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Abstract
We estimate the effects of the deployment of high-speed internet on work-

ing from home in France from 2006 to 2022. We find that the investment at the
city level of fiber optic technology (hereafter FTTH for Fiber To The Home) has
significant and positive effects on the likelihood of remote work, increasing the
share of telecommuters to 4.5 percentage points on average after adoption. We
observe no significant spillover effects in the general case: cities without high-
speed Internet are not affected, even when they are in the close proximity of
other cities that have invested in this infrastructure. However, in some spe-
cialized cities in the information and communication sector, we find negative
spillovers, namely a significant decrease in the share of teleworkers in cities
that do not install FTTH when their neighborhood does.

1 Introduction

A long-standing debate in urban and regional economics concerns the extent to
which improvements in information and communication technologies (ICT) sub-
stitute for face-to-face interaction and, in turn, alter where work and economic
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activity take place (Gaspar and Glaeser, 1998; Glaeser, 1998;Glaeser, 2020). A con-
crete and policy-relevant manifestation of this debate is the diffusion of Working
From Home (WFH): if better internet quality relaxes the need for physical prox-
imity, then investments in digital infrastructure may change local labor-market
outcomes and the geography of firm activity.

This paper estimates the effect of high-speed internet on WFH in France, using
the staggered rollout of Fiber-to-the-Home (FTTH) across municipalities. While
the COVID-19 shock accelerated the adoption of remote work, France experienced
a substantial expansion of high speed internet during the preceding decade. Iden-
tifying the role of infrastructure quality—separately from short-run shocks—matters
for forecasting how remote work persist and spread as networks expand, and for
evaluating the local returns to broadband policies.

We combine repeated survey data on remote work over 2006–2022 with mu-
nicipality - level information on the timing of high-speed internet deployment. We
aggregate the survey outcomes to the municipality-year level and define treatment
as the first year a municipality becomes covered by (or eligible for) deployment ac-
cording to the national rollout schedule. To estimate causal effects, we implement a
staggered difference-in-differences design with municipality and time fixed effects
and event-study dynamics.

A key challenge in this setting is spatial contamination: outcomes in a munic-
ipality that has not yet received the fiber infrastructure may nevertheless either
attract teleworkers in nearby municipalities through local labor-market interac-
tions, commuting ties, and firm location decisions or lose these teleworkers that
may choose to live in cities with high-speed internet. For example, the literature
has identified a ”donuts effect” in American cities, due to the increasing attrac-
tiveness of the suburbs for remote workers to the detriment of the center (Ramani
and Bloom, 2021). Ignoring these exposures can bias conventional difference-in-
differences estimates. Consequently, our baseline approach uses spillover-robust
estimators in the spirit of Butts (2021) and Butts (2023), which allow nearby un-
treated municipalities to be affected by treatment and separate direct effects from
exposure effects. As an additional robustness check, we also report complemen-
tary instrumental variables (IV) estimates based on predetermined network condi-
tions and engineering costs that predict FTTH deployment intensity.

Our results can be summarized as follows. First, FTTH deployment increases
the share of workers who work from home in treated municipalities. The effect
is not confined to large urban cores: we estimate positive effects across dense and
less dense municipalities and across skill groups. Second, we find limited evidence
of average spillovers in WFH in neighboring untreated municipalities, suggest-
ing that the local effect of deployment largely accrues where infrastructure invest-
ment has been made and has no negative or positive impact beyond the treated
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city boundary. However, around municipalities relatively specialized in informa-
tion and communication (IC) activities, we estimate negative spillovers on WFH in
nearby non-treated municipalities. Third, on the production side, FTTH deploy-
ment is associated with higher establishment births in treated municipalities, and
we detect negative spillovers in firm creation consistent with a reallocation of new
establishments away from nearby intermediate-density and rural areas.

Regarding the literature, the impact of HSI on firms has generated many re-
search and findings (Hjort and Poulsen, 2019; Duvivier et al., 2021; Duvivier and
Bussiere, 2022; Deller et al., 2021; Cambini and Sabatino, 2023). Nevertheless, to
our knowledge, no studies have been carried out on working from home.1 The
location choice of telecommuters has also been investigated in many articles (Du-
ranton and Handbury, 2023; Gokan et al., 2022; Delventhal et al., 2022; Ramani
and Bloom, 2021; Brueckner et al., 2023 and Behrens et al., 2024, to name a few).
However, the role of HSI has never been analyzed in these studies. Our main con-
tribution is then to connect these two strands of literature to better understand the
impact of high speed internet on remote work. In addition, to our knowledge,
no empirical study has used observed data on home-based workers, the existing
literature relies principally on estimates of the teleworking potential of jobs. This
study differs in that it uses individual worker declarations.

The remainder of the paper is organized as follows. Section 2 describes the in-
stitutional context of FTTH deployment in France and the mechanisms motivating
our empirical tests. Section 3 presents the data and empirical strategy, including
the spillover-robust identification approach. Section 4 reports the main results on
WFH and their heterogeneity across municipalities and workers. We also analyze
the potentially heterogeneous effects of HSI by analyzing IC-specialized munic-
ipalities, dense and less dense cities. Section 5 studies establishment births and
their spatial spillovers. Section 6 presents the IV strategy and results. Section 7
concludes.

1Considering french cities where HSI has not been (or not yet) deployed as a control, Bourreau
et al. (2022) find that the rollout of fiber optic networks had a positive effect on firm creation in
large municipalities, increasing the number of firms by 7.3% relative to the average. Still on French
data, Duvivier et al., 2021 finds that an increase of 1% of broadband coverage increases the rate
of firm births by 1.03. Duvivier and Bussiere (2022) presents positive broadband effects on the
creation of firms in rural areas. Analyzing non-metropolitan US counties, Deller et al. (2021) show
that download speeds of up to 50 Mbps contribute to increasing rural start-up activity in a variety
of industries. Working on the dynamics of entry and exit of Italian firms, Cambini and Sabatino
(2023) finds that HSI increases the exit of small firms but fosters the entry of new firms, mainly in
digitally intensive sectors and in developed geographical areas. Taking advantage of the gradual
arrival of submarine internet cables on the African coast, Hjort and Poulsen (2019) shows large
positive effects on employment rates without job displacement across space.
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2 Background

2.1 The Very High-Speed Broadband Plan

Our empirical strategy exploits variation in the timing of Fiber-to-the-Home (FTTH)
deployment across French municipalities. FTTH installations began in the early
2000s on a limited scale and in a small number of early-adopting municipalities.
For example, the first city to adopt FTTH is Pau, a middle town in the south-
western France, which started deploying fiber in 2003 as part of a local strategy
to attract information-technology activity.2 These early initiatives, although not
insignificant,3 remained geographically narrow. The large-scale diffusion of FTTH
occurred later, with the launch in 2013 of the Plan France Très Haut Débit, a national
program intended to accelerate very high-speed broadband access (commonly de-
fined as speeds above 100 Mbps) through coordinated action by the State, local
authorities and private operators.4

A practical feature of the national plan was that the deployment responsibilities
differed across territories. In areas where rollout was commercially viable (typi-
cally denser municipalities) deployment has largely been led by private operators.
In less profitable areas—often rural or sparsely populated municipalities—local
authorities have played a larger role, relying on public support mechanisms and
partnerships with operators (notably through Réseaux d’Initiative Publique, RIP) to
finance, build, and operate fiber networks. This institutional organization helps
explain why FTTH expanded beyond the largest metropolitan areas and progres-
sively reached a wide range of municipality types, including low-density places
(see, e.g., Duvivier and Bussiere, 2022; Duvivier et al., 2024).

For the purposes of this paper, the institutional background mainly matters
because it generated a gradual, multi-year expansion of FTTH availability, with
substantial temporal variation across municipalities.

2.2 Mechanism 1: firm productivity and local WFH

To motivate the empirical focus on both direct effects and spatial spillovers of
FTTH, as well as to briefly survey the literature, we rely on quantitative spatial
models of the New Economy geography as a starting point (based on Redding and

2See this article of the Wall Street Journal.
3In Appendix A we present the number of cities where optical fiber has been deployed (treated

cities) by years. Before 2013, more than 100 cities have started to install FTTH.
4For the program’s objectives and the associated public support framework, see the European

Commission state-aid documents related to French broadband deployment (e.g., European Com-
mission).
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Sturm, 2008; Redding, 2016; Redding and Rossi-Hansberg, 2017). In this class of
models, locations differ in fundamentals (consumer amenities, firm productivity),
firms operate under monopolistic competition with increasing returns, and trade
is subject to iceberg costs. In these models, if we consider high-speed internet
as a location-specific improvement in productivity, this implies that treated loca-
tions become more attractive for production, which tends to increase local wages
and employment. Under the simplifying assumption that a fixed share of jobs is
performed remotely,5 the number of teleworkers then moves with the local labor
force, providing a direct rationale for a positive local effect of FTTH on telework-
ing. This simple framework also predicts spillover effects6: untreated cities that
are at the proximity of treated cities, benefit of an increasing market size, of higher
nominal wages, and of cheaper goods,7 which attract other workers/teleworkers
(until the rise of housing prices clears the spatial equilibrium).

Several additional assumptions can amplify or reduce these results. Upward
linkages (firms purchasing inputs from suppliers) and downward linkages (firms
selling outputs to customers), create a self-reinforcing cycle of cost reduction and
productivity gains that can affect the control group (Krugman and Venables, 1995).

In the opposite direction, the agglomeration of firms in the treated group can
create an ”urban shadow” due to tougher competition that reduces opportunities
in the control group (Behrens and Robert-Nicoud, 2014). Increasing competition
for resources (e.g., labor) can also generate this urban attrition around attractive
cities (Cuberes et al., 2021). Bjerke et al. (2024) find a result that supports this
mechanism and assert that ”shadow effects are magnified by the work-from-home
revolution”.

Finally, if telecommuters are less productive at home than at the office, the pro-
ductivity shock of HSI may be mitigated if the share of remote jobs is too high
(Behrens et al., 2024).

2.3 Mechanism 2: the teleworking choice

In the previous discussion, several assumptions attach the results of firms/workers
location to those of remote jobs, we survey here the literature that has relaxed this
spatial dependence between firms, workers, and teleworkers.

Considering that teleworkers use part of their home for office without an in-

5See our Online Appendix where we model this and use numerical simulations to analyze the
results

6Which are called ”pecuniary” effects in the economic geography literature, in reference to Sci-
tovsky (1954), because they transit via market prices and quantities

7Indeed, trade costs are reduced by the agglomeration of new firms that now produce locally
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crease in utility (an implicit ”home office tax”), Duranton and Handbury (2023)
presents a spatial sorting of the individual based on skills and incomes. Remote
skilled workers chose to live in the outer suburbs to satisfy their higher demand of
housing at a lower price, while unskilled (and in-person skilled workers) remain
close to the center. Gokan et al. (2022) show that telecommuting also leads to a re-
allocation of jobs for unskilled workers that fuels wage inequality. Using a similar
quantitative model to that presented previously, but with telecommuting option,
Delventhal et al. (2022) report a decline in real estate prices in the core locations
of the Los Angeles metropolitan area, coupled with an increase in the peripheral
areas. This flattening of the bid-rent curve due to the suburbanization of telecom-
muters has been referred to as the ”donut effect” (Ramani and Bloom, 2021).

Brueckner et al. (2023) also highlights the growing separation between work
and residential locations. They observed that while population and housing prices
may decline, employment can increase in cities with a productivity advantage;
however, these cities export remote jobs, possibly toward cities with high ameni-
ties. Although they do not find support for this last point in their data, they ob-
serve that prices and rent decrease in high-productivity cities after the pandemic.

Still working on the COVID-19 period (from February 2020 to January 2021),
Ramani and Bloom (2021) find that the most densely populated zip codes experi-
enced a population loss of approximately 15%, while the least dense areas gained
approximately 2%.

3 Data

3.1 Ultra-fast broadband

We analyze the impact of the deployment of FTTH in France at the level of units
that are connected or eligible for fiber optic. The period studied is between 2006
and 2022, and the data are aggregated at the level of the municipality.8 We analyze
the impact of the arrival of HSI in each municipality on the date when the comple-
tion deadline for fiber connection begins. This is the date when telecommunication
operators commit to install the optical fiber network in a location. 9

8These data come from the Regulatory Authority for Electronic Communications, Postal Ser-
vices, and Press Distribution, known under the acronym ARCEP in French.

9For convenience we are going to speak of implementation, but a better term may be the ”eli-
gibility” of FTTH in a city. Moreover, the fact that FTTH starts to be installed in one district of the
city does not mean that the whole city will be equipped soon; it takes time to generalize the urban
network.
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3.2 Data on teleworkers

Data on the proportion of teleworkers in each municipality come from the Con-
tinuous Employment Survey (Enquête Emploi en Continu, INSEE). This quarterly
survey tracks employment, unemployment, and inactivity in France and corre-
sponds to the French part of the European Labor Force Survey. Each individual
is interviewed for six consecutive quarters. The data are aggregated at the munic-
ipal level and are representative of the French population. Data on teleworking
are given in proportion due to weighted values. Not all cities are available for all
years, due to the fact that the survey is representative of the French population for
each of the 13 regions but alternates municipalities within each region. The munic-
ipalities taken into account are drawn randomly each year, reducing the bias that
could result from missing data. Telecommuters are defined as those who reported
working from home during the reference week indicated at the beginning of the
survey. Before 2013, the question about working from home was asked in each ini-
tial interview. From 2013 onward, this question is more specific and is asked in the
first and last interviews. The question is no longer general, but focuses on whether
or not the individual worked from home in the four weeks preceding the reference
week. Although the employment survey’s telework question changes in 2013, our
staggered DiD identification comes from within-municipality changes relative to
contemporaneous not-yet-treated municipalities with the same year fixed effects,
so any nationwide shift in measurement is absorbed by time effects rather than
mechanically generating differential post-treatment dynamics. Furthermore, we
are the first to exploit a survey on the declaration of remote work in France (many
studies, for instance, use an approximation of remote work based on jobs that can
be done potentially remotely).

3.3 Firm creation

For business startup, we use the number of firms and establishments created (IN-
SEE, Sirene), on a year basis, and disaggregated by industry (NAF rev.2 in 88 di-
visions). This desegregation enables not only a firm analysis but also a sectorial
analysis (we present results for the classification of Information and Communica-
tion activities). We use establishment births, because as argued by the literature
(McCoy et al., 2018; Duvivier et al., 2021) the bias of reverse causality is less severe
with this variable than for other ones (e.g. the growth of already established firms
which may lobby to get the FTTH).
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3.4 Other variables

Other data on industry sectors and the socio-professional category of workers
(share of workers in executives and higher intellectual professions, share of work-
ers in the information communication sector) also come from the survey Enquête
Emploi en Continu from the French Statistic Institute (INSEE). The proportion of
active workers employed outside their city of residence and the population data
come from the INSEE population census.

We also lead our analysis by distinguishing cities according to their size mea-
sure in terms of density as defined by INSEE. Because French cities vary greatly
on a geographical scale, some may appear to be sparsely populated or, on the con-
trary, densely populated, even though their populations are of comparable size. In
order to take into account the population of the municipality and its distribution
in space, a density grid is used based on the distribution of the population within
the municipality by dividing the territory into 1 kilometer squares. After identify-
ing built-up areas, it is the size of these built-up areas within a municipality that is
used to characterize density (and not the usual municipal density). From this work
four types of cities are considered: a) dense cities, b) intermediate dense cities, c)
sparsely populated municipalities, and d) very sparsely populated municipalities.
These categorizations are built from population data derived from demographic
files (database Fideli).

We cluster the last two categories under the name ”rural areas”, the two others
are respectively called ”dense urban” and ”intermediate dense”.

4 Empirical Strategy

4.1 Spillover-robust staggered difference-in-differences

We estimate here a dynamic treatment effects while allowing outcomes in not-yet-
treated municipalities to respond to nearby treatment.10 We follow the two-step
procedure of Butts (2021) and Butts (2023), which estimates municipality and year
components using only observations that are neither treated nor exposed, and then
estimates direct and exposure effects on the residualized outcome.

Let i index municipalities and t ∈ {1, . . . , T} index years. The outcome Nit is
either the share of remote workers or the number of establishment births in mu-
nicipality i at year t. The variable Dit equals one if municipality i has FTTH by

10We also report in Appendix B several estimations with standard staggered DiD estimators,
without controlling for spillovers. We find less precise results statistically, which motivates the
current methodology.

8



year t and equals zero otherwise. The first treatment year is Ei = min{t : Dit = 1}
for treated municipalities; for municipalities never treated in the sample we set
Ei = +∞. Event time is defined as ℓ = t − Ei for treated municipalities, so that
ℓ = 0 is the first treated year, ℓ < 0 are leads, and ℓ > 0 are lags. We estimate
a set of event-time coefficients {βℓ}ℓ∈L, omitting one pre-treatment period (typi-
cally ℓ = −1) for normalization. The event-time indicators are included only for
treated municipalities; for never-treated municipalities (with Ei = +∞) they are
identically zero. We also include a vector of time-varying municipality controls Zit
(population, number of establishments, public facilities, share of executives, etc.).

Spatial exposure is captured by an indicator Sit(d̄) defined from the set of treated
municipalities at time t. Let d(i, j) denote the distance (in km) between municipal-
ities i and j (measured between centroids). For a radius d̄, we define

Sit(d̄) = 1

{
min

j ̸=i: Djt=1
d(i, j) ≤ d̄

}
, (1)

and set Sit(d̄) = 0 when there is no treated municipality j ̸= i at time t. This
definition makes exposure time-varying as more municipalities become treated.

The procedure is implemented in two steps. In the first step, we estimate
municipality and year fixed effects (and the coefficients on controls) using only
municipality-years that are neither treated nor exposed. Concretely, we estimate

Nit = fi + ft + Z′
itγ + uit, (2)

restricting the sample to observations such that Dit = 0 and Sit(d̄) = 0. Denote the
resulting estimates by f̂i, f̂t, and γ̂.

In the second step, we remove these estimated components from the outcome
and regress the residualized outcome on the same dynamic event-time indicators
and on exposure terms. The residualized outcome is Ñit = Nit − f̂i − f̂t − Z′

itγ̂.
Using this new variable, we then estimate:

Ñit = ∑
ℓ∈L

βℓ 1{t − Ei = ℓ} + βc Sit(d̄) (1 − Dit) + βt Sit(d̄) Dit + ηit. (3)

Equation 3 contains the event-time leads and lags that define the dynamic treat-
ment profile. The coefficient βℓ measures the direct effect at event time ℓ relative
to the omitted pre-treatment period. The parameter βc captures exposure effects
among municipalities that are not yet treated, since it loads on Sit(d̄) only when
Dit = 0. The parameter βt allows outcomes in treated municipalities to be affected
by proximity to other treated municipalities; including this term avoids imposing
that exposure effects must be zero once a municipality is treated.
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The radius d̄ is selected using the data-driven procedure in Butts (2023). For
transparency, Appendix B reports the corresponding distance-profile diagnostic
for the telework outcome and shows that estimated exposure effects are concen-
trated at short distances, motivating our baseline choice d̄ = 15 km and a robust-
ness check with d̄ = 25 km.

5 FTTH a New Factor of Attractiveness?

5.1 Main Result: the Rise of Telework

Figure 1 reports the event-study estimates of the dynamic effect of FTTH on the
share of remote workers using the spillover-robust two-step procedure described
in the previous section.

Two features of Figure 1 are important for identification. First, the pre-treatment
coefficients are small and statistically indistinguishable from zero. This absence of
differential pre-trends is consistent with the identifying assumption that, condi-
tional on fixed effects and controls, treated municipalities would have followed
similar paths as the appropriate comparison group in the absence of FTTH. While
parallel trends is not directly testable, the lack of systematic pre-treatment move-
ments makes it less likely that the estimated post-treatment increase is driven by
pre-existing differential dynamics.

Second, the post-treatment coefficients show a clear and persistent increase in
remote work following FTTH deployment. The effect becomes statistically signif-
icant shortly after treatment and remains positive for several years. The dynamic
profile is consistent with a rapid adjustment of work arrangements once high-
speed connections become available, followed by persistence rather than transi-
tory effects.

Obviously, because the set of not-yet-treated municipalities becomes small in
the later years of the sample, the long-lag event-time coefficients rely on compara-
tively limited remaining comparison variation and should therefore be interpreted
with appropriate caution.

The figure also reports the estimated exposure effect for non-treated munici-
palities within the radius d̄ (captured by the parameter βc in Equation 3). This
term is central because it determines whether municipalities used as comparisons
are themselves affected by nearby deployment. In our baseline specification with
d̄ = 15 km, the estimated spillover effect on non-treated municipalities is small
and not robustly different from zero on average. This implies that the main post-
treatment increase is primarily driven by changes within treated municipalities
rather than by systematic changes among neighboring not-yet-treated municipal-
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ities. Indeed our two-step design ensures that fixed effects and baseline compo-
nents are estimated using observations that are neither treated nor exposed.

A potential concern in this setting is that the estimated increase could reflect
compositional changes in the survey sample or differential measurement rather
than changes in behavior. Two points mitigate this concern in the present design.
The outcome is constructed at the municipality-year level and the estimation in-
cludes municipality fixed effects, which absorb time-invariant differences in sam-
pling and baseline levels of telework across municipalities, and year fixed effects,
which absorb national shocks to measurement and common changes in telework
prevalence. In addition, the event-study leads provide a direct check that treated
municipalities do not exhibit differential pre-treatment dynamics relative to the
clean comparison group.

Finally, the choice of d̄ could matter if exposure effects decay slowly with dis-
tance. Appendix B reports robustness checks using d̄ = 25 km, motivated by the
distance-profile diagnostic borrowed to Butts (2023). The estimated dynamic treat-
ment effects on treated municipalities are very similar (see Appendix C), indicating
that the main result is not sensitive to this change in the exposure radius.

Figure 1: High-Speed Internet, Working From Home and Spillovers

Not reported here, we find that the absence of spillover effects for remote work
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is robust in different sectors (including, for example, hotels and restaurants and
scientific activities). We, however, find one exception that we present in the next
subsection.

5.2 Heterogeneous effects

5.2.1 Telework in the Information and Communication Sectors

To analyze cities that are particularly concerned by a good access to the Internet,
we examined cities ”specialized” in Information and Communication,11 which we
refer to as the ”IC cities”.

These cities, defined as municipalities whose establishments in this sector rep-
resent more than 5% of the total number of firms, demonstrated a unique pattern
of negative spillovers.

We find in Figure 2, that the proportion of teleworkers decreases in untreated
municipalities located within a 15 km radius of IC cities, which, on the other hand,
become even more attractive for teleworking as time goes by.

One should notice that these effects may not be due to the IC sector itself but to
other firms that rely on teleworking and that are also overrepresented in these IC
cities.

11This sector is particularly likely to have a significant need for optical fiber because it relies
heavily on high-speed data transmission. It require optical fiber to support activities such as data
processing, cloud computing and maintenance of digital communications.
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Figure 2: Cities with IC sector (5% IC firms)

5.2.2 Urban and rural areas

In this section, we are going to successively revisit our result by analyzing what
happens when we consider a) different types of treated cities b) different types of
untreated cities that are closed to the treated one. As defined in the data section,
cities are differentiated according to their density and geographic type. We con-
sider dense and intermediate dense cities, as well as rural areas. We are interested
in testing whether the Average Treatment on the Treated (ATT) found in the pre-
vious section is affected by the heterogeneity of cities, or more precisely how the
different choice of workers to work remotely, which certainly depend on the type
of cities, may have changed over time. We are agnostic about the sign of this het-
erogeneous time-varying treatment bias within the treated groups over time, that
can be negative or positive.

On the one hand, it is possible that skilled workers (who are often the ones
most concerned about remote work) have been more and more attracted to live in
dense cities to benefit from social and cultural amenities. This is even more likely
that other shocks may have facilitated the mobility of these workers, for instance,
high-speed trains have connected some dense urban areas during our time span.

On the other hand, the COVID crisis has also shown a new preference for work-
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ers to work in less dense cities and sometimes rural areas to benefit of environmen-
tal amenities. Our main result is that there is no spillover effect (at the exception
of some particular IC cities), but this aggregated effect may hide positive and neg-
ative effects depending on the types of cities.

In Table 1 where the ATT in different cities is tested (we aggregate municipali-
ties classified as dispersed rural and dense rural into a single category, rural areas,
due to the limited number of observations in the dispersed rural category), we ver-
ify the significant treatment effect for urban areas. In contrast, rural areas are not
more attractive once FTTH is implemented. The high-speed internet does not seem
to be a magic bullet to attract teleworkers in these areas. Not reported in this table,
spillover effects are never significant (as presented in the general case depicted in
Figure, 1).

Dep var: share of teleworkers Dense urban Interm dense Rural areas

Treatment (by density) 0.049 *** 0.045 *** 0.033
(0.011) (0.013) (0.02)

R2 0.379 0.375 0.379

Observations 23,794 23,794 23,794

Notes: Standard errors are clustered at the municipality level in parentheses, *** p < 0.01, ** p <

0.05, * p < 0.1. Results are obtained from a spillover regression using the OLS estimator. Individual
fixed effects and time effects are included in all estimations. The dependent variable is the share
of teleworkers. Our control variables are: the number of firms per 1,000 inhabitants, the share
of workers in the information and telecommunications sector, and the share of workers in highly
intellectual professions; they are all significant, not reported to save space. Columns present results
for municipalities types according to INSEE.

Table 1: Heterogeneous treatment effect

In Table (2), we consider the different types of city near the treated one that
may have benefited or suffered from spillover effects; we also verify the previous
results: no spillover effect is detected for the vast majority of cities, as found in
Figure (1). Not reported here, the ATT is always significant (a coefficient of 0.045
significant at 1%) as already found in Figure (1).
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Dep var : share of teleworkers Dense urban Interm dense Rural area

Spillover (by density) -0.0002 -0.001 -0.0025
(0.0016) (0.0017) (0.0016)

R² 0.378 0.378 0.378

Observations 26,447 26,447 26,447

Notes: Standard errors are clustered at the municipality level in parentheses, *** p< 0.01, ** p<
0.05, * p< 0.1. Results are obtained from a spillover regression using the OLS estimator. Individual
fixed effects and time effects are introduced in all estimations. The dependent variable is the share
of teleworkers. Our control variables are: the number of firms per 1,000 inhabitants, the share
of workers in the information and telecommunications sector, and the share of workers in highly
intellectual professions; they are all significant, not reported to save space. Columns present results
for municipalities types according to INSEE.

Table 2: Spillovers according to density

5.2.3 Telecommuters are Skilled Workers

We have led several other investigations based on the characteristics of the house-
hold. More precisely, we investigate who are the telecommuters attracted by the
deployment of FTTH. As expected, we find in Appendix D that teleworkers af-
fected by the policy are skilled workers belonging to the social category ”execu-
tives and higher intellectual professions”. The arrival of FTTH in the residential
municipality was associated with an increase in long-distance commuting (over 65
km) and a decrease in local commuting (less than 65 km), which may be linked to
the greater flexibility offered by teleworking (Appendix E).

6 About the simplest Mechanism: the Effect of HSI on
Firms

This section studies how FTTH deployment affects establishment births and whether
these effects extend to nearby, not-yet-treated municipalities. The motivation is
that the new infrastructure can raise the productivity of digitally intensive tasks
and reduce coordination frictions, potentially making treated municipalities more
attractive for firm entry (as emphasized in our ”mechanism 1” section). The re-
sults below therefore complement the previous estimates by documenting how the
production side responds to FTTH and whether these responses are internalized
within municipal boundaries.
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6.1 General case

Figure 3 reports the dynamic estimates for establishment births using the spillover-
robust two-step approach. Two elements are worth emphasizing.

First, the pre-treatment coefficients are not statistically different from zero. This
absence of differential pre-trends is consistent with the identifying assumption
that, conditional on fixed effects and controls estimated on the clean subsample,
treated municipalities would have followed similar entry dynamics as comparable
municipalities in the absence of FTTH. This point matters in particular for firm cre-
ation, where anticipation (e.g., investment planning) could generate early move-
ments.

Second, the post-treatment coefficients indicate a clear positive effect of FTTH
on establishment births in treated municipalities, with an effect that tends to in-
crease over time. This pattern is consistent with existing evidence that broadband
infrastructure can stimulate entrepreneurship and firm dynamics, including in the
French context (Bourreau et al. (2022); Duvivier et al. (2021)).

The spillover component in Figure 3 is small and not robustly different from
zero on average. This suggests that, in the aggregate, the entry gains associated
with FTTH are largely internalized within treated municipalities rather than sys-
tematically shifting entry to their immediate neighbors. This finding also aligns
with the telework results, where average exposure effects are limited outside the
IC specialization case, and it helps rule out an interpretation in which the main
treated effect is mechanically driven by nearby reallocation at very short distances.

These parallel positive responses of telework and firm creation in treated mu-
nicipalities should nevertheless be interpreted with caution. The data do not match
teleworkers to their employers, so the results do not identify whether increased en-
try causes more telework opportunities, whether telework expands local demand
and encourages entry, or whether both outcomes respond to the same infrastructure-
driven shock. What the estimates establish is the joint reduced-form pattern: FTTH
is followed by higher telework and higher establishment births within treated mu-
nicipalities, with limited average spillovers at the municipal border.
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Figure 3: High Speed Internet, Firm births and Spillovers

6.2 Cities with information and communication activities

Figure 4 focuses on municipalities relatively specialized in information and com-
munication (IC) activities, the same subset for which the telework analysis re-
vealed negative spillovers on nearby not-yet-treated municipalities. The treated
effect on establishment births remains positive and statistically significant for sev-
eral post-treatment years, indicating that FTTH is associated with increased entry
even in these IC-specialized places.

The spillover pattern for firm births, however, differs from the telework spillover
pattern in IC cities. In Figure 4, exposure effects on firm births are positive for
nearby not-yet-treated municipalities. This contrast is informative because it im-
plies that the negative telework spillovers around treated IC municipalities do not
appear to be driven by a contraction of entrepreneurial activity in neighboring
places. In other words, the mechanism behind negative telework spillovers in IC
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contexts is unlikely to be a simple reduction in nearby firm creation.
A plausible interpretation is that, in IC environments, FTTH primarily reshapes

the geography of remote work through worker sorting, job composition, or firm–
worker matching rather than through a contraction in neighboring entry. This in-
terpretation is consistent with the broader telework literature emphasizing that the
geography of production and the geography of residence can decouple when re-
mote work expands. For example, Brueckner et al. (2023) develop a framework in
which productive cities attract firms while workers (including teleworkers) may
locate in amenity-rich places. Our results speak to this separation in a reduced-
form way: firm creation responds positively in treated IC municipalities and also
exhibits positive exposure effects nearby, while telework shares can still display
negative exposure effects in the same IC setting.

Figure 4: High Speed Internet, Firm births and Spillovers in IC cities

6.3 Urban and rural areas

Tables 3 and 4 report heterogeneity by municipality density. Table 3 shows a large
and significant treated effect on establishment births in dense urban municipali-
ties and a smaller but still significant effect in intermediate-density municipalities,
while the effect is not statistically different from zero in rural areas. This gradient
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is consistent with the idea that improved connectivity interacts with local market
size and complementary inputs, so that entry responses are strongest where these
complements are abundant.

Dep var : Firm creations Dense urban Interm dense Rural area

Treatment (by density) 301.84 *** 41.94 *** -1.15
(32.5) (5.78) (3.15)

R² 0.89 0.89 0.89

Observations 22,788 22,788 22,788

Notes: Standard errors are clustered at the municipality level in parentheses, *** p< 0.01, ** p< 0.05,
* p< 0.1. Results are obtained from a spillover regression using the OLS estimator. Individual fixed
effects and time effects are introduced in all estimations. The dependent variable is the number of
firm creation. Our control variables are: the share of workers in the information and telecommu-
nications sector, and the share of workers in highly intellectual professions; they are all significant,
not reported to save space. Columns present results for municipalities types according to INSEE.

Table 3: Heterogeneous treatment effect (15 km radius)

Table 4 reveals a different pattern for spillovers: exposure effects are nega-
tive and statistically significant for intermediate-density and rural municipalities,
while they are not significant for dense urban municipalities. This suggests dis-
placement of entry away from nearby intermediate and rural areas when FTTH
is deployed elsewhere. Unlike the main telework results (which show limited av-
erage spillovers outside IC specialization), establishment births display a clearer
reallocation margin across nearby municipalities.
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Dep var : Firm creations Dense urban Interm dense Rural area

Spillover (by density) 0.22 -13.32 *** -13.54 ***
( 0.87) (2.48) (2.58)

R² 0.89 0.89 0.89

Observations 24,218 24,064 23,840

Notes: Standard errors are clustered at the municipality level in parentheses, *** p< 0.01, ** p< 0.05,
* p< 0.1. Results are obtained from a spillover regression using the OLS estimator. Individual fixed
effects and time effects are introduced in all estimations. The dependent variable is the number of
firm creation. Our control variables are: the share of workers in the information and telecommu-
nications sector, and the share of workers in highly intellectual professions; they are all significant,
not reported to save space. Columns present results for municipalities types according to INSEE.

Table 4: Heterogenous spillovers according to density (15 km radius)

Taken together, these heterogeneous exposure patterns reinforce the view that
firm location responses and remote-work outcomes need not move one-for-one.
The IC-city results even suggest that telework spillovers can differ in sign from
firm-entry spillovers. This is in line with recent telework models in which produc-
tive places attract firms while remote-capable workers’ residential choices respond
to housing costs and amenities (e.g., Brueckner et al. (2023)). A natural extension
would be to explore how FTTH effects vary across place characteristics that proxy
for productivity versus amenity advantages, although we leave such an analysis
for future work.

7 Instrumental Variables (IV)

The timing and intensity of FTTH deployment may correlate with time-varying
local factors that are imperfectly observed (e.g., local economic dynamism, or op-
erators’ expectations about future demand). While our baseline staggered DiD de-
sign absorbs time-invariant municipal heterogeneity and common national shocks,
remaining endogeneity concerns could bias the estimated effects if such factors co-
move with both FTTH rollout and telework. Reverse causality, for instance due to
the fact that mayors want to attract telecommuters in their municipalities by im-
plementing FTTH, is also a concern. However, concerning this last problem, one
may note that during a long period of time telecommuters represented only a small
share of the population (around 0.2% depending on the period, see our descriptive
data) and thus they may not have been a central strategic target for local public
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policies.12

Consistent with this perspective, we observe that French press coverage ini-
tially discussed fiber deployment largely independently from teleworking. The
explicit media links between the two topics emerged later and became recurrent
only during and after the COVID crisis (see Appendix G). Obviously, media dis-
course does not provide evidence of causality in any case, but this pattern does
not suggest reverse causality, namely that telecommuting demand was an obvious
driver of early fiber deployment.

In this section, we instrument municipal FTTH coverage using a predetermined
source of variation: the distance from the municipality centroid to the fiber connec-
tion node (denoted Disti), which proxies engineering and deployment costs. This
instrument has been used in comparable empirical settings (e.g., Cambini et al.
(2023), Campante et al. (2017), Miner (2015)).

The identifying assumption is that, conditional on municipality fixed effects,
year fixed effects, and time-varying controls, Disti affects telework and firm cre-
ation only through its effect on FTTH coverage. A concern is that distance to
the FTTH connection node could correlate with geographic or settlement patterns.
Two points mitigate this issue in our setting. First, distance to the assigned node
is essentially time-invariant, so any level differences associated with remoteness,
urban form, or local geography are absorbed by municipality fixed effects. Sec-
ond, in the French FTTH architecture, the access network is deployed between
the “Nœud de Raccordement Optique” (NRO) and downstream network elements
(notably a cluster point called “mutualisation”), so distance to the node primarily
acts as a predetermined engineering cost shifter that influences the pace of deploy-
ment rather than directly affecting telework or firm creation conditional on cover-
age. We therefore interpret this instrument as capturing rollout frictions rooted in
legacy network topology and deployment costs, while maintaining the standard
caveat that the exclusion restriction remains a maintained assumption. The exclu-
sion restriction is always debatable, and we treat this IV strategy as an additional
analysis that yields results from a different perspective.

7.1 Empirical specification

Let Covit denote FTTH coverage in municipality i at year t (as defined in the data
section). Let Nit denote the outcome of interest (either the share of teleworkers

12Another issue is that we have no data on the previous technology, related to the deployment of
the DSL, and one may argue that it is an omitted variable that drive our results. However, the DSL
technology was not fast enough, depending on the location on the line, to enable remote work. If
we have no data on a long period, we have data on the DSL that starts in 2020 and we show in
Appendix H that there is no correlation between the speed of DSL and working from home.
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or the number of establishment births), and let Xit denote the same set of time-
varying controls used in the main specifications. Municipality fixed effects are
denoted fi and year fixed effects are denoted ft.

Because Disti is time-invariant, it is absorbed by municipality fixed effects.
Identification therefore comes from allowing its predictive content for Covit to vary
over time by interacting it with year indicators. The first stage is

Covit = fi + ft + X′
itδ +

T

∑
t=1

πt (Disti × 1{year = t}) + νit. (4)

We then estimate the second stage by 2SLS:

Nit = fi + ft + X′
itγ + β Covit + εit, (5)

where Covit is instrumented by the set of excluded instruments {Disti × 1{year = t}}T
t=1.

Standard errors are clustered at the municipality level.
Under the standard IV conditions (relevance, exclusion, and monotonicity), the

coefficient β can be interpreted as a local average effect of an increase in FTTH
coverage induced by the instrument.

7.2 Results

Table 5 reports the IV estimates using distance to the FTTH node (Disti) as the
instrument. The first-stage diagnostics indicate strong relevance, with excluded-
instrument F-statistics well above conventional thresholds. Across both outcomes,
the second-stage estimates imply that higher FTTH coverage increases the share
of teleworkers and increases establishment births. The sign and statistical signifi-
cance of these IV estimates are consistent with the baseline results, providing reas-
surance that the positive treated effects documented in the main text are not driven
solely by endogenous rollout correlated with unobserved local shocks.
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Dep. Var. Share of teleworkers Firm creation

Instrument Dist. to FTTH node Dist. to FTTH node

FTTH coverage (Covit) 0.0044∗∗∗ 27.356∗∗∗

(0.00017) (0.81762)

First-stage F-stat (excluded instruments) 630.034 1119.44

Observations 5,259 5,259
R2 0.0524 0.0781

Notes: 2SLS estimates of Equation 5 where FTTH coverage is instrumented using the interactions
{Disti × 1{year = t}}T

t=1 in Equation 4. Municipality and year fixed effects are included in both
stages, and standard errors are clustered at the municipality level. *** p < 0.01, ** p < 0.05, *
p < 0.1.

Table 5: Impact of FTTH Coverage, IV Estimates Results

8 Conclusion

High-speed Internet enables, in the words of Baldwin (2006), to a ’great unbundling’
process by which production and services are increasingly separated into distinct
segments that can be managed and delivered independently. In this study, we find
that ultra-broadband internet connections also cause a spatial unbundling of labor
with a significant increase in working from home.

This result has several implications. The advancement of Internet capabilities,
especially with the growing application of AI, suggests notable consequences for
organizational practices, indicating that companies may increasingly need to su-
pervise employees operating remotely. In addition, in regions where the high-
speed Internet (HSI) is newly implemented, businesses are likely to anticipate a
growing demand for effective management of teleworking personnel.

We also find that, in general, there are no significant spillover effects for tele-
workers, indicating that the benefit to a city of investing in this technology is in-
ternalized within the city fabric, at least at the time of HSI deployment. This result
could be important for policy makers elsewhere in the world who wish to invest in
this infrastructure, obviously to attract businesses, but also to attract a new popu-
lation that will live, consume and pay taxes in the city and not in its neighborhood.
Our analysis also shows that the attraction of firms due to HSI has negative conse-
quences (spillovers) in neighboring intermediate-size cities and in rural areas.

We analyze high-speed internet and telework at a time when the remote-work
margin remains far from exhausted. The benefits of high-speed internet may be
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amplified in the coming years as a growing share of work relies on cloud-based
tools, data, and services. Many research also remain to be done to better under-
stand how HSI affect the spatial separation between firms agglomeration in pro-
ductive cities and the attraction of teleworkers in amenity-cities.
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Online Appendix (not for publication): Illustrative quan-
titative spatial model and simulation

This appendix provides a stylized quantitative illustration of how improvements
in FTTH can affect the spatial allocation of activity and, mechanically, the local
number of teleworkers. The exercise, based on an existing model of the new eco-
nomic geography literature (see Redding and Sturm, 2008; Redding, 2016; Redding
and Rossi-Hansberg, 2017), is intended to clarify intuition and generate qualitative
comparative statics only.

There is a set of locations i ∈ I . Workers are perfectly mobile across locations
and choose where to live; in equilibrium, mobility equalizes indirect utility. We
abstract from location-specific amenities to keep the mechanism simple.13

Preferences are Cobb–Douglas between a composite consumption good and
housing/land. The composite good is CES over a continuum of horizontally dif-
ferentiated varieties produced under monopolistic competition. Housing expendi-
ture is redistributed lump-sum to local residents. Goods trade is subject to iceberg

13Formally, this corresponds to setting the amenity shifter to one, as in Redding, 2016.
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trade costs τni ≥ 1 between origin i and destination n.
Firms produce varieties with increasing returns to scale. Labor is the only factor

of production. A firm located in i incurs a fixed cost F (in units of labor) and
a variable labor requirement inversely proportional to location productivity Ai.
Producing quantity xi(j) of variety j requires

li(j) = F +
xi(j)

Ai
. (6)

To connect the spatial allocation of activity to remote work in the simplest pos-
sible way, we assume an exogenous fraction θ of each location’s workforce per-
forms its job remotely (i.e., there is no endogenous WFH choice and no produc-
tivity penalty from WFH). Under this assumption, the number of teleworkers in
location i is proportional to employment, Teleworkersi = θLi.

This simplification isolates the spatial-allocation channel: only the endogenous
location of firms and workers defines the number of telecommuters in each city.
We then discuss in the text how the literature that has relaxed these assumptions
finds new results.

Simulation setup

We consider an economy on a 30 ∗ 30 grid as in Redding and Rossi-Hansberg
(2017), yielding 900 locations.14 Each cell represents a city. Trade costs between
locations are computed using least-cost paths on the grid following the logic in
Donaldson (2018): the effective distance between an origin and a destination is the
minimum cumulative travel cost over available routes.

We solve for the spatial equilibrium (allocation of labor, wages, prices, and
housing costs) given a baseline productivity distribution. Figure 5 displays the ini-
tial productivity draws. Figure 6 reports the corresponding equilibrium allocation
(employment, teleworkers, wages, and land prices). We observed two conurba-
tions and several sub-centers that agglomerate more labor due to the higher pro-
ductivity of firms in these locations. As a consequence, these cities also host more
telecommuters. These locations are also characterized by higher wages and higher
land prices. In contrast, price index are smaller there because more goods are pro-
duced in these locations and then the burden of trade costs in the consumption
basket is smaller. What happens now if the HSI internet is only installed in some
cities?

14Contrary to these authors, we do not divide this grid in two countries/regions.
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Figure 5: Initial productivity
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Panel A : Log Telecommuter
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Panel B : Log Wages
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Panel C : Log Land Prices
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Panel D : Log Price Index
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Figure 6: Initial equilibrium

We model FTTH in a very simple form, by assuming that it improves the pro-
ductivity parameter Ai of workers in the city i where it is installed. One may think
that several tasks are done faster thanks to fast connection (downloading data,
working on the cloud, coordinating the supply chain, improving skills via online
training, etc.). This assumption that a good internet connection fosters the produc-
tivity of firms has been found by a large literature across very different economic
geography. Such as Bartel et al. (2007) for the U.S., Czernich et al. (2011) for OECD
countries, Aboal and Tacsir (2017) for Uruguay, Zhang et al. (2021) for China, and
Gbandi et al. (2024) for Togo.

Specifically, we set an improvement of productivity λ in a random way on our
spatial economy (a number z of cells/cities randomly receive an additional pro-
ductivity such as firms there benefits of Ai + λ while other cells remain with their
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initial draw). Figure 7 shows the locations that receive this additional increase in
productivity by presenting the ratio λ/Ai (to get a clear picture, we set a low value
for z: only 1% of the cities receive HSI).15 We then resolve the equilibrium with
these new values and report relative changes compared to the initial equilibrium
in Figure 8.

Log Relative Productivity
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Figure 7: High-speed internet productivity shock

15The simulation uses parameter values standard in the quantitative spatial literature. Specifi-
cally, we set: F = 1, α = 0.75, z = 0.01, θ = 0.1, and λ = 20 (a strong productivity shock used
for visual clarity). With smaller shocks (e.g., λ = 0.5), equilibrium changes are attenuated and
spatial patterns are less visible in maps. Total population is set to L = 153,889 (as in Redding,
2016, corresponding to the U.S. labor force in 2010), and housing supply is set to H = 100 in each
location.
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Panel A : Log Relative Telecommuter
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Panel B : Log Relative Wages
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Panel C : Log Relative Land Rents
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Figure 8: Spatial change due to the productivity shock

We observe three results that are relevant for the empirical design:

1. Cities with HSI gain telecommuters

2. Untreated and large agglomeration are negatively affected and lose telecom-
muters.

3. Distance to the treatment matter: untreated cities near the treated one gain
firms and then telecommuters.
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A Descriptive Statistics

Year Untreated units Treated units

2006 1726 1
2007 1724 1
2008 1718 3
2009 2035 6
2010 2444 12
2011 2420 36
2012 1893 63
2013 1138 156
2014 1071 223
2015 997 279
2016 853 454
2017 723 587
2018 535 756
2019 427 920
2020 245 878
2021 116 1035
2022 46 1108

Table 6: Number of Treated and Untreated Units per Year
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Characteristic Mean SD Median Min Max

Share of telew 0.2 0.2 0.2 0.0 1.0
Share telew Executive 0.1 0.1 0.0 0.0 1.0
Share telew IC 0.0 0.1 0.0 0.0 1.0
Firm Creation 256.4 801.4 54.0 0.0 21 276.0
Firm creation in Infocom 10.1 36.8 1.0 0.0 884.0
Total Firms (per 1000 inhab.) 0.4 1.1 0.1 0.0 17.3
Teleworkers 12 821.6 18 560.6 7628.8 0.0 387 546.3
Household with Teleworkers 7101.4 10 867.1 3680.9 0.0 179 346.0
Executive Teleworkers 6847.6 12 312.4 3310.7 0.0 327 100.6
Infocom Teleworkers 1541.4 3583.7 0.0 0.0 73 699.4
Blue-collar Employment 18 074.4 25 514.1 8634.4 0.0 577 773.4
Population 13 767.5 30 262.1 4019.0 17.0 498 003.0
Households 5939.9 14 513.1 1511.7 3.8 229 697.2
Employed 60 557.3 62 229.5 45 045.6 238.8 1 273 376.1
Commercial Act 5446.1 12 058.5 1624.0 4.8 220 655.7

Table 7: Descriptive Statistics (N = 26,629)

B Standard Staggered DiD

We present here the results of standard staggered DiD estimations, without consid-
ering spillovers. We use the different estimators presented in the literature, namely
the dynamic TWFE using the ’not yet treated’ as a control group (to avoid forbid-
den comparisons, see Goodman-Bacon, 2021) as well as the methods of Callaway
and Sant’Anna (2021), and Butts and Gardner (2021). We also add the results with
the estimators of Sun and Abraham (2021) and Borusyak et al. (2024).

The estimator Borusyak et al. (2024) is particularly relevant for our analysis,
which can suffer from the possibility of heterogeneous dynamic treatment effects
between cities in the implementation of FTTH. Indeed, it is likely that the aver-
age treatment effect in the first year after adoption will be different for cities that
adopted the HSI at the beginning of the period than for those that adopted it
several years later, for technological reasons or because the internet content has
changed significantly (e.g., widespread use of streaming video by the end of the
period). Cultural changes may also trigger heterogeneous dynamic treatment ef-
fects since, for early adopters, the initial impact could be limited by factors such as
lower initial awareness or lack of remote work culture at that time.

Figure (9) presents results with the share of telecommuters on the right hand
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side of the estimation, while in Figure (10) it is the number of firm creation. Overall
these indicators seem to show a significant positive effect of the HSI on teleworking
and establishment births, but it is difficult to be fully convinced as some estimators
cast doubt on the pre-trend, while others show a significant effect only for a few
and late periods. The fact that some towns in the control group may be affected by
the treatment biased the results, which only hold under the strong assumption of
no spatial contamination.

Figure 9: High Speed Internet and Working from Home
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Figure 10: High Speed Internet and Working from Home

C Spillovers at 25 km

The radius d̄ is selected using the data-driven partitioning least-squares procedure
of Butts (2023), which estimates how outcomes for not-yet-treated municipalities
vary with distance to treated municipalities and identifies a distance beyond which
exposure effects are not statistically distinguishable from zero. In our application,
this procedure yields d̄ = 15 km and then we use this threshold in the text. How-
ever, by leading further investigations, we observe that spillovers can affect cities
beyond 15km. In particular, in Figure 11 which reports the estimated distance pro-
file for the telework outcome, spillovers does not seem to vanish fully before 20
km. This figure also confirms that exposure effects are concentrated at relatively
short distances and are not statistically different from zero beyond roughly 20–30
km.
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Figure 11: Estimated exposure effects by distance (telework outcome)

Then, we test the robustness of our result by using a threshold of 25 km on the
share of teleworkers and number of firms respectively in Figure 12 and 13. We find
similar results.

37



Figure 12: No spillover at 25 km for telecommuters
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Figure 13: No spillover at 25 km for firms

D Skilled Telecommuters

As discussed in many papers, remote work concern mainly high-skilled workers,
thus in Figure (14) we select a particular category of skilled workers that are ”ex-
ecutives and higher intellectual professions”. We find a similar pattern to that
presented in the text. The coefficients are less significant, but this comes from a
lack of power due to the reduced number of observations in that case.
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Figure 14: Impact of the arrival of fiber optics on the proportion of teleworkers in
executives and higher intellectual professions

We also wonder whether the fact of having a child influences the decision to
work at home or, in contrast, acts as a brake. In fact, we find similar results in
Figure (15) for professionals with children than in the general case.
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Figure 15: Impact of the arrival of fiber optics on the proportion of teleworkers
with children

E FTTH and commuting arrival

To complete the analysis of the impact of FTTH on teleworking, we analysed the
impact of the arrival of FTTH on commuting, particularly long, medium and short
commutes. This allows analysis of the relationship with the potential residential
locations of workers and whether FTTH encourages longer commutes. The results
show that the effect of FTTH varies according to the distance between home and
work. Very short commute distances of less than 5 km increase (Figure 16), which
may reflect an increased concentration of local commutes. This phenomenon is
consistent with the adoption of partial teleworking, as individuals can limit their
travel while maintaining a regular connection with their job, favouring residential
choices close to the workplace. However, the results should be treated with cau-
tion, as the effects emerge quite some time after FTTH arrives in the municipality.
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Figure 16: Number of commuters working less than 5 km away

In contrast, intermediate commutes of less than 65 km decreased (Figure 17)
after the arrival of FTTH. This decline may reflect a direct substitution effect linked
to teleworking: employees reduced the frequency of their commutes, favoured
remote working, or adjusted their schedules and places of residence to limit their
average commuting distances. This result highlights the impact of FTTH on the
spatial organisation of work and may suggest that digital infrastructure can help
reduce the constraints of regular commuting.
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Figure 17: Number of commuters working less than 65 km away

For very long commutes, exceeding 65 km, an increase can be observed approx-
imately three years after the implementation of FTTH (Figure 18). The delayed ef-
fect suggests that the flexibility provided by teleworking gradually allows house-
holds to relocate further away from their place of work while maintaining a stable
professional connection. This temporal dynamic highlights that residential and
professional adaptation requires a period of several years, which may reflect the
adjustments made by businesses and individuals in response to the new opportu-
nities offered by FTTH, but also the date taken into account for the implementation
of FTTH, which may not be implemented immediately.
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Figure 18: Number of commuters working less than 65 km away

These results show a polarisation in commuting behaviour that could be linked
to teleworking: a concentration of very short commutes, a reduction in medium-
length commutes and a delayed increase in very long commutes. FTTH can there-
fore have an impact on the spatial organisation of work and housing, facilitating
more flexible residential and professional choices that are adapted to new remote
working practices.

F Estimation with the number of teleworkers

In all the text, we use the share of teleworkers, which is the most convenient way
to build the panel and merge with controls. However, this makes it difficult to
distinguish effects coming from the numerator, the number of workers, from the
effects coming from the total numbers of workers. Here we then directly use the
number of teleworkers and find similar results.
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Without Spillovers

Figure 19: Estimation with number of teleworkers
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With Spillovers

All sample

Figure 20: Estimation with number of teleworkers
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IC sector

Figure 21: Estimation with number of teleworkers
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Dense and less dense cities

Figure 22: Estimation with number of teleworkers : Urban Dense Cities

Figure 23: Estimation with number of teleworkers : Interm Dense Cities
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Figure 24: Estimation with number of teleworkers : Rural Cities

G Press coverage of telework and fiber

This appendix provides descriptive evidence on the timing and intensity of French
media coverage that jointly discusses teleworking and optical fiber. The objective
is not to identify causal effects, but to document how public discourse connecting
these two topics evolved during the period studied in the paper.

We use the Europresse database and count press articles that contain the terms
“Télétravail” (teleworking) and “Fibre optique” (optical fiber). The first series
counts co-occurrences, defined as articles that mention both terms in the same
document. The second series separates annual counts into mutually exclusive cat-
egories depending on whether an article mentions only telework, only fiber, or
both.

Figure 25 shows that co-occurrences are essentially absent prior to the mid-
2000s and remain rare until the early 2010s. Co-occurrences increase after 2013, the
year in which the national Plan France Très Haut Débit is launched, and become
more frequent toward the end of the 2010s.

Figure 26 provides additional context. Articles mentioning optical fiber display
a clear upward trend over the full period, with a marked acceleration in the early
2010s. In contrast, articles mentioning telework are scarce in the early years and
increase later. Articles that explicitly mention both telework and fiber appear after
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the launch of the national plan and grow thereafter.
These patterns are consistent with an interpretation in which fiber deployment

and the associated policy debate became salient in the press before telework emerged
as a widely discussed application, and before the surge in attention observed around
the end of the 2010s. At the same time, several limitations imply that these figures
should not be interpreted as evidence about causality. First, media attention is en-
dogenous and may reflect many forces (editorial choices, policy announcements,
major events such as COVID-19, or changes in the composition of outlets covered
by the database). Second, the counts are not normalized by the total number of
articles published, so changes in overall media volume may contribute to the ob-
served trends. Third, co-occurrence in the press does not measure the timing of
actual adoption of telework or the timing of infrastructure deployment; it mea-
sures the timing of discourse linking the two topics.

For these reasons, we treat this appendix as contextual evidence that comple-
ments our previous analysis.

Figure 25: Number of press articles that mention both “Télétravail” and “Fibre
optique” (Europresse), January 2005–December 2022
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Figure 26: Number of press articles per year by category: “Télétravail” only, “Fibre
optique” only, and both terms (Europresse)

H Effect of the DSL technology on working from home

This section examines whether variation in copper-based broadband quality (DSL)
is associated with teleworking intensity, with the goal of assessing whether work-
from-home arrangements can be supported by DSL alone. We use municipality-
level measures of DSL eligibility at three speed thresholds (≥ 30 Mbps, ≥ 8 Mbps,
and ≥ 3 Mbps), available for 2020–2022. To align this exercise with the identifica-
tion logic of the main analysis, we restrict the sample to municipalities that remain
untreated in the baseline specification and estimate panel regressions of the mu-
nicipal share of teleworkers on the share of dwellings eligible for each threshold.
All specifications include municipality and year fixed effects, and standard errors
are clustered at the municipality level.

Table 8 shows that DSL eligibility is not significantly associated with the munic-
ipal share of teleworkers at any of the considered thresholds. The point estimates
are imprecise and do not display a clear gradient with the speed threshold, sug-
gesting that, within this late-period sample of untreated municipalities, differences
in DSL quality are not a primary driver of differences in teleworking intensity.

These results are consistent with the broader interpretation of the paper: the
large increase in telework documented around FTTH deployment is unlikely to be
explained solely by pre-existing copper-based broadband. Instead, they support
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the view that the transition to very high-capacity networks is the relevant margin
for enabling telework at scale, at least in the period for which we observe compa-
rable municipality-level measures of DSL eligibility.

(1) (2) (3)

Dependent variable: Share of teleworkers

Share of dwellings eligible to DSL ≥ 30 Mbps 0.975
(1.730)

Share of dwellings eligible to DSL ≥ 8 Mbps 0.432
(0.960)

Share of dwellings eligible to DSL ≥ 3 Mbps 4.134
(3.238)

Observations 188 188 188
Adjusted R2 0.493 0.490 0.514
Within R2 0.039 0.035 0.079

Notes: The dependent variable is the municipal share of teleworkers. Each specification in-
cludes municipality and year fixed effects. Standard errors clustered at the municipality level
are reported in parentheses. The main explanatory variables measure the share of dwellings
eligible to a given DSL speed threshold: at least 30 Mbps (column 1), 8 Mbps (column 2), and
3 Mbps (column 3). The sample is restricted to municipalities that remain untreated in the
baseline specification.

Table 8: Impact of DSL internet quality on working from home
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