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Abstract
This paper proposes a regionally disaggregated CGE model, in which “a region” is defined as a sub-area or a zone within a country. In order to evaluate economic impacts associated with the accessibility change, we need a tool to analyze interrelationships that lie in between travel delay (attributable to congestion) and economic productivity. To achieve this, this paper proposes a linkage model that relates interregional trade with spatial interaction. Finally, we analyze various economic impacts expected by the Tokai ring road project, which is a on-going project to build an expressway of about 160km in length connecting annularly many cities in Tokai region.
A Spatial Computable General Equilibrium Model for Evaluating Economic Impacts of Transportation Investment, SCGE model
1. Introduction
Transportation investment changes the relative economic advantage that each region has, through the changes in accessibility to material/service markets and labor markets. To estimate the rate of return of transportation investment, it is necessary to estimate how specific transportation policies for enhancing the performance of transportation systems have impacts on regional economies. The basic requirement to achieve this is to build an interregional trade model consistent with a computable general equilibrium (CGE). 

Miyagi (2005a, 2005b) proposed three calibration procedures of SCGE models that take different formats according to availability of benchmark equilibrium dataset. Among them, this paper deals with the second case where an intra-regional input-output table of each zone is given. Since in such a spatial CGE model the estimation of inter-zonal trade flows plays a crucially important role, this paper pays a special attention to modeling of interregional trade flow. 
We examine two approaches to estimating inter-regional commodity flows. The first one is based on the production function analysis, in which the conventional statistical parameter estimation procedures are applied to identify behavioral parameters of the spatial interaction models. The second approach may be called a model-free approach; it uses neural network architecture as means to model the complexity of spatial interaction.
As for the first approach, the model presented here is along the line of the author’s previous work (1996, 1997); however, further improvement has been conducted in this paper, with taking into account the following points: 1) how should we relate the accessibility change with SCGE models when equilibrium dataset at production-price base is given: 2) an explicit modeling of substitution relation between  regionally produced goods and imports from other regions: 3) an practical analysis by using the freight flow census at each prefecture level.
The second approach is a simple application of neural networks (NNs) modeling to spatial interaction modeling. Fischer and Gopal (1994) applied the so-called feed-forward neural network to model journey-to-work flows and telecommunications traffic and showed that the approach could have superior level of performance compared to the conventional spatial interaction models without constraints. The doubly constrained neural spatial interaction (NSI) model was comprehensively tested by Mozolin et.al.(2000). Most applications of neural network to transportation have mainly treated persons' travel and not paid attention to intra-zonal movements. On the other hand, intraregional commodity flow in interregional trade has totally different characteristic from interregional commodity flow. For example, intraregional commodity flow of a region is usually much larger than interregional commodity flow between the region and other regions, and has large variation over regions and commodity types. Since traditional statistical estimation procedures are an average-oriented approach, those give sometimes unsatisfactory results when a large deviation from the average is observed. This weakness of the conventional statistical approach motivates the usage of neural networks that has inherent flexibility to approximate accurately the complexity of data structures. We examine the applicability of NSI model within SCGE framework. 

The paper is organized as follows: In section 2, we show the calibration scheme of the SCGE model proposed by Miyagi (2005a).  Section 2 aims to show the difference between a regional CGE model and a spatial CGE model and the reason why estimation of inter-regional commodity flow is required in spatial CGE modeling. In this paper, we call Miyagi’s SCGE model as M-SCGE model. In the third and fourth sections, we introduce two approaches for modeling the spatial interactions in commodity flows. The final section deals with the economic assessment of the Tokai ring road project that is a on-going expressway project at Tokai region.
2. Calibration scheme in M-SCGE Model
Figure 1 shows a two-region input-output table, where each variable represents a value-based quantity and is denoted by a letter with tilde (a quantity-based variable is described by a letter without tilde). For a convenience purpose of referencing in the later analysis, let us divide the interregional input-output table into five blocks: Block A corresponds to interregional transactions:
Block B represents column sums of A-table and block C is row sums: Block D corresponds to an aggregate input-output table of a whole country and block E stands for foreign trade: Block B includes each of regional input-output tables and block C represents the total of regional exports to other regions. While in closed economy models foreign trade is assumed to be exogenously given, in open economy models imports from other countries are endogenously determined as a function of regional demands. Notation used in the succeeding paragraphs obeys to those used in Figure 1.
When executing calibration of SCGE models, we may encounter at least three different cases according to the availability of benchmark equilibrium dataset.
Case I: An aggregated, single input-output data at national level only is available.

In this case, each of A, B and C tables is forecasted, given D table. In order to make this feasible, we need at least estimated products of all industrial sectors at every region. This situation is worst for building inter-regional input-output matrix, but it is possible.
Case II: Each regional input-output table is available. 
The only work needed in this case is to estimate interregional trade flows consistent with given input-output data of each region.

Case III: A complete dataset of interregional input-output accounts is available. 
Complete calibration is feasible as likewise as the usual CGE model. 
Two former approaches may be categorized into a non-survey method (Hewings and Jensen, 1986) in the context of the conventional regional models. However, our approach is more sophisticated than the traditional non-survey techniques in the sense that all coefficients and behavioral parameters associated with inter-regional input-output table are simultaneously determined in a consistent way with a general economic equilibrium analysis. This paper treats the second case.
Figure１　
3. Spatial Interaction Model in M-SCGE Model
While M-SCGE model has uniqueness in a way of modeling of interregional trade, in modeling of regional economies the totally same procedure as the other CGE models is taken.
The M-SCGE consists of four main equation systems of determining the followings; regional demand and supply for commodities, labors and capitals; regional prices of production and purchasing; interregional trade balances; and market clearing conditions. For production, firms are assumed to use fixed proportion combinations of intermediate inputs and primary factors (i.e. Leontief technology) in the first level; in the second level, CES production is assumed to allow substitutions between regionally produced goods and imported goods from other regions for tradable intermediate inputs, and between capital and labor for primary factors. At the third level, imports from other regions are further decomposed by each shipping region, using trade model. 

Household demand structure is also expressed based on a nested CES preference function, in which the tradable goods and the non-tradable goods are identified: imports from other regions are identified according to their shipped regions.
A change in the physical network configuration reduces congestion and brings about increase of the free-time of households: the saving times will be partially used for labor supply; thereby it produces a result to raise of income and utility level of regions. In M-SCGE model, the initial endowment of labor is increased in proportion of the amount of saving time at each region. The saving times can be seen as the economic impact factor to commuter traffic. An elasticity of labor supply with respect to the saving travel time is estimated by time-budget survey. Capital and labor are assumed to be immobile. Foreign export and import are assumed to be exogenously given and fixed.
3.2 Interregional Trade Model
Consider a country divided into a set of regions (or zones)
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where 
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 is production price of commodity 
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represents markup factor associated with transport of commodity 
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. Assume that firms at each zone produce outputs with the following constant elasticity (CES) of production functions:
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where 
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 is an output of commodity 
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is a share parameter. 
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. For convenience purpose of expression, we drop a scale factor in the above specification. Assuming that each firm minimizes trading costs under the constraint of a fixed output level,
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, each firm’s behavior is formulated as the following optimization program (Miyagi and Honbu ,1996):
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s.t. 
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(2b)
The optimization program yields the following demand equations for inter-regional commodity flow:
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(3)

Then, the unit cost function representing the composite purchase price of commodity 
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at region s is given by:
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Using Shepherd’s lemma (Varian, 1992), we have the following different forms of demand equations at region
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(6)

Equation (6) represents an interregional trade coefficient (ITC) with the iceberg specification of transport cost (Samuelson, 1954), where 
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 can be explained as the transport factor that is indicated by Kanemot and Mera (1985). However, we deal with transportation sector as one of the independent sectors and regard the production of its services as a resource-consuming activity, so the values of the factors 
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are assumed to be zeros in the succeeding analysis. Directly from equation (6) or using Euler’s lemma, we obtain an alternative expression of the composite purchase price:
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Price of commodity 
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where 
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denotes the set of primary input factors;
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are input coefficients and value-added coefficients of sector 
[image: image41.wmf]j

at region 
[image: image42.wmf]s

; 
[image: image43.wmf]s

k

w

 is a price of the k-th factor at region 
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,
where commodity-suffix T represents transportation sector. The above equation implies that if the improvements of transportation infrastructure are reflected through interregional trade coefficients, then the effects may spread to the changes in commodity prices as well as prices of transportation services. 
Through comparison with the definition of Chenery-Moses type ITC (Hewings and Jensen, 1986):
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,
we easily see that the ITCs defined by equation(6) correspond to the quantity-based ITCs. It is also observed that it holds 
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for quantity-based trade coefficients when there is discrepancy between production and purchase prices for the same commodity. 
Now that the supply-demand relations for commodity 
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(7)

we have the well-known supply-demand balancing equations:
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(8)
With taking care that foreign trade is given by monetary-terms in the dataset, the supply-demand balancing systems in closed economies are expanded to include exports 
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In interregional trade modeling, estimating of intra-zonal supply of goods is very important because it directly affects values of multiplier effects arising from changes in transport investments. If we know the rate of intra-zonal commodity flows, then the more general form of trade coefficients are defined as follows: 
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(9)
where 
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 represents the share parameter of region 
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 in transaction of commodity 
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3.3 Spatial interaction and trade model
As derived in the previous subsection, ITCs are described by
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Thus, share-parameters need to have the ability to explain the current pattern of interregional trade under the assumption that all zones have identical prices (i.e., free trade). If benchmark equilibrium dataset on interregional trade is available, then calibration of the share parameters is not so difficult task. However, we are assuming that there does not exist such a dataset. Under the assumption of free trade, it seems to be rational to interpret the share parameter as a measure of representing a spatial comparative advantage that a region has when a shipping region of commodity is given. The spatial comparative advantage usually arises mainly due to the existence of an economic distance between regions. In addition, in the assessment of economic effects arising from the accessibility changes it is convenient for us that the share parameters are explained by travel times between zones.

With these in mind, the following gravity-type of spatial interaction model is assumed for the share parameters:
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where 
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is the interregional travel time from region 
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 are new share parameters to be calibrated. Since spatial dimension of the newly introduced parameters is reduced (i.e., the previous share parameters have suffixes r and s), the values of those can be determined such that they satisfy the supply-demand balancing equations (8).
4. Parameter Estimation of Interregional Trade Models 

In the previous section we introduced the gravity formula to associate the interregional trade model with the traditional spatial interaction model. While estimation of the elasticity of substitution in trade included in the interregional trade model needs a dataset of commodity prices, in estimating the gravity model a more accessible dataset of regional travel times is available. Assuming that the elasticity of substitution in trade is given, we focus on the issues concerned with parameter estimation of the gravity model. 
Two kinds of datasets for interregional commodity flow were used for parameter estimation.

One of these is the year 1995 Japanese nine-region interregional input-output (9RIRIO) table and, the other is the year 2000 freight flow census. The former gives a more relevant dataset in terms of interregional trade modeling, but, an area of each zone is too coarse to measure travel times between zones. Since the latter dataset is constructed, based on forty-seven prefectures, it is useful for parameter estimation of the spatial interaction model; however, it is weight-based survey data, not value-based. Thus each dataset has drawbacks and advantages. A dataset of interregional travel times was obtained using the user equilibrium traffic assignment technique, in which each pair of origin-destination vehicle-trips at the prefecture level are loaded on the Japanese trunk road network. In addition, we applied several types of parameter estimation procedures such as OLS, the maximum likelihood approach and neural networks approach. The objective of this section is to extract the problem that it seems to occur when each parameter estimation technique is applied to MSCGE model.
The objective of this section is to extract the problem that it seems to occur when each parameter estimation technique is applied to MSCGE model. It may be worth to note that there was remarkable difference in the applications to the two dataset; while in case of the 9RIRIO dataset we have obtained sufficiently significant results in estimation using only travel times between each zone pair as explanatory variables, in the case of freight flow census the overall distribution patterns could not be explained by the data of travel times only. This tendency was observed in not only statistical approaches but also NNs approach. For a lack of space, here we take away only the case of using the freight flow dataset that likely to include more complex spatial information.

The benchmark equilibrium dataset was constructed based on regional input-output tables of 47 prefectures for the year 2000. While the input-output tables of distant prefectures from the project were aggregated into a relatively smaller number of tables, each input-output table for prefectures included in Tokai region was divided into smaller zone levels. The resultant dataset comprises of forty-four regions (or zones) and fifteen industrial sectors.  
4.1 Statistical Parameter Estimation 
We have carried out parameter estimation of the following spatial interaction model by using OLS, maximum likelihood approaches with normal distribution and with Poisson distribution.
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There was no method that showed better performance against every commodity flow. The parameter obtained by OLS generally showed larger values than those estimated by the other two methods. R-square statistics were widely distributed from 0.104 (miscellaneous manufacturing sectors) to 0.731 (food and kindred products). A main reason for showing the low performance of these statistical procedures can attribute to the characteristics of data that there is a large variance of intra-zonal trade coefficients over all zones and that there are extreme differences in between intra-zonal and inter-zonal trade coefficients at each zone level. Although the result is not at satisfactory level, some improvements were observed against the 9RIRIO result because of becoming less variance of intrazonal trade coefficients in the freight flow census data.

Figure 2 shows the scatter diagram of the sector of agriculture, fisheries and forestry (AFF for short) obtained by the OLS method. Figure 3 shows the plotted diagram for the same sector, where the vertical axis represents trade coefficients and the horizontal one is travel times (in hours). From figure 2 we can see that there is a large deviation between actual values and estimated ones. Likewise, we can see from figure 3 that this deviation mainly comes from the poor performance of estimation against intra-zonal data of the adopted method. The results of the other sectors as well showed almost the same tendencies. On the other hand, in the maximum likelihood approaches the deviation was improved to some extent.
Figure 2

Figure 3

4.2 Neural Spatial Interaction Models 
NNs are understood to be particularly useful for dealing with data sets whose underlying nonlinearities are not known in advance. As for applications to interregional trade modeling, we don’t know a clear relationship between intraregional trade and intraregional travel times. Inaccurate or biased estimation of intraregional trade coefficients may cause unreliable estimate of interregional trade flows: thus, it may cause to overestimate or underestimate economic impacts induced from the changes in interregional accessibilities. Therefore, it is a crucial problem to build an appropriate intra-zonal trade model in implementing an economic appraisal by using SCGE model.

We consider a typical feed-forward neural network model which consists of an input layer, middle layer (hidden neurons) and an output layer. Our model presented here is a straightforward application of the feed-forward neural networks to a spatial interaction modeling without constraints. The account constraints are imposed in the SCGE modeling framework. 
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 are connection parameters from any number of hidden neurons (H=1,2,…) to an output including a bias parameter 
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(2) Hidden layer
An accessibility measure is assumed to be given by the following formula: 
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where 
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is the j-th input variable that accounts for the accessibility measure with input-to-hidden connection weights,
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be training data or the target output vector., then the connection parameters are determined to solve the next minimization problem:
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In addition to the standard correlation coefficients, the following performance measures are commonly used (Fischer et. al., 1999):
Average relative variance (ARV):
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Standard root mean square error (SRMSE):
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denotes a set of data that is used for prediction test in a supervised data.
4.3 Results
In the first step, we applied a simple model to 9RIRIO data, in which a single explanation variable vector comprising of travel times between origin-destination pairs is used. When comparing the result with those obtained from statistical methods, the performance of predicting intrazonal commodity flow was remarkably improved. In the next step, the simple model was applied to the freight census data. Unlike in the case of 9RIRIO data, the simple model could not explain the relationship between trade coefficients and the travel times. We added products of each zone to the previous simple model as the second explanation variable vector, however, no improvements were observed. The most reliable result was obtained by introducing interregional trade coefficients of the other commodities as explanation variables. This model may be reasonable because the trading rate of commodity in an origin-destination pair tends to decrease if the trading rate of other commodity flows for the same origin-destination pair becomes larger. 
In NNs applications, the data is usually divided up into training, validation and test subsets to avoid the over-fitting problem. We took one fourth of the data for the validation set, one fourth for the test set and one half for the training set. The selection of the number of hidden units is usually defined empirically, with taking account of the number of observations.
Table 1 summarizes the result of AFF sector, in which ARV1 is used to show the goodness-to-fit for intra-regional trade coefficients. The performance of predicting intrazonal trade coefficients was highly improved, so the better correlation coefficients were obtained. The larger the number of nodes becomes, the better the performance of the model becomes. However, we have also observed that the adoption of too many connected nodes gave a biased relationship between trade coefficients and travel times. If a network is structured by as many as ten nodes, it could keep the relation that trade coefficients tend to decrease against increasing travel times. 
Table 1 Neural network models trained using 2000 freight flow census  (AFF)

	Instance             SRMSE   ARV    ARV1     r     

	(a) 5-node net　　    2.710    0.299   0.801  0.838

	(b) 10-node net       2.465     0.248    0.640   0.869   

	(c) 30-node net       2.354     0.226    0.567    0.881  


The diagram depicted in figure 4 shows that the neural-net model explains more complicated relationship of travel-time vs. regional-trade because estimated results concentrate around the 45 degree line. Another characteristic of the neural interaction model lies in that asymmetric trade patterns are generated even in the case of the same travel times. 
Figure 4

As mentioned above, the neural spatial interaction model developed in this paper has a great advantage in reproducibility of the observed trade coefficients than the traditional statistical approaches, however, it has a great disadvantage as well when considering its application to MSCGE model; in order to predict the trade coefficients of one commodity the other commodities’ trade coefficients are required as explanatory variables; to incorporate the model into MSCGE framework more complicated computation algorithm has to be developed. For the last reason, in the following impact analysis of Tokai ring road, we used trade coefficients estimated by the maximum likelihood method. 
5. Measuring Economic Impacts of Tokai Ring Road Project
The Tokai ring road is the projected expressway of about 160km in length which connects annularly many cities in Tokai region including Aichi, Gifu, and Mie prefectures, being located in the 30-40km area of circumferences of Nagoya city. A half of the expressway has been completed and already provided. It is expected to contribute to reducing travel congestion not only in the Tokai region but also in the transportation corridor between Tokyo and Osaka and bring in large economic benefits by forming a broad-based network together with other connected expressways. 

5.1 Benchmark equilibrium dataset

We used the year 2000 input-output tables of 47 prefectures with the following fifteen industrial sectors: 
1. Primary industry (agriculture, fisheries and forestry), 2. Food and kindred products, 3. Chemicals, petroleum products, coal mining and plastic products, 4. Stone, clay and glass products, 5. Iron and steel, 6. Metals, 7. General machinery, 8. Electrical machinery, 9. Motor vehicles, 10. All other manufacturing, 11. Construction,  12. Public utilities, 13.Commerce, 14.Transportation, and 15. Services including finance, insurance and real estate. 

Figure 5 shows a zoning map of Tokai region together with Tokai ring road, in which the other areas are eliminated for space. As is shown in the figure, our target project for impact assessment is the completed portion of the Tokai ring road and some other minor roads. In order to measure economic impacts arising from Tokai ring road, we divided each of Gifu and Aichi prefectures into several zones and divide Mie prefecture into two zones. In other prefectures included in the central region where the Tokai area belongs, a single zone corresponds to each prefecture. On the other hand, for distant prefectures from the Tokai ring road, several prefectures were aggregated into a single zone. As the result, the total number of zone is 44. 

Figure 5

5.2 Results
After examined that calibration is successfully completed, we proceeded to the economic impact analysis. Through the analysis, we assumed that the elasticity of labor supply with respect to the saving travel time is 5% at each region. 

Table 2 summarizes the results, in which GRP and EV stand for abbreviation of gross regional product and equivalent variation, respectively. We see that from those values (evaluated at US dollar with the exchange rate of 120 Japanese yen), the project has great impacts on Tokai region.

Table 2. Economic impact: summary (unit: 1 billion US dollar)
	
	Output
	GRP
	EV

	Japan total
	2.82 (0.04%)
	1.51 (0.4%)
	0.78

	Tokai region
	8.49 (11.2%)
	3.59 (10.6%)
	0.90


1) Impacts on regional outputs and gross products
The Tokai area is an area where manufacturing industry is leading and strong in Japan, as represented by Toyota Motors Corporation. A reduction in travel times gives a big change to manufacturing industries because the accessibility change encourages relocation of capital. Accordingly, it is a natural result that the Tokai beltway gave a positive big impact to the Tokai overall community. In particularly, manufacturing industries in Toyota area showed the largest growth in production, as shown in Figure 6 (numbers on the horizontal axis represent the zone number). The second largest effect was observed in a service industry in Nagoya area which includes Nagoya city, a core city of Tokai region. As far as the growth rate of RGP is concerned, however, both Kamo and Tono areas of Gifu prefecture where the Tokai beltway passes by showed the maximum and the second largest values, respectively. 
The Tokai beltway which passes through these areas has already completed and the results shown here are quite convincing from the fact that the industrial parks contiguous to some interchanges have already sold up. On the contrary, remote areas from the Tokai beltway like Hokkaido, Kanto, Chugoku, Shikoku and Kyusyu including Okinawa showed negative productions and RGPs. The total growth in production generated by the project was estimated to push 0.04 percent of the nation’s production up.

Figure 6
2) Welfare effect

The specification of the household demand system in the M-SCGE model allows the computation of measures of welfare. The Hicksian measures of equivalent variation (EV) and compensated variation are regarded as appropriate benefit measures for evaluating public investment due to the assumption of the representative consumer (Varian,1992). The Hicksian measure of EV was 94 billion yen (about 0.77 billion US dollar.) This value has exceeded the value acquired using the usual traffic assignment technique about 20%. While the values of EV were positive in almost all zones in the Tokai region, the values of EVs in other zones were negative except Tokyo, as depicted in Figure 7. 
Figure 7
6. Concluding Remarks
This paper focused on a spatial interaction model that is an essential part of SCGE framework and proposed two different approaches.

In the first approach, the concept of spatial comparative advantage was introduced to give economic interpretation about the share parameters included in interregional trade function. This allows associating the changes in accessibility with the changes in transport cost and makes it possible to assess indirect economic impacts arising from the policies for reducing congestion. By the comparison between the nine-region interregional input-output data and the freight flow census, it was shown that census data was more reliable because of smaller variation of intrazonal commodity flow, but, the spatial interaction model using those is not yet enough performance to predict self-sufficiency of regions. This issue motivates us to start neural network approach to spatial interaction modeling.

The second approach, the neural spatial interaction model, is not a novel one; however, it is very attractive when we have no information about intra-regional trade coefficients and need to predict self-sufficiency of each region simultaneously together with interregional trade coefficients.

This paper showed that the neural network architecture is very effective, especially in the case where some other commodity's interregional trade coefficients are incorporated as explanation variables. However, this method was not used in this paper to avoid the burden of solving additional non-linear equation systems: Gauss-Seidel type iteration scheme is required, where one of each trade coefficient is updated sequentially one by one.
The M-SCGE model gives a rigorous, regional level of economical statistics consistent with a multi-regional accounting framework by relating the accessibility change to the growth of regional economy. A merit of the procedure that identifies the regional distribution of economic effects is contrastive to a widely used, classical procedure of benefit calculation based on the traffic assignment technique, and gives an opportunity to consider policies for resolving regional disparity. 
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Figure１　A two-region interregional input-output table
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Figure 2 Scatter diagram in the case of OLS (Agriculture, fisheries and forestry)
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Figure 3 Trade coefficients vs. travel times (Agriculture, fisheries and forestry)
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Figure 4. Scatter diagram of neural spatial interaction model (Agriculture, fisheries and forestry)
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Figure 5. Zone-map in the Tokai region including Aich ,Gifu and Mie prefectures, and Tokai ring road (real line indicates the completed portion of the project)
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   Figure 6. Changes in total outputs (a window area shows Tokai region)
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 Figure 7. Changes in equivalent variation ( the shaded box shows Tokai region)
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内生・外生　結果単純数値比較

		

		最終需要について、「消費」と「投資」を分割した結果。 サイシュウジュヨウショウヒトウシブンカツケッカ

														単位：10億円 タンイオクエン

						全国計 ゼンコクケイ				便益 ベンエキ		生産額変化 セイサンガクヘンカ		GRP変化 ヘンカ

						投資外生化 ガイセイカ		金額（10億円） キンガク		90.96		491.1		229.9

								変化率（％） ヘンカリツ		－		0.054		0.046

						投資内生化 ナイセイカ		金額（10億円） キンガク		90.88		375.4		179.4

								変化率（％） ヘンカリツ		－		0.041		0.037

						上段：金額 ジョウダンキンガク

						下段：変化率（％） ゲダンヘンカリツ

				44地域別 チイキベツ

								便益 ベンエキ				生産額変化（産業計） セイサンガクヘンカサンギョウケイ								GRP変化 ヘンカ

								単位：10億円 タンイオクエン				単位：10億円 タンイオクエン				単位：％ タンイ				単位：10億円 タンイオクエン				単位：％ タンイ

								外生化 ガイセイカ		内生化 ナイセイカ		外生化 ガイセイカ		内生化 ナイセイカ		外生化 ガイセイカ		内生化 ナイセイカ		外生化 ガイセイカ		内生化 ナイセイカ		外生化 ガイセイカ		内生化 ナイセイカ

						北海道 ホッカイドウ		-3		-3		-31		-36		-0.09		-0.11		-15		-18		-0.08		-0.09

						東北 トウホク		-11		-12		-80		-88		-0.14		-0.16		-40		-44		-0.13		-0.14

						茨城県		-4		-5		-47		-51		-0.19		-0.20		-19		-20		-0.15		-0.16

						栃木県		-5		-5		-35		-37		-0.20		-0.22		-15		-16		-0.17		-0.18

						群馬県		-6		-6		-44		-47		-0.25		-0.26		-17		-18		-0.20		-0.21

						埼玉県		-4		-4		-60		-63		-0.16		-0.16		-24		-25		-0.12		-0.12

						千葉県		-6		-6		-58		-61		-0.15		-0.17		-23		-24		-0.12		-0.12

						東京都		6		8		-86		-89		-0.07		-0.08		-45		-46		-0.07		-0.07

						神奈川県		-15		-14		-85		-88		-0.15		-0.16		-37		-38		-0.12		-0.12

						新潟県		-1		-1		-20		-22		-0.11		-0.12		-9		-10		-0.09		-0.10

						富山県		0		0		7		6		0.08		0.06		4		4		0.09		0.08

						石川県		-5		-6		-9		-12		-0.11		-0.14		-5		-6		-0.10		-0.12

						福井県		-5		-9		-10		-22		-0.15		-0.32		-5		-13		-0.14		-0.35

						山梨県		-4		-4		-17		-18		-0.23		-0.25		-8		-8		-0.20		-0.22

						飯伊		-3		-2		-6		-6		-0.35		-0.33		-3		-3		-0.33		-0.30

						その他長野		-1		-1		9		6		0.05		0.04		7		6		0.08		0.07

						揖斐・大垣 イビオオガキ		-3		-3		0		-1		0.01		-0.03		0		-0		0.02		-0.01

						可茂 カ		14		15		69		74		3.84		4.08		33		35		3.65		3.90

						岐阜		8		7		42		39		0.82		0.76		27		25		0.90		0.85

						郡上・益田・飛騨 グジョウヒダ		15		16		64		66		2.77		2.88		32		33		2.67		2.78

						中濃		3		3		19		18		2.00		1.93		9		8		1.82		1.75

						東濃西部		12		13		53		54		4.16		4.23		30		30		4.21		4.27

						中津川・恵那		2		3		16		18		1.29		1.43		7		8		1.21		1.36

						静岡県		6		6		57		52		0.17		0.16		30		28		0.18		0.18

						岡崎額田・衣浦・西尾幡豆 オカザキヌカタキヌウラニシオハズ		2		2		100		99		0.84		0.83		36		36		0.70		0.70

						東三河 ヒガシミカワ		2		3		40		42		0.61		0.64		19		20		0.62		0.65

						豊田加茂		120		122		439		443		3.74		3.80		168		170		3.94		4.02

						名古屋 ナゴヤ		16		14		185		171		0.71		0.68		118		112		0.82		0.80

						尾張西部		6		6		44		43		1.25		1.23		26		26		1.53		1.50

						尾張東部		4		4		48		49		1.52		1.55		25		25		1.57		1.61

						尾張北部		-8		-8		-12		-13		-0.19		-0.21		-6		-7		-0.21		-0.23

						知多		5		5		74		74		1.18		1.19		25		26		0.94		0.96

						桑名・四日市 クワナヨッカイチ		9		10		72		76		1.18		1.28		29		31		1.03		1.13

						その他三重 タミエ		25		23		110		101		1.03		0.95		52		48		1.01		0.93

						滋賀県		-7		-7		-7		-11		-0.06		-0.09		-4		-6		-0.07		-0.09

						京都府		-6		-6		-14		-17		-0.07		-0.09		-8		-9		-0.07		-0.09

						大阪府		-3		-2		-20		-26		-0.03		-0.04		-10		-13		-0.03		-0.03

						兵庫県		-7		-7		-20		-26		-0.06		-0.07		-10		-12		-0.05		-0.07

						奈良県		-3		-3		-6		-8		-0.07		-0.11		-3		-4		-0.07		-0.11

						和歌山県		-1		-1		0		-3		0.00		-0.04		0		-1		0.01		-0.03

						中国 チュウゴク		-18		-18		-108		-115		-0.20		-0.22		-47		-50		-0.17		-0.18

						四国 シコク		-17		-18		-64		-71		-0.25		-0.28		-33		-36		-0.23		-0.25

						九州 キュウシュウ		-16		-15		-104		-110		-0.14		-0.15		-55		-58		-0.13		-0.14

						沖縄 オキナワ		-2		-2		-11		-13		-0.17		-0.19		-6		-7		-0.16		-0.17

						地域計 チイキケイ		91		91		491		375		0.05		0.04		230		179		0.05		0.04

		グラフ軸設定 ジクセッテイ

		北海道 ホッカイドウ		1

		東北 トウホク		2

		茨城県		3

		栃木県		4
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		埼玉県		6

		千葉県		7

		東京都		8

		神奈川県		9

		新潟県		10

		富山県		11

		石川県		12

		福井県		13

		山梨県		14

		飯伊		15

		その他長野		16

		揖斐・大垣 イビオオガキ		17

		可茂 カ		18

		岐阜		19

		郡上・益田・飛騨 グジョウヒダ		20

		中濃		21

		東濃西部		22

		中津川・恵那		23

		静岡県		24

		岡崎・衣浦・西尾 オカザキキヌウラニシオ		25

		東三河 ヒガシミカワ		26

		豊田加茂		27

		名古屋 ナゴヤ		28

		尾張西部		29

		尾張東部		30

		尾張北部		31

		知多		32

		桑名・四日市 クワナヨッカイチ		33

		その他三重 タミエ		34

		滋賀県		35

		京都府		36

		大阪府		37

		兵庫県		38

		奈良県		39

		和歌山県		40

		中国 チュウゴク		41

		四国 シコク		42

		九州 キュウシュウ		43

		沖縄 オキナワ		44
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内生・外生　結果単純数値比較

		北海道		-3.488

		東北		-11.5

		茨城県		-4.545

		栃木県		-4.651

		群馬県		-6.471

		埼玉県		-4.403

		千葉県		-6.138

		東京都		7.599

		神奈川県		-13.832

		新潟県		-0.859

		富山県		0.403

		石川県		-5.615

		福井県		-8.796

		山梨県		-3.945

		飯伊		-2.367

		その他長野		-1.21

		揖斐・大垣		-2.509

		可茂		14.765

		岐阜		7.013

		郡上・益田・飛騨		16.026

		中濃		3.015

		東濃西部		12.503

		中津川・恵那		2.774

		静岡県		5.982

		岡崎・衣浦・西尾		1.629

		東三河		2.851

		豊田加茂		122.128

		名古屋		14.403

		尾張西部		5.835

		尾張東部		4.373

		尾張北部		-8.443

		知多		4.8

		桑名・四日市		10.239

		その他三重		22.909

		滋賀県		-7.212

		京都府		-5.572

		大阪府		-1.685

		兵庫県		-6.79

		奈良県		-3.4

		和歌山県		-1.295

		中国		-18.286

		四国		-17.869

		九州		-15.459

		沖縄		-2.029



（10億円/年）

外生化

内生化

便益

-3.479

-10.791

-4.434

-4.524

-6.282

-4.49

-6.239

6.202

-14.657

-0.977

0.235

-5.415

-5.475

-3.805

-2.524

-1.082

-2.543

13.647

7.56

15.234

3.208

12.419

2.312

5.964

1.953

2.442

119.597

16.41

5.816

4.426

-8.203

4.819

8.796

24.921

-7.061

-5.703

-2.632

-6.945

-2.975

-0.938

-18.39

-17.097

-16.418

-1.925



		北海道		-36.135

		東北		-88.022

		茨城県		-50.662

		栃木県		-37.498

		群馬県		-46.506

		埼玉県		-63.276

		千葉県		-60.707

		東京都		-89.305

		神奈川県		-88.492

		新潟県		-21.587

		富山県		5.741

		石川県		-11.749

		福井県		-21.803

		山梨県		-18.139

		飯伊		-5.93

		その他長野		5.865

		揖斐・大垣		-0.762

		可茂		73.63

		岐阜		38.749

		郡上・益田・飛騨		66.062

		中濃		18.391

		東濃西部		53.861

		中津川・恵那		17.541

		静岡県		52.075

		岡崎・衣浦・西尾		98.809

		東三河		41.703

		豊田加茂		442.544

		名古屋		170.808

		尾張西部		42.565

		尾張東部		48.514

		尾張北部		-13.377

		知多		74.038

		桑名・四日市		75.692

		その他三重		100.956

		滋賀県		-10.536

		京都府		-16.642

		大阪府		-25.665

		兵庫県		-25.582

		奈良県		-8.359

		和歌山県		-2.85

		中国		-115.368

		四国		-70.71

		九州		-109.939

		沖縄		-12.511



（10億円/年）
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内生化
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内生・外生　結果単純数値比較

		

		最終需要について、「消費」と「投資」を分割した結果。 サイシュウジュヨウショウヒトウシブンカツケッカ

														単位：10億円 タンイオクエン

						全国計 ゼンコクケイ				便益 ベンエキ		生産額変化 セイサンガクヘンカ		GRP変化 ヘンカ

						投資外生化 ガイセイカ		金額（10億円） キンガク		90.96		491.1		229.9

								変化率（％） ヘンカリツ		－		0.054		0.046

						投資内生化 ナイセイカ		金額（10億円） キンガク		90.88		375.4		179.4

								変化率（％） ヘンカリツ		－		0.041		0.037

						上段：金額 ジョウダンキンガク

						下段：変化率（％） ゲダンヘンカリツ

				44地域別 チイキベツ

								便益 ベンエキ				生産額変化（産業計） セイサンガクヘンカサンギョウケイ								GRP変化 ヘンカ

								単位：10億円 タンイオクエン				単位：10億円 タンイオクエン				単位：％ タンイ				単位：10億円 タンイオクエン				単位：％ タンイ

								外生化 ガイセイカ		内生化 ナイセイカ		外生化 ガイセイカ		内生化 ナイセイカ		外生化 ガイセイカ		内生化 ナイセイカ		外生化 ガイセイカ		内生化 ナイセイカ		外生化 ガイセイカ		内生化 ナイセイカ

						北海道 ホッカイドウ		-3		-3		-31		-36		-0.09		-0.11		-15		-18		-0.08		-0.09

						東北 トウホク		-11		-12		-80		-88		-0.14		-0.16		-40		-44		-0.13		-0.14

						茨城県		-4		-5		-47		-51		-0.19		-0.20		-19		-20		-0.15		-0.16

						栃木県		-5		-5		-35		-37		-0.20		-0.22		-15		-16		-0.17		-0.18

						群馬県		-6		-6		-44		-47		-0.25		-0.26		-17		-18		-0.20		-0.21

						埼玉県		-4		-4		-60		-63		-0.16		-0.16		-24		-25		-0.12		-0.12

						千葉県		-6		-6		-58		-61		-0.15		-0.17		-23		-24		-0.12		-0.12

						東京都		6		8		-86		-89		-0.07		-0.08		-45		-46		-0.07		-0.07

						神奈川県		-15		-14		-85		-88		-0.15		-0.16		-37		-38		-0.12		-0.12

						新潟県		-1		-1		-20		-22		-0.11		-0.12		-9		-10		-0.09		-0.10

						富山県		0		0		7		6		0.08		0.06		4		4		0.09		0.08

						石川県		-5		-6		-9		-12		-0.11		-0.14		-5		-6		-0.10		-0.12

						福井県		-5		-9		-10		-22		-0.15		-0.32		-5		-13		-0.14		-0.35

						山梨県		-4		-4		-17		-18		-0.23		-0.25		-8		-8		-0.20		-0.22

						飯伊		-3		-2		-6		-6		-0.35		-0.33		-3		-3		-0.33		-0.30

						その他長野		-1		-1		9		6		0.05		0.04		7		6		0.08		0.07

						揖斐・大垣 イビオオガキ		-3		-3		0		-1		0.01		-0.03		0		-0		0.02		-0.01

						可茂 カ		14		15		69		74		3.84		4.08		33		35		3.65		3.90

						岐阜		8		7		42		39		0.82		0.76		27		25		0.90		0.85

						郡上・益田・飛騨 グジョウヒダ		15		16		64		66		2.77		2.88		32		33		2.67		2.78

						中濃		3		3		19		18		2.00		1.93		9		8		1.82		1.75

						東濃西部		12		13		53		54		4.16		4.23		30		30		4.21		4.27

						中津川・恵那		2		3		16		18		1.29		1.43		7		8		1.21		1.36

						静岡県		6		6		57		52		0.17		0.16		30		28		0.18		0.18

						岡崎額田・衣浦・西尾幡豆 オカザキヌカタキヌウラニシオハズ		2		2		100		99		0.84		0.83		36		36		0.70		0.70

						東三河 ヒガシミカワ		2		3		40		42		0.61		0.64		19		20		0.62		0.65

						豊田加茂		120		122		439		443		3.74		3.80		168		170		3.94		4.02

						名古屋 ナゴヤ		16		14		185		171		0.71		0.68		118		112		0.82		0.80

						尾張西部		6		6		44		43		1.25		1.23		26		26		1.53		1.50

						尾張東部		4		4		48		49		1.52		1.55		25		25		1.57		1.61

						尾張北部		-8		-8		-12		-13		-0.19		-0.21		-6		-7		-0.21		-0.23

						知多		5		5		74		74		1.18		1.19		25		26		0.94		0.96

						桑名・四日市 クワナヨッカイチ		9		10		72		76		1.18		1.28		29		31		1.03		1.13

						その他三重 タミエ		25		23		110		101		1.03		0.95		52		48		1.01		0.93

						滋賀県		-7		-7		-7		-11		-0.06		-0.09		-4		-6		-0.07		-0.09

						京都府		-6		-6		-14		-17		-0.07		-0.09		-8		-9		-0.07		-0.09

						大阪府		-3		-2		-20		-26		-0.03		-0.04		-10		-13		-0.03		-0.03

						兵庫県		-7		-7		-20		-26		-0.06		-0.07		-10		-12		-0.05		-0.07

						奈良県		-3		-3		-6		-8		-0.07		-0.11		-3		-4		-0.07		-0.11

						和歌山県		-1		-1		0		-3		0.00		-0.04		0		-1		0.01		-0.03

						中国 チュウゴク		-18		-18		-108		-115		-0.20		-0.22		-47		-50		-0.17		-0.18

						四国 シコク		-17		-18		-64		-71		-0.25		-0.28		-33		-36		-0.23		-0.25

						九州 キュウシュウ		-16		-15		-104		-110		-0.14		-0.15		-55		-58		-0.13		-0.14

						沖縄 オキナワ		-2		-2		-11		-13		-0.17		-0.19		-6		-7		-0.16		-0.17

						地域計 チイキケイ		91		91		491		375		0.05		0.04		230		179		0.05		0.04
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