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Abstract

Why is aggregate productivity lower in developing countries? This paper argues that a
key part of the answer lies in information frictions that distort domestic production networks
and hinder efficient supplier matching. It uses theory and empirics to study how such fric-
tions constrain firm-to-firm trade and distinguishes two channels through which they operate:
communication frictions, the cost of transmitting known information, and information acquisition
frictions, the cost of discovering and evaluating suppliers. Combining firm-to-firm transaction
data from Tiirkiye with rollout of fiber-optic cable, instrumented by proximity to a pre-existing
infrastructure, we show that improved connectivity reshapes production networks along two
margins: firms reallocate input purchases toward better-connected provinces and diversify
their supplier base within those provinces. We develop and estimate a spatial model with
endogenous production networks in which communication cost reductions drive reallocation
across origins and information cost reductions broaden firms’ supplier sets. Counterfactuals
show that easing these frictions through fiber expansion generates sizeable welfare gains, high-
lighting the quantitative importance of information frictions for aggregate productivity.
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1 Introduction

Why is aggregate productivity so much lower in developing countries than in advanced economies?
A central explanation is high internal trade frictions that raise the cost of buying and selling goods
across space and prevent an efficient allocation of resources within the domestic economy (Ra-
mondo et al., 2016). Recent work has examined which frictions most constrain growth, highlight-
ing the role of information frictions, particularly in limiting firms” access to input markets in devel-
oping countries (Atkin and Khandelwal, 2020). Firms in developing countries face elevated costs
of identifying trading partners, verifying their quality, and coordinating transactions across space.
Direct estimates of the welfare gains from alleviating these frictions, however, remain scarce. This
paper fills this gap by distinguishing between two channels through which information frictions
operate: communication frictions, the cost of transmitting known information between agents, and
information acquisition frictions, the cost of discovering and processing information about potential
trading partners.

It does so by focusing on the expansion of high-speed internet infrastructure, which offers a
natural way to study how easing information frictions affects production networks. As firms in-
creasingly rely on high-speed internet for real-time coordination with suppliers — through video
conferencing, cloud-based data sharing, and digital file transfer — the availability and quality
of digital infrastructure shape the spatial organization of sourcing relationships. Access to high-
speed internet can influence firms” decisions through the same two channels identified above: it
lowers the cost of coordinating with existing suppliers by improving communication quality and
reliability, and it reduces the cost of discovering and evaluating new trading partners by facilitat-
ing information acquisition.

The paper makes several contributions to the existing literature. It provides the first general
equilibrium quantification of welfare gains from ICT infrastructure that operate through firm-to-
firm trade linkages, decomposing those gains into the distinct contributions of communication costs
and information acquisition costs. This decomposition is not merely an accounting exercise: the
two channels have different implications for which firms and regions benefit, how supply chains
reorganize, and what kinds of complementary policies might amplify the returns to connectivity
investment. Delivering on this requires two building blocks that are independently novel. On the
empirical side, the paper provides causal evidence, using a novel instrument based on pre-existing
pipeline infrastructure, that high-speed internet affects both the geography and concentration of
input sourcing. On the theoretical side, it develops a tractable framework that embeds rational
inattention into a model of endogenous production networks, allowing for separate identification
of how internet connectivity lowers communication costs versus information acquisition costs.

We combine rich administrative microdata on firm-to-firm transactions in Tiirkiye with de-
tailed information on the rollout of fiber-optic infrastructure across Turkish provinces between
2012 and 2019. Our empirical strategy exploits regulatory changes that generated plausibly ex-
ogenous variation in the spatial pattern of fiber deployment. In 2011, Tiirkiye deregulated its

broadband market and permitted private internet service providers to utilize optical fiber cables
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previously laid alongside the national gas pipeline network. Because this pipeline infrastructure
was designed decades earlier for energy transport rather than internet provision, and because
proximity to the network determined the cost of subsequent fiber expansion, historical pipeline
geography provides a powerful instrument for province-level internet connectivity.

Our main empirical findings establish two robust patterns. First, we find support for the com-
munication cost channel being at work: firms reallocate input purchases toward provinces with
better internet connectivity. A 10 percent increase in bilateral fiber connectivity raises the share
of inputs sourced from a province by 4.3 percent. Second, conditional on sourcing from better-
connected provinces, firms diversify more extensively across suppliers: they transact with more
suppliers and distribute purchases more evenly and form new trading relationships at higher
rates. The estimated magnitude of this information acquisition cost channel is economically mean-
ingful: moving from the 10th to the 90th percentile of predicted connectivity reduces a firm’s
Herfindahl-Hirschman Index of purchase concentration by approximately 11 percent. All the
patterns mentioned are robust to alternative measures of connectivity, controls for concurrent in-
frastructure investments and regional development, placebo tests, and event-study specifications
that confirm the absence of pre-trends. We also find that diversification effects are stronger in
industries with greater uncertainty about supplier quality, while no such effect is present for real-
location.

To rationalize these empirical patterns and quantify their aggregate implications, we develop
a general equilibrium model of inter-provincial trade featuring endogenous supplier choice under
information frictions. The model builds on Oberfield (2018) and Panigrahi (2021), incorporating
rationally inattentive sourcing in the spirit of Dasgupta and Mondria (2018). Better internet con-
nectivity operates through two channels. First, it raises the expected quality of match-specific pro-
ductivity draws between buyers and suppliers, capturing the idea that reliable, high-bandwidth
connections facilitate smoother coordination and reduce the friction of transacting across distance.
This communication channel increases the probability of sourcing from well-connected provinces,
generating the reallocation pattern observed in the data. Second, improved connectivity lowers
the cost of acquiring information about potential suppliers. In our rational inattention framework,
tirms face a trade-off between precision (learning a lot about a few suppliers) and scope (learning
a little about many). When information is expensive, firms concentrate attention on a small num-
ber of known partners; when information is cheap, they optimally spread attention more broadly,
evaluating a larger pool of suppliers and distributing purchases more evenly across them. This
information channel generates the diversification pattern that we document empirically.

The model yields supplier choice probabilities with a nested logit structure that maps directly
into observed firm-to-firm trade data, providing a transparent link between theory and empirics.
We estimate the key elasticities governing how connectivity affects each friction channel using a
control function approach that leverages our instrumental variable. The calibrated model closely
replicates observed changes in cost shares and supplier concentration between 2012 and 2019. In

our model, information acquisition costs endogenously alter the elasticity of substitution across



suppliers, breaking the constant elasticity structure that underpins standard sufficiency results for
the class of trade models studied in Arkolakis et al. (2012).

Finally, we quantify general equilibrium welfare effects. The median Turkish province ex-
perienced a 0.36 percent annual increase in real income between 2012 and 2019 attributable to
expansion of fiber infrastructure. Counterfactual decompositions indicate that reductions in infor-
mation acquisition costs account for approximately 0.21 percentage points, while reductions in com-
munication costs contribute about 0.13 percentage points. Welfare gains exhibit meaningful spatial
heterogeneity, with initially remote or informationally disadvantaged provinces experiencing the
largest benefits from improved connectivity.

In sum, our welfare calculations suggest that digital infrastructure investments generate sub-
stantial returns comparable to those stemming from physical infrastructure and operate through
distinct mechanisms. These findings have immediate policy relevance. Governments worldwide
are investing heavily in broadband infrastructure, with development banks prioritizing digital
connectivity as a tool for economic growth. Our results suggest that such investments yield ben-
efits not only through direct productivity gains but also through the reorganization of supply
chains enabling firms to access better inputs and hedge against supply disruptions through diver-
sification.

This paper relates to a large literature studying how internal trade frictions impede economic
development. A central finding of this literature is that reductions in domestic trade costs whether
through transportation infrastructure or market integration generate substantial welfare and pro-
ductivity gains. Donaldson and Hornbeck (2016) and Donaldson (2018) estimate large gains from
railroad expansion in the United States and India respectively. Allen and Arkolakis (2014) and
Cosar et al. (2022) estimate gains from highway improvements in the United States and Tiirkiye
respectively. Ramondo et al. (2016) show that domestic trade frictions can be quantitatively im-
portant in explaining cross-country income differences. Sotelo (2020) and Tombe and Zhu (2019)
demonstrate that internal frictions generate spatial misallocation in agriculture and manufactur-
ing. While much of this literature has focused on transportation costs as the primary friction,
our paper shows that information frictions, mediated by digital infrastructure, operate through
a distinct channel: they shape not only the volume of trade but the structure of production net-
works themselves, with aggregate implications that standard market-integration frameworks do
not capture.

A second related literature studies the impact of information frictions on economic activity. On
the empirical side, Jensen (2007) and Aker (2010) show that mobile phone adoption reduced price
dispersion across spatially separated markets, Hjort and Poulsen (2019) study the employment
effects of broadband internet in Africa, and Juhdsz and Steinwender (2018) demonstrates that the
telegraph reduced the cost of transmitting price information with real effects on trade and produc-
tion.! In a trade context, Rauch and Trindade (2003) show that ethnic networks facilitate trade by

10ther related work has also studied internet’s effects on international trade flows (Freund and Weinhold, 2004;
Fernandes et al., 2019; Malgouyres et al., 2021), labor markets (Akerman et al., 2015), firm-bank matching (Mazet-
Sonilhac, 2021), and firm organization (Jiang, 2023). See Hjort and Tian (2025) for a comprehensive review.



reducing information frictions, Allen (2014) formalizes search frictions and estimates their welfare
costs, and Dickstein and Morales (2018) provide evidence that information frictions distort firms’
export decisions. On the theoretical side, Dasgupta and Mondria (2018) introduce rational inat-
tention into a trade model where firms face costly information processing about foreign markets.
A limitation of much of the empirical literature is that natural experiments in communication in-
frastructure simultaneously reduce both information acquisition and transmission costs, making it
difficult to isolate the operative mechanism. We extend the rational inattention framework of Das-
gupta and Mondria (2018) to allow for more flexible patterns of substitution across suppliers and
link information costs directly to observable digital infrastructure. This enables both structural
estimation of the distinct channels through which information frictions operate and quantification
of their welfare implications.

Third, this paper contributes to a literature on production networks and their macroeconomic
implications. Acemoglu et al. (2012) show that sectoral shocks can generate aggregate fluctuations
when the input-output network is sufficiently asymmetric, while Baqaee and Farhi (2024) extend
this framework to incorporate nonlinearities and misallocation. A growing body of work endog-
enizes the network structure itself: Chaney (2014), Oberfield (2018), and Demir et al. (2024) model
how firms form linkages through search and learning, Eaton et al. (2022) and Arkolakis et al.
(2025) study network formation in a multi-location general equilibrium framework. Our frame-
work extends Panigrahi (2021) by introducing match-specific productivities that depend on inter-
net connectivity and by incorporating rationally inattentive behavior into firms’ supplier choice
decisions. This allows us to capture the distinctive empirical pattern that connectivity affects not
only which provinces firms source from but also how they allocate purchases across suppliers
within those provinces.

The remainder of the paper proceeds as follows. Section 2 describes the background of optical
fiber cable rollout in Tiirkiye, the data sources, and the construction of our instrument. Section 3
presents the empirical evidence on the effects of fiber connectivity on firms” input sourcing pat-
terns. Section 4 develops the model of input sourcing under rational inattention. Section 5 de-
scribes the estimation framework and presents structural parameter estimates. Section 6 reports

the counterfactual welfare analysis. Section 7 concludes.

2 Background and 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 reg-
ulate the incumbent fixed operator, Turk Telekom, for a period of five years or until fiber sub-
scribers represented less than 25% of total fixed broadband 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



Figure 1: Optical Fiber Cable Roll-out in Tiirkiye
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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%. See Figure A2 for a map of changes in fiber length across provinces.

that Turk Telekom continue providing wholesale services on its existing network in areas under-
going fiber transition.

This deregulation was accompanied by a key implementation detail: private ISPs were permit-
ted to utilize optical fiber cables laid out by BOTAS, the sole natural gas and oil distributor in the
country. Installed alongside the country’s pipeline network prior to the reform, this infrastructure
effectively served as the backbone for nationwide fiber expansion.

Between 2011 and 2019, the length of optical fiber cables in Tiirkiye nearly doubled (see Fig-
ure 1). The total length of cables reached 390,800 kilometers — equivalent to about 0.48 kilometers
per square kilometer of land area — with investment directed primarily toward fiber-to-the-home
(FTTH) rather than the backbone. Adoption was substantial: the number of fiber subscribers
increased fivefold during this period, and fiber’s share in total number of fixed broadband sub-
scribers rose steadily (see Figure Al). As of 2020, fiber internet accounted for 23.9% of all fixed
broadband subscribers in Tiirkiye, converging to the OECD average of 30.6%.

2.2  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 broadband technologies. It can provide symmetrical
speeds, meaning the upload speed is as fast as the download speed. This makes fiber-optic inter-
net ideal for bandwidth-intensive activities like high-definition streaming and large file transfers.

Second, fiber-optic connections generally have lower latency compared to some other broadband



options. Low latency is crucial for real-time applications like video conferencing, as it reduces
delays and lag in communication. Third, fiber-optic cables are less susceptible to interference
from electrical and radio frequency sources, making them more reliable than some other broad-
band technologies, especially in areas with high levels of electromagnetic interference. Finally,
fiber internet offers a more consistent and reliable speed experience compared to other technolo-
gies 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.’

2.3 Data Sources

We bring together several complementary datasets:

Firm-to-Firm Trade and Balance Sheets. Administrative data from the Ministry of Industry and
Technology (MolT) covering all formal firms from 2011-2019. This includes VAT-based records
of domestic firm-to-firm trade, income statements with gross sales, employment, and wages, and
registry data with location (province) and 4-digit NACE industry code — the standard industry
classification in the European Union.> The full sample covers about 1.5 million firms in 494 indus-
tries, forming over 27 million links. We focus on manufacturing: about 265,000 firms, 226 4-digit
industries, and 4 million links. On average, a firm has 9.3 suppliers, with 4.7 per buyer—origin

province.

ICT Usage Survey. An annual survey by the Turkish Statistical Institute (TUIK), conducted since
2005, covering roughly 10,000 firms each year. It includes all firms with more than 250 employees
and a representative sample of smaller firms. We use these data to measure firm-level adoption of
high-speed internet, defined as reported connections exceeding 100 Mbps.

Internet Infrastructure and Subscriptions. Province-year data from ICTA on fiber cable rollout,
broadband subscriptions (fiber, DSL, cable, mobile), and the GIS backbone network. For 20162019
we add Ookla’s province-level upload and download speeds, which allow us to study not only
adoption but also reliability of internet access.

Regional and Geographic Controls. Province- and district-level economic outcomes (GDP, pop-
ulation, employment, urbanization) from TUIK. Road network GIS data (Cosar et al. 2021) provide

measures of inter-province travel time, which serve as controls in some specifications.

2 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.
3VAT data record transactions above a non-binding threshold of 5,000 TL (= US$ 840 in 2019).



Figure 2: Change in Fiber Intensity
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Note: The map displays the change in fibre intensity between 2012 and 2019 across the provinces. Colors encode the
percentile rank of the change, with lighter shades indicating larger increases in fibre intensity.

BOTAS Pipeline Network. Digitized 2011 GIS map of the BOTAS oil and gas pipelines, which
also carry optical fiber cables. We use population-weighted district distances to the BOTAS net-

work to construct instruments for province-level fiber intensity (details explained later).

2.4 Measuring Fiber Connectivity Across Provinces

We measure province-level fiber deployment intensity using the density of installed optical fiber
cable. For province 4 in year ¢, it is defined as
L

Iyp =1+ —

dt + Adl
where Lj denotes the length of optical fiber cables (in kilometers) in province d and Ay is its
land area (in km?). Normalizing by area converts deployment into a spatial density measure,
i.e., how much fiber infrastructure is available per unit of space, which is the natural scaling for
geographically dispersed network capital. Figure 2 shows the change in intensity across provinces
between 2012 and 2019. The median province experienced a 68% increase, with Istanbul at the
high end (177%) and Kiitahya at the low end (31%).

2.5 Construction of the Instrument

Our instrumental variable strategy draws on the historical geography of Tiirkiye’s natural gas in-
frastructure. Long before broadband deregulation, the state-owned energy company BOTAS had
laid optical fiber cables alongside its oil and gas pipelines. These cables were installed to support



operational monitoring and control — enabling the company to detect leaks, monitor pressure, and
coordinate system maintenance in real time — not to provide public internet access.

The 2011 reform, which allowed private internet service providers to lease and extend this
infrastructure, transformed a pre-existing industrial communications network into the backbone
of the country’s fiber optic system. This institutional change meant that the spatial pattern of high-
speed internet rollout was shaped, in large part, by the existing location of the BOTAS pipeline
network. Because the pipelines had been routed decades earlier according to engineering and
energy transport needs rather than areas of high economic activity, their configuration is plausibly
unrelated to contemporary patterns of productivity or internet demand.

Importantly, the physical proximity of a province to the BOTAS network lowered the cost of
expanding fiber-to-the-home (FTTH) connections once the market was opened to private invest-
ment. Laying new fiber requires expensive civil works such as trenching and duct installation.
These costs increase steeply with distance from the existing backbone. Provinces whose popula-
tion centers are located closer to the BOTAS network could, therefore, expand coverage at lower
marginal cost and at a faster pace, while those located farther away faced higher costs and slower
rollouts. In this way, proximity to the pre-existing pipeline network led to lower costs of FTTH
investment and earlier adoption of high-speed broadband.

This spatial pattern is evident in Figure A3, which shows the BOTAS pipeline network overlaid
on Tiirkiye’s provincial boundaries. We calculate, for each district 7, the minimum distance from
its center to the BOTAS pipeline network, Z,,. Province-level distances are then computed as
population-weighted averages of district distances in 2011:

Population,, 5y

Distance, = )

meo

Population, 5y X Zm- @)
This province-level measure captures how close the typical resident of province o was, before
deregulation, to the existing backbone network — and hence the relative cost of connecting to
it once private ISPs were allowed entry. Figure A4 shows the spatial variation in the measure,
highlighting how proximity to the BOTAS network differs markedly across regions of Tiirkiye.

In Table 1, we document that Distance, is orthogonal to pre-reform province characteristics
(2011), including GDP per capita, the share of adults with tertiary education, and the share of
internet subscribers: the estimated coefficients are small and statistically insignificant. Therefore,
the geography of the BOTAS pipeline network offers a natural experiment: it generated variation
in infrastructure costs that was pre-determined and unrelated to existing economic conditions.

In the first stage of our instrumental variable approach, we estimate the relationship between
tiber rollout and proximity to the BOTAS network at the province-year level. Specifically, we
regress the observed length of optical fiber cables (in logs, normalized by area) on the interaction
between provincial distance to the BOTAS network and year dummies for 20122018, controlling
for province fixed effects, year fixed effects, and a rich set of time-varying province characteristics,



Table 1: Distance to BOTAS Network and Initial Province Characteristics

Dependent Variable: IV: Distance,
@ @ ®) @) ©)

Log Internet Penetration (2011) 0.449 0.458
(0.318) (0.462)
Log GDP per Capita (2011) 0.0424 0.00565
(0.0297) (0.00869)
Log Area 0.00107 0.00153***
(0.00104) (0.000527)
Tertiary Education Share (2011) 1.138* -0.0616
(0.628) (0.628)
Observations 81 81 81 81 81
F stat. 1.989 2.041 1.056 3.282 3.579

Note: Each observation pertains to province. Internet Penetration is the ratio of internet subscribers to population.
Tertiary Education Share is the share of population with tertiary education. * 10%, ** 5%, *** 1% significance levels.
Robust standard errors are reported in parentheses.

including initial per capita income of the province:

2018
Inly; = o, + o + Z 67 (Distance, x D7) + X}y + €ot, ()
T=2012

where Distance, is defined in equation (1), and D7 are year dummies for 2012-2018. The vector X,;
includes initial province characteristics such as logged GDP per capita, area, internet subscription
rates, and the share of adults with tertiary education, each interacted with year dummies. Province
and year fixed effects, a, and a;, control for time-invariant provincial characteristics and aggregate
shocks, respectively.4

Figure 3 presents the estimated coefficients on the interaction terms (Distance, x D7), with 2019
as the omitted year. All coefficients are negative, indicating that provinces farther from the BOTAS
network had lower fiber intensity relative to the omitted year throughout the sample period. The
coefficients are largest in magnitude in the early years of the rollout (2012-2013) and converge
toward zero by 2018, indicating that the distance disadvantage attenuated over time. This pattern
is consistent with the logic of the instrument: fiber deployment began near the BOTAS backbone,
where expansion costs were lowest, and progressively extended to more distant provinces as the
rollout matured. The joint significance of the interaction terms is strong, with a Kleibergen—-Paap
F-statistic exceeding 160, ruling out concerns about weak identification.

4Qur first-stage specification is an “exposure design” in the spirit of Goldsmith-Pinkham, Sorkin, and Swift (2020): a
time-invariant cross-sectional exposure is interacted with year dummies to generate plausibly exogenous time variation
in fiber rollout. With province and year fixed effects, identification comes from differential changes in fiber deployment
across provinces with different baseline proximity to the backbone. The key identifying restriction is that conditional
on province and year effects and baseline province characteristics interacted with year dummies, baseline proximity
does not proxy for other time-varying shocks that differentially affect fiber deployment (or our outcome variables) over
2012-2018.
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Figure 3: Distance to BOTAS pipelines and First Stage Estimates
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Note: This figure plots the coefficient estimates and the corresponding 95% confidence intervals obtained from first-
stage regression of fiber connectivity on distance to BOTAS pipelines interacted with year dummies (see equation (2)).
The distance of a province to BOTAS pipelines is constructed as the weighted average of the distances of districts within
the province where district populations are used as weights. The Kleibergen—-Paap F-statistic is 161.7 (standard errors
clustered at the province level).

2.6 Empirical Validation: Internet Quality and Firm Connectivity

As a first pass, we examine whether the fiber rollout translates into observable improvements in
internet quality, firm-level adoption of high-speed broadband, and early changes in firm behav-
ior. This exercise also serves as an empirical validation of our identification strategy: if proximity
to the BOTAS network indeed captures informative variation in the cost of expanding fiber in-
frastructure, then provinces predicted to experience greater fiber rollout should exhibit faster and
more reliable internet connections, higher firm adoption rates, and behavioral shifts consistent

with reduced communication frictions.

Internet Quality. We first examine whether provinces with higher fiber intensity experience
measurable improvements in internet speed and reliability. Using Ookla’s province-level data
for 20162019, we estimate 2SLS regressions of average download and upload speeds, as well as
their within-province variances, on fiber intensity while controlling for province and year fixed
effects and interactions between baseline provincial characteristics and year dummies. Table Al
reports the results. A one percent increase in fiber connectivity is associated with about 2.4 and
4.8 percent higher average download and upload speeds, respectively, and a significant reduction
in within-province variation in speeds. These findings indicate that fiber rollout translates into
observable improvements in internet performance, supporting the validity of the instrument as a

measure of broadband quality rather than physical infrastructure expansion.

Firm-Level Adoption. Next, we assess whether the availability of better internet infrastructure

leads to greater adoption of high-speed internet by firms. Using the annual ICT Usage Survey, we
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estimate firm-level regressions of an indicator for connections exceeding 100 Mbps on provincial
fiber intensity. The roll-out went hand-in-hand with high take-up by firms. Figure A6 shows that
the share of firms with high-speed internet followed the trend in roll-out of fiber internet since
2011. 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 = In I3 + ag + ast + Sizeg + ey 3)

where the dependent variable takes on the value one if firm f adopts high-speed 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. The 2SLS estimate of the coefficient of interest is
positive and statistically significant (see Table A2), implying that firms located in provinces with
greater fiber rollout are more likely to adopt fast internet. The magnitude suggests that a 10 per-
cent increase in fiber availability (equivalent to a 0.10 log-point rise) is associated with an almost
4 percentage-point increase in the probability of high-speed adoption. To gauge the economic
relevance of this effect, note that the median province-level fiber intensity reached 0.31 (in logs)
by 2019, with a 10th-90th percentile range of about 0.4 log-points—roughly a 50 percent differ-
ence in actual fiber coverage. This variation implies a 16 percentage-point higher adoption rate
in the best-connected provinces. Given that the national share of firms with high-speed internet
increased from virtually zero in 2011 to about 30 percent by 2019, the magnitude of our estimate
suggests that differences in fiber rollout across provinces can explain a substantial share of the

observed diffusion of high-speed internet among Turkish firms.

Firm Behavior. Finally, we link improvements in predicted fiber connectivity to firm outcomes
using administrative data from the MolT, which record all domestic firm-to-firm transactions. Ta-
ble A3 reports 2SLS estimates of three outcomes: (i) the average geographic distance to suppliers,
(i) the share of input purchases from wholesalers, and (iii) total purchases from ICT-related indus-
tries. The results indicate that firms in provinces with greater fiber connectivity source inputs from
suppliers located farther away, consistent with a decline in the costs of remote coordination and
communication. The estimated coefficient implies that a 10 percent increase in fiber connectivity
raises the average supplier distance by about 0.7 percent, suggesting that broadband expansion
enables firms to integrate more distant suppliers into their production networks.

Firms also rely less on intermediaries: the share of purchases from wholesalers falls signifi-
cantly in provinces with higher predicted fiber rollout. This reduction in intermediation points to
more direct linkages between producers and end users, a pattern consistent with lower search and
information frictions in input markets. Finally, we find that firms in better-connected provinces
purchase more from ICT-related industries, indicating that improved broadband access stimulates
complementary investment in digital technologies and services.

Taken together, these findings suggest that the rollout of high-speed internet not only im-
proved communication infrastructure but also changed the way firms interact within domestic
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production networks. Enhanced broadband access appears to facilitate more complex, technology-
intensive transactions and broader geographic reach, validating that our measure of fiber expan-
sion captures substantive improvements in digital connectivity rather than nominal infrastructure
growth. Collectively, these patterns indicate a broad reorganization of production networks that
we document next, as the expansion of fast internet reshaped inter-provincial input sourcing and
supplier diversification.

3 Fiber Connectivity and Input Sourcing

The previous section showed that broadband infrastructure expansion translated into faster and
more reliable internet, greater firm-level adoption of high-speed connections, and measurable
changes in firms’ use of digital technologies. We now turn to our main question of how this
expansion in digital connectivity affected the structure of production networks across space. In
particular, we study whether firms reallocated and diversified their input sourcing toward better-
connected regions following the rollout of fiber-optic internet.

Measuring Bilateral Fiber Intensity. To study the effects of improved internet access on inter-
provincial trade in intermediate inputs, we extend our provincial measure of fiber intensity to the
bilateral level. Many of the interactions that sustain modern production networks — negotiating
contracts, exchanging technical specifications, resolving problems in real time, or sharing large
digital files — depend on synchronous communication between firms. Such interactions require
both parties to have sufficiently fast and stable internet connections to support smooth commu-
nication and real-time data transmission. When bandwidth is limited or connectivity unstable on
either side, these exchanges become slower, more error-prone, and costlier to sustain. In prac-
tice, therefore, the effectiveness of digital communication between two firms is determined by the
weaker of their two connections.

This technological complementarity motivates the construction of a bilateral measure of digital
connectivity that reflects the “weakest-link” nature of communication. We define bilateral fiber

connectivity between supplier province o and buyer province d in year t as:
In Tog = min{In Ly, In Ty}, 4)

where I,; denotes the predicted value of fiber intensity for province o in year ¢, obtained from
the first-stage regression described in Section 2. Specifically, I; represents the fitted value of the
logarithm of optical fiber length per square kilometer, instrumented by the interaction of provin-
cial distance to the BOTAS pipeline network with year dummies and controlling for province
and year fixed effects as well as initial provincial characteristics interacted with annual dummies.
Using predicted rather than observed fiber intensity isolates the exogenous component of broad-
band expansion that stems from historical and regulatory factors that are plausibly unrelated to

contemporaneous economic conditions.
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This bilateral measure provides a natural proxy for the effective level of digital connectivity
between provinces. It captures the fact that the benefits of fast and reliable internet for inter-
provincial transactions — such as improved communication quality, faster information flow, and
enhanced coordination of production — arise only when both trading partners have adequate dig-
ital infrastructure. Figure A5 illustrates the evolution of this measure between 2012 and 2019,
showing a noticeable rightward shift consistent with the rapid diffusion of fiber connectivity
across provinces.

We next exploit variation in this bilateral measure of connectivity to examine how improved

internet access shaped firms’ sourcing decisions across Turkish provinces.

3.1 Empirical Strategy

To understand the effect of improved digital connectivity on firms” input sourcing decisions, we
estimate how changes in bilateral fiber connectivity between provinces affect the intensity and
composition of firm-to-firm trade links over time. Specifically, we relate measures of firms” input
sourcing patterns across origin provinces to our bilateral measure of predicted fiber connectivity
described above.

Our baseline empirical specification takes the following form:

In Yoy = £10 Togp -+ Spr -+ Sot -+ Soi -+ €0t s, (5)

where b indexes buyer firms, o indexes supplier (origin) provinces, d denotes the (destination)
province in which buyer b is located, and t indexes years. The dependent variable, y,,, captures
different dimensions of the buyer-supplier relationship between firm b and suppliers located in
province o, as we explain below.

The specification includes an extensive set of fixed effects. Origin—destination fixed effects (,4)
capture all time-invariant determinants of bilateral trade, including geography, historical relation-
ships, and transport costs. Origin—year fixed effects (,t) absorb any time-varying shock specific
to a supplier province — such as new energy infrastructure investments, industrial policy inter-
ventions, or regional development programs. Buyer—year fixed effects (J;¢), which subsume desti-
nation-year effects, similarly absorb time-varying shocks to the buyer’s province, including local
demand conditions, regulatory changes, or public investment. The only remaining threat to iden-
tification is therefore a shock that varies at the origin—-destination—year level and is correlated with
bilateral fiber connectivity. Among such confounders, changes in bilateral transport infrastructure
— such as road upgrades between specific province pairs — are the most natural candidate. We
addpress this directly in one of our robustness checks, Table A1l by interacting baseline bilateral
travel times with year dummies. Our coefficient on fiber connectivity remains stable in this speci-
fication. As a further check, we apply the same specification using a placebo measure of bilateral
connectivity based on cable-TV subscription rates (Table A10). Cable-TV networks share similar

physical infrastructure with fiber networks but were not used for business-to-business communi-
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cation in Tiirkiye during this period. The null results reinforce the interpretation that our estimates
capture the effect of high-speed internet rather than broader infrastructure corridor effects.
Therefore, the identifying assumption in specification (5) is that changes in the rollout of fiber
infrastructure affect the evolution of buyer—supplier relationships across provinces only through
their impact on internet connectivity. The rich set of fixed effects ensures that the estimated co-
efficient 1 captures within-pair temporal changes in trade relationships that are associated with
improvements in bilateral connectivity, net of local and aggregate shocks. After presenting the
baseline results, we subject them to a battery of robustness checks. Standard errors are clustered
two ways by origin and destination province to allow for arbitrary correlation of shocks within

trading regions over time.

3.2 Reduced-Form Estimation and Baseline Results

Reallocation Across Origins. We begin by examining whether improved connectivity leads firms
to reallocate their input purchases toward better-connected provinces. For each buyer firm b and
year t, we compute the share of total input spending that comes from suppliers located in each

origin province o: S Purch
urchasesg, ;
— 5€0 sY,
Cost Share,, ; = Purch ,
)« Purchasesg ¢

where Purchases), ; denotes the total value of purchases made by buyer b from supplier s in year
t. This measure captures how much of a buyer’s material inputs are sourced from a given origin
province.

We then estimate equation (5) using In(Cost Share,; ;) as the dependent variable. The 2SLS
results, reported in column (1) of the lower panel of Table 2, show that the coefficient on bilateral
fiber connectivity is positive and highly significant. The estimated elasticity of 0.43 implies that a
10 percent increase in bilateral connectivity raises the share of inputs sourced from that province
by approximately 4.3 percent. The magnitude is economically meaningful when compared to the
observed variation in predicted broadband connectivity and sourcing patterns. The mean share of
inputs that a buyer sources from a given province is about 10 percent, corresponding to a mean log
value of 2.3 in our data. The estimated elasticity, therefore, suggests that a move from the 25th to
the 75th percentile of connectivity — an increase of about 0.4 log points or 50 percent in broadband
availability — raises the share of inputs sourced from that origin by approximately 18 percent, or
nearly 2 percentage points relative to the mean. These magnitudes indicate that the rollout of
broadband connectivity explains a quantitatively important portion of the reallocation of interme-
diate trade toward better-connected provinces, consistent with the interpretation that improved
internet access substantially reduced the costs of coordination and communication across regions.
Overall, our results indicate that firms systematically reallocate their purchases toward suppliers
located in regions with better digital infrastructure, consistent with lower communication costs

and smoother coordination.
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Table 2: Reallocation and Diversification in Input Sourcing

Dependent Variable: ~ Cost Share No. Suppliers Cost Share HHI New Connections
) @ ®) S

Panel A: OLS
Fiber Connectivity 0.510%** 0.325%** -0.107*** 0.0632***
(0.0549) (0.0297) (0.0136) (0.0196)
Panel B: IV
Fiber Connectivity 0.427*** 0.261*** -0.0846*** 0.0489***
(0.0469) (0.0268) (0.0118) (0.0175)
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. Number of Suppliers counts the distinct
suppliers of the buyer firm located in a given origin. Cost Share HHI is the Herfindahl-Hirschman Index of purchase
concentration across suppliers within the origin province. New Connections counts newly established supplier rela-
tionships relative to the previous year. Panel B uses Fiber Connectivity constructed using the instrument’s predicted
values, as defined in (4). * 10%, ** 5%, *** 1% significance levels. Standard errors are two-way clustered by origin and
destination provinces.

Diversification Within Origins. Next, we investigate whether improved connectivity also af-
fects the structure of firms’ supplier portfolios within provinces. To do so, we estimate equation
(5) using three alternative dependent variables that capture different aspects of within-origin di-
versification.

First, we consider the number of suppliers in province o that firm b purchases from in year ¢.
Column (2) of Table 2 shows that fiber connectivity between provinces o and d has a positive and
statistically significant effect on the number of suppliers. The coefficient of 0.26 on the number of
suppliers indicates that a 10 percent increase in bilateral fiber connectivity raises the number of
suppliers a buyer trades with in a given origin by about 2.6 percent. This implies, a move from
the 10th to the 90th percentile of predicted bilateral connectivity (an increase of ~ 1.42 log points)
raises the expected number of suppliers by about 45%, or almost one additional supplier at the
mean (1.8 suppliers).

Second, we examine the concentration of input purchases across suppliers within a province.
For each buyer—origin—year combination, we compute the Herfindahl-Hirschman Index (HHI) of

input purchase concentration:

Cost Share HHI,; = Z

s€o

Purchasesgy, ; 2
Y o Purchasesgy ;

Column (3) of Table 2 reports a negative and statistically significant coefficient of —0.08, indicat-
ing that improved connectivity reduces the concentration of purchases within source provinces.

Moving from the 10th to the 90th percentile of predicted connectivity lowers the HHI by about 11
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percent, from an average of 0.72 to roughly 0.64. This decline suggests that firms spread their pur-
chases more evenly across suppliers and become less dependent on dominant partners as internet
infrastructure improves.

Finally, we explore whether improved connectivity facilitates the formation of new supplier
relationships. Column (4) shows that the number of new supplier links that a firm establishes
with suppliers in province o rises with connectivity, with an elasticity of 0.05. These results to-
gether indicate that improved internet access not only shifts the geography of input sourcing
toward better-connected regions but also promotes greater diversification and relationship for-
mation within those regions.

Robustness Checks. We subject our results to a battery of robustness checks to ensure that the
estimated effects of fiber connectivity on firms” input sourcing patterns are not driven by mea-
surement choices, omitted variables, or specific features of the sample.

Alternative Measure of Connectivity. Our baseline specification defines bilateral fiber connectiv-
ity as the minimum of predicted fiber intensity between provinces, reflecting the “weakest-link”
nature of synchronous communication. To test the sensitivity of our results to this definition, we
construct an alternative measure based on the similarity of digital infrastructure between trading
partners:

lnTodt = - lnj:,t —lnfdt .

This measure captures how aligned the two provinces are in terms of broadband development
and is higher when both have similar levels of connectivity. Table A4 shows that the estimated
coefficients retain their signs and statistical significance relative to the baseline specification when
using this alternative measure of fiber intensity. These results confirm that the observed relation-
ship between broadband expansion and firm-to-firm trade is robust to alternative representations
of internet connectivity.

Additional Controls. We next include additional bilateral controls to rule out potential con-
founding channels. First, we add the absolute difference in GDP per capita between origin and
destination provinces to capture the fact that economically similar regions may trade more inten-
sively even absent broadband improvements. Second, we introduce a measure of 3G/4G mobile
connectivity, which proxies for access to mobile broadband services that could complement or
substitute for fixed-line fiber networks. As shown in Table A5, including these controls leaves
the main coefficients on fiber connectivity virtually unchanged, confirming that the estimated ef-
fects are not driven by differences in regional development or concurrent expansions in mobile
networks.

Exploiting the Source of Variation in Connectivity. Our bilateral connectivity measure is domi-
nated 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 bilat-
eral 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.
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Including Non-Manufacturing Suppliers. Our baseline analysis focuses on manufacturing-to-
manufacturing network, where supplier relationships are well-documented and relatively homo-
geneous. To test the external validity of our results, we expand the sample to include all supplier
firms, including those in services, trade, and other sectors. The results, reported in Table A7,
remain robust in both sign and significance, implying that improved broadband connectivity in-
fluences firm-to-firm transactions across a wide range of industries, not just manufacturing.

Excluding Multi-Region Firms. Because firms with establishments in multiple provinces might
establish internal supplier networks or reallocate purchasing across their own affiliates, their in-
clusion could bias the estimated effects of external connectivity. To check this, we re-estimate the
baseline specification excluding buyers and suppliers that operate in multiple provinces. Table A8
shows that the coefficient estimates remain qualitatively similar to the baseline sample, indicating
that the results are not driven by the presence of multi-region firms.

Long Differences Between 2011 and 2019. Next, we estimate a long-differences specification com-
paring cumulative changes in input sourcing between 2011 and 2019 to cumulative changes in
predicted fiber connectivity. This approach mitigates concerns about serial correlation in annual
data and captures long-run effects of broadband expansion. The results, presented in Table A9,
confirm that the provinces experiencing larger improvements in connectivity also experienced
greater reallocation and diversification of input purchases, consistent with the panel estimates.

Cable TV Rollout as Placebo Test. To confirm that our results capture the effects of broadband
communication rather than broader infrastructure deployment, we conduct a placebo test replac-
ing fiber connectivity with the minimum of cable-TV subscription rates at origin and destina-
tion. While cable TV networks share similar physical infrastructure (coaxial and fiber trunk lines),
cable-TV subscriptions in Tiirkiye during this period primarily served residential entertainment.
Unlike fiber-optic internet subscriptions, which were widely adopted by firms for business-to-
business communication and data exchange, cable-TV take-up among businesses was negligible.
As expected, the coefficients on this placebo measure are statistically insignificant across all out-
comes (Table A10), confirming that the observed effects stem from internet-enabled business com-
munication rather than from physical network expansion per se.

Interactions Between Travel Time and Year Dummies. A potential concern is that improvements
in fiber connectivity may coincide with changes in transportation infrastructure, which could also
affect inter-provincial trade. To address this, we interact inter-province travel times (from the GIS-
based road network data of Cosar et al. (2022)) with year dummies, thereby controlling for time-
varying reductions in physical trade costs. This controls flexibly for the possibility that province
pairs that are initially more or less remote follow different trade trajectories over time, which could
confound the estimated effects of fiber connectivity. Table A11 shows that our coefficients on fiber
connectivity remain stable, suggesting that the observed effects are not confounded by concurrent
improvements in road transport or logistics.

Excluding Origin-Destination Fixed Effects. We further assess the role of transportation frictions
by estimating the baseline specification without origin—destination fixed effects, which allows the
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bilateral travel-time variable to be identified. The results, reported in Table A12, indicate that
travel time is strongly and negatively associated with firm-to-firm trade intensity across provinces.
Longer travel times significantly reduce the cost share and number of suppliers from a given
origin and increase purchase concentration, as reflected in the positive coefficient on the HHI.
Importantly, even when controlling for travel time directly, the estimated coefficients on fiber
connectivity remain similar to the baseline estimates, reinforcing that improvements in digital
infrastructure exert an independent effect on trade link formation beyond what can be explained
by transportation costs.

Bilateral Instrument. Our baseline specification uses predicted values from province-level first-
stage regressions to construct bilateral fiber connectivity, which is a generated-regressor approach
rather than classical 2SLS. To verify that the nonlinear mapping from province-level instruments to
the bilateral treatment does not distort our estimates, we also estimate a specification that directly
instruments bilateral connectivity using an explicit bilateral function of the underlying distance

measures. Specifically, we construct Distance,; = max {Distanceo,Distanced}, where Distance,
is defined in equation (1). Since the province farther from the backbone determines the binding
constraint on bilateral connectivity, this instrument mirrors the weakest-link logic of our treatment
measure. Because Distance,; is time-invariant, we interact it with year dummies and use these
interactions as instruments for bilateral fiber connectivity in a standard 2SLS framework. Table
A13 presents the results. The first stage is strong, with a high KP-statistic, and the estimated
coefficients on bilateral fiber connectivity are quantitatively similar to those obtained under our
baseline approach across all four outcomes, confirming that our main findings are not sensitive to
the method used to construct the bilateral instrument.

Event-Study Evidence. Finally, we conduct an event-study analysis of the effects of improve-
ments in predicted fiber connectivity. Our setting departs from a canonical event-study frame-
work in two respects. First, our treatment variable is continuous. Second, even after discretiza-
tion, treatment timing differs across units because province pairs adopted fiber infrastructure at
different points in time. To address the first issue, we convert the continuous treatment into a
binary status variable. Specifically, we calculate the median of predicted fiber intensity across all
provinces and years and define the year of “treatment” for a province pair as the first year in
which both provinces record predicted fiber intensity above the full sample median. The resulting
treatment indicator therefore captures the transition from below- to above-median connectivity,
while naturally generating staggered adoption across province pairs. We then estimate dynamic
treatment effects using the approach proposed by Callaway and Sant’Anna (2021).° Figure A7
plots the estimated dynamic effects for the four main outcomes — cost share, number of suppli-

5There are several examples in the applied literature where continuous treatment variables are discretized for event-
study analysis. Callaway et al. (2024) discuss constructing discrete treatment bins, with the number and cutoffs chosen
to suit the empirical context. Danzer et al. (2024) employ the sample median to define above- and below-threshold
regions, and Akerman et al. (2015) define an “event” as the year of the largest increase in broadband availability to
convert a continuous rollout measure into a binary treatment. Our implementation follows these precedents: the me-
dian threshold reflects a meaningful structural break in fiber availability across provinces while maintaining sufficient
balance across treated and untreated groups.
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ers, purchase concentration (HHI), and new connections—based on this binary treatment variable
constructed from the predicted fiber measure. The estimates show no significant pre-treatment
trends and a clear post-treatment increase in sourcing and diversification outcomes, consistent
with the baseline 2SLS findings.

Across all these exercises—alternative measures, additional controls, heterogeneous effects,
and alternative samples—the estimated effects of fiber connectivity on firms’ sourcing behavior
remain positive, significant, and economically meaningful. The results are robust to accounting
for differences in regional income, mobile connectivity, transportation infrastructure, and firm
scope. Placebo tests yield null results, and both the event-study and long-difference specifica-
tions confirm the persistence and timing of the effects. Together, these findings provide strong
evidence that the rollout of high-speed internet, rather than correlated economic trends, drove the

reorganization of production networks across Tiirkiye over the sample period.

3.3 Discussion of Empirical Results

Our empirical analysis reveals two robust patterns. First, firms allocate a larger share of their
expenditures to suppliers located in provinces with better access to high-speed internet. Second,
conditional on sourcing from such provinces, firms diversify more evenly across suppliers. How
should we interpret these findings?

We argue that high-speed internet reduces two distinct frictions that shape production net-
works. The first is what we call communication costs—the ongoing costs of coordinating with
suppliers. Managing production schedules, exchanging design specifications, monitoring qual-
ity, and resolving problems require the transfer of large digital files, integration with cloud-based
enterprise resource planning systems, or frequent high-resolution video conferences. In provinces
with weak internet connectivity, these activities are slow, disrupted, and error-prone. By contrast,
provinces with robust digital infrastructure enable smoother, more reliable interactions, encour-
aging firms to allocate a greater share of their purchases toward such suppliers.

The second friction is information acquisition costs—the costs of learning about potential sup-
pliers. Firms increasingly rely on digital platforms to identify potential partners, to exchange
technical specifications, and to compare offers. For example, virtual plant tours allow firms to
verify production capacity without costly travel, and high-definition video conferencing makes it
possible to hold detailed negotiations with multiple candidates in quick succession. Large digital
files such as prototypes, CAD drawings, and compliance documents can be transmitted and as-
sessed more easily when bandwidth is abundant and reliable. These features make it feasible for
firms to expand the pool of suppliers they consider and to distribute orders more evenly across
them.®

If this interpretation is correct, we would expect the information acquisition channel to matter

6Tt is important to distinguish between acquiring precise information about potential suppliers and simply becoming
aware of their existence. The former depends on access to high-speed fiber internet, whereas the latter is primarily
linked to broadband connectivity (Malgouyres et al., 2021).
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more in industries where buyers face greater uncertainty about supplier productivity. To test this
hypothesis, we disaggregate our data by supplying industry and augment the baseline specifica-
tion to the buyer-origin—-supplying industry—year level. We then interact bilateral fiber connectiv-
ity with an indicator for industries characterized by high productivity dispersion. The indicator,
denoted High Prod. Dispersion, equals one for 2-digit NACE industries whose coefficient of vari-
ation of the sales-to-employment ratio in 2011 exceeds the cross-industry mean. Table 3 reports

results from estimating the following augmented specification:
In ylgb,t =1 Inly; + Inl,; x 1[High Prod. Dispersionlg] + Oy + 65 + 600 + €](§b’t, (6)

where k indexes the 2-digit NACE industry of the supplier, and &, denotes origin-industry-year
tixed effects.

Results in Table 3 confirm this prediction: the information acquisition effects are significantly
stronger in high-dispersion industries, consistent with fiber expansion relaxing information fric-
tions where supplier quality is most uncertain. Specifically, the positive and significant coefficients
on the interaction term in column (2) indicate that fiber connectivity leads to a greater increase
in the number of suppliers in industries with high productivity dispersion. Similarly, the nega-
tive and significant coefficient in column (3) shows that improved connectivity reduces purchase
concentration more sharply in these industries. By contrast, the communication friction effect,
captured by the cost share regression in column (1), is not differentially affected by industry-level
productivity dispersion, as indicated by the non-significant coefficient on the interaction term.
This pattern suggests that the communication cost channel operates similarly across industries re-
gardless of supplier heterogeneity, while the information acquisition channel is more salient where
ex ante uncertainty about supplier quality is greater.

Together, lower communication and information acquisition costs provide a unified explana-
tion for the spatial reorganization of production networks following fiber expansion. We formalize

these mechanisms in the model developed in the next section.

4 Theoretical Framework

With the empirical results in hand, we now lay out a general equilibrium framework of trade be-
tween provinces in which firms, facing imperfect information, make heterogeneous input-sourcing
decisions. The framework serves two main purposes. First, it enables us to quantify the aggregate
implications of improved access to high-speed internet that arise through the changes in sourcing
patterns documented above. Because our empirical strategy exploits variation across province
pairs and over time, the estimates identify relative shifts in sourcing but do not, on their own,
deliver aggregate effects. Embedding these mechanisms in a model allows us to bridge this gap.
Second, the framework provides a way to disentangle the underlying channels. The evidence in-
dicates not only that firms reallocate purchases toward provinces with better internet access, but

also that they diversify more evenly across suppliers located there.
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Table 3: Understanding the Channels: Communication vs Information Acquisition Costs

Dependent Variable: Cost Share No. Suppliers Cost Share HHI New Connections
@® @ ®) )
Fiber Connectivity 0.430*** 0.264*** -0.0861*** 0.0514***
(0.0467) (0.0270) (0.0119) (0.0177)
High Prod. Dispersion 0.143 0.619*** -0.369*** 0.162
x Fiber Connectivity (0.552) (0.271) (0.142) (0.125)
Fixed Effects:
Buyer x Year v v v v
Origin x Industry 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, a 2-digit NACE supplying industry, and a year.
All variables are in natural logarithms. Cost Share is the fraction of purchases of a buyer from the origin province.
Number of Suppliers counts the distinct suppliers of the buyer firm located in a given origin. Cost Share HHI is the
Herfindahl-Hirschman Index of purchase concentration across suppliers within the origin province. New Connections
counts newly established supplier relationships relative to the previous year. Fiber Connectivity is constructed using
the instrument’s predicted values, as defined in (4). * 10%, ** 5%, *** 1% significance levels. Standard errors are two-
way clustered by origin and destination provinces.

The model captures these mechanisms by explicitly incorporating two distinct frictions: com-
munication costs and information acquisition costs. Better internet access reduces communication
costs, making coordination with chosen suppliers more reliable and less expensive. It also lowers
information acquisition costs, enabling firms to identify and select lower-cost suppliers more ef-
fectively. Both channels reduce the effective input price index faced by firms and, in turn, lower
their unit costs of production.

The welfare implications of these reductions, however, are not unambiguous. On the one
hand, lower communication costs act as a direct reduction in the trade frictions between connected
provinces, shifting the sourcing distribution toward those regions. On the other hand, lower in-
formation acquisition costs increase the likelihood that firms discover cheaper suppliers, which
reduces sourcing costs but simultaneously intensifies competition. Provinces with relatively high
initial costs may lose market share, while those with lower costs may gain. These reallocations
feed back into equilibrium wages, potentially offsetting part of the initial input-cost advantage.

Thus, the aggregate welfare consequences of high-speed internet access depend on the inter-
action of these two forces. While both channels unambiguously reduce sourcing frictions at the
micro level, the general equilibrium outcome for real income across provinces depends on how
changes in input price indices interact with equilibrium adjustments in factor markets and trade

flows.

4.1 Model Setup

The theoretical framework is a model of inter-provincial trade in Tiirkiye, building on Eaton and

Kortum (2002), with endogenous firm-to-firm link formation as in Panigrahi (2021) and input
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sourcing under rational inattention as in Dasgupta and Mondria (2018). It features three key el-
ements aligned with our empirical findings. First, in addition to the standard iceberg trade costs
of shipping goods across provinces, firms face communication costs that capture the frictions of
coordinating production, exchanging design specifications, and managing transactions with sup-
pliers in different locations. These costs directly influence the attractiveness of sourcing from a
given province. Second, firms are imperfectly informed about the characteristics of potential sup-
pliers. To reduce this uncertainty, they allocate attention toward acquiring information. Attention
is scarce and costly, but by allocating more of it, firms improve their knowledge of suppliers’ cost
efficiency and increase the likelihood of forming profitable links. Third, access to high-speed in-
ternet reduces both types of frictions. Better connectivity lowers the cost of synchronous commu-
nication (e.g., video calls, data sharing, and real-time coordination) and also decreases the cost of
acquiring and processing information about potential suppliers (e.g., through digital directories,
online platforms, and virtual due diligence).

The economy consists of multiple provinces, indexed by o,d each endowed with a positive
measure of firms and households. The model is static and aims to capture the long-run steady

state of the economy.

Manufacturing Production

Firms in the manufacturing sector produce differentiated varieties and are heterogeneous in their
idiosyncratic productivity. Each firm combines locally supplied labor with intermediate inputs
sourced from potentially distinct sets of suppliers distributed across multiple provinces. Produc-
tion involves performing a collection of tasks, each of which requires specific intermediate inputs,
in addition to labor. The technology is assumed to exhibit constant returns to scale. In what fol-
lows, we suppress the identity of the buyer for simplicity of notation and describe the production
process for an anonymous firm located in province d. The production function, defined over labor

and a discrete number of tasks (indexed by k), takes the form:

K 14
Ya = kzgly ™" (H md(k)l/K> ,
1

where y; denotes the firm’s output, ¢; is the amount of labor employed, (k) is the quantity of
materials purchased to accomplish task k, z is the firm’s Hicks-neutral productivity, « is the mate-
rials share of costs, K is the number of tasks required in production, and x = a™* (1 — oc)_(l_“) isa
normalizing constant. This formulation of the production function in terms of the tasks performed
by intermediate inputs is similar to that proposed by Eaton, Kortum, and Kramarz (2022).

As in Panigrahi (2021), for accomplishing any task, the outputs of potential suppliers are per-
fectly substitutable within tasks of a firm, and the outputs of the same supplier can be used across
multiple tasks by the same firm. Furthermore, although the functional form across tasks may

resemble a Cobb-Douglas aggregator, the elasticity of substitution across suppliers is not fixed at
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one. Instead, itis given by ¢ > 1, the value of which is based on how likely it is to find a lower-cost
supplier as determined by the endogenous distribution of effective costs across provinces.

Firms are assumed to price competitively in the output market, setting prices at their unit cost
of production. Given the production technology, cost minimization implies that a constant share
of total costs is allocated to labor and to each of the K tasks. Accordingly, the demand for labor
and the demand for inputs required to complete each task are then determined by the local wage
rate and by the effective costs of inputs the firm faces for each task. Since the production function
is homogeneous of degree one in all inputs, the unit cost function is independent of the firm’s
output level and can be written in closed form as ¢; = %w}[‘" (H,Ile pa(k)” K) “, where w denotes
the local wage and p,(k) denotes the effective cost of accomplishing task k for the firm.

Having derived the unit cost function, we now turn to the firm’s choice of suppliers for each
task. Because inputs from different suppliers are perfectly substitutable within a given task, the
cost-minimizing firm selects the supplier that offers the lowest effective cost. Since tasks enter
symmetrically into the production function, we suppress the task index k for clarity. The effec-
tive cost of sourcing from supplier s is given by psy = ¢sT,4/ 54 Where ¢; denotes the supplier’s
marginal cost of production, 7,; denotes the iceberg trade cost of shipping the input from the sup-
plier’s province o to the destination province d, and a,; denotes the task-specific match produc-
tivity. Firms are imperfectly informed about suppliers” marginal costs and match productivities,
ex ante. They can allocate costly attention to learn more precisely about suppliers’ marginal costs,
while they rely on expected values for match-specific productivities. Supplier choice is, there-
fore, shaped jointly by trade costs, information acquisition costs, and expectations about match

productivity which capture communication costs.

Communication Costs

Communication costs enter the framework through match-specific productivities, which capture
how easily a buyer and supplier can coordinate to make their relationship function efficiently
for a given task. We assume that these productivities are idiosyncratic and independent across
suppliers and tasks, reflecting that a supplier who is a good fit for one task may not be equally
effective for another within the same buyer’s production process.

Formally, let a,; denote the match-specific productivity of supplier s, located in province o, for
a buyer performing a given task in province d. We suppress the task index k for clarity. These
draws are assumed to follow a Fréchet distribution,

P (as; < a)=exp (—qboda_g> ,

where { > 0 governs the dispersion of draws and ¢,, is a province-pair specific parameter. A
higher value of ¢,; corresponds to a higher expected quality of coordination between suppliers in

o and buyers in d, reflecting lower communication frictions.
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Information Acquisition Costs

We model firms as being rationally inattentive in the sense of Sims (2003). A firm begins with some
prior knowledge about the distribution of potential suppliers but can choose to devote costly
attention to learn more about their marginal costs. The decision of how much information to
acquire is made optimally, trading off the expected reduction in production costs against the cost
of processing additional information. In practice, this means that the firm’s choice of suppliers
can be represented directly as a choice over a probability distribution across available suppliers,
conditional on prior knowledge. Formally, the firm’s supplier choice problem for any given task

is expressed as:

log ps = min {g]E@ ;nsd In <CST0(s)d/as> + zp(nd,@)}, A= {nsd > 0,;% - 1} @)
where p; is the effective price of the task sourced by the firm located in d, © is the probability
measure that denotes prior knowledge of the firm, (I1;, ®) denotes the cost of acquiring infor-
mation, IT; = {7y}, and 75y denotes the probability of choosing supplier s for the task condi-
tional on prior knowledge. Firms do not acquire information about match-specific productivities
as4. Instead, they choose suppliers using the prior distribution of these draws. Because supplier
choice ultimately depends on effective costs psy = ¢sTo4/ 54, the Fréchet shape parameter { gov-
erns how strongly latent coordination shocks translate into economically relevant cost differences
across suppliers. When ( is larger, a given difference in supplier costs implies a larger difference in
the probability of being the lowest effective-cost supplier, so the value of information about costs
is higher relative to a fixed amount of attention. We capture this by measuring expected sourcing
payoffs in units scaled by {, while the information cost remains measured in attention units.

As in the rational inattention literature (Sims, 2003; Matéjka and McKay, 2015), we model
information costs as the reduction in uncertainty achieved by conditioning sourcing decisions on
information relative to an ex ante benchmark. Specifically, for a firm in province 4, the information

acquisition cost is
$(I1y, ©) = Q(Eo[Il]) — Ee[Q(I)],

where © denotes the firm’s prior over payoff-relevant states and Q)(-) measures the uncertainty
associated with a given vector of choice probabilities. Economically, this cost is larger when the
firm uses information to make its sourcing rule sharply state-contingent and highly selective, and
smaller when sourcing remains broad and diffuse across suppliers.

Following Fosgerau, Melo, de Palma, and Shum (2020), we take Q)(-) to be a generalized en-
tropy function that extends standard Shannon entropy to allow for different levels of information
resolution. For a firm located in province d, the uncertainty associated with a supplier-choice
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distribution I'l; is

Q(Hd) - = Zﬂsd /\o(s)d In 7754 + (A - Ao(s)d) 11’1( 2 ﬂs’d)] .

s'eo(s)

This nested entropy separates uncertainty at two margins: across suppliers within a given origin
and across origins themselves. The parameter A > 0 sets the overall scale of the entropy, while
the origin-specific parameter A,; € (0,A) governs how information about origin o is resolved
within the buyer’s sourcing problem. The ratio A,;/A € (0,1) serves as the nesting parameter:
higher values place relatively more weight on sharply distinguishing individual suppliers within
origin o and less weight on broader origin-level information, while lower values support more
diffuse sourcing across suppliers within that origin. At the extremes, A,;/A — 1 corresponds to
information being resolved at the supplier level, while A,;/A — 0 corresponds to information

being resolved only at the province level, so suppliers within an origin are effectively pooled.

Role of High-Speed Internet Access

To capture the effect of high-speed internet access on firms” input sourcing decisions, we introduce
reduced-form relationships linking fiber internet connectivity to both communication costs and
information acquisition costs. First, we specify that the scale parameter of the Fréchet distribution

governing match-specific productivities also depends on connectivity with a constant elasticity,

aln(Pod -
olnl, "

v > 0.

Higher connectivity thus raises ¢,4, increasing the expected quality of match-specific productivity
draws and thereby reducing communication frictions between suppliers in 0 and buyers in d.

Second, we assume that the information acquisition parameter is given by

1
— =7 +ninly,
Aod T o
where [,; denotes fiber connectivity between 0 and d. This formulation implies that when 77 > 0,
better internet access reduces the cost of acquiring information about potential suppliers.
Together, these two channels provide a tractable way to model how improvements in high-
speed internet access influence both communication costs and the information acquisition costs

entering firms’ sourcing decisions.

Local Non-Traded Sector

To capture the role of activities outside the manufacturing sector, we introduce a local non-traded
sector in each province. This sector encompasses non-manufacturing goods and services that
are both produced and consumed locally, without crossing provincial borders. Production in the
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non-traded sector uses only local labor under constant returns to scale. Let T; denote the province-
specific productivity level in this sector. Under perfect competition, firms in the non-traded sector
set prices equal to marginal costs, which implies that the local price index for non-traded goods in
province d is given by w;/Tj.

Household Preferences

On the demand side, we assume that each household supplies one unit of labor inelastically to
firms in its province and earns labor income equal to the local wage. Household consumption en-
compasses two broad categories: tradable manufacturing goods and locally produced non-traded

services. Preferences are represented by a Cobb-Douglas aggregator across these two components,

o (5) (%)

where C; denotes consumption of manufacturing goods, C; denotes consumption of local non-

traded goods and services, and B € (0, 1) is the expenditure share on manufacturing.

Preferences over manufacturing goods are modeled analogously to the production technology
described above, with a structure that explicitly incorporates tasks. Let there be a finite number of
tasks indexed by k. Consumption of manufacturing goods is then given by

k=1

K 1/K
Ca=1]1 (Z%d(k)>

where ¢,;(k) is the quantity of goods sourced from supplier s to accomplish task k. This specifi-
cation implies that utility takes the form of a symmetric Cobb—Douglas across tasks, with perfect
substitutability among suppliers within each task, consistent with the firm-side technology.

As in production, households are imperfectly informed about the full set of available suppliers
ex ante. They face information frictions in learning about suppliers’ characteristics and therefore
allocate limited attention optimally across tasks. In line with the rational inattention framework,
households choose a vector of conditional choice probabilities over suppliers, balancing the ex-
pected gains from more accurate supplier selection against the cost of acquiring and processing
information.

4.2 Equilibrium

With the model primitives established, we now characterize the equilibrium of the model econ-
omy. The exposition proceeds in several steps. First, we derive the supplier choice probabili-
ties that govern firm-to-firm trade. These probabilities formalize how trade costs, information
frictions, and communication costs jointly determine the allocation of sourcing across potential
suppliers, and thereby shape the structure of production networks.
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Next, we present the market-clearing conditions for goods produced by manufacturing firms,
consistent with the derived supplier choice probabilities. In the non-tradable sector, market clear-
ing implies that local prices are pinned down by local productivity and wages. In each province’s
labor market, equilibrium requires that the inelastic local supply of labor equals total demand
from firms operating in that province.

We then define household welfare as a function of labor income and the expected prices of
both tradable goods produced by manufacturing firms and non-tradable goods and services. This
welfare measure provides the basis for evaluating counterfactual equilibria.

Finally, we outline how the framework is used to quantify the aggregate welfare gains from
improved access to fiber-optic internet. The analysis isolates the distinct contributions of reduced
communication costs and information acquisition costs, thereby disentangling their respective

roles in shaping equilibrium sourcing patterns and aggregate welfare outcomes.

Supplier Choice Probabilities and Firm-to-Firm Trade

We characterize firm-to-firm trade through the posterior probabilities of supplier selection, which
arise as the solution to the rationally inattentive firm’s input sourcing problem. These probabilities
represent the equilibrium distribution over potential suppliers that minimizes the expected cost
of inputs subject to an information acquisition constraint. They are conditioned on the marginal
costs of potential suppliers but are taken in expectation over match-specific productivities, which
remain unknown to the buyer at the time of supplier choice. Because match-specific productivities
are assumed to be independent and identically distributed across tasks within a firm, the proba-
bility that a given supplier s is selected for one task is identical to the probability of being selected
for any other task.

Given the firm’s input sourcing problem described in equation (7) and the specified functional
forms for communication costs and information acquisition costs, we can derive a closed-form
characterization of these posterior probabilities. The resulting expression defines, for any firm
located in province d, the conditional probability of choosing supplier s from the set of potential
suppliers, as summarized in the following proposition. This characterization provides the microe-
conomic foundation for the formation of inter-firm links in equilibrium, which in turn determines

the structure of the production network.

Proposition 1. The probability with which any firm located in d selects supplier s for any given task,
conditional on its marginal cost of production being cs, is

TCsdo(s) = T/ e’ (8)
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where 7T, denotes the probability of choosing a supplier from province o and 7ty,(s) the probability of

choosing supplier s conditional on having chosen to source from the province where it is located, o(s).

See Appendix C.1 for the proof.

The posterior supplier choice probabilities stated above exhibit a structure closely related to
that of a nested logit model, with the distinction that they are adjusted by the vector of prior prob-
abilities, I'T;. These priors reflect firms’ ex ante beliefs about the relative attractiveness of sourcing
from different provinces and suppliers before allocating attention or acquiring new information.
As expected, higher prior probabilities translate into higher posterior probabilities, since firms
that are initially perceived as more favorable are more likely to be selected once information is
updated.

Equation (8) characterizes the probability of choosing a supplier within a given province, while
equation (9) gives the probability of sourcing from that province. The inner probability reflects
competition among individual suppliers and highlights that firms with lower marginal costs, af-
ter accounting for trade and information frictions, are more likely to be selected. The outer prob-
ability, in turn, captures the allocation of sourcing across provinces as a function of relative costs,
information acquisition parameters, and communication efficiencies.

Importantly, the structure of these choice probabilities maps directly into observed firm-to-firm
sales data, providing a transparent link between theory and empirics. This mapping facilitates the
estimation of the model, as discussed in Section 5, and allows the comparative statics implied by
the model to align closely with the reduced-form patterns documented in Section 3. The frame-
work thus provides a coherent bridge between the micro-level mechanisms of supplier choice and
the aggregate empirical relationships observed in the data.

Role of High-Speed Internet Access

The supplier choice probabilities together with our assumptions on the reduced-form relation-
ships between the two cost channels and fibre connectivity shed light on how comparative statics
arising from the model deliver the reduced-form results we presented in Section 3.

Information Acquisition Costs and Sourcing Concentration: Improvements in fibre connec-
tivity shape the concentration of supplier sourcing within locations through their impact on in-
formation acquisition costs. In our framework, firms face a cost of acquiring information about
potential suppliers in each origin province o. This cost determines how much attention firms
optimally allocate across suppliers when deciding from whom to source.

Improved connectivity affects sourcing concentration through two opposing forces. First,
higher {/A,; sharpens the buyer’s responsiveness to cost differences, which, holding the set of
actively considered suppliers fixed, concentrates purchases on the lowest-cost suppliers. Second,
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lower information costs expand the set of suppliers about which it is profitable to acquire infor-
mation, spreading attention across a broader pool and reducing concentration. As Dasgupta and
Mondria (2018) show, when information costs are sufficiently high, so that buyers actively con-
sider only a small subset of available suppliers, a decline in these costs generates diversification
and HHI falls. Intuitively, the main effect of cheaper information in this regime is to bring previ-
ously ignored suppliers into the consideration set, rather than to sharpen discrimination among
those already considered.

In our setting, the pre-fiber environment corresponds precisely to this high-cost regime: before
the rollout of high-speed internet, the cost of acquiring information about distant suppliers was
prohibitively high, limiting firms to a narrow set of known partners. The subsequent decline
in information costs induced by fiber connectivity generates the diversification documented in
Section 3.

Communication Costs and Origin Sourcing Probabilities: Beyond information acquisition,
fiber connectivity directly affects firms” ability to coordinate and communicate with suppliers
across space. In the model, this effect enters through a communication cost channel that reduces
the effective cost of transacting with suppliers located in a given origin province 0. Communi-
cation costs capture the difficulty of synchronous interaction which are particularly sensitive to
digital infrastructure. Better internet quality I,; lowers these costs, thereby increasing the attrac-
tiveness of sourcing from that province.

Fibre connectivity thus influences equilibrium sourcing probabilities not only by improving
the information firms can obtain about suppliers (the information acquisition cost channel), but
also by reducing the fixed and variable costs of interacting with them (the communication cost
channel). The total effect of improved connectivity on bilateral sourcing from o to d can be
obtained by differentiating In 77,4 with respect to InI,;. Writing the origin-level numerator as

Ay = 7, dfojf/ )‘I;Yd/ )‘Sé‘gd/ )‘, where S,y = Y.oc, Tsd|oCs ¢/Mai ig the within-origin inclusive value, a
straightforward application of the chain rule yields

dinmy; 11— 11y

T I:d =— 0 (7 — ’7)\551 InS,; — C;y/\odsg Tlsd|o lnc5> . (10)

The elasticity reflects three distinct forces, scaled by the inverse of the outer-nest entropy weight
1/A. The first term, -y, captures the direct communication channel: better connectivity raises the
expected quality of match-specific productivity draws, making origin o more attractive. The sec-
ond and third terms arise from the information-acquisition channel. Because 1/Ay; = 77 +In I,
higher connectivity lowers A,;, which affects the origin’s attractiveness through two reinforcing
forces: —nA2,In Sy, captures the variety effect (positive, since InS,; > 0, reflecting that sharper
cost-sensitivity amplifies the value of deep supplier pools), and —CiAog ¥ 75400 In s captures cost-
selection reinforcement (also positive, since share-weighted log costs are typically negative).

The combined effect on 71,; is thus unambiguously positive when 7,7 > 0: both the com-
munication channel and the information-acquisition channel raise the sourcing probability. This
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comparative static implies that provinces experiencing larger improvements in fiber connectiv-
ity should exhibit stronger increases in incoming firm-to-firm links, consistent with the empirical

patterns documented earlier.

Market Clearing for Local Non-Tradables

Consumers in province d spend a constant share of their income 1 — 8 on local non-tradables.
This implies expenditure on local non-tradables is given by (1 — )w,L;. Demand for local non-
tradables is then given by (1 — B)T;L,.

Labor Market Clearing Since the local non-tradable sector prices competitively in the output
market, its revenue from sales equals the cost of production. Given the technology of production,
the cost of production is given by w;L; nt where L; Nt is the amount of labor employed in the
non-tradable sector. Together, this implies that a share (1 — §) of workers in d are employed in the
non-tradable sector, L; y7 = (1 — B) L.

The remaining share § of workers would then be employed in manufacturing. As per their
production function, manufacturing firms in any province d spend a constant share 1 — « of their
inputs costs on labor. It then follows that the demand for labor by a manufacturing firm b located
in province d can be expressed as ¢(b) = wid(l —a)cpya(b).

Putting these together, the total demand for labor by manufacturing firms in province d is
given by

BLi =) La(D).

bed

Substituting respective values, the wage bill of manufacturing firms in d can be expressed as:

Bwalg = (1—a) ) cpya(b).

bed

Market Clearing for Manufacturing Goods

The total demand for manufacturing goods in province d can be obtained by aggregating demand
for intermediates by buyer firms and demand for final consumption by households, both poten-
tially distributed across multiple provinces.

For a buyer firm b located in province d, the expected share of tasks that supplier s is selected
for is given by 7,y defined above. Since the production function of manufacturing firms features
symmetric and Cobb-Douglas tasks, the expected share of expenditures on inputs of the buyer
firm that is due to purchase of goods from firm s is a7ry;. Since manufacturing firms are assumed
to price competitively in the output market, the expenditure on firm s goods is a7s4cpy,(b) where
y4(b) denotes the output of buyer firm b. The demand for goods from s is then amtg cpy,(b)/cs.
Similarly, the demand for goods from s for final consumption in d is rrywsL;/cs. Aggregating

31



across buyer firms and households spread across all provinces, the demand for firms s goods is
given by:

1

Yols) = =) (Z artsgepya(b) + ) ﬁrrsdwd) .

Cs "3 \bed hed

Noting that the supplier choice probabilities 77(s,d) are the same for all firms and households

in d, this further simplifies to

CsYols) =) (“ﬂsd Y coya(b) + ,Bﬂsdded> .

d bed

Expressing firm revenues in terms of their wage bill, we can rewrite this condition as:

woﬁo(s) = Znsdﬁwdl‘d-
d

Summing across all suppliers in o then gives us the aggregate trade equilibrium condition:

woL, = Z nodded. (11)

d
Equation (11) is the labor market clearing condition for each province. It equates the labor in-
come (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.

4.3 Welfare Analysis

The model lends itself naturally to welfare analysis. We define welfare as the indirect utility of
households which itself depends on nominal wages, the price index for the non-tradable manu-
facturing sectors, and more crucially the expected price of manufacturing goods. The expected
price of manufacturing goods for households coincides with the optimized value of the objective
function for the firm’s input sourcing problem. This is because the household’s supplier choice
problem is assumed to be analogous to that of the manufacturing firms. The following proposi-
tion characterizes the expected prices and hence the price index of manufacturing goods faced by

households at each province, and hence welfare across provinces {V;} .

Proposition 2. The indirect utility is given by:
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where Py is given by:

s€o

Aoa/ A
A _ _ -
Py = exp _ZIEG) In Z nodrodg/)ﬁ);é)‘ (Z Tsd|oCs gm"”’)
0
See Appendix C.2 for the proof.

Gains from Trade The model presented here departs from the class of trade models studied in
Arkolakis et al. (2012) (ACR) in which welfare changes can be summarized by two sufficient statis-
tics: the domestic expenditure share and a constant trade elasticity. In ACR-type frameworks, bi-
lateral trade shares exhibit a constant elasticity of substitution with respect to trade costs, typically
arising from CES preferences or Fréchet productivity draws with an invariant shape parameter. In
our model, the trade elasticity is {/A, where A is the outer-nest entropy weight; but information
and communication frictions endogenously alter the elasticity of substitution across suppliers.
The derivative of sourcing probabilities with respect to fiber connectivity, shown in equation (10),
depends on A,;, which itself varies with the level of fiber connectivity I,; and the distribution of
supplier marginal costs within each origin. This feature breaks the constant elasticity structure that
underpins ACR'’s sufficiency results. As a consequence, welfare changes in this environment can-
not be summarized solely by changes in the domestic expenditure share; rather, they depend on
how information and communication technologies reshape the effective distribution of sourcing
elasticities and the composition of firm-to-firm links across origins. Furthermore, the model also
departs from richer models featuring search and matching frictions but with constant elasticities
studied in Arkolakis et al. (2025). Only in the special limiting case, when information acquisition

costs are absent (7 = 0) does the model nest the ACR structure as a particular case.

Counterfactual Equilibria. To construct the counterfactual equilibrium, we simulate the Turkish
economy under the same exogenous fundamentals that prevailed in 2012, prior to the large-scale
expansion of the optical fiber network. The only change is that the spatial distribution of fiber
infrastructure is updated to reflect the average annual improvement observed between 2012 and
2019. To compute this counterfactual, we adopt the “exact hat algebra” methodology of Dekle
etal. (2008), following its adaptations to settings with granular data in Dingel and Tintelnot (2020)
and Panigrahi (2021). All equilibrium relationships are expressed in proportional changes relative
to the baseline equilibrium, allowing the counterfactual to be solved without fully recomputing
the level system.

A key distinction in our setting is that the elasticity of firm-to-firm trade with respect to sup-
plier marginal costs varies with fiber connectivity, so the proportional neutrality that enables the
full cancellation of primitives in standard hat algebra no longer applies. In addition, the welfare
expression in Proposition 2 is written as an expectation with respect to buyers’ prior information.
In the quantitative implementation, however, the economy features a large number of buyers, and

buyer-specific prior distortions are assumed to be idiosyncratic and mean-zero in the cross sec-
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tion. As a result, the aggregate prior entering the equilibrium allocation is well approximated by a
uniform prior in the large-market limit. Under this aggregation, the prior-information expectation
in Proposition 4 is equivalent to the deterministic price-index representation used in the counter-
factual system. The hat-algebra exercise should therefore be interpreted as solving the counterfac-
tual for the large-market aggregate economy, in which individual buyer-level prior heterogeneity
washes out, while the non-constant sourcing elasticities induced by information frictions remain
central for equilibrium and welfare. Accordingly, we explicitly recover the relevant primitives
from the estimated structural model and use them to construct shocks representing changes in
information acquisition and communication costs.”

We evaluate the welfare implications of improved connectivity by comparing household wel-
fare in 2012 to its level in the counterfactual equilibrium where only the fiber network has ex-
panded. This exercise isolates the component of welfare growth attributable to the rollout of
optical fiber infrastructure, as transmitted through reductions in communication and information
frictions, while holding constant all other economic fundamentals. The resulting equilibrium re-
flects both the direct reduction in intermediate input costs and the indirect general-equilibrium

responses, including differential adjustments in wages across provinces.

5 Estimation and Calibration

The theoretical framework developed in the preceding section provides a foundation for quan-
tifying the welfare effects of high-speed internet expansion. Doing so requires assigning values
to the model’s structural parameters and solving for counterfactual equilibria under alternative
fiber connectivity scenarios. This section describes how we calibrate the model, estimate the key
elasticities governing the response of sourcing behavior to internet access, and implement the
quantitative analysis.

We proceed in two steps. First, we estimate the parameters that govern how fiber connectivity
affects communication and information acquisition costs,namely, the communication-cost elastic-
ity (7/A), the intercept of the information cost function (A7), and its slope with respect to con-
nectivity (Ay). Because the outer-nest entropy weight A enters only as a common scale absorbed
by fixed effects, only these composites are identified from the data. These parameters are cen-
tral to the model’s predictions and are identified using variation in fiber rollout across provinces
and over time. Second, we calibrate the remaining structural parameters: the materials share of
costs («), the consumption share of manufacturing goods (), and the trade elasticity ({/A)—using

standard values from production statistics and the trade literature.

5.1 Estimation of Fiber Connectivity Elasticities

The key parameters to be estimated, v/ A, A7j, and Ay, determine how improvements in fiber con-

nectivity translate into reductions in communication and information acquisition costs. To identify

7See Appendix C.3 for details on the construction of the counterfactual equilibrium.
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these parameters, we operationalize the supplier choice probabilities derived in Proposition 1 as
a nested logit model. The nested structure reflects the two-stage nature of firms” sourcing deci-
sions: first, the selection of a province from which to source inputs (the outer nest); and second,
the selection of a specific supplier within that province (the inner nest).

Estimation Framework

Making explicit the panel dimension of the data with subscript ¢, the nested logit probabilities
take the following form:

exp <ln Tsdjo(s) — § (17 +7ln Io(s)d,t) In cst>

TCsdlo(s),t = _ _ ’ (12)
25’60(5) exp (11’1 TCs'dlo(s) — 4 (77 +7 In Io(s)d,t) In Cs’t)
exp (N —{InTog +yIn Loy + IVo44)

7T, — 7
od,t Zo/ exp (ln Tord — gll’l Tord + 7Y In Io’d,t + IVo’d,t)

(13)

where the inclusive value is given by

1
Wy = ————1 In7teg, —C(7+nInly)l .
od,t ,7—|—1711’110d,t n <s€20exp ( nﬂsd\o é(ﬂ+;7 n Od,t) ncst))
The inner nest probability in equation (12) characterizes the choice of a supplier conditional on
having selected a province, while the outer nest probability in equation (13) governs the choice

among provinces.

Identification and Estimation Strategy

Estimation of this nested logit model requires controlling for several unobservable quantities: sup-
pliers” marginal costs cs;, which vary across firms and over time, and the unconditional choice
probabilities 77,4, and 77,4, which capture firm- and market-specific demand shifters. From a
tixed-effects perspective, these introduce a high-dimensional set of nuisance parameters.

To address the resulting computational challenges, we adopt a sequential estimation strategy.
In the first stage, we estimate the inner nest, which governs firms’ choice of suppliers within a
province, while holding province-level characteristics constant. Because the inner nest exponent is
linear in parameters, PPML directly yields reduced-form coefficients on Inc;; and on Inc - In Iy,
whose ratio identifies /7. In the second stage, we estimate the outer nest, which governs the
choice of province, using a rescaled inclusive value IV od¢ constructed entirely from first-stage es-
timates. Crucially, IV,;; depends only on 1/, not on 7 separately, because its prefactor approxi-
mates 77,4 to first order, so v odt R MAoqInSy44. The coefficient on this regressor in the outer nest
then identifies 1/ (A7), where A is the outer-nest entropy weight. Because A enters the outer nest
as a common scale factor absorbed by fixed effects, only the ratio 1/ (A7) is identified from the
data; the level of A is a normalization. This two-step procedure follows standard approaches to
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nested logit estimation in settings with large choice sets and ensures consistency in the presence
of unobserved heterogeneity.

To address potential endogeneity of fiber connectivity arising, for example, from correlation
between fiber rollout and unobserved supply- or demand-side shocks, we employ a control func-
tion approach. Specifically, we include in both stages a control constructed from the residual of a
tirst-stage regression that uses the instrumental variable described in Section 3. This strategy miti-
gates bias and allows us to recover consistent estimates of the target elasticities. Further details on
the estimation procedure, including the construction of proxy variables (Section D.1), the PPML
implementation (Section D.2), and the control function approach (Section D.3), are provided in

Appendix D.

5.2 Calibration of Remaining Parameters

We now turn to the calibration of the remaining structural parameters: the trade elasticity /A,
the materials share &, and the manufacturing consumption share .

Trade Elasticity. Equation (9) establishes that trade costs enter the outer nest as T(;f/ A so the
trade elasticity is (/A = —%’}W. Following the quantitative trade literature, we set (/A =

6.1, consistent with the estimate reported by Adao et al. (2017). This value lies near the median of

empirically estimated trade elasticities surveyed in Head and Mayer (2014).

Production and Consumption Shares. The materials share in manufacturing production, &, is
set to 0.7, corresponding to the average ratio of intermediate input expenditures to total costs
across firms in our dataset. The consumption share of manufacturing goods in final demand,
B, is set to 0.18 based on national expenditure data from the Turkish Statistical Institute (TUIK),
ensuring consistency between the model’s sectoral structure and the observed composition of
household spending.

Table 4 summarizes all estimated and calibrated parameter values. Goodness-of-fit tests con-

tirming the model’s ability to replicate observed sourcing patterns are reported in Section D.6.

6 Welfare Effects of High-Speed Internet Infrastructure

With the model parameters estimated and calibrated in Section 5, we now turn to the quantitative
analysis. This section solves for counterfactual equilibria under alternative fiber connectivity sce-
narios and evaluates the resulting welfare effects across provinces. To our knowledge, this exercise
provides the first general equilibrium quantification of the welfare gains from ICT infrastructure
improvements that arise through reductions in both communication and information acquisition
costs.

We proceed in two steps. First, we construct the shocks to communication and information

acquisition costs implied by the observed changes in fiber connectivity between 2012 and 2019.
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Table 4: Parameter Values

Parameter Value Source

Information Acquisition Costs:

Intercept Al 0.666 Estimated
(0.002)
Elasticity w.r.t Fiber Connectivity Ay 0.023 Estimated
(0.008)
Communication Costs:
Elasticity w.r.t Fiber Connectivity y/A  0.462 Estimated
(0.024)
Trade Elasticity /A 6116 Adao etal. (2017)
(0.948)
Materials Share of Costs % 0.7 Data
Manufacturing Share of Consumption 0.18 TUIK

Note: Standard errors are reported in parentheses for estimated parameters.

Second, we solve the equilibrium system using the hat algebra methodology to compute welfare
changes, decomposing the total gains into the separate contributions of each channel.

6.1 Construction of Counterfactual Shocks

With the structural parameters estimated and calibrated, we now construct the shocks to commu-
nication and information acquisition costs that drive the counterfactual analysis. These shocks are
based on the observed province-pair improvements in fiber connectivity realized between 2012
and 2019.

For each province pair (0,d), we compute the change in fiber connectivity as the average
change between the 2019 and 2012 levels:

1
7o <Iod,2019> /7
od =\ 7 ) -
0d,2012
Using the estimated parameters from Section 5, we translate this connectivity improvement into
shocks to the two friction channels.
First, the communication cost channel responds to connectivity through the scale parameter

of the match-specific productivity distribution. Since ¢,; = Igd enters the outer nest as cpgé A the

effective shock is:
/A Fy/A
4)od - Iod '

A higher /A implies that communication frictions fall more steeply as connectivity improves,
making suppliers in well-connected regions relatively more attractive.

Second, the information acquisition cost channel responds through the cost-sensitivity ratio
governing attention allocation. As connectivity improves, the ratio Aoy /A = 1/ (A7 + Aylnly,)

falls, sharpening the buyer’s responsiveness to cost differences among suppliers. This generates a
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shock A that varies with connectivity and the estimated parameter A7.

Together, these two shocks provide the necessary exogenous variation to solve the counterfac-
tual equilibrium system using the hat algebra methodology of Section 4. This approach allows us
to isolate the effects of fiber rollout while holding all other economic fundamentals fixed at their
2012 levels.

6.2 Quantitative Results: Decomposing Welfare Gains

We take the Turkish economy in 2012 as the reference equilibrium and expose it to the province-
pair improvements in fiber connectivity observed between 2012 and 2019. The counterfactual asks:
how much would real income in each province have changed had the 2012 economy experienced
these connectivity improvements, holding all other fundamentals fixed?

Figure 4: Distribution of Provincial Welfare Gains and Channel Decomposition
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\
\
\

0% 0.4% 0.8% 0.1% 0.2% 0.3% 0.4%
Welfare Gains Decline in Communication Costs

Note:The left panel shows the cross-provincial distribution of annualised welfare gains attributable to the 2012-2019
expansion of fibre infrastructure. The right panel plots each province’s gain from the communication cost channel
against its gain from the information acquisition cost channel, illustrating the relative contribution of each margin.
Both panels report median gains across 200 bootstrap draws of the structural parameters.

To disentangle the channels through which improved connectivity affects welfare, we compute
counterfactual equilibria that separately isolate reductions in communication costs and reductions
in information acquisition costs. When both frictions decline jointly, we find an annualized me-
dian welfare gain of approximately 0.36 percent, with gains ranging from roughly 0.26 percent at
the lower quartile to 0.48 percent at the upper quartile. Isolating each channel individually, we
find a median gain of 0.13 percent from the decline in communication costs alone and 0.21 percent
from the decline in information acquisition costs alone. These two contributions sum to 0.34 per-

centage points, slightly below the joint effect of 0.36 percent, indicating modest complementarity
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Table 5: Annualized Welfare Gains: Summary Statistics by Channel

Welfare Changes
1) (2 3
Decline in:
Communication Costs v v
Information Acquisition Costs v v
Mean 0.4% 0.14% 0.26%
[0.33%, 0.48%] [0.11%, 0.18%]  [0.22%, 0.3%]
(0.3%, 0.5%) (0.1%, 0.2%) (0.2%, 0.31%)
Lower Quartile 0.26% 0.12% 0.11%
[0.21%, 0.32%] [0.09%, 0.15%] [0.09%, 0.13%]
(0.19%, 0.34%)  (0.08%, 0.17%)  (0.08%, 0.14%)
Median 0.36% 0.13% 0.21%
[0.29%, 0.43%]  [0.1%,0.17%]  [0.18%, 0.26%]
(0.27%, 0.46%)  (0.09%, 0.18%)  (0.16%, 0.27%)
Upper Quartile 0.48% 0.16% 0.36%
[0.4%, 0.59%] [0.12%, 0.2%] [0.3%, 0.43%]
(0.37%, 0.61%)  (0.11%, 0.22%)  (0.27%, 0.44%)

Note: Each entry reports the median annualised welfare gain across provinces, together with summary statistics of the
cross-provincial distribution. Confidence intervals are obtained by bootstrapping the quantification exercise 200 times,
drawing all structural parameters from a normal distribution centred at their point estimates with standard deviations
equal to their standard errors. Numbers in round brackets are 95% confidence intervals; numbers in square brackets
are 90% confidence intervals.

between the two channels.® Table 5 and Figure 4 report the full distribution of gains and their
channel decomposition.’

The annualized median welfare gain of approximately 0.36 percent corresponds to a cumula-
tive gain of approximately 2.5 percent over the 2012-2019 period. For comparison, Cosar et al.
(2022) estimate welfare gains from highway upgrading in Tiirkiye of around 2-3 percent, suggest-
ing that digital infrastructure generates welfare returns of a comparable order of magnitude to
major physical infrastructure investments.

Figure 5 maps the provincial distribution of these welfare gains. Panel (a) reveals that gains are
broadly positive across the country but highly heterogeneous, reflecting the uneven geographic
rollout of fiber infrastructure over the period. Provinces in the eastern and northeastern regions
tend to record gains at the upper end of the distribution, reflecting larger reductions in bilat-
eral information acquisition costs along their trade links. Notably, the rank correlation between
a province’s own fibre expansion and its welfare gain is only modest (0.23), underscoring that
gains depend on the improvement in bilateral connectivity with trading partners rather than on a

province’s own infrastructure rollout alone. Panels (b) and (c) show that the two channels exhibit

8Relative to the class of trade models studied by Arkolakis et al. (2012), our framework highlights an additional
source of welfare gains: reductions in information acquisition costs. Because such frictions are absent in those models,
the associated gains are necessarily omitted.

9To obtain confidence intervals, we bootstrap the quantification exercise 200 times. In each bootstrap, we draw
the parameters listed in Table 4 from a normal distribution with a mean equal to their point estimate and a standard
deviation equal to the standard error of the estimate.
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Figure 5: Welfare Gains from Fibre Infrastructure Expansion across Turkish Provinces

T
-0.21% 0.26% 0.35% 0.47% 1.09%
(a) Total Gain

—— ——
006%  011%  013%  016%  0.41% -032%  011%  021%  035%  098%

(b) Communication Cost Channel (c) Information Acquisition Cost Channel

Note: Each map plots the annualised welfare gain for each of the provinces attributable to the 2012-2019 expansion
of fibre infrastructure. Panel (a) shows total gains. Panel (b) isolates the contribution of lower communication costs;
panel (c) isolates the contribution of lower information acquisition costs. All gains are medians across 200 bootstrap
draws of the structural parameters.
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distinct spatial footprints. Gains from the decline in communication costs (panel b) are strongest
in the large, economically central provinces — Istanbul, Kocaeli, Izmir, Ankara — where the vol-
ume of inter-provincial trade is greatest and reductions in communication costs translate into the
largest trade share reallocations. By contrast, gains from the decline in information acquisition
costs (panel c) exhibit substantially more heterogeneity across space (coefficient of variation of
1.03 versus 0.35 for the communication cost channel), with ten provinces recording negative gains
along this margin, reflecting cases where connectivity improvements elsewhere made competing
suppliers more attractive without a commensurate improvement in the province’s own outward
links.

Taken together, the results highlight that improved internet access raises welfare through two
complementary mechanisms: lowering the costs of interacting and coordinating with suppliers
(the communication channel) and enabling firms to better learn about potential suppliers (the in-
formation acquisition channel). Both mechanisms reduce effective input costs, but in different
ways, and the largest welfare gains arise when provinces benefit from improvements along both
margins. The geographic distribution of gains reflects underlying heterogeneity in initial frictions:
gains from lower communication costs accrue primarily to the most connected, economically cen-
tral provinces, whose larger trade volumes amplify the welfare effect of each bilateral cost re-
duction. By contrast, provinces that were initially more remote or informationally disadvantaged
benefit disproportionately from reductions in information acquisition costs.”

Figure 6 provides a non-parametric validation of the model’s cross-sectional predictions. Provinces
in the upper quartile of predicted gains exhibit systematically higher median GDP growth than
those in the bottom quartile. These patterns are consistent with a positive relationship between
the extent to which a province stands to benefit from improved fibre connectivity and the GDP

growth it subsequently realised.

7 Conclusion

This paper provides the first causal evidence that high-speed internet infrastructure reshapes pro-
duction networks and quantifies the resulting welfare gains in a general equilibrium framework.
By analyzing the rollout of fiber-optic internet across Turkish provinces from 2012 to 2019 and
leveraging rich microdata on firm-to-firm transactions, we document how improved connectivity
transforms the spatial organization of supply chains.

Our empirical findings reveal two distinct patterns. First, firms reallocate their purchases
toward suppliers located in provinces with better internet connectivity. Second, conditional on
sourcing from a given province, firms diversify their supplier base, engaging with more suppli-

ers and distributing purchases more evenly across them. These patterns are robust across a wide

10 Across provinces, the welfare gains from lower communication costs are positively rank-correlated with initial fiber
intensity (Spearman’s p = 0.78) and negatively rank-correlated with travel time to Istanbul (Spearman’s p = —0.38). By
contrast, the welfare gains from lower information acquisition costs exhibit the opposite pattern: their rank correlation
with initial fiber intensity is -0.32, while their rank correlation with travel time to Istanbul is 0.48.
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Figure 6: Predicted Welfare Gains and Realised GDP Growth
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Note: Each box plots actual annualised real GDP per capita growth over 2012-2019 for provinces grouped into quartiles
of model-predicted welfare gains. Quartile assignments are computed separately for total gains, the communication
cost channel, and the information acquisition cost channel. The horizontal line denotes the median; box edges span the
interquartile range; whiskers extend to 1.5 x IQR; points beyond the whiskers are plotted individually.

range of specifications, including event-study analysis and placebo tests, and are identified using
a novel instrument based on the pre-existing BOTAS pipeline network.

To rationalize these findings, we develop a general equilibrium model that embeds rational
inattention into the endogenous formation of production networks. The model formalizes two
channels through which internet connectivity affects sourcing decisions. Lower communication
costs, arising from more reliable, high-bandwidth connections, increase the expected quality of
match-specific productivity draws, making suppliers in well-connected provinces relatively more
attractive and generating the reallocation pattern. Lower information acquisition costs enable
firms to spread attention across a broader pool of potential suppliers rather than concentrating on
a few known partners, generating the diversification pattern. The model yields testable predic-
tions that align closely with the data.

Counterfactual simulations reveal that the expansion of fiber infrastructure raised real income
by 2.5 percent in the median Turkish province. Reductions in information acquisition costs ac-
count for approximately 1.5 percentage points, while reductions in communication costs con-
tribute about 0.9 percentage points. The magnitude of these gains is comparable to estimates
on transportation infrastructure improvements.

Our findings carry direct policy implications. As governments and development banks invest
heavily in broadband infrastructure, our results suggest that the returns extend beyond direct
productivity gains to include the reorganization of supply chains, enabling firms to access better

inputs, reduce sourcing costs, and build more resilient supplier networks. High-speed internet
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thus acts as a form of digital infrastructure that, like roads and ports, shapes the geography of

production and promotes economic integration across space.
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Online Appendix

A Appendix: Background & Data

This appendix provides supplementary figures and tables for the background and data discussion
in Section 2. We present additional visualizations of the growth of fiber internet subscriptions, the
instrumental variable construction, the geographic variation in bilateral fiber connectivity, firm-
level adoption patterns, and validation exercises linking fiber infrastructure to internet quality,

adoption, and firm behavior.

A.1 Growth of Fiber Internet

Figure A1 documents the rapid expansion of fiber internet in Tiirkiye over the sample period. The
number of fiber subscribers increased five-fold between 2012 and 2019, and fiber’s share of total
tixed broadband connections rose substantially. Figure A2 shows changes in fiber length across

provinces.

A.2 Instrumental Variable: BOTAS Pipeline Network

As discussed in Section 2, our instrumental variable exploits the historical geography of Tiirkiye’s
natural gas infrastructure. Figure A3 displays the BOTAS oil and gas pipeline network, which also
carries optical fiber cables. Figure A4 shows the spatial variation in population-weighted distance
to this network across provinces, as defined in equation (1).

A.3 Bilateral Fiber Connectivity

Figure A5 illustrates the change in bilateral fiber connectivity between each pair of Turkish provinces
over the sample period. This bilateral measure, defined in Section 3 as the minimum of fiber in-
tensity between provinces in a pair, captures the “weakest-link” nature of synchronous communi-

cation.

A.4 Firm Adoption of High-Speed Internet

Figure A6 shows the evolution of firms” adoption of high-speed internet across broad sectors over
the sample period. This figure complements the analysis in Section 2.6, which documents a strong
positive relationship between provincial fiber rollout and firm-level adoption of connections ex-
ceeding 100 Mbps.

A.5 Validation Tables

The following tables present additional results from the empirical validation exercises discussed
in Section 2.6.
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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, xDSL, 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.

Figure A2: Change in Optical Fiber Length

320 709 1,007 2,369 33,748

Note: The map displays the change in total fibre cable length (km) by province between 2012 and 2019. Colors encode
the percentile rank of the change across provinces, with lighter shades indicating larger increases. Legend labels show
the actual kilometer values at the Oth, 25th, 50th, 75th, and 100th percentiles of the distribution.
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Figure A3: BOTAS Oil and Gas Pipeline Network

nee

Note: This map shows the gas pipeline network of BOTAS. Optical fiber cables were laid alongside these pipelines
prior to the 2011 deregulation reform.

Internet Quality. Table Al reports 25LS estimates of the effect of fiber connectivity on internet
speed and reliability, using Ookla’s province-level data for 2016-2019.

Table Al: Quality of Internet Connection

Dependent Variable: Download Speed Upload Speed
Mean Variance Mean Variance

1) (2) 3) 4)
Fiber Connectivity 2.396"*  -6.718"F  4.793"**  -8.860"*

(1.008)  (2.801)  (1.816)  (4.414)

Fixed Effects & Controls:

Province v v v v
Year v v v v
Initial Prov. Char. x Year v v v v
Observations 324 324 324 324

Note: See Section 2.6 for discussion. The dependent variables are average download speed, average upload speed, and
within-province variance of speeds. All specifications include province and year fixed effects and controls for baseline
provincial characteristics interacted with year dummies. Fiber Connectivity is instrumented with distance to BOTAS
network. * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered by province, in parentheses.

Firm-Level Adoption. Table A2 reports 25LS estimates of the effect of provincial fiber intensity
on firm-level adoption of high-speed internet (connections exceeding 100 Mbps), using the annual

ICT Usage Survey.
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Figure A4: Distance to BOTAS Pipeline Network

0% 25% 50% 75% 100%

Note: The map displays the population-weighted distance from each province to the nearest BOTAS natural gas
pipeline network. Colors encode the percentile rank of the distance across provinces, with lighter shades indicating
greater distance from the pipeline. This variable serves as an instrument for fibre internet infrastructure rollout. 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 (see equation (1)).

Firm Behavior. Table A3 reports 2SLS estimates linking fiber connectivity to changes in firm

behavior, including average distance to suppliers, reliance on wholesalers, and purchases from
ICT-related industries.

49



Table A2: Firm Adoption of High-Speed Internet

Dependent Variable: I{Firm has High-Speed Internet}
1) (2
OLS 2SLS
Fiber Connectivity 0.410** 0.371*
(0.200) (0.216)
Fixed Effects & Controls:
Sector x Year v v
Province x Sector v v
Size class X Year v v
Initial Prov. Chars. x Year v v
Observations 1,218 1,218

Note: See Section 2.6 for discussion. The dependent variable is an indicator for whether the firm reports a connection
exceeding 100 Mbps. The specification controls for firm size and includes province and sector-year fixed effects (see
equation (3)). * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered by province, in parentheses.

Table A3: Impact of Fiber Connectivity on Firm Behavior

Dependent Variable: Distance to Purchases from
Suppliers ~ Wholesalers ICT Firms
(Average) (Shares) (Log)
1) () (3)
2SLS 2SLS 2SLS
Fiber Connectivity 0.0658** -0.00842** 0.143**
(0.0258) (0.00348) (0.0548)
Fixed Effects & Controls:
Firm v v v
Size class x Year v v v
Initial Prov. Chars. x Year v v v
Observations 541237 541237 541237

Note: See Section 2.6 for discussion. The dependent variables are: (i) average geographic distance to suppliers, (ii)
share of input purchases from wholesalers, and (iii) total purchases from ICT-related industries. * 10%, ** 5%, *** 1%
significance levels. Standard errors, clustered by province, in parentheses.
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Figure A5: Change in Bilateral Fiber Connectivity

=
i

Fibre Connectivity

=
N}

2012 2013 2014 2015 2016 2017 2018 2019

Note: This figure depicts a box and whiskers plot of the distribution of fiber connectivity across province pairs during
the period 2012-2019. Fiber connectivity is measured as the minimum of fiber intensity between provinces in a pair.

Figure A6: 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 increas-
ingly adopted 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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B Appendix: Empirical Evidence

This appendix provides supplementary figures and tables for the empirical analysis presented in
Section 3. Figure A5 in Appendix A illustrates the change in bilateral fiber connectivity between
Turkish provinces over the sample period. Below we present the full set of robustness checks

discussed in Section 3.2, followed by event-study estimates.
B.1 Robustness Tables
The following tables present the robustness checks discussed in Section 3.2. All specifications

follow the baseline equation (5) with modifications as noted.

Alternative Measure of Connectivity. Table A4 reports estimates using an alternative measure
of bilateral fiber connectivity based on the similarity of digital infrastructure between trading

partners, defined as In Lat = —|In It — In Tdt|.

Table A4: Alternative Measure of Bilateral Connectivity

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

Fiber Connectivity, 0.214*** 0.131*** -0.0423*** 0.0244***
Alternative (0.0235) (0.0134) (0.00592) (0.00877)
Fixed Effects:
Buyer x Year v v v v
Origin x Year v v v v
OriginxDestination v Ve v v
Observations 2,230,473 2,230,473 2,230,473 2,230,473

Note: See Section 3.2 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 ori-
gin 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 located in a given origin province. New Connections
is the number of new suppliers relative to the year before. Fibre connectivity is measured as the negative absolute
difference of log predicted fiber intensity at origin and destination provinces: —|In Tot —In Tdt |, where E),t denotes the
instrument-predicted fiber intensity for province o in year t. * 10%, ** 5%, *** 1% significance levels. Standard errors,
clustered at origin and destination level, are reported in parentheses.

Additional Controls. Table A5 includes controls for the absolute difference in GDP per capita

between origin and destination provinces and for 3G/4G mobile connectivity.
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Table A5: Additional Controls

Dependent Variable: Cost Share No. Suppliers Cost Share HHI New Connections
1) (2) (3) 4) ) (6) ) ®)
Fiber Connectivity 0.383**  0.441**  0.227**  0.360*** -0.0701*** -0.0830***  0.0394**  0.0393**
(0.0473)  (0.0518)  (0.0264)  (0.0290)  (0.0116) (0.0133)  (0.0177)  (0.0179)
Difference in GDP p.c. ~ 0.270** 0.211%* -0.0888*** 0.0579**
(0.0827) (0.0430) (0.0203) (0.0248)
Mobile Connectivity -0.156 0.0126 -0.0184 0.109
(0.248) (0.117) (0.0649) (0.0688)
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 2,230,473 2,230,473 2,230,473 2,230,473

Note: See Section 3.2 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 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. Fiber Connectivity is constructed using the instrument’s
predicted values, as defined in (4). * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered at origin and destination level, are reported in parentheses.



Source of Variation in Connectivity. Table A6 examines heterogeneity in treatment effects based
on the quartile distribution of fiber intensity, exploiting the fact that our bilateral measure is dom-

inated by the province with lower connectivity.

Table A6: Source of Variation in Fibre Intensity

Dependent Variable: Cost Share  No. Suppliers Cost Share HHI =~ New Connections
1) (2) ©) 4
Panel A
Origin Fiber Intensity x
Destination Fiber Intensity in:
2" Quartile -0.126 -0.750 0.244 -0.446
(0.305) (0.587) (0.273) (0.375)
3" Quartile 0.132 0.0962 -0.0435 0.0548
(0.149) (0.0644) (0.0349) (0.0419)
4" Quartile 0.433*** 0.264*** -0.0854"** 0.0495***
(0.0468) (0.0269) (0.0119) (0.0175)
Panel B
Destination Fiber Intensity x
Origin Fiber Intensity in:
2" Quartile -0.554 -0.178 0.0994 -0.0177
(0.300) (0.175) (0.0988) (0.120)
3" Quartile 0.0859 0.0998 -0.0199 -0.0071
(0.146) (0.0680) (0.0356) (0.0460)
4t Quartile 0.431*** 0.263*** -0.0856"** 0.0490***
(0.0475) (0.0269) (0.0118) (0.0175)
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 3.2 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 ori-
gin 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 located in a given origin province. New Connections
is the number of new suppliers relative to the year before. Fiber intensities are constructed using the instrument’s
predicted values, as defined in (4). * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered at origin and

destination level, are reported in parentheses.

Including Non-Manufacturing Suppliers. Table A7 expands the sample to include all supplier

firms, including those in services, trade, and other sectors.

Excluding Multi-Region Firms. Table A8 excludes buyers and suppliers that operate in multiple
provinces to rule out internal reallocation within multi-establishment firms.

Long Differences Between 2011 and 2019. Table A9 presents long-difference estimates compar-

ing cumulative changes in input sourcing to cumulative changes in predicted fiber connectivity.
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Table A7: Including Non-Manufacturing Suppliers

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

@ () (3) 4)
Fiber Connectivity 0.576*** 0.321%** -0.0973*** 0.113***
(0.0518) (0.0270) (0.0104) (0.0166)
Fixed Effects:
Buyer x Year v v v v
Originx 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 3.2 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 ori-
gin 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 located in a given origin province. New Connections
is the number of new suppliers relative to the year before. Fiber Connectivity is constructed using the instrument’s
predicted values, as defined in (4). * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered at origin and
destination level, are reported in parentheses.

Table A8: Excluding Multi-Region Firms

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

) 2) ©) 4)
Fiber Connectivity 0.468*** 0.277*** -0.0955*** 0.0548"**
(0.0553) (0.0324) (0.0144) (0.0196)
Fixed Effects:
Buyer x Year v v v v
Origin x Year v v v v
OriginxDestination v v v v
Observations 1,338,389 1,338,389 1,338,389 1,338,389

Note: See Section 3.2 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 ori-
gin 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 located in a given origin province. New Connections
is the number of new suppliers relative to the year before. Fiber Connectivity is constructed using the instrument’s
predicted values, as defined in (4). * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered at origin and
destination level, are reported in parentheses.
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Table A9: Long Changes Between 2011-2019

Dependent Variable: A2011=2019  Cost Share  No. Suppliers ~Cost Share HHI

1) 2) 3)
Fiber Connectivity;_»g19 0.110*** 0.167*** -0.0446**
(0.0365) (0.0394) (0.0178)
Fixed Effects:
Buyer v v v
Origin v v v
Observations 65,762 65,762 65,762

Note: See Section 3.2 for discussion. Each observation pertains to a buyer firm and an origin province. All variables are
in period changes of 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 located in a given origin province. New Connections
is the number of new suppliers relative to the year before. Fiber Connectivity is constructed using the instrument’s
predicted values, as defined in (4). * 10%, ** 5%, *** 1% significance levels. Standard errors, clustered at origin and
destination level, are reported in parentheses.

Placebo Test: Cable TV Rollout. Table A10 conducts a placebo test replacing fiber connectivity
with cable-TV subscription rates, which share similar physical infrastructure but primarily served
residential entertainment rather than business-to-business communication in Tiirkiye during this

period.

Table A10: Placebo Test

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

1) (2 3) “)
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
Originx Year v v v v
Origin x Destination Ve v v v
Observations 2,230,473 2,230,473 2,230,473 2,230,473

Note: See Section 3.2 for discussion. Each observation pertains to a buyer firm, an origin province, and a year. All vari-
ables 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 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 be-
tween source and destination with annual dummy variables. * 10%, ** 5%, *** 1% significance levels. Standard errors,
clustered at origin and destination level, are reported in parentheses.

Controlling for Travel Time. Table A1l includes interactions between inter-province travel times

and year dummies to control for time-varying reductions in physical trade costs.
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Table A11: Controlling for Travel Time

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

1) () 3) 4)
Fiber Connectivity 0.229*** 0.131*** -0.0457*** 0.0375**
(0.0448) (0.0255) (0.0126) (0.0183)
Fixed Effects:
Buyer x Year v v v v
Originx Year v Ve 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 3.2 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 ori-
gin 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 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. Fiber Connectivity is constructed using the instrument’s predicted values, as defined in (4). * 10%, ** 5%, *** 1%
significance levels. Standard errors, clustered at origin and destination level, are reported in parentheses.

Excluding Origin—-Destination Fixed Effects. Table A12 estimates the specification without origin—

destination fixed effects, allowing the bilateral travel-time variable to be identified directly.

Table A12: Excluding Origin-Destination Fixed Effects

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

] (2 (3) 4)
Fiber 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
Originx Year Ve v v v
Observations 3,362,435 3,362,435 3,362,435 3,362,435

Note: See Section 3.2 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 ori-
gin 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 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.
Fiber Connectivity is constructed using the instrument’s predicted values, as defined in (4). * 10%, ** 5%, *** 1% sig-
nificance levels. Standard errors, clustered at origin and destination level, are reported in parentheses.

Bilateral Instrument. Table A13 estimates a specification that directly instruments bilateral con-
nectivity using an explicit bilateral function of the underlying distance measures. Specifically, we

construct Distance,; = max {Distanceo, Distancey }, and interact it with year dummies.
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Table A13: Using Bilateral Instrument

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

1) () 3) 4)
Fiber Connectivity 0.498*** 0.309*** -0.102*** 0.0629***
(0.0577) (0.0310) (0.0139) (0.0197)

KP test stat. 31.9 31.9 31.9 31.9
Fixed Effects:

Buyer x Year v v v v

Origin x Year v v v v

OriginxDestination v v v v
Observations 2,230,473 2,230,473 2,230,473 2,230,473

Note: See Section 3.2 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 located in a given origin province. New
Connections is the number of new suppliers relative to the year before. Fiber Connectivity is instrumented with
Distance,; = max {Distancea,Distanced}, interacted with year dummies. * 10%, ** 5%, *** 1% significance levels.
Standard errors, clustered at origin and destination level, are reported in parentheses.

B.2 Event Study Estimates

Figure A7 presents event-study estimates for the four main outcome variables, providing visual
evidence of the absence of pre-trends and the timing of treatment effects.
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Figure A7: Event Study Estimates
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Note: The figure shows event-study estimates based on the binary treatment variable defined in Section 3.2. The speci-
fication includes firm-source province fixed effects. Fiber Connectivity is constructed using the instrument’s predicted
values, as defined in (4).
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C Appendix: Model

This appendix provides formal proofs for the propositions stated in Section 4. For the reader’s

convenience, we restate each proposition before presenting its proof.

C.1 Proof of Proposition 1 (Supplier Choice Probabilities)

Proposition (Restatement of Proposition 1). Conditional on the marginal cost of production for firm s

being c, the probability with which any firm located in d selects supplier s for any given task is

TCsd = TTsd|o(s) < TCo(s)d-
oS
sd
TCsd|o(s) = _g//\ (14)
Yos'co(s) TTsdjo(s)Cyr

/AL 1/A =&/,
nodeC ‘Poé (Zseo sd|ocs d)

_ —/r Agrg/ A’
Zo’ no’dT G GblM <Zs reo 7T s'd)o'Cyr Old) '

ud//\

Tlod = (15)

where 7T, denotes the probability of choosing a supplier from province o and 7ty,(s) the probability of
choosing supplier s conditional on having chosen to source from the province where it is located, o(s).

Proof. As discussed in the text, the buyer’s sourcing problem is
log ps = min {¢ Be[(I14(v4), va)] + ¢y (Ila(v4), ©) }, (16)
d

where
A= {ﬂsd(vd) >0, ) 7e(vg) = 1},
S

and
P([i(vg),©) = Q(Iy) — Ee[Q(T14(v4))],  Tlg:= Ee[lls(va)].

The nested entropy functional is

Oy(vg)) = =), [)\od Y i (va) In 764 (v4) + (A = Aog) 7Toa (va) In ﬂod(vd)] , (17)

[ s€o

where
Tod(Va) Zﬂsd v4).

s€o
Notation and information structure. The payoff-relevant state for supplier s is its log effective
cost vgg = In(CsTy(5)a/Asq), and vy = (vsg)s collects these across all suppliers. Here c; is the sup-
plier’s marginal Cost (the object about which the buyer acquires information), 7,4 is the bilateral
communication cost (known to the buyer), and a4, is the match-specific productivity drawn i.i.d.
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from a Fréchet distribution. The prior © denotes the buyer’s joint distribution over (c, a;). Writing
the policy as IT;(v,) allows the first-order conditions to be stated in full generality; the key sim-
plification occurs in Step 5 below, where the i.i.d. match productivities are integrated out. Because
E([lnag,] is common across all suppliers s within a given origin o, these terms cancel in within-
origin comparisons, and the optimal posterior choice rule depends only on realized costs ¢ and
known bilateral trade costs T. Thus, the expectation Eg[-] can equivalently be read as taken over
cost uncertainty alone once the certainty-equivalent treatment of match productivity is applied.

Step 1: Lagrangian and first-order conditions. For ¢(I1;(v,), ®) convex and differentiable in
I14(v4), the Lagrangian is

L(1T4(va), pa(va), G4(va)) = CZ/W 754 (va)vsa O(dvg) + (I (vg), ©)

+/ pa(va) (Z Ttsd(vg) — 1) O(dvy)
/U Zng(vd)nsd(vd) ®(d7)d).

d s

The first-order and complementary-slackness conditions are

0Y(I1(vyq), ®)

om(og) 0T ma(vg) = Esa(vg) =0, a8)
Csa(va) 20, 7ea(va) 20,  Gea(va)Tsa(0 ) 0, (19)
Z 7Tsd =1. (20)

Hence, for any interior solution with 71.4(v;) > 0, complementary slackness implies s4(v;) = 0,
and therefore

0P(Iy(v,),0)
T amalog) —ta(va) — {vgy. (21)

Step 2: Gradient of the nested entropy functional. We first compute the gradient of Q)(-) for a

generic I'1. Using 71,4(vy) = Yo, 7sa(v4), we can write

QI14(va)) Zﬂsd v4) [ oaIn7Tsq(vg) + (A —/\o(s)d)ln< Y. ﬂs/d(vd)>]

s'eo(s)

=YY ma(vq) [)\od In7t54(v4) + (A — Apa) In ( Y. ﬂsfd(vd)> ]

0 s€o s'€o

= - Z [)\od Z nsd(vd) In nsd(vd) + ()\ - /\od)nad(vd) In nod(vd)] :

se€o
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Differentiating with respect to 71;(v,) gives

0Q(I14(v4))
7:—)\05 11’17'(5 0 ‘|‘1 —/\—/\OS 11’17[0 0 _|_1
07144(vg) (s)a a(va) +1) = ( (s)d) ( i(vq) +1)
Similarly,
a0 (11 ) _
37(-15;) = —Ag(s)a(In7Tsg +1) = (A = Ag(5)0) (In Toq + 1).

Step 3: Gradient of the information cost. Using

P(Iy(v4),©) = Q(T1y) — Ee[Q(T14(v4))],

the derivative with respect to the state-contingent choice 714(v4) is

P(Ia(vq),®)  9Q(T1y)  0Q(Iy(vg))
074 (V) 07Tsq 0mtsy(va)

Substituting (22) and (23) into (24) yields

0Y(I14(v4), ®)

ooy~ oI 1) = (A= Agga)(In g +1)

+ Ao(s)d(ln nsd(vd) + 1) + ()‘ - /\o(s)d) (11’1 nod(vd) + 1)'

Step 4: State-contingent first-order condition. Substituting (25) into (21), we obtain

(22)

(23)

(24)

(25)

Ao(s)a I 754 (va) + (A — Ay)a) I 7004 (va) = —pa(va) — Cvsa + Ag(eya In Tsa + (A — Ays)a) In Toa-

(26)

Step 5: Supplier choice within an origin. Fix an origin o0, and take two suppliers s, 7 € 0. Sub-

tracting the corresponding first-order conditions in (26) gives
Aod (In 7754 (v4) = In 7014 (04)) = = (Vsq — Vra) + Ao (In 7ty — In 7).
Exponentiating,

Taa(va)  Trsge st/ Ao
Mg(vg)  Tyge— o0/ Ao’

Normalizing within origin o,

Tg(va)  Trsge S0t/ Ao Tlgqppe o7t/ Mot

7o (Va) Ysco ﬁs’deiévsld/)\”d Y sco ﬁs’d\oefgvs’d/)‘vd ’
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Now use vy = In(csTpq/as4). Since T,4 is common within origin o,

—C/Apa

~Cvsa/Noa — [ CsTod ’ ~/ Aot T/ Aot

e = & Cg az;" .
Asd

Under the certainty-equivalent treatment of match productivity,

CE[Inagy] = Ingog + vE,

which is common across all suppliers s € o0 and therefore cancels in the inner nest. Hence the

conditional supplier choice probability reduces to

= —C/ Ao

- o TCsd|oCs !

sdlo — _ T/
Zreo TCrd|oCr ’

Step 6: Origin choice probabilities. Returning to (26), exponentiating gives

_ _ _ _A _A=A
Toq (03) 00 7T, (0) Vot = g Ha(¥a)g €05dns;(5)dﬂod o(s)d

Rearranging,

A=A
T )
Toa(vg) = e~ 50t/ Mo 7z, o Ha(©a) (7'50(5)01))
d

Summing over all s € o,

T A—Aod l/Aod
7Tod(’0d) = (Ze_gvsd//\adﬁsd> [e—}ld(vd) ((]d)) ]

s€o nod(vd
)‘nd/)L
= (Z eévsd//\odﬁsd> e*]ld(vd)/)\ﬁ((u/i\—/\gd)//\
s€o

se€o

Aod/ A
_ R - A
= o4 (Znsdoe {vsa/ d> e Ha(va) /A

Imposing Y, 7,4(v4) = 1 gives

Noa/ A
elalva)/A — Y Tlod (Z 7=Csd|oerSd//\0d> :
0

s€o
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(32)

(33)

(34)



Substituting back into (33),

_ _ _ Aod /A
Tod (Zseo 7Tsd|oe gUSd//\Od) !
nod(vd) = _ _ _ JA N\ Adal A (35)
Zo’ TCo'd (2560/ Tfsd\o’e §0sa ”ld) ’
Finally, using vs; = In(c¢s7,4/4s4) and the certainty-equivalent representation
gE [11’1 asd] =In ¢od +YE,
we obtain |
_ _ n
/\od
so that
Aog/ A Aod/ A
= - A =C/A L 1/A A = —C/Aq
(Z Tlsd|o€ G0ua! Wl) = Todg 4’04 e/ (Z TTsd|oCs ¢ d> . (36)
s€o S€o
Because ¢7E/* is common across all origins, it cancels in the normalization. Therefore
Aod/ A
_ /A 1/A _ =0/ Aoa )
ﬂﬂdTodg (Poé <ZSEO TCsd|oCs ¢ d)
Tod = ~{/A L 1/A ~0/Agg\ Ao/ A (37)
Zo/ ﬁO'dTg’d (Po/d (Zseo’ ﬁsd|o’cs ‘ d)
Combining (30) and (37), the overall supplier choice probability is
TCsd = TTsdo(s) TCo(s)d-
which proves the proposition. O

C.2 Proof of Proposition 2 (Indirect Utility)

Proposition (Restatement of Proposition 2). The indirect utility is given by:

B
()P
Vd—<Pd> Ta ™

where Py is given by:

s€o

Aod/ A
A N _ /A
P; =exp _ZIE® In Z”ﬂdTodC/ 473(;)‘ (Z TTsd|oCs &/ °d>
[

Proof. The proof proceeds in three steps.
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Step 1: Household expenditure minimization. Households in province d consume tradable

manufacturing goods, denoted C;, and a local non-traded composite, denoted Cj. Preferences

- (5 ()

The price of the local non-traded good is p; = %’ because the non-traded sector uses only local

are Cobb-Douglas:

labor under constant returns to scale and prices at marginal cost.
Let P; denote the price index of the tradable manufacturing composite. Then the expenditure

minimization problem is

B x \ 1-B
= — | — > .
eq(u) guCI: {PdCd+ Tdcd (/5) (1_13) _u}

For normalized Cobb-Douglas preferences, the corresponding expenditure function is

Each household supplies one unit of labor inelastically and earns nominal income w,;. Therefore

indirect utility is

p
wy Wy Wy 1-B
ea(1)  Ph(wy/Ty) -6 \Pa) *

Thus it remains to characterize P;.

Step 2: Task-level tradable price. By assumption, the household’s supplier choice problem for
a manufacturing task is analogous to the firm’s sourcing problem. Hence the unit price paid
by households for one tradable task equals the optimized value of the same rational-inattention

problem that governs firm input sourcing. Let

Vsg = ln<csT0d) , 0o=o(s).

Asd

Under the form used in Proposition 1, the optimized value for one task can be written as

{Inpy (@) = min {§]E® Y 7sq(vq)vsq | + l/J(Hd(vd),@)} - (38)
d s

We write {In p; on the left-hand side because the payoffs v;; and information costs ¢ are both

measured in units of { x (log price); dividing through by { at the end recovers the actual log-

price. The first-order conditions are identical to those in Proposition 1. Hence the state-contingent
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origin choice probabilities satisfy

_ _ _ Aod/ A
Tod (Zseo 7Tsd|oe gUSd//\Od) ’

(39)
20’ 7:[0/11 (2560/ ﬁsd‘ofeigvsd/)\(,/d

Tod (Va) = ViR

Equivalently, the multiplier on the simplex constraint satisfies
Aod /A
M0/ = Tty I e i)
0 se€o
so the minimized value of the problem is

Aod/ A
CInpg(©) = —pa(vg) = —Aln| ) 7o (Z ﬁsdoe_gz,Sd//\od) : (40)
0

s€o

Step 3: Substitute the Fréchet structure and aggregate across tasks. Using vy = ln(%) , we

have
—00sq/ Aot — G/ Aod 2 =8/ Aod 10/ Aod
€ Cs ’ Tod ’ Ay .

Because households do not acquire information about match-specific productivities, we use the

same certainty-equivalent representation as in Proposition 1. Under

Pr(ag <a) = exp(—gboda_c),

we have |

Ellnagy) = Mot +VE

4

SO

CE[Inagg] = Inpog + vE-
Therefore,

e Tosi ot = 7/ b=/t g <1n¢od+’rzs> ,
Aod
and hence
Aod/)\ )‘od//\
_ _ —_7/A _ /A,
(E Tlsd|o€ gw/hd) = TodC/ (P(%Ae%//\ <Z TTsd|oCs ¢/ d) . (41)
s€o s€o

Substituting (41) into (40) gives

Ao/ A
— — _ — )\0
{Inpy(®) = —Aln |7/ Y- Ao, g0 (Z Rsajots d)
[

sco
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od/)\
A A
= —9g—Aln Zﬁod%dé/ oL <Z Tlsa)oCs ¢/ ") . (42)

s€o

The additive constant —g is common across all provinces and can be absorbed into the normal-
ization of the tradable price index. Dividing both sides by ( to recover the actual log-price,

Aod/ A
lnpd< = _*ln Znod —Q/ 1//\ (Z 7Tsd|o . Od> : (43)

s€o

Finally, the tradable composite is Cobb-Douglas across tasks. Hence its exact price index is the
geometric mean of task-level prices. Taking expectations over ® therefore yields

od/ A
A o d
0

se€o

Exponentiating,

s€o

od//\
A A A
P; = exp _ZE® In E nodrodg/ (%A (E Tsd|oCs s "d>

Combining this expression with Step 1 yields

as claimed. n

C.3 Solving for the Counterfactual Equilibrium

In the counterfactual analysis, we work with the large market aggregate representation of Propo-
sition 2. Proposition 2 writes the household price index as an expectation over buyers’ prior infor-
mation. In a large economy, however, this expectation admits a deterministic aggregate counter-
part when we assume that buyer-specific prior distortions average out in the cross section, so the
aggregate prior converges to the uniform prior within each origin. Once Proposition 1 is written in
terms of these aggregate prior objects, the term inside the expectation in Proposition 2 is constant
across prior-information states, so the expectation and deterministic representations coincide.

We now derive the counterfactual system in proportional changes. Let ¥ = x’/x denote the
ratio of the counterfactual value of any variable x to its baseline value. Start from Proposition 2
and define the inner-nest inclusive value

Sod = Y agoCs /. (44)

s€o0
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Then the price index can be written as

—A/T
<Z7TO —¢/A 1//\5 od/)\> ) (45)

Define

/A 1/A /A
Aod —ﬂodTodg 4)0/ S d .

It follows that

—A/T
Aad
= — P, = EA .
T A ( "d>

Taking proportional changes yields

—A/T
b= (Z 7TodAod> , (46)

and

T My Aga

To express Ayg in terms of primitives, first note that ¢,y = I’,. Second, for all suppliers in

origin o, unit costs move proportionally with the origin wage and price index:
Es — sl 1’55'

Let /A\od := AL,/ Apa. Using the baseline inner-nest probabilities,

d‘ CS é/ od
S o
Tlsdlo = TN’ (48)
reo Trd [oCr
the counterfactual inner-nest inclusive value can be rewritten as
/A
/! )\,d/)\ ~1—a Do 7€/)L )Ld/)L _171/7&,1 1/}\\11 o
(Sod) ’ = (wo P, ) (Sod) ! 2 nsd|o ’ nsd|oo ’ (49)
$€0
Holding 7,4 and 77,, fixed in the counterfactual then implies
~ N od/A §/A
~ /A _1-1/Apq 1/ Apa ~l—aHr)
Aoa =T (; Ayl ) (@rpy) 7. (50)
S€o0

The labor-market clearing condition

WoLo =) ToqwaLg
q
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implies
WowoLo = Y MoaTloqWatogLy. (51)
a

~ \ B
V== . 52
g (Pd) (52)

To compute welfare changes for a given fiber rollout, we take the observed shocks T4 as prim-

Finally, indirect utility implies

itives, initialize guesses for {@,, P, },, and iterate on the system given by (46)—(51) until conver-

gence. The resulting fixed point delivers {Py, @4}4, and welfare changes then follow directly from

N ~ \ B
v, = <Zfd> :
Py

D Appendix: Estimation

This appendix provides additional technical details on the estimation strategy outlined in Sec-
tion 5. The discussion proceeds in three main parts:

1. Treatment of unobservables: We explain how we proxy for unobserved components such
as supplier costs, priors, and trade frictions.

2. Computational implementation: We establish the equivalence between the nested logit
likelihood and Poisson pseudo-maximum likelihood (PPML) estimation, which makes our
large-scale estimation computationally feasible.

3. Endogeneity correction: We describe the control function approach that addresses potential
endogeneity of fiber connectivity.

D.1 Treatment of Unobservables

The nested logit probabilities for supplier choice, given in equations (12)—-(13), depend on three
structural composites we aim to estimate—A7#j, Ay, and /A—as well as several unobservable
components. These unobservables include within-province priors 7,4|,(s), Supplier marginal costs
Cst, across-province priors 7,4, and bilateral trade costs T4.

Direct estimation of these high-dimensional unobservables is infeasible. Instead, we combine
proxy variables with fixed effects to control for them. We now detail our approach for each type
of unobservable.

Within-Province Priors. The within-province priors 77,4),(s) capture baseline preferences for spe-

cific suppliers within an origin province. Including a separate fixed effect for each supplier-
destination pair would be computationally prohibitive given our large dataset.
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We proxy for these priors using temporal average of cost shares. Specifically, we assume that
priors are correlated with the average cost share of a supplier-destination pair over time:

In ﬁsd\o(s) =Ko + Ko ln gsd|o(s)/

where §0(s) represents the supplier—destination cost share averaged across all years in our sam-
ple. By using time-averaged shares as proxies, we ensure that our structural parameters are iden-
tified from year-to-year variation in fiber connectivity rather than from cross-sectional differences

in trading relationships.

Supplier Marginal Costs. Supplier marginal costs cs; are unobserved, yet they critically affect
buyer choices. We construct a proxy based on the supplier’s position in the production network.
Empirical evidence suggests that more productive firms attract more buyers, leading to higher
network centrality (larger weighted outdegree).

Let ms; denote the total sales (weighted outdegree) of supplier s at time t. We normalize this

by the province-level total to obtain a relative measure:

Mt

Mo = ————,
Zs’eo(s) Myt

which captures the supplier’s market share within its origin province. We then assume marginal

costs follow the log-linear relationship:
In Cst = 501? + %1ln ﬁist.

Why this normalization? Within each origin province, buyers compare suppliers from the same
location. The inner-nest estimation therefore identifies only relative differences in costs across sup-
pliers within a province. Province-level cost shifters é,; drop out of within-province comparisons
and are instead absorbed by fixed effects in the outer-nest estimation (where buyers choose be-
tween provinces). This normalization thus aligns our empirical specification with the economic
structure of the choice problem.

Substituting these proxies into the model yields simplified inner-nest choice probabilities:

exp (Ko In Cogjo(s) + x1 Intst + %2 In1mg - In Io(s)d,t)

TCsd|o(s),t — ’ (53)

Zsleo(s) exp (Ko In gs’d\o(s) +x1Inmyg; + 10 Inmig, - In Io(s)d,t>
where k1 = —(07 and ko = —{07.
Province-Level Priors and Trade Costs. In the outer nest, buyers choose which province to

source from. This decision depends on province-level priors 7, (baseline preferences for province

pairs) and bilateral trade costs T,,.
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In our setting, these components are time-invariant: trade costs depend on factors that we
assume do not change over our study period, while baseline preferences reflect long-standing re-
lationships. We therefore include origin-destination fixed effects J,; in the outer-nest estimation,
which fully absorb both 7,; and 7,4. This approach ensures identification of our parameters of in-
terest comes entirely from temporal variation in fiber connectivity rather than from cross-sectional

differences in trade costs or preferences:

exp <5ot + 00 + (Y/A) In g4 + K3ﬁ/od,t)
Lo exp (01 +dya+ (v/ ) I Lyg + s LV )

Tlodt = s (54)

where ﬁv/od,t = (1 — (%/x1) InIpz;) In (Lse, exp (o In Codlo + %1 In1st + 12 In 115 - In Loyt))-

Remark on identification. Note that the prefactor 1 — (x2/x1) In I,; ; approximates 7jA,; under a first-
order expansion, so v odt = TAoaInS, ;. This rescaling ensures that the constructed regressor
depends only on the first-stage coefficients (o, k1, k2) and hence only on the ratio #/7—not on
the level of 7. The outer-nest coefficient x3 then identifies the ratio: since the model requires
K3 - ﬁ/od’t = (Aog/A)InSps; =~ (1/(A17))f\70d1t, we obtain k3 = 1/(A7j). Together with 1/7j =
k2 /%1 from the inner nest, the ratio of all information-cost parameters to the outer-nest scale A is
identified sequentially. Because A enters the outer nest as a common scale factor—absorbed into
tixed effects for trade costs—it cannot be separately identified from the estimation alone and is
treated as a normalization.

D.2 Likelihood Equations and PPML Implementation
Computational Feasibility

Our dataset contains millions of supplier-buyer-year observations. Standard nested logit estima-
tion routines, which rely on numerical optimization of the full likelihood function, are computa-
tionally infeasible at this scale.

We overcome this challenge by exploiting a mathematical equivalence: the first-order condi-
tions of the nested logit maximum likelihood problem coincide with those of a Poisson regres-
sion.!! This allows us to estimate the model using Poisson pseudo-maximum likelihood (PPML),
which is fast, numerically stable, and handles large datasets efficiently. Moreover, PPML can be
implemented sequentially—we estimate the inner nest first, then use those estimates in the outer

nest—further improving computational tractability.

HThe equivalence between multinomial logit and Poisson regressions has a long history since Baker (1994) with
recent application to international trade in Eaton et al. (2013) and high-dimensional settings in Panigrahi (2021). Here,
we extend the equivalence to nested logit models.
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PPML-Nested Logit Equivalence

We now formally establish the equivalence between nested logit maximum likelihood estimation
and Poisson pseudo-maximum likelihood (PPML). The key insight is that nested logit likelihood
equations can be rewritten as moment conditions equating model-predicted probabilities to em-
pirical expenditure shares—precisely the form that PPML estimation targets.

Proposition 3 (PPML Implementation of Nested-Logit Likelihood Equations). Model Setup. Con-
sider a nested-logit model with inner-nest choice probabilities

exp(vsd\o(s),t)

sdlo(s)t Zs’ea(s) exp(vs’d|o(s),t)
and outer-nest choice probabilities
exp (#ad,t)
Todt = T o713 (56)
M o expitgay)
where the systematic utility indices are
Usdlo(s)r = Ko In8sgio(s) + K1 In 15t + k2 In 7t - In L 5)a 4, (57)
ot = Oot + 0oq + (/M) 0 Log + K31V o (58)
Empirical Counterparts. Define the empirical expenditure shares as
1 Cost Share,; 1
Yoi; = > , Yoip = —— Cost Sharegy,,
sést M, beZBEH Y/ co(s) Cost Shareg, odt My, gj; sbt
where M ; is the number of buyers in destination d at time t.
PPML Specification. Specify the PPML models for the inner and outer nests as
E [st,t ’ In gsd|o(s)r In7mg, In Io(s)d,t/ 50(5)(1,4 = exp (Usd\o(s),t + 5o(s)d,t) ’ (59)
E [Yod,t 10 Tog 1, TV oa b, Gt o, 5dt} = exp(Uod, + 0at) , (60)

where 6,5, is an origin-destination-time fixed effect for the inner nest, and 64 is a destination-time fixed
effect for the outer nest.

Result. The first-order conditions of the PPML estimators in (59)—(60) coincide exactly with the likeli-
hood equations of the nested-logit model. Thus, PPML with appropriately specified fixed effects provides a
computationally tractable implementation of nested-logit maximum likelihood estimation.

Proof. The proof proceeds in four steps: (1) decompose the full likelihood into inner and outer
components, (2) derive the inner-nest likelihood equations, (3) derive the outer-nest likelihood

equations, and (4) show that PPML score conditions coincide with these likelihood equations.

Step 1: Likelihood Decomposition.
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At time ¢, the nested-logit model assigns a buyer in destination d the overall probability of

choosing supplier s:

TCsd,t = Tlo(s)d,t * TCsd|o(s),t+

Observed expenditure shares Cost Sharey,; serve as sampling weights. The log-likelihood decom-
poses additively:

{ Z Cost Sharegy, (ln Tlsd(b)[o(s),t T I no(s)d(b)/t> . (61)
s,b,t

This separability allows us to analyze each nest independently.

Step 2: Inner-Nest Likelihood Equations.

We focus on the inner-nest component of (61), which governs supplier choice conditional on
the origin province. Because the inner-nest parameters enter only through the conditional proba-
bilities 77y40(s)+, their score equations are identical whether we differentiate the full likelihood or

the conditional inner-nest log-likelihood. The latter takes the form

geond — Z Y ) Cost Shareg; In TCsd(b) o t+

bt o0 s€o
To re-express this in a convenient form, define the within-origin conditional expenditure weight

Cost Shareg), ¢
Ysco(s) Cost Sharey ;"

Wspt =

and the origin-level expenditure total for buyer b, W, 1, ; := ) s/, Cost Sharey;. Then Cost Shareg,; =
Wsk,t Wy (s),b,+- and substituting into the conditional log-likelihood gives

cond
£1nner Z Z Wo,b,t Z Wsp, ¢ In nsd(b)|o,t'

bt o s€o0

Using In 774400y = Vsg)0 — In (Zsleo exp(vsfd‘olt)), the second term inside the sum is constant across
s € 0 and multiplies ) ., ws,; = 1, so

glcr?r?gr & ZZ <ZW btwsbt> Usd|o(s) Z <Zwobt> 1H<ZGXP s'd|o,t ) (62)
dt o

dt s bed bed s'€o

The PPML implementation targets the normalized dependent variable Y;;; := M%” Y bed Wb ¢/
which conditions on origin. The PPML score conditions for this normalized variable—derived in
Step 4 below—coincide with those of the conditional likelihood (62) up to a proportionality con-
stant that does not affect the parameter estimates. Specifically, differentiating the PPML criterion

with respect to vy4),() and setting to zero yields

st,t = n:d\o(s),t' (63)
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so that at the optimum the model-implied conditional probability equals the average empirical
conditional expenditure share across all buyers in destination d.

Step 3: Outer-Nest Likelihood Equations.

Define the aggregate expenditure from destination 4 to origin o:

Woar = Z ZCost Sharey;.

bedseo

Since each buyer’s expenditure shares sum to unity, we have the adding-up constraint:
Y Woqr = Mgy
0

Substituting (56) into the full likelihood yields the outer-nest likelihood:

Couter Z Z Wod ¢ Uod,t — ZMd,t In <Z eXp(”a’d,t)) . (64)

dt o dt
Differentiating with respect to u,;; and setting to zero:

aé outer

= Woar — My 7Toq¢ = 0.
auod,t ’ , ’

Rearranging yields the outer-nest likelihood equation:

Wod,t

* —_—

Todt = M, od,t- (65)

At the maximum likelihood estimate, the model-implied probability of selecting origin o equals

the share of total expenditure in destination d accounted for by suppliers from origin o.

Equations (63) and (65) establish that nested-logit MLE equates model-predicted choice prob-
abilities to empirical expenditure shares. We now show that PPML produces identical conditions.

Step 4: PPML Score Conditions.
Inner nest. Under the PPML specification (59), the fixed effect J,(s) 4 generates the score con-
dition:
Z(st,t - l?sal,t) =0.

s€o
By construction of the dependent variable, ) -, Ys4; = 1 for each origin-destination-time triplet
(0,d,t). The score condition therefore implies Yy, Yes; = 1.

Since Ys; = eXP(Vsg|o+ + dod,t), this normalization constraint yields:

? o exp(vsd|o(s),t)
sdt —
):s/EO exp(vs’d\o(s),t)

= lsd|o(s),t
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Thus, the PPML fitted values coincide with the inner-nest choice probabilities, and the score con-
ditions for (o, k1, k) are identical to the likelihood equation (63).

Outer nest. Under the PPML specification (60), the destination-time fixed effect J,; generates
the score condition:

Z(Yod,t - ?od,t) = 0.

0

Since ), Y,4; = 1 by construction, this implies } , ?od,t =1, yielding:

? exp (uod,t)

dt = = Tlod,t-
’ Yo exp(toayr) ’

The PPML score equations for (7y/A, x3) therefore coincide with the outer-nest likelihood equa-
tion (65).
O

For both nests, the PPML score conditions impose exactly the same moment conditions—
equating predicted probabilities to empirical shares—as the nested-logit likelihood equations. The
tixed effects ensure that predicted probabilities satisfy the required adding-up constraints. There-
fore, PPML with the specified fixed effects provides a computationally tractable implementation

of nested-logit maximum likelihood estimation.
D.3 Control Function Approach

The Endogeneity Problem

Fiber connectivity I,;; may be endogenous. If unobserved determinants of trade, captured in the
error terms eg4; and ¢,4;, are correlated with fiber deployment, our estimates of the structural
parameters y /A, Afj, and Ay would be biased.

Identification Strategy

We address this concern using a control function approach (Wooldridge, 2015) based on our in-

strument Z,, ;, described in Section 3. The control function method proceeds in two steps:

1. First stage: Regress fiber connectivity on the instrument to decompose it into an exogenous
predicted component and a residual that captures endogenous variation.

2. Second stage: Include these residuals directly in the structural estimation, thereby “purg-

ing” the endogeneity from the fiber connectivity variable.

Formally, suppose the PPML models contain unobserved error terms:

YSd,t = eXp (vsd|o(s),t + 50(5),d,t + Ssd,t) 7 (66)
Yoat = exp(Uogt + 0qr + €od t) - (67)

75



For identification, we require five conditions. The first ensures the instrument is informative;
the second characterizes the source of endogeneity; the third and fourth establish exogeneity of the

control function and instrument; and the fifth guarantees unique identification of the parameters.
Assumption 1 (Relevance). The instrument Z,;; is correlated with fiber connectivity:
Cov [Zod,t/ In Iod,t] 7& 0.
Let
InTog = a0 + 01 Zog,t + Vot

be the reduced form, where ln/i;,t is the fitted value (the exogenous component) and v, ; is the residual (the
potentially endogenous component).

Assumption 2 (Structural Endogeneity). Endogeneity operates through the first-stage residual:

Esdt = hl (Vad,t) In Wlst + Wsd tr

€odt = N2 (Vodt) + Hod ts

where hy(-) and hy(-) are unknown measurable functions, and ysg s, Woq ; are idiosyncratic errors uncorre-
lated with the instrument. In the inner nest, the endogenous component interacts with the supplier char-
acteristic In s because the inner-nest specification includes origin—destination—year fixed effects 3o(s)a,+,
which absorb any additive function of v, ; alone. The endogeneity concern is therefore specifically about the
interaction regressor Inmg; - In Ioz : unobserved connectivity shocks may differentially affect trade flows
through suppliers of different sizes. In the outer nest, which conditions on origin—year, destination—year,
and pair fixed effects separately, hy (Vo ) retains time-varying within-pair variation and is not absorbed.

Assumption 3 (Control Function Exogeneity). Conditional on the first-stage residual, the remaining
error is mean-independent of the regressors:

E et | Zoats I Lo, I0 Eaglofs), In st Gy | = O

E [.uod,t | Zogt, InLoq s, IVoits 8oy Gots 54 =0

This is the key identifying assumption: once we control for the first-stage residual, the remaining variation
in fiber connectivity is exogenous.

Assumption 4 (Exclusion Restrictions). The instrument affects trade only through fiber connectivity:

E [Zod,tfsd,t In Iod,tr In gsd\o(s)/ In s, (So(s)d,t} =0

E [Zod,tsod,t | In Iod,t/ 5od1 501&/ 5dt] =0

This standard exclusion restriction rules out direct effects of the instrument on trade outcomes.
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Assumption 5 (Rank Condition). The model is locally identified: The Jacobian of the score conditions
with respect to the parameter vector 6 = (xo,x1,K2, K3,/ A), evaluated at the true parameter values, has

full rank:
rank <IE [agé?q) =dim (0),

where the score vector g(6) collects the first-order conditions:

8(0) = [8x(0), 81, (0), 81, (0), 85, (8), 81/2(0)] ",

g (0) = Zd;tln Gsdlo(s) [st,t —exp (Usd\o(s),t + 50(5),{1,1})} ,
s,a,

8 (6) = Z In 171t [st,t —exp (vsd|o(s),t + ‘So(s),d,t)} ’

s,d,t

8 (9> = Z (11’1 fige - In Iod,t) [st,t — exp (Usd\o(s),t + 50(5),d,t>} ’
s,d,t

83 (9) = Z j‘v/od,t [Yod,t — exp (uod,t + (Sd,t)] ’
o,d,t

g'y/A (9> = Z In Iad,t [Yod,t — exp (uod,t + 5d,t)] .
o,d,t
This ensures that the system of moment conditions has a unique solution in a neighborhood of the true

parameter values.

Identification Result

Lemma (Identification via Control Function). Under Assumptions 1-5, the PPML estimators based
on the augmented (control-function) inner- and outer-nest moment conditions consistently identify the

structural parameters (ko, k1, k2,%3, 7/ ).

Proof. The proof proceeds by showing that augmenting the PPML specifications with first-stage
residuals eliminates the endogeneity bias.
Step 1: First-stage decomposition. From the reduced-form equation for fiber connectivity,

Inly; = a0+ a1Zogs + Voa s

we obtain fitted values lnI/;,t and first-stage residuals V,;; = Inl,5; — lnI/;,t. By Assumption 1,
the fitted value lnl/;,t is determined solely by the exogenous instrument Z,;;. By Assumption 2,
any correlation between fiber connectivity and the structural errors operates exclusively through
Vod t-

Step 2: Augmented inner-nest specification. We augment the inner-nest PPML model by

including the interaction In g - Upg 4:

Ysar = exp (Ko InGoglo(s) + ®1 Intige + 12 Intitse - In Iy + Vo I M5t - Voa b + So(s)ar + Esd,t) -

77



The coefficient vg on the control function term captures the endogenous component of the fiber-
supplier interaction.

Step 3: Augmented outer-nest specification. For the outer nest, we make two modifications.
First, we construct a “purged” inclusive value v od,+ using only the exogenous component of fiber

connectivity:

ﬁ/od,t = (1 — (KZ/Kl) m) In (Z exp <K0 In gsd\o + K1 lnﬁ’lst + Ko In T?lst . @)) .

s€o

Second, we include the first-stage residual directly as a control:
Yo, = exp <5ot + 8od + (/M) InIogs + K31V o4 + 01Tog, + 0y + 8od,t> :

The coefficient vy captures the endogenous component of fiber connectivity in the province-level
choice.

Step 4: Conditional exogeneity. By Assumption 2, the inner-nest structural error decomposes
as €541 = N (Vogt) Intiig + psqs. Any additive function of v,4; alone is absorbed by the origin—
destination-year fixed effect J,(5)4+, so the endogeneity concern resides entirely in the interaction
term. The control function vy In s - Upg ; absorbs hy (vog ¢) In 11, the supplier-varying endogenous
component (under mild regularity conditions on 11). For the outer nest, €, = N2 (Vog ) + Hoa ¢, and
the control function v17,4 ; absorbs 1, (v, +) directly. By Assumption 3, the remaining idiosyncratic

errors satisfy:

E |:Vsd,t | In Csd\o(s)/ In 7%51’/ In Iod,t/ 1//\Od,t/ 5o(s)d,t:| = O/
E [Mod,t | In Lot IV ot Vod b Gots Gods 5dt] = 0.
Thus, both augmented PPML models satisfy the conditional moment restrictions required for con-
sistent estimation of the structural parameters.

Step 5: Identification. Assumption 4 (exclusion) ensures that the instrument affects structural
utilities only through In I,;;, so variation in In I,; ; provides valid exogenous variation. Assump-
tion 5 (rank) guarantees that the mapping from parameters to PPML score conditions is locally in-
vertible. Together, these conditions ensure that the augmented PPML first-order conditions have
a unique solution at the true parameter values. O
Implementation Summary
In practice, we implement the control function approach as follows:

1. Regress In I,;; on the instrument Z,;; and fixed effects to obtain residuals V.

2. In the inner nest, include both In I,;; and the interaction In i - v, ; as regressors.
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3. In the outer nest, construct a "purged" inclusive value IV, using only the exogenous com-

—

ponent In I, ;, and include both In I,; ; and 7,,; as regressors.
By conditioning on the residuals V,, ¢, we effectively control for the endogenous variation in fiber
connectivity, allowing us to recover unbiased estimates of the structural parameters.
D.4 Estimation Results

Table Al14 presents results from our PPML estimation with control functions. The table reports
estimates in two panels. In the inner nest, the key coefficients are the seller—year proxy (x1), and
their interaction with fiber connectivity (k). In the outer nest, the key coefficients are the direct
effect of fiber connectivity (7/A) and the inner nest inclusive value (k3).

Table A14: Estimation of Information Acquisition and Communication Costs

Parameter Value
Inner Nest
Seller x Destination Proxy Ko 0.844"**
(0.00291)
Seller x Year Proxy 1 0.183***
(0.00224)
Fiber Connectivity x xp  0.00656"**
Seller x Year Proxy (0.00232)
Control Function Vo 0.00678
(0.0143)
Pseudo-R? 0.684
Observations 5,089,428
Outer Nest
Fibre Connectivity Y/A 0.462%FF
(0.110)
Inner Nest Inclusive Value  «3 1.501***
(0.0461)
Control Function " -0.970***
(0.381)
Fixed Effects:
Origin x Year v
Destination x Year v
Origin x Destination v
Pseudo-R? 0.989
Observations 43,465

Note: In the inner nest, each observation pertains to a supplier firm, a destination province, and a year. In the outer nest,
each observation pertains to an origin province, a destination province, and a year. To address endogeneity concerns,
estimation is done through 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.
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D.5 Recovering Structural Parameters

The final step translates our reduced-form PPML coefficients into the structural composites of
interest. The nested logit structure with information frictions implies the following mapping;:
1 Ko

= ——, 7/Ais directly estimated.
K3 K1K3

A

<
Il
|
>
=

These formulas allow us to translate the PPML estimates in Table A14 into interpretable structural
elasticities that quantify how improvements in fiber connectivity affect communication costs and
information acquisition costs. Note that the outer-nest entropy weight A enters only as a common
scale; the composites A7j, Ay, and y/A—which govern all observable choice probabilities—are
fully identified.

D.6 Goodness of Fit

With the structural parameters in hand, we assess whether the calibrated model can replicate ob-
served patterns in the data before using it for the counterfactual analysis in Section 6. The struc-
tural estimation uses observed trade shares to estimate the model parameters, and the goodness-
of-fit test checks whether the model replicates changes in trade shares. The model is estimated
from levels, while the test evaluates its ability to predict temporal changes, providing an inde-
pendent assessment of the model’s empirical content. Following Adao et al. (2025), we regress
observed outcomes on model-implied outcomes using average period changes: A2012-2019 , —
o+ B A?M2720195 1+ e 4. A slope of B = 1 indicates that predicted and observed values move
one-for-one.

Table A15 reports the results for cost shares and cost share HHI. The model exhibits a close fit
to the data: for cost shares, we obtain Bﬁt = 1.014 (s.e. 0.029), and for cost share HHI, Bﬁt = 1.057
(s.e. 0.248). In both cases, we fail to reject the null hypothesis of one-for-one correspondence. The
associated p-values of 0.630 and 0.818 for cost shares and cost share HHI, respectively, confirm
that the calibrated model reproduces both the direction and magnitude of changes in how firms
allocate spending across suppliers.

Table A15: Goodness of Fit Tests

Cost Share  Cost Share HHI
1) (2

Predicted Outcome 1.014*** 1.057***
(0.0293) (0.2480)
p-value (Hp : Bgr = 1) [0.6304] [0.8179]
Observations 6561 6561
First-stage F-statistic 161.7 161.7

Note: The table reports goodness-of-fit regressions of observed outcomes on model-predicted outcomes. Standard
errors are in parentheses. Brackets report the p-value for testing Hy : B = 1. Significance stars refer to the conventional
test of Hy : Bgr = 0. * 10%, ** 5%, *** 1% significance levels.
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