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This paper analyzes how the presence of organic listing as a competing information source affects advertis-
ers’ sponsored bidding and the equilibrium outcomes in search advertising. We consider a game-theoretic

model in which two firms bid for sponsored advertising slots provided by a monopolistic search engine and
then compete for consumers in price in the product market. Firms are asymmetrically differentiated in market
preference and are given different exposure in organic listing aligned with their market appeal. We identify
two aspects of a firm’s sponsored bidding incentive, namely, the promotive and the preventive incentives. The
presence of organic listing alters firms’ sponsored bidding incentives such that the stronger firm has primarily
preventive incentive, whereas the weaker has mainly promotive incentive. We show that the preventive incen-
tive decreases and the promotive incentive increases as the difference in firms’ market appeal decreases, and as
a result, even the weaker firm may outbid the stronger competitor under such a co-listing setting. We further
examine how the presence of organic listing affects the equilibrium outcomes by comparing it with a benchmark
case in which there is only a sponsored list. We show that the differentiated exposure in the organic list gives the
weaker advertiser chances to win a better sponsored position, which improves the overall information structure
the search engine provides. As a result, the equilibrium social welfare, sales diversity, and consumer surplus
increase. Although the presence of the free exposure from the organic list may reduce advertisers’ sponsored
bidding incentive per se, the overall effect benefits the search engine’s growth in the long run.
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1. Introduction
Search advertising, in which the search engine pro-
vides advertising slots alongside general search
results in a search engine results page (SERP), has
proven itself as a successful advertising model in the
recent decade. A typical SERP consists of two lists
of hyperlinks: one is the organic list, which consists
of nonadvertising links ranked in an order reflect-
ing their relative importance or relevance; the other
is the sponsored list, a list of advertising slots that
are sold via auctions and form the revenue source
of this advertising model. Search advertising gener-
ated $14.8 billion revenue in the United States in
2011, which accounts for about half of the total Inter-
net advertising revenue (IAB and PwC 2012). The
huge industrial success has attracted increasing aca-
demic interest. Although a large volume of literature
is devoted to better understanding the sponsored auc-
tions both theoretically and empirically, the effects
of organic listing, despite its being the origin and

the major information source of search advertising,
have been understudied in the existing literature. This
paper aims to fill this gap by analyzing how the pres-
ence of organic listing as a competing information
source may affect the sponsored bidding competition
and the outcome performances of search advertising.

Two features deserve special attention in studying
the role of organic listing. One is the unique informa-
tion structure associated with a SERP; the other is the
characteristics of the organic ranking mechanism.

In organizing the SERP, search engines typically
place the organic list in a wide column on the left
and the sponsored list in a narrow column on the
right (and sometimes a highlighted area on the top
as well). Such a co-listing structure forms two lists
competing against each other for consumer attention.
Experiments tracking eye movement of users view-
ing Google search result pages (Hotchkiss et al. 2005)
show that the top organic links attract the most atten-
tion (e.g., the top three organic links are viewed
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by almost all experiment participants), whereas the
top sponsored link attracts considerable attention but
could be less significant than its organic counterparts
(e.g., the first sponsored link is viewed by about half
of the participants). In this sense, the organic list
not only competes for consumer attention but even
plays a dominating role in such competition. Note
that those commercial websites interested in spon-
sored bidding may also appear in the organic list and
could get significant attention from the organic list
without paying anything, which raises questions such
as why advertisers placed at top organic positions
would still be willing to spend money on sponsored
bidding, and whether the presence of such a compet-
ing list would affect the search engine’s revenue.

Search engines’ proprietary organic ranking rules,
such as Google’s PageRank-based ranking rule, are
commonly believed to fairly reflect relevance or rela-
tive importance of different websites by utilizing the
interlinking structure of websites and many other fac-
tors. Economic analysis also validates that websites’
relative quality or importance is aligned with their
equilibrium number of incoming links, which is con-
sistent with the essence of the typical link analysis
algorithm (e.g., PageRank algorithm) used by search
engines (e.g., Katona and Sarvary 2008). As a result,
among those commercial websites that are potential
sponsored advertisers, the one with stronger market
appeal is typically given a better organic position with
higher exposure. We are thus interested in how such
differentiated allocation of organic exposure affects
different advertisers’ bidding incentives and the spon-
sored bidding outcomes. Another related question is
whether the organic ranking promotes diversification
or not. As facilitating small advertisers and increas-
ing diversity become the spirit of the dot-com era,
major search engines recognize their role in “serving
the long tail.”1 Nevertheless, given that stronger firms
are normally given more exposure in the organic list,
we may wonder whether the typical organic ranking
mechanism is serving the “tails” or making the big
bigger.

This paper intends to capture the unique informa-
tion structure of the co-listing organization and the
essential feature of the organic ranking mechanism
that aligns organic exposure with market appeal, so as
to explicitly address the following research questions:
How does the presence of organic listing as a com-
peting information source affect different advertisers’
sponsored bidding incentives and the bidding out-
comes? How does it affect the equilibrium outcomes

1 For example, Eric Schmidt, former CEO of the dominating search
giant Google, once described the company’s mission as “serving
the long tail” (http://longtail.typepad.com/the_long_tail/2005/05/
google_longtail.html).

including search engine revenue, social welfare, and
sales diversity?

We consider a game-theoretic model in which two
firms in different organic positions bid for sponsored
slots provided by a monopolistic search engine and
then compete for consumers in price in the product
market. Firms are asymmetrically differentiated in mar-
ket preference. One firm is preferred by the major-
ity of consumers in the market, whereas the other is
preferred by a small portion of the market. The firm
that is stronger in market appeal gets a top organic
position. The top organic position attracts a high level
of attention, whereas the first sponsored link attracts
less but still reasonable attention level. We investigate
the equilibrium outcome of the bidding competition,
in which the value of sponsored slots is endogenously
determined in the price competition. We then ana-
lyze the effects of the presence of organic listing on
the equilibrium outcomes (including search engine
revenue, social welfare, and sales diversity) by com-
paring with a benchmark case in which there is the
sponsored list only (without the organic list).

In analyzing the bidding competition, we identify
two aspects of a firm’s incentive for acquiring a bet-
ter sponsored position. One is the promotive incentive,
meaning that winning a better sponsored position
can directly increase a firm’s overall exposure, which
leads to more demand and higher profit. The other is
the preventive incentive, meaning that a firm can effec-
tively prevent a competitor from improving exposure
by occupying a better sponsored position, so as to
ensure its profit in the product market competition.
With the presence of organic listing, the significant
organic exposure given to the stronger firm dimin-
ishes the marginal benefit of increasing sponsored
exposure, which results in little promotive incen-
tive but mainly preventive incentive for the stronger
firm. In contrast, the weaker firm’s bidding incentive
is primarily promotive. We show that as the firms
become closer in market appeal, the preventive incen-
tive decreases and the promotive incentive increases,
and the latter exceeds the former above certain thresh-
old. Therefore, we suggest that the presence of organic
listing affects the sponsored bidding in that the dif-
ferentiated organic exposure alters firms’ sponsored
bidding incentives and gives the weaker chances to
win the sponsored bidding.

Compared to the benchmark case with no organic
list, in which firms equally have both promotive and
preventive incentives and the stronger firm always
wins the sponsored bidding, the co-listing structure
leads to a more balanced information structure in
equilibrium, which improves the social welfare and
the sales diversity. The revenue implications for the
search engine are twofold. On the one hand, the pres-
ence of organic listing may hurt the search engine’s
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immediate revenue (the revenue with the consumer
base being fixed) because the extra free exposure in
the organic list may reduce both firms’ bidding incen-
tives. On the other hand, organic listing increases the
consumer surplus, which could benefit the growth of
the search engine’s consumer base in the long run.
Therefore, we suggest that the organic listing trades
off short-term profitability for long-term prosperity,
which reflects farsighted wisdom.

To the best of our knowledge, this study is among
the earliest to study the effects of organic listing
in search advertising. It contributes to the recent
literature on search advertising by explicitly mod-
eling the organic list as a competing information
source in the search advertising context and provid-
ing theoretical understanding of the effects of organic
listing. This study also adds to the economic under-
standing of informative advertising by examining
how an exogenous information source may affect the
advertising competition. In the classical informative
advertising view, advertising competition is essen-
tially competition for information coverage (Bagwell
2007), in which the advertising channel is the major
information source that conveys product information.
In contrast, we suggest that in search advertising,
a nonadvertising channel (i.e., the organic list) coex-
ists with the advertising channel, serves as the major
information source, and aligns its information struc-
ture with advertisers’ intrinsic strength in market, all
of which affect advertisers’ advertising strategies in
distinctive ways that any traditional advertising chan-
nel can hardly resemble.

The rest of the paper is organized as follows. We
review the related literature in the next section. In §3,
we lay out the model. In §4, we derive the equilib-
rium pricing and bidding outcomes. In §5, we first
set up a benchmark case with no organic list and
derive the corresponding equilibrium outcomes. We
then compare them with the equilibrium outcomes
derived under the co-listing case as in §4, to illustrate
the effects of the presence of organic listing. In §6, we
extend the main model along three directions: First,
as the main results suggest that organic listing serves
the “middles” better than the “tails,” we explore the
possibility of improving organic ranking for highly
asymmetric markets. Second, we extend the model
to a general information structure that allows flexi-
ble parameter values for different scenarios, and we
show that the main results continue to hold. Finally,
we discuss the possible extension to the case of mul-
tiple competing firms. Section 7 concludes the paper
with discussion on managerial implications.

2. Literature Review
This study is rooted in the economics of informative
advertising, in which advertisers compete for infor-
mation coverage to deliver product information to

consumers (e.g., Butters 1977, Grossman and Shapiro
1984, Stahl 1994, Stegeman 1991). As discussed pre-
viously, one distinction of our work is the inclusion
of a nonadvertising channel as the major informa-
tion source. Another difference is the exclusive nature
of the advertising resource and the associated asym-
metry in competition. Classical economic studies of
advertising consider the advertising technology in
which advertisers independently decide advertising
levels, which makes the equilibrium outcome less sen-
sitive to the difference among firms. Naturally, sym-
metric competition remains the theme of these works.
In search advertising, however, attention levels of
advertising slots drop rapidly from top downward,
and only one advertiser can stay at the most promi-
nent advertising position. This circumstance requires
us to capture the small difference in firms’ compet-
itive strengths and to analyze the bidding outcomes
explicitly. For this reason, we study the asymmetric
competition among advertisers and consider asym-
metric differentiation, as a combination of horizontal
and vertical differentiation, among advertisers.

Our paper is also related to a growing literature of
theoretical works on the bidding and pricing compe-
tition among advertisers and the optimal design of
auction mechanism and payment scheme in search
advertising (e.g., Athey and Ellison 2010; Dellarocas
2011; Edelman et al. 2007; Liu et al. 2010; Weber
and Zheng 2007; Xu et al. 2011a, b; Zhang and Feng
2011). As those studies consider the sponsored list
only, our study departs from them by considering the
interplay between the two lists. For example, Weber
and Zheng (2007) develop a model of search inter-
mediary to study firms’ bidding strategies and the
search engine’s optimal design. Because they focus
on the optimal quality-weighting factor in ranking
advertisers when considering the sponsored list only,
their model does not capture the unique information
structure under the co-listing setting and thus does
not consider the interaction between the difference in
organic exposure and the reactions in sponsored bid-
ding, which is the focus of our study. Another distinc-
tion of our work is that, unlike most of the studies on
sponsored bidding competition that treat the per-click
value of a sponsored link as exogenously given, we
endogenously investigate the valuation of sponsored
positions in price competition, connecting the prod-
uct market competition with the sponsored bidding
competition.

A limited number of studies focus on the role of
organic listing in search advertising from different
angles. Katona and Sarvary (2010) study the bid-
ding patterns in search advertising when considering
organic listing. Yang and Ghose (2010) and Agarwal
et al. (2012) are among the few that empirically inves-
tigate the potential interaction between organic and
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sponsored links. This paper complements their works
by systematically examining the effects of organic list-
ing as an additional information source on adver-
tisers’ bidding incentive for sponsored slots, search
engines’ revenue, consumer surplus, social welfare,
and sales diversities in equilibrium. White (2009)
studies the interaction between advertising and non-
advertising lists from a different angle: by incorporat-
ing more firms in the nonadvertising list, the inter-
mediary can improve its quality to attract more users,
but more firms in the lists lower the advertising
firms’ profits and may hurt the intermediary’s rev-
enue. Because all positions in both lists are considered
the same and one firm cannot appear in both lists,
there are no informative interactions between the two
lists and no bidding competition among advertisers
in his model, which differs from ours.

3. The Model
We consider two competing firms selling a certain
type of product (or service) in the market. Their
products are differentiated with asymmetric market
preference. The firm whose product is favored by
the majority of consumers or the mainstream of the
market is denoted as M ; the firm selling the product
preferred by the minority of consumers or the niche
market is termed as N . We assume that the two firms
have the same production cost, which is normalized
to zero.

There is a continuum of consumers with unit mass
in the market. Each consumer has a unit demand
of the product. Consumers differ in their tastes. The
majority of the market, with a portion 1−� (0 < � < 1

2 ),
prefer firm M ’s product to N ’s, whereas the others,
with a proportion �, prefer firm N ’s product. We
sometimes call the former the M-type consumers and
the latter the N -type consumers. Consumers derive
utility v from consuming their preferred product and
derive a discounted utility k̃v from the less preferred
product, where k̃ is uniformly distributed over 60117
across all consumers. Without loss of generality, we
normalize v to 1.

Consumers explore product information through a
monopolistic search engine, which provides hyper-
links to firms’ websites. Consumers are not aware of
their preferences before the search process. On click-
ing the link of a firm, consumers visit the firm’s web-
site, see the product information and the price, and
learn their valuation of that firm’s product. A con-
sumer’s net utility is the utility from consuming the
product minus the price of the product. Consumers
will purchase a product only when it generates a net
utility exceeding a certain reservation value, which is
normalized to zero. For those consumers who visit
both firms’ websites, they purchase from the one giv-
ing a higher (positive) net utility.

The search engine returns a SERP in response to
each search query. Each SERP contains two lists of
hyperlinks—the organic list and the sponsored list. The
organic links are ranked by a proprietary algorithm
designed by the search engine, in an order that reflects
websites’ relative importance. Representing the main-
stream of the product market, firm M is listed at the
iM th organic slot, which is around the very beginning
of the organic list. In contrast, firm N has a lower
organic rank, iN . Note that the difference in organic
rank could be significant because of the existence
of other noncommercial links (e.g., Wikipedia entries
and news sites) appearing in between.

The sponsored slots are advertising positions, and
firms can bid for a prominent position. The sponsored
slots are sold via a second price auction, in which the
firm with the highest bid wins the first sponsored slot
and pays an amount equal to the second highest bid.2

The firm with the lower bid stays in the second spon-
sored slot, paying a reserve price that is normalized
to zero for simplicity.

Consumers’ click behavior on each SERP is mod-
eled as follows. An individual consumer clicks the ith
organic link with probability �i and clicks the jth
sponsored link with probability �j . When a firm’s
link appears in both lists (e.g., in both the ith organic
slot and the jth sponsored slot), an individual con-
sumer clicks at least one of that firm’s links with
probability 1 − 41 − �i541 − �j541 − �ij5, where the
extra term 41 −�ij5 allows possible synergistic effects
between organic and sponsored listing in attract-
ing click-throughs. To highlight the fact that a top
organic slot usually attracts most user attention and
therefore firm M ’s organic exposure rate �iM

can be
very close to 1, we let �iM

= 1. As a result, con-
sumers visit firm M ’s website with probability 1
regardless of the sponsored bidding outcome. This
simplification facilitates the tractability of the anal-
ysis; more importantly, the underlying spirit of this
simplification is to highlight the role of the organic
list as the major information source. We relax this
assumption in §6, and main results continue to hold.
To simplify the notation, we denote �1 ≡ 41 − �iN

5 ·

41 − �1541 − �iN 15 and �2 ≡ 41 − �iN
541 − �2541 − �iN 25

and let 0 < �1 < �2 < 1. In other words, consumers
visit firm N ’s website with probability 1−�1 if it wins
the first sponsored position; otherwise, they visit its

2 We rank advertisers based on their bids on the total payment,
which is in fact consistent with the common practice. In practice,
advertisers typically bid per-click unit prices and are ranked on the
basis of their per-click bids and the expected click-throughs on their
sponsored links. In our framework, both the search engine and the
two advertisers rationally anticipate the expected click-throughs on
the links placed at different positions. As a result, both advertisers
make the per-click bidding decision in the same way as if they were
submitting a total bid.
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Table 1 Summary of Notations

Notation Definition Comments

� Among all consumers, � of them prefer N ’s product, 1 − � of them prefer
M ’s product.

0 < � < 1
2

�i , �j , �ij If a firm stays in the ith organic position and the j th sponsored position,
consumers visit its website with probability 1 − 41 − �i 541 − �j 541 − �ij 5.

0 ≤ �i ≤ 1
0 ≤ �j ≤ 1

0 ≤ 41 − �i 541 − �j 541 − �ij 5≤ 1
�1, �2 If N wins the first sponsored position, consumers visit its website with

probability 1 − �1; if N stays in the second sponsored position,
consumers visit its website with probability 1 − �2.

0 <�1 <�2 < 1
�1 = 41 − �iN

541 − �1541 − �iN 15

�2 = 41 − �iN
541 − �2541 − �iN 25

�′

1, �′

2 If M wins the first sponsored position, consumers visit its website with
probability 1 − �′

1; if M stays in the second sponsored position,
consumers visit its website with probability 1 − �′

2.

0 ≤ �′

1 ≤ �′

2 < 1
�′

1 = 41 − �iM
541 − �1541 − �iM 15

�′

2 = 41 − �iM
541 − �2541 − �iM 25

In the main model, �′

1 = �′

2 = 0.

k̃ Consumers’ discounted utility for the less-preferred product. k̃ is uniformly distributed over 60117
across all consumers

� In mixed organic ranking, with probability �, N stays in a prominent organic
position, and M stays in a less prominent organic position.

0 < �< 1
Pure organic ranking is a special case

with �= 0.
�M , �N Firms’ profits from product sale.
ã�M , ã�N Difference in firms’ sales profit between winning the first sponsored position

and staying in the second sponsored position.
bM , bN Firms’ bids for the first sponsored position. ̂Refers to the benchmark case
W The social welfare in equilibrium. ˜Refers to the mixed organic ranking
G The Gini coefficient for product sales in equilibrium.
IR The search engine’s immediate revenue in equilibrium.
CS The consumer surplus in equilibrium.

website with probability 1 −�2. In this sense, �1 and
�2 are measures of the information incompleteness
within the market.

The timing of the game is as follows: In the first
stage, firms submit bids for the sponsored slots. In the
second stage, after observing the bidding outcome,
both firms set their price simultaneously. Finally, con-
sumers browse the SERP, sample firms’ websites, and
make purchase decisions. Table 1 summarizes the
notations used in the paper.

4. Equilibrium Analysis
Along the line of backward induction, we start with
the second stage price competition. We first formu-
late firms’ market shares under a complete informa-
tion setting, where all consumers are aware of the
two products and know the product details and price
information:

SM 4pM1pN 5= 41−�541−6pM −pN 7
+5+�6pN −pM 7+

SN 4pN 1pM 5=�41−6pN −pM 7+5+41−�56pM −pN 7
+1

(1)

where firms’ prices pM , pN ∈ 60117, and 6 · 7+ repre-
sents max8·109. An M-type consumer will buy prod-
uct M as long as 1 − pM ≥ k̃ − pN , which explains
the first term of SM 4pM1 pN 5. Similarly, an N -type con-
sumer will buy product M only if k̃− pM > 1 − pN ,
which explains the second term of SM 4pM1 pN 5. We can

interpret SN 4pN 1 pM 5 in a similar way. Notice that
consumers discount their less-preferred product dif-
ferently, and some consumers do not have strong pref-
erence (i.e., with k̃ close to 1). Therefore, either firm
can compete for these consumers with a competitive
price as long as it gets exposed to them.

Similarly, we can define firms’ market shares in the
case of informational monopoly, where consumers are
aware of only one firm’s product information and
price:

AM 4pM 5= 41 − �5+ �41 − pM 5

AN 4pN 5= �+ 41 − �541 − pN 51
(2)

for pM , pN ∈ 60117. In the case of AM , for example, all
M-type consumers buy from firm M , whereas N -type
consumers buy from firm M only if k̃− pM ≥ 0.

Recall that consumers visit firm M ’s website with
probability 1 and visit firm N ’s website with proba-
bility 1 −�, where

� =

{

�1 when N wins the first sponsored slot3
�2 otherwise0

Note that � reflects the informational advantage of
firm M over firm N , and winning the top sponsored
slot can help firm N increase its exposure by reducing
� from �2 to �1.

Given the information structure determined by the
first stage bidding outcome (which is characterized
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by �), we can formulate firms’ demand functions.
A portion � of consumers is aware of M ’s product
only, and the other portion is aware of both products.
Therefore,

DM 4pM1 pN 5 = �AM 4pM 5+ 41 −�5SM 4pM1 pN 5

DN 4pN 1 pM 5 = 41 −�5SN 4pN 1 pM 50
(3)

Firms’ profits can thus be written as

�i4pi1 pī5= piDi4pi1 pī51 8i1 ī9= 8M1N90 (4)

Based on the best responses derived from maximiz-
ing the profit functions, we can derive the equilibrium
prices in the second stage:



















p∗

M = min
{

2 − �41 −�5

341 − �541 −�5+ 4��
11
}

p∗

N =
�+ 41 − �5p∗

M

241 − �5
0

(5)

Note that in equilibrium, p∗
N < p∗

M ; that is, firm N ,
which is at a disadvantage in terms of market prefer-
ence, tends to cut its price to compete for market share
against its stronger competitor. On the other hand,
firm M tends to stay away from the intense price
competition when it has significant informational
advantage. In fact, p∗

M = 1 when � ≥
1
3 , according to

Equation (5). As long as its informational advantage
is reasonably large, firm M forgoes the price compe-
tition with N and simply charges the monopoly price
to fully exploit its guaranteed demand.

Next, we derive firms’ equilibrium profits from the
second stage price competition, �∗

i 4�1�5, as a function
of the market asymmetry level � and the information
incompleteness level �. By substituting 8p∗

M1 p∗
N 9 into

Equation (4), we summarize �∗
i 4�1�5 in Table 2.

A close examination of the equilibrium profit func-
tions �∗

i 4�1�5 reveals some interesting aspects of
firms’ bidding incentives. First, ¡�∗

M 4�1�5/¡� > 0,
which means that firm M ’s equilibrium profit in-
creases when � increases, that is, when its com-
petitor’s exposure decreases. Therefore, although
firm M ’s own exposure stays the same regardless of
the sponsored bidding outcome, it is still desirable for
M to win the top sponsored position because it effec-
tively prevents N from increasing its exposure and

Table 2 Equilibrium Profit Functions in the Second Stage Price
Competition

0 <� < 1
3

1
3 ≤ � < 1

�∗

M 4�1 �5
62 − �41 − �572641 − �5− 41 − 2�5�7

6341 − �541 − �5+ 4��72
4 1

2 − �5� +
1
2

�∗

N 4�1 �5
641 + �541 − �5+ �43�− 15�7241 − �5

41 − �56341 − �541 − �5+ 4��72
1 − �

441 − �5

hence increases M ’s profit. Second, ¡�∗
N 4�1�5/¡� < 0

in most cases, which indicates that firm N ’s equilib-
rium profit generally increases when � decreases, that
is, when N ’s own exposure improves. Therefore, win-
ning a better sponsored position is profitable for firm
N because it improves its overall exposure level, even
though it cannot affect its competitor’s exposure level.
Thus, we identify two different incentives for firms to
bid for a better sponsored position: one is preventive
incentive, the incentive to prevent competitors from
improving their exposure; the other is promotive incen-
tive, the incentive to promote its own exposure.

Note that ¡�∗
M 4�1�5/¡� can thus be interpreted as

the marginal preventive incentive of firm M , and
−¡�∗

N 4�1�5/¡� reflects firm N ’s marginal promotive
incentive. We next examine how these incentives
change with the market structure.

Lemma 1. Both firms’ equilibrium profit functions are
submodular, that is, ¡2�∗

i 4�1�5/¡�¡�<0, i∈8M1N9.

Proof. All proofs are detailed in the appendix.

As is implied by Lemma 1, as � increases, M ’s
marginal preventive incentive (¡�∗

M 4�1�5/¡�) de-
creases, and N ’s marginal promotive incentive
(−¡�∗

N 4�1�5/¡�) increases. In other words, as the two
firms get closer in market appeal, N ’s benefit from
increasing its own exposure increases, whereas M ’s
benefit from blocking its competitor decreases. This
is because when the N -type consumer base increases,
firm N becomes increasingly competitive, and it can
capture a significant amount of demand once it gets
exposed to the consumers. On the contrary, the mar-
ket share that firm M can capture reduces, even under
informational monopoly. Therefore, firm N becomes
increasingly aggressive to win the sponsored bidding,
whereas M is less incentivized to maintain its infor-
mational advantage. This explains why the two firms’
bidding incentives evolve in the opposite directions
as market structure changes.

Based on the understanding of firms’ bidding in-
centives, we next derive the bidding outcome in the
first stage. In second-price auctions, it is well doc-
umented that bidding the true value is a weakly
dominant strategy for all bidders. Therefore, in the
first stage, the unique perfect equilibrium is that both
firms bid their true value b∗

i :
{

b∗
M = 6�∗

M 4�1�25−�∗
M 4�1�157

+

b∗
N = 6�∗

N 4�1�15−�∗
N 4�1�257

+1
(6)

which equals their respective equilibrium profit dif-
ference between winning the first sponsored slot
and otherwise, bounded below at zero. Applying the
results from Lemma 1, we uncover the bidding out-
come as follows.

Proposition 1. In equilibrium, there exists a cutoff
�∗4�11�25, such that when 0 < � < �∗4�11�25, M bids
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higher and wins the first sponsored slot, and when
�∗4�11�25 < � < 1

2 , N outbids its rival. Here, �∗4�11�25 ∈

401 1
2 5 and is determined by

�∗

M 4�∗1�25−�∗

M 4�∗1�15=�∗

N 4�
∗1�15−�∗

N 4�
∗1�250 (7)

Proposition 1 shows that because the two firms’
bidding incentives change with the market struc-
ture (�) in the opposite directions, there exists a
threshold �∗, a certain cutoff level of market asym-
metry, which partitions the bidding outcome space.
When � is above that threshold, that is, when mar-
ket is relatively symmetric and firms are comparable
to each other, firm N ’s promotive incentive exceeds
M ’s preventive incentive, so N outbids M and wins
the first sponsored position. When � is below that
threshold, M ’s preventive incentive dominates, and
the stronger firm wins the sponsored bidding.

The analysis thus far provides understanding on
how organic listing affects sponsored bidding. The
organic list gives advertisers different levels of free
exposure aligned with their market appeal, which
leads to different types of incentive in pursuing extra
sponsored exposure for different advertisers. Because
these different incentives change with the market
structure in different directions, the sponsored bid-
ding outcome can be one way or another. As a result,
organic listing balances the equilibrium bidding out-
come such that even a weaker firm may be able to
outbid its stronger rival.

It is worth pointing out that the effects of organic
listing on sponsored bidding extend beyond the cur-
rent model setting. Recall that we assume �iM

= 1,
which makes firm M have the preventive incentive
only and firm N have the promotive incentive only.
When this assumption is relaxed, as we discuss in
§6.2, each firm has both promotive and preventive
incentives for winning the sponsored bidding. In that
case, the effect of the organic list is to affect the rela-
tive strength of the two incentives for different firms.
For a firm at a top organic position with signifi-
cant exposure, winning the sponsored bidding only
marginally improves its overall exposure but prevents
the competitor in a lower organic position from sub-
stantially increasing exposure. Therefore, its preven-
tive incentive is stronger than its promotive incentive.
On the contrary, by similar reasoning, for a firm at
a lower organic position, its promotive incentive out-
weighs its preventive incentive. In this sense, the cur-
rent model setting highlights the essence of interest
by focusing on the extreme case, which allows us
to disentangle the two otherwise intertwined incen-
tives. As we will show, under the general information
structure, the bidding outcome follows a similar pat-
tern, and the key driver remains the same: it is the
differentiated exposure given in the organic list that

adjusts firms’ bidding incentives and leads to a bal-
anced bidding outcome.

Proposition 1 also provides rationale for firms in
different types of markets to determine the value of
a prominent sponsored slot in bidding competition.
In a highly asymmetric market, the market leader
should bid aggressively to win the top sponsored
slot because occupying a prominent position in both
the organic and sponsored list enlarges its informa-
tional dominance, ensures its advantageous position
in price competition, and greatly improves its sales
profit. However, when the market preference is rel-
atively diversified, the firm that is weaker in mar-
ket appeal should bid to win a prominent sponsored
slot, especially when it is placed at a lower organic
position with an unsatisfactory attention level. This is
because its marginal benefit from improving its expo-
sure is high in this case.

Given that firm N ’s bidding incentive decreases
as � goes down, it is thus worth noting that in a cer-
tain parameter region, such an incentive can fall so
low that firm N is not willing to bid any positive
amount.

Corollary 1. Firm N may have no incentive for
sponsored bidding; in particular, when �2 < 1

3 and � <

417 −
√

1455/24, b∗
N = 0.

When the market preference is highly asymmet-
ric (i.e., � is small), if firm N can gain a reasonable
level of attention from the organic link and the second
sponsored link (i.e., �2 <

1
3 ), it has no intention to bid

for the top sponsored link at all. The reason is that,
should N win the first sponsored slot and increase its
exposure, it would trigger an intense price war with
firm M , which would eventually result in an even
lower equilibrium profit level for firm N . The driving
force of N ’s lack of bidding incentive is the unshak-
able advantage in organic exposure that the strong
firm has.

5. Effects of Organic Listing
In this section, we investigate how the presence of
organic listing affects the equilibrium outcomes. We
first construct a case that is absent of organic listing as
a benchmark and then compare the equilibrium out-
comes under the benchmark case with those derived
from §4 in three aspects: social welfare, sales diversity,
and search engine revenue.

5.1. A Benchmark Case
As a benchmark, we consider a hypothetical case in
which each SERP contains the sponsored list only.
The benchmark case can be imagined as the search
engine’s choosing to display only one list of links,
all of which are potential advertising slots to be sold.
Similar practices can be found, for example, in early
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versions of search advertising, such as those used by
Goto.com and, later, Overture.com. In contrast, we
call the original case with both organic list and spon-
sored list the co-listing case.

To be consistent with the original model, we con-
sider two sponsored links on a SERP. An individual
consumer clicks the first sponsored link with proba-
bility q1 and the second with probability q2 (q1 > q2).
To make the benchmark case comparable to the co-
listing case, we let q1 = 1 to model the dominant
prominence of the first link on a webpage because
it can capture the most user attention, just as the
top organic link does in the co-listing case. Similar
to the co-listing case, we denote q2 ≡ 1 − �, where �
measures the level of information incompleteness. All
other settings (i.e., firms, market preference, auction
rules) follow the original model in §3.

Similarly, we start the analysis from the second
stage price competition. We can formulate firms’
demand functions when firm i wins the first spon-
sored slot while the other firm ī stays in the second,
8i1 ī9= 8M1N9:

Di4pi1 pī5 = �Ai4pi5+ 41 −�5Si4pi1 pī5

Dī4pī1 pi5 = 41 −�5Sī4pī1 pi51
(8)

where pi and pī are the firms’ prices, and Ai4 · 5 and
Si4·1 ·5 are defined by Equations (2) and (1), respec-
tively. When firm M wins the first sponsored slot
and thus attracts most of the attention, as in the co-
listing case, the demand function is the same as before
(see Equation (3)). Therefore, both firms face the same
competitive situation, and the equilibrium prices and
profits remain in the same format as Equation (5). The
main difference, however, arises when firm N wins
the first sponsored slot: firm M now becomes infor-
mationally disadvantaged compared to its competi-
tor, because it no longer has the guaranteed exposure
from the top organic link as in the co-listing case.
In other words, the weaker firm can now win over
significant informational advantage to better compete
for market shares. We derive the equilibrium prices

Table 3 Equilibrium Profits in the Second Stage Price Competition (Benchmark Case)

When M wins

0 <� < 1
3

1
3 ≤ � < 1 When N wins

M ’s profit �̂1
M =

62 − �41 − �572641 − �5− 41 − 2�5�7
6341 − �541 − �5+ 4��72

�̂1
M = 4 1

2 − �5� +
1
2 �̂2

M =
41 − �542 + � − �− ��52

43 + �5241 − �5

N ’s profit �̂2
N =

641 + �541 − �5+ �43�− 15�7241 − �5

41 − �56341 − �541 − �5+ 4��72
�̂2
N =

1 − �

441 − �5
�̂1
N =

41 + � + �− ��52

43 + �5241 − �5

when N wins the first sponsored position as follows:


















p̂M =
2 +� − �− ��

43 +�541 − �5

p̂N =
1 +� + �− ��

43 +�541 − �5
0

(9)

The equilibrium profit from the second stage price
competition can be derived in a similar way, as sum-
marized by Table 3, where �̂

j
i is firm i’s equilibrium

profit in the jth sponsored position in the benchmark
case (i ∈ 8M1N9, j ∈ 81129).

In the first stage bidding competition, both firms
bid their true value: b̂i = 6�̂1

i − �̂2
i 7

+ (i ∈ 8M1N9),
which again is the difference between the equilibrium
profits when they win the first sponsored slot and
when they do not. By comparing two firms’ equilib-
rium bids b̂M and b̂N , we can uncover the bidding
outcome in the benchmark case.

Proposition 2. In the benchmark case, firm M always
bids higher and wins the first sponsored slot in equilibrium;
that is, b̂M > b̂N .

Proposition 2 shows that, unlike the co-listing case
in which either firm might win the sponsored
bidding, the only possible bidding outcome in the
benchmark case is that the firm with advantage in
market preference wins the first sponsored slot. The
intuition is as follows. In contrast to the co-listing
case in which the differentiation in organic exposure
adjusts firms’ promotive and preventive incentives for
sponsored bidding, in the benchmark case, winning
the first sponsored slot engenders both promotive and
preventive incentives equally for the two firms. The
magnitudes of both incentives increase with a firm’s
strength in market appeal. Consequently, as long as
firm M has market preference advantage over N (i.e.,
� < 1

2 ), firm M always has greater incentive to win the
top sponsored slot than firm N .

It is also worth noting that in equilibrium, both
firms adopt the same pricing strategies as in the co-
listing case (according to Equation (5)), and firm M
charges a higher price than firm N .

Corollary 2. In the benchmark case, firm N has a
positive bidding incentive in most cases; that is, when
5
√

6/6 − 2 < � < 1
2 , b̂N > 0.
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Compared to Corollary 1, in the benchmark case,
the niche firm bids a positive amount in a larger
region of parameter value. This result implies that
firms’ bidding incentive could be greater in the bench-
mark case than in the co-listing case, as we show later.

Next, we compare the equilibrium outcomes in the
co-listing case with those in the benchmark case and
investigate how the presence of organic listing affects
social welfare, sales diversity, and search engine rev-
enue. To focus on the systematic difference result-
ing from structural changes rather than the difference
caused by parameter values, we let � = �2 so that the
two cases are comparable in the sense that firm N
receives the same level of exposure in both cases
when it does not win the first sponsored slot. This
parametric assumption facilitates a neat comparison
and does not affect the qualitative results. We use
superscript C to denote the co-listing case and B to
denote the benchmark case.

5.2. Effects on Social Welfare
We consider the social welfare as the sum of total
consumer surplus, both firms’ profits, and the search
engine’s revenue. Essentially, social welfare equals the
sum of the realized utility of consumers from con-
suming the products they have purchased. Recall that
M always outbids N in equilibrium in the bench-
mark case and M ’s equilibrium price is higher than
N ’s in both cases. We therefore can write the equi-
librium social welfare as a function of information
incompleteness � in a uniform expression:

W4�1�5

= �

[

41 − �5+ �
∫ 1

p∗
M 4�1�5

x dx

]

+ 41 −�541 − �541 − p∗

M 4�1�5+ p∗

N 4�1�55

+ 41 −�5

[

�+ 41 − �5
∫ 1

1−p∗
M 4�1�5+p∗

N 4�1�5
x dx

]

1 (10)

where p∗
M 4�1�5 and p∗

N 4�1�5 are defined by Equa-
tion (5). The first term represents the total realized
utility of those consumers who visit firm M ’s web-
site only and make purchases there. The second term
refers to those who visit both firms’ sites and buy
from firm M , and the third term refers to those
who buy from N after visiting both sites. By defini-
tion, the equilibrium social welfare in the benchmark
case W B = W4�1�25. The equilibrium welfare in the
co-listing case depends on the bidding outcome
according to Proposition 1: W C = W4�1�25 when � <
�∗4�11�25, and W C = W4�1�15 when � > �∗4�11�25.
As we can see, when M wins the top sponsored slot,
the welfare achieved in both cases is the same. What
we are interested in is whether the presence of the
organic list can increase the total social welfare when
the weaker firm wins the top sponsored slot. The
answer is positive.

Proposition 3. The presence of organic listing im-
proves the social welfare in that W C ≥ W B, and the strict
inequality holds when � > �∗4�11�25 (defined by Equa-
tion (7)).

When � > �∗4�11�25, N wins the first sponsored
slot in the co-listing case and increases its exposure
level from 1 − �2 to 1 − �1. Proposition 3 reveals
that increasing the weaker firm’s exposure improves
the total welfare. Note that social welfare achieves
its maximum when all consumers purchase their pre-
ferred products. From Equation (10), we can iden-
tify two main sources of social efficiency loss: one is
information incompleteness (characterized by the first
term in Equation (10)), and the other is lack of compe-
tition (characterized by the second and third terms).
When � is high, the informational efficiency loss is
high in the sense that many N -type consumers are
not aware of product N and end up buying from M
instead. Furthermore, a portion of N -type consumers
who visit only M ’s website may leave with no pur-
chase because of the high price charged by firm M .
There is also competitive efficiency loss: when the
degree of its informational advantage is high, firm M
tends to charge a high price. Consequently, a certain
portion of marginal M-type consumers who visit both
sites may purchase product N rather than product M ,
which is socially inefficient. When � is reduced, N
increases its exposure, and in response, M charges a
more competitive price in equilibrium, so both infor-
mational and competitive efficiency losses are miti-
gated, which results in an increase in the overall social
welfare.

The comparison analysis reveals how organic list-
ing affects social welfare: Different from the bench-
mark case, in the co-listing case, the significant
organic exposure given to the stronger firm reduces
its sponsored bidding incentive by diminishing the
promotive benefit, which makes it possible for the
weaker firm to win the sponsored bidding and bet-
ter expose itself. In this sense, organic listing adjusts
firms’ relative bidding incentives by compensating
the strong with extra free exposure. The outcome of
such adjustment is the improvement of equilibrium
information structure, which eventually increases the
overall social welfare.

5.3. Effects on Sales Diversity
We use the Gini coefficient to measure the sales diver-
sity. As a popular measure of inequality of income
distribution, the Gini coefficient is defined as
G= 1 − 2

∫ 1
0 L4x5dx, where L4x5 is the Lorenz curve,

which measures the lowest 100x% population’s
cumulative income percentage. The Gini coefficient
measures the difference between the actual (income)
distribution and the perfect equality/diversification
case. A higher Gini coefficient indicates a greater
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degree of inequality, and a lower coefficient means
greater diversification. For discrete cases, the Gini
coefficient can be computed as follows:

G= 1 −
41/n5

∑n
i=14Si−1 + Si5

Sn
1 (11)

where Si =
∑i

j=1 yj (and S0 ≡ 0), and 8yi9
n
i=1 is the

ordered sequence of the value of interest (e.g.,
income) for each individual in the population such
that yi ≤ yi+1.

In our model, we use the Gini coefficient to mea-
sure the diversification of the realized sales across
the two firms in equilibrium, and the value of
interest in Equation (11) is the equilibrium sales
amount. By substituting the equilibrium sales amount
DN 4p

∗
N 4�51 p

∗
M 4�53�5 and DM 4p∗

M 4�51 p∗
N 4�53�5 de-

rived from Equation (3) into Equation (11), we can
calculate the Gini coefficient here as follows:

G4�5

=
1
2

−
DN 4p

∗
N 4�51 p

∗
M 4�53�5

DN 4p
∗
N 4�51 p

∗
M 4�53�5+DM 4p∗

M 4�51 p∗
N 4�53�5

0

(12)

Similar as before, we have GB = G4�25; GC = G4�25
when � < �∗4�11�25, and GC = G4�15 when � >
�∗4�11�25.

Proposition 4. The presence of organic listing
improves the sales diversity in that GC ≤ GB, and the
strict inequality holds when � > �∗4�11�25 (defined by
Equation (7)).

Similar to the welfare-improving effect, organic
listing increases sales diversity when firm N out-
bids firm M . By winning the first sponsored posi-
tion under the co-listing structure, the weaker firm
increases its exposure and attracts more consumers
to visit its site, and among these consumers, all
of the N -type as well as part of the M-type pur-
chase from it. Therefore, the realized market share of
firm N is increased and the overall sales diversity
is improved. In this sense, the diversity-improving
effect of organic listing shares the same origin with
the welfare-improving effect: compensating the strong
with extra free exposure to adjust bidding incentives
and to improve the equilibrium information structure.

5.4. Effects on Search Engine Revenue
We consider the revenue implications for the search
engine from both the short-term and the long-
term perspectives. We first analyze the direct effect
of organic listing on search engine revenue by
comparing the equilibrium revenue under both
cases when holding the total consumer base fixed.
More specifically, we examine the search engine’s

immediate revenue, IR, which is the revenue from
sponsored bidding when the total consumer base is
normalized to one as in the model setting. In second-
price auctions, the auctioneer’s revenue equals the
second highest bid in equilibrium. In the benchmark
case, because M always wins the auction, the search
engine’s immediate revenue IRB

= b̂N . In the co-listing
case, IRC

= b∗
N when � < �∗4�11�25, and IRC

= b∗
M

when � > �∗4�11�25, where �∗4�11�25 is defined by
Equation (7).

Proposition 5. Generically, the search engine’s imme-
diate revenue is lower in the co-listing case; that is, when
5
√

6/6 − 2 < � < 1
2 , IRC < IRB for all 0 <�1 <�2 < 1.

Proposition 5 shows that compared to the case
without the organic list, the presence of organic list-
ing may reduce advertisers’ bidding incentives, which
leads to a lower level of immediate revenue. A brief
reasoning is as follows. Because IRB

= b̂N and IRC
=

min8b∗
M1 b∗

N 9, to conclude that IRB > IRC , it is sufficient
to show that b̂N > b∗

N . Recall that a firm’s equilibrium
bid equals the difference between its equilibrium prof-
its when winning the top sponsored slot and when
not winning it (i.e., according to Tables 2 and 3, b∗

N =

�∗
N 4�11 �5−�∗

N 4�21 �5 and b̂N = �̂1
N − �̂2

N ). On the one
hand, as discussed earlier, when N does not win the
top sponsored slot, the equilibrium profit achieved in
both cases is the same (i.e., �∗

N 4�21 �5 = �̂2
N ). On the

other hand, when N wins the top sponsored slot, in
the co-listing case, M still possesses significant expo-
sure from the organic list, which limits N ’s profit
because of the consequent intense price competition.
In the benchmark case, however, N could overturn
the informational dominance structure thoroughly
and greatly improve the profitability of winning the
top sponsored slot. As a result, N ’s winning profit in
the benchmark case is higher in general (i.e., �̂1

N >

�∗
N 4�11 �5). In consequence, as long as b̂N > 0 (i.e.,

under a certain boundary condition on � according to
Corollary 2), we can conclude that b̂N > b∗

N and hence
IRB > IRC . It is also worth noting that in addition
to N ’s decreased bidding incentive, firm M ’s incen-
tive to bid for a sponsored link is also less under
the co-listing case than under the benchmark case,
sometimes even to a greater degree such that firm M
might lose the bidding competition to firm N in the
co-listing case.

The driving force of this result is the extra free
exposure from the organic list. Because of the signif-
icant organic exposure the stronger firm always pos-
sesses, winning the top sponsored position is not so
profitable for the weaker firm, and losing the bidding
competition is not too bad for the stronger firm, which
leads to lower bidding incentives for both firms in
presence of organic listing. In this sense, although the
differentiated organic exposure adjusts firms’ relative
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bidding incentive in a way favoring the social wel-
fare and the sales diversity, the extra organic exposure
given to the stronger firm lowers both firms’ bidding
incentives in absolute terms and might hurt the search
engine’s immediate revenue.

Note that Proposition 5 analyzes the search engine
revenue under the monopolistic search engine setting
such that the consumer base is assumed to be fixed.
In general, when outside options are available (e.g.,
competing search engines exist), a search engine’s
consumer base may change as it adopts different
designs, which might affect its revenue in the long
run. Therefore, we are also interested in how the pres-
ence of organic listing may affect the search engine’s
consumer base. In particular, we are interested in how
the equilibrium consumer surplus differ under the
benchmark case and the co-listing case. The equilib-
rium consumer surplus, CS, is defined as follows:

CS4�1�5

=�

[

41−�541−p∗

M 4�1�55+�
∫ 1

p∗
M 4�1�5

4x−p∗

M 4�1�55dx

]

+ 41 −�541 − �541 − p∗

M 4�1�5+ p∗

N 4�1�55

· 41 − p∗

M 4�1�55+ 41 −�5

[

�41 − p∗

N 4�1�55

+ 41 − �5
∫ 1

1−p∗
M 4�1�5+p∗

N 4�1�5
4x− p∗

N 4�1�55dx

]

1 (13)

where p∗
M 4�1�5 and p∗

N 4�1�5 are equilibrium prices as
before. Equation (13) can be understood in a similar
fashion as the definition of social welfare in Equa-
tion (10). By definition, CSB

= CS4�1�25, and CSC
=

CS4�1�15 when � > �∗4�11�25.
Note that Equation (13) equals the expected net util-

ity of any individual customer before entering the
search market (without knowing her actual preference
before the search). In this sense, if we consider that
consumers have different reserve utilities3 and that
they use this particular search engine if the expected
utility exceeds their reserve values and leave for out-
side options otherwise, then the total consumer vol-
ume attracted to the search engine can be viewed
as an increasing function of CS. As we are inter-
ested in the general trends rather than in the detailed
dynamics, comparing the equilibrium consumer sur-
plus under the two cases can deliver essential impli-
cations for the effect of organic listing on the growth
of the search engine’s consumer base in the long run.

Proposition 6. The equilibrium consumer surplus in
the co-listing case is higher in that CSC

≥ CSB, and the
strict inequality holds when � > �∗4�11�25 (defined by
Equation (7)).

3 Such different reserve utilities can result from a combination of
search costs, switching costs, preference over different options, and
expected net utilities that other options offer.

When the organic list is present, similar to the
effects on social welfare, the differentiated organic
exposure dilutes firm M ’s bidding incentive and gives
firm N more chances to win a better sponsored posi-
tion for a better exposure. As a result, consumers are
more likely to find the product they prefer—at lower
prices because of the intensified price competition.
Therefore, by inducing a lower level of information
incompleteness � in equilibrium, the co-listing case
mitigates both the informational and competitive loss of
consumer surplus, which improves the overall con-
sumer surplus.

Combining the results from Propositions 5 and 6,
we can conclude the revenue implication for search
engine: organic listing trades off immediate revenue
for higher consumer surplus, which could lead to
a growing consumer base. In this sense, organic
listing serves as a balance between short-term prof-
itability and long-term growth. If the search engine
values the long-term benefit enough, then organic list-
ing could actually be beneficial for revenue growth.
In this sense, the co-listing structure reflects certain
far-sighted wisdom.

To summarize, in this section, we compare the equi-
librium outcomes in the co-listing case with those in
a benchmark case. We show that although the pres-
ence of organic listing may reduce advertisers’ bid-
ding incentives, it adjusts the bidding outcome so
that the equilibrium social welfare, sales diversity, and
consumer surplus can all be improved. Meanwhile,
it is worth pointing out that these beneficial effects
of organic listing function well only under moderate
levels of market asymmetry (i.e., firms are compara-
ble to each other in market appeal, or � is not too
small). Nevertheless, these effects malfunction when
the competence difference among advertisers is too
large to adjust. For firms at the very tail end of the dis-
tribution (i.e., for weak firms with very small �), even
under the co-listing structure, their bidding incentive
is still lower than that of the strong competitors. As a
result, the strong firms occupy the top positions in
both lists, and no fundamental change occurs in infor-
mation structure after the sponsored bidding compe-
tition. Consequently, while bearing potential loss in
revenue, the search engine cannot engender structural
improvement in social welfare, sales diversity, and
consumer surplus. In this sense, the typical organic
listing design serves the middles well, rather than
the tails.

6. Extension and Discussion
6.1. Improving Organic Ranking
The previous analysis pinpoints the malfunction of
organic listing’s beneficial effects for highly asymmet-
ric markets (i.e., when � is very small). In this section,
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we explore the possibility to mitigate such drawbacks
so that organic listing can serve the tails better.

We have shown that organic listing improves social
welfare and consumer surplus by giving the stronger
firm more free exposure to adjust firms’ relative bid-
ding incentive and to help the weaker firm win
a better sponsored position. Nevertheless, the extra
organic exposure given to the stronger firm also
adversely hurts the weaker firm’s bidding incentive,
especially when it is highly disadvantaged in market
appeal. Given such a trade-off, slightly reducing the
organic exposure difference among firms might lead
to favorable outcomes for highly asymmetric mar-
kets. Along this line, we may consider promoting the
weak in the organic list by introducing perturbation
or uncertainty in firms’ organic ranks. Instead of rank-
ing firms in an order based strictly on their strength or
popularity, which we refer to as pure organic ranking,
we may consider a mixed organic ranking mechanism
in which the organic list ranks firms by their popu-
larity with certain probability and in an inverse order
otherwise. Mixed ranking can be implemented by
simply randomizing the ordering of targeted adver-
tisers with certain probability, or by including addi-
tional factors other than the popularity measure into
the organic ranking rule.

We illustrate the idea of mixed organic ranking by
slightly modifying the model. Following the model
setup in §3, we consider a mixed organic ranking in
which with probability 1 − � (0 ≤ � ≤ 1), firm M is
listed in a top organic slot on the SERP, and firm N
is listed in a less-prominent organic slot. Meanwhile,
with probability �, firm N is given a top organic
position, and M stays in a less-prominent organic
position. As a result, when M wins the first spon-
sored slot, the probability of M being visited by a
consumer is 41 − �5 + �41 − �15 = 1 − ��1, and the
probability of N being visited is �+ 41 − �541 −�25=

1 − 41 − �5�2. Similarly, when N wins the first
sponsored slot, the probability of N being visited and
that of M being visited are 1 − 41 −�5�1 and 1 −��2,
respectively. The pure organic ranking is thus a spe-
cial case of mixed ranking with �= 0. To simplify the
discussion, we let �1 = 0 because the first sponsored
link often attracts considerable attention such that �1

is small in general. Results remain qualitatively the
same for positive �1.

We can formulate firms’ demand functions simi-
larly as before. When firm M wins the first sponsored
slot, M possesses informational monopoly power
only if N is placed in the less prominent organic slot
(with probability 1 − �) and is not noticed by a con-
sumer (with probability �2). Therefore, the demand

functions facing both firms are as follows:

D1
M 4pM1 pN 5= 41 −�5�2AM 4pM 5

+ 61 − 41 −�5�27SM 4pM1 pN 5

D2
N 4pN 1 pM 5= 61 − 41 −�5�27SN 4pN 1 pM 51

(14)

where Ai4 · 5 and Si4 · 5 are defined as before by Equa-
tions (1) and (2). When firm N wins the sponsored
bidding, similarly, the demand functions become

D2
M 4pM1pN 5 = 41−��25SM 4pM1pN 5

D1
N 4pN 1pM 5 = ��2AN 4pN 5+41−��25SN 4pN 1pM 50

(15)

Note that by introducing probabilistic alteration in
organic ranking, the strong firm no longer possesses
guaranteed informational advantage, and in some
instances, the weak firm is able to gain informational
advantage once it wins the top sponsored position.

Along a similar approach as before, we can derive
the equilibrium prices p̃

j
i and equilibrium profits �̃

j
i

for firm i in the jth sponsored position, where i ∈

8M1N9 and j ∈ 81129. The equilibrium bidding, there-
fore, is b̃i = 6ã�̃i7

+, where ã�̃i = �̃1
i − �̃2

i .
We are interested to see whether introducing mixed

organic ranking can improve the equilibrium out-
comes. Therefore, we focus on the effect of a slight
perturbation of the pure organic ranking by examin-
ing the marginal effect of increasing � evaluated at
�= 0. Note that when �= 0, the equilibrium outcomes
are the same as in the original model with the pure
organic ranking. We can derive the equilibrium social
welfare W̃ , Gini coefficient G̃, and consumer surplus
˜CS in a similar fashion. For example, the equilibrium
social welfare can be written as

W̃ 4�1�21�5

= 41 −�5�2

[

41 − �5+ �
∫ 1

p̃1
M

x dx

]

+ 61 − 41 −�5�2741 − �541 − p̃1
M + p̃2

N 5

+ 61 − 41 −�5�27

[

�+ 41 − �5
∫ 1

1−p̃1
M+p̃2

N

x dx

]

0 (16)

Recall that in the case when � is small and �2 is not
too large, pure organic ranking engenders low rev-
enue from sponsored bidding with little improvement
in consumer surplus, social welfare, or sales diversity.
The next result shows that, under this particular case,
introducing mixed organic ranking could be beneficial
in these aspects.

Proposition 7. For highly asymmetric markets, intro-
ducing mixed organic ranking can improve social wel-
fare, sales diversity, consumer surplus, and search
engine’s immediate revenue concurrently in that when
� < �0 and �2 < 1/4341−�55, (i) ¡W̃ 4�1�21�5/¡���=0 > 0;
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(ii) ¡G̃4�1�21�5/¡���=0 < 0; (iii) ¡˜CS4�1�21�5/¡���=0

> 0; and (iv) ¡ã�̃N 4�1�21�5/¡���=0 > 0. Here, �0 ∈ 401 1
2 5

solves the equation ¡ã�̃N 4�01�21�5/¡���2=1/4341−�551�=0 =00

Under pure organic ranking, as is implied by Corol-
lary 1, when � is small and �2 is not too large,
firm N ’s promotive incentive for winning the top
sponsored position completely vanishes because of
its huge disadvantage in market preference and M ’s
unshakable informational advantage in the organic
list, which hurts the revenue contributed to the search
engine. In contrast, mixed organic ranking proba-
bilistically reduces M ’s informational advantage in
the organic list, which adds preventive incentive to
N ’s sponsored bidding motivation. As the weak firm
becomes more comparable in terms of exposure, its
bidding incentive increases.

On the other hand, the equilibrium consumer
surplus and social welfare are improved as well,
because mixed ranking reduces the aforementioned
two sources of efficiency loss. The perturbation in
organic rank directly improves firm N ’s exposure and
thus effectively reduces the informational loss of social
welfare and consumer surplus. Meanwhile, a smaller
difference in exposure level induces more intense
price competition so that the competitive efficiency loss
is also mitigated.

An interesting aspect of Proposition 7 is that wel-
fare and revenue can be improved simultaneously,
unlike in most existing studies in which increasing
revenue is often at the cost of welfare. The key driver
to this result is the self-balance between organic rank-
ing and sponsored bidding. Although mixed ranking
reduces firm M ’s organic exposure, it does not sig-
nificantly decrease M ’s overall exposure because M
regains substantial exposure by winning the top spon-
sored position. Therefore, mixed ranking promotes
the weak firm’s exposure at little cost to the strong’s,
which leads to less informational efficiency loss in
total and thus higher consumer surplus and social
welfare. Therefore, mixed organic ranking allocates
the total resource of consumer attention in a more
effective way.

It is worth noting that our focus is on how infor-
mation structure affects firms’ strategies and the equi-
librium outcomes, and hence we discuss the benefits
of introducing mixed organic ranking from this par-
ticular perspective. Nevertheless, when implementing
in practice, we also need to consider other factors
that are outside the scope of the model. For exam-
ple, while we show that mixed organic ranking can
help some consumers find the product they prefer
and increase the total consumer surplus, the uncer-
tainty in ordering the organic results may risk the
search engine’s objectivity and reliability perceived

by the general users who search only for noncom-
mercial information from the organic results. In addi-
tion, although mixed organic ranking is designed to
be an impartial modification of the ranking mecha-
nism to improve the overall performance rather than
a manipulation against any side, major advertisers
might feel that they are unfairly treated and that their
interests are hurt. Therefore, the scale and scope of
mixing need to be chosen with special caution so that
the alteration in organic ranking is limited to certain
commercial websites in certain markets and it does
not impair the utility of general search engine users.
Meanwhile, additional incentives could be provided
to strong advertisers in the sponsored auction rules.
The discussion here serves as the first step in explor-
ing the optimal design of organic ranking mechanism.

6.2. General Information Structure
In the previous analysis, we keep the model simple to
derive clear implications while capturing the essence
of interest. In this section, we extend the model to
a more general framework that allows more flexible
parameter values for different information structures.
As we show, the main results continue to hold in var-
ious scenarios under this framework.

So far we have assumed that firm M ’s website is
visited by consumers with probability 1 regardless
of its sponsored position because of the dominant
advantage of its top organic position (i.e., �iM

= 1).
Now we relax this assumption by considering that
firm M ’s website is visited with probability 1 − �′

1
when M wins the first sponsored position, and with
probability 1−�′

2 when it stays in the second (0 <�′
1 <

�′
2 < 1). We continue to assume that firm N ’s website

is visited with probability 1−�1 when N wins the first
sponsored position, and with probability 1 −�2 when
N stays in the second sponsored position (0 < �1 <
�2 < 1). Because the organic list gives the stronger
firm more exposure, firm M would attain higher
attention level than firm N should they stay in the
same sponsored position, and therefore, �′

1 < �1 and
�′

2 < �2. In the benchmark case in which there is
only a sponsored list, firm’s sponsored position deter-
mines their overall exposure, and therefore, �1 = �′

1
and �2 = �′

2.
Given M ’s and N ’s exposure levels, which are char-

acterized by �′ and �, respectively, their demand
functions can be formulated as follows:

DM 4pM1 pN 5

= 41 −�′56�AM 4pM 5+ 41 −�5SM 4pM1 pN 57

DN 4pN 1 pM 5

= 41 −�56�′AN 4pN 5+ 41 −�′5SN 4pN 1 pM 571

(17)
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where the Si4·1 ·5 and Ai4 · 5 functions follow the same
definition as in Equations (1) and (2). Following a sim-
ilar approach as before, we can solve firms’ equilib-
rium prices as follows:






















p∗

M =min
{

2−41−�5�+�′41−�541−�5

341−�541−�5+4��+�′41−�541−�5
1 1
}

p∗

N =
�+41−�5�′ +41−�541−�′5p∗

M

241−�5
0 (18)

Note that when �′ = 0, Equations (17) and (18) are
reduced to the original results in Equations (3)
and (5). Substituting the equilibrium prices back into
firms’ respective profit functions, we can derive the
equilibrium profit functions �∗

i 4�1�1�
′5, i ∈ 8M1N9.

Firms’ bidding incentives are determined by the
profit difference between winning the first spon-
sored position and not; that is, bi = 6ã�i7

+, where
ã�M = �∗

M 4�1�21�
′
15 − �∗

M 4�1�11�
′
25 and ã�N =

�∗
N 4�1�11�

′
25−�∗

N 4�1�21�
′
15. For a better understand-

ing of how the organic listing impacts the sponsored
bidding, we can rewrite ã�M and ã�N as follows:

ã�M = 6�∗

M 4�1�21�
′

15−�∗

M 4�1�11�
′

157

+ 6�∗

M 4�1�11�
′

15−�∗

M 4�1�11�
′

257 (19)

ã�N = 6�∗

N 4�1�11�
′

25−�∗

N 4�1�11�
′

157

+ 6�∗

N 4�1�11�
′

15−�∗

N 4�1�21�
′

1570 (20)

As we can see, the terms in the first bracket of Equa-
tions (19) and (20) account for the preventive incen-
tive for firm M and firm N , respectively, and the
terms in the second bracket account for their promotive
incentive, because, for example, �∗

M 4�1�21�
′
15 −

�∗
M 4�1�11�

′
15 measures the difference in M ’s equilib-

rium profits between letting N have a lower exposure
level (i.e., 1 − �2) versus a higher exposure level
(i.e., 1 − �1) while holding M ’s own exposure level
unchanged (i.e., 1 − �′

1). Recall that in the original
model, �′

1 = �′
2 = 0, and thus the terms in the sec-

ond bracket of Equation (19) and in the first bracket
of Equation (20) vanish, which explains why firm M
has preventive incentive only, and N has promotive
incentive only. In contrast, in this general frame-
work, either firm has both promotive and preven-
tive incentives. Nevertheless, the relative strengths
of the two incentives are different for the two
firms because of the presence of the organic list.
As the organic list differentiates firms’ organic expo-
sure according to their market strength, the higher
level of organic exposure given to the stronger firm
reduces the marginal benefit of winning a better
sponsored position in increasing the overall expo-
sure level. Reflected in the parameter values, the dif-
ference between �′

2 and �′
1 should be smaller than

that between �2 and �1. As a result, M ’s preventive
incentive (�∗

M 4�1�21�
′
15−�∗

M 4�1�11�
′
15) outweighs its

promotive incentive (�∗
M 4�1�11�

′
15 − �∗

M 4�1�11�
′
25),

whereas the promotive aspect dominates N ’s bidding
incentive. The dominating parts play a major role in
comparing firm’s bidding incentives, so the bidding
outcome and the equilibrium results follow patterns
similar to those in the original model.

Given the equilibrium pricing and bidding, the
social welfare, the consumer surplus, and the Gini
coefficient for sales diversity can be derived in a sim-
ilar fashion. For example, the equilibrium social wel-
fare under the general framework equals

W4�1�1�′5 = �41 −�′5

[

1 − �+ �
∫ 1

p∗
M

x dx

]

+ 41 −�5�′

[

�+ 41 − �5
∫ 1

p∗
N

x dx

]

+ 41 −�541 −�′5

[

41 − �541 − p∗

M + p∗

N 5

+ �+ 41 − �5
∫ 1

1−p∗
M+p∗

N

x dx

]

0

The following examples illustrate the equilibrium
outcomes under the general framework.

Example 1. Let �1 = 0010, �2 = 0030, �′
1 = 0005, and

�′
2 = 0008. In equilibrium, there exists a cutoff �∗ =

00386 such that when � < �∗, M bids higher than N ;
when � > �∗, N outbids M . Compared to the bench-
mark case without the organic list, the co-listing case
results in higher social welfare, sales diversity, and
consumer surplus when � > �∗, but a lower imme-
diate revenue for the search engine in general (i.e.,
when � > 00034). Figure 1 illustrates firms’ bidding
incentives under both the co-listing and the bench-
mark cases.

In both Figures 1(a) and 1(b), the dashed lines rep-
resent firms’ preventive incentives, the dash-dotted
lines represent firms’ promotive incentives, and the
solid lines represent firms’ overall bidding incen-
tives. As we can see, in the co-listing case, M ’s pre-
ventive incentive accounts for the majority of its
total bidding incentive, while N ’s promotive incentive
closely approximates its overall bidding incentive,
and the two firms’ bidding incentive curves inter-
sect at the cutoff �∗. In contrast, in the benchmark
case, firm M ’s preventive and promotive incentives
are both greater than N ’s, resulting in M ’s bidding
incentive being always higher than N ’s.

Similar to the original model, Example 1 represents
a typical case in which the top organic position
attracts the most attention: firm M possesses pre-
dominant advantage in total attention even if it
does not win the first sponsored position; that is,
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Figure 1 Illustration of Bidding Incentives in Example 1
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1 −�′
2 > 1 −�1, or equivalently, �′

2 < �1. It is worth
noting that in the practice, search engines often dis-
play premium sponsored links in a highlighted area
in the top central part of the SERP. Although con-
sumers still tend to click the top organic links more
than these premium sponsored links because of the
aversion to advertisement in general (Lutz 1985), we
are also interested to see how the results can extend
to the case in which sponsored positions have higher
probability of being clicked than organic positions.

Example 2. Let �1 = 0005, �2 = 0030, �′
1 = 0003, and

�′
2 = 0020. In equilibrium, there exists a cutoff �∗ =

00457 such that when � < �∗, M bids higher than
N ; when � > �∗, N outbids M . Compared to the
benchmark case without the organic list, the co-listing
case achieves higher social welfare, sales diversity,
and consumer surplus when � > �∗, but lower imme-
diate revenue for the search engine in general (i.e.,
when � > 00031).

Example 2 represents the case in which a firm’s
overall exposure level is determined primarily by its
sponsored position rather than its organic position.
In this case, N can achieve significant exposure level if
it wins the first sponsored position; that is, 1 −�1 can
be very close to 1 − �′

1 and considerably higher than

1 − �′
2 (M ’s exposure level when it stays at the sec-

ond sponsored position). As Example 2 illustrates, the
equilibrium outcomes remain qualitatively the same
as before. Compared to Example 1, the cutoff point �∗

in Example 2 shifts toward 1
2 , suggesting that the

weak firm is less likely to win the sponsored bidding
as the effect of organic listing decreases.

6.3. Multiple Competing Firms
Throughout the paper, we base our analysis on a
duopoly setting given the essential features of the
focal problem, such as the multidimensional asymme-
try among competing firms and the endogenous valu-
ation of the auction objects. In this section, we briefly
discuss possible extensions to a general case involv-
ing multiple competing firms. In a general oligopoly
setting, firms with different market appeal and differ-
ent exposure solve their respective optimization prob-
lems in pricing, resulting in different valuations of
sponsored positions across firms, which further dif-
fer over each possible allocation of sponsored posi-
tions and thus complicate the bidding competition.
For this reason, equilibrium analysis under general
oligopolistic competition is analytically intractable.
We next consider a particular type of oligopolis-
tic competition to illustrate how the analysis and
results can be extended beyond the duopoly case.
Because of the page limit, we present the details in
the online appendix (available at http://dx.doi.org/
10.1287/isre.1120.0425).

In brief, we consider a case in which one strong
firm, whose product is preferred by the main-
stream market, competes against multiple (symmet-
ric) weak firms, whose products are designed for
particular niche markets that are mutually exclusive
to each other. Because of the differentiated expo-
sure in the organic list aligned with firms’ mar-
ket appeal, the strong firm possesses a predominant
advantage in exposure regardless of its sponsored
position, whereas weak firms increase their exposure
by improving their sponsored rank. Such a structure
allows us to derive the equilibrium pricing explicitly.
In determining the bidding equilibrium, we consider
the particular type of locally envy-free equilibrium
studied by Edelman et al. (2007), in which each firm
bids an amount equal to its own payment plus its own
profit difference between staying in the current spon-
sored position and moving one position up. We show
that when the market preference difference between
the strong firm and the weak firms is not too large,
all weak firms bidding higher than the strong firm
is an equilibrium, which resembles the bidding out-
comes in the duopoly case. The driving force is the
similar interplay between promotive and preventive
bidding incentives. With the presence of organic list-
ing, firms’ incentives for acquiring a better sponsored
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position are altered. Moving up its sponsored rank
directly benefits a weak firm by increasing its expo-
sure, whereas a better sponsored position benefits the
strong firm only in that it blocks one of the competi-
tors to a greater degree. The former promotive incen-
tive grows to exceed the latter preventive incentive,
as the weak firms’ market appeal strengthens. As a
result, the profit gain from moving up one position
in the sponsored list for the weak firms exceeds that
for the strong firm, and therefore, all weak firms bid
higher than the strong firm in equilibrium.

7. Conclusion
In studying the role of organic listing in search adver-
tising, we focus on the effects of organic listing as a
competing information source on advertisers’ spon-
sored bidding incentives and the equilibrium out-
comes. This paper thus provides implications for both
search engine designers and marketing managers.

First, we provide economic justification for the com-
mon practice of the co-listing structure in the search
industry. As we demonstrate, the organic list not only
serves as an objective list providing reliable infor-
mation to general information seekers, but also pos-
itively affects the sponsored bidding to improve the
overall information structure that the search engine
provides. On the surface, organic listing gives the
advertiser stronger in market appeal more free expo-
sure. In effect, such differentiated allocation of free
exposure adjusts advertisers’ relative bidding incen-
tives to give the weaker advertiser more chances to
win a better sponsored position, which facilitates con-
sumers to locate the products they prefer and there-
fore increases the consumer surplus, social welfare,
and sales diversity. Although the presence of the free
exposure from the organic list may reduce advertisers’
sponsored bidding incentive per se, the overall effect
benefits the search engine’s growth in the long run.

Meanwhile, we also explore a possible direction
to improve the organic ranking mechanism for cer-
tain scenarios. As we pinpoint, the beneficial effects
of organic listing function well when advertisers are
relatively comparable in market appeal. For highly
asymmetric markets in which huge competence dif-
ference exists among advertisers, introducing slight
perturbation in organic ranking could increase the
weaker advertiser’s sponsored bidding incentive as
well as social welfare and consumer surplus. Possi-
ble implementations include randomizing the organic
ranks of targeted advertisers with certain probability,
or incorporating additional factors with uncertainty
(e.g., third-party reviews) into the organic ranking
score. On the other hand, caution needs to be taken
in determining the scale and scope of such perturba-
tion to avoid possible misperception of general users

and advertisers. The optimal design of organic rank-
ing mechanism thus calls for further study.

In addition to the implications for search engine
designers, our study also provides rationale for mar-
keting managers in dealing with online search adver-
tising. Advertisers whose websites have already been
placed in top organic positions may wonder whether
it is still worth investing in sponsored bidding. We
suggest that sponsored bidding is rewarding when
advertisers have a salient advantage in market pref-
erence, and dominating exposure in both lists max-
imizes their profitability. When market preference
is relatively diversified, advertisers with unsatisfac-
tory organic rank should bid aggressively to win the
top sponsored slots because the marginal benefit of
increasing sponsored exposure is fairly high in this
case. In contrast, for very niche firms or individual
sellers without sufficient market appeal, although it
may seem tempting to promote themselves via this
new advertising channel, excessive spending in spon-
sored bidding may have a low return on investment,
because even a very prominent sponsored position
with a high click-through rate may bring high adver-
tising bills but not commensurable profits.

This paper has several limitations, which trigger
directions for future research. First, we do not model
the competition among search engines, and our anal-
ysis is limited to a monopolistic search engine. Results
on effects of altering organic listing could be sensitive
to competition among search engines. Although we
discuss the consumer surplus in the paper, which, to
a certain extent, captures consumers’ reactions when
an outside option is available, explicitly modeling
search engine competition would more directly reflect
the strategic interactions among search engines. Fur-
ther along the line of search engine competition, there
arise other interesting directions for future research.
For example, we may consider different revenue
model choices in addition to advertising when search
engines compete against each other, which could link
the study on search advertising to another stream of
research on the business model choice of competing
firms (e.g., Casadesus-Masanell and Zhu 2010, 2012).
Second, our analysis is primarily based on duopoly
advertisers. Although we extend the results to mul-
tiple competing firms under certain cases, the gen-
eral oligopolistic analysis is intractable under our
framework. Because the competition among multiple
advertisers can provide a better approximation of the
reality and richer implications regarding the competi-
tion outcomes, how to study the asymmetric compe-
tition in which multiple advertisers bid for multiple
advertising positions with the information structure
aligned with the market structure is thus a challeng-
ing yet intriguing question for future research.



Xu, Chen, and Whinston: Effects of the Presence of Organic Listing in Search Advertising
1300 Information Systems Research 23(4), pp. 1284–1302, © 2012 INFORMS

Electronic Companion
An electronic companion to this paper is available as
part of the online version at http://dx.doi.org/10.1287/
isre.1120.0425.

Acknowledgments
The authors thank the senior editor, the associate editor,
and two anonymous reviewers for their very helpful com-
ments, which greatly improved this paper. The authors also
thank Thomas A. Weber for his generous input. The authors
thank the seminar participants at The University of Texas
at Austin, University of Arizona, Georgia Institute of Tech-
nology, University of Florida, The Hong Kong University
of Science and Technology, University of Hong Kong, the
Fourteenth Conference on Information Systems and Tech-
nology (2009), INFORMS Annual Meeting (2010), and The
Workshop on Information Systems Economics (2010) for
their helpful feedback. A previous version of this article was
circulated under the title “Too Organic for Organic Listing?
Interplay between Organic and Sponsored Listing in Search
Advertising.”

Appendix. Proofs
Because of the page limit, we provide the outline of all
proofs only. Detailed proofs are available upon request.

Proof of Lemma 1. According to Table 2, (i) If 1
3 ≤

� < 1, then ¡2�∗
M 4�1�5/¡�¡� = −1 < 0 and ¡2�∗

N 4�1�5/¡�¡�
= −1/4441 − �525 < 0.

(ii) If 0 <� < 1
3 , then ¡2�∗

M 4�1�5/¡�¡� = f 4�1�5/43 − 3�−

3� + 7��54, where f 4�1�5 is a polynomial function of �
and � with degree of 8 (�4�4). We can show that f 4�1�5
is convex in � for 0 < � < 1

3 and 0 < � < 1
2 . We can ver-

ify that f 401 �5 < 0 and f 4 1
3 1 �5 < 0 for ∀� ∈ 401 1

2 5. There-
fore, f 4�1�5 < 0 for ∀� ∈ 401 1

3 5 and ∀� ∈ 401 1
2 5, which

implies ¡2�∗
M 4�1�5/¡�¡� < 0. Similarly, ¡2�∗

N 4�1�5/¡�¡� =

g4�1�5/441 − �5243 − 3� − 3� + 7��545, where g4�1�5 is a
polynomial function of � and � with degree of 10 (�4�6).
Again, we can show that g4�1�5 is convex in � for 0 <� < 1

3
and 0 < � < 1

2 . Because g401 �5 < 0 and g4 1
3 1 �5 < 0 for ∀� ∈

401 1
2 5, we can conclude that g4�1�5 < 0 for ∀� ∈ 401 1

3 5 and
∀� ∈ 401 1

2 5. Therefore, ¡2�∗
N 4�1�5/¡�¡� < 0.

Proof of Proposition 1. Define h4�1�5 = �∗
M 4�1�5 +

�∗
N 4�1�5. Because both �∗

M 4�1�5 and �∗
N 4�1�5 are submod-

ular by Lemma 1, h4�1�5 is also submodular. We then
define

H4�1�11�25 ≡ 6�∗

M 4�1�25−�∗

M 4�1�157

− 6�∗

N 4�1�15−�∗

N 4�1�257

= h4�1�25−h4�1�150

If 0 <�1 <�2 <
1
3 or 1

3 ≤ �1 <�2 < 1, then

¡H

¡�
4�1�11�25 =

¡h

¡�
4�1�25−

¡h

¡�
4�1�15

=
¡2h

¡�¡�
4�1 �̄54�2 −�151

where the second equality is by applying the mean value
theorem and �̄ ∈ 6�11�27. Because 4¡2h/¡�¡�54�1 �̄5 < 0,
4¡H/¡�54�1�11�25 < 0.

If 0 <�1 <
1
3 ≤ �2 < 1, then

¡H

¡�
4�1�11�25 =

¡h

¡�
4�1�25−

¡h

¡�
h4�1�15

=

∫ 1/3

�1

¡2h

¡�¡�
4�1�5d� +

∫ �2

1/3

¡2h

¡�¡�
4�1�5d�0

Because 4¡2h/¡�¡�54�1�5 < 0, 4¡H/¡�54�1�11�25 < 0.
In sum, H4�1�11�25 is decreasing in �. Notice that

H401�11�25 = 54�2 − �15/4941 − �1541 − �255 (in the case of
0 < �1 < �2 < 1

3 ), or 4�2 − �15/4 (in the case of 1
3 ≤ �1 <

�2 < 1), or 420 − 941 − �2543 + �155/43641 − �255 (in the case
of 0 < �1 <

1
3 ≤ �2 < 1). We can verify that H401�11�25 > 0

in all three cases. Similarly, H4 1
2 1�11�25= −4�2 −�15/2 < 0

in all three cases. Because H4�1�11�25 is continuous in �,
we can conclude that there exists a cutoff �∗ ∈ 401 1

2 5
such that H4�∗1�11�25 = 0, H4�1�11�25 > 0 for � < �∗,
and H4�1�11�25 < 0 for � > �∗. Notice that �∗

M 4�1�25 −

�∗
M 4�1�15 > 0 always holds, that is, b∗

M > 0. Therefore, we
can conclude that b∗

M > b∗
N for � < �∗, and b∗

M < b∗
N for � > �∗.

Proof of Corollary 1. According to Table 2, when � <
1
3 , ¡�∗

N 4�1�5/¡� = 4641 + �541 − �5 + �43� − 15�7f 4�1�55/
441 − �56341 − �541 −�5+ 4��735, where f 4�1�5 is a polyno-
mial function of � and � with degree of 5 (�2�3). We have
¡f 4�1�5/¡� = −�41 − 3�543 − 7�5� − 41 − �5420�2 − 13� + 35.
Within the given parameter region, ¡f 4�1�5/¡� < 0.
Notice that f 4 1

3 1�5=
2
9 43−�5412�2 −17�+35. When �<

417−
√

1455/24, f 4 1
3 1 �5 > 0, which implies f 4�1�5 > 0

for ∀� ∈ 401 1
3 5. Therefore, ¡�∗

N 4�1�5/¡� > 0, and thus
�∗

N 4�1�15−�∗
N 4�1�25 < 0 and b∗

N = 0.

Proof of Proposition 2. We let ã�̂i = �̂1
i − �̂2

i , i ∈

8M1N9. When 1
3 ≤ � < 1, according to Table 3, ã�̂M −ã�̂N =

[

41 − 2�5/4443 +�5241 − �55
]

F 4�1�5, where

F 4�1�5= −44�3
+ 3�2

+ 5� − 15�+ 45�3
+ 17�2

+ 19� + 750

Because F 4�105 > 0, F 4�1 1
2 5 > 0, and F 4�1�5 is linear in �,

we can conclude that F 4�1�5 > 0 and hence ã�̂M −ã�̂N > 0
for ∀� ∈ 401 1

2 5.
When 0 < � < 1

3 , similarly, ã�̂M − ã�̂N =
[

�41 − 2�5/
441 − �543 +�5243 − 3� − 3�+ 7��525

]

G4�1�5, where G4�1�5
is a polynomial function of � and � with degree of 7 (�4�3).
As it can be verified that G4�1 1

2 5 > 0 and ¡G4�1�5/¡� < 0
for ∀� ∈ 401 1

2 5, G4�1�5 > 0 and thus ã�̂M − ã�̂N > 0 for
∀� ∈ 401 1

2 5.
We can further check that b̂M = 6ã�̂M 7+ > 0. Therefore,

b̂M > b̂N for ∀� ∈ 40115 and ∀� ∈ 401 1
2 5.

Proof of Corollary 2. (i) When � < 1
3 , according to

Table 3, �̂1
N − �̂2

N can be simplified as �F 4�1�5/441 − �5 ·

43 + �526341 − �541 − �5 + 4��725, where F 4�1�5 is a
polynomial function of � and � with degree of 8 (�4�4). We
can show that 4¡2F /¡�254�1�5 is monotonic in � for ∀� ∈

401 1
2 5, and both 4¡2F /¡�254�105 and 4¡2F /¡�254�1 1

2 5 are nega-
tive. Therefore, 4¡2F /¡�254�1�5 < 0, and thus 4¡F /¡�54�1�5 is
decreasing in �. We can further verify that 4¡F /¡�54�1 1

2 5>0
and thus 4¡F /¡�54�1�5 > 0 for ∀� ∈ 401 1

2 5. We also notice that
F 4 1

3 15
√

6/6 − 25 = 0 and F 4�15
√

6/6 − 25 is decreasing in �,
which leads to F 4�15

√
6/6 − 25 > 0 for ∀� ∈ 401 1

3 5. There-
fore, F 4�1�5 > 0 and �̂1

N > �̂2
N for ∀� ∈ 45

√
6/6 − 21 1

2 5 and
∀� ∈ 401 1

3 5.
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(ii) When � ≥ 1
3 , �̂2

N is decreasing in �. If we view �̂1
N

and �̂2
N as functions of �, it is sufficient to show

�̂1
N 4�5 > �̂2

N 4
1
3 5 for ∀� ≥

1
3 . Notice that �̂1

N 4�5 − �̂2
N 4

1
3 5 =

G4�1�5/4641 − �543 + �525, where G4�1�5 = 641 − �52�2 +

1241 −�25�+ 45�2 + 6� − 35. Because ¡G/¡� > 0, ¡G/¡� > 0,
and G4 1

3 15
√

6/6 − 25= 0, G4�1�5 > 0 and thus �̂1
N 4�5 >

�̂2
N 4

1
3 5 for ∀� ∈ 6 1

3 115 and ∀� ∈ 45
√

6/6 − 21 1
2 5.

Proof of Proposition 3. We plug in p∗
M 4�1�5 and

p∗
N 4�1�5 from Equation (5) into Equation (10), and want to

show ¡W4�1�5/¡� < 0.
(i) When � < 1

3 , ¡W4�1�5/¡� = F 4�1�5/4241 −�56341 −�5 ·
41 − �5 + 4��735, where F 4�1�5 is a polynomial function
of � and � with degree of 8 (�5�3). By its concavity
(¡2F 4�1�5/¡�2 < 0), we can show that F 4�1�5 < 0 for ∀� ∈

40115. Therefore, ¡W4�1�5/¡� < 0, for ∀� ∈ 401 1
3 5 and ∀� ∈

401 1
2 5.

(ii) When � ≥
1
3 , ¡W4�1�5/¡� = 412�2 −12�+15/4841−�55,

which is negative when � > 1
2 −

√
6/6. When � < 1

2 −
√

6/6,
we can check that M outbids N in both cases, and therefore
W B =W C .

Altogether, according to Propositions 1 and 2, when
� > �∗4�11�25, W C = W4�1�15 > W4�1�25 = W B ; when � <
�∗4�11�25, W C =W B =W4�1�25.

Proof of Proposition 4. (i) When � < 1
3 , DM 4�5 =

4642 − �5 + ��7641 − �5 − 41 − 2�5�75/4341 − �541 − �5 +

4��5 and DN 4�5 = 4641 + �541 − �5 + �43� − 15�741 − �55/
4341 − �541 − �5 + 4��5. By Equation (12), we have
¡G4�5/¡� = �F 4�1�5/4−3 + 3� + 3� − 5�� − �2� + �2�252,
where F 4�1�5 is a quadratic function of � and can be
proved positive. (If we write F 4�1�5 as A�2 + B� + C, we
can show A> 0 and B2 −4AC < 0.) Therefore, ¡G4�5/¡� > 0,
for ∀� ∈ 401 1

3 5 and ∀� ∈ 401 1
2 5. (ii) When � ≥ 1

3 , DM 4�5 =

4 1
2 − �5� +

1
2 and DN 4�5 =

1
2 − �/2. Therefore, G4�5 =

41 − �5�/4241 − ��55, which is increasing in �. Altogether,
¡G4�5/¡� > 0 for ∀� ∈ 401 1

2 5 and thus, according to Proposi-
tions 1 and 2, GC =G4�15 <G4�25=GB when � > �∗4�11�25,
and GC =GB =G4�25 when � < �∗4�11�25.

Proof of Proposition 5. Recall that b̂N = 6�̂1
N − �̂2

N 7
+,

b∗
N = 6�∗

N 4�1�15 − �∗
N 4�1�257

+, and �̂2
N = �∗

N 4�1�25. By
Table 3, �̂1

N is increasing in � (by simply checking the
first-order derivative) and thus �̂1

N 4�25 > �̂1
N 4�15 for all 0 <

�1 < �2 < 1. From Corollary 2, �̂1
N 4�5 > �̂2

N 4�5 for any � ∈

40115 when � ∈ 45
√

6/6 − 21 1
2 5. Therefore, �̂1

N 4�25 > �̂2
N 4�15.

As �̂2
N 4�15 = �∗

N 4�1�15 (because of the same information
structure), �̂1

N 4�25 − �̂2
N > �∗

N 4�1�15 − �∗
N 4�1�25. When � ∈

45
√

6/6 − 21 1
2 5, because b̂N > 0 by Corollary 2, IRB

= b̂N >
b∗
N ≥ min8b∗

M1 b∗
N 9= IRC for all 0 <�1 <�2 < 1.

Proof of Proposition 6. We plug in p∗
M 4�1�5 and

p∗
N 4�1�5 from Equation (5) into Equation (13), and want

to show ¡CS4�1�5/¡� < 0. (i) When � < 1
3 , ¡CS4�1�5/¡� =

41 − 2�5F 4�1�5/4241 − �56341 − �541 − �5 + 4��735, where
F 4�1�5 is a polynomial function of � and � with degree of
7 (�4�3). As we can show, for ∀� ∈ 401 1

3 5, ¡F 4�1�5/¡� > 0
when � < 3

7 , and ¡2F 4�1�5/¡�2 > 0 when � > 3
7 . In other

words, F 4�1�5 is either increasing or convex in �. Notice
that F 401 �5 = 41 − �524−33 − 8� + 22�25 < 0 and F 4 1

3 1 �5 =

−42/27543 − �52433 − 37� + 10�25 < 0 for ∀� ∈ 401 1
2 5, we can

conclude that F 4�1�5 < 0 and hence CS4�1�5 is decreasing

in � for ∀� ∈ 401 1
2 5, ∀� ∈ 401 1

3 5. (ii) When � ≥ 1
3 , we have

CS4�1�5 = 441 − 2�541 + 2�5/4841 − �55541 − �5, which is
decreasing in �. Altogether, according to Propositions 1 and
2, CSC

= CS4�1�15 > CS4�1�25 = CSB when � > �∗4�11�25,
and CSC

= CSB
= CS4�1�25 when � < �∗4�11�25.

Proof of Proposition 7. We first derive the second-
stage equilibrium prices. When M wins the first sponsored
slot, for �2 < 1/4341 −�55,






























p̃1
M =

41−�5��2 +2−�

441−�5�2�+341−�541−�2541−�5+3�41−�5

p̃2
N =

41−�5�2�43�−15+1−�2

41−�56441−�5�2�+341−�541−�2541−�5+3�41−�57
0

(21)
When N wins the first sponsored slot,



















p̃2
M =

��241 − �5+ 2 − �

41 − �54��2 + 35

p̃1
N =

��241 − �5+ 1 + �

41 − �54��2 + 35
0

(22)

(i) Substituting equilibrium prices in Equation (21) into
the welfare function in Equation (16), we can derive
¡W̃ 4�1�21�5/¡���=0 = �2H4�21 �5/4241 − �564�2�+ 341 −�25 ·
41 − �5735, where H4�21 �5 is a polynomial function of �2
and � with degree of 8 (�5�3

2 ). Following similar argu-
ments as in (iv), we can show that H4�21 �5 is decreas-
ing in �2 for ∀�2 ∈ 40115 and ∀� ∈ 401 �05. Furthermore,
H4 1

3 1 �5= 42/27543 − �526�4124�−
3
2 5

2 − 85+ 37 > 0 for 0 < � <
1
2 . Therefore, H4�21 �5 > 0, and thus ¡W̃ 4�1�21�5/¡���=0 > 0
for ∀�2 ∈ 4011/4341 −�555 and ∀� ∈ 401 �05.

(ii) The sales Gini coefficient in equilibrium is

G̃4�1�21�5=
1
2

−
D2

N 4p̃
2
N 1 p̃

1
M 5

D1
M 4p̃1

M1 p̃2
N 5+D2

N 4p̃
2
N 1 p̃

1
M 5

0 (23)

Substituting equilibrium prices in Equation (21) into this
expression, we can derive ¡G̃4�1�21�5/¡���=0 = 4��24A�2

2 +

B�2 + C55/4�2�2
2 − �2�2 − 5��2 + 3� + 3�2 − 352, where

A = �3 − 15�2 + 13� − 3, B = −2�3 + 18�2 − 22� + 6,
and C = �3 − 7�2 + 11� − 5. We can verify that B2 − 4AC < 0
and A < 0, and therefore ¡G̃4�1�21�5/¡���=0 < 0 for ∀�2 ∈

4011/4341 −�555 and ∀� ∈ 401 �05.
(iii) The equilibrium consumer surplus can be written as

˜CS4�1�21�5 = 41 −�5�2

[

41 − �541 − p̃1
M 5+ �

∫ 1

p̃1
M

4x− p̃1
M 5 dx

]

+ 61 − 41 −�5�2741 − �541 − p̃1
M + p̃2

N 541 − p̃1
M 5

+ 61 − 41 −�5�27

[

�41 − p̃2
N 5

+ 41 − �5
∫ 1

1−p̃1
M+p̃2

N

4x− p̃2
N 5 dx

]

0 (24)

Substituting equilibrium prices in Equation (21) into this
expression, we can derive ¡˜CS4�1�21�5/¡���=0 = 441 − 2�5 ·

�2G4�21 �55/4241 − �564�2� + 341 − �2541 − �5735, where
G4�21 �5 is a polynomial function of �2 and � with
degree of seven (�4�3

2 ). We can show that for ∀�2 ∈ 401
1/4341 − �555, G4�21 �5 is decreasing in �2 when � < 3

7 , and
G4�21 �5 is concave in �2 when � > 3

7 . Notice that G401 �5 =

41 − �52433 + 8� − 22�25 > 0 and G4 1
3 1 �5 = 42/27543 − �52 ·
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433 − 37�+ 10�25 > 0, we can conclude that G4�21 �5 > 0 and
hence ¡˜CS4�1�21�5/¡���=0 > 0 for ∀�2 ∈ 4011/4341−�555 and
∀� ∈ 401 �05.

(iv) We can calculate N ’s equilibrium profit in both cases:
�̃1

N = p̃1
ND

1
N 4p̃

1
N 1 p̃

2
M 5 and �̃2

N = p̃2
ND

2
N 4p̃

2
N 1 p̃

1
M 5 according to

Equations (15) and (14). We then have ã�̃N 4�1�21�5 =

�̃1
N − �̃2

N , and ¡ã�̃N 4�1�21�5/¡���=0 = �2F 4�21 �5/42741−�5 ·
64�2� + 341 − �2541 − �575, where F 4�21 �5 is a polynomial
function of �2 and � with degree of 8 (�5�3

2 ). We can show
that ¡2F 4�21 �5/¡�

2
2 = f 4�564�2�+ 341 −�2541 − �57, where

f 4�5 is an expression that only contains �. For a given
�, ¡2F 4�21 �5/¡�

2
2 does not change sign for ∀�2 ∈ 40115;

that is, 4¡F /¡�254�21 �5 is monotonic in �2. We can check
that 4¡F /¡�25401 �5 < 0 and 4¡F /¡�25411 �5 < 0, ∀� ∈ 401 1

2 5.
Therefore, 4¡F /¡�254�21 �5 < 0 for ∀�2 ∈ 40115 and ∀� ∈

401 1
2 5. Because we focus on the case where �2 < 1/4341 −�55

(= 1
3 at �= 0) and we notice that F 4 1

3 1 �5 = 42/27543 − �52 ·

432�3 + 244�2 − 523� + 1295 crosses zero from above
once when changing � from 0 to 1, F 4 1

3 1 �5 > 0 when
� ∈ 401 �05. By monotonicity of F , F 4�21 �5 > 0 and thus
¡ã�̃N 4�1�21�5/¡���=0 > 0, for ∀�2 ∈ 4011/4341 −�555 and
∀� ∈ 401 �05. We can further check that �0 < �∗401�25
(as defined by Equation (7)) for the given parameter
region, which validates the presumed bidding outcome
(i.e., bN < bM ).
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