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Abstract: This paper estimate the differential impact dstfiprice sealed-bid (first-price)
auctions relative to English auctions on auctiovereie. While there is a theoretical
literature on the potential outcomes of first-prie¢ative to English auction, there is a
paucity of articles that empirically estimate thétationship. The answer to this ques-
tion is important not only to economists but aleose designing auction for practical
application. Using a unique dataset from tax lient@ns in Illinois, | empirically test
the effect of a switch in auction type from Englishfirst-price. | find auction revenue
is greatly increased, by as much as 22 percengruhe first-price auction. The results
are supported by a within county difference-in@iéince model specification and are
robust when restricting the sample across varipasifications.
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Introduction

Auctions are important. In the United States, awundiare used to sell national debt,
spectrum (airwave rights), pollution rights (Kageld Levin, 2002), and property tax
delinquency. The most common types of auctions wsed English and first-price
sealed-bid (first-price). While heavily utilizedhet difference in outcomes between
English and first-price is not well understood. fégarticularly, it is unclear whether
sequential common value first-price auctions predowre revenue for sellers com-
pared to English auctions. Theoretical models pte@iicAffee and McMillan, 1987)
and experimental results find (Kagel and Richa@D1) increased revenue for sellers
under the first-price auction. This effect arisesduse unlike English auctions, bidders
cannot observe market signals under first-pricdiang, and as a result they overpay.
Revenue differs between auction types becauseffefelices in the ability to observe
market signals.

My analysis is the first to empirically confirm pritheoretical prediction and experi-
mental results by using administrative data. Usingnique dataset from one of the
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largest annual tax lien auctions in the countrgstimate the effect of a switch from
English to first-price auction. | observe a swifcbm English to first-price auction in
Cook County, lllinois. The switch was implemented reduce the number of days
needed to conduct the sale, rather than alteringing bids. In this paper, | rely on the
fact that first-price auctions were conducted deeir rounds. In the first-price auction,
bidders observe no market signals in the first dpunut they do observe market signals
in the subsequent rounds. The market signals infiteeprice auction improve as
rounds progress and | argue that they approacEnigéish auction environment after a
large number of rounds.

The dataset allows me to estimate the effect afitcls from English to first-price auc-
tion on winning bids using a difference-in-diffecenmodel specification. The treatment
group is liens auctioned in the first round of b&hglish and first-price auctions. The
control group is liens offered in later rounds loé first-price and English auctions. The
differencing within auction type differences outgutial unobserved confounders such
as the price decline anomaly (Ashenfelter, 1988 price decline anomaly is the phe-
nomenon in which identical products sold sequdsgtigipically follow a decreasing
pattern of prices (McAffee and Vincent, 1992). Thetween auction type differencing
identifies the effect of not observing market signan winning bids under first-price
relative to English auction. This strategy resola@ey selection issues that arise from
auction choice, since my identification does ndy @ simple pre-post comparisons.
Furthermore, | avoid any biases in estimation #rége due to timing of auction adop-
tion.

| find higher prices in the first round of the figrice auctions compared to the control
group. For the unrestricted sample, which incluglésounds of first-price and English

auctions, prices are 22 percent higher in the foshd of the first-price auction. The

results are robust when controlling for the probigbof sale and are not sensitive to
restrictions to the sample based rounds or yeaysamlysis confirms prior theoretical

predictions and experimental results that sugdpestfirst-price auctions produce higher
revenue for sellers.

The analysis represents a contribution to theditee and advances the understanding
of auction design. This empirical analysis is thstfto addresses selection through a
difference-in-difference model specification. Thatal allows for the identification of
switching from English to first-price both acrossé and within auction. Although
Meade (1967) found that first-price auctions resilin significantly higher winning
bids on the sale of timber by federal and stateegowent, the findings was unsettled in
the empirical literature due to concerns with sidec The empirical analysis confirms
the prior result while addressing concerns of Hias to selection.

Tax Liens, Bidder Characteristics, and Auction Rules

A tax lien auction is the sale of delinquent prapeaxes by a local government to in-
vestors. When a property taxpayer becomes delingadacal government places a lien
against the property. The lien represents a co#lited receivable but not direct own-
ership of the property. In a tax lien sale, investmay the delinquent property tax bill to
the government. In return, investors receive tha knd the right to repayment of the
delinquent taxes plus interest.
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In 2012, local governments in 28 states conduciedstles offering an estimated $6
billion in delinquent tax Iiabilityz. Tax liens sold by local governments are purchased
predominantly by large investment firms who poalubands of liens into investment
products which are resold to smaller investorsgkeaax lien investors are experienced
bidders, participating in numerous auctions yeadsoss multiple states.

Liens are of common value to bidders because theetaoy benefit of lien ownership,
which is unknown at the time of bidding, does natyacross bidders. An example of a
common value auction, is that of an oil reserve drunproven well (Menezes and
Monteiro, 2005). The value of the oil reserve defseon the price of oil which is
known by potential bidders. The value of the ofloatlepends on the amount of oil in
each well which is estimated by potential biddenisrpto the start of the auction. In a
tax lien auction, similarly, the value of the lidapends on factors known by all bidders,
the structure of repayment and application of ggefees. The value of a lien also de-
pends on the timing of repayment which is estimatgdidders.

The tax lien auction | observe is commonly referbgdindustry participants to as an
interest rate auction. Tax lien investors bid odividual liens by declaring an interest
rate between 18 and zero percent. Bids are enitesgdole percentage point increments
(i.e. 18, 17, 16, and 15). The bidder with the Istniaterest rate wins the right to pay the
delinquent property taxes in exchange for repaymkr# interest fees. The lien is trans-
ferred to the winning bidder as collateral. Intérase bids of 18 percent represent a low
price for bidders in which case the winning bideéél earn an 18 percent return on
investment during the first year of delinquencytetest rate bids of zero percent repre-
sent a high price in which case the winning biddér earn no return on investment
during the first year of delinquency. Liens arecodd in sequential order one parcel at a
time by volume and property identification numbBitN). Liens not receiving a bid at
auction are returned to the county for collectigthvthe delinquent taxpayer charged an
interest fee of 18 percent during the first yeadelfnquency.

In the auctions, bidders face different auctioneygepending on the year. Of the four
auction types commonly discussed in the literatiglemperer 1999), | observe an

English auction and a first-price auction. In theglish auction, bids are submitted by
raising a paddle. The English auction of the tax Iconcludes when only one bidder
remains or multiple bidders with matching intenegtes are unwilling to bid at a lower

interest rate. When more than one bidder offerssttme low bid, the county treasurer
chooses a winner at random. Bidders are able terebsnarket signals.

The first-price auction differs further from the dtish auction in two ways; the treat-
ment of matching bids and the utilization of bidgliounds. In the first-price auction
bids are not randomly awarded by the county, exfm@diens receiving multiple bids of
zero percent. Rather, liens receiving matching brégsheld by the county and reoffered
at a later date. In the first-price auction, lieme offered in four rounds based on the
property identification number. In the English aomst liens are not offered by rounds.

2 SourceVulture Investing: What You Need To Know Before Bglffior Tax Liens- Forbes —
November 26, 2012
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The first-price auction design observed deviatemfthe standard first-price in utilizing
four rounds whereas the standard first-price deaiggtions items all at once. A poten-
tial concern is that the observed auction rulesciviare known in advance, may lead to
bidding strategies that deviate from the standasttfrice auction design.

To mitigate, the concern of multiple rounds, theatment group chosen is the first
round of the observed first-price auction rathemtlthe entire first-price auction. The
first round of the first-price auction most closegplicates the standard first-price auc-
tion design. Further, in laboratory settings evapes-experienced bidders have been
shown to adjust bidding strategies as successisteiice auction are conducted (Kagel
and Richard, 2001). This suggests the first rountthe first-price auction is the appro-
priate treatment group.

The effect of tie-breaking rules deserves furthiscuksion as well. In general, two
possible rules are employed. The first breaksatamndom perhaps by flipping a coin
or randomly assigning a winner by a predetermirigdrashm. The second possible rule
allows ties to be broken with another round of cetitiwe bidding. It is not clear which
rule should be viewed as the standard approadhédirst-price auction.

Although tie-breaking rules effect winning bidsknglish auctions (Milgrom, 2004), no
evidence exists showing tie-breaking rules effeicinimg bids in the first-price auction.
Further, in the absence of market signals, sudheadirst round of the observed first-
price auction, bids are submitted according tobideler’'s expected payoff function. In
the first-price auction, the tie-breaking regiméscdssed do not change the bidder’s
expected payoff function. Instead a submitted Ihidve the expectation would result in
overpayment. A bid submitted below the expectati@y result in losing to competitive
bidders.

Literature Review

The theoretical literature examining the effeciaattion type on the type of auction is
extensive (Milgrom and Webber 1982; McAffee and Miédh, 1987). The theoretical
models predict first-price sequential common valuetions result in higher revenue for
sellers than English sequential common value anstiVcAffee and McMillan, 1987).
The primary difference between English and firse@auction is one of information. In
first-price auction participants do not have acdessiarket signals until the auction is
complete. The bidder with the most optimistic vélua wins the item. In the English
common value auction, bidders correct their esemdiased on market signals. The
winning bid in the English auction is the Nash étium (Kagel and Levin, 2002).

The Handbook of Experimental Economics provideseginaustive discussion of the
experimental auction literature. One bidding issomrsistently observed in the laborato-
ry setting that is of particular relevance to thiady is the “winner’'s curse” (Kagel,

1995). In a common value auction, winners are thage the most optimistic expecta-

tions. The expectations of the winner are oftenngroesulting in below average or
even negative profit.

In laboratory experiments, the “winner’s curss”dspecially pervasive in the first
round of a first-price auction where market signate not observed. Inexperienced
bidders have been shown to consistently overbid wide variety of auction settings
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(Lind and Plott, 1991). The results are also oletfor super-experienced bidders in
laboratory settings (Kagel and Richard, 2001). $@peerienced bidders are bidders
who patrticipated in two or more auction sessions.

The implication is that in controlled experimentariket signals are important because it
allows overly optimistic bidders to correct thekpectations. Further, laboratory results
show first-price auctions yield higher revenue étless when compared to the English
auction. Kagel and Richard (2001) find super-exgreréd bidders earn less than 50
percent of the Nash equilibrium profits under atfprice auction.

Empirical examination of the topic is less commiiead (1967) was the first to empir-
ically estimate the difference in winning bids beem otherwise similar auction designs
using English and first-price. He found that fipstee auctions resulted in significantly
higher winning bids on the sale of timber by fedlerad state government. Upon further
examination, however, Hansen (1985; 1986) found #ithough first-price auctions
produced higher winning bids than otherwise simifaglish auctions, the results were
not statistically significant due to a selectioasiHansen found evidence to suggest the
difference in revenue observed across auction bypilead (1967) was correlated with
the U.S. Forest Service’s choice of auction type.

Although theoretical models predict (Milgrom and béer, 1982; McAffee and McMil-
lan, 1987) and laboratory experiments (Kagel areh&id, 2001) demonstrate the first-
price auction generate more revenue than an otkersiimilar English auction, no em-
pirical studies confirm the results on administratilata. In this paper, | find support for
the theoretical results using administrative dataaactions of liens. The paper avoids
the selection bias by using a unique dataset wieiteb choice of auction type is not
correlated by auction revenue. Additionally, inngsithe difference-in-difference esti-
mator, | avoid selection issues correlated withtifming of the change in auction type. |
find that first-price auctions do produce higheces for bidders and higher revenue for
sellers.

Data Sour ces and Variable Construction

In order to estimate the effect of a switch fronglsh to first-price on winning bids, |
obtained data for this study from the Cook CountgaBurer. The data includes liens
offered for property within the city of Chicago.dfn 2006 to 2011, | observe two En-
glish auctions and four first-price auctions. Tteadinclude information on liens offe-
red, liens sold, winning bids, delinquent tax balssessed value, property type, auction
order, property location, and buyer name. Table3, hnd 3 provide descriptive statis-
tics.

Table 1 shows descriptive statistics of sold angbidhliens by auction design. The table
highlights that the majority of sold liens were fesidential improved property (proper-
ty with single family or multifamily homes) undeoth designs, while the majority of

unsold liens were commercial improved, industmmapioved or vacant properties. The
mean delinquent tax bill and share of unsold liensresidential improved property

were higher under the first-price auction.

Table 2 shows the count and percent of liens sbéldollar value and percent of prope-
rty tax delinquency sold, and mean and median ésterates by auction design. The
Cook County Treasurer sold to investors approxiipe8® percent of all liens offered
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and 85 percent all dollars offered to investorsaurtie English auction. However, only
71 percent of all liens offered and 75 percent Ibdallars offered to investors sold
under first-price sealed auction. Across both auctypes, winning bids ranged from
zero to 18 percent. The median winning bid was zerder the English auction and
three percent under the first-price auction.

Table 3 shows that the overwhelming number of liand dollar value of liens are pur-
chased by large investors purchasing 100 or mens lat any one auction regardless of
auction type. The mean winning interest rate andmaelinquent tax bill vary by the
buyer size however no obvious pattern exists a@aoston designs. Buyer fixed-effects
are generated and included in the empirical maxlebntrol for these differences.

The differences observed in table 1, 2, and 3 aeetd several factors. The first is ti-

ming, whereby winning interest rates differ acrpssiods for unobserved reasons (i.e.
tax lien investor sentiment). The second is the tgpliens offered differs across peri-
ods (i.e. higher share of residential property, arl@ns in a particular tax district). The

final factor, and the focus of this study, is aottype differs across periods. In order to
disentangle each factor the empirical strategy @mgnted is a difference-in-difference
model specification that control lien charactecstiThis strategy allows for the identifi-

cation of the effect of changing auction type onnimg interest rates.

The dependent variable is not normally distribut#hough a logarithmic transforma-
tion of the dependent variable (Manning and MullaB§01) would address issues of
non-normality of the data, this is not possible dughe existence of winning interest
rates at zero percent. This would lead us to datacation issues, and we do care about
whether different auction rules lead to winningsidth a zero interest rate.

Although local governments in lllinois have used ten sales since 1819 (Carlson
1951; Swierenga 1974), researchers know little allmi responsiveness of bidders to
different auction types. No study to date estiméteseffect of auction type on winning

bids for tax lien auctions.

Previous literature examined determinants of wigrbids in tax lien auctions. Because
local governments place a lien against propergyli¢a investors use property characte-
ristics to determine bids. In a survey of 160 iar investors, respondents listed estima-
ted market value, property type, and location asrniost important factors influencing
bids (DeBoer and Conrad, 1990). Two empirical stsdDeBoer et al., 1992; Allen et
al., 2004) confirm the survey and also find deliegutax bill, auction order, and buyer
characteristics determine winning bids. | contarl these previously identified determi-
nants to isolate the effect of auction type on wignbids. Below | provide variable
definitions.

Assessed value serves as a proxy for estimatedeinaalue (DeBoer et al., 1992). The
assessment ratio in lllinois is one-third. Therefdrcompute the estimated market value
by multiplying assessed value by three. | contoolififlation by converting the estima-
ted market value for each property to 2011 dollars.

The minimum bid is the delinquent tax bill for edddmn, since winning bidders must
pay the delinquent tax bill for each lien won. Higiinimum bids are shown to reduce
auction revenue (Milgrom, 2004). | control for Eiibon by converting the delinquent
tax bill for each property to 2011 dollars.
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Property type informs bidders on the expected dayfothe tax lien offered (DeBoer et
al., 1992). All else equal, liens against residdnthproved property have higher expec-
ted payoffs than liens on other property types.id@agial improved liens are more
likely to be redeemed and in the case of non-rediempasier to sell. | separate proper-
ty type in this dataset into three mutually exclastategories. The first property type is
residential improved, which represents approxinyatelo-thirds of all observation.
Residential improved property includes one-familyetlings, multi-family dwellings,
condo-units, and apartment buildings. The secorupepty type is vacant property,
representing less than one-quarter of all obsemstiThe third property type is all other
improved property, which includes commercial imgdwand industrial improved. | run
the analysis and use other improved property i€¥tduded benchmark.

Property location also informs the bidders on tkgeeted payoff of the tax lien offered
(DeBoer et al., 1992). All else equal, liens lodaite higher quality neighborhoods have
a higher expected payoff than liens located in loguality communities (DeBoer and
Conrad, 1990). | control for property location, atigbrefore neighborhood quality,
using the tax district in which each property lechtin Illinois, counties separate into
smaller geographic units called tax districts, vahéce responsible for the assessment of
property value for tax purposes. Cook County hatag3listricts.

Tax lien sale investors vary in the number of lipaschased, types of liens purchased,
experience, and access to capital (DeBoer and @pae90). Previous research (Allen
et al., 2004) finds that large volume investorssthpurchasing 100 or more liens at any
one auction, purchase at lower interest rates.sLégr almost exclusively purchased as
an investment vehicle for large buyers, who gehegarchase hundreds of liens. In
Cook County, for example, from 2006 to 2011, 97cpat of liens where sold to large
investors purchasing 100 or more liens at any eaieé@n as shown in table 3.

To account for bidder characteristics that affectning bids, | normalize the names of

buyers across auctions. For example, Praticorpriracated purchasing liens in the

2007 tax lien sale was treated as the same Prgzfmochasing liens in the 2008 tax

lien sale. There were a total of 282 unique buyethe dataset. Next, | rename all bid-
ders participating in only one auction and winnorgy one lien novice bidders. There

are a total of 77 novice bidders in the datasetnlthe analysis and using novice buyers
as the excluded benchmark.

Normalizing buyer names is necessary to estalilisfer fixed-effects. Buyer-fixed
effects control for unobserved variation specificeiach winning bidder. Whereas the
previous literature controls for bidder-specifiéfeliences based on the number of liens
purchased, this method is only able to identifystze of buyers, but not specific buyers.
The previous literature assumes that all large mupehave similarly, but it does not
allow for buyer specific variation. My identificath strategy is an improvement because
it controls for unobserved buyer characteristia tould affect auction outcomes and
bidding strategies.

Identification Strategy

The switch in auction type by the Cook County Tueas provides the best opportunity
to generate an unbiased estimate of the effect @fitch from English to first-price
auction on winning bids. The county treasurer dvattto first-price auction in 2008 to
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reduce the total number of days needed to contiactdle, not to alter winning bids. In

fact, the county receives the same revenue whétbdien is sold at a high price of zero
percent or a low price of 18 percent. In 2007, whising the English auction, the trea-
surer offered nearly 17,000 liens in 16 days. 16&@vhile using the first-price auction,

the treasurer offered nearly 27,000 liens in 5 days

Although the decision to switch auction type wadivated by the treasurer’s desire to
reduce the number of days and not to alter winbidg, an OLS regression comparing
results between the English and first-price austiproduces estimates biased by the
timing of adoption. The treasurer switched to tingtforice auction during the housing
market collapse. A simple comparison of means shinat average winning bids are
lower under the English auction before the housmagket collapse, than under the first-
price auction after the housing market collapsee @ifference in winning bids is a
combination of the change auction type and thenginaif adoption.

A common technique implemented to deal with thiseptial bias is a difference-in-
difference identification strategy. The differenoedifference strategy is not possible
across lllinois counties as a credible control graloes not exist for Cook County.
Kane County, a large suburban lllinois county,his bnly suburban county bordering
Cook County from 2006 to 2011 to use the same Emgluction design found in Cook
County prior to the switch. Although Kane Countypegrs to be a credible control
group, spurious auction results were observed theetime period. As shown in figure
1, the mean winning bid in Kane County increaseanfr2.5 percent in 2006 to 15.5
percent in 2007. During the same period using tumes auction design the mean
winning bid in Cook County decreased from two patdée 2006 to 1.4 percent in 2007.

In 2007, 83 percent of liens sold in Kane Countyensold at the maximum interest rate
of 18 percent. Previous literature (Milgrom 2004ygests the results are due to ineffi-
cient rules on matching whereby competition amongsagstors is not rewarded. The
odd auction result could also be the result ofusidin (Department of Justice, 2011).
Regardless of the cause, the trend in tax lieni@ucesults for Kane County was very
different than those in Cook County over the saime tperiod. The unexplained diffe-

rence is one reason why Kane County does not repirascredible control.

Additionally, neighboring counties are not a créelibontrol because Cook County tax
lien investors do not participate in the neighbgroounty auctions in large humbers.
During the period of observation only 21 winningldérs participating in Cook County
tax lien sales also participated in at least ordi¢am sale in neighboring counties. These
bidders purchased 56 percent of all liens sold @a@kCCounty, but only 9 percent of
liens sold in the neighboring counties. The firedgon neighboring counties are not a
credible control is that Cook County sells lienshnéix month of additional delinque-
ncy when compared to other lllinois counties. C@akinty is selling a slightly different
investment product.

A difference-in-difference identification strategpypossible within Cook County becau-
se in the first-price auction observed, liens dfered in four rounds. Investors submit
sealed bids on individual liens within each rouRdr the first round, investors submit
bids absent market signals. After the first roumadompleted, bidders are informed of
liens won. If a lien is won with a bid between aarad 18 percent, the winning bidder
knows for certain their valuation of the lien igthighest of all bidders. If the lien is not
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won with a bid between one and 18 percent, thedslknows for certain their valuati-

on is not uniquely the highest valuation. Winnirigsbof zero percent submitted by a
bidder are the result of either a valuation higten all bidders or the random assign-
ment of the lien based on multiple zero percens bidsing bids of zero percent sub-
mitted by a bidder are the result of random ass@mnof the tax lien to a competing

bidder also submitting a zero percent bid.

When the second round begins, investors submieddzitls on individual liens based
on independent valuations and market signals flanfitst round. When the third round
begins, investors submit sealed bids on individieaks based on independent valuations
and market signals from the first and second rouldsen the fourth round begins,
investors submit sealed bids on individual liensdahon independent valuations and
market signals from the first, second, and thinghas.

Table 4 shows average winning bids of all liengx&€ by auction type, round, and year.
Average winning bids differ by round under thetfipsice auctions because of property
characteristics, price-anomalies (Ashenfelter, 198§henfelter and Genesove, 1992;
Mezzitti, 2011), and the ability of bidders to obaemarket signals. Average winning
bids differ by round under the English auction hesgaof property characteristics and
price-anomalies. Average winning bids do not diffground under the English auction
because bidders are able to observe market sigies the first lien is offered. In the
English auction, bidders observe market signaliimclude number of competitors,
submitted bids, and winning bids. The ability ofidiéérs to observe market signals does
not depend in the English auction on the constcuatend.

For the English auctions, | assign liens to rousalsed on volume number. The assign-
ment is consistent with the assignment of lienseutidst-price auctions. Volume num-
bers are assigned to each property based on tatdo®f the property by the county.
Liens are offered in sequential order one parcaltahe by volume and property identi-
fication number (PIN) within volume. The assignmefivolume numbers and PINs are
constant over time. Therefore, had the liens saltleu the first-price auction instead of
English auction the round assignment would have llee same.

More explicitly, liens are auctioned by volume nwembln the first-price design, liens
with volume numbers 001 to 147 are auctioned infitts¢ round. Liens with volume
numbers 148 to 270 are auctioned in the secondirduens with volume numbers 271
to 464 are auctioned in the third round. Liens witfume numbers 465 to 601 are auc-
tioned in the fourth round.

Because the volume number for all liens is provided possible to assign rounds to
liens offered under the English design. For exampléen offered under the English
design with the volume number 006 would have be&read in the first round of the

first-price auction because the volume number faithin the range 001 to 147.

If 001 < Volume Number < 147 then Round 1.
If 148 < Volume Number < 270 then Round 2.
If 271 < Volume Number < 464 then Round 3.
If 465 < Volume Number < 601 then Round 4.
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The following notation is used to describe the agerwinning bids under each auction
type for each round:

[ : Average winning bid, English auction, round n
l_]c1 : Average winning bid, first-price auction, round

In the auctions observed, bidders face two possibléronments. The average winning
bids in both environments is a function of propeftyaracteristics, price-anomalies, and
market signals. In the first environment, where 0=or the control, bidders observe
market signals. The control group is liens soldesrttie second through fourth rounds
of English and first-price auctions. In the secendironment, where T=1 the treatment,
bidders observe no market signals in the firstgpacctions, but these market signals
are observable in the English auction. The treatmgeoup is liens sold in the first round

of the English and first-price auctions.

By assumption, the quality of market signals obsdrlsy bidders does not vary in the
English auctions by constructed round. However giinaity of market signals observed

by bidders improves in the first-price auction a#ach round. Therefore, the average
winning bid in the first-price auction approachke tiverage winning bids in the En-

glish auction as the number of rounds increaseatimu (1) shows the relationship

between average winning bids across auction tyde@md.

Therefore, average winning bids in the first-praagetion, where T=0 and n > 1, appro-
ach the average winning bids in the English auctidmere T=0 and n > 1, as given in
equation (2).

E[>YT = 0] = E[IF>!|T = 0] )

The difference-in-difference methodology differesogithin auction. For the English
auction, the first difference is that between tmeait and control as given below in
equation (3).

AlE = l_El - l_E2—4 = E[l_}"l=1|T = 1] + E[l_}"lzz_‘l-lT = O] (3)

Since there is no difference in market signals betwtreatment and control for the
English auction, the first difference accountsgotential unobserved confounders (i.e.
price anomalies).

Similarly, the first difference for the first-price that between treatment and control
rounds as given by equation (4).

Al =Ty — lpp_y = E[I"YT = 1] + E[I"™*"4|T = 0] (4)

Equation (4) differences out both potential confiens and market signals that are not
present in round one but present thereafter.

The second difference then differences the diffeeensuch that the remainder is that of
market signals. The second difference is givergiméon (5).

8 = Aly — Al = market_signals (5)
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So long as the unobservables do not differ betviestaprice and English auction, the
remainder is the difference in market signals betwihe English and first-price auction.

To empirically test whether the difference is stidally different from zero, | use the
basic regression model shown in equation (6). Thrpgse of the model is to isolate the
effect of market signals on average winning bidw] therefore the average treatment
effect of switching from English to first-price evinning bids.

Interesty,, = By + §yPost + ,Treatment + §,Post x Treatment + B,X; + I, + € (6)

The outcome variablénterest;., is the winning bid of lied at yeart. The dummy
variablePost is equal to one for years 2008 to 2011 when tis-firice auction was
conducted and zero for 2006 and 2007 when the &ngluction was conducted. The
dummy variablel'reatment represents the treatment group and is equal toifdhe
lien was offered in the first round and zero othisewThe variablé,, the difference-in-
difference estimator given Bost * Treatment, measures the effect on winning bids
offered in round one after the switch to the fjpsite auction.

X', is a vector of property characteristics for llefProperty characteristics include the

delinquent tax bill, estimated market value, anoperty type?fl identify property type
with a dummy variable indicating whether the prapés residential improved or vacant.
The comparison group is all other property usetudinog industrial vacant and com-
mercial vacant. Tax district fixed-effects are ua#d to control for property location.

Buyer fixed-effects];, for each unique buyer name are also included.cbhmeparison
group is all liens sold to novice bidders; noviddders participate in only one auction
and purchase only one lien. Liens not purchasetuetion by investors are purchased
by the county at 18 percent. | treat these liensad to the county. This treatment
avoids issues with the selection of liens soldnieestors and is appropriate given the
sale of unsold liens in a secondary market aftetiaol

Interest rates are an important determinant obttiding strategy of buyers. The cost of
capital differs by buyer and year. In order to astdor these differences, buyer fixed-
effects are included in the empirical model. Bufyeed-effects are constructed by nor-
malizing buyer name in each year and assigningiqueridentifier. Therefore, all liens
purchased by the same buyer in the same year haveaime unique identifier. This
strategy allows for the control of idiosyncratidfeiences in the cost of capital across
buyer and year.

Table 5 presents empirically estimates for expegdrbidders on the effect of a switch
from English to first-price on winning bids. All spifications regress winning bids
against a set of control variables, including colstfor property characteristics, buyer
fixed-effects, and tax district fixed-effects. THiest model specification regresses
winning bids for all liens offered. The second mlodeestricted to liens offered in the
first and second round of the first-price auctiond ahe constructed first and second

% Estimated market value of property and delingt@nbill has been adjusted for inflation using 204 1
consumer price index as the base year.
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round of the English auction. The third model istrieted to liens offered in the first
and third round of the first-price auction and dmmstructed first and third round of the
English auction. The fourth model is restricteaioliens offered in the first and fourth
round of the first-price auction and the constrddiest and fourth round of the English
auction.

The four model specifications allow the readerxargine effect of the improvement in

market signals observed by bidders after each rammavinning bids. The important

distinction between the English and the first-piegtion is that in an English auction,
market signals are observed by bidders. In therinsnd of the first-price auction, bid-

ders are unable to observe market signals. Theansidnals observed by bidders in the
first-price auction improve after each round. There, the first-price auction approa-

ches an environment with same market signals obdeirv the English auction as the
number of rounds increase.

The results from all four model specifications shaverage winning bids are lower in
the first round of the first-price auction when quared to the control. The results are
statistically significant for all specifications éumange in magnitude depending on the
restrictions placed on the sample. The first magelcification shown in column one,
using the full sample, estimates average winning bd be 1.4 percentage points lower
than the control. Recall that in an interest ratetian, lower bids represent higher pri-
ces paid by the winning bidder because the winbidgepresents the interest rate bid-
ders are willing to accept for paying the delinquexx bill. Therefore, under the full
sample winning bidders paid a price by 22 percégitdr when compared to an auction
environment with market signals.

The results given in columns two through four shdhe effect of improvements in
market signals. The second column, using restristadple with only round one and
round two results, estimates average winning bidbe 0.9 percentage points lower
than the control. Therefore under the restrictadpda from column two, winning bid-
ders paid a higher price by 14 percent when condpreéan auction environment with
market signals. The third column, using the redcsample with only round one and
round three results, estimates average winning toidse 1.9 percentage points lower
than the control. Therefore under the restricteshda from column three, winning
bidders paid a higher price by 29 percent when @agp to an auction environment
with market signals. The fourth column, using riegtd sample with only round one
and round four results, estimates average winnidg to be 1.7 percentage points lower
than the control. Therefore under the restrictedpda from column four, under the full
sample winning bidders paid a higher price by 2&@et when compared to an auction
environment with market signals.

Robustness Checks

One potential weakness of the identification sgate use to estimate the effect of a
switch from English to first-price auctions on wing bids is the treatment of liens

returned to the county. It is possible that a highenber of liens returned to the county
under the first-price auction would upwardly biae estimate as liens returned to the
county are charged an interest of 18 percent.
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Changing auction type, English to first-price, irsaquential common value auction
does not affect a decision on whether to bid (Kagel Levin, 2002) and therefore does
not affect the probability of a lien being returrtedthe county. However, the first-price
auction design introduces a rule which reducesitimber of liens sold. It is possible to
identify the causal effect of this rule on the na@miof liens sold at 18 percent by
examining liens returned to the county in the fpste auction.

By construct liens re-offered in the first-pricesig at a second auction received a low
bid between one percent and 18 percent by two oe miolders. In the English auction,
a second auction is not needed as matching lowl#tiseen one percent and 18 per-
cent are awarded to bidders based a random assignBecause a second auction low
bid by two or more bidders between one percentl@pdercent in the first-price auction
design results in the lien being returned the cpdoit collection, the number of liens
sold is lower in the first-price auction comparedthie English auction. The difference
in the number of liens sold between the first-paod English auction design is equal to
liens unsold in the second auction of the first@riesign. Table 6 shows the total value
of property tax delinquency unsold due to the claingauction type was $6.4 million
from 2008 to 2011.

In order to test the sensitivity my results to thduced probability of sale to investors

across auction types, | exclude from the sampfesireturned to the county and run the
basic regression model presented in equation @)IeT7 presents the estimates of the
effect of a switch from English to first-price onnming bids excluding liens returned to

the county. | again present the model using foecHjgations. The results are consis-
tent in significance, sign, and magnitude with thpsesented in table 5. The findings
are not sensitive to the exclusion of liens retdrizethe county.

Another point of interest is the effect of learniaog winning bids. It is possible that
although lower bids are observed in the first roohdhe first-price auction across the
entire period, bidders learn to avoid overpaymenbiolding differently in later years

after experiencing the new auction design. In otdetest the sensitivity my results to
learning, | restrict the sample to two time perioaise time period excluding 2010 and
2011 and another time period excluding 2008 and200@erun the basic regression
model presented in equation (6) and present thatsdn table 8.

| again present the model using four specificatidie results are consistent in signifi-
cance and sign with those presented in table 6.nfdgnitude of the difference, howe-
ver, does depend on the time period chosen. Thdtsemgre interesting because they
suggest the magnitude of the effect increasing anemmecent years. The implication is
that bidders are not learning across years. Onsilgjesexplanation is the learning is
taking place within auction by round rather tharoas years.

Conclusion

In this study, | test the effect of a switch fromdtish to first-price on winning bids. |

find the switch from English to first-price resutén average winning bids to be 1.4
percentage points lower and therefore prices 22epérhigher in the first round of the
first-price auction. The finding is consistent witheoretical predictions of Kagel and
Levin (2002) and experimental results of Kagel &idhard (2001). Unlike Hansen
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(1986), | do not find the effect of first-price b@ insignificant; suggesting that selection
alone cannot explain differences in revenue.

My methodology addresses issues of selection antsamvables that can confound the
effect of first-price auctions on winning bids. rigae that the difference between first-

price and English auctions is one of market signilsmarket signals are observable in

English auction, but this is not the case in fpgte where market signals are revealed
over multiple rounds. Since the first round osffiprice allows for no market signals,

this allows me to estimate the effect of lack ofrke# signals under first-price by using

a difference-in-difference methodology.

My findings are important on both empirical and gtigal grounds. On empirical
grounds, | use one of the largest auction eventhéncountry for tax lien sales. | am
able to find support for the theoretical models argerimental studies by using admi-
nistrative data. Similarly, my results have thaential to inform policy on auction
type choice. My findings suggest that under a-firste auction investors will overpay,
and that switches from English to first-price irase revenue for sellers at the expense
of investor profitability.

The contribution to the literature is that thidfirst empirical analysis to confirm prior
results while addressing potential issues of selediias. Using a unique dataset, it is
possible to observe the behavior of experiencedds& to changes in auction type
across years and within auction. The results furtiie understanding of auction type by
addressing a previously unsettled empirical result.
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Tables

TABLE 1 - Auction Descriptive Statistics |

Illinois - Cook County - 2006 to 2011

Sold Unsold
Mean Mean
Delinquent  Percent Delinquent  Percent
Tax Bill  Residential TaxBill  Residential
No.Liens  (§)~ Improved No.Liens  (§)~ Improved
English 38 198 $2 688 76,7% 6902 $2 623 12,7%
First-Price Sealed-Bid 90722 $3613 81,5% 36 895 $2 937 35,7%

~ Adjsuted for inflation and presented in 2011 $

TABLE 2 - Auction Descriptive Statistics ||

Illinois - Cook County - 2006 to 2011

Winning Interest

No. Liens Tax Delinquency ~ Rate*
Percent Percent
Sold to Sold to
Offered Private Offered Private Mean  Median
English 45100 84,7% $120763,7 85,0% 3,9 0,0
First-Price Sealed-Bid 127 617 71,1% $436 1485 75.2% 74 3,0

~ Adjsuted for inflation and presented in thousands of 2011 $; * Winning interest rates of liens sold to investors.
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TABLE 3 - Auction Descriptive Statistics III*

Illinois - Cook County - 2006 to 2011

No. Liens Tax Delinquency ~ Mean
Winning
Interest  Delinquent
English Purchased  Percent Purchased  Percent Rate Tax Bill
14 $2736

Large Buyers 36854  96,5% $100842,4 98,2%

(100 or more liens)

Meduim Buyers 1137 3,0% $1404,9 1,4% 0,8 $1236
(10 to 99 liens)
Small Buyers 207 0,5% $411,8 0,4% 1,3 $1989
(1to 9 liens)
Winning
Interest  Delinquent
First-Price Sealed-Bid Purchased  Percent Purchased  Percent Rate Tax Bill

98,0% $318708,4 97,2% 3,6 $3475

Large Buyers 88 921
(100 or more liens)
Meduim Buyers 1438 1,6% $78836  24% 55 $5028
(10 to 99 liens)
Small Buyers 363 0,4% $1186,7  04% 33 $3 169

(1to 9 liens)

sale purchased 100 or more liens during that auction not including previous activity. Liens purchased by the coun
ties are not included in the count.
~ Adjsuted for inflation and presented in thousands of 2011 $

* Buyer volume was measured at each auction. For example, a large buyer in the 2010 Cook County annual tax
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TABLE 4 - Auction Descriptive Statistics IV

Average Winning Interest Rate

First-Price Sealed-Bid 2008 2009 2010 2011
Round 1 3,28% 7,83% 8,53% 8,85%
Round 2 3,05% 9,23% 9,23% 10,04%
Round 3 1,52% 7,27% 10,04% 11,49%
Round 4 0,93% 6,78% 16,93% 9,48%

Average Winning Interest Rate

English ~ 2006 2007
Constructed - Round 1 7,07% 5,86%
Constructed - Round 2 6,40% 3,83%
Constructed - Round 3 2,13% 1,32%
Constructed - Round 4 1,29% 0,66%

~ For the English auctions, | assign liens to rounds based on property location. The assignment is consistent the
assignment of liens under first-price auctions. Therefore, had the English liens been sold under the first-price the
round assignment would have been the same.
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TABLE 5 - Empirical Results - Difference-In-Difference
Illinois - Cook County - 2006 to 2011

Round 1,2,3,4 Round 1,2 Round 1,3 Round 1,4
Tax Tax Tax Tax
Liens Liens Liens Liens
Y: Interest Rate Offered Offered Offered Offered
(1) (2) 3) (4)
Treatment * Post -1,4108 *** -0,9459 -1,9275 -1,6671  ***
(0,0441) (0,0509) (0,0550) (0,0554)
Post 2,2019 *** 1,7963 *** 27817 ** 24110
(0,0248) (0,0370) (0,0448) (0,0452)
Treatment 0,9023 *** -0,5753 19724 *** 0,9368 ***
(0,0510) (0,1197) (0,0836) (0,0633)
Delinquent Tax Bill 0,0145 *** 0,0134 ** 0,0115 ** 0,0123
($ 2011 Thou-
sands) (0,0021) (0,0051) (0,0057) (0,0024)
Est. Market Value -0,0004 *** -0,0006 *** -0,0005 *** -0,0003 ***
($ 2011 Thou-
sands) (0,0001) (0,0001) (0,0001) (0,0001)
Residential Impro-
ved -1,2255 *** -2,0430 *** -1,6081  *** -1,1083  ***
(0,0331) (0,0506) (0,0493) (0,0480)
Vacant 1,0805 *** 1,0643 *** 0,8324 *** 1,0747  **
(0,0386) (0,0542) (0,0584) (0,0556)
Buyer Fixed
Effects Yes Yes Yes Yes
Tax District Fixed
Effects Yes Yes Yes Yes
N 172717 84 063 84 542 71588
R-Squared 0,8463 0,8632 0,8623 0,8552

Notes:Robust standard errors reported.

*** Significant at 1 percent Level; ** Significant at 5 percent level; * Significant at 10 percent level
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TABLE 6 - Tax Liens Reofferd and Unsold
in the First Price Sealed Bid Second Round

Illinois - Cook County

Tax Delinquency

No. Liens ~ Percent Mean
Residential Delinquent Tax

Year Unsold Unsold Improved Bill
2008 53 $380 815 49,1% $7 185
2009 1053 $5 787 084 93,8% $5 496
2010 144 $104 312 74,3% $7 244
2011 232 $130 017 83,6% $5 604
Total 1482 $6 402 228 88,7% $5 743

~ Adjsuted for inflation and presented in 2011 $
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Figure 1
Tax Lien Sale Results
2006 to 2011
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