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Decentraliza�on of Ridehail Pla�orms
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Ques�ons to be answered:
1. Market Design Ques�ons

− What if Uber switched to compe��on between drivers over rides?
− What if it de-coupled prices on both sides? Procured rides for c and soldthem to passengers for p.
− Benefits and costs of centralized vs decentralized ride hail markets (e.g.,des�na�on based pricing, price discrimina�on)

2. How to es�mate the Value of Time?

− How does it relate to �me use and geography?
− How to map ride choices to loca�on-�me-specific opportunity cost of�me?
− How much can the pla�orm gain by engaging in 2nd or 3rd degree pricediscrimina�on?

⇒ All of this using Auc�on Data!
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Our Se�ng: Data from a large European ridehail firm
Taxis

− Typically operate on a fixed price schedule.
− Trips allocated on the basis of wai�ng/searching.

Uber/Ly�

− Employ “surge prices” to equilibrate supply and demand.
− Wai�ng �mes rela�vely stable.

Here: A hybrid between Ridehailing and Taxi
− App-based hailing and matching.
− Rides auc�oned off: drivers bid for rides→ choice set.
− Choice set→ consumers select according to �me & price preferences.
− Market clears on both wai�ng �me and prices.
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Data
The universe of trip requests in Prague:

− Everything the pla�orm observes from 9/2016-10/2018.
− 5.6 million bids on 1 million requests and 700k rides.
− prices, wai�ng �mes, ra�ngs, car types
− trip �me and distance, origin and des�na�on GPS
− Panel dimension: Passenger and driver IDs

Auxiliary data:

− Detailed pub. transit/walk alterna�ves from Google Maps
− Hourly weather
− Prague GIS real estate prices, land use
− Data-linked rider survey (demographics, transport usage pa�erns etc).
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Trade-off Over Time: Choices by Hour
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Trade-off Over Space
Figure: Tradeoffs and Choices by Loca�on
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Conceptual Framework
Two cab rides leaving at a different �me

Trip 1

Trip 2
Timet t+w1 t + w1 + ∆

Origin

Origin Ride

Ride

Des�na�on

Des�na�on

− Trip fromO toD with constant travel �me ∆
− Longer wait w i does not imply less �me overall, but more atD instead ofO
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Conceptual Framework
Two cab rides leaving at a different �me

Trip 1

Trip 2
Timet t+w1 t+w2 t + w1 + ∆ t + w2 + ∆

Origin

Origin Ride

Ride

Des�na�on

Des�na�on

U�lity

− Consumers have a value of �me in each area of the city, vot
− Each area has different available ac�vi�es which generate value

− U�lity of spending �me t at either the origin,O , or the des�na�on,D
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Conceptual Framework
Two cab rides leaving at a different �me

Trip 1

Trip 2
Timet t+w1 t+w2 t + w1 + ∆ t + w2 + ∆

Origin

Origin Ride

Ride

Des�na�on

Des�na�on

Choices

− In choosing Trip 1, spend w2 − w1 less at origin, w2 − w1 more at des�na�on
− i.e., lose voto · (w2 − w1) and gain votd · (w2 − w1)

− Define net value of �me asWTP for one-unit reduc�on in wai�ng
9/32



Conceptual Framework: NVOT and VOT

Define the net value of �me
asWTP for one-unit reduc�on in wai�ng

nvoto→d = votd − voto

Values Illustra�on

Rewrite in terms of des�na�on value

− Note that each loca�on can serve as both origin and des�na�on
− Index loca�ons by a ∈ 1, ...,A
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Empirical Strategy:

1. From choices to NVOT

− We observe complete choice sets
− Use varia�on induced by drivers’ loca�ons and bids
− Es�mate preferences for �me vs. price to recover nvoti ,ht ,a ,â (by person,�me-of-day, origin, and des�na�on), exploi�ng panel structure

2. From NVOT to VOT

− Decompose nvoti ,ht ,a ,â = voti ,ht ,â − δi ,ht ,a · voti ,ht ,a
− Can use this rela�onship to recover the full set of voti ,ht ,a
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Demand Model and Es�ma�on Strategy
Discrete choice logit (consumer i , choice j , �me period t , hours ht )

max
j

ui ,j ,t = βw
i ,ht ,a ,â · wj ,t + βp

i ,ht · pj ,t + βx
ht
· xi ,j ,t + ξa ,â ,t + εi ,j ,t

− x includes bid-specific factors: car type, ra�ng and common variables: weather,public transit access, place of order (inside/outside), place and �me-of-daycontrols.
Unobservable Trip A�ributes:

− ξa ,â ,t captures unobserved shocks to the outside op�on
− Control func�on approach: use varia�on in driver-specific prices
− nvot i ,ht ,a ,â = βw

i ,ht ,a ,â/βp
i ,ht
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Demand Model: Es�ma�on
Exploit panel structure

− Include individual-specific heterogeneity
βw
i ,ht ,a ,â = βw

ht ,a ,â + νwi ,ht

βp
i ,ht ,a ,â = βp

ht ,a ,â + νpi ,ht

− ht ∈ {work ,non − work }, i.e., the random coefficients are allowed to varyacross day (6a-6p)/night and by route (a , â).
Es�mate via MCMC

− Hierarchical Bayes mixed-logit model
− We recover individual-specific es�mates of βw

i ,work, βw
i ,non-work,βp

i ,work, βp
i ,non-workfrom sta�onary Markov chain.
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Results: Elas�ci�es
Time of Day Individual Type

Order-Level Elas�ci�es
Price Wait Time

Day�me
6am-6pm

Overall -3.9 -0.89
H Price, H Wait Sensi�vity -7.36 -1.53
H Price, L Wait Sensi�vity -2.8 -0.76
L Price, H Wait Sensi�vity -4.47 -0.96
L Price, L Wait Sensi�vity -2.06 -0.51

Evening
6pm-6am

Overall -4.9 -0.49
H Price, H Wait Sensi�vity -7.48 -0.75
H Price, L Wait Sensi�vity -3.43 -0.37
L Price, H Wait Sensi�vity -5.39 -0.52
L Price, L Wait Sensi�vity -2.63 -0.24

− Consumers are much more price than wai�ng �me elas�c.
− Varia�on among individual groups: prices 2-4x, wai�ng 2-3x
− Evening hours: slightly more price elas�c, less wai�ng-�me elas�c
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Demand Model and Es�ma�on Strategy
1. NVOT

nvoti ,ht ,a ,â = βw
i ,ht ,a ,â/βp

i ,ht
2. From NVOT to VOT

nvoti ,ht ,a ,â = voti ,ht ,â − δi ,ht ,a · voti ,ht ,a

Iden�fica�on

− Require (1) # loca�ons> 3, (2) a single normaliza�on
Es�ma�on

− Linear programming problem, es�mate numerically
− Constrain vot to be non-nega�ve
− Normalize δi ,ht ,a = 0 for loca�on 1
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VOT Es�ma�on Results
Figure: Map of vot Es�mates in Prague
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Boundary

Value of Time (USD/hr)
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VOT Es�ma�on Results (2)
VOT by Work/Non-Work and Individual Types

Work Time (USD) Non Work Time (USD) Non Work Time vot /
Mean STD Mean STD Work Time vot (%)

Loca�on Values (voti ,a ,ht )All 17.15 10.29 14.02 10.39 0.82
H Price, H Wait Sensi�vity 19.18 7.0 15.95 7.05 0.83
H Price, L Wait Sensi�vity 9.79 4.82 7.25 6.24 0.74
L Price, H Wait Sensi�vity 27.05 12.43 23.45 12.73 0.87
L Price, L Wait Sensi�vity 12.66 4.64 9.83 5.85 0.78

− Again we es�mate rich heterogeneity in VOT
− 3x difference in VOT among most/least sensi�ve groups.
− Non-work �me valued around 20% less than work �me
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VOT Es�ma�on Results (3)

Variance Decomposi�on

− We perform a decomposi�on akin to Abowd, Kramerz, Margolis (1999)
− Decompose vot varia�on into person-, place-, and �me-of-day-specificheterogeneity
− 78% of variance due to VOT differences among individuals
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Valida�on (1): Travel Flows as measure of nvot

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

−10 0 10 20
NVOT for origin−destination pair (per Hour)

R
ou

te
 F

lo
w

 (
%

 o
f T

ot
al

)

− Athey et al., 2019; Kreindler and Miyauchi (2019); Miyauchi et al. (2020)
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Valida�on (2): Land Values Values as measure of vot

Figure: vot by Group and Time
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Supply Model



Supply Model: Key Ingredients

− Need to model:

− Dynamic decisions by drivers
− Op�mal bidding

− Main trade-off:

− Bidding aggressively for a ride (and hence possibly moving somewhere)versus passing on a passenger and collec�ng a con�nua�on value instead
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Supply Model: Dynamic Problem
Value of being in loca�on a in �me t with outside payoffω:

St (at ,ω) = δ(at )·Eâ ,τ̂[Ht (at , ât+τ̂,ω)|at ]︸ ︷︷ ︸
Exp value of ge�ng a ping

+(1−δ(at ))·
[
ω+ Eω̂,â ,τ̂[βτ̂ · St+τ̂(ât+τ̂, ω̂)|at ]

]
︸ ︷︷ ︸

Collec�ng con�nua�on value

Nota�on:

− a ∈ A: loca�ons.
− δ(at ): probability of receiving a pla�orm request.
− ω ∼ F(.|at ): unobserved per-period earnings opportuni�es.
− τ: �me it takes to travel from a to a ′.
− Expecta�ons are wrt variables with “hats.”
− Ht

(
at , a ′t+τ,ω): Value of holding a “ping” for a ride to a ′t+τ while alsoholding outside payoffω
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Supply Model: Dynamic Problem

Value of holding a “ping” for a ride to a ′t+τ while also holding outside
payoffω

Ht
(
at , a ′t+τ,ω) = max

b

{
p(b|at ) ·

(
b − f + βτ · Eω̂

[
St+τ

(
a ′
t+τ, ω̂|at

)])
+ (1− p(b|at )) ·

(
ω+ Eω̂,â ,τ̂

[
βτ̂ · St+τ̂(ât+τ̂, ω̂)|at

])}
Nota�on:

− p(b|at ): probability that passenger accepts bid b.
− f : fee collected by pla�orm.
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Supply Model: Bidding Problem

Let’s zoom in on the driver’s op�mal decision problem:

Ht (at , a ′t+τ,ω) =

max
b

p(b|at ) ·
(
b − f + βτ · Eω̂

[
St+τ(a ′

t+τ, ω̂)|at

]
− E

[
βτ̂ · St+τ̂(ât+τ̂, ω̂)|at

]
−ω

)
+ω+ E

[
βτ̂ · St+τ̂(ât+τ̂, ω̂)|at

]
Define the opportunity cost as:

c
(
at , a ′t+τ,ω, t , τ) ≡ ω+ E

[
βτ̂St+τ̂(ât+τ̂, ω̂)|at

]
− βτ · E

[
St+τ(a ′

t+τ, ω̂)|at

]
Rewrite the bidder’s problem as:

max
b

p(b) ·
(
b − f − c

(
at , a ′t+τ,ω, t , τ))
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Supply Model

max
b

p(b) ·
(
b − f − c

(
at , a ′t+τ,ω, t , τ))

This formula�on illustrates that:

− The problem of es�ma�ng the value func�on can be informed by inver�ng bidsin a first price sealed bid procurement auc�on!
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Supply Model

max
b

p(b) ·
(
b − f − c

(
at , a ′t+τ,ω, t , τ)) .

Proceed in two steps:

1. For iden�fica�on of c(·) we can appeal to GPV (Guerre, Perrigne, and Vuong(2000)): equilibrium trade-off between Pr(win |b) and surplus b − c. Roughly:
c
(
at , a ′t+τ,ω, t , τ) = b − f −

G(b|at , a ′t+τ,ω, t , τ)
(N − 1)g(b|at , a ′t+τ,ω, t , τ)

2. The individual pieces of c can be recovered by a projec�on on a bunch of FE(plus the residual), coupled with the defini�on of the value func�ons to iden�fy
E(ω|at ) separately.

c
(
at , a ′

t+τ ,ω, t ,τ) ≡ω+ E
[
βτ̂St+τ̂(ât+τ̂ , ω̂)|at

]
−βτ · E

[
St+τ(a ′

t+τ , ω̂)|at

]
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Supply Side Results



Driver Opportunity Cost
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− Implies hourly (mean) opportunity cost in [$12,$20] - with lots of �me- andplace-specific heterogeneity.
− Opportunity cost of “winners” in [$6,$15].
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Applica�on: Price Discrimina�on and Pricing De-coupling

− Now we are ready to split pla�orm’s pricing:
1. Charge prices that are poten�ally independently set on supply anddemand side.2. Op�mize against the passengers’ demand curve leveraging the knowledgeof the distribu�on of the heterogeneity (2nd degree PD).3. Procure the drivers in most efficient manner.

− To begin: Shut down spa�al re-alloca�on of drivers due to pricing change.
− Hold drivers’ con�nua�on values the same.
− Drivers reveal their opportunity cost through the auc�on as done now.
− Pla�orm decides which driver to procur and pays him “as if” under theoriginal regime (90% of quoted fare).
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Applica�on: Price Discrimina�on and Pricing De-coupling

Table: Pricing Counterfactuals
Counterfactual Prices and Revenues (in $)

Regime Tariff Menu Surcharge Tot rev/order Net rev/order % Inside Good Mean VOT
Data - - - 5.45 0.55 65.4 13.20
Data Minimum Bid - - 5.14 0.51 62.6 12.85
Regulated 1.84 + 1.29/km - - 3.08 0.65 36.3 14.11
Regulated 1.84 + 1.29/km Fast/Cheap 0.66 3.72 0.82 41.0 15.53/13.27
Monopoly 4.12 + 0.91/km - - 3.58 0.79 34.9 13.67
Monopoly 4.12 + 0.96/km 25th/75th 0.51 3.85 0.927 36.3 16.25/10.90
Monopoly 4.12 + 0.95/km Fast/Cheap 0.48 4.07 0.954 38.9 15.11/12.90

− Menu: Choose closest (subject to surcharge) vs cheapest before seeing thechoice set (subject to some “corner” caveats)
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Conclusions

Transporta�on market behavior encodes �me values

− New evidence of price and wai�ng elas�ci�es, WTP for �me savings
− Framework to decompose trip demand into spa�al-, �me-, person-vot ,correlated with other spa�al economic measures

Value of �me is a key input for urban policy

− Can adapt our approach to new and broad se�ngs (Uber, etc.) to guidetransporta�on and infrastructure planning

Significant profits from 2nd degree price discrimina�on
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Applica�on: Time incen�ves in highway procurement
Time Incen�ves

− Ci�es o�en use �me-incen�ves in road procurement (Bajari and Lewis, 2011)
− Contractors earn higher payments for faster comple�on (or fines on delays)

− Each bid specifies project price and �me
− City conducts scoring auc�on to determine winner

− Scoring auc�on requires VOT as input
How much does VOT heterogeneity ma�er?

− We model a hypothe�cal road closure:
− Adds three minutes (e.g., 20mph drop for five miles)

− Determine total �me costs on each route, different �mes of day
− Compare with a uniform average VOT
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Applica�on: Time incen�ves in highway procurement
Cost of a delay

− Costs are a weighted average of expected and unexpected conges�on
− Costs of expected conges�on: origin vot (or δi ,ht ,a · voti ,ht ,a )
− Costs of unexpected conges�on: des�na�on vot

− Assume half of conges�on is expected (same as commuter frac�on)
Extrapola�on from our es�mates to Prague drivers

− Take advantage of survey linking rider wages to 9am vot
− Provides scaling factor:

− Mean Prague wages are $9.15, Mean wage in survey sample is $15.44
− Also scale by average car occupancy rates (1.3)
− Final scaling factor 0.59 · 1.3 = 0.767.
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Applica�on: Time incen�ves in highway procurement
Es�mated Per-Trip Closure Costs by Time of Day

Time-of-Day
3:00am 6:00am 9:00am 12:00pm 3:00pm 6:00pm 9:00pm 12:00am

A. Uniform Cost Baseline
Uniform Price $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30
B. All Routes with Time Varia�on
All Routes $0.31 $0.29 $0.36 $0.36 $0.37 $0.34 $0.27 $0.24
% change 0.02 -0.05 0.17 0.19 0.21 0.12 -0.1 -0.2
All, Volume Weighted $0.05 $0.06 $0.51 $0.52 $0.54 $0.56 $0.33 $0.12
% change -0.83 -0.8 0.68 0.71 0.77 0.85 0.08 -0.6
C. Routes by Des�na�on and Time
Highest-VOT Des�na�on $0.26 $0.31 $0.42 $0.35 $0.35 $0.39 $0.36 $0.26
% change -0.13 0.01 0.38 0.16 0.15 0.28 0.19 -0.14
Median-VOT Des�na�on $0.20 $0.20 $0.26 $0.27 $0.30 $0.32 $0.27 $0.24
% change -0.35 -0.35 -0.13 -0.12 -0.0 0.07 -0.1 -0.2
Lowest-VOT Des�na�on $0.07 $0.02 $0.11 $0.08 $0.13 $0.11 $0.13 $0.12
% change -0.78 -0.93 -0.65 -0.73 -0.58 -0.62 -0.58 -0.59

− Es�mate of average cost per-trip of any delay
− Equivalent to $6 per hour (2/3 of mean Prague wage)
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Applica�on: Time incen�ves in highway procurement
Es�mated Per-Trip Closure Costs by Time of Day

Time-of-Day
3:00am 6:00am 9:00am 12:00pm 3:00pm 6:00pm 9:00pm 12:00am

A. Uniform Cost Baseline
Uniform Price $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30
B. All Routes with Time Varia�on
All Routes $0.31 $0.29 $0.36 $0.36 $0.37 $0.34 $0.27 $0.24
% change 0.02 -0.05 0.17 0.19 0.21 0.12 -0.1 -0.2
All, Volume Weighted $0.05 $0.06 $0.51 $0.52 $0.54 $0.56 $0.33 $0.12
% change -0.83 -0.8 0.68 0.71 0.77 0.85 0.08 -0.6
C. Routes by Des�na�on and Time
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% change -0.78 -0.93 -0.65 -0.73 -0.58 -0.62 -0.58 -0.59

− Adds �me varia�on to average VOT
− Pricing errors due to �me +/- 20%
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Applica�on: Time incen�ves in highway procurement
Es�mated Per-Trip Closure Costs by Time of Day
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Uniform Price $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30 $0.30
B. All Routes with Time Varia�on
All Routes $0.31 $0.29 $0.36 $0.36 $0.37 $0.34 $0.27 $0.24
% change 0.02 -0.05 0.17 0.19 0.21 0.12 -0.1 -0.2
All, Volume Weighted $0.05 $0.06 $0.51 $0.52 $0.54 $0.56 $0.33 $0.12
% change -0.83 -0.8 0.68 0.71 0.77 0.85 0.08 -0.6
C. Routes by Des�na�on and Time
Highest-VOT Des�na�on $0.26 $0.31 $0.42 $0.35 $0.35 $0.39 $0.36 $0.26
% change -0.13 0.01 0.38 0.16 0.15 0.28 0.19 -0.14
Median-VOT Des�na�on $0.20 $0.20 $0.26 $0.27 $0.30 $0.32 $0.27 $0.24
% change -0.35 -0.35 -0.13 -0.12 -0.0 0.07 -0.1 -0.2
Lowest-VOT Des�na�on $0.07 $0.02 $0.11 $0.08 $0.13 $0.11 $0.13 $0.12
% change -0.78 -0.93 -0.65 -0.73 -0.58 -0.62 -0.58 -0.59

− Adds route/�me varia�on to average VOT
− Pricing errors +40 to -90%
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Applica�on: Time incen�ves in highway procurement

Example: Zlichovsky Tunnel

− 84,000 cars per day (both direc�ons)
− Total delay costs per day: $31,600 to $35,500
− Uniform ($0.30/trip) price: $25,200 per day (-30%)

Example 2: Brusnicky Tunnel

− 77,000 cars per day (both direc�ons)
− Total delay costs per day: $29,600 to $31,800
− Uniform ($0.30/trip) price: $23,100 per day (-27%)
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votO
i ,a

t t1O

w1 ∆

t1D

Ideal arrival time

Link to Conceptual Framework5/5



Valua�on and WTP Illustra�on
$

Time

Trip 1

t∗

votD
i ,â
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votO
i ,a

t

t1O t1D

∆

value at origin

trip length

value at destination

Ideal arrival time

Link to Conceptual Framework5/5



Valua�on and WTP Illustra�on
$

Time

Trip 2

t∗

votD
i ,â

votO
i ,a

t t2O t2D

w2

value at origin

value at destination

Ideal arrival time

Link to Conceptual Framework5/5



Valua�on and WTP Illustra�on
$

Time

Trip 2

t∗

votD
i ,â
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