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ABSTRACT

This study attempts to examine spatiotemporal changes of traffic demand elasticities with
respect to gasoline prices and economic conditions, focusing on the substantial fluctuations
occurred through the whole year of 2008 in Japan. This is intended to acquire a better
knowledge of the spatial and temporal (in)stability of the elasticities, and what possible
reasons there are for the changes of the elasticities. To do this, a random coefficient model is
first built to represent spatial heterogeneity in the elasticities, and estimated by using a
hierarchical Bayesian method. Next, a sequential Bayesian updating method is further applied
to examine monthly changes of the elasticities. The data used in the empirical analysis was a
monthly traffic volume data collected on 53 expressway routes. The results showed that,
while the monthly changes in the average elasticities over all routes were mainly observed
before August 2008, the different directions of changes across routes were observed after
September 2008 when gasoline price began to fall down. The results also indicated that
responses to gasoline price changes might be dependent on the causes of price changes.
Furthermore, on urban expressway routes, it was found that once a reduction in traffic
demand is successfully attained due to a rising gasoline price, the traffic demand could not be
fully recovered even after the actual prices fall again to the original level.
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1. INTRODUCTION

In Japan, substantial fluctuations of gasoline price were observed through the whole year of
2008, similar to the situations in other countries. The price soared to 185 Yen per liter in
August 2008, and then plunged to 106 yen in January 2009. Such remarkable gasoline price
fluctuations have undeniable effects on various aspects of travel behavior in various places. In
Japan, traffic volumes on Metropolitan expressways in August 2008 changed by -8.5%,
compared to those in August 2007. Also in United States, travel on all roads in August 2008
changed by -5.6% compared to that in August 2007 (1). Such gasoline price fluctuations at
local level are mainly caused by the relationships between supply and demand, e.g., increased
global demand, limited supply and production capacity, and speculative buying and selling in
future. On the other hand, these fluctuations might also be influenced by political decisions.
Actually, in Japan, temporary tariff rate (25.1 yen per liter) was outdated in April 2008, and it
was restored from May 2008. At the same time, it is expected that in recent years global
economic recession has also had certain impacts on traffic demand. In fact, traffic volumes on
Metropolitan expressways in Japan decreased compared to those in the same month a year
ago, even after gasoline prices dramatically declined. Understanding the sensitivity of traffic
demand to such gasoline price fluctuations has important implications for policies, such as
environmental taxation for responding to climate change.

Focusing on the above-mentioned special situations occurred in 2008, this study
attempts to examine spatiotemporal changes of traffic demand elasticities with respect to
gasoline prices as well as economic condition through the whole year of 2008 in Japan.

In this context, a number of studies have confirmed that price elasticity is not stable
over time (e.g., 2-4), Interestingly, Dargay and Gately (5) pointed out the existence of
asymmetric responses to upward and downward price fluctuations, and underscored that real
fuel price would need to be raised substantially in order to successfully reduce fuel demand.
They also found that once a reduction in demand is attained, it would not be fully recovered
even if actual price falls again. Different from the study by Dargay and Gately, we examine
the short-term (monthly) responses of traffic demand to fuel price, instead of the annual
responses, because it is expected that such short-term responses might show a quite different
fluctuation pattern from the annual responses. At the same time, it is expected that behavioral
responses to changes in gasoline price may depend on the causes of price changes (e.g., a
change of tax system, and the interplay of supply and demand) (6). Goodwin et al. (7)
reported that at the early stage of congestion charging in London, price elasticity of traffic
demand was higher than expected, i.e., the elasticity was different from that of fuel price.
Therefore, it can be assumed that the outdated/restored temporary tariff rate (25.1 yen per
liter) occurred in Japan has different impacts on traffic demand from other causes of gasoline
price fluctuations. Furthermore, the above-mentioned observations may vary with spatial
characteristics (e.g., quality of public transport systems and availability of alternative
transport services). Generally speaking, it might be difficult for trip makers in rural areas to
shift to other travel modes even in case of dramatic increase of gasoline price, compared to
those in urban areas. Recognizing such regional differences is important for policy makers,
for example, to determine a proper level of pricing scheme by reflecting actual situations at
different areas/regions.

In this study, the spatiotemporal changes are measured by temporal changes at
monthly level and spatial heterogeneities at route level. To capture the spatiotemporal
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changes of gasoline price elasticities of traffic demand, we first build a random coefficient
model to represent spatial heterogeneity, by further taking into account the influence of
economic conditions, which are also expected to strongly affect traffic demand. The model is
estimated by using a hierarchical Bayesian method. From the model, we can obtain the price
elasticities as well as the economic condition elasticities for each expressway route by
reflecting the stochastic variations of elasticities across space. One can separately estimate the
elasticities; however, such separate estimation might be highly unstable as mentioned in the
next section. Next, we apply a sequential Bayesian updating method (8) to examine monthly
changes of the elasticities for each expressway route. Such updating method allows us to
draw the trajectory of spatiotemporal changes. The data used in this study were collected on
53 expressways in Japan, covering the whole year of 2008, when gasoline prices substantially
varied.

The rest of paper is structured as follows. The next section describes how to apply the
random coefficient approach to calculate the elasticities for each expressway route, the
estimation method of the model, and the sequential Bayesian updating method. In Section 3,
data used in this study are explained. After that, the developed model is estimated, and
updating results are described and discussed. In final section, key conclusions and future tasks
are summarized.

2. METHODOLOGY

2.1. Model Formulation

In this study, we calculate two types of elasticities: i.e., the gasoline price elasticity (ep) and
the economic condition elasticity (eg). They can be expressed as follows:

_Q/Q_an@) . _aQ/Q _an(Q)

% = oP/P an(P)’ * 6E/E  aln(E)’ @

where, P is gasoline price, E is economic condition index, and Q is traffic demand. Economic
condition index represents a coincident composite index, which provides a quantitative
measurement of economic strength. In this sense, the E indicates the “volume” of economic
activities (the details will be mentioned in Section 3).

There are several ways to calculate the elasticities, such as a simple log-log model
(i.e., a log-transformed Cobb-Douglas demand function), a partial adjustment model, and an
error correlation model (details refer to existing literature (e.g., 2, 7, 9-10)). Here, exploring
the best model to calculate the elasticity is not the purpose of this study. Instead, we focus on
how to represent regional (or route) differences of the elasticities. Therefore, we just employ
the standard Cobb-Douglas demand function, which is one of the most frequently used
models in existing literatures. A simple way to obtain the region-specific (or route-specific)
elasticity is to conduct model estimations for each region separately. However, as pointed out
by Maddala et al. (11), such separate estimation can give wrong signs and are highly unstable
in context of energy demand at the state level of the USA. Although the estimated elasticities
using pooling the data from different states can give right signs and are comparatively stable,
they argued that these elasticities are not valid because the hypothesis of homogeneity of the
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elasticities is rejected. Accordingly, Maddala et al. (11) proposed to use shrinkage estimators
as compromise estimates between unstable heterogeneous estimates and untenable
homogeneous estimates. It was also confirmed that the shrinkage estimators generate much
more reasonable values of elasticities than other estimators in the context of traffic demand
(8). In line with these existing studies, this paper models traffic demand by using the random
coefficient approach in order to address spatial (route) differences (i.e., heterogeneity) of the
elasticities. Concretely speaking, to represent the traffic demand on expressways, the
following log-transformed Cobb-Douglas demand function is applied.

In(Qimy): (:Uo + 7io)+ (M + 7il)|n(Qim(y—l))+ (,uz + 7i2)|n(Pimy) 2)
+ (/us + 7i3)|n(Eimy)+ (:u4 + Via my + gimy

Here, Qimy represents traffic volume on expressway route i during month m of year y and
Qimy-1) indicates the traffic volume in the same month of the previous year y-1. Qimy-1) iS
introduced to accommodate the autoregressive nature of traffic demand mainly because of
seasonality such as sightseeing season. For example, in Japan, people usually take several
consecutive days off during May, August, and January. Piny represents the pump price of
regular gasoline related to route i. Eijny indicates the economic condition related to route i.
Such route-specific economic condition could capture the impacts of the changes of industrial
and/or commercial conditions along a route. This may be derived from the differences of
spatial distributions of industries. For example, it is expected that a route along an area
heavily depending on tourism industry is more easily affected by the economic condition,
because people may first start to reduce their non-mandatory travel (however, because of the
data limitation, in the empirical analysis we will adopt economic condition data at national
level as a proxy indicator. The details will be explained in Section 3). The above mentioned
two influential factors, i.e., gasoline price and economic condition index (i.e., income-related
indicator), are well-known two important influential factors on travel demand (e.g., 2, 10).
Tmy IS a variable to represent the temporal trend of traffic demand. &imy IS an error term,
assumed to be normally distributed with mean 0 and variance o%. 1o, u1, to, pt3, and pis are
unknown parameters representing the average effects of corresponding explanatory variables
across routes. yio, yi1, iz, Yis, and yjs are assumed as random variables, which express
route-specific deviations from the average effects. These random variables yio, yi1, yi2, yi3, and
74 are further assumed to follow the following multivariate normal distribution with means 0
and variance-covariance matrix X,

2
0,0 O,o0 O,i2 O,3 O,

2
O, O,y O, O,z O,y
_ 2
L= 0,2 O,12 O,2 Oy Oy s (3)
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2
74 |
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where, diagonal elements are variances of corresponding random variables, and non-diagonal
elements are covariances.



Makoto Chikaraishi, Akimasa Fujiwara, Junyi Zhang, Back Jin Lee 6

Based on the above model specification, we can obtain the average and route-specific
elasticities defined in eq. (1). Concretely speaking, u, corresponds to the average price
elasticity of traffic demand ey, and us corresponds to the average elasticity of traffic demand
with respect to economic condition index eg. And, (u2+yi2) and (us+yis) are the route-specific
price elasticity e, and economic condition elasticity eg, respectively.

2.2. Hierarchical Bayesian Estimation Method

There are several ways to estimate the above-defined random coefficient model, such as the
restricted maximum likelihood method, the simulated maximum likelihood method, and the
hierarchical Bayesian estimation based on Markov Chain Monte Carlo (MCMC) method (12).
Existing studies showed that these methods are asymptotically equivalent (e.g., 13, 14). In
this study we employ the hierarchical Bayesian estimation based on MCMC method. The
main reason for this is the conceptual differences between maximum likelihood methods and
Bayesian methods. In a Bayesian scheme, the estimated parameters are treated as
distributions as a consequence of applying the Bayes’ theorem (12, 15), and therefore we can
update the estimated parameters at a previous time point to those at a current time point
through Bayesian updating scheme (details are given in the next subsection). Another reason
is that y; can be directly obtained from the sampling procedure. Here, y; corresponds to
shrinkage estimators shown in Maddala et al. (11) or Goldstein (13), and it is equivalent to
BLUP (Best Linear Unbiased Prediction) from a statistical perspective.

The Bayesian estimation incorporates prior distribution assumptions and yields a
chain, which is used for making point and interval estimates of parameters, based on
successive sampling from posterior distributions conditional on other parameters. A set of the
estimated parameters are treated as a probability distribution, which will be used to update the
parameters at the next step. This will be explained later. The posterior distribution of eq. (2)
can be written as follows:

2070162, 00 1Qux)oc [T TT F(Qunys Ximy 175256 P01 1 2)P()P(E)plo, ). ()

iel myeTT;

Here, i = {uo, p1, p2, w3, ua} and yi = {yio, yiv, viz, 7is, via}- 2070, 002,04 1Q,x) is the joint
posterior distribution of all parameters conditional on observed data (i.e., dependent variable
Q and explanatory variables x). f(Qimy,Ximy 71010, represents the likelihood function of eq. (2)
conditional on unknown parameters. p(u), p(X), and p(oo) are prior distributions. We assume
that p(u)~N(uo, V,) [normal distributions], p(X )~Wishart(c, Z, Y* [an inverted Wishart
distribution], p(co)~Gamma(a, b)™ [an inverted Gamma distribution]. Here, o, V€, Zo,a,
and b are given parameters based on prior information. In this study, due to the lack of prior
information, we will assume the non-informative prior distributions for all parameters. In
addition to the above mentioned settings, y; is considered to be sampled from normal
distributions with mean 0 and variance X. This additional procedure creates “hierarchical”
sampling procedure. Then we can obtain the parameter y; for each route directly from the
successive sampling.

The draws from the above-mentioned posterior distributions of all parameters are
obtained from the following procedure:
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Step 1: Set the initial values 4,2 and ¢¥;

Step 2: Repeat the following sampling tasks (t =1, 2, ...);
() Sampling ¥ from 72-(#|yl(t'l)"“,yl(t'l)’z(t-l)’ ol Q, x)
(b) Sampling yi(t) from ”(Vi |ﬂ(t)|)’1(t)y :Vi—l(t):ynl(t-l)---,)’ ) DR Q X) for all i
(c) Sampling = from ﬁ(zm(t),ylm,. R Q X)

(d) Sampling &Z® from ;z(ag REASNEAS RN} x)
Step 3: Retain the above samples after some pre-given criteria are met;

where, z(u|7,,....7,2.00,Q.x)~ N(AMY % (Q— %)+ 02V, 1,02 A
”(Vi |#’27O-O’QIX>~ N(B_l{XiT(Qi_Xi:u)}’ o, B l)
ﬂ(Elu,yl,...,y,,ao,Q,X)~ InverseWishart(I +C, Y N +20)

(02 1 -7, .Q, %)~ Inverse Gamma(N / 2+a,Y . S./2+b)
Si:(Qi_Xiﬂ_Xi%) (Q Xu— Xyl A= z X+O‘0V o BZXiTXi‘|'O'<JZZ_l'

Here, the sampling procedure is conducted by using WinBUGS (Bayesian inference
Using Gibbs Sampling (16)).

2.3. Sequential Bayesian Updating Method

Suppose that the elasticities at month m are already obtained from the posterior distribution of
parameters, 7(y.....7,.12,0,1Q,x). In fact, the estimates (x) are equivalent to BLUE (Best
Linear Unbiased Estimator) and the estimates (y;) are equivalent to BLUP (Best Linear
Unbiased Prediction) from the statistical perspective. Now, suppose that we have the data
Qim+1)y and Xim+1)y at month m+1. Since parameters at month m+1 might be different from
those at month m due to temporal changes, these parameters at month m+1 might not be
equivalent to the BLUE/BLUP. To take into account such temporal changes, this study
employs a Bayesian updating method. The Bayesian updating method updates the parameters
at month m+1 by combining information from the data at month m+1 expressed through the
likelihood function f(Qi<m+1)y,Xi(m+1>yIyi,/wo) with the estimated parameters at month m,
20y, 12,0, 1Q,x). This process is described as follows:

”(Vla s 2,00 |Q, X’Qi(m+1)y ' Xi(m+l)y)

[T TTfQuyXiny 17556 )00 12)p(1)P(E) (o, ) (5)

iel myeTT;+1

OCHf( |m+ly’ |m+1 |y|’:u O-O) (yli""ylnu'z’o-olQaX)_

iel

3. DATA

In the empirical analysis, we use the monthly traffic volume data on 53 expressway routes
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from three data sources in Japan:
1) Data 1: 3 routes from Metropolitan Expressway Co., Ltd. (http://www.shutoko.jp/),
2) Data 2: 42 routes from East Nippon Expressway Co., Ltd. (http://www.e-nexco.co.jp/),
3) Date 3: 8 routes from West Nippon Expressway Co., Ltd.: the data come from a survey
by its branch office of Chugoku region.

The periods of observed traffic volume data differ from source to source: Data 1
covers the period from April 2005 to January 2009; Data 2 from April 2006 to January 2009;
and Data 3 from April 2004 to January 2009.

As shown in eq. (2), the pump price Pin, of regular gasoline is the price related to
route i. However, the price is not specific to a route, but it might change across regions. Here,
the pump price at prefecture level on a monthly basis is used. In other words, the price related
to route i is the price at the prefecture that the route is located. If the route passes across two
or more prefectures, then the average price in these prefectures will be used. Note that this is
intended to acquire better approximation values of gasoline price for each route, and does not
reflect where a driver purchases the gasoline. The price data were obtained from the website
(http://oil-info.ieej.or.jp/) of QOil Information Center of the Institute of Energy Economics in
Japan.

As for the economic condition index, its elasticity is similar to the income elasticity
calculated by using GDP, but the economic condition index is available on a monthly basis
while GDP is only on a quarterly basis. Although some prefectures have released their own
economic condition indices, the definitions are quite different from prefecture to prefecture
and the indices on a monthly basis are not available at many prefectures. Therefore, the data
at national level on a monthly basis are used as a proxy indicator. The relevant data are
available from the website (http://www.cao.go.jp/index-e.html) of Economic and Social
Research Institute, Cabinet Office, Government of Japan. This economic condition index is a
coincident composite index, which indicates the current state of the national economy.

Time series’ variations of gasoline price and economic condition index are shown in
Figure 1. As for gasoline prices, we can confirm substantial fluctuations in 2008. In April, the
price was dramatically decreasing due to expiration of the temporary tariff rate (25.1 Yen per
liter), which was restored in May. After that, the price soared to 185 Yen per liter in August,
but it was rapidly decreasing again since then. As for the economic condition index, the
values were relatively stable before 2008, but started to decrease after 2008 and the ranges of
reductions became bigger especially from August 2008.

4. MODEL ESTIMATION AND UPDATING RESULTS

Before making discussions on the updating results of elasticities, we will first show the
detailed estimation results with full data (i.e., the updating is completed till January 2009).
And then, we will analyze spatiotemporal changes of elasticities based on the updating
results.

4.1. Estimation Results

The sample size of full data for the model estimation is 1,394 month*route from 53 routes.
For this estimation, the non-informative prior distributions are given for all parameters, and
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we carry out a total of 36,000,000 iterations in order to obtain 10,000 draws: the first
6,000,000 iterations are used to for burn-in to mitigate start-up effects and the remaining
30,000,000 iterations are used to generate the 10,000 draws, i.e., every 3,000 iterations are
retained as one draw. The number of total iterations is relatively high than usual, but it makes
the estimated elasticities for each of route remarkably stable even when we conduct the
iterations using different initial values. In order to check the convergence of the processes of
obtaining the draws, we employ Geweke diagnostic (17). We also check the trace plot and
autocorrelation in the parameter chains. The Geweke diagnostic takes two non-overlapping
parts of the draws (i.e., the first 10% and the last 50% of the 10,000 draws in this study) to
compares the means of the two parts, aiming to see whether these two parts of the chain are
from the same distribution, using a test statistic based on Z-score. The chain is judged to
reach the convergence if the statistic is less than 1.96 at 95% significant level.

The estimation results are shown in Table 1. Geweke diagnostics in estimation results
indicate that all parameters are well converged, and R? is 0.9994, indicating the traffic
volumes on 53 expressways are well explained by introduced explanatory variables. The
average elasticity with respect to gasoline price is -0.118 and that of economic condition
index is 0.464. These elasticity values are quite understandable and consistent with the
existing elasticity values (e.g., 2, 10) if we regard the economic condition index as an income
indicator. It is also confirmed that the correlation between gasoline price and economic
condition index are not statistically significant, indicating that these two influential factors
have impacts on traffic demand independently. Variances of estimate parameters are
statistically significant (except for gasoline price), implying that each route has different
degree of response to explanatory variables. Although the variance corresponding to gasoline
price is not statistically significant in January 2009, the temporal changes of the elasticities
and those differences among routes are still our main interest because the high differences
might be observed at different time points.

4.2. Updating Results

In our proposed method, all parameters, including variances and covariances, are sequentially
updated. Thus, we can obtain the trajectories of all parameters. However, because of space
limitations, we only show the updating results of elasticities with respect to gasoline price and
economic condition index (Table 2 and Table 3), which are our main interests. Details of other
updating results can be obtained directly from the first author upon request.

4.2.1. Changes of the Average Elasticities across Routes

The changes in the average elasticities are shown in Figure 2. As for the price elasticities, it is
particularly worth noting that the different changes are observed between two periods of rapid
decreases of gasoline prices: April 2008 and September 2008 to January 2009. In the former
period, in which temporary tariff rate (25.1 yen per liter) was outdated, the average price
elasticities are dramatically decreasing. This decrease continues till May 2008, and then
recovers to the initial level (around January to March 2008), approximately. On the other
hand, in the latter period, the average price elasticity values seem to be quite stable over time,
even though the gasoline prices were continually and intensively decreasing. Consequently, it
can be said that the changes in the price elasticities between the two periods do not have a
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consistent pattern. One reason for this might be due to the different causes of price changes.
Concretely speaking, the price change in the former period was caused by the governmental
policy decisions, while the latter price changes were mainly caused by market mechanisms
(e.g., the relationship between supply and demand). These results seem to be consistent with
the report by Goodwin et al. (7) about the differences of traffic reduction between the
estimated values based on the price elasticity and the actual response to congestion charging
in London. Although the types of “policy decision” are quite different between our case study
and their case, the common findings are that the price elasticities due to the above policy
decisions seem to be substantially different from those caused by usual price changes. This
suggests that when making a policy decision (e.g., introducing environmental taxes), the
expected response to price changes might be dependent on not only the tax level, but also the
types of the taxes.

As for the changes in the average elasticities with respect to economic condition index,
the values are relatively stable after August 2008 while temporary decreases are observed
especially from March to May 2008. This might also be relevant to temporary tariff rate (25.1
yen per liter). Namely, in March, people already knew that such price reduction would occur
from April 2008, and thus there is a possibility that the use of expressways did not rely on the
state of economic conditions, but people might just postpone their travel plans until April (this
inference could be applicable only to non-mandatory travel). Another possible reason is that,
because March corresponds to the end of a fiscal year in Japan, it is expected that the share of
business trips is higher than that in the other months. Such business trips might be less
influenced by economic conditions. However, from the aggregate data used in this study, we
could not make a sound conclusion for the changes of the elasticities with respect to
economic condition index, and it should be further examined in future.

4.2.2. Changes of the Route-Specific Elasticities

The trajectories of the route-specific elasticities are shown in Figure 3. Note that a few invalid
values (i.e., positive elasticities for gasoline price and negative elasticities for economic
condition index) are observed. Such invalid elasticities are mainly observed on local routes,
which are defined as those expressways that do not pass through Tokyo, Kanagawa or
Saitama prefecture. One possible reason for the invalid values is that traffic volume on these
routes is susceptible to some special event traffic demands.

As for the route-specific elasticities with respect to gasoline price, it is confirmed that
the direction of changes in the elasticities are quite different across routes, but each route
seems to have a specific tendency of changes. Especially, there are some sharp differences
between local and urban routes. Concretely speaking, the elasticities of all the urban routes,
which, in a narrow sense, refer to those passing through Tokyo, Kanagawa, and/or Saitama
prefectures in this study, are smaller than the average value of all the routes in January 2008,
but the values on all urban routes become bigger than the average value in January 2009. To
further confirm when such changes occurred, next, we compare the correlations of the
route-specific price elasticities between pairs of months (see Table 4). As a result, before
September 2008, high correlations (minimum is 0.94 between January and August) are
consistently observed, even though two notable price fluctuations (i.e., outdated/restored
temporary tariff rate and soaring gasoline prices) were observed during this period. However,
it seems that September 2008 is a turning point, where the correlations between pairs of
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months largely change. Before September 2008, the correlations between neighboring months
are almost close to 1. In contrast, after September 2008, the correlations decrease to 0.87,
which is the maximum from September to November 2008, when gasoline prices were
dramatically decreasing; and more remarkably, negative correlations are observed between
the period before August and the period after November.

The question here is “why such structural changes occur only after September 2008?”.
One reason is that, on urban routes, the soaring gasoline prices up to August 2008 may reach
a threshold that is enough to successfully reduce traffic demand, which might not be fully
recovered even after actual prices fell down again. This is consistent with the observation by
Dargay and Gately (5). On local routes, however, the directions of changes vary from route to
route, perhaps because the prices might not be higher enough to give rise to the similar
structural changes on some local routes. Thus, the argument by Dargay and Gately (5) might
be applicable to urban routes, but not to all the local routes.

Concerning the route-specific elasticities with respect to economic condition index,
the abrupt changes in the structure of elasticity differences among routes are observed in
September 2008, as shown in Figure 3. From Table 4, we can confirm that such changes
mainly occur only from September to November, like the case of price elasticities. The
directions of the changes seem to be somewhat different between local and urban routes, but
it is not so clear. For this, differences of industrial and/or commercial functions along
different routes might be relevant. For example, traffic demand in some local regions heavily
relying on tourism or manufacture might be more sensitive to the changes of economic
situations. At this moment, it is still difficult to make a sound conclusion without knowing the
impacts of such potentially influential factors on traffic demand.

5. CONCLUSIONS

This study has explored the spatiotemporal changes in the gasoline price elasticities of traffic
volume on expressways as well as the economic condition elasticities in Japan through the
whole year of 2008, in which substantial gasoline price fluctuations and depressed global
economic environments were observed. For this purpose, the elasticities were first obtained
for each expressway route by using a random coefficient approach with spatial heterogeneity,
and then the elasticities were sequentially updated based on a Bayesian updating scheme to
reflect the temporal changes. In the empirical analysis, using the monthly traffic volume data
on 53 expressway routes, the elasticities were sequentially updated from January 2008 to
January 2009. The gasoline price elasticities showed a structural change before and after
September 2008, when gasoline price was intensively decreasing, while the changes in the
average elasticities over all the routes mainly occurred before August 2008. In addition, our
results support the indication of Goodwin et al. (7) — the response to gasoline price changes is
dependent on the causes of price changes —. This implies that when deciding a new policy, for
example, introducing environmental taxes, policy makers should recognize that responses of
traffic demand to a price change may be dependent not only on the price change itself, but
also on the type of the policy. It is also found that on urban routes, once a reduction in traffic
demand is successfully attained by a rising gasoline price, traffic demand cannot be fully
recovered to the original level before the price change. However, such observation seems to
be not applicable to some local routes, suggesting that the urbanized level might be strongly
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associated with the above-observed structural changes. From the policy perspective, these
results seem to suggest that, in urban areas, a temporal policy intervention to substantially
increase gasoline price could reduce the road traffic volumes even after the price falls again,
if the policy could earn people’s recognition as similar properties with market mechanisms
(e.g., the relationship between supply and demand). In future, it might be worth exploring the
people’s recognitions for various types of policies.

At the same time, the elasticities with respect to economic condition index also
showed substantial fluctuations: from March to May 2008 at the average level, and from
September to November 2008 at the route-specific level. One possible reason for the
observed different responses across routes is the differences of industrial and/or commercial
functions along routes. However, since in this study only the economic condition index at the
national level is available as a proxy indicator, it is difficult to say that we already reached a
sound conclusion. Given the fact that spatial distributions of industries differ from area to
area (or route to route), it might be worth clarifying what kinds of industries are much more
affected by economic conditions, and consequently how much decrease in traffic demand for
each area can be observed. Such analysis may be useful for policy makers, for example, who
attempt to expand or newly introduce expressways with considering the temporal stabilities of
travel demand on a certain area given the industrial and/or commercial functions along a
route.

Additionally, due to the data availability, this study has only dealt with traffic volume
as an indicator of traffic demand. It seems important to confirm whether the same findings
could be derived when, for example, vehicle-kilometer and fuel consumption are employed.
From the methodological perspective, since the passing of time might induce the devaluation
of information, it is worth incorporating the devaluation of information into the updating
processes of calculating the elasticities. And, because there are probably some other factors
(e.g., type of vehicle, special events, and ETC (Electronic Toll Collection) toll discount
measures in Japan) influencing traffic demand, exploring the effects of these factors could
provide more useful insights into policy decisions. Needless to say, it is also interesting to
conduct similar analysis focusing on ordinary roads.

REFERENCES

1. U.S. Department of Transportation - Federal Highway Administration: Traffic volume
trends, Monthly report, August 2008, 2008 (http://www.fhwa.dot.gov/ohim/tvtw/tvtpage.
cfm).

2. Espey, M.: Gasoline demand revisited: an international meta-analysis of elasticities,
Energy Economics, Vol. 20, pp. 273-295, 1998.

3. Tanishita, M.: Change in Price and Income Elasticity of Gasoline Demand in Japanese
Cities, 1980's-1990's, Journal of the Eastern Asia Society for Transportation Studies, Vol.
6, pp. 3250-3263, 2005.

4. Hughes, J., Knittel, C. R., Sperling, D.: Evidence of a Shift in the Short-Run Price
Elasticity of Gasoline Demand, Energy Journal, Vol. 29, pp. 113-134, 2008.

5. Dargay, J., Gately, D.: The Demand for Transportation Fuels: Imperfect Price-
Reversibility?, Transportation Research Part B, Vol. 31, pp. 71-82, 1997.

6. OECD: Behavioural Responses to Environmentally-Related Taxes, OECD, Paris,2000



Makoto Chikaraishi, Akimasa Fujiwara, Junyi Zhang, Back Jin Lee 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

(http://www.olis.oecd.org/olis/1999doc.nsf/Link To/NT00002A16/$FILE/00074423.pdf).
Goodwin, P., Dargay, J., Hanly, M.: Elasticities of Road Traffic and Fuel Consumption
with Respect to Price and Income: A Review, Transport Reviews, Vol. 24, pp. 275-292,
2004.

Chikaraishi, M., Fujiwara, A., Zhang, J.: Sequential Updating of Price Elasticities of
Traffic Demand Incorporating Regional Differences Based on a Hierarchical Bayesian
Approach, Proceedings of the Eastern Asia Society for Transportation Studies, Vol. 8
(forthcoming).

Goodwin, P. B.: A Review of New Demand Elasticities with Special Reference to Short
and Long Run Effects on Price Changes, Journal of Transport Economics and Policy, \Vol.
26, pp. 155-169, 1992.

Graham, D. J., Glaister, S.: The Demand for Automobile Fuel -A Survey of Elasticities,
Journal of Transport Economics and Policy, Vol. 36, pp. 1-26, 2002.

Maddala, G. S., Trost, R. P., Li, H., Joutz, F.: Estimation of Short-Run and Long-Run
Elasticities of Energy Demand from Panel Data Using Shrinkage Estimators, Journal of
Business & Economic Statistics, Vol. 15, pp. 90-100, 1997.

Gelman, A., Carlin, J. B., Stern, H. S., Rubin, D. B.: Bayesian Data Analysis, Second
Edition, Chapman & Hall/CRC, 2004.

Goldstein, H.: Multilevel Statistical Models, Third Edition, Edward Arnold, London,
2003.

Train, K. E.: Discrete Choice Methods with Simulation, Cambridge University Press,
2003.

Gill, J: Bayesian Methods - A Social and Behavioral Sciences Approach, Second Edition,
Chapman & Hall/CRC, 2008.

Lunn, D. J., Thomas, A., Best, N., Spiegelhalter, D.: WinBUGS - a Bayesian modelling
framework: concepts, structure, and extensibility, Statistics and Computing, Vol. 10,
325-337, 2000.

Geweke, J.: Evaluating the Accuracy of Sampling-Based Approaches to the Calculation
of Posterior Moments, in J.M. Bernardo, J.O. Berger, A.P. Dawid and A.F.M. Smith (eds.),
Bayesian Statistics 4, Oxford: Oxford University Press, pp. 169-193, 1992.

Spiegelhalter, D. J., Best, N. G,, Carlin, B. P., van der Linde, A.: Bayesian measures of
model complexity and fit, The Journals of the Royal Statistical Society B, Vol. 64, pp.
583-639, 2002.



Makoto Chikaraishi, Akimasa Fujiwara, Junyi Zhang, Back Jin Lee

List of Tables/Figures

TABLE 1 Estimation Results with Full Data (up to January 2009)

TABLE 2 Updating Results of Elasticities with Respect to Gasoline Price

TABLE 3 Updating Results of Elasticities with Respect to Economic Condition Index
TABLE 4 Correlation Matrices of the Route-Specific Elasticities

FIGURE 1 Time series’ variations of gasoline price and economic condition index.
FIGURE 2 Changes in the average elasticities.
FIGURE 3 Trajectories of route-specific elasticities.

14



Makoto Chikaraishi, Akimasa Fujiwara, Junyi Zhang, Back Jin Lee 15

200 110
- 105
180 -
- 100
I 160 §
c / \ - 95 c
(] i
= P S
8 140 - 9% =
2 \! 5
h 5
£ -8 3
5 120 T
o o
& - 80 g
(5]
100 — =-o-Gasolineprice (yen/L) 75 w
-e-Economicconditionindex
80 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 70
T © ® O N N T O X O NNT QY QO NN O 09 A
nm 1 v 7T e Y VY T T NSNS T T 0% 0 W o
o o o N wn o o o o (o) (o} o o o o ~ N~ o o o o o] 0
O O O O O O O O O O O O O O O O o O o o oo o o
N N (o] o o (q\] [\l (o] N o o N N (o\] [\l o o N (o] N N o o
(] (gl (o] (o] (gl (o] (o] (]

Notes) “Gasoline price” represents pump price of regular gasoline at national average. “Economic condition
index” represents a coincident composite index. The composite index provides a quantitative measurement
of economic strength. This is referred to as the index that indicates the "volume" of economic activities
(Source: Cabinet Office, Government of Japan).

FIGURE 1 Time series’ variations of gasoline price and economic condition index.
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TABLE 1 Estimation Results with Full Data (up to January 2009)
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2.5%, 97.5%

Explanatory variables Mean S.E. quantiles Geweke
Constant o 0.413 (0.074) 0.267, 0.562 -0.431
Lagged dependent variable: Qim-1) 7 0.920 (0.019) 0.884, 0.957 0.390
Gasoline price: Pipy u  -0.118 (0.019)  -0.156, -0.080 1.041
Economic condition index: Eny U3 0.464 (0.120) 0.226, 0.702 -0.438
Temporal trend: Tpy s 1.94E-4  (0.001) -0.001, 0.002 0.490
Residual oo 0.002 (9.1E-05) 1.7E-3,2.1E-3 0.050
Variance-covariance matrix X in eq. (3). (cells at the lower triangle part represents correlations)
4 0.097 -0.031 2.3E-03 0.126 5.6E-04 R
(0.039) (0.010) | (8.9E-03) | (0.052) | (3.1E-04)
10.938 0.011 -2.2E-03 -0.038 -2.4E-04
- (3.1E-03) | (2.6E-03) | (0.016) | (9.8E-05)
4.0E-03 -0.015 4.0E-05
0.115 -0.321
(2.5E-03) | (0.021) | (9.9E-05)
0.430 1.6E-03
0.616 -0.539 -0.361
(0.201) | (1.1E-03)
0.391 -0.492 0.138 0.540 21805
g (7.0E-06) )
Number of samples (month*route) 1394
R 0.9994
LY 2481.78
pD? 160.76
DICY -4642.03

1) LL indicates logarithm likelihood with the posterior mean of each parameter. The LL value can be

positive because the likelihood is defined based on density functions.

2) pD is a measure of model complexity for a Bayesian model. Details refer to Spiegelhalter et al. (18).
3) DIC stands for Deviance Information Criterion proposed by Spiegelhalter et al. (18), and it is defined as

-2(LL-pD).
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TABLE 2 Updating Results of Elasticities with Respect to Gasoline Price

Expressway [prefecture®] ‘ Jan08  Feb08 Mar08 Apr08 May08 Jun08  Jul08 Aug08 Sep08 Oct08 Nov08 Dec08  Jan09
Expressways through urban areas (here refer to Tokyo, Kanagawa, and Saitama in a narrow sense)
Metropolitan Exp. routes in [Kanagawa] -0.097 -0.050 -0.085 -0.045 -0.035 -0.097 -0.063 -0.090 -0.089 -0.110 -0.122 -0.122 -0.125
Metropolitan Exp. routes in [Saitama] -0.089 -0.038 -0.070 -0.039 -0.030 -0.091 -0.060 -0.088 -0.123 -0.140 -0.159 -0.159 -0.174
Metropolitan Exp. routes in [Tokyo] -0.095 -0.052 -0.087 -0.047 -0.036 -0.098 -0.064 -0.090 -0.094 -0.116 -0.130 -0.128 -0.132
Yokohama Yokosuka Road [Kanagawa] -0.103 -0.046 -0.082 -0.044 -0.033 -0.096 -0.064 -0.092 -0.094 -0.112 -0.120 -0.117 -0.120
Yokohama Shindo [Kanagawa] -0.099 -0.043 -0.079 -0.042 -0.032 -0.094 -0.062 -0.091 -0.092 -0.110 -0.119 -0.117 -0.120
Kan-Etsu Exp. [Niigata-(Kanto)] -0.091 -0.036 -0.076 -0.042 -0.032 -0.094 -0.060 -0.089 -0.093 -0.114 -0.129 -0.130 -0.134
Keiyo Road [Tokyo-Chiba] -0.099 -0.048 -0.084 -0.045 -0.035 -0.097 -0.064 -0.092 -0.094 -0.113 -0.124 -0.121 -0.123
Tohoku Exp. [(Tohoku)-(Kanto)] -0.094 -0.039 -0.078 -0.041 -0.032 -0.094 -0.060 -0.089 -0.092 -0.111 -0.121 -0.120 -0.123
Joban Exp. [(Kanto)-(Tohoku)] -0.093 -0.039 -0.076 -0.041 -0.032 -0.093 -0.061 -0.089 -0.092 -0.111 -0.122 -0.121 -0.125
Ken-O Exp. [(Kanto)] -0.036 0.014 -0.023 -0.020 -0.014 -0.069 -0.034 -0.072 -0.107 -0.146 -0.193 -0.209 -0.213
Daisan Keihin Road [Tokyo-Kanagawa] -0.096 -0.039 -0.075 -0.040 -0.031 -0.092 -0.060 -0.089 -0.091 -0.111 -0.122 -0.123 -0.128
Tokyo-Gaikan Exp. [Tokyo-Saitama-Chiba] -0.092 -0.032 -0.070 -0.038 -0.029 -0.090 -0.057 -0.087 -0.090 -0.110 -0.123 -0.121 -0.126
Tokyo Bay Aqualine [Kanagawa-Chiba] -0.084 -0.007 -0.052 -0.028 -0.020 -0.081 -0.058 -0.091 -0.103 -0.125 -0.136 -0.145 -0.145
Other expressways: through local areas
Tokyo Bay Aqualine (accessway) [Chiba] -0.106 -0.047 -0.089 -0.046 -0.035 -0.100 -0.075 -0.102 -0.126 -0.147 -0.162 -0.169 -0.157
Okayama Exp. [Okayama] -0.095 -0.056 -0.090 -0.049 -0.039 -0.100 -0.068 -0.093 -0.101 -0.123 -0.133 -0.133 -0.135
Kamaishi Exp. [lwate] -0.099 -0.050 -0.089 -0.043 -0.039 -0.112 -0.078 -0.107 -0.118 -0.125 -0.119 -0.110 -0.117
Tateyama Exp. [Chiba] -0.095 -0.034 -0.075 -0.041 -0.030 -0.093 -0.067 -0.095 -0.094 -0.117 -0.135 -0.138 -0.133
Kotoka Noshiro Road [Akita] -0.154 -0.120 -0.130 -0.059 -0.047 -0.115 -0.086 -0.120 -0.170 -0.171 -0.152 -0.142 -0.131
Hiroshima-lwakuni Road [Hiroshima] -0.087 -0.058 -0.094 -0.050 -0.039 -0.101 -0.068 -0.092 -0.115 -0.136 -0.155 -0.157 -0.163
Hiroshima Exp. [Hiroshima] -0.103 -0.053 -0.089 -0.048 -0.038 -0.100 -0.068 -0.095 -0.111 -0.135 -0.158 -0.168 -0.182
Sasson Exp. [Hokkaido] -0.107 -0.063 -0.099 -0.052 -0.040 -0.103 -0.069 -0.096 -0.104 -0.119 -0.125 -0.125 -0.126
Yamagata Exp. [Miyagi-Yamagata] -0.115 -0.061 -0.101 -0.053 -0.042 -0.107 -0.075 -0.100 -0.103 -0.115 -0.116 -0.108 -0.112
Sanyo Exp. [Okayama-Hiroshima-Yamagichi] | -0.092 -0.042 -0.080 -0.042 -0.033 -0.094 -0.059 -0.086 -0.083 -0.109 -0.121 -0.119 -0.120
Akita Gaikan Road [Akita] -0.174 -0.158 -0.177 -0.090 -0.072 -0.144 -0.113 -0.128 -0.154 -0.155 -0.134 -0.123 -0.116
Akita Exp. [Akita-lwate] -0.121 -0.086 -0.113 -0.060 -0.047 -0.113 -0.081 -0.105 -0.123 -0.139 -0.145 -0.143 -0.139
Matsue Exp. [Shimane] -0.751 -0.761 -0.719 -0.353 -0.288 -0.400 -0.365 -0.292 -0.316 -0.173 -0.009 0.045 0.034
Joshin-Etsu Exp. [Gunma-Nagano-Niigata] -0.100 -0.045 -0.083 -0.043 -0.034 -0.095 -0.065 -0.093 -0.094 -0.110 -0.115 -0.114 -0.116
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TABLE 2 (Cont’d) Updating Results of Elasticities with Respect to Gasoline Price

Expressway [prefecture®] | Jan08  Feb08 Mar08 Apr08 May08 Jun08  Jul08 Aug08 Sep08 Oct08 Nov08 Dec08  Jan09
Other expressways: through local areas
Shin-Kuko Exp. [Chiba] -0.143 -0.106 -0.116 -0.062 -0.052 -0.124 -0.094 -0.117 -0.118 -0.126 -0.119 -0.111 -0.107
Fukagawa-Rumoi Exp. [Hokkaido] -0.080 0.024 -0.016 -0.001 -0.001 -0.071 -0.057 -0.087 -0.104 -0.131 -0.155 -0.169 -0.184
Aomori Exp. [Aomori] -0.145 -0.135 -0.161 -0.080 -0.063 -0.133 -0.104 -0.124 -0.143 -0.139 -0.124 -0.117 -0.119
Senen Road [Miyagi] -0.108 -0.062 -0.096 -0.055 -0.045 -0.113 -0.084 -0.106 -0.111 -0.120 -0.113 -0.104 -0.102
Sendai-Tobu Road [Miyagi] -0.105 -0.056 -0.084 -0.048 -0.038 -0.104 -0.073 -0.098 -0.107 -0.118 -0.120 -0.114 -0.114
Sendai-Hokubu Road [Miyagi] -0.120 -0.076 -0.113 -0.080 -0.056 -0.130 -0.106 -0.124 -0.113 -0.118 -0.109 -0.099 -0.095
Chiba Togane Road [Chiba] -0.103 -0.048 -0.083 -0.045 -0.034 -0.097 -0.067 -0.096 -0.095 -0.109 -0.115 -0.111 -0.112
Chugoku Exp. [(Chugoku)] -0.107 -0.045 -0.082 -0.043 -0.034 -0.095 -0.061 -0.088 -0.078 -0.103 -0.111 -0.109 -0.115
Nagano Exp. [Nagano] -0.110 -0.058 -0.085 -0.043 -0.033 -0.098 -0.071 -0.104 -0.103 -0.114 -0.116 -0.111 -0.113
Higashi-Kanto Exp. [Chiba-Ibarabi] -0.100 -0.047 -0.083 -0.044 -0.034 -0.095 -0.063 -0.091 -0.096 -0.117 -0.132 -0.130 -0.133
Higashi Mito Road [lbaragi] -0.168 -0.131 -0.173 -0.083 -0.067 -0.142 -0.118 -0.130 -0.123 -0.116 -0.092 -0.073 -0.059
Tohoku-Chuo Exp. [Fukushima-Yamagata] -0.126 -0.102 -0.107 -0.050 -0.038 -0.107 -0.079 -0.106 -0.114 -0.123 -0.122 -0.114 -0.117
Yuzawa-Yokote Road [Akita] -0.102 -0.064 -0.094 -0.051 -0.038 -0.102 -0.073 -0.102 -0.116 -0.128 -0.136 -0.132 -0.130
Hokkaido Exp. [Hokkaido] -0.097 -0.043 -0.081 -0.043 -0.033 -0.095 -0.060 -0.089 -0.095 -0.114 -0.124 -0.126 -0.131
Doto Exp. [Hokkaido] -0.379 -0.400 -0.394 -0.182 -0.146 -0.235 -0.201 -0.178 -0.183 -0.148 -0.097 -0.083 -0.036
Hidaka Exp. [Hokkaido] -0.074 0.021 -0.019 -0.031 -0.024 -0.089 -0.060 -0.093 -0.065 -0.088 -0.097 -0.095 -0.105
Nihonkai-Tohoku Exp. [Niigata-Yamagata-Akita] | -0.162 -0.142 -0.158 -0.077 -0.059 -0.124 -0.094 -0.114 -0.150 -0.152 -0.150 -0.145 -0.144
Hachinohe Exp. [lwate-Aomori] -0.108 -0.051 -0.077 -0.040 -0.030 -0.094 -0.067 -0.099 -0.093 -0.108 -0.109 -0.103 -0.110
Ban-Etsu Exp. [Fukushima-Niigata] -0.111 -0.056 -0.092 -0.047 -0.036 -0.099 -0.070 -0.098 -0.106 -0.115 -0.115 -0.106 -0.114
Momoishi Road [Aomori] -0.318 -0.355 -0.395 -0.187 -0.156 -0.249 -0.219 -0.196 -0.175 -0.131 -0.052 -0.013 0.002
Hamada Exp. [Shimane-Hiroshima] -0.108 -0.083 -0.118 -0.065 -0.051 -0.116 -0.085 -0.108 -0.106 -0.126 -0.133 -0.136 -0.130
Futtsu-Tateyama Road [Chiba] -0.049 -0.029 -0.086 -0.048 -0.037 -0.098 -0.070 -0.113 -0.195 -0.192 -0.186 -0.185 -0.183
Yonago Exp. [Tottori-Okayama] -0.112 -0.061 -0.095 -0.051 -0.040 -0.102 -0.069 -0.093 -0.083 -0.107 -0.109 -0.106 -0.104
Yonezawa Nan-Yo Road [Yamagata] -0.089 -0.057 -0.097 -0.058 -0.045 -0.118 -0.090 -0.117 -0.089 -0.098 -0.092 -0.082 -0.085
Kita-Kanto Exp. [Gunma-Tochigi-lbaragi] -0.111 -0.075 -0.145 -0.093 -0.084 -0.168 -0.142 -0.149 -0.104 -0.092 -0.057 -0.031 0.010
Hokuriku Exp. [Niigata-Toyama] -0.117 -0.076 -0.110 -0.058 -0.046 -0.112 -0.084 -0.106 -0.109 -0.122 -0.125 -0.122 -0.115
Average (uo) -0.127 -0.083 -0.116 -0.061 -0.048 -0.115 -0.084 -0.107 -0.114 -0.124 -0.123 -0.118 -0.118

Y If the number of prefectures passed through by the corresponding expressway is three or more, we only show the name of a wider region name in ().
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TABLE 3 Updating Results of Elasticities with Respect to Economic Condition Index

Expressway [prefecture®] ‘ Jan08  Feb08 Mar08 Apr08 May08 Jun08  Julo8 Aug08 Sep08 Oct08 Nov08 Dec08  Jan09
Expressways through urban areas (here refer to Tokyo, Kanagawa, and Saitama in a narrow sense)
Metropolitan Exp. routes in [Kanagawa] 0.527 0.606 0.098 0.183 0.138 0.387 0.399 0.694 0.538 0.210 0.246 0.281 0.315
Metropolitan Exp. routes in [Saitama] 0575 0.654 0.148 0.214 0.173 0415 0418 0.730 1.610 1.276 0.902 0.678 0.614
Metropolitan Exp. routes in [Tokyo] 0.532 0598 0.090 0.177 0.131 0.381 0.396 0.696 0.708 0.416 0.409 0.384 0.418
Yokohama Yokosuka Road [Kanagawa] 0.502 0.621 0.106 0.191 0.150 0.393 0.394 0.676 0.665 0.305 0.207 0.203 0.204
Yokohama Shindo [Kanagawa] 0522 0.634 0.116 0.196 0.156 0.398 0.403 0.685 0.618 0.223 0.161 0.190 0.186
Kan-Etsu Exp. [Niigata-(Kanto)] 0.557 0.658 0.123 0.198 0.155 0.402 0.413 0.706 0.730 0.373 0.333 0.358 0.346
Keiyo Road [Tokyo-Chiba] 0.517 0.613 0.098 0.184 0.139 0.386 0.394 0.680 0.633 0.290 0.302 0.292 0.292
Tohoku Exp. [(Tohoku)-(Kanto)] 0543 0.649 0.121 0.200 0.157 0.402 0.412 0.707 0.692 0.261 0.168 0.170 0.137
Joban Exp. [(Kanto)-(Tohoku)] 0.547 0.649 0.124 0.201 0.159 0.403 0.409 0.697 0.652 0.257 0.228 0.247 0.272
Ken-O Exp. [(Kanto)] 0.780 0.839 0.283 0.283 0.251 0.507 0.525 0.859 1.685 1.679 1734 1700 1.507
Daisan Keihin Road [Tokyo-Kanagawa] 0.536 0.650 0.129 0.205 0.166 0.409 0.416 0.704 0.657 0.273 0.202 0.236 0.238
Tokyo-Gaikan Exp. [Tokyo-Saitama-Chiba] 0.553 0.673 0.146 0.216 0.175 0.420 0425 0.717 0.684 0.236 0.186 0.174 0.161
Tokyo Bay Aqualine [Kanagawa-Chiba] 0572 0.762 0.192 0.251 0.219 0454 0417 0680 1.078 0.834 0.640 0.820 0.797
Other expressways: through local areas
Tokyo Bay Aqualine (accessway) [Chiba] 0.448 0.603 0.072 0.168 0.125 0.367 0.339 0.578 1.217 1437 1688 1857 1.654
Okayama Exp. [Okayama] 0.540 0584 0.083 0.167 0.119 0.373 0.378 0.665 0.871 0.663 0.521 0.497 0.444
Kamaishi Exp. [lwate] 0.518 0.602 0.081 0.188 0.113 0.323 0.343 0567 0.638 0.382 0.329 0.258 0.257
Tateyama Exp. [Chiba] 0535 0.664 0.128 0.201 0.166 0.402 0.382 0.641 0.638 0.534 0.718 0.771 0.716
Kotoka Noshiro Road [Akita] 0.256 0.340 -0.042 0.120 0.071 0.309 0.306 0.459 1.377 1709 1.868 1.802 1.552
Hiroshima-Iwakuni Road [Hiroshima] 0.564 0575 0.070 0.160 0.114 0.368 0.379 0.676 1.402 1215 1046 0.955 0.918
Hiroshima Exp. [Hiroshima] 0512 0599 0.088 0.173 0.124 0.374 0.383 0.671 1.181 1.122 0.992 1.034 1.071
Sasson Exp. [Hokkaido] 0.484 0556 0.053 0.153 0.113 0.357 0.378 0.646 0.716 0.388 0.296 0.356 0.188
Yamagata Exp. [Miyagi-Yamagata] 0.446 0562 0.047 0.152 0.101 0.341 0.348 0.607 0.608 0.244 0.142 0.096 0.087
Sanyo Exp. [Okayama-Hiroshima-Yamagichi] | 0.553 0.638 0.113 0.194 0.150 0.401 0.417 0.725 0461 0.189 0.148 0.154 0.184
Akita Gaikan Road [Akita] 0.153 0.192 -0.192 -0.010 -0.075 0.175 0.184 0.369 0.880 1.210 1.298 1.230 1.074
Akita Exp. [Akita-lwate] 0.408 0.465 0.007 0.120 0.068 0.313 0.320 0566 0.963 1.021 1.077 1.022 0.862
Matsue Exp. [Shimane] -2.496 -2.085 -1.863 -1.122 -1.286 -0.972 -0.912 -1.035 -0.683 -0.158 0.180 0.357 0.561
Joshin-Etsu Exp. [Gunma-Nagano-Niigata] 0514 0.623 0.102 0.191 0.146 0.393 0.392 0.662 0.665 0.224 0.085 0.136 0.169
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TABLE 3 (Cont’d) Updating Results of Elasticities with Respect to Economic Condition Index

Expressway [prefecture®] | Jan08  Feb08 Mar08 Apr08 May08 Jun08  Jul08 Aug08 Sep08 Oct08 Nov08 Dec08  Jan09
Other expressways: through local areas
Shin-Kuko Exp. [Chiba] 0.306 0.390 0.002 0.113 0.044 0.266 0.265 0.457 0575 0465 0.625 0.614 0.571
Fukagawa-Rumoi Exp. [Hokkaido] 0.640 0.905 0.323 0379 0.341 0.520 0445 0.761 1381 0.969 0584 0576 0.223
Aomori Exp. [Aomori] 0.311 0.286 -0.136 0.035 -0.014 0.227 0.229 0.420 0.776 0.736 0.664 0.623 0.544
Senen Road [Miyagi] 0.479 0560 0.062 0.141 0.081 0.314 0309 0554 0581 0.349 0.227 0.204 0.178
Sendai-Tobu Road [Miyagi] 0.489 0.581 0.100 0.171 0.120 0.356 0.355 0.623 0.697 0.379 0.319 0.283 0.239
Sendai-Hokubu Road [Miyagi] 0.424 0503 0.010 0.040 0.026 0.243 0.213 0.402 0.296 0.151 0.231 0.305 0.334
Chiba Togane Road [Chiba] 0503 0.615 0.105 0.184 0.146 0.388 0.381 0.640 0.525 0.143 0.170 0.160 0.206
Chugoku Exp. [(Chugoku)] 0.495 0.627 0.108 0.194 0.148 0.397 0411 0.709 0.196 -0.101 -0.123 -0.061 0.038
Nagano Exp. [Nagano] 0.471 0576 0.100 0.194 0.152 0.384 0.366 0.573 0.619 0.293 0.153 0.163 0.130
Higashi-Kanto Exp. [Chiba-Ibarabi] 0516 0.615 0.105 0.189 0.147 0.395 0.403 0.689 0.740 0.448 0.489 0.406 0.382
Higashi Mito Road [Ibaragi] 0.188 0.296 -0.179 0.020 -0.048 0.181 0.157 0.332 0.203 0.024 0.307 0.255 0.175
Tohoku-Chuo Exp. [Fukushima-Yamagata] 0.403 0415 0.036 0.165 0.125 0.341 0.332 0561 0.698 0453 0.484 0.342 0.330
Yuzawa-Yokote Road [Akita] 0.488 0.545 0.060 0.154 0.114 0.362 0.359 0.597 0.869 0.647 0.838 0.777 0.638
Hokkaido Exp. [Hokkaido] 0529 0.632 0.110 0.193 0.152 0.397 0417 0.705 0.728 0.319 0.150 0.220 0.106
Doto Exp. [Hokkaido] -0.816 -0.723 -0.862 -0.406 -0.499 -0.240 -0.207 -0.096 -0.191 0.480 1510 1.942 2.051
Hidaka Exp. [Hokkaido] 0.641 0.876 0.298 0.248 0.206 0.425 0417 0660 0.204 -0.473 -0.853 -0.807 -0.796
Nihonkai-Tohoku Exp. [Niigata-Yamagata-Akita] | 0.210 0.254 -0.132 0.044 -0.001 0.263 0.266 0.493 1.202 1.321 1424 1312 1.248
Hachinohe Exp. [Iwate-Aomori] 0.492 0.608 0.126 0.207 0.171 0404 0.386 0.616 0.503 0.091 -0.165 -0.245 -0.292
Ban-Etsu Exp. [Fukushima-Niigata] 0.469 0583 0.077 0.177 0134 0.377 0372 0631 0.778 0.307 0.057 -0.080 -0.055
Momoishi Road [Aomori] -0.496 -0.545 -0.853 -0.414 -0.539 -0.291 -0.273 -0.225 -0.533 -0.256 0.111 0.071 0.134
Hamada Exp. [Shimane-Hiroshima] 0.462 0.473 -0.010 0.095 0.039 0.293 0.299 0.538 0.508 0.609 0.728 0.874 0.897
Futtsu-Tateyama Road [Chiba] 0.667 0.649 0.067 0.142 0.102 0.366 0.369 0.526 2183 2597 2534 2343 1.940
Yonago Exp. [Tottori-Okayama] 0.466 0.568 0.069 0.162 0.113 0.366 0.373 0.659 0.258 -0.010 -0.059 0.047 0.108
Yonezawa Nan-Yo Road [Yamagata] 0.570 0.579 0.061 0.134 0.084 0.293 0.280 0.450 0.106 -0.336 -0.470 -0.444 -0.409
Kita-Kanto Exp. [Gunma-Tochigi-lbaragi] 0.448 0.506 -0.097 -0.023 -0.147 0.060 0.042 0.165 -0.943 -1.002 -0.293 -0.056 -0.100
Hokuriku Exp. [Niigata-Toyama] 0.430 0.507 0.017 0.127 0.074 0.317 0305 0547 0.626 0478 0.632 0.685 0.652
Average (uo) 0.387 0.479 0.001 0.116 0.065 0.307 0.308 0.548 0.669 0.489 0.496 0.504 0.464

1) If the number of prefectures passed through by the corresponding expressway is three or more, we only show the name of a wider region name in ().
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FIGURE 2 Changes in the average elasticities.
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FIGURE 3 Trajectories of route-specific elasticities.
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TABLE 4 Correlation Matrices of the Route-Specific Elasticities

2008 2009
1 2 3 4 5 6 7 8 9 10 11 12 1

100 099 098 097 097 097 096 094 052 018 -003 -010 -0.18
099 100 100 099 098 098 097 096 052 015 -0.08 -0.13 -0.22
098 100 100 099 099 099 098 097 054 018 -006 -0.12 -0.21
097 099 099 100 100 099 099 098 057 021 -0.03 -0.10 -0.18
097 098 099 100 100 100 099 098 059 022 -0.02 -0.08 -0.17
097 098 099 099 100 100 1.00 0.99 061 025 0.00 -0.06 -0.14
096 097 098 099 099 100 100 099 062 026 001 -006 -0.13
094 09 097 098 098 099 099 100 061 024 -001 -0.07 -0.14
084 087 08 08 084 084 084 087 100 089 0.66 057 0.50
040 045 043 040 039 038 038 042 080 100 092 087 0.81
-0.67 -0.65 -0.67 -0.70 -0.71 -0.73 -0.73 -0.71 -0.30 0.32 100 0.98 0.96
-0.73 -0.72 -0.74 -0.76 -0.78 -0.79 -0.79 -0.78 -041 020 0.99 1.00 0.99
2009 1/-0.70 -0.71 -0.74 -0.77 -0.78 -0.80 -0.80 -0.79 -042 0.16 095 0.97 1.00

Note) Cells at the lower triangle part represent the correlations of route-specific elasticities with respect to
gasoline price between pairs of months. Cells at the upper triangle part represent those correlations with
respect to economic condition index.
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