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Topic 1: Measuring market power

Part 1: intro - what can be done without behavioral assumptions
e Bresnahan (1989): Modeling choice: conjectural variations vs. behavioral assumptions
e Bresnahan (1982): How can the data identify market power?
e Corts (1999): As-if interpretation of conjecture parameter is incorrect

Part 2: with behavioral assumptions

e Porter (1983): make functional form assumption on pricing regime and check reason-

ableness

e Bresnahan (1987): estimate model using different behavioral assumptions and compare
the R?’s

e Borenstein et al. (2003): assume perfect competition (PC) and compare predicted

prices with actual prices

Lecture 1: overview

Bresnahan (1989): Alternative treatments of firm conduct

Different theories of firm behavior generate different supply relationships. Notice that the
first order conditions for a firm can be written in a similar form for different assumptions on
market structure — demand: P = D(Q,Y, «,€) — g—g =D <0:

Pt = Cl(Qit7 VVitv Zit7 ﬁa Ez?t) - Dl (Qh Y;fv «, Ed)Qit x SOMETHING

Straightforward examples are:

Cournot: Pt - Ol(Qit7 I/Vit? Zit7ﬁ7 Egt) - Dl(QhY;%aaed)Qit x 1



Bertrand/PC: P, = Cy(Qu, Wi, Zus, B, €5,) — D1(Qy, Vi, a, €) Qi x 0
Monopoly/Cartel: P, = Cy(Qu, Wit, Zit, B, €5,) — D1(Qy, Yy, a, €)) Qi x N
Q

A more involved example for the newspaper market is Rosse (1970). Firms set the cir-
culation price of the paper, marking up the circulation MC with a premium that not only
depends on the circulation MR (D§ < 0), but also the effect of reduced circulation on the
advertising MR. (D§ > 0)

Rosse (1970): PY = MC®—Dy(Qf, @7, Q7 .)Q — D3(Qf, @, .. )@¢

Two examples that we will study in more detail in the next lecture are

&%) (&%) Pjaodij Prood;p,
Bresnahan (1981): Q, = (P, — MC; - ¢
resnahan ( ) Q ( )(Xj_Xi Xi_Xh> X oX XX, €
Porter (1983) logP, = ..+ o with probability 7
loghP, = ...+a"™+af with probability 1 — «

Finally, two more examples have one firm maximizing profits making an assumption about

the behavior of other firms. This prepares us for the conjectural variations framework.

In Stackelberg, the leading firm knows that the followers will compete in Cournot fashion
taking its output (1) as given. All firms ¢ will have a f.o.c. as above and solving that
simultaneously gives their optimal output Q;(Q1). In setting @)1, the leader takes the sum
of the followers reaction into account (s < 0). The more responsive the followers, the lower

the market-up and price and the higher Q).

Stackelberg: P, = C1(Que, Wis, Zut, B, €5,) — D1(Qr, Y, v, €)Qup x (14 05)

where 05 = Z 8331
i 1t

In the dominant firm framework, the dominant firm knows that the fringe will simply put
P = MC'. A higher price will increase the fringe output, for upwardsloping MC, according
to the slope of their supply S; > 0. The more responsive the fringe, high S;, the more elastic
the residual demand is (note the denominator of Sp), and the smaller the markup will be
(Sp <0):

Dominant firm: P, = Ci(.) — D1(.)Q1¢ X (1 + Sp)
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~ Di()Si(1)
(Suslow, 1986) where Sp = 1-Di()Si()

Given that all these models take the same form we can try to nest them all and replace
“SOMETHING” with a parameter that will be estimated from the data.



Conjectural variations (6; € [0, N])
P = Ci(Qu, Wi, Zit, B, €) — Dl(@tay;ha?Ed)Qit X Oy
Now we will ask three questions with respect to such a conjectural variations model:

1. Is the 6 parameter identified?
2. Does it make theoretical sense?

3. Does it make empirical sense?

Bresnahan (1982): Identification of market power

The full model of the industry is described by 2 equations (Note the entire analysis is now
done at the industry level, i.e. all firms face the same /) parameter and we only look at
the market quantity Q; = >, Q;:

Demand function: @ = D(P,Y,a)+ ¢
Supply relation: P = ¢(Q,W,[) — Ah(Q,Y, «) +¢€,
|
P(Q)Q
where Y (demand shifter) and W (cost shifter) are exogenous, and P and () are endogenous.

If firms are price takers, the supply relation simplifies to the supply function P = MC = ¢(.).
P + Ah(.) is MR as perceived by the firm.

We will stick to a linear form:

Demand function: Q = ag—+ a; P+ ayY + ¢

Supply relation: P = [y + 51Q + oW —AP(Q)Q + €
MC

The demand equation is identified no matter what: one included endogenous variable as

explanatory variable (P), one excluded exogenous variable (W).

Note that OLS will not be sufficient. For example, using the logit transformation in Berry
(1994) €P = ¢&;, a product-specific unobserved quality index. This is undoubtedly correlated
with price and using OLS might even lead to positive price coefficient. In a homogenous
goods example, under Cournot competition, the price will still be correlated with €”, because
the demand function (including the error) will enter the supply relation which determines

pricing. Assuming E[¢;]Y, P] = 0 is unreasonable, so we need an instrument that shifts prices



but does not enter the demand otherwise, e.g. W and use IV (or 2SLS): E[§;|Y, W] = 0.
——

Z
More generally:

in a method of moment’s estimator: ~ E[Z'¢”] = 0
1N
sample analog: N > Z'(Q — ap — a1 P — alphasY') = Gy(«)
n=1

GMM: pick a that minimizes: Gy (a)AyGn ()

(Note: on production side, just as unreasonable to estimate the production function
with OLS, because factor inputs are correlated with unobserved productivity. Solution:
using fixed effects might be enough, or use instruments, e.g. local demand shocks as in
Syverson(2004))

The supply relation is identified, but not the degree of market power. In the linear case,

the supply relation can be written as

P:50+(51—01)Q+52W+€c-

The slope wrt () is identified if we have one instrument, e.g. a demand shock Y. However,
it is impossible to uncover . (we treat the a coefficients as known because they can be
estimated separately from demand) FIGURE 1

90 T.F. Bresnahan / The oligopoly solution concept is identified

P

MRI MR2

Fig. 1.
To identify the degree of market power,

1. Assume that marginal costs is constant: 3; = 0 FIGURE 2



$ Identifying
~ Market Power

Quantity, 0

2. extend the demand equation to
Q=oag+a1P+ oY +asPZ + a7 + €,

where Z is a new exogenous demand-side variable that shifts not only the demand
intercept, but also the price sensitivity (e.g. price of a substitute). The new supply
relation becomes
P =0+ 0@ — #Q-i—ﬁzw—i—ec.
oy +asZ

In this case A is identified as the coefficient on the new variable Q* (= Q/(ay +
a3Z). Now there are two included endogenous variables (@ and @*) and two excluded
exogenous variables (Z and Y).! FIGURE 3

T.F. Bresnahan / The oligopoly solution concept is identified

Fie. 2.

I'Note the two typos in the paper.



3. one example is a different technology (see tomato harvest example)

4. other example shows that estimated p-cost margins are reasonable

Conjectural variations games

Write the conjectural variations f.o.c. alternatively:

P o= Ci() = Di()Qi x (1 4+ 7i(Qir, Qst, Z,1)).

In the single-firm profit maximization quantity choice problem, the first order condition for
firm ¢ boils down to the equation above if we assume:

Qr = Qit + X5 Qi = Qi + R(Qit)

then dQQt =1+ aR(Q“) and

1 dQ1
Hen) = " ro o

One should clearly distinguish the theoretical use of the word “conjecture” from its em-

pirical content.

Firms maximize profits by choosing output and making a conjecture about their rivals
response. Different firms can make different conjectures, which are specified exogenously.
This conjecture can be consistent or not (the only consistent equilibrium boils down to the
Cournot equilibrium: both firms play best response relative to the other firm’s EQUILIB-
RIUM strategy). Of little theoretical interest.

Corts (1999): Interpretation of the conduct parameter

He takes issue with the as-if interpretation of the conduct parameter: The “degree of com-
petitiveness” in the real world is as if firms play a conjectural variations game with the
estimated conjecture applied to their expectation of their rivals’ responses. This is wrong if

marginal responses differ from average responses.

Two steps in applying the conduct parameter approach to measure market power (while

maintaining an agnostic stance toward the behavioral model that generates the data):

e estimate the slope of the supply relation to measure “equilibrium variation”.
This is identified if

— MC is flat and the instrument that shifts demand (laterally)



— We have an instrument that shifts the elasticity of demand
— If we know about multiple pricing regimes and use functional form assumptions

e The equilibrium variation is implicitly mapped into the inferred “equilibrium value”

of the elasticity-adjusted price-cost margin

P = cq)—0:P(Q)y (1)

Each firm ¢ anticipates that its rivals’ aggregate output is some function R;(¢;) and firm

i’s first order condition will be equal to equation (1) with 6; = 1+ R/(¢;) = 1 + ;.

Interpretation:
e r; = —1 or 6; = 0: competitive model, output expansions are neutralized.
e r;, = 0or #; =1: Cournot Nash: no response in equilibrium

e r;, =N —1or 0, = N: Monopoly: output expansions are matched

Reorganize (1):
~ P—d
—P'g;i
P—¢

— 5 iNED

1 (P-d)/x
—P g/

>
I

The THEORETICAL interpretation of the CPM is an elasticity-adjusted Lerner index, or
the AVERAGE price-cost margin. In this equation expressed by the average change induced
by changes in x, the demand shifter.

Now, what do we estimate:

Demand: P, = ag+ ajxy + asQi + €
Supply: B = [o+ Biwi +02Git + Mt
|y —
MC
x are demand shifters, w are cost shifters. (for simplicity we assume MC is flat so the

parameter is identified and betas is the conduct parameter of interest)
Note from the definition of (1):
—0;P" = [

P
b, = =




Estimate Demand by 2SLS, we have cost shifters as instruments for ();. Similarly, estimate
Supply by 2SLS using demand shifters as instruments (In first state we predict ¢ from the
regression ¢;; = yx; + dw; + nu, inverted this gives z; = %Qit + 6/yw;; . . ., which is needed
later.) Also, M —w = I —w(w'w)~ ', to first project dependent and explanatory variables

on w, the other variable in the regression.

N

52 = ((j;th@t)il@z{thP)

= (G Myis) (G Mypzay + G My Q as+ G Mye)
}/
qi

and plim

62 = (qA;thint)il(ﬂthxal + Nay
a

= *1 + Naz
Y

Finally, the asymptotic estimate of the conduct parameter 6; is then:

A a
- 2o oy
— Qo azy

The estimated CPM is a function only of demand parameters and +, i.e. it is identified,
and the mechanism that provides this is the responsiveness of equilibrium quantity to the

demand shifter z.

More generally we can write for the estimated quantity:

—_—
N 1 ——
e
1/—a2 &
1 d(P—-{)/dx
“P T dgjde

What we estimate is the MARGINAL response of price wrt quality, induced by changes
in x. If the marginal and average responses are not equal, the estimated CPM does not
coincide with the 6 from the conjectural variations model and interpretations have to be

modified accordingly.

On a graph, the equilibrium in a conjectural variations game represented by supply rela-
tion S! is about equally competitive as the observed equilibrium variation in S?; i.e. prices
are equally high. However, estimation will yield a much smaller # based on the observed

data, leading to an interpretation of more competition than there really is.



price

SZ

SPC=mc

quantity

Fig. 1. Supply relationships under different models of conduct.
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lecture 2: Making behavioral assumptions

Porter (1983): Joint Executive Committee: 1880-1886

A formal test rejecting that prices and quantities in the railroad industry 2 centuries ago
can be explained by exogenous shifts in supply and demand. Instead, he concludes that
occasional breakdowns in the cartel leads to price wars. After a period of low prices, the
firms revert to the collusive pricing. While the analysis is very different from Bresnahan

(1987), a Princeton contemporary, he reaches similar conclusions.

It is one of the first papers to integrate theory with estimation and data collection to
investigate incidence and extent of market power. Discussed at length in both ?) and 7).
A stylized model that allows very careful study what can identify market power. (In detail

here as it will underly one of the problem sets).

Again part of a long series of papers. Including:

e a “structural” i.o. implementation of a theory to the railroad cartel at the end of 19th

century. (?)

e a theory piece on how to construct a sub-game perfect collusion strategy under uncer-
tainty (?)

e A second theory piece investigating optimal trigger strategies, where the trigger price

and optimal length of revisionary period is derived (7).
e A purely empirical piece where the incidence of price wars is documented (7)
e 7) is an econometric piece on the use of switching regressions.

It is one of the first papers to integrate theory with estimation and data collection to in-
vestigate incidence and extent of market power. Discussed at length in both ?) and 7). A

stylized model that allows very careful study what can identify market power.
The Model
N-firm railroad oligopoly: entry is taken to be exogenous and modeled as supply shifts.

Homogeneous good, single-product, grain shipped from Chicago to the East Coast, by
railroad. Q; = >, @y is well-defined. No interperiod demand linkages.

t indexes time, from first week of 1880 to 16th week of 1986. Model is derived for firms,

1, but is aggregated for estimation.

Demand in inverse form: CES

logQ; = aog+elogP+~vL;+ep;

11



Only exogenous demand shifter observed by the econometrician is L, dummy for whether
great lakes are open to navigation, because shipping provides seasonal competition for rail-

roads.

i.i.d error term, unobserved demand shifter that was observable to all firms (otherwise
they would have optimized against the parameters of the distribution of €p, and the endoge-
nous variables of the model would not depend on actual realizations of €p.) Distributional
assumptions are added because estimation is with ML: the demand and supply errors are

assumed to be i.i.d. normally distributed.

Supply curve doesn’t exist because other firms will take competitor’s actions into account.
We will have to derive an industry supply relationship, given an equilibrium concept (sub-

game perfect NE). Costs are as follows:
Ci(Qu) = F+aQ)

and the f.o.c. give:

oC oD
© = aQ. 0,
oD _
P+ @Qteit = a0 ?t !

The lefthand side is the perceived MR for a firm. It depends on the 6;, a firm’s conjecture
on how competitive oligopoly conduct is. If firms have a low discount factor, the highest
price that is enforcable will be lower than the monopoly joint-profit maximizing price. @

captures this.

If all firms have the same 6, then the market share would be determined solely by the

cost efficiency
azl/ (1-9)
it T L 119
i %
independent of the value of the collusion parameter #. Multiplying each firm’s supply rela-

tionship by s; and summing over firms gives Porter’s supply equation:

0
P+7) = D@
with D=5 ail/(l_(s))l_‘S

and Qt = Zsi,ﬁit

An unfortunate side effect of assuming constant 6 is that the conjectures about rival’s
responses have to vary inversely with a firm’s market share. There is no apparent economic

reason for that and it makes the model inconsistent with Cournot competition.

12



To get Porter’s supply equation, we only have to take logs and add cost shifters.

log P, = [o+ AL+ (0 —1)log Qi + > _7;S; + st
J
Where = —log(1+ g) I; is an indicator random variable which takes on the value 1 when
the industry is in a cooperative equilibrium and 0 otherwise. The higher [ is estimated,
the closer the regime is to collusion in the cooperative regime. Based on the theoretical
model in Green-Porter, the highest sustainable ( is expected to be lower than joint-profit

maximization.

There are no observable exogenous cost shifters (at the industry level). The error term
can be interpreted as a common cost shifter for all firms, again known to them but not the
econometrician and assumed to be normally distributed. A number of structural dummies
are added S; that capture both changes in MC when some firms merge, and others enter or
exit the industry AND they have to absorb the potential effect on industry conduct (degree

of competitiveness) from changes in industry structure.

In practice, Porter assumes that 6, can take only two values, which gives him two possible
intercepts to the supply relationship. Each supply regime has a certain probability to occur,
with the intercepts and the probabilities to be estimated from the data. The full supply

model is:

log P, = \59_/—1-(5 —1)log Q: + > _v;S; + €s¢  with probability A
J

Bne
log P, = o+ B+(6 —1)log Q; + Y _v;Sjese with probability (1 — \)
Bc 3

The difference between the constant terms in both equations is the main parameter of interest

in the study.

The overparametrization of 6;; is solved by aggregation. 6, is the average of all conduct
parameters. The crucial question to Porter is whether 6, is constant or variable over time.
High 6, periods will be interpreted as successful cartel cooperation, while low 6; times are

price wars or general breakdowns in cooperation.
Estimation

The model can be summarized as

Byt = FXt + A[t + Ut

where
1
log @
-y we() e
t
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and

B 1 —€ /0 a7 0
B_<1_5 1)’ A_<ﬁ)’ F_(ﬁo 0%)

If the regime variable I (the sequence {1, ..., I7}) were observable, estimation would be
straightforward with 2SLS. As in ?), use cost shifters as instruments for log J; in the demand

function, and demand shifters as instruments for log p; in the supply relationship.

Alternatively, if I was observable the conditional likelihood could be maximized.
h(yl) = (2m) Y 2]72||Bl|exp{~1/2(By, — T'X, — AL)'S™(By, — T'X, — AL)}

and the likelihood function is
T
L IT = H h yt‘lt
t

However, if I; is unknown, more assumptions are needed. Porter assumes that I takes the

Bernouilli distribution:
1 with probability A

I —

! { 0 with probability 1 — A

This produces a simultaneous regression model with unknown switch. This can be estimated
with the ML or with the E-M algorithm. In case the regime is unobservable, the distribution

of the endogenous variables is:
fly) = @m)S7YBl| x [Nexp{~1/2(By, — T'X; — A)E™'(By, — X, — A)}
+(1— A) exp{—1/2(By, — I'X,)'S" " (By, — ['X,)}]

And the likelihood function can be constructed as:
T

LH = H / (?/t)
t

Estimation can proceed using ML, but in those days computing was much slower and
he adopted the E-M algorithm. In the Markov switching version of the model, by Ellison,
straight ML becomes impossible. There is an Estimation stage, where for each observation
the probability for each regime is assessed. This generates an estimate of [;: w;. Given an

initial estimate w?, an initial estimate A\’ can be obtained as
1 0
T4

In later iterations, this w will be updated by Bayes’ law:

wg = Prob{l, = 1|y, Xy, o, Ao}
)\Oh(yt’XuQO, I, = 1)
)\Oh’(yt|Xt7 QO’ [t = 1) + (1 - Ao)h(yt|Xt> QO? [t = 0)

14



Conditional on the estimate of wy, there is a Maximization stage where the parameters in the
demand and supply equation are maximized knowing the regime using the conditional LH
function. Iteration produces the ML estimates. In practice the E-M algorithm is an iterated
variant of the ML equation with observable regimes, where the regime classifications are

updated with Bayes’ law.

The cartel model of Green-Porter underlies the analysis but it does not figure very promi-
nently. It is simply taken that firms will occasionally enter price wars if prices fall below a
threshold, because they cannot distinguish cheating on the cartel from drops in costs (which
would make firms produce more, depending on the cartel arrangement) or from low demand
(which would depress the aggregate price even if firms adhered to their cartel quota). Note
that under most cartel theories cheating will not take place, because strategies are specifically

designed to avoid that.

Estimation of A can tell us when cartels break down. They cannot tell us why — the area
where theories differ. The few papers that attempt to investigate the time series pattern of
regimes are less conclusive. Investigations of the question “Do there seem to be price wars?”
can take advantage of the data in all periods. Investigating “What sets off price wars?” can

only draw on the number of price wars as observations, necessarily a much smaller sample.

Results
With PO (trade press report indicating when there is a price war - straightforward ML
maximization), 3 = 0.382 and R? = 0.32 on the supply equation.

With PN (unobserved I —t dummy - E-M algorithm) 3 = 0.545 R? = 0.863!! Demand
is about equal, all coefficients make sense.

In latter case, § = 0.336, larger than 0: some collusion, smaller than 1 (not enforced) lower
price than full profit maximization (would not be sustainable), is about equally competitive
as cournot would be.

LR test for § = 0, estimate model with I = 0, gives 554.2 statistic, reject.
Time periods for PN (w*;0.5 or prob(I=1);.5) coincide to large extent with PO and

coincide with price drops. A reasonable and simple model that can explain huge variation
(+50%) of Q and P by week.
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What is there in the data that lets us tell the regimes apart

or even lets us believe there are two regimes?

Identification is solely by functional form.

The extent to which the shape of the joint distribution of P and ) on exogenous variables
differs from a normal one, leads us to the interpretation that there are different regimes in
the data and that these regimes can be usefully interpreted as shifts in the supply rela-
tionship. In Porter’s case, the joint distribution has two local modes. The P and () that
solve the demand function and supply relationship with ayc —call them Py and Qn¢ are
random variables (they depend on both errors) with a different mean than the P and @ that
solve the demand and supply equation with a¢. The first P will be lower and () higher if
collusion is successful. The random variables will have different means (but otherwise the
same distribution). Conditional on the regime shift, the P and @ are distributed differently
— different mean. Unconditionally, they will have a distribution with two modes. What
makes the regime observable are assumptions to the distribution of the regime: it only takes

two values and there are constant probabilities.

A robustness check is provided by comparing the predicted regime states with data col-
lected from archives. Porter’s model also provides an appealing way to explain the 50%

period to period changes in prices and quantities.

?) argue much more generally that the best a researcher can do without functional form
assumptions is to uncover the conditional joint density of P and ) conditional on (exogenous)
cost and demand shifters. Because prices and quantities are only observed in equilibrium
pairs, functional form assumptions on demand and costs are necessary to say anything on

market power (which requires separate identification of demand and supply relationships).

It is possible to rewrite Porter’s model with a new constant term Gy + BE[I;] = A\ + O7
and add the de-meaned part of I; to the error term €, = €5 + 3(I; — 7). This illustrates that

it is impossible to separately estimate 3, and 7.
From the likelihood function we can also see that

OE (yi|y) _ OE(y| I, = 1, 2) OE(y| I = 0, 2y)
8x,~t -7 8xit + <1 T) ﬁxit

Any partial derivative of the conditional mean is the weighed sum of the partial derivatives
of the conditional means under both regimes. Signing the sign of such comparative statics
or evaluating their plausibility is much harder if the structure of behavior were ignored. It is
possible, but the quantities obtained would be much less informative if Porter’s model were
the true DGP.

16



Bresnahan (1987): Price war in 1955 automobile market

Fact to explain: in 1955 U.S. automobile market: quantity +45% price -2.5%.
Looks like a supply shock (shift along the D)

Modeled as a very specific shock: 1 year breakdown in collusion

Intuition: in vertical product differentiation model competition is localized (only prices of

neighboring products are relevant).

If collusion: P-MC margin will not be very sensitive to the identity of the owner of
neighboring products (whether these are sold by the same firm or not) because externality
of price on neighbors is taken into account anyway under joint profit maximizing behavior.

If competitive: while each firm still has some market power (consumers in the middle
of your market-interval don’t have good substitutes available) this will be lower if close by
products are produced by rival firms.

So the test is whether taking the identity of owner of closely located products (good
substitutes) is important for the fit of the model. (FIGURE: if 2 and 3 are produced by
different firm: small p-mc margin only under Bertrand Nash)

Note: data shows higher profits in 1955, but this is misleading. Accounting profit is
determined by taxation rules that spread fixed costs (which are shared over year, e.g. design

and tooling) across years, so high volume years automatically look more profitable.

17



(a) collusive .

p*, mc
t H t t t t X
Product ! 23 4 5 6 7
Firm G FG F G G G
Figure 2(a)
(b) competitive
L
p*. mc
: H : : ; —s
Product 1 23 4 N 6 7 )
Firm G " FG F G G G
) Figure 2(b)

Demand: highly stylized, not too much detail.

utility for consumer of buying a car (will be different at end points, but ignored here):
U(,Y,v) = ve+Y —P

v is uniformly distributed over [0,V},q,] with density 0. (# of consumers in the market links
these two parameters, only 1 free one)

Take 3 cars, ranked by quality z), < z; < x; (price ranking has to be inverse, otherwise a
car will be dominated and get no demand. In estimation, this is more or less guaranteed by
letting x be determined from characteristics and hedonic-like valuations on them)

Consumer will be indifferent between h and 7 if

Py, — v = Pp—xivp
P, — P,
Vhyy = ————
Ty — Tp

consumers with v > vy; will prefer ¢ over h and vice versa.
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Price
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Figure 1
Demand for car ¢ will be
q; = 5[Vij — Vhl}
Crucial to the intuition is that
. .. .. -0 )
own price elasticity for ¢ is —
;i — Tp QZJ' — T
. . . . d
cross price elasticity with A is >0
;i — Tp

The closer i is to h in quality space (|z; — xp|), the more elastic the demand for 7 is and the

better substitutes they are.
supply: equally stylized

C(x,q) = A(x)+ me(x)q — = mc(x)
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The cost of producing additional quality grows exponentially
specified exogenously as a function of characteristics: x = />>; Z;0;

behavior:

H%DaX T = Pidi — mc(%‘)% - A(xz)
Note that ¢; is linear in own price and price of two neighboring products.

1. Bertrand-Nash in prices: f.o.c. is

g 0Gi 11
~— + Hii1Gi + (pi1 — me;
a; i+14, (Pit +1) Opi

H; ;i is equal to 1 if 4 and ¢ 4+ 1 are produced by the same firms. Only then is the

¢ + (pi — mc;) + H,;_qetc. =

demand externality taken into account. The addition to p; will be larger the smaller
|z; — xp] is.

Note: it can be shown that changing one H; ;1 from 0 to 1 increases p, — mcy, Vk
2. Collusion: the only difference is that H; ;41 =1 Vi

3. Two more models are estimated because the nonnested tests can reject both models
against each other. Including more models might increase our believe in the robustness

of the test results

estimation:

1. calculate z as a function of starting values for (8
2. order all products according to x
3. calculate p* and ¢* as functions of other parameters (9, Viyaz, 7, V)

4. plug in LH function to compare with actual p and ¢ realizations: maximize over para-

meters
Evidence

e strike 1: nonnested Cox test: see if residuals under model Hy can be explained to a
statistically significant extent by model Hy. (do it both ways) (test statistic is N(0,1))
table III: Collusion never rejected in '54 and 56, against all 3 models strongly rejected
in '55. Inverse for Nash.

Other intuition for this: R? for D and S equations highest with C in '54 and ’56 and
with N in 55

20



e strike 2: estimation is independent by year, but prediction coincides with higher level
of output in ’55 (strike 1 had to do with goodness of fit under two sets of assumptions

on H dummies). Level of production provides independent evidence.

e strike 3: parameters are most stable across years if behavior assumption is changed
from C to N in '55. With constant behavioral assumption, we see large parameter

changes to rationalize the data.

Borenstein, Busnell, Wolak (2003): California electricity market
1998-2000

Principle is extremely straightforward (with some wrinkles), computation is very burden-

some.
Context: The mother of all exercises of MP.

Firms signed document with California electricity regulation board that they did not
posess unilateral MP. Final consumer D is completely inelastic in SR and MP could be
very harmful. Firms might withhold capacity from the market (or bid very high in the
auctions) to increase price for their operational units. Firms can always claim they shut
down because of a breakdown (Duke: employee ordered to throw away spare parts) or
they can perform preventative maintenance. Impossible to know whether Q-withholding is

strategic or optimal.

MC: estimate an time (hour) specific MC for each plant. We know a lot from pre-
liberalization cost filings. Will depend on

e fuel type because fuel prices move around
e heat rating: how efficient generator is. Known and constant
e emissions: right to emit pollution, traded and we use hourly price as opportunity cost

e maintenance and operating costs: observed

Aggregate horizontally (different each hour) to find market MC; step function with length
of step capacity of each active plant, height the increment in MC; becomes relatively steep

as less efficient units come online. FIGURE

21



[—+- 1998 - - -1999 —2000

300.00

250.00 r/

200.00

150.00

($/MWh)

100.00 J_,_../-/J
J

—_— F i
50.00 —

Sl = i B =

0.00

0 3000 6000 9000 12000 15000 18000
MW

FIGURE 1. CALIFORNIA FOSSIL-FUEL PLANTS MARGINAL
CosTt CURVES, SEPTEMBER

estimation
We don’t know which plants are operational or would have been operational absent strategic
shutdowns (to construct aggregate MC). Using historical (pre-deregulation) outage probabil-
ity, take independent draws for each plant each hour, e.g. if U[0,1] draw; 1-outage probability,
I(t) = 1, plant operates.

Market clearing MC, order plants by increasing MC, and sum capacities of operational

plants to find market clearing MC=P:

k= argmin{MC,|>_ I(z)cap; > q}

i=1
This gives one estimate for this hour, draw 100 such samples.

if in doubt... make assumptions that raise P.C. market clearing price:

e outage is random, while a price taking firm would choose a low demand period to have

its units available in peak demand, high price periods.

e Hydro: mostly owned by utilities who have an incentive to lower p. We assume they

cannot influence price by acting strategically with these assets
e Cost info from RoR period: firms had an incentive to overstate costs

e adjust import levels if P.C. price would have reduced price
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Complications

e Nuclear: not in the wholesale market, get separate price
e startup costs: mostly relevant for nuclear, observed for other plants
e marginal unit not fossile: did not happen

e 2 markets: day-ahead (PX) is focus of analysis: 85% of volume. 5% on ISO bal-

ance/spot market, remainder in bilateral trade. Average prices are equal, arbitrage
!

e could earn rents if price in neighboring states was higher than in CAL, could export:

only happened in 17 of the 22681 observed hours

e imports: crucially need elasticity of net import demand. If there is MP, prices are
higher and more imports flow in market than under P.C. Counterfactual P.C. price
needs to take into account that at lower prices, less than the observed imports would
flow into CAL, raising the amount that has to be produced locally and raising the

competitive price estimate.

e utilities monopsony power: buy bulk of power on PX market. By withholding some
D, price lower there for a large volume. Price higher on spot market, but until firms
arbitrage difference away, they make some gains. Gradually the PX market unravelled,

authors truncate the sample period.

Results
Mean Ppx > mean MC (much larger in summer 2000)
aggregate 27€ is enormous: cost increase

Fig 3: lerner index (P-MC)/P much higher at high capacity utilization, where we would

expect market power to be highest for inframarginal producers.

Table 3: some competitive rents: low-cost units earn scarcity rent on a desirable asset.
Swamped by huge oligopoly rents (MP). Difference between actual and expected production
cost is additional welfare loss because capacity withholding removes some low cost units from
the market.
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