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Week 11: WTP & dimulations

1. Computing "Willingness to Pay" (WTP)

2. Incorporating Uncertainty via Simulation
3. Directly Estimating WTP

BREAK

4, Simulating Market Shares
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Willingness to Pay (WTP)
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Notational convention
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Practice Question 1

Suppose we estimate the following utility a) Use the estimated coefficients to
model describing preferences for cars: compute the WTP for fuel economy and
electric car vehicle type.

= m
U; = ap; + lej o 52w§1ec £ &4

The estimated model produces the
following coefficients:
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Simulating uncertainty

We can use the coefficients and hessian from a model to obtain draws that reflect
parameter uncertainty

beta <- c(-0.7, 0.1, —-4.0) covariance <— -1xsolve(hessian)
draws <— MASS::mvrnorm(1074, beta,
hessian <— matrix(c( covariance)
-6000, 50, 60,
50, -700, 50, head(draws)
60, 50, -300), ‘
nC01 = 3, berW = TRUE) [’1] ['2] [’3]

. 7160458 0.14722660 —-4.109681
. 7207909 0.16200449 -4.037364
. 7087197 0.10726160 -4.116090

.6881458 0.05199936 -3.994739
.6733345 0.05750150 —-4.000815
.6759333 0.05226912 -3.971867
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Computing WTP with draws
,_ B

(W —
—
draws_other <- draws[,2:ncol(draws)] Mean WTP W|th Conﬁdence interal
draws_price <- draws[,1]
draws_wtp <- draws_other / (-1xdraws_price)
head(draws_wtp) maddTools::ci(draws_wtp)

[,1] [,2]
. 20561058 . 739411
. 22475935 .601298
. 15134559 .807782

#> mean lower upper
#> 1 0.1439942 0.03892732 0.2522393

#> 2 -5.7171543 -5.97769017 -5.4626804

. 07556445 .805076

.08539812 —-5.941794
07732881 -5.876122 9/ 29




Practice Question 2

Suppose we estimate the following utility model describing preferences for cars:

~ mpg 1
Uj = apj+ Pz, + Pz + ¢

The estimated model produces the a) Generate 10,000 draws of the model
following coefficients and hessian: coefficients using the estimated
coefficients and hessian. Use the
e a:-0.7 mvrnorm() function from the MASS
* (51: 0.1 library.
1 ,822 -4.0

) _b) Use the draws to compute the mean
—6000 50 60 WTP and 95% confidence intervals of
V% In(L) = 50 700 50 WTP for fuel economy and electric car

vehicle type.
60 510 —300 | P
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Computing WTP from an estimated model

1. Open logitr—cars

2. 0pen code/6.1-compute-wtp.R
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Your Turn [10:0@}

As a team, compute the WTP from an estimated model
you used in your pilot analysis report
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Willingness to Pay (WTP)

"Preference Space"

u; = ap; + Pr; + E;

"WTP Space”
P
W— —
—Q
A= —«



WTP space models have non-convex

log-likelihood functions!

l\!umbe.r 2 First order condition Second order condition Example
dimensions
df (x* 2 *
e f(X)ZO df(?C)>0
dx dx?
“Gradient” “Hessian”
Vf(xy, xz, ... Xp) V2f (x4, X, e )
ofr ... _9f
ox? 0x50%,
Multiple af adf of = ;
oxg " 0xy" T By 0 T |
=[0,0, ..., 0] 0x,0xn ox2
Must be “positive definite”
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WTP space models have non-convex
log-likelihood functions!

Use multi-start loop with
random starting points
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Computing WTP from an estimated model

1. Open logitr—cars

2. 0pen code/6.2—-model-wtp.R
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Your Turn [10:0@}

As a team, re-estimate the main model you used in your
pilot analysis report, but now in the WTP space.

Try plotting your results (see 6.3—plot—wtp.R for
examples)
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Break

05:00

J
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We want to find 8 by maximizing the log-likelihood

Estimate 51, B>, ..., by minimizing

the negative log-likelihood function:
~ ! ~
u},- = B Xj -1- Ej

J
— lejl iE Bzxj + ... +é3 mlmmlze—ll’l(ﬁ) = —Z 1}1}1[1[})‘]('3'}()]
N g
j |
Weights that denote the with respect to 3

relative value of attributes _ -
y; = 1if alternative j was chosen

Xj1s Xj2 - y; = 0 if alternative j was not chosen
!
eVi PLES
P = =
J J v J 'x
Zk:l evk Yo _ e B Xk
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Simulate Market Shares
1. Define a market, X

2. Compute shares:
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Simulate Market Shares

A:Efx

X111 X12 - X1 [D1
le sz x2n 52
_le sz x]n_ _Bn ]

ﬁlxll +[>’2x12 + ...+ PnXin V1]
Bt +[)’2x22 + o+ Baxon | _ | V2

_ﬁlle_l'ﬁzx]z + ... ‘I‘ﬁnx]n_ v]_
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D

Simulate Market Shares

X11  X12 X1n
X21 X22 Xon
X1 Xj2 XIn

| f1Xxj1 + Baxjp +

ﬁlxll +[>’2x12 o
B1x21 +[)’2x22 U oo

"
B,

B

+ BnX1n |

+ ﬁnx2n

. T ﬁnx]n :

In R:

X %%% beta

24 | 29



Practice Question 1

Suppose we estimate the following utility a) Use the estimated coefficients to
model describing preferences for cars: compute the WTP for fuel economy and
~ mpg | electric car vehicle type.
Uj = apj + Pz, + Pzl + ¢ . .
b) Use the estimated coefficients to

The estimated model produces the compute market shares for the
following coefficients: alternatives in the following market:
e ox:-0.7 alternative price mpg elec
@ s 1 15 20 0
+ Pri-a0 2 30 100 1
3 20 40 O
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Simulating Market Shares with Uncertainty

We can use the coefficients and hessian from a model to obtain draws that reflect
parameter uncertainty

beta <- c(-0.7, 0.1, —-4.0) covariance <— -1xsolve(hessian)
draws <— MASS::mvrnorm(1074, beta,
hessian <— matrix(c( covariance)
-6000, 50, 60,
50, -700, 50, head(draws)
60, 50, -300), ‘
nC01 = 3, berW = TRUE) [’1] ['2] [’3]

.6879834 0.10121397 .971613
. 7120454 0.12175361 .950361
. 7327005 0.08784529 .996177

. 7040887 0.12114425 .011338
.6882495 0.09595869 . 948449
. 7021672 0.10389165 .018493
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Simulating Market Shares with Uncertainty

Rely on the predict () function to compute shares with uncertainty.
Internally, it:

1. Takes draws of B
2. Computes P; for each draw

3. Returns mean and confidence interval computed from draws
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Simulating Market Shares with Uncertainty

1. Open logitr—cars

2. 0pen code/7.1-compute—-market-
sims.R
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Your Turn [20:00}

AsS a team:

1. Develop one or two scenarios pitting your product against one or more

competitors.
2. Use one of your estimated models and the predict () function to predict market

shares for those scenarios.
3. Try plotting your results (see 7.2-plot—-market—sims.R for examples)
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