Sourcing: Alternative
Measure of Bilateral Connectivity

Dependent Variable: ~ Cost Share No. Suppliers Cost Share HHI New Connections

1) (2) 3) 4)
Fibre Connectivity, 0.255%** 0.163*** -0.0534*** 0.0316***
Alternative (0.0274) (0.0148) (0.00682) (0.00981)
Fixed Effects:
Buyer x Year v v v v
Origin x Year v v v v
Origin x Destination v v v v
Observations 2,230,473 2,230,473 2,230,473 2,230,473

Note: See 3.3 for discussion. Each observation pertains to a buyer firm, an origin province and a
year. All variables are in natural logarithms. No. Suppliers is the number of suppliers of the buyer
firm located in a given origin province. Cost share is the fraction of purchases of a buyer from a given
source province. Cost Share HHI is the Herfindahl-Hirschman Index of cost shares of suppliers of
a buyer, which are located in a given origin province. New Connections is the number of new sup-
pliers relative to the year before. Fibre connectivity is measured as the negative absolute difference
of fiber intensity at origin and destination provinces:—|I,; — I ;|. * 10%, ** 5%, *** 1% significance
levels. Standard errors, clustered at origin and destination level, are reported in parentheses.

Table A4: Reallocation and Diversification in Input Sourcing: Placebo Test

Dependent Variable: Cost Share No. Suppliers Cost Share HHI New Connections

1) ) ®) (4)
Cable TV Connectivity -2.210 -0.375 -0.0624 -0.315
(1.754) (0.906) (0.441) (0.487)
Fixed Effects:
Buyer x Year v v v v
Origin x Year v v v v
Origin x Destination v v v v
Observations 2,230,473 2,230,473 2,230,473 2,230,473

Note: See Section 3.3 for discussion. Each observation pertains to a buyer firm, an origin province
and a year. All variables are in natural logarithms. Cable TV connectivity is computed as the
minimum of cable TV subscribers per capita between both provinces. No. Suppliers is the number
of suppliers of the buyer firm located in a given origin province. Cost share is the fraction of
purchases of a buyer from a given source province. Cost Share HHI is the Herfindahl-Hirschman
Index of cost shares of suppliers of a buyer, which are located in a given origin province. New
Connections is the number of new suppliers relative to the year before. All columns also include
interactions of bilateral travel time between source and destination with annual dummy variables.
*10%, ** 5%, *** 1% significance levels. Standard errors, clustered at origin and destination level,
are reported in parentheses.
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Table A5: Reallocation and Diversification in Input Sourcing: Including Non-
Manufacturing Suppliers

Dependent Variable: =~ Cost Share No. Suppliers Cost Share HHI New Connections

1) (2) 3) “4)
Fibre Connectivity 0.691*** 0.398*** -0.122%** 0.145***
(0.0613) (0.0338) (0.0129) (0.0182)
Fixed Effects:
Buyer x Year v v v v
Origin x Year v v v v
Origin x Destination v v v v
Observations 3,362,435 3,362,435 3,362,435 3,362,435

Note: See Section 3.3 for discussion. Each observation pertains to a buyer firm, an origin province
and a year. All variables are in natural logarithms. No. Suppliers is the number of suppliers of
the buyer firm located in a given origin province. Cost share is the fraction of purchases of a buyer
from a given source province. Cost Share HHI is the Herfindahl-Hirschman Index of cost shares of
suppliers of a buyer, which are located in a given origin province. New Connections is the number
of new suppliers relative to the year before. * 10%, ** 5%, *** 1% significance levels. Standard
errors, clustered at origin and destination level, are reported in parentheses.
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Table A6: Reallocation and Diversification in Input Sourcing: Source of Variation
in Fibre Intensity

Dependent Variable: Cost Share No. Suppliers Cost Share HHI New Connections
@) (2) 3) 4)

Panel A

Origin Fibre Intensity x
Destination Fibre Intensity in:

2" Quartile -0.121 -0.155 0.168 -0.0501
(0.477) (0.218) (0.118) (0.139)
3" Quartile 0.213 0.172** -0.0735* 0.0119**
(0.173) (0.0709) (0.0387) (0.0463)
4" Quartile 0.519*** 0.331%** -0.108*** 0.0637***
(0.0541) (0.0295) (0.0137) (0.0196)
Panel B
Destination Fibre Intensity x
Origin Fibre Intensity in:
2" Quartile -0.267 -0.238 0.0933 -0.139
(0.443) (0.123) (0.209) (0.143)
3" Quartile 0.181 0.173** -0.0483 0.0191
(0.159) (0.0695) (0.0395) (0.0485)
4" Quartile 0.517*** 0.330%** -0.109*** 0.0649***
(0.0549) (0.0296) (0.0137) (0.0192)
Fixed Effects:
Buyer x Year v v v v
Origin x Year v v v v
Origin x Destination v v v v
Observations 2,230,473 2,230,473 2,230,473 2,230,473

Note: See Section 3.3 for discussion. Each observation pertains to a buyer firm, an origin province
and a year. All variables are in natural logarithms. No. Suppliers is the number of suppliers of
the buyer firm located in a given origin province. Cost share is the fraction of purchases of a buyer
from a given source province. Cost Share HHI is the Herfindahl-Hirschman Index of cost shares of
suppliers of a buyer, which are located in a given origin province. New Connections is the number
of new suppliers relative to the year before. * 10%, ** 5%, *** 1% significance levels. Standard
errors, clustered at origin and destination level, are reported in parentheses.
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Table A7: Reallocation and Diversification in Input Sourcing: Controlling for
Travel Time Interactions

Dependent Variable: ~ Cost Share No. Suppliers Cost Share HHI New Connections

1) (2) (3) 4)
Fibre Connectivity 0.288*** 0.183*** -0.0653*** 0.0530***
(0.0501) (0.0255) (0.0137) (0.0199)
Fixed Effects:
Buyer x Year v v v v
Origin x Year v v v v
Origin x Destination v v v v
Observations 2,230,473 2,230,473 2,230,473 2,230,473

Note: See Section 3.3 for discussion. Each observation pertains to a buyer firm, an origin province
and a year. All variables are in natural logarithms. No. Suppliers is the number of suppliers of
the buyer firm located in a given origin province. Cost share is the fraction of purchases of a buyer
from a given source province. Cost Share HHI is the Herfindahl-Hirschman Index of cost shares of
suppliers of a buyer, which are located in a given origin province. New Connections is the number
of new suppliers relative to the year before. All columns also include interactions of bilateral travel
time between origin and destination with annual dummy variables. Travel time is calculated using
the road network in 2010. * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered at
origin and destination level, are reported in parentheses.

Table A8: Reallocation and Diversification in Input Sourcing: Excluding Origin-
Destination Fixed Effects

Dependent Variable: Cost Share No. Suppliers Cost Share HHI ~New Connections

1) ) ®) (4)
Fibre Connectivity 0.485*** 0.264*** -0.114*** 0.140
(0.155) (0.115) (0.056) (0.092)
Travel Time -0.224*** -0.198*** 0.102%** -0.107
(0.019) (0.015) (0.008) (0.011)
Fixed Effects:
Buyer x Year v v v v
Origin x Year v v v v
Observations 3,362,435 3,362,435 3,362,435 3,362,435

Note: See Section 3.3 for discussion. Each observation pertains to a buyer firm, an origin province
and a year. All variables are in natural logarithms. No. Suppliers is the number of suppliers of
the buyer firm located in a given origin province. Cost share is the fraction of purchases of a buyer
from a given source province. Cost Share HHI is the Herfindahl-Hirschman Index of cost shares of
suppliers of a buyer, which are located in a given origin province. New Connections is the number
of new suppliers relative to the year before. All columns also include interactions of bilateral travel
time between origin and destination with annual dummy variables. Travel time is calculated using
the road network in 2010. * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered at
origin and destination level, are reported in parentheses.
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Table A9: Reallocation and Diversification in Input Sourcing: Interaction be-

tween Travel Time and Connectivity

Dependent Variable: Cost Share No. Suppliers Cost Share HHI New Connections
@) (2) (3) 4)
Fibre Connectivity 0.294*** 0.176*** -0.056*** 0.0319
(0.056) (0.025) (0.013) (0.0197)
Travel Time x Fibre Connectivity =~ -0.093*** -0.064*** 0.022%** -0.0134**
(0.018) (0.0095) (0.0039) (0.0056)
Fixed Effects:
Buyer x Year v v v v
Origin x Year v v v v
Origin x Destination v v v v
Observations 3,362,435 3,362,435 3,362,435 3,362,435

Note: Each observation pertains to a buyer firm, an origin province and a year. All variables are in
natural logarithms. No. Suppliers is the number of suppliers of the buyer firm located in a given
origin province. Cost share is the fraction of purchases of a buyer from a given source province.
Cost Share HHI is the Herfindahl-Hirschman Index of cost shares of suppliers of a buyer, which are
located in a given origin province. New Connections is the number of new suppliers relative to the
year before. Travel time is calculated using the road network in 2010. * 10%, ** 5%, *** 1% signifi-
cance levels. Standard errors, clustered at origin and destination level, are reported in parentheses.
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C Theoretical Appendix

C.1 Proof of Proposition 1

The firm makes its information acquisition decision in expectation over match-
specific productivities which are independently and identically distributed across
tasks and potential suppliers. Using properties of the Fréchet distributional as-
sumptions for match-specific productivities, we can reformulate the firm’s supplier
choice problem (3) as:

logp= mgx{]Ey Zn(s)ln (C(S)_éTozg‘Posd)] — () },

subject to 71(s) >0 for all s,) 7t(s)=1.
S

An application of Proposition 4(ii) in Fosgerau et al. (2020) under the functional
form assumptions for information acquisition costs to the above problem then leads
to the desired result.

C.2 Proof of Proposition 2

We define a normalized version of the scaled marginal costs as ¢(s) ¢ = C(S);&

Cog

where o; denotes the province where s is located and for any origin province o,

co b= YscoC(s) 6. Let dj, denote the province where b is located. The log-likelihood
function for the inner nest of supplier choice conditional on an origin province is
proportional to the following expression:

Cost Share(s,b) ) E,[7(s|os,dp)]E(s) Y osay
Linner 1
@;(Zyeoﬁ%tShafe<s"b> “(zs/@ﬂzy[ (s o ) Je(s') o

Cost Share(s,b) o =Ly g
;Z (bezd (ZS/GOSCost Share(s’,b) ) ) In (IEy[n(s [osd)]e(s) "/ )

—;S (;ln<S§1Ey (s']0,d)](s") é/m))

The maximum of the log-likelihood must satisfy first order conditions with re-
spect to &(s)~¢ and A,4. The first order condition with respect to &(s)~¢ can be
simplified as follows:
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Cost Share(s,b) /)‘osd 1 Aoty [70(s | 05,d)] (&(5) )/A(,sdfl
ﬁ§<bezd<2sfeosc°stShare(sﬁb)))( ) = LM ( Lo Eplre(s' [ os,d)]e(s") =/ st )
Cost Share(s,b) u[7t(s]0s,d)]e(s)
j;(%(ZS/GDSCOSt Share(s’,b))) Y osa) ; (Zs reo.Bu[7t(s' | 05,d)]E(s" )g/Aod>(1/)\osd)

Clearly, the following solution satisfies the above equation:

Ey[7(s]| Os,d)]ﬁ(s)*é/masd * B LZ < Cost Share(s,b) ) (13)
Ysrco Ep[m(s’| Os,d)]5(5’)7g/%sd My hed Yo, Cost Share(s’,b)

For this to be the maximum likelihood estimate, this solution must also simul-
taneously satisfy the first order condition with respect to A, ;. The first order con-
ditions with respect to A, 4 can be simplified as follows:

=0

a E mner
Mo

=0
Cost Share(s,b) i :
( Y s'co,Cost Share(s’,b) ) In (C(S) > (- 1/A05d)>
=M
d

oln{ ) se, B [7'((5|051d)]5(5)_§m”5d
(; (TecoBs ))

A4

(sos,d)]e(s) " Mostlng(s) ¢ )
— .
; (;s;o Yo EOS]E‘M[ ( ‘Os,d)]f(sl)_é//\osd ( )‘os)
_ Ep[r(s]osd)]é(s) " otlng(s) ¢ )
_;Md (Zs: ZS’EOSIEV[TC(SI ‘ Os,d)]f(s’)_g/)\"sd ( 1/7\osd)

Clearly, the solution in equation (13) also satisfies this first order condition with
respect to A, ;. This proves the first part of the proposition.

Next, note that the log-likelihood of the outer nest of choice of origin province
is proportional to:

Louter Z (ZCost Share(s,b)) In (cggrojfcpodIEy [n(o,d)])

b

55



- L (T im0

deJ

The likelihood equations for ¢, g"f‘;igcpodwodIEH [7t(0,d)] can be simplified as fol-
lows:

9 Louter
B(CO T4 gbodwod]EH[n 0,d)] >
N ZbedZSGOCOSt Share(s, ) My
€0 Tog PoaWod B (0,d)]  LorCy Ty 5 boratworgEy[ (0" d)]

— < CO__CTOE_%dde]E”[n(O'd)] ) _ 1 <Zcost Share(s,b)>

ZO’Co’gTo/dg‘Po/dWO’dIEH [7t(0’,d)] My bed \s€o0

This proves the second part of the proposition.
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