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Set-Asides and Subsidies in Auctions’

By SusAN ATHEY, DoMINIC COEY, AND JONATHAN LEVIN*

Set-asides and subsidies are used extensively in government procure-
ment and resource sales. We analyze these policies in an empirical
model of US Forest Service timber auctions. The model fits the data
well both within the sample of unrestricted sales used for estimation,
and when we predict (out-of-sample) outcomes for small business
set-asides. Our estimates suggest that restricting entry substantially
reduces efficiency and revenue, although it increases small business
participation. An alternative policy of subsidizing small bidders
would increase revenue and small bidder profit, with little efficiency
cost. We explain these findings by connecting to the theory of optimal
auction design. (JEL D44, H57, L73, Q23)

overnment procurement programs often seek to achieve distributional goals

in addition to other objectives. In the United States, the federal government
explicitly aims to award at least 23 percent of its roughly $500 billion in annual
contracts to small businesses, with lower targets for businesses owned by women,
disabled veterans, and the economically disadvantaged.' Many state and local gov-
ernments also set goals regarding small businesses or locally owned firms. Given the
large scope of these programs, it is perhaps surprising that relatively little is known
about the optimal design of preference programs and their costs.

Two common methods are employed to achieve distributional goals. One approach
is to set aside a fraction of contracts for targeted firms. For instance, federal procure-
ment contracts between $3,000 and $100,000 are reserved automatically for small
businesses, and around $30 billion in federal contracts is awarded annually through
some form of explicit set-aside program.? An alternative is to provide bid subsidies
for favored firms. Subsidies are used by the federal government to assist domestic
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!'Section 15(g)(1) of the Small Business Act states: “The Government-wide goal for participation by small busi-
ness concerns shall be established at not less than 23 percent of the total value of all prime contract awards for each
fiscal year.” Extensive documentation of US government procurement programs for small businesses can be found
on the Small Business Administration website at http://www.sba.gov/.

2See 15 USC 644(g)(1) or the Federal Acquisitions Regulations, Section 19.502-2, which reads: “each acqui-
sition of supplies or services that has an anticipated dollar value exceeding $3,000 ... but not over $100,000...1s
automatically reserved exclusively for small business concerns and shall be set aside for small business unless the
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firms bidding for construction contracts under the Buy America Act, by the Federal
Communications Commission to favor minority-owned firms in spectrum auctions,
and in California state highway procurement to assist small businesses.?

This paper develops and estimates an econometric model of entry and bidding in
auctions, and uses it to simulate the revenue and efficiency consequences of using
alternative market designs to achieve distributional objectives. Our empirical set-
ting is the US Forest Service timber sale program, which conducts both set-aside
sales and unrestricted sales, but does not use subsidies. During the time period
we study, the Forest Service sold around a billion dollars of timber a year, and in
the region from which our data is drawn, 14 percent of the sales are small busi-
ness set-asides. We find that designating a sale as a set-aside reduced efficiency
by 17 percent and cost the Forest Service about 5 percent in revenue. Providing
a subsidy to small bidders in all auctions appears to be a more effective means of
achieving distributional goals. A range of subsidies might have eliminated both
efficiency and revenue losses, while allocating the same volume of timber to small
bidders, increasing aggregate small firm profits, and only slightly reducing the
profit of larger firms. If other US procurement and resource allocation programs
are similar, these results suggest that billions of dollars might be at stake in under-
taking a redesign of set-asides.

Basic supply and demand suggests that set-aside programs should lower revenue
and decrease efficiency by reducing the number of eligible buyers. This need not
be the case, however, if bidding is costly and firms are heterogeneous. In such a
setting, restricting participation may increase auction revenue. Consider a standard
independent private value environment with risk-neutral bidders who must decide
whether to participate in an ascending auction with no reserve price. Suppose there
is a single large bidder with a value uniformly distributed between 0 and 30 and two
small firms with values uniformly distributed between 0 and 10. If it costs seventy-
five cents to learn one’s value and enter the auction, the large bidder will be the only
entrant and will win at a zero price. If participation is restricted to the small firms,
both will enter and the expected price increases from 0 to 31, despite the fact that
expected social surplus decreases by 911—2. If there are more large firms to begin with,
however, or if entry costs are substantially lower or higher, a set-aside program both
lowers revenue and decreases efficiency.* Thus, both entry and bidding behavior
must be considered in a full analysis of these programs.

Bid subsidies also can have ambiguous effects depending on the relative strengths
of the bidders and the costs of participation. A well-known insight of Myerson
(1981) is that appropriately handicapping strong bidders can increase revenue

contracting officer determines there is not a reasonable expectation of obtaining offers from two or more responsible
small business concerns that are competitive in terms of market prices, quality, and delivery.” The $30 billion figure
is from 2009, and comes from a tabulation by Neale Mahoney based on contracts in the Federal Procurement Data
System.

3 Ayres and Cramton (1996) provide an interesting analysis of the FCC auction subsidy program.

“4Suppose, for instance, there are two large firms. Then absent an entry restriction, both large firms enter in
equilibrium, giving an expected price of ten. And a participation restriction decreases both revenue and social sur-
plus. The effects of restricting participation also can depend on features other than costly participation, e.g., Bulow
and Klemperer (2001) show that restricting participation sometimes can be beneficial if there are strong “winner’s
curse” effects.
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relative to a standard open or sealed bid auction. The impact of a fixed subsidy, how-
ever, can depend subtly on bidders’ value distributions, as discussed by McAfee and
McMillan (1989). Moreover, with endogenous participation, a subsidy will affect
entry in ways that in principle can be helpful or harmful. In the previous example,
a rule that awards the object to a small bidder if its bid is at least a third that of the
large bidder generates entry by all three firms. Expected revenue increases from zero
to 8% with social surplus decreasing by 4. Such a program results in a small firm
winning two-thirds of the time. Less dramatic subsidies have a similar qualitative
effect, raising revenue while decreasing surplus. A larger subsidy, however, may
discourage participation by the large firm; for some entry costs, the result can be
lower revenue than a no-subsidy sale.

Getting a handle on the effect of set-asides or subsidies in a given setting requires
understanding the relative strengths of targeted and non-targeted bidders. Forest
Service timber sales are characterized by a high degree of diversity in participating
bidders. Bidders range from small logging outfits to large vertically integrated forest
products companies. We distinguish between the smaller firms that are eligible for
set aside sales and the larger firms that are not. The smaller firms are mainly logging
companies, while the large firms are mills and often part of larger forest product
companies. The relative strength of these bidders varies with the size of the sale. For
the smallest quintile of sales by volume, the different types of bidders do not submit
significantly different bids. In larger sales, the small firms bid substantially less,
and our estimates imply an even greater difference in underlying valuations. One
explanation for the bidding and value differences is that large mills can process large
quantities of timber more efficiently or avoid frictions in re-selling harvested logs.

We next develop a model of bidder entry and bidding and estimate its param-
eters from the data. Building on Athey, Levin, and Seira (2011, hereafter ALS), we
model each sale as a private value auction with endogenous entry. As we wish to use
the model to assess counterfactual changes in the preference policy (i.e., varying
entry restrictions and subsidy levels), it is important to have an econometric model
that can accurately predict entry and prices “out-of-sample” as preference policies
change. Thus, we estimate the model using only data from unrestricted sealed bid
sales, and assess its performance by comparing the out-of-sample predictions for
small business set-asides with the actual outcomes in the data. The model performs
well: predicted prices and entry are within 5 percent of observed values, and we can-
not reject equality of the predicted and observed bid distributions.

One observation from comparing unrestricted and set-aside sales is that entry
responses help to mitigate the losses from set-aside policies. If small bidders did
not increase their participation relative to unrestricted sales, revenue and efficiency
losses both would be larger (30 and 28 percent, respectively, rather than 5 and
17 percent).

We also use the model to calculate the effect of implementing a bidder subsidy
program (applied to all sales) in lieu of direct set-asides for a subset of sales.” A
range of subsidies seem more effective at achieving distributional goals than the

5The idea that the US Forest Service set-aside program could be replaced with a subsidy policy is discussed by
Froeb and McAfee (1988), and also by Brannman and Froeb (2000).
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observed policy of set-asides.® From a programmatic perspective, a 6 percent sub-
sidy for small businesses would result in small firms winning as much timber as
under the set-aside program, with 4 percent higher prices and a 2 percent increase in
overall program efficiency. There is a small decline in the expected profit of larger
firm (less than 2 percent), which disappears entirely with a slightly smaller subsidy.
The attractive performance of subsidies relative to set-asides can be understood by
connecting our empirical model to the theory of optimal auction design, which we
do in the final section of the paper.’

Another way to limit efficiency losses while achieving distributional objectives is
to select sales to be set-asides where efficiency losses would be small. We construct a
statistical model that selects sales into the set-aside program in a way that minimizes
expected efficiency losses subject to a constraint of volume sold, and find that using
this model to allocate sales into the set-aside program would result in revenue and
efficiency that are virtually identical to the no-preference policy. We also investigate
the idea that a set-aside program serves to “guarantee” a minimal level of timber for
targeted firms, reducing the risk that small bidders will win little timber. However,
we find that this benefit is modest due to the relatively large number of sales.

Our results can be usefully compared to recent findings of Marion (2007) and
Krasnokutskaya and Seim (2011), who study the effect of bid subsidies in California
highway procurement auctions.® Marion (2007) compares state-funded auctions
that have a small businesses subsidy to federally funded auctions with no subsidy.
He finds that procurement costs are 3.8 percent higher in the subsidy auctions, and
attributes the increase to decreased participation by large firms in subsidy auctions.
Krasnokutskaya and Seim (2011) use data from the subsidy auctions to estimate a
structural bidding model, and use the model to simulate alternative preference poli-
cies. They conclude that the subsidy program has a very small effect on procurement
costs, less than 1 percent.

An intermediate finding in these papers, and one that contrasts with our setting, is
that the large firms in the California highway auctions do not appear to have much
of a cost advantage, so the Myerson (1981) effect of subsidies is small. Another
difference is that we estimate a complete model of entry and bidding using data on
non-set-aside auctions, and establish that our model provides accurate predictions
(out of sample) of the outcomes in small business set aside sales, providing greater

SNote that in comparing subsidies to set-asides, there is a sense in which subsidies are more general because
if there is enough potential entry by small bidders, a set-aside outcome can be replicated by a sufficiently large
small bidder subsidy. So in principle, a set-aside program could be replicated by a carefully designed subsidy pro-
gram, and it seems intuitive that some alternative subsidy program might do strictly better. Our analysis, however,
addresses key points. The first is that in practice subsidies tend to be applied uniformly across heterogeneous sales,
whereas set-asides frequently are targeted. The second is to go beyond a “possibility” result by showing that subsi-
dies outperform the current set-aside program for a fairly wide range of plausible subsidy levels.

7 A complementary theoretical analysis by Pai and Vohra (2012) also uses an optimal auction design approach
to show that under certain conditions a flat subsidy can be the most efficient auction design that achieves a target
distributional requirement.

8Several other papers also simulate various types of preference policies as applications of estimated auc-
tion models. Examples include Brannman and Froeb (2000), and Flambard and Perrigne (2008). Brannman and
Froeb’s (2000) paper, which looks at Forest Service timber auctions, is particularly interesting because although
the approach is quite different from ours (they do not consider bidder participation, use different data, and consider
alogit value model of second price auctions), they reach a similar conclusion about the revenue effect of the Forest
Service set-aside program.
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confidence in our counterfactual simulations.® That being said, all three studies
share a central theme, which is that accurately accounting for participation is crucial
in assessing bid preference programs.

I. A Model of Set-Asides and Subsidies

This section describes our basic model of the auction process, which builds on
ALS (2011). We then use the model to informally discuss the effect of set-asides or
bidder subsidy programs.

A. The Model

Consider a seller who wishes to auction a single tract of timber. She announces
a reserve price r, and whether the auction will be open or sealed bid. There are Ny
potential small bidders and N potential big bidders. The potential bidders have val-
ues that are independently distributed according to either F or F depending on the
bidder’s size. These distributions have densities f, and supports [0,v,]| for 7= S,B. A
bidder must spend K to learn its private value and enter the auction. After the entry
decisions are made, each participant learns the identities of the other participants
before bids are submitted. In a sealed bid auction, the highest bidder wins and pays
its bid. In an open auction, the highest bidder wins and pays the second highest bid
(or the reserve price if there is a single bidder).

The analysis of the bidding game is standard. With sealed bidding, there is a
unique Bayesian Nash equilibrium in which the bidders bid their values minus a
shading factor that depends on the equilibrium behavior of opponents (Maskin and
Riley 2000). We state and use the first-order conditions for equilibrium in Section I'V.
With an open auction, there is an equilibrium in weakly dominant strategies in which
each bidder continues in the auction until the price reaches its valuation, at which
point it drops out.

In the entry game, we focus on type-symmetric equilibria. Small and big bidders
enter with probabilities denoted (ps,p;), and entrants earn an expected profit of
at least K. In set-asides, py = 0. Later, we distinguish three types of non-set-aside
sales, based on our observation that large firms appear to have higher values than
small firms in most sales, but not the very smallest sales. In typical sales, where
we estimate that large firms have substantially higher values, we focus on equilib-
ria in which big bidders enter the auction (pz = 1), and small bidders randomize
their entry with equal probability.'® In small sales without subsidies, Fs = Fy, and
we focus on the unique fully symmetric equilibrium in which pg= pj. In small
sales with a subsidy for small bidders, we consider the full set of type-symmetric
equilibria.

There are also a number of specific modeling differences, for instance in the way the papers model entry
behavior (mixed strategies versus pure strategies with incomplete information about entry costs), what bidders
know about their competitiors when they submit their bids, and in the parametric modeling of bid distributions.

19With a sufficiently large number of big bidders, another possibility would be that big bidders randomize entry
and small bidders for sure do not enter. As discussed in more detail in ALS (2011), this does not appear to be the
empirically relevant case in our setting.
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We should emphasize that modeling entry requires a number of choices that can
be debated. For instance, our focus on type-symmetric entry equilibria involves
looking at mixed strategies. While symmetry is a standard restriction, mixed strat-
egy equilibria have the somewhat unintuitive property that decreasing the number
of potential bidders—for example, due to a set-aside program—potentially can
increase expected participation and revenue.'' This “coordination effect” origi-
nally motivated us to focus on pure strategy entry equilibria. But as we discuss in
Section IV, that approach led us to estimate implausibly high entry costs for many
low entry sales. Subsequently we found that our estimates with mixed strategy entry
do not imply significant coordination effects, alleviating our initial concern.

In addition to deciding whether to focus on pure or mixed equilibria, or symmet-
ric equilibria, or all possible equilibria, one can ask if bidders have private informa-
tion about their values prior to making entry decisions, whether they have or acquire
common information that is unobserved to the econometrician, and whether they can
acquire information about the level of likely competition. Recent papers that take
different approaches to these issues include Li (2005); Li and Zheng (2009); Bajari,
Hong, and Ryan (2010); Krasnokutskaya and Seim (2011); Marmer, Shneyerov, and
Xu (2010); and Roberts and Sweeting (2011a,b). The last two papers allow bidders
to have a degree of private value information before making their entry decisions,
and use variation in potential entry to aid identification.'* On the other hand, they
make some assumptions that are not ideal for our purposes. Marmer, Shneyerov, and
Xu (2010) assume that all bidders are symmetric and rule out unobserved heteroge-
neity across auctions, while the Roberts and Sweeting (2011) approach, at least in
its current version, is applicable only to open auctions.

B. Set-Aside Auctions

A small business set-aside excludes big bidders from the auction, but increases
the incentives for small bidders to participate because they anticipate less com-
petition. If the small and big bidders have identical value distributions, and there
are a sufficient number of potential small entrants to substitute one for one for big
entrants, a set-aside provision will have no effect on total participation, revenue or
overall efficiency. If there are not enough potential small entrants to promote fully
compensating entry, a set-aside will reduce total entry, reduce revenue, and reduce
efficiency.

The effects of a set-aside are less clear if the value distributions are asymmetric.
The reason is that, as explained in the introduction, the increase in small bidder
participation can lead to a greater overall number of auction entrants, and poten-
tially, to higher expected revenue. Indeed we saw that with a single strong bidder

"I'This can happen even if all bidders are symmetric. Consider an auction with three potential bidders who have
values distributed uniformly on [0, 10] and an entry cost of 10/3. With no entry restriction, all bidders will enter
with probability 2/3 in equilibrium and expected revenue will be 80/27. If one potential bidder is restricted from
entering, the two remaining firms will enter with probability 1 and expected revenue will increase to 10/3.

12 This requires a good estimate of potential entry, which is not the strongest aspect of our data. On the other
hand, our data has excellent information on realized entry, even for open auctions, which is something that our
approach exploits.
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and high entry costs to deter weaker bidders, an unrestricted auction can lead to
minimal revenue. But overall, the effect of a set-aside, both in direction and size,
depends on the number and relative strength of potential bidders, the cost of entry,
and the auction format. For the open auction case, it is possible to show that a
set-aside cannot increase total surplus because the unrestricted entry equilibrium is
socially efficient—that is, it maximizes expected surplus given the set of potential
entrants and simultaneous entry decisions.

C. Bidder Subsidies

A subsidy program favors the bids of certain firms. A typical approach is to
say that a favored bidder must pay only a portion /(1 + «) of its bid b for some
« > 0. (One can also make the bid credit an absolute amount rather than a fraction
of the bid.) To illustrate the effects of a subsidy, suppose we have an open auction
with two participants, a big bidder with value vz and a small bidder with value vg.
If the seller offers a subsidy of size « to the small bidder, there are three possible
outcomes. If vg > v, the subsidy will not change the outcome of the sale, but it will
lower revenue from vg to vg/(1 + ). If (1 + «) vg > v > vy, the subsidy will allow
the small bidder to win over the higher-valued big bidder and revenue will fall from
vgto vg/(1 + ). Finally, if vz > (1 + «) v, the big bidder will win with or without
the subsidy, but the policy will raise revenue by avg.

From an ex ante standpoint, it is relatively easy to see that if big bidders are stron-
ger a small subsidy will tend to increase sale revenue. A small subsidy is unlikely to
affect the allocation and conditional on the allocation being unaffected the big bid-
der is the likely winner, so revenue increases. A similar logic applies even if there
are more bidders, although the subsidy can end up being irrelevant or neutralized if
the high bidders are both small or both big. A small subsidy will also increase small
bidder participation without affecting the participation of large bidders, which leads
to another positive revenue effect, although at the cost of distorting social efficiency.

The situation becomes ambiguous if one considers larger subsidies. For fixed par-
ticipation the allocative distortions become larger, and strong but unfavored bidders
also may be deterred from participating. So in principle, some subsidies may reduce
both revenue and social efficiency.

I1. Description of Timber Sales

This section describes how timber auctions worked in the time period we con-
sider, the small business set-aside program, and the data for our study. We discuss
only the essentials of the sale process; more detailed accounts can be found in
Baldwin, Marshall, and Richard (1997); Haile (2001); Athey and Levin (2001); or
ALS (2011).

13 An essentially equivalent formulation is to have all bidders pay their bids but to determine the winner by
comparing scored versions of the bids, e.g., after multiplying favored bids by 1 + a.
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A. Timber Sales and Small Business Set-Asides

A sale begins with the Forest Service identifying a tract of timber to be sold, and
conducting a survey to estimate the quantity and value of the timber and the likely
costs of harvesting. A sale announcement that includes these estimates is made at
least thirty days prior to the auction. The bidders then have the opportunity to con-
duct their own surveys and prepare bids. The Forest Service uses both open and
sealed bid auctions. If the auction is open, bidders first submit qualifying bids, typi-
cally at the reserve price, followed by an ascending auction. The sealed bid auctions
are first price auctions. In either case, the auction winner must harvest the timber
within a set period of time, typically between one and four years.

The Forest Service designates certain sales as small business set-asides. For
a standard set-aside sale, eligible firms must meet two basic criteria. First, they
must have no more than 500 employees. Second, they must manufacture the tim-
ber themselves or resell it to another small business, with the exception of a
specified fraction of the timber for which no restrictions apply. In our data, there
appear to be some exceptions to the eligibility criteria, and conversations with
Forest Service employees confirm that the rules are occasionally loosened for
various reasons.

The Forest Service regulations also provide guidelines for which sales should
be designated as set-asides.'* The Forest Service periodically sets targets for the
amount of timber small businesses are expected to purchase in different areas.
Though subject to some adjustment, the basic goal is to maintain the historical share
of timber volume logged by small businesses in different areas, with the historical
amounts corresponding to the quantities logged between 1966 and 1970. By project-
ing the amount of timber that will be purchased by small businesses in unrestricted
sales, the Forest Service determines the quantity of timber that must be sold using
set-aside sales, although forest managers have some discretion to accommodate spe-
cific local needs. Forest managers are expected to use the same sale methods for
set-aside sales and to include a variety of sale sizes, terms, and qualities in the set-
aside program. Forest managers do have some discretion to designate tracts as set-
asides based on the needs of small businesses in the area, which raises the possibility
that tracts designated as set-asides may be relatively well-suited to small firms. We
revisit this below.

B. Data and Descriptive Analysis

Our data consists of sales held in California between 1982 and 1989. For each
sale, we know the identity and bid of each participating bidder, as well as detailed
sale characteristics from the sale announcement. We also collected additional infor-
mation to capture market conditions. We use national housing starts in the six months
prior to a sale to proxy for demand conditions, and US Census counts of the number
of logging companies and sawmills in the county of each sale as a measure of local

14See the US Forest Service Handbook, Section 2409.18 on Timber Sale Preparation.
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industry activity. Finally, for each sale, we construct a measure of active bidders in
the area by counting the number of distinct firms that bid in the same forest district
over the prior year.

We use participation in set-aside sales, combined with internet searches on indi-
vidual firms, to construct an indicator of small business status for each firm. ALS
(2011) distinguish between mills that have manufacturing capability and logging
companies that do not. Essentially, all of the logging companies are small busi-
nesses. The largest and most active mills are not, but there are also some smaller
mills that are eligible for set-asides.'® In this paper, we classify bidders based on
their small-business status (and refer to them as small and big) rather than their
manufacturing capability. An alternative would have been to treat small mills as
a separate category, but in later simulations that require us to compute sealed bid
auction equilibria, the inclusion of a third type of bidder adds complication to the
already challenging problem of accurate computation. We provide some additional
discussion of the small business classification in online Appendix A.

Table 1 presents summary statistics of tract characteristics and auction outcomes
for unrestricted and set-aside sales. The participation variables suggest that although
set-asides decrease the number of eligible bidders, this does not translate directly
into a fall in realized total participation. Additional participation by logging com-
panies substitutes for the absent mills. The table also shows that for both big and
small tracts, prices are somewhat lower when participation is restricted, although the
difference is not statistically significant.

Data from unrestricted sealed sales suggests that the bidding behavior of big and
small bidders is on average quite different. To examine this more closely, we first
stratify sales by the volume of timber being auctioned. We then regress the loga-
rithm of per-unit sealed bids on auction fixed effects and an indicator variable for
big firms. We do this separately for sealed bid auctions in each sale size quintile.'®
Table 2 shows the results. For the smallest sales, the estimated difference between
the bids of small and large firms is not statistically or economically significant,
while big firms bid about 11 percent more in second quintile tracts. The coefficients
for larger tracts are imprecisely estimated because these sales are predominantly
open auctions, but the final column of the table shows that if we consider both the
open and sealed sales, larger sales are more likely to be won by big bidders. In our
empirical model below, we therefore allow the asymmetry between big and small
bidders to depend on the size of the sale, with no asymmetry for sales in the smallest
quintile by volume, and asymmetry for larger sales.

A key issue for our empirical analysis is the extent to which the tracts designated
as set-asides differ from those where participation is unrestricted. The tracts should
be comparable within a given forest based on Forest Service regulations, but forest
managers also have some discretion. Table 1 also indicates that at least on observ-
able characteristics there are not large differences. To explore the point further,

5We observe a few set-aside sales in which large mills entered, presumably because of exceptions made to the
rules. There are nine of these sales and we drop them from the analysis.

1®We use the sealed bid data only for this analysis to avoid complications in interpreting the losing bids in the
open auctions.
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TABLE 1—SUMMARY STATISTICS

All sales Open sales Sealed sales

Unrestricted Set-aside  Unrestricted Set-aside  Unrestricted Set-aside

Observations 1,167 163 786 127 381 36
Auction outcomes

Prices ($/MBF) 95.1 90.7 97.1 94.6 91.0 71.3
Entrants 4.26 4.50 4.33 4.52 4.13 4.42
Number small firms entering 2.71 4.50 2.29 4.52 3.59 4.42
Number big firms entering 1.55 0.00 2.04 0.00 0.54 0.00
Small firm wins auction 0.52 1.00 0.37 1.00 0.85 1.00
Appraisal variables

Volume of timber (100 MBF) 51.2 53.0 71.2 64.7 10.1 114
Small sale dummy 0.21 0.14 0.04 0.03 0.54 0.53
Reserve price ($/MBF) 40.3 37.2 40.0 37.9 41.0 34.7
Selling value ($/MBF) 272.9 292.1 281.8 301.6 254.5 258.4
Road construction ($/MBF) 7.24 7.96 10.16 10.02 1.21 0.71
Road costs missing 0.01 0.40 0.01 0.02 0.01 0.00
Appraisal missing 0.09 0.02 0.06 0.16 0.01 0.08
Logging costs ($/MBF) 102.9 109.9 107.2 114.1 93.9 95.4
Manufacturing costs ($/MBF) 122.0 127.8 127.6 1324 110.4 111.3
Sale characteristics

Contract length (months) 24.2 27.9 30.3 315 11.7 15.0
Species Herfindahl 0.57 0.59 0.57 0.59 0.57 0.58
Density of timber (10,000 MBF/acre) 1,160 1,130 1,070 1,006 1,346 1,569
Sealed bid sale 0.33 0.22 0.00 0.00 1.00 1.00
Scale sale 0.81 0.85 0.90 0.92 0.61 0.61
Quarter of sale 2.42 2.28 2.33 2.21 2.60 2.50
Year of sale 85.1 85.0 85.1 84.9 85.3 85.3
Housing starts 1,597 1,600 1,602 1,607 1,588 1,576
Local industry activity

Logging companies in county 20.0 22.1 21.3 22.3 17.2 21.3
Sawmills in county 6.3 8.2 6.6 8.3 5.7 8.2
Small firms active in last year 13.2 14.2 13.3 14.1 12.9 14.4
Big firms active in last year 3.2 23 33 2.3 2.8 2.4

Notes: Data includes non-salvage Forest Service sales in California between 1982 and 1989. Small firms are those
that are eligible for small business set-aside sales. A sale is a “‘small sale” if it is in the lowest quintile by timber vol-
ume. Timber volume is measured in thousand board feet (MBF). The measures of local industry activity for a given
sale include the number of logging companies and sawmills as reported in the US Census Bureau County Business
Patterns, and the number of small and big firms that bid in the same forest district within the prior year.

we use a logistic regression to estimate the probability that a sale is set aside as a
function of observable tract characteristics. The results appear in Table 3. The most
economically and statistically significant explanatory variables are the forest dum-
mies, indicating that the use of set-asides varies across forest, consistent with the US
Forest Service policy to preserve historical volumes allocated to small bidders. Sales
with higher logging costs (perhaps requiring more complex equipment) are less
likely to be small business set-asides. We control for the these tract characteristics
in our empirical models.

We then consider whether forest managers might designate as set-asides tracts
that are relatively more attractive to small bidders. We use the logit estimates to
compute the estimated probability that each tract is designated a set-aside; we
refer to this as the “set-aside propensity score.” We then consider the tracts that
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TABLE 2—SMALL AND B1G FIRM BIDDING DIFFERENCES

Regression model for
log (bid) in sealed auctions
Fraction of

Sealed bids unrestricted sales
Coeff. SD per quintile won by small firms

Big firm dummy x

Sale in first size quintile —0.005 (0.071) 824 0.95

Sale in second size quintile 0.111 (0.040) 752 0.77

Sale in third size quintile 0.041 (0.102) 80 0.51

Sale in fourth size quintile 0.028 (0.138) 46 0.41

Sale in fifth size quintile 0.066 (0.144) 29 0.28
Total number of sealed bids 1,731
Total number of auctions 417 1,167

Notes: The first two columns report regression results where the dependent variable is the logarithm of the bid
per unit volume, the data includes all sealed bids submitted in unrestricted auctions, and the explanatory variables
include auction fixed effects and a dummy equal to one if the bidder is a big firm interacted with the size of the sale.
The sales are assigned to size quintiles based on the volume of timber being sold. The third column shows the num-
ber of unrestricted sealed bids for each size category. The fourth column shows the fraction of (sealed and open)
unrestricted sales won by small firms.

TABLE 3—CHOICE OF SET-ASIDE SALE

Panel A. Large tracts Panel B. Small tracts
Coefficient SE Coefficient SE
Ln (reserve price) —0.28 (0.05) —0.35 (0.08)
Ln (selling value) —0.11 (0.08) 0.00 (0.06)
Ln (manufacturing costs) 0.14 (0.09) 0.04 (0.06)
Ln (logging costs) —1.64 (0.21) —1.29 (0.29)
Appraisal missing (dummy) —7.31 (0.97) —6.25 (1.37)
Ln (road costs) —0.14 (0.03) —0.10 (0.14)
Road costs missing (dummy) 0.19 (0.38) —2.30 (1.10)
Species Herfindahl —0.26 (0.15) —0.34 (0.22)
Density of timber (10,000 MBF/acres) —0.33 (0.00) —0.75 (0.00)
Scale sale (dummy) 0.24 (0.10) 0.45 (0.11)
Potential big bidder entrants = 0 0.14 (0.11) — —
Min (potential big bidder entrants, 5) 0.13 (0.03) — —
Potential entrants —0.19 (0.02) —0.09 (0.03)
Sealed 0.28 (0.10) — —
Volume-1st decile — — —0.26 (0.11)
Volume-3rd decile 1.24 (0.15) — —
Volume—4th decile 0.93 (0.14) — —
Volume-5th decile 0.50 (0.12) — —
Volume-6th decile 0.52 (0.12) — —
Volume-7th decile 0.22 (0.12) — —
Volume-8th decile 0.19 (0.12) — —
Volume-9th decile 0.21 (0.12) — —
Constant 8.96 (1.09) 9.42 (1.72)
Additional controls Forest, species, and year dummies ~ Forest, species, and year dummies
Observations = 925 Observations = 242

Notes: Table reports results from a logit regression where the dependent variable is equal to one if the sale is a small
business set-aside. The estimates are reported as marginal probability effects at the mean of the independent vari-
ables. Additional controls: dummy variables for years, months, quarters, common species, and location.
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TABLE 4—EFFECTS OF SET-ASIDE PROVISION

In (entrants) In (revenue)
Dependent variable Coefficient SE Coefficient SE
Average effect (full sample)
OLS with interactions —0.127 (0.068) —0.102 (0.072)
Average effect on set-aside tracts
OLS with interactions 0.083 (0.050) —0.001 (0.045)

Notes: Table reports estimates from OLS regressions of dependent variable on sale characteristics and a dummy
variable for small business set-aside sale interacted with all characteristics. The first row shows the estimated aver-
age treatment effect of a set-aside for the full sample of sales. The second row shows the estimated effect for the
set-aside tracts. Sale characteristics in the regression include all the variables from Table 3 and the estimated prob-
ability that the auction was conducted as a set-aside (the propensity score from the logit regression in Table 3).

were not designated as set-asides and estimate a logit regression to estimate the
probability that the sale is won by a small bidder, including the set-aside propensity
score along with other sale characteristics as an explanatory variable. The propen-
sity score is not significantly related to the type of bidder that wins the auction in
either an economic or statistically significant way (online Appendix Table A3),
providing some evidence that set-asides are not designated on the basis of their
attractiveness to small bidders.
As a first pass at assessing the effect of set-asides, we consider the linear model

(1) Y=0- SBA+ X3+ SBA - X~ +¢.

Here Y is an outcome of interest (total participation or log(revenue)), SBA is a dummy
equal to one if the sale is a small-business set-aside, and X is a vector of observed sale
and forest characteristics, including the propensity score from the logit regression
described above. We expect the set-aside effect to vary across auctions, particularly
as a function of sale size, so we allow for alternative interaction effects in our speci-
fications. The key assumption for identification is that the choice of whether to make
the sale a set-aside is un