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Motivation
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Presentation Outline

1. Model of choice in new car market
2. Empirical models using aggregate data

3. Relaxing limitations of aggregate data
analysis using disaggregate data



Model of Demand for New Cars

U; = Benefits; - Costs;
= B(x.& /A - C(P,VC; FC;a)



Model of Demand for New Cars

Decision Rule:
Choose option giving
max U;;

B(x;, ¢ /) — C(P;, VC;, FCj )
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Model of Demand for New Cars

Disaggregate
Data
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Model of Demand for New Cars

Aggregate
Data
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Model of Demand for New Cars
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The Aggregate Data

\ New Car Registrations:

* 11 GORs of GB
* 2001 to 2005
* 55 markets

o Aggregate Sales Data

* > 6 million sales



http://www.dvla.gov.uk/

The Aggregate Data

o Aggregate Sales Data

Car Attribute Data

E=JATO

OUR KNOWLEDGE IS YOUR POWER

Power hp/PS 100

0-100km/h 11.4

Driven wheels front
Model year 2004 Transmission type manual
Make FORD Num speeds 5
Model FOCUS ABS standard
Version 1.6 GHIA Fuel tank standard
Trim level GHIA Capacity 55
Body type hatchback Kerb weight 1,197
Num doors 5 Length 4,174
Fuel type unleaded Width 1,702
Engine Size 1.6 Height 1,430

Emission control level standard
standard met EU4
CO2g/km combined 163
Fuel consumption standard
standard ECE 99/100
combined (mpg) 41.5
combined (I/100km) 6.8

Air conditioning standard
Electric windows front:rear
Wheel rim type alloy

Front airbag

driver:passenger

Side airbag front
Roof airbag not available
|Price £13,862.00
|Insurance standard
|Description 6E




The Aggregate Data

o Aggregate Sales Data

« Car Attribute Data m * 12 mth resale price at
time of purchase



The Aggregate Data

o Aggregate Sales Data

e Car Attribute Data

* Each household once per year

» Choice Occasions * Evidence from Expenditure & Food Survey
Number 5001 2002 2003 2008 2005 2006
of Cars

0 94.76% 94.32% 94.59% 94.98% 95.28% 95.80%
1 4.95% 5.40% 4.96% 4.74% 4.49% 3.97%
2 0.25% 0.27% 0.44% 0.28% 0.22% 0.23%

3 0.04% 0.01% 0.01% 0.00% 0.01% 0.00%




The Aggregate Data

. Aggregate Sales Data  Make -
, Model ...
o Car Attribute Data
Body Type ...

e Choice Occasions

Transmission ...
e Choice Options

; Fuel Type ...
2,190 unique
options
70,000 Market Engine Size...
Shares



http://images.google.co.uk/imgres?imgurl=http://www.bestpricecar.com/graphics/smax_badge.jpg&imgrefurl=http://www.bestpricecar.com/asp/index.asp%3Flnk%3D1041&h=322&w=432&sz=21&hl=en&start=51&um=1&tbnid=FUKTOsEEudf9qM:&tbnh=94&tbnw=126&prev=/images%3Fq%3Dford%2Bfiesta%2Bbadge%26start%3D36%26ndsp%3D18%26svnum%3D10%26um%3D1%26hl%3Den%26lr%3D%26sa%3DN%26as_qdr%3Dall
http://images.google.co.uk/imgres?imgurl=http://images.autoanything.com/images/vehicles/honda/honda_accord_badge_silver.jpg&imgrefurl=http://www.autoanything.com/car/honda/accord/95A1A10A64.aspx&h=143&w=218&sz=8&hl=en&start=2&um=1&tbnid=SzrKIJZzV2VDDM:&tbnh=70&tbnw=107&prev=/images%3Fq%3Dhonda%2Baccord%2Bbadge%26svnum%3D10%26um%3D1%26hl%3Den%26as_qdr%3Dall

General Empirical Model

Car: N =
19t _¢ : &
) j y 8 7 W‘Nj%.::Fue%ﬂf\ ‘ J 3
3 “*“Efficiency Pritige
Uj= a(y; — p; +o'1j— d'tax;— a'ing;) + Xf t& + g
o= ot 7 b+ o
= p + ”ﬁdi t Uﬂﬂﬂi
No Car: Uip = 77 t&o

ni=1 + ﬂ'lydi i nyluni
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General Estimation Method

Uij = — 77i + O‘i (yl — pj + of I’J — OKttaXJ — CZI InS,J) + Xjﬂl + é:j + gij
\ J | J
| |

exp(vi;(Dy, X;,6))
1 "'Z exp(vi(D;, X;,))

Prob i chooses j: Pii(0) =

N
Predicted share j: §J(9) = ﬁ Z P ()
i=1

Choose @so that ... §j(9) = ... endogeneity of prices
... modelable fixed effects



Simple Aggregate Models

Logit Model :
Assume |dentical Tastes: o= a [ =0 n =17
Ui = —Ui—a(pj—arrj +Otttan +0£iWSj) +X 0 +& g

* All heterogeneity into ¢;
* Modelled Utility solely a function of car attributes
» Unrealistic substitution possibilities

Nested Logit Model :

Assume pattern of correlation in g;

* Richer substitution possibilities allowed



Nested Logit Model: Selected Results

* Costs (o) ... No Resale Price
Purchase Price -1.016 | 0.000 -0.525 | 0.000
Resale Price 0.705 0.000
Tax -1.917 | 0.003 -0.367 | 0.568

* Vehicle Attributes (/)

Automatic 0.081 0.000 Airbags 0.020 0.000
Num Gears 0.037 | 0.000 Air Con 0.009 0.203
Fuel Cost per ) A h 24 0.000
100km 0.385 | 0.000 lloy Wheels 0.0 .
Size (L x W) 0.001 | 0.000 ABS -0.416 | 0.000
BHP 0.002 | 0.000 Doors 0.050 0.000
Acceleration -0.010 | 0.000

Efficiency




Nested Logit Model: Policy Modelling

1% increase in Purchase Price (Sales Tax)

Change in Sales for Vehicles in Row Category from 1% Change in Price for Vehicles in Column Category

CO,g/km 2005 Sales

100 to 121to 131to 141to 151to 161to 171to 181to 191to 200to 226to 251 to 275to 300 to 400 to

110 130 140 150 160 170 180 190 200 225 250 275 300 400 500
gggsc;de 23,142,289 11 101 281 501 651 351 541 351 351 651 361 351 191 151 61
100t0 110 5,719  -205 30 20 104 8 1 3 8 0 0 0 0 0 0 0
111t0120 25,857 33 72 123 315 160 50 91 52 13 9 3 0 0 1 0
121t0 130 32,011 28 1,263 143 316 207 107 148 78 35 22 9 1 0 2 0
131t0140 87,324 19 151 -3,006 780 689 279 431 213 90 57 21 2 2 5 0
1410150 161,520 94 324 766 -4,641 1,166 374 696 363 142 116 39 5 5 v 1
151 t0 160 164,892 8 208 654 1,102 -5,304 605 841 454 250 293 113 11 12 16 3
161t0 170 87,145 0 111 300 383 637 -3,021 587 323 204 176 82 8 v 18 2
17110180 124,628 5 140 395 607 806 580 -4,275 370 275 253 100 17 11 19 3
1810190 75,216 5 64 174 288 409 279 345 -2,572 140 177 75 23 16 15 6
1910200 61,911 0 32 83 122 228 182 267 134 1,770 173 74 37 20 21 11
200t0 225 94,011 0 19 48 89 244 144 219 145 160 2,192 149 85 46 45 35
226 t0 250 43,366 0 v 6 27 8 56 75 53 61 135 -1,106 45 25 23 18
251t0275 33,849 0 1 1 ) 6 4 11 13 25 6 38 619 22 20 10
275t0300 15,094 0 0 1 2 6 3 6 v 12 30 18 19 366 9 6
300 to 400 10,285 0 1 3 4 8 9 10 v 10 23 13 14 6 351 3
400 t0 500 1,904 0 0 0 0 0 0 0 1 3 11 5 3 2 2 157
gjglze(;z 173.643 173.65 173.68 173.71 173.69 173.68 173.65 173.60 173.59 173.61 173.58 173.58 173.60 173.61 173.59 173.61
Pop. avg

o 7.363 7.363 WAELZE 7.364 7.364 7.361 7.360 7.361 7.357 7.358 7.359 7.355 7.358 7.358 7.360 7.360 7.361
2




Nested Logit Model: Policy Modelling

* £10 increase in VED (Road Tax)

Change in Sales for Vehicles in Row Category from £10 Change in VED for Vehicles in Column Category

CO,g/km 2005 Sales

100 to 121to 131to 141to 151to 161to 171to 181 to 191to 200 to 226 to 251to 275to 300 to 400 to
110 130 140 150 160 170 180 190 200 225 250 275 300 400 10]0)

gz(t)sc;'de 23,142,289 1 21 51 91 101 51 Al 41 31 51 21 19 11 11 1
100 to 110 5,719 -57 8 6 26 2 0 1 y 0 0 0 0 0 0 0
111 to 120 25,857 17 27 71 31 8 15 8 2 1 0 0 0 0 0
121 to 130 32,011 8 -238 29 69 36 16 23 11 4 2 0 0 0 0 0
131 to 140 87,324 5 29 -559 160 124 45 67 30 12 7 2 0 0 0 0
141 to 150 161,520 27 69 160 -887 213 60 108 52 18 12 4 1 1 1 0
151 to 160 164,892 2 37 124 212 -846 92 122 59 29 28 ) 1 1 1 0
161 to 170 87,145 0 8 17 45 60 92 -455 86 Zy| 26 19 8 1 0 1 0
171 to 180 124,628 1 5 23 67 108 122 86 -616 47 34 25 8 1 0 1 0
181 to 190 75,216 1 7 11 29 51 59 4 47 -335 16 16 5 1 0 0 0
191 to 200 61,911 0 2 5 12 18 30 26 35 16 -204 15 6 2 1 1 0
200 to 225 94,011 0 1 3 7 12 28 19 26 16 15 -200 11 5 2 2 1
226 to 250 43,366 0 1 1 2 4 10 8 ) 6 6 11 -83 3 1 1 1
251 to 275 33,849 0 0 0 0 0 1 1 1 1 2 5 3 -35 1 1 0
275t0 300 15,094 0 0 0 0 0 1 1 1 1 1 2 1 1 -17 0 0
300 to 400 10,285 0 0 0 1 1 1 2 2 1 1 2 1 1 1 -15 0
400 to 500 1,904 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 =3
gjglze(;z 173.643 173.64 173.65 173.65 173.65 173.65 173.64 173.64 173.64 173.64 173.64 173.64 173.64 173.64 173.64 173.64
Pop. avg

o 7.363 7.363 WAELEN 7.363 7.363 7.362 7.362 7.362 7.362 7.362 7.362 7.362 7.362 7.363 7.363 7.363 7.363
2




Nested Logit Model: Policy Modelling

TETETT . New Car Demand Model (version 3) : Database (Access 2000 file format) - Microsoft A s x

Home ®

x
New Car Demand Model from report "Demand for Cars and their Attributes” by EFTEC

Set parameters describing current economic conditio ' Reset to 2005
Values

The new car demand model is based on economic conditions in 2005. Change the parameters

on this page to update the model o reflect current income, cost

New Car Demand Model (version 3) : Database (Access 2000 file format) - Micros:
Mean disposable household income by
Government Office Region

Total disposable income by GOR from ONS
n each GOR from ONS "Regional Trends

North East London:
North West outh East
Yorks Humber:

t Midiands:
West Midlands:
What sorts of cost change are to be

East
modelled? New Car Demand Model (version 3) : Database (Access 2000 file format) - Microsoft Access P

Price inflation Insurance inflation c Note that
onsmorseass || (), souce: An P incexio | n the VED. On t

e » el New Car Demand Model

Retail Price Index 5.1 BIPI Index

S0
® CHAZ

from report "Demand for Cars and their Attributes" by EFTEC

Set price and fixed cost changes by CO2 band ... then run model
s the s srice and fixed cos s for each CO2 band. Press the "Run Model” button to ¢
s Vs o0 10 save offa re
Set As New Restore !

Defaults | Defaults gach g costs you ko e o docide o TPUT

Previous ‘

. Cost Changes: Segments Char

Chang Fixed: ee Bel Mini Cars (A): \ Mini MPV: Al = = 3
o Run Model

Poce . apee M 1 MPV
Medium Cars (C): Al Spoats
Reset ‘

Lage Cans (D) ! suv Pex Ve
Luwusy Cars (E): R 2 ‘ ]
( Save Output
Set As New Reset to Enter Cost Chaz . by Make || by Seg || by Make + Seg
Defaults Defaults CO2 Band Baseline Fixed Model Sales by CO2 Band Ciote

Options  Sales Set all to

Low High
<)

108

36,013



Nested Logit Model: Policy Outcome

Brown’s Government has |
performed badly.
the Prime Minis
economic competes Analysis: Page 4
Most vote: el Editorial Comment: Page 27

Green tax plan for gés ;g,uzzlers

By David Miliward examine the impact of raisir Labour's although not

Transport Editor the cost of the most- as advanced, echo those
= y , and of a d by the Tories

i costs by year 8 of “green

| pay new green taxes s is- raising road tax or fuel price g ch w d

ters step up th Th 0 8 2 g X showroom
guzzlir ri i

ports commissioned
by the Department for Tr
port and published yesterday

‘Useless’

« New bands for VED ... no tax on green levy
cars under 100g CO, per km on driversf Duewomndusti

Action the school will

l'akes in B be closed on Thursday

ouy o | 24th A_pril 2008
« New “Show Room” tax ... upto £4 billion §  smavilreope
£950 on most polluting cars

is
ine out of 10 |
will be taxed




Homogenous Taste Parameters?

sTansTics

Expenditure &
Food Survey

Family Spending

o Annual survey

o 6,000 hshlds per year
O socioeconomics

o Car purchases

o Purchase price

Transport

Bulletin

National Travel
Survey

o Annual survey

o 8,000 hshlds per year
O socioeconomics

o New car purchases

o Car model - 6 types

« EFS Data Heckman Regression Participation & Price Paid

» Participation

* Price Paid

Income 0.088 0.000
Age 0.061 0.000
Age Squared -0.001 0.000
Female -0.218 | 0.000
Kids 0.008 0.562
House 0.302 0.000
Rent -0.657 0.000
Council -0.949 | 0.000
Pension -0.619 | 0.000
Cars/Adult -1.445 | 0.000

Income 7.77 0.000
Age 273.65 0.000
Age Squared -2.31 0.001
Female -1,772.09 | 0.000
Kids 1,114.76 | 0.000
House -446.50 0.496
Rent -1,819.62 | 0.064
Council -3,944.90 | 0.000
Pension -2,901.67 | 0.000




|dentification through Regional Variation

* Method suggested by Berry, Levinsohn & Pakes (1995)
» Socioeconomics differ across regions
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> ()
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= o o o ()
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|dentification through Regional Variation

Method suggested by Berry, Levinsohn & Pakes (1995)
Socioeconomics differ across regions

Reflected in market shares

Use to identify interaction & random parameters

Average Price of New Car
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[}
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o
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£5.000 ® New Car Price L £2.000
£0 £0
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FELELEFTLLEFTF
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BLP Method

« Obtain random sample of N, households for each market

 Calculate individual specific choice probs

exp(vi'(Dh X,@))
Prob i chooses j: pij(Q) - J j

1 "'Z exp(vi (D, X;,0))

+ Simulate market share using sample households d; and
random draws for

N
Simulated share j: §J(¢9) = NL Z pij(é’, d;, 14)
g I=1

 Choose @ to fit simulated market shares to observed
market shares



BLP Model results

* Draw simulation samples of 200 for each market from
EFS

» Use model of insurance premia to provide household
specific insurance cost

- Participation e Car Attributes
n 9.410 0.000 ABS -0.477 | 0.000
Income -0.000 | 0.549 Acceleration -0.065 | 0.001
Cars/Adult 0.860 | 0.573 Automatic -0.226 | 0.000
BHP 0.031 0.000
* Costs Fuel Cost -0.001 | 0.047
Num Air Bags 0.015 0.030
Price -0.0034 | 0.000 -
Size 0.002 0.000
Income 0.0002 | 0.992
Random 0.0001 0.984
Resale Price 0.0031 0.000
Insurance -0.0139 | 0.000
VED -0.0162 | 0.000




Combining Disaggregate and Aggregated Data

* More information in disaggregate data to exploit

« Covariance of socioeconomics with purchase price of car

Observed in EFS Predicted

Price Band Income Female  Cars/Adult Price Band Income
0 £30,081 0.360 0.565 0 £30,036
£10,000 £41,508 0.316 0.289 £10,000 £31,490
£12,500 £43,820 0.225 0.282 £12,500 £31,434
£15,000 £49,412 0.218 0.299 £15,000 £31,382
£17,500 £56,827 0.166 0.256 £17,500 £31,095
£20,000 £57,291 0.166 0.275 £20,000 £31,054
£25,000 £58,847 0.196 0.348 £25,000 £30,876
£30,000 £62,719 0.212 0.421 £30,000 £30,352
£50,000 £86,902 0.174 0.418 £50,000 £30,014
£100,000 £94,283 0.128 0.571 £100,000 £28,308

« Choose 6 to match predicted covariances with observed



Combined Data Results

 Participation

» Car Attributes

n 7.397 0.000
Income -0.0001 | 0.004
Cars/Adult 5.605 0.000

» Costs

Price -0.0036 | 0.000
Income 0.0017 | 0.000
Random 0.0001 0.888

Resale Price 0.0033 | 0.000

Insurance -0.0138 | 0.000

VED -0.0131 | 0.000

ABS -0.534 | 0.000
Acceleration -0.011 0.507
Automatic -0.087 0.004
BHP 0.030 0.000
Fuel Cost -0.001 0.000
Num Air Bags 0.044 0.000
Size 0.002 0.000
» Covariances
Price Band Observed Modelled
0 £30,081 £29,404
£10,000 £41,508 £35,651
£12,500 £43,820 £37,893
£15,000 £49,412 £40,539
£17,500 £56,827 £43,276
£20,000 £57,291 £47,885
£25,000 £58,847 £54,284
£30,000 £62,719 £63,537
£50,000 £86,902 £77,613
£100,000 £94,283 £108,694




Closing Remarks
e Aggregate data:

... identifies car attribute parameters
... limited ability to recover interaction parameters 7 & o

e Disaggregate data:

... identifies socioeconomic interactions 7 & o
... limited ability to recover /S unless very large data sets

« Combine Aggregate & Disaggregate for best of both



Next Steps ...

e Add disaggregate moment conditions from EFS &
NTS data

e Consider optimal weighting of moment conditions

e Correct parameter standard errors for simulation

Suggestions?

e Applications other than to assessment of fiscal
policies?

e Model specification & choice of interactions?



