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Abstract

Perishable goods, such as tickets, are often resold on different platforms
by various dynamic selling mechanisms. These platforms are different from
each other in many other dimensions, such as search algorithms, market
thickness and commission fees. This paper analyzes participants’ behav-
ior on eBay’s baseball ticket resale market and focus on the question that
how characteristics of a platform would affect sellers’ dynamic mechanism
choices. By modeling and structurally estimating buyers’ two-stage decision
process, I find that buyers are sensitive to price but the sensitivity has mod-
erate magnitude. Given the demand estimation, the dynamics of a seller’s
mechanism choice and pricing strategy can be captured by a dynamic model
with an outside option in the end. Counterfactual analysis suggests that
when sellers are more patient about future sales, they have less incentive to
use auctions. When a platform’s search algorithm is more related to prices,
or when there are more competitive listings available in the market, aver-
age auction share and average market price would decrease. The average
expected profits of sellers are also reduced. Besides, the average auction
share would not change significantly when increasing the commission fees
from sellers. Finally, if sellers are only allowed to use posted prices, both
average market prices and sellers’ average profits will decrease if buyers’
arrival process is the same.
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1 Introduction

The lower cost of changing prices on internet allows platforms to set more flexible
and various selling mechanisms to facilitate trading. Perishable goods, such as sports
tickets, are often resold online by various dynamic selling mechanisms. Different
platforms prefer offering different menus of selling mechanisms. For example, eBay
allows sellers to sell their goods by sequential auctions or dynamic posted prices.

While a batch of literature (Hammond (2013)[19], Hummel (2015)[23] and Wais-
man (2017)[31]) using eBay’s data shows that the multiple mechanisms will benefit
sellers, buyers or the platform, in real life, some big ticket resale platforms, such as
Stubhub, work well with only dynamic posted prices. These platforms are different
from each other in many dimensions other than selling mechanisms. Some important
questions to ask are how sellers decide their pricing strategies and selling mechanism
choices in the dynamic setting and whether they will be affected by other charac-
teristics of a platform. This paper tries to disentangle these questions by assessing
participants’ behavior on eBay’s ticket resale market.

According to the existing literature and empirical applications, the reasons why
participants choose auctions usually follow three arguments. 1) Competitive price
discovery: sellers are uncertain about buyers’ valuation. 2) Buyers’ or sellers’ hetero-
geneity: for example, buyers who have low valuation and high patience level or risk
tolerance are more likely to choose auctions. 3) Easy to sell: auctions always have
higher sales rates than posted prices. In a dynamic market, some of these advantages
can be achieved to some extent by dynamic posted prices only. For example, even
sellers cannot sell their goods in the current period, they are able to sell them later.
This continuation value lowers the sellers’ incentive to sell their goods in the cur-
rent period. On the other hand, it is not always costless to use auctions along with
dynamic posted prices. Even homogeneous goods can be differentiated by different
selling mechanisms, which will decrease the price competition among sellers. If the
reduction of competition is big, it may result in higher market prices even though
auctions always have lower transaction prices than posted prices. This may make the
platform less attractive to buyers in long run.

Participants’ selling mechanism choices may be affected by other characteristics of
a platform. Consider eBay for example, as an online platform with various goods to
sell, the amount of tickets available to resale on eBay is not large. On eBay, sellers
have more freedom regarding the ways to list their goods, such as using different
forms of their titles and different shipment fees. Since there is no strict policy could
guarantee buyers the tickets they want, the reputation (to be specific, the feedback
score) will affect sales. Also, the default search algorithm on eBay is Best Match
(Dinerstein(2014))[14] which is less related to prices. All of these will make buyers’
choices among listings less sensitive to price, leading to less price competition among
sellers. Further, this will affect sellers’ mechanism choices. To be specific, let’s con-
sider one example. Since sellers with higher quality goods usually set higher prices,
they can attract more buyers when buyers pay less attention to prices. Because the
profit of an auction increases significantly with one additional bidder as long as the



total number of bidders in the auction is moderate, the relative profits from auctions
to posted prices is higher for these sellers when buyers are less price sensitive. In
the model part, I will use some specific simulations to show how the relative profits
from posted prices to auctions varies when some interesting parameters of the model
change.

In this paper, I give a comprehensive empirical model to describe buyers’ and
sellers’” behavior. On the demand side, I divide a buyer’s problem into two stages. In
the first stage, a buyer chooses a listing to enter within her consideration set according
to her knowledge of prices, non-ticket information and noisy information about the
tickets. In the second stage, based on more specific information about the tickets, she
decides whether to buy the ticket and how much to bid if it is an auction. To simplify
the problem, I assume that buyers are myopic and their arrival rate to a specific
game’s listings in one period of one selling mechanism is determined by the game’s
characteristics and the time left to the game. On the supply side, sellers are forward-
looking. In each period, a seller makes decisions about which selling mechanism
to use and how much price to set based upon a dynamic model and his knowledge
of demand. Combining these two sides, I am able to figure out the conditions for
equilibrium prices and the probability of choosing each selling mechanism.

To get some evidence from real markets, I use Chicago Cubs 2015 MLB season
single home game tickets data from eBay. After doing some simple reduced form
analysis, I structurally estimate the parameters in my model. To be specific, on the
demand side, I use two-step method—uncover the distribution of willingness-to-pay
first using observed two highest bids and then solve for the arrival process/entry prob-
lem using sales data. To overcome the sample selection bias caused by the incomplete
data and the endogeneous price resulting from unobservables, I use a two-step method
and instruments respectively in the estimation part. Given the estimated parame-
ters on the demand side, I estimate outside options on the supply side by solving a
dynamic game for the inner loop and using GMM estimation for the outer loop. Con-
sidering the difficulty to solve a dynamic competition game with selling mechanism
choice, in the empirical part, I assume sellers are perfect foresight and the observed
market strategies are the results of the dynamic model. Therefore, instead of solving
the dynamic game for all the sellers simultaneously by backward induction, I plug
the observed market information about a seller’s opponents into his best response
function directly. Therefore, the problem is like a partial single-agent problem which
can capture the price competition to some extent

The estimation results show that both ticket and non-ticket characteristics will
affect buyers’” arrival rates to listings. The coefficient of price is significantly negative
but with small magnitude. The parameters in the entry model for auctions and posted
prices have different estimated values. The arrival rates to posted prices are always
higher than the arrival rates to auctions given the assumption that value distribution
is the same across different mechanisms. On the supply side, the results indicate that
when sellers make decisions, they also consider outside options in the end besides
continuation value from the dynamic model. The estimation results can predict well
the market aggregate observables, such as dynamics of auction share, equilibrium



start price level and its dynamics across time.

In light of the counterfactual analysis of this paper, I first consider how the par-
ticipants’ preferences, such as their patience about future, will affect their selling
mechanism choice. The results show that when sellers are more patient, they have
less incentive to use auctions. Then I focus on how the changes of market charac-
teristics, like the search algorithm, availability of listings and commission fees, will
affect the seller’s mechanism choice and the equilibrium prices. By transforming the
changes of market characteristics to the changes of price sensitivity and constant in
the arrival process, I show that when the search algorithm is more related to prices or
when there are more listings available in the market, average auction share and price
will decrease. What’s more, the equilibrium prices will be less dispersed. Finally,
by eliminating auctions from the mechanism menu, I quantify how the market prices
would change when sellers are only allowed to use posted prices. The decrease of
prices in this scenario can be explained by the lower continuation values of sellers
who prefer using auctions. Besides, sellers’ expected profits will decrease if we keep
other things the same. However, this result may be reversed if the lower market prices
can attract more buyers from other platforms in long run.

Although the literature about selling mechanism choice, dynamic pricing or se-
quential auctions is not rare, only Waisman (2017) structurally models and estimates
the dynamic pricing and selling mechanism choice problem for perishable goods as
far as I know. That paper, however, doesn’t explicitly model buyers’ entry prob-
lem to listings, especially, it doesn’t consider how buyers are sensitive to price when
they make their entry decisions. Besides, that paper treats each seller’s decision as
a single-agent problem and doesn’t take the price competition into account, which is
different from my paper. In the empirical part, to capture more market information,
I also try to rationalize both observed market prices and mechanism choices rather
than mechanism choices only. Finally, this paper also more focuses on how charac-
teristics of a platform will change the mechanism choices and market prices. These
new things mentioned in the paper will not only contribute to the existing literature
but also give some implication for better platform design in practice.

Road Map

The rest of the paper is organized as follows. Section 2 briefly reviews the literature
related to this paper. In section 3, I introduce the online tickets resale market and
specifically describe how the search pages look like on different platforms. Also, I give
a summary statistics of the data I use in the empirical part. Section 4 is the model
part for both buyers and sellers. I give some simple simulations after constructing
the general model. Section 5 describes the identification strategy and estimation
procedure of the paper. In section 6, after some reduced form analysis, I show the
structural estimation results of the paper. Given the estimation results, section 7 lists
some counterfactual scenarios for analysis. Section 8 concludes. Finally, in Appendix
C, I depict another model which has different assumptions about the sellers’ arrival
process. I do one-step estimation and counterfactual analysis using a subsample of
the data.



2 Literature Review

Literature related to this paper mainly includes three branches: mechanism choice,
dynamic pricing and sequential auctions, search and online platform. I briefly sum-
marize the related literature in each area here.

2.1 Mechanism Choice

The trade-off between auctions and posted prices has been studied in some theoretical
models. Wang (1993)[32] presents a model to analyze the choice between auctions
and fixed posted-price selling. He proves that a uniformly steeper marginal-revenue
curve favors auctions. The global steepness of the marginal-revenue curve is the same
to the dispersion around mean for a number of standard distributions. Caldentey
and Vulcanowe (2007)[9] analyze a single-period model in which a seller operates a
multi-unit, uniform price, online auction, offering multiple units of a homogeneous
good. Consumers can get the product from an alternative list price channel. They
consider two variants of this problem: In the first variant, the list price is an external
channel run by another firm. In the second one, the seller manages both the auction
and the list price channels. Ziegler and Lazear (2003)[35] model the auction cost
as impatience and found that posted prices will be chosen if the seller is sufficiently
impatient because they yield immediate transactions, while auctions have to last for
a amount of time regardless of whether a willing buyer arrives.

Recently, the arise of online markets provides more opportunities for sellers to
use various selling mechanisms with low transaction costs and for researchers to get
more available data. Waisman (2017)[31] analyzes the choices of sellers between
auctions and posted prices using NFL tickets. He finds that sellers benefit from
the availability of different mechanisms. Einav et al.(2016)[15] models the choice
between auctions and posted price as a trade-off between competitive price discovery
and convenience. Hammond (2013)[19] shows that differences across sellers’ outside
options are important: the value of the outside option segments the market with high
outside-option sellers choosing to post a fixed price. Hummel (2015)[23] constructs a
model that several identical goods are sold simultaneously via an auction and posted
price mechanism. He shows that bidders incline to bid more frequently near the end
of the auction and sellers prefer to simultaneously using auctions and posted prices.
Zeithammer and Liu (2006)[34] empirically test several possible explanations of the
coexistence of various selling mechanisms for selling the same good. Their empirical
test shows that both observed and unobserved seller heterogeneity are important for
seller’s mechanism-choice. Chen et al.(2017)[10] investigate sellers’ choices among
fixed-price posting, buy-it-now auction and regular auction. Coey et al.(2016)[12]
model buyers in the markets as having a deadline by which the good have to be
purchased and model sellers’ choice between auctions and posted price mechanisms
in continuous time. They find that as the deadline approaches, buyers tend to bid
higher and are more likely to buy through posted-price listings. Their empirical work
uses listings of new-in-box items on eBay to support their model.



Some papers focus the introduction of Buy-it-now option to auctions. Budish
and Takeyama (2001)[8] show that introduce an English auction with a buy-it-now
option can improve the seller’s profits by attracting some risk-averse bidders. Bauner
(2011)[3] studies the effect of BIN option in auctions for eBay sales of Major League
Baseball tickets. He models the choices on both sides. On the demand side, buyers’
choice among available listings; on the supply side, sellers make equilibrium decisions
when choosing sales mechanisms and prices. Anwar and Zheng (2015)[1] show that
with the buy-it-now option, some high valuation buyers buy the item before the
auction starts. When there is a single seller with many items for sale, this will increase
allocative efficiency and increases the seller’s expected revenue. When there are many
competing sellers, if sellers choose between the strategies of auction and buy-it-now
auctions, the buy-it-now auctions will be adopted with positive probability in all
equilibria.

2.2 Dynamic Pricing and Sequential Auctions

Sweeting (2012)[30] models and estimates sellers” dynamic pricing strategies for per-
ishable goods using eBay sales of baseball tickets. The analysis focus on the posted
price mechanism. It shows that some of the simplest dynamic pricing model can
describe seller behavior very accurately. Dynamic posted prices Deneckere and Peck
(2012)[13] studies a dynamic model of perfectly competitive price posting under un-
certain demand. After produce in advance, firms set prices for their rest output. In
each period, on the demand side, a batch of consumers is randomly activated. Exist-
ing customers decide to purchase at the lowest available price or delay their purchase
after observing the posted prices. They describe a sequential equilibrium where the
output is produced and its allocation is efficient. Their model can depict the price
pattern for airline tickets.

Jofre-Bonet and Pesendorfer (2003)[24] firstly attack estimation in a dynamic auc-
tion game. Subsequent to this, a number of papers have looked at this dynamics.
Zeithammer and Adams (2010)[33] develop a model with forward-looking bidders,
and showed both theoretically and empirically that bidders shade down current bids
in response to the presence of upcoming auctions of similar objects. Budish (2008)[7]
examines the optimality of eBay’s market design with respect to the sequencing of
sales and information revelation. Backus and Lewis (2012)[2] provide a framework for
estimating demand in a large auction market with a dynamic population of buyers
with unit demand and heterogeneous preferences over a unite set of differentiated
products. Hendricks and Sorensen (2014) offer a model, similar to Backus and Lewis
(2012)[2] but in continuous time and with a single product type, and analyze the effi-
ciency of the eBay trading mechanism.These two papers focus on the buyer’s decision
and don’t consider the seller’s pricing decision. Bodoh-Creed et.al (2016)[6] provides
a model of decentralized auction platform like eBay and accounts for the endogenous
entry of agents and the impact of intertemporal optimization on bids. They estimate
the structural primitives of their model using Kindle sales on eBay. They find that
over one third of Kindle auctions on eBay result in an inefficient allocation and par-



tial centralization would eliminate a large fraction of the inefficiency, but yield lower
seller revenues.

2.3 Search and Online Platform

Goldfarb and Tucker (2017)[18] summarize the five distinct economic costs associate
with the digital economy: search cost, reputation costs, transportation costs, tracking
costs and verification costs. Dinerstein et al.(2014) [14] studies a key trade-off associ-
ated with two important roles of efficient platform search algorithm design in guiding
consumers to their most desired product while also strengthening seller incentives to
provide low prices. They combine detailed browsing data from eBay and an equi-
librium model of consumer search and price competition to quantitatively assess the
trade-off related to a change in eBay’s search algorithm design. Ellison and Ellison
(2009) [16] show that retailers may engage in obfuscation—practices that frustrate
consumer search or make it less damaging to firms which results in much less price
sensitivity on some other products. Blake et al.(2016) [5] collect a dataset of search
and purchase behavior from eBay to quantify the implied costs of consumer search
on the internet. Hortagsu and Syverson (2004)[22] investigate the role that nonport-
folio fund differentiation and information search frictions play in explaining the large
number of funds and the sizable dispersion in fund fees.

Several papers combine the tickets primary market with the secondary market.
Leslie and Sorensen (2013)[25] estimate an equilibrium model of ticket resale in which
consumers and brokers make decisions in the the primary market based on rational
expectations about the resale market. They show which the presence of a resale
market permits tickets to be traded from low-value to high-value consumers, it also
encourages costly efforts by consumers and brokers to obtain underpriced tickets
in the primary market. Bhave and Budish (2014) [4] studies the introduction of
a novel variant of position auctions into this market by Ticketmaster. Combining
with secondary-market resale data on eBay, they show that the auctions on average
eliminated the arbitrage profits associated with underpriced tickets.

3 Data and Market

3.1 Tickets resale market

The data used in this paper is Chicago Cubs 2015 MLB regular season single home
game tickets from eBay. After the teams sell their tickets in the primary market
(e.g. via Ticketmaster in 2015), some of these tickets are resold on in the secondary
market. Sellers in the secondary market include brokers and fans who cannot attend
the games.

Tickets can be resold in secondary market via different sources. Most of them
are sold on some platforms which are specialized in selling tickets, such as Stubhub.
Relative small amount of tickets are resold on ebay which sells a wide variety of goods.
There are many differences between these two types of platforms. On Stubhub, sellers



are only allowed to list their tickets by posted prices. When buyers search Chicago
cubs’s tickets on Stubhub, they will see all available games in this season are listed
according to the event time. Some preliminary information is given on the first page,
such as the lowest price of the tickets for each game. When they enter the second page
after clicking one game, buyers can observe the section, row and price information
for each listing. The default ranking algorithm is from lowest price to highest price.
Buyers cannot observe any information about the sellers. Stubhub offer a guarantee
that buyers can receive the tickets they want, so the reputation of sellers is not
important here. Also, since most of the tickets are electronic tickets, no shipping fee
is needed. Stubhub charges average commission fees of 25% over transaction prices
(15% from sellers and 10% from buyers). See Figure A4 and A5.

Unlike Stubhub, on eBay, sellers can sell their tickets via different selling mecha-
nisms: auctions, hybrid auctions with a buy-it-now option, posted prices and posted
prices with an option for bargaining. The available amount of tickets sold on eBay
is relative small. When buyers search Chicago Cub’s tickets on eBay, they will find
different games’ tickets are listed according to the best match algorithm by default.
Buyers can choose to buy from auctions or posted prices using the options on the
page. Further, buyers can search tickets for a specific game (see Figure Al and A2).
Still, the default ranking is not from lowest price to highest price. Except the row,
section and prices information about tickets, different listings also differentiated by
their shipping fees, sellers’ feedback score, listing titles and even images. Some listings
don’t list all the information such as row and section on the first page, buyers have
to enter the second page to get more information (see Figure A3). Although sellers
will be punished, for instance, getting lower feedback score, if they cannot offer the
tickets they list to the buyers, no strict policy guarantee buyers the they want in the
end. Partially because of this, eBay only collects 10% commission fee from sellers.

These differences between two platforms mentioned above give us some ideas about
how to construct the counterfactual scenarios later.

3.2 Summary Statistics

The data sample I use includes listings of 2015 Chicago cubs 102 home games listed 15
days before the event time. For each listing, I can observe the title of the listing, row
and section numbers of the tickets, event time, listing time, selling mechanism, start
prices, transaction prices, reserve prices, two highest bids for auctions, duration of
auctions, sellers’ id and first three zipcode, buyers’ id and first three zipcode, stadium
zipcode, the number of tickets listed in each listing and the number of items sold.
According to the event time, I can identify different games and opponent teams in
the games. Further, I can find the opponent teams’ performance rankings in that
season. Since it is hard to find the face value for each single game with specific seats
number, here I use the season ticket information (see Figure A6 and A7) to collect
the face value information of each ticket.

Table Al-Table A9 report the summary statistics of the characteristics. Here
weekdays is 1 if the game is on Friday and Saturday, 2 if the game is on Sunday



and 3 otherwise. The smaller the number of opponent means the higher ranking the
opponent has in 2015 season. To simplify the problem, I treat a buy-it-now auction
as an auction unless its buy-it-now option is executed. To simplify the problem, if a
listing sells multiple tickets, I repeat the listing by the number of its tickets. By doing
this, I can ensure each listing only sell unit ticket. In other words, I will not consider
the complementarity of a ticket package. From Table A8. we see about 2/3 of the
tickets listed in posted prices and 1/3 of them are listed in auction format. Auctions
have relative higher sales rate than posted prices. Table A9 summarizes the relative
prices (start price/face value and transaction price/face value) for each mechanism.
The average relative transaction price is higher than relative start price. The relative
prices for auctions are lower than those for posted prices.

Figure 1 and 2 show how the relative start prices and transaction prices vary
across time. When it is close to the game, the relative prices decrease. Along with
the decreasing prices, the transaction rate increases dramatically along with the time
except the last two days for auctions.

Finally, Figure 3 and 4 depict how the auction share of all the listings and of trans-
action listings across time. We see, overall, the auction share decreases dramatically
when there is less than 5 days left to the event time.

According to the figures and data, I find there is only two listings of auctions being
sold in the last period. The start prices of auctions in the last period are high and the
same as ending prices except one auction listing. In the last period, since games will
begin soon, auctions are similar to posted prices. Also, in the estimation part, I find
if I include auction listings in the last period, it is hard to estimate the arrival process
of auctions given the value distribution estimated from observed bids. Therefore, I
treat the auction listings in the last period as posted price listings.
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4 Model

4.1 Setting

There are T periods before the game. Each seller and buyer have unit supply and
demand. In period t, the number of buyers who arrive game g and mechanism M is
NP, which follows a Poisson distribution, namely, Nj/'" ~ Possion(A}{7).

Assumption 1 The arrival rate of buyers A%B follows the exponential model
A%B = exp(py'® + pM'Bt + péwBXgl);

Here X ; contains the general information of game g, such as the opponent team’s
ranking in season 2015 and the weekdays of game g. p}B, pMB pMB are observable
to the sellers and buyers but unobservable to researchers.

Sellers randomly arrive each game. Denote the set of listings of game g with
mechanism M in period t as GM.

In the Appendix C, I show a model where the arrival rate of sellers also follows a
Poisson distribution.

The platform collects commission fees from buyers and seller. The rate of com-

mission fees are 71 and 7, respectively.

4.2 Demand

Before entering a listing in G}/, each buyer only has noisy information X? related to
the payoff from each listing. Except the game information X gl, the noisy information
may include the section and row numbers, prices and shipping fee listing on the first
page. Buyers choose one listing to enter based on this noise information. We express
the payoffs of entering listing j€ GM based on the noisy information as

VZ% = Oz{ijt + aéVIXJ2 + aé\/[Xg1 + eiljt,Vi,

1

where ¢, follows extreme type one distribution.

According to the property of Poisson-Multinomial distribution(Chen(2017)[11}), the
arrival rate for the listing j.

exp(aMpj, + aé”Xf)
> jeauerplar’pi + o' XF)
or
log(\{P) = ™% + o Pt + py" P X} + 0" pjy + ad' g — log( Y | exp(oy'pje + 03'x;)).
jeaGM

MB _ \MB
AT = Ay

To simplify the notation below, I denote all the parameters in the arrival process
model as O1.
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There are some points I need to mention here. First, the model implies buyers
exogenously choose among games and then endogenously choose among different list-
ings within same games. Second, in this model, ol capture the price sensitivity in
a buyer’s entry problem. «j! can represent how the entry decision of each buyer is
related to the good’s characteristics or quality. If information of the good’s charac-
teristics is more noisy, the arrival rate may be less related with X JQ , namely, ad? is
smaller. According to the Poisson distribution, we have
e i"

(A"
n!

After entering the listing, each buyer realizes her value from the good. For V
buyer i, her value for listing j is v;; which is independently drawn from a distribution
F,(-|X ]3) X ]3 includes the specific characteristics of the ticket, for example, ticket’s
face value, row and section numbers on the second page. [ can parametrize the
distribution, for example, in the empirical part I assume log(v;;) = 11X j3 +(y+e2e?
follows normal distribution with mean p, and standard deviation o,,(, is the fixed
effect of the game. Denote the parameters in the value distribution as ©2.

I assume buyers are myopic, which can be extended in the future. If ticket j is sold
by posted price, then buyer i’s expected payoff is

Prob(N}'® =n) = Prob(,p;, Xj, X7) =

‘/ijt(Xjaptv @)

1
= S — (1 )p) Prob(NE = nl A58, NEP > 1),

where X; = {X}, X7, X7} and 0 = {6",6°}.

Buyers will buy the ticket as long as v;; > (14 71)pji.
If ticket j is sold by auction, then buyer i’s expected payoff is

‘/;jt(ﬁla Xj7pt7 6)

B~ (bije) ,
= Yomaxl [ (8P~ (14 ) B@)FR 01X - 1)

bijt

Dj:
+(By7" (vig) = (L 7)) 3 (0] X, n = 1) Prob(Nie p_y = A", Nijip, -1 = 1)

Here, F3(v|X?,n) is the distribution of the second highest value among n buyers

who arrive auction j during the auction duration Dj;. Bf) 7 is buyer’s discount rate of
an auction if the auction’s duration is Dj;. If we simplify eBay’s auction to second
prices auctions® , then we can solve for the buyer’s optimal bidding strategy:

Djy
(1 +7)bije = By vij.
1Here, I ignore the snipping problem in eBay’s auctions. Snipping in eBay’s auctions has attract a lot market
designer’s attention, such as Roth and Ockenfels (2002)[27] and Ely and Hossain (2009)[17]. Also, if we consider the
discrete bid increments in eBay’s auction, the bidders at electronic auctions tend to engage in shading instead of
revealing their valuations as in the second price auctions. See Hickman et al.(2017)[21].
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4.3 Supply

Each seller makes his decision in two stages: first, he chooses which selling mechanism
to use; secondly, he decides the price and auction duration. Since it is a finite period
problem, I use backward induction to solve his optimal decision. Here I assume sellers
are risk neutral.

4.3.1 Myopic sellers

If the seller choose a posted price, then his value function is

Hﬁ(va @)
= maxF[(1 — Tg)(])ﬁ — ¢;)Prob(v(? > pﬁ)|NﬁB =n| X Prob(NﬁB = n])\ﬁB) + eﬁ

Py
= ;;p(X;,0) + €.

If the seller choose an auction, then his value function is

HﬁfD(Xja @7 /81)

1 2
_maxz > E[Prob(s " o mgny, 1 2 T 2 B Dity® ey, ) (1=T2) (=)

T
7 Nt+D 1
Jt—
Djt (2)
+Pr0b(51 vnt+---+nt+Djt—1 Z rjt)
(2) Dje, (2) AB _ AB
E[(1_T2)(Unt+~--+nt+Djt—l_Cj)|61 Unt+~~~+nt+D je—1 2 ’rjt”N»t = nt7 . th+D]t_1 nt+Djt—1 X
Prob(N4B = n,, ..., N4B =n NGB NE D ) e
gt T T e jt+Dj—1 — Ti4Dje =11\t 5 - Njt4Djy—1 jt

= maXW]tD(X], O) + 6

Tjt

—A
= 1;p(X;,0) + Eﬁ'

Here eﬁ is a seller-mechanism-platform-specific idiosyncratic shock which is inde-

pendent of price and ¢; is the cost.

Assumption 2 Sellers have perfect foresight of the market evolution process and list
auctions until they end.

According to the property of Poisson distribution, if buyers’ arrival rates to list-
ing j are {\js, \jt—1, .-, \jeyp,,—1}, the number of buyers arrive auction j with dura-
tion D in period t, namely NﬁBﬁ p, follows Poisson distribution with A;; p

ZT:t—i-Djt—l s
— JT

T=t

ji—1 =
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Given Assumption 2, we have

HﬁD(‘Xj? O, f1) maXZE PTOb(B W= > 6 " V(L= 7)1y — ¢5)

Tt

+Prob(B"v® > rp) E(1— m)o@|B7 0 > rp)|ING5, =)
xProb(Nﬁﬁ-t,Dﬁ,l = n|/\jt...Djt—1) + Gﬁ

- H%a“X7ﬁD(Xj> 0,81) + ;¢

Jt

—A
=10,,(X;,0,5) + €.

D;t = argmafﬁDthﬁD(Xj, O, 51) = Hﬁ(Xp 9751)

The choice of Dj; is a complicated problem. On the one hand, if the auction has
longer duration, it can attract more buyers; on the other hand, buyers will discount
their bids duration is longer.

4.3.2 Forward-looking sellers
If the seller choose a posted price, then
Hﬁt (Xj’ @7 62)
= mng[(l — Tg)(pﬁ5 — cj)Prob(v,(Ll) > pﬁ)

Py

+Prob(vi) < Pi)Bellii1 (X, ©)|NLP = n) x Prob(NLP = n|AEP) + ek

—P
= IL;,(X;,0) + k.
If the seller choose an auction, his value function from the auction given he chooses
duration Dj; is

HﬁD(Xj,@,ﬁl maXZE Prob(p; Dity, > > By Dt V(1 — ) (1) — ¢)

Tt

+Prob(B v > ri) E(1 = @8 v > ri)|INiP, b, =]
+PT0[)(UT(11) < rjt)ﬁ2Hjt7D(Xj7 @, 517 52)|N]{Ltl..B;'thjtfl = 7’L] XPTOb(N]{Lt‘..B;'thjtfl = n‘)\jtijtfl)‘i‘Eﬁ
= H}naXﬁﬁtD(X]a @7 /817 62) + Gﬁ
—A
= Hth(Xj7 @a Bla ﬁQ) + Eﬁ‘
D; = argmazp, 155 (X5, 0, 61, f2) = 14(X;, 0, b1, o)
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Here [, is the discount rate of the continuation value.
Outside choice

o _ 79 o

Choose mechanism has highest value.

Hjt(Xj7 67 ﬁla ﬁ2) = MEI{nAagO}{Hﬁ(Xj’ 67 ﬁla 62)7 Hft(X]v 67 52)}7 H]Ot .

M

jt
=0 . .

construct IL; in the following way.

Since e follows extreme type one distribution and similar to Rust(1987)[28], I

—A —=P =0
e — Bolog(exp(Lyy 1 (X, ©)) + exp(ll; 1 (X5, ©)) + exp(Boll; (X5, 0))) ¢ <T;
7t B2 * outside; t="T

where outside; = 7§ + 75 x facevalue;. Denote v = {79,73 }.
The equilibrium prices for different selling mechanisms can be solved by the first
order conditions of expected profits.

an_;;(Xj, 0, 5,)
apl;

6Pr0b(v§b1) > ph)

= {E[(1 =) Prob(v) > p},) +ph(1 — 1) o0
n J
aProb(v,(ll) <ph)
+Bo1L 1 (X, ©) 22| Ny = n]

apl;
X Prob(Nyj; = n|)\thB)

8PTOb(th = n|pjt7Xj7 @)} =0
apl;

—l—E[pﬁ(l — 75) Prob(v,, > pjpt)|th =)

where

Prob(v!) > ph) = (1 - F(pl)™)

dProb(v, > ph)
op};

dProb(v, < pl)
apl;

= —nF(pﬁ)nilf(pﬁ)v

=nF(ph)" " f(ph),

e—AﬁB ()\ftB)n

n!

Prob(Nyj = n]pﬁ,Xj, 0)=

)
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and
8PTOb(N1jt = n|p£57 Xj: @)
apl;
Y e g

B PB, M
— o Aiag”

= ph'(©)
Similarly, L
8HﬁD(Xj7 @, 517 52)
orj

= > {B[Prob(8 " vl > 75 > B ) (1 — ),

—I—Prob(ﬂf)jtvff) > 1)1 — TQ)E[U'I(ZQ)|Bll)jt/U'r(12) > T;t]

—I—Prob(,BIDjtvfll) < 75t)Balljs-p(X;, O, By, B2) | Ny = nl
aPT’Ob(NUt = n|)\jt.‘.Djt—1)

Brjt
+;{E[<1 - mm%%) (1 R 6D ) —n ;5; (1- >F<6T>f<67>
Tit \n— ST (X'7@761762)
+nF J.nlf J. jt—D J. Ny =
nF o) ) o | )

X Prob(Nyjs = n|rj, X;,0)} =0,

where
—AAB (\ AB\n
e it (N
PT’Ob(Nljt = n\rjt,Xj,@) = —T<l' L )
and
OProb(Nyj, = n|Aj.p,,—1)
(9rjt
_)\AB n _)\AB n—
e NENEBY e N (B
— oy Ajag

= r;t(@)

Notice that these FOCs are a seller’s best response functions to other sellers’ pricing
and selling mechanism strategy. Solving this dynamic game simultaneously is very
complicated. Also, there is no existing model which solves both dynamic prices and
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dynamic selling strategies for competing sellers. To make the problem tractable, in
this empirical part, I assume the observed market prices and choices of mechanisms
are solved by this dynamic model. Combining with Assumption 2, when solving a
seller’s dynamic optimization problem, I will put the observed other seller’s strategy
into the seller’s best response function. This simplification makes the game like a
partial single-agent problem which can be solved and estimated in the empirical part.

4.4 Analysis of two-stage models

Before I empirically solve the dynamic model, here I analyze two-stage games with
different specifications to see how the difference of profits between posted prices and
auctions will change when some interesting parameters in the model change.

To be specific, I compare Hﬁ(Xj,G) and Hﬁ(Xj,G) with the change of price
sensitivity «}?, constant in the arrival process p}'?, B; and (. The comparison
o1l t( 751)

can be divided into comparing I15 (X}, ©), 81 and I15(X;, 0, 51, f2), and
A
Mi00%)  For example, for

(‘91—[;;()(]-,@,62)
dat

= {E[p;,(1 — ) Prob(v, > p},) + Prob(v" < ph) BTl _1(X;, ©)|Nj = 1]

e Nt ()\ﬁB)n + ne—AﬁB(/\ﬁB>n—1 .
% n! })\gt
Pgteﬂfp(% i+ ag X37) 3 explaipy, + oy X7) — exp(ai’py, + oy X7) - exp(al pjy + 03 X3)pje
[ eap(aipjy + oy X3)1?
aﬂﬁ(va 67 517 62)
dai!

=Y AB[Prob(8y" v > 15, = B vl (1=m3)r+Prob(B v > r3,) (1=72) B 870 >

%

+Prob(v7(f) < 1t)B2llje-p(Xj, O, By, B2) | Nje = nl

—e*’\ﬁB()\ﬁB)”—l—ne 4 ()\AB)n 1

- Hambdal”
Ay2 Ay2y A2 A
riexp(airy, + a5 X2) Y exp(afry, + o X2) — exp(ai'ry, + a5 X7) 3 exp(afry, + o X7 )th}
[Z el‘p(al i+ Oé?Xf)] ’

. . aHA X e, ,
Similar to other parameters. and %51_62)

For@,Iusepé/I:Oora{V[:OorBl—lorﬁg—l.
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The information we can get for the bound is when )’ = 0, we have 1 — F,(r},) =
T;tfv(r;t)' N
Hjt(Xj7 0) =

> ABI(1=m2) (1= F(p},)") =npye(1=72) F (05,)" " f (0}) [ Nje = n]x Prob(Nije = n|X3") = 0.

Since the comparison depends on how we set other parameters. Here, I solve the
problem in four simple cases. For all of the following cases, I assume there are five
listings 7 € 1,...,5 in the market for the same game in each period of each selling
mechanism. Sellers make their price strategy simultaneously in each period. X j2 =
X2 =j,m=10,=1and v;; N(X},00). ;"% = p3'? = 0,i.e. Agt"P = exp(py'?)
and 8 € {0.9,1}.When t =2t =0 and D = 1.

Case 1. outside = 0.5 % j,Bo = 1,ad! = 0.5 and p}!P = 1,a' = ol which change
from -0.5 to 0

period=2, =1 period=1, 4=1

8 L L L L L L L L - L L L L L L L L
05 045 4 43 3 4B 02 B 41 A6 0 05 045 44 4B A 4B 4z A5 A1 00 bl

Q 4]
“ 1
period=2, 3=0.9 period=1, 3=0.9
01 T T T T T 05 T T T T T
_________________ =
' 1
e U x(Z—
0.1 _x1=3“
L - x1=4
l\:o x5
(1 1
&
K
B
SV S S S SR S S S B I T T S N S S S
05 L45 04 L35 03 025 42 D15 {1 005 0 45 45 04 436 a3 425 02 015 D1 005 0
o] 4]

1 1

Figure 5: Simulation under Case 1

Case 2. outside = 1 +0.5% 5,8, = 1,a} = —0.5 and ! = 0.25,p5'% = pf’? which
from 0.8 to 1.2.

Case 3. outside = 0.5 j,3, = 1,a = —0.5 and o = 0.25,p3'% = pl’P which
from 0.8 to 1.2.

Case 4. outside = 1+0.5%j,a}f = —0.5, adl = 0.5,0{'% = pI’® = 1 and S, change
from 0.8 to 1.

Under these settings, we see from Figure 5,6,8,9 overall, the relative profits of
posted prices to auctions increase when buyers are more sensitive to price, the average
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Figure 7: Simulation under Case 2(2)
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Figure 9: Simulation under Case 4
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ratio of buyers to sellers decreases, buyers discount auction more or sellers discount
continuous value less. This is especially true for the listings with high values. This
is because these listings always set higher price than average market price. When
buyers are less sensitive to price in the entry stage, more buyers will enter their
auctions which significantly increases the auction profit when the number of bidders is
moderate. Also, from Figure 7, we see the average prices of all the listings decrease as
buyers are more sensitive to price for both selling mechanisms. This can be explained
by the fiercer price competition among sellers.

Since in the empirical part, I assume the observed market prices are the optimal
prices from solving the dynamic problem. Here, I check how each seller’s price strategy
will change when plugging other listings’ optimal prices directly into its dynamic
model. The differences between prices in the new setting and original setting are all
smaller than 1072,

5 Identification and Estimation

In this section, I discuss the identification strategy of the paper. Then I present
estimation procedure which is based on the identification argument.

5.1 Identification

The primitives in the model we wish to identify include 6, 5, ,02 and the v, in the
outside option. I will show how # and 7, can be recovered using observed data given
B1 and f3s.

First, using auction bids and the sales data of both posted prices and auctions, I
can recover the primitives on demand side. According to the model part, we know a
buyer’s bid in an auction satisfies the following one-to-one mapping given the buyer
is myopic and ;.

Djt
(1 + Tl)bijt = UZ—l
The distribution of bids and the distribution of values satisfy

D
ﬁl gt 1,
F(b) = Prob(by, < b) = Prob(lv:]r —<h) =P () o7

Therefore, given [, we can identify the distribution of values based on the distri-
bution of bids. However, usually, we have no information about the potential number
of bidders for an auction and can only observe a truncated distribution of the bids.
To solve this problem, I use the method given by Song (2004)[29] and make use of the
two highest bids to recover the distribution of bids. Denote bjand b, as the highest
and second highest bids.
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Evaluating it at by = by = 0.

1(b) = F¥(b) = g"(b]b) — g" (b[0) F* (b).
Since there is only limited data, considering the high dimensionality problem with

nonparametric method, I use parametric estimation. Assume v follows log normal
distribution.

log(vij) = X} + (g + €7

where €7 follows normal distribution with mean g, and standard deviation o,. (, is
a game specific fixed-effect. I assume ., and o, are the same across all the listings in
the market.

log(bi;) = Bilog(vi;)
= (X + ¢ +¢7)
=BX}+C +en
where ¢, follows normal distribution with mean p; and standard deviation oy. Cg
is a game specific fixed-effect.

Assume the error term is still independent of X ]3 and (3. We can regress the two
highest bids on X J?’ without constant first and get the consistent estimation of 4% and

C;? . Using the consistent error term log(b;;) — 'y’fX;)’ + Cg and ¢°(by|bsy) = 1f;fz£2), we

can recover (i, and o, by MLE (similar to Waisman(2017)[31]).

Without knowing i, it is hard to identify FY(-) from F°(-). However, we can
utilize the identified information about F®(-) to uncover the arrival process of buyers
to auctions. Based on the model, the probability of making a sale for an auction is

Prob(sell, 1) = ZProb(th =n)(1— Prob(v,BDjt < (1+m)r)")
n=1
—AAB AB
/\
— Z ) — Fb(l +71)re)")

Since

exp(aitr + o X2 )

)\AB )\AB
> exp(od'ry, + o4 X2 1)

We can recover {p?8, a4} using the observed sales data and identified distribution
of bids.
On the other hand, the probability of making a sale for a posted price is

Prob(sellj,) = ZProb it =mn)(1— Prob(v < (1+7)pjs)")
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Dy

=3 Prob(N; = n)(1 — Prob(v® " < [(1+m)p "))

_ ZMQ — F([(1 + n)pjt]ﬂfjt)”),

The identification among the constant in the arrival process, price coefficient and
(1 heavily depends on the function form given the limited data. To get a better iden-
tification of other parameters. In the estimation part, I will make some assumption
about the value of ;.

Note that since prices come from seller’s maximization problem with the expected
demand in equilibrium, there is an identification problem of the coefficient of pj;;
if there is some unobservables on demand side. I will use instrument later. One
potential instrument is the distance between sellers and stadium?.

So far, we have identified all primitives on demand side. For seller’s part, if we
assume sellers are risk neutral, the only thing we need to recover is the parameter v,
in outside options. Given the discount rate of future 3, we can identify ~, well using
the observed prices and mechanism choices data of sellers.

5.2 Estimation Procedure

5.2.1 Demand Side

According to the data I have, X J?’ includes face value, row and section numbers of the
tickets. Also, I can observe the two highest bids b§1) and b;z). I use LSDV method to
estimate 7* and Cg. After getting the residual 51()1) and 51(72) ,we can recover [, and oy,
by MLE according to
<z><a§f )
2)
—® 55(, )
Ae ))
( zb)>
Given the bid distribution for the games with auctions transacted, we can use this

information to continue the estimation of the arrival process for these games’ auction
listings by MLE, including the ones haven’t transacted. First, for auctions,

1 2
g(el|e?) =

LLIK (11, 03) Z log b ),

LLEK,(p"B, a?) = Z log[Prob(sellja|p™?, a™)].
J
Since when we estimate the distribution of bids, we only use the listings who have
two highest bids. There is a potential sample selection bias (Heckman(1979)[20]). To
overcome this, I use a two-step method similar to Powell(1994) [26]. I first estimate
the probabilities that a listing has two highest bids given the initial estimation

2This instrument is also used in Sweeting (2012)[30].
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Prob(n, > 2) = ZProb(th =n)(l— Prob(vﬁDﬁ < (T4 7)rj)"
n=2

—nProb(UﬁDjt < (T4 7)) % Prob(vﬁDjt > (14 7)rjt).

Then plug them into parametric part of the bids function and re-estimate all the
parameters.

For posted prices, we estimate {p7'Z, ap} using MLE for 3, = 1,namely, assume
the distribution of value is the same across different selling mechanisms and the
distribution of value is the same to the distribution of bids given 7, = 0. The log
likelihood in this process is

LLK3(p"", ap) = Z log[Prob(selljp|p™®, ap)).
J

To overcome the endogenous problem of price in the arrival process, I choose
the distance between sellers and the stadium as instruments. These instruments are
potentially workable because they are not related to the unobservables on the demand
side but related to the prices. Sellers who live near the stadium are more easily to
attend the game when their tickets are not sold than sellers who live far away.

5.2.2 Supply Side

I assume all the sellers are forward-looking. They set their prices and mechanism
choices based on a dynamic problem given their expectation about demand and other
listing’s characteristics, including prices. As mentioned above, to simplify the prob-
lem, I assume the observed market prices and mechanism choices are solved by this
dynamic model. Combining with Assumption 2, the problem is similar to solve a par-
tial single-agent dynamic problem. To be specific, for a listing j in period t for game
g, we solve the seller’s dynamic problem by backward induction from period T to t
for both selling mechanisms. In each period 7 € [t, T, the opponents of listing j are
the listings observed in period with specific selling mechanism M except listing j. The
observed market information about opponent listings’ characteristics and prices are
plugged into seller’s best response function from t to 7. Combining with the estimated
demand information, we can solve for each seller’s optimal prices and corresponding
expected profits. Given the expected profits {Hﬁ, H?t}, sellers compare them with
the outside option Hﬁ and choose which mechanism to use and whether to sell in the
current period or not. Given the probability of choosing each mechanism in period t
and the pseudo prices from the dynamic problem, we can construct moments using
the observed mechanism choices and prices. I use GMM to estimate the parameters
V2
The objective function of the GMM estimation is

—_ —

IA — Prob(Auction) leov[ I — Prob(Auction)

I/,
pt —pM pit —pM

obj = [
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where

—

Prob;,(Auction)

A
exp(Il;, 1 (Xjee1, ©, B, 2))

P
€$P(Hjt+1(th+1, ©, A1, B2)) + €$p(Hjt+1(th+1, ©,51)) + €$p(Hjt)

—=A P =0
7o — Bolog(exp(l; 1 (X, ©)) 4 exp(Ilj (X, ©)) + exp(Bell; 1 (X;,0))) ¢ < T
it Ba * outside; t=T

where outside; = 79 + 3 x facevalue;.

In addition to the simplification above, when doing estimation, I use some other
tricks to reduce the computation burden. First, I use grids of the observed linear part
71X ]3 +(y in the buyer’s value distribution part for each period. I assume the optimal
prices, selling mechanism decision and the seller’s profit in each period are functions of
the linear part. This simplification implies that if two listings have same ~; X ]3 + (4 in
period t, they must have same o}’ X7 +a3’ X, A\)/” and opponents in period t. It may
be true because the linear part in value distribution includes more specific information
about the tickets. There are two violations of this: 1) Two listings sell exactly the
same tickets in the same period but with very different non-ticket characteristics; 2)
two tickets have the exactly same realization of the linear part but for different games.
These cases are not common considering the small volume of tickets sold on eBay.
Then after solving for the optimal sellers’ strategies for the selected grids, I can use
interpolation to get the decisions and profits for other realizations of the linear part.
Also, considering I treat the auction listings in the last period as posted price listings,
I restrict a seller’s selling mechanism to be posted price only for the last period when
solving the model.

6 Results

6.1 Reduced Form Analysis

According to the model I construct above, I first do some reduced form analysis.
Table B1 shows how the probability of a listing to be chosen is related to the listing’s
characteristics. Columns 1-3 use simply linear models and column 4 is the result of
conditional logit model where a group is defined as the set of listings for the same
game in the same period. Overall, we see a listing is more likely to be sold if it is sold
by auctions. Face value, sections and other characteristics of the tickets significantly
affect the probability of transaction. Similar to Figure 2, transaction probability
decreases when the time is close to the event. The coefficients of log(start price) are
always negative as expected. Finally, some non-ticket information, such as shipping
fee, also affect the probability of transaction. To see how the results change within
different selling mechanisms. Table B2 and Table B3 report the results for auctions
and posted prices respectively. They show similar results.
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Next, I run simple regression to see how the transaction prices and start prices
are affected by the listing characteristics. From Table B4, we see auctions always
have lower transaction prices. The transaction prices decrease as the time is close to
the event and concave overtime. Table B5 shows the start prices also have the same
pattern.

Finally, we briefly see how the selling mechanism choice affected. Column 2 in
Table B6 shows auction share decreases as the time approaches the event and is
concave with time. Also, tickets with higher face value seem more likely to be sold
by auctions.

6.2 Structural Estimation

6.2.1 Demand

I first estimate the distribution of bids and arrival process on demand side without
considering the endogenous problem of prices. The first two columns in Table 2 give
the estimation results for auctions and posted prices respectively. Correction means
whether the estimation for the distribution of bids has been corrected for the poten-
tial sample selection problem. The estimation results in the arrival part are the ones
after the correction. We see the coefficients of prices are positive in both mechanisms,
which counters our intuition. Therefore, I use instruments to deal with the potential
endogeneity. As mentioned above, I use the distance from sellers to stadium as in-
struments. I denote the instruments as {distancel, distance2anddistance3} meaning
the distance is less 25 miles, 25 125 miles and more than 125 miles respectively. Table
1 shows the results for regression of start prices on the instruments and other control
variables. The start price is significantly related with the distance variables. The
coefficients of distance2 and distance3 are negative because sellers are more difficult
to attend the games by themselves when they live far away from the stadium and
thus they are more likely to set lower prices than sellers who live near the stadium.
The results with IV are also shown in Table 2. First, from the lower part of the
table, we can find the estimation of +; in the bid distribution part, all the sign of the
coefficients are consistent with our expectation. When buyer’s valuation of a ticket is
higher when the face value of the tickets is higher, when the section number is lower
or when the row number is lower. Variable Prob represents the probability that we
can observe two highest bids in the auction. From Figure 10, we see the correction
sightly change the value distribution (red solid line v.s. black solid line). In the arrival
process part, we see weekdays, days to go and prices significantly affect the arrival
rate for both auctions and posted prices. The weekend game attracts more buyers.
When the time is close to the event, overall, the arrival rate of buyers is higher. Also,
the start price will affect the arrival rate to each listing significantly although the
magnitude is not large. For posted prices, some other characteristics of the listings
such as the lower shipping fee will attract more buyers. I also try s = 0.95. I find
the estimation results of arrival process are similar (see last column in Table 2).
Figure 11 shows how the arrival rates of both selling mechanisms change over time.
We see both of them are not large and increase over time. Since, as mentioned above,
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I treat the auction in period T of the data sample as fixed prices, we can see that in
period T, the arrival rate of posted prices significantly increases. Figure 12 reports
how the estimation results perform for both selling mechanisms, where the red solid
lines depict the observed market transaction rates and the black dash lines represent
the predicted transaction rates. We see with the given estimation parameters, we can
generally predict the dynamic pattern of transaction rates across time well.

Table 1: Test IV

@) )
Variable Auction Posted Price  Auction Posted Price
constant 63.0796***  69.9661*** 55.1472*%**  69.2244***
(1.5207) (0.9463) (1.5955) (0.9899)
Distance2 -6.0050***  -1.3950*** -5.2058%**  _1.4734%**
(0.6967) (0.4947) (0.6945) (0.4956)
Distance3 -5.1008***  _8.9107*** -5.5601**%*  _8.,9921***
(0.6567)  (0.4188) (0.6535)  (0.4200)
titlsection  0.1641 -0.0113 0.1177 -0.0159
(0.0895) (0.0591) (0.0890) (0.0591)
titlrow -0.0147 0.0173 -0.0363 0.0158
(0.0859)  (0.0562) (0.0854)  (0.0562)
shipping 1.6127*FF*  _0.9183*** 1.5334%**  _(0.9202***
(0.0527) (0.0393) (0.0526) (0.0394)
opponent  -0.1455%*%*  (0.4520%** -0.1643***  (0.4511%**
(0.0492) (0.0304) (0.0489) (0.0304)
weekdays — -9.5948%**  _8.1363%** -9.3046***  _8.1295%**
(0.3254)  (0.2047) (0.3240)  (0.2047)
daystogo 1.0912%%*  0.1102

(0.0700) (0.0432)

6.2.2 Supply

Using the results from demand part, with the tricks I mentioned above, I solve the
inner loop of the dynamic game and use GMM to estimate 79 and ~4 in sellers’ outside

options 75 +74 X facevalue. When ~9 = 26.5562 and 4 = 0.2064, the GMM objective
function can optimized given [, = 0.99. The value of the objective function is 2.70e-
09. To see the performance of the estimated results, I draw Figure 13 and 14. Figure
13 gives the average market price and average predicted price in each period given
their observed prices mechanism choice. Figure 14 reports how the observed market
auction share and predict auction share change across time. We can see the estimation
results can predict the average prices well but give a little higher prediction of auction
share than observed one. This is especially true for period T-2. There are two reasons
for this dramatic increase. First, in period 3, sellers can set auction duration to be
1 or 3 rather than 1 only and the arrival rates of buyers in period T-1 and T-2 are
relative high. The model predicts the relative profits from auctions increase a lot
considering much more buyers enter the auctions given 8, = 0.99. Second, in period
T-2, the continues valuation from the remaining periods is low. Therefore, the profits
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Table 2: Estimation Results of Demand Side

without IV with IV
Auction  Posted Prices Auction Posted Prices Posted Prices
constant 8.2413*%*  8.0130*** 13.7287F*%*  11.2348*** 11.2514%**
(4.2917)  (2.1550) (0.9431) (0.2556) (0.0839)
opponent  0.0781 0.0599 0.0029 0.0264*** 0.0384%**
(0.0812)  (16.5719) (0.0057) (0.0089) (0.0060)
weekdays  -0.4384 -0.3716 -2.2075%F*  _1.3601*** -1.4078%**
(1.0809) (12.6336) (0.2059) (0.0725) (0.0168)
Arrival daystogo ~ -0.0020  0.0485 -0.1202*%**  -0.0857*** -0.0933***
(0.0148)  (13.5370) (0.0264) ( 0.0067) (0.0070)
titlsection  0.0266 -0.0143 -0.0125 -0.0305%** -0.0327%**
(0.1143)  (0.9405) ( 0.0117) (0.0087) (0.0075)
titlrow -0.0143 0.0151 -0.0086 -0.0401%** -0.0426%**
(0.0462)  (10.6222) (0.0225) (0.0092) (0.0083)
start price  0.0286**  0.0146 -0.1949*%**  .(0.1183*** -0.1279%**
(0.0114)  (10.8730) (0.0217) (0.0042) (0.0033)
shipping -0.0354 -0.0477 0.0267 -0.1996%** -0.2015%**
(0.0611)  (4.9830) (0.0260) (0.0110) (0.0115)
1k -19777 -17000
correction  No Yes No Yes Yes
face value  0.0178 0.0177 0.0178 0.0175 0.0175
section -0.0273 -0.0271 -0.0273 -0.0280 -0.0280
row -0.0055 -0.0058 -0.0055 -0.0058 -0.0058
Distribution prob -0.6292 -0.8905 -0.8905
of Bids op 0.3367 0.3297 0.3367 0.3391 0.3391
4 -1.2156 -1.1246 -1.2156 -1.1047 -1.1047
051 1 1 1 1 0.95

from posted prices are not high. Overall, however, the model can capture the average
market information in these two figures well.

However, I should mention here. The model hasn’t capture the variation of prices
very well. Also the average prices of auctions is relative high compared to the observed
ones (see Table 3 and Figure 15). These differences may be explained by several
reasons. First, people are not so patient as we model, which means the continuation
value should have less influence than the model specification. Second, buyers may
discount auctions more. Finally, the format of outside option is more flexible than the
model depicts. I will try different discount rates and more flexible outside option in
the future. Another thing I can do is changing sellers from risk neutral to risk averse
(Similar to Waisman(2017)). Since the profits from auctions are more fluctuated than
those from posted prices for same listings, this may lower the relative profits from
auctions.
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Figure 13: Observed and predicted average auction share over time
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Figure 14: Observed and predicted average auction share over time

Table 3: Observed and Predict Prices Information

measurement real market estimated
average price overall 47.9187 48.0507
average price of auctions 41.5406 47.6728
average price of posted price 50.4079 48.2829
std of prices overall 41.5109 13.3776
std of prices of auctions 40.0594 14.0722
std of prices of posted prices 41.8010 14.7905
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7 Counterfactual Analysis

7.1 Different Discount Rates of Auctions and Continuous Value

Given the estimated parameters above, we start the counterfactual analysis. I first do
some simple analysis by changing the value distribution of buyers and changing the
discount rate of auctions and continuation values. According to Wang (1993), if the
value distribution of bidders is more dispersed, then the relative profit from an auction
is higher. To check this, I change the o, = d,/2 in the first exercise. From Table
4, we see the auction share slightly decrease in this scenario. The average price is
lower and equilibrium prices are less dispersed after this change. Then I use different
discount rate of auctions to check how it will affect the auction share. We see when
[1 change from 1 to 0.9, the auction share slightly decreases. The small magnitude
may result from the entry rate already capture the buyer’s part difference between
two selling mechanisms. It may also because I have overestimate the influence of
outside options. The third scenario is to check how people become less patient (Ss
from 0.99 to 0.95) will change the market equilibrium. Similar to Case 4 in the two-
stage model analysis, when sellers discount their continuation value more, they have
more incentive to sell their goods in the current period, so the average auction share
decreases. The less continuation value also reduces the average price and the expected
profit of each listing.

7.2 Different Market Characteristics

7.2.1 Price sensitivity

In this subsection, I will check how changing the characteristics of the platform affects
the equilibrium auction share and prices. First, in light of the search algorithm on
eBay, one counterfactual scenario is making it more related to prices. Although I
have no click-through data, I will show that the change is similar to increase the price
sensitivity in the buyer’s arrival process. To be specific, if buyer’s entry decision to a
listing is related to the ranking of the listing, e.g., buyers cannot pay full attention to
all the listings of a game, then a listing listed higher will be more likely to be chosen.
The ranking of the listings is related to the search algorithm used by the platform. If
the default ranking is not according to the best match algorithm but from lowest prices
to highest prices, then buyers will be more sensitive to price. Similar to Dinerstrien
et al.(2017), we can add a weight w;; to represent the probability that listing j of
mechanism M will be considered in period t.

(pjt — min(Pjt)
std(pyt) ’
where 7 > 0.

M

wj; = exp(—r

Add this weight to the original arrival rate equation, we have
_ s oo P+ g X)
e ij%exp(a{ijt + aéjoZt)

MB'
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exp(alMp;, — r(B Tl t;@’éﬁ;ﬁ’fj D)+ adl )

> jeap(adpy — r(B e 4 allay)

Therefore, we can expect that the more price related search algorithm can make the
buyer’s arrival rate or entry decision more sensitive to price. Considering this, for this
counterfactual scenario, I change the price coefficient to a! = 2o/, for M € {A, P}.
We have done this simulation in a simple two-stage case in the model part. Based on
that simulation, we expect the average auction share will decrease after this change.
The second column in Table 5 gives the results of this counterfactual analysis. We see
it follows our expectation that the average auction share is lower than before. Also,
because in this case the price competition among listings in the same mechanisms is
fiercer, we see the average prices for all the cases are lower and prices are also less
dispersed. The corresponding profits which include continuation value also become
slightly lower.

Note that in the empirical part of supply side, I have made assumptions to make
the model look like a partially single-agent model. Here when I do the counterfactual
analysis, I still keep these assumptions. Therefore, when I solve a seller’s optimal
strategy I will assume other sellers keep the same prices (observed market prices) in
the dynamic model. This will generally underestimate the magnitude of price decrease
results from the higher price sensitivity since in the full competition dynamic model,
a seller has to take other seller’s price decrease into consideration.

= exp(py'” + py' Pt + ' P X )

7.2.2 Availability of listings

Compared with other tickets platform, eBay has relative less tickets available on
the market. An ideal way to construct the counterfactual scenario is to expand the
number of listings for each game in each period. However, it is hard to figure out a
proper way to extend these consideration sets. Here, I use a simple way to get some
idea of this change. Since when the number of competitive listings becomes larger,
buyer’s probability to choose all listings in the original set will uniformly become less.

This is equivalent to decrease the constant in )\%B . Therefore, for this exercise, I

make the following change: A}/" = A;‘%B/Q, for M € {A, P}. The third column in
Table 5 shows that this change will decrease average auction share, average price level
and price dispersion of these existing listings. These results are consistent with Case

3 in the model section as well.

7.2.3 Commission fees

Finally, we can try a different commission fee policy. Since eBay only collects com-
mission fees from sellers, here, I just consider how increase the seller’s commission fees
from 10% to 20 % will change the market. Column 4 in Table 5 implies this change
will significantly increase the equilibrium prices. However, since the commission fee is
collected from sellers by the same percentage in both mechanisms, the auction share
almost keeps the same after in this scenario.
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7.3 Only With Posted Prices

In the end, let’s see how the equilibrium prices and sellers’ profits change if we only
allow the sellers to use posted price mechanism. In this exercise, I will still keep
the assumptions I have made before. Therefore, I haven’t increase the number of
competitive sellers in posted prices when solving for an individual seller’s dynamic
problem. Table 6 summarizes the results. When sellers are only allowed to use posted
price mechanism, some sellers who prefer to use auctions have to choose posted price.
This will lower the sellers’ expected profits. Given the lower continuation value in the
dynamic model, sellers will set lower prices than before. It will be more interesting
if we can figure out how the competition change and affect the market equilibrium
when sellers only allow for posted prices. However, it requires us to solve the dynamic
price competition problem with some assumption about the buyer’s arrival process
to posted prices. This will be studied more in the future.

Note that most counterfactuals I have made above, such as change the search
algorithm to be more related to price, will decrease the average equilibrium prices,
price dispersion and seller’s expected profit. However, all these results are given under
the assumption that the other things in the buyer’s entry model keep the same. This
may not be true. For example, if the market prices become lower, more buyers are
likely to be attracted from other platforms. This may increase the sellers’ and the
platform’s profits in the long run. Also, one thing I haven’t shown explicitly in the
model but is also important is when the market prices are less dispersed, sellers will
have lower cost to discover proper prices for their listings and this may mitigate
sellers’ incentive to use auctions.

Table 4: Summary of Counterfactual Analysis (1)-(3)

estimated value distribution [ 5o
average auction share 0.3669 0.3664 0.3666  0.3132
average prices overall 48.0507 42.7715 48.4354  25.1901
average prices of auctions 47.6728 42.8200 47.6161 22.8645
average prices of posted prices 48.2829 42.8434 48.8412  26.4072
std prices overall 13.8792 11.9816 13.4363 11.9108
std of prices in auctions 13.3776 11.4208 12.9615 10.9844
std of prices in posted prices 14.7905 11.8233 14.3018  12.0380
average profit overall 41.1828 40.5437 41.1010  22.0903
average profit from auctions 41.1811 40.5420 41.0985 22.1647
average profit from posted prices 41.4326 40.8422 41.3589 21.9037
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Table 5: Summary of Counterfactual Analysis (4)-(6)

estimated price sensitive marketthickness fee

average auction share 0.3669 0.3590 0.3589 0.3668

average prices overall 48.0507 45.6442 46.1186 53.5227
average prices of auctions 47.6728 45.2768 45.8539 53.0824
average prices of posted price 48.2829 45.8140 46.2622 53.8110
std of prices overall 13.8792 4.9098 5.1970 13.5415
std of prices in auctions 13.3776 5.4907 5.7673 12.6935
std of prices in posted prices 14.7905 5.5159 5.8811 14.9624
average profit overall 41.1828 39.3114 39.3140 40.9456
average profit from auctions 41.1811 39.3113 39.3136 40.9448
average profit from posted prices 41.4326 39.6763 39.6791 41.2067

Table 6: Only with Posted Price

overall auctions posted prices only with posted prices
average prices  48.0507 47.6728  48.2829 43.8033
std of prices 13.8792 13.3776  14.7905 6.0672
average profits 41.1828 41.1811  41.4326 37.3989
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8 Conclusion

This paper tries to assess the dynamic selling mechanism choice problem in a perish-
able good market. As typical perishable goods, sport tickets are resold on different
platforms by various selling mechanisms. Platforms are different from each other in
many other dimensions, such as search algorithms, market thickness and commission
fees. Whether these characteristics of a platform will affect its participants” dynamic
mechanism choices and pricing strategies seems an interesting question.

Motivated by this observation, this paper analyzes buyers’ and sellers’ behavior
on eBay’s ticket resale market. By modeling and estimating buyers’ decision process,
I find that buyers are sensitive to price but the sensitivity has moderate magnitude.
When I assume there is no value discount in auctions, their arrival rates to posted
prices are always higher than the one to auctions. Given the demand model, the
dynamics of a seller’s mechanism choice across time can be explained by the proposed
dynamic model with an outside option in the end. Combining the assumptions about
sellers with the market observables, I am able to structurally estimate the seller’s
dynamic pricing and mechanism choice model. This model can capture the price
competition to some extent. Although some of the market information, such as
the price dispersion cannot be captured, the estimation results are able to correctly
predict the market average prices, the dynamics of prices and the dynamics of auction
share.

Given the estimation results, I check how the market average auction share, average
price and sellers’ profits change in different counterfactual scenarios. First, when
sellers are more patient about the continuation value from future sales, they have
less incentive to use auctions. In other words, forward-looking sellers are generally
more likely to use dynamic posted prices than myopic sellers are. Second, the average
auction share will decrease if buyers are more sensitive to price when they make entry
decisions. Under this scenario, the average equilibrium price and the price dispersion
are also lower than before. I show that this finding can imply how the change of
search algorithm will affect the market. Specifically, when the search algorithm is
more related to prices, auctions will be relative less attractive. Similar to the price
sensitivity, if there are more available listings for the same game in the same period
with same selling mechanism, the average auction share will be lower. In these two
exercises, the average expected profits of sellers are reduced by about 5 % in my
setting. All of these are consistent with the simple simulations that I conduct in the
model part. Besides, the average auction share would not change significantly when
increasing the commission fees from sellers. Finally, I eliminate auctions from the
mechanism menu to see how the market equilibrium will change. The result indicates
that the average price and average sellers’ profits will decrease under this exercise.
This is because the sellers who prefer to use auctions are stuck with posted prices,
resulting in lower continuation value and lower average prices.

The paper can be improved in the following aspects. First, as I mentioned above,
to make the model tractable, I have made several assumptions. Some of them, such as
the perfect foresight assumption, may be too strong. What’s worse, the assumptions
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may affect the results of some counterfactual analysis. For example, when eliminating
auctions, I still keep the assumption that a seller will use the original market informa-
tion as his opponent’s information. This assumption eliminates the change of market
competitiveness under the new scenario. Therefore, relaxing the assumption will be
important for my future study. Second, the estimation results cannot capture some
market information, such as the price dispersion. Besides, the average auction share
is relative higher than the observed one. Since the estimation results show seller’s
decisions heavily rely on his outside option in each period, a more flexible model for
the outside option may be helpful. Finally, as I mentioned before, I am not able to
identify all the parameters including the discount rate of auctions well given the lim-
ited data. Current results are under the assumption that the value distribution is the
same across different selling mechanisms. This will be violated if buyers do discount
their value from auctions in real market. Therefore, to make the results more robust,
I will do more estimation under different discount rates later.
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Appendix

A Supplement to Data and Market

Figure A1-A5 give the search page of eBay and Stubhub.

chicago cubs tickets Sports 1

Related: chicago cubs fickels 2014 chicage cubs bleacher tickets  chicago white sox lickets  chicago cubs fickels opening day  chicago cubs 2014 chicage cubs jacket

All Listings | Auction  Buy It Now Sert: | BestMatch ~  View: | EZ

23.667 results for chicago cubs tickets < Save this search Guaranteed 3 day delivery

We found some events on ST

for chicago cubs tickets

Chicago Cubs Vs Pittsburg Pirates 4/11/18 7:05 PM Lower Level Seatsl
$45.00 o= FAST 'N FREE

or Best Offer Estimated Delivery Fri, Mar. 2
Free Shipping

Chicago Cubs Spring Training Tickets

$60.00

Buy It Now
Free Shipping

2 Chicago Cubs Vs St Louis Cardinals Tickets 7/19 - ROW 1
$149.99

Buy It Now
+S$7.00 shipping

4 Chicago Cubs Vs Minnesota Twins Tickets 6/30 - ROW 1

Figure A.1: Search Page 1 on eBay

Following Table A1l to Table A9 and Figure A6 and A7 supplement the summary
statistics section above.
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chicago cubs vs pirates ANl Catego

Refine your search for chicage cubs vs pirates

All Listings ‘ Auction | Buy It Now Sort: BestMatch ~ | View:| 5= ~

333 results for chicago cubs vs pir... < Save this search Guaranteed 3 day delivery ()

Chicago Cubs Vs Pittsburg Pirates 4/11/18 7:05 PM Lower Level Seatsl

— ‘
‘ $45.00 o= FAST ‘N FREE

or Best Offer Estimated Delivery Fri, Mar. 2

Free Shipping
2 Chicago Cubs Vs Pittsburgh Pirates Tickets 4/11 - ROW 2111
$24.99 B

Buy It Now
+§7.00 shipping

CHICAGO CUBS - EARLY ENTRY BLEACHER TICKETS - APRIL 9 OPENING DAY vs

CHICAGO CUBS rirates
EAR LY $159.99

E NTRY ;i;“jﬁﬁ‘ﬂpping
BLEACHER

TICKETS

Figure A.2: Search Page 2 on eBay

2By item number. 273054076874

Seller assumes all responsihility for this listing.

Item specifics

Event Date: 041112018 Section 530

Venue City Chicago Type Baseball
Venue State/Province: 1L Venue Name: — Wrigley Field
Event Time: 705 Row: 2

Number of Tickets: 2 Team Chicago Cubs

This auction is for 2 good tickets TOGETHER in section 530, ROW 2 to see the Chicago Cubs Vs Pittsburgh Pirates at Wrigley Field on Wednesday, April 11. Game time is set for 7.05

Paypalis the only payment method allowed and payment will be due immediately. Winner of the auction will add $7.00 for shipping and handling with USPS Priority Mail. The fickets will be
shipped in mid-March when received from the Cubs organization

PLEASE VIEW MY FEEDBACK AND BUY WITH CONFIDENCE!!! Please ask any questions you have!!!

Figure A.3: Search Page 3 on eBay
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E)

Official Fan to Fan Ticket Marketplace

Home [/ Sports tickets / Baseball Tickets f Chicago Cubs
Chicago Cubs tickets

Home games Away games Parking

3 When -~

Seattle Mariners at Chicagoe Cubs Spring Training
1:05 PM Sloan Park. Mesa. AZ. US

Chicago White Sox at Chicago Cubs Spring Training

TUE 1:05 PM Sloan Park, Mesa, AZ. US
FEB 27

@ 125 people are viewing this event

©Cakland Athletics at Chicago Cubs Spring Training

WED 1:05 PM Sloan Park, Mesa, AZ, US
FEB 28

Colorado Rockies at Chicago Cubs Spring Training

THU 1:05 PM Sloan Park. Mesa, AZ, US
MAR 01

Cincinnati Reds at Chicago Cubs Spring Training

SAT 1:05 PM Sloan Park. Mesa, AZ, US
MAR 03

Los Angeles Dodgers at Chicago Cubs Spring Training

TUE 1:05 PM Sloan Park. Mesa, AZ, US
MAR 06

San Diego Padres at Chicago Cubs Spring Training

THU PR Do o sz

Figure A.4: Search Page 1 on Stubhub

. LT
Chicago White Sox at ‘;',,s;rim; Trafnin

1:05 PM at Sioan Park, MesaghAZ 48 -

B Don't miss out 125 people are viewing this event

IE—— All tickets - Fiter
T SUDWEISERROOFTOP sestvane | Bestsons
o B B Section R Price value

DMISSION Lawn General
Admission

- GENERAL Al 59 o)c Lall

Mobile ficket - Inst

Lawn General $10.89 il
Admission e
Mobile ticket - Instan
Lawn General $11.22 .
\ Admission =
1.4 tickets Mobile ticket - Instam

Lawn General $12.00 anll
Admission =

1 Mobile ticket - Instan

Lawn General $12.00 Ll
Admission =

2 Mobile ticket - Instan

Lawn General $12.53 .

Admission
Mobile ficket - Instan
+
Lawn General $12.95 anll
- \ Admission =
e 1 Mobile ticket - Instant
Lawn General $12.99 Ll

Admission

Mahile: ficke! - Instant

Figure A.5: Search Page 2 on Stubhub
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Table A.1: Summary of Opponents

Values Freq. Percent Cum.
1 9,925 12.34 12.34
2 3,822 4.75 17.10
3 7,641  9.50 26.60
4 3,708  4.61 31.21
5 4,073  5.07 36.27
6 1,558  1.94 38.21
7 2,787  3.47 41.68
8 4,563  5.67 47.35
9 2,132 2.65 50.00
10 3,615  4.50 54.50
13 8,922  11.10 65.59
14 3,827  4.76 70.35
15 1,995  2.48 72.83
16 6,486  8.07 80.90
17 8,569  10.66 91.56
18 3,695  4.60 96.15
19 3,095  3.85 100.00

Total 80,413 100.00

Table A.2: Summary of Weekdays

days  Freq. Percent Cum.

1 27,264 29.50  29.50
2 14,849 16.07  45.57
3 50,298 54.43  100.00

Total 92,411 100.00

Table A.3: Summary of Sections

section  Freq. Percent Cum.
1 5,858  6.34 6.34
2 7,155  7.74 14.08
3 2,751  2.98 17.06
4 9,826  10.63 27.69
5 3,633  3.93 31.62
6 11,949 12.93 44.55
7 10 0.01 44.56
9 725 0.78 45.35
10 7,265  7.86 53.21
12 10,965 11.87 65.08
13 15,724  17.02 82.09
14 10,534 11.40 93.49
15 6,016  6.51 100.00

Total 92,411  100.00
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Table A.4: Summary of Rows

Variable

Obs Mean

Std.

Dev. Min Max

row

92,411 8.743981

6.012439 1

124

Table A.5: Summary of Auction Duration

duration  Freq.

Percent Cum.

0 66,239 71.68
1 2,514 2.72
2 664 0.72
3 4,380  4.74
4 782 0.85
5 4,641 5.02
6 1,762 1.91
7 8,235  8.91
8 76 0.08
9 500 0.54
10 2,618  2.83
Total 92,411 100.00

71.68
74.40
75.12
79.86
80.70
85.73
87.63
96.54
96.63
97.17

100.00

Table A.6: Average Number of Listings for the Same Game in the Same Period

Variable Obs Mean

Std. Dev. Min

%25 %75 Max

numberoflistings 1,398 66.10229 40.71524 2 39 91 245
Table A.7: Number of Bids in Auctions
numberofbids  Freq. Percent Cum.
0 19,577 74.12 74.12
1 2,026  7.67 81.79
2 4,810 18.21 100.00
Total 26,413 100.00
Table A.8: Transactions and Auctions
chosen
auction 0 1 Total
0 64,116 1,882 65,998
1 24,929 1,484 26,413
Total 89,045 3,366 92,411
Table A.9: Relative Start Prices and Relative Transaction Prices
relative price mechanism  Obs Mean  Std. Dev. Min Max
total 16,327 0.8357 0.6415 0.0000 4.6871
start price/face value auction 6,181 0.5002 0.4481 0.0000 1.9227
posted price 10,146 1.0400 0.6554 0.0000 4.6872
total 16,327 1.0044 0.5762 0.011  6.5385
transaction price/face value auction 6,181  0.7682 0.4200 0.011  3.125
posted price 10,146 1.1483 0.6100 0.0658 6.5385
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2015 SEASON SCHEDULE

ScheduleKey: [0 Marquee home game  [] Gold home gome [ Bronze home game. Budweiser Bleacher price level
[ Platinum home game [ Silver home game [ ] Away home gome Bowl price level

Ploase bote: Gams times lsted In Centzal tme. Tanes and hange. Pease refer 10 cubs.com for the most ugria-date info

Figure A.6: 2015 Chicago Cubs Season Schedule
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Figure A.7: Chicago Cub’s 2015 Season Ticket Plan
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B Tables for Reduced Form Analysis

Table B.1: Transactions

(1) (2) (3) Clogit
VARIABLES chosen chosen chosen chosen
auction 0.0178%** 0.0182%** 0.0195%** 0.695%**
(0.00156) (0.00156) (0.00159) (0.0462)
facevalue 0.000648***  0.000620***  0.000404***  0.00784***
(4.766-05) (4.80e-05) (6.91e-05) (0.00231)
section 0.00185*** 0.00206*** 0.00134*** 0.0532%**
(0.000222) (0.000245) (0.000292) (0.0100)
row -0.000492***  _4.29e-05 6.65e-05 -7.62e-05
(0.000128) (0.000159) (0.000162) (0.00335)
daystogo -0.0176%** -0.0176%** -0.0175%**
(0.000705)  (0.000705)  (0.000705)
qdaystogo 0.000912***  0.000908***  0.000902***
(4.58e-05) (4.58e-05) (4.57e-05)
logstartprice  -0.0236*** -0.0234%** -0.0257*** -0.348%**
(0.000640) (0.000642) (0.000660) (0.0128)
shipping -0.000869***  -0.000844***  -0.000772***  -0.0176***
(0.000141) (0.000143) (0.000144) (0.00520)
opponent 0.000212* 0.000224* 0.0232%**
(0.000118) (0.000118) (0.00367)
days -0.00816%**  -0.00827***  _0.368%**
(0.000848)  (0.000848)  (0.0479)
titlsection -0.000799***  -0.00128%**
(0.000299) (0.000306)
titlrow -0.00124***  -0.00146***
(0.000267) (0.000273)
31.eventid 0.299%**
(0.0629)
184.eventid 0.000863
(0.00963)
Constant 0.158%** 0.169%** 0.910%**
(0.00562) (0.00615) (0.0826)
Observations 73,163 73,163 73,163 51,601
R-squared 0.041 0.042 0.051

49



Table B.2: Transaction of Auctions

(1) (2) (3) Clogit
VARIABLES chosen chosen chosen chosen
facevalue 0.000602*%**  0.000474***  6.77e-05 -0.00290

(0.000110)  (0.000111)  (0.000178)  (0.00397)
section 0.00173*** 0.00236*** 0.000874 0.0177

(0.000547)  (0.000575)  (0.000790)  (0.0172)
row -0.000639* 0.00138*** 0.00178***  -0.00203

(0.000330)  (0.000404)  (0.000418)  (0.00499)
daystogo 0.0255%F%  _0.0251FFF  (.0268%**

(0.00175)  (0.00175)  (0.00175)
qdaystogo 0.00134**%*  0.00130*%**  0.00137***

(0.000113)  (0.000113)  (0.000113)
logstartprice  -0.0245%** -0.0236%** -0.0240%**  _0.342%**

(0.00101)  (0.00101)  (0.00105)  (0.0167)
shipping -0.000233 -0.000372 -0.000239 0.0204***

(0.000316)  (0.000322)  (0.000331)  (0.00768)
opponent -0.000156 -0.000164 0.0269***

(0.000201)  (0.000290)  (0.00796)
days -0.0104*** -0.0110%** -0.390***

(0.00207)  (0.00208)  (0.110)
titlsection -0.00313*%**  -0.00258***

(0.000727)  (0.000760)
titlrow -0.00570*%**  -0.00602***
(0.000686) (0.000712)
31.eventid 0.351%**
(0.129)
184.eventid -0.0351
(0.0233)
Constant 0.218%** 0.275%** 1.031%**

(0.0136) (0.0151) (0.196)
Observations 20,610 20,610 20,610 10,097
R-squared 0.051 0.055 0.068
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Table B.3: Transaction of Posted Prices

(1) (2) (3) Clogit
VARIABLES chosen chosen chosen chosen
facevalue 0.000582***  (0.000582***  0.000551***  0.0164***
(5.30e-05) (5.37¢-05) (7.45e-05) (0.00308)
section 0.00176*** 0.00178*** 0.00157*** 0.0559%**
(0.000229) (0.000260) (0.000296) (0.0134)
Tow -0.000402***  -0.000437***  -0.000591*** -0.00820
(0.000135) (0.000168) (0.000173) (0.00526)
daystogo -0.0149%** -0.0149%** -0.0146%***
(0.000722) (0.000722) (0.000723)
qdaystogo 0.000765***  0.000765%**  0.000742***
(4.69e-05) (4.69¢-05) (4.69¢-05)
logstartprice  -0.0211%** -0.0212%** -0.0270%*** -0.751%**
(0.000964) (0.000967) (0.00105) (0.0376)
shipping -0.00114***  -0.00114***  -0.00111***  _-0.0575***
(0.000157) (0.000157) (0.000160) (0.00917)
opponent 0.000340*%**  0.000339***  0.0207***
(0.000122)  (0.000122)  (0.00411)
days -0.00792*** -0.00793*** -0.353***
(0.000880) (0.000882) (0.0522)
titlsection -3.73e-05 -0.000577*
(0.000316) (0.000331)
titlrow 9.65e-05 0.000143
(0.000273)  (0.000283)
32.eventid 0.297%**
(0.0661)
184.eventid 0.0141
(0.00993)
Constant 0.140%** 0.140%** 0.876%**
(0.00608) (0.00661) (0.0881)
Observations 52,553 52,553 52,553 23,103
R-squared 0.026 0.026 0.038
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Table B.4: Transaction Prices

(1) (2) Auctions Posted Prices
VARIABLES transaction price transaction price transaction price transaction price
auction -11.52%%* -10.27%**
(0.340) (0.286)
facevalue 1.058%** 0.857*** 0.923%** 1.126%**
(0.0124) (0.0149) (0.0146) (0.0176)
section 0.998*** 0.373*** 0.669*** 1.030%**
(0.0579) (0.0622) (0.0676) (0.0849)
row 0.198*** 0.175%** -0.0740** 0.360***
(0.0292) (0.0252) (0.0347) (0.0425)
daystogo 2.052%** 1.860*** 1.609%** 2.229%**
(0.162) (0.129) (0.196) (0.226)
qdaystogo -0.0764*** -0.0712%** -0.0418%*** -0.0928***
(0.0106) (0.00845) (0.0127) (0.0148)
shipping -0.720%** -0.568%** -0.769*** -0.653***
(0.0646) (0.0539) (0.0663) (0.101)
opponent 0.205*** -38.75%H* 0.234%** 0.164%**
(0.0280) (0.873) (0.0326) (0.0402)
days -2.413%** 416.5%** -3.374%F* -1.906%**
(0.195) (10.15) (0.226) (0.280)
31.eventid -670.4%**
(15.74)
184.eventid 0.831
(1.470)
Constant -16.30%** -590.6%** -14.75%%* -21.51%**
(1.362) (15.74) (1.629) (1.924)
Observations 14,410 14,410 5,443 8,967
R-squared 0.579 0.737 0.714 0.499
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Table B.5: Start Prices

(1) (2) Auctions  Posted Prices
VARIABLES start price start price start price start price
auction S11.76%F% _12.59%**
(0.422) (0.416)
facevalue 1.421%%* 1.384%** 1.234%%%* 1.500%***
(0.0126)  (0.0179)  (0.0192)  (0.0161)
section 1.247%%* 1.383*** 0.969%** 1.404***
(0.0618) (0.0750) (0.0965) (0.0770)
row -0.506%FF  _0.422%**  (,127** -0.683%**
(0.0357)  (0.0350)  (0.0583)  (0.0444)
daystogo 0.656%** 0.787*** 1.345%%%* 0.455%*
(0.197) (0.190) (0.309) (0.243)
qdaystogo -0.0191 -0.0295**  -0.0268 -0.0189
(0.0128) (0.0123) (0.0200) (0.0158)
shipping L0201 0.135%FF  0.111%F _0.196%%*
(0.0394)  (0.0386)  (0.0559)  (0.0527)
opponent 0.217%** S34.76%FF  (0.232%%* 0.195%**
(0.0329) (0.985) (0.0514) (0.0409)
days 0.671%** 371.0%** -0.502 1.179%+*
(0.237) (12.88) (0.366) (0.296)
31.eventid -632.4%**
(16.91)
184.eventid 0.414
(2.595)
Constant -19.15%F%  _524.6%**  _27.68%F*  _21.60***
(1.497) (22.25) (2.373) (1.859)
Observations 73,163 73,163 20,610 52,553
R-squared 0.258 0.314 0.342 0.236
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Table B.6: Auction Choice

(1) (2) clogit
VARIABLES auction auction auction
facevalue 0.000785%*%* 0.00123*%**  (.0377***

(0.000101)  (0.000111)  (0.000944)
section 0.000490 0.00299***  0.0800***

(0.000514)  (0.000542)  (0.00393)
row -0.00679***  -0.00733***  -0.0436***

(0.000310) (0.000312) (0.00182)
daystogo -0.00307***  0.0221%**

(0.000411)  (0.00172)
qdaystogo -0.00169***

(0.000112)
shipping 0.00538***  (.0241***
(0.000345)  (0.00185)
opponent -0.000157
(0.000288)
weekdays 0.0135***
(0.00207)
logstartprice -0.647H%*
(0.0115)
Constant 0.325%** 0.185%**

(0.00885)  (0.0131)
Observations 73,168 73,168 72,599
R-squared 0.009 0.016
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C New Model with Change of Seller’s Arrival Process

C.0.1 Model

Assumption 3 When sellers set prices and make mechanism choices, the only in-

ormation they can get is \MB and \MS. Then the arrival rate of buyers in each good
t t
as
MB P 2 3
log()‘jt ) = log( )\s ) +ag (pyt p) + (th X?)
= (06" = ") + (01" = p"™ )t + ("7 = ") Xy + ) (e — P) + 03" (X, — X?)
)\ﬁ = 61’P(P0+P1t+szgl + o (pje — D) + o (Xft X?2)).

ijt include the section and row information on the first page,

X and P are the average value of characteristics and average price of listings for
the same game in the same period and selling mechanism. Also, when I do estimation,
in the exercise, I use log-price instead of price in the arrival process.

Here, I estimate the parameters in value distribution and arrival process simulta-
neous using sale information for both auctions and posted prices respectively. We
can put some restrictions. For example, consider the linear part interpolation in the
seller’s problem, we can restrict the linear part in the value distribution is the same
across different selling mechanisms, but allow mean and variance of the distribution
to be different. There are some disadvantages of this method:1) we cannot estimate
fixed effect in the value distribution part; 2) the bids information is not used;3) many
parameters are estimated simultaneously which may increase the computation burden
and make the identification more relies on the function form. However, it can also
make the value distribution more flexible and reduce the sample selection problem
we mentioned above.

Prob(sell})) = Z _ Prob(Nj; = n)(1 — Prob(log(b) < log((1 4 71)p;e))")

o e (Agy)" n
= anlTj(l — F*(log(p;))")
and
log(Nj/P) = (pg" =p"*) +(01"F = ")+ (p3"P = ") X+t (pjn—P) + " (X5, — X?)
C.0.2 Data

For this exercise, I randomly choose 18 games to do the estimation. Following Table
C1 and Figure C1-C2 summarize relative prices of the subsample data.
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Table C.1: Relative Start Prices and Relative Transaction Prices of Subsample

relative price mechanism  Obs Mean Std. Dev. Min Max
total 3,963 0.9223001 0.7214884 0.0000269  3.69318
start price/face value auction 1,616 0.6777 0.5184904 0.0000269 2.678393
posted price 2,347 1.090727  0.790222  0.004717  3.693182
total 3,963  1.208957  0.6192162 0.1090909 4
transaction price/face value auction 1,616 1.002251  0.569532  0.1475 3.125
posted price 2,347 1.351282  0.6120078 0.1090909 4
o
[aN]
~ -
o
L(')_ —
o] 5 10 15

days_to_go

start price/face value

----------- start pricefface value in posted prices

—  —— - start price/face value in auctions

Figure C.1: Start Price/Face Value over Time of Subsample

C.0.3 Results

Results for demand part are shown in Table C2. Notice I haven’t use IV in these
practices. Figure C3 depicts the predicted arrival rates. Figure C4 shows the average
value of buyers of different selling mechanisms. From Figure C5, we see the estimation
results can capture the dynamics of transaction rates well.

With the estimation results from demand side, I continue estimate the parameter

in the supply side. Here I restrict 75 = 0.

Without last period change:outside option=0.6013*facevalue, 8y = 0.99

With last period change: outside option=0.6029*facevalue, 35 = 0.9.

Further, I divide sellers to be experienced and inexperienced by start price/face
value smaller than 2 or not with last period change. The estimation results are as

follows

Experienced: outside option=3.8344*facevalue, 5, = 0.99.
Inexperienced: outside option=3.8344*facevalue, 5 = 0.99.
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Figure C.2: Transaction Price/Face Value over Time of Subsample

Table C.2: With Expanding the Data According to Their Number of Tickets

no change of last period change last period
Auction Posted Price  Auction Posted Price

constant 0.9440 0.4231 1.0108 0.1162
opponent  -0.0583  -0.0604 -0.0592  -0.0567
weekdays  -0.5431  -0.5876 -0.5474  -0.5932

Arrival time left -0.1632  -0.1244 -0.1613  -0.1253
titlsection  0.0291 0.0021 0.0024 0.0091
titlrow -0.0661  -0.0085 -0.0666  -0.0111
log(price)  0.0003 -0.3087 -0.0045 -0.3671
shipping 0.0520 -0.0319 0.0410 -0.0368
correction No Yes No Yes
face value 0.0156 0.0156 0.0162 0.0162
section 0.0073 0.0073 -0.0024  -0.0024
row -0.0167  -0.0167 -0.0038  -0.0038

Value prob

Distribution oy 0.6970 0.8592 0.7758 0.7426
I 2.8313 2.7747 2.6813 2.9862
B

Similar to the original model, this estimation results can predict the level of prices,
dynamics of prices and auction shares well. However, the auction share is higher
than the observed market auction share and the price dispersion is much less than
the observed one.
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Figure C.3: Estimated Arrival Rates without Last Period Change in One-step Model
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Figure C.4: Estimated Value Distribution Without Last Period Change in One-step Model

C.0.4 Counterfactual Analysis

Finally, I also do three parts counterfactual analysis for the new model. Results are
shown in Table C3-C5.
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Figure C.5: Estimated Transaction Rates without Last Period Change in One-step Model

Figure C.6: Auction Share over Time in One-step Model

Table C.3: Summary of Counterfactual Analysis (1)-(3) without Last Period Change

real market estimated value distribution 3 5o
mean auction share 0.2719 0.2969 0.281 0.2061 0.3265
mean prices 70.5098 74.941 51.3441 67.3479  28.7062
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Figure C.7: Start Price over Time in One-step Model

Table C.4: Summary of Counterfactual Analysis (4)-(6) with Last Period Change

real market estimated price sensitive obfuscation commission fee

mean auction share 0.2719 0.2969 0.295 0.2932 0.3365
mean prices 70.5098 74.941 69.9654 74.9357 77.4787

Table C.5: Only with Posted Price with Last Period Change

real market estimated auctions posted prices only with posted prices
mean prices 70.5098 74.941 71.2628
std prices 70.0054 18.8465 18.1884
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