






































































242 QUARTERLY JOURNAL OF ECONOMICS

FIGURE I

Actual versus Estimated Density of Sealed Bid Residuals (Northern Sales and
CA Sales)

Notes. Figures show estimated and actual distribution of bid residuals from
sealed bids in Northern sales (A) and California sales (B). The bid residual for
bid i in auction t is defined as εit = bit/ exp(XtβX + NtβN), using the estimated
b’s. The plotted distribution of bid residuals is smoothed using a kernel. Esti-
mated bid residuals are those predicted by the Gamma–Weibull bid distribution
model.
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COMPARING OPEN AND SEALED BID AUCTIONS 243

FL(∙|X, u, N) and FM(∙|X, u, N) for any value of u from the relation-
ship:23

(10) Fk(v|X, u, N) = Gk(φ−1
k (vsX, u, N, n) |X, u, N, n) .

Figure II plots the density functions for logger and mill val-
ues for an auction with average covariates, and u = 1, as well as
the equilibrium bid functions assuming twomills and twologgers
participate in the auction. To compute the equilibrium bid func-
tions, we combine the fitted bid distributions GL(∙|X, u, N, n) and
GM(∙|X, u, N, n), assuming X =X, N =N, u=1 and n=(2, 2) with the
first-order condition to find bk(v|X, u, N, n)=φ−1

k (v|X, u, N, n). As
thefigureindicates, thedistributionof mill values is substantially
shifted rightward from the distribution of logger values. More-
over, the estimated mill bid function is below the logger bid func-
tion. Thus mills bid less than loggers for any given value,
matching a key prediction of the theoretical model.

It is also possible, by averaging across values of u, to esti-
matethetypical markups built intothesealedbids inourdata. We
estimate that in the Northern forests, the median profit margin
across all bids is 9.5%. The corresponding number for California
is 10.0%. These margins, which are similar when we look sepa-
ratelyat mills andloggers, suggest that thesealedbiddingis quite
competitive.

Finally, wecanusetheestimatedvaluedistributions toinves-
tigate whether the equilibrium uniqueness condition in Proposi-
tion 1 holds for our calibrated model. Our parametric model has
the property that the effect of observed sale characteristics (X, N)
is multiplicatively separable. This property extends from the bids
to the inferred bidder values and hence to the bidder profits con-
ditional on entry. Sowe can compute expected equilibrium profits
for loggers and mills for just a single set of sale characteristics
(X, N) and simply rescale to account for changes in these
characteristics.

Tocomputeexpectedequilibriumprofits, werepeatedlysimu-
latetheoutcomes of sealedbidauctions andaveragebidderprofits
over the simulations. In a given simulation, we draw a value for

23. A small subtlety here is that our theoretical model implies that the equilib-
rium biddistribution will have a finite upper bound. The Weibull distribution does
not. For this reason, we truncate the very upper tail of the estimated distributions
GL(∙) andGM(∙) andwork with the truncateddistributions. The motivation for this
and details of the implementation are described in the Appendix.
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244 QUARTERLY JOURNAL OF ECONOMICS

FIGURE II

Estimated Value Distributions and Bid Functions for the Case of Two Loggers
and Two Mills (Northern Sales and CA Sales)

Notes. Figures show estimated value distributions and equilibrium bid func-
tions fora saleintheNorthernregion(A) orCalifornia (B) withaveragecovariates,
and u= 1, assuming that two loggers and two mills participate in the auction.

 at P
eriodicals D

epartm
ent/Lane Library on A

pril 4, 2011
qje.oxfordjournals.org

D
ow

nloaded from
 

http://qje.oxfordjournals.org/


COMPARING OPEN AND SEALED BID AUCTIONS 245

the unobservedauction characteristicu, then sample for each bid-
der from the estimated distributions GL, GM and infer the bidder
values that correspond tothese draws. This leaves us with bidder
values and equilibrium bids so we can identify the auction win-
ner and the realized bidder profits. We simulate 5000 auctions for
each plausible level of logger and mill participation (up to 8 mills
and 25 loggers) to compute the expected logger and mill profits,
πs

L(X, N, n) and πs
M(X, N, n). These estimates have the property

that for all nL, nM, πs
M(X, N, nL, nM + 1)> πs

L(X, N, nL, nM) for ev-
ery tract in our sample. Therefore Proposition 1 implies the cali-
brated model has a unique type-symmetric equilibrium for every
sale tract irrespective of the fixed cost of entry.

Estimating Entry Costs. The remaining parameter of the
model is the entry cost, which we recover using the equilibrium
conditions for optimal entry behavior. As just explained, our esti-
mated value distributions imply that for any tract and entry cost
for that tract, there is a unique type-symmetricentry equilibrium
with the property that if loggers enter with positive probability,
all mills must enter with probability 1. We observe loggers enter-
ing 85% of sales in the Northern region and88% in California. For
thesesales wecaninferthat thenumberof potential mill entrants
equals the number of observed mill entrants, that is, NM = nM.
For the sales with zero logger entrants, we also make this same
inference.24

As described, we construct a measure of potential logger en-
try NL for each sale by counting the number of loggers entering
sales in the same area over the prior year. This number strictly
exceeds thenumberof observedloggerentrants invirtuallyall the
sales (99% in the Northern region and95% in California), indicat-
ing that the equilibrium needed to rationalize the data is one in
which loggers enter with probability strictly between 0 and 1. In
such an equilibrium, loggers must be just indifferent between en-
tering and not entering. LettingΠτL(X, N) denote the equilibrium
profit a logger expects from entering as a function of observedsale
characteristics (X, N) and the sale method τ ∈ {o, s}, we have:

ΠτL(X, N)=
∑

n⊂N

πτL(X, N, n)Pr [n|X, N, i ∈ n, τ ] = K(X, N) .(11)

24. It is possible that in some of these sales, the relevant equilibrium is one in
which the loggers enteredwith probability 0 andperhaps not all mills entered. We
assume this is not the case and perform a specification test, explained shortly, to
test the assumption.
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HerePr[n|X, N, i ∈ n, τ ] is theprobabilitythat n = (nL, nM) bidders
enter given that i enters.

Our estimated value distributions already provide an esti-
mate of πτL(X, N, n). We use the sealed bid data to construct an
estimate of bidder’s beliefs about opponent entry. In equilibrium,
nM = NM, whereas loggers independently randomize their entry
with identical probability ps(X, N). The distribution of logger en-
try is therefore binomial, as is the distribution of opponent entry.
In particular,

Pr[nL|X, N, i ∈ n, s] =

(
NL − 1
nL − 1

)

ps(X, N)nL−1 (1− ps(X, N))NL−nL .

(12)

For estimation, we specify a parametric model:

(13) ps(X, N)=
exp (XαX + NαN)

1 + exp (XαX + NαN)
.

Weestimatetheparametervectorα bymaximumlikelihoodusing
the observed logger entry into sealed bid auctions. These
estimates are reported in Table IV.25

Putting the estimated equilibrium profit function πs
L(X, N, n)

together with the estimated probability of logger entry ps(X, N),
we use (11) to compute the predicted logger profits from a sealed
bid auction, Πs

L(X, N), as a function of the characteristics (X, N).
Then, treating each tract in our sample as an (X, N) pair, we im-
pute for each tract an entry cost K(X, N) = Πs

L(X, N). We estimate
a median entry cost of $2,870 (s.e. $325) for the Northern forests
and $5,056 (s.e. $673) for the California forests. As the costs of
surveying a tract can run to several thousand dollars, this seems
reasonably consistent with our prior beliefs about the costs of ac-
quiring information.26

25. With these estimates in hand, we can check if our assumption of that the
probability of logger entry was strictly positive even for the few tracts where we
observe zero logger entry. If this were so, we should expect the data to contain
significantlymoreauctions withzerologgerentrythanis predictedbythebinomial
model. They do not.

26. As a point of comparison, we estimate that across tracts in our sample the
median expected mill profit from a sealed bid auction is roughly $45,000 gross of
entry costs. Our analysis assumes a type-symmetric entry equilibrium. A similar
analysis is possible under the assumption that potential entrants play a pure
strategy entry equilibrium. In this case, the strong asymmetry between mills and
loggers ensures auniquenumberofmill andloggerentrants foranyentrycost, and
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V.B. Comparing Predicted and Actual Outcomes

Having estimated the parameters of the theoretical model
as functions of observable sale characteristics, we now ask how
closely the model’s equilibrium predictions match the observed
outcomes in our data. In the case of sealed bid sales, this exercise
provides a measure of how well we have fit the entry and bidding
data. In the case of open auctions, it allows us to ask whether the
calibrated model can explain the open auction outcomes, and in
particular, whether assuming some degree of cooperative behav-
ior provides a more accurate fit to the data. Finally, by looking at
both kinds of sales, we can assess whether the model is able to
explain not just the qualitative but the quantitative departures
from revenue equivalence documented earlier.

To generate sealed bidding predictions, our estimated model
of logger entry gives the equilibrium distribution of loggers who
will participate in a sealed bid auction as a function of tract
characteristics. The number of mill entrants is known and not
stochastic. We use our estimates of GL, GM and the distribution of
unobserved heterogeneity to predict bidding behavior conditional
onparticipation. Finallywecombinetheentryandbiddingpredic-
tions topredict outcomes conditional only on tract characteristics.

To generate open auction predictions, we observe that con-
ditional on participation, each entrant will bid his value and the
auction price will equal the second highest value. Alternatively, if
mills collude, all but the highest value mill drop out immediately,
and the remaining bidders behave competitively. These observa-
tions allow us to calculate expected prices and profits for a given
tract andany given set of participants under the assumption of ei-
ther competitive and collusive behavior. In practice we do this by
simulation. Each simulation involves drawing a value of u, then
drawing a value for each participant from either FL(∙|X, u, N) or
FM(∙|X, u, N), andfinallycalculatingtheauctionprice, profits, and
surplus.

This proceduregives predictedopenauctionoutcomes foreach
tract conditional on any hypothetical set of participants. To pre-
dict openauctionentry, weassumea type-symmetricequilibrium.

we can use revealed preference to obtain bounds on the fixed entry cost. Proceed-
ing in this fashion, we obtain fairly tight bounds on entry cost for each tract that
are similar to the estimates we obtain under the assumption of type-symmetric
equilibrium.
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For each tract we treat mill entry as known and equal to the
set of potential mill entrants. We calculate the unique logger en-
try probability that leaves each logger just indifferent between
entering and not entering.27 This yields the unique equilibrium
in logger entry strategies that we combine with our equilibrium
bidding predictions to generate predicted outcomes as a function
of observed tract characteristics. As was discussed in Section III,
logger entry and auction allocation are the same regardless of
whether mill behavior is competitive or collusive; the only differ-
ence in outcomes is the predicted auction price.

Table V reports the average outcomes in our data and the
average outcomes predicted by the parameterized model. We
generate standard errors for the predicted outcomes using a
parametric bootstrap in which we resample from the asymptotic
distribution of the bidandentry distribution parameters reported
in Table IV and then repeat the procedure of calculating expected
auction outcomes for each bootstrap repetition.

For the Northern forests, the model closely predicts the av-
erage auction prices, the average sale revenue and the fraction of
sales that loggers win. For instance, the average sale price in the
datais $69.40, whilethemodel predicts anaveragepriceof$70.40,
and $69.90 conditional on the set of participating bidders. The
model also predicts the average sealed bids of loggers and mills
with reasonable accuracy. The results for the California forests
are similarly encouraging. The model closely matches the aver-
age logger and mill bids and the fraction of sales won by loggers.
Perhaps the biggest discrepancy between the model and the data
is that we somewhat overpredict the average sale price and rev-
enue in California relative tothe observed outcomes. The average
sale price in the data is $80.40 whereas the model predicts $84.40
or $83.80 if we condition on the participating bidders.

Becausethemodel’s parameters areestimatedfromthesealed
bid data, the tight match between predicted and actual outcomes
just amplifies our earlier point that the model fits well. The next

27. Todothis we first calculate the expected logger profit conditional on entry,
πo

L(X, N, nL, nM), for each tract (X, N) and each possible realization of logger en-
try nL, and given that nM = NM . Here the computational burden is eased by the
fact that observed tract characteristics (X, N) shift profits multiplicatively. Given
πo

L(X, N, nL, nM) for all tracts (X, N) and possible entry realizations, we can com-
pute the expected logger profitΠo

L (X, N) for any logger entry probability pL using
(11) and(12). The expectedprofit falls monotonically in pL, sois straightforwardto
identify the unique equilibrium entry probability that makes Πo

L (X, N) just equal
to the estimated entry cost K(X, N).
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step, however, provides a demanding test of the theory. We use
the model to predict the outcomes of the open auctions and com-
pare these predictions to the data. Here we are asking the model

TABLE V
ACTUAL OUTCOMES VERSUS OUTCOMES PREDICTED BY MODEL

Notes. Column (1) shows average outcomes for sale sealed bid or open sales in the region. Column (2)
shows predicted outcomes from the model for those same sales, conditional on the number of entering firms
observed in the data. Column (3) shows predicted outcomes based on the equilibrium model of entry and
bidding. All standard errors obtained by a parametric bootstrap.
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to make predictions that are “out-of-sample” in two senses: we
are predicting sale outcomes for tracts not used to estimate the
model’s parameters, and we are predicting the outcomes of a dif-
ferent auction game than was observed in estimating the model’s
parameters. These predictions and actual outcomes are reported
in the lower part of each panel of Table V.

Strikingly, the model predicts a level of logger entry in open
auctions that is very close to the actual level. In the Northern
forests, the model predicts an average of 2.67 loggers entering in
equilibrium versus 2.75 in reality. In California, the model pre-
dicts 1.90 compared to 1.95 in reality. These results indicate that
the fitted model can explain the entry differences between open
and sealed bid sales in our data that were one of the key depar-
tures from revenue equivalence The model is somewhat less suc-
cessful in matching the fraction of open auctions won by loggers.
In both regions, the model under-predicts how often loggers win.
In the Northern forests, for instance, the model predicts loggers
will win 54.4% of the open sales, or 56.0% conditional on realized
participation, while in reality they win 59.0%. There is a similar
discrepancy in California.

Turning to the open auction prices, recall the we observed
practically no difference between open and sealed bid prices in
California and a sizable difference in the Northern forests. This
observation was part of our motivation for introducing the possi-
bility of open auction collusion intoour model. Table V shows that
fortheCaliforniaforests, thecompetitivemodel predicts openauc-
tion prices close tothe actual prices. The average sale price in the
California open auctions was $85.10. Our fitted model predicts an
average price of $87.20 conditional on realized entry, and $86.70
when we predict entry as well as bidding. The model therefore
seems to replicate our empirical finding of little price differential
due to the choice of open or sealed bidding.

The situation is different for the Northern forests where we
observed a large price difference between open and sealed auc-
tions. Thenumbers inTableV indicatethat observedopenauction
prices are below the competitive prices predicted by the model,
although well above the fully collusive prediction. The competi-
tive model predicts an average price of $67.80 or $67.90 condi-
tional on realized entry. The prediction falls to $44.20 under the
assumption that the mills fully collude. In fact, the average sale
price across open auctions is $63.30 per mbf. Accounting for sam-
pling error, we reject both the competitive and collusive models
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TABLE VI
ACTUAL VERSUS PREDICTED SALE PRICES BY MILL PARTICIPATION

Notes. All numbers are for sales in the Northern region. Column (1) shows average sales prices for sales
with zero, one, or two or more participating mills. Columns (2) and (3) show predicted prices for these sales
based on the estimated model.

at conventional confidence levels. An assumption of mildly coop-
erative behavior on the part of participating mills appears to pro-
vide a better match than either the competitive or fully collusive
extremes.

It is worth noting that this conclusion is not sensitive to our
assumption that the sealed bid auctions are competitive. If we as-
sumed a degree of collusion in the sealed bid auctions, we would
infer a higher distribution of bidder values from the data. This
would reinforce the finding that open auctions appear less than
perfectly competitive. A possibility is that there is collusion at a
small fraction of the sales. We should note, however, that when
we looked at the open auctions for which the predicted price is
substantially above the actual price, we did not find any obvious
pattern.

As statistical detection of collusion is known to be a difficult
problem (e.g., Bajari and Ye 2003), it is interesting to consider
more refined predictions of the collusive model. One such predic-
tion concerns the relationship between prices and the number of
participating mills. For sales with zero or one mill, the compet-
itive and collusive model yield identical predictions. Any effect
of mill collusion should appear only in sales with more than two
mills.

To explore this, we divide the sales in the Northern region
into three groups: those with zero participating mills, one
participating mill, and two or more participating mills. Table VI
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reports theobservedandpredictedcompetitiveprices foropenand
sealed sales falling into these categories. Focusing on the case of
exogenous entry, thecompetitivemodel predicts prices quiteaccu-
rately for sales with zero or one mills, but observed open auction
prices are well below predicted competitive prices when there are
twoormoremills. This is consistent withthecollusiontheory. The
results are less sharp with endogenous entry, mainly because we
do fit the realized logger entry precisely for these cells.28

V.C. Quantifying the Trade-offs in Auction Design

So far we have tried to assess if our theoretical model could
explain the systematiceffects of auction methodwe observe in the
data. Wenowtakeas giventhat wehaveaccuratelyestimatedbid-
ders’ values and entry costs, and we investigate the welfare con-
sequences of using either open or sealed bidding on an exclusive
basis. From an a priori standpoint, our theoretical results suggest
that neither format will dominate. The open auction conveys an
efficiency benefit in both entry and allocation, but the increase in
social surplus may come at the cost of lost revenue and an alloca-
tionthat favors strongerbidders. Forthis reason, it seems natural
totry toquantify the trade-offs faced in choosing between the two
formats.

Toconduct a welfare comparison, we use our estimates of the
primitives to compute the predicted outcome of both an open auc-
tionanda sealedbidauctionforeachtract inoursample. Foreach
tract, and each auction format, we compute the expected entry,
the expected price and revenue, the probability that a logger will
win, andtheexpectedsurplus (thevalueof thewinningbiddernet
of entry costs sunk by all the bidders). For the open auction for-
mat, we consider two alternative specifications of mill behavior:
a benchmark specification where mills behave competitively, and
perhaps a more realistic specification where they cooperate 18%
of the time (18% being the number that rationalizes the observed
open auction prices in the Northern region).

Our comparisons are reported in Table VII, which reports ex-

28. For the open auctions, the model predicts an average of 3.31 loggers in the
zero mill sales, 2.26 in the sales with one mill, and 1.06 with two or more mills.
In fact, we observe 3.76 loggers in the zero mill sales, 3.32 in the one mill sales
and 1.77 with two or more mills. This variation makes it easier to focus on the
exogenous entry case in Table VI because the theoretical model predicts identical
entryinthecollusiveandnon-collusivecases, andusingtheobservedentryfocuses
attention directly on the bidding margin.
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pected auction outcomes taking participation as fixed and solving
for the complete entry equilibria under sealed and open bidding.
The top panel shows the results for the Northern forests, and the
bottom panel for California.

A first point that stands out is that if participationis assumed
to be independent of the auction format, the differences in equi-
librium outcomes between open and sealed bidding—assuming
bidder behavior is competitive in both cases—are small, despite
substantial asymmetries among bidder types. Sealed bidding
would generate more revenue, but the revenue gain is only $320
persale intheNorthernregionand$546 inCalifornia. Sealedbid-
ding also increases the probability that sales are won by loggers,
but the average increase in probability is less than 1%. Finally,
the efficiency benefit tousing an open auction format is alsoquite
small, less than $100 per sale in both regions.

These differences increase somewhat when we account for
the fact that bidder participation will vary systematically with
auction format. According to the model, sealed bid and open auc-
tions will attract the same number of mills, but sealed bid auc-
tions will attract three to four more loggers for every 10 sales.
One effect of this additional entry is to generate a more substan-
tial difference in the fraction of sales won by loggers—we predict
that loggers would win 2–4% more sales with sealed bidding. A
second effect is to increase the revenue advantage of sealed bid-
ding to roughly $3,000 for the average sale in the Northern re-
gion and $14,000 in California. Our estimate of the social surplus
differential remains relatively small in the for the Northern re-
gion, and is quite noisy for California, tothe extent that our point
estimate indicates higher social surplus from sealed bidding, de-
spite the fact that we know equilibrium sealed bidding to be less
efficient.29

29. The reason it is even possible to generate a positive point estimate here
is that in practice we estimate separate value distributions for each possible
configuration of entrants (nL, nM) and these estimates are not precisely the same.
As noted earlier, this is an issue anytime one uses current two-stage auction
estimation methods. It becomes visible here because in modeling stochastic logger
entry we need to take expectations that average over possible numbers of logger
entrants, where the weights on different realizations of nL vary across auction
formats. Note that we could take the approach of averaging our value distribution
estimates to create a pooled estimate, but this has its own nontrivial problems.
Notably, for any given set of participants a pooledvalue distribution estimate does
not correspond through the first-order condition to the estimated bid distribution.
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As a practical matter, however, the model suggests that these
differences are dwarfed by the potential effects of bidder collu-
sion. IntheNorthernregion, evenif wetakeparticipationas fixed,
open bidding generates some $14,000 less per sale than compet-
itive sealed bidding if mills are able to engage in a mild amount
of cooperative behavior. The difference is over $17,000 once we
account for participation effects. These numbers are even larger
on the California tracts. So to the extent that mild cooperation
by mills at open auctions is a possibility, the revenue benefits of
sealed bidding clearly seem to be the most quantitatively signifi-
cant welfare consequence of the choice of auction method.

VI. CONCLUSION

This article examined the relative performance of open and
sealed bid auctions, using U.S. Forest Service timber sales as a
test case in auction design. We show that sealed bid auctions at-
tract moresmall bidders, shift theallocationtowardthesebidders,
and in some forests generate higher revenue. We also show that
an extension of the standard independent private values auction
that can explain these findings, both qualitatively and quantita-
tively, and furthermore allows us tomeasure the degree of bidder
competitiveness.

Our approach tostructural estimation in this setting has two
main features. First, motivated by a desire to match key features
oftheapplication, weincorporateseveral elements (heterogeneous
bidders, unobserved auction heterogeneity, and a model of bidder
participation) that generally have received attention in isolation.
Second, we exploit the variation in auction format to assess the
competitiveness of the open auction format. By relying only on
data from sealed bid auctions to estimate our primitives, we are
able to make out-of-sample predictions for open auctions that can
be compared to actual outcomes.

Even though the role of asymmetries in determining opti-
mal auction design have received a fair amount of attention in
the theoretical literature, our results show that with fixed
participation, the choice of auction format has little impact even

Moreover, because averaging the value distribution estimates leads to a dis-
tribution that is flatter than the individual estimates, the resulting sealed bid
equilibrium does not match that well with the observed data, which is a main
reason for pursuing our current approach.
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withsubstantial asymmetries amongbidders. Whenparticipation
is endogenous, weseethat sealedbiddingfavors thesmall orweak
bidders in both entry and allocation, and differences across auc-
tion formats are magnified. Finally, our results suggest that com-
petitiveness may vary across Forest Service regions, and that the
implications of competitiveness for auction choice may be quanti-
tatively the most significant.
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