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PROJECT OVERVIEW AND PROBLEM

* Department of Transport of WA to develop and implement a tour-based strategic transport model.

* The project aim is to estimate a tour-based mode choice model on the revealed and stated
preference data collected by PATHS.

* The alternative model from “donor” based on estimated mode choice models from the U.S.



(DONOR MODEL)

Figure 27a. Model errorstructure from the Donor Model
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TOUR COMPLEXITY AND TRAVEL DISTANCE
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Figure 6. Frequency of Tours and Average Tour Distance
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PROBLEM

« A mode choice model for a strategic transport model
* Eight (+) elemental alternatives

* Unknown error structure

 Not all alternatives feasible for all trips



FLIGHT ITINERARY CHOICE SET

N

Airlines | Flight | Departure Full Flex ] Semi Flex Non Flex
Major 1 8:00 ¥ 600 ' Sold Out Sold Out
Low Cost 2 8:00 - - ¥ 350
Major 3 12:00 ¥ 550 Sold Out Sold Out
Major 4 18:00 ¥ 550 Sold Out Sold Out
Major 5 20:00 ¥ 600 Sold Out Sold Out
Low Cost 6 20:00 : - ¥ 350

Not Travel [




PARTIAL PROFILES

J Alr Travel study2002 ~=>"

Choice Set 1 2 3 4 5 6 7 /;‘I‘el Which would you choose for a trip to Jacksonville International, Jacksonville?
1 P PIP P A A A A Your Current Flight Alternate Flight
S T - prigres ey OERIELS
3 A A A A A A A A i This flight was on time 80% of these flights are on-time
4 A A A A A A AA D 5 hrs. 45 mins. 5 hus. 45 mins.
5 P A A AP A A A et - e Fare
6 A P A A A P A A umeER oF 3 e
7 AAP AAAP A prpeticnd el S TR .
S [A A AP AAATD T e Departure time
9 P A A A AP A A —
10 [A P A A P A A A ptiost Alrport. Manchester  gtand State Airport, Ruttand VT
11 A A P A A A AP € | prefer my current trip € | prefer the altemate trip
12 A A AP A AP A
13 P A A A AAATP I
14 A A AP P A A A
15 A P A A A AP A
16 A AP A AP A A
TP A A A A arr Ll — ~ - RISy,
18 A A P—A P A A A A P A A A A A P
19 %A A P A P A AP A A A A A P A Qatar
—30 |A P A A A AAPA AP A P A A A

Fare

Departure time

» Lazari and Anderson (1994) Orthogonal X2 and cross effects
« Wang et al. (2013) Orthogonal / Efficient and cross effects
* Rose at al (2013) Efficient / Efficient



ESTIMATION ON A PARTIAL PROFILE
(SIMULATED DATA)

(a) Non-Business Segment

64-Scenario Efficient Master and Sub Design

64-Scenario Orthogonal Master and Efficient Sub Design

Note *** ** * gionificant at 1%, 5% and 10% level.

Coefficient T-Test Coefficient T-Test
MEFF -0.05 -0.16 MFF 0.20 0.83
MSF 1. 14%%* 5.38 MSF 1.28%** 7.34
NFF -0.25 -0.77 NFF 0.25 1.05
NSF 1.24%%* 5.37 NSF 1.26%*** 7.26
MNF 1.86%** 11.76 MNF 1.79%** 14.75
NNF 1.80%** 11.60 NNF 1.77%** 14.53
Price -0.0Q3*** -10.86 Price -0.003%x** -12.94
x2(30) 2472437 x2(30) 2437 (43.7)
}(?:,: ;;; i:st-s With the Presence of E fr;; ii; With the Presence of
Choice of MEFF MSF NFF NSF NNE Choice of MFF MSF NFF NSF MNF NNF
MEF MFF 0.12*
MSF 0.11** MSF
NFF NFF
NSF 0.13** NSFE 0.08**
MNF 0.1 2%%* MNF 0.07%*
NNF 0.07* 0.13%%x* NNF 0.05*




The Squiggles

Regularity implies availability
parameters are less-than or equal to
zero

To preserve lIA (MNL) availability
parameters are equal to zero

Correlation implies availability
parameters are less-than zero

Under limited settings the scale
parameter (correlation) provides
insight into the relative magnitude

Estimation is murky

2 Alternatives with and without j (MNL/ITIA implies v = 0)
Consider three alternatives 4, j, k, with k always present. We compare two choice sets:

Co = {i,k} (alternative j absent), Cy = {i,j,k} (alternative j present).

True MNL utilities (no presence term). Let the true utilities be
U=V, +¢,, r € {i,7,k},
where ¢, are i.i.d. Type I Extreme Value (Gumbel). Under MNL, the ITA property implies that for
any pair of alternatives appearing in both choice sets (here 7 and k),
Pi(Co) _ P;(C1) 1)
Pi(Co)  Pr(Ch)”

That is, adding j cannot change the odds of 7 versus k.

Add a “presence” effect for i. Now suppose we estimate a model in which the utility of ¢
includes a presence dummy that switches on when j is in the set:

Ui=Vi+~di+e,  Up=Vi+er,
where
d - {OA in Cp = {i,k} (since j is absent),
=

1, in Cy = {i,j,k} (since j is present).
We do not need to specify (i"j for the ITA argument since we only use the pair (2, k).

Odds ratios under the presence specification. Under this specification, the logit odds of 7
versus k in each set are:

P(Co) _ epVity-0) _ oy

Pi(Co) exp(V)
and 3
P(Cy)  exp(Vi+v-1) - -
P = 7 =exp(Vi = Vi +7) = exp(y) exp(V; — Vi).
(C) (Vi) p(Vi = Vi +7) = exp(y) exp(Vi ~ Vi)

ITA implies v = 0. If ITA holds, the two odds ratios must be equal:

exp(V; — Vi) = exp(y) exp(V; — Vi).



CASE STUDY 2: LEEDS RP DATA

 'DECISIONS' data, following 500+ individuals travelling
around Leeds, UK, for 2 weeks.

» total of 11,176 trips
e 6 different modes: Car, Bus, Rail, Taxi, Walk, Cycle
» Thousands of possibilities for NL and CNL!

* Hancock et al. (2024) model results include BIC values for
MNL (9154) and a CNL with 2 nests (9144).

» Can availability MNL models allow us to identify a better
CNL?



Model pars.
MNL 20
CNL 22

MNL with availability 44

MNL with availability (trimmed) 28
New CNL 39

New CNL (trimmed) 27

« 8 significant availability interactions pars (improved LL, but worse BIC)

LL
-4,484
-4,469
-4,433
-4,468
-4,433
-4,442

 Suggests including 8/15 pairs (nests) in the CNL

« Some nesting parameter alphas -> 1, so the structure can be simplified
 Final model has a different (better!) structure to the original CNL

LEEDS RP DATA (MODEL PERFORMANCE)

BIC
9,154
9,144
9,275
9,196
9,230
9,136



LEEDS RP DATA (NEW CNL MODEL)

Original CNL structure: New CNL structure:
/\CNLK /CK

Cycle ;Nest< (/Nestf\) | card) (N t1) (N <N t) QN t4
o S ava \M



KEY DIFFERENCES IN MODEL STRUCTURE
(DONOR VS, ESTIMATED MODEL)

Figure 27a. Model errorstructure from the Donor Model
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Figure 27b. Model error structure for PATHS estimates

Person
- @
| |
(Auto, 2.=1) Transit Non-Mot School bus
| | |
| [ | | | | |
DA HOV* PnR Taxi Bus Rail Walk Bike

(BnR,
WnR,

KnR)



TESTING

Model Log Likelihood McFadden’s R? A (PT) A (Active) A (Car)
Model 1: Simplified estimation model with new PATHS structure —2,823.88 0.302 0.35 0.87 0.97
Model 2: Donor structure, free estimation -2,836.35 0.299 1.06 0.88 1.31
Model 3: Donor structure with parameter constraints -3,129.82 0.226 0.75 0.36 20.49
4: New PATHS structure with Donor pa@ -3,132.14 0.226 0.57 0.32 1.2




SUMMARY

 Stated Preference
* Labelled alternatives
« Number of alternatives is large (say > 4)

» Partial Design used to assist respondent process or to mimic the
market

* Availability parameters help identify possible structure

 Revealed Preference
« Strategic Transport Models
* National Transport Models
* Feasible / infeasible alternatives
* Availability parameters help identify possible structure
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