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Industrial Consolidation: Case study of a diagnostic medicine business based on a real 

options model 

 

ABSTRACT: The purpose of this study is to develop a model of decision making, based on 

the Real Options theory for firms working in markets consolidation. This model aims at 

identifying the most suitable time for the beginning of a process of mergers and 

acquisitions in particular economic segment. The model being developed will be from the 

perspective of the increase in power and market participation only. Procurement 

opportunities may be seen as real options. Purchases are always associated with substantial 

costs. By exercising an option an acquisition becomes profitable when its surplus exceeds 

its investment so as to offset the reward of the option. From the model van den Berg and 

Smit (2007) had developed it was adapted the presented model to an application for the 

selected case, the Support Services Segment of the Diagnostic Medicine, whose 

consolidation of markets in Brasilia and Goiania was initiated from 2006. This exercise is 

intended to show whether or not its validity as well as conditions for their use. 

 

1 INTRODUCTION 

 

The purpose of this study is to develop a model of decision making, based on Theory of 

Real Options for firms working in markets consolidation, that is, markets that have the 

potential to go through movements of mergers and acquisitions among their participants or 

who already are experiencing this movement concerning the most suitable time to start 

consolidation. The firms running the processes of mergers and acquisitions in a specific 



segment of the industry, in others words, consolidated into their markets of operation, as a 

result have to create economies of scale and scope, and an increase in their participation 

and market power (OGDEN et. al, 2003). The model being developed will be from the 

perspective of the increase in power and market share only. Further, is part of the scope of 

this study the application of the developed model at a selected event, with the aim of 

demonstrating whether or not the validity of the model as well as conditions for their use. 

The Brazilian market includes different sectors of the economy still fragmented with 

several firms acting such as the sectors of services of medical tests, among others, with 

more than 15,000 laboratories that provide services throughout Brazil (DASA, 2004), 

offering opportunities for firms already active in the market or financial investors of funds 

of Private Equity acting, directly or indirectly, respectively, consolidators of market 

through mergers and takeovers. Procurement opportunities may be seen as real options. 

Purchases are always associated with substantial costs in the form of transaction fees for 

investment banks, or financial advisors and consultants. By exercising an option an 

acquisition becomes profitable when its surplus exceeds its investment so as to offset the 

reward of the option. In an industry consolidation creating value of acquisitions occurs not 

only because of synergy between the parts of a transaction but also because of potential 

synergies in future acquisitions (van den BERG & SMIT, 2007). 

This work will be organized according what comes next. In the next section will be 

presented the theory related to the themes contained in this work – industrial consolidation, 

real options and theory of games as well as what has been achieved in the field of real 

options in mergers and acquisitions or industrial consolidation. In the following section it 

will be developed the model of decision-making of whether or not to start a process of 

consolidation in a specific segment of the industry. Then, it will be held an application of 



the developed model to a real case of the company DASA. Finally, the final conclusions 

will be presented. 

 

2 BIBLIOGRAPHICAL REWIEW 

 

According to Brealey et. al (2006), industrial consolidation is a result of a wave of mergers 

and acquisitions caused by the correction of inefficiencies in segments of the economy that 

have the characteristics the existence of many participants and excess of capacity. Such 

characteristics force firms to cut jobs and capacity and release capital for reinvestment in 

other segments of economy. Ogden et al. (2003) classify mergers into horizontal, vertical or 

comglomerates. Such classification depends on business where firms that are taking part in 

the transaction are involved. When two firms that were previously competing in the same 

line of business merge, it is a horizontal merger. The typical reason for a horizontal merger 

is to create economies of scale or scope or increase the market power (OGDEN et. al, 

2003), increasing the efficacy. 

After reviewing a sample of 62 mergers and acquisitions that occurred between 84 and 86 

in the U.S. with a purchase value exceeding R$ 50 million, Bhagat et al. (1990) concluded 

that most of these transactions resulted in an allocation of corporate assets for firms 

engaged in the same sector of such assets, in other words, a specialization of the sectors of 

the U.S. economy. Such conclusion suggests that the gains of industrial consolidation used 

to pay rewards for shareholders of firms come from cost savings from joint operations and 

market power. It is clear, thus, that the motivations for industrial consolidation come from 

economies of scale and scope, increase in efficiency and increase in market power. 



There are two predominant theories that seek to explain the existence of waves of mergers 

and acquisitions, the neoclassical (GORT, 1969), which foresees that waves of mergers and 

acquisitions occur due to the reorganization of firms subjected to shocks in the market 

(such as deregulation, emergence of new technology, etc.), and the behavioral (SHLEIFER 

& VISHNY, 2003), which supports that waves of mergers and acquisitions occur when 

there is an increasing in the valuation of firms in capital market, inducing rational managers 

to obtain assts with a wrong evaluation with shares with an increased of value. Based on a 

sample of transactions that occurred between 1981 and 2000, with values exceeding $ 50 

million, Harford (2005) tested both justified hypothesis of the existence and occasion of the 

wave of mergers and acquisitions. His analysis resulted in the encouragement of the 

neoclassical hypothesis with the addition of the condition of liquidity in the market to 

accommodate the necessary transactions. 

The Theory of Real Options, originally developed by Myers (1977), believes that firms are 

a complex whole of investment options (projects) which its managers have the right (but 

not the obligation) to put in practice. The major benefit brought by this theory is the 

inclusion of flexibility, reflected in the consideration of investment alternatives available 

before or during its implementation. In a business world increasingly competitive and 

uncertain, it is vital to manage firms in a flexible way allowing constant revision of 

strategies and plans previously designed. Also, these actions can be qualified as a set of real 

options (MINARDI, 2000), such as: 

1. Postpone a project: in order to obtain better information, resolve uncertainties; 

2. Expand or contract scale of production: according to the development of market 

conditions; 



3. Temporarily or permanently abandon a project: depending on market conditions, 

which can become unfavorable. 

The real options qualified above have in common certain requirements, necessary for the 

existence of a real option. They are: 

1. Irreversible investment, partially or completely; 

2. Existence of uncertainties regarding the return on the investment; 

3. Existence of flexibility regarding the moment of the investment. 

The requirements described above also characterize opportunities for mergers and 

acquisitions as real options. There are substantial and irreversible investments in carrying 

out acquisitions in the form of transaction fees for investment banks or financial advisors 

and consultants. There is an uncertainty regarding the return on the investment and also 

flexibility regarding the right time to perform it; a clearer and better situation can be waited 

for this. Game theory is a tool used for formal and systematic analysis of strategic 

interactions between participants of a particular competitive environment. It was molded 

from the work of von Neumann e Morgenstern (1944) and Nash (1951) and since the 70’s 

its concepts are being used in the analysis of problems of Corporate Finance. The analysis 

of a game includes the analysis of its components: players, possible actions, at which time 

they are made and their possible results. Through this kind of analysis becomes possible to 

understand and predict the behavior of competitors, the strategy of balance and its values 

(SMIT & TRIGEORGIS, 2004). Based on the premise that players are rational it is 

searched the solution of the game represented by an excellent collective strategy where 

nobody has anything more to gain by changing its own strategy. This strategy of balance is 

called the Nash Equilibrium and it should exist for all games with a finite number of 

players (NASH, 1951). 



It follows that the prices of competitors define the quantities sold by them. The model 

presented in this study has as premise that there is an oligopoly of Bertrand (BÊRNI, 2004). 

The interaction between real options and theory of games can help answer a number of 

strategic issues important to the success of a company, (SMIT & TRIGEORGIS, 2004). 

Kogut (1991) has developed a perspective that believes in joint ventures as real options to 

expand in which the exercise of this option is equivalent to an acquisition of capital under 

the assumption that the exercise of this option is given at the time a sign of the market, such 

as an increase in demand evidences the recovery of the capital of joint venture. Smit (2001) 

has developed a model for acquisition strategies as games of options emphasizing the value 

implicit in a platform company for acquisitions in strategies buy-and-build, in which it 

obtains firms to incorporate them in this platform company. This value is in the potential of 

the synergies that the platform company carries in itself when it aims a series of following 

acquisitions. Lambrecht (2001), has developed a dynamic model that determines the 

moment and terms of an acquisition where firms have comprehensive information and 

concluded that the time for the acquisition is inversely proportional to the magnitude of the 

synergies generated. 

Krause and Yin (2006) have developed a model of mergers and acquisitions based only on 

synergies and have shown that the minimum synergies required for the completion of an 

acquisition not only depend on the parameters of both firms but also the medium of 

exchange, cash or stock. Van den Berg and Smit (2007) have discussed waves of industrial 

consolidation through a real options model in addition to game theory which determines the 

incentive for firms in sectors relatively fragmented to act as consolidators, targets or 

observers of the processes of industrial consolidation. 

3 METHODOLOGY 



 

Next it will be presented an adapted version of the model developed by van den Berg and 

Smit (2007), to be used for an application to a case of industrial consolidation occurred in 

the Brazilian market of laboratories for medical tests. Next it will be presented the 

assumptions used to build the model. 

1. Decisions regarding the formation of prices and takeovers are taken for the only 

purpose of maximizing the value for the stockholder. With this, you eliminate 

distortions caused by conflicts of agency and “empire building” (attempt to increase 

power and influence of an organization through its expansion). 

2. Market agents (firms and investors) have access to complete information concerning 

the parameters of the model. Thus, it is eliminated the possibility of acquisitions 

caused by errors of assessment in the capital markets. 

3. Market agents do not coordinate decisions among them. Therefore, the aimed firms 

do not combine to raise their prices. 

4. One Bertrand oligopoly of n firms serves a circular market where consumers are 

evenly distributed on a circle of perimeter equal to 1:  

a. Products are available to the market with specification ix  and price ip  by 

company i . 

b. The circular market stands rival firms closer or away from the other 

according to the degree of similarity of their products. Thus, rival firms have 

products which may be substituted closer or away form the others defining 

the strategic situation of direct and indirect rivals within the industry. 



c. Consumers have specification of preference of product indicated by their 

locations in the circle,  1,0cx . 

d. The total costs for a consumer in the lease cx ,  that purchases the product 

ix , whereas   represents the unit cost of transportation, are given by:  

  icici xxpxxC  , , (1) 

e. Each consumer buys a single item of the product which has the lowest total 

cost. 

f. A company competes directly only with its two rival neighbors. Other firms 

could affect its pricing strategy indirectly, through competition with its 

neighbors. When there are high transportation costs a company must review 

its pricing strategy to attract consumers located closest to rival firms. The 

location determines the intensity of the competition.  

5. There are no marginal costs. Firms are located equidistant on the circle, with 

distance nd 1  among them. 

6. The acquisition of a company is an irreversible investment associated with 

transaction costs I . 

g. The value of a company is equal to the value of the company per se,  nEi ,  

(value of the capital), added to the value of an option to acquire or be 

acquired, given by  nOi , : 

     nOnEnV iii ,,,    (2) 

h. The uncertainty is determined by stochastic demand,  , which represents 

the density of consumers along the circle and number of firms, n . 



i. When there are no marginal costs, there is no lowering of prices. 

j. Firms do not choose their original location and they can not be changed. The 

initial competitive position of each company is identical to its rivals 

position, which are located an equal distance between themselves. 

k. The market value of a company depends directly on the intensity of 

competition for price and, thus, their distance to their closest rivals. 

l. An opportunity of purchase can be seen as an option with the exercise price 

equal to the const of an acquisition and value of the asset-base equal to the 

excess, that is, the value of the new merged company less the value of the 

acquirer and the target price. 

7. The size of the market is represented by the a density parameter,  , and follows a 

geometric Brownian motion: 

tttt dWdtd    

      Where r , and 0 . tW  follows a Brownian motion and r  is the interest rate 

risk-free. Fluctuations in stochastic market demand change the density of consumers 

along the circle. However, there is no change in perimeter of the circle, in location of 

firms, nor in consumer preference for varieties of products. 

 

 The value of the company per derives if we do not consider the value of the option to 

acquire or be acquired (therefore, only the value of its capital). The value of firms can be 

influenced only by its strategy of price to capture new consumers, because all of the 

consumer market only buy a single item of products (premisse 4.e.). A consumer in the 

lease 'x  is indifferent between choosing a product of the company i  in the lease ix  and of 



the company 1i  in the lease dxx ii 1  that offers price ip  and 1ip  respectively, since 

the unit price of transportation,  . 





2
' 1 dpp

xx ii
i


   

Thus, the demand for the company i  depends only on the price of the company and the 

price of its closest neighbors, in leases 1ix  and 1ix . 
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In a symmetrical structure the flowing of the instant profit of the company i ,  ti   when 

all firms are located equidistant in the circle in given by: 

  2dtti    

The value of the company per if,  tiV  , is equal to the discounted stream of profit as an 

annuity with the discount rate  , 

 





2d
V tti   

When a consolidator company acquires a neighbor company, the new merged company 

deliver its products in two different leases (or with two characteristics of different products) 

and can optimally raise its prices aiming to maximize their profits. The creation of value of 

an acquisition depends on the position of the two leases of new multi-company plants in 

relation to each other and rival firms. The closest firms in the industry will also benefit due 

to an increase in their market shares and of higher prices resulting from reduced 

competition. When company 1 and company 2 merge, the new company m , raises its 

prices 1p  and 2p  for products delivered in its two leases 1x  and 2x . Rival firms, in turn, 



raise its prices, ip , according to the distance of their lease at the merged company. Prices 

are given by: 

  1121  zdcpppm  , (8) 

and 

  jzdcpi  1  to 3i , (9) 

Where  
 22
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jz , and ),3min( inij  , denoting the number 

of firms between the company i  and the merged company, m , and 32a . 

The Equation 9 shows that prices increase for all firms in the new market structure. 

The largest increases occur for the two neighbors of the merged entity and the 

smallest increase occurs for the company located further away from the merged 

company because  jz  decreases in j . The merged company, rising prices more than 

their direct rivals, in able to compensate its loss with consumers with the increase in 

profits achieved with consumers located between its two plants. However, the profits 

of the closest rivals are coming in greater amounts than the merged company, while 

more distant rivals have a smaller increase in profitability. Profits are given by: 

    22 11  zdttm  , (10) 

and 

      22 1 jzdttt    to 3i . (11) 

   

 

When no company acquires its neighbor the competition between firms to lease does not 

change and profits of the industry does not change as well. Suppose that an increase in 

profits and expansion of value creation of an acquisition depend on the evolution of market 



demand. Similarly the pursuit of a financial option, there is a certain level of market 

demand above which is great to acquire a neighbor. This threshold level depends on the 

price of the target and fixed costs involved in a transaction. The purchase price is given by 

the maximum value of the target, along with synergies to be achieved by the buyer, less the 

cost of transaction, because when the terms of an acquisition mean that all profits made to 

merge the operations are appropriate by the seller, the rationale for the acquisition runs out 

for the buyer (GROSSMAN & HART, 1982). In the other hand, the minimum purchase 

price is the current value of the target. These prices delimit a range of prices by negotiating 

a target. However, you can narrow the range of the purchase price. In the initial 

symmetrical structure, the well-established company can either choose to buy their 

company in the right or the company in the left, reaching exactly the same value as a 

merged entity being indifferent between them. The target will try to negotiate a premium 

over its value per se is at least equivalent to its value in the new market structure. The 

lower limit of the price of a target is given by its per se value modified when the purchaser 

buys the company from its other side, because when a lower price is offered it is better to 

remain independent. The upper limit of price is given by the price that would generate 

profit for the purchaser as when they bought their other neighbor. In the symmetric case of 

initial purchase, which will result in any target that creates value, the lower limit becomes 

equal to the upper limit of the price. 

Consistent with the evidence, the target receives the largest portion of the value created 

(van den BERG & SMIT, 2007). The closest rivals of the merged company earn more of 

the increase in market power than the two firms involved in the transaction and this is 

reflected in the negotiation process. The price target is, then, at least equal to the value of 

closest rivals outside the transaction. Assume that there is now a Company 1, which is to 



consolidated and its value includes the value of the option to acquire,  tAO  . Their closest 

neighbors are Company 2 and n , and their values include an option to be acquired,  tNO  . 

Other firms are benefiting from the acquisition and its values include the value of the 

option  tiO  . 

Position 1 of van den Berg & Smit (2007). The surplus of acquisition for the purchaser is 

given by: 
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(12) 

 

As can be seen, the surplus increases with t , the number of firms, n , and costs of 

transportation,  . Decreases with transaction costs, I . The surplus for the purchaser, 

 AS , consists of three parts. The first part is the value of the company merged into the 

new market structure,   2
2

11  z
dt




. The second is the price of the target and pre-

merger value of consolidator,    101
2

2

 z
dt




, that must be exchanged to receive the 

first part. The third is the transaction costs, I . The surplus of the acquisition of two close 

neighbors is given by: 

      







 0,101max

2
2

z
d

S t
tN




  

 

(13) 

The surplus increases with t , and transportation costs,  . Decreases with the number of 

firms, n . The surplus for acquisition of other firms in the industry depends on the location 

of the target on the purchaser: 
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(14) 

where ),3min( inij  , to 3i , when company 1 acquires company 2, and where 

)1,2min(  inij  when company 1 acquires company n . The surplus for the 

neighbors and other industry participants consists of two parts. The first is equal to the 

value of the company in the changed market structure,   2
2

1 iz
dt 



, and the second part 

is equal to the value of the company before the acquisition, 


 2dt . All surplus of firms in 

industry have increased with t , suggesting that mergers are stance (LAMBRECHT, 2004). 

That is, when the demand of the market grows, the gains of the transaction outweigh the 

costs of the transaction. Moreover, the surplus increases with the number of firms that are 

active within the industry. The purchase price decreases more than the value of the merged 

entity when the number of industry participants increases n . 

Position 2 of van den Berg & Smit (2007). When there is no risk of anticipation, the value 

of the option to acquire a neighbor company is given by: 

        









 
















 tt

tA Izz
d

O 10111
22

2

. 
 

(15) 

The value of the option for each of the participants consists of two parts. The first shows 

the surplus that will be incorporated when the option is exercised by the purchaser on the 

great threshold and refers to proposition 1. The second part, 













 t , represents the discount 

factor that determines the present value of receiving the surplus on the great threshold. 

When the purchaser faces competition from other firms in the first acquisition, the moment 



of the acquisition may be accelerated under the risk of competition, and can occur at a 

lower threshold level demand. A company also may choose to refrain from conducting an 

acquisition, because it earns more when a rival company acquires another. It may be noted 

that all the firms within the industry is benefiting from increased market power, while the 

closest neighbors of the consolidator get even more benefit. The choice of being a 

purchaser is, therefore, a not dominant strategy, when it is known that a close neighbor 

wants to do an acquisition. In highly fragmented markets businesses have an incentive to 

become purchasers because the distance expected of an unknown consolidator company on 

average, higher when measured by the expected number of firms among them. Thus, the 

expected value of being out of the transaction is less than that of being the purchaser, then 

all firms prefer to be the acquirer. Firms prefer to carry out an acquisition when market 

demand reaches a threshold level such that the value of being purchaser is equal to the 

expected value of any company conducting the acquisition. Figure 1 shows the profits 

achieved when the industry evolves in different market structures. The Panel A presents the 

first stage, where only two firms have merged and the rival are operating separately. As 

mentioned, rivals closest to the merged company have biggest profit and the profit declines 

to the firms with greater distances from the merged company. The panels B-E show the 

possible industry structures and the flowing of profits linked to each company or plant 

when the second acquisition is carried out. The second acquisition may be a sequential 

acquisition by the merged company as shown in Panel B, or the emergence of a second 

consolidator entity as shown by the panels C, D or E. The Panel B shows that the 

consolidator, following its alternative acquisition has the highest profits of the industry 

when compared to other market structures. In Panel C, the two firms from mergers are 

located adjacent to each other, and on Panel E the firms resulting from mergers are located 



on opposite sides of the circle. In panels C, D and E, the distance between the two 

consolidators increases and profit of economic segment decline. 

 

 

 

 

Figure 1 - Returns on market model with circular merged firms 
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The parameters chosen are: 1 , 1d  and 1t . 

Sauce: van den Berg & Smit (2007) 

 

4 CASE STUDY 

 

The presented model will be assessed to see how it applies to a real case, particularly for 

the consolidation underway in the segment of services in support of medical diagnostic, 

particularly led by Diagnósticos da América S. A., DASA, with the venture of a strategy of 

acquisition. The choice of this segment to the implementation of the economic model was 

due to its high fragmentation, both in terms of national and as regional. Also, because there 

is a well-established company in the segment, a DASA, enterprising of a consistent strategy 

of acquisitions, with a history of information available since the opening of its capital, 

occurred in 2004. 

However, the use of diagnostic medicine by the population can be considered low, either by 

lack of resources of the public healthcare system, either by limiting access promoted by 

private health plans (DASA, 2004). Patients with access to that market, attended by the 

private sector, choose their own physicians, providers of diagnostic procedures and 

hospitals taking into account the following factors: (i) convenience, (ii) location, (iii) 

coverage of private health plan, (iv) recommendation of doctors, and (v) advertising "word-

of-mouth”. 

Fact is that the market for services in support of diagnostic medicine in Brazil is highly 

fragmented. There are hundreds of firms providing services, with limited scale, most of 

which have only one unit of care to patients. Agência Nacional de Vigilância Sanitária 



(ANVISA) indicates that there are approximately 15,000 laboratories in Brazil in 2006 

(DASA, 2007). Most of these laboratories consists of one or more units with limited 

geographical presence. 

Diagnósticos da América S. A., DASA, is the largest company of support services to the 

medical diagnosis of the private sector in Latin America and the fifth largest among the 

firms listed in the diagnostic medical fellowship in the world in terms of gross operating 

revenue and the amount of acquisitions. Its origin took place in 1961 with the founding of 

the Laboratório de Análises Clínicas MAP, em São Paulo, which had its name changed to 

Laboratório Clínico Delboni Auriemo S/C Ltda., or Delboni Auriemo, em 1985. In July 

1999, several investment funds led by Pátria – Banco de Negócios, Assessoria, Gestão e 

Participação Ltda., acquired a stake in the company (DASA, 2004). In November 2004 

DASA has become a publicly traded company and by the end of 2006 had 244 units in 

operation, under 14 flags (DASA, 2007). Its business model is flexible and multi-formatted, 

based on the following grounds: (i) multi-product, which allows searching the capture of 

100% of prescription services to support medical diagnosis; (ii) multi-brand, which allows 

different social classes meet in a targeted; (iii) multi-region, which allows expanding its 

network of catchment and to gain scale through the geographical dispersion; and (iv) multi-

agency, which allows diversify its base of payers (DASA, 2004). DASA has organized 

activities in three lines of business: (i) ambulatory care, (ii) hospital care, and (iii) 

assistance to laboratories (support or reference) (DASA, 2004). 

For implementation of the model shown above, we will restrict the entry of the company in 

the markets of Brazil's Center-West, more precisely from Brasilia, Goiania and vicinity, 

and their subsequent movements toward consolidation of the regional market. DASA has 

began its operations in these markets after the opening of capital occurred in 2004, which 



provided the availability of information relating to the acquisitions made in those markets. 

In April 2005, DASA acquired the Laboratório Pasteur Patologia Clínica S/S Ltda., in 

Brasilia, which counted with thirteen units of care. This acquisition provided a platform for 

expansion of its activities in the Distrito Federal and Goiania, representing the entry in 

these markets. In July 2006 the company hás began the process of regional consolidation in 

the sector, strengthening its presence in Brasilia through the acquisition of Laboratório 

Imuno Ltda., which is known by trademark MedLabor Medicina Laboratorial, which who 

had eight units of service, with five in Brasilia, two in Palmas (TO) and one in Valparaiso 

(GO). The acquisition of this company was performed by a capital amount equivalent to R$ 

4,921, generating a premium of R$ 5,966, 

 as disclosed in the financial statements of DASA for the financial year of 2006. 

It was performed an analysis of the impact of this event in the daily average values of the 

shares of DASA (DASA3) in relation to the stock market as a whole, comparing their ten 

previous performances to their ten performances after the announcement of the acquisition 

of MedLabor. As shown in Table 1, there was on average return of 0.52% a day before the 

announcement of the acquisition and 0.53% a day after the announcement. 

 

Table 1 - Performance on the shares of DASA before and after the announcement of the 

acquisition of MedLabor 



DASA3 Médio

R$ DASA3 Médio Ibovespa Médio DASA3 - Ibovespa

14/7/2006 37,432

D-10 17/7/2006 38,252 2,2% -0,6% 2,7%

D-9 18/7/2006 38,052 -0,5% -0,2% -0,3%

D-8 19/7/2006 38,922 2,3% 3,6% -1,3%

D-7 20/7/2006 38,372 -1,4% 0,3% -1,7%

D-6 21/7/2006 37,682 -1,8% -2,1% 0,3%

D-5 24/7/2006 37,732 0,1% 1,2% -1,1%

D-4 25/7/2006 37,432 -0,8% 1,0% -1,8%

D-3 26/7/2006 38,092 1,8% 1,1% 0,7%

D-2 27/7/2006 37,592 -1,3% 0,3% -1,6%

D-1 28/7/2006 37,612 0,1% 1,1% -1,1%

D+1 31/7/2006 37,222 -1,0% -0,3% -0,8%

D+2 1/8/2006 37,532 0,8% -1,3% 2,1%

D+3 2/8/2006 38,242 1,9% 1,6% 0,3%

D+4 3/8/2006 39,332 2,8% 0,4% 2,5%

D+5 4/8/2006 41,142 4,6% 1,2% 3,4%

D+6 7/8/2006 40,772 -0,9% -0,4% -0,5%

D+7 8/8/2006 40,642 -0,3% 0,1% -0,4%

D+8 9/8/2006 39,882 -1,9% 0,1% -1,9%

D+9 10/8/2006 39,162 -1,8% -1,6% -0,2%

D+10 11/8/2006 39,392 0,6% -0,2% 0,8%

DataPregão

0,53%

-0,52%

Retornos
Variação Média

 

Source: Authors' calculations 

The t-test conducted shows that the average variation on the ten previous stock is 

significantly different (level of 10%) from the ten stock after the announcement of the 

acquisition. In October of that year, there was a second round of regional consolidation, 

with the acquisition of Atalaia, most important laboratory of the metropolitan region of 

Goiania, which counted with twelve units of care at the time. The acquisition of its capital 

was made for R$ 28,192, which generated a premium of R$ 28,329, according to the 

company's financial statements. It was also carried out an analysis on the impact of this 

event in the values of the shares of DASA held along the lines of the analysis performed 

when the announcement of the acquisition of MedLabor. There was average return of 

0.42% a day before the announcement of the acquisition and 0.51% a day after the 

announcement. The t-test has shown that the average variation on the ten previous stock is 

significantly different (level of 10%) from the ten stock after the announcement of the 

acquisition. 



The application of the model in this case will be held through the calculation of options to 

acquire and be acquired within two rounds of consolidation, and its analysis compared the 

values of the transactions. To implement the model shown is necessary to determine the 

parameters for the calculations of the values of the excess of the acquirer and the acquired, 

as well as options to acquire and be acquired. 

The distance among the firms, d , was estimated considering the cities of Brasilia and 

Goiania as opposed points defining the diameter of the circular of the model. These cities 

are separated by approximately 200 km away. Thus, we circle with a radius of 100 

kilometers, resulting in a perimeter of 628.3 km. As the model considers 9 firms, the 

estimated distance among them will be 628.3 / 9 = 69.8 km. To simplify the calculations, 

will be considered d = 70 kilometers, resulting in a total perimeter of the circle equal to 630 

km. The density of consumers, t , was estimated based on information of the population of 

the cities of Brasilia and Goiania, provided by DASA in its releases of acquisition of 

MedLabor and Atalaia. It is also considered the rate of population coverage for physician-

hospital plans, in the same source. The estimation of this parameter on the basis of this 

information has been made because of the nature the consuming public diagnostic service, 

almost in its entirety composed of beneficiaries of these plans. Thus, Brasilia had a 

population of 2.3 million, of which 26% had coverage for physician-hospital plans, totaling 

598 thousand consumers. Goiania had a population of 1.2 million inhabitants, with 36% of 

it as a beneficiary of private health plans, with 432 thousand consumers. Therefore, there 

are 1,030 thousand consumers , when added the two regions, distributed in a perimeter of 

630 kilometers, resulting in a density of 1634.9 kilometers by consumers. 



To adapt a model for the application to the real case, the parameter   has been estimated 

from the average values of adjusted EBITDA per request processed by DASA in 2005 

(DASA, 2006),  which was R$ 26.15 per request processed. This number was divided by 

distance d, estimated above, in order to obtain a switch similar to the cost of transport from 

the dimensional point of view. So,   was estimated as R$ 0.373 per kilometer. The annual 

discount rate,  , at the time, was estimated as the cost of capital based on an estimate of 

interest rate risk-free plus a premium to the market. The interest rate risk-free, r , was 

estimated based on the interest rate paid by the Tesouro Nacional, for an NTN-B Principal , 

linked to the IPCA, with due 2015, plus the median of market expectations for inflation 

measured by the IPCA, to twelve months ahead of the date of the first round of 

consolidation, July 2006. The interest rate paid by NTN-B Principal 2015 was of  9.5% a 

year, according to the consultancy Economática, and the expectation of inflation mentioned 

above, based on data of historical series of market expectations published by Banca Central 

do Brasil (2006) was of 4.27% a year, resulting in a risk-free rate of 13.77% a year. 

Considering a prize market of 5% a year affected by a   equal to 0.85, which resulted in 

an annual discount rate of 18% a year in R$ (reais). 

It has been estimated the cost of transaction, I , according to minimum value of the market 

in which is paid financial, accounting and legal advisor in the acquisition of a company of 

medium size, R$ 1,000 thousand (according to information from professionals in the area 

gathered informally by the author of this paper). The parameters so far described allow the 

calculation of the surplus of the acquirer and the acquired. To calculate the value of the 

options, however, is still necessary to define other parameters. The growth of the market, 

 , was estimated based on growth in the number of beneficiaries of physician-hospital 



plans, from 2001 to 2005, which was 3.1% a year, according to ANS data (2007). To 

estimate the volatility of demand,  , it was calculated the standard deviation of log-returns 

of the common shares of DASA, since its opening in capital, in November of 2004 until the 

date of the first movement of consolidation in the market object of study, in July 2006. 

Thus, it was obtained an estimated annual demand volatility of 40%. With this you can 

calculate the positive root of the characteristic equation,  , and the threshold level of 

demand,  , above which there is incentive for the first round of consolidation. 

 

5 RESULTS 

 

With the use of certain parameters in the preceding subsection in equations of the model, it 

is obtained the value of the surplus of the acquirer, using the equation 12: 
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With the determination of   and  , it can be calculated the value of the option to purchase, 

using the equation 15: 
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In the first round of consolidation, which occurred in July 2006, the option to purchase, 

AO , had a value slightly higher than the surplus of the acquirer, AS , or in other words, the 

option to purchase has become more expensive than the surplus of acquiring the asset-base 

of this option. 

)571.1$()633.1$( milRSmilRO AA   



This occurred because the density of consumers, t , surpassed the level of demand,  , on 

which there is incentive for consolidation. In other words, the threshold of demands set by 

the characteristics of the market (demand uncertainty, transaction costs and surpluses of the 

transaction) and which defines when the value of the option to purchase becomes equal to 

the value of the asset-base, characterizing the right time for the first round of consolidation 

was achieved. Therefore, according to the model presented and from the point of view of 

the purchasing company, DASA, there is evidence they do believe that the movement of 

consolidation represented by the acquisition of MedLabor occurred at the right time. 

In scenarios with different values for,  , and volatility, and volatility, gives us the 

following figures for the option to acquire, shown in Table 2. 

Table 2 - Sensitivity analysis of the value of the option to purchase, AO , affected by the 

parameter   and volatility. 

###### 0,20            0,25            0,30            0,35          0,40          0,45          0,50          

10% 330.228 1.323.616 3.577.697 7.888.753 15.276.884 26.998.368 44.556.753

20% 220.907 719.967 1.643.405 3.141.106 5.374.578 8.515.757 12.746.098

30% 169.863 499.384 1.047.827 1.865.102 3.000.376 4.502.206 6.418.629

40% 138.634 384.369 768.781 1.314.099 2.041.109 2.969.463 4.117.884

50% 116.534 311.420 604.424 1.007.225 1.530.384 2.183.613 2.975.948

60% 99.648 259.796 494.148 809.518 1.211.930 1.706.819 2.299.160

70% 86.191 220.829 414.096 670.264 993.048 1.385.757 1.851.387

80% 75.193 190.216 353.001 566.372 832.757 1.154.297 1.532.914
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Source: Authors' calculations 

 

It may be noted that the value of this option is very sensitive to parameter  , because it 

directly affects the instantaneous profit and, therefore, the value of the company. , the value 

of the option grows with the growth of  , but also substantially increases the value of the 

asset-base, the surplus of the acquirer. Furthermore, the increase in the parameter  , as it 



increases the absolute benefits of the merger bringing surplus of the acquirer and the 

acquired, lowers the threshold of demands on which there is incentive for consolidation. 

That is, if the merger is more profitable, in unit terms, when it occurs in markets with 

higher returns, a lower threshold is sufficient demand to encourage the initiation of a 

process of consolidation. Another analysis can be performed by comparing the value of the 

acquired surplus with the premium obtained by sellers of the target company. Thus, 

according to the equation 13, it is estimated the company's surplus gained by: 
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and you get a value of R$ 5,544 thousand. The exchange recorded on the acquisition of 

MedLabor was R$ 5,966 thousand , quite close to the surplus now estimated. It can be 

assumed, indeed, that these figures are considered equal if within a margin of negotiation 

has been undertaken by the parts to the transaction. This result brings evidence, according 

to the model, that this premium was paid because of the value that MedLabor would reach a 

hypothetical market structure in which DASA would acquire its other neighbor. And thus 

such a exchange was sufficient incentive for the sale of the company. The comparative 

analysis that could be held under the terms of the acquirer, DASA, compared to its surplus 

calculated as the model with the surplus actually occurred, is constrained by the difficult 

measurement of the surplus of DASA in the real case. This problem occurs mainly by the 

size of MedLabor when compared to DASA at the time of purchase. On the date of the 

announcement, the value of the capital of MedLabor amounted to 0.2% of the market value 

of DASA, an amount so small that shows no structural changes in the market value of the 

acquiring company (as previously mentioned, in assessing the impact of the event to call 

for acquisition of MedLabor, the relative variation of the average daily value of shares of 



DASA was -0.52% before the announcement and 0.53% after the announcement). Just as 

occurs in the analysis from the point of view of the customer, the comparison between the 

value of the option to be acquired and the value of the surplus of purchase, there are close 

values with the value of the option (R$ 5,762 thousand) just higher than the surplus (R$ 

5,544 thousand). However, unlike the analysis above, the acquired prefers not to keep the 

option (for that is more valuable), but replace it by the surplus, because now is the 

opportunity to do so, because of a potential acquirer with incentive to consolidate the 

industry. 

Three months after the acquisition and merger of MedLabor, it happened the acquisition of 

Atalaia by DASA, representing the second round of consolidation. As described above, the 

well-established firms have incentive to hold the second round of consolidation when it 

held the first round. In spite of being intuitive, you can verify that the value of the option to 

purchase is higher than the surplus of the acquirer, by the fact that the density of consumers 

is higher than the level of demand that encourages the process of consolidation. 

1
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Conducting comparative analysis similar to that performed for the first round of 

consolidation is obtained using the equation 13, the surplus of the acquired, NS , was R$ 

6,690 thousand. Comparing this figure is with the exchange established in the sale of 

Atalaia by their former partners, of R$ 28,329 thousand, it is estimated that the surplus is 

much lower. The model used based on the premise that the firms participating in the 

segment of the industry have the same profit and therefore the market value. The model 

was adjusted for its application to the acquisition of MedLabor. The Atalaia, however, was 

processing three times more requests than MedLabor, which suggests that is worth 



approximately three times more. Starting from this assumption, one can estimate that the 

excess of purchase, after adjustment, would be R$ 20,070 thousand (three times R$ 6,690 

thousand), even lower than the exchange established in the sale of Atalaia. 

 

6 Conclusions 

 

From the interaction of the Theory of Real Options and Theory of Games, it has been 

adapted a model developed by van den Berg and Smit (2007), that seeks to explain the 

economic consolidation in fragmented segments, and the moment it begins, with a 

justification based on the increase of market power. From this perspective one can conclude 

that the time of the consolidation strategy depends on the value of waiting, wishing that a 

neighbor rival starts a consolidation in respect to the value of being a consolidator. When 

the density of consumers beyond the threshold level of demand, which is affected by the 

outcome that comes from the merger, the costs of transaction and the uncertainty of 

demand, there is the incentive to consolidate. The first acquisition causes more 

consolidation, as the latest acquisitions are more profitable, shock effect of increased 

demand and reduced competition resulting from the accelerated increase in market power 

caused by the initial purchase. The adapted model was then applied to a case of 

consolidation of medical diagnostic segment of the axis Brasilia-Goiania, represented by 

acquisitions made by DASA, MedLabor laboratories and Atalaia in July and October 2006 

respectively. The results after application of the model powered by data from the real case 

brought evidence that DASA began the process of consolidation in this market in the right 

time, when the density of consumers and the threshold level of demand that justifies the 

consolidation process was equivalent. The equivalence of the values of the density of 



consumers and the threshold level of demand was also time for the former shareholders of 

MedLabor opt for its sale. An interesting aspect of the model was applied to reduce the 

value of the options to acquire or be acquired with the increase in volatility, unlike the 

normal growth of the values of options occurred when increases in volatility. This is 

explained in this case by the fact that the increase in volatility increases the uncertainty of 

demand, and consequently, the threshold level of demands on which there is incentive for 

consolidation. Thus, the increased demand volatility makes business more refractory to the 

initiative to consolidate the industry, and the option to purchase has less value than in 

markets with less uncertainty of demand. In the first round of consolidation, it was found 

that the exchange established by MedLabor’s vendor was very close to the value of the 

acquired surplus calculated on the basis of the model at issue, evidencing the assumption 

that the premium paid was enough to compensate the shareholders of MedLabor by the 

value that their company would have in a market structure where DASA acquire another 

company in the segment. The size of the acquisition done, however, did not allow a 

conclusion on the modeling of the surplus of the acquirer, because of the difficulty of 

measuring it in real case, because of the disparity in size between acquirer and acquired. 

In the other hand, the results obtained in the analysis of the second round of consolidation 

were not close to those recorded in the real case. Despite of the need for an adjustment for 

the comparison of the values of the surplus of exchange and acquired obtained by former 

shareholders of Atalaia, it can be assumed that this was higher than that. This may highlight 

the need for adjustments of the variables used in the application of the model, such as the 

existence of potential opportunities generated by the acquisition or the consideration that 

Goiania represents the entry into another market and not the consolidation of a market tied 

to the one in Brasilia. At any rate, the model presented can be of great value to firms active 



in fragmented markets, with the potential for consolidation, to evaluate their positions 

regarding the role they wish to engage in these processes, whether from firms consolidated, 

targets or passive observers. For future research is suggested to apply the model to other 

cases of consolidation for research about the need, nature and magnitude of adjustments of 

input parameters in the model. 
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