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1. Introduction = Hans Koster = g EEUNOMICS

2. The RUM framework
3. Value of time

% MGiHoh alfe atives * Professor of Urban Economics and Real Estate
5 S
i + h.koster@vu.nl

* Lectures
* Programme director of STREEM (streem.sbe@vu.nl)

= Materials
 All course materials, lecture slides, etc. can be

accessed via www.urbaneconomics.nl/aese

* If there is anything unclear, let me know!
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1. Introduction .
2. The RUM framework " Thls course

3. Value of time

5 Mulfiplealteruatives * Learn about advanced tools and techniques

5. Summary

important for spatial economics
=» No theory - an applied course!

= Do not hesitate to ask questions during the class!

= Notation on slides

 Mostimportant concept are underlined
* Questions (via Menti), exercises and applications

— On red slides
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e * Topics:
e 1. Discrete choice
R « Random utility framework, estimating binary and
multinomial regression models
2. Spatial econometrics

* Spatial data, autocorrelation, spatial regressions
3. Identification

 Research design, IV, OLS, RDD, quasi-experiments,

standard errors

4. Hedonic pricing

 Theory and estimation
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Wednesday

09:30-10:30
10:45-11:45
12:00-13:00
14:00-15:30

Thursday
09:30-10:30
10:45-11:45
12:00-12:30
13:30-14:00
14:00-15:00

Friday

09:30-10:00
10:00-10:30
10:45-11:45
12:00-12:30

Lecture 1
Lecture 2
Lecture 3
Tutorial 1

Lecture 4
Lecture 5
Lecture 6
Tutorial 2
Tutorial 3

Lecture 7
Lecture 8
Lecture 9
Tutorial 4

Discrete Choice I (The random utility framework)
Discrete Choice Il (Estimating discrete choice models)
Spatial Econometrics I (Spatial data)

Assignment 1

Spatial Econometrics Il (Spatial autocorrelation)
Spatial Econometrics III (Spatial regressions)
Identification I (Research design)

Discussion of Assignment 1

Assignment 2

Identification II (RCTs, OLS, IV, quasi-experiments)
Hedonic pricing I (Theory)

Hedonic pricing II (Estimation)

Discussion of Assignment 2



\What is your highest achieved degree?

e 1 BSc
® / MSc
® 9 PhD

83 | am currently pursuing a PhD




\What is your main field?

15
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Economics Econometrics Geography Data science Engineering Other



| have attended the following courses:

10

2

rban economics (BSc) or alike Urbon economics (MSc) or alike Econometrics (BSc) oralike Ecomnometrics (MSc) or alike Crthear spaticlfiurbon/regional economics course at Crthear spaticlfurbon/megionol economics course at | never attended any spatialfurban/ragicnal
bachelor kavel master lewel BCONDIMECS MOr 8COnsmetrics Coursas




Please let me know how familiar you are with the following concepts:

Agglomeration ) \Y;
economies :

Discrete choice oY p Endogeneity and
models identification
Semiparametric Monocentric city
regressions model

Hedonic pricing



| have experience in:

-

® 83%

STATA

o 52%

® 9%

Julia

® 39%

Python

® 4%

Other



. Introduction

. The RUM framework
. Value of time

. Multiple alternatives
. Summary

VRIJE
V U ¥~ UNIVERSITEIT
AR"  AMSTERDAM




Introduction

The RUM framework
Value of time

Multiple alternatives
Summary

& ‘F.':.'Ju

It"l'., Y L] [T ] . ll .
| el

VRIJE &
UNIVERSITEIT
AMSTERDAM i .

-----




. Introduction

e e * [fyou have data at your disposal you may use
- Multiple alternatives these data to answer practical questions:
. Summary
« What factors influence the carrier’s selection
of a port?
* Which mode do people prefer to travel from
A to B?

* Where do people want to live?
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1. Introduction

. Introduction
. The RUM framework

. Value of time
. Multiple alternatives
. Summary
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Continuous choice: estimate marginal changes in

behaviour

 E.g.“when fuel price increases by 10%, the
demand for fuel will decrease by 2%"

 Standard micro-economic theory applies

Transport demand often has a discrete (binary)
nature

 Some x impacts a discrete y

* Then use discrete choice methods



\Would you use discrete choice methods when you aim to test:

the impact of weather on route choice

the impact of education onincome 10 years later
01

the impact of transshipment efficiency on the choice of port terminal

the impact of ticket price on taking the bus or car

the impact of the composition of the population on outcomes of local elections

the impact of having an electric car on fuel consumption

No Yes




. Introduction

. The RUM framework = Discrete choice methods

Value of time

{nliyle oRkexaaRNES * Dependent variable y; is discrete

. Summary

*  Why not use OLS?

= Let’'s have the standard OLS equation
Vi = Px; + € (1)
where i indexes the individual
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Discrete choice (1)

1. Introduction

. Introduction

. The RUM framework
. Value of time

. Multiple alternatives
. Summary
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OLS may be consistent for binary choice
 But, y; (and therefore €) is not normally
distributed

Horrace and Oaxaca (2006)
 Leads to biased and inconsistent estimates if

..-l"'l\.' = l‘ | | .

w L

 Ishow later today why that is an issue...

OLS does not necessarily provides a link with
economic theory

Not suitable for multinomial choice



2. The random utility framework

1. Introduction s : S
2. The RUM framework = Consider you have 10 individuals that choose

3. Value of time

i tAtple slierHyes between two routes Aen B
5. Summary
* Travel time of A is 9 and of B is 10 minutes

* Some people take route B
 E.g.because they like particular features of a

route, or they misjudge the travel time

= Let's do aregression of whether or not you have
chosen B on the difference between the travel
time of A and B:
Vg = f(af [ (travel timeg — travel timeA)) €
where y; = 1 if you choose B and zero otherwise
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A Probapility of 10 persons choose between
choosing B AB routes
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Travel time A _
Travel time B



A PFObHPi“t}’ of 10 persons choose between
choosing B AB routes

Linear probability model
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Travel time A _
Travel time B
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10 persons choose between
AB routes
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Travel time B



2. The random utility framework

. Introduction

|
2. The RUM framework * Indirect utility may be given by:

3. Value of time
b o o Ui = Vy(travel time,) + €;4 (2)
U;p = Vg(travel timeg) + €5 (3)

V4, Vg =2 deterministic utility

* Random terms: €;,, €;3: random taste variation
« Random utility model (RUM)
* Note that the levels of U;, and U;; are not
directly observed!

* Pr(Y =A4) =Pr(Uiy > Ujp)
- PI‘(VA i €ia - VB . EEB) — PF(VA - VB > €EiB — EiA)
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2. The random utility framework

Two things are unknown

Which distribution for €’s?
What is the functional form for I/, and V/5?

15



2. The random utility framework

1. Introduction B . - . 7
2. The RUM framework =  Which distribution for €’s?
3. Value of time

4, Multiple alternatives ® (:JS are unubsewed
5. Summary
 You draw them from a distribution

° DO BEXIreme value e 1 ( _

f (€)
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1. Introduction

2. The RUM framework
3. Value of time

4. Multiple alternatives
5. Summary
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2. The random utility framework

Which distribution for €’s?

Extreme Value Type I distribution
Generates simple closed-form solutions!
- Pr(Vy — Vg > €ip — €4)

Daniel McFadden (1964)

1/



2. Random utility framework

1. Introduction

2. The RUM framework E ltappearsthat
3. Value of time

4, Multiple alternatives

vV
5. Summary PF(Y — A) S— i (4)

eVA+eVB

=  With two alternatives this can be written as:

Pr(Y = A) = —

1+e"B~VA
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2. The random utility framework

1. Introduction

2. The RUM framework i Itappearsthat
3. Value of time

4, Multiple alternatives

vV
5. Summary PT(Y — A) — il (4)

eVA+eVB

— Show that (4) can be written as:

PElY = A) = Y=

— Compute probability when /, = 1/

— What happens when V, > Vj
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e’ A 1
e’A1evB 1+e¥B—Y4

(1) Show thatPr(Y = A) = . (2) Compute probability whenVy = Vg andwhenV 4 > V3.
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1. Introduction
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3. Value of time

4. Multiple alternatives
5. Summary
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2. The random utility framework

= Jtappears that:
eV A
eVa+eVB

Pr(Y = A) = (4)

— Show that (4) can be written as:

Py =A) = T o

Divide everything by exp(V,), and note that exp(Vg — Vy)=exp(Vg)/exp(V,)

— Compute probability when V, = V;

Probability = 0.5

— What happens when V, > V/p

Probability = 1



2. The random utility framework

. Introduction

%: The RUM framework *  Which functional form for V, and V/3?
i - ity * Can be any function
 Linear function is often assumed
 (Can be extended with multiple variables
Uia = Bpja + Ktjs + €ja (5)
Uig = Ppjp + Ktjp + €jp (6)
where p;, is the price of a trip and ¢, is travel
time of alternative j

¢ <0<

= Recall (from previous slide):

e Pr(Y=A4) = :

et (pjB—pja)te(tip—tja)
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. Introduction

|
e = Important concept in Transport Economics:

. Value of time

FEBINpIe atletalives Value of Time (VOT)

5. Summary
« “How much are you willing to pay to reduce
your travel time with one hour, holding utility

constant”

= Let's take the deterministic utility function
Uia = Bpja + Ktjg + &g (7)

*  When ¢;, is measured in hours, the VOT can be
written as xk/f5
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1. Introduction

. nlewOih = Important concept in Transport Economics:

3. Value of time

4. Multipie alternatives Value of Time (VOT)

5. Summary
 “How much are you willing to pay to reduce
your travel time with one hour, holding utility

constant”

= Let’s take the deterministic utility function
Uia = BPia + Ktig + ¥Xia + €ig
. ﬁUﬁA — (7)

— Show that when ¢;, is measured in hours, the VOT
can be written as k/f
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WithU; 4 = Bpia + kt;a + YT;4 + €;4. show that when t; 4 is measured in hours, the Value of Time can be written as H:/,@

0

I'm ready!



. Introduction

1
2. The RUM framework — Show that when ¢t;, is measured in hours, the VOT
3. Value of time

4. Multiple alternatives can be Wl"itten aS }C/ﬁ
5. Summary

Let’s look at a change in utility with respect to time

and price:
0Ujxg —
afi‘,q
aU!‘A _ B
0pia

 We hold utility constant, so AU;, = 0
* —pApia = KAty

* At;y = —1 (WTP for one hour reduction in travel
time)
K
* Apig = 3
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V U = UNIVERSITEIT
AN AMSTERDAM




. Introduction

. The RUM framework = Value of time is often used in cost benefit

. Value of time

. Multiple alternatives analys es

. Summary

*  VOT depends on trip purpose
* Business €26.25/h
« Commuting €9.25/h

 Social purpose €7.50/h

* VOT depends on income
* About 50% of net income
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. Introduction

. The RUM framework B Other applications

S = " * Value of a Statistical Life (VSL)
The VSL is the local tradeoff between fatality
risk and money

» Value of schedule delay (VSD)
The VSD is the local tradeoff between being
too early/late and money

* Etc.
* ...Whatis necessary is a cost/reward
parameter in the discrete choice experiment

VRIJE
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Discrete choice (1)

4. Multiple alternatives

. Introduction

. The RUM framework
. Value of time

. Summary
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The choice probability for two alternatives:
ePxa
eﬁxﬂ —|—eBxB

Pr(Y = A) =

Usually there are more alternatives in the choice
set

e Train, bus, car

 Rotterdam, Antwerp, Hamburg

* Routes to the VU

Simply extend the logit formula:
ePxa
ePXA+ePXB ebXC

Pr(Y = A) =

27



4. Multiple alternatives

. Introduction

. The RUM framework = The aggregate utility derived from the choice set

. Value of time

. Multiple alternatives is summarised by the logsum:

. Summary

E|CS] —11'1(&”85"*1 + ePXB + ePxc)
* v is the marginal utility of income
e (Can be used in welfare estimates

=  Assume [fx, = fxg = 10
* Now alternative C isadded and fx. =1

* The average utility per alternative decreases
from 10 to 7 but E[CS| increase

VU k e « ‘Love of variety’ effect

AMSTERDAM




Discrete choice (1)

. Introduction

. The RUM framework
. Value of time

. Multiple alternatives

. Summary
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4. Multiple alternatives

Property of logit formula:

The ratios of choice probabilities for A and B
do not depend on whether or not C is in the
choice set

ePxA
Pr(Y=A4) \eP*¥A+ePXBirePxc)  eP*a

Pr(Y=B) eBxp ~ ebxp
ePXA +ePXB 1ePXC

Let’s find out whether this is a desirable
property...

29
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. Introduction
. The RUM framework
. Value of time

. Multiple alternatives

. Summary
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4. Multiple alternatives

‘The Red Bus-Blue Bus’ problem

Choice set 1: Train, red bus, blue bus
Assume market shares are 70, 15 and 15%

Train Red bus Blue bus
V 2.54 1 1
Prob 0.700 0.150 0.150

Choice set 2: Train, red bus, so:

Train Red bus
\% 2.54 1
Prob 0.823 0.177

Probability to take the bus in choice set 2 is

1

= 0177

254 4 p1
 Higher probability - not very realistic as red

buses and blue buses are identical

30
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. Introduction

. The RUM framework
. Value of time

. Summary
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4. Multiple alternatives

So, when some alternatives are more similar
than other alternatives, the use of multinomial
choice model may be misleading

Use nested logit!

51



Discrete choice (1)

. Introduction
. The RUM framework
. Value of time

. Summary
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4. Multiple alternatives

Nested logit takes into account correlation
between alternatives

 Butdefine nests yourself!

32



4, Multiple alternatives

. Introduction

. The RUM framework = Nested logit takes into account correlation

. Value of time

. Multiple alternatives between alternatives

. Summary
 Butdefine nests yourself!

— Assume you have four travel modes: car, carpool,
train and bus. Please define a meaningful nested

structure
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Assume you have four travel modes: car, carpool, train
and bus. Please define a meaningful nested structure.



4. Multiple alternatives

1. Introduction
O e = Example nested structure:

3. Value of time

4. Multiple al '

5. Summary

Car Public transport

Carpool Car alone Bus Train
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4. Multiple alternatives

1. Introduction
g i b i = Example nested structure:

3. Value of time

4. Multiple alternatives

5. Summary

Non-shared

Shared transport
transport P

Car
alone Carpool Bus Train
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. Introduction

. The RUM framework
. Value of time

. Multiple alternatives

. Summary
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2. The random utility framework

Let us define utility as follows:
Uig =V + Wg + €jg

V; only differs within nests between alternatives j

W, only differs between nests g

36



2. The random utility framework

1. Introduction

2. The RUM framework = We may write the probability to choose an

3. Value of time

. Mliplealiermatives alternative:
o Pr(dj = 1) — Pr(g) ' PT(} | g)

Pr(j | g) g >
@ I" ti—
J Lkeg eVi/Ag
eWg-Fﬂ.gfg
2 Pr(g) - Wetd=l=

g B30
25 €

with /[, = log(zjeg er/’lﬂ)

" Ay = 1= no correlation (multinomial logit)
= 1, — 0= perfect correlation (red bus/blue bus)
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2. The random utility framework

1. Introduction _ :
E T ATEWarE = When j and k are in the same nest:

3. Value of time

4. Multiple alternatives . . .
5. Summary Pr(dj — 1) E,’Wg-l_vf /;i,g BWQ+VJ E’VJ

Pr(dk - 1) o EWQ+V;{/;{Q o eWgtVi eV

* [IA property holds within nests

= When )lg — 0

E!Vj/ﬂ
s Pl"(]‘g):z V/Agzl/kg
keg
eWg‘*‘/“lgfg eWg
Pr(g) = s 733Gy o"a

 Hence, multinomial logit between nests
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Discrete choice (1)

. Introduction

. The RUM framework
. Value of time

. Multiple al :

. Summary
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2. The random utility framework

So, nested logit probability depends on
* Probability to choose a nest
* Probability to choose an alternative within the

nest

Note that Nested Logit does not imply a sequential
choice

38
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. Introduction

. The RUM framework
. Value of time

. Multiple alternatives

. Summary
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5. Summary

Today:

How to deal with a binary dependent variable?

Links to economic theory with random taste

variation
 Random utility model
* Assume distribution of ¢;
* Extreme Value Type I is convenient

Nested logit relaxes the Independence of
Irrelevant Alternatives assumption

39
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