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Abstract

We investigate the impact of roads and highways within the provinces on the regional trade of China using the augmented Gravity Model and 
theory of modeling trade. We take a panel data covering 31 provinces of China over 20 years period (1998-2017) for the estimations. We apply 
ARMA-OLS model, fixed and random effects, and robust findings by Hausman test. The results imply that road and highway lengths within 
the provinces have a significantly positive impact on the value of the province-wise exports. The positive impact is due to the fact the increased 
coverage of roads and highways increase accessibility to resources and mobility of goods and services within the regions. Moreover, employment 
in the transportation sector, per capita GDP and population of the provinces also illustrate positive and significant influence on regional exports 
and trade. The impact of China’s WTO accession on regional exports has been positive, while the financial crisis has had a negative impact. 
The year dummies show that, in the years following the financial crisis, China was able to regress from the external shock as trade within the 
provinces increased. The increase in exports after financial crisis is mainly due to the government policies and support to every province. 
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provided the basic platform to these nations and open new 
doors of socio-economic development through enhancement 
of trade and insurance of smooth flow of productions, goods 
and services within and outside these countries (Calderon & 
Serven, 2010). 

Most of the developing countries lack good and improved 
physical infrastructure due to which these countries are facing 
problems of accessibility, mobility, and transportation of 
goods and services. Poor physical infrastructure is the main 
hurdle for the developing countries on their way to achieving 
development goals and objectives. Poor infrastructure not 
only affects the livelihoods of the people, but also provides 
a barrier against socio-economic services including health, 
education, productivity, efficiency, pollution and other 
factors (Potluri & Tejaswi, 2018). The economic activities 
are halted and the countries face socio-economic downfall 
with low productions and decreased accessibility to local 
and international markets. Roads and highways not only 
provide easy access to services and markets, but also have 
direct impacts on regional income and output (Calderon & 
Serven, 2010; Dorosh et al., 2010, 2012).

Road and highway transport is another important source 
of transportation of goods and services within cities, states 
and countries, but also across the borders with other countries 
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1. Introduction

The impact of roads and highways on the socio-economic 
development roots from the assumption that it fosters growth, 
enhances mobility and provides easy accessibility to both 
national and international level markets. Many countries 
have been able to achieve economic development and growth 
through developing their physical infrastructure which 
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(Molina, 2008; Molina et al., 2013). Transport of goods and 
services related to crucial sectors including energy transport 
like mineral, metals and other natural resources also depend 
heavily on roads and highways (Yessekina & Urpekova, 
2015). Similarly, the flow of goods and services is ensured 
due to improved and upgraded roads (Limao, 2001). Regional 
roads and highways are possibly a good measure of the 
increase in productions and economic activities within the 
regions and can lead to better outcomes and socio-economic 
development of the regions and thus the country (Chandra 
& Thompson, 2000). The more the coverage of roads and 
highways within the regions the higher will be the chances 
of the region to accelerate its growth through access and 
utilization of all the available resources. 

Although the harbors are continuously providing an 
easy mean of transportation and shipments of the tradable 
good, but still the burden is really intense on the coastal 
provinces due to the competition in the marine transportation 
service, which is growing with changing international trade 
environments (Kim & Kim, 2020). In such a scenario, 
different governments are focusing on other viable means of 
transportation in order to bridge the gap between supply and 
demand in addition to the increased burden on the seaports. 
Therefore, it is important to understand and study alternative 
options for the economies.

While it is necessary to develop new approaches for 
examining different outcomes, it is also important to take 
the same outcome and use the existing methodologies for 
different countries and regions. Taking a unique case of 
China and using panel data for 31 provinces of China for 
20 years, this paper will contribute direct evidence in a 
more appropriate manner to the past studies. China, being 
a developing nation, has shocked the world with its recent 
development in all sectors of the economy. The socio-
economic indicators are also showing positive trends (The 
World Bank, 2015). The export-based economy is showing 
positive growth for the last three decades with the average 
growth rate of 7%. This paper will provide further evidence 
for the existing literature by justifying the assumptions of 
Theory of Modeling Trade and Gravity Model as there is few 
empirical evidence on inter-city or inter-province roads and 
highways relationship with trade flows.

2. Literature Review

The importance of regional roads and highways within 
a country for the enhancement of trade and socio-economic 
development of a country can never be neglected. Roads 
and Highways are important sources of trade and economic 
activity within and across the boundaries of cities, provinces, 
states, countries, and continents (Ndulu, 2006). On the 
other hand, poor infrastructure in the form of fewer roads 
and highways reduces the accessibility to the factors of 

productions and resources and leads to a reduction in 
regional and international trade and integration (Francois 
et al., 2007). Lack of roads and highways halts economic 
activities and can provide a huge shock to the economic 
status of the country and can reduce economic growth and 
development.

Focusing on the importance of roads and highways 
regarding trade and economic development, many studies 
have been conducted and the results show the huge 
significance of the impact of new and improved roads on 
trade and economic development of a country. Duranton 
provided some evidence of the impact of roads on regional 
trade and different type of export goods using the case of 
the US and Colombia (Duranton, 2015; Duranton et al., 
2013). The estimations proved that more roads led towards 
an increase in the transport of tradable goods and in the case 
of Colombia the results showed positive relations on soft 
goods.

Keeping in view the investment in the infrastructure 
sector, Coşar and Demir (2016) studied the impact of roads 
on international trade in turkey and found a positive relation 
between investment on roads and revenues from trade. 
Further evidence on the impact of improved and quality of 
roads on the domestic exports and access to international 
markets was provided by Blyde (2013) showing a significant 
impact of road quality on local trade and exports. Trade and 
specialization play a central role in the process of economic 
growth. Consequently, understanding the forces that 
promote trade is among the most fundamental problems that 
economists face. While the literature on trade investigates 
the effect of trade barriers, the role of transportation costs 
and infrastructure receives some attention (Coulibaly & 
Fontagné, 2006). Venables and Limão (2002) found a strong 
positive association between an index of infrastructure 
quality and trade. 

However, there are very few papers, which can claim 
to identify the causal effects of infrastructure on trade. 
Michaels (2008) examined the effect of access to the 
interstate highway network on rural counties in the USA. 
Akpan (2014) also concluded that improvement in road 
quality leads to increase in intra-regional trade for ECOWAS 
(Economic Community of West African States was founded 
in 1975 by 15 African countries, where they signed treaty for 
trade liberalization) African regions. Moreover, the ancillary 
benefits of improvement in road quality in terms of increased 
movement of factors of production will foster further intra-
regional trade in the medium and long terms. Same results 
were estimated by Casaburi et al. (2012) and who studied the 
impacts of improvements in rural road infrastructure on crop 
prices in rural markets. Fan and Zhang (2004) provided more 
evidence on the impact of the road infrastructure on rural 
economic development. Furthermore, Buys et al. (2010) 
assessed the up-gradation of road networks and their impacts 
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on the trade and economy of Sub-Saharan African countries. 
Sub-Saharan African countries witnessed an increase and 
expansion in trade due to up-gradation of the transport 
networks as shown by the results of the study. Using meta-
analysis, Celbis et al. (2014) further proved the fact that 
low levels of infrastructure quality and quantity can create 
barriers for trade by increasing the transport cost. Using a 
similar approach, Li et al. (2012) estimated the inter-regional 
trade barriers and their key components using agricultural 
traders data in China. 

All the past literature and studies have shown the 
significance of roads and highways in promoting international 
trade between different countries by improving the flow 
of tradable goods through easy means of transportation 
systems. Especially in the case of developing nations, the 
need for roads and highways is necessary as it enables 
accessibility to economics inputs and outputs, ensures 
efficient utilization of knowledge and resources (Services, 
2002). Based on these assumptions, this paper will attempt 
to evaluate and estimate the impact of roads and highways 
on the regional exports of all the provinces of China with the 
inclusion of new variables and dummy variables. This paper 
also takes into account the location of the provinces, there is 
a huge geographical difference among the province, which 
can affect the domestic and international trade. Further, the 
entrance of China into WTO and the impact of the Financial 
Crisis are also taken as dummy variables, which may explain 
the changes in the regional trade. The study intends to 
contribute to the existing literature on the impact of regional 
road infrastructure on intra-regional trade. In particular, the 
study will employ the gravity model and theory of modeling 
trade to examine how roads and highways will improve 
intra-regional trade in China.

3. Methodology and Data

This paper follows the model proposed by Duranton et al. 
(2013) itself a variant of Anderson and Van Wincoop (2003, 
2004) with Armington preferences tailored to assess the 
issue at hand. The impact of roads on the trade is estimated 
while considering exports as the main representative of the 
trade of a province. Secondary data is used for undertaking 
this research. Most of the past research was based the model 
panel data, thus, in this case we have also designed the model 
using panel data taking into consideration the time and group 
effect of our variables. 

For estimation of the model coefficients, secondary 
data from official sites is collected. Panel data covering all 
provinces of China, ranging from 1994 to 2013, is taken for 
estimations. Data on trade, exports, investment, employment, 
road length, and the population is collected from the relevant 
offices and departments including the websites of the Bureau 
of Statistics and Municipal Government databanks. The data 

on general statistics of China (NBS China, 2020) and LPI 
ranking of China was collected on World Bank online data 
site (The World Bank, 2018).

3.1. Estimation Model

Based on the methodology and characteristics of the 
variable, the following model is developed, which is the 
basic model for the estimation of the coefficients and results:

ln expi =  β0 + β1 ln lri + β2 ln cgdpi + β3 ln popi   
+ β4 ln empi + β5 wto − β6 fr + µi (1)

The regional exports represented by ‘expi’ is taken as 
the dependent variable, which represents the trade of the 
provinces as per modeling of Akpan who followed the 
model of Duranton, Morrow and Turner, with addition of 
new variables for selected African countries, and estimated 
exports as the proxy variable for trade in their models. 
Variable lri is the main independent variable (regressor), 
which shows the length of transportation routes (Roads 
and Highways) within each province of China. Regional 
population and CGDP of the provinces as represented 
in the model by popi and cgdpi respectively, as these 
variables provide evidence on the economic conditions of 
each province and also slight impact on the exports is also 
considered. The employment in the transportation sector is 
also considered to have some impact on the provincial trade 
and export, which is included in the model as “empi”. Apart 
from main variables that determine the provincial trade and 
exports, two dummy variables are also added to the model 
in order to know the impact on the Chinese economy. These 
two dummy variables are “wto” and “fr” as implied by the 
model, which explains the effects after China’s entry into 
WTO and Financial Crisis, respectively. As China became 
a member of WTO in 2001, therefore, the dummy for WTO 
is assuming the value of “0” before 2001 and is taken as 
“1” after 2001. Similarly, the values of the dummy for the 
financial crisis are also represented by two values. The 
value is taken as “0” before 2008 and “1” after 2008.

3.2. Summary of Statistics

The summary of descriptive statistics is shown in 
Table 1, which provide a brief overview of the variables 
used for our model. A total of 620 observations for each of 
the eight variables were estimated including the dependent, 
independent and dummy variables in the model. The mean 
value of exports for the provinces was USD26,355,296 for 
each province of China. The lengths of the transportation 
routes (roads and highways) within the provinces were on 
average 79,358.71 km for each province over the given 
timeframe. 
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Annual per-capita gross domestic product averaged 
at 18,288.52 Yuan per person for each province with a 
minimum value of 1,527 and a maximum value of 99,607 
Yuan per person between the given time period of 20 years. 
The regional population was high for the provinces with 
the minimum value of 2,340,000 persons and maximum of 
114,300,000 persons with an average of 42,910,000 persons. 
The employment in the transport sector was average at 
55,860.32 attaining the lowest level of 2,198 and the highest 
level of 380,485 for the given provinces of China.

The dummy variables assumed only two values of 
minimum 0 and maximum 1 for both entry into WTO and 
financial crisis. 65% of the observations were explained 
after China’s entry into the WTO while 35% was explained 
by the Financial Crisis after 2008. Year dummies of 20 
years ranging from1997-2016 have also been tabulated and 
presented in the Appendix.

4. Results and Discussion

The results were estimated through STATA, and several 
tests were undertaken in order to verify the validity of the 
Model. Nested OLS model and Hausman fixed and random 
effects were used in order to understand if there exists 

any relationship between the variables. Table 2 shows the 
correlations between the variables. 

It is noted that all the correlation values are below the 
threshold level of 0.7, which is the desirable outcome for 
the correlation. The estimates further suggests that most our 
variables are moderately correlated i.e., value between 0.3 
and 0.7.

4.1.  Interpretation and Discussion on Final 
Estimations

Table 3 presents the fixed effect regression model of 
the variables and explains the estimations and results of the 
final model. The estimation in the table shows that our main 
variable, the length of the Road and Highways within the 
provinces, as expected has a strong positive and significant 
impact on the exports and trade flows of the provinces. The 
elasticity is 0.69, which is high showing a significant effect. 
The results were estimated through a series of tests applied to 
the variables. The main independent variable lr i.e., length of 
the transport route shows expected positive sign when tested 
through fixed effect. The longer the length of the roads, the 
bigger will be the exports of the province. The results are in 
line with the assumptions of the Theory of Modeling Trade. 

Table 1: Summary and Descriptive Statistics

Variables Obs Mean Std. Dev. Min. Max.
Exports 620 15.389 1.879 9.069 20.271
Road length 620 1.721 .919 -.994 3.407
GDP per capita 620 9.411 .904 7.331 11.509
Population 620 8.061 .901 5.455 9.344
Employment 620 10.614 .885 7.695 12.849
Investment 620 7.429 1.411 3.053 10.513
WTO membership 620 .65 .477 0 1
Financial crisis 620 .3 .459 0 1
Location 620 .247 .431 0 1

Table 2: Matrix of correlations

Variables exports lr cgdp pop emp inv wto fcr loca
exports 1.000
lr 0.310 1.000
cgdp 0.751 0.224 1.000
pop 0.506 0.609 0.007 1.000
emp 0.563 0.512 0.185 0.834 1.000
inv 0.839 0.613 0.811 0.551 0.610 1.000
wto 0.404 0.425 0.655 0.043 -0.002 0.597 1.000
fcr 0.421 0.428 0.696 0.043 0.144 0.647 0.480 1.000
loca 0.462 -0.102 0.242 0.109 0.092 0.201 -0.019 -0.007 1.000
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Similarly, the coefficients of lr, cgdp, and population 
are significant at 1% significant level showing a high-
level significance. The coefficient of employment is also 
significant, but at 5% level of significance. Regional GDP, 
population and employment have positive and significant 
impact on the exports of the provinces. On the other hand, 
dummy variables in the model have shown diverse results 
as expected. The dummy for WTO is positive, while that 
of Financial Crisis is negative. The positive sign for WTO 
explains that the exports of each province increased after 
China’s entry into WTO than before the membership. The 
negative sign for “fr” suggests that after financial crisis the 
exports of the provinces decreased as compared to the value 
of exports before the Crisis. Additionally, in case of fixed 
effect the impacts of both dummy variables are insignificant 
and this phenomenon can be explained in details in case of 
China.

Now, explaining the marginal effect of the model 
estimations, we can analyze that, ceteris paribus, 1% 
increase in the length of the transportation routes (roads 
and highways) within the provinces increases the provincial 
exports by 0.69%, which shows a high and positive impact 
of roads and highways within the provinces on the exports of 
the region. This result is in accordance with our expectations 
and provides further proof of past studies. Similarly, 
per-capita GDP of the provinces also shows a positive 
relationship with the dependent variable with a coefficient 
of 0.74, which explains that 1% increase in per-capita GDP 
raises the regional exports by 0.74 %. The coefficient of 
the population came up with the expected sign and can 
be explained in terms that a 1% growth in the population 
can lead to 0.82 % rise in the value of exports. This can be 
explained in terms of easy availability of skilled and low-
cost labor in the case of China. 

Table 3: Nested Fixed and Random Effects Regressions

Variables
lnexp lnexp lnexp lnexp Fixed Effects Random Effects Robust Fixed

(1) (2) (3) (4) (5) (6) (7)

 llr
1.796*** 0.637*** 0.67*** 0.698*** 0.693*** 0.294*** 0.693***
(0.033) (0.07) (0.069) (0.071) (0.072) (0.065) (0.072)

 lcgdp
0.852*** 0.779*** 0.755*** 0.743*** 1.093*** 0.729***
(0.048) (0.05) (0.051) (0.064) (0.061) (0.145)

 lpop
0.909*** 0.852*** 0.819*** 0.79*** 0.83***
(0.206) (0.207) (0.213) (0.104) (0.238)

 lemp
0.078** 0.087** 0.058 0.087**
(0.038) (0.04) (0.044) (0.041)

 wto
0.035 -0.022 0.035

(0.054) (0.058) (0.055)

 fcr
-0.002 -0.099 -0.004
(0.06) (0.065) (0.062)

 loca
-0.036 0.148** -0.037
(0.07) (0.074) (0.071)

Iinv
0.01

(0.095)
Year Dum. Yes Yes Yes Yes Yes Yes Yes

cons
12.298*** 6.273*** -0.421 -0.612 -0.33 -2.372** -0.362

(0.06) (0.34) (1.555) (1.553) (1.687) (0.947) (1.714)
Observations 620 620 620 620 620 620 620
R-Squared 0.096 0.508 0.545 0.535 0.529 0.758 0.895
HChi-Square - - - - 251.28*** -

Note: Standard errors are in parentheses and *** p<.01, ** p<.05, * p<.1 indicate significance of p-value.
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The employment in the transport sector has indirect 
impact on regional exports and is low as compared to 
other variables. The coefficient as of employment (emp) 
is also positive and determines that if the employment in 
the transport sector is increased by 1%, then the provincial 
exports are estimated to rise by 0.08%. Moreover, the 
dummy variables also are with expected signs, but with low 
level of significance. Results for the dummy variable “wto” 
show that after China’s entry into WTO led to increase of the 
provincial exports by 0.03 %. 

On the other hand, dummy variable for financial crisis 
as represented by the symbol “fr” proved to be negative 
with the provincial exports and described that after financial 
crisis the provincial exports were reduced by 0.002%, which 
is really low. The impact of financial crisis was not severe 
on the regional exports and the reason is presumed to be the 
overall growth rate of China and the trade within the regions, 
which were in operation in similar conditions as before the 
crisis. The year-on-year dummies tabulated in the Appendix 

Table 4 show that China’s exports continued to increase 
after the financial crisis. The policies of China and support 
to the industries by the Government played a vital role in 
maintaining the growth in trade. The value of R-squared for 
the model using the current variable is given by 0.529 for 
fixed effects (0.758 for random effects), which shows that the 
independent variables have the potential to explain 52.9% of 
the dependent variable. Similarly, the standard errors for all 
the variables are also low.

Following the OLS model, the selection of an appropriate 
model was tested through the Hausman Test. The null 
hypothesis for the Hausman test is that the preferred model is 
random versus the alternative where the model is specified as 
fixed effects (Hausman, 2015). The null hypothesis assumes 
that random effect is appropriate for the model. As presented 
in Table 3, the value of Chi2 is 251.2 with probability of 
the Chi-square given by 0.00 < 0.05, which concludes that 
the null hypothesis is rejected and our variables are best 
appropriate for the fixed effect regression model. 

Finally, in order to check the robustness in our crude 
model, we added a new variable, i.e., regional investment 
in the transport sector (inv) in our crude model. The results 
of the estimations for robustness are presented in Table 3. 
The coefficients, standard errors and level of significance 
of all the crude variables of the regression model are almost 
the same as they were before the inclusion of the new 
variable. Thus, it can be concluded that the current fixed 
effect model is appropriate with robust estimates with the 
main variables.

5. Conclusion and Policy Recommendations

The main objective of the paper was to determine and 
assess the impact of local roads and highways on regional 
exports and trade under the Theory of Modeling Trade and 

Gravity Model analysis. This paper shows further evidence 
of the fact that the more roads and highways within a region 
increase the exports and trade of that region. Furthermore, 
regional employment in the sector is also high and has a 
significant impact on regional trade and productions. Roads 
and highways are one of the key factors that affect countries 
in a positive way. As the exports demand is growing, need for 
more and improved roads and highways within the country 
is increasing. Roads and highways provide easy means 
of transport and thus reduce the burden on the seaports. 
Similarly, for the transportation of goods and services of 
other non-coastal regions to the ports of the east, roads, and 
highways are the most important means of transport.

Road transport is the second-best alternative for China 
to carry out its trade with other countries. For this reason, 
the government has taken serious steps to expedite the 
projects of construction of new roads and improvement of 
the present roads and highways. The Belt and Road Initiative 
(BRI) or One Belt One Road (OBOR), and CPEC projects 
are one of the key determinants in this regards. These 
projects will have huge implications in terms of changing 
the trade patterns in OBOR countries. Moreover, coverage 
of road and highways networks in the western regions will 
provide gateways to foster trade of China between South 
and Central Asian Countries. By doing so the trade will 
enhance and economic activities will increase. Smooth 
flow of traffic and transportation of goods and services in 
addition to accessibility to local and international markets 
will be the key outcomes of roads and highways for China 
and developing nations under the BRI projects. 
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Appendix

Table 4: Regression Results

lnexp Coef. St.Err. t-value p-value [95% Conf Interval] Sig
llr .62 .077 8.03 0 .468 .771 ***
lcgdp .348 .186 1.87 .062 -.018 .714 *
lpop .388 .235 1.65 .099 -.073 .849 *
lemp .253 .053 4.77 0 .357 .149 ***
linv .229 .093 2.47 .014 .411 .047 **
wto 1.117 .258 4.33 0 .61 1.624 ***
fcr .988 .157 6.31 0 .68 1.296 ***
yr2 .13 .086 1.51 .132 -.039 .299
yr3 .026 .097 0.27 .786 -.164 .216
yr4 .153 .106 1.44 .149 -.055 .361
yr5 -.02 .111 -0.18 .856 -.238 .198
yr6 -.053 .117 -0.45 .651 -.283 .177
yr7 .163 .128 1.27 .206 -.09 .415
yr8 -1.072 .157 -6.82 0 -1.381 -.763 ***
yr9 -.945 .147 -6.45 0 -1.232 -.657 ***
yr10 -.529 .125 -4.24 0 -.774 -.284 ***
yr11 -.301 .108 -2.79 .005 -.514 -.089 ***
yr12 -.132 .096 -1.36 .173 -.321 .058
yr13 -.205 .082 -2.51 .012 -.366 -.045 **
o.yr14 0 . . . . .
yr15 -.773 .136 -5.68 0 -1.04 -.505 ***
yr16 -1.058 .123 -8.59 0 -1.3 -.816 ***
yr17 -.713 .107 -6.66 0 -.923 -.503 ***
yr18 -.482 .096 -5.03 0 -.67 -.294 ***
yr19 -.2 .081 -2.48 .013 -.359 -.042 **
o.yr20 0 . . . . .
Constant 11.584 2.441 4.74 0 6.789 16.379 ***
R-squared 269.790

Note: Significance level of p-value as *** p<.01, ** p<.05, * p<.1.


