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We investigate the impact of transport infrastructure on the organisation and efficiency of
manufacturing activity. The Golden Quadrilateral (GQ) project upgraded a central highway network
in India. Manufacturing activity grew disproportionately along the network. These findings hold in
straight-line IV frameworks and are not present on a second highway that was planned to be
upgraded at the same time as GQ but subsequently delayed. Both entrants and incumbents facilitated
the output growth, with scaling among entrants being important. The upgrades facilitated better
industrial sorting along the network and improved the allocative efficiency of industries initially
positioned on GQ.

Adequate transport infrastructure is an essential ingredient for economic development
and growth. Rapidly expanding countries like India and China face severe constraints
on their transport infrastructure. Business leaders, policy makers and academics
describe infrastructure as a critical hurdle for sustained growth that must be met with
public funding but to date there is a limited understanding of the economic impact of
those projects. We study how proximity to a major new road network affects the
organisation of manufacturing activity, especially the location of new plants, through
industry-level sorting and the efficiency of resource allocation.

We exploit a large-scale highway construction and improvement project in India, the
Golden Quadrilateral (GQ) project. The analysis compares districts located 0–10
kilometres from the GQ network to districts 10–50 kilometres away, and we utilise time
series variation in the sequence in which districts were upgraded and differences in the
characteristics of industries and regions that were affected. Our study employs
establishment-level data that provide new insights into the sources of growth and their
efficiency improvements.

The GQ upgrades stimulated significant growth in organised manufacturing (formal
sector) in the districts along the highway network, even after excluding the four major
cities that form the nodal points of the quadrilateral. Long-differenced estimations
suggest output levels in these districts grew by 49% over the decade after the
construction began. This growth is not present in districts 10–50 kilometres from the
GQ network nor in districts adjacent to another major Indian highway system that was
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scheduled for a contemporaneous upgrade but subsequently delayed. We further
confirm this growth effect in a variety of robustness checks, including dynamic analyses
and straight-line instrumental variables (IV) based upon minimal distances between
nodal cities. As the 0–10 kilometres districts contained a third of India’s initial
manufacturing base, this output growth represented a substantial increase in activity
that would have easily covered the costs of the upgrades.

Decomposing these aggregate effects, districts along thehighway systemexperienced a
significant boost in the rate of new output formation by young firms, roughly doubling
pre-period levels. These entrants were drawn from industries intensive in land and
buildings, suggesting the GQupgrades facilitated sharper industrial sorting between the
major nodal cities and the districts along the highway. Despite a substantial increase in
entrant counts, the induced entrants maintained comparable size and productivity to
control groups. The young cohorts, moreover, demonstrated a post-entry scaling in size
that is rare for India and accounted for an important part of the output growth. We also
observe heightened output levels from incumbent firms that existed in these 0–10
kilometres districts before the reforms commenced. This growth combines slightly
higher survival rates with increases in plant size. Despite this aid to incumbent growth, the
incumbent share of local activity declines due to the stronger entry effects.

Looking at industries as a whole, the GQ upgrades improved the allocative efficiency
(Hsieh and Klenow, 2009) for industries that were initially positioned along the GQ
network. Similar improvements were not present in earlier periods nor for industries
that were mostly aligned on the placebo highway system. These results suggest that the
GQ upgrades shifted activity towards more productive plants in the most affected
industries. Among district traits, the GQ upgrades helped activate intermediate cities
of medium population density, where some observers believe India’s development has
underperformed compared to China. We also find that local education levels were
important for explaining the strength of the changes, but that various other potential
adjustment costs (e.g. labour regulations) were not.

Our project contributes to the literature on the economic impacts of transport
networks indeveloping economies, which is unfortunately quite small relative to its policy
importance. Two studies consider India and the GQ upgrades specifically. Datta (2011)
finds evidence of improved inventory efficiency and input sourcing for manufacturing
establishments located on the GQ network almost immediately after the upgrades
commenced. These results connect to our emphasis on the GQ upgrade’s impact for the
organisation of formal manufacturing activity. Khanna (2014) examines changes in
night-time luminosity around the GQ upgrades, finding evidence for a spreading-out of
economic development. Both studies are further discussed below. In related work, Ghani
et al. (2012) identify how within-district infrastructure and road quality aid the allocative
efficiency of manufacturing activity in local areas between rural and urban sites.

Beyond India, several recent studies find mixed evidence regarding economic effects
for non-targeted locations due to transport infrastructure in China or other developing
economies.1 These studies complement the larger literature on the US and those

1 For example, Brown et al. (2008), Ulimwengu et al. (2009), Banerjee et al. (2012), Baum-Snow et al.
(2012), Roberts et al. (2012), Aggarwal (2013), Baum-Snow and Turner (2013), Xu and Nakajima (2013),
Faber (2014) and Qin (2014).
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undertaken in historical settings.2 This study is the first to bring plant-level data to the
analysis of these highway projects. This granularity is not feasible in the most-studied
case of the US as the major highway projects mostly pre-date the US’s detailed census
data. As a consequence, state-of-the-art work like Chandra and Thompson (2000) and
Michaels (2008) utilise aggregate data and broad sectors. The later timing of the
Indian reforms affords data that can shed light on many margins like entry behaviour,
misallocation and distributions of activity. Moreover, prior work mostly identifies how
the existence of transport networks impacts activity but we can quantify the impact
from investments into improving road networks compared to placebo networks that
are not enhanced. This provides powerful empirical identification and the compar-
isons are informative for the economic impact of road upgrade investments, which are
very large and growing.3

The remainder of this article is as follows: Section 1 gives a synopsis of highways in
India and the GQ project. Section 2 describes the data used for this study and its
development. Section 3 presents the empirical work of the study, determining the
impact of highway improvements on economic activity. Section 4 provides a discussion
of the results and concludes.

1. India’s Highways and the Golden Quadrilateral Project

Road transport accounts for 65% of freight movement and 80% of passenger traffic in
India. National highways constitute about 1.7% of this road network, carrying more
than 40% of the total traffic volume.4 To meet its transport needs, India launched its
National Highways Development Project (NHDP) in 2001. This project, the largest
highway project ever undertaken by India, aimed at improving the GQ network, the
North–South and East–West (NS–EW) corridors, port connectivity and other projects
in several phases. The total length of national highways planned to be upgraded (i.e.
strengthened and expanded to four lanes) under the NHDP was 13,494 kilometres;
the NHDP also sought to build 1,500 kilometres of new expressways with six or more

2 For example, Fernald (1998), Chandra and Thompson (2000), Lahr et al. (2005), Baum-Snow (2007),
Michaels (2008), Holl and Viladecans-Marsal (2011), Hsu and Zhang (2011), Duranton and Turner (2012),
Donaldson and Hornbeck (2012), Fretz and Gorgas (2013), Holl (2013), Duranton et al. (2014) and
Donaldson (2014). Related literatures consider non-transport infrastructure investments in developing
economies (Duflo and Pande, 2007; Dinkelman, 2011) and the returns to public capital investment
(Aschauer, 1989; Munell, 1990; Otto and Voss, 1994). Several studies evaluate the performance of Indian
manufacturing, especially after the liberalisation reforms (Ahluwalia, 2000; Besley and Burgess, 2004;
Kochhar et al., 2006). Some authors argue that Indian manufacturing has been constrained by inadequate
infrastructure and that industries that are dependent upon infrastructure have not been able to reap the
maximum benefits of the liberalisation reforms (Mitra et al., 1998; Gupta et al., 2008; Gupta and Kumar,
2010).

3 Through 2006 and including the GQ upgrades, India invested US$ 71 billion for the National Highways
Development Programme to upgrade, rehabilitate and widen India’s major highways to international
standards. A recent Committee on Estimates report for the Ministry of Roads, Transport and Highways
suggests an ongoing investment need for Indian highways of about US$ 15 billion annually for the next 15–
20 years (The Economic Times, 29 April 2012).

4 Source. National Highway Authority of India website: http://www.nhai.org/. The Committee on
Infrastructure continues to project that the growth in demand for road transport in India will be 1.5–2 times
faster than that for other modes. Available at: http://www.infrastructure.gov.in. By comparison, highways
constitute 5% of the road network in Brazil, Japan and the US and 13% in Korea and the UK (World Road
Statistics, 2009).
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lanes and 1,000 kilometres of other new national highways. In most cases, the NHDP
sought to upgrade a basic infrastructure that existed, rather than build infrastructure
where none previously existed.5

The NHDP evolved to include seven different phases and we focus on the first two.
NHDP Phase I was approved in December 2000 with an initial budget of Rs 30,300
crore (about US$ 7 billion in 1999 prices). Phase I planned to improve 5,846 kilo-
metres of the GQ network (its total length), 981 kilometres of the NS–EW highway,
and 671 kilometres of other national highways. Phase II was approved in December
2003 at an estimated cost of Rs 34,339 crore (2002 prices). This phase planned to
improve 6,161 kilometres of the NS–EW system and 486 kilometres of other national
highways. About 442 kilometres of highway is common between the GQ and NS–EW
networks.

The GQ network connects the four major cities of Delhi, Mumbai, Chennai and
Kolkata and is the fifth-longest highway in the world. Panel (a) of Figure 1 provides a
map of the GQ network. The GQ upgrades began in 2001, with a target completion
date of 2004. To complete the GQ upgrades, 128 separate contracts were awarded. In
total, 23% of the work was completed by the end of 2002, 80% by the end of 2004, 95%
by the end of 2006 and 98% by the end of 2010. Differences in completion points were
due to initial delays in awarding contracts, land acquisition and zoning challenges,
funding delays,6 and related contractual problems. Some have also observed that

Overlay of Straight-line IV StrategyHigh way Structure(a) (b)

Fig. 1. Map of the Golden Quadrilateral and North–South East–West Highway Systems in India
Notes. Panel (a) plots the Golden Quadrilateral and North–South East–West highway systems.
Panel (b) plots the instrumental variables route formed through the straight-line connection of
the GQ network’s nodal cities: Delhi, Mumbai, Kolkata and Chennai. IV Route 2 also considers
Bangalore as a fifth nodal city.

5 The GQ programme in particular sought to upgrade highways to international standards of four or six-
laned, dual-carriageway highways with grade separators and access roads. This group represented 4% of
India’s highways in 2002 and the GQ work raised this share to 12% by the end of 2006.

6 The initial two phases were about 90% publicly funded and focused on regional implementation. The
NHDP allows for public–private partnerships, which it hopes will become a larger share of future
development.
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India’s construction sector was not fully prepared for a project of this scope. One
government report in 2011 estimated the GQ upgrades to be within the original
budget.

The NS–EW network, with an aggregate span of 7,300 kilometres, is also shown in
Figure 1. This network connects Srinagar in the north to Kanyakumari in the south,
and Silchar in the east to Porbandar in the west. Upgrades equivalent to 13% of the
NS–EW network were initially planned to begin in Phase I alongside the GQ upgrades,
with the remainder scheduled to be completed by 2007. However, work on the NS–EW
corridor was pushed into Phase II and later, due to issues with land acquisition, zoning
permits and similar. In total, 2% of the work was completed by the end of 2002, 4% by
the end of 2004 and 10% by the end of 2006. These figures include the overlapping
portions with the GQ network that represent about 40% of the NS–EW progress by
2006. As of January 2012, 5,945 of the 7,300 kilometers in the NS–EW project had been
completed.

2. Data Preparation

We employ repeated cross-sectional surveys of manufacturing establishments carried
out by the government of India. Our work studies the organised sector surveys that
were conducted in 1994–5 and in the 11 years stretching from 1999–2000 to 2009–10.
In all cases, the survey was undertaken over two fiscal years (e.g. the 1994 survey was
conducted during 1994–5) but we will only refer to the initial year for simplicity. This
time span allows us three surveys before the GQ upgrades began in 2001, annual
observations for five years during which the highway upgrades were being imple-
mented and annual data from this point until 2009. Estimation typically uses 1994 or
2000 as a reference point to measure the impact of GQ upgrades. This Section
describes some key features of these data.

The organised manufacturing sector of India is composed of establishments with
more than 10 workers if the establishment uses electricity. If the establishment does
not use electricity, the threshold is 20 workers or more. These establishments are
required to register under the India Factories Act of 1948. The unorganised
manufacturing sector is, by default, comprised of establishments which fall outside
the scope of the Factories Act. The organised sector accounts for over 80% of India’s
manufacturing output, while the unorganised sector accounts for a high share of
plants and employment (Ghani et al. 2012). The results reported in this article focus
on the organised sector.7

The organised manufacturing sector is surveyed by the Central Statistical Organi-
zation through the Annual Survey of Industries (ASI). Establishments are surveyed with
state and four-digit National Industry Classification (NIC) stratification. For most of

7 In a companion piece, Ghani et al. (2013) also consider the unorganised sector and find a very limited
response to the GQ upgrades. There are traces of evidence of the organised sector findings repeating
themselves in the unorganised sector (e.g. heightened entry rates, forms of industry sorting discussed below),
but the results are substantially diminished in economic magnitudes. These null patterns also hold true
regardless of the gender of the business owner in the unorganised sector. This differential is reasonable given
the greater optimisation in location choice that larger plants conduct and the ability of these plants to trade
inputs and outputs at a distance.
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our analysis, we use the provided sample weights to construct population-level
estimates of organised manufacturing activity at the district level. Districts are
administrative subdivisions of Indian states or union territories that provide more-
granular distances from the various highway networks. We also construct population-
level estimates of three-digit NIC industries for estimations of allocative efficiency.8

ASI surveys record economic characteristics of plants like employment, output,
capital, raw materials and land and building value. For measures of total manufactur-
ing activity in locations, we aggregate the activity of plants up to the district level. We
also develop measures of labour productivity and total factor productivity (TFP).
Weighted labour productivity is simply the total output divided by the total
employment of a district. Unweighted labour productivity is calculated through
averages across plants and is used in robustness checks. TFP is calculated primarily
through the approach of Sivadasan (2009), who modifies the Olley and Pakes (1996)
and Levinsohn and Petrin (2003) methodologies for repeated cross-section data.9

Repeated cross-sectional data do not allow panel analyses of firms or accurate
measures of existing plants. The data do, however, allow us to measure and study
entrants. Plants are distinguished by whether or not they are less than four years old.
We will use the term ‘young’ plant to describe the activity of these recent entrants.
Estimation also considers incumbent establishments operating in districts from 2000 or
earlier.

The sample for long-differenced estimation contains 311 districts. This sample is
about half of the total number of districts in India of 630, but it accounts for over 90%
of plants, employment, and output in the organised manufacturing sector throughout
the period of study. The reductions from the 630 baseline occur due to the following
reasons. First, the ASI surveys only record data for about 400 districts due to the lack of
organised manufacturing (or its extremely limited presence) in many districts. Second,
we drop states that have a small share of organised manufacturing.10 Finally, we require
manufacturing activity be observed in the district in 2000 and 2007/9 to facilitate the
long-differenced estimations over a consistent sample.11

8 For additional detail on the manufacturing survey data, see Fernandes and Pakes (2008), Hasan and
Jandoc (2010), Kathuria et al. (2010), Nataraj (2011) and Ghani et al. (2014).

9 As the Indian data lack plant identifiers, we cannot implement the Olley and Pakes (1996) and
Levinsohn and Petrin (2003) methodologies directly since we do not have measures of past plant
performance. The key insight from Sivadasan (2009) is that one can restore features of these methodologies
by instead using the average productivity in the previous period for a closely matched industry-location-size
cell as the predictor for firm productivity in the current period. Once the labour and capital co-efficients are
recovered using the Sivadasan correction, TFP is estimated as the difference between the actual and the
predicted output. This correction removes the simultaneity bias of input choices and unobserved firm-
specific productivity shocks. We also consider a residual regression approach as an alternative. For every two-
digit NIC industry and year, we regress log value-added (output minus raw materials) of plants on their log
employment and log capital, weighting plants by their survey multiplier. The residual from this regression for
each plant is taken as its TFP. We then take the average of these residuals across plants for a district.

10 These excluded states are Andaman and Nicobar Islands, Dadra and Nagar Haveli, Daman and Diu,
Jammu and Kashmir, Tripura, Manipur, Meghalaya, Nagaland and Assam. The average share of organised
manufacturing from these states varies from 0.2% to 0.5% in terms of establishment counts, employment or
output levels. We exclude this group to ensure reasonably well measured plant traits, especially with respect
to labour productivity and plant TFP. With respect to the latter, we also exclude plants that have negative
value added.

11 As described below, our dynamic estimations focus on a subset of non-nodal districts continuously
observed across all 12 surveys (1994, 1999–2009) and within 50 kilometres of the GQ network.
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We measure the distance of districts to various highway networks using official
highway maps and ArcMap GIS software. Reported results use the shortest straight-line
distance of a district to a given highway network, measured from the district’s edge. We
find very similar results when using the distance to a given highway network measured
from the district centroid. The online Appendix provides additional details on data
sources and preparation, with the most attention given to how we map GQ traits that
we ascertain at the project level to district-level conditions for pairing with ASI data.12

Empirical specifications use a non-parametric approach with respect to distance to
estimate treatment effects. We define indicator variables for the shortest distance of a
district to the indicated highway network (GQ, NS–EW) being within a specified range.
Most specifications use four distance bands: nodal districts, districts located 0–
10 kilometres from a highway, districts located 10–50 kilometres from a highway, and
districts over 50 kilometres from a highway. In an alternative setup, the last distance
band is further broken into 50–125, 125–200 kilometres, and over 200 kilometres.

Our focus is on the non-nodal districts of a highway. We measure effects for nodal
districts but the interpretation of these results is difficult as the highway projects are
intended to improve the connectivity of the nodal districts. For the GQ network, we
follow Datta (2011) in defining the nodal districts as Delhi, Mumbai, Chennai and
Kolkata. In addition, Datta (2011) describes several contiguous suburbs (Gurgaon,
Faridabad, Ghaziabad and Noida for Delhi; Thane for Mumbai) as being on the GQ
network as ‘a matter of design rather than fortuitousness’. We include these suburbs in
the nodal districts. As discussed later when constructing our instrument variables,
there is ambiguity evident in Figure 1 about whether Bangalore should also be
considered a nodal city. The base analysis follows Datta (2011) and does not include
Bangalore but we return to this question. For the NS–EW network, we define Delhi,
Chandigarh, Noida, Gurgaon, Faridabad, Ghaziabad, Hyderabad and Bangalore to be
the nodal districts using similar criteria to those applied to the GQ network.

Table 1 presents simple descriptive statistics that portray some of the empirical
results that follow. As we do not need the panel nature of districts for these descriptive
exercises, we retain some of the smaller districts that are not continuously measured to
provide as complete a picture as possible. The total district count is 363, with the
following distances from the GQ network: 9 districts are nodal, 76 districts are 0–
10 kilometres away, 42 districts are 10–50 kilometres away, and 236 districts are over
50 kilometres away.

Panel (a) provides descriptive tabulations from the 1994/2000 data that precede the
GQ upgrades, and panel (b) provides similar tabulations for the 2005/2007/2009 data
that follow the GQ upgrades. Columns 1–3 report aggregates of manufacturing activity
within each spatial grouping, averaging the grouped surveys, and columns 4–6 provide
similar figures for young establishments. Columns 7 and 8 document means of
productivity metrics. One important observation from these tabulations is that non-
nodal districts in close proximity to the highway networks typically account for around
40% of Indian manufacturing activity.

12 Appendix materials and Tables identified in this paper are available online at http://www.people.hbs.
edu/wkerr/.
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Panels (c) and (d) provide some simple calculations. Panel (c) considers the simple
ratio of average activity in 2005/2007/2009 to 1994/2000, combining districts within
spatial range. Panel (d) instead tabulates the change in the share of activity accounted
for by that spatial band. Shares of productivity metrics are not a meaningful concept.
Starting with the top row of panel (c), the study is set during a period in which growth
in manufacturing output exceeds that of plant counts and employment. Also, growth
of entrants exceeds that for total firms. Looking at differences in growth patterns by
distance from the GQ network, 0–10 kilometres districts exceed 10–50 kilometres
districts in every column but total employment growth. Moreover, in most cases, the
growth in these very proximate districts also exceeds that in districts over 50 kilometres
away. The associated share changes in panel (d) tend to be quite strong considering
the big increases in the nodal cities that are factored into these share changes.13

3. Empirical Analysis of Highways’ Impact on Economic Activity

We first consider long-differenced estimation that compares district manufacturing
activity before and after the GQ upgrades. We use this approach as well for our placebo
analyses and IV estimation. We then turn to dynamic estimation that considers annual
data throughout the 1994–2009 period, followed by the industry-level sorting analyses
and examinations of allocative efficiency.

3.1. Long-differenced Estimations

Long-differenced estimation compares district activity in 2000, the year prior to the
start of the GQ upgrades, with district activity in 2007 and 2009 (average across the
years). About 95% of the GQ upgrades were completed by the end of 2006. We utilise
two surveys after the conclusion of most of the GQ upgrades, rather than just our final
data point of 2009, to be conservative. Dynamic estimation below finds that the 2009
results for many economic outcomes are the largest in districts nearby the GQ network.
An average across 2007 and 2009 is a more conservative approach under these
conditions. This estimation also shows that benchmarking 1994 or 1999 as the
reference period would deliver very similar results given the lack of pre-trends
surrounding the GQ upgrades.

Indexing districts with i, the specification takes the form:

DYi ¼
X

d2D
bd � ð0; 1ÞGQDisti;d þ c� X i þ ei : (1)

The set D contains three distance bands with respect to the GQ network: a nodal
district, 0–10 kilometres from the GQ network, and 10–50 kilometres from the GQ

13 Appendix Table A1 provides a comparable tabulation organised around distance from the NS–EW
highway system. Districts have the following distances from the NS–EW network: 11 districts are nodal, 90
districts are 0–10 kilometres away, 66 districts are 10–50 kilometres away, and 196 districts are over
50 kilometres away. The abnormal growth associated with districts along the GQ network is weaker in districts
nearby the NS–EW network, with the districts within 0–10 kilometres of the NS–EW system only
outperforming districts 50+ kilometres away in two of the six metrics. Likewise, a direct comparison of the
districts within 10 kilometres of the GQ network to those within 10 kilometres of the NS–EW network favours
the former in four of the six metrics.
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network. The excluded category includes districts more than 50 kilometres from the
GQ network. The bd coefficients measure by distance band the average change in
outcome Yi over the 2000–9 period compared to the reference category.

Most outcome variables Yi are expressed in logs, with the exception of TFP, which is
expressed in unit standard deviations. Estimation reports robust standard errors,
weights observations by log total district population in 2001 and has 311 observations
representing the included districts. We winsorise outcome variables at the 1%/99%
level to guard against outliers. Our district sample is constructed such that
employment, output and establishment counts are continuously observed. We do
not have this requirement for young plants and we assign the minimum 1% value for
employment, output and establishment entry rates where zero entry is observed in
order to model the extensive margin and maintain a consistent sample.

The long-differenced approach is transparent and allows us to control easily for long-
run trends in other traits of districts during the 2000–9 period. All estimation includes
as a control the initial level of activity in the district for the appropriate outcome
variable Yi to capture flexibly issues related to economic convergence across districts.
In general, however, estimates show very little sensitivity to the inclusion or exclusion
of this control. In addition, the vector X i contains other traits of districts: national
highway access, state highway access, broad-gauge railroad access and district-level
measures from 2000 Census of log total population, age profile, female-male sex ratio,
population share in urban areas, population share in scheduled castes or tribes,
literacy rates and an index of within-district infrastructure. The variables regarding
access to national and state highways and railroads are measured at the end of the
period and thus include some effects of the GQ upgrades. The inclusion of these
controls in the long-differenced estimation is akin to including time trends interacted
with these initial covariates in a standard panel regression analysis.

The column headers of Table 2 list dependent variables. Columns 1–3 present
measures of total activity, columns 4–6 consider new entrants, columns 7 and 8
document productivity outcomes and columns 9 and 10 report wage and labour cost
metrics. Panel (a) reports results with a form of specification (1) that only includes
initial values of the outcome variable as a control variable. The first row shows increases
in nodal district activity for all metrics. The higher standard errors of these estimates,
compared to the rows beneath them, reflect the fact that there are only nine nodal
districts. Yet, many of these changes in activity are so substantial in size that one can still
reject that the effect is zero. We do not emphasise these results much, given that the
upgrades were built around the connectivity of the nodal cities. Because the bd
co-efficients are being measured for each band relative to districts more than
50 kilometres from the GQ network, the inclusion or exclusion of the nodal districts
does not impact results regarding non-nodal districts.

Our primary emphasis is on the second row where we consider non-nodal districts
that are 0–10 kilometres from the GQ network. To some degree, the upgrades of the
GQ network can be taken as exogenous for these districts. Columns 1–3 find increases
in the aggregate activity of these districts. The co-efficient on output is particularly
strong and suggests a 0.4 log point increase in output levels for districts within
10 kilometres of the GQ network in 2007/9 compared to 2000, relative to districts
more than 50 kilometres from the GQ system. As foreshadowed in Table 1, estimates
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for establishment counts and output in districts 0–10 kilometres from the GQ network
exceed the employment responses. These employment effects fall short of being
statistically significant at a 10% level and this is not due to small sample size as we have
76 districts within this range. Generally, the response around the GQ changes
favoured output over employment, which we trace out further below with industry-
level analyses.

Columns 4–6 examine the entry margin by quantifying levels of young establish-
ments and their activity. We find much sharper entry effects than the aggregate effects
in Columns 1–3 and these entry results are very precisely measured. The districts within
0–10 kilometres of GQ have a 0.8–1.1 log point increase in entry activity after the GQ
upgrade compared to districts more than 50 kilometres away.

Columns 7 and 8 report results for the average labour productivity and TFP in the
districts 0–10 kilometres from the GQ network. These average values are weighted and
thus primarily driven by the incumbent establishments. Labour productivity for the
district increases (also evident in a comparison of columns 2 and 3). On the other
hand, we do not observe TFP growth using the Sivadasan (2009) approach and
unreported estimations find limited differences between the TFP growth of younger
and older plants (relative to plants of similar ages in the pre-period). This general
theme is repeated below with continued evidence of limited TFP impact but a strong
association of the GQ upgrades with higher labour productivity. Columns 9–10 finally
show an increase in wages and average labour costs per employee in these districts.

For comparison, the third row of panel (a) provides the interactions for the districts
that are 10–50 kilometres from the GQ network. None of the effects on the allocation
of economic activity that we observe in columns 1–6 for the 0–10 kilometres districts
are observed at this spatial band. This isolated spatial impact provides a first assurance
that these effects can be linked to the GQ upgrades rather than other features like
regional growth differences. By contrast, columns 7–10 suggest we should be cautious
about placing too much emphasis on the productivity and wage outcomes as being
special for districts neighbouring the GQ network, since the patterns look pretty
similar for all plants within 50 kilometres of the GQ network. On the other hand, it is
important to recognise that the productivity/wage growth in columns 7–10 for the
districts within 10–50 kilometres are coming from relative declines in activity that is
evident in columns 1–6. That is, the labour productivity of 0–10 kilometres districts is
increasing because output is expanding more than employment, but in the 10–
50 kilometres districts the labour productivity is increasing due to employment
contracting more than output. The different foundations for the productivity and wage
changes suggest that we should not reject the potential benefits of the GQ network on
these dimensions, and we return to this issue below with a detailed analysis of
productivity distributions for entrants and incumbents.

The remaining panels of Table 2 test variations on these themes. Panel (b) next
introduces the longer battery of district traits described above. The inclusion of these
controls substantially reduces the co-efficients for the nodal districts. More important,
they also diminish somewhat the co-efficients for the 0–10 kilometres districts, yet
these results remain quite statistically and economically important. The controls,
moreover, do not explain the differences that we observe between districts 0–
10 kilometres from the GQ network and those that are 10–50 kilometres away.
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Appendix Table A2 reports the co-efficients for these controls for the estimation in
panel (b). From hereon, this specification becomes our baseline estimate, with future
analyses also controlling for these district covariates.

Panel (c) further adds in state fixed effects. This is a much more aggressive empirical
approach than the baseline estimations as it only considers variation within states (and
thus we need to have districts located on the GQ network and those farther away
together in individual states). This reduces the economic significance of most variables
and raises the standard errors. Yet, we continue to see evidence suggestive of the GQ
upgrades boosting manufacturing activity.

Panel (d) presents results about the differences in the types of GQ work undertaken.
Prior to the GQ project, there was some infrastructure linking these cities. In a
minority of cases, the GQ project built highways where none existed before. In other
cases, however, a basic highway existed that could be upgraded. Of the 70 districts lying
near the GQ network, new highway stretches comprised some or all of the construction
for 33 districts, while 37 districts experienced purely upgrade work. In panel (d), we
split the 0–10 kilometres interaction variable for these two types of interventions. The
entry results are slightly stronger in the new construction districts, while the labour
productivity results favour the road upgrades. This latter effect is strong enough that
the total output level grows the most in the road upgrade districts. Despite these
intriguing differences, the bigger message from the breakout exercise is the degree to
which these two groups are comparable overall.

Panel (e) extends the spatial horizons studied in panel (b) to include two additional
distance bands for districts 50–125 kilometres and 125–200 kilometres from the GQ
network. These two bands have 48 and 51 districts respectively. In this extended
framework, we measure effects relative to the 97 districts that are more than
200 kilometres from the GQ network. Two key observations can be made. First, the
results for districts 0–10 kilometres away are very similar when using the new baseline.
Second, the null results generally found for districts 10–50 kilometres from the GQ
network mostly extend to districts 50–200 kilometres from the GQ network. Even from
a simple association perspective, the manufacturing growth in the period surrounding
the GQ upgrades is localised in districts along the GQ network.

It is tempting to speculate that the steeper negative point estimates in columns 4–6
suggest a ‘hollowing-out’ of new entry towards districts more proximate to the GQ
system after the upgrades. This pattern would be similar to Chandra and Thompson’s
(2000) finding that US counties that were next to counties through which US highways
were constructed were adversely affected. Chandra and Thompson (2000) described
their results within a theoretical model of spatial competition whereby regional
highway investments aid the nationally oriented manufacturing industries and lead to
the reallocation of economic activity in more regionally oriented industries like retail
trade. Unreported estimations suggest that this local reallocation is not happening for
Indian manufacturing, at least in a very tight geographic sense.14 For India, the

14 This exercise considers districts that lie between 10 and 200 kilometres of the GQ network. Using the
long-differenced approach, we regress the change in a district’s manufacturing activity and entry rates on the
average change in entry rates for the 0–10 kilometres segments within the focal district’s state. There is a
positive correlation, which is inconsistent with a ‘hollowing-out’ story operating at a very local level.
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evidence is more consistent with potential diversion of entry coming from more distant
points. Either way, the lack of statistical precision for these estimations prevents strong
conclusions in this regard.

Appendix Table A3 provides several robustness checks on these results. We first show
very similar results when not weighting districts and including dropped outlier
observations. We obtain even stronger results on most dimensions when just
comparing the 0–10 kilometres band to all districts more than 10 kilometres apart
from the GQ network, which is to be expected given the many negative coefficients
observed for the 10–50 kilometres band. We also show results that include an
additional 10–30 kilometres band. This estimation confirms a very rapid attenuation in
effects. The Appendix also shows similar (inverted) findings when using a linear
distance measure over the 0–50 kilometres range. Appendix Table A4 documents
alternative approaches to calculating labour productivity and TFP consequences.

3.2. Comparison of GQ Upgrades to NS–EW Highway

The stability of the results in Table 2 is encouraging, especially to the degree to which
they suggest that proximity to the GQ network is not reflecting other traits of districts
that could have influenced their economic development. There remains some
concern, however, that we may not be able to observe all of the factors that policy
makers would have known or used when choosing to upgrade the GQ network and
designing the specific layout of the highway system. For example, policy makers might
have known about the latent growth potential of regions and attempted to aid that
potential through highway development.

We examine this feature by comparing districts proximate to the GQ network to
districts proximate to the NS–EW highway network that was not upgraded. The idea
behind this comparison is that districts that are at some distance from the GQ
network may not be a good control group if they have patterns of evolution that do
not mirror what districts immediately on the GQ system would have experienced
had the GQ upgrades not occurred. This comparison to the NS–EW corridor
provides perhaps a stronger foundation in this regard, especially as its upgrades
were planned to start close to those of the GQ network before being delayed. The
identification assumption is that unobserved conditions such as regional growth
potential along the GQ network were similar to those for the NS–EW system
(conditional on covariates).

The upgrades scheduled for the NS–EW project were to start contemporaneously
with and after the GQ project. To ensure that we are comparing apples with apples, we
identified the segments of the NS–EW project that were to begin with the GQ upgrades
and those that were to follow in the next phase. We use separate indicator variables for
these two groups so that we can compare against both. Of the 90 districts lying within
0–10 kilometres of the NS–EW network, 40 districts were to be covered in the 48 NS–
EW projects identified for Phase I. The online Appendix provides greater detail on this
division.

Table 3 repeats panel (b) of Table 2 and adds in four additional indicator
variables regarding proximity to the NS–EW system and the planned timing of
upgrades. In this estimation, the coefficients are compared to districts more than
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50 kilometres from both networks. None of the long-differenced outcomes evident
for districts in close proximity to the GQ network are evident for districts in close
proximity to the NS–EW network, even if these latter districts were scheduled for a
contemporaneous upgrade. The placebo-like co-efficients along the NS–EW highway
are small and never statistically significant. The lack of precision is not due to too
few districts along the NS–EW system, as the district counts are comparable to the
distance bands along the GQ network and the standard errors are of very similar
magnitude. The null results continue to hold when we combine the NS–EW
indicator variables. Put differently, with the precision that we assess the positive
responses along the GQ network, we estimate a lack of change along the NS–EW
corridor.

3.3. Straight-line Instrumental Variables Estimation

Continuing with potential identification challenges, a related worry is that perhaps the
GQ planners were better able to shape the layout of the network to touch upon India’s
growing regions (and maybe the NS–EW planners were not as good at this or had a
reduced choice set). Tables 4 and 5 consider this problem using IV techniques. Rather
than use the actual layout of the GQ network, we instrument for being 0–10 kilometres
from the GQ network with being 0–10 kilometres from a (mostly) straight line between
the nodal districts of the GQ network.

The identifying assumption in this IV approach is that endogenous placement
choices in terms of weaving the highway towards promising districts (or struggling
districts)15 can be overcome by focusing on what the layout would have been if the
network was established based upon minimal distances only. This approach relies on
the positions of the nodal cities not being established as a consequence of the
transport network, as the network may have then been developed due to the
intervening districts. This is a reverse causality concern and an intuitive example is the
development of cities at low-cost points near to mineral reserves that are accessed by
railway lines. Similar to the straight-line IV used in Banerjee et al. (2012), the four
nodal cities of the GQ network were established hundreds or thousands of years ago,
making this concern less worrisome in our context.

The exclusion restriction embedded in the straight-line IV is that proximity to the
minimum-distance line only affects districts in the post-2000 period due to the
likelihood of the district being on the GQ network and experiencing the highway
upgrade. This restriction could be violated if the districts along these lines possess
characteristics that are otherwise connected to growth during the post-2000 period. For
example, these districts could generally have had more-skilled workforces than other
districts, and perhaps these educational qualities became more important after 2000.
The districts may also have possessed more favourable spatial positions. To guard

15 As Duranton and Turner (2011) highlight, endogenous placement could bias findings in either
direction. Infrastructure investments may be made to encourage development of regions with high growth
potential, which would upwardly bias measurements of economic effects that do not control for this
underlying potential. However, there are many cases where infrastructure investments are made to try to turn
around and preserve struggling regions. They may also be directed through the political process towards non-
optimal locations (i.e. ‘bridges to nowhere’). These latter scenarios would downward bias results.
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against these concerns, we will estimate the IV with and without the battery of
covariates for district traits in 2000.16

Panel (b) of Figure 1 shows the implementation. IV Route 1 is the simplest approach,
connecting the four nodal districts outlined in the original Datta (2011) study. We
allow one kink in the segment between Chennai and Kolkata to keep the straight line
on dry land. IV Route 1 overlaps with the GQ layout and is distinct in places. We earlier
mentioned the question of Bangalore’s treatment, which is not listed as a nodal city in
the Datta (2011) work. Yet, as IV Route 2 shows, thinking of Bangalore as a nodal city is
visually compelling. We thus test two versions of the IV specification, with and without
the second kink for Bangalore.

Panel (a) of Table 4 provides a baseline OLS estimation similar to panel (a) of Table
2. For this IV estimation, we drop nodal districts (sample size of 302 districts) and
measure all effects relative to districts more than 10 kilometres from the GQ network.
This approach only requires us to instrument for a single variable – being within
10 kilometres of the GQ network. Panel (b) shows the reduced-form estimates, with the
coefficient for each route being estimated from a separate regression. The reduced-
form estimates resemble the OLS estimates for many outcomes.

The first-stage relationships are quite strong. IV Route 1, which does not connect
Bangalore directly, has a first-stage elasticity of 0.43 (0.05) and an associated F-statistic
of 74.5. IV Route 2, which treats Bangalore as a connection point, has a first-stage
elasticity of 0.54 (0.05) and an associated F-statistic of 138.1. Panel (c) presents the
second-stage results. Not surprisingly, given the strong fit of the first-stage relationships
and the directionally similar reduced-form estimates, the IV specifications generally
confirm the OLS findings. In most cases, we do not statistically reject the null
hypothesis that the OLS and IV results are the same. Wage and labour productivity are
the two exceptions, where the IV indicates that OLS underestimates the true impact.

In Table 5, we repeat this analysis and further introduce the district covariates
measured in 2000 that we modelled in panel (b) of Table 2.17 When doing so, the first-
stage retains reasonable strength. IV Routes 1 and 2 have associated F-statistics of 13.9
and 20.9 respectively. The covariates have an ambiguous effect on the reduced-form
estimates, being very similar for aggregate outcomes, generally lower for entry growth,
and generally higher for productivity and wage effects. Most results carry through,
although the second-stage coefficients for employment and output entry are
substantially lower. Among the controls added, the inclusion of the total population
control is the most important for explaining differences between Tables 4 and 5. We
again do not statistically reject the null hypothesis that the OLS and IV results are the

16 Banerjee et al. (2012) provide an early application and discussion of the straight-line IV approach, and
Khanna (2014) offers a recent application to India. Faber (2014) provides an important extension to this
methodology. Faber (2014) uses data on local land characteristics and their impact on construction costs to
define a minimum-cost way of connecting 54 key cities that were to be linked by the development of China’s
highway network. We do not replicate Faber’s (2014) approach due to our focus on particular segments of
India’s network and the difficulty assembling the very detailed geographic data necessary for calculating
minimum-cost paths (versus minimum distance). We hope in future research to examine the whole system of
India’s highway network similar to Faber (2014).

17 We do not include in these estimates the three road and railroad access metrics variables, since these are
measured after the reform period, and we want everything in this analysis to be predetermined. These
variables can be included, however, with little actual consequence for Table 5’s findings.
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same for most outcomes. We obtain similar outcomes when also including controls for
distance from India’s 10 largest cities.

On the whole, we find general confirmation of the OLS findings with these IV
estimates, which help with particular concerns about the endogenous weaving of the
network towards certain districts with promising potential. IV estimates indicate that
there may be an upward bias in the entry findings, perhaps due to endogenous
placement towards districts that could support significant new plants in terms of
output. A second alternative is that the GQ upgrades themselves had a particular
feature that accentuates these metrics (e.g. high output levels of contracted plants to
support the actual construction of the road). This latter scenario seems unlikely,
however, given the industry-level patterns documented below.

3.4. Dynamic Specifications

Dynamicpatternsaroundthesereformsprovideadditionalassuranceabout theroleof the
GQ upgrades in these economic outcomes and insight into their timing. A first step is to
estimate our basic findings in a pre–post format. We estimate this panel regression using
non-nodaldistrictswithin50 kilometresof theGQnetwork.Wethusestimateeffects for0–
10 kilometres districts compared to those 10–50 kilometres apart from the GQ
highways.18 Indexingdistrictswith i andtimewith t, thepanel specification takes theform:

Yi;t ¼ b� ð0; 1ÞGQDisti;d\10km � ð0; 1ÞPostGQt þ /i þ gt þ ei;t : (2)

The distance indicator variable takes unit value if a district is within 10 kilometres of
the GQ network and the PostGQt indicator variable takes unit value in the years 2001
and afterwards. The panel estimations include a vector of district fixed effects /i and a
vector of year fixed effects gt . The district fixed effects control for the main effects of
distance from the GQ network, and the year fixed effects control for the main effects of
the post-GQ upgrades period. Thus, the b coefficient quantifies differences in
outcomes after the GQ upgrades for those districts within 10 kilometres of the GQ
network compared to those 10–50 kilometres away.

Table 6 implements this approach using the 1994, 2000, 2005, 2007 and 2009 data.
These estimates cluster standard errors by district, weight districts by log population in
2001 and include 530 observations from the cross of five periods with 106 districts
where manufacturing plants, employment and output are continually observed in all
five surveys. The results are quite similar to the earlier work, especially for the entry
variables. The total activity variables in columns 1–3 are somewhat diminished,
however, and we later describe the time path of the effects that is responsible for this
deviation. The productivity and wage estimations show weaker patterns, which is to be
expected, given how close the two bands looked in Table 2’s analysis. We report them
for completeness but we do not discuss their dynamics further.19

18 We will be interacting these distance variables with annual metrics, and the reduced set of coefficients is
appealing. Our NBER working paper (Ghani et al. 2013) contains earlier results that show similar patterns
when several distance bands are interacted with time variables.

19 Our young plant variables recode entry to the 1% observed value by year if no entry activity is recorded
in the data. The 1% value is the winsorisation level generally imposed. Appendix Table A5 shows similar
results when using a negative binomial estimation approach to model plants and employments as count
variables where zero values have meaning.
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Panel (b) studies the actual completion dates of the GQ upgrades. Due to the size of
the GQ project, some sections were completed earlier than other sections. We model
this by extending the 0–10 kilometres indicator variable so it also reflects whether the
district’s work was completed by March 2003 (27 districts), between March 2003 and
March 2006 (27 districts) or later (16 districts). Columns 1–6 find that the relative sizes
of the effects by implementation date are consistent with the project’s completion
taking hold and influencing economic activity. The results are strongest for sections
completed by March 2003, closely followed by those sections completed by March 2006.
On the other hand, there is a drop-off in many findings for the last sections completed.

Figure 2 further extends specification (2) to take a non-parametric dynamic format:

Yi;t ¼
X

t2T
bt � ð0; 1ÞGQDisti;d\10km � ð0; 1ÞYeart þ /i þ gt þ ei;t : (3)

Rather than introduce post-GQ upgrades variables, we introduce separate indicator
variables for every year starting with 1999. We interact these year indicator variables
with the indicator variable for proximity to the GQ network. The vectors of district and
year fixed effects continue to absorb the main effects of the interaction terms. Thus,
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Fig. 2. Dynamics of Plant Count and Output Growth Around the GQ Upgrades
Notes. Panels (a) and (c) illustrate the dynamics of young entrant and total plant count growth for
non-nodal districts located 0–10 kilometres from the GQ network relative to districts 10–
50 kilometres from the GQ network. The solid line quantifies the differential effect for the GQ
upgrades by year, with 1994 as the reference year. Dashed lines present 90% confidence intervals,
with standard errors clustered by district. Panels (b) and (d) consider comparable output
estimations. Appendix Table A6 reports complete regression results.
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the bt coefficients in specification (3) quantify annual differences in outcomes for 0–
10 kilometres districts compared to those 10–50 kilometres away, with 1994 serving as
the reference period. This estimation includes 1,188 observations as the cross of
12 years with the 99 non-nodal districts within 50 kilometres of the GQ network for
which we can always observe their activity.

By separately estimating effects for each year, we can observe whether the growth
patterns appear to follow the GQ upgrades hypothesised to cause them. Conceptually,
we also believe this dynamic approach is a better way of characterising the impact of
the GQ upgrades than the specific completion dates of segments. Once the upgrades
started, work began all along the GQ network and proceeded in parallel. Every state
along the GQ network had at least one segment completed within the first two years of
the programme. Work continued thereafter across all states, with the average spread of
completion times between the first and last segments for states being 6.4 years. Since
manufacturing activity and location choice decisions can easily be influenced by
upgrades on nearby segments (and even anticipation of future upgrades to a segment),
we believe it more appropriate to model the GQ event as a whole, timing the impact of
all segments from 2001.

Panels (a) and (b) of Figure 2 plot the coefficient values for log entrant counts and
log new output, respectively, and their 90% confidence bands. These panels include
vertical lines to mark when the GQ upgrades began and when they reached the 80%
completion mark. The entrant patterns are pretty dramatic. Effects are measured
relative to 1994 and we see no differences in 1999 or 2000 for non-nodal districts within
10 kilometres of the GQ compared to those 10–50 kilometres apart for either entrant
measure. Once the GQ upgrades commence, the log entry counts in neighbouring
districts outpace those a bit farther away. These gaps increase throughout the period
and are statistically significant in 2004 and 2009. In panel (b), output rises more
dramatically and increases up until the upgrades are mostly complete. The differences
begin to diminish in 2005 and then stabilise for 2006–9. New output (and
employment) growth substantially lead the new establishment effects, a pattern
reflective of large plants being the earliest to respond to the GQ upgrades.

Panels (c) and (d) show the series for log total plant counts and output. Aggregate
plant counts are very stable before the upgrades start. There is some measure of a
downward trend in output levels for 0–10 kilometres districts before the reform, but
these pre-results are not statistically different from each other nor from 1994 levels.
After the GQ upgrades start, total plant counts and output also climb and then
stabilise, before climbing again as the sample period closes. At all points during this
post period, the coefficient values are positive, indicating an increase over 1994 levels,
but the differences are not statistically significant until the end.

The paths depicted in these Figures provide important insights. The young entrant
measures in panels (a) and (b) are in essence flow variables into the district. Thus,
comparing the post-2006 period to 2004, it is not that the earlier cohort of young firms
is shrinking. Instead, a surge of entry occurred as the GQ upgrades made areas more
accessible and, with time, this surge abated into a lower sustained entry rate that still
exceeded pre-reform levels. By contrast, the metrics in panels (c) and (d) are stock
variables. Thus, their gradual development over time as more entrants come in and the
local base of firms expands makes intuitive sense.
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We began in Table 2 by considering long-differenced specifications that compare
activity in 2000 with 2007/9. Figure 2 and the Appendix material highlight the position
of these long-differenced years.20 The choice of 2000 as a base year is theoretically
appropriate as it is immediately before the upgrades began. This choice, however, is
not a sensitive point for the analysis. Utilising 1994 or 1999 delivers a very similar
baseline, while the 2001 period would generally lead to larger effects due to the dip in
some variables. To this end, the Appendix shows that the downward shift in output in
Figure 2 is by far the largest pre-movement among the outcomes considered.
Encouragingly, there is no evidence of a pre-trend that upward biases our work with
any outcome variable.

The choice of averaging 2007 and 2009 is also illuminated. The dynamics of most
aggregate outcomes provide a similar picture to Figure 2. The common themes are a
general increase in activity across the post-2002 period, with individual years not
statistically significant, and then a run-up as 2009 approaches. By averaging 2007 and
2009, we give a better representation of the aggregate impact than using 2009 alone.
The entry margin – where location choices are being made at present – adjusts much
faster to the changing attractiveness of regions and thus registers sharper effects in the
short to medium-run. We return to projections about future impacts from the GQ
upgrades in the closing Section.

3.5. Entrants and Incumbents

Plant-level data offer the opportunity to examine the roles of entrants and incumbents
in aggregate growth – whether the growth is mainly through the displacement of older
plants by new entrants, within-plant productivity growth, or some combination of the
two. The ideal scenario for this analysis is to have panel data on plants (Glaeser et al.
2014). While we unfortunately lack this panel structure, we can use information on the
ages of plants to consider cohorts over time.

Columns 1–3 of Table 7 consider the role of incumbents in this growth by estimating
the log activity in 2007/9 due to plants that have been alive at least 10 years compared
to the total initial activity of the district in 2000. The positive coefficient in column 1
for the 0–10 kilometres group suggests that a greater fraction of the firms already
present in the 0–10 kilometres districts by 2000 (i.e. before the GQ upgrades began)
survived to 2007/9 than firms in their peer cohorts in districts farther away from the
GQ network. Columns 2 and 3 further show that employment and output increased
disproportionately for these incumbent firms. Moreover, the relative magnitudes
of columns 1–3 emphasise a point made earlier about the productivity results. For the
0–10 kilometres districts, output is rising at a faster pace than employment, leading
towards higher labour productivity at the same time that plant survival is also growing.
By contrast, incumbents in the 10–50 kilometres districts are closing at a similar rate or
even faster than the control group. These more-distant plants are also shedding
employment faster than output. As a result, their labour productivity is also rising but

20 Appendix Table A6 documents dynamic estimations for all of our outcome variables. Appendix Table
A7 also provides comparable results that utilise time since segment completion on an annual basis.
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the origin of this productivity growth is very different from that in the districts near to
the GQ network.

Columns 4–6 quantify the role of entrants by considering as the outcome variable
the log activity in 2007/9 due to plants that have been alive fewer than 10 years
compared to the total initial activity of the district in 2000. This young firm activity is
measured against the same baseline as in columns 1–3 but it is important to note that
the relative co-efficient sizes measure proportionate effects and thus do not directly
rank order aggregate effects (further discussed in the closing Section). The outcome
measures are all very strong for the 0–10 kilometres districts. There is also some
evidence suggestive of larger entrants being less likely to locate in the 10–50 kilometres
band.

Thus, both entrants and incumbents contribute to the aggregate growth evident in
Table 2. The last three columns consider as an outcome variable the share of activity in
each district in 2007/9 contained in firms that have been alive 10 or more years.
Despite their better survival rates and growth compared to distant incumbent peers,
the share of activity accounted for by incumbent firms in districts along the GQ
network declines.21

Table 8 further analyses the productivity distributions and selection margins in
districts by distance from the GQ network. We first normalise the plant-level
productivity estimates developed using the Sivadasan (2009) methodology by dividing
by the employment-weighted average productivity estimate for an industry-year. We
then calculate in column 1 the average normalised TFP in 2000 for plants within
districts by distance from the GQ network. These entries sum over all industries and
plants within each district group, weighting individual observations by employment
levels. Normalised productivity levels are naturally centred on one and are somewhat
higher in nodal districts – a typical finding in urban productivity patterns – with the
further initial differences over the other distance bands being marginal.

Column 2 provides a similar calculation in 2007/9. The normalisation process again
centres values on one, such that aggregate TFP growth is removed at the industry level.
The percentage listed next to each entry in column 2 is the average value in 2007/9
compared to that in 2000. Overall, there is limited movement for any of the groups; the
0–10 kilometres range increases slightly, while the other three ranges show very small
declines. This pattern is possible because the 0–10 kilometres group is becoming
larger during the period of study.

The more interesting tabulations are in columns 3 and 4. In column 3, we calculate
these TFP averages for plants that are at least 10 years old in 2007/9, while column 4
presents the comparable figures for plants less than 10 years old. Productivity rises with

21 We find similar results if grouping firms by whether or not they were specifically alive in 2000 but the
10-year bar on firm age allows us to apply a consistent threshold across the 2007 and 2009 surveys. In a small
number of districts, activity is not observed for either entrants or incumbents (but at least one group is always
observed). In these cases, we recode the zero value in 2007/9 with the lowest observed proportion among
districts with reported data on that margin. That is, if the lowest observed incumbent employment proportion
is 5% of the initial 2000 district size, we use this 5% estimate for the districts where zero incumbents are
observed. This approach maintains a consistent sample. We find very similar results when excluding these
cases, with the one change being that the output contributions of incumbents and entrants become
substantially closer in size.
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plant age, such that the values in column 3 are higher than in column 4. This may be
due to differences in technical efficiency. As pointed out in Foster et al. (2008), these
differences could also result from using revenues for TFP calculations rather than
physical products, if, for example young firms have lower prices to build demand.
Either way, our focus is on the relative comparisons back to the initial 2000 period that
are expressed in the accompanying percentages.

Column 3 shows that surviving incumbent plants in the 10–50 kilometres range
from the GQ network have substantially higher TFP compared to initial values than in
the other district ranges. These districts have reduced entry rates and the entrants
have lower TFPs compared to the other bands. By contrast, the TFP distributions for
the 0–10 districts have a more homogeneous adjustment over entrants and incum-
bents. The stability in entrant TFP in these districts is important, given the massive
increase in entry rates associated with the GQ upgrades. Despite these surges, the TFP
positions are not weakening compared to districts that are 50 kilometres or more from
the GQ network. This comparison shows again the very different sources of
productivity development in the 0–10 kilometres versus 10–50 kilometres ranges
surrounding the GQ network with the upgrades.

3.6. District and Industry Heterogeneity

The remaining analyses quantify heterogeneity in effects for districts and industries.
Table 9 considers district heterogeneity using the long-differenced specification (1).
Articulating this heterogeneity is challenging empirically because the data variation
becomes very thin as one begins to partition the sample by additional traits beyond
proximity to the GQ network. We take a simple approach by allowing the coefficient on
0–10 kilometres districts to vary by whether the district is above or below the median

Table 8

Productivity Distributions Among Incumbents and Entrants

Average of
normalised
TFP metric
in 2000

Average of
normalised
TFP metric
in 2007/9

Average of
normalised TFP
metric in 2007/9,
Plants 10+ years

old

Average of
normalised TFP
metric in 2007/9,
Plants less than

10 years
(1) (2) (3) (4)

Nodal district for GQ 1.0349 1.0274, 99% 1.0344, 100% 1.0096, 98%
District 0–10 kilometres from GQ 0.9998 1.0011, 100% 1.0068, 101% 0.9797, 98%
District 10–50 kilometres from GQ 1.0044 1.0038, 100% 1.0346, 103% 0.9006, 90%
District 50+ kilometres from GQ 0.9915 0.9912, 100% 0.9982, 101% 0.9654, 97%

Notes. Normalised TFP metrics divide plant-level TFP values developed with the Sivadasan (2009) approach by
their industry-year average value (weighted by employment in plant). Entries on the table are then
employment-weighted averages over these normalised metrics across all plants located in the indicated
districts (aggregating all districts and industries). Column 1 reports initial values in 2000. Column 2 reports
averages in 2007/9 and their relative percentage ratio to 2000. Column 3 reports the value for plants at least
ten years of age and their ratio to the initial value in 2000. Column 4 reports a similar statistic for subsequent
entrants and their ratio to the initial value in 2000. Districts in the 10–50 kilometres show a very strong
selection effect towards incumbent plants, while districts in the 0–10 kilometres range show more
homogeneous adjustments over entrants and incumbents.
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value for a trait. Panel (a) reports the baseline estimation and we include unreported
main effects for interactions in panels (b)–(e).

Panels (b) and (c) document the two key dimensions that we have identified.
Districts along the GQ network with higher population density and literacy rates show a
stronger response. Given that these density levels are less than in nodal cities that are
excluded from the analysis, this response provides some support for the hypothesis
that intermediate-sized districts were particularly aided by the GQ infrastructure.22 By
contrast, panels (d) and (e) do not find prominent differences when looking at within-
district infrastructure levels or distances along the GQ network from nodal cities.23

Finally, unreported analyses investigate whether labour regulations play a role in these
adjustment patterns. Using the employment protection and industrial dispute
resolution laws from Ahsan and Pages (2008), we do not find evidence that districts
located in states with above or below average stringency to their labour regulations
respond differently to each other. At least on this widely discussed policy dimension
(Besley and Burgess, 2004), local policy conditions display a weaker connection than
workforce factors like literacy rates, which could perhaps themselves be seen as barriers
of adjustment. We do not push this interpretation strongly, given that we are unable to
assess other possible dimensions like entry regulations or corruption levels.

Table 10 describes a key feature of the industry heterogeneity in entry that occurred
after the GQ upgrades. We focus specifically on the land and building intensity of
industries. We select this intensity due to the intuitive inter-relationship that non-nodal
districts may have with nodal cities along the GQ network due to the general greater
availability of land outside of urban centres and its cheaper prices. This general urban-
rural or core-periphery pattern is evident in many countries and is associated with
efficient sorting of industry placement. Moreover, this feature has particular impor-
tance in India due to government control over land and building rights, leading some
observers to state that India has transitioned from its ‘licence Raj’ to a ‘rents Raj’
(Subramanian, 2012a, b). Given India’s distorted land markets, the heightened
connectivity brought about by the GQ upgrades may be particularly important for
efficient sorting of industry across spatial locations. We measure land and building
intensity at the national level in the year 2000 through the industry’s land and building
value per unit of output (listed in Appendix Table A8).

In Table 10, we repeat the entry specifications isolating activity observed for
industries in three bins: those with low land intensity (the bottom quartile of intensity),
medium intensity (the second quartile) and high intensity (the top two quartiles). This

22 Ghani et al.(2013) contains further evidence regarding the intermediate city dimension. This pattern
would be similar to Baum-Snow et al. (2012) for China and Henderson et al. (2001) for Korea. See also World
Development Report (2009), Henderson (2010), Desmet et al. (2012) and McKinsey Global Institute (2010,
2012). Related work on spatial ranges includes Duranton and Puga (2001, 2004), Rosenthal and Strange
(2004), Ellison et al. (2010) and Gill and Goh (2012).

23 Ghani et al. (2013) document a nuance of this latter effect that compares urban and rural portions of
districts along the GQ network. The study finds that the organised sector’s uniform advancement along the
GQ system in Table 9 is composed of greater advancement in urban areas in districts closer to the nodal
cities, while rural areas are more activated in districts distant from nodal cities. Thus, it appears that different
types of industry were able to take advantage of the development of the GQ network in different ways. Urban
places close to nodal cities became more attractive to avoid the higher rents and regulations, while rural
places also became increasingly attractive for very land-intensive industries.
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estimation uses the long-differenced approach in specification (1). The 0–10 kilometres
districts show a pronounced growth in entry by industries that are land and building
intensive. Especially for young firm establishments and output, the adjustment is weaker
among plants with limited land and building intensities compared to the top half (there
are no important differences between the two quartiles in the top half). Remarkably, the
opposite pattern is generally observed in the top row for nodal districts – where nodal
districts are experiencing heightened entry of industries that are less land and building
intensive after theGQupgrades – andno consistent patterns are observed for districts 10–
50 kilometres from the GQ network. Table 11 shows a similar picture after including
district controls and state fixed effects and Appendix Tables A9 and A10 show instead a
weak or opposite relationship is evident with labour andmaterials intensity. Using capital
intensity to group industries not surprisingly gives similar results to land and building
intensity. These patterns suggest that the GQ upgrades aided the efficient sorting of
industries across locations along the network.
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Fig. 3. Change in Allocative Efficiency for Indian Organised Sector Industries from 2000 to 2007/9
Notes. Panels (a) and (c) plot the change in allocative efficiency for 55 industries from 2000 to
2007/9 based upon the initial share of activity in those industries along the GQ network in 2000.
A 200 kilometre radius is employed, and panel (a) considers employment and panel (c)
considers output. Panels (b) and (d) plot comparable graphs based upon the proximity of
industries to the NS–EW highway system.
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3.7. Changes in Allocative Efficiency

Our final exercise takes up directly the allocative efficiency of the Indian economy. In a
very influential paper, Hsieh and Klenow (2009) describe the degree to which India
and China have a misallocation of activity towards unproductive manufacturing plants.
That is, India has too much employment in plants that have low efficiency and too little
employment in plants with high efficiency levels. We evaluate whether the GQ
upgrades are connected with improvements in allocative efficiency for industries that
were mostly located near the GQ network in 2000, compared to those that were mostly
off the GQ network. The hypothesis is that allocative efficiency will improve most in
industries that were initially positioned around the GQ network. This could be due to
internal plant improvements in operations, increases in competition and the entry/
exit of plants and adjustments in price distortions.

Quantifying improvements in allocative efficiency is quite different from the district-
level empirics undertaken thus far as we must look at the industry’s production
structure as a whole. We thus calculate for the 55 three-digit industries in the
manufacturing sample a measure of their allocative efficiency in 1994, 2000 and 2007/
9. This measure is calculated as the negative of the standard deviation of TFP across the
plants in an industry. Thus, a reduction in the spread of TFP is taken as an
improvement in allocative efficiency.24

Panel (a) of Figure 3 plots the change in allocative efficiency (larger numbers being
improvements in unit standard deviations) from 2000 to 2007/9 for industries against
the share of employment for the industry that was within 200 kilometres of the GQ
network in 2000. There is an upward slope in this relationship, providing some broad
confirmation for the hypothesis. Panel (b) shows that this relationship is not evident in
terms of proximity to the NS–EW system. Panels (c) and (d) repeat these graphs using
the share of output within 200 kilometres of the two highway systems. Industries that
were in closer proximity to the GQ system in 2000 exhibit sharper improvements in
allocative efficiency from 2000 to 2007/9.

Table 12 provides variants of these Figures. Panel (a) considers proximity to the
GQ network, while panel (b) considers industrial proximity to the NS–EW network.
Column headers indicate outcome variables. Column 1 continues with our baseline
estimates of changes from 2000 to 2007/9 with the underlying TFP estimates using the
Sivadasan (2009) methodology. Column 2 instead substitutes a measure of growth in
allocative efficiency that builds from a residual TFP calculation approach at the plant
level. Column 3 considers the change in allocative efficiency across the earlier period
of 1994–2000, before the GQ upgrades began.

Eachentry in theTable is froma separate regressionwith the rowheaderdescribing the
metric used to estimate proximity to the GQ network. The point estimates from these

24 Hsieh and Klenow (2009) calculate their TFP measures as revenue productivity (TFPR) and physical
productivity (TFPQ). In their model, revenue productivity (the product of physical productivity and a firm’s
output price) should be equated across firms in the absence of distortions. Hsieh and Klenow (2009) use the
extent that TFPR differs across plants as a metric of plant-level distortions. When TFPQ and TFPR are jointly
log normally distributed, there is a simple closed-form expression for aggregate TFP. In this case, the negative
effect of distortions on aggregate TFP can be summarised by the variance of log TFPR. Intuitively, the extent
of misallocation is worse when there is greater dispersion of marginal products. The standard deviation
measure picks up this feature.
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various techniques are reasonably similar, generally being larger for estimation that
considers employment or output proximity. The measures built upon total output
proximity or upon young firm activity in 2000 show the strongest statistical precision.
They suggest that each 10% increase in the share of an industry’s activity near the GQ
network in 2000 is associated with about a 0.07 unit standard deviation increase in
allocative efficiency to 2007/9.

Column 3 does not find evidence of a link before 2000 and we find null results
in panel (b)’s focus on proximity to the NS–EW network. These results are robust
to controlling for the land and building intensity of an industry, calculating
proximity to the GQ network using a 50 kilometres range, and similar exercises.
With 55 data points, there are natural limits on the extensions and robustness
checks that can be undertaken but these exercises provide some confidence in the
conclusion that the GQ upgrades had a positive impact for the allocative efficiency
of India’s manufacturing sector. This impact may have been particularly strong for

Table 12

Estimation of the Impact of GQ Improvements on Allocative Efficiency

Change in allocative
efficiency 2000–2007/9,

Sivadasan, L-P

Change in allocative
efficiency 2000–2007/9,

Residual

Change in allocative
efficiency 1994–2000,

Sivadasan, L-P
(1) (2) (3)

(a) Share of industry activity within 200 kilometres of GQ, initial period
Total plants 0.510 0.612 �0.295

(0.467) (0.450) (0.214)
Total employment 0.718 0.796* �0.233

(0.436) (0.419) (0.210)
Total output 0.710* 0.810** �0.242

(0.415) (0.398) (0.293)
Young plants 0.319 0.380 �0.263

(0.351) (0.344) (0.172)
Young employment 0.675** 0.792** �0.255**

(0.325) (0.313) (0.125)
Young output 0.579** 0.668*** �0.275*

(0.255) (0.241) (0.149)

(b) Share of industry activity within 200 kilometres of NS–EW, initial period

Total plants 0.352 0.471 0.059
(0.676) (0.654) (0.200)

Total employment �0.012 0.087 0.145
(0.468) (0.462) (0.197)

Total output 0.248 0.270 0.001
(0.519) (0.502) (0.210)

Young plants �0.042 �0.067 �0.063
(0.391) (0.384) (0.231)

Young employment 0.068 0.040 0.106
(0.282) (0.284) (0.178)

Young output 0.037 �0.013 0.126
(0.239) (0.238) (0.150)

Notes. Each Table entry is from separate estimation. Estimation in columns 1 and 2 of panel (a) considers the
change in the allocative efficiency of organised-sector manufacturing from 2000 to 2007/9 by initial
proximity to the GQ network in 2000. Column 3 presents a similar exercise from 1994 to 2000 during the pre-
period before construction began. Panel (b) considers the placebo case of proximity to NS–EW system.
Allocative efficiency is calculated using TFP estimates described in the column header. Regressors are
expressed in shares. Estimation reports robust standard errors, contains 55 observations and is unweighted.
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industries where new activity was already occurring in a modest band around the
network.25

4. Discussion and Conclusions

This study finds that the GQ upgrades led to a substantial increase in manufacturing
activity. This growth included higher entry rates, incumbent productivity expansion,
adjustments in the spatial sorting of industries and improved allocative efficiency in the
manufacturing industries initially located along the GQ network. We close this article
by further discussing the economic magnitudes of the GQ reforms by the end of the
sample period and what might lie ahead. These discussions, by their nature, require
stepping beyond the econometric analyses conducted, and the assumptions made
below are important for the insights derived. We focus on output for this analysis. The
organised sector accounts for over 80% of Indian manufacturing output and much of
the work in this article points to a central connection of the GQ upgrades to output
growth.

We start with the impact of the upgrades for the 0–10 kilometres districts. Our
preferred estimates of output impacts to the end of the sample period are the 0.43
(0.16) and 0.37 (0.21) co-efficients in panels (b) and (c) of Table 2 respectively.
These estimates are quite robust to specification checks, and they grow somewhat in
magnitude in the IV analyses. Taking a mid-point of 0.4 suggests a 49% overall
output increase from initial values for the average district located near the GQ
network. Compared to pre-period levels, this would be an increase of output levels
for the average district from US$ 1.8 billion to US$ 2.6 billion. The actual increase,
for reference, was to US$ 3.8 billion. The estimates would thus credit about 43% of
the observed increase to the GQ upgrades, with the rest due to general expansion
of Indian manufacturing and the accentuated development of manufacturing along
other dimensions that these districts possess (e.g. education levels).

Looking forward, it seems that the scope for further increase in output is relatively
modest. While panel (d) of Figure 2 shows sustained growth from 2006–9 in total
output levels, we expect this upward trend to flatten and stabilise for the long term.
This forecast comes from consideration of the drivers of growth:

(i) continued new entry along the GQ network;
(ii) the growth to scale of past entrants to these districts since the upgrades; and
(ii) the growth of incumbents present from before 2000.

The second and third effects combine multiple elements – selection and exit among
firms, output expansion among survivors and reallocation, and within-firm productivity

25 Unreported estimations suggest that increases in price competition may have played a role. We
generally find accentuated declines in output price dispersion over the 2000 to 2007/9 period for industries
located closer to the GQ network. As one example, every 10% increase in initial industry employment within
200 kilometres of the GQ network is associated with a �0.14 (0.09) change in output price dispersion, with
the latter measured in unit standard deviations. These results, however, are not statistically significant and we
do not observe quality dispersions nor consumer prices by region. As such, we do not strongly emphasise this
channel but note suggestive evidence in this regard.
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growth. Repeated cross-sectional data cannot perfectly separate these effects but we can
provide some informative calculations.

The first effect – the ongoing heightened rate of new output formation – appears to
have reached its long-term level. The dynamic estimation in panel (b) of Figure 2
suggests that the increment of new entry over initial levels for districts along the GQ
network stabilised by 2006–9. The heightened output formation at this time is 40% less
than at its 2004 peak. Similarly, the share of establishments that are young firms is
stable in these districts at 17–18% in 2007–9, after an increase from 14% in 2000. This
effect added about 11% output overall to the average district compared to initial levels.

The second driver – growth in scale of young cohorts of entrants – is often thought
to be weak in the Indian context (Hsieh and Klenow, 2014). In this context, however,
we observe some growth due to scaling in the 0–10 kilometres districts. Yet, there does
not appear to be much scope for further growth in this regard either. The average size
of all entrants since 2000 is 86% of all remaining pre-2000 incumbents by 2009; for the
most recent cohort, the size ratio is 93%. Thus, while some further growth stimulus
may occur through growth of recent entrants, it seems unlikely from these conditions
that such increments will be very large.

The third factor – growth of the surviving incumbents – is also unlikely to be a source
of further growth. By 2009, this group accounts for about 68% of output in these
districts. While their output level increased, it has not kept pace with the district as a
whole. This surviving group has been strongly selected during the 2000–9 period, so we
do not anticipate a mass exodus nor rapid growth for them.

Having reviewed these three components, we believe GQ’s output growth may
increase beyond 49% but it is difficult to project it being much higher. Most of the
long-term impact of the GQ upgrades on the 0–10 kilometres districts appears to have
been achieved. One uncertainty in this forecast is the role of entrants and reallocation.
The data suggest stability is setting in on the rate of reallocations but it is possible that
reallocations could accelerate again in the future if some industries or plants face very
large moving costs (e.g. recently built plants, agglomeration economies) that further
weaken. Another source of uncertainty is how continued development of other
infrastructure projects in India will cut into the connectivity advantage of districts
along the GQ network (recall that the GQ upgrades were the first of seven phases
planned).

With repeated cross-sectional data, we are not able to decompose the aggregate
growth gains precisely into the three channels described above. Some rough
calculations suggest a balance between entrants (the first two channels) and
incumbents (the third channel). The 2009 output level of pre-2000 incumbents is
148% of the district’s size in 2000 for the 0–10 kilometres districts; as a comparison
point, the similar ratio for the 50+ kilometres districts is 138%. These percentages
include initial levels and thus the net growth among pre-2000 incumbents is 48% and
38% respectively. The 2009 output level of post-2000 entrants is 70% of the district’s
size in 2000 for the 0–10 kilometres districts, with the comparison point now being
67%. Thus, in both distance bands, entrants account for a majority of net output
growth and the increment for the 0–10 kilometres districts is roughly comparable for
both incumbents and entrants, suggestive of mostly balanced growth roles that
somewhat favour entrants.
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With this long-term portrait, we can also make a cautious ballpark estimate of the
overall effect by considering the four spatial bands. We first make the important
assumption that the GQ upgrades had no effect on the 236 districts that are
50 kilometres beyond the GQ network. This group, which accounted for 43% of
India’s output in the initial period, has served as a frequent control group and does not
appear to be impacted substantially by the GQ network. Some evidence for this
assumption is found in the NS–EW placebo that compares distant districts from the GQ
network by their proximity to the NS–EW network. Finding no major differences across
subgroups of districts in this analysis suggests that aggregate effects in the distant
spatial range were unlikely to be material.

With this assumption in place, we next conclude from our analytical work that weak
effects accrued to districts 10–50 kilometres from the GQ network, which accounted
for a little under 10% of initial output levels. There may have been some declines, as
evidenced by the small negative coefficients in Table 2, but these results are not
statistically significant. Even taking the point estimates as true values, the overall
magnitude would still be small (1–2% of total Indian manufacturing) given that the
declines would be applied against a small share of the total manufacturing output in
India.

The biggest growth comes from the 0 to 10 kilometres districts, which accounted for
34% of initial levels. If long-term output development is modest from its current level,
as argued above, we can use the 49% growth estimate. This would suggest a 17% output
growth contribution overall for India’s manufacturing sector.

Finally, we come to the question of the nodal districts, which represented 15% of
initial output. Strictly speaking, the estimation would suggest that this group added a
further 9% output expansion. Some portion of this growth may be due to GQ
upgrades, but it is likely the case that a majority of the credit belongs elsewhere. For
representative purposes, a value of 2% is assigned.

Thus, on a whole, our ballpark calculation would suggest that the GQ upgrades
increased manufacturing output by 15–19%. For reference, Indian manufacturing
output doubled during this period and 37% of this growth occurred in the non-nodal
0–10 kilometres districts along the GQ network. The estimates would thus credit
something less than a fifth of the organised sector growth to better connectivity
provided by the enhanced GQ network, with all of that impact concentrated on
adjacent districts. This calculation makes clear the key assumption underlying the
analysis – the only factors pushing forward these nearby districts, where the majority of
this manufacturing growth occurred, were the GQ upgrades or the other traits
explicitly modelled.26

These powerful effects may be localised to organised manufacturing. Khanna (2014)
examines changes in night-time luminosity around the GQ upgrades. He finds
evidence that the upgrades yielded weaker spatial differentials in terms of night-time
lights, suggestive of a spreading out of economic development. There are sufficient
overlaps in our methodologies that the differences between the papers are not likely to

26 We do not attempt a full cost–benefit analysis given our uncertainty about the full costs of the upgrades.
Using the initial cost estimates of the project and government reports that the project remained within
budget, it is highly likely the benefits exceeded the costs.
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be due to choices regarding empirical technique. Instead, it seems more likely that the
organised manufacturing sector reacted differently from other forms of economic
activity, and Section 2 noted the significantly weaker responses observed for
unorganised manufacturing. Our findings thus point to a particular connection of
the highway upgrades to the spatial development, sorting and allocative efficiency of
large-scale manufacturing plants that ship inputs and outputs at a distance. Improve-
ments in this sector’s efficiency and spatial organisation can generate substantial
economic gains.

These outcomes are an important input into policy choices in India and other
developing economies. This article provides quantitative estimates of the likely
economic growth associated with highway upgrades and the spatial impacts of these
infrastructure projects. These estimates are most applicable to similar settings. For
example, the GQ upgrades were the first phase of an overhaul to the inadequate
transport infrastructure of India. Thus, the impact may be larger than what would be
observed from marginal investments into more developed settings. Similarly, the
projects were undertaken during a period of economic growth, possibly allowing for
greater rates of entry and more adjustment in the location choice decisions of new
entrants than in economies with stagnant growth (where infrastructure investment can
also be seen as a way to boost the economy). On the whole, our project speaks to the
severe constraints that inadequate infrastructure can have for the development of
manufacturing in emerging economies and the potential growth that may follow from
alleviating that constraint.
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