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Abstract: The aim of this paper is to develop a practical model which can analyze impacts of road maintenance and fuel tax rate on road transport demand and macro economy. The model consists of two blocks. The first block is road transport block which expresses relationship among road maintenance level, fuel tax rate, travel cost, travel speed and transport demand. In the block, we define road accessibility as a reciprocal of average generalized time. And we assume that road accessibility influences road transport demand, which changes road travel speed and road maintenance level. Furthermore, it is assumed that road maintenance level effects on travel cost and travel speed that changes road accessibility again. Another block is macro economy block that represents relation of road accessibility and macro economy. To examine impacts of road maintenance and fuel tax rates, we have conducted some empirical analyses. As results of empirical analyses, it is indicated that combination of decrease in fuel tax rates and infrequent road maintenance has possibilities to increase road transport demand and push up macro economy.
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1. Introduction
  In Japan, the population peaked in 2005, and from this year it is expected the aging of the population will gradually accelerate combined with the decline in the birthrate. In addition, the cumulative long-term debts of the national and local governments have reached to 770 trillion yen, which represents more than one and a half times the annual GDP. Under these circumstances, the Japanese government has reduced the amount allocated to public investment year after year, so that the ratio of the gross public capital investment to GDP dropped from a level previously regarded as relatively high compared to the other countries to 4.7% in FY2004, which is almost the same level as that seen in other major industrial countries. Moreover, treasury resources for the development of infrastructure, such as for road construction, are expected to be curtailed in the future, following the policy formulated at the meeting of the Council on Economic and Fiscal Policy in May 2006. There, it was decided that the budgetary allocations for public works should be continuously reduced by 3% each year for the next five years. However, it is essential for economic growth and traffic safety to maintain, repair and update existing road networks by which goods movement and interregional exchanges are sustained. 

  In the United States, the disrepair and deterioration of public facilities made major headlines in the latter half of 1970s through the early 1980s. This situation was called “America in Ruins” where road stocks began to crumble because the road networks, built on a massive scale in 1930s under the New Deal policy, could not be prevented from becoming superannuated in the prevailing stagnant economy. However, since the late 1980s, the federal government secured public funding by raising tax rates to increase road investment and broke away from “America in Ruins.” Japan is at present approaching the situation America faced in the 1980s after the elapse of more than 40 years since the development of road construction promoted during the high-speed growth era of the 1960s. Against this backdrop, the necessity of road asset management in terms of strategic and efficient maintenance, repair and updating of road stocks has recently been realized. According to the Medium-Term Vision on Road Maintenance and Improvement (draft) announced by the Ministry of Land, Infrastructure and Transport (MLIT) in June 2006, the maintenance, repair and updating of the roads currently in service is listed as one of the subjects to be incorporated into road policies from here on, with the focus on ensuring security and safety of roads currently in service, the smoother flow of traffic, and the revitalization of urban and local areas. In the course of considering the efficient maintenance, repair and updating of the road stocks, it is necessary to ascertain the influence of these actions upon road transport demand and the economy.

  At present, in Japan, the financial resources for additional road construction and for maintenance, repair and updating as well as management come from the funds earmarked for road improvement, i.e., vehicle-related taxes such as a gasoline excise tax and a motor vehicle tonnage tax (except for toll expressways). Recently opinions are lively exchanged as to whether such vehicle-related tax revenues should be incorporated into general income sources. Therefore, such financial resource problems must be taken into consideration in the maintenance, repair and updating of the road system as part of overall road asset management. 

  Taking this background into account, this paper makes some suggestions regarding future discussions on road asset management through developing a practical model that enables analysis of the influence of the levels of road maintenance and management as well as of vehicle-related taxes on road transport demand and the economy, and then elucidates the relationships between these factors at the macro level.
2. Related Existing Studies

  Regarding methods to measure indirect effects of transport developments on economy, there are mainly two approaches: CGE (Computable General Equilibrium) model and macro econometric model. European Commission (1999) evaluated developments of transport network in EU countries with both approaches. T. Sato et al. (2002) compared these models from theoretical and empirical aspects and pointed out that reproducibility of macro economic variables with neoclassical type dynamic CGE model is much worse than that with econometric model.
  In Japan, several practical econometric models to measure the influence of road investment on the macro economy such as on GDP, household income, employment and tax revenues have been developed: EMACC (1993), FORMATION (1998) and EMERLIS (2003) are some examples. EMACC and FORMATION are macro econometric models that assume that expansion of the road network would increase the accessibility of roads and this would have an influence on productive potential, private capital investment and the private consumption expenditure. On the other hand, in the EMERLIS model, the relationship between road development and the macro economy is explained in more realistic terms by taking the reciprocal of the average amount of time required to travel between regions (more precisely, the weighted average of the minimum amount of time required to travel between regions by population) as accessibility. Another feature of EMERLIS is that it has a structure reflecting the economic situation of recent years in Japan, taking into account, for instance, the economic effect of IT stocks and employment mismatching. However, these macro econometric models do not consider such variables as monetary costs associated with the use of roads including gasoline tax and expressway tolls, the road service level (transport speed), and road transport demand. Therefore these models cannot be applied to the analysis of road maintenance and management levels and of vehicle-related taxation considered hereunder. 

  As for road surface conditions, two indicators are proposed in the field of pavement engineering: One is the IRI (International Roughness Index) and the other is the MCI (Maintenance and Control Index). The IRI is an indicator for the flatness of a road surface, which affects the ride quality of vehicles as indicated in the following equation:
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Here, dZ (mm) and L (m) indicate the cumulative value of movement variations and the transport distance (the interval to valuate data), respectively, both of which are measured by using a device made of tires and springs. The flatness of a road becomes worse as the IRI value gets higher: if the IRI equals 0, it means the road surface is perfect; if the IRI is around 4, the surface has some damage; at around 7 most of the surface has slight depressions; and around 11 means there are shallow potholes on most of the road surface.　 The MCI, on the other hand, is a management indicator to integrate crack percentage, degree of rutting and flatness (horizontal convexo concaves) from the viewpoint of the necessity of maintenance and repair, as calculated by the following equation:
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Here, C, D and F indicate the crack percentage (%), the average degree of rutting (mm) and flatness (mm), respectively. MCI is evaluated on a 10-point scale, from which points are deducted as time passes due to the effects of traffic on the road surface with the passage of time. Normally, when the MCI becomes 3.0 to 4.0 points for ordinary roads or 4.5 or below for expressways, maintenance and/or repair should be carried out.
  T. Ishida, et al. (2004) measured the average travel speeds of passenger motor cars, buses, small and large size trucks along a high-standard highway at two different sections that were almost flat and without curves under almost uniform roadside environments (Section 1: an old pavement surface with an IRI=3.8mm/m; Section 2: a new pavement surface with an IRI=2.6mm/m), and then confirmed that if the surface condition deteriorated, the travel speed became slower. On the other hand, the Ministry of Construction (1986) measured MCI and the transport cost for each travel speed of small size and large size vehicles, and obtained the result that the transport cost increased as the MCI dropped. In addition, K. Maruyama, et al. (2005) analyzed the relationship between MCI and the cumulative traffic volume of large size vehicles per traffic lane, and obtained the following result:
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Here, 
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 is the cumulative traffic volume of large size vehicles per traffic lane (million vehicles per traffic lane).
3. Outline of the Model

  The model consists of two different blocks: the road transport block and the macro economy block. 

  The road transport block indicates the relationships among vehicle-related tax revenues, road maintenance and management levels, monetary costs associated with the use of roads (such as gasoline cost and expressway tolls), road travel speed, road transport demand etc. 
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Figure 3.1: Flow diagram of the Model

Here, road accessibility is defined as a reciprocal of the weighted average by traffic volume of the generalized time required to travel between regions (i.e., the amount of time required to travel plus time trade-off value for monetary costs associated with the use of the road), and the following 1) to 5) are set as assumptions for feedback causal relationships: 1) Road accessibility would have some influence on the road transport demand; 2) The variation in road transport demand would cause variations in vehicle-related tax revenues, and it would also produce some changes to road maintenance and management levels through changes in the cumulative traffic volume of large size vehicles; 3) The increase in road transport demand would cause a slowdown in travel speed due to road congestion, which would also result in the lowering of road accessibility; 4) The changes in road maintenance and management levels would cause changes to road accessibility through changes in road transport costs and road travel speed; and 5) The changes in vehicle-related tax revenues would produce a variation in road transport costs, which would result in changes to road accessibility.

  The macro economy block indicates the relationships between road accessibility and the macro economy. As this block should measure long-run impacts of road maintenance and fuel tax rate, we take a macro econometric approach which may have good reproducibility of macro economic variables. This block can measure effects on GDP, household income, private consumption expenditure, private capital investment, the number of employees, and tax revenues (except for vehicle-related tax revenues), etc. In this block, an assumption is made that road accessibility would have a direct effect on productive potential as well as private consumption expenditure. The reason road accessibility would have an effect on productive potential is that a reduction in transport costs will push up corporate profits and improve productivity. Regarding the effect on private consumption expenditure, it is assumed that a reduction in the amount of time required for travel or the reduction in road transport costs would push up consumption expenditures for tourism and accommodation-related expenses resulting from psychological factors, etc. It is also assumed that the growth of gross domestic product would increase road transport demand in the transport block. 

  Figure 3.1 indicates the overall flow of the model.
4. The Sub Models

 (1) Road transport block

1) Road accessibility

  Road accessibility is defined as a reciprocal of the weighted average by OD traffic volume (at the latest time) of the generalized time required for road travel between regions. In this case, road accessibility is set by type of motor vehicle.
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Here, superscript t represents year. Subscript k is type of vehicle which is car or truck. Subscript r, s is origin and destination zone, respectively. ACC is road accessibility, GT is road generalized time. Q is transport demand in the latest year.

  Road generalized time is defined as follows.
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Here, T is travel time required. Cost is sum of fuel cost, repair cost and amortization cost. Toll is expressway toll and w is value of time. RTime, RCost is changing rate of travel time required and cost compared with that in the base year respectively.

2) The rate of change of the amount of time required for road travel
  The rate of change of the amount of time required for road travel is indicated by the reciprocal number of the rate of change after the base year of the travel speed. The rate of change of the road travel speed is treated by separating into two different parts: one part is influenced by road capacity and transport demand; and the other part is influenced by road maintenance and management levels.
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Here, RSpeed1and RSpeed2 indicate changing rate of travel speed. tB is based period. Speed represents road travel speed. Capacity is road area, and TD is road transport demand. Maintenance is road maintenance level.

3) The rate of change in road transport cost
  The rate of change in road transport cost is explained with reference to road maintenance and management levels.


[image: image12.wmf](

)

t

t

Cost

e

Maintenanc

R

f

=


(10)

4) Road maintenance and management level
  The road maintenance and management levels are assumed to rely on the cumulative traffic volume of large size vehicles, based on the existing studies.
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Here, Qtruck is truck traffic volume (vehicle) and TDtruck is truck transport demand (vehicle-kilometer).

5) Road transport demand
  Road transport demand is considered to be explained with reference to road transport demand in the previous period, GDP and road accessibility in the present period. The road transport demand for passenger motor cars is considered on a per-person basis, taking into account the influence of future declines in population.
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Here, GDP is real gross domestic product. POP is population.

6) Road investment
  The road investment amount is calculated by adding vehicle-related tax revenues and the other road-use revenues together.
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Here, IGR is real road investment. TAXroad is vehicle related tax revenue and TAXroadother is other finance for road investment.

7) Vehicle-related tax revenue
  The vehicle-related tax revenues are influenced by road transport demand and vehicle-related tax rates.
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Here, TAXroad_k, RTAXroad_k is vehicle related tax revenue, vehicle related tax rate for k kind of vehicle respectively.

(2) Macro economy block

1) Production

  Gross domestic product for each industry is considered to be determined by road accessibility, which represents access conditions to road, in addition to the primary factors of production; labor and capital. In respect of labor, total hours worked expressed as a product of the number of workers and the average working hours per person is used.

[image: image21.wmf](

)

t

t

i

t

i

t

i

t

i

t

i

ACC

KP

ROW

NW

LHR

V

,

,

f

1

-

×

×

=


(19)

Here, i and t, respectively, are industry and period. V is potential productivity. NW is the number of workers, LHR is the average working hours per person, KP is private capital stock, and ROW is the rate of capital utilization. ACC is road accessibility.

2) Private capital investment

  It is assumed that private capital investment in each industry relies on private capital stock and gross domestic product in the previous period. 
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Here, IP is private capital investment. GDPi is gross domestic product in each industry.

3) Private capital stock

  Private capital stock is defined as private capital stock in the previous period, less depreciation, plus private capital investment in the current period.
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Here, ROD is depreciation rate of capital stock (
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4) Number of workers

  As new employment is basically influenced by economic climate, the number of workers is assumed to be determined by the number of workers and gross domestic product in the previous period.
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5) Household income

  Household income is considered to be reliant on GDP.
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Here, YH is household income.

6) Household disposable income

  Household disposable income is defined as household income less income tax and other current transfers.
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Here, YHD is household disposable income. TAXYH is income tax and SSV is other current expenditures.
7) Private consumption expenditure

  Private consumption expenditure has been estimated per person to grasp the influence of decline in investment due to decrease in population in the future. Private consumption expenditure per person is considered to be determined by private consumption expenditure per person in the previous period, which indicates habitude, household disposable income per person and road accessibility in the current period.
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Here, CP is private consumption expenditure. POP is population. ACCCar is road accessibility by car.
8) Private housing investment

  As in the case of private consumption expenditure, private housing investment has been estimated per person. Private housing investment per person is considered to be determined by household disposable income per person and private housing stock per person in the previous period.
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Here, IHP is private housing investment and KHP is private housing stock.

9) Private housing stock

  Private housing stock is defined as follows.
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Here, RODH is depreciation rate of housing stock. (
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10) Public capital investment

  Public capital investment is expressed as sum of road investment and other public capital investment.
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Here, IG is public capital investment. IGOther is public capital investment except for road investment.
11) Export and Import

  It is assumed that export relies on export in the previous period, world trade volume, and exchange rate. As for import, it is assumed to be determined by import in the previous period, final domestic demand, and currency exchange rate.
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Here, E is export and M is import. MW is world trade volume. FD is final domestic demand which is sum of private consumption expenditure, private housing investment, public consumption expenditure and public capital investment. RDY is exchange rate.

12) Gross domestic expenditure

  Real gross domestic expenditure is defined as the following equation.
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Here, GDE is gross domestic expenditure, CG is public consumption expenditure, and J is inventory increase.

13) Realized gross domestic product

  It is assumed that GDP can be realized as the average of potential productivity of all industries and gross domestic demand. Here, for potential productivity, in the production function of Equation (19), the rate of capital utilization ROW is set at 100%. Gross domestic demand is made equal to gross domestic expenditure.
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Here, GDP is the realized gross domestic product, 
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 is gross domestic demand.

14) Tax Revenue

  The revenue from income tax is considered to be explained with reference to the level of household income. 

  Corporate tax revenue basically relies on a company’s added value amount, but tax rates were sometimes revised in the past. Therefore, the value of real GDP as a proxy variable of the value added amount multiplied by the basic tariff rate of the corporate tax is set as an explaining variable. 

  Consumption tax revenue is explained with reference to the value of domestic final demand multiplied by the consumption tax rate. 

  Other tax revenues are explained with reference to real gross domestic product.
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Here, TAXYH, TAXFirm, TAXFD and TAXOther, respectively, are income tax revenue, corporation tax revenue, consumption tax revenue and other tax revenue. RTAXFirm and RTAXFD, respectively, are corporation tax rate and consumption tax rate.

5. Empirical Analysis for Japan

 (1) Parameters of the model
1) Road travel speed

  If the travel speed at the base period in equation (8) is transposed to the left side of the equation, it becomes the generalized aggregate QV equation (8)’.
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The parameter estimation of the generalized aggregate QV equation was conducted by using Japanese cross-section data from the General Traffic Survey in Road Traffic Census (MLIT, 1999). The estimation results are as follows:
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2) Road maintenance level

  For equations (9) to (11), the relationships between the cumulative traffic volume of large size vehicles and the rate of change of travel speeds as well as between the cumulative traffic volume of large size vehicles and the rate of change of costs for road travel were determined by making use of a) the relationship between the cumulative traffic volume of large size vehicles and the MCI, b) the relationship between the MCI and the costs for road travel, c) the relationship between the IRI and the travel speed, and d) the relationship between MCI and IRI, all of which were acquired from existing studies.
3) Transport demand and vehicle related tax revenue
  With regard to the transport demand in equations (14) and (15) and the vehicle-related tax revenues in equation (18), the structural estimation was conducted by OLS using time-series data from 1988 to 2002 after specifying mathematical functions. The time-series data from Summary of Statistics on Motor Vehicle Transport (Policy Bureau, MLIT) are also used for data on transport demand. Road accessibility was calculated by using data on the amount of time required for travel, etc., specified in the Road Time Table (MLIT). And, for the structural estimation, the most reasonable functions were adopted judging comprehensively from the t-value of the parameters, the Durbin-Watson ratio (D.W.) or h-value in the Durbin (D.h), and the determination coefficient adjusted for the degrees of freedom (Ad-R2), after examinations of functions including dummy variables (which take the value ‘1’ for a certain period and ‘0’ for the other period) in addition to the explaining variables shown above. 

  The estimation results for road transport demand for passenger motor cars and vehicle-related tax revenues are as follows.
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4) Macro economy block
  Concerning the various functions of the econometric model, after specifying the function format, structural estimations are made by OLS using time series data from 1981 to 2002.  As for consumption tax revenue, data from 1989, the year consumption tax was introduced in Japan, is used. The economic data used for the structural estimation are basically real values from the Annual Report on National Economic Accounting of Japan (Economic and Social Research Institute, Cabinet Office).
  The results of structural estimation for functions for production, private capital investment and private consumption expenditure are shown below. In the tables, the figure in parenthesis indicates the t value for each parameter. ** indicates significance at 5% level and * indicates significance at 15% level.
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(2) Final test

  The final test results for GDP and road transport demand (for passenger motor cars and motor trucks) are as follows. As reproducibility is found to be very good, the model is thought to be reliable for evaluating impacts of road maintenance in the long run.
[image: image56.emf]0

100,000

200,000

300,000

400,000

500,000

600,000

1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001

Actual

Estimate

(billion Yen)

MAPE=1.14%

GDP


[image: image57.emf]0

100,000

200,000

300,000

400,000

500,000

600,000

1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001

Actual Estimate

Actual Estimate

(million vehicle-kilometers)

 Car:

 Truck:

MAPE=1.55% (Car)

              0.89% (Truck)

Road Transport Demand


Figure 5.1: Result of final test for GDP and road transport demand
(3) Simulation
1) Influence of prolonged implementation intervals for road maintenance and repair
  In order to analyze the influence of prolonged implementation intervals on road maintenance and repair (lowering of maintenance and management levels) upon road transport demand, vehicle-related tax revenues, and the macro economy, a simulation was carried out for the following cases using the model. The simulation period was 18 years from 2003 to 2020. 

Table 5.1: Simulation cases
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  The simulation results are as follows. Judging from the result, it is obvious that prolonged implementation intervals for road maintenance and repair cause a decrease in road transport demand and vehicle-related tax revenues as well as a reduction in GDP.
Table 5.2: Results of simulations (the rate of change from case 0)
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2) Influence of a reduction in vehicle-related tax rates and prolonged implementation intervals for road maintenance and repair
  One of the options for future road policy is a reduction in vehicle-related tax rates and the prolongation of implementation intervals for road maintenance and repair. A reduction in vehicle-related tax rates would basically reduce the generalized time to travel, leading to an increase in road transport demand that would push up GDP. On the other hand, prolonged implementation intervals for road maintenance and repair (lowering of maintenance and management levels) would cause a decrease in road transport demand and bring down GDP. In order to analyze the influence of both reducing vehicle-related tax rates and prolonging the implementation intervals for road maintenance and repair at the same time on road transport demand, vehicle-related tax revenues, and the macro economy, a simulation was carried out in the following cases. The simulation period was 18 years from 2003 to 2020.
Table 5.3: Simulation cases
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  The simulation results are as follows. It is found that if vehicle-related tax rates are reduced by 50%, road transport demand and GDP are reduced when road maintenance and repair are not carried out at all or are carried out at 10-year intervals, while road transport demand and GDP are pushed up when road maintenance and repair are carried out at 3-year intervals.
Table 5.4: Results of simulations (the rate of change from case 0)
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6. Conclusion

  The conclusion of this paper is as follows.
1) A practical model was developed that enables the influence of the levels of road maintenance and management as well as of vehicle-related taxes on road transport demand and the economy at the macro level. In developing the model, the following factors were taken into consideration: the relationships between vehicle-related tax revenues and the costs for road travel; between road maintenance and management levels and the costs for road travel as well as travel speed; between road transport demand and road maintenance and management levels; between road transport demand and travel speed; between the macro economy and the costs for road travel as well as travel speed.
2) Prolonged implementation intervals for road maintenance and repair (lowering of maintenance and management levels) cause a decrease in road transport demand as well as a reduction in vehicle-related tax revenues, resulting in a drop in GDP.
3) The combination of a reduction in vehicle-related tax rates and the prolongation of implementation intervals for road maintenance and repair has possibility to increase road transport demand and push up GDP.
  In the empirical analysis in this paper, several simulations were carried out by setting certain rates of vehicle-related taxation and frequencies of road maintenance and repair, respectively. However, in reality, such vehicle-related tax rates or the vehicle-related taxation system may have some effect on the frequency of road maintenance and repair and/or additional road construction. Therefore, through policy simulations taking into consideration these relationships or extending the road transport block considering behavior of policymakers, studying what a vehicle-related taxation system and/or road investment should be remains to be seen.
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