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Abstract 

Under an exogenous working time assumption, the value of time cannot be 
constant: it is affected by travel time, travel fees and other exogenous factors. 
Our numerical simulations, assuming a nested C.E.S. form of the utility function, 
show that the change in value of time tends to be sensitive to travel time and 
slightly sensitive to travel fees. Based on the change in value of time, the 
influences of changes in travel time and travel fees on the number of visits can 
differ greatly even if those changes are equivalent in terms of generalized 
transportation costs.  
Keywords: value of time, private trip, trip demand, generalized travel cost. 

1 Introduction 

The value of time is one of the most important variables for both trip demand 
forecasting and project appraisal. Almost all present practices in both trip 
demand forecasting and project appraisal assume the constancy of value of time, 
which often adopts a wage rate, as shown by Hayashi and Morisugi [7]. On the 
other hand, some papers, e.g., DeSerpa [6], Bruzelius [3] and Jara-Diaz [10], 
point out that value of time can differ from the wage rate for several reasons 
including fixed work hours, disutility from work, or uncertainty in travel time. 
Among those reasons, this paper specifically addresses fixed work hours.  
     As is well known, under the assumption that individuals can freely choose 
working-time and that working is utility-neutral, the value of time is equal to the 
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wage. The widely used “wage rate approach”, in which the value of time is the 
wage rate, is based on this consequence.  
     Although that assumption might be applicable to lawyers and individual 
consultants, that assumption is not realistic in many situations in not only the 
short run, but also the long run. For example, most office workers are strongly 
dependent on other persons’ works. Hence, they cannot continuously change 
their working time to suit their preference. They could choose working time 
discretely at best (e.g. they quit the job or not). In the case of persons who do not 
work for business, e.g., full time homemakers, students and pensioners, they can 
be regarded as not choosing their working times with given exogenous income. 
In other words, their working times are fixed to be zero but they are given money 
from their partner, parents, governments or others. 
     Under an exogenous working time assumption, the value of time for private 
trips cannot be constant or equal to the wage rate. Instead, it is affected by 
various factors including travel time, travel fees, and others. Project appraisal 
accordingly needs to take their influence on value of time into account. 
Moreover, the trip demand should be forecasted with the endogenous value of 
time simultaneously. 
     Some empirical studies have specifically addressed the non-constancy of 
value of time, e.g., Calfee and Winston [4] Brownstone et al. [2], and others. 
Their estimates are based on discrete choice analysis, e.g., Small and Rosen [12] 
and Anderson et al. [1]. Among them, Hensher [8] attempts estimation of the 
(time) value function with SP data, i.e., he estimates the change in value of time 
associated with the change in travel time. Lam and Small [11] estimates the 
variation in value of time depending on trip distance and others with RP data. 
Theoretical studies by DeSerpa [6], and deDonnea [5] also have already pointed 
out that value of time changes depending on the economic environment of 
individuals under exogenous working time assumption.  
     This study simulates how much the value of time changes and analyzes the 
interaction between the number of trips and the endogenous value of time 
quantitatively. Specifically, we set a nested C.E.S. (i.e., Constant Elasticity of 
Substitution) form of the utility function to numerically simulate the travel time 
and travel fee elasticities of value of time and trip demand. Simulation results 
show that, for shopping trips, the value of time tends to change relatively much 
for the change in the travel time whereas the value of time changes moderately 
for the change in the travel fee. Accordingly, the simulation shows that the 
elasticities of trip demand are also very different with regard to that between 
travel fee and travel time.  
     This great difference means that the conventional trip demand estimation 
method, e.g., a four-step method, which adopts the concept of generalized 
transportation costs, could be inadequate for trip demand forecasting. 
Conventional trip demand estimation method expresses the trip demand as a 
function of the generalized travel cost comprising the travel fee and the constant 
value of time multiplied by the travel time. Thereby, the change in trip demand 
that is attributable to the change in travel time is the same as the change in trip 
demand caused by the change in the travel fee equal to “fixed value of time 
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multiplied by the change in travel time” in the conventional method because the 
travel time and the travel fee influence the demand equivalently in terms of the 
generalized travel cost. On the other hand, our simulation shows that these 
changes in trip demand differ greatly under the condition of endogenous working 
time assumption.  
     The reason for this difference can be explained as follows. Under the 
exogenous working time assumption, the change in travel time or travel fee 
influences the endogenous value of time in the opposite sign, i.e., the increase in 
travel time increases the value of time, whereas the increase in travel fee 
decreases the value of time. The value of time affects trip demand directly. 
Therefore, the opposite results directly generate the difference in the effect of the 
changes of between travel time and travel fees on trip demand. Moreover, the 
change in value of time affects not only the demand for goods requiring trips for 
purchase, but also the other goods, e.g., composite goods and leisure time. Those 
indirect effects also affect the trip demand. Hence, even if the change in value of 
time itself is small because of changes in travel times or travel fees, the change in 
trip demand can be vast through direct and indirect effects.  
     Section 2 shows the model and the set of parameters for numerical 
simulations. Section 3 shows the numerical simulations to obtain the travel time 
and travel fee elasticities of value of time and trip demand. Section 4 concludes 
this study.  

2 Numerical simulations on changes in the value of time 

This section constructs the model treating the value of time endogenously. We 
calculate the change in the value of time caused by the change in travel time and 
travel fees for the case of shopping trips.  

2.1 Formation of an individual’s behavioral model 

We assume that there are two shopping places (one in the urban area and another 
in the suburban area) and each consumer chooses the number of visits to each 
place, the amount of the composite good, and the amount of leisure time. The 
amount of composite goods per visit at each place and the shopping time per 
visit at each place are fixed for simplicity. We then specify consumers’ direct 
utility function as a nested C.E.S. form (i.e., Constant Elasticity of Substitution 
form). The consumers’ utility maximization is expressed as 
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where zZ  is the amount of the composite good; hZ  is the amount of leisure time; 

kix  is the number of visits to shopping place i (i = 1,2) (1 is located in the urban 
area and 2 in the suburban area); six  is the amount of consumption at place i per 
visit; wx  is the number of commuting trips; tit  is the staying hours at place i; I  
is total income; T  is total available time excluding working hours; iP  is the 
travel fee for a round trip; tiτ  is the travel time for a round trip; 1, , , ,h s z iα α α β η  

and 2η  are parameters ( 1s h zα α α+ + = ,
2

1
1i

i
β

=
=∑ ); V (・) is the indirect 

utility function. 
     It is assumed that the individual commutes to the same place as shopping 
place 1: the city area. Furthermore, all goods prices are fixed at unity for 
simplicity. Exogenous variables for consumers are: total income I, total available 
time excluding working hours T, the staying hours at place i tit , the travel fee iP , 
the amount of consumption at place i per one visit six , the number of commuting 
trips wx , and travel time to place i tiτ . From eqns. (1), (2), and (3), endogenous 
variables are leisure time hZ , composite good zZ , the number of visits to 
shopping place i kix , and value of time. 
     Lagrangian function S expressing eqns. (1)–(3) is given as 
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where λ  and µ  are Lagrangian multipliers associated with income and time 
constraints. As mentioned before, value of time, VoT, is expressed as 

*

*
VoT µ

λ
= .      (5) 

     Solving the utility maximization problem (1)–(3) numerically, we can obtain 
the value of time, VoT, from (5). 

2.2 Setting of parameters 

This study carries out numerical simulations, setting the values of the exogenous 
variables as shown in table 1. These fundamental variables are set based on the 
following real and hypothetical data set. The total income per month is taken 
from data of disposable income of Sendai city in Japan in 1998. The total 
available time, which is defined as the rest of the day excluding working time, 
sleeping time and housekeeping time, is determined from questionnaires taken in 
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the city of Sendai in 2000. The total available time is estimated as 21,300 
minutes per month (11.6 hours per day on the average, both for weekdays and 
weekend). Other variables such as travel time and travel fees are set as those of a 
consumer living in a suburban area in Sendai.  

Table 1:  Fundamental exogenous variables (per month). 

 xsi 
(yen) 

xw 
(trips

) 

tti 
(minutes) 

Pi 
(yen) 

tiτ  
(minutes) 

I 
(yen) 

T 
(minute

s) 
City area 

(i=1) 10000 20 60 1000 90 

Suburb (i=2) 3000 - 60 300 30 

12969
4 21300 

 
     Next, we set parameters of the utility function. This paper assumes these 
parameters shown in table 2. The elasticity of substitution between place 1 and 
place 2, 2η , is set in two ways. The first is a strong elasticity of substitution 
between place 1 and place 2, that is, 2 0.9η = . The other case is a weak elasticity 
of substitution between place 1 and place 2, that is, 2 0.3η = . 

Table 2:  Parameter set of the behavioral model. 

sα  zα  hα  1β  2β  1η  2η  
0.9 0.8 0.06 0.194 0.6 0.4 0.5 0.3 

 
     Setting the exogenous variables in table 2 and the assumed parameters in 
table 2, we can estimate the value of time and other endogenous variables by 
solving the utility maximization problem eqns. (1)–(3) numerically. Table 3 
shows the result of estimation. 

Table 3:  Results of estimation (per month). 

 1kx (trips) 2kx (trips) zZ (yen) hZ (minutes) VoT (yen/
minute) 

2 0.9η =
 

5.97 8.79 33039 19434 42.16 

2 0.3η =
 

6.81 7.25 28897 19447 39.41 

3 Comparative statics on trip demand 

This section carries out numerical simulations on the change in the value of time 
concerning the change in travel time and travel fee. The travel time to place 
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1, 1tτ , is changed from 30 minutes to 150 minutes. The travel fee to place 1, 1P , 
is changed from 157 yen to 1843 yen for 2 0.9η = , and from 212 yen to 1788 
yen for 2 0.3η = . Table 4 and Table 5 show the calculation result. 

Table 4:  Comparative statics with regard to travel time. 

η2=0.9 
τt1 30 50 70 90 110 130 150 
Zz 33098 33035 33036 33039 33042 33044 33183 
Zh 21354 20726 20087 19434 18771 18112 17500 
xk1 7.68 7.30 6.75 5.97 4.87 3.40 1.75 
xk2 3.05 4.34 6.17 8.79 12.46 17.35 22.81 

VoT 40.25 40.82 41.47 42.16 42.90 43.67 44.52 

η2=0.3 
τt1 30 50 70 90 110 130 150 
Zz 28801 28803 28893 28897 28901 28906 28911 
Zh 21146 20577 20027 19447 18886 18330 17780 
xk1 7.25 7.13 7.07 6.81 6.62 6.41 6.16 
xk2 5.80 6.21 6.37 7.25 7.87 8.58 9.40 

VoT 37.73 38.25 38.84 39.41 40.00 40.60 41.23 

Table 5:  Comparative statics with regard to travel fees. 

η2=0.9 
P1 157 500 750 1000 1250 1500 1843 
Zz 33039 33039 33039 33039 33039 33039 33039 
Zh 19433 19434 19434 19434 19434 19434 19434 
xk1 10.67 8.56 7.20 5.97 4.84 3.80 2.52 
xk2 0.96 4.47 6.73 8.79 10.67 12.40 14.54 

VoT 42.1591 42.1590 42.1589 42.1589 42.1588 42.1588 42.1587 

η2=0.3 
P1 212 500 750 1000 1250 1500 1788 
Zz 28951 28935 28913 28897 28897 28897 28897 
Zh 19067 19235 19342 19447 19447 19447 19447 
xk1 8.33 7.93 7.35 6.81 5.64 4.57 3.45 
xk2 8.92 7.73 7.50 7.25 9.19 10.97 12.84 

VoT 39.8418 39.6571 39.5313 39.4143 39.4142 39.4142 39.4142 
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3.1 The change in the value of time 

Table 4 shows that value of time changes by approximately 10% according to the 
change in travel time, whereas Table 5 shows a very small change in the value of 
time with respect to change in travel fee. In terms of elasticity, the elasticity of 
the value of time with regard to travel time from 90 minutes to 30 minutes is 
0.068 for 2 0.9η =  and 0.064 for 2 0.3.η =  On the other hand, the elasticity of the 
value of time with regard to the travel fee from 1000 yen to 500 yen is almost 
zero for 2 0.9η =  and 0.012 for 2 0.3.η =  The elasticity of the value of time with 
regard to travel time is very large compared to that with regard to travel fee. The 
difference of 2 ,η  the elasticity of substitution between place 1 and place 2, 
obviously affects the change in the number of visits, but has only a very small 
effect on the range of the change in the value of time. 

3.2 The change in trip demand 

The changes in trip demand with regard to changes in travel cost and the 
equivalent travel time should be the same if the trip demand is determined by the 
generalized transportation cost composed of travel time times the value of time 
and travel fee. However, the simulation results engender the conclusion that 
influences on the number of visits of travel time and travel fees can differ 
relatively much even if the change in the travel fee were equivalent to travel time 
in terms of generalized transportation cost, as follows.  
     The change of 20 minutes in travel time to place 1 from 90 minutes is 
equivalent to 843 yen (=42.16 yen/min × 20 min) in the case of 2 0.9η =  and 
788 yen (=39.41 yen/min × 20min) in the case of 2 0.3η =  if the value of time 
were assumed to be constant at 90 minutes travel time. However, the number of 
visits in the cases ( 1 1000,P =  1 70τ = ) and ( 1 157,P =  1 90τ = ) for 2 0.9η =  or 
( 1 212,P =  1 90τ = ) 2 0.3η =  are quite different. For 2 0.9,η =  the number of 
visits to place 1 in the case of ( 1 1000,P =  1 70τ = ) is 6.75, whereas the number 
of visits to place 1 in the case of ( 1 157,P =  1 90τ = ) is 10.67. For 2 0.3,η =  the 
number of visits to place 1 in the case of ( 1 1000,P =  1 70τ = ) is 7.07, whereas 
the number of times to visit place 1 in the case of ( 1 212,P = 1 90τ = ) is 8.33. 
The same things can be said for cases of ( 1 1000,P =  1 110τ = ) and 
( 1 1843,P = 1 90τ = ) for 2 0.9η =  or ( 1 1788,P = 1 90τ = ) for 2 0.3.η =  

3.3 Implications of the simulation results 

The simulation results indicate that the conventional estimation method is 
entirely wrong under the condition of fixed working time. In the conventional 
demand estimation method, the travel demand depends on the generalized 
transportation cost composed of travel fee and the value of time times the travel 
time. That means that the change in demand that is attributable to the change in 
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the travel time is the same as the change in demand caused by the change in 
travel fee equal to “value of time times the change in travel time” in the 
conventional method because the travel time and the travel fee influence the 
demand equivalently through the generalized travel cost. Our simulation shows 
that these changes in trip demand are differ markedly under the condition of 
fixed working time. This fact might explain the reported differences between the 
estimated demand by the conventional method and the actual traffic demand with 
the endogenous value of time.  
     The reason for different changes in demand that occur through the changes 
between the travel time and the equivalent travel fee are quite different can be 
explained as follows. The change in travel time and travel fee makes the value of 
time change in the opposite way: the increase in travel time increases the value 
of time, whereas the increase in travel fees decreases the value of time. One can 
confirm the opposite sign in changes in value of time in table 4 and table 5 as 
follows. Table 4 shows that the value of time changes from 42.16 to 42.90 with 
regard to the change in travel time from 90 minutes to 110 minutes at 2 0.9,η =  
whereas Table 5 shows that the value of time changes from 42.1589 to 42.1587 
with regard to the change in travel fee from 1,000 yen to 1,843 yen at 2 0.9.η =   
     The opposite results generate the difference in the effect of the changes of 
between travel time and travel fee on trip demand because the value of time 
directly affects trip demand. Aside from that fact, the change in value of time 
affects not only the demand of goods requiring trips for purchase, but also that of 
other goods, e.g., composite goods and leisure time. One can see this fact 
regarding leisure time in Table 4 and Table 5 as follows. Table 4 shows that the 
leisure time changes from 19,434 to 18,771 with regard to the change in travel 
time from 90 minutes to 110 minutes at 2 0.9η = , whereas Table 5 shows that 
the leisure time changes from 19,434 to 19,434, i.e., the changes are negligible in 
this case, with regard to the change in travel fee from 1000 yen to 1843 yen at 

2 0.9η = . The other goods, e.g., the composite goods and leisure time, affect the 
number of trips through income or time constraints. Hence, even changes in 
travel time or travel fees induce only small changes in the value of time: the 
change in demand can be vast because of changes in travel time or travel fees. 

4 Conclusions 

Contrary to common assumptions of conventional economics, such as full choice 
of work time such that the value of time is equal to the wage, this study assumes 
that working time is an exogenous variable. Under this assumption, the value of 
time depends on the economic environment according to commodity prices, 
travel time, and other factors. This paper first clarifies how the value of time 
changes depending on the economic environment, assuming a C.E.S. form of the 
utility function.  
     Based on our simulation results, the value of time tends to be sensitive to 
travel time whereas there is no sensitivity for the travel fee. The elasticity of the 
value of time with regard to travel time is very large compared to that of the 
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travel fee. Furthermore, our simulation shows that the change in the number of 
visits through changes in travel time and travel fees can differ greatly even if the 
change in the travel fee is equivalent to travel time in terms of generalized 
transportation cost. This result is important for trip demand estimation. In the 
conventional demand estimation method, the travel demand depends on the 
generalized transportation cost, which comprises travel fee and the “value of 
time times the travel time”. That means that changes in demand with regard to 
changes in “travel time multiplied by the value of time” is the same as the 
change in trip demand with regard to travel fees in the conventional method if 
the changes in “travel time times value of time” and travel fees are the same. Our 
simulation shows that those changes in demand are totally different under the 
condition of fixed working time. 
     The trip demand is determined simultaneously with the endogenous value of 
time. In that sense, the change in value of time should be taken into account 
when forecasting trip demand. Results of our simulations show that the value of 
time can differ up to 10% depending on reasonable changes in travel time. 
Results suggest that the forecast method should take the change in value of time 
into consideration. If the value of time is not considered, the consequently 
forecasted trip demand would reflect neither the value of time nor the real trip 
demand. 
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