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Abstract

This paper studies the effects of market structure changes on newspaper quality, subscription
prices and advertising rates. It provides a framework to quantify the welfare effect of ownership
consolidations taking into account endogenous quality choice. I develop a structural model that
captures key features of the U.S. daily newspaper market and propose an estimation strategy
that allows me to study product choice with continuous characteristics in an oligopoly market.
A new data set on the U.S. newspaper market is collected to identify the demand for news-
papers, demand for advertising and the cost structure of newspaper production. Two sets of
counterfactual simulation exercises are conducted. The first is a case study of a merger of two
newspapers in the Minneapolis market that was blocked by the Department of Justice. The
simulation suggests that if it were allowed, readers’ welfare would have declined by 6 dollars
per household on average, and 15 dollars in the county that would have been affected most
adversely. The second exercise quantifies the welfare implications of ownership consolidations
in duopoly and triopoly markets and analyzes the correlation between the effect of an owner-
ship consolidation in a market and the underlying market structure of this market. The results
show that reader’s welfare loss is positively correlated with taste for newspapers in general and
overlapping of the newspapers in an ownership consolidation; and negatively correlated with the

asymmetry of pre-merger newspaper circulation and the number of competitors.
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1 Introduction

This paper studies how ownership consolidation affects product quality and welfare in the U.S.
daily newspaper market. The last 25 years witnessed an overall decline of 55% in the number
of independently owned daily newspapers. The decline occurred in almost every state and cut
across all circulation sizes. What are the consequences of such a change in market structure on
newspaper quality and social welfare? Specifically, upon consolidation, do newspaper publishers
increase or decrease the space devoted to news? Do they enlarge or shrink the opinion-oriented
section of a newspaper? Do they provide more staff-written stories or utilize more material from
news agencies? How do the newspaper price and the advertising rate change? What are the
implications for welfare? Standard merger analyses generally study price effects only and ignore
changes in product quality. As will be shown, this is an important omission in examining newspaper
markets because newspapers make substantial quality adjustment after merger.

This paper provides a framework to study empirically how market structure affects newspa-
per quality and prices and, in turn, social welfare. I set up a structural model to capture three
key features of the U.S. daily newspaper market.! First, a newspaper publisher’s revenue comes
from both selling newspapers and selling advertising space. The demand for advertising depends
on the number of readers. Therefore, product choice and the newspaper price not only directly
affect circulation revenue, but also indirectly affect advertising revenue.? Second, a household may
subscribe to more than one newspaper,® which requires a multiple discrete choice model on the
demand side. Third, since not only prices (i.e. the newspaper subscription price and the advertis-
ing rate), but also characteristics of newspapers are chosen by publishers, I use a two-stage game,
where newspaper publishers choose characteristics in the first stage and prices in the second stage.

Methodologically, incorporating these features of the newspaper market into the empirical model
requires several extensions to the existing estimation techniques. On the demand side, I use a model
of multiple discrete choices based on Hendel (1999)* with three differences: I allow for lower utility
from the second choice; the model ensures that a household buys only one copy of a newspaper; and
micro data is not needed for estimation. I thus show that the Berry, Levinsohn and Pakes (1995)
(henceforth, BLP) methodology can be generalized to this context. On the supply side, I allow both

prices and product quality to be endogenous. However, endogenizing product choice introduces new

1Other examples in this literature are Rosse (1967), Ferguson (1983), Genesove (1999), Gentzkow and Shapiro
(2006) and George (2007), the last of which is most closely related to this paper. George also studies market structure
and product differentiation in the daily newspaper industry. She regresses measures of product variety on ownership
concentration and finds a positive correlation between them. Since the concept of market structure is difficult to
capture by a simple index, in this paper, I take the stance of modeling it explicitly.

2See Rysman’s (2004) study of the Yellow Pages market for a similar setup.

3For instance, in 84 county /years in the sample, total newspaper circulation is larger than the number of households
in the county.

4Other examples in this literature are Nevo, Rubinfeld and McCabe (2005) and Gentzkow (2007).



computational challenges. In particular, players in the first-stage decision take into account the
impact of product choice on the equilibrium price in the second stage. But computing equilibrium
prices for each possible product choice is burdensome. I overcome this by using the observation that
it is sufficient to know the gradient of the equilibrium price function at the data points to formulate
the optimality conditions for the observed product characteristics. This gradient is obtained from
the total derivative of the first order condition for prices. This approach allows me to develop
a tractable estimation routine, whereas nesting an equilibrium-solving procedure in an estimation
algorithm is computationally prohibitive. This estimation strategy can be used in studying product
choice problems in general. Existing papers in the literature either directly specify a profit function
that is not derived from demand (such as Mazzeo (2002)), or focus on monopoly industries (such
as Crawford and Shum (2006)), or markets with a naturally finite and discrete product choice set
(such as Draganska, Mazzeo and Seim (2007)).

To estimate the model, I collect a large set of new data on newspaper characteristics, sub-
scription prices, advertising rates, circulation and advertising linage for all U.S. daily newspapers
between 1997 and 2005.° Based on the estimates of the model parameters, I analyze a blocked
merger that two newspapers in the Minneapolis market proposed but the Department of Justice
blocked. The simulation results show that if the merger had occurred, readers’ welfare in the mar-
ket would have declined by 6 dollars per household on average, and by 15 dollars in the county that
would have been affected the worst. This welfare loss would have resulted from by a combination
of increased subscription prices (10% on average) and a reduction in the opinion section staff as
well as in the number of reporters in the smaller party to the merger, by 5% and 6% respectively.

I also quantify the welfare implications of ownership consolidation in duopoly markets and
triopoly markets for which I have data. The simulation results show that the median loss in readers’
surplus in duopoly mergers is 16 dollars per household and in triopoly mergers® 5 dollars. In 94%
of the markets simulated, total welfare unambiguously falls. Ignoring the newspapers’ quality
adjustment typically yields an underestimation of the loss in readers’ welfare. The median bias is
4 dollars per household in duopoly mergers and 2 dollars in triopoly mergers. The distribution of
the welfare effects across markets is also used to study the correlation between the welfare effect of
ownership consolidation in a market and that market’s underlying structure.

The rest of the paper is organized as follows. A structural model is presented in Section 2.
Estimation equations are also derived in this section. The data is described in Section 3 and the
estimation is explained in Section 4. The estimation and simulation results are in Sections 5 and

6, respectively. Section 7 concludes.

®Data on advertising linage is available for only a subset of newspaper /years.
51n a triopoly merger, the publisher of the largest newspaper is assumed to buy the second largest.



2 The Model

The profit of a newspaper comes from both selling newspapers to readers and selling advertis-
ing space to advertisers. In this section, I describe the demand for newspapers, the demand for

advertising, and the supply side of the model. Estimation equations are also derived.

A Brief Road Map

The demand on readers’ side is described with a multiple discrete choice model based on Hendel
(1999) with three differences: I allow for decreased utility from the second choice; the model ensures
that a household buys only one copy of a newspaper; and the model can be estimated with aggregate
data. Demand for newspapers is derived in equation (7) below. Following Rysman (2004), I derive
the demand for advertising from a representative advertiser’s decision. Advertising demand depends
on circulation and the advertising rate of a newspaper as shown in equation (10).

The supply side is modeled as a complete information two-stage game in which newspaper
publishers choose characteristics in the first stage and prices in the second stage. The two-stage
structure is used to capture in a simple way that newspaper publishers have a longer decision horizon
when they make quality decisions than they do for prices.” The three basic elements of this game
— the set of players, timing and information, and payoffs — are described in the three subsections
of Section 2.3. The revenue function is determined by the two demand systems. In Section 2.3.3,
I then describe the cost structure: the marginal cost of increasing circulation (equation (12)), the
marginal advertising sales cost (equation (13)), and the marginal cost of increasing a particular
newspaper characteristic (equation (14)). Together with the two demand functions, they give the
profit function that is relevant for the second-stage price decision (equation (15)), and the profit
function that is relevant for the first-stage quality decision (equation (16)).

From this, five estimation equations are derived. The first two are the model implications of
the two demand systems ([S](8), [ADV](11)) and the last three are the optimality conditions with
respect to advertising rates [RFOC](17), subscription prices [PFOC](19), and newspaper charac-
teristics [XFOC](20).

The detailed structure of the model follows. Throughout the paper, a symbol with a tilde

represents a function and the same symbol without tilde is the value of the function at a point.

2.1 Demand for Newspapers

The demand for newspapers is derived from the aggregation of heterogeneous households’ mul-
tiple discrete choices. A multiple discrete choice model is necessary to explain duplicate readership.

In the model, I set the maximum number of newspapers that a household can subscribe () to 2.8

"Estimating a fully dynamic model is beyond the scope of this paper.
8The model is generalizable to 71 > 2.



Suppose all households in a county face the same choice set and the number of daily newspapers
available in county c in year ¢ is J. A household ¢ in this county gets utility u;;.; from subscribing
to newspaper j in year ¢t and utility u;p from an outside choice. The household first compares
uijet for j = 0,1,...,J; and chooses j* with the highest utility. If it chooses to subscribe to
some newspaper, it can then subscribe to a second. In particular, if j* # 0, it then compares
max {Ujjet — K, j=1,..7" = 1,5+ 1,..., Ju} to ujoe and again takes the choice with the highest
utility. Here, x is a positive parameter that captures the diminishing utility from subscribing to
a second newspaper. The probability that household i subscribes to newspaper j is therefore the
sum of the probability that j is the first choice and that j is the second choice:

Pr (Uijct > pmax, Uihct) + Z Pr (uz’j’ct > Ugjer > py BX Uit & Ujjer — K > UiOct) - (D)
J'#3,0

I assume that a household derives utility from some characteristics of a newspaper and that
this utility is also affected by county-specific factors and individual-specific tastes. To be specific,
the conditional indirect utility of household i in county ¢ from subscribing to newspaper j in year
t is assumed to be

Uijet = Pjt@ + TjtB; + YjuP + Derp + Ejep + €ijt,” (2)

where pj; is the annual subscription price, and xj; = (21¢, ..., xj+) contains the endogenous news-
paper characteristics that are chosen by the newspaper publishers. They are the news hole (the
space of a newspaper devoted to news), the number of staff for opinion sections, and the number
of reporters. The vector y;., = (Y1t Y2jt, Y3jer) includes the newspaper characteristics that are
assumed to be exogenous in the model because they rarely change over time. The variable y;;
measures the overall size of the market of newspaper j. The market size of a newspaper affects util-
ity because, for example, 10 reporters covering a small region can write stories of different quality
and in different quantities compared to 10 reporters serving a large area.'? 12t is an edition dummy
with value 1 when newspaper j is a morning newspaper and 0 otherwise. To captures readers’ taste
for local newspapers, y3;¢ is the distance between county ¢ and newspaper j’s home county, where

its headquarter is located. Households are assumed to have homogenous tastes for the exogenous

9Utility actually varies across 4,4,t. The subscript ¢ is redundant in Uijet, as each household can be in only
one county. I add the subscript ¢ to emphasize that utility is affected by some county-specific taste, which is
operationalized by county-level demographics.

One way to understand why the market size of a newspaper affects utility is to recognize that both xx;; and
Zrjt/y15¢ (for example, both reporters and reporters per household) affect the quality of a newspaper. In the empirical
implementation in Section 4, I specify the quality characteristics as log (1 4+ zx;¢) and the overall size of the market

of newspaper j as the logarithm of the number of households in its market, i.e. log (y1;¢). Utility then depends on
>k Brilog(l + @kji) + 4y log(yse), which is equivalent to 3, [(5kz — 1) 1og(1 + @kjt) + Py log(M)], where

Yijt
>k ¥1p = ;. The latter expression means that utility depends on, for example, reporters as well as reporters

per household. The former expression, which is used in the model, is more flexible as it even allows utility to
depend on (1 + xkje) [yt for b # 1. To see this, note that 3, 3, log(1l + xkje) + ¥y log(yise) is also equivalent to
2ok {(ﬁm - Ll?) log(1 + @kji) + % log( L )} .

b
Y1t



characteristics Yict- The vector Doy = (1, Dict, ..., Do) includes some demographics of county ¢
and a constant. ;. is the unobservable (to the econometrician) county /year-specific taste for news-
paper j. It captures characteristics of the newspaper that are relevant for readers but unobservable
to the econometrician and therefore not included in @j or y;.. It also captures a county-specific
taste for newspapers that is not included in D.. €5 is an ii.d. stochastic term representing
an unobservable household specific taste. Finally, 8; = (5y;, ..., ki) where By; = Bi + 0kSk; 18
household i’s specific taste for the k*" endogenous characteristic. i, captures the mean taste, while
oy is the standard deviation of the marginal utilities associated with characteristic k. ¢x; has an
identically and independently distributed standard normal distribution across characteristics and
households, and ® (-) represents the distribution function of ¢; = (<1, ..., Sk )-

Instead of treating the utility from the outside good as fixed, I model it as a time trend, which
is associated with the development of online news sources and the increase in internet penetration.

Specifically, let
uijoet = (t —to) p + €iot (3)

be the utility from the outside choice, where t( is the first year in the data.

This concludes the description of the individual household’s multiple discrete choice model.
Aggregation follows. To derive the market demand for newspapers, I define the “relative” county
mean utility, d;¢, as the difference between the county mean utility from subscribing to newspaper

j and the county mean utility of the outside choice:

Sjet = Pt + TjB + Y + Derp + Ejer — (E—t0) p, (4)

where 3 = (81, ..., k) is a vector of the mean utilities. Let 9, = Zszl OkThjtSki- Then, uije =
[0jet + (t —to) p] + Vije + €4j¢. Individual utility is now expressed as the sum of mean utility ;¢ +
(t —tg) p and a deviation from the mean, V;j¢ + €i5t- Following the literature, I assume that e;j;
is drawn from a type I extreme value distribution with location parameter 0 and scale parameter
1. Plugging (2), (3) and (4) into (1) yields the probability that a household with taste ¢; chooses

newspaper j:

\II;l) <(sct7 Lct, Sis U) + Z |:\I~}§,2])/ (6Ct7 Lct,Siy T, ’k';) - \1153) (5Ct7 Let, S0 T, R) )
J'#3,0

where ¢; = (14, ..,SKi), 0 = (01, ..,0K), 0ct = (Ojet, 7 =1, ..., Jet), Tex = (xj1, 5 = 1, ..., J) and
exp (8jct + Vijt)
14+ 307 exp (ner + Vine)

€Xp (5jct + ﬁz‘jt)
exp (k) + > _p 2 €xXP (Onet + Vint) ’

@‘gl) (6Ct7 Lct, Sis U) =

7 (2)
Wi

5ct> Lty Siy O, H) =

@(3) (5ct7 Lty Siy O, "{) = &P (5j8t + ﬁljt) . (5)
! exp (k) + Y5ty xp (Snet + Vine)




The first summand that the probability of newspaper j is chosen as the first newspaper. \Tlgzj),

and \i,§_3) are probabilities of it being chosen as the second newspaper when household i faces a
constrained choice set with newspaper j’ excluded and when household i faces an unconstrained
choice set, respectively. The difference of these two is the probability that newspaper j is chosen
as the second newspaper when 5’ is the first best.

County market penetration'! of newspaper j is the aggregation of households’ newspaper choices

in the county:

Sjct (Oct, Tet; 0, K) = /‘i’§l)d¢ (si) + Z / (‘ifﬁ), - \i’§3)> d® (s;) (6)

J'#3,0

If there is only one newspaper in county ¢, Sjc (8, Zet;0) = [ \ifgl)dq) (¢i) as in a single discrete
choice model. Let the last element of the county demographics vector, Dy, be the number of
households in county c in year t. The demand for newspaper j, i.e. the total circulation of newspaper

J, is then the sum of the circulation in all counties covered by newspaper j (denoted by Cj):

Gjt (Oct, Ter; 00, K) = Z DrctSjet (0ct; Tet; 0, K) . (7)
c: ceCjy

I have assumed that readers only care about news hole and do not care about advertising. This
assumption is necessary to keep the model tractable. The demand for advertising depends on the
total circulation, in other words, on readers’ decisions. If readers’ decisions were, in turn, to depend
on advertisers’ decisions, solving for an equilibrium of subscription price and advertising rate would
become a fixed-point problem. Moreover, it is not clear how to separately identify the effects of
news hole and advertising on newspaper demand. Any exogenous variation that leads to changes
in the news hole also affects the advertising demand through influencing circulations. Similarly,
because advertising affects circulation and thus affects publishers’ optimal choice of the news hole,

any exogenous change in advertising will also alter news hole.!?
I now derive the first estimation equation that will be taken to the data. Following Berry (1994),
I do not use the demand equation directly. Instead, I use the relative mean utility in equation (4)
to avoid a nonlinear endogeneity problem.'® Berry (1994) and BLP show that in a single discrete
choice model, under certain regularity conditions on the density of households’ unobservable tastes,

there exists a unique vector of mean utility levels, d., such that sj = 3¢ (6ct, Ter; 0) 14 Theorem

This is typically called “market share” in a single discrete choice model. But in a multiple discrete choice model,
the sum of “market shares” can be larger than 1. “Market penetration” is therefore a better term.

12Rysman (2004) allows consumers to value advertising in his study of the network effects in the Yellow Pages
market. But for one thing, Yellow Pages directories are free. Publishers choose advertising rates only and do not
have a two-dimensional interdependent price decision. For another, there is no analogue of news hole in Yellow Pages.

13Berry (1994) notices that product prices (here product quality as well) are correlated with the taste shock &
which is nonlinear the market penetration function, 5. This therefore leads to a nonlinear endogeneity problem.

jety

Y4 That is to say, . is uniquely determined by the data for given o. One can therefore treat it as if it were observable.
Note that the unobservable taste shock ., is linear in d;c¢. This becomes a conventional linear endogeneity problem.

7



1 below states that this invertibility result can be extended to the current multiple discrete choice
model. Furthermore, the contraction mapping defined in BLP is still viable, leading to a simple

algorithm to solve for 8.

Theorem 1 For any (s,x) € R’ x RX/ o € RX k € R* and distribution functions P, (.;o),

define operator F : R7 — R pointwise as Fj (§) = 6; +Ins; —In3; (8, x; P, 0, k), where

5;(0,z; P;,0,K) = /\i/gl)dpg (s;o) + Z // (\1152]), - \i]§3)> dP; (s;o),

J'#3,0

and \il§1) (0, z,6;0), @52]), (0,x,6;0,K) and \ilgg) (6,xz,6;0,kK) are defined in (5). If (1) 0 < s; <1
forVji=1,....J and (2) ijl sj < 2, then the operator F' has a unique fized point.

The proof of the theorem can be found in Appendix A. The first assumption means that there
is always some household choosing newspaper j and some household not choosing it. The second
assumption means that there is always some household with fewer than two newspapers. Under
these two conditions, the solution to sjct = 3jet (Oct, Tet; 0, k) is unique. Denote this solution by
dct (Set; 0, k). Plugging it into the expression for the relative mean utility level in equation (4) gives

for the true value of («a, B,%, @, p, o, K):

5jct (Sct; g, KJ) = Pt + x]tﬁ + yjct,lnb + DCtQO - (t - tO) P + éjctv\v/th’ [S](8)

This is the first estimation equation. For the reader’s ease, I label all estimation equations
with brackets. This equation is labeled as [S](8) because it is derived from the market penetration
function 5. In the remainder of this section, subscript ¢ is suppressed for ease of exposition and

only restored in the estimation equations.

2.2 Demand for Advertising

Following Rysman (2004), I assume that a representative advertiser has the following maxi-

mization problem:
rglai( (n;q;\llA;\éa;\é - rjaj> ,0< )\é < 1,77; > 0, (9)

7

where a; is the advertising space that the advertiser purchases in newspaper j, and r; and ¢; are the
advertising rate and the total circulation of newspaper j, respectively. High circulation is expected
to increase advertising effectiveness. A; is the total advertising space in newspaper j. It affects
the visibility of a specific advertisement. When )} is negative, there exist negative externalities in
advertising. 77; captures the demographics of newspaper j’s circulation area. It also influences the

effectiveness of advertising in newspaper j.



The assumed additive separability of the profit function over newspapers implies that an ad-
vertisement in one newspaper is neither a substitute nor a complement to advertisements in other
newspapers in terms of generating profit. Hence, the advertiser will keep advertising in each news-
paper until the marginal profit from that advertising is 0. In other words, the advertiser maximizes
its profit by independently choosing the advertisement level a; for each newspaper j.

The solution to the advertiser’s problem is

! !
1 A Ao 1

TN WS VA T Ve e VP Ve |
J— . 3 (. . .
a; <>‘377]> q; CA; Pt

Aggregation (setting a; = A;) yields
2

1 1
o F N N VA Y Y A Y
4; = ( 3"73) 9 " '

1
This can be rewritten as follows with A; = 1_/\))71_/\,, Ay = m and n; = log [( gn;) 1A2A3] :
2 3 2 3

a (rj, qjs 15 )\) = e"iq;“?“;\?. (10)

As mentioned, 7; captures the demographics of newspaper j’s circulation area. Specifically, I
operationalize 7; as follows. Let D.¢ be a linear combination of observable demographics of
county c¢. Then 7n; is defined as the circulation-weighted sum of these county indices over the

de D ¢, and ¢ is a vector of parameters to be

counties covered by newspaper j: 71; = Yo €C; g,
B P J

estimated.
Let ¢j; be an i.i.d. and mean zero measurement error for display advertising linage, then the

second estimation equation is

logaj= . “%Du¢+ Ailogaj + Azlogry + uje, Vit. [ADV](11)

c: ceCjy Jt

2.3 Supply

This section presents an oligopoly model of the U.S. daily newspaper industry. I first show in
Table 1 that the U.S. daily newspaper industry is indeed dominated by oligopoly markets due to the

partial overlapping of circulation areas. To measure the extent of the overlap of a newspaper pair,

Table 1: Newspaper Coverage Overlapping
criterion 25%  20% 15% 10%
number of newspaper/year pairs 6109 6273 6692 7400

I compute the percentage of circulation in the common area as a fraction of the total circulation for



each member of the pair. For example, for 6109 newspaper/year pairs in the data, the overlapping
percentage is above 25% for both members. Therefore, Table 1 indicates that a daily newspaper
market is typically an oligopoly market.

The term “market” is typically used to describe either a set of competing firms or a set of
available products. This implies that a market is a geographic area that satisfies two criteria: (1)
all consumers in the area face the same choice set and (2) the suppliers of these choices in the
area compete with each other and with no one else. In the daily newspaper industry, however, the
partially overlapping circulation areas of newspapers imply that no geographic area satisfies both
criteria. For this reason, in the remainder of the paper, I use the term “choice set” to describe
readers’ options on the demand side and “the set of players” to describe the supply side. The latter
term is justified because the supply side is modeled as a complete information two-stage game. 1
now specify the three basic elements of this game: the set of players, the timing and information,

and the payoffs.

2.3.1 The set of players

When newspapers A and B compete in county 1 and newspapers B and C compete in county
2, the three newspapers A, B, C are all in one game because A and B, as well as B and C, are
direct competitors, and hence A and C are competitor’s competitors. Therefore, due to the partial
overlapping of newspaper coverage, all newspapers in the U.S. are potentially in one game. To limit
the number of players in a game, two assumptions are made. First, a newspaper competes only with
the newspapers in its Newspaper Designated Market. The Newspaper Designated Market (NDM)
is a set of counties that a newspaper reports (to the Audit Bureau of Circulations, a nonprofit
circulation-auditing organization, and advertisers) as the market it serves. It is a predetermined
subset of the counties where a newspaper circulates. The second assumption is that the behavior
of the three national newspapers Wall Street Journal, New York Times and USA Today is taken
as given in the model.

Figure 1 illustrates the definition of a set of players. The formal definition follows. In the

Figure 1: An Example of a Set of Players

County 1 County 2 County 3

NDM of A: county 1
NDM of B: county 1, 2

D NDM of C: county 2

NDM of D: county 3

example, if a newspaper circulates in a county, it is in the oval representing this county. If this

county is also in its NDM, the newspaper is shaded. For example, newspaper C circulates in county

2 and 3. But its NDM consists of county 2 only. Therefore, according to the first assumption, it

10



only competes with B in county 2, and does not compete with newspaper D in county 3. Because
A and B are direct competitors in county 1, B and C are direct competitors in county 2, and these
three newspapers do not have economic interaction with other newspapers, the set of players is
given by the publishers of newspaper A, B and C.

Formally, two newspapers j and j’ are defined as interacting directly if there exists at least one
county that is in the NDMs of both newspapers. Two newspapers j and j' are defined as interacting
if either j and j’ interact directly or there exist a set of newspapers {hn}]lv such that j interacts with
hy directly, h,, interacts with h,41 directly for n = 1,..., N — 1, and hy interacts with j’ directly.
The set of players in a game is defined as the owners of the set of newspapers such that every
newspaper interacts with some other newspaper in this set and none of the newspapers interacts
with newspapers outside this set. In other words, a set of players is defined as the publishers of the
closure of the interacting relation.' In the rest of the paper, I refer to a newspaper in the closure
as a player newspaper and its publisher as a player publisher.

Some more notation is necessary for the remaining description of a typical game. For a given
game, let M be the set of player publishers in the game with m being a typical element, and 7,
be the set of player newspapers owned by m in this game. J = UpemTm represents the set of
player newspapers in the game.

Under the two assumptions above, there might be newspapers that circulate in the NDMs of
the player newspapers in a game but are not player newspapers in the game. They are called
“non-players” in this game. For example, the three national newspapers are non-players. Since
non-players in a game are assumed not to compete with the player newspapers, their choices of
quality and prices do not depend on those of the players.'® In other words, their quality and prices

are taken as given in the game.

2.3.2 Timing and Information

The timing of the game is illustrated in Figure 2. The set of newspapers that each newspaper
publisher owns, the NDM for each newspaper and the county demographics are predetermined
before the start of the game. The exogenous newspaper characteristics, y, are predetermined as
well. All aspects of a non-player newspaper are taken as exogenous in the model. They are assumed
to be realized before the start of the game.

At the beginning of the game, the shocks are revealed: the newspaper/county specific taste

(gjc)” and the marginal cost shocks (v, wj, ;) to be specified below. The information is public

15This does not mean that all newspapers owned by a newspaper publisher are in one game. In fact, a newspaper
publisher can be a player in different games. But since there is no economic interaction between two player newspapers
in different games, one can without loss of generality label one newspaper publisher in two different games as two
different newspaper publishers.

1But non-players quality and prices affect the players’ decisions as they influence the newspaper demand.

171t is actually a newspaper/county/year specific shock. The subscript ¢ is omitted here and also in (Z/kj, wj, Cj).

11



Figure 2: Timing of the Game

Stage 1 Stage 2

Ownership, NDM Unobservable Taste [£] Product Choice [X ] Price Decision [ p, r]

Shocks to marginal cost of

County Demographics [ D] increasing § or a

- [@.¢]
Exogenous Characteristics [ Y ]
Shocks to marginal cost
Non-players of increasing X

Xy, pr.éodv] (v

to all players in the game. Given this information, all players simultaneously choose the quality
characteristics of their newspapers in the first stage. In the second stage, all players observe the
newspaper characteristics and choose prices — newspaper subscription prices and advertising rates

— simultaneously.

2.3.3 Payoffs

The profit of a newspaper publisher comes from both circulation profit and advertising profit.
The advertising demand described in Section 2.2 is really demand for display advertising, which is
printed on the newspapers’ pages along with the news. In fact, there exists another type of adver-
tisement: preprints, which are inserted into each copy of a newspaper and distributed along with
it. This is essentially a delivery service provided by newspapers. I do not observe the advertising
rate for preprint. Therefore, the preprint profit is not derived from a demand model. Instead, I
assume that it is a simple quadratic function of circulation:

L9
g+ oH24;-

I now specify the cost structure. The demand for newspapers described in Section 2.1 and the
demand for display advertising in Section 2.2 are both for annual demand: annual subscribers and
annual advertising linage. Correspondingly, the costs modeled below are annual costs.

The cost of a newspaper consists of two parts: variable cost (variable with production) and
fixed cost (fixed with respect to production). One variable cost is the cost of printing and delivery.
It varies with circulation, ¢j, and its marginal depends on publication frequency and the number

() 8

of pages. I assume this marginal cost, me;”, to be constant to circulation:!

mel® = 51 +va 5+ Ysnfs + w5,

18Tn a more general specification, I do not find significant evidence of economies of scale.
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where f; is the publication frequency measured by the number of issues per year, n; is the average
number of pages per issue, and w; is a shock to the marginal cost. The annual number of pages,
n;fj, is the sum of annual news hole (x1;) and display advertising linage (a;). Hence, the marginal

cost can now be expressed in terms of characteristics, advertising linage, and the cost shock:

mcl (£, 215, 05,w559) = Y1+ Y2fi + 75 (215 + aj) + wj. (12)

Note that no other newspaper characteristics besides news hole (z1;) and frequency (f;) affect the
marginal cost. That is because the cost of increasing some characteristics of a newspaper, such as
the number of reporters, is independent of circulation.

Another variable cost is the advertising sales cost. It is assumed to be

me® (¢ G Ae) = (14+1/20) (C+¢) (13)

where Ay is the price elasticity of display advertising demand and (; is a mean-zero exogenous
random variable.?"

Finally, the fixed cost (fixed with respect to circulation and advertising sales) consists of the
cost of choosing a certain combination of newspaper quality characteristics. I assume that the

marginal cost of increasing the k* endogenous characteristic Ty is
—— T
mict )(Jfkj,Vj;Tk) = Tro + Tr1Tkj + Vij, (14)

where vy; is the shock to the marginal cost of increasing the characteristic. The fixed cost
}‘; (xj,vj;T) is then the sum of the integrals (Zszl (To + %Tkl‘kj + ij) x1;) plus a constant.

Let 0 = (a, B, 0, p,0,k, O, A, W, 7, Z) be the collection of parameters that are relevant for the
second-stage decision. Denote the variable profit from newspaper j by 7~r§-1 (p,r;x,y,D, € w,(;0),
where p is a vector of subscription prices for all newspapers, player or non-player, in the game, and
(r,x,y, D, & w, ) are analogously defined as vectors of attributes of all newspapers in the game.
Variable profit is the difference between revenue and variable cost:

- L ()~ - —(a)~ .1
71—;‘1 (par;wayaDaévwvc;e) = (pJQJ - mC§q)q]) + (rjaj — mcg'a)aj) + (/«Ll(b + 2#2(]]2) . (15)

This is the profit function that is relevant for the decision in the second stage, where publishers
observe the product choices, county demographics and the exogenous shocks, (x,y, D, &, w, (), and
choose the optimal prices (p,r). If p; (z,y,D, € w,(;0) and T (z,y,D, €&, w,(;0) are equilibrium

prices, the overall profit of newspaper j can be expressed as

’/'~l'§ (x;yaDagawvcan;eaT) :7}? (5*77:*;%?!’1)757“,(39) —fC($j,Vj;T). (16)

9There is a slight abuse of notation here. The annual display advertising linage, a;, is measured by column inches.
According to Editor and Publisher International Year Book, a typical U.S. daily newspaper page has 6 columns with
21-inch depth. Therefore, in fact, n; f; = z1; + %

20\, is added so that the optimal display advertising rate condition [RFOC](17) is simple.
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2.3.4 Necessary Equilibrium Conditions

I now derive the optimality conditions for prices, advertising rates and quality characteristics.?!

Similar to Rosse (1967), these optimality conditions will be used for identifying the cost structure
of newspaper production.

A newspaper publisher has a 2-dimensional price decision: it must select the subscription price
and the display advertising rate for each newspaper it owns. Taking the derivative of the second
stage profit function 7?}1 in (15) with respect to advertising rate r; yields the optimal display
advertising rate as a function of circulation:

= 73
rit =+ m%’t + Cj¢- [RFOC](17)

Similarly, combining [RFOC](17) and the first order condition with respect to subscription price
gives
oq. oq. 1 da,
G+ 52 (P —melD) + 52 (1) + png,) -

= Bm, —, 18

where q,,, = (¢j,J € Jm) is a vector of circulations of publisher m’s newspapers, (pm, T, Qs mcgg) )

are analogously defined as the attributes of the newspapers owned by publisher m, and % is the
transpose of the Jacobian matrix of §,,.22 The only difference between (18) and the standard first
order condition for a multiple product firm involves the last two terms, which are the marginal effect
on total advertising profit (preprint profit in the first term and display advertising in the second
term) when there is an increase in the newspaper subscription price. Note that Ay is negative.

The first order condition with respect to price (18) holds for all publishers m € M. Inverting
L (18) gives the estimation equation [PFOC](19):

9p,,
o foed N\ 1 day,
p_]t - apm qm )\2 apm Tm '

It
+v1 + va kit + vangefie — ( + Hagjt) + wjt, Vit [PFOC](19)

When choosing their newspaper quality characteristics in the first stage, publishers take into
account the impact of their product choice on the equilibrium price in the second stage. The
formulation of the optimality condition for the product characteristics therefore requires knowledge

of this impact of product choice on the equilibrium price. I take an approach different from the

21T assume that a pure-strategy Nash equilibrium exists. Finding a set of sufficient conditions for the existence of
a Nash equilibrium of this two-stage game is beyond the scope of this paper.

I follow the standard notation to denote the Jacobian of a function, g (z) : R* — R™, as (
the correspondence between the columns of the derivative and those in z’.

dg )
oz’ Jnxm

to emphasize
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literature?® by noticing that knowledge of the gradient of the equilibrium price function at the data
points is sufficient to formulate the optimality conditions for the observed product characteristics.
Also, the gradient at the observations can be easily computed by taking total derivatives of the first
order conditions with respect to the newspaper price and the display advertising rate. Therefore,

it is not necessary to compute the equilibrium price for each possible quality choice to obtain the

gradient.?*

. . s C e 1o} 7l
Formally, the necessary optimality condition for the characteristics is that % = 0 for

all newspapers j € J,, and all endogenous quality measures k = 1, ..., K. Each summand is given

by
o, o) oy 9Py om, o mel®)

x . .
Oxy;  Ozpy £ Opy Dy Oy D 21 (h = j),Yh,j € T, k-

The first term is the direct impact of increasing characteristic xy; of newspaper j on the variable
profit of newspaper h owned by the same publisher. A change in the characteristics of newspaper j
also has an impact on the equilibrium subscription prices and advertising rates for all newspapers
in a game, which is captured in the second and the third term in the above expression, respectively.
Since in the model, the variable profit of newspaper h (7?}11) does not depend on the advertising
rates of other newspapers, the indirect effect of characteristics x; on ﬁ}LI in the third term is only
through affecting the equilibrium advertising rate of newspaper h. This explains the difference
between the second and the third term. Finally, the last term is the marginal cost of increasing the
characteristic xy;.

oxll oIl &l
Bp,i D, Dang

In this expression, ( ) can be easily computed by taking derivatives of the variable

profit function (15). The key is therefore to compute the gradients of the two equilibrium functions
op’, rr . o1 . . .. . ..
85;7_ and gx?":j. Since the equilibrium price and advertising rate satisfy the first order conditions

*

op’,
[RFOC](17) and [PFOC](19), total differentiation of these two equations yields the gradients Y

8ij

% or¥ ol
J h_ 3 1 J -
> and e into the expression of dy; 8lves

Op
and or

gj]i . See Appendix B for the details. Plugging

23A common solution in the literature is to compute the equilibrium of the whole game, i.e. to solve for the
equilibrium product characteristics. Therefore, a typical estimation procedure involves a three-level nested algorithm:
in the inner loop, the pricing equilibrium is solved for given product characteristics and model parameters; in the
middle loop, the product choice equilibrium is solved for given model parameters; and in the outer loop, parameters
are searched to minimize some estimation criterion function. The computational burden of such a nested fixed point
problem is nontrivial. As a result, researchers typically use this method to study an industry with a simple market
structure, such as the monopoly markets in the cable industry in Crawford and Shum (2006), or an industry where
the possible choices for product characteristics are discrete and finite, such as the choice for ice cream flavors in
Draganska, Mazzeo and Seim (2007).

“*This approach, however, does require that the profit function has to be differentiable in characteristics. Also, the
first order conditions of prices contain the first order partial derivatives of the profit function. Total differentiation
of these conditions therefore involves the second order partial derivatives of the profit function. This requires that
the model captures even the second order derivative of newspaper publishers’ profit structure accurately. Note that
the algorithm in the literature described in footnote 23 also requires that the model capture the true profit function
accurately so that the equilibrium price function can be accurate.
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the optimality conditions of characteristics, the set of estimation equations [XFOC](20):

ol oxlL op%, ol oFr ,
> |5 ool T g S BB ) = g Tk + v, VE, 62 [XFOC](20)
he Tons Lkt €000 Dj't OT kst Tht Ok t
3 Data

For this study, I have compiled a new data from various sources. See Appendix C for a detailed
explanation of the data sources and the variable definitions. It covers all daily newspapers in the
United States from 1997 to 2005. Specifically, the data set contains information on quantities and
prices on both sides of the market. On the readers’ side, I observe county circulation and annual
subscription price (gjct,pjr). On the advertisers’ side, I observe annual display advertising linage
and display advertising rate (aj¢, 7jt)-

The data set also contains information on newspaper characteristics. A newspaper is described
by the following attributes: (1) news hole (x1;:), (2) the number of opinion section staff (x2j),
(3) the number of reporters (z3;:), (4) frequency of publication (f;;), and (5) edition (morning or
evening newspaper) (y2;¢). Data on all dimensions of the attributes except news hole is available.
News hole is the space of a newspaper devoted to news, in other words, pages net of advertising
space. As explained in the discussion leading to (12), news hole z1;; can be replaced by n;f; —
a (T‘j, IUTE )\) in the estimation. The latter depends on observable variables and model parameters.

Data on all variables except advertising linage (a;;), annual subscription price (p;;) and pages
per issue (n;;) are available for all newspapers in the data period. Display advertising linage data
is available for 485 newspaper/years between 1999 and 2005. Therefore, information on this subset
of newspapers is used to identify the advertising demand parameters in [ADV](11). Missing data
on price or pages per issue, however, leads to deletion of observations: all newspapers in the game
of a newspaper with information on price or pages missing are deleted from the sample.? There
are 1387 newspaper /years with missing data on price or pages, which lead to the deletion of 6551
newspaper/years, with 6316 newspaper /years remaining. Summary statistics for the main variables
are provided in Table 2 and Table 3.

Since information on NDM is available only for a few newspapers, I infer NDM from data

on county circulations. Specifically, for each newspaper/year jt, I sort the counties covered in

QSJg(ﬁ) is the set of all player newspapers in the game that jt belongs to. It is exactly J defined in Section 2.3.1,
where the model is described for a typical game and therefore the subscript g (j) is unnecessary.

26This is because, for example, when the number of pages per issue of newspaper j is not observable, information
on its news hole is not available, i.e. its characteristics are unobservable. Hence, for any newspaper j’ in j’s game, the
optimality condition for characteristics conditional on j’s opponents choice, including j’s choice, is not well-defined.
Therefore, j’s game are deleted.

2TThese observations are at the newspaper/county /year level.

28These observations are at the newspaper/year level.
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Table 2: Summary Statistics of Player Newspapers in Sample

mean median  std min max observations
market penetration (%) 19.13 1177 1862 0.3 97.08 2387727
county distance (100km) 0.71 0.47 0.81 0 6.64
total circulation 22,729 9,849 43,847 1,132 783,212 631628
price of newspapers ($) 101.47  97.15 33.75 15 365.31
price of display advertising  26.58 13.31 45.19 3.27 748.70
($/column inch)
frequency (issues/52 weeks) 310.70 312 53.87 208 364
pages (pages/issue) 28.93  23.71 20.79 254.57
opinion staff 2.11 1 2.92 0 20
reporters 22.28 4 43.04 218.67

Table 3: Summary Statistics of the Demographic Characteristics of Counties in Sample

mean median std min max observations
high education % of pop over 25  17.11 15.22 7.26 5.64 60.48 9357
median income ($1,000) 34.25 32.85 7.31  16.36 80.12
median age 36.52 36.70 3.82  20.70 54.30
urbanization (%) 49.82  50.96  26.51 0 1
Households 36687 15588 85687  T10 3282266

descending order of county circulation and define NDM as the set of counties that covers 85 percent
of total circulation: Cj; = {(cl, oy ci) st Zthl Qjent > 0.85¢5; and Zth_ll Qjept < 0.85qjt}, where
gj¢ is the total circulation.?? With this “definition” of NDM, there are 3994 games in the sample.

4 Estimation

Five sets of model implications are taken to the data to estimate the model parameters. The
model implications derived from newspaper demand [S]|(8) are used to identify readers’ utility func-
tions and those of advertising demand [ADV](11) are used to identify the dependence of advertising
demand on the newspaper’s circulation, its advertising rate and the demographics of its market.
Optimality of the observed prices (see [RFOC](17) and [PFOC](19)) is used to identify the variable
cost parameters, and optimality of the observed characteristics (see [XFOC](20)) is used to estimate
the parameters related to the cost of choosing the characteristics.

The unobservable error terms in the above model implications are solved as functions of the
data and the parameters, and then plugged into a set of moment conditions defined by instruments.
A Generalized Method of Moments (GMM) estimator is formed based on these moment conditions.

The estimation results are presented in Section 5. I now explain the instruments used in the study

29This is the criterion suggested by the Audit Bureau of Circulation. For the newspapers whose NDM information
is observable, this information is consistent with the NDM inferred from county circulation data.
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and how the model parameters are identified.

4.1 Instruments

In the model, newspaper publishers know the unobservable (to econometricians) newspaper-
county specific taste {;, and the unobservable cost shocks (( jt,wjt,ujt) before they choose the
characteristics, the subscription prices and the advertising rates of their newspapers. These choices
are therefore likely to be correlated with the unobservables. Instrumental variables are used to deal
with this endogeneity.

Specifically, I use the following as instruments for the newspaper quality and the price of news-

paper j: the demographics in its own NDM, denoted by Dﬁ)? and the demographics in the NDMs
(2
gt *

To see why Dﬁ) is a valid instrument, first note that consistent with the timing of the model, all
unobservable shocks are assumed to be revealed after the NDM of each newspaper is determined and
(1)
jt
are typically of a longer horizon than both quality and price decisions. But it excludes endogenous

NDMs, i.e. endogenous entry/location choices. Secondly, D§1) is correlated with newspaper quality

characteristics and prices. This is because county demographics affect the demand for newspapers

of its competitors, denoted by D

are therefore uncorrelated with D*,’. This timing assumption is plausible because location decisions

as well as the advertising demand, which in turn, influence newspaper publishers’ product quality

choice and price decisions. Therefore, demographics Dﬁ)

However, Dﬁ) is not enough for identification. Even though it does not appear in some estima-

can be used as instruments.

tion equations such as [RFOC](17), it enters other estimation equations such as the mean utility

)

equation [S](8). The demographics in the NDMs of newspaper j’s competitors, Dﬁ , on the other

hand, is excluded from all estimation equations.

To see why Dﬁ) can be used as an excluded instrument, first note that for the same reason

as Dﬁ), Dﬁ) is uncorrelated with all unobservables. The intuition for why county demographics
in Dﬁ) are valid instruments for newspaper prices and qualities is illustrated in Figure 3. The

Figure 3: Dﬁ) as Instruments

County 1 County 2

Demographics in county 2 (D,)

demographics in county 2 (D) influence the demand for newspaper B as well as its advertising

demand, and thus determine the prices and the attributes of this newspaper. Because newspapers A
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and B are direct competitors, B’s decision on product characteristics and prices affects A’s decision.
Therefore, the demographics in county 2, Ds, indirectly affect newspaper A’s product choice and
price decisions. For example, a local newspaper in a small county close to a large city with a
metropolitan newspaper might want to position itself as an inexpensive and low-quality newspaper.
Thus, the demographics of the NDMs of a newspaper’s competitors are good instruments for this
newspaper’s prices and quality characteristics.?"

I now show the “quality” of the instruments. First of all, Table 4 reports the correlation of
demographics in neighboring counties, specifically, the correlation between the educational level,
for example, of a county in the NDM of a newspaper and the mean of the educational levels of
other counties in this newspaper’s NDM. The table shows that the demographics of neighboring

counties are not highly correlated, i.e. the included instrument and the excluded instrument are

not highly correlated.

Table 4: Correlation of Demographics in Neighboring Counties

educational level | median income | median age | urbanization

correlation | 0.1725 0.2388 0.1179 0.1369

Secondly, Table 5 shows the results from the first-stage regression corresponding to the mean
utility equation ([S](8)). Specifically, column (1) reports the regression of the newspaper price on
the included and excluded instruments. Columns (2) and (3) report the regression of the number
of opinion section staff and the number of reporters on the instruments.

Note that among the demographic measures, only the number of households in a county varies
across years. This is because the county-level demographics data comes from Census and a yearly
data is not available. The exogenous sources of variation that lead to changes in prices and news-
paper characteristics over time include the variation in market structure, — such as ownership
(which newspapers belong to a newspaper company) and the overlap of NDM (which newspapers

have overlap in which counties) — and the time trend.

4.2 Identification

The parameters to be estimated are (i) the parameters in the newspaper demand function,
(o, B,%, @, p,o,K); (ii) the parameters in the display advertising demand function (¢, A); (iii) the

cost parameters (’y, ¢, 7'); and (vi) the parameters in the preprint profit function u.

30This intuition behind this choice of instrument is similar to that in BLP, who uses the characteristics of competi-
tors’ products as instruments. These instruments are valid ecause firms consider what kind of products are available
in the market when making a price decision and the product characteristics are assumed to be exogenous in BLP.
Similarly, in this paper, where the product characteristics are endogenous, firms make a decision on product charac-
teristics and prices based on what kind of consumers they serve, i.e. demographics. The demographics of competitors’
NDM therefore can be used as excluded instruments.
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Table 5: First-stage Regression Results

(1) (2) (3)
Price Opinion Reporter
included const 2174.22**  -19.52**  -188.24**
instruments (215.69)  (3.44) (4.66)
time -1.11** 0.01** 0.09**
(0.11) (0.002)  (0.002)
log(households in the NDM) (yj(i)) 10.13** 0.45* 0.63**
(0.36) (0.006)  (0.008)
morning edition (y';) 1313 0.06™  0.17"
(0.68) (0.01) (0.01)
county distance (y')) 4059 0.96**  1.50*
(9.48) (0.15) (0.20)
demographics (D) education 28.88** 0.79** 0.97**
(5.46) (0.09)  (0.12)
median income -0.14 -0.31%  -0.27*
(5.70) (0.09) (0.12)
median age 42.81** 1.30** 1.25%*
(8.39) (0.13) (0.18)
urbanization 2.03 0.07** 0.06*
(1.48) (0.02) (0.03)
excluded mean of demographics education 52.43** 1.41** 1.61**
instruments  over counties in the NDM (9.70) (0.15) (0.21)
of j except county c median income -13.05 1.02** 1.71%*
(8.44) (0.13) (0.18)
median age 39.38** -1.35%  -1.78**
(5.69) (0.09) (0.12)
urbanization -3.44 0.13** -0.01
(2.12) (0.03) (0.05)
mean of demographics education -47.19** -2.12%  -1.14*
over counties in the NDMs (10.22) (0.16) (0.22)
of j’s competitors but not  median income 69.31** 0.82** 0.51**
in j's NDM (7.71) (0.12) (0.17)
median age -8.59 0.01 -0.33**
(5.64) (0.09)  (0.12)
urbanization -19.35** -0.02 -0.28**
(2.63) (0.04) (0.06)

** indicates 95% level of significance and * indicates 90% level of significance.
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The identification of (o, B, %, ¢, o) in the first set of parameters in [S](8) is similar to the identi-
fication of analogous parameters in BLP. In BLP, product characteristics are considered exogenous.
They are therefore used as the exogenous source of change in prices and in the choice set facing con-
sumers to identify demand price effects and substitution patterns (which are parameterized by the
above parameters). In this paper, product characteristics are endogenized. As explained in Section
4.1, I therefore use a different exogenous variation to identify the effects of product characteristics
and prices: the variation of county demographics.

The parameter that describes the time trend in the outside choice, p, is identified by the overall
change of newspaper circulation over time. Identification of the diminishing utility parameter,
Kk, comes from variation in the number of newspapers in a county. In counties with only one
newspaper, diminishing utility does not play a role in determining market penetrations. Suppose all
parameters were identified using the data from such counties only. Then, based on these estimates,
market penetrations in counties with multiple newspapers could be computed assuming that each
household chooses at most one newspaper. The difference between the observed data and these
counterfactual market penetrations assuming a single choice is then explained by the choice of a
second newspaper, the probability of which is determined by x as well as the price and quality of
the available newspapers.

The second set of parameters is in the advertising demand in [ADV](11). ¢ is the vector of the
parameters determining the dependence of display advertising on the demographics of a newspaper’s
market. It is identified by variation in county demographics. For example, suppose two newspapers
have the same circulation and advertising rate, but their circulation areas have different income
levels. Any difference in advertising linage then identifies the parameter ¢ corresponding to median
income.

A1 and A9 are the display advertising demand elasticities with respect to circulation and ad-
vertising rate, respectively. However, A1 and Ao cannot be separately identified from information
on advertising linage only. This is because the source of variation in circulation and advertising
is identical.3! In other words, any exogenous variation that changes circulation also changes the
advertising rate. But the price elasticity of advertising demand Ao determines optimal advertising
rates for publishers. Therefore, Ao can be identified using the optimality condition with respect to
the advertising rate,3? which then leads to the separate identification of A; and Ag.

It is common in the literature to use firms’ price decisions to identify the cost structure, for

3! According to the model, the advertising rate only depends on circulation and the unobservable shocks (to the
adyertising sales cost) as can be seen in [RFOC](17): rj: =  + ﬁq]'t + G-

32Gpecifically, exogenous variation that leads to changes in circulation identifies ﬁ in [RFOC](17), where 74
is the marginal cost of printing one page. A2 and <5 are then separately identified with exogenous variations in
county demographics that change circulation but not the number of pages of a newspaper. This can be seen from
[PFOC](19). The aforementioned exogenous variations change the marginal effect of increasing price on advertising

demand through changing circulation (ZT)v but do not change the number of pages printed in a year (n;¢fj¢).
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example, Rosse (1967). The idea is as follows. With identification of the demand system, the
marginal revenue is also identified. Then, the optimal choice of price reveals information on the
marginal cost. This is how variable cost parameters (v, () in [PFOC](19) and [RFOC](17) are iden-
tified. Similarly, after identification of the variable cost system, the marginal benefit of increasing
quality is also identified. Then, the optimal choice of quality characteristics reveals the underlying
cost of increasing them, parameterized by 7 in [XFOC]|(20). For example, suppose an exogenous
shock in county demographics or a change in market structure increases the marginal benefit in
the variable profit from enlarging the reporter group. Then, the observed change in the number
of reporters identifies 7 for reporters, i.e. the parameter affecting the marginal cost of increasing
reporters.

Since the marginal preprint profit can be considered a subsidy to the marginal cost of increasing
circulation (see [PFOC](19)), its identification is similar to that of the marginal cost parameters.
An exogenous shock to the market size of a newspaper, for example, increases its circulation.
Variation in the marginal benefit of increasing circulation, the left hand side of [PFOC]|(19), which
is determined by the identified demand system, then identifies p5. The parameter p,, however,
cannot be separately identified from ;. Recall that marginal cost of increasing circulation is
mcgg) = v1 + Yo fjt + v3nji fit + wjt, and the marginal benefit in preprint profit is p + psgjr. As a
result, it is v; — p; that is relevant for publishers’ decisions, not the values of v, and p; separately.

Hence, only the difference can be identified.

5 The Estimation Results

The estimation results are presented in Table 6. The endogenous newspaper characteristic
vector, xj;, includes news hole, the number of staff for the opinion sections and the number of
reporters.>> The estimates of the mean taste (3) and the disutility from price (o) imply that a
combination of doubling the news hole of a newspaper and increasing its annual subscription price
by 8.5 dollars leaves the mean utility unchanged. Since the estimated reader heterogeneity (o)
is small, this also means the demand for newspapers would not change much in such a scenario.
Similarly, decreasing the number of opinion section staff by half is equivalent to increasing the
subscription price by 140 dollars, and decreasing the number of reporters by half is tantamount
to increasing price by 24.5 dollars. The market size of a newspaper is measured by the logarithm
of the number of households in its NDM. The negative sign of ¢, indicates that readers value a
newspaper with, for example, 10 reporters and covering a small region more than a newspaper

that has 10 reporters and serves a large area. County demographics used in this paper include

33In the estimation, I replace Zrje in the utility function by log (1 + xkj:), as this specification of newspaper
characteristics explains the data better. In the cost function, I use z;;.
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Table 6: Estimation Results

parameter estimate standard error

Utility price ($100) a 20.560" 0.166
log(14+newshole), mean 081 0.069 0.147

log(14opinion), mean B9 1.128"** 0.331

log(1+reporter), mean B 0.198* 0.108

log(14+newshole), std. dev. o1 0.013 0.837

log(14opinion), std. dev. o2 0.008 11.501

log(1+reporter), std. dev. o3 0.009 2.099

log(households in the NDM) N -1.395** 0.307

morning edition Yo 0.161 0.122

county distance (1000km) Y3 -2.117 1.578

constant ©y 6.616™* 1.730

education ©9 4.744%* 1.240

median income ($10000) o -1.506* 0.889

median age N 0.165** 0.037

urbanization ©s 2.699"* 0.726

time p 1.909** 0.431

Diminishing Utility K 46.258** 14.343

Display Ad Demand total circulation A1 1.758** 0.005
ad rate A2 -1.015** 0.022

constant 1 -1.824** 0.521

median income ($10000) s 0.029 1.224

parameter estimate standard error

mel®) const Yy — g -575.810** 74.856
frequency Yo 1.656** 0.374

1000 pages Y3 1.831 2.660

me(@) ¢ 3.963** 0.559
me®)  opinion constant T20 1329509** 377660
opinion T 113940** 26712

reporter constant T30 194435* 116630
reporter T31 1430 1127

Preprint Profit total circulation (1000) Lo -0.0001** 0.00009

** indicates 95% level of significance.

* indicates 90% level of significance.
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educational level, median income, median age and urbanization,?? of which educational level, age
and urbanization positively affect the demand for newspapers. The positive sign of p indicates that
readers’ utility from subscribing to a newspaper is decreasing over time. This is consistent with
the advent of online news, which motivates the inclusion of the time trend in the model.

The parameter x measures the diminished utility of subscribing to a second newspaper. In a
single discrete choice model, this parameter is essentially set to be infinite so that consumers buy
at most one product. The estimate of s in this multiple discrete choice model implies that in the
majority of the year/county pairs, the percentage of households with two newspapers is close to
zero. In the 89 year/county pairs with a nontrivial percentage of households with two newspapers,
on average 10% of the households with newspapers subscribe to two newspapers.

All parameters in the advertising demand function have the expected sign: an increase in
circulation and a decrease in advertising rate raise advertising demand. The price elasticity of
display advertising demand is close to -1. The elasticity with respect to circulation, however, is
larger than 1. As will be explained in the next section, this has an important implication for how
publishers adjust the quality and price of their newspapers after a market structure change.

I set the parameters in the marginal cost of increasing news hole (719,711) to zero, because
specifications that do not restrict these parameters indicate that news hole does not affect the fixed
cost (fixed with respect to circulation). This can be explained as follows. News hole consists of
stories written by reporters and those bought from news agencies. The former can be increased by
hiring more reporters. But this effect on fixed cost is already captured by the cost of reporters.
The cost of the latter is de facto a variable cost, because news agencies typically set their rates

based on the circulation of a newspaper instead of the number of stories that the newspaper buys.

6 Counterfactual Simulations

In this section, I use counterfactual simulations to study how a change in market structure
affects the product choice and price decisions of newspaper publishers. The resulting welfare im-
plications are also investigated. Section 6.1 discusses the welfare measures used: reader surplus,
advertiser surplus and publisher surplus. Section 6.2 studies a merger of two direct competitors in
the Minneapolis market that was blocked by the Department of Justice. This section also analyzes
the effect of a merger of two newspapers in this market that do not compete directly, but share a
common competitor. A welfare analysis of ownership consolidation in duopoly and triopoly mar-
kets, where the publisher of the largest newspaper buys the second largest, is presented in Section
6.3. The correlation between welfare effects and the underlying market structure is also studied.

Throughout this section, I use “ownership consolidation” and “merger” interchangeably.

34Gee Appendix C for the definitions of these county demographics.
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6.1 Welfare Measures

Reader Surplus

The compensating variation for household i is given by

Vi = ‘/z[c)t ; ‘/itlzt’
where « is the negative of the household’s marginal value of income, and V2, — al; and V%, —

are the expected maximum utility (with respect to the extreme value taste shocks) before and after

a merger for household i with income I;. Specifically,?®

Jct Jct
0
th =1In ZeUijct + Zln Z eUhee™® 11| — (J—1)In ZeU?hct_’{ +1],
=0 j=1 h+#£0,j h#£0
where UZ% ot = u%ct — €ijet 1s the utility before the merger net of the extreme value taste shock.36
VZ ¢ 1s analogously defined to th, replacing Ug ot by U ijet and u” o by ul] ot

Three welfare measures are reported. (1) Change in the average per-household reader surplus
in county ¢ in year ¢ is measured by ARSy = E¢, (CViet). (2) Total welfare change is the sum
of the welfare change in all the counties in a game: ARS =), D1t ARS., where Dy is the
number of households in county ¢ in year ¢t. (3) Change in average per-household reader surplus:

ARS
ARS = S Dra

Advertiser Surplus
Since I only observe the advertising linage for each newspaper, instead of each advertiser’s
individual behavior, only the price elasticity of the market demand for advertising is identified, i.e.

_ 1
2 = e
individual advertising, the market demand does not correspond to an individual agent’s willingness

. But due to the negative externality of aggregate advertising on the effectiveness of

to pay. Thus, information on the market demand function is not enough to measure advertiser
surplus.

This can be seen as follows. The representative advertiser’s profit function is given by (9) in
Section 2.2. Plugging the advertising demand function (10) into the advertiser’s profit function

gives the measure for advertiser surplus

1
AS = ()\’ - 1> a;r;,

where is the representative advertiser’s demand elasticity with respect to price (see (9)).

1
N1
Since the representative advertiser’s price elasticity parameter \j, and the externality parameter,

35The derivation of this expression follows directly from Small and Rosen (1981) for a single discrete choice model.
The only difference is the sum of the second and third term, the expectation (with respect to the extreme value taste
shocks) of the second highest utility.

36 After subtracting the idiosyncratic taste term Eijet, Uiojct still depends on the household-specific taste for news-
paper characteristics (¢;), hence the expectation operator.
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A5, cannot be identified separately given only aggregate data, I report the percentage change in

advertiser surplus, which is essentially the percentage change in display advertising revenue, a;r;.

Publisher Surplus
Publisher surplus is given by the profit function in (16).

6.2 Two Case Studies in the Minneapolis/St. Paul Metropolitan Area
Case 1. Ownership Consolidation of Direct Competitors

In 2006, the McClatchy Company purchased its much larger rival Knight Ridder Inc. After
the acquisition of Knight Ridder, McClatchy owned two daily newspapers in the Minneapolis/St.
Paul metropolitan area: the Minneapolis Star Tribune and the St. Paul Pioneer Press. Three
months after the announcement of the transaction, the Department of Justice filed a complaint.
Two months later, McClatchy sold the St. Paul Pioneer Press to the Hearst Corporation, which
later sold it to MediaNews Group. Neither Knight Ridder nor MediaNews owns another newspaper
in this market. Therefore, this series of transactions did not lead to a market structure change in
the framework of this paper, as the publisher of the St. Paul Pioneer Press was simply relabeled.

In this section, I investigate what would have happened to newspaper quality, subscription
prices as well as advertising rates and welfare if the ownership consolidation of the Minneapolis
Star Tribune and the St. Paul Pioneer Press had been upheld. These two newspapers are in a
game with three other newspapers: the Faribault Daily News, the Stillwater Gazette and the St.
Cloud Times. The NDMs of all newspapers are illustrated in Figure 4. The Minneapolis-based
Star Tribune and the St. Paul-based Pioneer Press (henceforth, Star and Pioneer) are direct
competitors as their NDMs overlap in five counties. Star circulates in a larger area. Whereas the
Stillwater Gazette competes with both Star and Pioneer in Washington County, the Faribault Daily
News and the St. Cloud Times compete with Star only.

Findings

Table 7 and Table 8 present newspaper quality characteristics, subscription prices and adver-
tising rates at the post-merger equilibrium when only prices are adjusted (Table 7) and when both
quality and prices are endogenously chosen by publishers (Table 8).

From the table, we can see that: (1) Without quality adjustment, both Star and Pioneer in-
crease their subscription prices. (2) With quality adjustment, both parties to the merger increase
news hole, reduce the number of opinion-section staff and reporters, and decrease the overall news-
paper quality.3” (3) The adjustment of the smaller party to the merger (Pioneer) is much bigger
than that of the larger party (Star) in both scenarios — with or without quality adjustment. (4) In

37Since the estimated reader heterogeneity is small, overall quality of newspaper j can be defined by the mean
utility from each characteristic: 3, log (1 + z1;) + 3, log (1 4+ x2;) + B4 log (1 + z3;).
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Figure 4: Newspaper Designated Market (NDM)
(a) NDM of Star Tribune

County Circulation of Star Tribune
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both scenarios, the Stillwater Gazette, which competes with the two parties to the merger, lowers
its subscription price. Its quality increases when quality adjustment is allowed. (5) The magnitude
of the price adjustment in the two scenarios are different: the price adjustment for the two parties
to the merger is smaller when quality adjustment is allowed, while that for the Stillwater Gazette
is larger. In other words, ignoring quality adjustment leads to an overestimation of the price ad-

justment for the newspapers involved in the merger and an underestimation for the newspaper
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Table 7: Effect of Ownership Consolidation on Prices and Circulation without Quality Adjustment

price ($/year) ad rate ($/column inch) circulation
before ‘ after ‘ change | before ‘ after ‘ change | before ‘ after ‘ change
Star Tribune 173 | 182 9 | 230.88 | 223.90 -6.98 | 317337 | 310288 -7049
Pioneer Press 172 | 204 32 | 153.08 | 135.31 | -17.77 | 159864 | 141908 | -17956
Stillwater Gazette 78 74 -4 | 11.13 11.47 0.34 3341 3679 338
Faribault Daily News 111 112 1] 1237 | 1245 0.08 6384 6470 86
St. Cloud Times 150 | 150 0| 4415 | 4424 0.09 | 24578 | 24667 89

Table 8: Effect of Ownership Consolidation on Quality, Prices and Circulation with Quality Adjustment

news hole (pages/year) opinion reporter

before ‘ after ‘ change | before ‘ after ‘ change | before ‘ after ‘ change
Star Tribune 11639 | 11788 149 29.08 28.86 -0.22 110.92 110.09 -0.83
Pioneer Press 12794 | 14690 1896 19.92 18.84 -1.08 66.92 62.78 -4.14
Stillwater Gazette 2325 3620 1295 1 2.15 1.15 0 0 0
Faribault Daily News 7186 7178 -8 0 0 0 1 1.03 0.03
St. Cloud Times 14759 | 14511 -248 2.33 2.37 0.04 8 8.11 0.11

price ($/year) ad rate ($/column inch) circulation

Star Tribune 173 181 8 | 230.88 | 223.84 -7.04 | 317337 | 310224 -7113
Pioneer Press 172 198 26 | 153.08 | 131.12 -21.96 | 159864 | 137673 | -22191
Stillwater Gazette 78 40 -38 11.13 15.13 4.00 3341 7385 4044
Faribault Daily News 111 112 1 12.37 12.47 0.10 6384 6487 103
St. Cloud Times 150 150 0| 44.15 | 44.51 0.36 24578 24932 354

competing with the merged newspapers. (6) In both scenarios, the Faribault Daily News and the

St. Cloud Times only adjust marginally after the merger.

Intuition Underlying the Findings

A detailed explanation of the economic interactions that drive these results can be found in

Appendix D. Here, I provide some intuition underlying these observations.

(1) After the publisher of Star, McClatchy, purchases Pioneer, it internalizes the positive price
cross-effect of these two newspapers: a higher price of Star, for example, leads to an increase
in the market share of Pioneer and therefore raises its profit. This explains observation (1).
(2) Analogously, there also exist quality cross-effects. As will be shown in Appendix D, the
cross-effect of news hole is positive and the cross-effects of opinion staff and reporters are
negative at the pre-merger equilibrium. The sign of the cross-effect of news hole can be
positive®® because, unlike the other two characteristics, news hole also affects the marginal

cost of increasing circulation. Specifically, increasing news hole leads to a higher marginal

38 Appendix D shows that the sign of the cross-effect of news hole is not determinate. In this merger, it is positive
at the original equilibrium.
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cost mc? and hence it does not always yields an advantage over other newspapers in price
competition.?¥ This is consistent with observation (2).

(3) As explained in Appendix D, the estimates indicate that the advertising profit function is
convex in circulation, implying that the marginal value of circulation is higher for larger
newspapers. Therefore, a multi-newspaper publisher has an incentive to shift circulation
from its small newspapers to large newspapers. Here, even though McClatchy decreases the
quality of both newspapers, it adjusts the smaller newspaper by a bigger margin due to this
incentive.

(4) An increase in the prices or a decrease in the quality of Star and Pioneer, the competitors
of the Stillwater Gazette, leads to an increase in the latter’s marginal benefit from increasing
circulation. The Stillwater Gazette thus raises its circulation by decreasing its price and
increasing its quality as in observation (4).

(5) As the publisher McClatchy internalizes the overall negative quality cross-effect between Star
and Pioneer, it decreases the quality of the two newspapers involved in the merger. Also
the positive price cross-effect is weakened. Therefore, price adjustments are smaller when
quality adjustment is allowed. Similarly, as the quality of Star and Pioneer decreases, the
marginal benefit for the Stillwater Gazette from decreasing its subscription price is even
higher. Therefore, its price adjustment is larger when quality adjustment is allowed.

(6) Finally, observation (6) is explained by the NDMs of the newspapers involved (see Figure 4).
The Faribault Daily News increases its price marginally because it only competes with Star,
which does not change much after the merger. Similarly, because Star does not have a strong
presence in the NDM of the St. Cloud Times , the St. Cloud Times almost does not adjust

its price either.

Welfare Implications and Comparison to a Merger without Quality Adjustment

These adjustments in quality and subscription price influence the circulation of each newspaper
and hence the optimal advertising rate. All these changes decrease the overall reader surplus by
7.94 million dollars, advertiser surplus by 5.59% and increase publisher surplus by 0.52 million
dollars. So, the total welfare declines. Specifically, as Table 9 shows, households in all counties
except Stearns County are worse-off. There the dominating newspaper St. Cloud Times increases
its quality slightly. Across all counties, the average per-household reader surplus (ARS) declines
by 6 dollars. Counties covered by the two merged parties are affected the worst. For example,
readers’ welfare falls by nearly 15 dollars in Ramsey County, which is the home county of Pioneer
and close to Hennepin County, the home county of Star. The profits of all publishers increase.
The profit of the originally smallest newspaper, the Stillwater Gazette, increases by a larger margin

than do the profits of the two median-sized newspapers because the latter interact only marginally

39Quality cross-effects here take into account the impact of quality on the equilibrium price.
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Table 9: Welfare Implications of the Ownership Consolidation of Star and Pioneer with Quality Adjustment

Welfare Implications Average Change in Reader Surplus per Household
ARS -7.94 million county ARS.; county ARS.t
BAAS  -5.59% Anoka -4.36  Rice -3.18
APS _ 0.52 million Benton  -0.70  Scott -3.74
Carver -3.25  Sherburne -1.59
Change in Publisher Surplus Dakota -9.83  Stearns 0.43

newspapers APS Hennepin  -4.48  Washington -5.44
Star & Pioneer 374000 McLeod -2.02  Wright -2.30
Stillwater Gazette 84460 Ramsey -14.58  St. Croix, WI -9.10
Faribault Daily News 29500

St. Cloud Times 24110

with the two parties to the merger. Star and Pioneer lower their quality and leave space for the
Stillwater Gazette to increase its quality. In fact, it even overtakes the Faribault Daily News in
terms of circulation.

The welfare change without quality adjustment is -7.93 million for readers, -4.96% for advertisers
and 0.91 million for publishers. Therefore, ignoring quality adjustment overestimates the gain in
publisher surplus, and underestimates the loss in reader and advertiser surplus in this merger.
The overestimation of the price adjustment noted in observation (5) can be consistent with this
underestimation of the loss in readers’ welfare. Even though the price adjustment is smaller with
quality adjustment, the quality of the newspapers is lower as well. It is the overall utility from
the newspapers that determines readers’ welfare. Section 6.3 analyzes the relationship between the
bias in estimating the welfare effect from ignoring quality adjustment and the underlying market
structure. In particular, I show that the bias in the estimate for the change in reader surplus can

be significantly larger than 10,000 dollars.

Case 2. Ownership Consolidation of Indirect Competitors

In the above ownership consolidation study, the two parties to the merger are direct competitors.
This is usually the main focus in policy analyses. In fact, similar quality and price cross-effects
exist even when the merged parties just share a common competitor. Therefore, an ownership
consolidation of such two newspapers also affects the quality and prices of the newspapers involved.
To illustrate this point and quantify the effect, I study a counterfactual merger of Pioneer and the
St. Cloud Times, which do not compete directly the NDMs of these two newspapers in Figures
4(b) and 4(c) show.

The results are presented in Table 10. Again, the smaller party to the merger adjusts more than

the larger party. Asthe St. Cloud Times increases news hole by about 2 pages per issue and reduces
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Table 10: The Effect of the Ownership Consolidation of Pioneer and St. Cloud Times on Quality, Prices
and Circulations with Quality Adjustment

news hole (pages/year) opinion reporter

before ‘ after ‘ change | before ‘ after ‘ change | before ‘ after ‘ change
Star Tribune 11639 | 11638 -1 29.08 29 -0.08 110.92 110.92 0
Pioneer Press 12794 | 12802 8 19.92 19.91 -0.01 66.92 66.89 -0.03
Stillwater Gazette 2325 2327 2 1 1 0 0 0 0
Faribault Daily News 7186 7186 0 0 0 0 1 1 0
St. Cloud Times 14759 | 15512 753 2.33 2.23 -0.10 8 7.69 -0.31

price ($/year) ad rate ($/column inch) circulation

Star Tribune 173 173 0 | 230.88 | 230.90 0.02 | 317337 | 317362 25
Pioneer Press 172 171 -1 | 153.08 | 153.06 -0.02 | 159864 | 159847 -17
Stillwater Gazette 78 78 0 11.13 11.13 0 3341 3345 4
Faribault Daily News 111 111 0 12.37 12.37 0 6384 6484 100
St. Cloud Times 150 151 1 44.15 43.42 -0.73 24578 23839 -739

the number of opinion-section staff and reporters, its overall quality falls. Therefore, households
in the counties served by it are worse off. The impact of such an ownership consolidation is much
smaller than that of merging two direct competitors. The loss in readers’ welfare, for example,
is 18 cents on average and 3 dollars in the county that is worst affected. Overall, reader surplus
decreases by 0.22 million, publisher surplus increases by 0.02 million and the change in advertiser

surplus is negligible.

6.3 Welfare Analysis of Duopoly Mergers and Triopoly Mergers

In this section, I study the welfare implications of ownership consolidations in duopoly and
triopoly markets. In a duopoly merger, the publisher of one newspaper buys the other and becomes
a monopolist in the market. A triopoly merger is defined as one in which the publisher of the largest
newspaper buying the second largest. The welfare effect of an ownership consolidation in a market
depends on the details of the market structure. I will present the distribution of the welfare effects
for such mergers in all duopoly and triopoly markets in the 2005 sample, and then examine how
they vary with market characteristics.

Figures 5 and 6 show welfare changes after an ownership consolidation in 40 duopoly markets
and 13 triopoly markets in the 2005 sample, the last year in the data set. The markets are sorted
according to ARS, the change in average per-household reader surplus with quality adjustment.
A dot in the upper-left graph of Figure 5, for example, represents ARS in a market when quality
adjustment is allowed. An asterisk represents ARS without quality adjustment. The difference
between an asterisk and a dot on the same vertical line therefore represents the bias in estimating
ARS when quality adjustment is ignored. The upper-right graph plots changes in total reader
surplus (ARS). For example, in the market shown in the middle of the graph, the total reader
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Figure 5: Welfare Implications of Duopoly Mergers
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Table 11: Median Welfare Changes across Duopoly and Triopoly Markets

ARS ARS NAAS APS

(dollars)  (millions) (%) (millions)
Duopoly with quality adjustment -16.32 -0.97 -6.12% 0.10
Duopoly without quality adjustment -10.52 -0.64 -3.04% 0.07
Triopoly with quality adjustment -5.11 -0.83 -3.06% 0.09
Triopoly without quality adjustment -5.82 -0.61 -1.85% 0.08

surplus drops by more than 5 million dollars after the merger when quality adjustment is allowed,
and by around 2 million dollars without quality adjustment. Ignoring quality adjustment therefore
underestimates the total readers’ welfare loss by around 3 million dollars. The lower-left graph
and the lower-right graph show percentage changes in advertiser surplus and changes in publisher
surplus in millions, respectively. Finally, Figure 6 represents the same measures for the 13 triopoly
markets.

The median changes in different welfare measures are presented in Table 11. Total welfare falls
unambiguously in 38 duopoly markets.*® And total welfare in all triopoly markets simulated falls
after the merger. However, the presence of a competitor mitigates the welfare loss for readers and
advertisers. This is because the merged parties downgrade the quality of their newspapers by a
smaller margin than they would have done without a competitor and some even increase newspaper
quality (in 6 markets). This mitigation in welfare loss is also partially due to the competitors
sometimes increasing the quality. Figures 5 and 6 show that ignoring quality adjustment typically
leads to an underestimation of the loss in reader surplus and the gain in publisher surplus. The
median bias in estimating welfare is 4 dollars per household in triopoly mergers and 2 dollars in
duopoly mergers.

To examine these welfare changes more closely, I now study the following: (1) variation of
the change in average per-household reader surplus (ARS) across markets; (2) variation of the
bias in ARS when quality adjustment is ignored (AARS = (TRS without quality adjustment) -
(TRS with quality adjustment) ); and (3) the difference between duopoly and triopoly markets. To
understand how welfare effects vary across markets, I run two regressions of ARS,, and AARS,,,
where the subscript m represents a market, on some market characteristic variables. As explained
before, market structure cannot be captured by simple indices. I therefore regress ARS,, and
AARS,, on a triopoly dummy and endogenous variables, which are correlated with the underly-
ing market characteristics that determine the welfare change. The regression therefore shows a

correlation pattern rather than a causal effect.

49Reader surplus falls in all duopoly markets. As expected, publisher surplus increases uniformly. But the net
change in the sum of reader surplus and publisher surplus is negative in all 40 duopoly markets simulated. Among
11 markets where the circulation of at least one newspaper increases, 2 markets witness an increase in advertiser
surplus. Therefore, in 38 markets, the total welfare change is unambiguously negative.
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The result of the first regression is presented below. Standard errors are in parentheses.

ARS,, =25.44—0.99pen,, —0.280verlap'y) +4.671og (%) 5,047, +0.25¢ iy * overlap® +o.
(7.77) (0.16)  (0.05) (2.04) (3.74)  (0.12)

The impact of ownership consolidation on readers’ welfare depends on how much readers in
a market value newspapers in general. Obviously, if households in a market do not like reading
newspapers, then changes in newspaper quality do not affect their welfare much. The pre-merger
newspaper penetration rate (pen,, ), measured by the ratio of the total newspaper circulation to the
number of households in market m, is used to capture this aspect of the market.*! The negative
sign in the estimation is as expected: readers’ welfare loss (—ARS,,) increases when readers care
about newspapers. An increase in the penetration rate by 1 percentage point leads to an increase
in the average welfare loss per household of 99 cents.

Another market feature that affects ARS,, is the importance of the merging parties’ common
circulation area to these two newspapers. This influences how strong the cross-effect is. Suppose
that two newspapers only compete with each other in a county that is far away from their home
counties. Then, this county might not play a large role in generating profit for these two newspapers
because of readers’ taste for local newspapers. When this is the case, a change in the quality of one
newspaper does not affect the profit of the other newspaper much and thus the cross-effect is weak.
Hence, the post-merger adjustment is small. This feature is captured by the pre-merger overlapping
rate of the two largest newspapers in the market: overlap,(%) = 100 x (Z ceCTYi q1m0> /q1m, where
CTY1 2 is the intersection of the NDMs of the two largest newspapers, and ¢, and qi,,, are county
circulation (in county c¢) and total circulation of the largest newspaper in the market, respectively.*?
The above regression indicates a negative correlation between ARS,, and overlapgl), meaning that
the larger the overlapping is, the larger is the welfare loss for readers.

The third factor is the pre-merger asymmetry of the two parties to the merger in terms of

d1im
q2m

benefit of a higher circulation, the publisher of the merged parties will not adjust the quality and

circulation, measured by log ( ) As explained in Section 6.2, due to the increasing marginal
prices of the larger party by much. Since an adjustment in a larger newspaper has a bigger impact
on readers’ welfare than the same adjustment in a smaller newspaper, asymmetry matters, and
specifically, the larger the asymmetry, the smaller the welfare loss for readers, as indicated by the
positive sign in the above regression.

Finally, as explained before, the presence of a competitor mitigates the welfare loss for readers

and advertisers, because the merged parties decrease the quality of their newspapers by a smaller

pen,, also captures that for a given change in quality and prices of newspapers, the welfare change is decreasing
in pre-merger utilities, i.e. the welfare loss is increasing in pre-merger utilities. This can be seen from the welfare
measure in Section 6.1.

42The pre-merger overlapping rate can be also defined for the second largest newspaper in the market as 100 x

(Zce OTY, 5 @2me /q2m, where gamc and gar, are similarly defined for the second largest newspaper. It is not included

in the regression, because it is 1 in the majority of the markets simulated.
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margin when facing a competitor. Therefore, the triopoly dummy has a positive sign in the regres-
sion. The strength of the competition effect depends on how strong the cross-effect between the
two merged parties and their competitor, which is again captured by the pre-merger overlapping

2 .
rate: overlapgn) = 100 x <ZC€CTY1’3 Qime + ZceCTng q2mc> / (qim + q2m), where CTY1 3 is the

intersection of the NDMs of the largest newspaper and the competitor, and CTY>3 3 is analogously
defined for the second largest newspaper and the competitor. The bigger the overlap, the stronger
the competition effect, and thus the smaller the welfare loss.

The second regression studies the bias in welfare effect when quality adjustment is ignored. The

regression result is as follows:

AARS,, =2.7T1 —4.86triy, +0.30pen,, —0.23s1, + 0,,
(5.23) (2.18) (0.11) (0.11)

Again, the triopoly dummy and penetration rate matter. For example, the positive coefficient
of pen,, means that the higher the penetration rate, the larger the bias in measuring welfare
loss. Another factor that determines AARS,, is the demand elasticity with respect to price.
To understand this, denote the post-merger/with-quality-adjustment equilibrium by (pl, wl) and

0 is a vector of the pre-merger quality of all

that without quality adjustment by (pQ, :L'O), where x
newspapers in the market. Given that the estimated reader heterogeneity is small, what matters for
readers’ welfare is the mean utility component pja+x;3. I now explain how demand elasticity with

respect to price affects (pjzoz + mQB) — (pjl-oz +z! ﬂ) When a publisher is prevented from setting its

quality at a: and has to stay at :1: , 1t can increase price by (a: —x; ) B/ (—«a), while keeping the
mean utility and thus its circulation unchanged. But the publisher’s goal is to maximize its profit,
not to keep the circulation at a certain level. It will therefore continue to increase the price, and thus
decrease the mean utility, until the marginal profit from doing so is 0. How much it will increase
price beyond (a: —x ),8/( «), i.e. the difference between (p? —p}) and (w —x; )B/( a),
depends on the price elasticity of demand. Therefore, how much readers’ welfare will be affected
depends on the price elasticity as well. A large elasticity leads to a small increase in price and
hence a small decrease in the mean utility of the newspaper. The welfare effect of a change from
(pl, :L'l) to (p2, :L'O) for readers is therefore small. Since the price elasticity in logit models depends
positively on market shares when market shares are smaller than 1/2, T use sy, the pre-merger
market penetration rate of the largest newspaper in its largest circulation county, to capture this
factor. The sign in the regression result is consistent with the conjecture: a higher price elasticity
of demand leads to smaller welfare changes induced by a change from (pl,ml) to (pQ,:I:O), ie. a

smaller bias from ignoring quality adjustment.
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7 Conclusion

In this paper, I set up a structural model and use counterfactual simulations to study the welfare
implications of newspaper ownership consolidation, taking into account endogenous product choice
as well as price choices. A large new data set is collected to estimate the model. Based on the
estimates, I study a direct and an indirect merger in the Minneapolis market. I also quantify the
welfare implications of ownership consolidations in all duopoly and triopoly markets in the 2005
sample. The distribution of the welfare effects across markets is used to study the correlation
between the welfare effect of ownership consolidation in a market and the structure of the market.
The main findings are as follows.

First, in the counterfactual ownership consolidation of the Star Tribune and the St. Paul
Pioneer Press in the Minneapolis market, the publisher of these two newspapers decreases the
overall quality and increases the prices of both newspapers. The adjustment of the St. Paul
Pioneer Press, the smaller newspaper, is much larger than that of the bigger newspaper because
advertising profit is convex in circulation and thus a multiple-newspaper publisher has an incentive
to shift circulations to its larger newspaper.

Second, the simulation results show that the median loss in reader surplus is 16 dollars per
household in duopoly mergers and 5 dollars in triopoly mergers. Readers’ welfare loss resulting
from ownership consolidation in a market is positively correlated with how much households in the
market care about newspapers in general and how important the overlapping area of the two merged
parties is to these two newspapers. It is negatively correlated with the asymmetry of newspaper size
measured by pre-merger circulations. The existence of a competitor mitigates the loss in readers’
welfare due to a competition effect; the larger the competition effect is, the smaller the welfare loss.

Third, ignoring quality adjustment typically leads to an underestimation of the loss in reader
surplus and the gain in publisher surplus. In general, the bias in measuring the welfare effect of
ownership consolidations is smaller in a triopoly merger and when the price elasticity of newspaper
demand is higher. It is larger when households care more about reading newspapers.

Fourth, ownership consolidation has an impact on quality choice and thus welfare even when the
newspapers involved in the merger do not compete directly. This welfare effect, however, is more
than an order of magnitude smaller than the effect of ownership consolidation of direct competitors

in the simulated market.
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Appendix

A Proof of Theorem 1

In this appendix, I show that the invertibility result in BLP can be extended to a multiple
discrete choice model. I only prove Theorem 1 for a multiple discrete choice model where the
number of discrete choices is limited to at most two. An extension of the result to a model where
consumers can choose up to n < J products, where J is the total number of products available in
a choice set, is available upon request.

The proof is similar to that in BLP, where a key step is to show the existence of an upper
bound for the fixed point of the mapping F. The main difference between the proof here and
the BLP proof is at this step. In a multiple discrete choice model, the value of ¢; that solves
Z,{Zl sp = Z,{Zl Sp (0, x; Pg, 0, k) where §, = —oo for Vk # j is no longer necessarily the upper
bound of 4;. This value does not even exist when the left hand side Zizl sp > 1.43 Note that the

supremum of the right hand side is 1:

J
sup Z§h (0,x; P.,o,k) = 1.
6=(01,...,0 ), dp=—o00 for k#j h—1
The theorem is proved in two steps. All statements below are true for any given (x, P, o, k).

Therefore, these arguments in §; are omitted for presentational simplicity.
Claim 1 There exist § and & such that if F has a fized point §*, 6* must be in [5,6)”.

Proof. Construction of the lower bound ¢§ is the same as in BLP. As will be shown in the
proof of Claim 2, Fj () is increasing in all dimensions of §. Define §; = limg_,_ s F; (d) =
[ exp (x;5) dP; (s;0). If 6" is a fixed point of F, 65 = Fj (6*) > & = minj (8;/).

Note that 6" as a fixed point of F' satisfies Z;-Izl 55 (0%) = Z‘]-le s;. If two or more dimensions
of & go to infinity, ijl 5; (0) approaches 2. But ijl s; < 2. So, there exists at most one j such
that &7 is unbounded. Given that all other dy, k # j are bounded, lims, . 3; (§) = 1. So, ; has
to be bounded as well to ensure 3; (§) = s; < 1. Therefore, all dimensions of §* are bounded. Let

the upper bound be &' Define 6 =46 +1. O
Claim 2 F:[0,8]) — R’ has a unique fived point.

Proof. Define F': [§,0] — R’ as F'(§) = min (F (8),6). Since 4 is the lower bound of F} (), F
is a mapping from [J, 6] to itself. According to BLP, if (i) OF} (§) /06, > 0 for any h,j and (ii)
Zzzl O0F; () /06y, < 1 for any j, then F is a contraction mapping.

43 In a single discrete choice model, Zizl sp < 1, while in a multiple discrete choice model, the sum of market
penetration for all products 25:1 sp can be larger than 1.
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To show that these two conditions hold, first note that 0 < \ilg.l), Egj),, \I/(S) < 1, when 4 is in a
bounded set, ¥\ > &%) for ¥j > 0 and ), > &1 for vj, 5 # .
(i) I first show that condition (i) holds when h = j. Note that

03,06,

= [ () areoy e S [ [ (1 82) 80 (1 80 an o,

J'#7

In the first summand, \ilg-l) (1 — @51)) < \ifgl). In the second summand, [@5,2])’ (1 — @f}) — \ifg.?’) (1 —

(03, — 0] Therefore, 95;/08; < 5; and OF; (8) 06; = 1~ (95;/93;) /3; > 0.

For h # j,
03;/06)
- _/\ij(‘l)‘i’g)dpc (C;UH/@?)‘T’?)ch (s;0)

+ Yy / 22 wf@;@) dP; (s; )

J'#ih

< Z / (2) \I/hj, + \I/( )3 )> dP; (¢;0) since @51) > \ilé3) for Vj
J'#j.h
< 0 since @;2}, > \1'5.3) for V3,5 # j.

Therefore, OFj (8) /06, = — (05;/0dp,) /5; > 0.
(i) S5y OF; (8) /06y = 1~ Y5, (93;/06) /3; and Yo, 25 = B0ER) |

8§j(5+A)‘A .
0A -
— ) __1 ~(3) 2 er '
= [ () Saeedr(sio +Z/[ - (¥ )]Mdp<(<"’>
J'#7
> 0.

Therefore, Y7 _, OF; (8) /06, < 1.

According to BLP, (i) and (ii) implies that F is a contraction mapping from [8,48)7 to [8,4]”.
Note that ([d,6]”,]]-||) is a complete metric space. The contraction mapping F' therefore has a
unique fixed point. Denote it by §*. Hence, F' (§*) = min (F(8%),6) = 6*. Claim 1 shows that if
67 = § for any j, there exists k such that Fy (§*) # 6%. Moreover, the proof of Claim 1 implies that
F (8%) < &%. Therefore, F}, (6*) = F}, (6*) < 6%, which is a contradiction to 8" being a fixed point
of F. So, the unique fixed point of F' cannot be on the bound, and hence it is also the unique fixed
point of F (§) on [8,0]7. O

Claim 1 implies that the unique fixed point in claim 2 is also the unique fixed point of F': R —

R’. This completes the proof of the theorem.
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B Jacobian of the Equilibrium Price Functions

The jacobian of the equilibrium price function is obtained by total differentiation of the two

optimal pricing conditions. To see the details, combine the optimality conditions (18) for all m € M

~ oq # —(q) 1 [0a # _
q+<3p> (p—mc +M1+MQQ>—)\2(8P> r =0,

<\ #
where the (j, k)-element of (%%) is gg’“, if newspaper j and k are owned by the same newspaper

as follows.

publisher and 0 otherwise. In other words, notation (X)# represents the element-wise multiple of
matrix X and a dummy matrix defined by ownership. When the optimal display advertising rate

Tj (qj, ¢ j) defined in [RFOC](17) is plugged in, the above equation can be rewritten as

Ifh(57y7x7€aC7 ) (5acyp,E)—l—ﬁLQ(é,y,:c,ﬁ,C,w):O

my
- oq’
where my ((s)m)yap?é) 87 p

- oq # o 1 /0a #
m2 (67y7 $,£, va) =q— <879> (mc(Q) Uy qu) )\2 <ap>

Note that p enters the second term only through 8. Total differentiation with respect to the k"

dimension of the characteristics gives
06’ op
Therefore, the gradient of the equilibrium price function is
op" o (0g\*] [, o  om
et P i - — . 21
o, [O‘aa'+<ap) ] [ﬂ’f&s’ O k] (1)

=\ 7
This expression has an intuitive explanation. Suppose that the term (%—%) did not exist and

813 ,3 8m1 377’1,1 aa’l’hgai ,3 8m2 877’1,2 -0
oa, T\ a5 T o, 98" oz}, v o8 o, )

there were no reader heterogeneity, i.e. characteristics affected the system only through the mean

utility level 4, and g;” = 0. Then, the Jacobian 2 8
k k

This is because when all readers have the same taste, a combination of an increase in characteristic

- would be ——I where [ is an identity matrix .

x; by A and an increase in price p; by %A has no impact on utility, hence circulation. Therefore,

op; . . . . .
6:5; would be I%kl if the pricing strategy of j’s publisher were to keep the circulation at a certain

level. And for j’s opponents, nothing has changed as this combined change of x;; and p; leaves a
reader’s utility from newspaper j unchanged. However, a rational price setter can do better. Her
objective is to maximize profit instead of keeping up with a circulation level. After an increase in
x; by A, the publisher can raise the price by more than 2 B |A It can keep on increasing the price
until the downward-sloping newspaper demand curve determines that any marginal increase in the

price will decrease the profit. So, the newspaper publisher does take into account the slope of the
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demand function %. When the newspaper publisher has multiple newspapers, it also considers
J

=\ #
the cross-effect among its newspapers, hence, the term (%%) in the expression.

The Jacobian of the equilibrium advertising rate function is

o m dgn 9Py dgn
3:Ekj 1+1/) Iy apj/ aﬂjkj 81‘@‘

(22)
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C Data Sources and Definition of Variables

Demand Data on county circulation for newspapers that are members of the Audit Bureau
of Circulation (ABC) is from the County Circulation Report of ABC. ABC members account for
about 2/3 of all daily newspapers in the U.S. For non-ABC members, county circulation figures
are from newspapers’ sworn postal statements available in SRDS circulation. Display advertising
linage data is available for 485 newspaper/years between 1999 and 2005. The data comes from
TNS Media Intelligence.

Prices Data on annual subscription prices and display advertising rates is from Editor and
Publisher International Year Book (E&P). A few newspapers have multiple subscription prices.
The local price is used. Display advertising rate is the open inch rate measured in dollars per
column inch.*4

Characteristics A newspaper is described by the following characteristics: (1) news hole, the
space of a newspaper that is devoted to news, (2) the strength of the opinion-oriented section of
a newspaper, (3) the number of staff-bylined stories in a newspaper, (4) frequency of publication,
and (5) edition (morning or evening newspaper).

News hole is the difference between total pages and display advertisements. Data on average
pages per issue is from F&P. It is defined as the weighted sum of average pages per issue for
weekdays and that for Sunday with weights (g, %)

As for the second and third newspaper characteristics, I use the number of staff on opinion
sections, such as columnists and editorial editors, and the number of reporters as proxies. Data
on these variables is collected from Bacon’s Newspaper Directory. Bacon’s Directory provides
information on the titles, for example “Business Reporter”, and names of all managing and editorial
staff for all daily newspapers in the U.S. For each newspaper, I collect the name of all reporters
and assign a weight to each one of them. The weight is the inverse of the number of titles that this
person has. I then sum up the weights to get “the number of reporters”. For example, if a person
is a reporter and has only one title, she is counted as 1. If she is a court reporter and a crime
reporter, she is counted as 1 as well. But if she holds some managing job at the same time and has
therefore another entry in the directory, she contributes to 2/3 in “the number of reporters”. The
number of columnists and editorial editors are similarly defined.

Data on frequency of publication and edition (morning or evening newspaper) is from E& P.

Another factor that influences a reader’s utility from a newspaper is the distance of her county
to the newspaper’s head county. Information on the head county of a newspaper is gathered from

E&P. The distance of two counties is computed based on the data of latitude and longitude of

T herefore, price discrimination in both subscription prices and advertising rates is ignored, albeit for different
reasons. I ignore the price discrimination in newspaper prices because most newspapers offer only one price. There
is not enough data variation to identify the difference in demand or marginal cost across geographic areas. I ignore
price discrimination in advertising rates because of data limitations.
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county centers provided by the Census Bureau.

The data source and the description of the variables are summarized in Table 12.

Table 12: Data Description and Source

Variable Data Description Data Source
Newspaper Demand Qjct County circulation ABC, SRDS
Display advertising Demand  a; Annual Display Advertising linage (col- TNS
umn inch)
Price of Newspaper Djt Annual Subscription Price (1997 $) E&P
Price of Display Advertising 7 Adverting Rate (1997 $/column inch) E&P
Newspaper Characteristics J,’th45 Weighted sum of reporters and correspon- Bacon
dents
T34t Weighted sum of columnists and editorial Bacon
editors
fit Frequency of publication (issues/52 week) E&P
Yoit Edition (morning or evening) E&P
njt Average pages per issue E&P
County Distance Y3jct Distance between county ¢ and the head FE&P, Census
county of newspaper j (100km)
Owner Publisher Bacon
County Demographics Do 46 % of population over 25 with bachelor’s Census
degree or higher
Ds, Median income (1997 $) Census
Dy, Median age Census
Ds. % of urban population Census
Dget Number of households ABC

ABC: County Circulation Report by Audit Bureau of Circulation

Bacon: Bacon’s Newspaper Directory

E&P: Editor and Publisher International Year Book

SRDS: SRDS Circulation
TNS: TNS Media Intelligence

“5Recall that news hole z1; is not observable. z1;; = n;f; — a;.

40Recall that Dyj; = 1.
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D Explanation of the Results in Section 6.2

In this appendix, I provide a detailed explanation for observations (2), (3) and (4) in Section
6.2.

I first show that the advertising profit function is convex in circulation according to the esti-
mates. Advertising profit is the sum of display advertising profit (mcga) — rj> e'li q;‘lr;\Q and the
preprint profit 11,q; + %,MQq?. Even though the preprint function is concave in circulation (fi, < 0),
its second order derivative is positive for all newspapers in the sample at the estimates. Note that
the estimated elasticity of display advertising demand with respect to circulation is larger than 1
(5\1 > 1). Since the circulation profit (pj — mcgq)> g; is linear in g;, the overall profit function is
also convex in circulation.

This convexity has two implications. First, because the marginal advertising value of circulation
is larger for larger newspapers, a multi-newspaper publisher has an incentive to shift the circulation
from its smaller newspapers to larger newspapers. Second, a newspaper has an incentive to increase
its circulation when a decrease in quality or an increase in the price of its competitors leads to an
increase in its circulation.

Observation (4) is a direct result of the second implication. As Star and Pioneer reduce their
overall quality, the Stillwater Gazette, a local newspaper competing with them in Washington
County, has an incentive to increase its circulation. Therefore, it decreases its price and improves

its quality to achieve that. For example, its incentive for decreasing its price can be seen from

orl® ,
the first order condition with respect to price: g; + <pj + g; > g%; = 0, where wg,“) is the overall

(a)
advertising profit function. When 8;- increases, it is optimal to decrease price p;.
J

I now explain observations (2) and (3) on the two merged newspapers Star and Pioneer. Recall
that Star is the larger party. Two forces affect McClatchy’s decision on the quality and prices of
these two newspapers. The first force is a quality cross-effect. For example, when Star increases its
number of reporters, the circulation of Pioneer falls and hence the profit of Pioneer. The other force
is the concern of leaving space in the old quality region for competitors to shift their newspapers
there and compete for readers in order to attract advertisers as well.

To understand the quality cross-effect, I plot the profit functions of Star and Pioneer as well as
the sum of these two profit functions around the original equilibrium (i.e. pre-merger equilibrium) in
Figure 7 and Figure 8. For example, in the left graph of Figure 7, the x-axis represents log(1+news
hole) of Star, and the y-axis is profit in million and (71, m2) represents the profit from Star and
Pioneer, respectively.?” Profit is plotted as a function of Star’s news hole when the other dimensions
of Star’s quality measures as well as the quality of other newspapers are fixed at the pre-merger

equilibrium. In contrast, prices are allowed to fully adjust to a second-stage equilibrium. In

4TFor presentational convenience and because only the shapes of the profit curves are relevant for the arguments,
I adjust the location of these curves.
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profit (million)

the middle and the right graph, profits are plotted as the number of opinion section staff and
reporters of Star vary. Figure 8 shows how the profits of Star (71) and Pioneer (m2) change as the

characteristics of Pioneer (in contrast to Star in Figure 7) vary.

Figure 7: Profit of Star (m1) and Pioneer (m2) as the Characteristics of Star Vary
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The quality cross-effects are shown in the mo curve in Figure 7 and the 71 curve in Figure 8:
how the profit from Pioneer varies as the quality characteristics of Star change, and vice versa. The
cross-effect curves are downward-sloping in the middle and right graphs of both figures, implying
that as one newspaper increases its quality in terms of the number of staff for the opinion-oriented
section or the number of reporters, the other newspaper’s profit falls. However, the left graphs in
both figures show that the sign of the cross-effect of news hole is not determinate. As mentioned in
the intuition for observation (2) in Section 6.2, news hole also affects the marginal cost of increasing
circulation. Increasing news hole therefore leads to a higher marginal cost mc(@ and hence does not
always affect the other newspaper’s profit adversely when prices are fully adjusted to an equilibrium.
In particular, at the original equilibrium, the cross-effect with respect to news hole is positive. This
is consistent with the observation that news hole of both newspapers increases after the merger
while the other dimensions of newspaper characteristics decline.

The asymmetric incentive to adjust quality for Star and Pioneer can be seen from comparing the
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original equilibrium quality characteristics to the argumentum of the total profit function 7y + 7o.
After the merger, McClatchy internalizes the cross-effect of Star and Pioneer and maximizes the
total profit, the maximum of which is close to the original equilibrium in Figure 7 but noticeably
different in Figure 8. For example, the argumentum of 71 4+ 5 in the middle graph of Figure 8 is left
to the original equilibrium point, indicating that McClatchy can increase its profit by decreasing the
number of staff for the opinion-oriented section in Pioneer when other characteristics of Pioneer and
the quality of all other newspapers are fixed. In contrast, McClatchy does not have such a strong
incentive to adjust the quality of Star, the larger party, as indicated in Figure 7. This difference is
due to the convexity of the advertising profit function in circulation. A marginal improvement in
the quality of Pioneer leads to a reduction in Star’s circulation, which decreases the profit of Star
by a larger margin than the marginal effect of an increase in Star’s quality on Pioneer’s profit. In
other words, the cross-effect of Star’s quality on Pioneer’s profit is smaller than vice versa.*®

I have shown that the adjustment under the quality cross-effect only is consistent with the
full adjustment at the new equilibrium. This holds for both the direction of adjustment and
the asymmetry in adjustment, which means that the cross-effect essentially determines the full

equilibrium outcome. This explains observation (2) and (3).

48The same argument applies to the asymmetry of the price cross-effect, which explains the difference in the price
adjustments in Table 7.
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