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Abstract

In thns paper, we stady the charges in transaction costs Tom Lhe introduction of the [otemet in
transactions helween fims (i.e., business-to-business (B23) e-commezee). We begin with a coneeptual
framewurk 10 erganize (he chunges in transaction costs that arc ikely to result when a transaction is
transferred (rom a physical matketplace to 2n Internet-based one.  Following Milgroni and Roberts
(1992), we d:[ferentiate hetweon the impact on coordination costs and motivation costs, We argue that it
is likcly that B2B e-commerce “educes cuordination. costs and increases efficlency. We classify these
efficiencics into thres broad catcgories — (1) process improverments; (2) marketplace benefits; and (3)
indirect improvements, Al the same Lime, B2B evommeres affecis incentive cests, In part:cular, we
diseuss the impact of the introduction of c-commerce on fnlormatonal esymmetries. We implement this
[rumework by analyzing detailed intornal daly from one Interici-baged firm to measure process
improvements, markeiplace henetits, and motivation costs, We presernt less detailed data and analyses (e
onc odher firm, Cur resulls sugeest that process improvernents and marketplace benefits are potentially
large. We tind litlle evidenze that informartional asymmelries ae more inportant in the electronic
merketplace we stedy than the axisling physica. ones.
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I Inlroduction.

By scparaling the physical and information flows connecled with each transaclion, the
Internet has provided potentially new ways to trade goods and scrvices. Fer each individual
rransaction, (he choice between an Iaternet-based transaction of marketplace and a physical one
depends on the transaction costs of sach of these two altermalives,

[n this paper, we make an early aticmpt at studying the changes in trunsaction costs
resulting frorn the introduction of the lnternet in ransactions between finns. These transactions
are more commonly known as business-to-business (B2B) eleciromic cunumerce. We becyrin with
a coneeptual framework io crganize the transaction cosis gains and losses that are likely Lo result
when a transaclion is transferred frem the physical world {o the Intermet.  Following Milgrom
and Roberts {1092), we differentiate hetween the impact on coordination cosls and motivation or
incentive costs, Conecorning coordiration costs, we suggesl e-commnierce produccs efficiencics
into three broad categories — (1) process improvements; (2) marketplace benefits; and (3) indirect
improvements. Coneering motivation costs, we discuss the impact of the introduction ol c-
cownerce on informational asymmetries,

We then discuss how allernative 328 marketplace structures economize difterently on
transaction costs, and discuss when each iodel is likely to be most appropriate as a function of
the charactcristics of the transaction.

Finally, we make use of our framework 1o stimate the changes in ransaclion ¢osts that
result from 828 e-commerce using intermal data from Iwy B2B e-commerce companies. W are
able to estimate these changes in particilar detail for enc company, Autodag Cozporation.
Hecausc one of the anthors is an advisar to these two companies, we use independent external

infornation when we can 1o contirm the internal information.



h1 studving how alternative organizational forms selve the prohler of economizmg on
the costs of lrunsacting, this paper iz a descendint of Coase (1939). Qur paper, however, takes a
substantially different tack from previous empirical literature within this tradition. Previous
work has lareely been concemed with siudying when “the markel” should be preferred to “the
firm," or oecasionally, when each of thesc should be preferred to cifferent ypes of long run
arrangements. Lilile work exists, to our knowledge, or. the transaction cosis of alicrnative spot
market arTangements and on the choice belween thern,

A second, important difference with previous transaction costs lileralure concermns the
types of transaction costs that we study. Since Joskow's {1985} cconometric study of the
duration of contracts, the relation berween ssset specificity and organizational form has beea the
main conecrn of empincal work on transaction cosls.' We take a broader approach here,
studying both incentive or motivaticn-related transaction costs and those relaled to coordination
problems it different spot murket arrangements.

Our approach is also new inits focus on B2B electrome commerce {or e-commerce).
(iiven its recenl cmcrgeres, there is very little (if any) extant empirical work that studies B2B ¢-
canreree, i.e. commerce in which one business buys from or trac¢es with another business.
MosL uf the early press and academic work on clocironic commerce centered on busincss-to-

consumer {B2C) companics like Amazon, AOL, and ochers. |- is possible, however, that the

* fee e.p. Crocker and Masten {19853, for nalural gas, and Geldbery and Enckson (1987) in petroleum coke, and
Lyons {1994 study of subcontracting in the. cngincering industry. These papers finéings are consistont with Lhe
prediction that more speeilic lransactions require longer, more furmal cantracts. The Lafontame (19492}, Lafontaine
and Slade (1997, 1968 studizs on franchising, en the other hand. have fonnd that specific nvestments are not very
impurtant for franchising, and have smdiad the determinstion of foyalty rates in these contracts, Finally, Homsloom
and Milgeom (1591} find that previcus work on the importance ef non-selling activities 1y Anderson (1385} supgest
that megngement covts are 4 key determinant of the extent to which incenlive byues mater.



Intcrnet will have a larger impact on B2B e-commcree. In parsicular, B2B e-commcrce has the
petential 1o generate substantial efficiencics.”

Finally, to our knowledge, oar paper is the firsl one to sest for variations in the extent of
adverse seleorion as a consequence of differences in informational asymmetries benween markets
of different types. Previous tesls of “lemons’ models (such as Bond, 1982 or Genesove, 1593}
have aimed (o obtain evidence of adverse selecrion in particular markets rather than lo
understand how differen| infornational conditions in different markets result in different degrees
of adverse sclection.

I'he paper proceeds as follows, Webegin by providing a simple franework to analyze
the ways in whica B2B e-commercc affects transaclion costs. Seconl, we discuss how
alternative B2B e-commerce models (as classified by Kaplan and Sawhney [20007) cconomize
on transaction costs, Third, we use detailed intemal data fromn Autodaq to measure process
imprevements, marketplace benefits, and motivation costs.  We present less detailed data and
analyses for one other firm on process improvements and markctplace benefils. (ur resalts
stgaest that process nmprovements and marketplace benefils are potentually large. For Autodag,

the one company wo can study in detail, we do not find evidence of increased motivation costs,

i A framework for analyzing changes in efficiency due to B2B e commerce
As mentioned above, B2B c-commerce has the pelential to substantiully reduce
transaction costs in inter-firm trade. Following Milgrom and Roberts (1992}, we classify

transaction costs in two categories: costs associuled with ibe problem of coordination and costs

* E.g., see Sawhney and Kaplan (1999).



associated with the problem of mofivatisn. Shifting a transaction from a physical environment to

the Intermet has the potential 1o affeets both types of transaction costs,

A. Coordination costs

Coordinalion costs are “related to the need to determine poces and other details of the
{ransaction, lo make the sxistence and localion of potential buyers and scllers known to one
anclher, and to bring the buyvers and scl.urs logether tw travsact.™ We find it uscful to classify
the effects of the Intcrner on cocrdinalion ¢osts into hwo general categomies: proccss
improvements and marketplacc benefits.  Below, we describe the potential Interner-based
improvements in these eoordination costs. 1l is impaortant to recognize (and we then discusg) that
reducsions in transactions costs are likely 1o lead to additional direct and mmdirect benefits,. We

use this frumewaork in later sections lo study the pains attained m some examples.

i Process improvements
B2B c-commerce cin Improve cfficiencies by reducing the costs involved in an existing
business process. Such an improvement may lake place in two basic forms. Firet, it may simply
reduce the cost of an activity already being conducted, as when a transaclion that is qurrently
conducted by phonc or [ix is automated. In other instances, the Interuct provides an opportunity
1o redesign the existing pmcess.4
The methodology we usc to measurz ot estimale the valug of process improveimenis 1s

straightlorward. First, we describe and measure the costs ol Lhe activilies mvolved in the

* Milgrom and Roheris (1992), p. 28.
* Sec Kaplan and Sawhney (20007, They also provide a sunumary description ol Avtodag which we descnbe m
more ¢efail below.



cxigting process in detail. Second, we describe and measure the costs of the process using B2B

e-cormmerce. The difference, il atry, is the value of the precess improvement.

2. Marketpluce benefits

We classify the second way m which B2B e-commerce can reduce coordination cosls as
marketplace benefits {or direct information improvemenis). These benefits come in somc of the
following forms.” The Interaet potentially reduces a buyer's cosl of linding suppliers because it
is less expensive to scarch for products and compare prices over the Internet than it is 1o read
catalogs and make phonc cals. Conversely, sellers can reach more potential customers al Jower
cost. As aresult, buvers will find scllers they might nol have otherwisce found. cBay is an
example ol this on the consumer side. {(eBay is C2C — consunier-1o-conswmer. }

Second, the Intemet polentially provides huyers with hetter information about product
characteristics (ingluding prices and availability) because it is less expensive 1o obtain.

Finally, the Internet also potzntially provides better infonmation about buyers and sellers.

On the other hand, conducting the lransaction over the Intermet may merease these
iransaction costs, duc to the buycrs’ inability to physically inspect the merchendise object of the
exchange. This may be the case when buyers need to maleh their necds for objects based
precisely on a characleristic that requires physical inspection. Tor example, consider ihe second
hand car example that we explore in depth later, Suppose that dealers in 2 particular location sell
cars to a lower income, older consumer who takes good care ol the cars, while dealers in another
location caler 1o lower income handy-men. Holding all the observablz characletisiios cunsiant,

dealers in the Orst location may be looking for cars in pertzet condition; while dealers in the

¥ Also, see Phillips and Mesker (20005,




sccond focation may be looking for cars in less than perlect, but repairable condition. 1f the
condition of the car is hard to communicate wilhout hearing the motor and inspecting the car, it
will be difficult to distinguish barween these cars in an Intemet avetion. As a consequence, the
matching of cars with buyers muy be worsened. It 1s important to note that this sffect lakes
place regardless of the fact that the somposition of supply of cars is unchanged (no adverse
selection).

Estimating these costs and benefits is appreciably mors difficult than estimatng the
process improvement benefits. One place o look —and one lor which we have dula — is al the
buver's willingness to pay for sach object. Higher willingness 1o pay by buyers for a particular
item -5 evidence of better matcking. Other places to look mclade the ameunt of trade and prices
sellers receive. 1 B2R e-commerce delivers marketplace bencits, trade should merease. cBay
is a clear example of this in thal irade occurs that would not ocour otherwise, Higher prices tor
scllers would represent better matching. It is likely, on the other hand, that lower customer

aequisition cosls would reduce prices.

3 Direct and indirect effects of coordination cosis reductions

Clearly, any reduction in cootdination ¢osts results in direct economic gains
through a reduction in the cosl of undertaking thesc transactions. It is possible, however, that
olher indirect benefit also will arise. As the cusls of undertaking spo: markel transactions
dzcreases, participants in these transactions may adjust their behavior and realize further
efficiency pains. Although cstimating these effcts s beyond the scope of this paper, wo discuss
bricly here the effects of the two main sources of these changes: better information processing,

and changes in crgaaizational form.



Beiter information abour future demand through B2B e-commeres may allow a seller 1o
improve its demand forecasts, and uge that information to change its production deeisions to
better match demand. Conversely, a b.u}fcr might obtain batter infonmation aboul existing (and
[uture supply), and usc that infonmation 1o change its inventory decisions.

Second, make or buy decisions are hkewy to be affected. [T the Intemet 18 abls 1o produce
important decreases in the costs of carrying out transactions in the markel, the lransaction costs
cconomizing parudigm (Coasc [1939] end Willlamsen [1985]) leads us (o predict that fewer

transactions will be undertaken inside firms and meore will be undertalen in the market.

B Motivation costs
Milgrom and Roberts (1992) distinguish iwo types of motivation-related transaclion
costs: those associated with infonmational incompleteness and asymmetries, and those

associaled with imperfect commment.

1 Informational imcomplereness and asymmetries

These type of transaclion costs are present “when the parties to the transaction do not
have all the relevant information needed to determune whether the terms of an agreement are
acceptable and whelher they we actally being mel™ To the extent that physically observing
the merchandise 1o evaluate its conditivu 15 valuable to the buyer, some of that information 15 lost
through the conduct of the transaction through an clecironic format.

This loss of information about the object of the exchange may lranslate into an efficicncy
loss it adverse selection worsens in virfual transactions. Consider, for example, the original

lenions issue in sceond hand aulomobile markets (Akerlof, 1570}, which will Jater be our



cxample. Holding ohservable characteristics conssant, sellers might try to sell cars with strange
sounding motors exclusively thorough the Intemct” If scllers offer this type of object more
frequently over the Internet, buvers willingness to pay for the average object decrenses, leading

sellers ol higher (unobserved) quality to withdraw from the market.

2 Transaction cosls that arise from imperfeci commitment
Milgrom and Roberts (1992) define these costs as deriving from “the inabilily of parties
to bind themselves 1o follow through on threats and promises that they would like 10 make but
which, having made, they would like to renounce.” B2E c-commcree has the polential to
increase or deergase these costs. Pirst, by standardizing proccsses and by leaving an electronic
ira1l, the Intemet has the potential to reducc the costs el imperfect commitment.  Aliematively, a
hnyer may avoid intermediary fees by viewing the product over the Internet, but contacting the

seller directly.

Hr Alternative BIR c-commeroe huby and iransaciions costs

B2D e-commerce companies and intermediarics are structured mn & number of diffcrent
ways. These different intermediary and transaction structures, in turn, have differeni effccts on
lrunsaciion costs. Agrain, as with the cheice between phvsical and electronic transactions, the
choice of electrome transaclion struclure 1s bkely to depend va the atiriboles of the tmansactions.
. what follows, we refer to B2B intermediaries as hubs because they perform functions other

than just pure marketplace functions.

* Milgrom and Roberis {1992),
" Thrid-party inspections can zliminade this problem.



Tn lerms of iheir eflect on transactions costs, hohs can be classified® by (1) the nature of
prices and terms; and (2} the bias of the marketmzker. We discuss the effect of these different
structures on transaction costs, and which structure is likely to be supenor in different

circumstances.

A Nature of prices and terms

Prices and tenns of (runsactions in B2B s take two basic forms -- fixed pneing or
dynamic pricing.” In the firsi case, which is cssentially 4n on-line version of a catalog, the valus
ol the Intemet is tha: 1t allows the aggrezation of 8 large number of buyers and sellers under one
roof, and reduces lrmsaction costs vy “one-siop skoppmg.”™ The aggregation mechanism 18 static
in nature, because prices arc pre-negotiated. 'The apggregation mechanisin {also called the
“catalog mechanism™) is likely to work best for small or low value transactions where
negoliation is cost prohibitive. This can oceur for a number of reasens such as a very high
numiber of SKUs (Stock Kesping Unils), a highly “ragmented supplier umversc, a high cost of
processing a purchase order relative to the cost of items procured.

1n the second type of transaction, prices and lerms are not fixed. The hub us=s a
matching mechanism that croales valuc by bringing buyers and sclicrs together to negoliate
prives and terms on a dynamic and real-time basis. For example, Autedaq brings buyers and
selters of used cars wgetlier. The source of value creation in the matching mechanism is
improved matching due Lo improved marketplace Hquidity,  While catalogs benefit only from
the aggregation mechanism, exchanges bencfit from both aggregation and matcking. The

matching mechanism tends to work hest for when the value of the lransaction is high and

¥ In this section. we rely on and cxpand oo Kaplan and Sawhney (2000},
" 14 {5 impertant to point out shat @ particular marketplace may undertake kFoth types of transactions.



nggouation cost is nol prohibitive, This is more likely when products can be fully and reliably

described on-line and traded sight-unseen.

2 Biased versus newutrol hubs

Another dimension that is imporlant i deseribing a B2B hub is its bias. B2B lwubs van be
cither neutral or biased. Newtral hu's do net favor buyers over sellors or vice versa. Biascd
ones, in contrast, favor either buyors or sellers, As a result, ncutrzl hubs are taced with a
“chicken-and-egg” problem, in that they nead (0 get buyers as well a5 suppliers into their syslem
without compromising (heir neutrality. Thoy need (o be cereful in taking equity investments
from _arge buyers as well as from targe supplicss, because they can be pereeived as biased. The
benefit that neulral hubs have is that they are irue “market-makers,” hzcause they bring both
buvers and sellers topother.

Some hubs arc one-sided and biased by design. These biased hubs work either for the
scllers or the buyers, and help them lo negotiate better terms or streamline the buying/selling
process. Biased hubs (like ncutral hubs} can operate both as aggregators and as matchers. When
they favor sellers, biased hubs act as forward aggrezators or lorward auctioneers. When thev

favor buyers, biased hubs act as reverse aggrcgators or reverse auclioncors.

i Samiple companies

We analyze detailed dala provided by Aulodaq, a B2B e-commerce company. We
recognize Lhat because the data are provided by Autodag, the data are potentially diased. As
mentioned carlier, one of the authors is an advisor to Autodag. We address these polential biases

by buttressing the Autodaq data with, data provided by Autodaq competitors. The data [rom

10



Autodaqg and from the competitors are consistent. We alsc preseitt and discuss less delailed data

provided by one othor B2ZB company, NulraBid.

¥ Autodag

Aurodag operates in the wholesale used car auction market. The sellers in this market
are renta’ companies, lease finance compamecs, commereial fleets, manufacturers and automobile
dealers. Autoday initially focused on large volume sellers. The buycrs in this market ars
automobile dealers or wholesale buyers, not individuals, For example, rental companies buy
new cars, tent thom for 2 specified time or usage, and then sell them. Lease [inance companies
lease new cars For several vear terms. At the end of the lease lerm, roughly half of the cars are
cither purchased by (he Icssce ar by the dealer who accepts the relumn. The lzase finance
company must szl the cars that are not purchased by the lessee or a dealer. In 1999, the
wholesale used car auction market included roughly 1.4 million cars from rental compames, 1.9
million cars from leasc finance companies, 2.1 million cars from commercial fleets, and 3.5
million cars from dealers and wholzsalers.'! The whaleszle used ear auction market, therefore, is

ronghly 9 million cars per ycar.

A Frocess improvements

We compare the time and economic costs mvolved in the Awodaq / Internet process with
thosc in the physical aoclion process.

In the physical world, when a lage volume scller needs to dispose of a car, the seller

slores the car, then has il transported t9 a physical auction site. At the physical anction sitc, the

" See the <2008 Used Car Markel Repoal,” produced by ADT Autemodive, the nuniber two player in physical
ALCtions,
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car is described and inspectzd. The car also may be reconditioned by the auction sife operaror.
Reconditioning involves repairing minor {laws in the car's extenior — dents, scratches, cracked
windows, cie. Dealers travel to the physical auction site and bid on the car. Afler the auction,
the car 1s transported again to the winning dealer. The winning dealer perfonms any necessary

mainlenznce of [2pairs on the car and any additional reconditioming needed to retail the car,

In the Autodaq / Internel system, Aulodag contracts with an inspector who inspects,
describes, and photographs the car. For cars comiing off lease, ih:s occurs al (he turn-in dealer,
Fot cars caming from fleets, this occurs at the fleet marshalling yard. The car is then put up for
sale in an online auction. Lxealers bid on the car over the Internet from their eomputers. The cur
is iransported to the winning dealer. The winnug dealer performs any nccessary maintenance or
repairs on the car and any necessary reconditiening. If the car does not scll over the Internet, the
car continues through 1he physical auction process, I

Unlike physical auctions which are exclusively run as ascending aral auctions, Autodaq
auctions employ a variant of 2 second price auction in the form of a “proxy bidding” mechanism.
With a proxy bid, dealcrs submit the highest price they would be willing to pay and Autodag
antomatically increases their bid in the presence of other bids by just enough to beeome the
leading bid. The auction format also allows dealers to dircctly purchase the car by accepting (he
ask price given by the seller.

Tahle 1 comparcs the physical auction process to the Autodaq Tnternet process, both in
terms of tim= and money. The comparison is made for a lypical car comning ol lease or from a

renial (leet. The table measures time from the day the car comes off lease or 1s welired by the

li This process is mot uniqué to Autodaq. Scversl compesitors exist. In particular, the largest aperator of physical
uiclivas, Manhein has an Interoet baszed subsidiary — Menheim Online. hManheim Onling differs from Autedaq o
that it uses the lntemet fo [ist the cars that it has for sale at ils physical auction site, Tn its current incarmalion,

there fare, Manhcim On'ine, potentially reduces buyer transaction costs, but docs not change seller ansaciion cos’s.,



Tenlal car company to the day the car arrives at the buying dealer. The table measures costs as
the economic costs of the process. It docs not measure the benefils to a seller from moving from
a physical process to the Intemet process.

In panel A of table 1, we reporl eslimated iimes invelved in the physical auction process
and 1n the Internet process. In pancl B of table 1, we report actual times for both processes fror
a sample provided by onc of the sellers that used the Autodag process.

The estimales for the physical auction process in column 1 of panel A were provided by
Auwodag and by Tom Kontos of ADT Automotive. As mentioned earlier, ADT Automotive was
the second largest cormpetitor in the physical auction husiness.'> We obtained siniilar estimates
m inlerviews wilh other mdusiry participarts. Column 1 teports that the physical auction proccss
takes from 28 to 44 days.

Column 2 of panel A reporiz Autodag’s estimates of the time that s involved in the
Intemet auction process. Autodaq beheves that the Internet process should take 7 daye compared
to the 28 to 44 days in the physical auction process.

The savings 1o line come 1n several areas. First, il typically takes 9 to 15 days before
lessors and fleet owners ships a car to the physical auction site. Part of the reason for the delay is
that the physical auction company does not pick the car up immediately. The other reason is that
the seller may attempt to sell the car to the original dealer, but must take some time attempting to
determine the appropriale price, It s not entirely clear that all of the savings here are Internet
specizic. It would seem possible for the lessors Lo contragl with a physical auction sile 1o reduge
this time as well. It remains to be s2en whether Autedag can reduce this time.

Second, it typically takes 15 to 25 days from the time a car arrives at a physical augtion

site until it is sold. Cn the Inlemet, Auloday eslimales this time can be reduced 10 4 days. Onc



reason for the delay in the physical anction process is that the car generally waits some time
hefore it is reconditioned and recarditioning takeg some time. " The most important reason,
however, 1s that the physical auction sites oy to make each individual auction somcwhat
homogeneous in terms of the cars available. In other words, sell targely Fords in one auction;
largely Toyolas ‘n the nexl. This makes sense because dealers typically look for particular types
of cars. As a result, the physical auclicns will wail until they have a enticsl mass of & parlicular
car typc or brand before holding an auction. This is not a consideration for Autedaq becavse the
dealer dees not have 1o physically go to the Avtodaqg auction site, but simply log on.

Antodaq’s estimates make two optimistic assumptions. First, the estimales assume lhat
the cars gell quickly on the Internet, which implies a liquid market. Second, the estimatss
assuine that the cars are {isled for sale almost immediately aftor they come off leasc which
assuines sophisticated and iimely tracking and mspection proccsses. We interpret Autodaq's
estimates, therefore, as the hkely process costs of a liquid Internct market.

The “Diolars™ colunms in punel A of table | attempt to value the cconomie costs of the
two processes. The most important costs are the costs of capiial, depreciation, and
transportation. The cost of capital is relatively straightforward. The typical car (in our sample)
sells for $13,600. Each day the car is nat sold, the scller iz not able to deploy that capital
clsewhere. We assume a cost of capital of 8%, This 15 essenbally 4 debt cost of capilul winch
may understate the true cost of capilal for a scller.

The cost of depreciation ts bascd on the facl that sale prices for used cars depreciate with

the age of the car.  We assume a depreciation rate of 14%. This reflects the fact that m ihe data

12 AL¥I' has subsequently merged with Mannheim, the larges: competitor in the phivsical auction business.
1t is importac W note that in both the Antodag systen: and the shysical suction, buying dealers typically perform
recanditioning. Tnthe case of the physival auction, thig iz despite the fact that die physical auction already did surme
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provided by Autndag, the sales price declines by 14.8% (with a standard error of 1.7%) per car-
YEHT. |

Autodag and the industry experts with whom we spoke estimated that it costs $110 to
ship a car from the lessor to a physical avetion and then an additional $110 to ship a car ftom the
paysical auction to the buyer. The transporlaiion cosl 1o ship a car from the ‘gssor directly o a
local buyer was catimaied a. $137. The difference reflects the absence of economies of scale in
shipping dircetly.

Audoday estimales thal a dealer iravels one hour each way to the auction and buys four
cars at the auction. This translates wo one-half hour of travel time per car, Conservatively
valuing (he dealer’s time 4t $40 per hour' this transiates into $20 per car. Autodaq assumes that
tbe deales spends five hours at the physical auction. We assume, conacrvativaly, that the dealer
does not waste any of these five hours at the auction.

Finally, we assume that reconditionmg costs are the same far the physical auction as for
the Interret auetion, This alsa 1s likely Lo be conservative 1n thal cars bought in a physical
auclion are usually reconditioned again by ‘he buyer afier lhey are bought. To account for this,
wt hzve not added any exira time 1o the Intermel precess for recondilioming,

Based on these assumptions, we estimate that the physical auction processz hes an
ceonomic cosl of 5540 per car (nol inclodmyg reconditioning). The Autodag / Internct process
under the assumption of a liquid market has an analogous econcmic cost of anly $255 per car —a

285 reduction.

recondibiomine work, [t is pozsible that the reconditioning titne is preater ia the Autodaq syeem, althouph Autodaq
claitns tat this is mol e cese,
'* This is conservative as mechanics probably cost more than this.
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[t 1s unportant te note thal these estimates assumne (hal the markets arc entirely liquid or,
in olher words, the probabilily of a car being sold is one. As we discuss belaw, 1his was not the
case in the Internct 2uetions in our sample.

One of the lessors that provided Autodaq cars 1o sell also provided Autedaq with
mformation on cars the lessor sold through the physical auction process. We present our analysis
o- this actual data 1n puncl B of table 1.

With the information provided by the seller, we can caleulate time to salc from (1) lessor
inspection date aud (2) lease end for cars sold through the physicel auctien and for cars sold
through Autodaq. Neither date is ideal.

According to Autodaq, cars were typically inspected belore the car was turned in. Time
to sale from lessor irspection dale, Ltherefore, overstates the time Irom: lum-in to sale. According
to Autodaq, & car sold through Aulcdaqg was inspected an average of 9 days hefore the car was
turmed in. According to Aulodar, the overstatement is slightly worse for the cars sold through
Antodaq becanse all such cars were inspected before they were lumed in. While most of the
cars sold through the phvsical auction were inspected before they were murned in, a small number
wore inspecied al the physical auction. The comparisons beiween Internet and physical auciion
processes, therefore, will shightly understate the advantage of the Intcmet.

Time to sale [rom lease cod also is problematic because cars are sold soth well bafore the
lcase end date and well after the lease end dalte. On (lus dimcnsion, we do not koow 1T there is a
bras betweon the cars sold through Autodaq and cars sold trough the phystcal auction.

Inn our analysis in pancl B, we use the ime from inspection to sale because (1) it appears

io be 2 more reliable measurs of the disposition precess and (2) we have inspection dates for all
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cirs, but do not have lease-end dates for all cars. The results are qualitatively sirailar using both
dates.

For all %25 cars, we caleulate the time that elapsed {rom lessor inspection datc to the
date the car was sold. The median time i 35 days. We add two days to this lo estimate the
dzlivery ime fiam the auction to the purchasing dealer. Column | of panel B of table | reports
thal ihe median elapsed time 15 37 days. This 1s close to the midpoin: of the range provided by
ADT Auomotive. 37 days also 1s consistent with the estimates we obtained fiom other
mtcrvicws. On the ather hand, il these cars weore inspected 9 days Defore they wurc lurned in, the
wredizn time would he more like 28 days, which is al the low end of the rangs in pancl A"

The remezinder of column 1 of panel B calculates the costs implied by the 37 days time
from inspection to delivery for the physical auction process. The caleulations are the same as in
panel A. The total econorme cosl 15 $548 plus the reconditioning cosl.

We were able to caleulare (ke actual time that elapsed from the day a car was inspected
b the lessor to the day the car was sold for a sample of 654 cars sold over the Internel by
Autodaq. The median time is 14 days. We add three days to this to estimate the time until the car
1s deliverad to the purchasing dealer. Column 2 of panel B reports that the median clapsed time
is 17 days."

A similar set of calculations to those for the physical auction generates a total economic
cast for the Internet anction of $337 plus the reconditioning cost. The sample difference in
process costs between the physical auction and Inicmel auclion processes, therefore, is $211.

‘The difference would be at least as large il we measured the costs from tmn in to delivery

* o T2 cars, we can nwasurc the lime from lease end to sale. The median time fram lease end two sale in our
sample is 16 davs (congparcd to 35 days fron inspection).
' For the 270 cars with a lease-2nd date, the median time from lease end tu sale is 20 days.
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because the average trme from inspection to turn in is at least ag large for the Internet samplc as
for the physical auction sample.

As noted carlier, however, the $217 difference in panel B {and the $285 differcnce in
pane. A} is conditional on both markets being liquid. In the sample provided to us by Autodaq,
this was not the case — the probability of a sale was 24% not 100%. As a resull, the {condilicnal)
process savings overstate the acteal savings.

W can estimate the actual savings usiug the following assumptions. Tha seller attempts
to sell a car over the Internet. I a sale occurs, it oceurs in a median 5 da}fs.” In the 764% of
cases i which a sale did not oceur, the seller decides afier 5 days to sell the car through a
physical anction process. The car then takes 28 days before it is celivered 1o a purchasing
deale:.”™ For (hese cars, the lessor incurs 5 additional days of interest and deprecigtion costs (at
14% per year) that we estimate to be $41. In our sample, relattve to the physical anction process,
the Autodaq / Titernet process provides a 24% likelihood of'a $211 reduction in process costs
and a 7% likelihood ofa $41 increasc in process costs. The net effect is an average decrease in
process costs of 519 per car.

This znalysis highlights that liquidity is important tn an Intemnct markst not only 1o
deliver atiracuve pricing, but also le deliver savings in process costs.

Overall. the results in table 1 indicate moderate reduclions in process cosis (ur cars sold
using the Internct n our sample. The results suggest potentially subsluntial reductions in process
costs as the Internet market becames more lguid. Notincluding reconditioning, the reductions

n & liquid market of coughly $200 are on the order of 40% of the (otal economic cost.

" “'his assumes that fe car is ingpected B days belore it is wrmed in.
* Apain, this assnmes that the car is inspected 9 davs before il is furned i,
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Multiplied over an annual market of 5 million cars, the analysis implics sotential process cost

reductions on the order of $1 billion per vear.

A, Marketplace Renefits

As we argned above, an important potential benefit of B2ZI3 is the extension of the market
it provides. Both buyers and sellers can search a larger number of counterparts, and as a
consequence may find goods and services that they would nol otherwise have found. In (b case
of used awomobiles, this is a clear advantage. Tscd automobile dealers require an appropriate
mix of inventory in their dealerships. Obtaining that mix is the main reason they purchase at
auctions.

Estimating marketplace benefits presents ymportani challenges. The aim of the estimation
in Autadaq’s casc is to assess how much more a dealer would be willing Lo pay n the Internet
market {versus the physical market) for a car that better matches “he dealer’s desired inventory.
Clearly, this is a [undamentally unobservable quantity. On the other hand, the exlended size and
reach of the marketplace is potentially one of the main benefits of the Internet, and getting some
grasp on the magnitude of this gamn 1s imperiant.

In what follows, we propoese a sunple method that exploits (1) the geographic rollout used
bry Autodaq and (2) a no-arbilrage argument on the seller side. Uhider reasonablc condilions, this
estimale allows us 10 place a lower bound on the dealer’s willingmess 1o pay for the added
convenicnes of the larger markeiplace.

Autodaq’s rollout foliowed a predetcrmined pattem. Between the end of Oclober 07 199%
and the end of February 2000, the buyers of automeobiles were almost! exclusively in California.

I'he sellers, on the ather hand, were three large leasing companies that sold cars coming off lease
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thranghaut the US. Cars sold in California in that period, therefore, included cars from the
South, Midwest and West regions of the ULS,

The type of sellers implics that the cars were, from their perspective, commedilies up to
their physical charactenistics. In this analysis, we assume that adverse selection problems are
abscnt.'”

The willingness to pay by bayers for cach car diflers widely, as it depends on the quality
ol the match ol the particulyar csr with the needs of the dealersh._ip. We model here this
willingness to pay cxplicitly in ‘he simples! way possible 10 obtaia practical way to estimate the
valuc of a better match.

Suppose (hat the quality of the match is given by a tunction V of the distance in the
characteristics space between the car scught X and the car on offer at that peint x, V(x"-x), with
%7 <1, meaming that the revenue that a dealer wil’ nbzain is larger the smaller 1s tlus disknce
between ideal car and car m hand. Then the profit of a dealer who purchases a car x Zs given by
the value of this match minus its total cost, i.c.

o=Ffx-x) pixt-Tix) - Cg

where prr) is the price of & car with characlenstics x, T¥x) is the transport costs of this car,
and (15 the processing cost of purchasing the car (the process transaction cost we analyzed
above).

Suppose now that a dealer has 4 choice between two cars which are, fromr: the porspective
of the scller, identical, bat that, given the needs of lhe dealer, have different value to him, since
one 15 ¢loser in the characteristics space to 2is necds. Supposc, first, that both ol these cars can

be purchased over the internet, but one 18 geographically further away. Given our application,

11 . . - - . . - -
Owr analvsis below in section V.C seggcsts that adverse selection is not an issne here.

a0



consider that anz car can he bought in Califorma, where the dealership is, and the other out of
state. The profitability of this purchase will be, lor the Califorma car with characteristics x¢
ot ™ Vi Xea J-plecy)-Threy - Cy
where Cd.g is the internet traasaction or processing cost; and [or (be vul of stale car, with
characlenstics Xy
et = Vix Xuca J-pliwca)-Tixwcat - Cy
If the dealer purchases the car taat requires longer distancs transport, then
T = e
whica mmplies that
Vix xweaf - plsnca)-Tiweat - Ca 2 Vi xca ) - pivgyd - Ty - C'y
Since the two cars arc from the perspoctive of the scller, identical, we can assume pixyeg=
FPlacq). Then the difference in the valuatior of the lwo malches is bounded from below by the
difference i Lhe transport cosls:
Vi ~onea ) - VX -¥cs ) = Tivad - Tivcd

In wotds, 1{ we observe thal a dealer buys a car thal 18 nol fom Cah tornia, ihe dealer
muat have viewed that car as a particularly attractive match in order to incur the additional
transportation costs. lrom a seler perspective, we assume that the cars are indistinguishable.
The difference in fransportation costs, therefors, provides a lower hound estimate of the
d:fference in willingness-to-pay for cars that are purchased from oul-of-slate. This provides @n
eslintate of the marketpluce bepelit [or those cars.

In table 2, we report the transportation costs for 586 cars sold 1n the Autedag Inlzrnet

auction. The transportation costs are the aciual cosls paid by the buvers. Table 2 shows that
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transporialion costs average 3405 for ont-of-state cars and only $223 for California cars,
implying a transporialion cost differential of $242 por car,

It 18 important to note, that we cannot say with cortainty how much valie was created
from thus improved matchirg in our sample, [n the extreme, it is possible that the buyer valucs
an oul-of-slate car at exactly $242 more than an in-state car and pays the entire differential in
transportalion costs, leaving the buyer with ne surplus. It is possible 1o say, howeyer, that with a
liquid Intemetl market, dealers in California will be able to buy cars in California gver the
Internel wnd capture more, if not all, of the gains from improved matching.

We also can attenipt to estimate the markeiplace hanelits relative to a pliysical auction.
Call the physical auction market priec of a particular car, pfxp), the Internet price, pfx,), and the
excess process costs of the physical auction over the Intemnet lor the seller, Cs. For a sale to take
place on lhe Inlemel, the Intemnet price must be at least equal to the physical auction price less
the process costs:

pfxy = plie)—Cs

As before, the value of a particular match by a dealer who purchased in the intemnet is

iven byt
mr=Vix"-xp)-ptay-Ttxg - C'p
While, calling €5 the processing transaction cost for the buyer in a physical marker, the
value of an identical car {fraom the perspective of the seller) in a physical market is:
r= Fix'xn J-prxpk-Tie) - CTa
As previously, if a dealer chose to purchase over the intemet, it must he true that o =rp |
L&

Vix'-xp j-plrg-Txg) - Cp= Vix'-xp J-plxe)-Ttxe) - Cp
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Calling the cost savings due 1o the internet for the huyers Cg = (" -C's , substituting ihe

imequalily pfxg = pixp)— Cg and rearranging, we have
V{'x*-:c;)- V{’x‘-,xfj+ Cp + Co= (T, -Tp)

This allows us to gay that the sunt of the marketplace benefils and the proccss
improverments is at least equal 1o the differencs in transpariation costs causcd by the additional
siipping distance of tho Internet auction versus the physical auction. As before, it may be the
casc that, at the current slage of development of the Intcrmet, the tota: ingrease in surplus 1s small,
if the wransport costs are equal to the cfficiency gains. Bul we cun be certain that, as the intemel
market gcts more liquid, more and more of these iransport costs will be eliminated, and the cntire
left hand side term will be an efficiency gain.

In our sample, we can estimate differential transportation cosls caused by the additional
shipping dis-ance. Autodag and industry enalvsts we spoke to esmnated thal the buyer pays
roughly $110 to transport 2 car it buys from a physical auction sitc to its dealership. As wce
reported above, table 2 shows that average transportation casts arc 3465 for cars transported
f-om oul of state to dealers in California. This suggests that the average car from out-ol-state
purchascd on the [nternst is transported a much greater distance than the average car purchased
at a physical auction. The exira transportation cost ol $355 suggests that the sum of the
marketplace benefit and process cast reductions cxeceded $335 on average [or cut-of-state cars
sold on the Internel. Again, in a more liquid market, presumably the distance required to obtain
improved maltching will decline and more of ihe benefit will accrue 1o buyers and sellers.®

In summary, these resulls suggest substantial marketplace benefizs to the Intomet auctien
in ths wholesale used car market, These benefits are pulentizlly of the same order of magnitude

as the process improvemenis.
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C Asymmervic Information in Physical and Internet Automaohile Auctions

While in a physical auction a buyer has an independent imdication of the condition of the
car, in the form of his ewn cvaliation, the Internet auction relies exclusively on hard,
quantifiablc dala that can be observed in the dutabase. As a conssquence, informational
asymmetries between scllers and buyers may be more pronounced m Internet auctions.

The potential informational loss may be small, however, as informalion in physical
anctions is usvally restricted. In a description of these physical aactions, Gencsove (1993) points
out the limited access to the cars enjoyed by the bidders:

"Prior to the bidding, the car is paried eulvide, where patential hidders can examine ifs
exterior. they arve prohibited from apening the doars ov roiving the hood. Mileage and optivns wre
chalked on the ear 's windows. When the cur's furn spprovcites, i 68 deiven info the appropriate
fame andd then, befare bidding is concluded on the previows car, driven up fo the auction Block.
Now the iwood b5 reised and deafers are permiticd to enter the car, There Is fime to chock the
odometer, 1o ensire that the cir comditionzr works (hut, I fre summer months af least, not the
heater) und to fake a took ar the rumming motor. Buit theve is no oppartunily ta tesi tite brakes or
any mumber of pther things that a consumar might check oul in a drive arovmd the Mook ()

(i topr of the cuction block stands the auctioneer and, beside him, the sefler, who wnder #fe ruler

of the atetion must be presen.. The auctioneer armnounces any wmajor defects in the car, of wineh

the sefler has informed him. Bidding is oral and ascending. When bidding will go no higher, the
seller iv asked to accept or refect the winning bid, Abvwt 60% of the time he accepts. The car will
herve been driven away before the bidding is conciuded Form the time §i arvived a the anction

Block until the dme it is driven wway, v minate and g Aalf il hove passed

Intermet-based auclions such as ihose ran by Autedaq, on the other hand, do not allow
any physical inspection of the cars by (he buyur.”! Iustead, the seller and the third-party
inspeetion made available by Autodaq provide an extensive list of inforeiation on the car's

aptions and on all ather measurable aspects of the car condition, such as its mileage, (he damages

suflercd, age ete. Imporianily, Autodaq does not preclude buyers and sellers from participating

I Ihig calenlation alzo is condilional on an interstate sale.

¥ Both Autadan and the physicai auctions do inspect the cars and describe them for buyers.  Autedaqg argues (and
wiz agree), that the information in electonic fuun is vcher and more usctul as it allows huyers

1o search more eificiently for their desirec cars and options,
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in physical auctions. This raiscs the passibihity of sellers offering only those cars that are ina
relatively worse unabservable condition through this channel,

Possibly attenuating adverse selection in our data ’s the fact that Autodaq is pnman’y
dirceted at lcssors and fleet owners.  Individual used car dealers have only reecntly started
sclling cars, Only 571 out of 3552 cars auetioned in our sample, and 11 out of 864 cars sold
where aucticned by a dealership.

To understand the implications of the coexistence of these two markets, we take as our
starting point a variant of the simple model of adverse sclectiun of Akerlof (1970). Supposc thal,
conditional on all the observable characteristics, there are two types of cars, (G (good) valued by
consumers al V' and lemons L. valued at Py with the proportion of geod cars sold in a particular
market given by 4. 2;"

First, consider the physical market, Suppase that there cxists no asymmelric information
in the physical market, so thal goad cars can be sold at price Py and lemons at pnice P in that
market. Suppose the higher cost of the physical marker mechanism is C, so that the value of the
sule 1o the seller is Pg - Cif the car is not 2 lemon, P -C if it is. The average pricc of cars sald m
the physical market 15

Pr—qPoHl-@} P

Now consider that 4 competitive elcctronie markei also exists. Here, botn classes of cars
canmot be dislinguished, as consumers cannet physically inspeet “he cars. There exist two tvpes
ol outcomes in this market, depending on the cost of the informational asymmetries relative lo

t4¢ benefit of using an elecmomc markel mediuin

22 Comsistent with our previous discussior, the entire swplus is captured by the seller, We now ignore the transport
costs comsiclerations o simplity the discussion,
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13 When the cast of the physical market mechamism is high enough relative to the
asymmetric infarmation costs, 5o that the average price 1s higher Lhan the net profit from selling
a known good car in the physical market, Le, if

¢ Pz +l-g) Pr > { P -C) or, equivalently,
C> (g P - Py,
hoth types of cars are sold in the eleciromnic merke:, at a price P.= q By; H{1-q} P). In this case, the
ratic of average physical market price to electionic market price 1s 1.

2) If the cost imposed by the presence of lenions cn the sellers of good cars is higher than

the gain from using an clecironic market C, or formally if

C= (-4 P - Py),
na transactions of good cars take place, as good cars arc withdrawn and sold i the physical
markef. In lhis case adverse selection exists m the electronic markel. The ohserved average
market price, reflecling the lower average qualily of cars iransaclad, is P, =1L

Adverse selection translales in this case in the withdrawal from ithe electromc market of
cars wilh relatively zood unobservable characlenslics witiim 2ach cluss from the electronic
auction m [avor of the physical world auetion, II adverse selection is present, we would expect
10 se¢ a lower average price, conditional on obscrvable characteristics, lor cars sold over the
Internet. ILigh quality cars [or each level of observable characteristics would have a Tow
probability of being sald,™ given that the scller would demand high average prices for the

averdpe condition Lhal buyers capeel W fod 1o the macket.

# Notz that the seller could just mot bring Jigh qualily cars 1o the auction block. Given that the ¢ost of mezely
piating tie car on the electranic market is very low, and that the reserve price can be used to avold selling it cheap.
we can expect even cars with very pood vnobservable characteristics to be pested, (n fact, the opposite is Likely o
have ocourred. Antodac screened oul (e, did ot list) cars with excessive mileage and exceszive known damage,
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Apart fram this implication for relative price levals, adverse selechion also has
implications on the price structure. If adverse selection is important, Internet prices must be
lower relative Lo physical world prices when the risk of adverse sclection is larger. When a low
nsk of adverse seleclion exisis, Le. when the variance in the condition of cars ig small, the
difference between the physical werld and the Intermet prices mmust be small. On the other hand,
when the nsis of adverse selection is high, this spread must be large. This differemt nsk 15 e a
large exleni predicluble. The variance in the unobservable condition of the car is largely a
conseqguence of the unosscrvable care by the owner. Thus ihe more thal the qualily of carc
affects the valuc of the car, the larger the risk of adverse selection. 2

Genesove's { 1993) study of adverse seleclion i used car marlkets i3 the most notable
precedent [or our rescarch. He tests for adverse selection by analyzing the cffcets of the identity
of the seller om pnces. He expects systematic differences between the meentives ofnsed and
new car dealers to sell used cars to show up in differences in pnces if they are selling dilfercot
quality cars. Our study diifcrs from hig in that, rather than exsnumng adverse selection In one
markel, our focus is on somparing adverse seleciion in lwo dillerent markets where we expect, a
priom, Lo find different degrees of informaiicnal asymmetry in them. Howcever, we rely on

(encsove’s nsighls (o cxamine the extent of adverse seleclion in the internct market in itself,

2 atu
Our samplu consisls ol 3552 sold and unscld cars on auction at Autodaq for a period

1999 and 200¢. These are all of the caurs thad were on auction by Autodaq at lcast once in the

* There is another type of adverse selection in this market, unrelated to the quality of care, but causcd by the
munuiaeturing quality of the car. We think this iz unlikely to be an issuc here for two reasons: first, those initial
dafecis are infrequent, and, second, all the models are less thao 4 years old and manufscurer warrarties Lypically
cover manufacuring deleces.



pertod we study, cxcept for those (hat were withdrawn by iheir owners without completing a
(hree-anction cyele.”® Throughout most of the time in our sample, all cars were put through a
maximum ol three one-day anction cycles®,

The construction and content of most of the varables in our samplec is self-explanatory.
One sxception is the ralto of Internet to physical price, which is intended as a proxy for “how
much would pcople have been willing to pay lor this car on the physical world.” We constructed
this as the ratio of two variables: the price at which a cur was aclually soid; end the prics at
which an average car with similar observable characteristics was soid in that month in physical
auclions. Aulodaq provided these cstimales using as a complete data set of physical anetion
gales.

While being able to matsh these prices gencratcs tich imformation, the inferences we can
draw from the matches are imited, becausc the matches are not as precisz as we would wish. Tn
particular, the algonthm takes into account motorizalion, drive (2 wheel, four wheel), style,
model, model year but does nol differentiate the matches by mileage and option Jata.  For this
reason, part of our analysis also relies on the wholesale Kelley Blue Rook (KBB) prices of the
cars in the sample. The KBB 15 an industry guidc of wholesale and retail prices for vchiclcs.
Tae KBB price specs oul the full physical observable characierisiics of the car (Year, Make,
Model, Series, Engine, Dmiveirain, Options, Mileags, etc.). We do not use the KBB for any
analysis of pnee levels, but only for our analysis of the changes in relative prices as a response 1o
changes mn the physical characteristics of the cars.

Descriptive stalistics for our sample are given in table 3. It shows that of the 3552 cars

offered for sale on the Internct, 24.3%, were sold over the period, at an average sell price of

15 . i . .
Mo oF o resslts are sensitive Lo including those cars as oot sold.
**I'his constraint was Tifted later in fhe sample, bt to linle effect: only six cars were sold aftzr three cycles,
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roughly §13,60C. Eslimated physical auction valoes for the cars were available for a subsample
of 3001 observalions. The average physical auclion value for these cars was 314,200, The
averape ratio of Intemet price to physical auction price, however, was | .04

The average KBE value for these cars wus substantially higher at $15,520. According lo
Autodaq and the industry sources we spoke to (including one competitor), the roughly 10%
differential is an industry standard.”

Table 4 presents all the unconditional pairaise correlations between the variables in the

sumple and forcshadows some of the resulls we are gaing to study in what follows.

L3 Empirical Strafegy
Cur main objective is to usc the data to measure the importance of informational
asymmetries in ilemet auctions. We try to do this using thres elemenis in our data: the
difference in price levels hetween the Intemet and the physical world, the structure of relative
prices, and ihe actual probability of sale of mdivicual cars on the Internet. We cxpand on our use

of these three pieces of information below,

L. Relative Price Levels
Assuming that the physical and clectronic markets are competitive, we expect to see
lower prices redutive t the physical market when the quality of the cars zold on the Interne: 15
warse than the quality of the cars sold in the physical real world. We can directly test this
implication by comparing the average prices altained by the zuctioncd cars in the Internet market

with the average price they would h1ave attained had taey been avctioned in the physical market,
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There are two caveats to this iierpretation.  First, the price in the physical market is for
an average car within a model-year-mator-drivetrain cell. A finding that the average price of a
car m Lhe Intemet is lower than in the physical market is compatible with no adverse selection, if
cars m the Internet have more mileage for a given number of years driven, or if they have less
options. Such d:ffercnces would lead to lower average prices in the Intemet, even in the absence
of differences in the unobscrvable condition of the cars. Regrcttably, the microdata on the
pavsical market do not allow us to draw such distinctions.*®

Sceond, the differences in average prices may respond to factors other than the average
yualily o Lhe car sold, [n particular, given the lower transaction costs attainable through the
Internet, dealers may be willing to pay higher prices for [nternet-based (ransactions. For this

reason, we think the evidence on tha structure of relative prices in boith marksts is 2 bettar gaee

of the extent to which adverse seleclion wnatters. We turn to thiz issoe next.

i Relative Price Structire
Ag the modcl above shows, adverse selection between the physical market and the
Inlernet 1s more likely to be a problem the higher the proportion of “lemeons” and the lower their
value. This implies that, if adverse selection 1s an important factor, it should manifest itself ina
larger decrease 1n the Intemet price than in the physical world price as the variance of the
cendizion of the cars increascs. In particnlar, conditional on the model characteristics, the
variance of the value of a new car, of a car with: Tow mileage or of oue wilh a good observable

candition is likely to be small, while thal of an vlder car, or one wilh more miles will vary morc

“* This difference between boak value and selling price, and of a sinular order of mapgnitude, is alio present in
Crenesovis (1993) stady. He finds thar the book value is an imperfect predicior of the selling price, bt does nol
document any svstemalic relation belween the bias aod the ape, mileage or other choaracleristios of the car,
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depending on the carc taken by its user. In other words, 1f the guality of care can only be
{partially) gavged [rom direcl observaiion of (he car, the cars in the second category, for which
care is likely to matzer more, will be subject to relalively more important adverse selection
prab_ems over the Internet,

To test this hypothesis, we could lumm agmn 1o the most direci data availgble, i.e. the price
an the Internet relative to the pnec 1o the physical world. Becausc of the limitations in matching
Intemet prices io physical auclion prices, we lumn 1o the KBB priccs as our proxy for the price
that the car would have aftained in a physical auction ecause these prices do difTerentiale cars
by mileage, condition and options. As long as the relation between the KBB price and the price
that an average car with the samc characteristics would have obtained in the physical auction is
constant, this is an appropriatc proxy for our purposes.®” Using the ralio of the Inlernet prices to
KBB priccs, we test the hypothesis thar as the varance in the condition of the car imereuses — as
proxied by mileape, age and damages suffered by “he car - the Internet price relative to the
physical price decreases.

In testing these hypotheses, it is important to recognize that the observed price in the
Internet auction is a censorcd varigble, This is true because when the price that bidders in the
Internct auction are willing to pay is not hizh cnough, a ceris not gold. In thig case, the
reservation price published by the seller is an upper bound on the valuation by bayers of the cars
{or expected quality of the car}, and as such can be used 1 a consorcd regression medel. Thus we
conduct the analysis first conditionally on sale, and then unconditionally, using a censored

repression adel.

** On the other hand, il could be expecied hat obsesvable and unobservable differences in car condition move in the
same direction,



fif. FProbabilin: of Sale

A third set of hypolhesis concerns the probability thal a car is sold. This contains no
information on the companson of adverse seleclion 1 Inizmet relative to physical markets, but
may contain some information on whether adverse selection exists at all. Clearly, adverse
selaction implies that cars with good unobscrvable condition should be relatively less likely to
stll. For this difference (o be translated into an actually lower prebatulity of sale, hawever, il
wuuld be nocessary that cars I relatively good wnobservable condition do “show-up® o the
Interaet market, cven if with a higher reservation price, only to be later withdrawn from auction.
In our data, it is possible to assume that sellers initially attempt to scll all cars that they are
planning to sell in aaction on the Internct. First, that is the arrangemeant »etween the firm in our
study and the scllers. Szcond, the sellers can choose a high Teservation price for even their besl-
conditioned cars. As a zcsult, there is at worst only a small opportunity cost of trving the
Intemet.

If this is the case, wa expecl {0 observe thal the higher the expeeted incidence of adverse
selection, as miven by the vanance in the condition of the car, the lower the prohability that the
auclion 15 successiul, Thus wo expeet cars with more miles, hipher age, and a history of more
azcidents in the past, to present a lower probability of sale if adverse seleciion is important in the
Internet. To restate the hiypothesis, if adverse sclection ¢xists, it must be making particularly
difficult the zale of cars for which their condition has a higher variance.

The alternative hypothesis is that adversc scloction 1s not u particular problem i Intemnet

markels. A reason (or this Autodag’s case 15 that individual dealer sales over the Intermet werc

™ Note that the use of (e KBRB rather than the average phiysical anction price hiases the results in favar of finding
that adverse selection s mors pronaanced in the Tncemet than in physical markets. Tz is true becawse more
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limited and undet sinngent conditions. To the extent that such dealers are more Likely to ry to
dump their lamons. it may acually be that the Autodaq market is more, rather than less, efficient

than the physical austion market.

iy, Tdentity of the Seller

Most cars m the Autodaq auctions are sold by large leasing companies or rental car
compames. For the last par; of our sample petiud, however, individual dealers were allowed to
3¢ll cars on the Inleract. Following Genosove (1993), we can cxploit the difTerence in incentives
between those thre types of sellers (individual companies, leasins companies and rental car
ConIpanies} to uncover evidence of adverse sclection, In particuiar, we cxpect adverse s2lection
to be less important for cars coming aff leasc than for botk: cars sold by individual dealers and for
cars that have been owned by rental car companies (and that, 25 a consequence, have had a
mulinude of uscrs}.

In the case of mdividual dealers, we cxpect them te have a more important incentive and
opportunity to check the quality of care and condition of each individual car and to select which
tvpe of car o scll on their lot and which one at an electronic auction. Asa conscquence, after
controlling for physical characteristics of these cars, we expect the identity of the scller of the car
to matter in a prediclable matter: individual dealers should obtain lowcer prices for their cars,
holding everything clsc eqgual.

The same should be ruc for cars sold by rental car companies: holding cverything elsc
constant, rental car company cars liwve been through many more users. heir ynobservable

quality should be lower und, as a consequence, their average price should be lower.

information goes into non-auction sales in the physical world that cre the bases for fhe KBE than at anctions.
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Note that, similarly to the previous test, this test does not allow us to compare adverse
sclection in the intemet and physical markets, bul anly 1o exannme the extent to which adverse

selection exists m the used car market.

4 Results
i Price Leveds

Table 5 presents tests o7 the hypothesis that, for cars of all ages, the car attained a lower
price over the [ntemet than it would have allained in the phvsical world, The table allows uz to
rgject at the 95% confidencz level this hypothesis; in fact, the data suggests that the price
allained over the Inlemel is significant’y Aigher than the price in Lhe vhysical world.

In mierpreting this cvidence, however, caution must be cxereised. As we poinied out
before, the matching of an Intemet price wath the price the car would have altwmed m the
phyisical world iz only done conditional on year of manufacture, dnve train, motonzation etc. Tt
does not talce into account the options installed in the car, nor its mileage. These two
charzcteristics are observabie to bidders. Thus the difference in prices could be cousistent with
adverse selection if cars sold cver the Intemel havs more options or lower mileage than cars sold
in the physical world. A second caution concerns the savings in transactions cost (such as time
and iranspart} discussed proviously in this paper, which coulc lead buyers to pay more for a
given car even when its unchservable quality 1s worse. For these reasons, we tum te the relalive

pricc structure in both types of markeds, the physical and the electronic one.

il Relarive Price Sivucrire
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The second piece of evidence available on the performance of Internet auctions concerns
ihe siructure of transaction prices of the cars. We present two lables on these relative prices: the
first 1able 6 presents the evidence for the OLS cstimatas on those cars that are actually sold. This
15 far from a random sample, since the willingness to pay of the buyers 1s cenzored by the
reservation price, and we do nel observe tramsaction prices for unsold cars. For this reason, table
7 repeats the analysis with a censored normal regression in which the reservation price is used as
the censoring point.

Congider first the rearessions cnﬁdirinnal on gales in Table 6. The data here presents
mixed evidence on the existence of more adverse sclection in the electronic auction than in the
physical market. On the onc hand, a damaged car does not lose significantly more value in the
Internet than it would in the physical market; nor does a higher mileage appear to decrease the
value of the car more in the Internet than in the physical market, holding the age of the car
constant, On the othzr hand. 11 does appear that as the age of the car increases, it affects more the
value of the car in the Internet than it does affect its value in a physical market, suggesting that
thig could be a mechanism through which adverse seleclion 1s chservad.

‘Table 7 presents the same evidenec on the full sample (i.e. not conditionally on the sale).
The analysis here is a variant of a Tobit, in which the ccnsoring poinis are given m cach casc by
the reservation price of the car, The evidence in favor of adverse selection in this table 1s, if
anythmy, weaker: ncither the damages of the car, not the age nor the mileage appear to reduce
more the price thatl a car could etdain on dhe Intemel Lhan the price that 11 would allaim ina

physizal world auction.

iii. FProbabtfitv of Sale



Table & presenis the analys’s of the probahility that a sale actnally takes »lace using a
Probit model. The evidence 1s meonsistent with the existence of important adverse selection in
these markets. Damaged cars do seem to he samewhat less likely to be sold, but neither older
cars not cars with more miles arc less likely to be transacted. In facl, there 15 a significantly
positive effect of the mileage of the car and of its age on the probability of a salc.

Caution must also be exercised in intempreting these results. Only if dealers do not
withdraw their ‘good condition” cars prior to sale, but rather post them with a higher resetvatien
price, do we expect 1o see adverse selection manifested 1o 4 lower probability of sale for cars

more affected by adverse selection.

Al fdentity of the Selfer
The lasi lest for adverse selection we underlake cenlers ou the relationship between the
identity of the seller and the quality of the car bought.  Tf, ag argued in the previnus section, the
Internet involves more important informational asymmetnies, we expeact individuat dealers and
rentzl car companies to profit from these asymnietries by being more likely to sell undesirable
curs than large leasing companies (who are mere likely to simply wanl to sell all cars coming
off-lease as efficiently us possible).

‘Table 9 tests these hypotheses. The table shows that we can clearly reject the hypothesis
that 1ndividual dealers are perceived (o sell lower quality cars over the Inlernet than insiitulional
ones. The first row controls only for the book price of the car, and shows a significant effect of
individual dealer un price, but exactly of the opposite sige as the one predicied by ile theory.
The second row controls for Autodag’s “repulztion” by meluding a vaniable measuring the tme

Autodaq has been in aperation, Controlling for this reputation, shows that a large part of the
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effect of individual dealers on selling price is due to the fact that prices are growing over time
and dealers have only recently starting sclling.

The lack of evidence of adverse selection in the dealer market is important for ancther
tcason. One might argue that our resulls for lessor or flect sales are biased hecause (1) the
buyets know the identity of the scllers and (2) leszor sellers get goed prices for their cars m
general. The similar results for the dealer market suggest that our results are not biased for ihus
TeasCo.

On the other hand, consistent with the adverse selection hypothesis, cars sold by rentul

cotpanics obtain a lower price (halding chscrvable characteristics equai).

V. Conclusions: Is Adverse Sefection o problem over the fnternet?

Overall, we find hittle evidence consistent with the hypothesis that adverse selection ig
mure pervasive in the electronic markel than in the physical world, or even that adverse selection
is 4 problem at all in the electronic marketolace we smdy.” As we observed before, this
conclusion recessarily must be quahfied by the maasurcs that Autodaq has taken to reduce the

incidence of adverse selection in this parlicular instance,

FI. Nestruhid

NulraBid provices technology infrasmuciure and eCommerce services to the nuiraccutical
industry. The nutraceutical industry consists of dietary supplemenis (vilamins, minzrals, ete.),
functional / medical foods, and natural / organic food and personsl care. NutraBid is a noutral

hub that performs a namber of services including acting as a biased reverse auctioneer  for

I wurn, previous studiss of physical motar vehicle market by Bond (1982) aud Genesave (1993), have Zound littls
evidence of adverse selection in these markets.
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manufacturcrs buying from suppliers - and as an unbiased aggrepator — for retailers buving from
distributors and manufacturers.  For NutraBid, we have data on its reverse auctioneer

functionality.

A Frocess Improvements

The procurement process for nutracculicals consists of three phases both in the physical
world and on the Internet. I'irst, the buyer devclops a requsst for propasals (RFF) (o be sent to
suppiicrs, mails the RFP to the supplivrs, and teceives responses trom intoreated suppliers.
Sveond, the buyer amalyzes the RFPs and chooses Lhe more attractive supplicrs with whom to
negortiatc. Finally, the buyer plans negotiations, schedules them, und conducts therm.

Table 10 reporis the time invelved in the physical and Internet processes. The physical
process takes 84 days which the NuimaBid 1 Intemet proccss takes only 28 days. NutraBid
attributcs the time savings to the following factors. In the {irst, RFP development phase,
NutrzBid believes ihat RFP developmenr time is reduced by customizing standardized RFPs,
using wen-based RFPs and emailing RFPs and regponscs. In the second, RTP analysis phase,
NutraBid belicves il simplifies the analysts by focusing primarily on quality and services while
ignoring pricing analysis to the anction. Finally, in the negolialion phase, the electronic auction
precludes mulliple rounds of face-te-face nepotiations. MNutraBid belicves that a2 10 minuate
electronic auction achicves a resull thal 15 cquivalont to 3 or 4 rounds of face-to-face
neyoliations. This represents the largest savings in time.

We stress thal the information in table 9 was provided by Nutrabid and we have not tried
to confirm it with outside sources. We include 1t here as another indication that process

improvemenls are polentially Iarge.



8. Markatplare Renefiis

MutraBul provided us with detailed resulls of their firet reverse auction. The buyer
provided NutraBid with desived purchascs of more than 10 raw materials and the prices that the
buyer wes currently paying and expected to continue paying for those raw matcrials. The buyer
also indicated the suppliers it wished to source from. NutraBid contacted those suppliers and
then conducted a reverse auction for the desired anmounts of the indicaied mw materials.

Crverall, the iyer obtained bids thal wore 14% lower in aggregate than the prices the
buyer was currently paying. The buyer recsived lower bics on more than §0% of the individual
raw materials offered. Wurrabid reports that is obtained similar savings in subsequent reverse
AUCTIONS.

Thas result 15 clearly consistent with substanbai marketplace benefits. Those henefits are
potentially a result of lower search costs and betler maiching. Wowever, as we noled ewrlier, the
results also are consistent with two other cxplanations. First, it is possible that the lower prices
represent reduciions in seller processing costs. This would be congistent with the reduced
process ime analyzed in the previous seclion. Second, lower prices may partially represent a
reallocation of the surplus of the transaclion. Le., the buyer iz appropriating some of the

oligopoly or other rents of the suppliera.

Vi, Conclusion
In this pager, we have studied changes in transaction costs o B2B c-commerce. We
bupan with a conceplual ramework W orgamize the transaction costs gains and losses that are

likely to result when a transaction is transferred from 4 physical marketplace to an Internet-based
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ane.  Following Milgrom and Roberts (1992), we differentiated aetwoen the impact on
coordination costs and molivalion costs. We argnead (hal it is likely that B2B e-commerce
reduces coardination costs / increase efficiency. We classified these efticicncies into three broad
calegonies — (1) process improvements; (2} marketplace benefils; and (3) indirect improvements.
At the same time, B2B e-commerce affects motivation costs. In particular, we discuss the impact
of the introduction of e-commerce on informational asymmeinics.

We then used detanled interal data from one Inlemct-based firm, Aulodag, 1o measure
process improvements, marketplace benelits, and motivation costs. We presented less detaled
data and analyses [or ong other finn. Our results suggest that process improvements and
marketplace benelils are polentially large. For the onc company we study in detail, we do not
find evidence that the Intermet increases adversc scloction cosls. We suspect that this is at least
due in part to the measures laken by Autodaq to avoid this problem.

Two importimt 155ues are left for future rescarch. Firsl, we have not found a wayv to study
a final petential source of changes m transaction costs: commiiment problems on the Internet.
R2B e-commerce has th= potential both to increase or decrease the ability of buyers and sellers lo
commil to lransactions, First, by standardizing processes and by leaving an electronie trail, the
Internet kas the poleatial to increase the ability to commit (and, therefore, reduce the costs of
impetfcet commitment). Alleratively, a buyer may avoid intermediary focs by viewing the
product over the Internet, but eentacting the sciler dircctly. As long as buyers cannot commit ex-
ante to buying from the internat, this conummiment problem may result in markets with potential
elficiency gains not succceding.

A second 1ssue thal [ulure ruscarch must sonsider congemns the consequences of thesc

cosl changes for the dehaviar of agents — what we have previously called indirect efficiencizss. In

4%



particular, 1t remains an open question as to the effects of Interner markets on vertical integration

n ‘bricks and mortar’ companics.
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Table 1

Process Cost Of Physical Auction Versus Internet Auction Process Per Car

Process cost of physical owction versus Tnternet auction based on used car auctions from 19 te 2000,

A. FSTIMATES

Physical Auetion

Tnternct Anction

—_—— . Tndustry Estimate Anrpdaq Extimate
' ' Time {days) Dullars | Time (days) | Dnlls |
Wait for pick-up o 9 tals 0 :
Ship to auction 2 R . :
Beady lor sule 1 2
Rerady for sale unbl sule Sl ls _ _A* L
Ship to dealer 2 3
Total Time o mH !
Capital Cest of Time (36 davs} flu7 T s21 -
Depreciation Cost ol Time (36 days) _ 1t 37
Tnspection Cost I 5 S0
Shipping Cost F220 5137
Reconditioning Cost X X
Dealer Travel Cost 5 Hows F20
[ealer Tire Not Bidding (1o 4 Tloues
Towl Economic Cost 5340+ X $255 t X
: Se]l-n;r']'-'eg_ F100 S100
[ Buyer Fee 5200 5173
L — _ S -

H. SAMILE RESULTS

Physical Auetion

Interoet Anction

i Median Median
Tirac (days} Drollams Tieng §Drays) Drallars
walt for pickcp KA. NA o
Ship tn anetion MOAL | N.A,
Ready for sale MN.A. MA
Ready for sale unti] salc A NA e
Shin tn dealer 2 1 3
Tol Time 37 17
Capital Costof Time £110 §51
Depreciation Cost of Time £193 } f=0
luspection Cost 5 3 .| 340
Shipping Cost 5220 §L137
RBecondiliomng Cost X b
iealer Travel Cost {1.5 Hours } 20
Neader Time Mot Tidding, 0 1o 4 Hours i
Tatal Feonomic Cost 3548 + X F337+ X
HE}':J’ Feo o0 $100
Szller Tee 200 $175
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Tahle 1 {continued)
Process Cosl O Physicul Auction Yersus Internet Auction Process Per Car

Assnipticns:
‘Lirmes;

Panct A: Tndustry catimates for physical auction wers oblaned from Tom Kontos at ADT Aummotive and
confinned by other sources,  Awoday vslimates for Intermet anction were provided by Autadag.

Panel B: Sample medisn for physical auction is thne from mspection to time of sale for #2035 curs aold by
lessuows thovugh physival auclivn process aupmenced by ovo days for dealer shipineat, Samgple median for
[nternat auction is time fTom nspection to time of sale for 694 vars sold through Autedaq process
angmentad by three days [or dealer shipment.

wait for pick-up is rime from lessee delivery of car 1o dzaler unlil car is picked-up by physical avcticn.
Ready for sale is time [rom delivery at physical auction site to the time car is rzady for sale. Ineludes tm:
to recondifion.

Used cars in our sample have an average sale value of 513,600  Interest rate 7 cost of capttal assumed o equal 5%,
lach day, therelons, cosls seller 8% x $13,600/ 365 = $2 98 per day in capital costs.

The tablz assumes that used car values decline or depreciate in value by 14% per year. Bach day, therefore, costs
seller 14% x $13,600 f 365 = $5.73 per day in depreciation costs / forgone sales price. In the data provided by
Autodaq, the sales price declines by 14.8% (with a standard ervor of 1.7%) per yeer.

Ingpection cost lar physical auction assumes 15 minotes at a cost of 320 per hour; for Antodaq, is the cost o
Antndan.

Dealer travel cost assumes that dealer travels a terai of fvo bours and buys four cars for an averape of 0.5 hours per
car. Dealer ume is valued ai $40 per hour

Shipping cosl is Iwo shipmenls al 110 euch for the physical aoetion; one shipmeni ac $137 for the Autodag process.
Based on Autodag end inchistry imferviews.,

Faconditioning coats assumed to bo the saine for both processcs.
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Table 6
Price Structure: Internet ¥Versus Physical World

Regressions of Intemet 2rice to Buok I'rice on milcage, damages, age, auslion datv for Autodaq Tnternet mctions
feorn J549Y to 2000, Intemet priec is the price (e car sold for.  Book price is the price of a similar car according o
the Kelley Bluc Book,

1ependent Wariable is Internet Price to Book Frice
indapendernt Variables

. ' . Sellar
Mileage Damages Auction . . )Y
{0004 ($1000) Ags Date Ell::gt intercept (R Square]

{1} -0.0042™ (.8945* 843
{0.002] {0.0087)

{2} 0.0228* 08753 843
{(.01148) (0.0029)

{3} S Ll 09433 843
{0.0025) (1.0085)

{4) 000035 0.8391™ B4
(o} {0.0042)

{5} -0.004 2 0.0278" 0.8928™ 843
(A x ey {0.0148)} (0.0088)

fB) 0.008** -.029 0. 8343 Ba3
{0.0023) (00031 {0.0083}

{7 Q0075 0.0085 -0,02580~ 0.9333% B43
{0.0023) (0.0142) {0.0032) {0.0085)

{B] 0.0064 00004 =0.0187T+ 0.o002™ 0_B7ge* 2843
(0.0023) (0.0138) {0.0033) {0} {10115)

(2] 0.0078E™ 0.0103 -0.0244%* 0.0001~ Yes 0.9256 843
f0.0023) (0.0142) (0.0036) {0.0001) {0.0185)

*Sigarficant at 105 level; ™ Significant at 1% level,
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Table 7
Price Struciure: Iodernet ¥ersus Physical World

Censored regressiors of ntzrmel Puce to Book Price en mileage, damages, age, anc-ion date for
Autodaq internet auctions from 1999 to 2000, Tnternet pries i8 the price the car sold for. Book
price is the pricc of a sinular car according to the Kelley Biue Book.

Dependent Variable is Internet Price 1o Book Price
{Censorsd NMomual MLE Estimates)

o " Independent Varables

. . Seller
Mileage Auction . .
100 Clg} Damages Aoe Data Fixed intercept N
h Effect
(1} 0.0094"" 0774 3147
{0.0023) (0.0C99)
{2) 00615 C.g17et 347
{0.0154) 100043
{3} 0.0254™ 0. 7424 347
{0.0027) {2.00886)
{4) -0.0001* 0.8233" 3147
{r) £0.0052)
(o) 0.0093™  -3.0817 0.7805** 3147
(0.0023] (D.0162) (0.01)
{8y -0.0103* 0.0329°* 0.763 3147
{0.0031) (00035} {0.0104)
(7] -2.0087" -0.0448" o.0z19 0.788™ 3147
{00331 (D.0163) {0.0035) {LO10n)
f8) Q.012*  -0.0521* 0.0418™ G.0o02* 7100 3147
{0.0031; {00162} (004) (0 (0.0143}
{3} -0.0036 0036 -0.0027 0.000 Yy 0672 3147
(0.003) (00157 {30047 (00001} (0.0250)

T Sigiticant at 10% level; ¥ Signuticant at 1% level,



Table 8
Probability of 5ale on Internet

Trobit regressions of the prebubility of a sale on the Internet as a function o mulzage, damages, ape. auction cate for
Autodaq [memet auctions from 1999 1o 2000,

{Irabit: 1dependent Variable is 1 if anction successiul)

Independent Varables

) . Seller
Mileage Auction . .
Dramuyss Age Fixed intercept M
{000 Dats Effect
(1) 0207 . -1, 46505 3522
{(0.0164) {0.0664)
{21 -0.0008** -0.6004% 3552
{0.0001) {0.0256}
3] 0.3852* -1.6448% 3862
{0.0193) {0.D563)
{43 -1.0044™ 0. 1435 3552
(0.0002) (10458}
{5) 0.2057*  _0.0000%* -1.3693" 3552
{0.0164)  (0.0001) {0.063)
(5] 0.0728* 04373 -1.4908* anR57
(0.6231) {0.0255) {0.0731)
(71 -0.0661* -0.0006%  G.4282% -1.4331* 3552
00231y (Q.0007) {00204} {20743}
{B] -0.03 -0.0005 {2853 -0.0022% -0.3455% 3852
f0.0238) (00007} (0.0308} f0.0003} {0,1073)
9] (006 -0.0002* 01734 00089 Yes 0.53g** 3552
(002481 (0.0007) (0.0408) (0.0007) 0.2174)

* Significant at 10% level, ™ Slgmtl'cant at 1% level
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Tapie LO
FProcess Cost Of Nutracentical Procurement Process:
Physical / Existing Process Versus Nutrabid / Internet Process

Physical / Existing - Nutrabid / Interner
IIME{DAYS) ooy JIME (DAYS) e

i L. Develop, Mall REP to Suppliers and | 21 14

Receive Responses '

2._Analyze RED, Screen Suppliery 14 7

3. Plan Negatiatians, Schedule, Conduct | 49 o - . 7 S T

2-3 Rounds of Face lo Face Negotiations

Total 84 _ 28
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