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Abstract

There has been a very large amount of researchtetevo the study of chains of
activities. The initial studies were developed ieography (space and time
description of human activity, as described by TrsHagerstrand and Peter
Hagget) and in economics (starting with the semvmaik of Gary Becker). More

recently, transportation scholars (see for exartipestudies of Chandra Bhat or of
Kay Axhausen) have started to develop sophisticaednometric models to

describe the chain of activities during the whokey,dor the whole week. One
rationale for this research is the fact that useesincreasingly sophisticated and
spend more and more time on trips other than frameénto work. Thus, lengthy

trips with many stops can now be envisaged (witnetomes one of these stops
being at the office) which change the structurgafel demand.

We propose here a complementary avenue of researeéring the following
questions: what are the impacts of the chain alides on the decisions of the
firm? The fact that users change their activitytgras does influence the locations
of the firms (see for example the emergence ofelasigopping areas near railway
stations or even inside railway stations and atg)pras well as their pricing
strategies. The questions are: Is the market morkess competitive when trip
chaining is taken into account? Are human actisitieore or less concentrated as
users are more involved in trip chaining?

Keywords: trip chaining, discrete choice model, general éim model,
imperfect competition, wage competition
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Trip chaining: who wins, who loses?

1. INTRODUCTION

There has been a considerable amount of reseandtedeto the study of activity
patterns. The initial studies were developed in ggaohy with the space-time
description of human activity advanced by Hagerstrg1970, 1975) and Haggett
(1977) and in economics (starting with the semwaitk of Gary Becker (1987). More
recently, transportation scholars have started dveldp sophisticated econometric
models to describe the chain of activities durihg tvhole day of individuals using
diary survey data (e.g. Axhausen (2002)). Adler Bed-Akiva (1979) present a model
for a day non-work travel pattern. Bowman and BeivA (2001) include work as an
activity in their discrete choice model system, athcan be used for travel forecasting.
Bhat and Singh (2000) develop a representatiomefnorkday activity-travel pattern,
in which several activity stops can be made dudiftgrent periods of the day (sub-
patterns). Golob (2000) develops and tests a holgsetip generation model, which
forecasts activity participation, trip chaining aindvel time as a function of household
characteristics and accessibility indices. Kuppamd #@endyala (2001) also use a
structural equations modelling approach appliedadtivity based travel survey data
collected in Washington DC. Bhat et al (2004) foonsnultiday activity generation.

Trip chaining is considered to be a growing phenoonein travel and activity
behaviour, as individuals try to reduce the amafntravel time needed to complete
daily activities, given the limitations of theimte budget. In their empirical analysis
using data from US metropolitan areas, Bhat andi5i2000) show that stops for
shopping or socio-recreational activities are niigely to be made during the evening
commute or later in the evening. Recker et al (2@&mine the effect that efficient
travel decisions, like trip chaining, can have be potential to engage in additional
activities. Applying their numerical model, in whica generalised household cost
function is minimised subject to time-related amditing constraints, to data from
Portland, Oregon, they show potential househol@ssibility improvements with trip
chaining. Hensher and Reyes (2000) use econonaetalysis to look at the potential
barrier trip-chaining creates to attracting carrsige switch to public transport. In the
field of consumer research, Brooks et al (2004)hamdminishing sensitivity and
reference point dependence theory to trip chairang investigate experimentally
preferences for distance and clustering of stoplsaractivity chain.

In this paper we pursue a different avenue of mebeand examine the effect that trip
chaining by households has on the pricing and va&gesions of firms. Are firms more
or less competitive? Our starting point is a thBocagé symmetric model of a city, in
which households live in the city centre and thisrémperfect competition between
firms located in subcentres (de Palma and Proo$5)20in the original model
individuals made separate working and shopping trifere we relax this assumption
and allow consumers to shop at the subcentre wthene work. The model is first
briefly described in Section 2 and the short-runildgrium with trip chaining is then
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derived and compared to the results of the origimadiel. A small numerical illustration
is included. In Section 3 we look at the welfareplications of trip chaining and in
Section 4 conclude.

2. THEORETICAL FRAMEWORK

2.1. Mode Setting

The study imperfect competition in a city both wahd without congestion has been
analysed recently for a closed economy by de PaimdaProost (2005). In their model,

households are constrained to make separate tipshbpping and working, so trip-

chaining is de facto not permitted. In this paper melax this assumption and allow
residents to shop at their work location withoutking a separate journey. In the
current paper, the model set-up is symmetric andaeveot include congestion in order
to focus solely on the effect trip-chaining hastbe price equilibrium. In this section

we provide a brief description of the model setamgl derive the relevant expressions
for the symmetric price equilibrium without congestbut with trip chaining.

Residents live in a city centre and travel to oha subcentres to work and shop. In the
symmetric city, the subcentres are equidistant ftioencentre and there are at least two
subcentres. Residents first choose where to wodkthen decide whether to shop at
their work location or at another subcentre; howeaesidents can only travel between
the centre and each subcentre and not between rdtdxe(see Figure 2-1). A
homogeneous good is produced in the city centreuged as an intermediate input for
the differentiated good, which is produced in thébcentres. Thus, both firms and
consumers incur travel costs. In this general dmiln setting, the numéraire
homogeneous good represents all production in tbhenany other than the
differentiated good and all profits are returnedhe households. The labour market is
also considered separately and jobs in the differed industry are heterogeneous.
Only one differentiated product variant is produegcach subcentre by a single firm
and each household will consume one unit of diffea¢ed good and supply one unit of
labour for its production. Hence, in the currentrnialation, demand for the
differentiated good is inelastic and, if the laboarket is assumed to be fully flexible,
the product and labour markets will clear. All renag labour ) and income is
devoted to the homogeneous good and there is trerefo possibility of non-
consumption or unemployment.

The total production possibilities of an economyhwi households and firms can
then be expressed in terms of the following idgritt labour supply and demand:

N
(L+O)N=D+c'D+nF+(@" +a’ +a")XtD, +nK +G, (1)
i=1

where D(=Y.D)) is the total demand for the differentiated goatis the marginal
production cost of the intermediate inp#t,is the fixed production cost for each firm
and transportation costs for commuting, shopping aopply of goods are given

N
by(a"+a® +a")> tD,. These last are exogenous since there is no dimgeEach
i=1



Trip chaining: who wins, who loses? 4

subcentre requires some road infrastructufg, (which is paid for by a levy (S) on
firms and head-tax (T) on consumers. Finally, Gades residual consumption of the
homogeneous good.

Transport Flow
+Shoppers

)
+Commuters
Differentiated +Trucks
L \
AR
\
Differentiated /
good —l
.
AR\

Figure 2-1 Schematic of city layout

N residents
n subcentres

2.2. Household Preferences

Household utility is represented by a linear fumctiof the utility obtained from
consumption of the differentiated and homogeneoasdg and the disutility of
supplying labour to the production of these goa#isng the household budget equation
to substitute for consumption of the homogeneousigan indirect conditional utility
function can be derived to express household meées. In this case the utility
function represents the preferences of a househaldbuys differentiated goddand
supplies labour to subcenire

Uy =h -p-a’t +w -4 —aWti+9(1—ﬁ)+%ZiT|—T. (2)

Each of the N households is paid a wage for working at subcentreand buys one
unit of variantk at price, p, . Both prices and wages will be determined by tloeleh

The parametersr” and a® represent, respectively, the number of commuting a
shopping trips the consunferundertakes per unit of production (respectively
consumption) of the differentiated good. They aosifive constants. The travel time
required for shopping activities, , is zero if there is trip-chaining. Otherwise,tirve
symmetric case, commuting and shopping travel tiraes identical and positive
(t, =t, =t >0). Each household also receives a share of the'fppnofits (z).

The utility of consumption of differentiated produariantk is given by an intrinsic
quality componenty and a stochastic componeats, :

h =h+u'€,, 3)

" In the following we will use household and consuritegerchangeably as it is easier to consider the
household as a single worker or shopper.
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and the disutility of labour at subcentres similarly given by the following two
components:

B =B-u". (4)

Hence, all households will value the quality of@bduct variants in the same way and
will experience the same disinclination to work at subcentres. However, the
households will still vary in their tastes: the gameterse, and ¢, represent the intrinsic

heterogeneity of consumer tastes and are assumée i0.d. double exponentially
distributed. The parameterg/*andy® determine the degree of heterogeneity of
preferences. In order to apply the nested logitr@ggh, consistency implies that:
0<u® < 4", so that households’ preferences for their chofceorkplace are at least

as strong as their preferences for shopping latatio

Substitution of (3) and (4) in the utility formuian (2) results in a random utility
function for which the choice probabilities can tetermined using the nested logit
model. We use a heuristic approach to derive tbbahilities of working and shopping
at a given subcentre: the resident first selectsnaurkplace and then chooses where to
shop. The consumer surplus associated with thdeetss shopping alternatives, given
his work location, affects his initial workplaceaibe. A full derivation of the choice
probabilities can be obtained using the Generalisddeme Value (GEV) approach of
McFadden (Mc Fadden 1978). The decision tree femissted logit is shown in Figure
2-2 below.

Choice of work place

Choice of shopping

location

1 2 n 1 2 n 1 2 n
Figure 2-2 Nested logit

In order to derive the symmetric price equilibriuwe first suppose that firrh deviates
and sets pricep, for its product and pays its workers a wageAll other firms charge

p* and payw*.

The probability of working at subcentfeis given by a binary nested logit model, as
follows:
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QV\g—aWt+CSl—,6’

R (W, W) = H
QV\ll—aWt+CSl-,5’+(n Ne
Cc w - )T
U

whereCS is the consumer surplus for a resident who wotlssibcentrel

: (5)

w* —a"t+CS, - 8

w

-p —pr-at
CS =h+u* Iog[e“d +(-1e * } (6)

The first term in the bracket refers to the resideno shops and works at subcertre
(trip chains), while the second term refers torégmdent who works at subcentrédut
shops elsewhere with travel tirhe

CS; is the consumer surplus for a resident who wotleng other subcentie say
—pl—dadt % —p*—da“t
CS,=h+u'logle #* +e* +(n-2e “ |. (7)

The first term in the bracket refers to the residemo works ak and shops at subcentre
1, the second term to the resident who trip chav@ks and shops &) and the third
term to the resident who works laand shops at subcentjez k or 1, with travel time

t.
The probability of working at a subcentre (otherttsubcentré) is given by
w*-a"t+CSs, - f3

w

PW: lll
-1 W,

eh=a tJrCSl_'G+(n—1)e

7 U

The denominator is the same as in (5) since thewnoer still has the same chance of
working at subcentr& and being paidy, or another subcentre and being patd

o : (8)
w*-a"t+CS, - [

W

The probability of a resident shopping at subcehtyesen he works there is given by
eh —P

’ud
R (P P =—— — 9)
ehIUdple(n_l)eh p*-a‘t

d
The first term of the denominator refers to a restdvho trip chains and the second to
the resident who works at subcertrbut shops elsewhere.

The probability of a resident shopping at subceffrgiven he does not work there is
given by
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_ _ A~
eh ;’)[lldat
R = a . A (10)
eh_pld_at+eh_dp +(n_2)eh—pd—at
H H

In this case the terms in the denominator coveptii®ns of: a)shopping at subcentre 1
but working elsewhere so there is a travel time;shdpping and working at some
subcentre K #1say); and c) shopping at k but working at subce(ir&k or 1), so

again there is a travel component. The residentd&ravel to subcentre 1, s@ppears
in the numerator. Note that in the above equatibes andf terms cancel.

Let N,“ =NR", the proportion of households that work at subeeth. Then we can
write the probability of shopping at subcentras

N =N,"P; +N@L-P/)P, ]. (11)
We also know from market clearing thislt” = N,*and by substitution in (11) we get
P1W[1_ P1|1S+P1HS}_P1}§ =0, (12)

which provides a relation between the prigend wagew, set by firm1.

2.3. Firms

In general, the profit of firnn can be written:
T(w,p)=(p -w—-c —a"t)NP"—(F+S) 0i=1..n, (13)

where the demand, = NP‘ = NP"under market clearing conditions. Since fin
deviates, his profit becomes

7, (W, W, py, pY) =(p—w,—C —a") NP ~(F +9) . (14)
Firms compete in a non-cooperative Nash game \Wéfr bwn prices and wages as the
strategic variables. Since from (12) we know tipatleterminesw, and vice versa, we
take the wage as the strategic variable for fitmand writep, = g,(w,). Note
that:g, (w;) = g(w,,w*, p¥) . Then, further assuming that firth takes the prices and

wages of the other firms as given, the first ordendition for profit maximisation by
this firm is given by

dr, _|( dg, v n\(1-R” w
—=||—=-1|+(p—-w,—-Cc-a't NB" =0. 15
dw; {[dW1 j (pl ' ) ! 1 )

U

In the next subsection, we derive an expressiothiokey strategic term gdgws.

2.4. Market equilibrium

In order to derive an expression for a candidatshNequilibrium from the profit
maximisation condition and prove its existence, first need to determine the
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derivative of the price at firmh with respect to its waged§, /dw, in equation (15)). |
added in a few place inequalities inside the equati

_ d
Lemmal %:—’U<O wherey=~—<land®=F;-P, ’>0.
aw, 1+ (1-p)e 78

Lemma 1 is proved in the Appendix.

Substitution ofdg, /dw; from Lemma 1 in (15) leads to

_/1 _ _ _ l_ h 1_ F}-W W:
Hﬁ(l—u)@(pl,p*) 1J+(pl e at)( u" HNH (10)

Replacing " in (16) in terms of the conditional shopping proitities (P,;°andp, ;*)

from equation (12), we obtain

—(1+u)-(A-u)® Al h 1_Fi|13 Pl{'f _
K 1+ (1- g0 J+(pl e ”t)[uW[l-MﬂN[l—@] o 0

Now, at equilibrium in the symmetric casg, = p* and we can therefore rewrite the
conditional shopping probabilities (9) and (10) as

1 1
PS=— = = 18
"1+ (n-DA n (18)
s A
Prr =——— <
1+ (n-1A

1, (19)

_~d d . .
whered=e@"* >0 D(O,]) from our model assumptions. Moreover, we can write

s s_  1-2
D =B -Py; _—1+(n—1)/1' (20)
Note, ® >0so there is a greater probability of trip chainithgin of working and
shopping in separate locatioRg’is also increasing with :large travel costs or weak

preference for shopping location increase the poitiba of trip chaining. There is,
however, an equal probability of working at anythed firms (B" =1/n). Substitution of

expressions (18), (19) and (20) in (17) allow ussmecify the candidate Nash
equilibrium.

Proposition 1 When trip chaining is permitted, there existsn&que symmetric Nash
equilibrium in prices and wages, for two firms ooma in the market. The price-wage
equilibrium is given by

Y S n _ny (1-4)(1-4)
p* —w =c +a"t+( u" + 1 - n—1{[2—,u+(n—2)/l+,u/1]} (21)

Proposition 1 is proved in the Appendix.
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From (13), in equilibrium, a firm’s gross profitpeousehold (neglecting fixed costs) is

e W) @-m-4) | 22)
n-1 n-1f (2-p+ (- 21 + pA)

Using the fact thatz <1 and A <1, it can be verified that?* >0. The comparative
statics result is straightforward and left to tleader. The relationship between the
mark-up in price over wage and profit and the patans n,a®,u",u® tand Ais
discussed in Section 4 using a numerical example.
It is possible to perform the same analysis, withi& nested logit framework, for the
case where consumers have to work and shop atatiffeubcentres (i.e. perform single
purpose trips). In this ca&’ =P,; =P; =Py =1n and the symmetric Nash
equilibrium in prices and wages is given by

(p*-w*), =Cl+6f"t+(uw+/f’)i1 (23)

ntc n_

This is in fact the same as the equilibrium whiem de derived when working and
shopping decisions are taken independently (seleafitda and Proost 2005), with the
restriction 4 < u"for the nested logit approadqAnderson et al 1992 In this case
profits only depend on the consumer heterogeneitgirpeters and number of firms.

We can now compare the symmetric trip chaining ldmuum with the above
symmetric, reference equilibrium.

Proposition 2 The symmetric firm mark-up when households c@m ¢hain cannot
exceed the mark-up when households can only peréangie purpose trips. The mark-
ups are in fact equal whem” = "

Pr oof
Using (23), (21) can be rewritten as

(24)

. _ _nut (L= ) (1-4)
p W_(p* W)mc n-1 (2—[u+(n—2)/]+IU/]) .

The difference in the mark-up between the two dopiél depends on the sign of the
second term on the right hand side of (24). Themseoutside the parentheses are non-
negative forn = 2 (at least two firms are considered in the modeResy/ = 1 /" is
less than or equal to on@:< u* < 4"is a requirement of nested logit model. For the
terms inside the parentheses, the numerator iSy®aist, ® and y° are all positive by
definition and the denominator is also positiverfar2. Hence the last term in (24) is

always non-positive and the mark-up with trip clvagnis at most equal to the mark-up
without trip chaining. Q.E.D.

The intuition is that the demand curve for shoppeéth trip chaining is flatter than the
corresponding demand curve when households carmop and work at the same
subcentre. In equilibrium, a firm sells its product a larger number of its own
workforce than to consumers who work at other sotves. Thus, a decrease in the
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price by one firm would attract additional non-trgaining customers from other
subcentres, while retaining the customers who dyreork for the firm. Hence, when
trip-chaining is possible, a change in price wolgldd to a greater change in demand
compared with the case without trip chaining andaasonsequence, the equilibrium
price with trip chaining is higher than withoutptrchaining. In a sense, trip chaining
decreases the spatial market power of each firmgd dherefore increases
competitiveness and therefore decreases equilibpiices and equilibrium profit (since
market demand is inelastic).

3. WELFARE ANALYSIS

Proposition 3 In the symmetric equilibrium, the consumer suspivhen households
can trip chain is larger than the consumer sumloen households must perform only
single purpose trips. The difference in consumeplas is given by

_1_
CS-CS,. = (p* =P, * 4log {“A n 1] (25)

Proposition 3 is proved in the Appendix. Consumapkis depends on price, rather
than price minus wage. The price difference in @&) be obtained from Proposition 2
by setting the wage equal to one (without lossesfagality).

Although consumer surplus increases, firms’ pradits smaller when households trip
chain, compared with the reference equilibriumttes price mark-up they can charge
above the wages they pay is reduced. However, rtbgative effect is more than
compensated for by the increase in consumer syrpiluse the difference in prices are
just transfers between households and firms.

Proposition 4 In the symmetric equilibrium, welfafés greater when households can
trip chain, than when they have to perform onlygirpurpose trips. The difference in
welfare is given by

_1 _
wW-w, =y’ Iog{/1 - 1+1}. (26)

Proposition 4 is proved in the Appendix.

When consumers are able to trip chain there is aatlrect benefit to society from the
reduced travel cost and an additional cost dueéh¢oréduction in consumer variety.
Since each consumer trip chains with probabiify>1/n, the terma’t/n represents
the lower bound for the reduction in travel coshisTcan be obtained from (26) by
setting A =1+ where £ =a°t/ u® <<1,for small travel timed. Then, the welfare
saving

ww, =10 1€ |4 £ v0 () = % o)

2 Consumer surplus and Welfare are calculated peseimid
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is approximately equal to the average travel timérg sinceR,” =1/nif A=0.. More
generally, we have the following inequality:
at

d
“Th

W-W,,
which shows that the welfare savings are genesafigller than the travel time saving.
The reason is that, when an individual decidedayp at his work place and to trip chain
in order to economize travel time, there is diath of chances that the product
purchased at the work place does not fit exactlycheice (i.e. without trip chaining,

the individual would not shop at his workplace blgewhere). Thus trip chaining not
only decreases travel time but also decreases dhiety of goods offered. For the
extreme case, where transportation costs are vughy Aimost all consumers will trip

chain and the variety offered will decrease fromo 1 (and the benefit from variety will

decrease frortog(n) to O.

4. NUMERICAL EXAMPLE

The trip chaining equilibrium in price and wage®4), depends in a complex way on a
number of parameters: in particula®”, 1, a% ,n, A =e# and travel timet. The

following numerical exercise illustrates the effefteach of these parameters on the
price-wage equilibrium and also on profit, consusnplus and welfare.

We use the simple, stylised example of an econofmyne day. As a reference, we
assume there are three firms offering the difféeatedi good. Each resident makes one
commuting trip and one shopping trip per day, givintotal transport time of one hour.
He also supplies 7.5 hours of labour, of which baer is spent on the production of the
differentiated good. Truck deliveries are such teath truck contains sufficient
intermediate good to produce 50 units of the déifdiated good. One unit of the
differentiated good requires an intermediate irthat can be produced using 0.1 units
of homogeneous labour. Finally, we neglect fixests@nd levies, as these do not affect
the short-run equilibria or welfare analysis, anelsent gross profits per household.

In Table 4-1 above we examine the effect on priceusywage and gross profit)(of
varying the consumers’ preference for work and phap locations (/"andu®,

respectively), number of shopping tripg®() and travel time, for the equilibria with and
without trip chaining. We also look at the effe€ircreasing the number of firms.

When consumers can trip chain, profits increasegdincreases since the strong
preference for working location means that a firem gay lower wages (or charge
higher prices) without losing workers. Similarly, veeak preference for shopping
location (smal®) necessitates firms charging lower prices to reshioppers. Profits

also decrease when there are more firms due teased competition. Similar effects
are also seen for changes in these parameters irottrip-chaining reference case.

® This example is based on the numerical work preskintde Palma et al (2004)
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t Amr | Am

/ud /uw ad (hOUI’S) A P*-W* | Prec-Whtc m TThte (%)T (%)TT
1 0,5 0,61 | 4,488 | 4,610 | 1,459 | 1,500 | 2,7 0,0

1 0,5 0,61 8923 | 9,110 | 2,938 | 3,000 | 2,1 |101,3

1 0,5 0,01 | 3,188 3,260 | 1,026 | 1,050 | 2,3 | -29,7

1 0,5 0,61 |3410| 3,443 10,330 |0,333| 10 | -77,4

0,5 0,90 |4,585| 4,610 | 1,492 | 1,500 | 0,6 2,2
0,5 0,37 | 4,379 ] 4,610 | 1,423 1,500 | 51 -2,5

2 0,14 | 4,259 | 4,640 | 1,373 1,500 | 8,5 -5,9
0,25 0,78 | 4543 ] 4,605 | 1,479 1500 1,4 1,4

PR P PG PG N K PN IS
[N

NN NN NN o N

wwwwBlwww| o

0,2
2
1
1

Table 4-1 Compar ative statics with and without trip chaining
t The difference in profit is calculated as a patage of the symmetric case without trip chaining

Tt The difference in profit is calculated as a patage of the reference case highlighted in ths fir
row (trip chaining only)

Interestingly, however, we see that, when consurnarswork and shop at the same
subcentre, the number of shopping trips they makg plays a role. If consumers do
not make frequent shopping trips then firms cananaigher profits. A small value of
a®means that the travel cost for shopping trips is, lavhich is equivalent to the
demand curve becoming steeper. A smaller proporioworkers trip chain, so any
decrease in price would still attract shoppers faitrer subcentres but these are added
to a smaller number of trip-chaining workers. Dasiag or increasing the travel time
from the city centre to the subcentres has the sdfaeet on profits as doas . A longer
travel time means higher travel costs and, in tidse, a higher proportion of the
workforce prefers to trip-chain to minimise thesests. The demand curve is
consequently flatter, since decreasing the priamatsubcentre would attract customers
from other subcentres in addition to the househdthdd trip chain, and prices and
profits are lower. For the no trip-chaining cadeg price mark-up over wage does
depend on travel time because of travel costshierimtermediate good but profits are
independent of. Note also that, for the trip chaining case, prioireases with .

It is clear from Table 4-1 that when consumerstdanchain, firms cannot make greater
profits than when consumers can only make singipgse trips. The magnitude of the
difference in profits obviously depends on the ealwf the input parameters but the
difference is large for long travel time or higleduency of shopping trips. In Table 4-2
we present the difference in consumer surplus aglthve (per household) between the
two equilibria.

As expected, the largest gains in consumer sumohagswelfare with trip chaining are
seen when consumers have a low preference for siwppgcation, so they are more
likely to trip chain and firms also charge loweicps. Note that a stronger consumer
preference for working location has no effect orfare but decreases consumer surplus
as firms are able to increase prices.
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el " gt | n | thours) | A | CS*CSuc | W*Wpe | W*Woy (%GDP)
1] 2 [ 13 0,5 0,61 0,07 0,20 2.3
1[5 13 0,5 0,61 0,01 0,20 2,3
01] 2 | 1 |3 0,5 0,01 0,32 0,39 46
1 | 2 |1 ]10 0,5 0,61 0,03 0,06 0,7
1] 2 [02]3 0,5 0,90 0,01 0,03 0,4
1] 2 23 0,5 0,37 0,22 0,45 53
1] 2 [ 13 2 0,14 0,76 1,14 13,4
1] 213 0,25 0,78 0,03 0,09 1,1

Table 4-2Welfare effectswith and without trip chaining

5. CONCLUSIONS

There has been a considerable amount of work uaidartto study the empirical
aspects of trip chaining, and more generally oivdagtpatterns. Yet, these works tend
to focus on the consumer side, only, and therefiegdect the impacts of trip chaining
on the quality of activity, and on the profitabjliof market places. We have shown that
trip chaining has a positive impact on consumergeson one hand the equilibrium
price decreases and on the other hand, the aveeage cost decreases. Of course, the
variety available to the consumer decreases ats® s certain number of consumers
are now willing to economize on variety (that ibese consumers are willing to
purchase a good which is not the optimal one) oeoto economize on travel time.
Yes, consumers benefit from trip chaining. Of ceutthis shift from the optimal good
to another good is possible only if the differemecehe quality of the match between
consumers and products is not too severe. Moresugre market demand is constant
and price decreases, firm profitability decreasgisce prices are only transfers, as
expected the welfare increases with trip chainifigve consider the long-run (free
entry) equilibrium, trip chaining decreases profisd therefore induces exit. As a
consequence, price increases, and product varietyedses, two bad signs on the
consumer side.

Finally, we have considered a setup with constambahd. With elastic demand, trip
chaining will induce more travellers to shop. Wenjeature that trip chaining benefits
will then be even stronger, from the social pointiew.
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APPENDICES

Appendix Al: Proof of Proposition 1.
Recall from Lemma 1 that at the candidate equilifri

-4 (27)

d
where y Eﬂ—w and ® = B’ - P, 7. This expression is negative and single valued, so
U

that there exists a one-to-one relationship betygamdw;. Hence the set of prices is a
convex, compact set and the equilibrium existstifeur(27) is constant, singet andn
are all exogenous.

Since a candidate equilibrium exists, we need ahigw that the profit function is
guasi-concave to guarantee that the candidateileguih is the unique Nash solution.

At any extremum

dﬂi dpl 1 h 1_F;.W w
— =l |p-w-Cc-a't NP" =0 28
dw, Hdwl j Gt ) u" ' (29)

The corresponding second order condition is given b

2 w _ DWW
d d NPWd Py Np a4, +(py-w,—ct - a") _BY\(1=R")|,
awy; dw aw, ut)\ "

K oo (BE) e
pzl + NPW(1 SWJ{Z[E—@%Q -w, —c' —a“t)(l_ 2WP1WJ:|
dw awy H

From (28) we can replac(epl -w, -c' —a“t) in (29) to get

2 2 _ DwW — w
“ 7 RS '°3+NP1W(1 H(ﬂ—lj 2—(1 thj
dw, dw, M)\ dwg 1-R

2 _pw _ wo_ w
=npr SR e[ IR g 27 R T By (30)
dw, p)\ dwg 1-R"

2 w
REREES
dwg M)\ dwy

1

Now
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d°p, =i{ w }
dw? dw |1+ (- p)d
___TH 0% dp
[1+ @2 p)®]” Op, dw,

_ 4 0P, 0P, ; (31)
3
[1+ @-)®]" | 9 0P

i 1 Tps, L o
e e e

3

— —H s s
[+ (- e ol R R

From our model assumption@< #<1 and x4 >0. Further, we know that, at the

candidate symmetric equilibriu®,>0, B’ =m and P, S =ﬁ
n- n-
el s s (n - 2)/] . .
where A=e“"# >0. Hence [1— Pu —PlH} =m is non-negative for
n —

n= 2. Thus (31) is non-positive.
Substituting from (31) in (30) means that the ftestm on the right hand side of (30) is
non-positive. We also know from (27) thg'i%v\ﬁ <0, so the second term in (30) is

2

. d°rmr . . . . .
negative. Henced—2l is strictly negative at any extremum (solutionttod first-order
Wl

equations) and thus the profit is quasi-concaveaA®nsequence, the candidate Nash
equilibrium is a Nash equilibrium. QED.

Appendix A2: Proof of Proposition 3

In the symmetric equilibrium with trip chaining, m&umer surplus per household is
given by
-a’t

CS=u" Iog[1+ (h-21e* } - p*) (32)

h-p, h-p*-a’

(derived fromC§ = u* Iog[e”d +(n-Le “ } with p, = p*)

When trip chaining is not an option, consumer suggan be written as
CS, = 4 log[n] +h-p,, *-a‘t (33)
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h-p-a‘t h-p*-a‘t

(derived fromCS§ = y* Iog[e “o+n-1e ¥ } with p, = p*)

Subtracting (33) from (32) leads to

CS-CS,, = (p* =P, +x'log {—“ (nn— 2 } +a't
(34)

At-1
=(p* —p,) + K log {1 e }

where A =e“# >0. The second term in (34) is always positivenfarl. From
Propositions 1 and 2 we know that the mark-up im@st as large with trip chaining as
without and, although this does not define theept@vels unambiguously, we can set
w=1 wlog in each case, leading to a non-negative piifference and hence larger
consumer surplus.

Appendix A3: Proof of Proposition 4

The welfare function (per household) is derivearfid/ = maxE[Uik] since profits are

equally distributed among households (see for el@mfpderson and de Palma 1992).
With trip chaining, the expected maximum utilitytaimed by the household at the
second stage (when making shopping choices) @cintfie consumer surplus associated
all possible shopping options given the choice ofknocation at the first stage in the
nested logit tree. Welfare can then be calculatedhbximising expected utility at the
first stage, given by

W(n) = max E[V + 4" | (35)

where

h-p* h-p-a‘t
V'=Z+w*-B-a"t+ulog|e” +(n-1)e (36)
is commonly known as the composite utility or expdcmaximum utility and contains
terms common to all residents who work at subcentpdus the consumer surplus

associated with all alternatives in the nest (iis tase shopping locations given the
choice ofith subcentre for work).

:zea—ﬂ)h%ﬂ—Tzea—ﬁ)+pLMﬁ—G—aW—ﬁ{F+KL

Now, (35) can be rewritten as
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wi | Vi
W(n) = 1" log ZexpW )}
| h-p h-p -t
E+W*—,6’—0'Wt+;1dlog[e”uI +(n-1)e ~ }

= 1" log| nexp " (37)

U

= " log[n] + ¥ —a"t + 1* log[ 1+ (n- ) A |

where ¢ :H(l—ﬂ)—%(F +K)-c'+a"t+h- £ andA =gatn

Following the same procedure for the case withoptdhaining, the consumer surplus
h-p*-a‘t

reduces toy* Iog!ne e } andV ', == +w* =B -a"t+ulog[n]+h-p* -a’t.
This leads to the following expression for welfare:

W, (n) = W +(p* + " )log(m) - (@ +a" )t (38)
where W is defined above. Subtracting (38) from (37) weaobt

W =W, = ulog[ 1+(n- 1A ]~ logn] +a’t
1 (39)
= u° Iog{/1 1+1}
n

The right hand side of (39) is positive far=1 andt, a®andy® all greater than zero,
which are the model assumptions we specified.
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