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Introduction: what Is the value of time?
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Importance of Value of Time
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Transport investment

Time-saving plays an
imporlint role in benefit

Calculated based on value of
time
Example of share of time-saving
benefit from transport investment

To measure the VOT of railway investment project o
Tokyo

m) is essential for better _
Time- L::;;7

Cost Benefit Analysis saving
benefit




Definition of value of time (assigned to
a specific activity)

The amount of money which is required in order to
recover his/her utility into indifferent situation from the
Initial one when the time assigned to a specific activity Is
decreased (or increased) marginally from the initial
situation.

Marginal utility w.r.t. time

VOT =

Marginal utility w.r.t. cost




Researches on Value of Travel Time (VOTT)

mVOTT can be derived theoretically from the
resource allocation model

What Is the resource allocation model?

The model in which a consumer allocates his/her time and
cost to several activities by maximizing his/her utility under
time and budget constraints

mMany types of time/resource allocation models
have been suggested so far.



Becker (1965) type model

hé?XU =U (G@N Leisure time

Leisure cost
G+Hc= Budget constraint

Travel cost

0 : .
Time constraint
TLO=T

Travel time

Becker model
Utility function includes both amount of goods and time
*Not only budget but time are included as constraints
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Derivation of VOT from Becker model

Lagrange Function

L=U(G,T)+A(l ~G—c)+ uT° -T -t)

First-order condition

oL_ou_ 4 _au/aT
oT 0dT ‘ oU /0G
oL _oU _u
0G 0G A

The VOT derived from this formula
IS not for travel time but leisure activity time
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Derivation of VOTT from Becker model

Indirect utility function Vv (C,t, 1, T °)

In general, the sensitivity analysis for the optimized value w.r.t. a
corresponding parameter in the objective function can be conducted by the
Envelope Theorem (Varian, 1984)

From the Envelope Theorem
Value of travel time

oV _ou L ofre-T-t)

a o T ” » ov/ot _
LA a(I—G—c):A* ov/oc A
dc  dc dc
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Extension of Becker type model

Based on the Becker model, various types of models
have so far been proposed by many researchers

Johnson(1966) incorporating the working time into the model
Oort(1969) incorporating the travel time into the model
Small(1982) incorporating the scheduling into the model
Jara-Diaz(2000) generalized model is proposed
Jara-Diaz(2003) more generalized model is proposed



"
Definitions of VOTs by DeSerpa(1971)

Traditional definition of VOTT

VOT = the substitution ratio between the marginal utility w.r.t time to the
marginal utility w.r.t. income

vorr = 2U/o or VOTT =
oU /oc| _,, max

dv/ot
ov/oc

De Serpa (1971) proposes three types of VOTs

*Value of Travel Time Saving
*VValue of Time as a Resource
*Value of Time as a Commodity



=
De Serpa (1971) type model

MaxU =U (G, T,t)

G,T,t

G+c=1 Budget constraint

Time constraint

Time consumption
constraint

What is the time consumption constraint?
This constraint is considered as the minimum requirement for a specific
activity. This is determined by the technical or the institutional constraints.



Derivation of value of travel time savings
from De Serpa model

Lagrange function

L=U(G,T.t)+A(1 =G —c)+ u{T° -T -t)+«, [t =)

. B

oU

—=U- Kt (one of the first-order conditions)

th

This may be the one that
“ i %_(GU/G’% h should be used for the

project evaluation!!
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Value of travel time savings

Definition of the VTTS De Serpa,1971.

Value of VOT as a | VOT as a
saving time § resource commodity

k”_ g auU” /ot

* *

A A A

*

¢ )7, marginal utility w.r.t. available time
travel time .

. marginal utility w.r.t. available income

What is the VTTS?

The marginal utility converted into monetary term when the
time consumption constraint w.r.t. travel time is relaxed.
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Derivation of VOTT from De Serpa Model

Lagrange function
L=U(G, T )+ A1 ~G—c)+ u{T® - T —t)+ x, [t )

oU

—— = M~ K, (one of the first-order conditions)

ot

By applying the Envelope Theorem to the indirect utility function
oV _ou _ . o(l -G -c)
oc oc oc

:/]*

The VOTT Is derived as

u
ot

ov _ ,Ll* — K, Thisis equal to the value of time as a
ac — I resource defined by De Serpa
U 0



Technical problems in parameter
estimation of resource allocation model
for non-work activities
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Measurement of VOT/VTTS based on the
discrete choice model

In transportation research, the discrete choice modeling is
familiar to valuate the VTTS empirically

Valuation of VTTS by the discrete choice model
*Train and McFadden(1978) challenged first
*Academic disputes between Truong and Hensher(1985) and

Bates(1987)
*The discrete choice model is now widely used in practice to

evaluate the VTTS

| will not use the discrete choice model but resource allocation
model in this presentation

*Discrete choice model can be derived from the time allocation model!!
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Why not discrete choice model?

m Trip-based discrete choice model usually has an implicit
assumption: “the consumers TRAVEL!!”
The data used for the modal choice model is always the sub-sample
of travelers
m However, many transportation policies may impact not only
the traveler’'s behavior but also the non-traveler’s decision-
making of generation especially for non-work travel.

For example, people may choose their activities of non-work day:
whether out-home-activity with travel or in-nome activity without
travel.

Recently Travel Demand Management is very important. Some of
TDMs intend to control/manage the trip generation.

m In order to deal with a trade-off between travel and non-
travel, one of the most appropriate technigues is the
resource allocation model based on activity-based
approach.
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Multi-activities resource allocation model

Max Uy =U(T,,Cp)

subject to YT+ Dty =Ty

Tal j0J

chi u chj - In

Tal j0J

Lagrange function j’

I—n =U (T; ’C:\)+/]n(Tno _ZTni _Ztni)

+:un(|n _chi _chi)_l_zkr-ll-i-rni +ZKrclani




Derivation of VOT and zero-allocation problem

First order condition

OL(T;,C) _ 0U(T,.Cr) _

= = A+ K =00 kL O:=00 k2
ni ni

0L<6Tgcn> _ oV ggca 4 -kS=0 kScO=0 K520
ni ni

Value of time assigned to activity i

Ta

T =0@and C; =0

VOTs are equal to value of time as the resource if and only if both allocated times and
costs are positive, otherwise they are equal to or less than that.



Introduction of Tobit model (Tobin, 1958) to deal

with zero-allocation

For example

If we introduce an error term &y following independent normal

distribution N(O, (TT)

o_ eiT[Tn°—Ztni]+g§i if 9T
"o it g7

P 2t

T -t

+ng,i>O

+eh <0

We can estimate the parameters by maximizing the following log-likelihood

function

InL, =

rln{i‘{ﬂ‘?_‘gﬁ re -t ]ﬂ it T§ >0

InCD[ QT[TO Zt”']] if T-=0
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Parameter identification problem

Example: Cobb-Douglas type utility function with two activities

maxU, =& InT,+& InT,+& InCy +& InCpy
st T +T,+t,+t,=T° T,20, C,=20 (O

Cnl_l'CnZ"'Cnl_l'CnZ = In

_L>Optimal solutions

C
TO —t . —t if TV>0 <i | —C,—C if CJ>0
Tn? — 51 + 52 [ nl n2 ni — 51 52 [ n nl n2] ni
0 if T-'=0 0 if C; =0
We can estimate only We cannot estimate the VOT!!

the ratios of parameters

U/aT, _
g/g &l | <mmmmp| 5000,
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Background of the identification problem

max& InT,+& InT,,+&° InCy +&5 InC,,

:max(flT INT, +&) |nTnZ)+maX(51C INCry + 5'”an)

Utility maximizat&w.r.t. time Utility maximizati;n w.r.t. cost

max(flT INT,+& InTnz) max(ff INCpy +&5 Inan)

S.1. S.L

_T0 —
Tnl +Tn2 +tn1 +tn2 _Tn C:nl +Cn2 +Cn1 +Cn2 - In

Main optimization problem can be divided into two independent
sub-optimization problems!!



Two approaches for solving identification
problem of resource allocation model

m Approach 1: modification of utility function

Utility function will be changed into the one
which has a cross effect between time and
cost

m Approach 2: modification of constraints

New constraints will be introduced into the
relationship between cost and time



One of the solutions for the identification problem of
work-day resource allocation

m For the work-day resource allocation, Jara-Diaz
et al.(2004) solved this problem by introducing
the working time into both utility function and
time & budget constraints.

vl |@+ EEINCyy +£EINCp

maxU, =& InT,+& InT,,

S.L. Tnl +Tn2 +tn1 +tn2

How can we solve this problem for resource allocation of non-work activities?



Proposed model:
resource allocation model for leisure activities of
non-workday

Assumptions

* Income is given and fixed. (due to non-workday)

e Leisure activities are classified into two types: out-of-home
activity and in-home activity.

o QOut-of-home activity requires travel while in-home activity
does not.

 Time and cost of out-of-home activity are non-negative
while those of in-home activity are positive.
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Non-work day Model.
Introduction of number of travels into the model

Original problem

maxU, =& InT,+& InT, +& InCy +& InCpy
s.t. T +T,+t, :Tn0 1,20 C, =0 (Di)

Cn1+Cn2+Cn1 = In

1: out-of-home leisure activity

Introducing the number of travels _ _ -
2. iIn-home leisure activity

and expected unit time & cost
v consumed in out-of-home leisure activity

maxU @Tnz’cnz gnl Ir@B-I-nl + Enz lnTnZ + fnl Ir@Bcnl T fnz In Cn2

(Tnl'l'tnl)'l'TnZ _TO an—O
Cnl'i'Cnl)-|'Cn2 - In Tn2 > O’ Cn2 >0




transformed into 5y (an,T Z,an) (gnl +5n1)|n N +&LInT, +&5InC,

n
ﬁ =& NNy +&5,INT, +&5InCpy

Lagrange function

I—n:Un'l_/]n\_Tno_ (T1+tn1) TnZJ

+/Jn n1(Cn1+Cn1 Cn2 +KnNn1

Estimation Method 1
Optimal solution

x+\/x + A8l Ty n(Tm*tanCnlJ’C”l) if Ny >0
_‘Z> NnD1:4 2(£n1+fn2+5n2) i

0 if N =

where X = (Enl +<zn2 nl +tn1)| (Enl +fr$ZXC—m+Cn1)TnO

term for the optimal solution

We can apply the estimation technique of Tobit model by introducing error




Estimation Method 2

L, =U, +/]n\_Tno - an(Tnl +tln1)_Tn2J

+ Uy In - an(Cnl'l'Cnl)_an +KnNn1

One of the first-order conditions

oL, & [ [ =0 if N,;>0
= ——=A Ty +t1 )~ M, \Crp +C
aan an n( nl nl) :un( nl nl){S 0 if an -0

Introduce the error term into one of the parameters!!
; . -
= an /]n ngl +tn1)_ Hn
AT +t

$1° |
n Tn nl)_ My Cnl t Cnl)_ tE&y

, :
Cnl + Cnl)_ R

\ﬁ

<Ny

. |

By the error term introduced into the parameter, we can consider individual
heterogeneity. We can estimate it by maximizing the likelihood function.




Problem of the proposed non-work day model

How should we define the expected unit time and cost consumed in out-
of-home leisure activity?

— I - T C ~ C
maXUn _5n1|n |\Ini-rnl'l'gnZIr]TnZ_l' nlln |\Ini(:nl_l'gnzlncnz

st an(Tnl +tn1)+Tn2 = Tno an 20

an(Cnl +Cn1)+Cn2 = In Tn2 > O’ Cn2 >0

We may need some additional model for estimating
the expected unit time and cost.




Empirical application of the proposed
method to valuation of VTTS for
private travels (Kato and Imai, 2004)
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Aims of the empirical analysis

» To formulate a resource allocation model to
valuate the value of travel time savings (VTTSS)
for private travel*

» To analyze the VTTS empirically by applying the
model to the daily private activities and trips of
people in the Tokyo Metropolitan Area

*Private travel is defined as the travel by which one can reach a
place where the leisure activity is conducted
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Assumptions on allocation of time and cost for
leisure activities

» Consumers’ time allocation decision on work day and
that on non-work day are not independent

> The time allocation model to discretionary leisure
activities is formulated for the consumers’ behavior of
allocating their non-work time in a week

> Working time are given and fixed due to the working
practice of Japan’s society. This leads to the constant
Income assumption.

» The non-work activity is categorized into three types
In-home leisure activity
after-work-time leisure activity (on work days)

out-of-home leisure activity (on non-work days)



"
Choice of activities on work day

In-home activity vs. after-work-time leisure activity

workplace

go home directly

R

after-work-time leisure activity

Meal at home
Watch TV
etc.

Go shopping
Go to pub
etc.



N
Choice of activities on non-work day

In-home activity vs. out-of-time leisure activity

7

out-of-home leisure
activity

K

=

Go shopping
Go to restaurants
etc.

home

Meal at home
Watch TV
etc.
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Basic structure of the model

Consumer’s behavior

Maximization of utility subject to available time
and cost constraints

“ Choice of place and timi’s < weekly >

of leisure activity

placel place2 placek -+
[Nyvisit | [Npvisit]| | N, visit

Allocation of time Allocation of time “ < One-day >
and cost and cost

Nested structure of decision-making

Weekly allocation of time and cost far
leisure activities
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One-day activity model

Allocation of time and cost under the condition that the activity is
conducted at the place k

Max. of utility coT rgaxT Uday(Ck’Tk’Chome’Thome’Xk1Yn)
k» 'k »~home " home

subject to
Budget
constraint Cy +Crome = lgay
Time 0
: + =
constraint Tk + Thome = Taay
Non-negative
> > > >
conditions T >0, € >0, Thome > 0, Chome >0
T.,C. time and cost consumed for out-of-home X : characteristics of
activity K place k
Thomer Chome : time and cost consumed for in- Yn - individual attributes

home activity
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Specification of the model
Functional form of utility function in one-day model
Linear function of partial utilities stemming from time and cost of activities

U = UTk (Tk) +UCk (Zk) +UTh (Thome) +UCh (Zhome)

( U = exp(AXy + &g ) In(Ty )

Uc =expBX, + &g ) On(C,) *Monotonic increase
4 of utility w.r.t. time and cost

UTh = exp(CYn) |:[h(rhome) . -
*Decrease of marginal utility

U Ch ~ exp(DYn) [[h(Chome)

ﬁ A B,C,D . parameter vectors
>

ETkr€ck - errorterms
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Weekly activity model

allocation of time and cost by deciding the place and times of
leisure activities in a week

Max. of utility NTQ%X tU(N’Tw ’Cweekixk’Yn’t)
1 Tweek »™~week 1
subject to
Budget
constraint ;_NLN(C\(V +C\(V)]+;IN|:' (CF oy )]+Cweek = | ek
-(l:-(l)rrr:gtraint Zk: N\kN T +t¥v)]+§['\'k“ (TkH +ty )]+Tweek = Toeek

Non-negative
constraints
Time consumption t, > fk
constraint

Z

¢ 20, N 20, Tyee >0, Cpeec >0

N\kN, NkH : times of leisure activities conducted at place k

Tweeks Cweex : time and cost consumed for in-  t,,C,_ : travel time and cost
home activity

N={N,N,,....,N.},t={t,t,,....t,} W :Weekday, H : Holiday
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Specification of the model

Functional form of utility function in weekly model

U = ZU \|<|Vk(N\kN) +ZU IN_Ik(NII<_| ) +UTW(Tweek) +UC\N(Cweek)
k k

Ui (NG =expE™MY, + FY X, + Bty —tr) + &) IN(NY +1)

UNHk(NI:l) = exp(EHYn +F" Xy +:BtH |:ﬂkH +£Sk) [I]n(NkH +1)

Attractiveness of Monotonic increase
place k of utility w.r.t. time and cost

*Decrease of marginal utility

E.F.GH 1/81; . parameter vectors t, :travel time when out-of-home
activity is conducted

£Nk - arror term ts trave! t_img when no out-of-home
activity is conducted



Expected unit time and the expected unit cost

They are derived from the one-day model

AX\ t+&7
Expected time T, =TJ2 q+00 © LIf (5‘ )
k day —J_, o™Xiter 4 oCY, T
. oo eBXk +&c
Expected cost C, = Iday [j X v LIf (EC)
—00

e k+£C _|_eD n

These expected time and cost are simulated
‘ based on the estimated parameters of one-day
model and are used for weekly model
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Estimation of the model

Optimal conditions

-

er =IN(Ty ) =IN(Tpore ) +CY,, = AX
<

One-day * )

mOdel €c = In(Ck )_ln(Chome )+ DYn - BXk
L [P s 0

Nk . . )

<IN(NY +1)+InSY" (NY =0

W66k|y ] : ( kH* ) S<H* ( t; )
model gH <:|n(Nk +1)+|n3< (Nk >O) (Dk)

N < In(NkH* +1) +1In 3('** (NkH* =0)

m) Likelihood maximization
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Data used for the model estimation

Weekly time-use diary RP data from the 2001 Tokyo

Metropolitan Area of Japan
(EAST JAPAN MARKETING & COMMUNICATIONS, INC., 2001)

»Period of survey March 1to 7, 2001

> Area Tokyo Metropolitan Area (residents living
within 70 km from the center of Tokyo)

(e Individual weekly diary activity
; Includ. travel time, travel cost, purpose,

~Surveyed | piaces of start and destination of travel, etc.

data

« Consumption activities related with travel
, place and types of activities

»Number of samples
3047 individuals includ. 923 rail-use commuters



Result of Estimation (one-day model)

Married females conduct
less after-work-time
activities

150

120

90

60

50

0
Married female others

Time consumed for after-work-time

leisure activity (mins)

Time consumed for after-work-
time is longer at the place
where more retail shops are
located

Time consumed for after-work-time

Females consume more money
for out-of-home leisure

£
<
)
=
I o
‘T wactivities
s o 5,000
=2
2 > 06,000
L2
§§ 4,000
S o /000
— D
22 0
© male female
150
= 10—
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%’ 30
.§ 0
v 0 200 1000
@ Area density of retail shops (shopsAm
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Result of estimation (weekly model)
L ]

. =
»The more the density 3 00 //
of retail shops, the more g 00 s
frequent visit for leisure s~
activities 5 Oé —
£ 400 500 300

Area density of retail shops (shopsAm

____After-work-time activity
(working day)

—— Qut-of-home activity
(non-working day)

2

]

(<5)
»The longer the travel = L
time is, the less frequent o 04 ~_
visit for leisure activities £ 0

= 0,

S ()

S 0

(@

e 0 10 20

Travel time (mins)
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Results of valuation of VTTS for sample data

18
Travel for after-work-time 16
. .. . 14
leisure activity by rail D 1,
. (@
(working day) £ 10
® 8
6
4
2
0
0 20 40 60 80 100 120 140 160 180 200
Estimated VTTS (yen/min)
25
Travel for out-of-home 20
leisure activity by rail 3
(non-working day) s 1
& 10
5
1 SFr. = Q%gen . D e
1 Euro =130 yen 0 20 40 60 80 100 120 140 160 180 200

Estimated VTTS (yen/min)

Cf. Morichi et. al (2000) estimates VOTs by MNP for urban rail users in Tokyo
45yen/min (commuting travel) and 23 yen/min (private travel)
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Summary of empirical study on VTTS of Tokyo

» The resource allocation model is formulated and
estimated for private travel in Tokyo

The model incorporates

@®activities both on working day and non-working day
®both in-home activities and out-of-home activities
®both time constraint and budget constraint

» the VTTSs are estimated empirically based on De
Serpa’s definition



Discussions



"
Discussions and further study

m time allocation model vs. discrete choice model
m reality of rational decision-making of time allocation

m negative VOT & VTTS

m wage rate vs. VOT & VITS

m travel distance and VOT & VTTS

m VOT on non-work day vs. VOT on work day

H Va
va

H Va

ue of assigned time vs. value of schedule delay
ue

ue of time In joint decision-making of multi-

travelers
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Thank you for your attention.
If you have any question or comment, please contact me by

E-mail: kato@civil.t.u-tokyo.ac.jp



