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Abstract
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differences are more pronounced for more complex designs, it is optimal to fix a simple design
ex ante and to renegotiate to a more complex and costlier design ex post. Specifying a simple
design initially enhances competition in the auction. Moreover, the procurer cannot benefit from
using a multi-dimensional auction, as the optimal scoring rule depends only on the price.
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1. Introduction

Renegotiation of procurement contracts awarded by public authorities are ubiquitous.
The initial contract is awarded via competitive tendering; i.e., via an auction. The terms
of the initial contract, however, are often subject to renegotiation with the result that the
ultimate price is (by far) higher than the price which the parties initially agreed upon.
Prominent recent examples of public procurement projects that are by far more expen-
sive than initially planned are the Elbphilharmonie, a concert hall in Hamburg, the Big
Dig, a highway artery in Boston, and the North-South metro line in AmsterdamE] What
is often considered as the most severe case of a cost overrun in modern construction
history is the Sydney Opera HouseE] The project was completed 10 years late at a price
of 14.6 times the initial priceE] During the construction of the Sydney Opera House,
plenty of design changes had taken place. For instance, the change to the ribbed el-
lipsoidal roof increased the cost for the roof by 65%. Also the use of the two halls
changed during construction. The major hall was originally planned as a multipurpose
opera/concert hall but became solely a concert hall (the Concert Hall). The minor hall,
called the Joan Sutherland Theatre today, had been adjusted so that it can incorporate
opera performances. All these changes that arguably made the Sydney opera House
more complex are responsible for a large part of its cost overrunﬂ

While the costs of complex and large-scale projects are hard to estimate, the ultimate
price should on average coincide with the initial estimates if the estimates are unbiased.
Casual observations and empirical studies, however, suggest that the prices typically

increase through renegotiationE] According to public opinion, these cost overruns are

'Regarding the Elbphilharmonie the accepted offer from the underwriting group in 2006 was 241 mil-
lion euro. The current costs are estimated at around 800 million euro and the project is not yet
completed (Kostka and Anzinger} |2015)). For the Amsterdam metro line the initial budget was set at
1.46 billion euro in 2002 but the costs had risen to 3.1 billion euro in 2009. Recent estimates suggest
that it will be completed in 2017 (Chang, Salmon, and Saral, [2014). For the Boston highway artery
the ultimate price exceeded the initial price by 1.6 billion US dollar (Bajari, Houghton, and Tadelis|
2014).

2We define as cost overrun the difference between the final price and the initial price at which the
procurement order has been awarded.

3When controlling for inflation, the cost overrun reduces to a factor of 7.5 (Newton, Skitmore, and
Lovel 2014).

4See Newton, Skitmore, and Love| (2014) and [Drew| (1999) for more detailed discussions of the con-
struction and cost increases of the Sydney Opera House.

SSubstantial price increases resulting from contract renegotiation are reported by Decarolis| (2014) for
Italian procurement contracts and by [Bajari, Houghton, and Tadelis| (2014) for Californian procure-
ment contracts. German procurement contracts and the their cost increases are listed by |Kostka and
Anzinger| (2015)). They also report that some projects perform exceptionally well. For instance, the



sign of inefficient project management by bureaucrats or strategizing politicians and a
waste of taxpayers’ money. In contrast to this widespread public opinion, we argue that
these seemingly inefficient cost overruns can be the result of a constraint optimal award
procedure that minimizes the expected final price for the procurer.

The baseline model is fairly simple. A procurer needs an indivisible good or service,
which can take one of several designs; i.e., the good can be more or less complex (a
bridge with two or three traffic lanes). The good can be delivered by several suppliers
that may differ in their privately known production costs. Moreover, the ex post effi-
cient design depends on the contractor’s production cost — i.e., on the cost type of the
supplier who has been awarded with the contract. Initially the procurer runs an auction
in order to allocate the contract. Importantly, the contract specified by the auction is
a specific performance contract that can be enforced by courts. First, we assume that
the procurer can collect bids only on prices and thus has to select one particular design
of the good. More precisely, the procurement contract for the given design is awarded
to one supplier via a standard second price sealed bid auction. The design given in the
initial contract may turn out to be inefficient, given the cost type of the contractor. In
this case, we assume that the parties engage in Coasian bargaining and implement the
efficient good ex post. Renegotiation is expected by the suppliers and thus incorporated
in their bidding behavior. The rent the contractor (the supplier who won the auction)
receives depends on his cost advantage compared to the second-lowest bidder with re-
gard to the initial design. If cost differences are more pronounced for more complex
designs, than it is optimal for the procurer to fix a rather simple design ex ante because
this enhances competition in the initial auction. In other words, when commitment not
to renegotiate is not feasible, it is optimal for the procurer to choose a simple design ex
ante and to renegotiate to a more complex and costlier design ex post. The outcome is
efficient because the supplier with the lowest cost wins the auction. He can not only
produce the initial design at lower cost but also benefits more from contract renegotia-
tion than suppliers with higher costs. Moreover, the outcome is constraint optimal for
the procurer because it minimizes the ultimate price she has to pay.

In an extension we allow the procurer to set a public maximum bid. We show that

our main findings are robust regarding the introduction of a maximum bid. It is still

Chemikum, a building of the University of Erlangen-Nuremberg, was completed a year earlier than
planned and at a cost of only 80 million euro instead of the planned 140 million euro.



optimal to choose a simple design ex ante so that contract renegotiation always leads to
a more complex design which requires an upward price adjustment.

In our general model, we allow for multi-dimensional auctions — i.e., scoring auc-
tions. The procurer now asks for bids containing a price and a design. The supplier
who places the bid leading to the highest score — determined by a commonly known
scoring rule — wins the auction. The procurer’s initial choice is the scoring function,
which we restrict to be linear in price. If the scoring function reflects the procurer’s
true preferences, each supplier offers the optimal design given his cost. In this case,
contract renegotiation can be avoided. The optimal scoring function, however, does
not reflect the procurer’s true preferences. It depends solely on the price offer and not
on the offered design. Thus, all suppliers offer the most simple and cheapest design.
The most efficient supplier wins the initial auction and the parties agree to implement
a more complex design at a higher price ex post via renegotiation. In other words,
a standard auction for the simplest design (only price bids are collected) outperforms
scoring auctions, where suppliers place multi-dimensional bids containing a price and
a design. The reason is that a multi-dimensional auction allows for differentiation of
the suppliers’ bids, which relaxes competition between suppliers ex ante and thus leads
to higher ultimate prices. This finding is in contrast to the existing literature on scoring
auction that assumes the procurer can commit not to renegotiate the contract (Dasgupta
and Spulber, |1989-1990; |Chel [1993; |(Chen-Ritzo, Harrison, Kwasnica, and Thomas),
2005)).

As a robustness, we analyze what happens when there is an exogenous risk that
the renegotiation breaks down and the parties are stuck with the initial contract. If
this risk is rather low, it is still optimal to choose a simple design ex ante. As the
risk becomes larger, taking into account the situation when renegotiation fails becomes
more important, so the optimal design becomes more complex and closer to the ex post
optimal design. However, as we demonstrate in an example, upward price adjustments
seem to be by far more likely than downward price adjustments if renegotiation takes
place; i.e., if there had been a risk of bargaining breakdown but the parties succeed in

finding an agreement.

The paper is structured as follows. After having discussed the related literature,
which is done in the following paragraphs, we introduce the model in Section 2] The

model is analyzed in Section[3] This section concludes with our first main finding; rene-



gotiation of the contract determined by the constraint optimal auction always leads to
an upward price adjustment (Proposition [I). We extend the baseline model and allow
for multi-dimensional auctions in Section 4, where we show that price-only auctions
are optimal (Proposition [3)). We critically discuss our assumptions in Section[5]and, in
particular, show that our main findings are robust toward introducing a risk of bargain-
ing breakdown. The final Section [f| summarizes our findings and concludes. All proofs

that are not presented in the main text are deferred to the Appendix [A]

Related Literature

Investigation of procurement contracts is an important and classic topic of contract the-
oryﬂ A seminal contribution analyzing procurement and renegotiation is Tirole (1986).
He analyzes the contractual relationship between a single procurer and a single supplier
with a focus on how initial contracts can enhance non-contractible relationship specific
investments.

Dasgupta and Spulber (1989-1990), |Che| (1993)), and (Chen-Ritzo, Harrison, Kwas-
nica, and Thomas (2005) analyze procurement auctions for the case that the procurer
can commit not to renegotiate the contract. All three articles show that the optimal scor-
ing auction outperforms price-only auctions. We demonstrate that if this commitment
is absent, the optimal price-only auction outperforms scoring auctions.

There is only a small extent literature that analyzes auctions without perfect com-
mitment; i.e. that allow either bidders to renege on their bids or to engage in contract
renegotiation[] Waehrer (1995)), Harstad and Rothkopf| (1995), and Roelofs| (2002) al-
low bidders to withdraw the winning bid ex post. In these models suppliers are initially
uncertain about their costs and thus may underestimate it. The possibility to default on
the initial commitments enhances competition in the auction, which in turn is benefi-
cial to the procurerﬂ Waehrer (1995)) also analyzes a scenario where the procurer and
the winner renegotiate a new contract. Here, however, renegotiation takes place after

the default of the winner and thus the initial contract has no impact on the outcome of

For an excellent discussion of the standard contract theoretical analysis of procurement see [Laffont
and Tirole|(1993)).

"There is also a small literature that analyzes screening mechanisms if the principal (the procurer)
cannot commit not to renegotiate; e.g. [Beaudry and Poitevin|(1995)). This literature typically assumes
that there is only one buyer and one seller and focuses on the constraints limited commitment power
imposes on the implementable allocations.

8The effects of limited liability on more general mechanisms than auctions are investigated by Burguet,
Ganuza, and Hauk| (2012).



renegotiation.

A similar form of renegotiation is analyzed by |Wang (2000) and Shachat and Tan
(2015). In these models the procurer either accepts the lowest bid or rejects all bids.
In case of rejection, the procurer negotiates with the supplier who placed the lowest
bid; i.e. if renegotiation takes place the initial contract concluded by the auction is not
binding. In such a setup renegotiation always leads to lower prices, which is exactly
the opposite from what we study.

The initial contract has an impact on the outcome of renegotiation in/Chang, Salmon,
and Saral| (2014). Here, suppliers’ production costs have an ex-ante unknown common
component. Some of the suppliers are wealth constraint, while other have deep pockets
and this is private information of each supplier. Allowing for contract renegotiation is
advantageous to wealth-constraint suppliers who can credibly threaten to default. The
prices increase with renegotiation in order to avoid bankruptcy of the contractor who is
faced by unexpectedly high costs. In our model, the parties agree to a different design
of the project ex post, which is more costly to produce and thus the final price exceeds
the initial price.

A few papers directly deal with the issue of cost overruns. Birulin and [zmalkov
(2013) analyze what shares of a price are optimally paid before and after a potential ex-
tra cost to the supplier realizes, when suppliers are protected by limited liability. This
paper is orthogonal to ours, because it does not provide an explanation for cost over-
runs but rather assumes its existenceﬂ Closer to our work is |Ganuzal (2007)). Here,
suppliers are differentiated a la|Salop| (1979). The buyer does not know her preferences
— her location — but can invest in obtaining a noisy signal. A procurement order for
the expected optimal design is awarded via a price-only auction. Ex post, the buyer’s
preference is common knowledge and the winner of the auction can make a take-it-or-
leave-it renegotiation offer. The main result is that the buyer under-invests in learning
her preferences because this enhances competition in the initial auction. This is related
to our results that the initial design is choose to enhance competition in the initial auc-
tion. There are, however, crucial differences. For instance, in our model the buyer’s
preferences are known ex ante and suppliers are not horizontally differentiated.

Finally, costly renegotiation of incomplete procurement contracts is analyzed by Ba-

jari and Tadelis| (2001) and Herweg and Schmidt| (2014). The former paper analyzes

%A similar model is analyzed by Birulin| (2014).



when fixed-price contracts outperform cost-plus contracts, while the latter one derives

conditions so that bilateral negotiations outperform procurement auctions@]

2. The Model

2.1. Players and Payoffs

A procurer P, say a government agency, wants to buy one unit of an indivisible good,
e.g., a bridge. The good can be produced with one of various designs © € {x1,...,x;} =
X, with J > 2. The procurer’s valuation of the good depends on the design z and is
denoted by v(x). There are n > 2 suppliers, indexed by i = 1, ..., n, that can produce
the good required by the procurer. A supplier’s production cost depend on the design
x and his cost type # € [0,0] = O, and is denoted by c(x, ). Ex ante, the cost type
6 is private information of each supplier. The n cost types are drawn independently
according to the identical cumulative distribution function F'(6). Let the corresponding
probability density be f(6), with f(6) > 0 for all # € ©. When design z is delivered at
price p, the procurer’s and the contractor’s, i.e., the selected supplier’s, ex post utilities

are

v = o(z)—p M)
and ™ = p—c(x,0), (2)

respectively. All parties are assumed to be risk neutral and the outside option utilities
are all set equal to zero.

For the remainder of the paper, we denote the ex post efficient design by

x*(0) € argmax{v(x) — c(z,0)} (3)

zeX

and the corresponding social surplus by

S(0) = max{v(x) — c(z,0)}. 4)

zeX

We make the following assumptions on the designs, the procurer’s valuation, and

the suppliers’ cost functions. We posit that the designs can be ordered so that a higher

10An empirical analysis of incomplete procurement contracts is provided by (Crocker and Reynolds
(1993). They argue that contracts are left incomplete intentionally to economize on the cost of the ex
ante design.



design leads to a higher gross benefit for the procurer but is more costly to produce for

the suppliersE]

Assumption 1 (designs are ordered). Forall j € {1,...,J — 1} andallf € ©:
(i) v(z;) < v(Tj1);
(ii) c(z;,0) < c(xj11,0).

Regarding the impact of the type 6 on the production cost, we assume that lower

types are more efficient.

Assumption 2 (Types are ordered). For all 6,05 € © with 01 < 0y and all x € X:
c(x,0,) < c(x,0y).

Assumption [2]implies that S(6) is decreasing[™
Finally, we assume that the cost advantage is lowest for the cheapest design z;. For
more complex designs, the differences in costs between suppliers of different types are

larger.

Assumption 3 (Increasing differences). For all 01,05 € © with 6, < 0y and all x €
X\z it holds that:

c(x,05) — c(x,01) > c(xq,02) — c(xq,07).

This assumption is weaker than assuming that the cost advantage is increasing in
the complexity of the design; i.e., assuming that the costlier the design is the more
important it is to select the most efficient supplier The latter assumption corresponds
to the usual single-crossing property, which is a standard assumption in the auction

literature (Krishna, 2010j).

"Designs that lead to higher costs and lower benefits than some other design, will never be implemented.
All the designs that are not dominated by another design can be ordered so that higher elements are
associated with higher benefits and higher costs. Thus, Assumption |l|is merely a relabeling of the
designs.

12We impose Assumption [2| for simplicity but it is not necessary. In fact, we can allow for c(z, 6;) >
c(x, 0y) for some z, as long as S (6, ) is sufficiently larger than S(6s).

BFormally: For all §; < 6 and 2, 2 € X with L < H:

c(xp,02) —c(xp,01) > c(zr,b2) — c(zr,01).



2.2. Award Procedure and Renegotiation

The procurement contract is awarded to one supplier, called the contractor, via an auc-
tion. For now, we assume that the procurer has to use a simple auction; i.e. a second
price sealed bid auction without maximum bid for a pre-specified design z € X Ef] In
other words, the procurer can collect only price bids for a given design. A scoring
auction which maps bids containing a price and a design into a single score cannot be
used. This could be due to the fact that the different designs are hard to describe and
thus a scoring function cannot be formulated. Moreover, we assume that the used pro-
curement mechanism is a second-price sealed bid auction without maximum bid. Not
specifying a maximum bid is optimal if the procurer has to buy the good for sure —
i.e., the bridge is urgently needed and thus the loss in surplus is huge if no construction
contract is signed.

When specifying the initial auction, the procurer has only one choice variable, the
design z € X. The procurement order for the good with design € X is auctioned off
between the n suppliers. Each supplier ¢ places a secret price bid p;. The supplier with
the lowest bid is selected as the contractor and the specified price equals the second
lowest bid. If the lowest bid is made by several suppliers, one of these suppliers is
selected at random as the contractor.

With the procurer being restricted to simple auctions and suppliers’ types being
stochastic, the initial design £ may not be optimal given the contractor’s type ex post.
In this case there is scope for renegotiation. We posit that the contractor’s type becomes
common knowledge ex post and thus the parties engage in Coasian bargaining ex postE]
The surplus from renegotiation is split between the procurer and the contractor accord-
ing to the generalized Nash bargaining solution (GNBS), i.e. the renegotiation contract
is

(#,p) € arg max _[p = e(x,0) = de]* x [v(x) = p = dp] ", (5)

where a € (0,1) denotes the contractor’s relative bargaining power ex postE] The

14The restriction to a second price auction is without loss of generality because the revenue equivalence
theorem holds in our model. This implies in particular that the main propositions also hold in case
of a first price auction. The restriction to simple auctions — i.e., neither a maximum bid nor a scoring
auction, is relaxed in Section

5The procurer might receive a signal about the contractor’s type due to interaction with the contractor
or information acquisition which would have been too costly at an earlier stage. We focus on the
extreme case in which the contractor’s type is fully revealed.

16For a detailed description of the Nash bargaining solution see|Muthoo|(1999). A non-cooperative foun-



disagreement payoffs of the two parties are determined by the initial contract (z, p) E]

de = p—c(7,0) (6)
dp = v(Z)—p. (7)

The sequence of events is described in Figure [l We employ perfect Bayesian equi-

librium in symmetric strategies as equilibrium concept.

| | |
I I I .

o Nature draws 61, ...,0,,. e Suppliers submit bids. e Contractor’s cost type is
e Procurer selects z and e Lowest bidder wins contract (Z, p), observed by procurer.
auctions off contract. where p is the second lowest bid. e Parties may renegotiate

) o to a new contract (&, p).
Figure 1: Timeline.

3. The Analysis

3.1. Contract Renegotiation and Bidding Behavior

We start the analysis with the renegotiation game. Suppose the procurer awarded a
supplier with cost type 6 with the contract (z,p). If the design  is not the efficient
design given the contractor’s cost type, Z # z*(f), then there is scope for renegotiation.
The social surplus can be increased by moving = to 2*(#) and this additional surplus is
split between the two parties according to their relative bargaining power. The outcome

of renegotiation is characterized in the following lemma.

Lemma 1 (Renegotiation outcome). Let (T, p) be the initial contract and suppose the
contractor’s cost type is 0. Ex post, the procurer and the contractor agree to trade

design © = x*(0) at price
p=p+afv(@(0)) —v(@)] + (1 — a)[c(z"(0),0) — c(z,0)].

A supplier taking part in the auction is aware that the contract may be renegotiated
ex post. In particular, he knows that if he wins the auction, he may obtain additional

profits generated by contract renegotiation. These additional profits from renegotiation

dation for the Nash bargaining solution is provided by Binmore, Rubinstein, and Wolinsky| (1986).

7Exactly the same findings are obtained with an alternative bargaining game, where the GNBS is re-
placed by a take-it-or-leave-it offer game. With probability a the contractor can make a take-it-or-
leave-it offer in the renegotiation game, with probability (1 — «) the procurer can.



are incorporated in a supplier’s bidding behavior. Supplier 6’s ex post payoff from

being awarded with the procurement contract (z, p) is

m(@,p,0) = pp,0) — c(z"(6),0)
= p+av(x*(d)) —c(z*(0),0)] — av(z) — (1 — a)c(Z,0).  (8)

The price bid affects directly the probability of winning the auction but only indirectly
the price the supplier receives when being awarded with the contract. Thus, placing the
lowest feasible bid that allows the supplier to break-even, even when he is awarded with
the contract at a price equal to his bid, is optimal. The equilibrium bidding behavior is

formally described in the next lemma.

Lemma 2 (Outcome of the auction). Suppose that Assumption 2] holds and that the
procurement order for design T is awarded via a second price sealed bid auction. In the

unique equilibrium in undominated strategies, each supplier uses the bidding function
p(0) = av(z) + (1 — a)c(z,0) — aS(0)
and the supplier with the lowest type wins the auction.

It is important to note that — according to Lemma [2| — the auction selects the most
efficient supplier. In other words, productive efficiency is still guaranteed by a second
price auction even if contract renegotiation is feasible. This relies on the fact that a
more efficient type has not only lower production costs for producing design Z but also

generates a higher surplus by adjusting the design via contract renegotiation.

3.2. Constraint Optimal Auction

The procurer does not only care about ex post efficiency but also about the ultimate
price she has to pay for the good. The initial price — i.e., the price specified in the
procurement contract, is determined by the auction and depends on the cost of the

second lowest type, type 0. It is given by
p(0) = av(z) + (1 — a)c(z,6) — aS(h). 9)

The ultimate price, paid by the procurer and received by the contractor, depends not

only on the second lowest type but also on the lowest type 9. The procurer’s ex post

10



utility, for given realizations of 0 and 0 I

u(z,6,6) = v(a™(0)) — p(9) — alv(@*(9)) — v(7)]
— (1= a)le(z"(0),6) - c(z,0)]

= (1—a)S(0) +aS() — (1 — a)[e(z, ) — c(z,0)). (10)

The first part of the procurer’s ex post utility can be written as S(6) + (1 — «)[S(6) —
S(6)]; i.e., the procurer obtains the whole surplus generated by the second most efficient
type due to the competitive award procedure. On top of that, the procurer obtains the
share 1 — « of the rents that are generated by the excess efficiency of type 0 compared to
type 0. This, however, is only half the story. Different supplier types benefit differently
from contract renegotiation ex post. The most efficient type benefits more from contract
renegotiation than the second most efficient type because he can produce design = at
lower cost. Therefore, the contractor obtains a rent which equals his advantage from

contract renegotiation as compared to type 0, plus the share « of the additional surplus

that he generates, a[S(f) — S(6)].

Now, we can state the main finding of the paper.

Proposition 1. Suppose that Assumptions hold. The procurer optimally chooses
design x = x1 ex ante. If and only if ac*(@) # 11, renegotiation takes place and the
ultimate price exceeds the initial price determined by the auction; i.e. w*(@) # 11
<= p—p > 0. Moreover, the price increase p — p is increasing in the contractor’s ex

post bargaining power.
Proof. The procurer’s expected utility ex ante is
Elu(z, 0, 0)} =E|(1- oz)S(é) + aS(é) — (1 - a)[c(z, é) — ¢(z, 0)]] . (11)
The expected utility is maximized by the design z € X that minimizes
E[c(z,0) — c(z, 0)]. (12)

By Assumption [3|the above expression is minimized for 7 = ;.
From Lemmal[I]it is readily obtained that p — p > 0 if renegotiation takes place and
Assumption (1| holds. Moreover, from Lemma (1| it follows immediately that p — p is

increasing in . O

11



The contractor’s bid already reflects that renegotiation may take place. In other
words, part of the contractor’s profits made by contract renegotiation are competed
away in the initial auction. The profits from renegotiation that are not competed away
can be decomposed into two parts. The first part is the additional surplus the contractor
generates compared to the second most efficient supplier, S(d) — S(f). The second
part, ¢(Z,0) — ¢(Z,0), is due to the fact that the contractor’s disagreement payoff is
higher than the one of the second most efficient supplier; i.e., the contractor can pro-
duce 7 at lower costs than all other suppliers. From the procurer’s perspective, the first
part is a random variable, which does not depend on her choice variable, the initial
project design z. The second part, on the other hand, depends on the initial design. The
more complex the initial design is, the larger is the difference in disagreement payoffs
between suppliers of different types. Hence, in order to minimize this difference, the

procurer optimally specifies the most simple design ex ante.

3.3. Maximum Price Bid

Without renegotiation, a second-price auction with a maximum bid (a reserve price in
a selling context) is an optimal mechanism. Proposition [I] crucially relies on the fact
that the difference in production costs between the most efficient and the second most
efficient type is minimized for the simplest design. If the initial price is sometimes
determined by the maximum bid instead of the production costs of the second-lowest
type, design = x; might not be optimal anymore. As we will show, this reasoning is
not true and the simplest design is also optimal when a maximum bid is specified.

Now, we suppose the procurer specifies a maximum bid R; i.e., only price bids p < R
are allowed in the second-price auction. The supplier who places the lowest bid is
awarded with the procurement contract. If at least two suppliers placed an admitted
bid, the price equals the second lowest bid. If only one supplier placed an admitted
bid, then the price equals the maximum bid R. As before, the contractor’s type is
observed by the procurer ex post and the parties may renegotiate the contract. If none
of the suppliers placed an admitted bid, no initial contract is awarded. In this case, the
procurer does not buy the good and there is also no (re)negotiation.

The optimal bidding strategy for a supplier who takes part in this auction with maxi-

mum bid is the same as before; i.e., a supplier of type ¢ places the bid

p(0) = av(z) + (1 — a)c(z,0) — aS(0).
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This bid is admitted only if p(f) < R. Thus, suppliers with types so that p(f) > R
do not submit a bid. Let r denote the highest type who places an admitted bid; i.e.,
p(r) = R. Notice that there is a one-to-one relationship between R and r. Thus, we
can formulate the procurer’s problem as a problem of choosing a design z and threshold

type r.
If 5(f) < p(f) < R, the maximum bid is not binding and the procurer’s ex post

utility is the same as before. If, on the other hand, p(#) < R < p(#), then the initial

price is equal to the maximum bid and thus given by
R=p(r) =av(z)+ (1 —a)e(z,r) — aS(r). (13)
The procurer’s ex post utility in this case is given by

u(z, 0, r)= v(:c*(@)) — R~ a[v(:c*(é) —v(z)]

)
= aS(r)+ (1 —a)S0) — (1 —a)[c(z,r) — c(z, )] (14)

For any threshold type 7 € (6,0) the above expression is maximized at the simplest
design Z = 1 due to Assumption 3| Thus, initially specifying a simple design that will
probably be renegotiated to a more complex and costlier design is optimal even when a

maximum bid is specified by the procurer.

Proposition 2. For any maximum bid R € (p(0), p(0)), the procurer optimally chooses
design T = x1 ex ante. If x*(@) = x4, renegotiation takes place and the ultimate price

exceeds the initial price.

4. Scoring Auctions

So far we assumed that the procurer has to specify the good she wants to procure com-
pletely ex ante, i.e., before the auction takes place. In the auction, the procurer collected
bids only on prices and the supplier who offered the lowest price has been awarded with
the contract. Different types of suppliers do not only have different production costs
but also differ in the optimal design — i.e., the design that maximizes the joint surplus.
Therefore, it may be profitable for the procurer to ask suppliers for bids on price and
designEg]

18Scoring auctions where bids are multi-dimensional (e.g. price and quality) are analyzed by |Che|(1993)
and|Asker and Cantillon|(2008). An excellent short review of this literature is provided by |Asker and
Cantillon| (2010).
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4.1. The Model with Multi-Dimensional Auctions

In the following we consider a second-score auction. Each supplier places a bid con-
taining a price p € R and a design = € X. Each bid (x, p) is mapped into a single score.
The supplier who placed the bid giving rise to the highest score wins the auction and is
required to match the highest rejected score — i.e., the second highest score. The out-
come (7, p) determines a binding specific-performance contract between the procurer
and the winner (the contractor). Nevertheless, this contract can be renegotiated after
the auction as before.

The procurer does not choose a design when particularizing the auction. She specifies
a scoring function, G : X x R — R, that maps bids into a single score. We focus on

quasi-linear scoring functions of the form

G(z,p) = g(z) —p.
If the procurer can commit not to renegotiate the contract, the optimal quasi-linear
scoring function implements the second-best allocation (Che, |1993)). Here, the procurer
cannot commit not to engage in contract renegotiation. However, as we will show
below, if the scoring function represents the procurer’s true preferences, i.e. g(z) =

v(x), contract renegotiation can be avoided.

4.2. The Analysis of Multi-Dimensional Auctions

As before, we solve the game by backward induction. The outcome of the renegotiation
game is independent of the award procedure. In other words, Lemma [I] still holds and
the implemented design will always be ex post efficient. Thus, the ex post utility of a

supplier of type # who has been awarded procurement contract (z, p) is
m(z,p,0) = p(z, p, ) — c(x7(6),0)
=p+aS0) —av(z) — (1 —a)c(z,0). (15)
Optimal bidding behavior in the second-score auction is described by the following
result.

Lemma 3. The (reduced) second-score auction game has a dominant strategy equilib-

rium. The equilibrium bid of each supplier of type 0 is
2%(0) € argmax {g(x) — av(z) — (1 = a)e(z,0)},
p'(0) = av(2®(0)) + (1 - a)e(2"(9),0) — aS(0).
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By Lemma 3} each supplier bids the optimal design, 2°(f) = x*(f), if the scoring
function represents the procurer’s true preferences — i.e., if v(x) = g(z). If, on the
other hand, the scoring function does not reflect the true preferences of the procurer,
then it is likely that suppliers propose designs that are not efficient.

According to Lemma 3] the score offered by a supplier of type # amounts to

G(0) = g(="(6)) — p"(0)
g(2%(0)) — av(z(9)) — (1 — a)c(2°(0),0) + aS(h). (16)

As before, the most efficient type places the bid that leads to the highest score and thus

wins the auction.

Lemma 4. Suppose that Assumption 2| holds. Then for all 0, < 0, it holds that:
G(6,) > G(6,).

The winner of the auction, type 0, has to match the second highest score but is oth-
erwise free in its choice of (z,p). Thus, the winner of the auction chooses the initial

contract (z, p) in order to maximize

p+ aS(0) —av(z) — (1 —a)c(z, 0)

subject to ¢(Z) — p = G(f). Hence, the initial contract specifies z(0, ) = z*(f) and

7(6,60) = g(2*(A)) — G(). The ultimate price paid by the procurer is

B(0,8) = g(«"(8)) — g(«"(8)) + av(z"(0)) + (1 — a)c(a"(6), )

— aS(H) + alo(a*(8)) — v(a"(9))]
T (1—a)le(z*(6),6) — c(a"(6), 6)]. (17)

4.3. The Optimality of Price-Only Auctions

The procurer’s ex post utility — for given realizations of 0 and 0 — is given by

u(9,6) = v(z*(0)) — p(0,6)
(1—a)S(0) + aS(6)
+{g(2"(0)) — av(z"(6)) — (1 — a)e(2"(6), 0)}

—{9(2"(8)) — av(2"(0)) — (1 — a)e(="(9),0)}. (18)
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The procurer chooses the scoring function g(-) that maximizes her expected payoff
E[u(@ , 0)] As it turns out, a constant scoring function —1.e., a scoring rule that depends

only on the price — is optimal.

Proposition 3. Suppose Assumptions hold. Then, the optimal quasi-linear scoring
rule is independent of the design, i.e., g(x) = g € R. Each supplier 0 bids the design
2"(0) = x1. Renegotiation takes place if x*(0) # x1. In this case, the ultimate price

exceeds the initial price, p — p > 0.

Proof. Define
Az, 0) = g(x) — av(z) — (1 — a)c(z, 0)

and notice that A(z, #) is maximized at z = x°(f). Moreover, for all 6; < 0 it holds
that
A(2(61),01) > A(2"(02), 62), (19)

irrespective of the shape of the scoring function g(-). The procurer’s maximization

problem can be restated as:
min By 4[A(z(6), 6) — A(«"(d),6)]. (20)

Note that
A(a"(0),0) — A(2"(6),8) > (1 - a)le(z"(0), 6) — c(«*(6),0)] 21

The left-hand side coincides with the right-hand side if z°(f) = 2°(f). Moreover, by
Assumption [3| the right-hand side — the lower bound — is minimized if z°(f) = z;.
Thus, if for all possible § < 6 we have z°(f) = z*(f) = 1, then the corresponding
g(+) function is a solution to the above minimization problem. For g(z) = g, each
supplier bids the design z;. This follows from Lemma [3] and Assumption [I] Hence,
G(z,p) = —p is an optimal scoring function.

The price mark-up in case renegotiation takes place is

B(0.0) = p = alv(a"(0)) — v(@"(0))] + (1 = a)le(2*(0),6) — c(2"(9),0)], (22)

where xb(ﬁ) = x;. Hence, if * («9) # x7 — renegotiation takes place, then p — p > 0,

by Assumption O
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According to Proposition |3} if the buyer is unable to commit not to renegotiate, she
cannot benefit from using a scoring auction. A scoring auction by its multi-dimensionality
allows suppliers to differentiate their bids, which reduces price competition. In other
words, a more efficient supplier can offer a design that leads to a higher score than a
less efficient supplier. By doing so the more efficient supplier may be able to win the
auction even if his price bid is relatively high. This makes the usage of a scoring auc-
tion expensive and thus less attractive to the procurer. Hence, a simple auction where
the procurer collects price bids for a given design is optimal. The given design is rather
simple, so that the differences between suppliers regarding their costs for delivering this
design are relatively low. This enhances the competition at the auction stage and leads
to a very low initial price. Even though the ex post price can be significantly higher
than the initial price, the effect on the initial price dominates.

Moreover, Proposition [3] implies that avoiding renegotiation by specifying an appro-

priate scoring function is not in the procurer’s best interest.

Corollary 1. For o € (0, 1) the procurer strictly prefers the optimal simple second-
price auction, i.e., fixing * = x; to the second-score auction with the scoring function

reflecting her true preferences, i.e., to g(x) = v(x).

If the scoring function represents the procurer’s true preferences, each supplier ¢ bids
the efficient design x*(#). In this case, there is no scope for renegotiation. Avoiding
renegotiation, however, is not in the procurer’s interest. This is due to the fact that we
assume efficient — Coasian — bargaining ex post and that the gains from renegotiation

are incorporated in the initial price bids.

5. Discussion and Extensions

5.1. Discussion of Our Main Assumptions

Strikingly as the findings are, they rely on a couple of strong assumptions. First, we
assume that there is a design that is relatively cheap to produce for all types and the dif-
ferences in production costs between types are lowest for this design. If the differences
in production costs across types are lowest for a more expensive design, specifying
the cheapest design ex ante is no longer optimal. A potential micro foundation of our
assumption might be the following: Suppose that designs consist of different compo-

nents. The more complex a design, the more components it consists of. If suppliers
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draw a random cost type for all of the components rather than just one overall type, the
expected cost differences are larger for more complex projects.

Second, and related to the point above, suppliers’ preferences regarding designs are
aligned; i.e., a change in the design leads either to a cost increase or decrease for all
suppliers. To see the importance of this assumption imagine that — for the sake of the
argument — all designs give rise to the same gross benefit. A supplier’s type determines
which design the supplier can deliver at lowest cost. Now, specifying one design ex
ante reduces competition and leads to a high ultimate price. A scoring auction is now
likely to be optimal because it enhances competition. Our assumption that cost are
perfectly aligned is sufficient but not necessary for our results. Allowing for “weakly”
aligned costs makes the analysis more tedious without adding much insight.

Third, the suppliers anticipate the contract renegotiation and incorporate the potential
ex post profits in their ex ante bid. This, however, implies that if the initial contract is
enforced — because the parties could not find an agreement at the renegotiation stage —
the contractor may make a loss and is able to cover this loss. If suppliers are protected
by limited liability, the initial price is bounded from below by the production cost. Due
to this price bound, the supplier’s outside option at the renegotiation stage is now more
valuable. Hence, renegotiation becomes more expensive for the procurer and thus she
may have an incentive to specify a design which is close to the ex post efficient design.

Fourth, we assume that renegotiation takes place under symmetric informationf]
Suppose the contractor’s cost type is private information ex post and that either the pro-
curer or the contractor can make a take-it-or-leave-it offer at the renegotiation stage.
Now, the optimal renegotiation offer of the procurer might be such that it is rejected
by certain supplier types. If this is the case, then the initial contract is executed. Thus,
auctioning off the simplest design which creates only little value to the procurer is
likely to be suboptimal if there is a high chance that the initial contract will be executed
due to a breakdown of renegotiation. This story is true, however, only if the procurer
cannot deduce the contractor’s type from the initial bid. The game is now a signaling
game, where the initial bid may contain information about the supplier’s type. If there
is a fully separating equilibrium, contract renegotiation basically takes place under full

information. Thus, behavior at the renegotiation stage is as in our model with com-

19 Assuming that suppliers’ types are public information already ex ante does not change our main re-
sults.
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plete information. Suppliers’ bidding behavior ex ante might nevertheless be different.

An analysis of procurement with contract renegotiation under asymmetric information,

which involves solving an intricate signaling game, is beyond the scope of this paper.
Renegotiation can be imperfect for reasons different from asymmetric information.

This is discussed in detail in the following subsection.

5.2. Risk of Breakdown of Renegotiation

So far we assumed that ex post the parties engage in Coasian bargaining. In other words,
the ex post efficient design is always implemented; i.e., there are neither adjustment
costs of contract renegotiation nor a risk that renegotiation fails. In the following, we
will show that our main findings are robust toward introducing frictions of contract
renegotiation.

We model the imperfection of contract renegotiation in the following simple way.
With fixed exogenous probability b € [0, 1) the parties cannot reach an agreement ex
post — i.e., renegotiation fails. In this case the initial contract (Z, p) is executed. With
the converse probability 1 — b the parties reach an agreement and the outcome is de-
termined by the GNBS. The parameter b measures how intricate or how costly contract
renegotiation is. For b = 0 the model collapses to the one previously analyzed

The analysis of the model with a risk of renegotiation breakdown proceeds by the

same steps as the analysis of Section

Proposition 4. Suppose that Assumptions hold and that renegotiation fails with
probability b € [0,1). The procurer optimally chooses the design T that solves

max B ;| b[o()) — (7, 8)] — (1= a)(1 = b)le(z, 6) — (7, 0)] |

The procurer now faces a trade-off. On the one hand, as before, she wants to mini-
mize the cost advantage that the most efficient supplier has in comparison to the second
most efficient supplier in the production of design z. This is achieved by setting ¥ = x;.
On the other hand, the procurer has an incentive to choose as initial design the design
that is optimal when the second most efficient supplier obtains the contract. This is

intuitive because if renegotiation fails the procurer obtains the surplus that is generated

20Ganuzal (2007) uses the same approach to model transaction costs of contract renegotiation. In his
interpretation there are transaction costs associated with renegotiation and these costs are stochastic.
With probability 1 — b the transaction costs are zero, while with probability b the transaction costs
are prohibitively high so that renegotiation does not take place.
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by the second most efficient type. This is likely to be achieved by a design z which is
more complex than design x;. If b is sufficiently low, the former concern dominates the
latter and = = z is optimal. As the risk of renegotiation failure increases, the optimal
ex ante design becomes (weakly) more compleXEr]

If z # x; is optimal, the ex post renegotiation can lead to an upward as well as
downward price adjustment. The latter occurs if the most efficient type happens to be
rather inefficient. How likely upward and downward price adjustments are, is intricate
to characterize without further assumptions on the type distribution and the feasible
designs. Therefore, we will present the results of a simple numerical example in the
following. Let pU := Prob(z*() > I); i.e., it is the (conditional) probability with

which renegotiation leads to an upward price adjustment (a cost overrun occurs).

Example 1. Let the cost function be c¢(z,0) = (1/2)02* and the value function be
v(x) = x. The set of feasible designs is assumed to be continuous and given by X =
[1/2,1], with x1 = 1/2. The types of the n > 2 sellers are drawn independently from
the uniform distribution with support [1,2]. The ex post efficient design is x*(0) =
1/6 € [1/2,1].

The procurer optimally specifies design

j:nmx{l b(1+n) }

21—a+b2+a+n)

in the initial auction. The initial design is equal to the simplest design, T = 1 = 1/2

ifb < ZA) where

him —2
n—a«a
Notice that for o < 1 the critical probability of breakdown b is strictly greater than
zero. In other words, for a range of b-values specifying the simplest design initially is
optimal.
A cost overrun — an upward price adjustment — occurs ex post if ©*(0) > &, which is
equivalent to 0 < 7. The probability of a cost overrun is bounded from below,

1
U
P 21—6—2

~ 0.865,

where e is Euler’s number?]

2I'We can interpret b as a bargaining inefficiency parameter. As renegotiation becomes more costly, the
optimal ex ante design becomes (weakly) more complex.
22Detailed calculations to Example 1 are presented in the Appendix
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The example illustrates that even when there is a risk of renegotiation failure — and
thus a rational for the procurer to choose a more complex design than x; — ex post
adjustments typically lead to the implementation of a more complex and costlier design.
Thus, if renegotiation takes place, an upward price adjustment is extremely likely. In
the example, if renegotiation takes place the final price exceeds the initial price in more
than 86% of the cases. Downward price adjustments are unlikely and occur in less than
14% of the cases. At first glance, these percentages may seem somewhat extreme. It is

useful to remember that the procurer maximizes
By o) - .0, 3)

if renegotiation is very costly or her bargaining power is very low. The  that maximizes
(23) is the most complex initial design that can be optimal. The more complex the
design is, the less likely is a cost overrun ex post. The term (23)) is maximized for the
design at which the surplus generated by the second most efficient type is maximized
in expectations. With the most efficient type being likely to be more efficient than the
expected second most efficient type, even in this extreme situation upward adjustments
are more likely than downward adjustments@ This explains why the lower bound on

the conditional likelihood of a cost overrun is so high.

6. Conclusion

We analyzed competitive procurement mechanisms in an environment where the pro-
curer is unable to commit not to renegotiate the contract ex post. Moreover, the cost
function of the supplier who has been awarded with the initial contract is publicly ob-
served ex post. Hence, if the initial design turns out to be ex post inefficient — for the
given cost function — the parties adjust the initial design to the ex post efficient one;
1.e., the parties engage in Coasian bargaining. The main finding is that the constraint
optimal award procedure is a simple auction. The procurer awards the contract for the
simplest design via a standard auction. Ex post, a more complex and more costly de-
sign is implemented and thus the ultimate price typically is higher than the initial price
determined by the auction. Interestingly, the optimal simple auction where the procurer
collects only price bids for the simplest design outperforms multi-dimensional auc-

tions, where a bid contains a price and a design. The reason is that a mulit-dimensional

23This intuition holds true only for “nice” type distributions like the uniform distribution.

21



auction reduces competition between the suppliers ex ante.

The finding that it is optimal to auction off the simplest design when using a price-
only auction holds true also when the procurer can set a maximum bid. When renegoti-
ation is inefficient or there is a risk it might breakdown, the optimal ex ante design is not
necessarily the most simple one any more. However, as we demonstrate in an example,
the optimal ex ante design still has a strong tendency to be relatively simple (simpler
than the optimal ex post design) so that renegotiation typically leads to an upward price
adjustment.

The findings of the paper rely on a couple of strong assumptions that often will not
all be satisfied in practice. Hence, we do not argue based on these results that most of
the projects with severe cost overruns that we observe in practice are always the result
of efficient award procedures. However, our main assumption that commitment not to
renegotiate is not feasible seems to be realistic. For instance, complex construction
projects often cannot be executed exactly the way as initially specified, so contract
renegotiation has to take place. This paper shows that severe cost overruns are not

necessarily a sign of inefficient award procedures or project completion.

A. Proofs and Calculations

Proof of Lemmal(l] First, we show that the parties agree to trade z*(¢). In contradic-
tion, let (z, p) with & # 2*(0) be the outcome of renegotiation. The resulting general-

ized Nash product is

GNP(i&,p) = [p — c(i, 0) — de]™ x [u( ) e (A.1)

=
|
i~
|

.
=

Consider the alternative contract with design z*(#) and price p* = p+v(z*(0)) —v(2).
By construction, the procurer is indifferent between the two contracts. The contractor’s

net payoff under the alternative contract is
p* —c(z*(0),0) — dc. (A.2)
Hence, the contractor prefers the alternative contract if and only if

p+v(x*(0)) —c(z*(9),0) —v(T) — do
<~ v(z*(0)) —c(z*(0),0) > v(z)—c(z,0), (A.3)
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which holds by the definition of 2*() and the fact that Z does not maximize the social
surplus. Thus, GN P(z*(0),p*) > GN P(z,p) a contradiction to the assumption that
(z,p) is the outcome of renegotiation.

Taking the partial derivative of the generalized Nash product with respect to p yields

GGNP_Q v(x*(0)) —p—v(ZT)+p r
Op p—c(z*(0),0) —p+c(7,0)

—c(2*(0),0) — p+c(7,0)]°
—u_@ﬂp B s L)

v(z*(0)) —p—v(Z) +p

We set the partial derivative equal to zero and solve for the renegotiation price
=p+ afv(x*(0)) —v(@)] + (1 — a)lc(z(0),0) — c(z, 0)]. (A.5)
[

Proof of Lemma 2| Itis a well-known result that in a second-price auction it is a (weakly)
dominant strategy for each bidder to bid his type. Placing a bid equal to the type, cor-
responds to placing a price bid so that the profit equals zero in our setup. Placing a
higher bid reduces the probability of winning the auction without affecting the price p.
A lower bid is not optimal because in the additional cases where the supplier now wins
the auction, he makes losses.

It remains to be shown that 6, < 6, implies p(¢1) < p(f2). This property of
the bidding function follows immediately from Assumption Note that S(0) =
max,{v(z) — ¢(z,0)} and thus S(#;) > S(6,) by Assumption[2] O

Proof of Proposition[2] 1t is readily established that the bidding strategy p(6) for types
6 < r constitutes a Nash equilibrium of the (reduced) auction game. Thus, the procurer

maximizes the following expression via the design = and the threshold type r:
/ / 1 —a)S() + aS@) — (1 — a)[e(z, §) — oz, 9’)]}
(6))" F(@)n(n — 1)(1 — F(6))"F(6)(6)dbdd

/ / 1 —a)S(0) + aS(r) — (1 — a)e(z, 7) — c(f,é)]}
LFO)n(n —1)(1 = F0)"2F(0) f(0)d0dd.

The first summand describes the situation when the second-lowest bid is below the

maximum bid, while the second summand describes the situation when the maximum
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bid binds for determining the price. Since this expression is decreasing in [¢(Z, 0) —
¢(z,0)] and [¢(Z,r) — ¢(Z,6)], an optimal solution requires Z = x; by Assumption

Bl O

Proof of Lemma[3} Each supplier has an incentive to place the bid (x°, p®) that maxi-
mizes the score G(x, p) subject to the supplier’s break-even constraint.

Bidding a lower score reduces the probability of winning without affecting the con-
cluded contract in case the supplier wins the auction. As in a second-price auction, the
concluded contract is independent of the bid placed by the winner.

Bidding a higher score increases the probability of winning. In the additional cases
where the supplier now wins, he has to match a score at which he makes losses.

Hence, the optimal bid solves:
max  g(z) —p
@.p

st. p+aS(0) —av(z) — (1 —a)c(z,d) > 0.
The solution is 2% (#) and p°(#), which concludes the proof; see also (Che| (1993). [
Proof of Lemma
) — (1 — a)c(x®(6), 05) + aS(6;)
02)) — (1 — @)c(a(82), 1) + S (61)

<
< g(2"(01)) — av(a’(01)) — (1 — a)e(z"(61), 61) + aS(6h)
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The first inequality follows from Assumption [2]and the second inequality holds by the
definition of 2°(-). O

Proof of Corollary[l} Follows immediately from Proposition [3] O

Proof of Proposition 4] 1f renegotiation takes place, then the outcome is characterized

by Lemmal(l] The expected ex post utility of the contractor from contract (Z, p) is

m(z,p,0) = (1 = b)[p(p,0) — c(z"(0),0) + b[p — (2, 0)] (A.6)
=p+ (1 =0a[S(O) —v(@)] - [1 —a(l —b)c(z, ). (A.7)

From the above expression the next result is readily obtained.
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Lemma 5. The symmetric equilibrium bidding strategy is
p(0) = (1 = b)afu(z) — S(O)] + [1 — a(l = b)]e(z,0).

The above lemma can be proven by the usual steps (as in the proof of Lemma [2).
The most efficient type 6 wins the auction and the initial price is determined by the

second most efficient type 6, which is given by

5(0) = (1 — b)afu(z) — S(O)] + [1 — a(l — b)]e(z, §). (A.8)

The final price is given by

ﬁ(@, 0) =a(l—=0v(z) —a(l —0)SO)+[1 —a(l —b)]e(z, 0)
+ afv(z*(0)) — v(@)] + (1 — a)[c(z*(0),0) — c(z,0)]. (A.9)

The procurer’s ex post utility for given realizations of 0 and 0 is

u(z,6,6) = b[o(z) — p(6)] + (1 - 0)[v(z"(6) — p(9, 0)]. (A.10)

Inserting the expressions for p and p in the procurer’s utility and rearranging yields

u(z,0,0) = (1 —0)[(1 — a)S(0) + aS(f)]
— (1 =0)(1 — a)[e(z,0) — e(7,0)] + bv(Z) — ¢(Z,60)]. (A.11)

Noting that the procurer maximizes E[u(Z, 6, 6)] by choosing Z completes the proof.
[]

Supplementary Calculations to Example[l] The first-order condition of the procurer’s

maximization problem is
Eg4|b[1 — 6z] — (1 — a)(1 —b)z(6 — )| = 0. (A.12)

When an interior solution exists, i.e £ > 1/2 is optimal, then this solution satisfies the
first-order condition. By using the distribution of the lowest and the second lowest type

realization (order statistics), the first-order condition can be written as

/12 [b(1 — 62) — (1 — a)(1 — b)fz|n(n — 1)(§ — 1)(2 — 6)"2db

2
+/ (1—a)(1—0b)0zn(2—60)""1dd =0. (A.13)
1
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Solving the above expression for 7 yields

b(1+n)

T = < 1. A.14
v l—a+b2+a+n) ( )
A corner solution, Z = z; = 1/2, is optimal if
1 —a(l—=5b)—bn>0,
which is equivalent to
1 —
b< — % <. (A.15)
n—ao

Notice that for o < 1 the critical b is strictly positive.
An important observation is that 7 is increasing in b. Thus, the highest Z is selected

for b — 1. For b — 1 (or & — 1), we obtain

14+n 1
> — A.16
31 n o ( )

xr =

which is the socially optimal design for the expected second lowest type. If the prob-
ability of bargaining breakdown is sufficiently high, specifying the simplest design ex

ante is not optimal. Now, renegotiation may lead to a downward as well as to an up-

ward adjustment of x ex post. Upward renegotiation takes place if 2*(6) > z, which is
equivalent to (b = 1)
3+n

0 < .
1+n

(A.17)

Hence, the probability with which a cost overrun occurs is pU = Prob(f < (34n)/(1+
n). Due to the continuous design, the probability of a downward adjustment ex post is

pP? =1 — pV. Hence, a cost overrun occurs ex post with probability

3+n 3+n\" n—1\"

U

F 1—(2— -] — A.18
P (n) @) (1+n) ( 1+n) (n—l—l) ’ ( )

where {;)(-) denotes the c.d.f. of the lowest type realization. Importantly, p”(n) is

decreasing in n and

1
lim pY(n) =1 — = ~ 0.865, (A.19)

n—0o0

where e is Euler’s number. ]
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