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ABSTRACT  8 

Market concentration can be measured in different ways, i.e. by using different indicators. In 
the broadest use are the concentration ratio (CR) and Herfindahl-Hirschman Index (HHI). 
Concentration ratio of market concentration is usually measured as the sum of the market 
shares of four, eight or twelve largest companies in an industry. Herfindahl-Hirschman index 
of market concentration is expressed as the sum of squared market shares of all firms in an 
industry. It is believed that the Herfindahl-Hirschman Index is more precise measure 
because it takes into account all companies. Research on the example of the US economy 
shows that there is no difference between the concentration ratio and the Herfindahl-
Hirschman index, i.e. it shows that there is a specific mathematical relationship between 
them. This relationship allows the conversion of a certain value of one indicator in the 
corresponding value of the other indicator and drawing conclusions as well as on the basis 
of indicator from which it was derived. 
 9 
Keywords: market concentration, market power, concentration ratio, Herfindahl-Hirschman 10 
index. 11 
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 13 

1. INTRODUCTION  14 

 15 
In a market economy, some companies do not have the ability to affect the price of their 16 
products, while other companies have the ability to influence the price of their products. The 17 
first group consists of companies that are price takers, while the other group comprises the 18 
companies that are price makers. Companies that have the ability to set the price above 19 
marginal cost, enjoy a certain market power in relation to companies that have no such 20 
possibility. Therefore, in theory and in practice one of the important issues is a question of 21 
market power and market concentration as a specific indicator of market power. 22 

The question of measuring market concentration has always attracted attention of scientific 23 
and professional community. This question is particularly important in recent years, because 24 
the processes of globalization spurred a wave of mergers in many industries. Consequently, 25 
the changes in market concentration in many markets, and in many industries have 26 
occurred. Theory and practice are seeking the answer to the question of how to measure 27 
and how to interpret market concentration, especially in terms of distortion of competition, 28 
but also to determine the belonging to a particular type of market, i.e. to define market power 29 
of the companies operating in that market. 30 

In theory and practice, different measures of market concentration are known. Some 31 
measures are very simple and easy to understand, and therefore in very wide use, while 32 
some measures are very complex and shaped to serve in some specific situations. Typical 33 
representations of the first group are the concentration ratio (CR) and Herfindahl-Hirschman 34 
Index (HHI), whereas the typical representations of the other group are Lerner Index (L) and 35 

UNDER PEER REVIEW



 

Gini coefficient (G). In this paper, special attention was paid to the first two measures, 36 
focusing particularly on exploring their similarities as well as the differences. 37 

Concentration ratio of market concentration is calculated as the sum of the percentage 38 
shares of usually four, eight or twelve largest companies in an industry. Concentration ratio 39 
is thought to be the simplest and most comprehensible measure and its handicap is 40 
considered a fact that it does not take into account all, but only a certain number of 41 
companies. It is at this criticism that Herfindahl-Hirschman Index of market concentration 42 
was developed, which is calculated as a sum of the squared market shares of all companies 43 
in a market or an industry. 44 

Depending on the value of the concentration ratio, or Herfindahl-Hirschman index, one can 45 
make a conclusion on market power, market concentration and of belonging to the type of 46 
market of a particular industry. Depending on their values, we van talk about non-47 
concentrated markets, moderately concentrated markets and highly concentrated markets. 48 
For non-concentrated markets, market power is very limited, if any, which is a characteristic 49 
of perfect competition as well as of monopolistic competition in the part that has a low 50 
degree of product differentiation. Moderately concentrated markets are having a moderate 51 
market power, which is a characteristic of monopolistic competition with a high degree of 52 
product differentiation and loose oligopoly. Highly concentrated industries, such as tight 53 
oligopoly and dominant company, enjoy high market power. 54 

In some cases, the classification is based on the values of the concentration ratio, while in 55 
some other cases the classification is based on the values of the Herfindahl-Hirschman 56 
index. Often, there is no specific mathematical relationship between these values, especially 57 
in terms of translation of one value to another value. Consequently, different conclusions on 58 
market power and market concentration and type of market it belongs to, depends on the 59 
indicator being used. Research conducted on the example of the US economy shows that 60 
there is exact mathematical relationship between the values of the observed indicators of 61 
market power, i.e. of market concentration and the possible conversion of one to another 62 
value. 63 

CR as a measure of market concentration 64 

The concentration ratio is a widespread measure of market power and market concentration. 65 
Its popularity stems from its simplicity, in terms of calculation as well as in terms of user-66 
friendliness. The concentration ratio is calculated as the sum of the percentages of the 67 
market share of a number of the largest enterprises in the industry concerned, i. e.
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where  
n

CR  stands for n companies in the industry concerned, and  stands for the market 71 

share of the i-th company in the observed industry. 72 
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The value of the concentration ratio can range from nearly 0% to 100%. Depending on the 73 
percentage conclusion on market concentration, market power and belonging to the type of 74 
market structure can be made. 75 

If there is a large number of companies with small market shares and homogeneous product 76 
operating in the industry, the concentration ratio of the four largest companies will be close 77 
to zero or very low. Companies in such industries do not enjoy any market power, and the 78 
market in which they operate is called a market with perfect competition. If it comes to the 79 
industry, in which a large number of companies operates but their product is at the same 80 
time differentiated, enterprises in such industry enjoy a certain market power. Market power 81 
can range from the very law to moderate, depending on the degree of differentiation of the 82 
product and the market in which they operate is called market of monopolistic competition. 83 
With the increasing level of product differentiation and with the reduction of the number of 84 
firms in the industry, the degree of concentration and market power are increasing, which is 85 
characteristic of oligopoly and monopoly.  86 

The concentration ratio as an indicator of the degree of concentration should be, according 87 
to some authors, used with extreme caution, and in some cases, they state that it can only 88 
be used as an orientation indicator. There are a few reasons why caution is needed. In the 89 
first place this is necessary in relation to: 90 

• the significance of the local market, 91 

• the share of imported products on the national market, 92 

• breadth of the definition of the product and 93 

• the degree of inequality in market share of the largest companies in the industry. 94 

Concentration ratio measures the market power at the national level, however, some 95 
products are completely sold on the local market, as, for example, local newspapers or local 96 
souvenirs or products that are significantly more sold at the local rather than the national 97 
market, as for example, cement or cement products. In contrast to such industries, there are 98 
industries, as, for example, automobile industry, whose products are sold on the global 99 
market. In these cases the same concentration ratio, although it may indicate affiliation to the 100 
same market structure, does not mean at the same time the same monopoly power. 101 
Industries whose products are entirely or largely sold on the local market enjoy greater 102 
monopoly power than the industries whose products are sold on a national or global market. 103 

The significance of the local market varies from industry to industry and from product to 104 
product. Neglecting the meaning of local markets may lead to erroneous conclusions 105 
regarding the amount of monopoly power. This is what could happen if the monopoly power 106 
of the four largest companies in the US automotive and cement industry is observed in 107 
relation to the concentration ratio. Although both industries are oligopolistic in their nature, 108 
cement producers, because of the importance of the local market, have greater market 109 
power than the car manufacturers. 110 

Concentration ratio measures the market power of a particular industry or its sub-111 
components. The problem occurs in the examples of industries that sell their products in the 112 
markets where the same imported products they are present. Imports may significantly affect 113 
the monopoly power of domestic producers, i. e. their market power may be lower than that 114 
which could be assumed on the basis of the concentration ratio. If, for example, import of 115 
cars from the Asian part of the world to the European or American market is neglected, the 116 
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finding on the market power of American or European car manufacturers would be 117 
overemphasized. Similarly, the market power of, for example, Croatian producers of beer 118 
would be overemphasized if we did not take into account the import of beer on the Croatian 119 
market. Unlike automobile market or beer markets, imports of cement, which in many 120 
countries is almost negligible, in no way diminishes the market power of national cement 121 
manufacturers. 122 

Product definition can be broader and narrower. The broader the definition of the product the 123 
lower the concentration ratio, i. e. the value of the concentration ratio generally is inversely 124 
proportional to the degree of aggregation of data from which is being calculated. This is 125 
confirmed by numerous examples of concentration ratio for the entire industry and its 126 
individual parts. Thus, for example, the concentration ratio of the four largest companies in 127 
the food industry in the United States in 2007 amounted to 14.8%, whereas in the sector for 128 
animal food, as part of the food production industry, concentration ratio was 31.4%. In the 129 
more narrow part of the food industry, production of food for dogs and cats, the 130 
concentration ratio was 71.0%. Such a relationship between the whole industry and its parts 131 
is the same in the example of beverage and tobacco products, leather and related products, 132 
transport equipment and many other industries in the US or in any other economy. 133 

Finally, the same concentration ratio in two or more industries does not necessarily refer to 134 
the same market power. It is easy to conclude that the lower market power is present in the 135 
industry in which the four largest firms have almost equal market shares, than in an industry 136 
where one of the four largest companies has high market share and the other three lower 137 
market shares. In industries in which firms have equal market shares, market power is 138 
generally lower than in the industries in which companies with unequal market shares 139 
operate. In addition, the concentration ratio does not take into account the market share of 140 
the next largest enterprise that is not covered by calculation, and the conclusion on market 141 
power may be somewhat wrong. 142 

HHI as a measure of market concentration 143 

The key criticism to concentration ratio as a measure of market concentration is referred to 144 
in relation to the fact that it does not take into account all of the companies in an industry, but 145 
only a certain number of companies. It usually operates with four, eight or twelve companies, 146 
and it rightly raises the question regarding the conclusion on market concentration in the 147 
case where this is not the final number of companies. This question is particularly important 148 
in cases where all companies have an equal market share, but, given that their number is 149 
greater than the number of companies for which concentration ratio is calculated, a number 150 
of companies have been dropped from consideration. 151 

According to many authors,
2
 such a criticism in the most acceptable way is eliminated with 152 

the use of HHI, taking into consideration all companies in the industry concerned. 153 
Specifically, HHI measures market concentration in the form of sum of the squared market 154 
shares of all companies in the industry, which means that it takes into account all 155 
companies, whereby, squaring their market shares, growing importance is given to 156 
companies with larger market shares. Accordingly, for example, in the two industries with the 157 
two companies with unequal market shares HHI value will be greater in the industry in which 158 
company with the largest market share operates. 159 

                                                      
2
 Hannaford S. Market Domination! The Impact of Industry Consolidation on Competition, 

Innovation, and Consumer Choice, Praeger Publishers; 2007. p. 10. 
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Herfindahl-Hirschman Index (HHI) is, therefore, the sum of squares of the market shares of 160 
all companies in the industry concerned, i. e. 161 
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where HHI stands for the percentage of the sum of squared market shares of all companies 163 

in the industry, and 2
i

S  squared market share of the i-th company in the industry. 164 

HHI value ranges from near zero, as in the case of perfect and monopolistic competition, up 165 
to ten thousand, as in the case of dominant companies or pure monopoly. Otherwise, it is 166 
considered that the industry or market is non-concentrated if the index value is less than 167 
1500, while the market is moderately concentrated market if the value of the index ranges 168 
between 1500 and 2500. The value of HHI above 2500 represents a highly concentrated 169 
industry, and industry with a very high market power. 170 

2. MATHEMATICAL RELATIONSHIP BETWEEN CR AND HHI 171 

 172 
CR and HHI, each in their own way, measures market concentration. The first indicator 173 
draws a conclusion on market concentration on the basis of the sum of percentages of the 174 
market shares of four, eight or twelve largest companies in the industry. Another indicator 175 
draws a conclusion on market concentration on the basis of the sum of the squared market 176 
shares of all companies in the industry. The key difference is, therefore, in what HHI takes 177 
into account all companies, while CR operates only with a number of companies. Based on 178 
these differences it is usually considered HHI to be better measure of market concentration 179 
than CR. 180 

At first glance, especially if we take into account the fact that the individual market shares 181 
are being squared, and greater importance is given to larger companies, it seems that this 182 
could be a definite conclusion. However, the question that arises is the meaning, in 183 
mathematical and real terms, of  squared market shares of those groups of companies that 184 
do not belong to the group on the basis of which is CR, but they are included in calculation 185 
by HHI. In other words, is their meaning such that it could be ignored, especially if it is known 186 
that with the decline in market share, meaning of squared market shares decreases even 187 
more. This is confirmed by the many examples of industries that are characterized by 188 
digressively increasing function of the HHI, which is asymptotically approaching a value, 189 
which in most cases is far less than the maximum possible value. 190 

In this sense, the answer is sought in the example of the US economy, comparing CR and 191 
HHI at four levels of aggregation of data, starting with the highest level of aggregation, one 192 
that shows the industry at the level of 3-digits, till the lowest level of aggregation, i. e. the one 193 
that shows the industry at the level of 6-digits. The data are from 2007, and the analysis 194 
involves calculating the correlation between the CR and HHI. CR shows the sum of 195 
percentages of market shares of our largest companies in the industry. 196 

At the level of 3-digits, which includes 21 pairs values of CR and HHI, scatter diagram 197 
(Figure 1) shows a very high positive correlation between CR and HHI. The curve that 198 
approximates the shown values has digressive growing in relation to the HHI, while it 199 
progressively increases in relation to the CR. The regression model that best describes the 200 
relationship between HHI and CR takes the following form: 201 
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 203 

According to this model, an increase in the HHI of 1% will affect the average increase of CR 204 
by 0.5747%. Regression model explained 99.23% of deviations, which testifies of its high 205 
quality. 206 
 207 
 208 

 209 
Figure 1. Scatter diagram of CR4 and HHI at the 3-digits level 210 
 211 
 212 
At the level of aggregation of an industry that is shown at 4-digits level, there are 85 pairs of 213 
values of CR and HHI. Regression model that best describes the relationship between the 214 
HHI and CR in this case is: 215 
 216 

 217 

 218 
 219 
According to this model, an increase in the HHI of 1% will affect the average increase of 220 
CR4 by 0.5502%. Regression model explained 98.03% of deviation. 221 
 222 
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 223 
Figure 2. Scatter diagram of CR4 and HHI at the 4-digits level 224 
 225 
 226 
At the level of aggregation that is displayed at 5-digits level, there are 180 pairs of values of 227 
CR and HHI. The regression model that best describes the relationship between HHI and 228 
CR4 at this level of aggregation takes the following form: 229 
 230 

 231 

 232 
 233 
According to this model, an increase in the HHI of 1% will affect the average increase of the 234 
concentration ratio CR4 by 0.5491%. The model explained 97.93% of deviation, and 235 
therefore this model, similar to previous models, perfectly explains the connection between 236 
the variables concerned. 237 
 238 

 239 
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Figure 3. Scatter diagram of CR4 and HHI at the 5-digits level 240 
 241 
At a minimum level of aggregation, 6-digits level, a diagram is obtained based on 437 pairs 242 
of values of CR and HHI. The estimated regression equation is in the form: 243 
 244 

 245 

 246 
 247 
The estimated regression equation means that an increase in HHI by 1% leads to an 248 
increase in the average concentration ratio CR4 by 0.5443%. Given the fact that the 249 
regression model explains 97.79% of deviation, this model can also be considered as 250 
excellent. 251 
 252 
 253 

 254 
 255 
Figure 4. Scatter diagram of CR4 and HHI at the 6digits level 256 
 257 
Based on the estimated regression models it is possible to notice certain regularity in the 258 
connection between HHI and CR4. Very similar correlation was obtained even for the values 259 
of CR8 and CR12, only with different values of coefficients in the model. It is obvious that 260 
with the growth of data, i.e. with the growth of number of industries being analyzed, the 261 
values of the coefficients in the regression model are slightly changing. Since at the 6-digit 262 
level, the aggregation is at its least, that model includes all US industries to the highest 263 
degree of classification, this particular model can be taken as representative according to 264 
which it is possible to determine how HHI and CR4 are related. 265 
 266 
  267 
 268 

3. THE RELATION BETWEEN CR AND HHI AT THE LEVEL OF PARTICULAR 269 

MARKET CONCENTRATION 270 

 271 
Assuming that there is a predetermined mathematical relationship between CR and HHI, it is 272 
possible to define a common domain in terms of the level of market concentration, on the 273 
one hand, and the market power and the type of market structure, on the other hand. In this 274 
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sense, three levels of market concentration can be defined: (1) non-concentrated market, (2) 275 
moderately concentrated market, and (3) a highly concentrated market. Each level of market 276 
concentration is characterized by a certain level of market power according to which market 277 
structure can be determined. The distinguishing is based on the classification that serves as 278 
a guide to mergers adopted by the US Department of Justice and the Federal Trade 279 
Commission from 2010. 280 

According to this classification, the term non-concentrated market is considered to be a 281 
market in which the measured value of the HHI is less than 1500. Moderately concentrated 282 
market is characterized by the value of HHI between 1500 and 2500, while the highly 283 
concentrated markets are those in which HHI is greater than 2500. Table 1 contains the 284 
corresponding values of CR compared to HHI for each type of market, which are defined on 285 

the basis of expression . 286 

Table 1. 287 

Level of 
concentration 

Type of market Market 
power 

HHI
3
 CR4

4
 

Non-concentrated 
market 

Efficient competition, part 
of monopolistic competition 

Low, if 
any 

<1500 <45 

Moderately 
concentrated market 

Part of monopolistic 
competition, loose oligopoly 

Moderate 1500-2500 45-60 

Highly concentrated 
market 

Tight oligopoly, dominant 
firm 

High >2500 >60 

 288 

In traditional classification of market structures notion of effective competition refers to the 289 
perfect competition and monopolistic competition in part which is characterized by a low 290 
degree of differentiation of products. At the same time, moderately concentrated market 291 
comprises that portion of monopolistic competition, which is characterized by a high degree 292 
of product differentiation, while the notion of a loose oligopoly refers to the oligopoly with 293 
more than a few companies of equal market shares. Finally, a highly concentrated market 294 
comprises tight oligopoly, a term that implies an oligopoly, or market with a few companies 295 
with similar market shares or market with larger number of companies of which a few of 296 
them stands out with larger market shares. The dominant company reflects the market in 297 
which there are several companies with one that stands out with significantly higher market 298 
share than any other company. 299 
 300 
 301 

4. CONCLUSIONS 302 

 303 
Market concentration can be measured in different ways, or by using different indicators. In 304 
the broadest use are the concentration ratio (CR) and Herfindahl-Hirschman Index (HHI). It 305 
is believed that the Herfindahl-Hirschman Index is more precise measure because it takes 306 
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Incomplete Market Information. 16th International Conference on Computer Modelling and 
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into account all companies. Research, which was conducted on the example of the US 307 
economy, shows that there is no difference between the concentration ratio and the 308 
Herfindahl-Hirschman index, i. e. that there is a specific mathematical relationship between 309 
them. This relationship allows the conversion of a certain value of one indicator in the 310 
corresponding value of the other indicator and it allows drawing the same conclusion as on 311 
the basis of an indicator from which it was derived. The expression on the basis of which 312 

conversion can be done at the level of 6 digits is as follows: 5443,0
2078,14 HHICR = . 313 

 314 
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