
Appendix A

Appendix A: Theoretical idding model

In this section, we present a formal model of privatization competi-
tions. The government requires the performances of certain func-
tions, indexed by i. At the onset, in stage 0, function i is performed by
an in-house team, labeled I. Let Yli denote the baseline cost of func-
tion i. Baseline cost is therefore the cost to the government of having
the function performed during this initial stage. Baseline cost is
determined by the following:

where Xi is a vector of variables relating to the scale and complexity
of function i, XIis a vector of variables relating to IS inherent techno-
logical effkiency,  A, is a vector of variables relating to the stringency
of the government’s monitoring and control of IS costs, and u1 i is an
unobservable error term. To illustrate the role of A, in equation (1))
holding all other variables constant, baseline cost may be relatively
high if the government exerts little control over I’s cost and relatively
low if Iunder  an optimal incentive contract along the lines proposed
in [ 111. In practice, variables XI and h0 may be unobservable and
therefore folded into the error term for estimation purposes. Assum-
ing this is so, and defining a log-linear relationship between the
dependent and independent variables, the specification of (I)
becomes (2)

en (YJ = xipl + Uli. (11)

In the next stage of the model, the government conducts a privatiza-
tion competition such as the A-76 competition. h-r the privatization
competition, the in-house team and a number of private contractors
bid for the right to be the sole provider of function i for the govern-
ment. Let {Pj} be the set of private contractors that are potential
bidders. This set includes actual participants in the privatization
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competition as well as those who elect not to participate, effectively
submitting infinite bids. The players submit secret bids simulta-
neously. A private contractor’s bid is the price at which it agrees to
perform the function; the in-house team’s bid is the cost at which it
agrees to perform the function. We assume all players know their own
cost of performing the function. Thus, the privatization competition

is a private-values procurement auction.

Let Y3i be 19 bid. Let Yz; be the lowest of the outside contractor’s bids.
Thatis,  Yzi= min{Yztj.Ij=l,2,... Nj} , where Yzij is the bid of con-
tractor Py The government selects the winning bid Yi according to
prespecified rules. A simple rule would be to select the lowest bid. We
will allow the government to use a more complicated selection rule,
possibly providing an incumbency advantage to the in-house team:

yj = Y3 if Ysi5 (1 +A) Yzi

=  Yc& l f  I&> ( 1  +A> YC&
(12)

According to equation (12), Iwins  the competition as long as its bid
is less than a scaled-up version of the private contractor’s bid. For the
A-76 competitions considered in this study, the scaling factor, A, was

10 percent. Of course, if A= 0, then equation (12) simply selects the
lowest bid.

In the last stage of the game, the winning bidder performs the task
for the government according to the terms of its bid. A schematic dia-
gram of the timing of the game is provided in figure 4.

Figure 4. Timing of model
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Private contractor% bids

Private contractor Pj is assumed to choose its bid Yzij to maximize its
expected profit, defined as the payment from the government minus
the cost of performing the task. An increase in its bid has two effects:
the positive effect of increasing the revenue it obtains if it wins the
outsourcing competition and the negative effect of decreasing the
probability if it wins the competition. Formally, let Y (Xi, Xyvj) denote
Pj’s cost of performing the task. This cost depends on several vari-
ables. As before, X; is a vector of task-specific variables relating to the
scale and complexity of the task that would increase the cost of per-
forming. Xj is a vector of contractor-specific variables that would
increase the cost of performing the task. Xi and Xj are assumed to be

observable to all players. Similar to Xy vjis a vector of variables relat-
ing to pj9s cost of performing the task, the difference being that vjis
assumed to be unobservable to all players except Pf Let4  be the den-

sity function and Fj be the distribution function associated with vj,
Assume these functions are common to all players. Normalizing its
profit conditional on losing the outsourcing competition to zero, we
can express Pj'S optimization problem as

Yzij = argmax CE n + 1LC-y  <Xi,  X~, Vj) IWC < ~in(D’~iJ~tj~  [l/(l+A 1 Ysi) 11.

(13)

From equation (4)) we can derive the following reduced-form expres-
sion for Pj’s equilibrium bid:

(14)

It is clear that YZti will depend on Xc Xj, and vj since these variables
directly affect Pi’s cost of performing the task. The other variables
affect Yzij indirectly by affecting the best-response functions of the
other players.Just  as Xj affects Pj'" bid, a vector of variables increasing
Pis cost of performing the task, denoted by Xk, affects Pis bid. Simi-
larly, a vector of variables increasing rs cost of performing the task,
denoted by X1,  affects I’s bid. An increase in any of the variables in
(XJ h#j} or XIwill  tend to cause qs rivals to bid less aggressively, and

this will have the indirect effect of causing Pj to bid less  aggressively.
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Of course, this indirect effect can only occur if (Xklk#j}  and XI are
observable to P-, as we have assumed. Similarly, an increase in Xi will
affect a rival’s best-response functions and thus will have an indirect
effect, as well as a direct effect, on Pj’S equilibrium bid. As will be dis-
cussed in more detail in the next subsection, increases in Band
nomay  have an indirect effect on Pi’s  bid by causing I to bid less
aggressive1y.I’

In view of equation (14), the minimum of the private contractors’
bids can be written

Y*i = Y*
( I

xi, {xjj= l,..., Nil 3 Xp A> ‘0, { vjlj = 1,’ *a> Nil
> . (15)

In practice, we may not observe variables { ,yiV = 1,. , .Ni} , XI or A, ,
Recognizing this fact, letting the relationship between the indepen-
dent and dependent variables be linear, and collecting the unobserv-
able error terms together as uZi, equation (15) becomes (16) as
shown below

‘2i =  xip2 +  u2i. (16)

Note that another difference between equations (15) and (16) is the
exclusion of a Aterm. A has been excluded from equation (16)

because, in practice, the rules of the privatization competitions held
A constant across function i. It is important to remember that the
coefficients p2 are conditioned on A. Changes in A will cause
changes in P2. However, it may be possible to predict the direction of
the effect of A on pZ , so policy simulations involving changes in
A will still be useful.

In-house team’s bid

IS decision problem is similar to the private contractor’s described
above. One difference is that the private contractors are for-profit

19. The comparative-statics results given in this paragraph are conjectures
meant to build intuition regarding the reduced-form bid in (12). In
general, it is not possible to sign the partials unless strong assumptions
are placed on the distribution of the unobservable terms vi and vI.
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firms, while lis a nonprofit unit of government. We will address this
first issue by supposing the cost-reduction provides Iwith disutility,
rather than a reduction in revenues as with the private contractors.
Another important difference is that at the privatization stage, I has
already demonstrated it can provide the task at a cost Y1 i in stage 0.
The government can reduce the ultimate cost of obtaining the task by
constraining Ps bid to lie below Y1 i. We will address this issue by treat-
ing l’s desired bid as a latent variable that may differ because of the

government’s constraint from rs actual bid.

Let Yiibe the solution to the following optimization problem for 1;

Yii = argmax c~.+(Li(C,Xi,X~v,)Pr[C<(l+A)Y*il}  9 uv

where XI and vdare to las Xj and vjare to Pf To account for the fact
that lis a nonprofit unit, instead of the profit term appearing in (4))
a term measuring rs surplus from performing the task, denoted by
mx,, xp “1) ) appears in (17). We assume aU/aC  > 0. That is, we
assume l’s utility is lower for a lower cost target. There are many

potential sources of this disutility: effort, the disutility of cost-cutting
measures such as firing employees, and so forth. As a reduced form,
Yii can be written

Yii = Y; (X2 Xp {Xjlj=l, . ..NjA.ho,vl) . (18)

It is clear from (12) that Yii should depend on A, the bidding advan-
tage given to Iby the government. An increase in A will tend to make
Ibid less aggressively. It may be less clear why Yii should depend on

A,. This is due to an indirect effect. Though Yii may not depend
directly on A,, as will be formalized below, its realized bid, Y3;, may.
The private contractors form their bids { Yzij4 = l,...Ni} based on

their expectations of Y3i, and Yii in turn depends on rs expectations
of { Y*.$ = l,... Ni} , This indirect effect will only arise if A, is observ-

able to the private contractors. Similar reasoning can be offered that,
in addition to its direct effect on Yii, Xi may exert an indirect effect
on Yii as well.
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l3y analogy to the derivation of (16) from (15))  we can express (18) in
a form that can be implemented as

Yii = xip3 + usi . (19)

The government’s constraint that l’s realized bid cannot exceed base-
line cost implies

Ysi =  min(Ylz’  Yli) . (20)

To interpret (20), Yii can be thought of as a latent variable measur-
ing l’s desired bid. If Yii is less than Y1 i, Yii is the realized bid. If YIi
exceeds Yli, the latent variable is not observed, and Yli is the
observed or realized bid.

Cost savings from competition

In this section, we derive an expression for the expected cost savings
due to outsourcing. The discussion will be based on reduced-form
equations (II), (16), and (19). Some simplifying notation will prove
useful. Let ui = (U 1 z uZi, usi) be the vector of error terms andfbe its
associated density. Define Ui to be a set of realizations of UL Uri to be
the subset of ui such that Iwins the outsourcing competition, and UPi
the subset of ui such that a private contractor wins. That is,

UIi = {up uiiYsi-< (1 +A) Y2il

Upi = {USE  v,(Ysi> (1 +A) Y2J .

The expected cost savings from the competition equals

J ylpui) dui- J y28(ui) dui- J ~~$(upu~  . (21)

5 ‘Pi ‘Ii

Note that equation (21) is a highly nonlinear function of the errors.
In general, there exists no easily attainable closed-form solution for
this expectation. This justifies the use of the simulation methodology
for predicting savings discussed in the text.
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Appendix B: Estimating the bidding and
baseline cost equations

Consider the three equation models given by

&n ( Yli> = xipl  + Uli

“n(YZi)  = Xip2+ uZi

.!n ( YiJ = ‘iP3 + u3i f

where

‘3i = min (Yi,, Yli> ,

Gw

(23)

(24)

Equation (23) can be estimated consistently with ordinary least
squares. Equations (22) and (24) can be estimated consistently with
a maximum likelihood (ML) procedure.

To estimate equations (22) and (24)) assume the vector of error terms

uj = C”li,  u2it Usi) is distributed Normally with zero mean and covari-
ante matrix C given by

C=

Defining pq = - i i-, “ : , the likelihood function for the joint estimation. *
of equations (22)‘akd (24) is given by
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L = rI{ip&<  Yli}Pr

(25)

where Pr(uli), P~(u~~Ju~~), and Pr ( Yii 2 Y1 il u1 i) are given by

Pr(u1) 1 Ti2

1 [ t= - exp -2 5-J&F II =$uuli) ’

p1303
1

=

r 1 -p:3

0

:

61 Yi

u3i-

03 03 d-- 1-p:,

p13G3i IOl
uli

= 1-Q u3i-
2

O3 l-P,3r 9

(27)

(28)

where

4 = Standard normal probability density function

0 = Standard normal cumulative distribution function.

Substituting Pr(ulj), Pr(u3iIu2i),  and Pr(Y~j"  2 Y2iluIi)  in equation (4)
gives
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Olsen in [12] has shown that likelihood functions such as equation
(29) have a unique maximum conditional on p. Also, Nawata in [ 131
has shown that the likelihood function conditional on p gives reliable

A
estimates. For this reason, we maximize equation (29) for a given p13
and then search over the interval -0.99 I iI3 5 0.99 for the final ML
estimates. A plot of the maximum likelihood  value as a function  of
p13 is given in figure 5.

Figure 5. Grid search over p13
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Note that all th; element of IX can be easily estimated except 023. Esti-
mates of p13,  cil, and o3 are obtained by the ML procedure which
can be used to also compute Br3. An estimate of 0: is obtained from
OLS, and an estimate of p12 can be obtained from within the sample
residuals of equations (22) and (23). An estimate of p23 can be
obtained with stochastic simulation of predicted savings from

Yli = exp <XiPl  + yi> (30)

Y2i = exp (XiP2 + u2J (31)

Y3i = min [ exp ( (-J$p3  + u3J, YIJ ] (32)

si = Yli- Y3i if Y3i5 (1 + A) Y2i

= Yli- Y2i if Y3i> (1 +A) Yzi
(33)

Let uj be the jth draw from a normal distribution with covariance
matrix Z, where the estimate of pz3 is set at -0.99. Substituting ui and
the parameter estimates into equations (30)-(33)  yields the jTh draw
of savings for the zfh function in the A-‘76 completed competitions,
denoted by SV If this process is repeated R times with R separate
draws of u? an estimate of savings for a completed A-76 competition
for funciton i is

R

si=+Jsij . (34)
j= 1

This process can be repeated for each of the N functions in the com-
pleted A-76 competitions. Total predicted savings for the N com-
pleted A-76 competitions is given by

N
stot = c si .

i= 1

(35)
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To obtain an estimate of ~23, repeat the stochastic simulation of equa-,.
tions (30) to (35) in 0.01 step increments for all values of p23 in theA
interval -0.99 to 0.99. The value of ~23 that gives predicted savings
from equation (35) equal to observed savings in the completed A-‘76
competitions is the estimate of p23,
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