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Abstract

The adherents of the so-called ‘New Economy’ claim that we are entering a new erawith high
output growth, low unemployment and low inflation. ICT investments in general and the
increased use of the Internet play an important role in this claim. However, the theoretica
underpinning of this claim is still missing and the purpose of this paper is to contribute to the
discussion around the increased use of the Internet and the low inflation experience. This paper
presents the diffusion of the Internet as a cost saving technology in a model with network effects
and dynamic market structures. The latter two result in an endogenous diffusion process of the
use of the Internet for busi ness-to-business commerce. However, there is also some feedback
from the increased adoption of the Internet. Diffusion also affects the market structure and
therefore the gains of the efficiency improvements obtained by doing business viathe Internet.
The combination of the diffusion of the Internet, the characteristics of this network and the
dynamics of the markets can explain variation in the mark-up on production costs and the
dynamics in the mark-up is found to explain at least a part of the low inflation experience.
However, the model aso predicts that the inflation suppressing effect of the increased use of the
Internet eventually will cease and that inflation will increase in the longer run. The paper adds
two new elementsto the existing literature. First, it describes amodel that combines network
effects with changes in market structures to explain the diffusion of a cost reducing technol ogy,
i.e. the Internet. Second, it uses this model to explain the current low-inflation experience.



The Information Economy

Thereis no well-defined concept of the term ‘ Information Economy’ and we find many
other labels that indicate about the same notion: the ‘new economy’, * knowledge economy’,
‘digital economy’, and ' network economy’. In all descriptions we find similar ideas on the
underlying forces.* The main characteristics are high investment in ICT equipment and services,
the increasing importance of knowledge as afactor of production, increased importance of
information goods in total production (and consumption), the world-wide use of new
communication technologies based on standardised concepts and protocols, and the globalisation
of economies. The extensive growth of the Internet is viewed as a key exponent of this
development: it changes the way of production, distribution and consumption for many products
and services.

Theinfluence of ICT on the economy can —broadly speaking— be grouped in two different
categories. Thefirst oneis based on the characteristics of information goods and concerns the
production and distribution of these goods. The nature of information goods (high initial
production costs, low reproduction costs; information goods are non-rivalry goods, there exist
large network effects for information goods; and there is a serious threat of lock-in effects)
implies that the market structures for information goods will differ from the traditional goods
markets.” Moreover, consumption patterns will change and will cause (indirect) changesin
sectoral distribution of production, in the labour market and eventually aso in other areas of
society like education and private households. However, the current size of information goods
producing sector —both in terms of output as well asin terms of inputs like employment— is
rather small and it is not large enough to cause economy-wide effects like low inflation,
combined with low unemployment, high productivity growth and high output growth.

The second category of the influence of ICT on the economy is the economy wide use of ICT
equipment in production processes. There is evidence that the continuous investment in ICT
equipment —combined with new, integrated, concepts of organising business (from buying raw
materials and intermediates to selling final products)— finally results in more efficient production
and distribution processes.® Moreover, the quality of products and services has been changed
considerable due to these transformations and new types of products and services become
available at a great pace. The Internet as a market place for both raw materials and intermediates
on the one hand and final products on the other has accelerated this process of improved
efficiency and restructured industries.

Low inflation and a varying mark-up margin

The US economy shows a continuing GDP growth of more than 3 percentage per year
since 1994. In correspondence with the high level of growth, unemployment has been falling
from 6 percent in 1994 to 4.3 in 2001.* This low level of unemployment is below its presumed
NAIRU (Non-Accderating-Inflation Rate of Unemployment) for more than four years. From the
theory on the NAIRU, we expect that the rate of inflation should accelerate in these

! The literature on the New Information Economy is still very limited but the main ideas are expressed in
e.g. Kelly (1998), Yardeni (1998) and Atkinson and Court (1998).

2 For atreatment of these characteristics, see e.g. Shapiro and Varian (1999) or Shy (2001).

% Thereis an extensive list of articles on the causes and explanations of the so-called Solow paradox (‘we
see computers everywhere except in the statistics) and recent revival of productivity growth in the US
seems to show the end of this paradox. However, not all authors do agree with this analysis. Recent
contributions to this discussion are e.g. Tripplet (1999), Gordon(1999), and Moulton(1999)

* All data used are obtained from BLS and BEA. Figures on 2001 are based on the first half year of 2001.



circumstances. However, the rate of inflation does not show an acceleration of the inflation, even
no clear upward movement as can been seenin Figure |. The NAIRU is closdly related to the
(expectations augmented) Phillips curve which predicts an upward change of the rate of inflation
in times of low unemployment. However, a smple graph depicting the relation between the rate

of unemployment and inflation —which underlies the original Phillips curve— shows that thisis
not the case (See Figure 11). Since the early 1970's, the rate of unemployment has never been as
low asit is now whereas inflation does not show a clear upward change. So both the theory on the
NAIRU and the theory on the (augmented) Phillips curve predict an upward change of the
inflation in the present case of (very) low unemployment and high output growth and we cannot
discover such upward change by asimple visua inspection of the data.’

Figure I. US Economy 1980-2001
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® The literature on the Phillips curve and related concepts like the wage curve is very rich, theoretically as
well as empirically. Discussions on thistopic are for instance Akerlof et al. (1996) and Blanchard and Katz
(1997) on the NAIRU. Blanchflower and Oswald (1995) give an introduction to the wage curve.



Figure Il. Inflation and Unemployment
(US 1970-2001)
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Fortunately, we have also some empirical evidence that inflation is very low compared to
the level of unemployment. Brayton, Roberts and Williams (1999), BRW for short, estimate the
NAIRU by means of a standard Phillips curve concept first. The resulting NAIRU is about 6%
using various measures of inflation with a standard error of about 0.2 if they use a short sample
from 55Q1-89Q4, so until the start of the nineties. By extending the sample period to include
more recent data (until 98Q4), they obtained about the same estimation results with only a
dightly lower NAIRU. However, they extended the estimations by alowing for a single time shift
of the intercept and all equations showed a significant shift. The exact date of this shift varies
between 1994 and 1995 depending on the measure of inflation employed, but they are all
significant. The resulting pre- and post-shift levels of the NAIRU'’ s decrease considerable from
around 6 percent before the shift to arange of about 4 to 5 percent after the shift, depending on
the measure of inflation.® From this we can conclude that the standard estimates of the NAIRU
indeed shows a shift in the mid-nineties. Before thistime, the NAIRU is about 6%, whichisa
value aso found for earlier periods. After 1995, the NAIRU has been considerable lower. This
means that indeed the rate of unemployment can be lower without leading to an upward pressure
of inflation in the most recent period.

In search for explanations for this reduction, BRW added a mark-up of pricesin the
nonfarm business sector over trend unit labour cost in order to include a more structural
perspective in the Phillips equation. Changes in the mark-up on unit labour cost cause a gap
between the movement of the wage rate and inflation. Indeed, the mark-up increased in the
beginning of the nineties from about its average value to 3% above its average value in 1995-
1996. Since then, it has been falling such that the lower inflation in the most recent years can be
explained. Also aformal estimation including the lag of the mark-up over unit labour cost shows

® Other estimates of time variation in the NAIRU, includi ng the Kalman filter and cubic spline functions,
showed a reduction of the NAIRU in roughly the same period indicating a significant but not sudden
decline of the NAIRU in the mid-nineties.



asignificant influence of this variable and does not show a structural shift within the entire
sample period.

The conclusion from the analysis of BRW isthat the low leve of inflation combined with
alow rate of unemployment can be explained by changes in the mark-up over unit labour cost.
The question arises whether the increasing importance of the Information Economy and the use of
the Internet can explain such shifts in the mark-up. In the next sections we will develop a model
that explains both the diffusion of the Internet as well as changes in the mark-up margin on
marginal cost. The possibility of a variable mark-up, however, requires a non-competitive market.
The basic ideais that if some firms use the Internet in their business-to-business contacts, they are
able to decrease the marginal production costs. ’ This implies that their market power increases
such that the mark-up margin can be increased. As more firms invest in the Internet, competition
in the 'low marginal cost market' increases and the market power of these firms start to decrease.
The Cournot oligopoly model appears to be a simple model that can explain such behaviour.? In
this paper we want to explain two observations: (i) endogenous forces that take care of the
diffusion of the Internet and (ii) changes in the mark-up margin asto explain the low-inflation
experience in combination with low unemployment. Using a model that is as simple as possible
seems to be a good starting point and does not divert our attention from these main issues to be
addressed. The extension of the simple Cournot model towards a more sophisticated model that
overcomes this limitation is left for further research.’

The Mode: a non-formal description

Below we present a diffusion model that explains the dynamics of the mark-up from the
adoption of the Internet. By doing so, it creates a theoretical link between the use of the Internet
and the low-inflation experience. In a nutshell, the model runs as follows. Firms producing final
output are assumed to operate in a number of independent sub-markets. The focus of this paper is
on one specific sub-market in which n firms are active. In the initial situation, all transactions
between these firms and the intermediate goods producing sectors run through traditional
channds, i.e. ordering goods, billing, exchange of information etc is done in atraditional manner.
The transaction costs are high and the intermediate goods producing sector is not very transparent
such that the intermediates can exploit some monopoly power. In the final output producing
sector, the sub-markets are assumed to be monopolistic competitive with a constant mark-up
margin on unit production costs.

In the first phase of the diffusion of the Internet, the early adoptersin the final output
market experience some efficiency gains by using the Internet. The transaction costs of the
deliveries between intermediate producing firms and the final output-producing firms decrease.
Both firms can appropriate a part of these efficiency gains and because other firms still face
higher transaction costs, the efficiency gains lead to an increase of gross profits. But because
there are just afew, or no, other firmswho use the Internet, the efficiency gainsin terms of lower
marginal production costs are rather small.

" Itiswell known by now that the size of business-to-business commerce outweighs business-to-consumer
commerce. (See e.g. European Information Technology Observatory, 2000). Therefore we concentrate on
the first type of e-commerce.

8 A recent article of Sang-Seung Yi (1999) inspired the use of the Cournot model in this paper.

® Candidates are for instance the Bertrand model with capacity constraints and decreasing returns to scale,
or (infinitely) repeated game models.



However, the presence of network effects is one of the main characteristics of networks
like the Internet. If more firms invest in the Internet, more suppliers of intermediate goods will
also do so and more applications will become available such that the marginal production costs
will decrease if more firms use the Internet for their business-to-business commerce. This creates
new incentives for other firmsto invest in Internet technol ogies and the efficiency gainsincrease
for al users. In the mean time, the relative number of firmsis still small and the profits of these
early adopters are relative high. This creates incentives for other firms to invest in Internet
technologies too. Again, this causes an increase of the efficiency gains, but it also implies that
more firms can produce against the same, low, marginal cost such that the markets become more
competitive. The profits of the Internet using firms decrease but are still higher than the profits of
the laggards. More important, due to the increased competition on the 'low margina cost market',
the mark-up margin on production cost decrease, which is exactly what we want to show. So we
use the diffusion of the Internet as an explanation of the mark-up margin on margina cost in the
first phase and a decrease of the mark-up in the second phase of the diffusion process. Thisfits
exactly in the econometric explanation given by Brayton, Roberts and Williams (1999)

Adopting the Internet

Firms adopting the Internet for Business-to-Business el ectronic commerce and for
electronic transfer of information report considerable gainsin efficiency.™ Thisimplies that
firms who use the Internet to exchange information; to link their internal information systems
with the systems of the suppliers of intermediate goods and services, and for other forms of
busi ness-to-business commerce can operate at lower (marginal) cost than firms who do not invest
in Internet technologies. It is obvious that not all firms used the Internet for their (business-to-
business) commerce from the outset and even if firms moved to the Internet, they did not al do it
to the full extent immediately. Studies on adoption and diffusion of new technologies focus on
such trangition processes and try to explain why not al firms move immediate to a new (more
profitable) technology.

Although there are many different explanations mentioned in the literature most of them
can be explained by Figure |11 below.™™ The basic assumption is that firms differ from each other
with respect to one or more characteristics that are important for investment decisions.™ For
instance, some firms can be more risk averse than others, whereas the adoption of a new
technology is experienced as an investment that bears some risks, or of which the expected
profitability is not known. Other reasons for not adopting technology can be the size of
adjustment cost. If investment in a new technology involves cost of adjustment that depends for
instance on firm size, small firms, with low adjustment cost, may adopt a new, but costly,
technology whereas larger firms, with relative higher adjustment cost, may rationally decide not
to adopt. For example, the adjustment costs are plotted along the horizontal axisin Figure Il and
the number of corresponding firms along the vertical axis. Moving from the left to the right we
find firms with increasing (expected) adjustment cost. The net profits —defined as the increased
profits minus the investment cost, so excluding adjustment costs— function as a threshold. Firms

10 See for instance European Information Technology Observatory (2000, Part Two), Stein and Sweat
(1998) and U.S. Department of Commerce (1998, Chapter 3).

" The literature on adoption and diffusion can be divided in epidemic diffusion models, rational adoption
models and strategic adoption models, see e.g. Thirtle and Ruttan (1989) and Reinganum(1989).

12 An exception is the game theoretic explanations where changing market structures take care of a
changing environment such that identical firmsin the absence of risk and uncertainty make different
choices, see e.g. Reinganum (1989).



with expected adjustment cost below the net profits will invest in that technology and other firms
not. A diffusion process can be explained if either the threshold moves to the right, e.g. dueto
decreased investment cost or increased profits, or the distribution movesto the left, e.qg. dueto
decreasing adjustment costs. So atypical characteristic of these probit models is that either
moving the threshold or the distribution, or both generate a diffusion curve. The forces behind
these movements are either exogenous or endogenous.

For the model developed in this paper we assume that firms are not the same regarding
their view on adjustment cost of adopting the Internet as a core instrument for doing business.
Investing in the Internet involves adjustment cost because the entire internal (administrative)
structure of firms has to be adjusted for a successful transformation towards Internet based
commerce. Thisimplies that for instance larger firms may experience relative larger adjustment
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Figure 1ll. Adoption of a new technology

cost than smaller firms do. Of course, there can be other differences such astheinitia level of
computerisation that can influence the adjustment costs considerable (e.g. SME swith no ICT-
experience vs. larger high-tech firms).

As introduced above, we assume that firms operate in sub-markets with a homogeneous
product and initially with the same marginal cost (¢;) and the same profits p, . After adopting the

Internet, the marginal production cost decreases to ¢,< ¢, and the profits will increaseto p, >p, .

If firms expect profits to remain constant after the adoption, they will invest in the Internet if total
investment cost (1), including the cost of adjustment, are at the most equal to the difference of the
discounted profit streams to be earned in the future.*® Let V, be the expected discounted profit
stream of production without using the Internet and let V; be the profit stream if afirm movesto
the Internet at sometimet;. Vp and V; are defined as;
¥ t ¥
Vo = (Po€ "dt and V, = (poe dt + p,etdt- 1 e (1)
0 0

4

13 Note that we treat expectations entirely adaptive. An alternative would be to apply a Markov Perfect
Equilibrium, (see e.g. Maskin and Tirole, 1987, abeit in a duopoly setting), but this goes beyond the scope
of this paper.



wherer denotes the discount rate. So afirm will invest in the Internet if V,>V,. First assume that
the firm decides to invest in the Internet. The entrepreneur has to determine the moment of
investment t;. However, because we assume that firms expect profits, investment costs, and the
discount rate to be constant, it is easy to see that the optimal moment of investment is either now
(t:=0) or never (t, =¥ ). Soif the discounted difference in profits exceeds the investment cost,
firmswill switch immediate, otherwise they will switch never, conditional on constant (expected)
profits and constant (expected) investment cost. So what remains is the question whether afirm
will invest in the Internet or not. A firm will invest in the Internet if V;-V, >0. |.e. if:

¥ ¥
N\ -r N _-r 1

L£Q@P.L-Po)e ‘dt=(p,- P, ez tdt:F(pl' Po) )
0 0

If we redefine the investment cost as to include the discount rate, we can just compare these cost,
denoted by 1Y, with the difference in current (expected) profits. As we disregard depreciation as
well as future changesin prices of Internet investments, thisterm is equa to the user costs of
capital. So firmswill invest in the Internet for their business-to-business commerce if the user
cost of capital of Internet investmentsis smaller than the expected gains:

|UCCO|>¢£(p1'p0) (3)
If the expected difference in profits exceeds the user costs of capital firmswill invest in Internet
technologies and adjust their business to be able to gain from doing so. Otherwise they rationally
decide not to invest in Internet technologies. As we have discussed above, firms differ from each
other with respect to the adjustment cost, which implies that 1Y“C is firm specific. Firms with a

low 1Y will invest in the Internet sooner then firms with a larger 1V°°.

A smple oligopoly model

Now we will move to a simple oligopoly mode with two technologies. As introduced
above, both are characterised by constant marginal cost, ¢, and ¢;. In order to be able to solve the
model analytically, we assume alinear demand function: P =a- Q where P isthe price of the
final goods which isthe same for al firmsin the Cournot model, Q is the total amount of goods
and a>¢, is a constant.™ Let the number of firms that use the Internet (the "users') be mand let
the total number of firms be n, so there are (n-m) firms who do not use the Internet, the "non-
users'. The total output isgivenby Q =m* g, +(n- m)* q,, where ¢, and qo are the output of
firms with and without using the Internet, respectively. Let the margina cost of the non-users be
Co and the marginal cost of the users be c; where ¢, >c;, .

The profits of non-users and users are definedas p, =g, * (P- ¢; ) for i =0,1.
Solving the Cournot model by maximising profits by selling the appropriate quantity yields:
_a- C*(m+1)+c,*m and q, = a+c,*(n-m)-c*(n- m+1)
1+n 1+n
So lowering the marginal cost of technology i will increase the quantity produced by firms using
this technology and decrease the quantity produced by the other firms, j 1 i. This holds true for

both the users and the non-users. This means that firms with lower marginal cost will serve a
larger share of the total market, i.e. they have more market power. The output price in the

(4)

0

4 A model with anon-linear demand function cannot be solved analytically. However, anumerical solution
is presented below.



optimum isequal to P =(a+c,(n- m)+c,m)/(1+n) such that the profits generated by these
firmsisgiven by:
(- &* (m+1)+c;* mp?

Po(m) = ) and
IOl(m):(a+co*(n-m)-c;*(n-m+1) o)
(1+n)

which is simply the square of the output. As isto be expected, a decrease of the marginal cost of
the users will increase the profits of these firms, but will also decrease the profits of the non-
users. So firms with lower marginal cost will also have higher profits.

Let us now anayse the effect of an increase of the number of users, i.e. an increase of the
number of firms that uses the Internet. Differentiating the profit functions with respect to the
number of Internet users shows that the profits of both the Internet users and the non-Internet
users decline if the number of Internet users increase. So the competitive pressure on the ‘low
marginal cost market’ increasesif a non-user becomes a user as aresult of which the profits of al
other users decrease. Moreover, due to the very same pressure, the profits of the non-users aso
decrease. So if afirm invest in the Internet and becomes a user, both the profits of the other users,
aswell asthe profits of the remaining non-users will decline. Of course, the (gross) profits of the
innovating firm increases. As we have seen above, the difference between profits relative to the
adjustment costs are relevant for the investment decisions of firms (c.f. equation 3). Moreover, it
isthe evolution of this difference that eventually determines the diffusion process. Taking the
derivative of the difference in profits with respect to the number of Internet users, it iseasy to
show that this resultsin:

d(pl' po) - (Co - Cl)2
dm 1+n

which is independent of the number of Internet users. So although both the profits of the users
and the non-users decrease as the number of usersincrease, the difference in profits between
users and non-users remains exactly the same. This means that if one firm becomes a user
because it expects that the investment cost of becoming a user are smaller than the gains, thereis
no additional incentive for other firms to become a user too. Or, talking in terms of the model
presented in Figure I11, neither the threshold nor the distribution move, so afraction of all firms
will adopt the Internet immediately and others will never do. Thisis not what we experience in
red life.

(6)

Introducing network effects: from EDI to |-business

Above we assume constant marginal production costs for both the users and the non-
users of Internet technologies. It is questionable whether thisis aredistic assumption. Taking a
closer look to the way firms use the Internet for their business-to-business commerce, we expect
that in the first phase of business-to-business Internet commerce, only afew firms used this
technology and that the gains were not that significant. For instance because firms had to use dual
communication systems, in the broadest sense of the word, for the simple reason that some of
their relations used the Internet and others not. Moreover, in the early days there was no or ill
integration of Internet enabled software with for instance ERP systems. If more firms move to the
Internet, the efficiency gains will increase due to a more efficient and integrated approach, due to
increased competition on the market for intermediate goods and due to cheaper and better

10



(integrated) software packages. This means that the efficiency gains of using the Internet will
increase if more firms move to the Internet. That is, the efficiency gains of using the Internet for
busi ness-to-business commerce can be characterised by network effects, i.e. it becomes more
efficient for every user if more firms move to the Internet. Although we do not specify the exact
underlying process, we assume that the efficiency gains are an increasing function of the number
of Internet users.

In this respect, a comparison with Internet technologies and the longer existing concepts
of Electronic Data Interchange (EDI) is useful. EDI is based on standards concerning the
exchange of datain the sense that the format of the business documents to be exchanged is
standardized. Although the idea of standardisation of these messages is useful, the EDI concept
has some drawbacks. One is the enormous amount of different standards. Almost each industry
has its own standards so doing business with many different industries, for instance for the
purchase of intermediate goods, a firm has to implement all these different standards.® The
second drawback is that the EDI concept is only limited to the format of the documentsto be
exchanged, i.e. it islimited to the format of the messages. The way firms exchange information,
that is, the formats firms use to exchange the messages is not standardized in the EDI concept.
Thisis exactly the point where the Internet comes in the picture. On the Internet, the messages as
such are not standardized but the way information is transferred is laid down in open protocols.
Moreover, the whole processis divided into several layers and each layer hasits own protocols.
For instance, the top layer of the Internet protocol is the application layer and this layer givesthe
specifications for the applications using the network such as how to send a request, how to
respond to a request, how to specify afilename etc. The next layer is the presentation layer which
defines how data are represented, so how a number is represented, how a character and so on.
This goes down to the last, seventh, layer which isthe physical layer. This layer takes care of the
basic hardware components for networks such as the voltage used, how individual bits are
represented and so on. This model has several advantages. The most important advantage is that
all standards are open and are publicly available. Thisimplies that competitive firms can develop
devices and software which are compatible to the rest of the network. This has led to numerous
applications and tools that are all compatible to the Internet standards. These applications and
tools are by now widely available at low costs and they are often integrated in operating systems
and other applications. So the main difference between EDI and the Internet is that EDI specifies
the format of the messages whereas the Internet specifies the way information, i.e. these
messages, is transferred. Currently both protocols will be integrated through a new Internet
standard XML that allows for standardised messaging via the Internet.

What does this mean for the marginal production costs? The EDI concept without using
the Internet caused huge investment costs since the actual transportation of messages was not
standardized. Thisimpliesthat only the bigger firms were able to implement EDI. Moreover,
because of the non-standardized way of message transports the gains the early users dueto
additional users was limited. If more firms move to the Internet however, the efficiency gains are
probably higher due to a more efficient and integrated approach, due to increased competition on
the market for intermediate goods and due to cheaper and better (integrated) software packages.
This means that the efficiency gains of using the Internet will increase if more firms move to the
Internet. That is, the efficiency gains of using the Internet for business-to-business commerce can
be characterised by network effects, i.e. it becomes more efficient for every user if more firms
move to the Internet. Although we do not specify the exact underlying process, we assume that

'3 There are some efforts done — especialy by the UN — to come to an international standard across all
sectors of industry called EDIFACT (EDI for Administration, Commerce & Transport) but not all
companies have embraced it.
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the efficiency gains are an increasing function of the number of Internet users. This means that
the marginal cost of the users decrease with the number of users. Next to this, it is only natura to
expect that there is some upper limit of these efficiency gains. We assume that the second
derivative of the marginal cost with respect to the number of usersis positive and becomes zero
such that the marginal cost reach some lower limit asymptotically. Hence, the decrease of
marginal cost is rather large in the beginning of the diffusion process but becomes smaller and
smaller as the number of usersincreases. To be more precise, we assume that:

ClO
¢g(m)=————— 0£a£1b>1c$<0,cf>0 7
(M= £<0,cft> Y

where a controls the speed at which the marginal cost declineand b determinesthe level of the
asymptote. If the number of usersis zero, the marginal costs are equal to ¢, , whereas for alarge
(or infinite) number of usersthe marginal cost become ¢,/ b .

A crucia aspect at this point is the treatment of expectations of firms regarding the
network effects. Aswill become clear below, the moddl becomes very complicated if firmstake
the adoption decisions of other firms and the future gains due to network effects into account
when making their own investment decision.'® Moreover, these effects depend on the distribution
of firms with respect of the adjustment cost, and in order to be able to take these effects into
account, al firms should have knowledge about the adjustment cost of all other firms. This seems
to be a very strong assumption. Therefore we assume that firms have knowledge about the
marginal cost, given the number of usersin the previous period, that is, we assume that the firms
get informed about actual value of the marginal cost but they do not take future gains into account
and expect profits to remain constant. So we assume that the expected marginal cost of a user in
period t is equal to c;(m.;). The (expected) marginal cost of the non-users remains the same as
before at c.

Solving the modd in the same way as we have done above, the profits of the non-users
and the users are given in equation 5, except that the constant marginal cost of the users (c;) now
is replaced by the function c;(m). If we now investigate a change in the number of users and non-
users the difference is not constant any more. To see this, investigate a change in profits of non-
users and of users due to a change of the number of users (m) in equation (5) wherenow c; isa
function of m. Differentiation of the difference in profits with respect to the number of users as
we have done above in equation (6) does not lead to a better understanding so we will use aless
formal first difference approach. If we disregard the denominator, which is the same in both profit
functions, and if we disregard the square in the nominator, an increase of m by one changes the
profits of the non-usersby - ¢, +c; + mDc, whereas the profits of the users changes by:

-G +C, - (n+1- m)Dc,. Itisobviousthat Dc, is zero if there are no network effects and that

the difference in profits does not depend on the number of users, as we have seen before.
However, with the introduction of network effects, this does not hold any more. In the beginning
of the diffusion process, when mis small relative to the number of firms, the decrease in profits of
the non-users due to the network effectsis rather small. However, these effects are rather large for
the users. Thisimplies that the network effects are more important for the users than the non-
users as aresult of which the difference in profits increases in the beginning of the diffusion
process. This effect is augmented by the assumption that the network effects are relative strong in
the beginning of the diffusion process. If the number of users becomes larger and larger, things
turn around and the network effects become more important for the non-users than for the users.

16 For a two period adoption model with perfect foresight, see for instance Katz and Shapiro (1986). Two
periods would be far to less to make our point in this paper and is ruled out.
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The difference in profits between users and non-users ceases to increase and even will decrease at
the end of the diffusion process. This process is not symmetric because the network effects
become smaller for large values of m, relative to the total number of firmsn.

The above implies that firms with low adjustment cost will invest in Internet technologies
rather early. This creates network effects such that the difference in profits increases. This creates
incentives for other firms with larger adjustment costs to invest in the Internet too. This process
repeats until the number of users becomes large and the network effects tend to cease. It is
possible that in the end, there will be some firms for which it is not profitable at all to invest in
the Internet such that they will remain non-users forever. The output price in the optimum is the
same as above with ¢; being replaced by c¢,(m) such that
P=(a+(n- m)x, +m>x,(m))/(1+n). Thefirst derivative of the price level with respect to
the number of users (m) is aways negative, as expected. Asisin the case without variable
marginal cost, the output price decreases as the number of users of Internet technology increases.
Without network effects, there are no additional incentives for firms to invest in the Internet if the
initial difference of (discounted) profits do not recover the investment costs. However, because of
the introduction of network effects, the diffusion of the adoption of the Internet is driven
completely endogenous. Thisimpliesthat the diffusion of the Internet as a cost reducing
technology decreases prices, ceteris paribus, and that the level of inflation is reduced during this
diffusion process.

The industry mark-up on marginal cost is obviously aweighted average of the mark-up of
the users and the non-users. The weights depend on the number of users and non-users and on the
output produced by these firms, and thus depend on the actua distribution of the adjustment
costs. So the industry mark-up can only be given for a particular example. Thiswill be done
below, but first we will derive the mark-up of the individual users and non-users. The mark-up for
both the non-users and the usersis defined by markup=P/¢-1 for i=0,1 and it is obvious that the
mark-up for the users exceeds the mark-up of the non-users.*” The mark-ups are given by:
a+(n- m)>xc, + mxc,(m) 1= a- (m+1)>x, +mxc,(m)

TR = 1) e, (n+1)7G, (®3
and
markup1=a+(n_ m)>c, - (N+1- m)>c,(m) (8b)

(n+1)xc,(m)

The mark-up for the non-users decreases if the number of users increases due to two
effects. The first is the decrease in market power of the non-users, which can be easily
demonstrated by leaving the network effects aside and thus assuming ¢; being constant. If m
increases, the ‘weight' of ¢, decreases and the weight of ¢; increases as aresult of which the mark-
up of the non-users decreases. The second effect is caused by the network effects, which take care
of an even stringer decrease of the marginal cost of the users and thus for a stronger decrease of
the mark-up of non-users.

For the users, the same two effects also here are at work but things are a bit more
complicated. Ruling network effects out, the mark-up of users also decreases with the number of

" Below we will show that this result depends on the demand function we choose. For anon-linear demand
function, the mark-up differs from the one presented here. For instance, a demand function with a constant
elasticity of substitution leads to a mark-up that only depends, at least in a one technology market, on the
number of firms and not on the marginal production cost.
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users. Thisimplies that the first adopter faces the highest mark-up and that later adopters create
more competition on the 'low marginal cost market' such that the mark-up of al firms decreases.
However, the network effects now create ambiguous results. De derivative of the mark-up of the
users with respect to the number of usersyields:

cf

dmarkup, _ (Ci-Cy)- a(a+(n' m)>c0) o

dm (n+1)x,
where c1¢denotes the first derivative of the margina costs towards m and where we left out ¢,

being a function of mto save notation. Both the first term and the second term in the nominator
are aways negative whereas the denominator is aways positive. Thisimplies that the sign of the
entire term is not determined at first sight. But in the first stage of the diffusion process, the
decrease of marginal cost due to an increase of the number of Internet usersis strong (c.f.
equation 7). Moreover, mis small such that (n-m)c, is large. Taking these arguments together, it
islikely that equation (9) is positivein the first stage of the diffusion process. Thisimplies that
the network effect is stronger than the declining market power effect and that the mark-up of the
users increases in the first stage of the diffusion process. However, as the diffusion process
continues, the decline of the marginal cost becomes smaller and smaller such that the change of
mark-up becomes negative. The network effects cease whereas the decline of the market power in
the 'low marginal cost market' continues.

Taking these arguments together, the industry mark-up —the weighted average of both
mark-ups— always will increase if more firms will use the Internet, given the linear demand
function. But if the network effects are sufficient strong, there may occur some 'overshooting' in
the sense that the mark-up increases in the first stage of the diffusion but decreases afterwards but
finally ends a alevel that is higher than before the use of the Internet. Except for the final level
of the mark-up, this result fits very well in the explanation of low inflation given by Brayton,
Roberts and Williams (1999). We will discuss the final level of the mark-up below but first we
will give anumerical example asto demonstrate the model.

An example

To show the working of the model, we need to specify at least the distribution of firms
regarding their (expected) adjustment costs. A bell-shaped function is probably the best
assumption but this would possibly give the impression that if the model results into an S-shaped
diffusion curve this would be caused by the Bell-shaped distribution of firms with respect to the
adjustment cogts. To avoid this false impression we simply assume a uniform distribution. So
there are entrepreneurs who judge the investment and adjustment costs as being small as
compared to the discounted profits whereas other experience higher total investment costs.’® The
boundaries of the uniform distribution (g,,, and g, ) are determined such that at |east two firms

will initially invest in the Internet whereas the upper limit is chosen such that some firms face
such high expected adjustment costs that they will never invest in the Internet at all. *

8 Recall that it is only the judgment of firms of the investment and adjustment costs that counts in this
model. Thereis no learning and information coming from earlier adoptersis ruled out. Of course, such
elements could also be used as driving forces for the diffusion process, but they are not needed here.

1% The procedure applied is described in the appendix.
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As aready noted above, we assume that firms are aware of the marginal costs of their
competitors such that investment decisions at time t are based on the margina costs faced by

m,_, users. The number of usersisthen given by

M =CDF(P; (M1 )- Pol M1 )iGin P rin G P ) Where CDF(a,b,c) is defined asthe
cumulative distribution function (of the uniform distribution) evaluated at value a, for lower and
upper boundaries b and c, respectively add where we use the integer value of thisterm in order to
solve the indivisibility problem.

Given these parameter settings, the model generates an endogenous S-shaped diffusion
pattern as displayed in Figure IV were we assume that the Internet becomes available in period 5.
In the first stage, the number of users increases exponentially whereas, due to the combination of
decreased market power and ceasing network effects, the number of adopters decreases. The total
number of firmsin this ssimulated market is 1000 whereas the upper limit of uniform distribution
is arbitrarily set to a value such that about 75% of the firms will eventualy invest in the Internet.

The corresponding profits are given in Figure V and indeed, the profits of non-users
decrease as more firmsinvest in the Internet and are able to produce with lower marginal cost and
will produce (and sell) more products. The profits of the users even increase in the beginning of
the diffusion process. The gains due to the network effects exceed the decreasing market power.
However, as the network effects become smaller and smaller, the decreasing market power
becomes more important as a result of which the profits of the users will decline. However, even
in that phase of the diffusion process, the decrease of the profits of the non-users exceeds the
decrease of the users such that the difference of profits between users and non-users till
increases. Thisimplies that still more and more firms will invest in the Internet asis displayed by
Figure V. Findly, the difference become too small to attract another user and the diffusion
process stops.

The mark-up on marginal production cost shows a pattern that is similar to the pattern of
the profits, asis displayed by Figure V1. This holds true for both the users and the non-users.
However, the mark-up for the entire the industry, which is defined as:

markup,,, =(markup, >, X(n- m)+markup, >xq, Xm)/ Q, is completely different. Both the
number of users and the output produced by these users increases that fast in the first phase of the
diffusion process that the industry mark-up first increases. Even at the point where the mark-up of
the users dready starts to decrease. However, this processis reversed if the number of adopters
starts to decrease such that the industry mark-up aso decreases. In the end, the industry mark-up
reaches a stable level that is dightly higher than before the introduction of the Internet. So the
resulting pattern of the industry mark-up fits entirely in the analysis of Brayton, Roberts and
Williams (1999) such that the period of low unemployment and low inflation indeed can be
explained by the introduction and diffusion of the Internet as a cost reducing technology for
business-to-business commerce.

The price level indeed decreases during the whole transition period, not only due to the
changes of the mark-up, but also due to the use of a cost reducing technology, see Figure V. This
also meansthat if prices of input factors such as labour and energy have been increased in the
second phase of the diffusion process, the price level could remain at about the same level. This
impliesthat the rate of inflation decreases in the first phase of the diffusion process but it aso
implies that such a decrease can only be temporary. The rate of inflation starts to rise again as the
speed at which industry prices go down decreases and finally it will return to its pre-Internet
value if the diffusion process is completed.
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Figure IV. Number of Internet Users

900
800
700
600
500
400
300
200
100

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

time

Figure V. Profits

14
12

1
0.8
0.6
0.4
0.2

0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

time

Non-Users Users - = = = Difference

Figure VI. Mark-ups
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Figure VII. Price Level and Inflation
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Non-linear demand

In the example presented above, we used a linear (inverse) demand function in order to
be able to solve the model analytically. However, for alinear demand function, the mark-up on
marginal cost depends on the number of users, also in a one-technology market. For instance,
suppose that there is one technology with marginal cost c. So we have a standard Cournot model
with total demand function p=a-n*g. In the optimum, the output for each firmsis: g=(a-c)/(n+1)
and the output price is p=c+(a-c)/(n+ 1). The resulting mark-up is equal to:

alc-1
n+1
which indeed says that the mark-up increases as the marginal production cost decrease. In atwo
technology setting as presented in this paper, this means that if all firms move from one
technology to another, the mark-up margin will increase. However, this conclusion depends on
the demand function employed. For a more general demand function with a constant demand
eladticity, the results are different. For instance, suppose that the demand function is defined as

markup =

p=a* Q%. The pricein theoptimum isequal to p=c/(1- 1/ n>e)) and the mark-up is then
equal to:

markup = -1

1

n>e
which isindeed independent of the size of the margina cost. This means that if we apply a
demand function with a constant elagticity of demand to the diffusion model presented above, the
final mark-up would be the same as the initial one. Because the mark-up holds true for a one-
technology case only, thisisonly trueif al firms adopt the Internet. Otherwise we have to
investigate the two-technology market structure which is not solvable analytically for this demand
function because of the combination of the exponential demand function with the linear
production function. (Total output is the number of non-users times the output for each non-user
plus the number of users times the output per user). So it is unclear whether the mark-up is
congtant throughout the entire diffusion process. Therefore we used some numerical optimisation

1-
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methods in order to investigate the movement of the industry mark-up during the diffusion
process.® As an example we used the same model where we replace the linear demand function

by p=a*Q Ye . For each new vaue of the number of users, we determine the optimal amount of

output for each firm, given the Cournot setting of the model. This leads to new vaues of profits
asisthe case in the model with alinear demand function. The results are very similar to result of
the linear demand function and here we only present the mark-up of the users, the non-users and
the industry mark-up (Se Figure VII1). The mark-ups of the users and non-users are quite similar
but the industry mark-up ends at the same level as before the introduction of the Internet.”* So
with the use of a more genera demand function we are able to explain the observation that the
mark-up margin at the end of the diffusion processis equal to the mark-up margin at the

beginning.

Figure VIII. Mark-ups
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Concluding summary and suggestions for further research

To summarise, this paper presents the diffusion of the Internet as an endogenous process
where network effects and changing market structures are the main determinants. The dynamics
of this system imply that in the initial phase of the diffusion process, the mark-up on margina
production cost will increase. Thisis caused by monopoalistic behaviour of the few Internet users.
As more firmsinvest in the Internet, competitive pressure starts to increase both among the users
of the Internet and among the non-users and the mark-up starts to decrease. This evolution of the
mark-up is exactly the same as is found by Brayton, Roberts and Williamsin their search for an
explanation of low inflation in the information-based economy. Thisimplies that the prices on the
output market decrease, conditional on constant factor prices, e.g. on constant wages and constant
energy prices. If the diffusion process stops, even in the case where some firms do not invest in

20 For this purpose, we made use of Mathematica, version 4, from Wolfram Research Inc.
% Note that we calibrated the upper boundary of the distribution asto let almost all firms adopt the Internet.
(The final number of adoptersis 999 out of 1000).
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the Internet, the markets return to a situation with a constant mark-up on unit production cost and
constant prices.

Concerning inflation, the process described above implies that, if we assume constant
wages and other factor prices, inflation decreases during the diffusion process. In the case of
increased wages, which is the case in the current low-inflation/high growth experience in the US,
the increase in production cost is compensated by the decrease of the mark-up such that we
indeed can explain the current low inflation experience. However, in the end when the diffusion
process stops, the mark-up will return to its old value and inflation will start rising if the upward
pressure from the labour market persists. So this model can explain low inflation, combined with
high output growth and low unemployment, but only for the short term. The model predicts that
in the long run inflation will return to its 'normal’ value.”

The model presented here has some shortcomings, mainly because we wanted to present
amodel that is as smple as possible and that focuses on the main issues to be addressed. One of
the points to be improved is the currently missing supply side of intermediary goods and the use
of the Internet by these firms. In a more elaborate version, both the supply and the demand side of
the intermediary goods market could be modelled explicitly. This also gives a more complete
view on the entire value chain of products and services. Also including the final product market
would make the whole picture complete.

Finally, the treatment of expectationsis rather poor in the current version of the mode!.
Firms assume that profits and investment costs remain constant, and thus expect that the number
of users of the Internet does not change. Thisis not very realistic. However, another extreme view
isthat firms know the behaviour of all other firms, including their (expected) adjustment costs,
and that each firm knows the exact date of adoption of al other firms. This would be not very
realitic too. A position somewhere in between by assuming some sort of restricted information
or adaptive expectations would cancel out the drawbacks of the two extremes. However, in al
these cases the extensions and improvements would bear the risk that the main point to be
addressed in the paper —the explanation of low inflation by using an endogenous diffusion model
of Internet investments— would move to the background.

Finally, this paper shows the importance of network effects and argues that the existence of open
standards leads to a vast amount of competitive but compatible products. Though the products
themselves can be appropriated, the standards on which they are based are not. A non-open
standard would cause monopoly power and this would hamper the spread of compatible
applications that are needed to implement the Internet strategies successfully and at (relative) low
costs. Policiesto foster open standards are desirable to encourage the devel opment of future
applications that integrate EDI and the Internet to a greater extent.

2 To explain low inflation also in the long run we could make use other elements in the discussion of the
'new economy’, like the characteristics of information goods (almost zero marginal reproduction costs).
However, the share of these goods in the total economy is at this moment too small to explain a shift of the
NAIRU of about 2%.
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Appendix: Determination of the parameters

The total number of firms in the sub-market is set to n=1000. The original marginal costs are
equal to ¢, =10 whereasthe initial margina costs if one firm usesthe Internet isset to ¢, , =9.9.
The parameter b is set to 1.1 such that the ultimate marginal cost decrease to 9.9/1.1=9. This
implies that using the Internet reduces the marginal cost by 10%. The number of usersin equation
7 ismultiplied by afactor d =0.1 asto calibrate the speed of diffusion. The constant of the linear
demand function a is set to 1000. For these parameters, we calculate the profits for the users for
all possible number of users, i.e. for m=1..n. From that we can determine the minimum and
maximum profits (p,;,and p .. )- For the upper boundary of the distribution, we arbitrarily set a
factor g, >1 such that the expected total investment costs, including adjustment cost and

discount factor, of the firm with the highest value of these costsisequal to | °° =g, P . -

Choosing g,,,, larger than one implies that there are some firms who will never invest in the
Internet. For the lower boundary of the distribution, we calibrated the lower bound of the uniform
distribution by choosing afraction 0 <g,,, <1 such that

CDF(p1(0)- po(0);9min *P min Imax P max ) X1 > 1, where CDF(a,b,c) is defined as the
cumulative distribution function (of the uniform distribution) evaluated at value a, for lower and

upper boundaries b and c, respectively. This means that as soon as the Internet technology
becomes available, there is at least one firm for which it is profitable to invest in it, even if there

are no network effects. That is why we have chosen ¢, , <c,. Moreover, we have chosen a
sufficient large value of a such that CDF(p(1)- Po(21):9min >P min Frmax P max ) XN > 2, which
says that the network effects are sufficient strong as to attract at least one other firm to become an
Internet user. For the simulation these parameters are: a =0.995, g,,, =0.9965and g, =1.2.

The user cost of capital of Internet investments isimplicitly given by these parameters. Finaly,
for the non-linear demand function e is set to 2.
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