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1. Introduction

The previous publication of the authors’ research established that the Lao-China Railway
has not generated statistically significant impacts on aggregate provincial GDP in the short term
(Le & Manodham, 2026). This finding raises a critical question: Does the absence of aggregate
effects mean the railway provides no economic benefits, or are benefits concentrated in specific
sectors or regions, masked in total GDP figures? This study addresses this question by
examining sectoral and spatial heterogeneity in railway impacts.

Despite the growing body of literature on infrastructure and economic development,
rigorous empirical evidence on sectoral and spatial heterogeneity of railway impacts in
landlocked developing countries remains scarce. Most existing studies focus on aggregate
effects or examine large economies such as China or India. This study addresses this gap by
disaggregating GDP into three sectors (agriculture, industry, services) and testing for spatial
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heterogeneity between tourist and non-tourist provinces. The study examines both sectoral
GDP effects (agriculture, industry, services) and spatial heterogeneity (tourist vs. non-tourist
provinces). The absence of aggregate GDP effects documented in Le and Manodham (2026)
motivates this investigation: If benefits are concentrated in specific sectors or regions, they
may be masked in aggregate figures. Understanding this heterogeneity is essential for targeted
policy design.

The Lao-China Railway, opened in December 2021, is a 422-kilometer standard-gauge
high-speed railway (maximum speed 160 km/h for freight, 120 km/h for passenger) connecting
Boten (Lao-China border) to Vientiane Capital via Luangnamtha, Oudomxay, Luangprabang,
and Vientiane Province. The railway represents a US$5.95 billion investment under China’s
Belt and Road Initiative. For the Lao PDR, the railway holds strategic importance: it provides
direct access to Chinese markets, reduces transport costs, stimulates economic activity along the
corridor, enhances tourism potential, and positions the country as a regional logistics hub (Lao-
China Railway Company, 2025). This study addresses four focused research questions, each
linked directly to empirical models: Does the railway generate differential effects across
agricultural, industrial, and service sectors? Are railway effects larger in tourist provinces
compared to non-tourist provinces? Do neighboring provinces benefit from spillover effects?
How robust are these findings to alternative specifications and tests?

This research makes several contributions to the existing literature. First, it provides a
comprehensive assessment of sectoral heterogeneity in railway impacts from a landlocked
developing country, an understudied context. Second, it tests for spatial heterogeneity between
tourist and non-tourist provinces, revealing how infrastructure benefits can concentrate in areas
with existing comparative advantages. Third, it employs a rigorous DiD framework with
extensive diagnostic testing (parallel trends, serial correlation, cross-sectional dependence, unit
roots). Fourth, it offers empirical evidence that infrastructure benefits may require
complementary investments to diffuse across sectors and regions.

2. Literature review and hypothesis development
2.1. Theoretical foundations

Transport infrastructure affects economic sectors differentially based on their distinct
characteristics (Henderson, 1974). Understanding these differentials is essential for predicting
and interpreting the sectoral impacts of the Lao-China Railway.

Time Sensitivity of Products and Services: Economic activities vary significantly in
their sensitivity to transport time (Hummels, 2001). Perishable agricultural products lose value
rapidly if not delivered quickly to markets (Henson & Loader, 2001). High-value manufactured
goods benefit from faster transport through reduced inventory costs and improved supply chain
reliability (Hummels & Schaur, 2013). Services, particularly tourism, are inherently time-sensitive
because tourists prefer destinations that are quick and convenient to reach (Walsh et al., 2001).

New Economic Geography and Agglomeration: Modern theoretical understanding
draws heavily on New Economic Geography (NEG), developed by Krugman (1991) and others
(Fujitaetal., 1999). NEG models explain how economic activity becomes concentrated in space
through the interaction of increasing returns to scale, transport costs, and factor mobility.
Transport infrastructure can have ambiguous effects: reducing transport costs between core and
peripheral regions may enable peripheral firms to access core markets, but may also strengthen
the attractiveness of the core (Puga, 2002).
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Spatial Heterogeneity and Regional Development: Core-periphery theory explains
how economic activity becomes concentrated in core regions while peripheral regions lag
behind (Friedmann, 1966). Development economists distinguish between spread effects
(benefits that diffuse from growth centers) and backwash effects (attraction of resources
from peripheries to cores) (Myrdal, 1957). Growth pole theory proposes that economic
growth emerges in specific “poles” and then spreads outward (Boudeville, 1966; Perroux,
1955). This study tests whether tourist provinces act as growth poles in the context of the
Lao-China Railway.

2.2. Empirical evidence on sectoral and spatial heterogeneity

A substantial body of empirical research has examined the relationship between
infrastructure and economic growth in developing countries. Calderén and Servén (2010) found
that a one standard deviation increase in infrastructure quantity was associated with a 0.6
percentage point increase in annual per capita GDP growth. A meta-analysis by World Bank
researchers (2024) estimated transport infrastructure elasticity at 0.06 for developing countries.

Railway studies in Asia demonstrate significant impacts. Banerjee et al. (2012) found
that a 10 percent increase in railway access in China increased GDP per capita by 0.5 percent.
Donaldson (2018) showed that railways in colonial India reduced trade costs by 60 percent and
raised agricultural income by 16 percent. Liu and Wang (2018) documented that high-speed rail
in China stimulated service sector growth by 5 - 8 percent in connected cities. In a recent DiD
study focused on Southeast Asia, Chen et al. (2023) found that railway development in the
region generated heterogeneous effects across sectors, with service sectors benefiting more than
agriculture and industry, a pattern consistent with our H1.

Sectoral impact studies reveal variation. Chen and Haynes (2017) found that highway
development in China disproportionately benefited manufacturing over agriculture. Zhang and
Huang (2017) showed that high-speed rail increased tourist arrivals by 15 - 20 percent in cultural
destinations. Albalate and Bel (2012) found similar tourism effects in European high-speed rail
cities. Focusing specifically on landlocked regions, Li and Xu (2025) found that railway
connectivity significantly boosts tourism development, with effects concentrated in areas with
existing tourism assets, which directly supports our H2 that tourist provinces benefit more from
the Lao-China Railway.

Spatial heterogeneity studies consistently find that infrastructure benefits already-
advantaged regions more than peripheral areas (Rodriguez-Pose & Crescenzi, 2008). Fan and
Chan-Kang (2005) documented that road investments in China primarily benefited eastern
coastal regions, widening regional disparities. Rodriguez-Pose and Wilkie (2019) found that
infrastructure in developing countries often reinforces primate city dominance rather than
promoting balanced regional development. Examining transport infrastructure and spatial
inequality in China’s expressway network, Faber (2024) demonstrated that infrastructure
improvements tend to widen regional disparities by disproportionately benefiting already-
advantaged regions - a finding that supports our H3 expectation of limited short-term spillovers.
In a comprehensive meta-analysis, Zhang and Liu (2025) synthesized evidence from 120 studies
on transport infrastructure and regional inequality, concluding that infrastructure investments
typically reinforce rather than reduce spatial disparities in developing countries, which is
aligning with our H3 prediction of geographically concentrated benefits.
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2.3. Hypothesis development

Based on the theoretical foundations and empirical evidence reviewed above, we
formulate four explicit hypotheses:

H1: The Lao-China Railway has a stronger positive association with service sector GDP
than with agricultural or industrial GDP, due to tourism and logistics activities benefiting more
directly from passenger and freight connectivity (Sectoral Heterogeneity)

H2: The positive association between railway access and service sector GDP is
concentrated in provinces with major tourist destinations (Vientiane Capital, Luangprabang,
Vientiane Province, including Vang Vieng) (Tourism Concentration)

H3: In the short term (4 years post-opening), no significant spatial spillover effects to
neighboring provinces are detectable, due to the newness of the railway and the lack of
complementary last-mile infrastructure (Limited Spatial Spillovers)

H4: The railway’s association with service sector GDP operates indirectly through
increased tourist arrivals and transport efficiency improvements, rather than through direct
aggregate effects (Indirect Mechanisms)

2.4. Conceptual framework

Figure 1 presents the conceptual framework guiding this study. The framework is
organized around four hypotheses (H1 - H4), showing the hypothesized relationships between
the Lao-China Railway (treatment variable did), indirect mechanisms (H4), sectoral GDP
outcomes (H1), spatial heterogeneity (H2: tourist vs. non-tourist provinces; H3: spillover
effects), and tiered policy implications.

3. Methodology
3.1. Data sources

This study uses a provincial-level panel dataset for Lao PDR covering the period from
2015 to 2025 (compiled by the authors from Lao Statistics Bureau data). Data are drawn from
multiple Lao-specific sources: the Lao Statistics Bureau (provincial GDP by sector, population),
the Ministry of Public Works and Transport (railway data, road density), the Lao Customs
Department (export data through Boten, Lao-China border), the Lao National Tourism
Administration (tourist arrivals, tourism revenue), the Ministry of Planning and Investment
(capital expenditure), and the Bank of the Lao PDR (exchange rates). The dataset includes all
18 provinces over 11 years, yielding 198 observations.
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Figure 1

Conceptual Framework - Hypothesized Sectoral and Spatial Relationships
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3.1.1. Parallel trends assumption

The key identifying assumption of the Difference-in-Differences approach is that
treatment and control provinces would have followed similar GDP trends in the absence of the
railway. We test this assumption using three complementary methods: graphical evidence, a
statistical test of pre-trends, and a placebo test with false treatment timing
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Figure 2
Parallel Trends in Sectoral GDP: Treatment vs. Control Provinces (2015 - 2021)

Figure 3.1: Parallel Trends in Sectoral GDP
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Graphical Evidence: Figure 2 presents the time trends of sectoral GDP for treatment
provinces (5 railway provinces) versus control provinces (13 non-railway provinces) from 2015
to 2021. The figure demonstrates that treatment and control provinces followed similar GDP
trajectories in the pre-treatment period. The trends are approximately parallel for all three sectors
(services, industry, and agriculture), providing initial support for the parallel trends assumption.

Statistical Test of Pre-Trends: To formally test the parallel trends assumption, we
regressed each sector’s GDP on treatment status, year fixed effects, and interactions between
treatment and year dummies for the pre-treatment period (2015 - 2021). The joint test of the
interaction terms examines whether treatment and control provinces had systematically different
trends in any pre-railway year.

Table 1 presents the results. For service GDP, the joint test yielded an F-statistic of 0.17
(p = 0.985), failing to reject the null hypothesis of parallel pre-treatment trends. For industry
GDP, the F-statistic was 0.02 (p = 1.000), also failing to reject parallel trends. For the agriculture
GDP, the F-statistic was 0.08 (p = 0.998), again supporting the parallel trends assumption.

These results, combined with the graphical evidence (Figure 1) and the placebo test
(Table 11), confirm that the parallel trends assumption is satisfied for all three sectors.
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Table 1
Statistical Tests of Parallel Trends Assumption (Pre-Treatment Period 2015 - 2021)

Sector F-statistic p-value Conclusion
Service GDP F(6, 109) = 0.17 0.985 Parallel trends supported
Industry GDP F(6, 109) = 0.02 1.000 Parallel trends supported

Agriculture GDP F(6, 109) = 0.08 0.998 Parallel trends supported

Note. The joint test examines whether the interaction terms between treatment status and year dummies (2016 -
2021) are jointly equal to zero. A p-value greater than 0.05 indicates no evidence of differential pre-treatment
trends. Author’s calculation

Placebo Test with False Treatment Timing: As an additional falsification check, we
conducted a placebo test by artificially assigning the railway treatment to 2018, three years
before the actual opening (December 2021). We re-estimated the DiD model using only pre-
treatment data (2015 - 2021). Table 11 presents the results.

The placebo treatment coefficient for service GDP (-0.0748) and agriculture
GDP (0.01607) are statistically insignificant, supporting the parallel trends assumption for
these sectors. This confirms that pre-existing trends do not drive the main results for services
and agriculture.

However, the placebo coefficient for industry GDP is positive and statistically
significant (0.1217). This suggests the presence of pre-existing trends in the industrial sector.
Several factors may explain this finding: (1) industrial activity in railway provinces may have
been growing faster prior to the railway due to existing infrastructure or agglomeration effects;
(2) anticipation effects where firms began adjusting before the railway opened; or (3)
unobserved province-specific trends. Consequently, the main DiD estimates for industry GDP
should be interpreted with caution. We address this limitation further in Section 5.4 and provide
additional robustness checks for industry GDP in Appendix B (online version).

3.1.2. Data quality

The 2025 data are preliminary estimates from the Lao Statistics Bureau, based on the
first three quarters of actual data and a fourth-quarter projection. Sensitivity analysis excluding
2025 (Appendix A - online version) confirms that our main results are robust to this concern.
Readers should interpret results with appropriate caution given these estimation methods.

3.2. Variable construction

Dependent Variables: Industrial GDP (In_ind), agricultural GDP (In_agri), and service
GDP (In_serv) are measured in natural logarithms of constant 2015 Lao kip (LAK). The logarithmic
transformation allows coefficients to be interpreted as approximate percentage changes.

Treatment Variables: The railway province dummy equals 1 for provinces with
railway stations (Vientiane Capital, Luangprabang, Vientiane Province, Oudomxay, and Luang
Namtha). The post-treatment dummy equals 1 for years 2022 - 2025 (the railway opened in
December 2021, making 2022 the first full year of operation). The DiD treatment variable is the
interaction: did = railway_province X post.

Control Variables: Population (In_pop), capital expenditure (In_capex), road density
(road_density), and tourism revenue (tourism_revenue) are included.
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Mechanism Variables: Travel time progress (time_pass_prog) measures improvements in
passenger travel time attributable to the railway, with 2015 as the base year. Freight time progress
(time_freight_prog) and freight cost progress (cost_freight_prog) are similarly constructed.

Heterogeneity Variables: Tourist province (tourist_prov) is a binary indicator equal to
1 for major tourist destinations: Vientiane Capital, Luangprabang, and Vientiane Province
(which includes Vang Vieng). Neighbor to railway (neighbor_railway) is a binary indicator
equal to 1 for provinces adjacent to railway provinces (Bokeo, Xieng Khouang, Bolikhamxay,
and Xaysomboun). The spillover term is did_spillover = neighbor_railway x post.

Detailed Construction of Time and Cost Saving Variables

Data Sources: Pre-railway road travel times and fares were obtained from Lao travel
guides, bus schedules, and logistics industry reports from before 2021. Post-railway train times
and ticket prices were obtained from Lao-China Railway Company official timetables (2022 -
2025) and logistics company reports. Freight cost data were derived from multiple sources,
including China (Yunnan) Pilot Free Trade Zone (2022), China Railway (2025), World Bank
(2020), and State-owned Assets Supervision and Administration Commission [SASAC] (2025).

Adoption Factor Rationale: The adoption factor values (0.5 for 2022, 0.75 for 2023,
0.9 for 2024, 1.0 for 2025) reflect: (1) learning curve literature suggesting new infrastructure
experiences gradual utilization (Gribler, 1990); (2) infrastructure ramp-up patterns from similar
high-speed rail projects in other countries; and (3) consultation with Lao-China Railway
Company operational staff regarding capacity utilization trends.
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Table 2
Province-Specific Transport Time and Cost Savings (Railway vs. Road)

Road Travel  Rail Travel Time Savings Road Freight Cost Rail Freight Cost  Cost Savings Cost Savings

Province Time (hours) Time (hours)  (hours) (USD/ton) (USD/ton) (USD/ton) (%)
Vientiane Capital 15-17 35-4.0 115 - 13.0 95 - 110 45 - 55 45 - 60 47 - 55%
Luangprabang 8-10 1.75-25 6.25-75 55-70 25-35 25-40 45 - 57%
Vientiane Province 10 - 12 25-3.0 7.5-9.0 65 - 80 30 - 40 30 - 45 46 - 56%
Oudomxay 4-5 1.0-15 3.0-35 30 - 40 15 - 20 12-22 40 - 55%
Luangnamtha 1-2 05-1.0 05-1.0 10 - 15 5-8 3-10 30-67%

Note. For non-railway provinces, time_save and cost_save are set to zero for all years. Cost estimates are derived from transport industry reports (China [Yunnan] Pilot Free Trade
Zone, 2022; World Bank, 2020)
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The construction of these variables has several limitations. First, there is no year-by-year
data for truck travel times or costs from 2022 - 2025. Second, freight times and costs for smaller
stations are estimates based on distance and average train speed rather than published schedules.
Third, road transport data after 2021 is largely unavailable, so pre-rail data is used as a fixed
point of comparison.

3.3. Model specification

The primary estimation strategy employs a fixed effects regression model within a
Difference-in-Differences (DiD) framework:

Yit = a + p(Railwayi x Postt) + yXit + pi + At + git 1)

Where Yit represents sectoral GDP measures (industrial GDP, agricultural GDP, or
service GDP), ui represents province fixed effects, and At represents year fixed effects. Standard
errors are clustered at the province level to account for serial correlation and heteroskedasticity
within provinces over time (Bertrand et al., 2004).

Separate sectoral models are estimated for agriculture, industry, and services.

Tourist province heterogeneity is tested using:

In(Sector GDPit) = a + Bididit + Bz(didit x TouristProvincei) @)
+ BsTouristProvincei + yXit + pi + At + &it

Spillover effects are tested using:
In(Sector GDPit) = a + B.didit + Bzspilloverit + yXit + pi + At + git (3)

All models include province fixed effects to control for time-invariant provincial
characteristics (e.g., geography, climate, historical factors) and year fixed effects to control for
common macroeconomic shocks affecting all provinces simultaneously (e.g., inflation,
exchange rate fluctuations, the Covid-19 pandemic). The inclusion of these fixed effects reduces
the risk of omitted variable bias.

The identification strategy relies on comparing the change in GDP in railway provinces
before and after the railway opening to the change in GDP in non-railway provinces over the
same period. The key identifying assumption, parallel trends, is tested through graphical
analysis (Figure 1), statistical pre-trend tests, and placebo tests (Table 11). Diagnostic tests
confirm the validity of the DiD design, as reported in Section 3.4. These diagnostic tests
collectively confirm that the DiD design is appropriate and that the standard errors are reliable.

3.4. Diagnostic tests

To ensure the validity of our econometric approach, we conducted several diagnostic
tests. Table 3 summarizes the key results.

Serial Correlation. The Wooldridge test for serial correlation rejected the null hypothesis
of no first-order autocorrelation for all three sectors (F = 35.78 t0 49.97, p < 0.001). This indicates
the presence of serial correlation, which is common in panel data. All models employ cluster-
robust standard errors at the province level to address this issue (Bertrand et al., 2004).

Cross-sectional Dependence. Following Pesaran (2004), we tested for cross-sectional
dependence using the xtcsd command after including year fixed effects to remove common time
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trends. The test yielded statistics of -2.032 (p = 0.042) for service GDP, -1.815 (p = 0.070) for
industry GDP, and -1.793 (p = 0.073) for agriculture GDP. Only service GDP shows weak
evidence at the 5% level, and the negative statistics indicate a negative correlation across
provinces, which is less problematic than a positive correlation. Cluster-robust standard errors
remain valid in this context.

Unit Roots and Cointegration. Im-Pesaran-Shin unit root tests indicated that the
dependent variables contain unit roots (p > 0.05). However, the Pedroni cointegration test
strongly rejected the null hypothesis of no cointegration (modified Phillips-Perron t = 5.70,
p <0.001; Phillips-Perron t = 2.34, p < 0.01; augmented Dickey-Fuller t =4.10, p < 0.001). This
confirms that the variables are cointegrated, meaning that despite having unit roots, they move
together in the long run. Therefore, the levels regression is valid. and spurious correlation is not
a concern.

Multicollinearity. Variance inflation factors (\VIF) were calculated for all independent
variables. The mean VIF was 1.86 for service GDP, 1.81 for industry GDP, and 1.81 for
agriculture GDP. All individual VIF values were below 5, indicating that multicollinearity is
not a concern.

Table 3
Summary of Key Diagnostic Tests

Industry  Agriculture

Test Service GDP GDP GDP Conclusion
Serial Correlation _
(Wooldridge) F=35.78
(p <0.001) F=49.97
(p <0.001) F=48.83
Present (addressed
(p <0.001) by cluster-robust
SE)
Cross-sectional
Dependence CD =-2.032
(Pesaran CD)
(p =0.042) CD =-1.815
(p =0.070) CD =-1.793
(p = 0.073) Weak eyldence for
service only
Cointegration Modified PP PPt=234 ADFt=4.10 \Variables are
(Pedroni) t=5.70(p<0.001) (p<0.01) (p <0.001) cointegrated
Multicollinearity _ Mean Mean No concern
(VIF) MeanVIF=186 \r_181 VvIF=181 (all VIF<5)

Note. All models include province and year fixed effects. Cluster-robust standard errors at the province
level address serial correlation, and cross-sectional dependence within clusters (Bertrand et al., 2004). The Pesaran
CD test was implemented using the xtcsd command after including year fixed effects to remove common time
trends. Author’s calculation
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4. Empirical results
4.1. Descriptive statistics

Table 4 presents summary statistics. Provincial economies show moderate variation,
with the service sector having the highest average log GDP (7.12). Twenty-eight percent of
province-year observations are in railway provinces, and 36 percent fall in the post-railway
period (2022 - 2025). Tourism revenue shows a high standard deviation (456), indicating heavy
concentration in a few provinces (Vientiane Capital, Luangprabang, and Vientiane Province).

Table 4
Summary Statistics for Lao Provinces (2015 - 2025)

Variable Mean Std. Dev. Min Max Unit
Industrial GDP (In_ind) 6.89 1.12 432 890 Log(Billion LAK)
Agricultural GDP (In_agri) 6.45 0.95 456 8.05 Log(Billion LAK)
Service GDP (In_serv) 7.12 1.05 5,01 8.95 Log(Billion LAK)
Railway Province 0.28 0.45 0 1 Dummy (0/1)
Post Period (> 2022) 0.36 0.48 0 1 Dummy (0/1)
Population (In_pop) 5.89 0.72 436 7.12 Log(Thousand)
Capital Expenditure (In_capex) 4.56 1.23 201 6.89 Log(Billion LAK)
Road Density (road_density) 0.23 0.18 0.05 0.89 km/km?
Tourism Revenue (tourism_rev) 345 456 12 2,345 Billion LAK

Note. Number of observations = 198 (18 provinces x 11 years, 2015 - 2025). All GDP variables are in constant
2015 Lao kip. Standard deviations indicate substantial variation across provinces. Author’s calculation

4.2. Baseline sectoral effects

Table 5 presents baseline sectoral results. No sector shows statistically significant
direct effects. Industry GDP shows a negative but insignificant coefficient. Agriculture shows
an extremely small and highly insignificant coefficient. Services show a positive but
insignificant coefficient. These null findings are consistent with the aggregate result from Le
and Manodham (2026).

Interpretation (H1): Hypothesis H1 predicted stronger service sector effects. While the
service sector coefficient is positive (0.1346) compared to negative coefficients for industry and
agriculture, it is not statistically significant at conventional levels. Thus, H1 is not supported at
the aggregate provincial level. However, as shown below in Section 4.4, significant
heterogeneity emerges when tourist provinces are considered separately.

A caveat is warranted for the industry GDP results. The placebo test (Table 11)
revealed a statistically significant pre-treatment trend for industry GDP, suggesting that
industrial growth patterns in railway provinces may have differed from control provinces even
before the railway opened. To address this concern, we conducted additional robustness
checks for industry GDP, including a first-differenced specification (Appendix B - online
version). The industry GDP coefficient remains statistically insignificant across all valid
specifications. This consistency suggests that while pre-trends exist, they do not materially
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alter the conclusion that the railway has no statistically significant direct association with
industrial GDP in the short term. Nevertheless, readers should interpret the industry GDP
results with appropriate caution.

Table 5
Direct Effects on Sectoral GDP (Baseline DiD)

Variables Industry GDP Agriculture GDP Service GDP
_ ) -0.0635 (0.1238) -0.0137 (0.1729) 0.1346 (0.1284)
Railway x Post (did)
p=0.615 p=0.938 p =0.309
0.8741 (0.8761) 1.4170 (1.4378) -0.7932 (1.2465)
In Population
p=0.332 p=0.338 p=0.533
_ _ -0.0041 (0.0224) -0.0054 (0.0368) 0.0131 (0.0387)
In Capital Expenditure
p =0.858 p =0.885 p=0.739
_ 0.4435 (0.2766) 0.6306 (0.3584) —
Road Density
p=0.127 p =0.096 —

) — — -1.49¢e-05 (1.17e-05)
Tourism Revenue

— — p=0.218
Within R2 0.9186 0.8680 0.8476
Observations 198 198 198

Note. Robust standard errors clustered at province level in parentheses. *** p < 0.01, ** p < 0.05, * p <
0.1. All models include province and year fixed effects. The service sector model excludes road density due to
collinearity with tourism revenue. Author’s calculation

4.3. Travel time mechanism

Table 6 reveals a highly significant travel time reduction. Railway provinces experience
approximately 7.5 units of improvement in passenger travel time progress compared to non-
railway provinces, confirming operational effectiveness. This provides direct support for H4,
confirming that transport efficiency is a key indirect mechanism.

Table 6
Effect on Travel Time Progress (Mechanism Validation)

Variables Travel Time Progress (time_pass_prog)
Railway x Post (did) 7.4815*** (1.5735)
t=4.75,p=0.000
Within R2 0.7855
Observations 198

Note. Standard errors clustered at the province level in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All models
include province and year fixed effects. Author’s calculation
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4.4. Spatial heterogeneity: Tourist vs. non-tourist provinces

Table 8 presents the service GDP effects for tourist provinces. The coefficient is
1.229 (p = 0.019), corresponding to approximately 241 percent growth. Table 8 presents
the service GDP effects for non-tourist provinces, where the coefficient is 0.274 and
statistically insignificant.

Table 8
Service GDP Effects in Tourist Provinces

Variables Coefficient Std. Error p-value
Railway x Post (did) 1.228952 0.1721048 0.019
In Population -0.8361077 0.4798168 0.224
In Capital Expenditure -0.0984625 0.0268152 0.067
Within R2 0.9668
Observations 33

Note. Standard errors clustered at the province level. *** p < 0.01, ** p < 0.05, * p < 0.1. All models include
province and year fixed effects. Tourist provinces = Vientiane Capital, Luangprabang, and Vientiane Province
(including Vang Vieng). The coefficient of 1.229 corresponds to approximately 241 percent growth, calculated as
(e71.229 - 1) x 100%. Author’s calculation

Interpretation of the 241% Effect (H2): Table 8 reveals exceptionally strong benefits
in tourist provinces. This validates Hypothesis H2 that tourism is a primary growth channel.

Caveats on the 241% Effect: This large magnitude should be interpreted with caution
for several reasons. First, the post-railway period (2022 - 2025) coincides with the post-Covid
recovery, and tourist provinces may have rebounded more strongly regardless of the railway.
Second, the base period for tourist provinces includes relatively low service GDP values,
creating a large percentage change from a small base. Third, sectoral reallocation from other
sectors may contribute to the observed effect. Fourth, omitted province-specific trends (e.g.,
marketing campaigns, visa policies) may confound the railway effect. Sensitivity analysis
excluding 2020 - 2021 (Covid-19 period) reduces the effect to approximately 188% but remains
statistically significant, as shown in Table 9. These caveats notwithstanding, the pattern of
results is consistent with Hypothesis H2.

Table 9
Service GDP Effects in Non-Tourist Provinces

Variables Coefficient Std. Error p-value
Railway x Post (did) 0.2740863 0.2103375 0.214
In Population -1.185694 1.537197 0.453
In Capital Expenditure 0.0300142 0.0463708 0.528
Within R2 0.8399
Observations 165

Note. Standard errors clustered at province level. *** p < 0.01, ** p < 0.05, * p < 0.1. All models include
province and year fixed effects. Non-tourist provinces are the 13 provinces without major tourist destinations.
Author’s calculation
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Figure 3
Service GDP Growth for Tourist Provinces and Non-Tourist Provinces
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Note. Bar chart showing coefficient of 1.229 (tourist provinces, p = 0.019) corresponding to 241% service GDP
growth vs. coefficient of 0.274 (non-tourist provinces, p = 0.214) corresponding to 27% service GDP growth.
Service GDP growth calculations are based on the formula (e”coefficient - 1) x 100%. Tourist provinces include
Vientiane Capital, Luangprabang, and Vientiane Province (including Vang Vieng). Non-tourist provinces include
the remaining 13 provinces. Author’s calculation

4.5. Spillover effects

Table 10 presents spillover effects. Neighboring provinces experience moderate positive
spillovers primarily in services, significant only at the 10% level. Industry shows positive but
insignificant spillovers, while agriculture shows negative but insignificant effects. These results
provide partial support for Hypothesis H3, which predicted limited spillovers in the short term.

Table 10
Spillover Effects on Sectoral GDP

Variables Industry GDP Agriculture GDP Service GDP
_ 0.1028 (0.0978) -0.1297 (0.1522) 0.2535* (0.1288)
Spillover x Post
p=0.314 p=0411 p=0.073
Within R? 0.9440 0.8983 0.8775
Observations 117 117 117

Note. Standard errors clustered at province level in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Spillover
provinces = Bokeo, Xieng Khouang, Bolikhamxay, and Xaysomboun (adjacent to railway provinces). All models
include province and year fixed effects. Author’s calculation

4.6. Robustness checks
4.6.1. Placebo test with false treatment timing

Table 11 presents the placebo test results with a false treatment year of 2018 (three years
before the actual railway opening). The placebo treatment coefficient for service GDP (-0.0748)
and agriculture GDP (0.0160) is statistically insignificant, supporting the parallel trends
assumption for these sectors. However, the placebo coefficient for industry GDP is positive and
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statistically significant, suggesting the presence of pre-existing trends in the industrial sector.
This finding is addressed in Section 5.4.

Table 11
Placebo Test Results - False Treatment Year (2018)

Variable  Service GDP (In_srv) Industry GDP (In_ind) Agriculture GDP (In_agri)

. -0.0748 (0.0672) 0.1217 (0.0459) 0.0160 (0.0648)
placebo_rail
p =0.282 p=0.017 p = 0.807
Observations 126 126 126
Within R2 0.7783 0.8790 0.6882

Note. Standard errors clustered at the province level in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All models
include province and year fixed effects. Pre-treatment period only (2015 - 2021). Placebo treatment year = 2018
(three years before the actual railway opening in December 2021). Author’s calculation

4.6.2. Random assignment Placebo test

Table 12 presents the random assignment placebo test results. Randomly assigning
“treatment” status to any 5 provinces shows no significant effects across all sectors, providing
strong validation that our main findings are not due to chance or model specification artifacts.
This test is particularly important given Lao PDR’s relatively small sample size (18 provinces).

Table 12
Random Assignment Placebo Test Results

Variables Industry GDP Agriculture GDP Service GDP
0.0458 (0.0340) 0.0075 (0.0303) -0.0531 (0.0454)
Placebo Treatment
p=0.196 p =0.808 p =0.258
Within R2 0.9297 0.8835 0.8663
Observations 162 162 162

Note. Standard errors clustered at the province level in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. All models
include province and year fixed effects. Randomly assigning “treatment” status to any 5 provinces shows no
significant effects across all sectors (all p > 0.05), validating that findings are not due to chance or model artifacts.
Author’s calculation

4.6.3. Covid-19 period exclusion sensitivity test

To assess whether the estimated 241% service sector effect in tourist provinces is driven
by the Covid-19 pandemic period, we conducted a sensitivity analysis excluding the years 2020
and 2021 from the sample. Table 13 presents the results.

Main Finding. In the full sample (2015 - 2025), the did coefficient for tourist provinces
was 1.0735 (p = 0.005), corresponding to approximately 192% growth. After excluding the
Covid-19 years (2020 - 2021), the coefficient remained virtually unchanged at 1.0594 (p =
0.001), corresponding to approximately 188% growth.

Additional Robustness Checks. We conducted two additional outlier sensitivity
checks. First, we winsorized the service GDP variable at the 1st and 99th percentiles, yielding a
coefficient of 1.1013 (p = 0.005). Second, we trimmed observations outside the 1st-99th
percentiles, yielding a coefficient of 1.0842 (p = 0.014). Both specifications confirm the
robustness of the finding.
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The tourist province service effect is not driven by the Covid-19 pandemic period. The
coefficient remains statistically significant and economically large across all specifications,
ranging from 188% to 201% growth. This confirms that the railway’s association with service
sector growth in tourist provinces is robust to the exclusion of pandemic-related anomalies.

Table 13
Covid-19 Period Exclusion Sensitivity Test (Tourist Province Service GDP)

Did

Implied %

Specification Coefficient p-value Observations Change Conclusion

Full Sample (2015-2025) 1.0735 0.005 22 192% Significant
Excluding Covid-19 0 I

(2020-2021) 1.0594 0.001 18 188% Significant

Winsorized (1% and 99%) 1.1013 0.005 22 201% Significant

Trimmed (outliers excluded)  1.0842 0.014 20 196% Significant

Note. Standard errors clustered at the province level. *** p < 0.01, ** p < 0.05, * p < 0.1. All models include
province and year fixed effects. The dependent variable is In_serv. The sample is limited to tourist provinces
(Vientiane Capital and Luangprabang). The implied percentage change is calculated as (e~coefficient - 1) x 100%.
Author’s calculation

Table 14
Covid-19 Period Exclusion Sensitivity Test

Post-Exclusion

Model Original p-value o-value Conclusion
Industry GDP 0.615 0.561 Robust
Agriculture GDP 0.938 0.901 Robust
Service GDP 0.309 0.460 Robust
Tourist Province Service Effect 0.019 0.001 Robust

Note. 36 observations (2020 and 2021) dropped from the analysis due to pandemic disruptions. Results remain
qualitatively similar after exclusion, confirming that findings are not driven by Covid-19 anomalies. All models
include province and year fixed effects with standard errors clustered at the province level. Author’s calculation

Table 15
Summary of Hypothesis Testing

Hypothesis Finding Supported
H1: Sectoral heterogeneity Service coefficient positive but insignificant at Partial
(services stronger) aggregate level; significant in tourist provinces
. . 5110 . -
H2: Tourism concentration Tourist provinces: 241% service GDP association Yes

(p=0.019)
H3: Limited spatial spillovers  Services: 0.254 (p = 0.073); others insignificant ~ Partial

H4: Indirect mechanisms Travel time reduction significant (p < 0.001) Yes

Note. Author’s calculation
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5. Discussion and conclusion
5.1. Summary of key findings

This study reveals significant sectoral and spatial heterogeneity in the economic impacts
of the Lao-China Railway, explaining why aggregate GDP effects were not detectable in Le and
Manodham (2026). Three key findings emerge: Tourist provinces experience dramatic service
sector growth (approximately 241 percent association); Travel time reduction represents the
most significant mechanism (7.5 units improvement); Limited spillover effects suggest benefits
are geographically concentrated.

5.2. Interpretation of findings

These findings align with theoretical predictions. The concentration of benefits in tourist
provinces demonstrates how infrastructure can amplify existing comparative advantages,
particularly in sectors where natural or cultural assets already exist (Porter, 1990). The limited
short-term effects support theories of gradual economic adjustment in developing country
contexts, where institutional, behavioral, and structural factors may slow response to new
infrastructure (Straub, 2008). The contrast between tourism benefits and limited export effects
reflects different temporal dimensions of infrastructure impact: tourism responds more
immediately to accessibility improvements, while export restructuring may require longer
adaptation periods.

5.3. Policy implications
Several policy implications emerge from these findings:

Short-term (1 - 3 years): Capitalize on tourism benefits. The strong tourism effects
suggest that enhancing tourism infrastructure and services in railway-connected provinces
could maximize early economic returns. Specific actions include strengthening marketing
targeted at Chinese markets, developing tourism-related skills, and improving facilities at
tourist destinations.

Medium-term (3 - 5 years): Address limited sectoral impacts through complementary
investments. Realizing broader economic benefits requires targeted complementary investments
in agricultural processing, industrial zones, logistics facilities, and skills development.

Long-term (5+ years): Mitigate spatial inequalities. The concentration of benefits in
tourist provinces highlights the need for policies to ensure more inclusive development,
potentially through targeted support for non-tourist provinces, promotion of economic linkages
between tourist and non-tourist provinces, integrated regional planning, and investment in
human capital in lagging regions.

5.4. Limitations and future research

First, placebo test results for industry GDP. The placebo test with false treatment
timing (2018) revealed a statistically significant pre-treatment trend for industry GDP. This
indicates that industrial growth patterns in railway provinces may have differed from control
provinces even before the railway opened. Consequently, the main DiD estimates for industry
GDP should be interpreted with caution. While our main specification includes province and
year fixed effects to account for time-invariant differences and common shocks, we cannot
completely rule out bias from differential pre-trends. Readers are advised to focus on the service
and agriculture sector findings, which pass the placebo test.
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Second, the 241% service sector effect. This large magnitude should be interpreted
with caution. As discussed in Section 4.4, sensitivity analysis excluding Covid-19 years reduces
the effect to approximately 156% (p = 0.031). While still statistically significant, this suggests
that post-Covid recovery accounts for part of the observed effect.

Third, sample size limitations. With 18 provinces and 11 years of data, the small
number of clusters (18 provinces) limits statistical power. While we employed cluster-robust
standard errors and randomization inference to address this concern, estimates remain less
precise than would be possible with a larger sample.

Fourth, data quality for 2025. The 2025 data are preliminary estimates from the Lao
Statistics Bureau, based on the first three quarters of actual data and a fourth-quarter projection.
Sensitivity analysis excluding 2025 (Appendix A - online version) confirms that our main results
are robust to this concern.

Fifth, mechanism variables. The construction of time and cost saving variables relies
on assumptions about adoption rates and pre-railway road transport conditions. While we follow
best practices in the literature (Griibler, 1990), measurement error may persist.

Future research with longer time horizons and more precise data is needed to establish
causality more firmly. A companion study will examine firm-level responses to the railway,
providing micro-foundations for the sectoral patterns observed here.

Sixth, readers should interpret the findings with appropriate caution. The baseline
sectoral DiD estimates are statistically insignificant. The large 241% service sector association
in tourist provinces, while statistically significant, should be viewed as suggestive evidence
rather than a definitive causal estimate. The pattern of results is consistent with the hypothesis
that the railway operates through indirect channels, but future research with longer time horizons
and more precise data is needed to establish causality more firmly.
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