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Abstract: This paper uses the construction of India's Golden Quadrilateral (GQ) 
highway to explore the effects of an exogenous increase in market access and 
competition across the firm life cycle. While exit rates fall for all plants, aggregate 
increases in output, labor productivity and total factor productivity are driven by 
the expansion of an average young plant. Older plants stagnate or contract, 
consistent with the challenges of increased competition for incumbents. The 
benefits of connectivity to young plants depend on access to dense markets, finance 
and business conditions, although older plants increase labor productivity in 
districts with more distorted product and capital markets.  Expanding young plants 
correspond to those that are intensive in value chains, and dependent on external 
finance. However, the weaker business environment forces expansion in industries 
that are not contract-intensive and do not require close coordination with final 
producers. Analysis of plant-level panel data confirms plant capabilities as central 
to both the magnitude of the response and to the composition of plants driving it. 
Aggregate expansion among young plants is driven by high skill plants while 
contraction of old plants is driven by low skill plants, consistent with frontier firms 
being able to escape competition.   
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I. Motivation and Context  

The enhanced market access and increased competition facilitated by greater connectivity are critical 

drivers of firm dynamics and overall growth, although with theoretically ambiguous effects. On the one 

hand, increased connectivity through US railway expansion increased productivity and growth through 

market access and reallocation channels (Hornbeck and Rotenberg, 2019, 2021), whereas the high costs of 

shipping to distant markets may drive size differences of plants between the United States and India (Hsieh 

and Klenow, 2009, 2014).1 On the other hand, increased competition may cause local firms and industries 

to contract (Banerjee et al., 2012; Fujita and Krugman, 1999; Chandra and Thompson, 2000).2 In trade 

models of improved transport connectivity, the overall welfare effects of enhanced market access and higher 

competition can be decomposed into three effects: traditional Ricardian channel and pro -competitive 

changes in markups (Donaldson, 2018; Donaldson and Hornbeck, 2016); improved allocative efficiency 

(Asturias et al., 2019, Ghani et al., 2016a); and changes in relative terms of trade (e.g., Asturias et al., 2019). 

 

This paper contributes to this literature by examining the impact of infrastructure interventions on firm 

dynamics within treated locations, focusing on the reallocation channel as the primary mechanism driving 

documented aggregate effects. While several studies have analyzed the effects of roads on the spatial 

distribution of economic activity between treated and untreated locations (e.g., Baum-Snow, 2007; Baum-

Snow et al., 2016a; Donaldson and Hornbeck, 2016; Datta, 2012; Duranton and Turner, 2012; Faber, 2014; 

Gibbons et al., 2019; Michaels, 2008), fewer have focused on firm-level outcomes (e.g., Gibbons et al., 

2019; Ghani et al., 2016a). This paper builds on Ghani et al. (2016a), which leveraged the natural 

experiment of India’s Golden Quadrilateral (GQ) highway—connecting Delhi, Mumbai, Chennai, and 

Kolkata—to show that the net effect of the intervention was an expansion of manufacturing along the 

corridor, that is, across locations. We go a step further, using rich location-coded plant-level data to 

construct synthetic cohorts and a true plant panel which allows us to examine the adjustment within treated 

areas.  We document how plants at different stages of their life cycle—young, mature, and old—responded 

to improved connectivity. Specifically, we analyze which cohorts expanded or contracted, the timeline of 

these adjustments, and how local initial conditions shaped these patterns of reallocation.     

 

Theory provides little guidance on the types of firms that may benefit from improved connectivity and 

greater competition and the channels through which such effects manifest in prices, output, or inputs. 

Conceptually, the effects of connectivity could dif fer radically across these dimensions – older firms 

 
1Transport connectivity impacts productivity through improved labor market matching as well and may exceed those from 

accessibility improvements (De Borger et al., 2025). 
2 For a review of the impact of transport infrastructure see Melo et al. (2013) and Foster et al. (2023). 



2 
 

 

unaccustomed to competition may contract, while firms born within a more competitive context may be 

prepared to take advantage of new markets. Alternatively, older firms may have established access to 

necessary complementary factors – finance, land, or even local product markets that, in line with de 

Loecker et al. (2016) findings of increased markups with trade liberalization in India, may permit them 

to benefit from cheaper inputs, while defending their markets, thereby even strengthening their incumbent 

position. Cutting across all groups is the literature pioneered by Aghion et al. (2005, 2009, 2014; Cusolito, 

et al. 2022; Bloom et al., 2022) that stresses how the proximity to the technological frontier determines 

the degree to which firms may innovate to escape new competition, versus stagnating or exiting, as well 

as the emerging literature suggesting that firm capabilities, such as managerial or technological practices 

raise firm performance and resilience to shocks (Bloom et al, 2007). Neither theory nor empirics offer a 

consensus on how long the sorting out process should take and for the reforms to come to fruition.   

 

We study synthetic location-age firm cohorts and use a plant-level panel dataset to detail how plants of 

varying ages react to greater connectivity, focusing on young (0-5 years), mature (6-24 years) and older 

plants (25 and above years). Different from earlier work that focused on the extensive margin of reallocation 

across districts, our work follows firm cohorts since the GQ expansion to explore the reallocation dynamics 

in the exposed districts to attribute the improved outcomes to changes within plants versus between plant 

age cohorts. Our research empirically documents the following results.  

 

First, our findings suggest improved resource allocation not only between treated and untreated districts, 

as demonstrated in Ghani et al. (2016a, b), but also within treated districts, where the more dynamic cohort 

of younger plants expands and benefits from improved connectivity. Specifically, we highlight the margins 

of adjustment within treated districts across plant cohorts (young, mature, and old), enabling us to identify 

the channels driving improved aggregate outcomes. Thus, our work contributes to the literature that 

decomposes firm growth into within-firm, between-firm, and entry-exit dynamics (Foster et al., 2001; 

Cusolito and Maloney, 2018). Importantly, our analysis differs from Ghani et al. (2016a), which attributes 

gains across districts primarily to the entry of new plants in treated districts compared to untreated locations. 

In contrast, we focus on the reallocation dynamics across existing plant cohorts within treated districts, 

explicitly excluding the entry margin by analyzing only plants that existed prior to the GQ upgrades. Our 

analysis reveals that, while exit rates decline across all plant age groups in treated districts (i.e., those with 

proximity to the GQ), the economic performance of mature and old plants shows an average insignificant 

or negative effect. These findings are reminiscent of the firm dynamics literature which debates the relative 

contributions of size versus age to firm growth (Haltiwanger et al., 2011; Grover et al., 2019). In particular, 

our results resonate with the "neither up nor out" aspect of business dynamism observed in developing 
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countries, where firms may neither grow significantly with age nor exit (Hsieh and Klenow, 2014; World 

Bank, 2024).3 Examining the evolution of the impact of highway upgrades over time suggests that 

adjustment to the GQ shock unfolds over decades rather than years. This implies that the observed effects 

in the shorter time horizon are likely conservative, and a longer sample period would likely reveal an even 

greater divergence in performance between younger and older plants.4 

  
Second, for young plants, in line with standard micro theory, the responsiveness to connectivity is blunted 

where factor and product markets are incomplete and where the enabling business environment shows a 

higher degree of distortion. Critically, then, building roads is not sufficient to stimulate local industry – 

other elements of the business climate, such as financial institutions must be in place as well. With the 

exception of plant capabilities, older plants generally show little such sensitivity to initial conditions 

suggesting that they have established alternative ways of resolving missing markets, and their performance 

is perversely better in districts with higher distortions, possibly suggesting that, as in de Loecker et al. 

(2016), distortions may allow them to defend their market share while they can take advantage of cheaper 

inputs.  

 

Third, the young plants that benefit most from improved road infrastructure tend to operate in sectors that 

are more integrated into global value chains (GVCs), rely heavily on external finance, but in activities that 

do not require close monitoring by the final producer, as might be associated with a kind of internal 

“offshoring” along the GQ.  Said differently, young plants expand in activities where physical connectivity 

complements existing sectoral attributes, enabling firms to capitalize on the new economic opportunities 

created by infrastructure investments. They also benefit in industries that are less dependent on localized 

aspects of the business environment that cannot be directly influenced by physical connectivity. This 

finding, in spirit, is aligned with the differentiated impact of connectivity across industry attributes noted 

in Cosar and Fajgelbaum (2016) by export-orientation and in Ghani et al. (2016a) by land-intensity. 

 

Fourth, in line with the Aghion et al. and the Bloom et al. managerial quality literature, both (district-level) 

pseudo panel as well as true plant-level panel estimations suggest that more capable firms can escape 

competition and take advantage of new opportunities. Strikingly, older plants in high literacy districts show 

 
3 The firm dynamics literature contrasts the "up or out" pattern observed in the United States—where startups either grow rapidly 

or exit, driving resource reallocation and aggregate productivity growth—with the "neither up nor out" dynamics prevalent in 

developing countries like Colombia (Eslava and Haltiwanger, 2019) and India (Akcigit et al., 2016), as well as some OECD 

countries (Adalet McGowan et al., 2017). In these contexts, barriers to entry and distortions that inhibit growth of young firms 
hinder productivity and job creation (Tybout, 2000; Li and Rama, 2015).  
4 In a related study on Colombia, Barzin et al. (2018) find a one-year lag in firms' output responses to road improvements, 

highlighting the time needed for production adjustments. Our data enables us to track responses over a longer horizon. 
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a quantitatively similar positive response to GQ as that of the young plants, while it is those in low literacy 

districts that drive the aggregate negative trend for the cohort. This finding is broadly supported by the true 

plant-level panel analysis: young plants above median human capital and higher capital intensity drive the 

aggregate growth response while those below show no response to GQ; and below median older plants 

drive the contraction of the cohort while above median plants show no decline.  Firm capabilities appear to 

be central to both the magnitude of the response to increased markets and competition, and to the 

composition of plants driving it.   

 

The empirical challenge of estimating the causal impacts of roads is well known: their placement may be 

endogenous either to promote the growth of a lagging area or to aid the expansion of a growing region. 

While the earlier literature did not credibly address these endogeneity concerns (see e.g. Straub, 2011), 

recent papers make use of new data to devise identification strategies that use as instruments historical 

plans (e.g., Baum-Snow, 2007, 2010; Michaels, 2008; Duranton and Turner, 2011, 2012; Duranton et al., 

2014; García-López et al., 2015) or physical geography (e.g., Banerjee et al., 2012; Faber, 2014; Jedwab 

and Moradi, 2016), with the assumption that original plans or physical geography were unrelated to 

current conditions. Some papers have also dealt with endogeneity using straight line distances connecting 

big cities as instruments assuming that the places that were incidental beneficiaries of new links were 

random (e.g., Chandra and Thompson, 2000; Holl, 2004a; Melo et al., 2010; Ahlfeldt and Feddersen, 2010; 

Ghani et al., 2016a). Following the latter technique, along with other identification strategies that rely on 

comparing new segments versus upgraded sections of the GQ network, or a planned highway that 

remained incomplete in the sample period as a placebo our key results remain robust. 

 

The remainder of the paper is structured as follows: Section II details the data, while Section III outlines 

the methodology for long-difference estimation of the impact GQ on plant outcomes for the three cohort of 

plants within treated districts. It presents the long-difference estimation results, tracks the evolution of 

impact overtime and explores heterogeneity by district and industry traits. Section IV examines the impact 

using the true plant panel version of the data, and Section V concludes. 

 a 

II. Data  

Government records detail the timing of completion of specific segments of  the 5,846 km (3,633 mi) of 

road connecting the major industrial, agricultural, and cultural centers of India.  Work began in 2001 and 

23%, 80%, 90%, 97% and 98% was completed by the end of 2002, 2004, 2005, 2007 and 2010 respectively. 

The distance of economic districts to the highway is calculated as the shortest straight-line distance using 
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official highway maps and ArcMap GIS software. Measuring to district edge or centroid yields similar 

results.5  

 

The information on location and timing of GQ upgrades is combined with the plant-level Annual Survey 

of Industries (ASI), obtained from India’s Ministry of Statistics and Program Implementation , to create two 

new data sets that allow us to study adjustment dynamics in a more detailed fashion than was previously 

possible. The ASI is broadly a census of establishments with 100 workers or more, and a rotating sample 

of one third (or one-fifth after 2004-05) of all other formal plants, defined as those with more than 10 

workers.6 One third (or one-fifth after 2004-05) of the units in each strata of state and 4-digit industries are 

systematically covered in each annual survey subject to a minimum sample size of 6 units in each stratum. 

The design ensures that the universe of units is covered in five years.7  Each wave, referenced by its terminal 

year, was sampled over a two-year period from 1999-2000 to 2008-2009 which spans the entire period of 

construction of the GQ allowing before and after comparisons.8 In any given wave there are between 20,000 

and 30,000 manufacturing plants, covering all states and districts.   

 

 This allows the creation of a 283 district-level pseudo panel tabulating seven outcome measures and 

extensive covariates for 90% of the country’s plants, employment and output. The reduction from a total of 

630 districts arises from either the limited district presence of organized manufacturing, or incomplete series 

across the 2000 and 2009 period. In addition, given that not all plants are surveyed each year, we construct 

synthetic age cohorts of plants by grouping them appropriately by age. To this end, plants born after the 

GQ upgrades began in 2000 are dropped. This makes our analysis of young plants definitionally different 

from Ghani et al. who consider young as new entrants post the GQ upgrades, while in our case young 

cohorts are the plants that were young when the highway upgrades began.  

 

All economic outcome variables are winsorized at the bottom 1 percentile to limit outliers and unavailable 

values in plant size and labor productivity coming from zeros in establishments counts, employment or 

output levels. Nine districts are categorized as nodal (Delhi, Mumbai, Chennai and Kolkata, and the several 

contiguous suburbs Gurgaon, Faridabad, Ghaziabad and Noida for Delhi; Thane for Mumbai); 67 districts 

 
5 For more details on data preparation, see Ghani et al. (2016a).  
6 The lists of registered factories maintained by the Chief Inspector of Factories (CIF) in each state forms the ASI sampling frame. 
7 As per Annual Survey of Industries Manual (2008, p. 12-13). a supplementary frame is prepared annually for new units, while 

closed factories only adjust the sampling weights of respondent units. At the end of the cycle, the frame is updated to account for 

new factories, closures, and changes in census and sample schemes. 
8 Our analysis is constrained by data limitations, as the ASI stopped publishing location identifiers after our sample period. While 
private data sources exist, they focus on large, listed firms rather than plants, making them unsuitable for geographic analysis. 

Similarly, the World Bank's Enterprise Surveys (WBES), as used in Dutta (2012), offer a small, non-representative sample, limiting 

their utility for studying the impact of highway treatment on firm life cycles. 

https://mospi.gov.in/sites/default/files/publication_reports/manual_asi_2008_0.pdf
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located within 0 – 10 kilometers away from the GQ are the “treated” ones; 32 districts are 10–50 kilometers 

away; and 175 “control” districts located over 50 kilometers away are assumed to be minimally affected by 

the GQ, but track broad movements in the economy. Long differences in outcomes resulting from nearby 

GQ completion can thus be compared.  To study adjustment patterns across plant ages, the data are further 

divided into age cohorts: 0-5 years (young), 6-24 years (mature) and plants with 25 and above years of age 

(old). Our results are not sensitive to moderate changes in category definition.  

 

Uniquely for this paper, we construct a geo-coded plant-level panel from two available versions of the ASI 

data: (i) a repeated cross-section of plant-level data with district identifiers, but no plant identifiers 

(“common factory ID”) and (ii) with plant identifiers, but without district identifiers. Using characteristics 

of firms such as industry code, ownership, establishment year, months of operation, capital assets, 

employment, wages, income from services etc., the two data sets are combined following Martin et al. 

(2017) with both district and plant identifiers with a match rate greater than 98%. This allows measuring 

year-to-year plant-level changes in revenue-based total factor productivity (TFPR), total revenues, output, 

labor and skill demand, and plant exit. Annex Table A.1 tabulates the summary statistics, splitting the 

outcomes by age groups and distance bands for pre-GQ and post-GQ years.   

 

III. Estimation 

(i) Long difference in difference estimation: 

Our first analysis compares district activity in 2000, the year prior to the start of the GQ upgrades, with 

district-level activity in 2009, the year when GQ was nearly and totally complete. Indexing districts with i, 

the specification takes the form:  

 

∆𝑌𝑖 = ∑ 𝛽𝑑 ∗ 𝐺𝑄 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑎𝑛𝑑𝑖,𝑑𝑑∈𝐷 + 𝛾 ∗ 𝑋𝑖 + 𝑌2000 + 𝜀𝑖     (1) 

    

where Δ𝑌𝑖 , is the change in relative economic outcome observed for a district i during the period 2000-09 

and captures seven outcome variables: three aggregate measures at the district level- the natural log of 

establishment counts, employment, and output; two capturing average plant size measured as employment 

and output; and changes in average labor productivity, defined as output per employee and Total Factor 

Productivity (TFP), estimated using LP-Sivadasan methodology (see Duranton et al., 2015 for details of 

the procedure). The set D contains the three distance bands from the GQ network: nodal district, 0–10 

kilometers, and 10–50 kilometers. The coefficients, 𝛽𝑑 measure for each distance band the change in 

outcome, 𝑌𝑖 over the 2000–09 period relative to the corresponding change for the 50+ control category.  

The specification is estimated separately for each of the three synthetic age cohorts and their outcomes are 
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compared with the corresponding plant cohort when the GQ was completed in 2009. For example, the 

outcomes of 0-5 year-old plant cohort in 2000 are compared with 9-14 year-old cohorts in 2009. All 

estimations include as a control the initial level of  𝑌𝑖 (that is, 𝑌2000)  in the district. The vector 𝑋𝑖  contains 

district-level controls: national highway access, state highway access, broad-gauge railroad access and 

district-level measures from the 2000 Census of log total population, age profile (measured as the inverse 

of the dependency ratio9, 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 measuring local access 

to electricity, roads, telecom, and water/sanitation facilities (see Ghani et al., 2012 for details).  

 

Panels A-C in Table 1 present the results from estimation of specification (1) across the three age groups 

and for each of the seven outcome variables, reported across columns in the three panels. Columns 1-3 

report district-level aggregate changes in logged output, employment and plant count; columns 4 and 5 

report changes in average plant size measured as employment or output; columns 6 and 7 report average 

plant performance measured as labor productivity and revenue TFP. These results are robust to splitting the 

residual category of 50 plus kilometer distance band into finer groupings (Annex Table A.2).  

 

Panel A shows that the arrival of the GQ had a positive and significant impact for the young cohort on 

output, average plant size, measured by both employment and output levels (columns 4 and 5), and on 

median plant performance, measured as labor productivity and TFP (columns 6 and 7). By comparison, for 

mature and older cohorts we observe either no significant positive or adverse effects in Panels B and C. 10 

The results suggest that the positive aggregate responses to the GQ observed by Ghani et al. (2016a, 2016b) 

were largely driven by the young cohort of plants.11 Because of the imprecision of the estimates for the 

older plants, it is difficult to reject equivalence in the coefficients in most cases, with only three test rejecting 

at the 10% level,  but the next section will present evidence that the differences are, indeed, important and 

likely significant over the longer term. 

 

 
9 We construct the demographic dividend measure as the ratio of working age population to non-working age population using 

2001 population census counts. 
10 Effects in terms of employment for non-nodal districts within 0-10 kilometers of GQ are consistently positive and insignificant 
across all age classes. Thus, there is overall a minimal effect on labor demand among any age group, although these estimates  are 

noisily measured. These results are in line with Sedláček and Sterk (2017) who estimate a general equilibrium firm dynamics model 

that suggests that aggregate conditions at birth, rather than post-entry choices, drive the majority of cohort-level employment 

variation. 
11 Notice that the results on new establishments (or activity cropping along the GQ network) in Ghani et al. (2016) are distinct from 
our results on the average effects being driven by the young cohort of plants because: (i) these plants are not young by the time of 

completion of GQ; (ii) Unlike Ghani et al. they do not represent new activity as our dataset drops all new plants that were born 

after the GQ upgrades began.   
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One exception to the null or negative results for mature and old cohort of plants is the large increase in plant 

count for mature and old plants. Since the synthetic cohort structure restricts our sample to the set of existing 

plants as of 2000, this necessarily implies a reduced exit rate among these firms. This is counter-intuitive 

given that we might expect the increased product market competition precisely to challenge weak 

incumbents. We return to this puzzle in section IV using plant-level data where exit decisions can be studied 

more directly.   

 

Annex Tables undertake three tests of the possibly confounding effects of firm geographical selection and 

endogenous highway placement by exploiting new segments vs upgrades (A.3a), the unfinished NW-EW 

highway as a placebo (A.3b), and straight-line highway layouts as an instrument (A.3c) and confirms the 

findings of the previous literature that neither is importantly biasing the results.  
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ii. Tracking the evolution of impact over time  

Greater clarity both on the longer- term impact of the GQ, and differences across age cohorts emerges if 

we track the evolution of the coefficients with time elapsed both from the completion of the nearest highway 

segment (Figure 1), and the cumulative completion of the whole network (Annex Figure A.1). We use 

additional information arising from the actual completion dates of highway segments most relevant to each 

district and estimate: 

 

 (2) 

 

Yi is as before, 𝛽𝑡𝑐 is the estimated coefficient for the group of non-nodal districts located within 10 

kilometers of GQ network with time to completion of GQ upgrades ranging from 3 years prior to six years 

or more after the completion of GQ segment. For example, if the outcome is observed in 2006, while the 

GQ upgrade for the district was completed in 2003, the regression measures the impact three years after the 

upgrade; in 2000, the coefficient measures the effect three years prior to the upgrade. ∅𝑖  is a vector of 

district and state fixed effects  and 𝜗𝑡  is a vector of year fixed effects. Standard errors are clustered by 

district and we weight by district log population in 2001. The sample comprises 1,188 observations. For 

parsimony, we drop the lagged dependent variable which the above exercises suggest has little effect on 

the coefficients, and we use the 10-50 category as reference since it behaves similarly to the 50+, dropping 

the latter from the sample.  

 

Figure 1 plots 𝛽𝑡𝑐 from equation (4) and reveals three striking patterns of evolution that cast additional light 

on the results above. We report only the young and old plants and confidence intervals for readability and 

because the mature follow an intermediate path between the two extremes.   

 

First, as in Table 1, only the series of coefficient for the young is strongly statistically different from zero 

for output, plant size (output), labor productivity and TFPR.  However, as the number of years after 

connectivity increases, the impact heightens dramatically positively for the young and usually negatively 

for the old.  The exception is the number of plants, which, again, seems to suggest that there is progressively 

less exit for all cohorts.  In all cases for the young, even if the coefficient may not become significantly 

different from zero, it does drift out of its previous confidence interval suggesting that the positive trend is, 

indeed, significant and the coefficient may become so. 

 

Second, this implies that, though formal tests of coefficient equivalence across age cohorts on only three 

occasions at the 10% level in table 2, the coefficients drift out of the own, but also the other age group 
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coefficient’s confidence interval, strongly suggesting that eventually tests will reject equivalence over 

longer duration.  The results for the cumulative systemic effect are broadly similar. It appears that, with 

time, the predominant role of young plants would become only more pronounced.  

Third, this evolution shows few signs of convergence to a new value suggesting that the transition to the 

new steady state is a multi-decade process of which this analysis is capturing only the initial phase.    

  

Figure 1: Impact of GQ network completion over time 

 

  

  



11 
 

 

  

 

 

iii) Initial conditions affecting the impact of GQ  

Theory suggests that pre-existing complementary factors in treated districts shape the impact of 

infrastructure improvements. These include access to finance, access to markets, and the local business 

environment, which are key drivers of firm performance. For instance, districts with stronger banking 

networks may enable firms to leverage improved connectivity to access finance more effectively, while 

proximity to major cities, allows firms to expand their customer base. Similarly, distortions in input and 

output markets can influence how firms respond to new opportunities created by infrastructure, as areas 

with fewer distortions may be better positioned to capitalize on improved connectivity. Table 2 splits the 
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estimation of the long difference specification by initial district-level conditions derived from the 2001 

census, capturing these factors, but again, disaggregated by age.  

 

Table 2 reveals key patterns in firm responses to connectivity. Districts closer to nodal cities show stronger 

performance across most measures, except employment, likely due to lower transport and information costs 

or better access to inputs (Panel B). Access to bank finance consistently enhances performance (Panel C), 

with older plants showing no difference in low-finance areas, possibly due to established relationships with 

financial institutions or self-financing capabilities. Established relationships may also help preserve market 

power while reducing input costs, as suggested by de Loecker et al. (2016), potentially explaining the slower 

decline of incumbents. Panels D and E examine distortions in output and input markets, following Duranton 

et al., 2015a, 2015b, and proxies for incumbent power. Young plants respond strongly in less distorted 

districts, particularly in output-related measures and firm size, highlighting the importance of an enabling 

business environment. In contrast, old plants exhibit higher responsiveness in more distorted areas, 

especially in labor productivity and TFP, consistent with de Loecker et al. (2016). While some muted effects 

are visible for young plants, the findings suggest that young plants thrive in competitive environments with 

access to complementary inputs, while older plants may leverage distortions to sustain their markets. 

 

iv. Industry characteristics correlated with responsiveness to GQ 

 

The quality of road infrastructure is more critical for certain industries, depending on their reliance on 

physical connectivity. Relying again the theory of firm growth, we focus on industry attributes that are 

likely to be more (less) sensitive to improved connectivity, as highways can complement (substitute) the 

potential for their expansion. For example, plants in GVC-intensive industries can integrate into global 

markets when complemented with better physical connectivity, as observed in China (Cosar and 

Fajgelbaum, 2016). Likewise, plants in industries that rely heavily on external finance may benefit 

disproportionately from highways if it facilitates the flow of capital (Das et al., 2024), while those in 

industries that rely less on better contracting environment may do better because highways do not have a 

direct effect on business environment. The ASI data permits studying several industry related characteristics 

of the plants that could potentially be most responsive to connectivity. To this end, we replicate equation 1 

splitting the regression with sub-samples partitioned by median industry characteristics. Critically, each age 

group is well-represented across industry characteristics (Annex Table A.4) so our results for young plants 

are not simply capturing newly arrived industries – the relevant characteristic is, in fact, youth. 
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This said, there are significant differences in the stimulative effect of connectivity across industry 

characteristics within age category, as shown in Table 3. When considering GVC-intensive sectors in Panel 

B, that is, those with strong backward and forward value chain linkages (e.g., textiles; wearing apparel; 

office computing; radio, television communication; motor vehicles), we find that output, employment and 

plant size of younger cohorts are significantly more sensitive to physical connectivity relative to their older 

counterparts. 

Even though access to finance is an important concern for growth of firms, younger plants with a higher 

degree of dependence on traditional finance, per the Chor and Manova (2012) measures, show more 

responsiveness for output, employment, and plant size (Panel C) than those less dependent.  Das et al. 

(2023) may shed light on this paradox by noting the strong supply response of credit to supply the new 

firms’ demand along the GQ.14  To square this finding with those of the previous section on the increased 

responsiveness in areas with a higher access to banks, Das et al. document that expansion along this 

extensive  margin – the expansion of bank branches into areas where previously there was no service – took 

several years after the establishment of the GQ while increased flows through existing institutions ramped 

up quickly. Hence financially dependent plants moving into areas with established bank infrastructure may 

find accommodating financial flows, while plants in areas with low bank density find problems responding 

or rely on non-traditional financing mechanisms.   

Panel D and E correspond to the dependence of an industry on business environment attributes. Young 

plants in sectors that are low in contractual intensity (Panel D), that is, the proportion of a sector’s 

intermediate inputs that require relationship-specific investments and differentiated products, respond 

better when connected with highways. Likewise, young plants are also more likely to be responsive to 

connectivity in sectors where relationship stickiness, as measured by firm to firm relationship durations, is 

low (panel E) particularly for output and firm size in the young plants.15  Together, these patterns are 

suggestive of  a more “anonymous”  internal offshoring behavior, that is, young plants can become parts of 

value chains that do not require proximity to clients to tailor intermediate inputs and may be substituted by 

other providers relatively easily.   

 
14 Here again, however, we document that this effect is entirely through young plants. Older plants may either have secured alternate 

sources long ago informally or rely on retained earnings. 
15 Based on Martin et al. (2023). This is a measure of stickiness in business relationships constructed at the product-level using 

firm-to-firm relationship duration data. The higher degree of stickiness translates into a lower probability of switching and longer 

firm-to-firm trade relationships, conditional on match quality. 
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V. Plant Panel Analysis 

Using plant panel data, this section explores two additional elements of the adjustment process to greater 

connectivity.  First, we ask how much of the observed response is due to adjustments on the extensive (exit) 

versus the intensive margin (changes within firms). Second, we explore how the characteristics of 

incumbent plants, this time measured at the plant level, may affect their process of adjustment. Our baseline 

specification takes the form of difference-in-difference estimation where the plant-level outcome variable 

in district d at time t, 𝑌𝑝,𝑑,𝑡 is estimated as: 

 

𝑌𝑝,𝑑,𝑡 = ∑ 𝛽𝑑 ∗ 𝐺𝑄 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑎𝑛𝑑𝑖,𝑑𝑑∈𝐷 ∗ 𝐺𝑄 𝑠𝑒𝑔𝑚𝑒𝑛𝑡 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑𝑑,𝑡 + Γ𝑝 + Ω𝑡 + ε𝑝,𝑑,𝑡                 (3) 

 

𝑌𝑝,𝑑,𝑡 is the outcome measure for plant p in district d in year t, Γ𝑝  captures the vector of time-invariant plant 

specific traits (e.g. location, industry, ownership and other attributes of the plant) and Ω𝑡  captures year-

specific factors as well as secular trends. The estimate of 𝛽1 is the focal parameter, which captures the plant-

level difference-in-differences effect of the nearest GQ highway segment opening among those plants 

located in non-nodal districts within 10km of the GQ network, relative to plants more than 50km away (the 

reference group).16  

 

Analysis presented in Table 2 reveals that the sample focusing more on smaller plants (sample scheme) 

yielded the most provocative results, while those for the larger sample (census scheme) are presented in 

Annex Table A.5. We summarize the latter, when germane.  Because the Annual Survey of Industries is 

structured as a rotating panel for the majority of the plant size distribution, we limit the sample to the set of 

plants observed in the data in the five years prior to their nearest GQ segment being completed, thereby 

halving the number of observations. For changes at the intensive margin, our sample contains two 

observations per plant, corresponding to records observed just before and just after the opening of the 

nearest GQ segment. Although the resulting subsamples are not directly mapped to district-level findings, 

the results demonstrate remarkable consistency. 

i. Extensive margin  

Exit, defined as the failure to observe the same plant five years after the completion of the nearest GQ 

segment, falls significantly with proximity, consistent with the rising district plant count in figure 1. This 

is true across firm age but is particularly so among younger firms where exit falls 14% (table 1, column 1) 

 
16 All variables with nominal values are deflated to 2005 prices, and districts are concorded to be consistently defined across the 
timespan analyzed (2000 to 2009). We further inspect the plant panel data for outliers and make a small number of values miss ing 

that imply implausibly large within-plant year-to-year changes. We calculate TFP-R under the assumption of constant-returns-to-

scale Cobb-Douglas production with structural parameters set as the median input cost share by three-digit industry. 
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compared to roughly 10% for mature and older firms. There is no significant effect in the larger firm sample 

(Annex Table A.5) for any age cohort, and the point estimates are a third to a half smaller, suggesting that 

aggregate plant count effects noted in Table 1 and Figure 1 are being largely driven by increased survival 

of smaller and medium size firms.  

 
 

ii. Intensive margin:  

Also consistent with the district-level findings, average output rises significantly across all plant sizes with 

proximity to the GQ, again with a larger impact on young plants (14.5%) relative to the mature or older 

ones (11%).  The impacts on employment are largely insignificant although the point estimates, again, 

suggest a similar gradient with young firms growing 7% and old firms shrinking -1.9%. This combination 
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is consistent with the observed significant increase of labor productivity by 11.3% in the aggregate and 

increasing with age: young plants show an insignificant 5% while mature plants show a significant 14.5% 

and older plants increase labor productivity by 16.4%.17 Older plants may be growing or gaining higher 

rents à la de Loecker et al., while shedding some labor, relative to younger plants that hire as they expand.  

  

iii.  The role of initial plant capabilities/characteristics  

Table 3 splits the regressions presented in Table 2 by plant position above or below median values of four 

pre-GQ levels of plant capabilities: skill intensity defined as the average plant wage per employee; capital 

intensity measured as the ratio of the value of tangible assets to total revenue; labor productivity; and TFPR.  

The impact of proximity on exit follows the same decreasing gradient with age found previously although 

surprisingly, there appears little relationship with initial plant capabilities. Except for capital intensity for 

young plants, in general more able plants do not seem to survive better with proximity than those less so.   

However, there are important differential effects on output and plant size that are consistent with findings 

in the aggregate data, that again suggest two types of adjustments for young and old plants. These 

adjustments indicate that exit may be a longer-term process as noted in Figure 1. With GQ proximity, young 

plants with above median skill intensity show a 10% increase for output compared to those below which 

show a negative but insignificant response. Older plants show the same pattern but where skill now 

mitigates contraction: output in below median skills plants fell by 11.8% and those with above median skills 

showing no significant effects.  

A similar pattern emerges with capital intensity which is consistent with the industry characteristic effects 

discussed earlier: output in young plants with above median capital intensity increases by 13%, while those 

below the median contract by 9%; older plants with above median capital intensity show no effect while 

those below show a contraction of 8.5%. More sophisticated young plants grow with proximity to the  

highway network, while sophisticated older plants, contract less.  Plant size (employment) also follows the 

same pattern, albeit with less sensitivity to plant age.18    

 
17 The only significant coefficient in the census scheme suggests this gradient as well with young firms, again an insignificant 4.3% 

and older firms with a significant 14.4% (Appendix table A.5). 
18Young firms with above median skills are 7.4% larger and those below are 6% (insignificant), very similar to older firms. Those 

above average in labor productivity show increases of 9.2% and those below, 6.9%. A similar pattern appears, although again, more 

mutedly, for mature firms for skills, capital intensity and labor productivity. Similar effects appear for labor productivity for small 
firms (capital intensity), mature firms (skills) although signs flip for above and below average labor productivity suggest perhaps 

mechanical mean reversion effects dominating. Similarly, TFPR for small and mature firms shows the same pattern for capital 

intensity differences, and perhaps mean reversion effects for labor productivity. 
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In the large firm sample of the census scheme there are virtually no significant coefficients on any outcome 

variables in the aggregate (Annex Table A.5), although breaking apart by initial conditions offers some 

evidence of similar patterns – higher skill and capital intensity are correlated with high output and plant 

size responsiveness for young and mature plants, and with higher TFPR for mature and old plants (Annex 

Table A.6). 

These results support the expected heightened effect of increased competition and the opportunity tapped 

by more capable firms. For younger plants, the effect is to expand size, while for the older ones, it is to 

defend the existing size. The less capable older plants are eventually likely to exit. The relative rise in labor 

productivity of older plants, despite lower output gains suggests some relative downsizing, but also in line 

with district-level pseudo panel results, a possible de Loecker et al. (2016) effect. 

V. Conclusion  

The natural experiment offered by the GQ upgrades allows examining the adjustment process across plants 

of different age cohorts and characteristics to an increase in competition and access to markets. Young 

plants drive the previously documented aggregate positive effects of proximity to the GQ network, while 

older plants show insignificant or negative effects. Younger plants tend to be more capital intensive and 

engaged in value chains, suggesting an important domestic “offshoring” dynamic along the GQ.  Though 

in the short-run, exit falls for all plant cohorts in districts along the GQ network, the diverging 

responsiveness over time between young and older plants suggests that in the long-run older plants will 

contract and possibly exit.  Strikingly, the evidence suggests that this process may take decades.   

 

It is also clear that building roads is not sufficient for local industrial development. The responsiveness of 

young plants is blunted where factor markets are incomplete, or the business climate is distorted.  With the 

exception of the capabilities of plants and the work force, older plants are less sensitive to misallocation in 

input and output markets, suggesting that over time they have devised ways around them.  The fact that 

older plants respond better to proximity to the GQ in more distorted districts suggests a de Loecker et al 

effect where they protect their output market while benefiting from cheaper inputs.  

 

Finally, plant and workforce capabilities are critical complements to physical infrastructure, allowing 

escape from new competition and taking advantage of new markets: young plants with high human capital 

or capabilities drive the aggregate positive response to connectivity among these plants, while older plants 

with low human capital or capabilities drive their contractionary tendencies.  
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Figure A.1: Cumulative effects of GQ completion  
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Notes: To estimate the cumulative systemic effect of GQ upgrades for each year starting from 1999 to 2009, relative 

to the year 1994 the specification is:  

 

  
 

Both estimations include a vector of district and state fixed effects ∅𝑖   and a vector of year fixed effects 𝜗𝑡  which 

control for the main effects of distance from the GQ network, and of the post GQ-upgrades period. Standard errors 

are clustered by district and we weight by districts’ log population in 2001. The sample comprises 1,188 observations 

as the cross of 12 years with the 99 non-nodal districts within 50 kilometers of the GQ network for which we can 

always observe their activity. For parsimony, we drop the lagged dependent variable which has little effect on the 

coefficients, and we use the 10-50 category as the base case since it behaves similarly to the 50+, dropping the latter 

from the sample. Figure A.1 presents the cumulative system time path generated by estimating the above equation. 

The vertical lines mark when the GQ upgrades began and when they reached the 80% completion mark in 2005.   
 


