DIAGNOSIS OF VALUE OF TIME:
VALUE OF TIME AS A RESOURCE, VALUE OF SAVING TIME, VALUE OF
EXTENDING TIME AND VALUE OF ACTIVITY TIME
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Abstract: The objective of this study is to diagnose the value of time and its different concepts. In its traditional sense,
value of time in transportation research corresponds to the value of saving time in travel. However, there are different
concepts of value of time other than value of saving time, such as value of time as a resource, value of extending time and
value of activity time. In this paper, we formulate a microeconomic model of utility maximization in order to derive and
explain each of these concepts and their relationships. These concepts and relationships are useful for evaluating
transportation projects.

1. Introduction

In its traditional sense, the value of time (commonly known as, VOT) in transportation engineering and planning
corresponds to the value of saving time (VOST) in travel; benefits of travel time saving are extensively used in the
evaluation of transportation projects. This is the reason why the existing researches are limited particularly to the
estimation of value of saving time (VOST) in travel. However, it should be clearly understood that the term ‘VOT” is
rather confusing and should better be refined with particular circumstances. It should be noted that there should be some
restrictions (constraints) on time use in order to observe some value that an individual is willing to pay when the
associated restriction is released (relaxed), if he or she prefers such relaxation.

While allocating individual’s total available time to different activities, we generally face two types of time use
constraints: time resource constraint and consumption time constraint (Bain, 1976). Time resource is the fixed time
endowment for doing different activities, and hence, a constraint. This time resource constraint requires that the amount
of time allocated to a specific activity add up to the total time available. This relationship follows directly from the
assumption that activities are performed one at a time and all available time is allocated to the activities. It is not always
the case that only one activity can be done at one time. Several activities can be done at the same time, such as, reading
newspaper while traveling by transit, listening music while working and so on. However, we can classify the activities in
order to satisfy the above-mentioned criteria.

Each activity can be performed only at the expense of time. The amount of time allocated to a consumption activity is
partly a matter of choice, and partly a matter of necessity. The consumption time constraint applies only when it is binding.
The binding constraint is either upper-bounded or lower-bounded. For example, we have to spend a minimum necessary
travel time in traveling, but we generally prefer to spend as little travel time as possible. Hence, travel is considered as a
lower-bounded consumption activity. However, we can spend only fixed duration at seeing movie in a theater and, prefer
the extended duration if the movie is really interesting. Hence viewing a movie can be classified into upper-bounded
consumption activity. It should be noted that most daily consumption activities are not bounded by consumption time
constraint. Example includes; eating, sleeping, participating to recreational activities, shopping etc. This paper is heavily
drawn from Nepal (2005).

2. Microeconomic Model

In addition to income constraint, both resource time constraint and consumption time constraints, as discussed in the
previous section, play a vital role in time valuation. To make it clearer, we clarify the different concepts of value of time
(VOT) using a mathematical optimization problem. For this, let us classify all daily activities into three mutually exclusive
and collectively exhaustive groups: (i) activities whose consumption time is unbounded (e.g., time required for eating),
(i1) activities whose consumption time is lower-bounded (e.g., traveling time) and, (iii) activities whose consumption time
is upper-bounded (e.g., time spent seeing a movie in a theater). Let us formulate an activity time allocation model in which
an individual is assumed to maximize his or her daily utility by participating in different activities and consuming various
goods (expressed in terms of composite goods) under above-mentioned constraints. The subscript for an individual is
omitted for the convenience of mathematical notation.
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For mathematical formulation, let us denote activities whose consumption times are not bounded by
12,..., j,...,J), activities whose consumption times are lower-bounded by (1,2,...,4,..., K) and, activities whose

consumption times are upper-bounded by (1,2,...,/7,..., L) . Then, under both time (both resource time and consumption

time) constraint and income constraint, an extended microeconomic activity time allocation model over DeSerpa (1971)
and Becker (1965) can be formulated as follows:

Maximize:
U=U(tl,...,tj,...,tJ;tl,...,tk,...,l‘K,;tl,...,t,,...,tL;Z) (1

Subjected to:

it+frk+iz,=T = u )
I=1

t, >t = y,,.VkekK 3)
t, < M = y,,VielL (4)

F =Y (r;xt)=Y (rnxt,)=> (nxt)-PZ=0 = 4 ()
j k i

where:
U = Total utility of an individual over a period T,

t, = Time allocated to non-bounded consumption activity jedJ;
r= Unit cost of participation to a non-bounded consumption activity j € J ;
t, = Time allocated to lower-bounded consumption activity k € K ;
= Unit cost of participation to a lower-bounded consumption activity k € K ;
t,= Time allocated to upper-bounded consumption activity [ € L during a study period;

= Unit cost of participation to an upper-bounded consumption activity / € L ;

Z = Quantity of composite goods consumed;
P = Price of composite goods Z ;

t,f/” = Minimum required consumption time to lower-bounded consumption activity £ € K during a study period;
l‘lMAX = Maximum possible consumption time to upper-bounded consumption activity / € L during a study period;

F’ = Unearned income of an individual; and
U, A, 7., ¥, = Lagrange multipliers.

This constrained utility maximization problem clearly shows the time resource constraint, Equation (2), consumption
time constraint for lower-bounded consumption activities, Equation (3), consumption time constraint for upper-bounded
consumption activities, Equation (4) and income constraint, Equation (5). We define different terminologies related to
value of time (VOT) from this constrained utility maximization problem.

3. DIFFERENT CONCEPTS OF VALUE OF TIME

1) Time Resource Constraint and Value of Time as a Resource (VOTR)

When an individual is interested to extend the total available fixed time, there is a value he or she is willing to pay for
this extension. Saying in another words, if an individual is not interested to extend total fixed period of time, he or she will
not be interested to pay for the extended total time period and hence, the value of such extension for him or her will be
zero. However, since individuals generally prefer to have an extended longer total period of time, individuals are willing
to pay some amount of money for the extended period of time, no matter how much which depends and varies over
individuals. Lagrange multiplier £ , marginal utility of total available time, indicates the increase in the utility when the

total time available is relaxed by a unit and can be converted into monetary term dividing by marginal utility of money, A .
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Hence the ratio of these two constraints is the value of extension of time resource or total amount of time, called value of
time as a resource (VOTR), and is given by the following mathematical equation:

VOTR = ©6)
P

Note that the value of time as a resource (VOTR) is independent of the type of activities. So, value of time as a resource
(VOTR) is constant and equal for all activities, irrespective of whether the consumption time of an activity is constrained
or not.

2) Consumption Time Constraint and Value of Saving Time (VOST)

When the consumption time is lower-bounded i.e. consumption of an activity requires certain minimum amount of
time to be allocated and in the same time, an individual prefers to allocate as minimum time as possible such as in travel,
there is a value that an individual is willing to pay in order to further reduce the minimum required amount of

consumption time. Lagrange multiplier }, , marginal utility of consumption time, indicates the increase in the utility

when the minimum necessary consumption time of activity k is relaxed by a unit and can be converted into monetary

term dividing by marginal utility of money, A . Hence the ratio of these two constraints is seen as the value of saving time
in lower-bounded consumption-time-constrained activity and is called value of saving time (VOST) in that activity. This
value is fully depend on the types of activity which is constrained by the lower-bounded consumption time, and is given
by the following mathematical equation:

VOST, = % (7)

In this case, the value of saving time (VOST) in consumption-time-constrained activity depends upon the type of
activity under consideration. In transportation, value of saving time (VOST) in travel has important implications. The
terminologies, value of time (VOT), value of travel time savings (VTTS) or subjective value of travel time savings
(SVTTS) are commonly used to represent this quantity.

Since the majority of transportation analysis is directly related to this quantity, the value of saving time (VOST) in
travel and its role in the transportation projects is the major theme of the researches in transportation economics. Not only
the travel demand modeling and forecasting for transport service is influenced by the economic value of time but also it
plays a central role for evaluating transportation projects because of being a single largest contributor to the benefits in
deciding about investment appraisal and policy, and has important welfare implications. The value of saving time (VOST)
in travel are being adopted by transport planning agencies as only one of the major determinant of road project evaluation,
urban transit appraisal and transport infrastructure investment analysis. It can shed important light as to whether any
traffic control measures (7CM) will increase social welfare or not and help us understand how commuters make their
travel decisions. Quantifying the value of travel time and associated benefit is a very important but challenging issue for
the transportation planner and policy makers. Travel time saving benefit comprises the main component among other
benefits that transportation infrastructures provide, not only to the transport service users and but also for the non-users.

3) Consumption Time Constraint and Value of Extending Time (VOET)

When the consumption time is upper-bounded, i.c., consumption of an activity requires certain maximum possible
amount of time to be allocated and in the same time, an individual prefers to allocate as maximum time as possible such as
movie show duration, there is a value that an individual is willing to pay in order to further increase this maximum

possible amount of consumption time. Lagrange multiplier },, marginal utility of consumption time, indicates the

increase in the utility when the maximum possible consumption time of an activity, /, is relaxed by a unit. It can be

converted into monetary term dividing by marginal utility of money, A . Hence the ratio of these two constraints is seen
as the value of extending time in upper- bounded- consumption- time- constrained activity and is called value of
extending time (VOET) in that particular activity, given by:

VOET, = % (8)

Similar with value of saving time (VOST), the value of extending time (VOET) in upper- bounded- consumption- time-
constrained activity also depends on the type of activity under consideration. Since transportation professionals, in
general, do not deal with such activities; the value of extending (VOET) is not analyzed in sufficient detail till date.
However, we should take into account such activities, if we maximize the daily activity time allocation model using total
utility of the day.

4) Variation in Consumption Time and Value of Activity Time (VOAT)

Whether or not there is a consumption time constraint (lower-bounded or upper-bounded), an individual’s utility
changes with the changes in the duration of consumption activity time. In this case, the valuation of time allocated to an
activity due to direct variation in utility can be seen just the value as a commodity and is known as value of activity time
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(VOAT). 1t is sometimes useful to evaluate directly how important is the activity for an individual. The value of activity
time (VOAT) may be defined as “Value of activity time (VOAT) is the marginal rate of substitution of time allocated to an
activity for money and usually estimated by taking the ratio of marginal utility of time allocated to a particular activity
and marginal utility of total money budget constraint”. The terms value of activity time, value of time as a commodity and
activity time value are used interchangeably.

In some activities, the extension of consumption time duration increases the utility such as for recreational activities
(positive VOAT). But in other activities, the extension of consumption time duration decreases the utility such as for travel
time (negative VOAT). In our model, the value of time allocated to activity g € j,k, can be estimated by taking the

ratio of the marginal utility of time allocated to activity ¢ € j,k,! and the marginal utility of money budget constraint as
shown below:

oU /ot
VOA]—;:+5 C]Ej,k,l )

3. RELATIONSHIPS BETWEEN DIFFERENT CONCEPTS OF VALUE OF TIME

We can derive the relationships among these different concepts of value of time (VOT) using a general activity time
allocation model. Lagrange function of the optimization problem in Equation (1), Equation (2), Equation (3), Equation (4)
and Equation (5) is:

J K L
L=U(.)+,L1(T—Zt/— f, — t,}+z;/k(zk—t,fm)+
j=l k=l I=1 k
(10)
Z%(IIMAX_tl)+1[F—Z(rjxtj)—Z(rkxtk)—Z(ertl)—PZ]
! j k i
The first order conditions are:
oL oU oU
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oL oU oU
=t u(-D+y,(-D+A(-1)=0 = —=pu+Axr+ (13)
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From these first order conditions and the definitions of different concepts of value of time (VOT) in the above
mathematical equations, the following relationships among these different values can be established:

VOATJ. =VOTR+r]. (14)
VOAT, =VOTR + r, — VOST, (15)
VOAT, =VOTR + 1, + VOET, (16)

These relationships shows the different concepts of time value (VOT) are interrelated and estimating all of these
components are very difficult unless we develop an integrated modeling framework.

4. SYNTHESIS AND CONCLUSIONS

The paper discussed in-depth the value of time and its different concepts. In addition to value of saving time in travel,
there are different concepts of value of time, such as value of time as a resource, value of extending time and value of
activity time. We formulated a microeconomic model of utility maximization in order to derive and explain each of these
concepts and their relationships. Empirical estimation of these values are left for further research.

REFERENCES

1) Bain, J.H.: Activity choice analysis, time allocation and disaggregate travel demand modeling, Master Thesis,
Massachusetts Institute of Technology, USA, 1976.

2) Becker, G.A.: Theory of the allocation of time, Economic Journal, Vol.75, pp.493-517, 1965.

3) DeSerpa, A.: A theory of the economics of the time, Economic Journal, Vol.81, pp.828-846, 1971.

4) Nepal, K.P.: Extended microeconomic frameworks for modeling activity time allocation, PhD Dissertation, Tokyo
Institute of Technology, Japan, 2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


