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Abstract 
This paper studies regional differences in price and competition in municipal competitive 

procurement in Sweden. The bidding process is a first-price, sealed bid auction. The 

piecewise pseudo-maximum likelihood estimator presented in Donald and Paarsch (1993) is 

applied to data on cleaning service contracts. The results show higher estimated costs for 

completing the contract, but lower estimated bids in the major city area of Stockholm 

compared with the rest of the country. This is explained by lower profit margins and higher 

operational costs. An analysis is also carried out of why the lowest bidder is not always the 

contracted bidder in all auctions. 
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1. Introduction 

The aim of this paper is to estimate the parameters of the equilibrium bid function in first-

price, sealed bid auctions, using data on fixed price cleaning service contracts offered by 

Swedish municipalities. The estimated parameters from the bid function are used to analyze 

the bid, the bidders' costs for completing the contract, and the cost distribution, for two 

different regions in Sweden. Focus is on regional differences in the market for cleaning 

services with respect to competition and cost structure. It is reasonable to assume that 

municipalities face markets with competitive differences depending on where in Sweden they 

are located, for example in a major city area or in the rest of the country. Th is can have 

implications for the bidding and the outcome of the auction. The municipalities located within 

the major city area of Stockholm1 are compared with municipalities located elsewhere in the 

country. 

Public procurement in Sweden represents about 10 percent of the gross national product every 

year.2 This is a substantial amount of money, and it is increasing every year. New legislation3 

and changes in policy have meant that goods and services that were traditionally publicly 

produced are now subject to competition. Bidding for public contracts is new not only for the 

firms competing for the contracts, but also for policymakers and contracting entities. 

Therefore, it is important and interesting to analyze the bidding procedure surrounding public 

procurement and the outcome o f these auctions. Cleaning is one of the services that has 

recently been made subject to competitive tendering. Other examples are care of the aged and 

public transport. 

Regulations concerning public procurement in Sweden and other countries within the 

European Union (EU), stipulates competitive bidding and that the lowest bidder should be 

awarded the contract. The bids are the price at which the potential suppliers offer to complete 

the contract. The contracting entity, pays the winner in accordance with his/her bid.4 This 

bidding environment is best described by a mechanism known as the first-price, sealed bid 

auction. Here, the bids are sealed and the lowest bidder wins. 

1 Stockholm is the capital city of Sweden. 
2 Swedish Competition Authority (1996). 
3 The Public Procurement Act gained legal force in 1994, see Löfving (1995). 
4 See the Public Procurement Act (LOU 1992:1528). 
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Auctions can be modeled in at least two different ways, according to the private values model 

or the common value model. Here the former approach is used. According to this model, the 

bidders' true costs for completing the contract are drawn independently from a distribution 

known to all bidders. The cost is privately known to each bidder, who does not know the 

competitors costs. The reason why the costs are assumed to be private is that only a low or no 

element of uncertainty is associated with the cost of carrying out a cleaning service contract. 

It is reasonable to assume that while the fi rm knows its own cost with certainty, it does not 

know the competitors' costs only their distribution. Variations in costs between firms can be 

explained by differences in production functions. According to the common value model, the 

item for sale is assumed to have an unknown cost, common to all bidders. In general, there is 

a strong element o f uncertainty as well as a resale opportunity in common value auctions. A 

general symmetric model which presents both models as special cases is found in Milgrom 

and Weber (1982). 

The first-price, sealed bid auction was first formalized by Vickrey (1961, 1962). Since then, 

the theoretical and empirical literature about auctions has grown explosively. There are also 

many theoretical papers about public procurement from an auction perspective, but fewer 

paper that apply field data. In a series of papers by Hendricks, Porter and Boudreau (1987) 

and Hendricks and Porter (1988, 1992, and 1993), U.S. data on governmental auctions of off

shore oil and gas drainage leases are used to analyze asymmetric information between bidders 

and t he implications of this. Vistnes (1994) uses data on medical aid in California to test 

hypotheses about the optimal procurement contract when there is asymmetric information 

about costs. McAfee and McMillan (1996) use field data to analyze government auctions of 

airwaves in the US. Bergman and Lundberg (1998) study asymmetric information in child 

auctions, a historical procurement of child care in Sweden. Data from such auctions in 

Northern Sweden a re applied. The same data are used in Lundberg (2000) to study price 
formation in these auctions. 

Eklöf and Lunander (1999a, 1999b) analyze auctions of contracts for building railroad 

embankments and road marking using both the private values and the common value model. 

The authors test the models by applying the piecewise pseudo-maximum likelihood estimator, 

presented in Donald and Paarsch (1993), to data from the Swedish National Rail 

Administration (Eklöf and Lunander (1999a)) and the Swedish Road Administration (Eklöf 

and Lunander (1999b)). Jofre-Bonet and Pesendorfer (2000) apply data from The California 
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Department of Transportation regarding highway paving to analyze repeated procurement 

auctions. 

There are two substantial reviews of empirical work on auctions, one by Hendricks and 

Paarsch (1995) and one by LafFont (1997). In contrast to previous studies, this paper uses the 

results from the piecewise pseudo-maximum likelihood estimation to discuss policy 

implications and gain insights into the market structure for the service in question, in Sweden. 

The organization of this paper is as follows. Section 2 presents the auction mechanism and the 

equilibrium bid function. Data are described in Section 3, which also includes descriptive 

statistics and an analysis of whether or not it is reasonable t o assume private costs. The 

econometric specification is given in Section 4 and is followed by a presentation and 

interpretation of the estimation results in Section 5. Finally, the summary and conclusions are 

set out in Section 6 and descriptive statistics are given in Appendix A and th e results from a 

binary logit model are given in Appendix B. The binary logit is used t o study the evaluation 

of the bids, and this analysis completes the estimation results from Section 5. 

2. The First-price, Sealed Bid Auction 

This Section describes the first-price, sealed bid auction, used in public competitive 
procurement in Sweden, and other EU countries. Assume that w, commonly known, potential 

suppliers compete for a fixed price, cleaning service contract5 offered by a contracting entity. 

The winner of the contract is the lowest bidding supplier, who is paid in accordance with 

his/her bid. The winner agrees to complete the contract at the price stipulated in the contract. 

The potential suppliers are assumed t o be risk neutral. Assume farther that each potential 

supplier privately knows his/her own, but not the competitors', cost to complete the contract. 

The cost, c, is modeled as a continuous random variable and each bidder's cost is 

independently drawn from a symmetric probability distribution, this is known to all the 

5 A fixed-price contract stipulates a set payment, equal to the bid, that will be paid to the supplier regardless of 
what the cost to carry out the contract turns out to be. Alternative contract types are incentive contracts and cost 
plus contracts. Under an incentive contract, the payment to the supplier is dependent on both the realized cost 
and the bid. If the realized cost exceeds the supplier's bid, the supplier and the contracting entity share the 
responsibility for the cost over run. Likewise, if the realized cost is under the bid, the supplier keeps some of the 
cost under run. The cost plus contract stipulates that the contracting entity agrees to cover all the costs realized 
by the supplier and either a fixed fee or a fee that is proportional to the realized costs. See McAfee and McMillan 
(1986). 
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potential suppliers, and has a cumulative distributio n function F(c), and a probability density 

function f(c), in accordance with the private values model. The costs are determined before 

the bidding starts. The auction is modeled as a Nash non-cooperative game. The derivation of 

the equilibrium bid function follows the one given in Donald and Paarsch (1993). 

Consider the problem of supplier i. Assume that his/her competitors are also using a common 

bidding rule ß(c), which is assumed to be increasing and differentiable in c. Supplier i 

chooses a bid, (when his/her true cost for the cleaning service is c i ) that will maximize the 

expected profit to his/her firm 

(1)  n ,  = (b t  -  4  - Hr' t f" 1  i=i  

where (&• - c.) is the profit if supplier i wins the contract and (&.))]" 1 is the 

probability that the n-1 competing suppliers will make higher bids than i, or, equally, the 

probability that supplier i wins the auction, and ß~l{bt) is the inverse of the bid function. The 

optimal bid is then derived as the solution t o the following first order condition under profit 

maximization 

(2) -c^-F{p-\b$-2f{ß-\b))d^2h^ = 0 

If the Nash condition = ß(cz)e is substituted into expression (2) and the fact that 

is used, the result can be transformed into t he following first 

order differential equation 

(3) [l - F(ct )] _ („ _ i )ß{c. )[i - F(c, )]n"2 f{ct ) = -(»-l)c,. [l - F(ct )] f{c) 

6The Nash condition states that all suppliers have rational expectations and assumes symmetry. If two suppliers 
have the same cost, for example cx - c2, their bids will be equal. See McAfee and McMillan (1987). 
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Integration of expression (3), solving for ß(c), using the fact that all bidders maximize 

simultaneously at a Nash equilibrium,7 and the boundary condition ß(ao)=coy yields the 

equilibrium bid function in a first-price, sealed bid auction 

where c is the supplier's true cost of completing the contract, below which it is not profitable 

to bid, and the second term is a shade, which measures the degree of competition in the 

auction. The equilibrium bid is monotonically decreasing in the number of bidders. I f the 

competition in the auction increases, the bidders will shade their bids less and the equilibrium 

bid will decrease.8 

It should be noted that, in the auctions studied in this paper, several contracts can be auctioned 

in the same procurement. This indicates that some of the auctions in the data should in theory 

be modeled as so-called multiple-unit auctions and some as single-unit auctions. However, all 

the contracts in the data used here, are treated as if they were auctioned separately and each 

contract is regarded as unique. Even if a firm has submitted bids for several contracts 

auctioned in one procurement, these are evaluated inde pendently of each other. Therefore, all 

the auctions in the data are treated as single-unit auctions and the bidders are assumed to 

follow the strategy that leads to the equilibrium bid function in expression (4). 

Another important feature of the auctions considered here is that the municipality's own 

cleaning service can also submit a bid and compete for th e contract. If this is the case, the 

Public Procurement Act (LOU 1992:1528) states, that the municipality's own cleaning service 

and the private firms must be treated equally. Accordingly, the information structure is 

assumed to be symmetric among bidders. 

7 In equilibrium each bidder assumes, correctly, that the competitors act in accordance with the bidding rules 
described by the first-price, sealed bid auction. As a consequence, expression (4) is valid for all bidders. See 
McAfee and McMillan (1987). 
8 See Laffont (1997). 

<4) 
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3. Data 

The aim of this paper is to estimate the equilibrium bid function, given by expression (4), and 

use the estimated parameters to analyze regional differences in municipal competitive 

procurement in Sweden, with respect to differences in cost, bids, and degree of competition. 

The data were collected by means of a survey in which all Swedish municipalities were asked 

to participate. They were requested to contribute documents concerning procurements of 

cleaning services during the period 1992 - 1998. The response rate was 79.5 percent (229 

municipalities). The decision to competitively procure cleaning services is made by the local 

council in each municipality and is optional. This could explain why only 50 of the 225 

municipalities replying to the survey had competitively purchased cleaning services, whereas 

the others had in-house production, during the period in question. The data are fairly 

representative as more than half of the municipalities in each county have contributed to the 

survey.9 

The survey covered all types of cleaning service contracts (schools, day care centers, offices, 

libraries, sports centers etc.) bought using different allocation mechanisms. The law10 gives 

the contracting entity,11 a choice between five procurement procedures or allocation 

mechanisms: the direct, the simplified, the open, the restricted and th e negotiated. All th ese 

procedures are variants of the first-price, sealed bid auction, except for the direct, which is not 

an auction as it does not involve a bidding process. However, under two of the mechanisms, 

the restricted and the negotiated procedures, the contracting entity can limit the number of 

bidders. Further, under the negotiated procedure, the contracting entity can give some or all 

bidders an opportunity to revise their bids. This complicates the estimation procedure, as th e 

competition structure differs between these two allocation mechanisms and the standard first-

price, sealed bid auction. Accordingly, this analysis is limited to the cases in which the 

simplified or the open procedure were used, as these are standard first-price, sealed bid 

auctions. 

9 The 288 municipalities in Sweden, during the time period in question, are distributed between 23 counties. 
Actually, in 1997 the Kristianstad county and Malmöhus county were merged into one county, the Skåne county. 
However, this does not affect on the present analysis. 
10 Public Procurement Act (LOU 1992:1528). 
11 In this case a municipality. 



An Empirical Analysis of Regional Differences in Municipal Competitive Procurement in Sweden. 7 

It is reasonable to assume that the distribution from which each bidder independently draws 

his/her cost for completing the contract will vary because the quality demands and cleaning 

frequency will differ depending on what is to be cleaned e.g. a school, a library or an office 

etc, due to the character o f the building. To guarantee that the service is homogeneous this 

study focuses on auctions of cleaning service contracts for schools, because schools are the 

most common type of contract in the data (42.3 percent of all contracts refer t o cleaning 

services for schools).12 Another reason is that the cleaning of schools is an important issue 

with respect t o the time children spend at school, that is, the quality issue is important. In 

order to make interesting comparisons the data are divided into two sub-samples, or regions. 

One for municipalities located in the major city area of Stockholm and another for 

municipalities located in the rest of the country. All municipalities in the first region belong to 

the county of Stockholm. 

When the bids are to be evaluated, the contracting entity can choose to give the contract to the 

lowest bidder (referred to as the "lowest bid" criterion) or to the bidder who has submitted the 

economically most advantageous bid with respect to price, operational costs, quality, aesthetic 

and functional characteristics, service and maintenance, environmental impact etc (referred to 

as the "most advantageous" criterion). 13 In the majority o f the auctions for the rest of the 

country, 58.5 percent, the contracts were assigned to the lowest bidder. In the cases where the 

contract was awarded to some other bidder than the lowest bidder, the minimum bid was, on 

average, 5.3 percent lower than the winning bid. The situation is different in the major city 

area. A minority of the contracts, only 11.5 percent, were awarded to the lowest bidder. The 

average range between the lowest and the winning bid is higher compared with the rest of the 

country. The minimum bid, is on average, 25.3 percent lower than the winning bid. This is 

also displayed in Figure 1, which shows the ratio between winning bid and lowest bid in each 

auction where the winning bidder did not submit the lowest bid. 

12 The other categories are, day care center, medical health center, office, purifying plant, sports center, library, 
and others. 
13 See the Public Procurement Act (LOU 1992:1528). 
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Figure 1. Winning bid - lowest bid ratio, in auctions where the lowest bidder did not win. 
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Figure 1 illustrates that the winning bid is more than 53 percent higher than the lowest bid in a 

quarter of the auctions held in the major city area, when the lowest bidder did not win the 

contract. The corresponding number for the rest of the country is about 23 percent. This 

would indicate that municipalities located in the major city area use the "most advantageous" 

criterion to a greater extent than other municipalities, because of a higher frequency of bids 
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that do not fulfill the criteria necessary to be awarded th e contract. If so, it is reasonable to 

conclude that the market facing municipalities in the major city area of Stockholm differ 

compared with th e local markets facing municipalities in t he rest of the country. A simple 

logit analysis is used to study the determinants of the probability that contracts will be 

awarded to some other bidder than the lowest bidder. 

There is also a substantial range between the lowest and highest bids in both the major city 

area and the rest of the country. If all the bids were serious bids, this pattern would describe a 

wide distribution of cost among cleaning service firms in Sweden. However, all bids are not 

necessarily serious. An unreasonably low bid can be explained by the fact that bidding for 

public cleaning service contracts is relatively new to many private firms. It takes time before 

they learn how to bid in accordance with the municipality's requirements with regard to 

quality. Extremely high bids can be explained in terms of the firm is making an interest in the 

auction w ith future auctions in mind, but is not really interested in the present contract, 

because of, for example, a substantial workload. Descriptive statistics for all bids for each 

region are presented in Table Al in Appendix A. 

Since there are a substantial number of contracts where the winning bid is not the lowest bid, 

bids below the winning bid ar e regarded as unserious and excluded from the econometric 

analysis of the bid function in each region. After the number of bids has been reduced in this 

way these are 281 for the major city area and 667 for the rest of the country. These 948 bids 

are distributed between 156 contracts. The number of municipalities tha t have purchased 

cleaning services for schools during the period in question is 20 in the rest of the country and 

5 in the major city area. Tables A2 and A3 in Appendix A list these municipalities, the county 

to which they belong, the number o f auctions, and th e average number of bidders in each 

municipality. 

Table 1 shows descriptive statistics for the bids,14 these are the price per square meter per 

annum at which the bidders offer to complete the contract for each sub-sample. All bids are 

measured in Swedish kronor (SEK) and are given in 1994 prices. As fer as possible, the bids 

have been adjusted with respect to the cleaning frequency.15 

14 These are the bids remaining after the removal of the bids below the winning bid in each auction. 
15 The maximum number of cleaning days in one year is 260. Bids for contracts with less cleaning days than 260 
have been multiplied by a frequency factor, equal to 260/number of contracted cleaning days a year. 
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Table 1. Statistics for the bids, price per square meter and year. 

Mean StcLdev. Min Max 
The major city area 
Bid 139.55 61.40 54.10 521.26 
No of bidders 10.81 4.16 4 25 
No of observations 281 
Winning bid 122.51 39.55 54.10 225.20 
No of contracts 26 
The rest of the country 
Bid 117.56 46.95 32.95 489.56 
No of bidders 5.14 2.30 2 15 
No of observations 667 
Winning bid 96.08 29.30 32.95 190.01 
No of contracts 130 

The mean bid and the mean winning bid for the whole sample are, 124.08 SEK and 99.40 

SEK, respectively. The total average number of bidders is 6.08. The mean bid and the mean 

winning bid for the major city area are significantly higher than in the rest of the country.16 

The number of bidders for the two regions have significant different distribution functions. 17 

Since auction theory predicts that the bids, according to the private values model, are 

monotonically decreasing functions of the number of bidders, one would expect higher bids, 

on average, in the rest of the country than in the major city area. The competitive effect on the 

bids and the cost structure will be further analyzed below, but first a discussion of the choice 

of model. 

A very simple way to get an indication of which model fits data best is to study the 

relationship between the number o f bidders and the bids in the auctions. If the costs are 

private, the competitive effect is present. A higher degree of competition in the auction leads 

to lower bids (ceteris paribus), since the bidders shade their bids less. If the cost is common to 

all bidders, the competitive effect is ambiguous because of two counteracting effects on the 

bids. As in the case of private costs there is a competitive effect on the bid. The bidders shade 

their bids less as the number of competitors increases. There is also an adverse selection effect 

to be considered. Since the cost is common to all bidders, but unknown, the bidders must 

form an expectation of the cost when deciding their bids. The winner will have the lowest 

16 The f-values are 17.15 and 3.94, respectively. 
17 A Mann-Whitney test is used to test the null hypothesis that the number of bidders in the two regions have the 
same distribution fonction. This is a non-parametric test that ranks the observations of each region and compare 
their median. It's advantage over the two sample Mest is that it does not require that the difference between the 
two samples is normally distributed. The test-statistic is -7.545. See Conover (1999). 
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estimate of the cost. The bidders realize this and adjust their bids upwards accordingly, (see 

Paarsch 1992).18 

Figure 2. Observed bids and fitted lines for the linear, logarithmic, and quadratic 
specification. 
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Table 2 shows the estimation results by region. Standard errors are given in parentheses. 

Figure 2 shows the bids plotted against the number of bidders in two separate diagrams one 

18 Failure to adjust the bid in accordance with this is called the winner's curse. See Kagel and Levin (1986). 
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for the major city area and one for the rest of the country. A linear, logarithmic, and a 

quadratic model have been estimated with least square regression, and curves representing 

each model are also included in the diagrams. 

Both the diagrams in Figure 2 display a negative relationship between the bids and number of 

bidders. This relationship has further support i n the estimation results presented in Table 2. 

All the coefficients are statistically significant with one exception, the number of bids squared 

coefficient for the rest of the country. Nevertheless this coefficient is positive and significant 

although small for the major city area. Whilst this is by no means a complete test of the 

choice of model, it does provide support for not rejecting the assumption that the costs are 

private or at least to the major part. The next step is to estimate the bid function for each 

region, to find out whether there are any regional differences in the competitive effect on the 

bids and cost structure. 

Table 2. Least Square Estimates. 

Model Constant Coefficient 
Number of bids 

The major city area 
Linear 174.38(9.98) 
Logarithmic 238.25(24.33) 
Quadratic 252.71(24.90) 
w=281 
The rest of the country 
Linear 150.54(4.52) 
Logarithmic 172.22(7.28) 
Quadratic 158.34(8.73) 
w=667 

Curve fit D 2 
Number of 

bids squared  

-2.82(0.75) 
-40.33(9.83) 
-14.44(3.48) 

-5.36(0.68) 
-31.61(4.09) 
-7.86(2.48) 

0.04 
0.05 

0.37(0.11) 0.08 

0.17(0.17) 

0.08 
0.08 
0.08 

4. Econometric Specification 

This section describes the econometric model that is used to estimate the parameters in the 

equilibrium bid function. The presentation follows the one given in Donald and Paarsch 

(1993), but it is based on all bids instead of winning bids. This has implications fo r the 

derivation of the probability density function to be estimated. A consistent estimator and an 

appropriate distribution for the true cost of completing th e contract, c , are required for the 

estimation of the parameters in th e equilibrium bid function. However, standard maximum 

likelihood estimation does not work well on auction data because the support for the 

distribution, from which c is assumed to be drawn, depends on the parameters of the 
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distribution to be estimated.19 There are, nevertheless, other more appropriate estimators 

available. These include, non-parametric estimation (Guerre, Perrigne, and Vuong 2000), a 

simulated non-linear least square estimator (Laffont, Ossard, and Vuong 1995), and a 

piecewise pseudo-maximum likelihood estimator (Donal d and Paarsch 1993). My choice of 

estimator is the latter. One reason for this is that, Donald and Paarsch (1996) show that the 

piecewise pseudo-maximum likelihood estimator is generally more efficient than the 

simulated non-linear least square estimator. 

As mentioned earlier, the equilibrium bid function, given in expression (4), is a monotonie 

function of the cost c. This means that the bids are decreasing in c, i.e. the lower the bidder's 

cost for completing the contract, the lower he/she will bid. As c is a random variable, so is the 

bid and its probability density function is related to the probability density of the cost, f(c). 

The monotonie quality of the bids can be used to transform the density fonction of the cost 

into a density function of the bid 

(5) g ( b )=wyy> 
ß'{ß-xo>)) 

where ß~x(b) = c and ß'(ß~l(b))= lv See Donald and Paarsch (1993). 
ßv)  

Given an analytic probability distribution attached to expression (5) the parameters o f the 

probability distribution can be estimated. This in turn makes it possible not only to calculate 

the expected cost and expected bid in each region, but also to illustrate the estimated cost 

distribution, and analyze differences in competition (shade) between the regions. Examples of 

distributions that can be used are the Exponential, Pareto and Weibull distributions. Monte 

Carlo studies, using the Pareto distribution, can be found in Donald and Paarsch (1993, 1996). 

Eklöf and Lunander (1999a, 1999b) apply the Pareto and Weibull distributions to Swedish 

procurement data. The Pareto distribution is applied in this paper because of flexible 

properties and that it has been used before (as mentioned above). The distribution function 

and the probability density function for the Pareto distribution are, respectively 

19 This is explained in Donald and Paarsch (1993). 
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fi9* tì tì 2 
(6) F(c)  = 1-2L and f (c)  = 0 < 01 < c and 0 < 02 

where 01 and 02 are the parameters to be estimated. The distribution and density functions 

are used to derive the equilibrium bid function, given by expression (4), under the assumption 

of Pareto distributed costs, 

(7) e2 (n-1)-1 

The probability density function of the bid is then derived using expressions (5), (6), and 
(7) 20 For simplicity let m=n-L 

(8) g(b'AA>m) = 

0ß2m  
_ Ke2m-\j  

e. 
\02 

0<3(ö19ö2,m)<Ä, 07 
r 0l02m  

K0 2m-1 
<b,  1 <0 2m 

Since the lower bound function, [3(ö,m),oo), of the distribution, depends on the parameters 

to be estimated, 0l and 02, the standard maximum likelihood estimation method is not 

recommended. The piecewise pseudo-maximum likelihood estimator presented in Donald and 

Paarsch (1993) is, however, an applicable and consistent esti mator. This method uses the fact 

that a consistent estimate of the lower bound function can be obtained from the smallest 

observed bid over all observations y = for which the number of competitors is the 

same. That is, 

(9) 6(m) = minjè^ = m\. 

20 When these calculations are made it is useful to remember that the inverse of the equilibrium bid function is 
Q n J 

ß~ l  (b) = c = —-—, which is substituted into /(c), given in expression (6), in order to find /(ß~ l(b)). 
bû2(n-1) 
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By using the second restriction on the probability density function, g(-) given in expression 

(8) and imposing equality, one of the parameters, 0 X, can be written as a function of the other 

parameter, 02 

(10) ex = 0,(02, £(/»),/») = 

Substitution of the expression for 0l, into the probability density function given by expression 

(8), means that the latter will be a function of the 02 -parameter and m. The logarithm of the 

resulting probability density function is used to give the concentrated log likelihood function 

to be estimated. 

(11) log/(&;02,7») = 02log£+log02 ~(d 2  + l)log£> 

As shown in Donald and Paarsch (1993), there are several possible and consistent estimators 

of 9X, for example 

(12) 

or the lowest value of the :s given in expression (12) 

(13) 

The estimate of 0 l presented in Table 3 in the following Section is the minimum value of ôl. 

Swedish procurement data are used t o estimate the 02 -parameter in the concentrated log 

likelihood function and the 9X -parameter. In order to make interesting comparisons th e data 

are divided into two sub-samples. One for the major city area and one for the rest of the 

country. The parameters are estimated for each sub-sample. 
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5. Results 

This Section presents the results from the piecewise pseudo-maximum likelihood estimator 

for each sub-sample, the major city area and the rest of the country. The estimated parameters 

are used to compare the expected bid and the expected cost for each region. To complete this 

analysis a binary logit model is used t o study the determinants of the probability that the 

lowest bidder is not awarded the contract. Here, bids below the winning bid are included in 

the regression. This is interesting since there seems to be a difference in preferences between 

regions regarding the award criterion: the "lowest bid" or the "most advantageous" bid. 

The results from the piecewise pseudo-maximum likelihoo d estimation, f or each region, are 

presented in Table 3. Standard errors are given in parentheses. The expected cost for carrying 

out the contract is the yearly cost per square meter to be cleaned, measured in Swedish kronor 

(SEK) and given in 1994 prices. 

Table 3. Maximum Likelihood Estimates. 

The major city area The rest of the country 
Q min 52.49 7.02 

$2 2.41(0.14) 1.10(0.04) 

LogL -1403.71 -3738.93 
E[c] 89.82 74.23 
No of bids 281 667 

The expected value of the true cost of completing the contract, given in Table 3, is computed 

according to 

(14) 

The expected value of c, is lower for the rest of the country compared wit h the major city 

area. This is further illustrated by the estimated cumulative distribution functions given in 

Figure 3. 

The lower bound of the cost, c, is set according t o the lower bound restriction g iven in 

expression (6), and consequently it is 52.49 for the major city area and 7.02 for the rest of the 

country. According to Figure 3, the estimated probability that a firm has a yearly cost, for 
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completing the contract below, for example, 100 SEK per square meter is higher in the rest of 

the country (0.95) than in the major city area (0.79). One way to interpret these curves is that 

low costs are more likely in municipalities located in the rest of the country than in 

municipalities located in the major city area. The difference in cost structure is further 

illustrated i n Figure 4, which displays the estimated probability density function for each 

region. 

Figure 3. Estimated cumulative distribution functions, F(c), for each region. 
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Figure 4. Estimated probability density functions, both regions. 
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Since the bids are increasing functions of the costs, the relationship between the expected 

costs for each region should indicate a lower expected bid in the rest of the country than in the 

major city area. However, this is not the case, the expected mean bid in the major city area is 

significantly lower than in the rest of the country, 93.91 SEK compared to 115.89 SEK.21 A 

reasonable explanation to this result is differences in the competitive effect on the bid. See 

Table 1 in Section 3 for descriptive statistics. 

There are several effects that can explain the regional difference in estimated cost and 

estimated bid. One explanation is differences in the market structure. Firms acting on the 

market in the major city area face higher operational costs, because of for example, higher 

labor costs and office rents, than firms acting on the local markets in the rest of the country, 

which gives rise to higher costs. Another important factor to consider is the difference 

between the expected bid and expe cted mean cost, the so-called shade, i.e. competitive effect 

on the bid. A calculation of the expected shade for each region shows that the bidders in the 
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major city area shade their bids significantly less on average (4.10 SEK per square meter and 

year) than bidders in the rest of the country (41.66 SEK per square meter and year). This 

indicates a higher degree of competition among firms in the major city area, forcing the 

bidders to submit bids closer to their true cost for completing the contract in that market and 

to accept lower margins. Descriptive statistics on the expected shade factor for each region are 

given in Table 4. 

Table 4. Descriptive statistics, expected shade factor, for 
each region. 

Statistic The major city area The rest of the country 
Mean 4.10 41.66 
Minimum 1.58 5.13 
Maximum 14.44 710.69 
Std. Deviation 2.16 112.76 
No of observations 281 667 
/-value, comparison c if means 5.58 

To summarize, the expected cost is higher, but the expected bid lower in the major city area 

than in the rest of the country, because of lower profit margins and higher competition. 

Another interesting feature of these auctions is the assignment of contracts. Section 3 

discussed the fact that the frequency of contracts awarded to some other bidder than the 

lowest is higher in the major city area than in the rest of the country, due to more frequent use 

of the "most advantageous" rather than "the lowest bid" criterion. A binary logit model shows 

that the probability that the winner is someone else than the one with the lowest bid is 

significantly increasing in relation t o the number of bidders for each contract and to the 

socialist parties' share of seats in the local council. The results d o not show any significant 

difference between municipalities (measured in population density) with respect to the 

probability that the winning bid is the lowest bid or not. The estimation results are presented 

in Table B4 in Appendix B.22 The statistics and estimation results presen ted here support the 

hypothesis that a larger number of bidders can also lead to a greater share of unserious bids in 

each auction and, as a consequence, a lower frequency of acceptance of the lowest bids. 

There is another result from the binary logit model that is also interesting. If the contract is 

awarded to the municipality's own cleaning service, the probability that the winner o f the 

21 The f-value is 3.27. 
22 Details about the binary logit model are found in chapter 19 in Greene (1997). 
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contract has submitted the lowest bid is significantly higher than if the winner is an external 

firm. A possible interpretation of this is that when the municipality is contracting its own 

cleaning service, it is very important to prevent criticism and act objectively, that is, treat all 

bidders equally. The simplest way to do this is to contract the lowest bidder. 

Because the results presented here are contingent on the assumption of private values and 

Pareto distributed costs it is important to ask whether or not they are reasonable. The answer 

is a weak yes, they are. The estimated mean bid in both regions, is slightly lower than the 

observed mean bid but not unreasonably so. The relationship between number of bidders and 

bids, within regions, seems to be the one predicted by auction theory. 

6. Summary and Conclusions 

This paper studies regional differences in cost structure, bids, and competition in municipal 
competitive procurement in Sweden. In order to make interesting comparisons, the 

municipalities are divided into two regions, municipalities located in the major city area of 

Stockholm and municipalities located i n the rest of the country. The first-price, sealed bid 

auction mechanism is used to describe the bidding environment in public procurement i n 

Sweden. The piecewise pseudo-maximu m likelihood estimator, given in Donald and Paarsch 

(1993) is applied to field data from auctions of contracts regarding cleaning of schools. These 

contracts were auctioned by Swedish municipalities during the period 1992 -1998. The 

auctions are modeled using the private values model, and the bidder's true costs of 

completing the contract are assumed to be Pareto distributed. 

Auction theory predicts that the bids modeled as described above, are decreasing in the 

number of bidders. This seems to be the case within the regions. However, when the regions 

are compared with each other, t he picture becomes more complex. The estimated cost is 

higher in the major city area than in the rest of t he country due to higher operational costs, 

indicating higher bids. However, the opposite proved to be the case for the bids. This is 

explained by lower profit margins, since the bidders in the major city area shade their bids 

less. A larger share of contracts are awarded to some other bidder than the lowest bidder in 

the major city area, compared with the rest of the country. One possible explanation of this is 

that a greater proportion of bids do not meet the quality demands required by the 

municipalities in this region. A binary logit model is used in order to analyze the determinants 
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of the probability that the lowest bidder is contracted. The results show no significant 

difference between municipalities. The results indicate that the probability that the lowest bid 

is accepted increases when the municipality's own cleaning service is the winner of the 

contract, and the larger the socialist parties' share of the seats in the local council, but 

decreases as the number of bidders increases. 

With regard to further research, it would be interesting to compare the outcome from 

procurements where several contracts are auctioned simultaneously in on e procurement with 

single contract procurements. An important question is whether bids from one firm for several 

contracts in one procurement are in reality evaluated independently of each other, and 

whether this affects the award criterion used. 
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Appendix A, Descriptive statistics and frequencies 

Table Al. Descriptive statistics, all bids are included in the sample. 

Mean Stddev. Min Max 
The major city area 
Bid 128.60 57.83 39.31 521.26 
No of bidders 14.92 5.21 7 37 
No of observations 381 
The rest of the country 
Bid 114.58 46.30 22.11 489.56 
No of bidders 5.84 2.53 2 18 
No of observations 758 

Table A2. Municipalities in the major city area, Stockholm County. (All bids.) 

Area Code Municipality No of contracts Average No of bidders 
114 Upplands Väsby 2 16.0 
117 Österåker 8 14.5 
125 Ekerö 12 14.9 
182 Nacka 2 8.5 
184 Solna 2 22.0 

Total 26 14.9 

Table A3. Municipalities in the rest of the country. (All bids.) 

Area Code Municipality County No of contracts Average No of bidders 
380 Uppsala Uppsala län 24 7.4 
480 Nyköping Södermanlands län 20 5.2 
488 Strängnäs Södermanlands län 1 7.0 
580 Linköping Östergötlands län 2 6.0 
581 Nonköping Östergötlands län 1 6.0 
617 Gnosjö Jönköpings län 1 3.0 
680 Jönköping Jönköpings län 1 8.0 
882 Oskarshamn Kalmar län 5 6.6 

1083 Sölvesborg Blekinge län 2 3.0 
1380 Halmstad Hallands län 27 3.3 
1435 Tanum23 Göteborgs- & Bohus län 1 2.0 
1582 Alingsås Älvsborgs län 1 6.0 
1661 Götene Skaraborgs län 1 6.0 
1680 Mariestad Skaraborgs län 14 3.2 
1780 Karlstad Värmlands län 6 4.2 
1784 Arvika Värmlands län 2 7.0 
2080 Falun Dalamas län 10 7.3 
2283 Sollefteå Västernorrlands län 1 3.0 
2380 Östersund Jämtlands län 1 3.0 
2480 Umeå Västerbottens län 9 5.4 

Total 130 5.1 

23 Tanum is located in a county that can be regarded as a major city area, but the distance to the major city of 
Göteborg, is sufficiently to justify Tanum to be included as one of the municipalities categorized in the rest of 
the country. 
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Appendix B, Estimation Results, Binary logit model 

A binary logit model is used to study the choice of criteria on which the contract is awarded. 

The municipality m contracts the lowest bidder if its expected utility from doing so (U^ ) 

exceeds the expected utility from giving the contract to some other bidder (U^ ) 

The probability that the contract is awarded to the lowest bidder is estimated by a binary logit 

where Ais the logistic cumulative distribution, ß is a parameter vector and xm is a specific 

characteristics vector including population density and the socialist parties' share of seats in 

the local council (red) in each municipality where the contract is auctioned, the number of 
bidders for each contract, an allocation mechanism dummy variable (1 for the open 

procedure), and a dummy variable that takes the value one if the municipality's own cleaning 

service won the contract. See Greene (1997) for more details on the binary logit model. 

(B. 1) = ß'wlxm +Swl> = äa + 

model 

(B.2) Pr[choice = Lowest bidder|jcm] = A.(ßiem) 

Table B4. Maximum likelihood estimates, binary logit model. 

Variable Coefficient Standard Error 
Constant 
Density 
Red 
Open procurement 
Number of bidders 
Winner = own cleaning service 
LogL 
LogLo 
X1 

-1.78 
0.00 
5.84 

-0.16 
-0.20 
1.18 

-88.53 

1.35 
0.00 
2.53 
0.48 
0.06 
0.06 

-108.02 
38.97 

Likelihood ratio index 
Predicted average probability, winner = lowest bidder 
Percentage of correct predictions 
No of observations  

0.18 
0.52 

66 
156 
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