
Experimental 
design

Data collection     
& processing

Model specification 
& estimation

Interpretation        
& application

Key concepts        
& study plan

Working in willingness-to-pay
(WTP) space



Choice Modelling Academy © 2

Theory
WTP space: introduction

q Can reparameterise model in WTP space as opposed to utility/preference space
q By rescaling marginal utilities of (some) non-cost attributes by cost coefficient
q WTP now directly estimated

‚ rather than requiring calculation as ratio of partial derivatives
‚ also directly obtain standard errors

q Not a different model, simply a reparameterisation of utility function
q For fixed parameter models, the two specifications are mathematically equivalent
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Theory
Understanding reparameterisation of utilities

q Simple example where T is time in minutes, and C is cost in £

Specification 1

Vni “ βT Tni ` βC Cni ` . . .

Marginal utilities wrt one minute in T
and £1 in C given by βT and βC

Specification 2

Vni “
1
60
β1
TTni ` 100β1

CCni ` . . .

Marginal utilities wrt one min in T and
£1 in C given by 1

60β
1
T and 100β1C

q Models mathematically equivalent, so we have that β1T “ 60βT (i.e., expressed in
hours) and β1C “

1
100βC (i.e., expressed in pence)

q Can use same rationale to reparameterise actual numeraire
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Theory
WTP space: implementation
q Rescale marginal utilities of (some) non-cost attributes by cost coefficient

Utility space

Vni “ βT Tni ` βC Cni ` . . .

BVni

BTni
“ βT &

BVni

BCni
“ βC

BVni

BTni
{
BVni

BCni
“
βT
βC

WTP space

Vni “ β1
C

`

β1
VT Tni ` Cni

˘

` . . .

BVni

BTni
“ β1

C β
1
VT &

BVni

BCni
“ β1

C

BVni

BTni
{
BVni

BCni
“ β1

VT

q With fixed coefficients, this is a simple rescaling, and the two models are thus
mathematically equivalent, with βT “ β1C β

1
VT , βC “ β1C , and thus βT

βC
“ β1VT

Key reference: Train, K. & Weeks, M. (2006). Discrete Choice Models in Preference Space and Willingness-to
Pay Space. In: Alberini, A. & Scarpa, R. (eds) Applications of Simulation Methods in Environmental and
Resource Economics, Springer
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Illustration on mode choice data
Models in preference space and WTP space

q Mathematically equivalent
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Illustration on mode choice data
Same findings for MRS, and same standard errors

q Understand the reason for the signs of MRS?
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Incorporating deterministic heterogeneity
Care is required

q Using VTT as an example
q Utility space

‚ include heterogeneity in cost and/or time sensitivity
‚ either of these will lead to heterogeneity in VTT

q WTP space
‚ still matters where we include heterogeneity
‚ explicit calculation of VTT may be required
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Incorporating deterministic heterogeneity
Example 1: heterogeneity in time sensitivity
q Let Cjn and Tjn give cost and time attributes, respectively
q Utility space

Vjn “ βC ¨ Cjn ` pβT ` βT ,male ¨ zmale,nq ¨ Tjn

VTTn “
BVjn

BTjn
{
BVjn

BCjn
“
βT ` βT ,male ¨ zmale,n

βC

q WTP space
Vjn “ βC ¨ rCjn ` pβVTT ` βVTT ,male ¨ zmale,nq ¨ Tjns

VTTn “
BVjn

BTjn
{
BVjn

BCjn
“
βC ¨ rβVTT ` βVTT ,male ¨ zmale,ns

βC
“ βVTT ` βVTT ,male ¨ zmale,n

‚ no need to consider BVjn

BCjn
in this case

‚ VTT still depends on gender
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Incorporating deterministic heterogeneity
Example 2: heterogeneity in time and cost sensitivity

q Let incn be the income of person n
q Utility space

Vjn “ βC ¨ Cjn ¨

ˆ

incn
Ěincn

˙λinc

` pβT ` βT ,male ¨ zmale,nq ¨ Tjn

VTTn “
BVjn

BTjn
{
BVjn

BCjn
“
βT ` βT ,male ¨ zmale,n

βC ¨
´

incn
Ěincn

¯λinc

q VTT depends on gender and income
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Incorporating deterministic heterogeneity
Example 2: correct WTP space implementation

q Income needs to be interacted with cost

Vjn “ βC ¨

«

Cjn ¨

ˆ

incn
Ěincn

˙λinc

` pβVTT ` βVTT ,male ¨ zmale,nq ¨ Tjn

ff

VTTn “
BVjn

BTjn
{
BVjn

BCjn
“
βC ¨ pβVTT ` βVTT ,male ¨ zmale,nq

βC ¨
´

incn
Ěincn

¯λinc
“
βVTT ` βVTT ,male ¨ zmale,n

´

incn
Ěincn

¯λinc

q VTT depends on gender and income
q but need to consider BVjn

BCjn
in this case!
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Incorporating deterministic heterogeneity
Example 2: incorrect WTP space implementation

Vjn “ βC ¨

ˆ

incn
Ěincn

˙λinc

¨ rCjn ` pβVTT ` βVTT ,male ¨ zmale,nq ¨ Tjns

VTTn “
BVjn

BTjn
{
BVjn

BCjn
“
βC ¨

´

incn
Ěincn

¯λinc

¨ pβVTT ` βVTT ,male ¨ zmale,nq

βC ¨
´

incn
Ěincn

¯λinc
“ βVTT `βVTT ,male ¨ zmale,n

q Income now only affects scale of utility

q Cancels out in VTT calculation

q Not what we want!
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Incorporating deterministic heterogeneity
Example 2: another incorrect WTP space implementation

Vjn “ βC ¨

«

Cjn ` pβVTT ` βVTT ,male ¨ zmale,nq ¨ Tjn ¨

ˆ

incn
Ěincn

˙λinc
ff

VTTn “
BVjn

BTjn
{
BVjn

BCjn
“
βC ¨ pβVTT ` βVTT ,male ¨ zmale,nq ¨

´

incn
Ěincn

¯λinc

βC

“ pβVTT ` βVTT ,male ¨ zmale,nq ¨

ˆ

incn
Ěincn

˙λinc

q Income now affects VTT, but through impact on time, not cost

q No longer the same as utility space specification we had
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Incorporating random heterogeneity
Specification

q Utility space: Vi “
ř

k β
1
kxik

q WTP space: Vi “ βc

´

cik `
ř

k‰c β
1
valuation,kxik

¯

q With non-random coefficients, these are equivalent
q No longer necessarily the case with random coefficients

‚ distributional assumptions change
q WTP space with mixture models

‚ avoids need to divide by random βc
‚ should still not mean that we use Normal distribution!
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Incorporating random heterogeneity
Illustration for Mixed Logit (Lognormal)
q Negative LN for cost coefficient
q Positive LN for valuations
q Fit worse than preference space

‚ ´1, 457.14 vs ´1, 445.69
q VTT is lower too

‚ mean: 22.34 vs 40.19
‚ sd: 16.46 vs 57.69

q Not because one model is better than the
other

q Simply a result of different distributional
assumptions
‚ WTP space implies positive correlation
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Observations
WTP space: what is the benefit?

q With simple models, of course straightforward to calculate WTP as ratios of partial
derivatives

q Calculation of standard errors using Delta method is not too hard either
q Avoids the need for a non-linear utility specification
q Benefits of WTP space arise specifically in the context of models with random

heterogeneity, where ratio of marginal utilities may not be well defined
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Observations
WTP space: common confusions

Confusion 1 Papers describe WTP space is a different model
Truth WTP space is not a model, but a different parameterisation of utility

Confusion 2 Papers state that WTP space fits better than utility space, or vice versa
Truth This only happens as a result of different distributional assumptions in

mixed logit, not because one specification is superior to another
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Observations
WTP space: common confusions

Confusion 3 Some people say cost coefficient in WTP space is constrained to 1

Truth Confusion arises from Vi “ µ
´

δwtp,i `
řK

k βwtp,kxk,i ` costi

¯

, where k

are all non-cost attributes. But µ “ βcost .
Confusion 4 All parameters and ASC need to be included in scaling by βcost

Truth No, up to the user which parameters to express in monetary terms, and
these 4 specifications are all equivalent, and final 3 are all WTP space

Vi “ δi ` β1x1,i ` β2x2,i ` βcostcosti

Vi “ βcost pδwtp,i ` βwtp,1x1,i ` βwtp,2x2,i ` costi q

Vi “ δi ` βcost pβwtp,1x1,i ` βwtp,2x2,i ` costi q

Vi “ δi ` β2x2,i ` βcost pβwtp,1x1,i ` costi q
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Observations
WTP space: common confusions

Confusion 5 Non-cost attributes should have a negative sign in front of them
Truth A user may find this convenient, but it is not a requirement - only implies

that WTP is for increases in attribute (remember the earlier point)

Vi “ βcost pδwtp,i ´ βwtp,1x1,i ´ βwtp,2x2,i ` costi q

Confusion 6 Only cost can be used for scaling
Truth A model can be parameterised in any other valuation space, using

whatever attribute the user would use as the denominator in MRS
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