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Mixed logit models, also called random-parameters or error components
logit, are a generalization of standard logit that do not exhibit the
restrictive "independence from irrelevant alternatives" property and

Abstract explicitly account for correlations in unobserved utility over repeated
choices by each customer. Mixed logits are estimated for households'
choices of appliances under utility-sponsored programs that offer rebates
or loans on high-efficiency appliances

Coefficients can vary across customers

The moments of the distribution of customer-specific
parameters are estimated

Mixed Logit
Variance in the unobserved customer-specific
parameters induces correlation over alternatives in the
stochastic portion of utility
also allows efficient estimation when there are why?
Intro repeated choices by the same customers

Brief history
Random-coefficients logit
Other 'names’ Error-components logit
Mixed logit
# of choice situations cab vary

N people

# of alternatives can vary
Unjt = B'nxnjr + €

unobserved for each n

Utility B, f (B,,I 0*) density

constant over time

€njt iid extreme value independent from 3 and x

B X
Lnir(B") = _E oBX,, conditional on B
i
Choice probability
Q,,(0%) = f L,i(Bn) f (B, 6%) dB,. unconditional

For maximum likelihood estimation we need the
probability of each sampled person's sequence
of observed choices

For one person Sn(Bn) = H Lm.("‘,),(Bn) conditional on

4

probability of person n's observed
sequence of choices is

Pn(O*) = fS"(B")f(Bnle*) dB" unconditional

can't be calculated analiticaly

LL(6) = 2, In P, (6)

should be integrated in dim(6)-space

— r|6
LL function SPn(e) (I/R) 2r=1,. . .,R Sn(Bn )
MLE approximate with simulations
SLL(6) = =, In(SP,(6))
Take "simple" draws e.g. from N(0,1)
Take 6 4--~\\
\
\
\
Draw B3n(0) ‘\
\
SML Estimation strategy ,'
e ’
Specification Calculate Sn(pn) .

Calculate SPn(0)

Maximize SLL(0) 88 Use some tricks
N

&

unobserved for each n

Bn f(B'll 9*) density

constant over time
Random

_ '
coefficient Unjt - annjt + 6njt

€njt iid extreme value independent from 3 and x

b - population mean
Bn=b+nn

nn - stochastic deviation from mean

- ’ '
Unjt = b xnjt + Tn xnjt + enjt

Transformation
'
(77 n xnjr + 6njt)
Stochastic portion of utility
correlated over alternatives and time
Model equivalence

can easily employ nested logic

McFadden and Train (1997) any random-utility model can be approximated to any desired

degree of accuracy with a mixed logit through appropriate choice
of explanatory variables and distributions for the random

parameter
rebates
Demand side mechanism to promote
management -
energy efficiency
program
loans
Southern California Edison
Actual purchases do not
provide variance in mechanisms
Binary choices
Series of experiments Trinary choices Only high-ef
No "O-choice" alternative
Stated preference approach Price
Data stand-ef
Application Characteristics Operation costs
high-ef
Promo mech Rebate/Loan/No incentive
401 people
Sample 12 binary
6081 experiments
up to 4 trinary
Additional Info about past purchases (163 people) Loans where not available
Estimation on SP data
Steps Calibration on pure RP data
Forecasting the impact of different loan programs
Definition (a) Price of the refrigerator, net of any rebate, in hundreds of
Variables dollars. (For a standard-efficiency unit and high-

efficiency units without a rebate, this variable is the price
of the unit. For high-efficiency units with a rebate, it is the
price of the unit minus the rebate.”)

(b) Savings, in hundreds of dollars. This variable is zero
for the standard unit and, for the high-efficiency
units, is the annual dollar reduction in operating cost
that the unit provides relative to the standard unit.
(That is, savings in any experiment is the operating
cost of the standard unit minus the operating cost of
the high-efficiency unit.)

(c) Amount borrowed, in hundreds of dollars. This
variable is zero for standard units and for high-
efficiency units for which no loan is offered. For
high-efficiency units on which a loan is offered, this
variable is the maximum dollar amount that the
customer is allowed to borrow. The percent of the
purchase price that the customer is able to borrow
varies over experiments.

(d) Interest rate, in digits (i.e., 4% interest is entered as
0.04). This variable is zero for standard units and for
high-efficiency units for which no loan is offered. For
high-efficiency units with a loan available, the vari-
able is the interest rate that is offered for the loan. The
interest rate varies over experiments.

(e) Efficiency dummy. This variable takes the value of zero
for standard units and one for high-efficiency units.

(f) Rebate dummy, taking the value of one for high-

Estimation on SP data efficiency units on which a rebate is provided, and
zero otherwise.

(g) Finance dummy, taking the value of one for high-
efficiency units for which a loan is provided, and zero

-otherwise.
Means TABLE 1.—MEANS OF EXPLANATORY VARIABLES
Price of standard-efficiency refrigerator 875.94
Price of high-efficiency refrigerator 1127.89
Annual savings in operating cost for high-efficiency units rela-
tive to standard 116.89
Rebate (when rebate is offered) 125.75
Amount borrowed (when loan is offered) 698.50
Interest rate (when loan is offered) 0.0505

To track WTP easily

Price is fixed - why? Stochastic portion of utility should not be dominated
by random parameters

All random coefficients can make convergence

nonfeasible
Results TABLE 2.—STANDARD AND MIXED LOGIT WITH ALL NORMALLY
DiSTRIBUTED COEFFICIENTS
Standard Mixed
Logit Logit
Estimates Estimates
Price net of rebate Coefficient -0.379 —-1.23
(0.0360) (0.108)
Savings Mean coefficient 0.807 3.03
(0.0609) (0.345)
Standard deviation of — 2.24
coefficient (0.281)
Amount borrowed Mean coefficient 0.0701 0.392
(0.0176) (0.066)
Standard deviation of — 0.489
coefficient (0.057)
Interest rate Mean coefficient —6.87 —48.5
(4.03) (10.09)
Standard deviation of — 44.4
coefficient (7.53)
Efficiency dummy Mean coefficient 1.33 3.70
(0.101) (0.421)
Standard deviation of —- 3.20
All non price coefs independently normal coefficient (0.398)
Rebate dummy Mean coefficient 0.229 0.022
(0.109) 0.212)
Standard deviation of — 1.30
coefficient (0.204)
Finance dummy Mean coefficient —0.0175 0.156
(0.264) (0.621)
Standard deviation of — 0.284
coefficient (0.475)
Likelihood ratio index 0.275 0.461

Willingness to pay in
higher purchase price,
calculated at estimated
mean coefficients, for:

$1 extra savings 2.13 2.46

$1 extra of amount bor- 0.19 0.32
rowed

1% reduction in interest  18.13 3943
rate

Ratio of means matter!
The difference of means

Can compare WTP

Mean WTP $2.12 Discount rate 46% for 10 years

Savings

9% have negative WTP do we believe?
Explain preferences not caught by savings etc.
Efficiency dummy

Comments "Irrational” behaviour

Compare with logit

Rebates
Rebatese are "giveaway" (interpreted differently),
loans are not
Interaction with soc-dem vars
Correlation in
Other specifications savings
log-normal parameters amount borrowed

interest rate

socio-approvable answers efficiency dummy

Sources of difference in
choices in SP and RP

lack of info about rebates in RP rebate dummy

Recalibration of two coef TABLE 6.—CALIBRATION TO REVEALED-PREFERENCE DATA

Parameter Estimates

Model with Model with
all normals log-normals

and normals
Efficiency dummy Mean coefficient 0.785 0.713
(0.182) (3.64)
Standard deviation of 0.213 0.397
coefficient (2.86) (0.322)
Rebate dummy Mean coefficient =3.70 -3.01
(7.31) (2.17)
Standard deviation of 2.84 2.03
coefficient (8.30) (1.70)
Number of respondents 163 163
Likelihood ratio index 0.122 0.121

Calibration to RP data

Changes are appropriate to our assumptions

stand-eff - 46%

Experiment conditions Predictions high-eff + rebate - 16%
high-eff + loan - 38%

stand-eff - 55% +9%

No rebate predictions

high-eff + loan - 45%

Avg rebate - $64
Rebate program

Cost per induced switch - $119

Interest rate prediction Mixed Logit with All
Loan program Normal Distributions
High
Efficiency  High
Interest Standard  Without Efficiency
Rate Efficiency Loan  With Loan

0% 0.320 0.283 0.397

2% 0.354 0.314 0.332

Predictions 4% 0.381 0.336 0.283
6% 0.402 0.351 0.246

8% 0.418 0.362 0.220

10% 0.430 0.370 0.201

12% 0.438 0375 0.186

Loans are more effective and could even be profitable.

Comparison with nested logit predictions



