BLP

Demand side:

U{{H FJ‘ I,."' f ' H]'

U(&p %, €:0)2U(&, pyox,,658),  for  r=0,1,...,J,

A;= [J:U“*Fﬁlﬂ £:0)=2U(L,p,,x,,£;:0),forr=0,1,...,J}.
'FJ_{P’I*E; 6) =J::5,4 _Pn{dﬁr]-

M — market capacity

M s — demand function

U(Lppxp§i0)=x,B—ap +§+¢,;58 +¢,

s;= | TTP(8—8,+€)P(de).

€ g%
Not as good as weather due to unexpected substitutional patterns. Random utility is

better:
U{G:Fj:-r‘frf'; E]‘ -IJ'E-&P,E + fj + Edlxjkptl + €
k

and a deviation from that mean

My - > T Xy Vi + £,
k



Incorporate observable income distribution (CPS) in model:

U( &Py %52 §:0) = (3, _P,.'}EG(I‘,-, £, v )e "D,

w;=alog(y,—p) +x;B+ &+ ;:ﬁx‘,k v + €,
Ug=alog(y)+ &+ ogv, + €.
Supply side:

In(mec;) =wy+ w,
or with return to scale In(mc;) = w;y + uln(q;) + w;

M= } (p;—mc;)Ms,(p,x, £:8),
e,

ds,(p.x.£:8)

si(p.x,§:0)+ L (p,—mc,) 0.
r ap;
FOC: !
_',;sr
\ if r and j are produced by the same firm;
d'jr= ap.l
0, otherwise.

s(p,x,E:8)=A(p,x,E:8)[p—mec]=0.
p-mc+d{p.1.£:ﬂ}'ls[p.x.f:ﬂ}.

h[p,r..ﬁ;ﬂ}ld{p.x.f:ﬂ]'Ls[p.x.f:E},

In(p=56(p,x,£;8)) =wy+ w.

BLP instruments:

For example, if one of our characteristics is the size of a car, then the instrument
vector for product j includes the size of car j, the sum of size across own-firm
products, and the sum of size across rival firm products.



Estimation:

There are four steps to each evaluation of G,(#8, 5", F,,) in both models. For
each @:

(i) estimate (via simulation) the market shares implied by the model;

(ii) solve for the vector of demand unobservables [i.e. £(8,s", P,,)] implied by
the simulated and observed market shares;

(i) calculate the cost side unobservable, w(#@,s", P,,), from the difference
between price and the markups computed from the shares; and finally

(iv) calculate the optimal instruments and interact them with the computed
cost and demand side unobservables (as in (5.3)) to produce G,(#8, 5", P_,).

E[£lz]=Elwlz]=0.
‘E[{ £ "";:"{ fﬂ“r..'}lz] = ﬂ[z}]

T(z)T(2)=02(z)"

£(0,5°, Py)

GJ{H}-E. Hlf[z}T{zf] “.rl:ﬂ' .Tu Fﬂ']

Minimize G’G for theta

Data:

Country-level data, 20 years, yearly dynamics, 2217 models/years, 997 distinct
models

Income distribution from CPS

M as number of households

Limitations:

1. No variation of consumer characteristics (Done in Nevo)

2. More detailed information on cost function (R&D etc.)

3. Correlation between observed and unobserved characteristics (strategic
behavior of firms on differentiation; dynamic industry equilibrium)

4. Dynamic consumer behavior; zero alternative includes used cars



Nevo

Data:
City (45) x quarter (20) x brands (24) = 21600

IRI data on sales (shares) and prices, also on advertising.

Market shares are defined by converting volume sales into number of servings sold and dividing by the total potential
number of servings in a city in a quarter. This potential was assumed to be one serving per capita per day. The market
share of the outside good was defined as the difference between one and the sum of inside goods market shares

Demographics from CPS

Demand side:

| - TID 21 \ NID, T, )
L i 1 .|II-‘I irl f
A\.(x.p.. E.:8) (D, v, €)|u i { 0, ] /)
) ) _r.'_,' i r,"f"l}’] ! = | -JIIF.--I"r.'lirlll'l'ir.'lllrl-|.lr-:',

Instruments for A,

prices of the same product in different time or market (valid because different
market, relevant because of the same component in MC)

Exactly: regional quarterly average prices (excluding the city being instrumented)
in all twenty quarters



Supply side:

=| — N (P i l.”‘xlr'i Cre

.|l] otherwise.
s(p) — Wr(pXp — mc) = 0.

p mc = L0 p) s p) = m P [}ere( p)

Limitations:

1. Cost savings after merging
2. Nonrandom advertising and brand introduction

Advantages:

1. Computer code in MATLAB. May replicate the results.

s(p).



BH

Demand side:

. ] Xl‘:(xi'* Pn‘fr}
Market is defined by

v;j¢ Is conditional indirect utility of consumer i

Fo(vig, ..., UU:|X:]-

Sj.! = UJ‘XI) = Pr(ﬂrgfg‘;!}?;l}ih :jlk’:), J:ﬂ. ...,.}.

So tar, the only restriction placed on the random utility model 1s the restric-
tion to a scalar product/market unobservable &, foreachrand j=1,...,/J.

. . . . . . 2 .
We now add an important index restriction. Partition x; as (,\'},“.x;-,"). with

x},“ eR. Let x{" =(x{),...,: vVyand x{P = (x2, ..., ¢'?). Define the linear
indices
1) -
(2) 5j:=«\’}, Betbny J=hsea J
and let 8, =(8i.5 o o7).

ASSUMPTION 1: F,(-|x:) = F.(-|8,. x\”, po).

DEFINITION 1: Let A, denote either — p, or §,. Goods (0, 1, ...,J) are con-
nected substitutes in A, if both

(i) o%(8,, p,) is nonincreasing in A;, for all j > 0, k # j, (8,, p,) € R¥: and

(1) at each (8,, p,) € supp(d,, p,), for any nonempty K C {1,...,J} there
exist k € K and ¢ ¢ K such that o,(8,, p,) is strictly decreasing in A,.

ASSUMPTION 2: Goods (0,1,..., J) are connected substitutes in —p, and
in é,.

ASSUMPTION 3: Forall j=1,...,J, E[&|z,, x,] = 0 almost surely.
ASSUMPTION 4: For all functions B(s,, p,) with finite expectation, if

E[B(s:, po)|zi, x] =0 almost surely, then B(s,, p,) =0 almost surely.

THEOREM 1: Under Assumptions 1-4, forall j=1, ..., J, (1) &, is identified
with probability 1 for all t, and (11) the function o;(x,) is identified on X.



Supply side:

ASSUMPTION 6: (1) o;(x,) is continuously differentiable with respect to py
Vj, k € J:(i1) at each x, € X, for any nonempty K C {1, ..., J}, there exist k € K
and € & K such that do¢(x.)/dpi: > 0.

Denote D (x;) as JxJ matrix of partial derivatives [a“g—;"t)] k.l
l

ASSUMPTION 7a: Foreach j=1,..., J . there exists a known function s; such
that, for all (M,, x,, s,) in their support,

(9) mcj, = (s, My, D(x,). pi)-

THEOREM 2: Suppose Assumptions 1-4, 6, and 7a hold. Then mc, is identified
Jorallt,j=1,...,].

But v; is known (as was in Nevo)!

Consider

Let y;, abe excluded instruments for Q ., formally saying:
ASSUMPTION 8: E[w;|W;,, ;] = 0 almost surely forall j =1, ...,. )

ASSUMPTIONY9: Forall j=1,..., J and all functions B(Qj,, W;j,) with finite ex-
pectation, if E[B(Q;,.W;,)|Wj., y;] = 0 almost surely, then B(Q;,,w;,) =0 almost
surely.

THEOREM 3: Suppose marginal costs take the form in (11) and that Assump-
tions 1-4, 6, 7a, 8, and 9 hold. Then for all j =1, ...,J, (1) the marginal cost
ﬁ;;zctions Ci(Qj..w;,) are identified, and (i1) w;, is identified with probability 1 for
atl t.



Equilibrium:

ASSUMPTION 7b: For each j=1,...,J, there exists a (possibly unknown)
function ; such that, for all (M,, x,, s,) in their support,

(12) ’71Cjt=¢’j(sr, Mta D(Xr), P:)

> ; it : 1 2 :
on the marginal cost function. Partition the cost shifters w;, as (w},’, w}’), with

w},” € R, and define the “cost index”

) L= )

Kjt =Wj, ¥j + @ji.
ASSUMPTION 10: For all j=1,...,J, mc;, = ¢;(Q,., K,,.w},z’). where ¢; is

strictly increasing in k.

-1 .
'rjl+§jl=aj (8¢5 Po)s j=19~*-~J&
wjl+wjl=ﬂ-j_1(sl'1p!)1 j=l1"'1j'

ASSUMPTION 13: There is a unique vector of equilibrium prices associated with
any (6,, k,).

(17) P::W(an K;)
for some unknown function 7:R¥ — R’.

ASSUMPTION 14: (&,, w,) have a positive joint density fe.,, on R¥.

ASSUMPTION 15: The function m(d,, ,) is differentiable, and the functions
o~ (5., p:) and 7' (s,, p,) are continuously differentiable.

ASSUMPTION 16: (x,,W,) Il (&,, ,).

ASSUMPTION 17: supp(x,,w,) =R¥.

THEOREM 5: Suppose Assumptions 1, 2, 6, 7b, 10, and 13-17 hold. Then, for
all j=1,...,J, (i) & is identified for all t, and (ii) the function o;(d,, p,) is

identified on X .

THEOREM 6: Suppose the hypotheses of Theorem 5 hold. Then (1) wj, is iden-
tified forall t and j=1,...,J: (ii) 7(d,, k,) is identified.



