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1 Introduction

Many voices in the music industry have claimed that internet piracy has reduced sales of

legitimate CDs and that illegal MP3 downloads have become a substitute to legal CD purchases.1

Indeed, many analysts believe that the current downturn in CDs sales is due to the increasing and

uncontrollable number of illegal copies available using peer-to-peer (P2P) technologies. End-

user piracy, which is different from for-profit piracy, seems to be much more difficult to control.

The industry and policy makers have addressed this issue by reinforcing copyright laws, by

implementing technological protection and by actively enforcing legal protection through

lawsuits targeted at developers and users of P2P networks. Yet, defenders of online distribution

technologies have argued that MP3 downloads offer a new way for consumers to try new music,

a typical experience good, in order to make more informed purchases, which could increase CD

sales. This is referred to as sampling or exposure effect in the economics literature.2 Thus there

remains to determine the net contribution of MP3 downloads on CD sales, which is the purpose

of this article.

To our knowledge, there have been only two attempts to assess the role of piracy on CD

sales. Kai-Lung Hui and I.P.L. Png (2003) test the role of offline piracy on the demand for CDs.

                                                
1 In the news-breaking Napster case, the court found that the use of the file-sharing technology harmed the music

industry partly on the ground that illegal music download reduced legitimate sales of CDs. During the summer 2003,

the Recording Industry Association of America (RIAA) started to monitor activities of file-sharing networks in

preparation of a massive series of lawsuits targeting individual file-swappers. Eventually, in September 2003, the

RIAA filed 261 lawsuits charging music uploaders with copyright infringement. These legal actions are also

strongly based on the belief that music downloads are causing a substantial damage to the music industry.
2 See Peitz and Waelbroeck (2003a) for a critical review of the literature on piracy of digital products. For a

particular model that focuses on the sampling aspect, see Peitz and Waelbroeck (2003c).



They test whether the demand for originals is increasing or decreasing with the extent of piracy,

using international data for the period 1994-1998 covering 28 countries from the IFPI

(International Federation of the Phonographic Industry), the BSA (Business Software Alliance)

and the SIIA (Software and Information Industry Association) to construct measures of (offline)

piracy and expected fine per country. They find a negative and significant effect on legitimate

CD sales. The implied per capita demand loss is found to be 0.10 unit, 42% less than the IFPI

number.

Stan Liebowitz (2003) tries to assess the effect of online piracy on the music industry. He

looks at a 30-year time series of sales in the U.S. record industry using numbers by the RIAA

(Recording Industry Association of America) until 2002. He argues that the current downturn in

CD sales can be associated with the appearance of file-sharing technologies, although he admits

that sales of other media much less substitutable to MP3 such as cassettes and singles also

dropped during that period. He also dismisses the role of income and prices on CD purchases. He

concludes, without using direct information on music downloads or internet usage, that "MP3

downloads are causing significant harm to the record industry".

In this article, we proceed in two steps to assess the effect of internet piracy on CD sales.

First, we use data on music downloads gathered in 16 countries for the period 2000-2001 in

section 2 and find a significant effect of MP3 downloads on CD sales. Second, we assess the

plausibility of our estimates by analyzing survey data on MP3 downloads in the U.S. in section

3. Depending on the substitutability between MP3s and CDs and the multiplier effect of offline

piracy, MP3 downloads can partly and even fully account for the CD decline in the US market in



2001. However, using an estimated elasticity of CD sales with respect to MP3 downloads, we

find that internet piracy only account for less than 25% of the CD decline in 2002 in the US.

Section 4 concludes the article.

2 Cross-section analysis

2.1 Factors influencing cross-section variation in CD sales

There are several factors in addition to internet piracy that could influence cross-country

variation in CD sales:

(1) prices;

(2) country-specific environment of the music industry, including offline piracy, taste for music,

the distribution of income of potential users;

(3) income and economic environment;

(4) substitution with other media and other forms of entertainment; new distribution channels;

new media such as portable CD and MP3 devices.

(5) the "quality" of music.

Liebowitz (2003) reviews these factors and finds that real prices of CDs have been quite constant

over the recent years, so that factor (1) is not going to play a significant role. Price differences

across countries and other countries specific factors (2) that have not changed over the period

will be eliminated by taking first differences. Factor (3) will be controlled by domestic GDP.

Factors in (4) will be controlled by a set of proxy variables that we will describe below. Factor

(5) is unobservable and will be assumed to be uncorrelated with the internet piracy variable.



2.2 Data and variable description

We use data on the music industry from the IFPI World Reports 2001 and 2002 that provide data

for 2000 and 2001 respectively. It does not seem relevant to look at data prior to 1999 since file-

sharing technologies, a prerequisite for large-scale internet piracy, only appeared in the second

half of 1999 with the creation of Napster.3 Domestic figures on music downloads have been

obtained from IPSOS-REID. The 16 countries used in the empirical study represent countries

with the largest markets for recorded music (in value), accounting for more than 90% of the

world total CD market value.4

The dependent variable is CD sales, given in units of CDs sold.

Our explanatory variables are the following:

GDP (in constant dollars) captures the economic environment.5

Downloads, defined as the percentage of adult internet users who downloaded music files in

MP3 format from the Internet at least once.6 This variable serves as a proxy for internet piracy

but does not capture the intensity of the downloading activity: ideally, this number should be

                                                
3 Although we present estimation results for the period 2000-2001 in the main text, we find the same implied effect

of internet piracy on CD sales for the period 1999-2001. See Appendix 4.
4 These countries are US, Japan, UK, Germany, France, Canada, Mexico, Spain, Italy, Australia, Netherlands,

Sweden, South Korea, Belgium, Switzerland, and Taiwan. While we have missing observations for Austria ranked

15 in market value, Brazil (ranked 7 with 1.7% of worldwide sales) was an outlier that we discarded from the

econometric analysis. Nevertheless, the partial effect of internet piracy was identical with or without Brazil,

although the fit was poorer by including Brazil in the analysis.
5 GDP data are from the OECD except for Taiwan for which we gathered information from the Economist

Intelligence Service.
6 These are survey data from the beginning of 2002 for all the countries included in our sample (documented in

IPSOS-REID Tempo 2002). This is a unique dataset which gives us a powerful proxy for online piracy.

Unfortunately, this restricts our analysis to a cross-section analysis.



multiplied by the number of downloaded music files per user in each country. Implicitly, we

assume that the effect of an additional downloader on CD sales is similar across the countries in

our sample.

Broadband, defined as the number of people with home connection in percentage of the total

number of households). Broadband penetration may partly capture the substitution with new

forms of entertainment such as online activities, online games as well as audio-streaming and

digital music distribution.7

MC sales, defined as the number of units of musical cassettes (MC) sold divided by the level of

CD sales (times 100).8 MC sales captures cycle effects due to the replacements of MCs by CDs:

if there are proportionally many MCs compared to CDs, there is more scope for substitution

between MC and CDs. This should increase CD sales.

CD players, defined as the number of CD players per household (times 100). Household

penetration of CD players captures how easy it is for consumers to copy (positive correlation

with CD burners) and enjoy the product (positive correlation with portable music players).

Data are presented in Appendix 1.

                                                
7 It is quite possible, however, that, at least in the sample period, home broadband access may not capture these

substitution patterns across countries if the diffusion process varies across countries (e.g. because of differences in

pricing of broadband access, culture etc.).
8 We used data for 1999 to avoid potential endogeneity issues. We have also run regressions with log differences of

MC sales (1998-1999) with similar results, the fit was, as should be expected, however poorer.



2.3 Model

We have n = 16 countries and two periods t = 2000, 2001. Let yi,t denote the sales of CDs in log

units in country i, i = 1, …, n, at time t. zi,t is the variable that captures internet piracy (in logs).

xi,t is a vector of dimension k×1 of control variables (also in log) in country i at time t. To

eliminate country specific effects, we write the model in first difference:

yi,t − yi,t−1 = (xi,t − xi,t−1)′ β + α (zi,t − zi,t−1) + εi,t

where εi,t has an unobservable variable mean 0 and variance σ2 that includes factor (5) assumed

to be uncorrelated with our explanatory variables, and α and β  are parameters to be estimated.

More specifically, α is the partial effect of online piracy on CD sales.

We do not have data on MP3 downloads, Broadband, and CD players variables for the year

2000. Thus we used these variables in level in the regressions. However, levels are likely to be a

good proxy for first differences in that period for most countries: in particular, downloading

essentially started in the second half of 1999.9

                                                
9 In Appendix 2, we present results with a square root transformation of the download and broadband variables

account for the fact that increases in MP3 downloads and fast internet connections are proportionally smaller in

countries where their levels are high. The estimated coefficients lead to the same partial effect of internet piracy on

CD sales. We discuss estimation results for the period 1999-2001 in Appendix 4.



2.4 Estimation Results

Table 1 gives our estimation results (ordinary least squares).10

Table 1. Estimation results 2000-2001

2000-2001 (1) (2) (3) (4) (5) (6) (7) (8)

 coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat

GDP 6.5 9.3 6.7 9.6 6.2 16.3 6.5 10.0 6.1 16.3 6.7 9.6 6.2 14.8 6.1 15.2

Downloads -0.25 -8.5 -0.30 -4.7 -0.30 -8.9 -0.22 -4.0 -0.30 -6.4 -0.28 -3.9 -0.36 -5.8 -0.35 -5.3

Broadband  0.17 0.9   -0.03 -0.2 0.16 0.8  -0.03 -0.3

MC sales   0.13 4.7  0.14 3.4  0.15 4.7 0.16 3.8

CD players       0.0 -0.6   0.00 -0.4 0.02 1.4 0.02 1.4

R2 0.79  0.81  0.86  0.79  0.86  0.81  0.87  0.87  

Losses -9  -11  -11  -8  -11  -11  -14  -13  

Contrary to Liebowitz (2003) we find a strong positive effect of income (GDP growth) on CD

purchases, although this variable may capture other factors related to the domestic economic

environment. The coefficient associated with the internet piracy variable is always significantly

different from zero (at the 5% level). Substitution with MC is another important factor

influencing CD sales during the period. Broadband penetration and CD players are not

significant explanatory variables of CD sales and do not increase the R2 of 0.86 that is fairly high

given our small number of explanatory variables and the fact that the model is taken in first

differences.

                                                
10 We also ran a set of regressions by interacting internet penetration with the download variable in Appendix 3. The

fit was poorer as an important fraction of heavy music downloaders do not connect from home but rather from work

and colleges. Nevertheless the results were in line with those presented in Table 1.



Based on the estimated coefficient associated with the download variable, we can assess the

effect of internet piracy on the decline in CD sales (last row of Table 1). In specification (3), the

implied loss of CD sales due to MP3 downloads is 11% worldwide between 2000 and 2001 and

is 12% in the U.S.11

3 Taking a closer look: U.S. Survey data

In this section, we investigate whether the 12% loss due to MP3 downloads in the U.S. is

compatible with individual consumer behavior.

3.1 Summary of facts on music downloading in the U.S.

Survey data gathered for the period 2000-2002 suggest the following stylized facts for the U.S.

that are documented in Peitz and Waelbroeck (2003b):

1. 138 million of adults aged 12 and older had access to the internet in 2000.

2. About 90% of internet users have access at home, while 10% can only access form work,

colleges or other places in 2001-2002; 25% of home users have broadband connections

and 75% have dial-up connections.

3. There are essentially two types of music downloaders: 15 % of heavy internet users with

broadband connection download music on any given day; only 5% of light internet users

with dial-up connection download on any given day (2001 data).

3.2 Assessing “internet piracy”

To assess the effect of music downloads on CD sales we make a number of hypotheses:

                                                
11 To obtain these percentages, we multiplied the estimated coefficient (-0.30) by the worldwide average download

percentage (37.69) and by the percentage of downloaders in the U.S. (40) respectively.



1. Internet users who download music share downloaded music with friends or resell on the

black market; this effect will be referred to as the multiplier of online piracy on offline

piracy.

2. Only users who download on a regular basis are a threat to copyright owners.

3. These same users reduce, on average, their net CD demand by 1 to 5 CDs.

4. Work internet users have the same downloading behavior as broadband internet users and

college students.

5. Home internet users have the same music downloading behavior regardless of whether

they only access from home or also from work.

Assumption 1 states that online piracy can have a potential impact on offline piracy because of

CD burners. Assumption 2 is reasonable if internet users who only occasionally download music

do so to sample new songs. Assumption 3 accounts for different substitution patterns between

MP3s and CDs. Assumptions 4 and 5 are made by lack of precise information on these types of

internet users.

Based on survey data, we know that 90% of internet users can connect online from home.

Internet users who only download from work or other places (including college students)

represent 10% of the online population and are assumed to have the same behavior as broadband

users: 15% download music on a regular basis. To sum up, among home users, 7.5% (= .25 × .15

+ .75 × .05) download music on a regular basis. On the other hand, 15% of work users do so.

Thus the total percentage of internet users who are potential copyright “offenders” is 8.25% (= .9

× .075 + .1 × .15) of the online adult population aged 12 and above (= 138 millions) = 11.4



million.12 Suppose that MP3 downloads substitute for 1 CD and that there are no multiplier

effects due to sharing and to offline piracy. Then the lost sales due to music downloads is 11.4

million of units or a 1.21% decrease in CD sales between 2000 and 2001. The following table

summarizes simulations of lost sales due to piracy for different types of substitution patterns and

different multiplier effects.

Table 2. Possible effects of MP3 on CD sales for 2000-2001 (% of lost sales due to music

downloading, 2000-2001)

Offline piracy multiplier

1.00 2.00 3.00 4.00 5.00

1.00 1.21 2.42 3.62 4.83 6.04

2.00 2.42 4.83 7.25 9.66 12.08

3.00 3.62 7.25 10.87 14.50 18.12

4.00 4.83 9.66 14.50 19.33 24.16

Su
bs

tit
ut

io
n 

be
tw

ee
n 

m
p3

an
d 

CD
s (

un
its

)

5.00 6.04 12.08 18.12 24.16 30.20

It is worth noting that in order to obtain an implied loss of 12%, we need to make strong

assumptions on the substitution pattern and the multiplier effect. For instance, we could get this

percentage if P2P users reduce their demand by 3 CDs and each pirated CD reduces legitimate

demand by a factor of 3. We should point out that a value of 3 for the offline piracy multiplier

effect is not absurd. For instance, if each CD is burned and shared with two friends (not

necessarily directly) who would have purchased the original CD otherwise, the multiplier effect

                                                
12 This number is compatible with the 12.5 millions of unique file-sharing network users (mostly Napster) reported



is 3, not an irrelevant scenario. A reduction of 3 CDs however seems large as the average CD

consumption per capita was 4.3 units in 2000 (among the 218 millions Americans aged 12 and

more); it seems unlikely that heavy downloaders use MP3 downloads as a substitute for 70% of

their average CD consumption.13 Therefore we believe that our estimated implied loss (and the

estimated partial effect of internet piracy on CD sales) is an upper bound on the effect of internet

piracy. However it could be argued that people who download music consume on average a

larger number of CDs so that 3 CDs only represent perhaps 30-50% of their past consumption.

The exact substitution pattern between MP3 and CDs and the value of the multiplier effect on

offline sales are an important topic for further research. We restricted ourselves here to propose a

range of values that are compatible with our implied estimated loss and that can serve as a basis

for future work.

3.3 Forecasts

To check the validity of our estimated effect of music downloads on CD sales, we forecast on the

evolution of CD sales in 2002. Indeed, for the US, we can determine the partial effect of the

music download variable on CD if we assume that the growth in the number of CDs lost to

internet piracy is proportional to the number of people downloading music. Table 3 describes the

                                                                                                                                                            
by comScore Networks for the first quarter of 2001.
13 IPSOS-REID TEMPO Dec. 2002 asked the following question "Since you initially began downloading music or

mp3 files off of the internet, would you say that your Compact Disc purchases have decreased, increased, stayed the

same?"; 19% answered that CD purchases have decreased, 24% said it increased, while 57% said they it the same

(834 respondants). Jupiter Media Matrix 2002 Report finds that "while file-sharer were 41 percent more likely to

increase (music) spending than the average (online) music fan, they were 21 percent more likely to decrease

spending."



evolution of the number of people downloading music. Note the slowdown in music downloads

2002 after the dramatic increase in 2001.14

Table 3. Evolution of music downloaders.

       Year

Number of

internet users

% of music

downloaders15

Number of music

downloaders  Growth rate

2002 137 29 39.73 8%

2001 127 29 36.83 45%

2000 121 21 25.41                 -

Source: Harris-Interactive (2002), Pew Internet Report (2003) and own calculations

To compute α, the partial effect of an increase in the number of people downloading music ∆z,

we equalize the total contribution to the decline in CD sales in the U.S.:

α ∆z = -12

The number of internet users who download music increased by 45% between 2000 and 2001.

Thus we have α = -12 / 45 = -0.27: a 1% increase in the number of people downloading music

should roughly trigger a 0.25% decrease in CD sales. We would like to stress again that this is

most likely to be an upper bound on the partial effect of music downloads on future CD sales for

                                                
14 This trend is compatible with the slow evolution of the number of P2P users in 2002. IPSOS-REID TEMPO 2002

study reports that the number of persons who have downloaded digital music files from an online file-sharing

service in the past 30 days has increased from 9% April 2002 to 9.5% in December 2002.
15 Note that the percentage of 29% of PEW internet is lower than the 40% found by IPSOS in the US, the reason is

that PEW uses a more restrictive definition of music download: "have you ever downloaded music files to the your

computer so that you can play them at any time?", which excludes files that are never or rarely played, such as files

sampled from music distribution sites.



two reasons. First, we have already argued that this elasticity implies a strong substitution pattern

between MP3s and CDs. Second, there are good reasons to believe that users who have the

highest propensity to download music have adopted the P2P technology early, as illustrated by

the relatively slow increase in the number of people downloading music in 2002, only two years

after the creation of file-sharing technologies.

The effect of internet piracy on CD sales in 2002 is estimated to -2 % (= -8 × 0.25) of

internet piracy on CD sales. However, CD sales declined by 8.9% in the US in 2002, while

economic growth picked up to 2.45%. Thus internet piracy alone can only explain 22.5% of the

CD decline in 2002 and is most likely not to be a significant factor in 2003 as the percentage of

internet users who download music is reported to have declined further after the series of legal

actions undertaken by the RIAA in the summer of 2003. We should stress that in order for

internet piracy to fully account for the 8.9% decline in CD sales, the coefficients associated with

internet piracy would have had to be at least 4 times bigger (assuming that GDP has no effects on

CD sales). This is unlikely since we already argued that our estimated partial effect of internet

piracy is an upper bound.

4 Conclusion

We have analyzed the RIAA’s claim that music downloads are causing a substantial decrease in

CD sales. Our cross-section regression confirms their fear: we find that music downloading

could have caused a 10% reduction in CD sales worldwide in 2001. More work is needed to

evaluate the exact substitution rate between CDs and MP3 (including sampling) as well as the

value of the multiplier effect of online piracy on offline piracy. Nevertheless, we cannot reject

the hypothesis that internet piracy has played a significant role in the CD market in 2001. The



story for 2002 is different, at least for the US, as the number of people downloading music has

only slightly increased. As a matter of fact, our estimates imply a 2% loss in CD sales due to

music downloads, a small number compared to the observed 9% drop in 2002 in the US.

Different factors can explain the current downward trend in CD sales. One such factor may be

the effect of the diffusion of fast internet connections on leisure activities. Currently, people are

more listening to audio clips and internet radio than downloading music files (see Peitz and

Waelbroeck 2003b). While it is not clear how audio streaming will affect record companies in

the future (record companies collect royalties on streamed content and clearly online purchase

made on the recently launched Apple's ITunes substitute for regular CD purchases), it is only one

of the many activities of broadband users. Other forms of digital activities such as instant

messaging, looking for news, job and hobby information, creating online content (pictures, web

pages), watching video clips and movies, playing online games, purchasing products online and

undirected browsing, that are embraced by broadband users, are clearly a substitute to traditional

forms of entertainment. Indeed, survey data provide evidence that heavy internet users have

reduced the amount of time watching television and listening to music.16

As a consequence, the recent legal actions and the development of technical measures of

protection of musical CDs carried by copyright owners may be badly motivated. Besides, there

are reasons to believe that the music industry might actually benefit from digital distribution.

Indeed, numerous surveys (documented in Peitz and Waelbroeck 2003b) highlight the potential

sampling role of digital copies. While current P2P technologies are not very good at sampling

new music available on P2P networks, since downloader's profiles are not available and cross-

                                                
16 See reports by PEW 2002 and Arbitron/Edison  Media Research 2003 documented in Peitz and Waelbroeck,

2003b.



recommendations inexistent, new platforms can be designed to make sampling easier. As a

result, labels may benefit from file-sharing because, as Peitz and Waelbroeck (2003c) have

argued, they may be able to save on marketing and promotion costs, by letting consumers search

for their most preferred music.
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Appendix 1. Data

Our data are summarized below. CD sales and GDP are in log-differences times 100 (i.e. they

give percentage change), MC sales, Downloads, Broadband and CD players are in percentage.

The last two lines of the table give descriptive statistics of our variables. Note the decrease in CD

sales during the period.

        Country name          CD sales               GDP     Downloads     Broadband MC/CD ratio      CD players

USA -6.65 0.25 40 9.9 13.0 259

Japan -11.20 -0.58 20 7.3 2.0 123

UK 8.10 1.94 28 1.2 10.0 148

Germany -10.73 0.57 34 4.5 10.0 125

France 10.78 1.82 34 2.6 11.0 125

Canada -7.76 1.45 44 20.5 10.0 113

Mexico -7.32 -0.27 35 1.9 37.0 37

Spain 5.49 2.63 39 3.4 21.0 88

Italy -2.85 1.76 46 2.9 36.0 56

Australia 12.45 3.86 37 6.0 2.0 81

Netherlands -7.93 1.26 40 9.5 1.0 126

Sweden 0.76 0.82 40 7.4 3.0 103

South Korea 16.66 2.99 50 32.0 93.0 74

Belgium -7.44 0.75 37 7.6 1.0 105

Switzerland -2.79 0.89 28 3.8 4.0 157

Taiwan -22.87 -1.91 51 25.0 21.0 104

Mean -2.08 1.14 37.69 9.09 17.19 114.00

Std. dev. 10.43 1.42 8.13 8.95 23.23 49.97

Sources: IFPI World Reports 2001 and 2002 (CD sales, MC sales, Broadband, CD players), OECD and

Economist Intelligence Unit (GDP), ISPOS-REID (Downloads)



Appendix 2: Square root transformation

Here we present results with a square root transformation of the broadband and the download

variables.

2000-2001 (1) (2) (3) (4) (5) (6) (7) (8)

 coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat

GDP 6.6 10.1 6.6 8.3 6.3 17.6 6.6 10.3 6.1 18.4 6.6 8.3 6.4 17.2 6.1 17.0

Downloads -1.57 -9.3 -1.63 -2.3 -1.83 -9.2 -1.59 -4.4 -1.48 -3.0 -1.66 -2.3 -2.37 -5.9 -2.01 -3.8

Broadband  0.13 0.1   -0.79 -0.8 0.13 0.1  -0.96 -1.1

MC sales   0.11 3.7  0.12 3.0  0.13 4.4 0.15 3.9

CD players       0.0 0.1   0.00 0.1 0.02 1.9 0.03 2.0

R2 0.80  0.80  0.85  0.80  0.85  0.80  0.86  0.87  

Losses -10  -10  -11  -10  -9  -10.1  -14  -12  

The analysis leads to the relatively similar average implied loss of 11% worldwide with

specification (3).



Appendix 3: Internet × download

Here we use a modified variable for Downloads, namely the original MP3 download variable

multiplied by internet penetration as a percentage of the total population (data obtained from the

IFPI). However, we miss internet penetration for Switzerland, reducing the total number of

observation to 15 (we still leave Brazil out as it is also an outlier with this specification).

2000-2001 (1) (2) (3) (4) (5) (6) (7) (8)

 coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat

GDP 6.2 8.4 6.5 7.4 6.0 10.6 6.2 8.6 6.2 7.3 6.4 7.0 5.9 10.2 6.1 6.7

Downloads -0.46 -5.8 -0.59 -2.8 -0.51 -4.9 -0.35 -2.1 -0.56 -2.7 -0.50 -1.5 -0.43 -2.2 -0.47 -1.4

Broadband  0.20 0.8   0.10 0.4 0.17 0.6  0.06 0.2

MC sales   0.07 1.1  0.05 0.7  0.06 1.0 0.05 0.7

CD players       0.0 -0.8   -0.01 -0.5 -0.01 -0.6 -0.01 -0.4

R2 0.74  0.76  0.76  0.75  0.76  0.76  0.77  0.77  

Losses -8  -11  -9  -6  -10  -8.85  -8  -8  

The estimated implied loss does not change much, 9% with specification (3). However the fit is

poorer than using the download variable on its own (R2 drops from. 0.86 to 0.76). There are two

reasons: a reduced number of observations and the inappropriateness of internet penetration to

capture heavy music downloaders.



Appendix 4: 1999-2001

Here we present results for the period 1999-2001. GDP and MP3 downloads are still significant

determinants of CD sales. The effect of the MC to CD ratio (calculated using 1998 data) is still

different from zero with a negative sign, but broadband penetration starts to play a significant

role on CD growth. Clearly, we can not include too many variables with only 16 observations,

but nevertheless the estimated implied loss due to music download is 30% with specification (2)

a percentage that is relatively stable across specifications.

1999-2001 (1) (2) (3) (4) (5) (6) (7) (8)

 coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat coef. t-stat

GDP 7.0 4.7 7.3 11.3 8.9 9.6 7.3 5.8 8.1 9.0 7.5 13.8 8.9 9.5 7.9 8.4

Downloads -0.99 -5.0 -0.80 -11.5 -1.09 -10.7 -1.17 -4.9 -0.88 -6.1 -0.93 -5.9 -1.14 -5.9 -0.95 -5.1

Broadband  -0.87 -3.8   -0.68 -1.5 -0.82 -3.3  -0.70 -1.6

MC sales   -0.20 -3.2  -0.09 -0.7  -0.19 -2.6 -0.06 -0.5

CD players       0.1 1.5   0.03 1.1 0.02 0.4 0.02 0.8

R2 0.66  0.79  0.75  0.69  0.80  0.80  0.75  0.81  

Losses -37  -30  -41  -44  -33  -35  -43  -36  

The total adult population of internet users was 113 million in 1999. However, we do not have

data on the percentage of internet users downloading music in 1999. Nevertheless, the implied

elasticity of CD sales to internet piracy can be computed if we assume that the percentage of

internet users downloading music increased by roughly 40% between 1999 and 2000, i.e. this

percentage was 15% (= 21 / 1.4) in 1999). This conservative scenario gives a total number of

music downloaders of 16.95 (= 0.15 × 113) million in 1999 and a growth rate of 117% between

1999 and 2001. The implied elasticity of CD sales to internet piracy is 32/ 117, approximately

the same as elasticity of 0.27 obtained for the period 2000-2001.
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