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In public procurement, social welfare often depends on how quickly the good
is delivered. A leading example is highway construction, where slow completion
inflicts a negative externality on commuters. In response, highway departments
award some contracts using scoring auctions, which give contractors explicit in-
centives for accelerated delivery. We characterize efficient design of these mech-
anisms. We then gather an extensive data set of highway projects awarded by
the California Department of Transportation between 2003 and 2008. By com-
paring otherwise similar contracts, we show that where the scoring design was
used, contracts were completed 30–40% faster and the welfare gains to com-
muters exceeded the increase in procurement costs. Using a structural model
that endogenizes participation and bidding, we estimate that the counterfac-
tual welfare gain from switching all contracts from the standard design to the
efficient A+B design is nearly 22% of the total contract value ($1.14 billion).
JEL Codes: D44, H41, H57, L91.

I. INTRODUCTION

Public sector procurement typically accounts for 10–15 per-
cent of GDP in developed countries.1 Designing efficient procure-
ment mechanisms is therefore essential for the efficient allocation
of many goods and services. Delivery time is often an important
dimension of quality. In the United States however, procurement
contracts are typically awardedtothe lowest qualifiedbidder who
can meet a prespecifieddelivery date. This does not allowfor com-
petition over completion time or other dimensions of quality. It
follows that it may be possible to increase social welfare by using
an alternative procurement mechanism.
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Wetakeas a casestudythedesignof timeincentives inaward
procedures for highway procurement. Highway repair makes for
a good case study, because it generates significant negative exter-
nalities forcommuters throughincreasedgridlockandcommuting
times. For example, US 101 is an important highway through Sil-
icon Valley, carrying over 175,000 commuters per day. If a high-
wayconstructionproject results ina 30-minutedelayeachwayfor
commuters on this route, the daily social cost imposed by the con-
struction would be 175,000 hours. Valuing time at $10 an hour,
this implies a social cost of $1.75 million per day. But in standard
highwaycontracts, contractors havepoor incentives tointernalize
this externality. For example, highway contractors in California
aregivenrelativelygenerous deadlines, andeventhenareonlype-
nalized with damages of up to $40,000 a day if late. Given these
weak incentives, it is likely that the observed completion times
will be inefficiently slow.

Recently, state highway departments in the United States
have started to experiment with innovative contract designs that
provide explicit time incentives. The most sophisticated is a scor-
ing auction design, called “A+B bidding.” Here, contractors sub-
mit a dollar bid for labor and materials, the “A” part, and a total
number of days to complete the project, the “B” part. The bids are
scored using both the A and the B bid and the project is awarded
to the contractor with the lowest score. The winning contractor
may also receive incentive payments (disincentives) for complet-
ing the project earlier (later) than the days bid. Standard
highway contracts are “A-only” contracts because they do not
weight project completion time in selecting the winning
contractor.

In this article, we evaluate this scoring auction design both
theoreticallyandempirically. Westart bybuildinga simplemodel
of A+B contracts that subsumes standard A-only contracts and
other commonly used contract designs as special cases. We char-
acterize equilibrium bids and project completion times. Intuition
suggests that if each day taken causes delays to commuters of
$10,000, then the right policy is to “tax” contractors $10,000 for
each day they take. This forces them to internalize the external-
ity. We show that the time weight in the A+B scoring rule acts
like a tax, so this contract design can achieve efficient outcomes.
By contrast, the standard contract design amounts to a “quota”
policy, and will often result in an inefficiently slow project com-
pletion time.
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PROCUREMENT CONTRACTING WITH TIME INCENTIVES 1175

Armed with these insights, we move on to the heart of the
article: an analysis of over 1300 contracts awarded by the Califor-
nia Department of Transportation (Caltrans) between 2003 and
2008. Our data include detailed information on the contract pro-
visions, bids, and time taken. Examining the A+B bid data, we
see that on average, contractors bid to complete the work much
quicker than the target specified in the design, around 60% of the
engineer’s days estimate. Multiplying a project-specific estimate
of the daily social cost to commuters by the days saved from this
acceleration, we get an average reduction in the negative exter-
nality tocommuters of $6.1 million per contract. We alsocompare
the winning bids in A+B contracts to a control group of standard
contracts with similar observables. The winning bid is on average
$1.5 millionhigherinA+Bcontracts, sothepolicyraises commuter
welfare by substantially more than the change in procurement
costs.

We also want to estimate the welfare gains from this policy
and counterfactual alternatives. To do this, we need to recover
the marginal costs contractors incur in accelerating construction.
This is basically a supply curve, and we estimate it from exoge-
nous variation in the user costs offeredin different A+B contracts.
The main source of variation is policy differences across districts.
Our estimated supply curve is convex. This implies that small
reductions in completion time are reasonably cheap, but large re-
ductions areexpensiveandrequirefarbiggerincentives. Soacost-
effective policy for Caltrans would be to award more contracts by
A+B auction than is current practice, but give weaker time incen-
tives.

To test this theory, we estimate auxiliary models of auction
participation and bidding that allow us to account for selection
into the auction and for selection out (who wins the contract). We
use these models together to examine counterfactual scenarios.
Wefindthat thewelfaregainfromswitchingall contracts fromthe
standarddesign tothe efficient A+B design is large, nearly 22% of
the total contract value (for these contracts, $1.14 billion). How-
ever, this policy substantially raises contractor costs and these
costs will be passed through to Caltrans, which faces budget con-
straints. To address this concern, we show that a policy with
smaller time incentives could achieve most of the gains ($1.03 bil-
lion) without higher total contractor costs than under the current
policy. This motivates our main conclusion, which is that includ-
ing time incentives in all highway procurement projects through
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more sophisticated contract design would substantially raise so-
cial welfare.

The main threat toour analysis is endogeneity, both in terms
of A+B assignment and assignment of user costs. In this we are
hampered by the absence of a clean quasi-experimental research
design. Although we can showthat A+B assignment is driven pri-
marily by estimates of the social costs of construction, and not
by the specifics of the construction project itself, we cannot rule
out a correlation between the size of the externality and accel-
eration costs. To partially address this, we perform two robust-
ness exercises in the Online Appendix. One tackles the program
evaluationfromanotherangle, byusingaregressiondiscontinuity
design approach. Though the estimates are substantially less pre-
cise, they are similar in magnitude and confirm the benefit of the
existing A+B policies. The second carries out additional counter-
factual simulations under alternative assumptions on the elastic-
ity of acceleration supply and finds similar conclusions tothose in
the main text.

This article is related to four main literatures. There is a lit-
erature in engineering on the role of time incentives in highway
procurement (see for example Arditi and Khisty 1997; Herbsman,
Tong Chen, and Epstein 1995), as well as a recent report from
the National Cooperative Highway Research Program (Fick et al.
2010). These papers take more of a descriptive approach than we
do here. The second is the large theoretical literature on regula-
tion and optimal procurement (see for example Weitzman 1974;
Laffont andTirole 1987; Manelli andVincent 1995; Branco1997).
In analyzing A+B auctions, we follow the existing literature on
scoring auctions starting with Che (1993) and extended in Asker
and Cantillon (2008). We focus on welfare-maximizing, rather
than cost-minimizing contract design, avoiding complex multidi-
mensional screening issues (see Asker and Cantillon 2010 on
optimal scoring auctions).

Third, there is an empirical literature on auctions with mul-
tidimensional attributes. Our article is the first to structurally
analyze scoring auctions. Krasnokutskaya and Seim (forthcom-
ing) andMarion(2007) consideroutcomes fromothermechanisms
where the contract is not awarded solely based on price. Athey
and Levin (2001) and Bajari, Houghton and Tadelis (2007) an-
alyze multidimensional bidding in timber auctions and highway
procurement, respectively, emphasizing how the bids determine
ex post behavior. Finally, our article is related to earlier work on
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PROCUREMENT CONTRACTING WITH TIME INCENTIVES 1177

analysis of highway contracts (see Porter and Zona 1993; Hong
andShum 2002; Bajari andYe 2003; Jofre-Bonet andPesendorfer
2003; Marion 2007; Silva et al. 2008; Einav and Esponda 2008;
Gil and Marion 2009; Li and Zheng 2009; Lewis and Bajari 2010;
Krasnokutskaya forthcoming).

Section II gives an overview of the procurement process. Sec-
tions III, IV, and V contain the theoretical, empirical, and coun-
terfactual policy analyses. Section VI concludes.

II. HIGHWAY PROCUREMENT IN CALIFORNIA

Highway procurement in California takes place in three
phases, as illustratedbyFigureI. Onceaneedforconstructionhas
been identified, Caltrans designs the project. The design engineer
will also develop an estimate of the project cost (“the engineer’s
estimate”) and a target number of working days for project com-
pletion (“the engineer’s days estimate”). Based on advice from the
trafficoperations unit, the design specifies a maximum number of
lanes that can be closed at each phase of the project and during
which hours of the day closures may occur. Last, the engineer will
makearecommendationas towhetherastandardorA+Bcontract
design shouldbe used, usually basedon the size of the project and
the projected negative externality. This recommendation must be
approved by headquarters.

Once a decision has been made, the terms of the contract are
summarized in a set of special provisions. In a standard design,
theprovisions specifythat thecontract will beawardedtothelow-
est responsive bidder, and the winning firm will have to complete
the contract within the engineer’s days estimate. In the A+B de-
sign, the contract is awardedbasedon a scoring rule, andthe win-
ning firm must complete the contract within the number of days
they bid. Penalties are charged for late completion. These penal-
ties are equal to the user cost in A+B contracts and are set using
a statewide formula in standard contracts.

FIGURE I

Timing of Events in the Highway Procurement Process
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At this point, the project is advertised and interested parties
canobtaincopies of theplans andspecial provisions. InCalifornia,
bidders are prequalified by having a contractor license for that
kind of work and by submitting a bond equal to 10% of their bid.
This bond will be forfeited if they win the contract and then don’t
complete it (alternatively the bond issuer, typically a third party,
may pay someone else to complete the work). Next, the contrac-
tors bid on the contract, according to the bidding rules laid out in
the special provisions. In the case of A+B contracts, if the days bid
seems unrealistic, the winning contractor may be required topro-
vide a convincing project timeline for on-time completion, other-
wise Caltrans may seek todisqualify their bid. The final “contract
days” is equal to the engineer’s days in a standard contract and
the days bid in an A+B contract.

Once the contract is awarded, the construction phase starts.
The contractor must plan how to structure the various distinct
activities, such as excavation or grading, that make up the con-
struction project. They must operate within the constraints of the
lane closure schedule. For A+B contracts, the construction plan
may have to be worked out before bidding. Accelerated construc-
tion may require extra shifts or the hiring of additional capital.
Next, the construction begins. During the process, the project en-
gineerconducts randomchecks onthequalityof thematerials and
monitors whether everything is completed according to the plan
specifications. Because highway construction is generally a pretty
homogenous good, project engineers havebuilt upconsiderableex-
pertise in testing for deficiencies in construction and are skilled
at assessing quality. The engineer also designates days on which
environmental conditions make work difficult as “weather days,”
and as “other days” those on which the contractor cannot work
through no fault of his own (for example, a general strike). These
days donot count towardthe contract deadline. Still, productivity
shocks may affect the rate at which any activity is completed, and
contractors keeptrack of their progress andamendplans if neces-
sary. At the end of the process, the contractor is paid the amount
they bid less any damages assessed for late completion.

III. THEORY

Before turning tothe data, it will be useful tospecify a simple
model to frame the empirical analysis. Essentially, the problem
faced by Caltrans is twofold: on one hand, they want to award
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PROCUREMENT CONTRACTING WITH TIME INCENTIVES 1179

highwaycontracts tothemost cost-effectiveorefficient bidder. For
this, an auction mechanism is preferred approach. On the other
hand, they want to regulate an externality when they don’t know
how expensive it is for contractors to accelerate construction.2 If
the available policy tools were either a quota or a tax on the time
to completion, this would correspond to the problem analyzed in
Weitzman (1974).

Inpractice, thesetwoproblems arejointlysolvedbyfirst spec-
ifying a set of time incentives as part of the contract, and then
awarding that contract, typically by auction. We refer to the com-
bination of time incentives plus award mechanism as a contract
design. To analyze the theoretical performance of the A+B and
standard contract designs, we now set up a model of an A+B auc-
tion that subsumes the standard design as a special case:

Auction Format. n risk-neutral contractors bid on a highway
procurement contract. A bid is a pair (b, dB) indicating the base
payment b received by the winning contractor, and the contract
days dB ∈ [0, dE]. The upper bound dE is the project engineer’s es-
timate of the maximum time the project should take to complete.
The bids are ranked according tothe scoring rule s = s(b, dB) = b +
cUdB, and the contract is awarded to the contractor with the low-
est score. The constant cU ≥ 0 in the scoring rule is known as
the user cost. The contract alsospecifies ex post time incentives: a
per day incentive cI ≥ 0 and disincentive cD > 0 that are applied
when the winning contractor completes the job before or after the
contract days. We restrict our analysis to the case cI ≤ cD, which
holds for all of the contracts we examine. The three parameters
(cU , cI, cD) define the incentive structure.

Payoffs and Types. Losingbidders receivea payoffnormalized
to 0. The winning contractor has a payoff given by:

π(b, dB, dT;θ) = b + 1(dB > dT)(dB − dT)cI − 1(dB < dT)

(dT − dB)cD − c(dT;θ) ,(1)

where dT is the actual days taken to complete the contract and
c(dT;θ) are the costs incurred. Profit is bid plus incentive pay-
ments (possibly negative) less costs.

2. In this article we focus on the commuter externality as a reason toacceler-
ateconstruction. Theremaybeotherreasons todoso—forexample, anewhighway
has no usage value until it is built.
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The cost function c(dT;θ) is “long-run,” in the sense that it
represents the cost of completing the contract in dT days, for a
contractor of type θ, given optimal input choices.3 We assume a
textbook long-run cost curve, U-shaped in d for all θ, with a min-
imum at the efficient scale of construction (which is presumably
close to the engineer’s estimate). Contract acceleration is costly
because it requires working at an inefficiently large scale. The
type θ reflects contractor-specific cost parameters, such as their
expertise with working on a tight schedule, their relationships
with subcontractors and input suppliers, and their current man-
agerial capacity.4 We assume that each contractor i draws their
cost parameter θi from some contractor-specific distribution Fi.
This is an independent private values framework.

Strategies and Equilibrium. A (Bayes-Nash) equilibrium of
the game is a set of bidding strategies (β1(θ) , ∙ ∙ ∙ ,βn(θ)) of the
form βi(θ) = (bi(θ) , dB

i (θ)), that are mutual best responses; and a
completion time dT(dB;θ). Notice that we assume that firms face
no uncertainty about their type and can choose their completion
time. This simplifies the analysis and seems reasonable because
Caltrans accounts forall unavoidabledelays throughweatherand
other days. As evidence that completion time is under the
contractor’s control, 52% of theA+B contracts inourdata arecom-
pleted exactly on time. This does not rule out ex post productivity
shocks and a need for adaptation, but as Lewis and Bajari (2010)
show, accounting for ex post shocks requires more thought as to
the ex post incentives cI and cD, without changing most of the ex
ante analysis presented here.5

Social Welfare and Efficiency. Social welfareis givenbyW(dT;
θ) = V−c(dT;θ)−dTcS. It reflects the total social value of the high-
way project V, less the contractor’s private costs, less the social

3. Once construction starts and inputs are hired, the contractor will face a
“short-run” cost function c(d;θ, K) for fixed inputs K = K(d;θ), but this is not the
relevant curve at the bidding stage.

4. For example, the construction company C.C. Myers repaired an important
ramp between I-80 and I-580 near San Francisco after an explosion, doing so in
17 days as opposed to the 50 estimated. In an interview, the owner mentioned as
important factors for the speedy completion a collaboration with a steel fabricator
to get girders made quickly, an ambitious plan that allowed for work to be done
while still waiting for some of the inputs, andhis crews working all day in 12-hour
shifts Pogash (2007).

5. Introducing risk aversion in addition to uncertainty would, however, com-
plicate the analysis.
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PROCUREMENT CONTRACTING WITH TIME INCENTIVES 1181

costs of the construction. The social costs are assumedtobe linear
in the days taken, with the daily social cost equal toa constant cS.
This seems like the right approximation, though the theory ex-
tends easily to more complicated social cost functions.

We say that a contract design is ex-post efficient if the incen-
tive structure is such that the completion time dT(dB;θ) is welfare
maximizingforall types θ. Wesaythat a contract designis ex-ante
efficient if the winning bidder is always the bidder who generates
the highest social welfare W(dT;θ) in equilibrium. These notions
decouple regulating the winning bidder (ex post efficiency) from
choosing that bidder (ex ante efficiency).

Standard Contracts. Thestandardcontract designis a special
case.6 The contract is awarded solely on the bid amount, and the
design engineer sets dE. There are no positive incentives (cI = 0),
and the disincentives cD are called liquidated damages, set by a
statewide formula. This corresponds to our model with the con-
straint that bidders bid dB = dE.

We proceed in two parts. First we analyze how effective the
twodesigns are in regulating the externality, and then we look at
whether the auction mechanism is ex ante efficient.

Efficient Regulation. The incentive scheme of the standard
contract designis expost inefficient giventheconstant externality.
To see this, consider the left panel of Figure II. The downward-
slopingcurves arethreepossiblemarginal privatecost ofaccelera-
tion curves, corresponding tothree different types for the winning
contractor. As depicted, all types have positive costs of accelera-
tion at the engineer’s days estimate, and all would prefer to
operate at a lower scale and complete more slowly. But they are
penalized at a rate of cD when late, giving them an incentive for
on-time completion. By contrast, there is nobonus for being early,
which implies that time incentives are discontinuous at dE. This
designeffectivelyamounts toaquotaof dE days, wherethepenalty
for exceeding the quota is cD. Facing these incentives, all three
types will complete exactly on time. But because efficiency re-
quires that different types complete at different times to equate
their private marginal costs with the social benefits of accelera-
tion, this design is inefficient.

6. We omit analysis of two other important contract designs with time incen-
tives: lane rental and incentive/disincentive contracts. They are also special cases
of our general model; details available on request.
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FIGURE II

Completion Time in Standard and A+B Contracts

Both panels show the marginal private cost of acceleration curve, −c′(d;θ).
The left panel shows a standard contract, with damages charged after the speci-
fied completion time dE. The optimal completion times vary with the type θ, but
all types choose to complete at dE, which is inefficient. In the right panel, the con-
tractor bids to complete where the user cost intersects his acceleration cost curve,
and completes on time because of the incentive structure. If the user cost equals
the social cost, this is efficient.

Instead, the contractor should be forced to internalize the ex-
ternality imposed on commuters by construction. The simplest
way to do this is a tax of cS a day. The A+B design looks like a
quota, but behaves likeatax. Considertheright panel ofFigure II.
Because cI < cD, the contractor faces discontinuous incentives at
dB, like a quota. But the contractor can choose dB in the auction.
The scoring rule specifies the trade-off: each extra day bid forces
the contractor tolower their bidby cU tomaintain the same score.
This essentially amounts to a tax on each day of cU . Not surpris-
ingly then, if the user cost is set equal to the social cost cS, this
creates the right incentives for ex post efficiency.

One complication is that the contractor is not bound by the
days bid, except insofar as the contract enforces compliance.
Whenever cD < cU , the effective tax is only cD, and so the contrac-
tor will bid zero days but complete where the marginal cost of ac-
celeration equals cD.7 This design detail is important in practice:
in some of the first A+B contracts they let, Caltrans set cD < cU ,
and the contractors bid just one day. As a consequence, in all the
recent contracts they have issued, Caltrans has set cI < cU = cD.
Overall, for ex post efficiency in the A+B design, it is sufficient

7. Bidding to complete one day earlier than actually planned earns cU from
the scoring rule, and costs cD in damages, and thus is always desirable with those
incentives.
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PROCUREMENT CONTRACTING WITH TIME INCENTIVES 1183

that the effective cost of delay is cS, which is best accomplished by
setting cU = cS and cI ≤ cU ≤ cD.8

Ex Ante Efficiency. The next question is whether the auction
mechanism awards the contract to the contractor who will maxi-
mizesocial welfare. As AskerandCantillon (2008) show, ina scor-
ing auction the equilibrium strategies of bidders are functions of
their pseudo-costs, defined here as:

(2) P(θi) = c(dT, θi)+ IP(dT, dB)+ cUdB,

where dB and dT are optimally chosen in the manner described,
and IP(dT, dB) denotes any incentive payments that will be paid
orcharged. Thepseudo-cost has threeparts: contractorcosts given
theconstructionplan; theincentivepayments receivedunderthat
plan; and the B-score cUdB. This one-dimensional pseudo-cost is
a sufficient statistic for the bidder’s type θ.

Having transformed the types intopseudo-costs, we can then
apply standard results from the auction literature. Provided the
bidders aresymmetric, theauctionmechanismwill awardthecon-
tract tothebidderwiththelowest pseudocost. Now, if thecontract
is ex post efficient, the pseudo-cost is equal tothe social cost of the
project, and so awarding it on the basis of pseudo-cost yields ex
ante efficiency. More generally, even when the contract design is
not ex post efficient, it may still be best toawardbasedon pseudo-
cost. This is true of standard contracts if incentives are appro-
priately set. Suppose, for example, that all bidders have positive
benefits of delay up until the engineer’s target date. Then since
there are no bonuses for being early, all contractors will complete
either on time or late. By setting cD = cS, the procurer can force
contractors to internalize the social costs of late completion as
part of their pseudo-cost. Then awarding the contract on the basis
of pseudo-cost selects the contractor who maximizes welfare sub-
ject to the constraint that they cannot finish early—a second best
result—and this is ex ante efficient.

In summary, the problem of regulating the externality and
awarding the contract can be largely decoupled. By taxing the ex-

8. The optimality of the “tax”approach hinges on the fact that the daily social
costs are linear. In general, the scoring rule should match the social cost function.
For example, suppose that for most of the summer a highway is not busy, with a
daily social cost of $2,000, but during the August holiday season the social cost
leaps to $10,000 a day. Then for ex post optimality, each day bid up to August 1
should add $2,000 to the score, but each day thereafter should add $10,000.
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ternality through a weight in the scoring rule, the contract design
is made ex post efficient. By awarding the contract via auction, we
achieve the usual gains from competition among bidders.

Cost of time incentives. Later in the article, we consider how
much the use of A+B rather than standard contracts increases
procurement costs. It would be nice to have a theoretical predic-
tion to take to the data. Intuitively, it should be quite costly, as
high-powered time incentives generate contract acceleration, and
the acceleration costs should be passed through in the form of
higher bids. Moreover, the emphasis on time in A+B auctions
means that an expensive but quick bidder could be favored over
a cheap and slow one, which would rarely happen in a standard
auction. This toois costly. Still, tomakeconcretestatements about
the relationship between costs and bids, one needs to know some-
thing about markups. These could go up or down.

For example, suppose there were two contractors competing
for business. The first uses cheap unskilled labor, completes jobs
at a slowrate, andfinds acceleration costly. The seconduses more
skilled labor and is generally quite expensive, though it can
cheaply accelerate construction. Then the first company would be
abletomaintainahighmarkupinauctions forstandardcontracts,
due to the cost asymmetry, but in A+B auctions that cost advan-
tagewoulddiminishandits markupwouldfall. Ontheotherhand,
if the first company were both cheap and quick, the A+B design
would magnify their competitive advantage, and their markup
would rise. The conclusion is that the relationship between costs
and bids is complex and not easy to deduce cost changes from
bid changes without knowing something about the correlation be-
tween “quick” and “cheap.”

IV. PROGRAM EVALUATION

Thetheorysuggests howcontracts shouldbedesignedtomax-
imize social welfare. In the remainder of the article, we examine
the A+B contract design in practice, using data from contracts let
by Caltrans during the period 2003–2008. Our data set is rich,
including detailed data on the contract provisions, bids, and out-
comes for both standard and A+B contracts. This enables us to
answer two practical questions: Do A+B contracts work well in
practice? AndcouldCaltrans adopt betterpolicies? Weanswerthe
first using the language and methodology of the program evalu-
ation literature. For the second we build, estimate, and simulate
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PROCUREMENT CONTRACTING WITH TIME INCENTIVES 1185

counterfactual outcomes using a structural model of contractor
behavior.

IV.A. Data

Our data set was constructed using publicly available data
from the Caltrans website. We collected contract, bid, and pay-
ments data for all contracts that were let in the period 2003–
2008.9 From these data, we knowthe contract provisions relating
to time and lane closure restrictions; a description of the contract
location, type of work, funding source, and engineer’s estimates;
all the bids, bidder identities, and locations; and the payments
made to the winning contractor during the course of the job. The
final payment files also give a breakdown of the working days,
weather days, and other days used over the course of the project.

Because we are interested in comparing standard and A+B
contracts, wenarrowedthescopeofourdatabydroppingcontracts
with different designs. We also chose to focus on a subset of con-
tracts which seemed a priori to potentially require lane or shoul-
derclosure: barrierconstruction, bridgerepairorresurfacing, new
lane or ramp construction, road rehabilitation, slope work, and
widening/realignment. TheA+B designis veryrarelyusedoutside
of these categories. Likewise, we restricted the analysis to those
Caltrans districts that use the A+B design with some frequency
(they are SF Bay Area (4), Fresno (6), Riverside/San Bernadino
(8), San Diego (11), and Orange County (12)). Of these, district 4
is by far the most frequent user of the format and plays an impor-
tant role in our analysis.

We augmented this data with traffic volumes and the per-
centage of trucks at each of the contract locations. This enabled
us to construct a simple measure of the negative externality to
commuters during project construction for each project j:

Social Costj = Delayj × Time Valuej × Trafficj.(3)

For time value, we use a weighted average of a value for cars ($12
per vehicle hour) and for trucks ($28 per vehicle hour), where the
weights are contract-specific. These are the values used by Cal-
trans in their own calculations in 2008. To estimate the delay, we
assume that traffic will be slowed from 55 mph (the speed limit

9. By “let,” we mean that the bids were opened on a date in that period. For
a much more detailed description of the data, see the Online Data Appendix.
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on a typical California freeway) to 35 mph over the full length of
the construction zone, or 5 miles, whichever is shorter. In most
construction zones, a slowdown of at least this magnitude is to
be expected either due to actual lane closures or to traffic control.
These assumptions are chosen to be conservative, and imply that
we will never project a delay of more than 3:11 minutes per com-
muter on any project.10 The social cost is then arrived at by mul-
tiplying the traffic, delay, and average time value. We treat this
variableas data ratherthananestimatethroughout theanalysis.

Table I summarizes the contract characteristics for different
subsamples of the data. Looking at the secondcolumn, notice that
thesocial costs wehaveestimatedusingEquation 3 aremorethan
three times larger than those assigned as usercosts by Caltrans.
Initially we found this puzzling, as we had thought that Caltrans
policy was to set the user cost equal to the social cost, indicating
that oursimpleestimates weretoohigh. Subsequentlywelearned
that district 4 sets them based on a standardized statewide for-
mula for liquidated damages, which depends on the engineer’s
estimate, engineer’s days, type of work, and projected office ex-
penses of the project engineer, rather than on traffic or projected
delays. This tends to understate the daily welfare loss to com-
muters. It is not clear why there is also a large gap for the other
districts, but given how conservative our social cost calculations
havebeen, weproceedundertheassumptionthat theyarea lower
bound on the true social costs.11

IV.B. A+B Assignment and Identification

Wenowturntothequestionof whethertheA+B designworks
well in practice. The trade-off is between completion time and
cost. Toquantify this, we take a standard program evaluation ap-
proach, comparing the outcomes of A+B contracts (the “treated”
group) with those from a comparable group of standard contracts
(the “control” group). Our goal is to estimate the difference in
expected outcomes given A+B versus standard assignment, for
the A+B contracts—an average treatment effect on the treated

10. We also used Google Maps to calculate a detour route for a typical com-
muter around the construction zone, but in all cases the detour caused a delay of
more than 3:11 minutes and so these data were discarded.

11. It could be that Caltrans assumes no negative externality during hours
when lane closures are not permitted (though we have been told this is not the
case), or that sometimes they set the user cost below their social cost estimate to
avoid the weight on time being “too large” relative to contract size.
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(ATT). First, though, we need to analyze how the treatment was
assigned.

We asked officials in a number of Caltrans districts how they
decidedwhich contracts shouldbe auctionedusing the A+B mech-
anism. District 4 indicated they used the A+B design whenever
theengineer’s days estimateexceeded100 days. All otherdistricts
saidthey followeda rule mandatedby headquarters, under which
a project should be assigned A+B status if the engineer’s estimate
was over $5 million and if their estimate of the daily social cost
was over $5,000. In all districts, there is room for exceptions—
for example to use the design when there were other political/
economic issues that made timely completion important, and to
disqualifythedesignwhenthecontract hadthepotential forthird-
party problems, or when approval was denied by headquarters.12

As we show in the Online Appendix, the data are consistent with
these stated policies.

This suggests good treatment and control groups. The treat-
ment groupis all size-eligibleA+Bcontracts, andthecontrol group
is all size-eligible standard contracts, where size-eligible means
over $5 million outside of district 4 or over 100 days in district 4.
Thesecontracts shoulddifferonlyforthelargelyidiosyncraticrea-
sons outlined. The observable characteristics of the size-eligible
A+B andstandardcontracts aresummarizedandcomparedinthe
thirdandfourthcolumns of Table I. As shown, thegroups aregen-
erally balanced on the observables.13 The only statistically signif-
icant differences are related to the social cost of construction: on
busy roads, A+B assignment is preferred, lane closures are lim-
ited, and penalties are charged for late reopening.

Our identification strategy hinges on the independence of as-
signment andthe outcomes of interest, conditional on observables
andsizeeligibility. Herethis amounts toassumingthat foragiven
type of job, contract size, location, and year, the omitted factors
that determine completion time and the winning bid are orthog-
onal to the social costs, political concerns, third-party issues, and
soon that govern assignment. This seems reasonable, since these

12. Third-party problems arise, for example, when a utility company needs to
evacuate a piece of land during some phase of the construction. Then if the com-
panyis lateinfulfillingits obligations, thecontractorcannot proceedandcanclaim
compensation from Caltrans for the delay. This is presumably more problematic
when the contractor is on a tight schedule.

13. The two groups also appear to “overlap” well in terms of the marginal dis-
tributions of the observables.
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factors areoutsidethescopeof theconstructionworkanddon’t ap-
pear todirectly affect it. Nonetheless, we must concede that there
is a risk of selection on unobservables. We respond tothis concern
in the robustness discussion.

IV.C. Estimation Approach and Results

Wetakeasimpleestimationapproach, runningorindaryleast
squares (OLS) regressions of outcomes on a host of controls and a
dummy for A+B assignment (the treatment). Two different sam-
ples of contracts are used. For two of the regressions, we use the
set of size-eligiblecontracts, whereas fortheremainderweusethe
subset of size-eligible and completed contracts. The latter sample
allows us to look at the realized ex post outcomes.

Theresults areshowninTable II. Thefirst andthirdcolumns
are results from regressions of log winning bid on the covariates
shown, for the eligible and completed samples, respectively. We
estimate an increase in the winning bid of between 5.7% (com-
pleted) and 7.5% (eligible).14 What about completion time? In col-
umn (2) we see that the ratioof contract days toengineer’s days is
39.5% lower for A+B contracts. Soon average contractors promise
to complete the contract around 40% earlier. They also follow
through. For the completed contracts, we see that the ratio of
working days taken to engineer’s days is 33% lower for A+B con-
tracts. The difference between the promised and realized gain in
acceleration time is entirely accounted for by the fact that stan-
dard contracts typically finish 7% early, whereas A+B contracts
finish exactly on time.

One concern is that the A+B contracts perform well in reduc-
ing the working days taken, but do poorly on other dimensions—
for example, by taking additional weather days or by shirking on
quality. This doesn’t appear to be the case. In column (5), we look
at the ratio of total days (working days plus weather and other
days) to engineer’s days and show that A+B contracts take 35%
fewer days in total. Column (6) indicates that there is no differ-
ence in the quality deductions charged on A+B versus standard
contracts, which suggests that construction quality is the same in
both cases.15

14. Strong, Tometich, and Raadt (2005) find a similar cost increase of 7.5% for
A+B contracts in Minnesota.

15. Fick et al. (2010) perform a similar exercise for a sample of 455 standard
and 22 contracts with time incentives from a particular state highway agency in
2007 and also find no statistically significant differences.
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To analyze the trade-off in more economically meaningful
terms, we convert the time savings intodollars by multiplying the
estimated number of days saved for each contract by our social
cost measure for that contract. For the eligible contracts, we use
the difference in contract days (i.e., the ex ante measure of col-
umn (2)), but for the completed contracts we use the difference in
working days taken (i.e., the ex post measure of column (4)). We
then average across contracts to get an ATT. The bottom part of
Table II shows the ATT estimates. On average, A+B assignment
increases thewinningbidby$1 million(completed) to$1.5 million
(eligible). Commuters gain far more, between $5.6 million (com-
pleted) and $6 million (eligible), implying a statistically
significant difference of around $4.6 million per contract in both
cases. This compares favorably with the average A+B contract
size of around $20 million. Although this is not a social welfare
measure—since additional contractor costs are unobserved, and
bid changes may be a poor proxy for reasons discussed earlier—it
still suggests that the policy provided considerable value to
taxpayers.

IV.D. Robustness

Our methodology is subject to two reasonable critiques, both
of which we address in the Online Appendix. The first is that the
treatment effect may be nonlinear in the observables, and so im-
posing a linear or log-linear functional form as in the OLS re-
gressions may introduce bias. To address this issue, we compute
alternativeestimates usingnearest neighbormatching. Weobtain
very similar estimates, albeit with less precision.

A secondpotential problem is our assumption that there is no
selection on unobservables. This is harder to address. We find it
reassuring that the observable factors that influence assignment
(such as traffic, lane closures, and the reopening penalty) are not
statistically or economically significant in any of the regressions.
This supports our argument that the factors determining assign-
ment are orthogonal tothe costs of contract acceleration. We have
also explored a fuzzy regression discontinuity design approach,
basedonthediscontinuous changeinA+B assignment probability
around the size thresholds. This approach requires only that the
distribution of omitted factors is continuous around these thresh-
olds. Again, the results are similar, though the estimated local
increase in the winning bid (12.6%) is imprecisely estimated and
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sensitive tothe choices of bandwidth and kernel. More details are
available in the Online Appendix.

V. WELFARE ESTIMATION AND COUNTERFACTUAL ANALYSIS

Our analysis thus far suggests that the A+B contract design
has worked well for Caltrans. But we haven’t yet been able to say
anything about welfare, since we don’t know the underlying con-
tractor costs of acceleration. To get at this, we will make some
parametric assumptions and estimate a structural model for the
supplyofacceleration, whichwill enableus toexaminecounterfac-
tual welfare under various scenarios. In particular, we will show
that a cost-effective policy would be to scale back this program
on the intensive margin (smaller time incentives) and scale it up
on the extensive margin (more A+B contracts).

Wemust overcometwopotentiallyimportant selectionissues.
The first is that participation in A+B contracts may not be ran-
dom, and so we need to model entry into auctions. Second, the
switch to a scoring auction favors quick contractors over cheap
contractors, and we need tomodel the bidding process toexamine
how the shift in incentives affects the characteristics of winning
bidders. We proceed sequentially, modeling the entry process and
then the bidding process. Throughout, we allow firms to be ob-
servably heterogeneous on three dimensions: their distance from
the contract site, whether they are in-state or out-of-state, and
whether their capacity is over $50 million.16

V.A. Participation

We estimate a simple reduced form logit model of bidder par-
ticipation. Thebinarydependent variableis at thebidder-contract
level, equal to1 if the bidder bids on the contract and 0 otherwise.
The results are shown in Table III. We find that that firms match
on size and distance—bigger firms go after bigger contracts, and
closer firms are more likely to enter. There is little evidence that
A+B contracts attract more or less participation relative to the
control group, with no joint significance in the A+B coefficients in
columns (2)–(3). This does not rule out matching on time-varying
unobservables, such as when firms with unobserved excess

16. Firmcapacityis definedas themaximumbacklogduringthesampleperiod,
where “backlog” is the outstanding value of all contracts currently under way.
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capacity are more likely to participate in A+B auctions. We try
to control for this potential selection effect in later regressions by
including the residual from this regression as a control. Nonethe-
less, thebroadpicturethat emerges is that matchingis essentially
based on size and distance, rather than A+B status, and for that
reasonweusethefull samplecoefficients incolumn(5) fortherest
of the structural estimation.

V.B. Estimating Acceleration Costs

Nowweturntotheheart of thestructural analysis: analyzing
bidding in A+B auctions. Let x be a vector of observed bidder and
contract characteristics. Followingthetheory, bidders havelatent
time-varying private types θ. Define the “base cost” cB(x, θB)≡
c(dE;x, θB) of completing the project on the original design engi-
neer’s schedule. Then letting the number of days accelerated be
d̃ = dE − dB, define the “acceleration cost” cA( d̃;x, θA) ≡ c(dE −
d̃;x, θA, θB)−cB(x, θB), subject to cA(0;x, θA)= 0. θA and θB should
be interpreted as the private cost components relating to acceler-
ation and base costs, respectively.

The types θ = (θA, θB) are assumed to be independently and
identically distributed across bidders and contracts (though they
may be correlated). The assumption that types are independent
across contracts for the same bidder is obviously strong. Our bid-
der observables—firm capacity, location, anddistance—will allow
for some persistence, but ultimately there’s nogetting around the
fact that this is not a dynamic model. We return to this point in
the discussion of the counterfactual results.

Given this setup, we would like to estimate the supply curve
for acceleration, which is the marginal cost curve c′A( d̃;x, θA). Let
bidders be indexed by i, let contracts be indexed by j. We adopt a
log-linear specification of marginal costs:

(4) cU,j = c′A( d̃ij;xij, ξj, θ
A
ij ) = d̃ij

α
exijβ+ξj+θ

A
ij ,

where ξj is a contract-specific unobservable. This specification is
simple but flexible. It allows for linear marginal costs as a special
case (α= 1) but admits both concave and convex marginal costs. It
also implies total acceleration costs of 1

1+αcU,jd̃ij. Taking logs and
rearranging terms, we obtain our main estimating equation:

(5) log d̃ij =
1
α

(
log cU,j − xijβ − ξj − θ

A
ij

)
.
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TABLE III

FIRM PARTICIPATION IN CALTRANS CONTRACTS

Dummy for Participation

A+B Eligible Contracts All Contracts

(1) (2) (3) (4)

Log Distance (miles) −0.031∗∗∗ −0.031∗∗∗ −0.032∗∗∗ −0.012∗∗∗

(0.001) (0.001) (0.002) (0.000)
Firm Capacity> $50M×

Log Engineer’s Estimate
0.014∗∗∗ 0.014∗∗∗ 0.014∗∗∗ 0.006∗∗∗

(0.002) (0.002) (0.002) (0.000)
Firm Capacity> $50M×

Federal Contract
0.001 0.001 0.001 −0.003∗∗

(0.006) (0.006) (0.006) (0.001)
Instate Contractor −0.027∗∗∗ −0.027∗∗∗ −0.030∗∗∗ −0.015∗∗∗

(0.008) (0.008) (0.010) (0.002)
Firm Capacity> $50M −0.181∗∗∗ −0.180∗∗∗ −0.180∗∗∗ −0.068∗∗∗

(0.034) (0.034) (0.034) (0.005)
Federal Contract −0.002 −0.001 −0.001 0.002∗∗

(0.006) (0.006) (0.006) (0.001)
Log Engineer’s Estimate −0.006∗∗ −0.006∗∗ −0.006∗∗ −0.002∗∗∗

(0.002) (0.002) (0.002) (0.000)
Log Engineer’s Days 0.000 0.000 0.000 0.000

(0.004) (0.004) (0.004) (0.001)
Log Traffic −0.006∗∗∗ −0.006∗∗∗ −0.006∗∗∗ −0.001∗∗∗

(0.002) (0.002) (0.002) (0.000)
AB Contract −0.002 −0.012

(0.003) (0.022)
A+B× Firm Capacity> $50M 0.001

(0.005)
AB× Log Distance 0.001

(0.002)
A+B× Instate Contractor 0.007

(0.018)
District/Work/Year FE’s yes yes yes yes
N 22005 22005 22005 215812
Wald test of A+B

coefficients (p-value)
0.623 0.979

Notes. Average marginal effects from logit regressions of participation on covariates. A data point is a
bidder-contract pair. Columns (1)–(3) are estimated only on contracts that are eligible for A+B assignment;
column (4) is off of all contracts. “Firm capacity” is defined as the maximum backlog during the sample
period, where “backlog” is the outstanding value of all contracts currently under way. District, year, and type
of work fixed effects are included. Standard errors are robust and clustered by contract. Asterisks denote
significance levels (∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01). The p-value reported in the last row is of a Wald
test of the joint significance of the A+B dummy and all interactions with it.

Written this way, this is a constant elasticity supply function,
where d̃ij plays the role of quantity, and cU,j the role of price. We
estimate this by OLS.17

17. Supply elasticities are frequently estimatedin the labor andpublicfinance
literature, and sometimes are sufficient for welfare analysis Chetty (2009). Here
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FIGURE III

Identification

The left panel shows the identification argument for a fixed type. Exogenous
variation in the user costs from C1 to C3 causes the firm to bid different days, dB

1
to dB

3 . The marked points can be plotted, and with sufficient variation, the entire
marginal acceleration cost curve can be traced out. In the right panel, we show
how differences in the days bid for a fixed user cost allows us to measure how
much heterogeneity there is across firms.

Identification. Before estimation it is useful to think
through the identification of the model. The argument is sketched
inFigureIII. Tostart, supposethat therewerenotypevariationat
all, so that there was a single acceleration supply curve c′A( d̃;θ) to
identify. Then since contractors equate their marginal costs with
the user cost, variation in user costs would induce contractors to
bid different days. By matching the user cost with the days bid,
as shown in the left panel of the figure, we can trace out the sup-
ply curve. This is entirely analogous to identifying supply from
exogenous price or tax variation in other contexts. We also need
to identity how much heterogeneity in types there is. This comes
from looking at the variation in days bid for a given user cost, as
in the right panel of Figure III.

Where is the exogenous variation in usercosts coming from?
In our data, it is mainly coming from policy variation across dis-
tricts. As wesaidearlier, district 4 usercosts areessentiallyset by
formula, basedonthesizeandlengthofcontract, typeofwork, and
home engineer’s office expenses.18 So conditional on observables,
usercosts covarywiththeproject engineer’s officeexpenses, which
are plausibly orthogonal to the contractor’s acceleration costs. By

this is only partially true. Estimating the acceleration supply elasticity suffices
for welfare analysis of the existing program. But a counterfactual change in time
incentives also changes the distribution of winning types, and more modeling is
required to address this.

18. In the Online Appendix, we showthe formula predicts user costs very well.
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contrast, in other districts the user costs are set equal to the
district’s estimates of the social cost of delay, which depend on
the details of the construction plans, traffic patterns, and lane
closures. Our identifying assumption here is that the difference
between the actual user cost and the expected user cost condi-
tional onourotherobservables (whichincludetrafficandthemax-
imumfractionof laneclosures) is uncorrelatedwiththeerrorterm
ξj + θA

ij . This assumption is harder to evaluate; perhaps contracts
that cause surprisingly long delays to commuters are also hard
to accelerate. This would introduce bias in our estimates. Help-
fully, a large part of the identifying variation comes from the fact
that conditional on the same observables, district 4 sets lower
user costs than the other districts—and this policy variation is
exogenous.

Estimation Results. Theresults oftheregressions arereported
in Table IV. The first column has a basic set of contract-level con-
trols, and the next three columns successively add
firm-specific covariates, fixed effects, and the residual from the
participation model in column (5) of Table III. The coefficient on
log user cost is the elasticity of acceleration supply with respect
to user cost. This elasticity is significantly different from 0 in all
specifications, but small in magnitude, indicating inelastic sup-
ply. From Equation 5, the coefficient also has a structural inter-
pretation as 1

α
, implying α roughly equal to 3.5, and thus convex

marginal costs of acceleration. This is consistent with what we
knowabout the construction process: small reductions in time can
be achievedat the same scale by cutting out contingency time, but
larger reductions require genuine acceleration and operation at
an inefficient scale.

The other coefficients have the expected signs. Longer con-
tracts get more acceleration, whereas higher estimated cost con-
tracts get less. This is consistent with a story in which contractors
are constrained in how much work they can do each day, and so
when there’s more work each day (higher cost or fewer days) they
offer to accelerate less. Big firms and firms closer to the contract
site offer speedier construction, as one would expect. Finally, the
coefficient on the participation residual is statistically insignifi-
cant and negative. This goes against matching on unobservables:
if this were important, one would expect “unlikely entrants” to
be better at contract acceleration, but this doesn’t appear to be
the case.
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TABLE IV

INCENTIVES AND ACCELERATION IN A+B CONTRACTS

Log Days Accelerated

(1) (2) (3) (4)

Log Usercost 0.262∗∗ 0.314∗∗ 0.275∗∗ 0.275∗∗

(0.119) (0.123) (0.137) (0.136)
Log Engineer’s Days 1.185∗∗∗ 1.275∗∗∗ 1.316∗∗∗ 1.312∗∗∗

(0.211) (0.213) (0.228) (0.228)
Log Engineer’s Estimate −0.168 −0.249 −0.310∗∗ −0.314∗∗

(0.151) (0.152) (0.136) (0.136)
Log Daily Traffic 0.076 0.053 0.002 0.002

(0.093) (0.095) (0.068) (0.067)
Plant Establishment

Dummy
−0.340 −0.352 −0.295 −0.291

(0.234) (0.243) (0.204) (0.205)
Lane Closure Fraction 0.795 0.855 0.840 0.836

(0.777) (0.801) (0.686) (0.686)
Reopening Penalty 0.045 0.034 −0.239 −0.235

(0.229) (0.226) (0.216) (0.216)
Firm Capacity> $50M 0.307∗∗∗ 0.306∗∗∗ 0.250

(0.112) (0.105) (0.202)
Instate Contractor −0.397∗ −0.593∗∗∗ −0.565∗∗∗

(0.235) (0.187) (0.200)
Log Distance (miles) −0.088∗ −0.051 −0.028

(0.052) (0.042) (0.084)
Participation Residual −0.286

(0.725)

District/Work/Year FE’s no no yes yes
R2 0.296 0.313 0.407 0.408
N 424 424 424 424

Notes. OLS Regressions of log days accelerated on covariates, where days accelerated is engineer’s days
less days bid.“Firm capacity” is definedas the maximum backlog during the sample period, where “backlog” is
the outstanding value of all contracts currently under way. “Participation Residual” is the residual from the
participation regression of column (5) of Table III. District, year, and type of work fixed effects are included
where indicated. Standard errors are robust and clustered by contract. Asterisks denote significance levels
(∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01).

The Type Distribution. Up to now, we have been able to re-
main agnostic as to the distributions of ξj and θA

ij . But for
simulation purposes, we need to be able to draw contract shocks
and individual-specific types. This requires deconvolution of the
error term ξj + θA

ij . Given our limited data, it does not make sense
to take the fully nonparametric approach of Li and Vuong (1998).
Instead, we assume that both ξj and θA

ij are normally distributed,
i.i.d. across contracts and bidders, and independent of each other,
with ξj ∼ N(0,σ2

ξ) and θA
ij ∼ N(0,σ2

θ). The deconvolution process
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PROCUREMENT CONTRACTING WITH TIME INCENTIVES 1201

is relatively straightforward: we estimate σ2
θ from the variance of

differences in residuals within contracts, and then back out σ2
ξ as

the difference between the overall variance in residuals and our
estimate of σ2

θ . Our estimated results imply that bidder hetero-
geneity accounts for more of the variance than contract hetero-
geneity.

V.C. Estimating the Bid Function

To complete our analysis, we need a model of the “A part” or
dollar bid submitted by bidders in A+B auctions. This will enable
us to work out who wins the counterfactual auctions. Also, under
some assumptions about markups, we will be able to bound the
difference between the base cost of the cheapest contractor and
the winning contractor (where those disagree), and therefore say
something about how much the selection of fast contractors costs
Caltrans. From the theory, bids are equal to cost plus a markup
term that depends on the distribution of opposing scores:

(6) bij = cA( d̃ij;xij, ξj, θ
A
ij ) + cB(xij, ξj, θ

B
ij ) + markup(xij, ξj, θ

A
ij , θ

B
ij ) .

In principle, with enough data and a few more assumptions, one
could recover the latent distribution of θB

ij given our estimated θA
ij

and the first-order condition for bidding (Guerre, Perrigne, and
Vuong 2000). But doing this convincingly wouldtake us far afield.
So instead, we specify a flexible reduced form for the ratio of bids
to engineer’s estimate:

(7)
bij

cE,j
= αj + xijβ + γ

cU,j

cE,j
d̃ij + λθ̂A

ij + εBij ,

where εBij ∼ N(0,σ2
B). The specification is motivated by the theory.

αj is a contract fixed effect, capturing the average base cost. The

term xijβ controls for bidder-specificobservables, while γ cU,j

cE,j
d̃ij ac-

counts for the increase in bids due to acceleration. We would ex-
pect γ to be positive. Finally, the term λθ̂A

ij is intended to account

foranycorrelationbetweenθA
ij andθB

ij . Nonetheless this is just are-
duced form, and one should not attach structural interpretations
to any of these coefficients.19

We estimate this by OLS. The results are shown in Table V.
Looking at the final column, we see that firms that are farther

19. We have tried more flexible specifications with squares and interactions,
but these don’t improve fit.
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TABLE V

DOLLAR BIDS IN A+B AUCTIONS

Dollar Bid / Engineer’s Estimate

Firm Capacity> $50M −0.023∗ −0.027∗∗ −0.011
(0.013) (0.012) (0.018)

Instate Contractor 0.109∗∗ 0.116∗∗ 0.109∗∗

(0.049) (0.053) (0.053)
Distance / Engest 1886.732∗∗∗ 1865.765∗∗∗ 1557.196∗∗

(614.577) (626.744) (684.435)
Usercost× Days saved / Engest −0.270 0.085 0.097

(0.241) (0.202) (0.199)
Bid Residual −0.038∗∗∗ −0.039∗∗∗

(0.014) (0.014)
Entry Residual 0.089

(0.064)

Contract FE’s yes yes yes
N 423 423 423

Notes. OLS Regressions of dollar bid/engineer’s estimate on covariates, in A+B auctions. “Days saved”
is the difference between the engineer’s days and the days bid. Bid residual is the residual from the
regression in column (4) of Table IV. “Engest” is the engineer’s estimate. Entry Residual is the residual
from the participation regression of column (4) of Table III. Contract fixed effects are included through-
out. Standard errors are robust and clustered by contract. Significance levels are denoted by asterisks
(∗p < 0.1, ∗∗p < 0.05, ∗∗∗p < 0.01).

from the job site bid higher amounts. Firms that submit a lower
B-score relative to the engineer’s estimate also bid more, as ex-
pected. The most interesting coefficient is the one on the bidresid-
ual θ̂A, which is negative and highly significant. This implies that
the firms that offer tobe surprisingly quick (conditional on the ob-
servables) are also likely to bid less. This may be because there is
some fixed input, such as capacity, that creates a positive correla-
tion between acceleration and base costs.20

From a big-picture perspective, this positive correlation
makes A+B auctions more attractive. One might have thought
that there was a big trade-off between fast and cheap contract
completion, with some firms specializing in fast completion and
others in cheap completion. In that case the use of A+B contracts
would sharply raise base costs relative to the standard design,
by favoring the fast but expensive contractors, and dealing with
the commuter externality may not actually yield much of a wel-
fare gain. What these regressions suggest is that the same kinds

20. We also estimate σ2
B; the standard deviation in bids is about 7% of the

engineer’s estimate.
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of firms participate in both kinds of contract—contrary to a spe-
cialization story—andthat “fast”and“cheap”are positively corre-
lated. This is good for welfare. A downside of this is that the best
firms have increasing market power as the user cost increases,
and their markups should reflect this. So although using A+B
contracts appears to be particularly good for total welfare, it may
raise procurement costs substantially.

V.D. Counterfactuals

We are now able to model counterfactual changes and sim-
ulate their outcomes using our data set. We consider four A+B
policies. In the first, we keep the same set of A+B contracts but
set the user cost equal to the estimated social cost.21 The second
holds the number of A+B contracts approximately constant, but
changes the mix, assigning A+B status only to contracts with a
daily externality above $100,000 a day. The third is an expansion
on both the extensive and intensive margins, with all contracts
being let as A+B and user costs set equal to social cost. Finally,
the last policy is a “budget policy” where all contracts are A+B
but incentives are scaled back to 10% of the social cost. Because
acceleration costs are convex, this last policy aims to get a lot of
“bang per buck” by using A+B contracts frequently (to incentivize
acceleration) but with small incentives (to keep costs low).

The simulation procedure is relatively straightforward: for
each A+B auction, we draw entrants according to the participa-
tion model and simulate bids for those entrants using the accel-
eration and bid regressions. Repeating this process many times,
we get average outcomes for that auction.22 Throughout we hold
the primitives constant: the distribution of types, bid and con-
tract shocks, as well as the acceleration supply curve. We also
assume that the entry process and (dollar) bid function are un-
affected by the counterfactual policies. These assumptions are ob-
viously strong, but at least on an auction-by-auction basis we are
staying within the observed data: we have estimated bidding and
participation in A+B auctions directly from observations of these
auctions. Market-level or general equilibrium effects are
ignored.

21. We are poorly identified outside of the support of the user costs. To avoid
extrapolation, we bound the counterfactual user costs above sothat the maximum
B-score cannot exceed the engineer’s estimate.

22. See the Online Appendix for more details on the simulation procedure.
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Model Fit. A number of sample moments and their simulated
counterparts are shown in Table VI. Fitting these moments is a
fairly strong test of the estimated model as a whole, since we sep-
aratelyestimateda series of individual models forentry, accelera-
tion, and bidding. If any of the models was misspecified, it should
show up in the simulated moments.

Consider the first two columns, which compare a set of im-
portant sample and simulated moments under the observed A+B
assignment. The participation model fits well, although it
slightly over-predicts the distance of participating bidders and
under-predicts the fraction of big firms on big contracts. The es-
timated acceleration is close to what we observe, and within the
95% confidence interval for all moments. Finally, the bidding
model does a good job on predicting the difference between the
winningandthecheapest bidder, althoughit slightlyover-predicts
how often the bidder who offers to complete quickest will win the
auction. Overall the fit is good, especially since few of these mo-
ments were directly matched during the estimation procedure.

Results. Table VII shows the main counterfactual results,
which break down the main welfare effects of A+B assignment.
The first effect is “commuter gain,” the product of days saved and
social cost, where days saved is the difference between the num-
ber of days taken under the A+B policy (assuming on-time com-
pletion) andthe standardpolicy (assuming completion in 92.5% of
the engineer’s days).23 The second effect is increased acceleration
costs for the winning contractor. The last effect is an increase in
basecosts: sincetheA+B auctionawards contracts basedonscore,
rather than lowest bid, the winning contractor may have higher
basecosts thana rival. Inmeasuringthis wefacetheproblemthat
we see only bids, not the latent costs.

Without a full structural model of bidding, we are forced to
make an assumption on markups to get at costs. Based on our
earlier observations about the positive correlation between accel-
eration and base costs, we expect the winning bidder to have the
most market power and charge the highest markups. As we show
intheOnlineAppendix, if thewinningbidderalways has (weakly)
the highest markup in the auction, we can construct an upper
bound on the change in base costs, by taking the difference be-
tween the winning and cheapest bid in the A+B auction less the

23. The assumptions on completion time are estimated from the ex post data.
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difference between the winning and maximum acceleration costs
of any bidder in the auction. The markupassumption follows from
the equilibrium first-order conditions for bidding under bidder
symmetry, but need not under asymmetry—and in that sense our
bound is an approximation. We report this statistic here allow-
ing for bidder asymmetry, but show also in the Online Appendix
that when the entire model is reestimated assuming symmetry,
the results do not significantly change.

Our main conclusions come from the total net welfare gains
in the last row.24 There is very little difference in total welfare be-
tween the first twocolumns, implying that Caltrans has done well
in assigning incentives. The biggest gains come from expansion of
the program to include all contracts, as shown in the fourth and
fifth column. Even when incentives are set at only 10% of the so-
cial cost, as inthebudget policy, thesocial welfaregainis still over
$1 billion. Remarkably, this is achieved with a lower estimated
total cost increase than the current policy. Sensitivity analysis
shows that these basic patterns are robust to specification, alter-
native assumptions about the supply elasticity, and lower social
cost estimates.25

Discussion. As conceded earlier, we could be missing impor-
tant dynamicand general equilibrium effects. In terms of dynam-
ics, if types were perfectly persistent and capacity constrained,
then an expansion of the A+B program might fare worse than we
project, as the best types would be unable to participate on all
these contracts. But it seems plausible that type is determined by
something like capacity, which evolves, soas some firms get busy,
others will be able to step in. The general equilibrium concern is
that accelerating all contracts would cause input prices to rise.
This is not necessarily right: if overall demand for highway con-
struction contracts remains constant, long-run input demand will
alsostay constant. The question is whether contractors operating
at bigger scale over shorter periods of time will leadtobottlenecks
in input supply, and this seems far from clear.

The bottom line is that time incentives should be a part of
every contract awarded by Caltrans. Moreover, a policy of small
timeincentives seems prudent. Ourestimates suggest that a large
part of the welfare gain can be achieved with small incentives.

24. Since the change in base cost is an upper bound, these are a lower bound
on the net welfare gains.

25. See the Online Appendix for the sensitivity analysis.
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In addition, such incentives are minimally distortionary, limiting
the risk that firms might try tosacrifice quality for speed (though
there is no evidence this currently occurs). Most important, this
policy may be practical from a budgetary perspective.

VI. CONCLUSION

Governments and firms spend large amounts of money on
procurement. The traditional contracting approach specifies ev-
ery dimension of the good to be procured (for example, quality
and delivery time), and then relies on some competitive mecha-
nism to award the procurement contract. In U.S. federal procure-
ment, auctions are often used. This has the advantage of picking
the cheapest contractor who can deliver the specified good, but
in the absence of repeat contracting, leaves no incentive for that
contractor to outperform and deliver a better than required
good.

This is exemplified by the highway construction contracts in
California that we have examined in this article. Standard con-
tracts specify how many days the contractor may take for con-
struction, but give them no incentive to finish early. Yet social
welfarecertainlydepends onthetimetakenforconstruction, since
construction work causes costly commuter delays. Scoring auc-
tions such as the A+B design studied here allow for contracts to
be awardedon multiple factors, such as money andtime. This can
enhanceefficiencybyprovidingincentives foracceleratedcontract
completion.

We compared outcomes of A+B and standard contracts
awarded by Caltrans between 2003 and 2008 to look for evidence
ofwelfaregains. It is strikinghowmuchquickertheA+Bcontracts
are completed. They take just 60% of the engineer’s estimate, on
average, versus 92.5% for standard contracts. The difference is
still of the same order of magnitude after adding controls andtak-
ing steps to deal with selection. So it seems clear that contractors
have the ability to accelerate construction beyond standard tar-
gets, and providing time incentives gets them to do so.

But one might wonder howmuch this costs. We estimate that
for a typical A+B contract, procurement costs rise by 7.5%
relative to a similar standard contract. This still looks like a good
deal, as the gain to commuters from quicker completion is esti-
mated to be around 30%. There also don’t appear to be any hid-
den costs: there is no evidence of lower quality of work for the
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A+B contracts. When we simulate counterfactual outcomes using
a structural model of participation and bidding, we show that the
potential welfare gains are even larger. By expanding the A+B
program to include all contracts, and by providing small time
incentives, a welfare gain of nearly $1 billion could be generated.

There are two main takeaways from the article. The first is
that there can be large welfare gains from using scoring auctions
to award contracts based on quality as well as price. This relies
on there being asymmetric information between contractors and
the procurer on the marginal costs of supplying quality (else one
couldcontract onefficient supply), andon“quality”beingbothwell
defined and ex post verifiable. The second and perhaps more sur-
prising conclusion is that incentives needn’t be large or indeedop-
timal to have significant effects. Uncertainty about or difficulties
incalculatingthe“right”level of incentives shouldnot prevent the
use of these auction designs altogether.

This setting is somewhat special in that reputational con-
cerns are limited. An interesting question for future research is
how important explicit scoring mechanisms are when suppliers
already have an incentive to perform well to receive repeat
business.

HARVARD UNIVERSITY AND NATIONAL BUREAU OF ECONOMIC

RESEARCH

UNIVERSITY OF MINNESOTA AND NATIONAL BUREAU OF ECONOMIC
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