Benkard—"“A Dynamic Analysis of the Market for Wide-Bodied
Commercial Aircraft”

e Background about industry

e A word about strategic trade literature



Model

o t ={1,2 ....}

e Three state variables for firm j

—L/; + experince
—u; type (small, medium, large)

—¢&j ¢+ quality

e Aggregate state M; aggregate demand



e s state of industry (includes state of individual firms)
e 2 stages in a period

—Stage 1: Exit decision x; € {0, 1}, scrap value ¢;,

—Stage 2: Production and Entry (but entry is mechanical so ig-
nore here)

e Markov perfect equilibrium

’U(j,S,M) — %?Q§X]¢]+(1_Xj)wj(87Q7M)

+5 Z U(S,7M,)P(SI7 M,|87M7Q7X)
' M/



e Restricts attention to symmetric MPE

—Has bite in this context



Technology

InLy;=InA+0InE;+~vInS; + ¢y

[ unit (plane

L is labor input

A constant

E; experience

St line-speed



e Learning by doing with forgetting

Eiy1=0E:+ q

o= .61, O = —.63. Double experience, cost falls 36 percent.



Discretize

E; € {1, 10,20, 40,70, 110, 165}

Stochastic. Let Eg"H be future experience according to formula.

Then

) Ef —F

E, with prob—tt d

Epiq= Bu—Fq
t+1 — _ E* [ —Ey4
E  with prob 1 — YoMy oF




Demand—Background

Start with simple logit demand
uj; = X8+ &5 —apj + €5

: o
Consumer picks choice j* = arg max; u;;

Define
0j = XjB+ &5 — ap;

Assume ¢;; is extreme value distribution ( "double exponen-
tial” " Gumbel” F(g) =e ¢ ). Then

e5j

> €k

5j



Equilibrium in the Pricing Subgame
Have demands s;(p1,...p; )

Firms compete in prices in Bertrand fashion. Profit is

m(pj, p—j) = (pj - Cj> s;i(p1,--pJ )
FONC
Fsj(p) _

Dj

si(p) + (pj — cj) 0,j=1,..J

Caplin-Nalebuff (1991). Prove there exists a unique equilib-
rium.

Straightforward to calculate on the computer.



Two Issues: (1) Unobservable Quality
ujj = X8 + &5 — apj + €45

e Solve for §(s)
Ins; —Insg =9, —0g

Normalize things for the outside good to 0 so g = 0. Done

e Assume large number of purchase decisions so no sampling
variance.

—appeal to law of large numbers

—SO0 S and hence 5]- iIs observable. It is data.

0j = X;jB — apj +§;



e Suppose §; term is not observable. (Berry, Rand 1994)

e Suppose use OLS to estimate 5 and «

e Suppose E[¢'p] # 0. Then &py g is biased.



(2) Second Issue: Substitution Patterns

e Suppose have two cases, p; < p’z, ceteris paribus. Let s% and
s;. be the associated shares. Suppose sy = s7. then 5 = 7.

But then 6 = 6%, so sy = s§. Thus

Independence of Irrelevant Alternatives. The ratio of the choice

probabilities of any two alternatives is entirely unaffected by the
systematic utilities of any other alternatives.



Nested Logit

e Simplest nest

—In addition to the draw ¢;; for each individual ¢ and product
j€40,1,...,J}

—Draw (g, ¢ such that

uig = 60+ Co+(1—0)ep
uij = 05+C1+(1—0)ej

® g;; is i.i.d. extreme value.



e ( has a distribution that depends upon o, 0 < o < 1. Make it
the unique distribution such that if € is extreme value than (+
(1 — o)e is also extreme value. Get the following formulas:

( =

P \1-7

S; d,0) =

j/purchase( 3 5
Sl ee (175)




Back to Benkard Paper

e Demand for stock of planes (here taking note of durable nature
of planes)

—relevant price is rental rate p; ¢

e Doesn't observe p;; so assumes is proportional to the sale
price P

—An ugly assumption. tries to justify by noting that

(i) Things that would tend to make changes in the sale price that
wouldn’t affect the rental rate (interest, depreciation, changes in
new price), may not be big



(ii) “Across price variation in rental prices is driven much more
by variation in the levels of new prices than it si by variation in
expected price changes.”



Nesting of Products

New wide-bodies in a nest (the inside good)

New narrow body and all used are the outside good.

There is an aspect of this modeling that is incoherent. What
Is it?

Look at demand estimates



Game Plan

Simulate the model economy given these parameters

Compare output of the model economy with data

Compare welfare under Markov perfect equilibrium with pure
monopoly and social planner

Examine inpact of policies limiting market share.
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FABLE 2

Do Niwciiom evdivaies
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TABELE 3
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Welfare Comparisons

e Compare

—MPE

—multi-product monopolist

—social planner

e Social planner raises total surplus by “just 10%.”

e Monopolist provides much lower welfare



e All three cases get sufficient learning

e Welfare gains come from standard Hotelling triangles (social
planner has 40% higher output)

e Social planner has fewer models (‘excess entry)
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