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Abstract:

Capacity of a hub airport can be an important factor of productivity of air transport service.  Improvement of air transport industry will bring economic impacts to other industrial sectors.  This paper constructed a model for the estimation national wide economic effect by expansion of a hub airport.  The model consists of the combination of a simple Solow residual estimation approach and Computable General Equilibrium model.  This paper furthermore estimated actual economic effect by past capacity expansion of Haneda Airport which is Japan’s domestic hub and found the broad inter-industrial economic effect.
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1.  Introduction

The productivity improvement of air transport industry decreases the marginal cost.  Then the cost of industries that require air transport service as an intermediate input will also decrease.  The capacity expansion of the core airport can bring economic effect to many industries.
Tokyo Int'l Airport (hereafter called Haneda Airport) is a core of Japan's air transport network.  Japan has had the second largest domestic air demand of the world (now third rank; China’s demand overtook Japan).  However Haneda Airport's capacity has been lower than world's other large hub airports.  As a result, the number of routes from/to Haneda Airport is limited and average aircraft size is enlarged (B747 is operated in domestic services!).  Low frequency service by large aircraft is not adapted domestic transport and it brings inefficiency.
Haneda Airport has continued the expansion work and acquired the capacity of about 270 thousand movements per year.  In near future, the fourth runway project of Haneda Airport will have the capacity of 400 thousand per year.  Therefore the investor, central government in Japan, is interested in the economic effect by the expansion project.  Cost-benefit analysis evaluates only the project's efficiency.  However economic contribution to promote other industrial sector's activity is also the element of decision making.  General equilibrium effects are convenient indices to understand inter-industrial economic impacts.
This paper constructs a model to estimate the effect of a hub airport's expansion to air transport industry's productivity and national economy.  We formulate Japan’s case by way of example of model.  And this paper actually estimates the contribution of past Haneda's expansion.
2.  Previous Studies of Economic Effect by Airport Development

Airport development directly improves the productivity of airport.  Regarding airport productivity, many researches argued about two important methodologies: DEA and TFP.  Gillen and Lall (1997) and subsequent researches are representative works of the former.  Hooper and Hensher (1997) surveys the performance of Australian airports by TFP methodology.  Forsyth (200) reviews the measuring models for airport productivity.  Such previous researches contribute to the airport benchmarking works like ATRS's report.
This paper is interested in however the contribution of airport performance improvement to the national economy.  Improvement of airport performance affects to air transport industry's productivity.  Air transport industry's cost reduction subsequently brings ripple effect through inter-industrial relationship.  Computable general equilibrium (CGE) analysis is convenient to estimate national economic effect by economic impact.  Ueda et al. (2002) and Ishikura et al. (2003) evaluate the economic effect of air transport development in Japan by means of CGE model.  These researches assume that productivity improvement of air transport industry is exogenous variable.  Therefore, they cannot discuss the relationship between airport development and air transport productivity quantitatively.  This paper estimates the relationship by time series data of Japanese airline industries and airport (Haneda Airport) capacity expansion.  Then this paper combines it with a CGE model and evaluates the economic effect by airport capacity development.
3.  Relationship of Air Transport Productivity and Airport Capacity Expansion

3.1.  Assumption of Production Function

This chapter estimates the relationship between air transport industry's productivity and development of Haneda Airport.  The estimation adopts Total Factor Productivity (Solow Residual (Solow(1957))) methodology.  Firstly, the production function of air transport industry is assumed as follows.
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where

Ymt: Output of airline m at year t 

Imt: Intermediate input of airline m at year t 

Kmt: Capital input of airline m at year t 

Lmt: Labor input of airline m at year t 

Amt: Productivity of airline m at year t
Emt: Vector of factor variables that affect the productivity of air transport industry

The production function assumes that production of air transport service requires capital input, labor input and intermediate input.  Amt in the function means the production technology, namely it is equivalent to total factor productivity.  The production technology is represented as a function of airport capacity index.  In order to keep the consistency with subsequent CGE model's production function, this paper assumes homogenous Cobb-Douglas production function.
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The author examined some function types and some airport capacity indices as explanation variables to estimate the production technology function.  This paper finally adopted the following function and Haneda Airport's slot capacity as an explanation variable.
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Trendt: A yearly increasing variable that represents constant technology improvement
(example: Trend1985=1, Trend1986=2, …)

Dpdereg: Dummy variable regarding after air fare deregulation (equal 1 after 1996)

Et: Total slot of Haneda Airport at year t
Although output of air transport industry is often measured by passenger-kilometers or passengers, this paper uses monetary revenue of airlines as output index.  In the CGE model, the unit of amount of industry's output is monetary term.  Output index of air transport therefore needs to be counted in monetary term for the next step of the analysis.  That is why the output of air transport industry is also monetary term.
Table-1 shows the result of parameter estimation.  It says that t-value regarding Haneda Airport's total slot is not significant statistically.  However, needless to say, Haneda Airport is an essential infrastructure to construct Japan's domestic air transport network.  This paper therefore chooses Haneda Airport's slot capacity as an explanation variable.
Haneda Airport's slot capacity has increased from 420 per day to 732 per day in 16 years (1985-2001).  Between those days, Japanese domestic air network developed.  Above production function estimates that TFP growth of Japanese air transport industry in this span is 4.5%.
4.  An Analysis of Economic Effects of Haneda Airport’s Capacity Expansion by CGE Model

4.1.  Assumption of Modeling

This chapter constructs a CGE model to estimate the direct and indirect economic effects by Haneda Airport's expansion.  The CGE model imports a production function of air transport industry formulated in previous chapter.  The basic assumptions of the modeling are as follows.
· Japanese national economy is regarded as one region economy.  The model does not discuss spatial matter.
· All airlines of Japan are regarded as one air transport industry.  That is to say, the model does not discuss the variance of airline companies.
· There are only two types of economic unit in the model: household and producer.  Household owns and supplies two primary factors of production, capital and labor.  Household decides consumption allocation in order to maximize the utility subject to income.  Producer purchases intermediate input and primary factors and produces goods and services in order to maximize the profit.
The CGE model needs Input-Output Table for the calibration.  This paper uses Japan's Input-Output Table in 2000 (33 sector table) as a basic equilibrium data.  Since the demand of air transport in Input-Output Table includes the revenue from whole activity of air transport industries, the model measures the effects from both passenger transport and air cargo transport.
Some sectors, whose final demand shows negative value, are however integrated to construct the consistent model.  Since the 33-sector table integrates all transport mode industries, this paper divides air transport sector from other transport sector by using detailed sector I-O table.
4.2.  Model Formulation

4.2.1.  Household’s Behavior

The basis of household's behavior is standard utility maximization.  Household earns income by providing capital and labor.  This paper specifies Cobb-Douglas type utility function.  NX term is introduced for the balance of payment in Systems of National Accounts.
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where

U: Utility of Household

di: Consumption demand of goods or service i
pi: Price of goods or service i
w: Wage rate

L: Labor endowment

r: Rent of capital

K: Capital endowment

NX: Net export (Net acquisition of foreign assets)
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The solution of above utility maximization problem (5) derives demand functions of consumption goods and services.
4.2.2.  Producer’s Behavior

A producer purchases primary production factors and intermediate input goods and services and produces goods or service.  Producers maximize their profits by adjusting the quantity of output under the technology described by production function.  This paper assumes Cobb-Douglas type production function as well as utility function.  The function allows substitution relationship between intermediate input goods and services.
The following cost minimization problem represents the producer's behavior.  It is dual problem of profit maximization problem.  The solution of the problem derives the derived demand functions of intermediate inputs and primary factors.
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where

xj: Output of goods or service j

xij: Intermediate input of goods or service i to industry j
Kj: Capital input demand of industrial sector j
Lj: Labor input demand of industrial sector j
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4.2.3.  Closure of international balance

To keep the balance of payments, the model needs a closure rule.  This paper assumes that quantity of export and import are constant.  The impact of technological change of domestic air transport to international trade may be small.  Therefore this assumption will not influence on the results of Haneda Airport's analysis essentially.
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where

Ei: Export of goods or service i (Exogenous value)

Mi: Import of goods or service i (Exogenous value)

4.2.4.  Equilibrium Conditions

The following equations represent demand-supply equilibrium of goods and services markets.
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The equilibrium in primary factor markets is also satisfied.
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Goods and service prices and factor prices are adjusted so that above equilibrium equations are satisfied.  Solution of the simultaneous equations system including all of above equations is the market clear prices vector.  A unique solution of the system is guaranteed by general equilibrium theory.
4.3.  Application of the Model to Haneda Airport’s Slot Capacity Expansion

4.3.1.  Outline of the Analysis

Former chapter estimated the productivity change of Japan's air transport industry brought by Haneda Airport's expansion from 1985 to 2001 was 7.6%.  The CGE analysis in this chapter estimates the economic effect of the Haneda Airport's expansion by inputting the productivity change as an exogenous technological shock.  The analysis assumes that in "with case", 
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 of air transport sector is 1.076 times of initial value.  Initial situation is assumed to be "without case".  "Without case" means that Haneda Airport's capacity remains 1985's.  The comparison of the results of the two cases represents economic effect by Haneda Airport capacity expansion between 1985 and 2001.
4.3.2.  Economic Effect to Industrial Activities

This analysis aims to estimate the economic effect by inter-industry interaction.  Figure-1 shows decrease rate of prices of goods and services.  Air transport sector's decrease rate is excluded in Figure-1 because it is much larger than other industrial sectors.  This analysis estimates that price reduction of Air Transport sector is 4.35%.  The result shows that the price reduction effect is relatively large in "Miscellaneous Manufacturing Products" sector, "Commerce" sector, "Communication and Broadcasting" sector and "Other Public Services" sector.  In such sectors, input coefficients of Input-Output table regarding Air Transport sector are large and inter-industrial linkages to air transport are relatively strong.

Price reduction effect is observed in almost all sectors.  It implies that Haneda Airport's development has brought broad benefit to non air users.
Figure-2 shows % and quantity change of outputs of goods and services.  Overall characteristics of the change rate of outputs seem to be same of price reduction effect (other than some exceptions).  The large effect to output change of "Mining, Petroleum and Coal" sector is caused by increase of air fuel demand.  Since fuel is the most important intermediate input requirement for air transport sector, the direct effect may be observed.  The scales of "Commerce" and "Business Services" sectors are large in Japanese economy.  The huge outputs increase effect of these sectors therefore can be expected.  This result shows that outputs increase effect of Air Transport sector is 247 billion yen.  Total sum of change of outputs of all industrial sectors in Japan is estimated about 408 billion yen.
5.  Conclusion

Supply of air transport service needs airport infrastructure.  The limitation of airport capacity therefore constrains production capacity of air transport.  Airport slot capacity is a factor which influences on the productivity of air transport industry.  The core airport of the network will in particular have an important role for air transport service production activity.  In Japan, Haneda Airport is no doubt the core of domestic air network.  This paper focuses on the relationship air transport activity to Haneda Airport's capacity development and its national economic effect.
This paper constructs a methodology to evaluate the productivity effect to air transport and inter-industrial economic effect by Haneda Airport capacity development.  The methodology consists of two steps.  The contribution of Haneda Airport's capacity to Japanese air transport industry's productivity is estimated by simple Solow residual approach in the first step.  In second step, a computable general equilibrium model imports the air transport production function estimated in the first step, and describes the linkage of air productivity development and inter-industrial economic effect.  The total system can evaluate the economic effect brought by Haneda Airport capacity expansion.  The application of the model to past Haneda Airport's capacity expansion estimates the economic effect to Japanese national economy by development of Haneda Airport.  The result shows broad economic influence and implies that the additional capacity expansion planned in 2009 will also bring much economic effect.
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Table- 1 Estimated Parameters of Air Transport Industry’s Production Function

	Parameter
	Estimated value
	t-value
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	1.55
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	15.32
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	12.87
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	0.29


R2=0.966




Sources: Financial Report of Japanese Airlines (JL, NH, JD), Ministry of Land, Infrastructure and Transport, 
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