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Chapter 6 Market Opening and Performance in Electricity
In this chapter we analyse the relationship between market opening in the electricity sector and
various sector performance measures, for example prices, productivity and quality. Firstly, we
present the Market Opening Index for the electricity sector. Secondly, we compare the change
in market opening with changes in sector performance and make some preliminary conclusions
regarding their bi-variate relationship. Thirdly, we report the results of a factor analysis where
the individual components of the Market Opening Index are aggregated into a limited number.
Finally, we investigate formally in an advanced econometric framework the relationship
between market opening and sector performance controlling for the impact of other explanatory
variables.

6.1. Market opening in electricity
Firstly, we report the Market Opening Index for Electricity for EU15 and for each member state
for the period 1990-2003. Secondly, we report changes in market structure during the same
period and discuss informally the relationship between market structure and market opening.
Finally, we report indicators of regulatory environment and their relationship with market
opening.
Market Opening Index
We have constructed a Market Opening Index for Electricity for each of the EU15 member
states covering the period 1990-2003. The Market Opening Index measures the degree of
market opening on a scale between zero and unity. A value of unity indicates full market
opening. The Market Opening Index (MOI) for Electricity is constructed on the basis of seven
Market Opening Index Milestones (MOMs) and 48 questions. The definition of these market
opening milestones is given in chapter 11.
Market opening in electricity was below the average of the seven network industries in this
study, but gained significant pace after 1998. In the last three years, market opening has been
significantly above average and electricity is today among the network sectors where market
opening is most advanced, cf. figure 6.1.
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Figure 6.1: Market opening in electricity and all network industries, EU15, 1990-2003
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Note: The larger the indicator is, the more open markets are. Electricity is the average market opening in all member states
weighted by the volume of electricity generation. Network is the simple average market opening in all network sectors in all
member states.
Source: Copenhagen Economics, Market Opening Milestones database.

Compared to other sectors, market opening in electricity in 2003 is quite advanced in most
member states, apart from Greece and Luxemburg, cf. figure 6.2
Figure 6.2: Market opening in electricity in EU15 member states, 2003
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Note: A larger index implies a more open market.
Source: Copenhagen Economics, Market Opening Milestones database.

All member states have unbundled ownership of transmission and generation, given access to
third parties and given consumers significant freedoms to choose their electricity supplier. In
contrast, member states with less market opening have been more reluctant to privatise, are
lacking wholesale markets and efficient congestion management systems, cf. figure 6.3.
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Figure 6.3: Structure of market opening in electricity, EU15 member states, 2003
100%
90%
80%
Congestion management

70%

Wholesale markets
60%

Ow nership

50%

Pricing of third party access

40%

Third party access

30%

Unbundling

20%

Choice

LUX

GRC

PRT

FRA

DEU

ITA

AUT

IRL

ESP

NLD

BEL

DNK

SWE

GBR

0%

FIN

10%

Source: Copenhagen Economics, Market Opening Milestones database.

To get a better view of market opening in each member state, we now attempt to split the
countries in three different groups reflecting their level of market opening and for how long a
period of time the market opening has been in effect. We use the grouping later in the chapter
to give a first impression of how the level of market opening and the number of years it has
been allowed to “work” affects various performance measures such as prices, productivity,
quality and employment1.
We group the countries according to two measures. The first measure is the value of the
Market Opening Index (MOI) in a country in 2003 relative to the EU15 average in 2003. Thus, a
value above average indicates that the country has reached a higher level of market opening in
2003 than the average EU15 value. On the other hand, if a country receives a value below
average it is less open than the average EU15 countries. The second measure is the number
of years a country has had a MOI larger than the EU15 average – comparing each year
individually. Meaning that the value of the MOI of each member state in e.g. 1990 is compared
to the EU15 average in 1990, then for the year 1991 and so forth. Hence, a high value
indicates that the country, during 1990-2003, often has had a level of market opening higher
than the average level of the EU15 member states; reflecting that market opening in these
countries has had a longer time to work than in most other EU15 countries. That might be an
important aspect for the impact on performance if market opening affects performance
gradually and not at the exact moment market opening occurs.
According to these two measures we group the countries in three groups, Group A, B and C:
A. Group A will tend to represent the countries with high levels of market opening
compared to EU15 average and with many years above EU15 average.
B. Group B will tend to represent the countries with MOIs close to the EU-15 average
and with a medium number of years above EU15 average.
C. Group C will tend to represent the countries with MOIs lower than the EU15 average
and therefore also with a small number of years above the EU15 average.

1

Of course, we also examine the relationship between market opening and performance more formally in an
econometric model later in the chapter. But to get a first feel for the relationship between market opening and
performance, simple graphical illustrations often prove helpful.
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The splitting of the countries in these three groups is not based on “tough” objective criteria but
rather on the natural grouping that seems to “pop out” of a graphical illustration. Plotting the
number of years above the EU15 average of MOI, against the level of market opening
compared with the EU15 average for electricity is shown in figure 6.4. The figure indicates that
United Kingdom, Sweden and Finland constitute a separate group, Group A. The countries
Denmark, Spain, Germany, Netherlands, Italy, Austria and Belgium seems to represent the
criteria put forth for Group B while Ireland, Portugal, France, Greece and Luxemburg can be
grouped together in Group C.
Figure 6.4: Grouping of EU15 member states regarding market opening, 1990-2003
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Note: Group A will tend to represent the countries with high levels of market opening compared to EU15 average and with many
years above EU15 average. Group B will tend to represent the countries with MOIs close to the EU15 average and with a medium
number of years above EU15 average. Group C will tend to represent the countries with MOIs lower than the EU15 average and
therefore also with a small number of years above the EU15 average.

Source: Copenhagen Economics, Market Opening Milestones database.

Strategies towards market opening
The extent to which countries have deregulated their electricity sector is one thing; another is
how they have done it. It is interesting in this context because it might, in it self, have an effect
on prices and productivity. Meaning that not only the level of market opening and the years it
has been allowed to work is important for prices and productivity but maybe also how the
countries have achieved their level of market opening – their strategies for market opening. We
now develop a measure of a country’s market opening strategy. We will use it later in an
econometric model to see if there is an effect from pursuing different strategies towards market
opening on prices and productivity.
Roughly speaking, a country can achieve a certain level of market opening in 2003 in four
different ways illustrated in figure 6.5. Either it can deregulate in the beginning and do nothing
from then on. Hence, the final level of market opening in 2003 is achieved in the beginning of
the period. We have named it Strategy 1. Or the country can do nothing for many years and
then very late it can deregulate as much as is desired. That would be Strategy 2 in the figure. A
third strategy is to deregulate as much as is desired in the middle of the period and nothing
before and after. That is Strategy 3 in the figure. The final strategy, Strategy 4, is to gradually
deregulate over the whole period 1990-2003.
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Figure 6.5. Illustration of the four basic types of strategies
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Thus, the four strategies depict the speed and timing of the market opening process. We now
wish to see which of the four strategies the 15 countries have pursued to reach their 2003-level
of market opening. Of course we expect many countries to have achieved the level of market
opening in 2003 by combining the four basic strategies outlined in figure 6.5. But some will no
doubt be closer to one of the strategies than the other.
Our measure of speed means that a country receives a high value (the maximum value is one
by construction) if it has achieved its 2003-level of market opening by deregulating very fast.
Similarly to the basic strategies 1, 2 and 3. A small value, on the other hand, signals that the
country has achieved its 2003-level of market opening by slowly deregulating, somewhat like
strategy 4 in figure 6.5. Timing is measured in such a way that a country receives a value of
0.5 if it has deregulated neither early or late, e.g. steadily over the whole period of 1990-2003
(like Strategy 4) or if it has deregulated more speedy in the middle of the period (like Strategy
3). A value above 0.5 means that it has timed market opening in the beginning of the period
(like Strategy 1) and if it has a value below 0,5 it has timed market opening late in the period
(Strategy 2).
We find that most countries have deregulated their electricity markets relatively late in the
period 1990-2003 (values below 0.5) whereas the countries differ more regarding speed.
Austria and Luxembourg has gone from regulated to their 2003-level of market opening over a
very short period of time which together with the late timing puts them close to Strategy 2, c.f.
figure 6.6. Finland, Denmark and Holland, on the other hand, have reached their 2003-level of
market opening with slower speed, c.f. figure 6.6. The Finnish timing-value of 0.5 combined
with slow speed puts the country close to Strategy 4.
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Figure 6.6: Timing and speed of market opening, EU-15 member states, 1990-2003
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change in MOI from 1990-2003. That means that the value one is the maximum. Timing is defined as average MOI over 19902003 divided by MOI in 2003, implying that a value of 0.5 reflects a country has deregulated neither early nor late.
Source: Copenhagen Economics, Market Opening Milestones database.

Market structure
Market opening seems to be associated with changes in market structure in generation
measured by an estimated value of the Herfindahl-Hirschmann index (HHI2). The HHI slides
down more among Group A than in Group B or Group C, cf. figure 6.7. It could be a first sign
that market opening impacts on performance through actual rather than potential entry.
However, other interpretations are possible.

2

The Herfindahl-Hirschmann index is the sum of squared market shares for all companies on the market. The larger
HHI is the more concentrated is the market. However, due to incomplete data we are only able to calculate the
index for each year in the period 1999-2001.
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Figure 6.7: Market structure in electricity generation for three types of member states,
EU15, 1999-2001
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Note: Group A (green) consists of United Kingdom, Sweden and Finland; Group B (yellow) are Denmark, Spain,

Germany, Netherlands, Italy, Austria and Belgium. Group C (red) are Ireland, Portugal, France, Greece and
Luxemburg. The higher the value of HHI the closer to a pure monopoly. With two equal players the HHI-index would
be 5,000 - the sum of two squares of 50. For a pure monopoly, the index would be 10,000 - the square of 100. And
perfect competition in the market would result in an HHI-value of zero.
Source: Own calculations based on Copenhagen Economics, Market Opening Milestones database and Eurostat 2003:
Competition indicators in electricity.

Regulatory Environment
We characterise the regulatory environment in a member state by two summary indicators of
regulatory strength and institutional strength. The indicator Regulatory strength is designed to
capture the stringency and completeness of regulation provided by law and other regulatory
documents. The indicator Institutional strength is designed to capture the powers and
resources given to the regulators of the electricity sector in each member state.
In electricity there seems to be consistency between institutional and regulatory strength in the
member states in Group A. It is less obvious in other member states, cf. figure 6.8
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Figure 6.8: Regulatory and institutional strength in electricity, EU15 member states,
2003
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Note: Group A (green) are United Kingdom, Sweden and Finland; Group B (yellow) are Denmark, Spain, Germany,

Netherlands, Italy, Austria and Belgium. Group C (red) are Ireland, Portugal, France, Greece and Luxemburg.
Source: Copenhagen Economics, Market Opening Milestones database.

It does not seem as though regulatory strength and market opening are strongly correlated.
Member states with high regulatory strength can be Group A, Group B or Group C without a
clear pattern, cf. figure 6.9.
Figure 6.9: Regulatory strength and market opening, EU15 member states, 1990-2003
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Note: Group A (green) are United Kingdom, Sweden and Finland; Group B (yellow) are Denmark, Spain, Germany,

Netherlands, Italy, Austria and Belgium. Group C (red) are Ireland, Portugal, France, Greece and Luxemburg.
Source: Copenhagen Economics, Market Opening Milestones database.
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6.2. The immediate relationship between performance and market opening in
electricity
We now study the immediate relationship between market opening and the performance
measures price, productivity and quality of services.
Price of electricity
Price indicators in the Market Opening Milestones database include price levels and structures
for various user groups. In this context, we focus on the relationship between market opening
and electricity prices for industry users. The reason is that the industrial market for electricity in
all member states has been open for a longer period than consumer market. Thus, we expect
that a relationship between market opening and price performance is more visible in wholesale
prices.
Industrial prices have been declining in many member states, but there seems to be some
evidence that the Group A have experienced sharper declines and that Group C have
experienced more limited reductions, cf. figure 6.10. The dramatic hike for Group A between
2002 and 2003 was caused by an extreme lack of water in the Nordic hydro-based power
system.
Figure 6.10: Industrial prices for electricity for three types of member states, EU15,
1991-2003
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Note: Industrial PPP-prices excluding taxes, annual consumption>2. 000 MWh; maximum demand: 500 kW; annual
load: 4,000 hours. Group A (green) are United Kingdom, Sweden and Finland; Group B (yellow) are
Denmark, Spain, Germany, Netherlands, Italy, Austria and Belgium. Group C (red) are Ireland, Portugal,
France, Greece and Luxemburg.
Source: Own calculations based on Eurostat and Copenhagen Economics, Market Opening Milestones-database

The relationship between market opening and industrial prices is, however, not necessarily
simple. A simple scatter-plot of the overall change in market opening against the overall
change in price shows that prices are higher the more open markets are, cf. figure 6.11a.
However, a similar plot of the cumulated change in market opening against the overall change
in price shows that industrial prices are lower the more committed member states pursue
market opening, cf. figure 6.11b. The cumulated change in market opening is the sum of
Market Opening Indices in the entire period giving benefits not only to high degrees of Market
Opening, but also to early market opening policies.
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Figure 6.11: Changes in market opening (MOI) and industrial prices, 1990-2002
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France, Greece and Luxemburg.
Source: Own calculations based on Eurostat and Copenhagen Economics, Market Opening Milestones-database

Productivity in the electricity sector
Here we look at two measures of productivity, thermal efficiency and capital productivity or
capacity utilisation in generation. We look into the simple relationship between market opening
and these two productivity measures. We do not consider labour productivity to be a
particularly interesting indicator since the primary inputs to electricity generation is energy and
capital whereas labour plays a very limited part. For this reason we consider thermal efficiency
and capital productivity (or capacity utilisation)3 to be more relevant indicators than labour
productivity.
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Figure 6.12: Thermal efficiency in electricity generation, EU15, 1990-2002

Capacity utilisation has been increasing in all types of member states and there is no indication
that capacity utilisation has increased more for Group A than for Group B or Group C, cf. figure
6.13.
3

Furthermore, the appropriate data regarding employment in the electricity supply industry is not available. For
these reasons, we have chosen capacity utilisation and thermal efficiency as the best available productivity
indicators.
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Figure 6.13: Capacity utilisation in electricity generation, EU15, 1991-2003

Note: Capital capacity utilisation is measured as the annual electricity production divided by installed capacity.
Group A (green) are United Kingdom, Sweden and Finland; Group B (yellow) are Denmark, Spain, Germany,
Netherlands, Italy, Austria and Belgium. Group C (red) are Ireland, Portugal, France, Greece and Luxemburg.
Source: Own calculations based on Eurostat and Copenhagen Economics Market Opening Milestones database

Quality in the electricity sector
Quality indicators in the market opening database include indicators measuring the quality of
services supplied by the electricity sector, but also environmental indicators. As the latter has
been of prime political concern, we focus on the relationship between market opening and the
use of renewable energy.
There does not seem to be any significant difference between in the share of renewable
energy for the three types of member states, cf. figure 6.14.
Figure 6.14: Share of electricity from renewable sources, EU15, 1990-2000
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Note: Renewable energy is defined as the share of renewable energy in electric generation. The indicator is the ratio
between the electricity produced from renewable energy sources and the gross national electricity consumption for a
given calendar year. It measures the contribution of electricity produced from renewable energy sources comprising:
hydro plants (excluding pumping), wind, solar, geothermal and electricity from biomass/wastes. Gross national
electricity consumption comprises the total gross national electricity generation from all fuels (including auto
production), plus electricity imports, minus exports. Group A (green) are United Kingdom, Sweden and Finland;
Group B (yellow) are Denmark, Spain, Germany, Netherlands, Italy, Austria and Belgium. Group C (red) are Ireland,
Portugal, France, Greece and Luxemburg.
Source: Own calculations based on Eurostat and Copenhagen Economics, Market Opening Milestones database
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6.3. Factor analysis of market opening in electricity
In the previous section we explored the overall relationship between market opening as
captured by the Market Opening Index (MOI) and various performance indicators. The Market
Opening Index is convenient to provide an overview of aggregate changes, but is also
aggregate, simplistic and too much of a black box for policy analysis.
For this reason we intend to use the less aggregated Market Opening Sub-Indices (MOSI) for
the subsequent econometric analysis. In each sector there will be 5-7 Market Opening SubIndices. However, Market Opening Sub-Indices may give rise to problems of their own. The
sub-indices may be correlated giving rise to multi-collinearity, and increasing the number of
explanatory variables may reduce the power of estimation results when we have a limited
number of observations. To reduce these problems we use factor analysis.
Factor analysis is a statistical technique aimed at finding the minimum number of artificial
variables, called factors, which explain the maximum amount of variation between Market
Opening Sub-Indices. Factor analysis is appealing, because it reduces the number of
explanatory variables (and as a consequence multi-collinearity), while preserving as much
information as possible from the original sub-indices4.
Factor analysis proceeds in two steps. Firstly, we determine the number of factors. Secondly,
we estimate (or construct) the new factors.
Our analysis indicates the presence of two factors in electricity explaining more than 70
percent of the variation in the sub-indices, cf. table 6.1. We base our conclusion on three
standard rules of thumb saying that factors should be chosen such that:
1. Each factor is associated with an eigenvalue larger than unity
2. Each factor explain more than 10 percent of the overall variance
3. Chosen factors should explain more than 60 percent of the overall variance.
Table 6.1: Determining the number of factors in electricity, EU15 member states, 19902003
Factors
Eigenvalues
Variance explained
Total variance explained
1
4.78
0.53
0.53
2
1.61
0.18
0.71
3
0.85
0.09
0.80
4
0.55
0.06
0.87
5
0.41
0.05
0.91
6
0.31
0.04
0.95
7
0.26
0.03
0.98
8
0.15
0.02
0.99
9
0.07
0.01
1.00
Note: The extraction method is principal component factors (PCF). The analysis uses all 15 countries from 19902003.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

We now estimate the two factors. The factors are linear combinations of the original Market
Opening Sub-Indices, but each of the two factors tends to be related to a unique subset of
Sub-Indices, cf. table 6.2.

4

For at detailed description of factor analysis see chapter 2.
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Table 6.2: Estimating the factors in electricity, EU15 member states, 1990-2003
Market Opening Sub-Indices

Factor 1
Factor 2
Uniqueness
Corr
Weight
Corr
Weight
Share
Choice of supplier
0.87
0.18
0.09
0.00
0.23
Unbundling TSO
0.86
0.17
0.38
0.07
0.12
Third Party Access transmission
0.83
0.16
0.41
0.08
0.16
Third Party Access distribution
0.83
0.16
-0.10
0.01
0.30
Wholesale trading
0.80
0.15
0.24
0.03
0.31
Congestion management
0.84
0.16
-0.10
0.01
0.29
Unbundling DSO
0.36
0.03
0.58
0.17
0.53
Pricing of Third Party Access
0.02
0.00
0.74
0.27
0.45
Ownership of generation
0.13
0.00
0.87
0.37
0.22
Total variance explained
4.34
2.04
Note: The estimation method is principal component factor (PCF) and the correlations (or loadings) are rotated using
the Varimax principle whereby each milestone will tend to be related to only one factor. The principal factor (PF)
estimator yield very similar results. Weight indicates normalised squared correlations.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

The first factor is associated with six Market Opening Sub-Indices. The six sub-indices enter
with similar weights, indicating that the policies behind the sub-indices have equal impact on
performance (at least in the sense that they explain similar shares of the variation). The subindices associated with factor 1 seem to be related to the wholesale electricity market. If factor
1 turns out to be significant in the performance estimations, the interpretation could be that
balanced opening of the wholesale electricity market is important.
The second factor is associated with the three remaining Market Opening Sub-Indices. The
ownership sub-index explains a far larger share of variation than the other two sub-indices,
implying that policies of divesting incumbency have twice the impact on performance compared
to the policies behind the other sub-indices. If factor 2 turns out to be significant, the
interpretation could be that reducing public ownership of generation capacity is important.

6.4. The econometric relationship between performance and market opening in
electricity
In the remainder of this chapter we attempt to measure precisely the significance and quantify
the impact on industrial electricity prices of each of the major market opening regulatory
policies described above. We also estimate the impact of market opening on productivity in
electricity generation.
To achieve this, dependent variables representing different performance measures of the
electricity sector are regressed on a range of explanatory variables representing the major
regulatory changes towards market opening, as well as external factors such as cost of fuel
inputs, share of nuclear generation capacity, cost of investments and some weather variables.
The objective is to identify which, if any, of the market opening policies were responsible for the
changes in the economic performance of the electricity supply industry that were observed
over the period 1990-2003.
The results of the estimations of the two key economic performance variables (price and
productivity) support the following conclusions:


The historic market opening policies have reduced the pre-tax electricity price for industrial
consumers;
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The historic market opening policies have improved the productivity of the electricity
generators as measured by increased capacity utilisation;



Productivity measured by thermal efficiency in electricity generation improved by 20
percent as a simple EU average over the period from 1990-2002. This improvement is
almost entirely explained by the increase of gas as fuel input in electricity generation5.
When controlling for this change in fuel mix, none of the thermal efficiency improvement
can be explained as a result of th historical market opening in the electricity sectors of the
EU-15 countries over the period 1990-2003.

Unbundling of the transmission system operators from the generation companies appears to
be the single most significant regulatory change. This result is valid for both the result on prices
and one of the productivity measures. The capacity utilisation equation also includes the
variable on congestion management of international electricity inter-connectors, indicating that
the introduction of more market based systems for managing congestion in the links
significantly improves capacity utilisation of the electricity generators.
We also quantify how different market opening strategies and regulatory designs influence on
the impact from market opening on price and productivity. We find that:


There is no clear difference between the parameter estimates on market opening
depending on the countries’ strategies, measured by speed and timing.



However, our analysis shows a significantly different and lower effect of market
opening in those countries that had opened their electricity markets prior to 1992.



Our research has also found clear evidence that independent regulators have
significance on price performance and we confirm that the member states have better
price performance in years with independent regulators, than in years with nonindependent regulators.

Finally the channels of transmission from market opening to price and productivity might work
through changes in market structure or not. We find that:


Data on the concentration of the electricity sector in Europe is rather sparse, and do
not cover a period that is long enough to infer results of the market opening process in
this respect.



Therefore we can not draw any firm conclusions saying that the less concentrated
markets are results of the market opening process in those countries.



However, the latest available data for the market shares suggest a correlation
between high degree of market opening (as measured by the MOI) and a low
concentration of electricity generation industry.

Before we turn to the results of the estimations we briefly go over the estimation strategy
described in detail in Part I Chapter 3. The general idea is to estimate the productivity and price
models presented in general terms in Part I Chapter 3 .

5

The share of gas in thermal electricity production in EU-15 increased from 12 per cent in 1990 to 32 per cent in
2002. Thermal efficiency for gas is roughly 35 percent higher than coal and 50 percent higher than oil. Therefore
this shift in the share of gas significantly changes the overall efficiency of electricity production.
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After having identified and defined all necessary variables, dependent as well as explanatory,
we take a closer look at how we should specify and estimate the models. The theoretical
models for price and are just generic descriptions of the models. We need to know specifically
whether a static or dynamic model is better in “real life” and how to estimate the parameters in
such models. For that purpose we carefully follow the estimation strategy laid down in Part I
Chapter 3. We estimate an array of static and dynamic models using a variety of different
estimators to see which combination of model and estimator that seems to perform better6. To
determine that, we look at the various statistical and economic properties of the models. We
end up with a model that constitutes our benchmark model and step 1 out of the coming 7
steps. From this benchmark model we go through seven steps in order to refine the benchmark
model and end up with a final or best model. The results of all of these seven steps are
presented here in the sector chapter.
At best, the performance indicators in this analysis are only proxies for productivity and prices.
An appropriate indicator for quality was unavailable, therefore, the empirical model was applied
only to the price and productivity dimensions of performance. The choice of indicators used
was driven partially by data constraints and measurement difficulties. The key economic
performance variables are the end-user electricity price and the productivity of the electricity
generators. We now turn to the estimation of the price model.
Price of electricity
We follow the step-by-step recipe outlined in Part I Chapter 3. The point of departure is the
benchmark model including the two principal-component factors F1 and F2 and all relevant
control variables. It is a dynamic model estimated by the GMM-SYS estimator, and chosen as
the best point of departure out of the numerous different estimations shown in “Preliminary
econometrics”. We choose a dynamic model over a static one so that we can better model the
rather slow adjustment in prices and productivity to changes in explanatory variables, including
the ones describing market opening.
We choose to estimate the model in a dynamic framework because it is generally better at
modelling dynamics. It can distinguish between short and long run effects. A dynamic model
requires the use of a gmm-estimator. We use the GMM-SYS estimator since it uses more
instruments than any other. And it is especially good when prices adjust slowly which they
seem to do in electricity.
Having decided on the exact model specification and estimator we now initiate the final
estimations, shown below, using our 7-step recipe. The 7-step recipe utilises a general-tospecific reduction method, whereby insignificant variables are removed on the basis of the
Wald-test and we let MOI, individual MOMs and factors represent market opening to which
seems better. At the end, in step 5, we arrive at the final and best model from which we
calculate long run effects (step 6) and finally we do some auxiliary regression in step 7 shown
in appendix b of this chapter. The results of the first six steps are shown in table 6.3 below,
with a reference to each step.

6

The results of this array of estimations are presented in Appendix H – Preliminary Econometrics.

Page 101 of 277

Market Opening in Network Industries – Part II

Table 6.3: Price equations (industry, log of ppi3)
GMM-SYS
(Dynamic model)

Benchmark

+ MOI

+ MOMs

Model
reduction

Final
model

Long-run
effect

Constant
Log(Ppi3) (-1)
(Dep_V1)
Cost variables
COSTCAP
(Expl_Cost_V1)
COSTNUC
(Expl_Cost_V5)
Factors
F1 (-1)
F2 (-1)
Market opening
index MOI (-1)
Free choice
MOM1 (-1)
Unbundling TSO
MOM2 (-1)
Unbundling DSO
MOM3 (-1)
TPA transmission
MOM4 (-1)
TPA distribution
MOM5 (-1)
Tariff structure
MOM6 (-1)
Ownership
MOM7 (-1)
Wholesale trade
MOM8 (-1)
Congestion
management
MOM9 (-1)
Control variables
Net-export
(Expl_Contr_V3)
Rain
(Expl_Contr_V5)

-0.154

-0.324***

-0.141

-0.256**

-0.274**

-2.768***

0.947***

0.882***

0.951***

0.908***

0.901***

0.346

0.220

0.434

0.292

0.001

0.000

0.000

0.000

0.001*

0.007*

-0.082***

-0.108***

-1.097**

Test for exclusion
(p-value)
Sargan test (pvalue)
AR(1) (p-value)
AR(2) (p-value)

-0.024
-0.048
-0.065*
-0.002
-0.119***

0.034***

-0.019
0.016
0.015

*

-0.001

-0.001

-0.000

-

**

***

-0.001

-0.001

-0.001

-0.000

-0.001

-

MOM1, 4,
7, 8, 9:
(0.06)*

COSTCA
P, N.
Rain:
(0.41)

**

***

-0.001

(0.00)

***

(0.00)

***

(0.00)

***

(0.00)

***

(0.00)

***

(0.01)
(0.48)

***

(0.01)
(0.44)

**

(0.01)
(0.55)

**

(0.01)
(0.51)

**

(0.02)
(0.49)

**

***

-0.010

Obs.
128
128
128
128
135
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. The AR(1) and AR(2) tests are test for first and second order auto
correlation in the residuals, respectively. * means significant at a 10 percent level, ** at a five percent level
and *** at a one percent level. (-1), means the one year lagged value of a variable.

We aim at concluding more precisely which if any of the nine individual milestones explains
most of the variation in prices. We obtain the following results of including all nine market
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opening milestones in the analysis regarding the parameter estimates on each individual
milestone:










MOM1: Free choice is negative, but insignificant
MOM2: Unbundling of TSO is negative and significant
MOM3: Unbundling of DSO has very little variation over time and is therefore excluded
from the analysis.
MOM4: Third party access to transmission network (TPA-t) is positive and significant
MOM5: Third party access to distribution network (TPA-d) has no variation between
countries (all countries implement TPA to distribution at the same time) and is therefore
excluded from the analysis.
MOM6: Transmission tariffs have no variation over time and are therefore excluded from
the analysis.
MOM7: Ownership is negative, but insignificant
MOM8: Whole trading is positive, but insignificant
MOM9: Market based congestion management is positive, but insignificant

After completing steps 2-4 we arrive at the final model in step 5. The table shows that the final
model, in addition to the lagged dependent variable and a constant, includes three groups of
variables:




1 cost variable (share of nuclear),
1 Market Opening Milestone (MOM2, unbundling of transmission system operator from
generator),
1 market structure variable (Net exports of electricity).

The parameter estimate for unbundling (MOM2) is negative and significant (at a one percent
level). This implies that separating transmission system operation from electricity generation
companies will tend to reduce industry electricity prices. These parameter estimates are in
accordance with expectation. We return to the interpretation of this result below. The variable
net-export is significant at a one percent level with a negative parameter estimate. This implies
that there seem to be a tendency that increased export and or decreased imports coincide with
low prices. The mechanism behind this result is certainly very complex, but it is perhaps the
result of generators increasing their exports, when prices on the domestic market are low,
because they can earn more abroad.
The long-run model reveals that price effects are much larger in the long-run than in the shortrun. This highlights that there is a penetration effect before market opening translates into
reduced prices. A likely explanation for this is that unbundling does not function independently
of other market opening policies, and the entire market opening process fundamentally
changes the structure of the electricity sector. Furthermore the market opening process it self
has in most countries taken at least five years and sometimes longer. The long run effects are
calculated via the short run estimate and the adjustment parameter (the estimate of the lagged
dependent variable). The formula is

 0.108
 1.097 .
1  0.901

The sargan test rejects implying that the instruments are not valid. However, the indication of
first order auto correlation (AR(1) test rejects) and the absence of second order autocorrelation
(AR(2) accepts) indicates that the instruments are valid7. The instruments are lagged levels
and differences of the dependent variable.

7

Se the econometric chapter 2 which draws on Blundell and Bond (1998).
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Discusion of the variables used
Market opening is expected to increase competition, and increased competition can influence
prices via at least two channels. One effect is that more competition can lower the costs,
another effect is that more competition can reduce profits. The cost of electricity supply can be
divided into generation, transmission, distribution, and supply. The main cost components of
electricity generation are fuel prices, capital costs, and operating and maintenance costs.
Costs are also influenced by the performance of the generating technology (capacity factor,
thermal efficiency, and operating life). Before electricity reaches the end-user it has ran through
the transmission network and the distribution network, and it must be billed through a retail
suplier.
Each of these functions contributes to the costs of providing electricity to final users. Using
estimates from the United Kingdom, it is clear that generation makes up the largest proportion
of the cost of electricity supply, about 65 percent.
Consequently the main focus of the market opening process has been on introducing effective
competition between generators, but market opening policies has also aimed at increasing the
economic efficiency of the other functions, e.g. by introducing competition between retail
suppliers, and by changing the tariff systems for transmission and distribution to improve
efficiency.
In order to capture the full price effect of market opening we have decided to estimate the
changes in end-user prices, rather than wholesale prices. End-user prices can be influenced by
changes in all the above mentioned cost elements. Estimate changes in wholesale prices
alone, would neglect the impact of market opening on costs and/or profits in transmission,
distribution and retail supply. Generation makes up the greatest proportion of electricity supply
costs, so the majority of variation in end-user prices should be accounted for by generation
prices.
The electricity prices used in this analysis are collected and made comparable by Eurostat8.
Price data is generally available for the period from 1991 to 2003, but not all countries have
data for all years. The key price variable is the pre-tax price for mid-size industrial consumers9.
Eurostat reports prices for nine industrial standard consumers coded Ia to Ii. We use the
electricity prices for consumption group Ie, corresponding to a mid-size industrial consumer with
an annual consumption of 2000 MWh, i.e. maximum demand of 500 kW and an annual load of
4000 hours.

Since 1 July 1991, the Council Directive 90/377/EEC laid down a Community procedure to improve the
transparency of gas and electricity prices charged to industrial end-users. In accordance with Article 1.2,
“Electricity prices – Price systems” sets out a summary of the prices systems in force, and is a complement to the
information published in the semestrial "Statistics in focus" and in the annual "Electricity prices".
9 The end-user price is the actual price paid by the electricity consumer, corresponding to the invoiced delivery price
to the consumer at the beginning of each year/semester including any potential discounts and subsidies.
Consumers are defined as those who purchase electricity for their own use and exclude those who offer it for
resale. The prices are converted into a common currency using purchasing power parities (PPP). Price data is
collected for one or more specific location within each country, and we use Eurostat’s national averages based on
those data.

8

Page 104 of 277

Market Opening in Network Industries – Part II

Table 6.4. Correlation between different industry electricity prices and the price for the
2000 MWh consumption group
Industry annual consumption in MWh
30

50

160

1250

2000

10000

24000

50000

70000

Avg

Correlation with the prices used
AUT
BEL
FIN
FRA
GER
IRL
ITA
DNK
ESP
SWE
LUX
GBR
GRC
NLD
PRT
Avg.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

-0,12
0,66
0,97

-0,07
0,92
0,97

0,65
0,94
0,96

0,99
0,97
0,99

1
1
1

0,9
0,87
1

0,93
0,99
1

0,9
0,92

0,92
1

n.a.

n.a.

0,64
0,91
0,99

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

0,38
-0,76
0,98
0,92
0,41
0,99
0,85
1

0,37
-0,25
0,98
0,92
0,41
0,95
0,71
1

0,42
-0,32
0,99
0,97
0,52
0,99
0,34
1

0,91
-0,4
1
1
0,88
1
0,71
1

1
1
1
1
1
1
1
1

0,96
0,59
1
1
0,99
1
0,74
1

0,96
0,68
1
1
0,98
0,73
0,8
1

0,95
0,76
1
1
0,97
0,77
0,78
1

0,94
0,69
0,99
0,99
0,96
0,78
0,76
1

0,74
0,12
0,99
0,98
0,77
0,90
0,71
1,00

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

0,99

0,99

0,99

1

1

1

0,98

0,99

0,99

0,99

0,51
0,56
0,60
0,64
1
0,78
0,77
0,70
0,69
Note: For Germany, Netherlands and Austria prices only exist for too few years. France lacks data for very large
consumers.
Source: Eurostat, Copenhagen Economics, Market Opening Milestones database.

Table 6.4 above presents the correlations over time between the prices used and prices for all
other industrial consumption groups. Generally prices in all nine consumers groups follow the
same trajectory over time. Furthermore, the price used is closely correlated with higher
consumption groups and less correlated with the smaller groups.
The conclusion is that the selected price category (Ie ~2000 MWh per year) is representative
for the general price trends in all industrial consumer groups in 12 out the 15 member states
where data are available. In some member states (France, Denmark, Spain and Portugal)
prices are almost perfectly correlated, while other member states show less homogeneous
price patterns. Most significantly in Italy and Belgium. In Italy prices for small sized industry
followed a different pattern than the one estimated here, and the results are not applicable for
those consumer groups. This also applies to very small industrial consumers in Belgium (less
than 160 MWh per annum). The electricity price for small users in Sweden is correlated with
the prices used, but there is a lower correlation than in other member states. In Grece and
Luxemburg the price we have used is also representative for the general trend across
consumer groups, but more so for small user than large users.
In summary we conclude that our estimates of price changes would not be altered significantly
if we had used prices for the other mid-sized industry consumers.
The productivity equation
The second key economic performance variable is the productivity of the electricity generators.
We measure this by both the capacity utilisation ratio and the overall thermal efficiency.
We use two measures because productivity is difficult to measure in the electricity supply
industry. One obvious possibility would be to calculate labour productivity (output per unit
input); however, the appropriate data regarding employment in the electricity supply industry is
not available. Furthermore it can be argued, as in Steiner (2001), that labour productivity a
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weak proxi for efficiency improvements in a capital-intensive sector like electricity. Measures of
capital or total factor productivity are also difficult to construct, especially at the industry level.
This is due to the difficulties and errors in measuring capital.
Consequently, one feasible indicator of capital productivity, which we will use in this analysis, is
the capacity utilisation ratio, calculated as energy production divided by total average
capacity10. This indicator is also used in Steiner (2001) as a productivity measure. The
argument for using this indicator is that greater usage of capacity implies greater productive
efficiency – all other things equal. Though the indicator only proxies the productive use of
inputs in electricity generation.
Another indicator for productivity in the electricity sector is thermal efficiency, defined as energy
output per unit of energy input (both measured according to their energy content, e.g. in giga
joules, GJ). However, overall thermal efficiency is strongly influenced by thermal efficiencies
differences between the different technologies.
We choose to estimate productivity in a dynamic model using the GMM-SYS estimator. We
generally prefer the dynamic specification since it is more flexible than a static model and can
better describe cases dynamics. Adjustment to shocks seems important since the coefficient to
the lagged dependent variable is highly significant. However, it is always well below one
indicating that we can treat the time series as stationary. In appendix I we show the array of
estimations from which we choose our model. The GMM-SYS estimator uses instruments to
correct for the inherent endogeneity of the lagged dependent variable in a dynamic model11. By
choosing the GMM-SYS we use as many instruments as possible which should give more
precise estimates, especially when the adjustment in capacity utilisation (the dependent
variable) is slow, meaning that the coefficient to the lagged dependent variable is large (close
to one). Which we suspect it to be.
The approach for estimating the effect on productivity follows the same steps as the price
equation. First we find that the two principal-component factors F1 and F2 have the expected
positive sign, but the parameter estimates are insignificant.
We now look at capacity utilisation and estimate the link with market opening. Introducing the
Market Opening Index (MOI) instead for the two factors improves the model. We still get the
expected positive parameter estimate on the MOI, and the result is significant at a ten percent
level. This result indicates that all nine Market Opening Milestones are correlated with higher
capacity utilisation in the generation sector, when controlling for other factors.
Analysing each of the nine individual milestones shows that unbundling of the TSO and a
market based congestion management system explains most of the variation in the utilisation
rates. We obtain the following results of including all nine Market Opening Milestones in the
analysis regarding the parameter estimates on each individual milestone (as explained above
MOM3, MOM5 and MOM6 are excluded):






MOM1: Free choice is zero, but insignificant
MOM2: Unbundling of TSO is positive, but insignificant
MOM4: Third party access to transmission network (TPA-t) is negative, but insignificant
MOM7: Ownership is positive, but insignificant
MOM8: Whole trading is positive, but insignificant

The data used are from Eurostat’s energy statistics and the capacity utilisation ratio is calculated as generation of
MWh per year divided by installed capacity (8760 hours on a year). The data for this variable is complete for all EU15 countries from 1990 to 2001.
11 See the econometrics appendix A for a discussion of this.
10
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MOM9: Market based congestion management is positive, but insignificant

The different estimations (including the final model) are shown in table 6.5. The final model
includes, in addition to the lagged dependent variable and a constant, two groups of variables:



2 Market Opening Milestone (MOM2, unbundling of transmission system operator from
generator and MOM9, market based congestion management system),
1 control variable (the amount of water in hydro-based electricity systems).

The parameter estimate for unbundling of TSO is positive and significant (at ten percent). This
implies that separating transmission system operation from electricity generation companies
will tend to increase the capacity utilisation. The parameter estimate for congestion
management is also positive and significant (at one percent). This implies that the more market
based congestion management systems are put in place on international electricity interconnectors the higher the capacity utilisation in electricity generation. These parameter
estimates are in accordance with expectation. We return to the interpretation of these results
below.
The variable reign is significant at a one percent level with a negative parameter estimate. This
implies that years with heavy rain drive down capacity utilisation for thermal plants. This is very
plausible, since hydro-power comes first in the least cost merit-order, and it is therefore natural
that more hydro-capacity will reduce the actual use of thermal plants, but without changing the
capacity of thermal plants. Therefore thermal plants are used less when access to cheap
hydro-power goes up, but thermal plant capacity can of course not be adapted to the expected
rain-fall. Therefore capacity utilisation will dip in years with heavy rain.
The long-run model reveals that price effects are more than six times larger in the long-run
than in the short-run. This highlights that there is a substantial lag for the effect of market
opening translating into higher capacity utilisation. The long run effects in step 6 are calculated
as

0.074
 0.474 .
1  0.844
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Table 6.5: Productivity equations (log of capacity utilisation ratio, pcaputi)
GMM-SYS
(Dynamic model)

Recipe step
Constant
Log(pcaputi) (-1)
(Dep_V1)
Factors
F1 (-1)
F2 (-1)
MOI (-1)

Benchmark
model

Including
MOI for
factors

Including
MOMs
for
factors

Adding
functions
of the
factors

Final
model

Long-run
effects in
final
model

1

2

3

4

5

6

-0.578

-0.084

0.024

0.057

0.119

0.758

0.827***

0.851***

0.845***

0.842***

0.844***

0.056
0.182

0.120
0.316
0.134*
-0.000
0.070

MOM1 (-1)
MOM2 (-1)

0.074*

0.474*

0.050***

0.317*

MOM3 (-1)

-0.054

MOM4 (-1)
MOM5 (-1)
MOM6 (-1)

0.071
0.032
0.043

MOM7 (-1)
MOM8 (-1)
MOM9 (-1)

F11 (-1)
F22 (-1)
F12 (-1)
Control variables
Log(CGDP)
(Expl_Contr_V1)
Log of Net-exports
(Expl_Contr_V3)
INTENS
(Expl_Contr_V4)
Rain
(Expl_Contr_V5)

Test for exclusion
(p-value)

0.060
-0.313
-0.161
0.016

-0.045

-0.034

-0.046

-0.052

-0.335

-0.001*

-0.001**

-0.001**

-0.001**

-0.006*

0.006
-0.064
-0.001*

Expl_Contr
_V3,V4:
(0.649)

MOM1,2,
4,7-9:
(0.000)**
MOM1,4,
7,8:
(0.594)

F11,22,1
2:
(0.149)

Sargan test (p(0.097)
(0.000)**
(0.000)**
(0.000)** (0.000)**
value)
AR(1) (p-value)
(0.067)*
(0.079)*
(0.068)*
(0.078)*
(0.076)*
AR(2) (p-value)
(0.242)
(0.309)
(0.253)
(0.284)
(0.287)
Obs.
165
165
165
165
165
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. The AR(1) and AR(2) tests are test for first and second order auto
correlation in the residuals, respectively. * means significant at a 10 percent level, ** at a five percent level
and *** at a one percent level. (-1), means the one year lagged value of a variable.

The different models were tested for the inclusion of other explanatory variables mentioned,
but they have been excluded because they turned out to be insignificant. We have also tried
including capacity utilisation in the price equation in order to test for endogenous effects. This
gave no additional effect and did not change the parameter estimates presented above.
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The sargan test often rejects implying that the instruments are not valid. However, the
indication of first order auto correlation (AR(1) test rejects) and the absence of second order
autocorrelation (AR(2) accepts) indicates that the instruments are valid12. The instruments are
lagged levels and differences of the dependent variable.
The second productivity variable is thermal efficiencies. Productivity measured by thermal
efficiency in electricity generation improved by 20 percent as a simple EU average over the
period from 1990-2002. This improvement is almost entirely explained by the increase of gas
as fuel input in electricity generation13.
In appendix H we show the estimation results with thermal efficiency as the left hand side
variable. The result is that market opening had no effect on thermal efficiency when we control
for the change in fuel mix changes in the direction of more gas. Therefore none of the thermal
efficiency improvement can be explained as a result of th historical market opening in the
electricity sectors of the EU-15 countries over the period 1990-2003.
Consequently, the indicator of productivity used in this analysis is the capacity utilisation ratio,
calculated as energy production divided by total average capacity.
Discusion of the importance of unbundling
The results of both the price equation and the productivity equation point in the direction that
unbundling of the TSO has been the most important element of the market opening process in
the electricity sector.
The reason is that the main objective of unbundling is to avoid discrimination in the competitive
segments of the electricity industry. Thus, some degree of separation is needed between
transmission and generation, distribution and generation, and distribution and end user supply.
Unbundling of generation and transmission facilitates new entry into generation, so to the
extent that entry or potential entry intensifies competition, prices should decrease. And since
generation costs corresponds to approximately 65 percent of the total costs of delivering
electricity it is not surprising that unbundling of the TSO turns out to be most important. The
same argument holds for the increase in productivity. With increased competitive pressure
generators can be forced to improve efficiency.
The market opening milestone for unbundling, distinguishes between four levels of unbundling:
accounting separation, management separation, legal separation and ownership separation14.
Our analysis suggests that these varying degrees of unbundling matters for the economic
outcome. We conclude so from an analysis where the MOM-values were replaced by MOMdummies having the value 1 if the underlying MOM-value is greater than zero, and zero
otherwise. We the repeat the regressions and obtain similar results, but less significance.
There we conclude that carefully describing the details of unbundling add explanatory value to
the estimation, and that the degree of unbundling matters.
This is in accordance with expectations. Management separation and accounting separation
have a limited potential to prevent discrimination because the incentive to discriminate and
some of the ability to discriminate remain. If applied, these forms of separation require
significant regulatory oversight and vigorous enforcement of competition law. Ownership
Se the econometric chapter 2 which draws on Blundell and Bond (1998).
The share of gas in thermal electricity production in EU-15 increased from 12 per cent in 1990 to 32 per cent in
2002. Thermal efficiency for gas is roughly 35 percent higher than coal and 50 percent higher than oil. Therefore
this shift in the share of gas significantly changes the overall efficiency of electricity production.
14 The 1996 directive (96/92/EC) requires accounting separation of generation, transmission and distribution
activities. The new directive (2003/54/EC) requires legal unbundling of the TSO from other activities at the latest in
2004 and DSO to be separated from other activities in 2007 at the latest.

12

13
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separation or “divestiture” — requiring different owners for different activities — has the
greatest potential to eliminate discrimination, because it eliminates the incentive to
discriminate. Only few countries have implemented ownership separation, and if so only very
recently (Finland, Sweden and UK in 2001, Netherlands and Spain in 2002), so it is difficult to
test for the effect of full TSO unbundling.
In our analysis we have not been able to detect any effect from DSO unbundling. This is mainly
because there is no variation in the timing of DSO unbundling between the EU-15 countries.
However, the many recent reforms aiming to unbundle distribution networks from supply, can
be seen as a sign of expected future effects from DSO unbundling.
While unbundling of the TSO (and DSO) removes barriers to entry for new generators on the
domestic market, introduction of market based congestion management of the international
electricity inter-connectors can remove barriers to competition from abroad. Market based
congestion management can therefore be interpreted as unbundling the international links from
the incumbent generators. The analysis shows that MOM9 have had a positive significant
impact on the productivity of electricity generators. We interpret this as a result of competition
or potential competition from abroad have increased the pressure on domestic generators to
such an extend that improvements in capacity utilization can be detected.
Strategies and regulatory designs in electricity
Our analysis of the country strategies shows no clear difference between the parameter
estimates. However, the results are close to meeting the significance criteria. We therefore
reject the hypothesis that the effects of market opening are significantly different depending on
the strategies. The same conclusion is reached if the MOI is replaced by the significant MOMvariables. And the result holds for both the price and the productivity equations.
In order to assess the eventual effect of an early start in the market opening process we have
constructed an indicator of the initial market conditions in each country. The indicator is equal
to unity if the Market Opening Index is greater than zero in 1992, and zero otherwise. Hereafter
we multiply this dummy for initial conditions with the significant MOMs and assess whether a
statistically significant parameter can be estimated for the group of early starters alone.
The analysis indicates a lower productivity in those countries that had opened their electricity
markets prior to 1992. The countries with MOI1992 = 0 are Austria, Greece, Ireland, Luxemburg
and the Netherlands.
Our research has found clear evidence that independent regulators have significance on price
performance. A binary variable reflecting the year of independency for each country multiplied
by the unbundling variable (MOM2) has a negative sign (significant at a one percent level).
This confirms that countries have better price performance in years with independent
regulators, than in years with non-independent regulators.
The data for this analysis is taken from the IEA (2001) study on the regulatory institutions in
liberalised electricity markets. Here three broad groups of institutional approaches to regulation
of the electricity sector are identified: One group including Denmark, Finland, France, Ireland,
Italy, Portugal, Sweden and UK could at the time of the IEA analysis be characterised as
having an independent regulatory agency separate from the “line-ministry”. A second group
including Austria, Belgium, Germany, Greece, Luxembourg and Spain was characterised as
having regulatory agencies dependent on their “line-ministry”, such that the ministry handle
most regulatory responsibilities directly. A third group, only comprising the Netherlands, had
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established an autonomous ministerial agency subordinated to the ministry15. We have
investigated the developments in the countries in group 2 to check if any of these countries
have established independent regulatory agencies as defined in IEA (2001). This seems to be
the case for all countries except Germany, Spain and Greece 16. The timing of the regulatory
independence is apparent from figure 6.15.
Figure 6.15: Independence of electricity regulator
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Source: Copenhagen Economics, Market Opening Milestones database.

We have then developed a 0-1 variable for each country and year having the value of unity if
the regulator was characterised as independent (the blue bars in figure 6.15), and zero
otherwise. We then multiply this variable with the explanatory market opening variable in the
final model and test if the parameter estimate changes significantly. The analysis shows that
the effect of unbundling is approximately 25% higher when the regulator is independent. In the
uncorrected model the coefficient on MOM2 is -0.108. In the corrected model the coefficient on
MOM2 controlling for independence of the independent regulators is -0.134 (adding the
coefficients on MOM2 and MOM2xIndp).
Channels of transmission in electricity
Data on the concentration of the electricity sector in Europe is rather sparse. Data is available
for the years 1999, 2000 and 2001 from the Eurostat publication “Competition indicators in the
electricity market” from 2003.
The latest available data is for 2001 and suggest a correlation between high degree of market
opening (as measured by the MOI) and a low concentration of electricity generation industry.
This result comes out from almost any concentration indicator, and below we show the
correlation in 2001 between market opening and the market share of the largest generator, the
three largest generators, and a generation Herfindahl index respectively.

We have included the Netherlands in the first group of independent electricity market regulators since the Office of
Energy Regulation (Dienst uitvoering en toezicht Energie, DTe) was assigned new tasks in 2001
16 This seems to be the case for Austria, with the establishment of e-control in operation from 2001, in Belgium
where the Commission for Electricity and Gas Regulation, CREG, was in operation from 2000, and in Luxemburg,
where the telecommunications regulator (Institut Luxembourgeois de Régulation) also was assigned the task of
regulating the energy sector. A similar development is under way in Germany, with the Regulatory Authority for
Telecommunications and Posts (Die Regulierungsbehörde für Telekommunikation und Post) are to be assigned
the responsibility for electricity regulation.

15
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Figure 6.16: Market opening and market share of largest generator
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Source: Copenhagen Economics, Market Opening Milestones database.

Figure 6.17 Market opening and market share of the three largest generators
Market share of 3 largest generators 2001
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Figure 6.18: Market opening and Herfindahl index for the concentration in electricity
generation
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However, we can not draw any firm conclusions saying that the less concentrated markets are
results of the market opening process in those countries. The reason is that we do not know
the market structure prior to the market opening process. Some countries had something close
to a monopoly in generation as starting point. Other countries, for example the UK, had already
split up their electricity sector in 1990. In the UK this happened when the Central Electricity
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Generation Board (CEGB) was split into three generation companies (National Power,
PowerGen and Nuclear Electric) and one transmission operator (National Grid Company). By
1993 the largest generator (then National Power) had a market share of 49 percent of turnover,
according to Armstrong, Cowan and Vickers (1994).
In general we tend to conclude that competition in the electricity sector have risen between
existing electricity generators within each country, and from the competitive pressure from
existing generators in neighbouring countries rather than from dramatic changes in the number
of electricity generators in each country.
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Appendix 6a: Variables used in the econometric estimations for the electricity
sector
Independent variables
All independent variables are yearly series per country. The most important explanatory
variables are of course the market opening indicators (MOM, MOI and the factors from
principal-component analysis). We also use market structure variables as independent
variables. The analysis also includes sector specific control variables as described below.
We control for the structure of the electricity sector in each country by including control
variables on the share of different electricity generation technologies (oil, gas and coal, as well
as wind, hydro and nuclear). We also control for the cost of capital and for the overall energy
intensity of each economy. Electricity imports and exports are also used in the models.
Changes in world market prices on oil, coal and gas also matters for electricity prices (and
perhaps for productivity), since a large share of the marginal generation costs are fuel
expenses. Therefore we wish to control for changes in short-run marginal generation costs.
Short-run marginal generation costs were calculated for coal, gas, and oil plants based on the
national average cost of each fuel used in power stations, and the estimated thermal efficiency
for a marginal plant of each type using the following formula:
Marginal Generation Cost = (Fuel Price in euro/kWh / Thermal Efficiency in %)
Average thermal efficiencies have gradually increased over the period 1990–2001, but
marginal thermal efficiency data is not reported per country on an annual basis. For simplicity,
it has been assumed that marginal thermal efficiencies remained constant at 33% for coal,
45% for gas, and 30% for oil.
Weather conditions can influence the price on electricity markets with a large share of hydro
power. Therefore we include a variable reflecting the yearly fluctuations in the water level in the
hydro power reservoirs in those countries were hydro power has a significant share of the
generation capacity, or if the country participates in an international electricity pool where hydro
power can be the price-setting technology.
We control for business cycles by including GDP per capita, and we test if the degree of
urbanisation has any explanatory power in the electricity sector.
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Variable

Description

Log(Ppi3)

Electricity prices for
industry
Log of thermal
efficiency

Log(heeff)

Log(pcaputi)

Log(CGDP)
COSTCAP

F1
F2
MOI
F11
F22
F12
MOM1

MOM2

MOM3

MOM4

MOM5

Capacity utilisation
(log of)

Log of gdp in fixed
prices
Cost of capital

Factor 1
Factor 2
Market Opening
Index in electricity
Factor 1 x Factor 1
Factor 2 x Factor 2
Factor 1 x Factor 2
Degree of free
choice of supplier
(retail market)
Unbundling TSO
(Transmission
System Operator)
Unbundling DSO
(Distribution System
Operator)
Network access
regime for Third
Party access to
transmission network
Network access
regime for Third
Party access to
distribution network

MOM6

Structure of the
tarification
mechanism

MOM7

Ownership
(generation)

MOM8

Wholesale trading
model

Other information

Source
Eurostat

Energy output divided
by energy input
in joules

Eurostat

Generation of
electricity
divided by
capacity in MW

Eurostat

OECD

(interest–inflation)*total
generation
capacity/total
generation

Eurostat, OECD

From factor analysis
From factor analysis

Own analysis
Own analysis

Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
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Variable
MOM9

Net exports
Rain
COSTNHYD

COSTTHE

COSTWIND

COSTNUC

DEGOPEN

MSTOP1G
INTENS

FUELINDEX
ICSI

INDEP

Speed
Timing

Description
Market based
congestion
management
(Moutexpmoutimp)/1000
Rainfall in Norway
Cost of hydro
capacity

Other information

Source
Copenhagen
Economics Market
Opening Milestones
database

Total exports of
electricity -Total
imports of electricity

Share of hydro
capacity out of
total capacity

Eurostat

Share of thermal
capacity out of
total capacity

Eurostat

Cost of Wind
capacity

Share of wind capacity
out of total
capacity

Eurostat

Cost of nuclear
capacity

Share of nuclear
capacity out of total
capacity
Degree of openness is
computed as the ratio
of the sum of imports
and exports to twice
the domestic demand

Cost of thermal
capacity

Degree of openness

Market share of
largest generator
Energy intensity in
the economy

Eurostat

Market Opening
Milestones database
Market Opening
Milestones database

Gross inland
consumption of energy
divided by gdp

Dummy variable with
the value one if
market opening
started in 1992 or
earlier
Number of years of
independent
regulator
See other sector
chapter
See other sector
chapter
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Appendix 6b: Estimation of strategies and market structure in the electricity
sector
Estimation of strategies and regulatory designs in the electricity sector
Final model in…

Variable name

price,
expanded
with
strategy

Speed and
Timing
7a

price,
expanded
with initial
condition

price,
expanded
with
regulatory
design

ICSI

Indep

produc.,
expanded
with strategy

Speed and
Timing
7a

produc.,
expande
d with
initial
conditio
n

produc.,
expande
d with
regulator
y design

ICSI

Indep

Recipe step
7b
7c
7b
7c
Variables
MOM2 x Speed
0.810**
-0.012
MOM9 x Speed
0.081
MOM2 x Timing
0.062
-0.268
MOM9 x Timing
0.067**
MOM2 x ICSI
-0.081
-0.155*
MOM9 x ICSI
-0.034*
MOM2 x Indep
-0.080***
0.065
MOM9 x Indep
-0.046
MOI x Speed
0.387
-0.298
MOI x Timing
-0.319
-0.279
MOI x ICSI
-0.226
-0.499**
MOI x Indep
-0.053
-0.035
Note: The table reads in the following way: The cross-products in the table are, one at the time, entered into the final
model from step 5 in the estimation tables on price and productivity in the chapter. The cross products with
MOI do, however, enter the final model from step 5 but where MOI enter instead of MOMs or the factors. The
table then shows the estimated coefficient to the cross product leaving out the other variables from the final
model, step 5, for purely practical purposes. If the cross products are significant, it tells us that a given level of
market opening affects price or productivity differently depending on the strategy (7a), the initial conditions
(7b) or the regulatory and institutional design (7c). The estimated coefficients to the cross products are not
straight forward to interpret since the cross products are not constructed around the mean. What is important
in this context, is to look at the sign (+ or -) and the level of significance.
* means significant at a 10 percent level, ** at a five percent level and *** at a one percent level.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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Market structure estimation in electricity
(Static model)

DEGOPEN
(degree of openness)

MSTOP1G
(market share of largest
generator)
FE

Estimator
FE
Constant
Factors
F1 (-1)
0.060***
20.129**
F2 (-1)
-0.121**
-187.284***
Cost variables
COSTCAP
0.492**
(Expl_Cost_V1)
COSTNHYD
0.034**
-381.703***
(Expl_Cost_V2)
COSTTHE
0.033**
-389.489***
(Expl_Cost_V3)
COSTWIND
0.037**
-387.941***
(Expl_Cost_V4)
COSTNUC
0.031**
-385.194***
(Expl_Cost_V5)
FUELINDEX
-396.343***
(Expl_Cost_V6)
Control variables
Log(CGDP)
0.031**
210.309***
(Expl_Contr_V1)
F1,F2:
F1,F2:
Joint exclusion of
Factors (p-value)
(0.000)**
(0.000)**
R2
0.236
0.975
AR(1) (p-value)
(0.05)
(0.29)*
AR(2) (p-value)
(0.351)
(0.124)
Obs.
156
43
Note: The AR(1) and AR(2) tests are test for first and second order auto correlation in the residuals, respectively. *
means significant at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one
year lagged value of a variable.
Source: Own calculations on Copenhagen Economics, Market Opening database.
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Chapter 7 Market Opening and Performance in
Telecommunications
In this chapter we analyse the relationship between market opening in the telecommunications
sector and the sector performance measures; price, productivity, employment and quality.
Firstly, we present the Market Opening Index for the telecommunications sector. Secondly, we
compare the change in market opening with changes in sector performance and make some
preliminary conclusions regarding their bi-variate relationship. Thirdly, we report the results of a
factor analysis where the individual components of the Market Opening Index are aggregated
into a limited number. Finally, we investigate formally in an advanced econometric framework
the relationship between market opening and sector performance controlling for the impact of
other explanatory variables.

7.1. Market opening in telecommunication
Firstly, we report the Market Opening Index for telecommunications for EU15 and for each
member state for the period 1990-2003. Secondly, we report changes in market structure
during the same period and discuss informally the relationship between market structure and
market opening. Finally, we report indicators of regulatory environment and their relationship
with market opening.
Market Opening Index
We have constructed a Market Opening Index for telecommunications for each of the EU15
member states covering the period 1990-2003. The Market Opening Index measures the
degree of market opening on a scale between zero and unity. A value of unity indicates full
market opening. The Market Opening Index (MOI) for telecommunications is constructed on
the basis of five Market Opening Milestones (MOMs) and 36 questions, cf. chapter 12.
Market opening in telecommunications started slowly, below the EU average, in most of the
nineties, but gained pace in 1997-98 and in particular after 2001. Since 1998 market opening in
telecommunication has been significantly above average in all network sectors and
telecommunication is today among the most advanced market openers, cf. figure 7.1.
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Telecommunications
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Market Opening Index

Figure 7.1: Market opening in telecommunications EU15, 1990-2003

Netw ork

Note: The larger indicator is, the more open is the telecommunications market. Telecommunications is an average of Market
Opening Indices for Telecommunications for all member states weighted by share of total revenues in Telecommunications, 2001.
Network is a simple average of Market Opening Indices for all network sectors for all member states.
Source: Copenhagen Economics, Market Opening Milestones database.

Market opening has been significant in all member states. In 2003 all member states had
achieved more than 50 percent market opening and most member states significantly more.
This is comparable only to market opening in air transport, cf. figure 7.2.
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Figure 7.2: State of market opening in Telecommunications 2003, EU15 member states

Note: The larger index is, the more open is the telecommunications market
Source: Copenhagen Economics, Market Opening Milestones database.

All member states have unbundled the local loop, initiated privatisation, given access to third
parties and given consumers freedoms to choose their service provider. Member states with
more advanced market opening seem to have privatised to a larger degree, to have unbundled
the local loop more fully and to have created price schemes for third party access attractive to
service providers, cf. figure 7.3.
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Figure 7.3: Structure of the market opening in telecommunications, EU14 member
states, 2003
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Source: Copenhagen Economics, Market Opening Milestones database.

To get a better view of market opening in each member state, we now attempt to split the
countries in three different groups reflecting their level of market opening and for how long a
period of time the market opening has been in effect. We use the grouping later in the chapter
to give a first impression of how the level of market opening and the number of years it has
been allowed to “work” affects various performance measures such as prices, productivity,
quality and employment17.
We group the countries according to two measures. The first measure is the value of the
Market Opening Index (MOI) in a country in 2003 relative to the EU15 average in 2003. Thus, a
value above one indicates that the country has reached a higher level of market opening in
2003 than the average EU15 value. On the other hand, if a country receives a value below one
it is more regulated than the average EU15 countries. The second measure is the number of
years a country has had a MOI larger than the EU15 average – comparing each year
individually. Meaning that the value of the MOI of each member state in e.g. 1990 is compared
to the EU15 average in 1990, then for the year 1991 and so forth. Hence, a high value
indicates that the country, during 1990-2003, often has had a level of market opening higher
than the average level of the EU15 member states; reflecting that market opening in these
countries has had a longer time to work than in most other EU15 countries. That might be an
important aspect for the impact on performance if market opening affects performance
gradually and not the exact moment market opening occurs.
According to these two measures we group the countries in three groups, Group A, B and C:
A. Group A will tend to represent the countries with high levels of market opening
compared to EU15 average and with many years above EU15 average.
B. Group B will tend to represent the countries with MOIs close to the EU-15 average
and with a medium number of years above EU15 average.
C. Group C will tend to represent the countries with MOIs lower than the EU15 average
and therefore also with a small number of years above the EU15 average.

17

Of course, we also examine the relationship between market opening and performance more formally in an
econometric model later in the chapter. But to get a first feel for the relationship between market opening and
performance, simple graphical illustrations often prove helpful.
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The splitting of the countries in these three groups is not based on “tough” objective criteria but
rather on the natural grouping that seems to follow a graphical illustration. The countries seem
to differ in respect to how many years they have been above EU15-average whereas they
seem to differ less with respect to the level of market opening in 2003, c.f. figure 7.4. We put
Denmark and the United Kingdom in Group A, the Netherlands, Sweden and Spain in Group B
and Austria, Belgium, Finland, France, Germany, Greece, Italy, Ireland, Luxembourg, and
Portugal in Group C, cf. figure 7.4.
Figure 7.4: Grouping of EU15 member states regarding market opening, 1990-2003
Index value relative to EU15-average 2003
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1.0
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Note: Group A (green) will tend to represent the countries with high levels of market opening compared to EU15 average and with
many years above EU15 average. Group B (yellow) will tend to represent the countries with MOIs close to the EU15 average and
with a medium number of years above EU15 average. Group C (red) will tend to represent the countries with MOIs lower than the
EU15 average and therefore also with a small number of years above the EU15 average.

Source: Copenhagen Economics, Market Opening Milestones database.

Strategies toward market opening
The extent to which countries have deregulated their electricity sector is one thing, another is
how they have done it. It is interesting in this context because it might, in it self, have an effect
on prices and productivity. Meaning that not only the level of market opening and the years it
has been allowed to work is important for prices and productivity but maybe also how the
countries have achieved their level of market opening – their strategies for market opening. We
now develop a measure of a country’s market opening strategy. We will use it later in an
econometric model to see if there is an effect from pursuing different strategies towards market
opening on prices and productivity.
Roughly speaking, a country can achieve a certain level of market opening in 2003 in four
different ways as illustrated in figure 6.5. Either it can deregulate in the beginning and do
nothing from then on. Hence, the final level of market opening in 2003 is achieved at the
beginning of the period. We have named it Strategy 1. Or the country can do nothing for many
years and then very late it can deregulate as much as is desired. That would be Strategy 2 in
the figure. A third strategy is to deregulate as much as is desired in the middle of the period
and nothing before and after. That is Strategy 3 in the figure. The final strategy, Strategy 4, is
to gradually deregulate over the whole period 1990-2003.
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Figure 7.5: Illustration of the four basic types of strategies
Market Opening Index (MOI)
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Thus, the four strategies depict the speed and timing of the market opening process. We now
wish to see which of the four strategies the 15 countries have used to reach their 2003-level of
market opening. Of course we expect many countries to have achieved the level of market
opening in 2003 by combining the four basic strategies outlined in figure 6.5. But some will no
doubt be closer to one of the strategies than the other.
Our measure of speed means that a country receives a high value (the maximum value is one
by construction) if it has achieved its 2003-level of market opening by deregulating very fast.
Similar to the basic strategies 1, 2 and 3. A small value, on the other hand, signals that the
country has achieved its 2003-level of market opening by slowly deregulating, somewhat like
strategy 4 in figure 6.5. Timing is measured in such a way that a country receives a value of
0.5 if it has deregulated neither early nor late, e.g. steadily over the whole period of 1990-2003
(like Strategy 4) or if it has deregulated more speedily in the middle of the period (like Strategy
3). A value above 0.5 means that it has timed market opening in the beginning of the period
(like Strategy 1) and if it has a value below 0.5 it has timed market opening late in the period
(Strategy 2).
The member states have reached their respective levels of market opening in 2003 in different
ways. There seems to be a negative correlation between speed and timing, reflecting that
member states that began the process of market opening late also did it fairly quickly. Member
states that opened their telecommunications market early did it somewhat slower, c.f. figure
7.6.
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Figure 7.6: Timing and speed of market opening, EU-15 member states, 1990-2003
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Note: Remember that the strategy of each member states, measured by speed and timing, holds no information what so ever
about the level of market opening. Speed is defined as sum of squared change in MOI for each year divided by squared total
change in MOI from 1990-2003. That means that the value one is maximum. Timing is defined as average MOI over 1990-2003
divided by MOI in 2003, implying that a value of 0.5 reflects a country has deregulated neither early nor late.
Source: Copenhagen Economics, Market Opening Milestones database.

The figure shows that the United Kingdom (GBR) has deregulated earliest of the 15 member
states whereas Germany (DEU) has opened its telecommunications market fastest once it got
started.
Market structure
We characterise the market structure for mobile telecommunications by calculating the
Herfindahl-Hirschmann index (HHI) in each member state. The Herfindahl-Hirschmann index is
the sum of squared market shares for all companies on the market. The larger the HHI is, the
more concentrated the market is. However, due to incomplete data we are only able to
calculate the index for 2000 and 2001 respectively. The figure shows that all member states
have reduced concentration in mobile telecommunications on a comparable scale, but Group A
started out with a more concentrated mobile market (in 2000) than Group B and Group C.
Figure 7.7: Market structure in mobile telecommunication, EU15 member states, 2000-01
5000

Market structure Mobile
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Note: Group A (green) will tend to represent the countries with high levels of market opening compared to EU15 average and with
many years above EU15 average. Group B (yellow) will tend to represent the countries with MOIs close to the EU15
average and with a medium number of years above EU15 average. Group C (red) will tend to represent the countries with
MOIs lower than the EU15 average and therefore also with a small number of years above the EU15 average.

Source: Copenhagen Economics, Market Opening Milestones database.
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A similar picture emerges in fixed telecommunication. Incumbent’s market share seems to
decrease slowly in all member states, independent of depth and commitment of the member
state, but in this case Group A started out with a less concentrated fixed market (in 1997) than
Group B and Group C, cf. figure 7.8. The explanation may be simple; Group A started to open
markets before the first data became available (1997).
Figure 7.8: Incumbents market share, national fixed voice, EU15 member
states, 1997-2002
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Note: Data is incomplete for several member states. Each of the three categories are simple averages of the market
shares in the member states. Group A (green) will tend to represent the countries with high levels of market opening compared
to EU15 average and with many years above EU15 average. Group B (yellow) will tend to represent the countries with MOIs close
to the EU15 average and with a medium number of years above EU15 average. Group C (red) will tend to represent the countries
with MOIs lower than the EU15 average and therefore also with a small number of years above the EU15 average.

Source: Copenhagen Economics, Market Opening Milestones database.

Regulatory environment
We characterise the regulatory environment in a member state by two summary indicators of
regulatory strength and institutional strength. The indicator regulatory strength is designed to
capture the stringency and completeness of regulation provided by law and other regulatory
documents. The indicator institutional strength is designed to capture the powers and
resources given to the regulators of the electricity sector in each member state.
There seems to be a high degree of consistency between regulatory and institutional strength
in most member states. Member states with high regulatory strength also seems to have high
institutional strength, cf. figure 7.9. Some Group C countries (Portugal, Finland, and
Luxemburg) seem to have relatively less regulatory than institutional strength
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Figure 7.9: Regulatory and institutional strength in telecommunication, EU15 member
states, 2003
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Note: Group A is green, Group B is yellow, and Group C is red.
Source: Copenhagen Economics, Market Opening Milestones database.

It is not clear in telecommunications that Group A also have the strongest regulatory
environment. Plotting the degree of market opening against regulatory strength shows that
Group A and Group B may have high, medium or low regulatory strength as measured by our
indicator, cf. figure 7.10.
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Figure 7.10: Regulatory strength and market opening in telecommunications, EU15
member states, 1990-2003
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Note: Group A is green, Group B is yellow, and Group C is red.
Source: Copenhagen Economics, Market Opening Milestones database.

7.2. The immediate relationship between performance and market opening in
telecommunications
We now study the immediate relationship between market opening and selected performance
measures, in particular prices, productivity, employment and quality.
Price of telecommunications
Price indicators in the Market Opening Milestones database include price levels and structures
for various types of users. In this context, we focus on the relationship between market opening
and the price of a basket of telecommunications services for a medium-sized user.
It turns out that prices in all member states have been declining in most of the period, but that
prices have dropped much more and much faster for Group A than for Group B and C, cf.
figure 7.11.
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Figure 7.11: Price performance, medium users’ basket
Price index medium user basket
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Note: Prices shown here are based on standard tariffs in real prices, Euro per year, including VAT. Deflators are
based on 1990 price level. Calls to mobile are included from 1998. The baskets also include fixed costs, i.e. the
annual rental plus part of the nonrecurring cost. Group A is green, Group B is yellow, and Group C is red.
Source: DG INFO-SOC/Teligen and Copenhagen Economics, Market Opening Milestone Database

Comparing the change in the price of a medium user basket of telecommunication services
and the change in market opening confirms that prices tend to go down with the level of market
opening, cf. figure 7.12. However, the bi-variate relationship is not strong, indicating that other
explanatory variables quite sensibly have a role.
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Figure 7.12: Changes in market opening (MOI) and real basket price of a medium
household user, telecommunications, 1990-2002
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Note: Group A (green), Group B (yellow) and Group C (red). Prices shown here are based on standard tariffs in real
prices, Euro per year, including VAT. Deflators are based on 1990 price level. Calls to mobile are included
from 1998. The baskets also include fixed costs, i.e. the annual rental plus part of the nonrecurring cost. The
variable on the horizontal axis in the a-box is the change in MOI between 1993 and 2003; in the b-box the
sum of MOI for all years between 1993 and 2002. The latter gives higher scores to member states that have
been more committed to market opening during the entire period.
Source: Own calculations based on DG INFO-SOC/Teligen and Copenhagen Economics, Market Opening
Milestone Database

Productivity in telecommunications
Productivity, measured as revenue per employee, has grown faster for Groups A and B than
for Group C, indicating that more market opening increase productivity, cf. figure 7.13.
However, a bit unintuitively Group B performs better than Group A. That might partly be due to
the definition of productivity where revenue is used. A smaller revenue per employee could be
the result of high competition. Also the quality of the services might be higher in Group A

Page 128 of 277

Market Opening in Network Industries – Part II

member states than in Group B member states, requiring more employees in the former than
the latter group.
Figure 7.13: Productivity performance in telecommunications, EU15 member states,
1996-2001
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Note: Interpolation on employees has been done in 1996 and 1998 in order to create a coherent time series suitable
for this figure. Group A is green, Group B is yellow, and Group C is red.
Source: Own calculations on OECD Communications Outlook and Copenhagen Economics Market Opening
Milestones database

Looking at revenue alone, Group A shows strong and consistent performance, whereas
Groups B and C have experienced slower and less stable growth, cf. figure 7.14.
Figure 7.14: Earnings performance in telecommunications, EU15 member states, 19962001.
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Source: Own calculations on OECD Communications Outlook and Copenhagen Economics Market Opening
Milestones database

Employment in telecommunications
Group A originally experienced massive declines in employment while employment in Group B
or Group C was stable or even increased slightly. Recently, Group A has caught up
significantly regarding employment, and today employment is larger than when market opening
started. This could be explained by the incumbent reducing employment initially in order to
boost competitiveness while new service providers gradually entered the market developing
new services and re-inventing employment growth, cf. figure 7.15.
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Figure 7.15: Employment performance in telecommunications, EU15 member states,
1991-2001
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Source: OECD Communications Outlook and Copenhagen Economics Market Opening Milestones database

Quality in telecommunications
The performance indicator for directory assistance charge is a measure of the quality of service
when calling for directory assistance. We expect a lower cost in member states with more
market opening and competition because quality is a competition parameter, cf. figure 7.16.
Figure 7.16: Quality performance in telecommunications, EU15 member states, 19961999

Group C

0,70
0,60

Group B
0,50
0,40

Group A

0,30
0,20

1999

1998

0,00

1997

0,10
1996

Directory assistance charge
($-ppp)

0,80

Note: It measures charges paid for directory assistance. In order to have a complete time series from 1996-1999 for
all 15 member states, some values has been assigned. As a result the values for Group B and C may be a lower
estimate on the actual cost.
Source: OECD Communications Outlook and Copenhagen Economics Market Opening Milestones database

International Answer Seizure Ratios measures how many international calls have succeeded.
A high ratio implies high quality. We have no evidence that Group A achieves better results
than Group B and Group C. On the contrary, there are some indications that the quality is
lower for Group A member states, cf. figure 7.17. One interpretation could be that market
opening tends to lower quality in this area. Another interpretation could be that quality initially
was “artificially” high due to government dictating amounts and effort spend on this particular
dimension of quality. So now, in a more open market, this quality might previously have been
too expensive to uphold and is now coming down in Group A as telecommunication companies
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adjust to a more competitive market. Finally, it must re recognised that the success of
international calls depends on both the calling and receiving member state, which may indeed
distort the picture.
Figure 7.17: Quality performance in telecommunications, EU15 member states, 19902001
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Source: OECD Telecommunications database and Copenhagen Economics, Market Opening Milestones database

7.3. Factor analysis of market opening in telecommunications
Factor analysis is a statistical technique aimed at finding the minimum number of artificial
variables, called factors, which explain the maximum amount of variation between Market
Opening Sub-Indices for telecommunications. Factor analysis reduces the number of
explanatory variables (and as a consequence multi-collinearity), while preserving as much
information as possible from the original sub-indices.
Factor analysis proceeds in two steps. Firstly, we determine the number of factors. Secondly,
we estimate (or construct) the new factors. We distinguish between fixed and mobile service
providers.
Our analysis indicates the presence of two factors in mobile telecommunications explaining
more than 80 percent of the variation in the Market Opening Milestones, cf. table 7.1. One of
the two factors is almost perfectly uncorrelated with any other milestone implying that one of
the factors represents just itself, while the other factor represents the other milestones.
Table 7.1: Determining the number of factors in mobile telecommunications, EU15
member states, 1990-2003
Factors
Eigenvalues
Variance explained
Total variance explained
1
3.13
0.78
0.78
2
0.51
0.13
0.91
3
0.23
0.06
0.97
4
0.12
0.03
1.00
Note: This part of the analysis excludes one of the five Market Opening Sub-Indices that is almost perfectly
uncorrelated with any other milestone. The extraction method is principal component factors (PCF). The analysis
uses all 15 countries from 1990-2003.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

We base our conclusion on three standard rules of thumb saying that factors should be chosen
such that 1) each factor is associated with an eigenvalue larger than unity, 2) each factor
explains more than 10 percent of the overall variance and 3) chosen factors should explain
more than 60 percent of the overall variance.
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We now estimate the two factors. The factors are linear combinations of the original Market
Opening Milestones, but each of the two factors tend to be related to a unique subset Market
Opening Milestones (MOMs), cf. table 7.2.
Table 7.2: Estimating the factors in mobile telecommunications, EU15 member states,
1990-2003
Factor 1
Corr
Weight
0.77
0.19
0.92
0.27
0.95
0.29
0.89
0.26

Factor 2
Uniqueness
Corr.
Weight Share
0.41
Choice of supplier
0.16
Unbundling
0.10
Third Party Access
0.20
Pricing of Third Party Access
Ownership
1.00
1.00
Total variance explained
3.13
Notes: PCF. Weights indicate normalised squared correlations. The sub-index for ownership was not included in the
factor analysis since it did not seem to correlate with any other variable. For this reason, it has been given its own
factor by definition.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

The four market opening milestones enter with approximately similar weights, indicating that
the policies behind the sub-indices have similar impact on performance (at least in the sense
that they explain similar shares of the variation). The second factor is associated to it self, the
degree of private ownership. Notice how it does not enter the factor analysis in table 7.1. We
have kept it separate because it turned out that had we included it in the factor analysis with
the other four MOMs it would have been isolated in a second factor by it self, anyway. By not
including it the factor analysis we get a pure interpretation of factor 2 as MOM5 (ownership)
whereas factor 1 represents only unbundling, access and choice.

7.4. The econometric relationship between performance and market opening in
telecommunications
In this section we explore econometrically the relationship between market opening and the
performance variables prices and productivity in both mobile and fixed telecommunications.
We focus on prices and productivity. We have two reasons for this focus. Firstly, the results
from these estimations can potentially serve as an input in a subsequent analysis of the spillover effects from network sectors to the overall economy. Secondly, these estimations build on
solid theoretical ground and can be directly compared to other similar analyses in the literature.
Our main results can be summarised as follows:
 Market opening has the expected sign (negative in the price equation and positive in
the productivity equation) and is significant at the 5-10 percent level in all estimations
in mobile and fixed telecommunications;
 In mobile telecommunications we find a strong relationship between the MOI and
prices whereas ownership (MOM5) seems to be particularly important for raising
productivity. Also changes in market structure seems to contribute to higher
productivity;
 For fixed telecommunications the picture is almost reversed. Unbundling, choice and
access are particular for achieving low prices, whereas those aspects together with
ownership generate higher productivity.
We also look into the notion that different market opening strategies and regulatory designs
might influence on the impact from market opening on price and productivity. However, we find
no evidence to support the hypothesis that different strategies for achieving a given level of
market opening should have an auxiliary effect on performance. Neither do we find any relation
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between regulatory and institutional designs and performance. Hence, market opening and, to
a lesser extent, changes in market structure drives performance.
Finally, the channels of transmission from market opening to price and productivity might work
through changes in market structure. It does seems as though the impact of market opening on
performance go through changes in market structure. In most cases, market opening has an
impact on market structure in the sense that the market becomes less concentrated, but we fail
to find links from the change in market structure to performance. The only exception is in
mobile productivity where the factor associated to third party access – unbundling and choice –
significantly reduces incumbent’s market share, which again drives up productivity in addition
to the direct impact from market opening on productivity.
For fixed telecommunications we conclude that market structure is less important for achieving
low prices and high productivity. We find that market opening via unbundling, choice and
access is important for low prices, which is the same for high productivity in addition to private
ownership. But we find no direct link between market structure and performance.
Before we turn to the results of the estimations we briefly go over the estimation strategy
described in detail in Part I Chapter 3. The general idea is to estimate the models presented in
general terms in Part I Chapter 3. The price model says that the price is determined by the cost
of the primary input factors, capital and labour as well as other control variables. And of course
by the level of market opening and possibly the market structure. The productivity model tells
us that output is primarily produced using capital and labour but other control variables and the
level of market opening and market structure might also affect output. That is why we name is
“productivity” model since our estimates on market opening represents the effect on output
after we control for the input of capital and labour.
After having identified and defined all necessary variables, dependent as well as explanatory,
we take a closer look at how we should specify and estimate the models. The theoretical
models for price and productivity (or output as just described) are just generic descriptions of
the models. We need to know specifically whether a static or dynamic model is better in “real
life” and how to estimate the parameters in such models. For that purpose we carefully follow
the estimation strategy laid down in Part I Chapter 3. We estimate an array of static and
dynamic models using a variety of different estimators to see which combination of model and
estimator seems to perform better18. To determine that, we look at the various statistical and
economic properties of the models. We end up with a model that constitutes our benchmark
model and step 1 out of the coming 7 steps. From this benchmark model we go through seven
steps in order to refine the benchmark model and end up with a final or best model. The results
of all of these seven steps are presented here in the sector chapter.
We now turn to the estimation of the price model in mobile telecommunications.

18

The results of this array of estimations are presented in Appendix H.
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Price of mobile telecommunications
We choose to estimate price in a dynamic model using the GMM-SYS-estimator19. We
generally prefer the dynamic model since it allows a better modelling of the dynamics and is
just more flexible than static models. In general the static and dynamic models seem to get
approximately the same type of estimates on especially capital and labour cost. Once we have
chosen a dynamic model we need to employ an instrumental variable (IV)-type estimator since
the lagged dependent variable now serves as an explanatory variable and is by construction
endogenous. We use the GMM-SYS estimator since it uses more instruments than any other
IV-estimator which improves efficiency of the estimates. The Preliminary Econometrics in
Appendix I shows that it seems to give slightly more significant values than the GMM-diff. The
array of estimations show that the estimated coefficient to the lagged dependent variable is
most time well below one indicating that the dependent variable may be treated as stationary.
We have at the most 210 observations (15 member states and 14 years), but limited data
availability. We have observations from all 15 member states but the time series varies
between three and six observations (out of ideally 14).
Having decided on the exact model specification and estimator we now initiate the final
estimations, shown below, using our 7-step recipe also described in detail in Part I Chapter 3.
The 7-step recipe utilises a general-to-specific reduction method, whereby insignificant
variables are removed on the basis of the Wald-test and we let MOI, individual MOMs and
factors represent market opening to which seems better. At the end, in step 5, we arrive at the
final and best model from which we calculate long run effects (step 6) and finally we do some
auxiliary regression in step 7 shown in appendix b of this chapter. The results of the first six
steps are presented in table 7.3 below, with reference to each step.

19

For a description of the GMM-estimators see section Appendix A. Appendix A is the econometric chapter where
the technical description of estimators is founds. Some of the arguments are just stated here, but a more rigorous
explanation can be found in that chapter.
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Table 7.3: Price equation in mobile telecommunications (revenue per cellular mobile
subscriber, log of REVSUBMOB)
GMM-SYS
(Dynamic model)

Recipe step
Constant
Log(REVSUBMOB)(1)
(Dep_V1)
Cost of input
variables
LCOSTCAPMOB2
(Cost of capital)
LCOSTLABMOB
(Cost of labour)
Market opening
F1 (-2)
F2 (-2)
MOI (-2)
MOM1 (-2)
MOM2 (-2)
MOM3 (-2)
MOM4 (-2)
MOM5 (-2)
F1 (-2) x F1 (-2)
F2 (-2) x F2 (-2)
F1 (-2) x F2 (-2)
Market structure
MSLEAD
(Expl_Mop_V1)
Control variables
Log(PEC6TELINV)
(Expl_Contr_V1)
Log(PEC6DIGACC)
(Expl_Contr_V2)
LCUMPEC7PATENT
S

Benchmark

Including
MOI for
factors

Including
MOMs for
factors

Adding
function
s of the
factors

Final
model

Long-run
effects

1

2

3

4

5

6

4.646***

2.355

2.613*

2.631*

2.572**

3.246***

0.510**

0.546***

0.425***

0.409***

0.208

0.093

0.153***

0.150***

0.162***

0.132***

0.166***

0.140

0.100

0.220

0.202

0.452***

0.570***

-0.956**

-1.206***

-0.839***
0.012

-0.010
-0.517**
-0.488
-0.038
-0.160**
-0.398*
-0.173**
-0.143
-0.876
0.643**
-0.843

0.064

-0.073
-0.467**

-0.066

-0.086

-0.053

0.037

-0.008

-0.004

-0.003

Expl_Co
MOM 1-5:
ntr_V1,
F11,22,1
Test for exclusion (p(0.000)**
Expl_Mo
2:
value)
MOM1,5:
p_V1:
(0.101)
(0.572)
(0.360)
Sargan test (p-value)
(0.461)
(0.332)
(0.403)
(0.603)
(0.451)
AR(1) (p-value)
(0.610)
(0.279)
(0.239)
(0.201)
(0.288)
AR(2) (p-value)
(0.870)
(0.187)
(0.288)
(0.315)
(0.863)
85
Obs.
54
68
68
68
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. The AR(1) and AR(2) tests are test for first and second order auto
correlation in the residuals, respectively. * means significant at a 10 percent level, ** at a five percent level and *** at
a one percent level. (-1) means the one year lagged value of a variable. See the appendix a in the end of this
chapter for a description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.

The dependent variable in the mobile price benchmark model is the average revenue per
cellular mobile subscriber (REVSUBMOB). It serves as a proxy for the prices of mobile

Page 135 of 277

Market Opening in Network Industries – Part II

telecommunications such that a higher revenue per subscriber reflects higher price. We realise
it is not a perfect proxy, however, it does reflect some vital aspects of price.
Our benchmark model in step 1, shows that the cost of capital (LCOSTCAPMOB2) and the
cost of labour (LCOSTLABMOB) have the expected positive signs, meaning that higher cost of
inputs are reflected in higher prices. However, the estimates are not significant, but in step 2
where we have excluded some superfluous control variables, the coefficient to cost of capital
becomes significant. The two factors, F1 and F2, representing market opening are negative
(F1) and positive (F2). F1 is strongly significant implying that indeed market opening promotes
higher productivity. In an attempt to capture the technological development in
telecommunications, we include the share of digital access lines as a control variable
(PEC6DIGACC). In step 1 it is negative and significant, indicating that a larger share of digital
access lines tends to reduce prices. We also include public investments in telecommunications
(PEC6TELINV) and number of patents (LCUMPEC7PATENTS) without getting significant
values Furthermore, we include the market share of the leading operator (MSLEAD) to capture
the effect of market structure. The estimate is positive, as expected, meaning that a higher
market share of the leading operator tends to increase prices. Nevertheless, the estimate is
insignificant. At the end of step 1 we test for exclusion of public tele investments and the
market share of the leading operator and find that we can exclude them both at 36 percentage
level of significance. Using a 5 or even 10 percent level of significance, we therefore exclude
them in the following steps.
Hence, in step 2 we have a more parsimonious model and we have included the market
opening index (MOI) instead of the two factors. The estimate on MOI is negative, indicating
that more market opening reduces prices, however, it is insignificant. The cost of capital is now
highly significant with a value of 0.153 but the variable measuring the share of digital access
lines is now insignificant, but still negative.
After completing steps 2-4 we arrive at the final model in step 5. It is chosen because it has the
best statistical and economic interpretable properties. In the final model we see positive and
have highly significant estimates on the cost of inputs capital and labour. Meaning that higher
costs imply higher prices. We have no contribution from control variables and market structure
variables. It reflects that cost of inputs is the key dominant driver of prices. Nevertheless, we
have a significant negative contribution from MOI – the market opening index. It enters with a
value of -0.956 and is significant at a 5 percent level. We also notice the rather small value of
the estimate to the lagged dependent variable. It means that the price adjusts quickly after a
change in an explanatory variable, e.g. the MOI.
In step 6 we calculate the long run estimates of the short run ones in step 5. Due to the fast
adjustment of shocks to a new equilibrium, the long run effect of the MOI is

 0.956
 1.206 only slightly larger than the short run effect of -0.956.
1  0.208
The model takes endogeneity into account in a large scale. Both the lagged dependent
variable as well as the cost of capital and cost of labour are allowed to be endogenous. They
are instrumented with lagged values of the lagged dependent variables (other instruments
were not accepted as valid or were too closely related to the instruments already included).
Furthermore, we include market opening (factors, MOI or MOMs) lagged twice. That means
that they are exogenous in the equation whereby we eliminate the problem of endogeneity.
The table also shows that the Sargan test never rejects, thereby accepting the instruments as
valid.
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Productivity in mobile telecommunications
We choose to estimate a static model using first differences allowing for endogeneity. We
prefer the static model since it delivers economic interpretable estimates on the proxies for
capital and labour20. However, we allow for labour to be endogenous whereby we explicitly
control for the likely feed-back from the dependent variable – subscribers – and employment in
the mobile telecommunications sector. We estimate the model in first differences thereby
removing the countries’ individual fixed effect which might cause inconsistent estimates21.
Table 7.4: Productivity equation for mobile telecommunication (cellular mobile
subscribers, log of PEC6MOBSUB)
FD
(Static model)
Recipe step
Constant
Input variables
LPEC6CHAN
LPEM8MOBIL
Factors
F1 (-2)
F2 (-2)
MOI (-2)
MOM1 (-2)
MOM2 (-2)
MOM3 (-2)
MOM4 (-2)
MOM5 (-2)
F11: F1 (-2) x F1 (-2)
F22: F2 (-2) x F2 (-2)
F12: F1 (-2) x F2 (-2)
Market structure
MSLEAD
(Expl_Mop_V1)
Control variables
Log(PEC6TELINV)
(Expl_Contr_V1)
PEC7PATENTS
Expl_Contr_V2

Including
MOMs for
factors
3

Adding
functions of
the factors
4

Final model

1

Including
MOI for
factors
2

0.371***

0.274***

0.263***

0.254***

0.187**

0.998
0.367*

1.632**
0.609***

1.365**
0.557***

1.436*’
0.585***

1.175**
0.684***

Benchmark

-0.653
0.261

5

-0.551
0.164
-0.942
-0.118
-0.325*
-0.190
-0.593
0,490**
(0.808**)

0.493**
-0.540
0.469
-0.543

(-0,591**)

-0.048
0.001

Expl_Contr
F11,12,22:
MOM1-4:
_V1, V2:
(0.227)
(0.521)
(0.668)
Sargan
(0.971)
(0.142)
(0.450)
(0.452)
(0.128)
(0.202)
AR(1) (p-value)
(0.520)
(0.262)
(0.314)
(0.352)
AR(2) (p-value)
(0.320)
(0.812)
(0.748)
(0.934)
(0.779)
82
Obs.
67
82
82
82
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. The AR(1)
and AR(2) tests are test for first and second order auto correlation in the residuals, respectively. * means significant
at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one year lagged value
of a variable. Employment (PEM8MOBIL) is treated as endogenous since more subscribers (the dependent
variable) will increase the need for labour thereby raising the employment in mobile telecommunications. The
Test for exclusion
(p-value)

20
21

See the Appendix I – Preliminary Econometrics for an array of different models and estimations.
The Hausmann test in the preliminary regression in Appendix I tells us it might be the case.
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instruments used to correct for this endogeneity are lagged values of employment; as many as possible for each
time period. See appendix a at the end of this chapter for a description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.

Step 1 – our starting point – shows positive estimates on our input variables, the proxies for
capital and labour. We measure capital as (log of) the number of telecommunications channels
(LPEC6CHAN) and labour as (log of) the number of employees in telecommunications.
Together they produce a number of subscribers in telecommunications which is our dependent
variable (the log of the number of subscribers is our dependent variable). The number of
telecommunications channels captures some aspects of technological development. Our
preliminary regression in Appendix I shows that we have also tried to include more measures
of capital to better reflect technological progress, such as the share of lines that are digital.
This measure was, however, not significant and is not included here.
None of the factors are significant at conventional levels of significance and so are neither of
the control variables. The variable MSLEAD measures the market share of the leading
operator. It is not included in the main model since it seems highly correlated with
LPEC6CHAN. If it is included, the coefficient to LPEC6CHAN becomes small and insignificant.
We therefore exclude it from our primary analysis22 but present the results when it is included
in the final model step 523. This confirms the that input of capital and labour is the dominant
production factors.
In step 2 we estimate without the control variables and with the market opening index MOI
instead of the two factors. The MOI is not significant but the estimates to capital and labour
(the input variables) are both large and significant. The sum of the estimates are above 1,
signalling increasing returns to scale in this sector.
After completing steps 2-4 we arrive at the final model in step 5. We choose that model
because it has the best statistical and economic properties. We find that MOM5 is statistically
significant with a value of 0.490. MOM5 is ownership meaning that more private ownership
increases productivity. That is in accordance with expectations where private owners focus on
profitability and increasing the productivity, whereas public owners might have many other
incentives as well. In the parenthesis of MOM5 we find a significant estimate of 0.808. This is
the estimate had we included MSLEAD – the market share of the leading operator. Including
MSLEAD, however, reduces the size and significance of the input factors. But takes on a
significant negative value of -0.591, showing that a large market share of the incumbent
reduces productivity.
We allow for labour to be endogenous due to possible feed back from more subscribers. We
use lagged values of the variable for instruments. The result is a highly significant positive
estimate. The sargan test never rejects thereby accepting the validity of the instruments. We
choose to include MOI lagged twice. That makes it exogenous which gives us better estimates.
Including MOI (or the factor or the MOMs) lagged once or not at all produces instability in the
model. It is probably due to feed back from the number of subscribers which might push
forward market opening.
Strategies and regulatory designs in mobile telecommunications
Earlier in this chapter, we characterised the countries’ strategies in terms of speed and timing
for achieving a given level of market opening. We presented the results in figure 7.6. We now
estimate the effect on price and productivity from these strategies using the final model in step
5 as our starting point. We do it by expanding the final model with the cross product of market
22
23

It will not give us a serious problem with omitted variables since the two variables seem highly correlation.
All the estimations may be view in Appendix H Data description and results from the econometric estimations.
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opening, and timing and speed respectively – and see whether that new variable is significant.
If it is, then we conclude that the way a certain level of market opening is achieved influences
how market opening affects performance. That constitutes our final step 7 in our 7-step
estimation strategy. Furthermore, step 7 includes a similar analysis on whether or not initial
conditions have an influence on how market opening affects performance, and whether or not
the regulatory and institutional design in a country influences the impact from market opening
to performance.
We find no evidence that certain strategies regarding timing and speed of market opening
should have an effect on the way market opening affects performance, cf. appendix b in this
chapter. The same goes for initial conditions and we do not either find any firm relationship
between regulatory governance and price and productivity performance.
Price in fixed telecommunications
We choose to estimate price in a dynamic model using the GMM-SYS-estimator24. We
generally prefer the dynamic model because it is a more flexible form than the static model.
Once we have chosen a dynamic model we need to employ an instrumental variable (IV)-type
estimator since the lagged dependent variable now serves as an explanatory variable and is by
construction endogenous. We use the GMM-SYS estimator since it uses more instruments
than any other IV-estimator which improves efficiency of the estimates.
Having decided on the exact model specification and estimator, we now initiate the final
estimations, shown below, using our 7-step recipe also described in detail in Part I Chapter 3.
The 7-step recipe utilises a general-to-specific reduction method, whereby insignificant
variables are removed on the basis of the Wald-test and we let MOI, individual MOMs and
factors represent market opening to which seems better. At the end, in step 5, we arrive at the
final and best model from which we calculate long run effects (step 6) and finally we do some
auxiliary regression in step 7 shown in appendix b of this chapter. The results of the first six
steps are shown in table 7.5 below, with a reference to each step.

24

For a description of the GMM-estimators see Appendix A. appendix A is the econometric chapter where the
technical description of estimators is founds. Some of the arguments are just stated here, but a more rigorous
explanation can be found in that chapter.

Page 139 of 277

Market Opening in Network Industries – Part II

Table 7.5: Price equation for fixed telecommunication (price of 10 min 50 km national
call, incumbent, log of PP1NATINC)
GMM-SYS
(Dynamic model)

Recipe step
Constant
Log(PP1NATINC) (-1)
(Dep_V2)
Cost variables
Log(PEC6TELINV)
(Expl_Contr_V1)
Log(PEC6DIGACC)
(Expl_Contr_V2)
Factors
F1 (-1)
F2 (-1)
MOI (-1)
MOM1 (-1)
MOM2 (-1)
MOM3 (-1)
MOM4 (-1)
MOM5 (-1)
F1 x F1 (-1)
F2 x F2 (-1)
F1 x F2 (-1)
Market structure
NEWACL
(Expl_Mop_V1)

Benchmark

Including
MOI for
factors

Including
MOMs for
factors

Adding
functions of
the factors

Final
model

Longrun
effects

1

2

3

4

5

6

3.071

2.516

-0.337

*

8.806

**

-0.662

-1.387

***

0.728

0.808

1.122

0.400

0.523

0.055

0.039

-0.037

0.107

0.104**

0.218***

-0.759

-0.612

0.029

-2.106*
-0.772**

-1.617**

0.429

0.898

-0.476
-0.080

-0.175
0.601
-0.499
0.425
0.061
-0.119
-0.160
-0.045
-0.988
-0.797
0.318

1.233

1.356

1.762

1.298

PEC6DI
F11, F22,
All
MOI:
GACC:
F12:
MOM:
(0.58)
(0.68)
(0.44)
(0.14)
Sargan test (p-value)
(0.00)***
(0.00)***
(0.00)***
(0.01)***
(0.06)*
*
AR(1) (p-value)
(0.22)
(0.27)
(0.22)
(0.10)
(0.62)
AR(2) (p-value)
Obs.
42
42
42
42
42
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. The AR(1) and AR(2) tests are test for first and second order auto
correlation in the residuals, respectively. * means significant at a 10 percent level, ** at a five percent level and *** at
a one percent level. (-1) means the one year lagged value of a variable. In the final model we included one dummy
variable to correct for an extreme outlier in the residuals. See appendix a at the end of this chapter for a description
of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
Test for exclusion (pvalue)

The dependent variable in the fixed price benchmark model is the (log of) price of national call
at a distance exceeding 50 kilometres and with a duration of 10 minutes (PP1NATINC), cf.
table 7.5. We want to explain the variation as a function of investments (PEC6TELINV), new
entrants’ share of new access lines (NEWACL), technology in the form of the share of digital
access lines (PEC6DIGACC) and market opening in the form of estimated factors from the
previous section. We find that public investments (PEC6TELINV) have a positive coefficient,
implying that more investments raise the price. That would be the case for private investments,
and we therefore interpret the public investments as an indication of private investments. The
share of digital access lines is a way of incorporating the important aspect of technology in
telecommunications. The estimate is negative (-0.759), meaning that higher investments in
digital technology actually decreases within the same year. The factors are both negative – as
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expected – since market opening ought to reduce prices, but insignificant. The coefficient to
the measure of market structure (NEWACL) is positive, indicating unintuitively that higher
market shares to new entrants raises prices. However, the coefficient is not significantly
different from zero. The result could mean that significant changes in market structure is not
necessarily a precondition for market opening to lower prices.
Technology is an important aspect of the development in telecommunications. In both mobile
and fixed telecommunications we use different variables to measure technology through cost of
capital or capital in the productivity equations. That seems to be the most fruitful way of
capturing technology since it works through the deployment of capital. We have tried all of the
different measures and present the equations with the ones that seemed better in a statistical
and economical interpretable way.
After completing steps 2-4 we arrive at the final model in step 5. It is the best model based on
statistical and economic point of view. We find a negative significant coefficient on factor 1 that
represents unbundling, third party access and consumer choice. Also the investment variable
is positive, whereas the market structure variable, NEWACL, remains positive but insignificant.
The long run value of factor 1 in step 6, is about twice as large as the short run value in step 5.
That is due to the dynamic adjustment in prices as a response to changes in the explanatory
variables, e.g. market opening. Each shock carries around 50 percent over to the next period
and so forth, due to the adjustment parameter on the lagged dependent variable of 0.523. We
calculate the long run value of factor 1 as

 0.770
 1.617 .
1  0.523

The lagged dependent variable is endogenous, and we use lagged values of the lagged
dependent variable as instruments. All other variables are assumed exogenous; one reason is
that more endogenous variables decreases the stability of the model especially when we have
so few observations. The Sargan test often rejects thereby questioning the validity of the
instruments. In the final model, however, the instruments are not rejected at a five percent level
of significance.
Productivity in fixed telecommunications
We now turn to estimation of productivity in fixed telecommunications. We estimate a static
model using the FE-estimator. We had a very hard time getting economically sound results in a
dynamic model, so the static model seems more useful. Limited data availability and the
requirements of the estimator reduces the real number of observations to 45. We have
observations from 14 member states but the time series varies between two and five
observations (out of ideally 14).
The dependent variable in the fixed productivity benchmark model, step 1, is total telecom
revenue divided by total employment in the telecom sector (PEM10PRODTOT), cf. table 7.6.
Hence, we try to explain the labour productivity using a capital proxy the number of
telecommunication access lines (PEC6SATCL)25. We expect higher level of capital to increase
labour productivity since the capital-labour ration increase. We also include market structure in
the equation in the form of incumbents market (MSINCU_NR). Finally we include level of public
telephony investments (PEC6TELINV) and market opening represented by the estimated
factors from the previous section.

25

We have also tried to include other proxies for capital and technology, e.g. the number of telecommunications
channels. However, they turn out insignificant when we include number of access lines. One could argue that the
number of fibre optic cables would be a better measure for technology. However, we only deal with voice
communications in this chapter, where fibre optic cables are more related to data transmission over the internet.
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Table 7.6: Productivity equation for fixed telecommunications (labour productivity, log
of PEM10PRODTOT)
FE within
(static model)

Recipe step
Input variables
PEC6SATCL
(Expl_Cost_V2)
Factors
F1 (-1)
F2 (-1)
MOI (-1)
MOM1 (-1)
MOM2 (-1)
MOM3 (-1)
MOM4 (-1)
MOM5 (-1)
F1 x F1 (-1)
F2 x F2 (-1)
F1 x F2 (-1)
Market structure
MSINCU_NR
(Expl_Mop_V2)
Control variables
Log(PEC6TELINV)
(Expl_Contr_V1)

Benchmark

Including
MOI for
factors

Including
MOMs for
factors

Adding
functions of
the factors

Final model

1

2

3

4

5

1.061

1.288

0.954

1.061

*

1.131

0.702**
0.057

0.893
-0.308
0.822**

0.822**
0.256
0.090
**
0.218
**
0.181
0.005
-0.386
0.411
0.080

0.440

0.453

0.471

0.472*

0.453

0.108

PEC6TELI
F11, F22,
MOI:
ALL MOM:
NV:
F12:
**
***
(0.01)
(0.00)
(0.31)
(0.72)
R2
0.276
0.26
0.279
0.29
0.260
AR(1) (p-value)
(0.06)*
(0.09)*
(0.10)*
(0.03)**
(0.09)*
(0.12)
(0.12)
AR(2) (p-value)
(0.13)
(0.12)
(0.08)*
Obs.
45
45
45
45
45
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. The AR(1)
and AR(2) tests are test for first and second order auto correlation in the residuals, respectively. * means significant
at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one year lagged value
of a variable. See appendix a at the end of this chapter for a description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
Test for exclusion
(p-value)

The first step shows that the capital proxy is positive and significant as expected. The first
factor is also positive and significant whereas the second is insignificant, yet positive.
Model 2 is where we include MOI instead of factors to represent market opening. We prefer
that model in the end, step 5, since it has fair statistical and interpretable properties. In our final
model in step 5, we see that the Market Opening Index (MOI) is significant at five percent level
and has the expected positive sign indicating that productivity goes up as market opening
increases. The coefficient to the MOI is significant and has the expected negative sign. The
size of the coefficient indicates that a one percentage point increase in MOI (e.g. from 0.60 to
0.61) in a EU member state on average increases productivity with 0.8 percent. In the period
1990-2002 the Market Opening Index has increased by 67 percentage points. Taking the
actual timing of changes we can calculate the accumulated impact of this change until the end
of 2002. However, we cannot, apply the above coefficient directly, as that interpretation only
holds for small changes. We have to calculate a revised short run coefficient by taking the
exponential to the estimated coefficient and subtracting one. Based on this correction, it turns
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out that the actual increases in market opening in an average EU15 member state has
increased productivity in fixed telecom by 80 percent. We have tried to use other indicators of
market opening. In particular MOM #3 and MOM #4 turns out to be significant at a five percent
level in some estimations. Both indicators capture aspects of third part access. See all
estimation results in the Appendix H.
The coefficient to the indicator of market structure is positive, indicating intuitively that higher
market shares to the incumbent increase productivity. However, the coefficient is not
significantly different from zero. The result indicates that significant changes in market structure
is not necessarily a precondition for market opening to have an impact on productivity.
Strategies and regulatory designs in fixed telecommunications
Earlier in this chapter, we characterised the countries’ strategies in terms of speed and timing
for achieving a given level of market opening. We presented the results in figure 7.6. We now
estimate the effect on price and productivity from these strategies using the final model in step
5 as our starting point. We do it by expanding the final model with the cross product of market
opening, and timing and speed respectively, and see if that new variable is significant. If it is,
then we conclude that the way a certain level of market opening is achieved influences how
market opening affects performance. That constitutes our final step 7 in our 7-step estimation
strategy. Furthermore, step 7 includes a similar analysis on whether or not initial conditions has
an influence on how market opening affects performance, and whether or not the regulatory
and institutional design in a country influences the impact from market opening to performance.
However, we find no evidence of a separate effect from strategies (measured by timing and
speed) towards market opening. In addition we find no effect from initial conditions or the
regulatory and institutional strength in the countries. That indicates that the level of market
opening itself is the important policy driver for achieved lower prices and higher productivity.
The channels of transmission in mobile and fixed telecommunications
Finally, we perform an auxiliary regression estimating the market structure on various
indicators of market opening. We conclude that factor 1 can significantly explain changes in
market structure at a one percent level, cf. appendix b in this chapter.
In our price and productivity equations for mobile telecommunications, we found that MOI was
important for reducing prices whereas ownership (MOM5) seemed important for raising
productivity. And there was indeed an effect from market structure, such that a higher market
share of the leading operator pushes down productivity. Hence, there seems to be a link in
mobile telecommunications from market opening (represented by factor 1 which is unbundling,
choice and access) over market structure to productivity performance. But also pure effects
from market opening to performance.
For fixed telecommunications we conclude that market structure is less important for achieving
low prices and high productivity. We find that market opening via unbundling, choice and
access is important for low prices, which is the same for high productivity in addition to private
ownership. But we find no direct link between market structure and performance.
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Appendix 7a: Variables used in the econometric estimations for the
telecommunications sector
Variable
REVSUBMOB

COSTCAPMOB2

LCOSTCAPMOB2
COSTLABMOB
LCOSTLABMOB
PEM8MOBIL
PEC6TELINV

PEC6DIGACC

Description
Cellular mobile
telecommunications
revenue per cellular
mobile subscriber

Other information

Source

US Dollars

OECD
Copenhagen
Economics Market
Opening
Milestones
database, OECD

Real interest rate *
number channels /
number subscribers
Log(COSTCAPMOB2)
Wage * employees /
subscribers
Log(COSTLABMOB)
Employment in mobile
communications
Public
telecommunication
investments
Share of digital
access lines in fixed
network

PEC7PATENTS

Patents related to
telecom

PENRAT

Mobile Penetration
Rate

F1

Factor 1

F2

Factor 2

Number of persons

OECD

Million US Dollars

OECD

Percent

OECD

Percent
Index 0-1, where 1 is
most open
Index 0-1, where 1 is
most open

OECD,
Copenhagen
Economics Market
Opening
Milestones
database
European
Commission
This report
section 4.3
This report
section 4.3

F11
F22
F12

MOM1

MOM2

MOM3

MOM4

Degree of choice

Unbundling

Third Party Access

Regulation of Third
Party Access

Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
Economics Market
Opening
Milestones
database
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Variable

MOM5

Description

Other information

Ownership

Source
Copenhagen
Economics Market
Opening
Milestones
database

MOI
MSLEAD
MSMMOB
PP1BASKRES

PP1NATINC
PP1LOCINC
PP1CBASKBUS
PEC6OPEXP
NEWACL
MSINCU_NR
PEC6MOBSUB
PEM10PRODTOT
PEC6SATCL

LPEC6CHAN

Market share of
leading mobile
operator
Market share of main
mobile competitor
OECD PSTN basket
of residential
telephone charges
Price of 10 min 50 km
national call,
incumbent
Price of 10 min local
call (3 km), incumbent
OECD composite
basket of business
telephone charges
Total telecom
operating expenditure
New entrants market
share of access lines
Incumbents market
share, national fixed
voice, revenue
Cellular mobile
subscribers
Labour productivity
total telecom
Standard analogue
telecommunication
access lines
Log of
Telecommunications
channels

European
Commission
European
Commission
Euro/ppp

Teligen

Euro/ppp

Teligen

Euro/ppp

Teligen

Euro/ppp

Teligen

1000 US Dollars

OECD

Percent

OECD

Percent

European
Commission

1000 subscribers

OECD

Million US Dollars per
employee

OECD

Number of

OECD
Copenhagen
Economics Market
Opening
Milestones
database

Speed
Timing
RESI
ICSI
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Variable
REVSUBMOB

COSTCAPMOB

PEM8MOBIL

PEC6TELINV

PEC6DIGACC
PEC7PATENTS
PENRAT

Description
Cellular mobile
telecommunications
revenue per cellular
mobile subscriber

Cost of capitalinvestments

Employment in
mobile
communications
Public
telecommunication
investments
Share of digital
access lines in fixed
network
Patents related to
telecom
Mobile Penetration
Rate

F1

Factor 1

F2

Factor 2

MOM1

Degree of choice

MOM2

MOM3

MOM4

MOM5

Unbundling

Third Party Access

Regulation of Third
Party Access

Ownership

Other information

Source

US Dollars

OECD

(Interest-Inflation
+3)/100*PEC6INVMOB
three is the annual rate
of depreciation of the
investment. Really not
important since it is
assumed identical over
time and countries
Interest is Long Term
Interest Rate-10 year,
OECD.
Inflation is GDP
deflators, percentage
change from previous
year, OECD.
PEC6INVMOB is
Investment in mobile
infrastructure, 1000
Euro, OECD.
Number of persons

OECD

Million US Dollars

OECD

Percent

OECD
OECD

Percent
Index 0-1, where 1 is
most open
Index 0-1, where 1 is
most open

European
Commission
This report
section 4.3
This report
section 4.3
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
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Variable
MSLEAD
MSMMOB
PP1BASKRES

PP1NATINC

PP1LOCINC

PP1CBASKBUS

PEC6OPEXP
NEWACL
MSINCU_NR
PEC6MOBSUB
PEM10PRODTOT
PEC6SATCL,

Description
Market share of
leading mobile
operator
Market share of main
mobile competitor
OECD PSTN basket
of residential
telephone charges
Price of 10 min 50
km national call,
incumbent
Price of 10 min local
call (3 km),
incumbent
OECD composite
basket of business
telephone charges
Total telecom
operating
expenditure
New entrants market
share of access lines
Incumbents market
share, national fixed
voice, revenue
Cellular mobile
subscribers
Labour productivity
total telecom
Standard analogue
telecommunication
access lines

Other information

Source
European
Commission
European
Commission

Euro/ppp

Teligen

Euro/ppp

Teligen

Euro/ppp

Teligen

Euro/ppp

Teligen

1000 US Dollars

OECD

Percent

OECD

Percent

European
Commission

1000 subscribers

OECD

Million US Dollars per
employee

OECD
OECD
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Appendix 7b: Estimation of strategies and market structure in
telecommunications
Estimation of strategies and regulatory designs in mobile telecommunications
Final
in…

model

Variable name

price,
expanded
with
strategy

Speed and
Timing
7a

price,
expande
d
with
initial
condition

price,
expande
d
with
regulator
y design

ICSI

RESI

produc.,
expanded
with
regulatory
design
Speed
Timing
7a

and

produc.,
expand
ed with
strategy

produc.,
expand
ed with
initial
conditio
ns

ICSI

RESI

Recipe step
7b
7c
7b
7c
Variables
MOM5 x Speed
2.939
MOM5 x Timing
-4.354
MOM5 x ICSI
0.207
MOM5 x RESI
0.209
MOI x Speed
-2.289
4.679
MOI x Timing
0.054
1.122
MOI x ICSI
-0.049
0.097
1.581
MOI x RESI
0.536
Note: The table reads in the following way: The cross-products in the table are, one at the time, entered into the final
model from step 5 in the estimation tables on price and productivity in the chapter. The cross products with
MOI does, however, enter the final model from step 5 but where MOI enter instead of MOMs or the factors.
The table then shows the estimated coefficient to the cross product leaving out the other variables from the
final model, step 5, for purely practical purposes. If the cross products are significant, it tells us that a given
level of market opening affects price or productivity differently depending on the strategy (7a), the initial
conditions (7b) or the regulatory and institutional design (7c). The estimated coefficients to the cross products
are not straight forward to interpret since the cross products are not constructed around the mean. What is
important in this context, is to look at the sign (+ or -) and the level of significance.
* means significant at a 10 percent level, ** at a five percent level and *** at a one percent level.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.

Estimation of strategies and regulatory designs for fixed telecommunications
Final model
in…

Variable name

price,
expanded
with
strategy
Speed and
Timing
7a

price,
expande
d with
initial
condition

price,
expande
d with
regulator
y design

ICSI

RESI

produc.,
expanded
with
regulatory
design
Speed and
Timing
7a

produc.,
expand
ed with
strategy

produc.,
expand
ed with
initial
conditio
ns

ICSI

RESI

Recipe step
7b
7c
7b
7c
Variables
F1 x Speed
2.053
F1 x Timing
-0.084
F1 x ICSI
-0.033
F1 x RESI
0.000
MOI x Speed
0.640
-8.330
MOI x Timing
-0.974
1.983
MOI x ICSI
-0.064
0.156
MOI x RESI
0.146
0.354
Note: The table reads in the following way: The cross-products in the table are, one at the time, entered into the final
model from step 5 in the estimation tables on price and productivity in the chapter. The cross products with
MOI does, however, enter the final model from step 5 but where MOI enter instead of MOMs or the factors.
The table then shows the estimated coefficient to the cross product leaving out the other variables from the
final model, step 5, for purely practical purposes. If the cross products are significant, it tells us that a given
level of market opening affects price or productivity differently depending on the strategy (7a), the initial
conditions (7b) or the regulatory and institutional design (7c). The estimated coefficients to the cross products
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are not straight forward to interpret since the cross products are not constructed around the mean. What is
important in this context, is to look at the sign (+ or -) and the level of significance.
* means significant at a 10 percent level, ** at a five percent level and *** at a one percent level.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.

Market Structure estimations in telecommunications
(Static model)

Mobile
MSLEAD
(Expl_Mop_V1)
FE within

Fixed
NEWACL
MSINCU_NR
(Expl_Mop_V1)
(Expl_Mop_V2)
RE OLS residuals
RE OLS residuals
-0.020
1.054***

Estimator
Constant
Factors
*
***
***
F1 (-1)
-0.238
0.101
-0.543
**
F2 (-1)
0.054
0.045
-0.082
Control variables
Log(PEC6DIGACC)
0.155***
(Expl_Contr_V2)
PEC7PATENTS
(Expl_Contr_V3)
Log(PEC6TELINV)
0.019
-0.010
(Expl_Contr_V1)
Input variables
PEM8MOBIL
-0.198***
(Expl_Input_V2)
PEC6SATCL
-0.017
0.005
(Expl_Input_V2)
Cost variables
COSTCAPMOB
0.007***
(Expl_Cost_V1)
Joint exclusion of
***
(0.16)
(0.00)***
(0.00)
Factors (p-value)
2
R
0.58
0.39
0.55
AR(1) (p-value)
(0.33)
(0.90)
(0.28)
AR(2) (p-value)
(0.03)**
(0.60)
(0.37)
Obs.
39
58
56
Note: The AR(1) and AR(2) tests are test for first and second order auto correlation in the residuals, respectively. *
means significant at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one
year lagged value of a variable.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.

Page 149 of 277

Market Opening in Network Industries – Part II

Chapter 8 Market Opening and Performance in Air Transport
In this chapter we analyse the relationship between market opening in the telecommunications
sector and various sector performance measures, for example prices, productivity, and quality.
However, data quality in air transport has turned out to be severely limited making it
problematic to go through the same steps as in the other sectors. Firstly, we present the
Market Opening Index for the Air Transport sector. Secondly, we compare the change in
market opening with changes in sector productivity, the only performance variable available,
and make some preliminary conclusions regarding their bi-variate relationship. Thirdly, we
report the results of a factor analysis where the individual components of the Market Opening
Index is aggregated into a limited number. Finally, we investigate formally in an advanced
econometric framework the relationship between market opening and sector performance
controlling for the impact of other explanatory variables.

8.1. Market opening in the air transport sector
In this section we report the Market Opening Index for Air Transport for EU15 and for each
member state for the period 1990-2003. We have not sufficient information about market
structure and regulatory environment to make further analysis feasible.
Market Opening Index
We have constructed a Market Opening Index for air transport for each of the EU15 member
states covering the period 1990-2003. The Market Opening Index measures the degree of
market opening on a scale between zero and unity. A value of unity indicates full market
opening. The Market Opening Index (MOI) for Air transport is constructed on the basis of 13
Market Opening Milestones (MOM).
Market opening in air transport was initiated very early in the period, and reached an average
level of market opening at 50 percent as early as in 1993, cf. figure 8.1. Since then, market
opening has advanced gradually, although slowly. Market opening in air transport has been
above average for all network sectors in the entire period, significantly so in the nineties, but
significant advances in market opening in other network sectors has made market opening in
air transport almost average by the end of the period.
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Figure 8.1: Market opening in air transport, EU15, 1990-2003
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Note: Therefore the higher the value of the index is the more market opening has taken place. Air Transport is an

average of the Market Opening Indices of the member states weighted by the passenger traffic per member state in
the end year. Network is a simple average of Market Opening Indices for all network sectors for all member states.
Source: Copenhagen Economics, Market Opening Milestones database.

There is very little variation in Market Opening Indices between member states, cf. figure 8.2.
All member states have achieved market opening at a level between 60 and 70 percent. The
path of market opening has also been very similar in all member states. The limited amount of
temporal and geographical variation implies that the information contained in a panel data set
of all 15 member states for 13 years is not significantly different from the information contained
in a time series for a single country. The prime reason for the homogeneity is that market
opening has been conducted through binding international agreements.
Figure 8.2: Market opening in air transport, EU15 member states, 2003
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Note: The larger index is, the more open is the air transport market
Source: Copenhagen Economics, Market Opening Milestones database.

The structure of market opening is also very similar between member states, cf. figure 8.3. The
significant small differences lie in the ownership structure, e.g. the degree of private ownership
of the flag carrier in each member state.
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Figure 8.3: Structure of the market opening in air transport, EU15 member states, 2003
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Source: Copenhagen Economics, Market Opening Milestones database.

To get a better view of market opening in each member state, we now attempt to split the
countries in three different groups reflecting their level of market opening and for how long a
period of time the market opening has been in effect. We use the grouping later in the chapter
to give a first impression of how the level of market opening and the number of years it has
been allowed to “work” affects various performance measures such as prices, productivity,
quality and employment26.
We group the countries according to two measures. The first measure is the value of the
Market Opening Index (MOI) in a country in 2003 relative to the EU15 average in 2003. Thus, a
value above indicates that the country has reached a higher level of market opening in 2003
than the average EU15 value. On the other hand, if a country receives a value below one it is
more regulated than the average EU15 countries. The second measure is the number of years
a country has had a MOI larger than the EU15 average – comparing each year individually.
Meaning that the value of the MOI of each member state in e.g. 1990 is compared to the EU15
average in 1990, then for the year 1991 and so forth. Hence, a high value indicates that the
country, during 1990-2003, often has had a level of market opening higher than the average
level of the EU15 member states; reflecting that market opening in these countries has had a
longer time to work than in most other EU15 countries. That might be an important aspect for
the impact on performance if market opening affects performance gradually and not a the exact
moment market opening occurs.
According to these two measures we group the countries in three groups, Group A, B and C:
A. Group A will tend to represent the countries with high levels of market opening
compared to EU15 average and with many years above EU15 average.
B. Group B will tend to represent the countries with MOIs close to the EU-15 average
and with a medium number of years above EU15 average.
C. Group C will tend to represent the countries with MOIs lower than the EU15 average
and therefore also with a small number of years above the EU15 average.
The splitting of the countries in these three groups is not based on “tough” objective criteria but
rather on the natural grouping that seems to “pop out” of a graphical illustration.
26

Of course, we also examine the relationship between market opening and performance more formally in an
econometric model later in the chapter. But to get a first feel for the relationship between market opening and
performance, simple graphical illustrations often prove helpful.
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Plotting the measure of years above EU15-average of market opening against the extent of
market opening relative to EU15-average shows that the three groups: Group A (the
Netherlands and Austria), Group B (United Kingdom, Belgium and Denmark) and Group C (all
other member states), cf. figure 8.4.
Index value relative to EU15-average
2003

Figure 8.4: Grouping of EU15 member states regarding market opening, 1990-2003
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Note: Group A will tend to represent the countries with high levels of market opening compared to EU15 average and with many
years above EU15 average. Group B will tend to represent the countries with MOIs close to the EU15 average and with a medium
number of years above EU15 average. Group C will tend to represent the countries with MOIs lower than the EU15 average and
therefore also with a small number of years above the EU15 average.

Source: Copenhagen Economics, Market Opening Milestones database.

The figure shows that the three groups, A, B and C differ with respect to the number of years
they have been above the EU15-average of market opening whereas they have all reached the
approximately same level of market opening in 2003.
Strategies toward market opening
The extent to which countries have deregulated their electricity sector is one thing, another is
how they have done it. It is interesting in this context because it might, in it self, have an effect
on prices and productivity. Meaning that not only the level of market opening and the years it
has been allowed to work is important for prices and productivity but maybe also how the
countries have achieved their level of market opening – their strategies for market opening. We
now develop a measure of a country’s market opening strategy. We will use it later in an
econometric model to see if there is an effect from pursuing different strategies towards market
opening on prices and productivity.
Roughly speaking, a country can achieve a certain level of market opening in 2003 in four
different ways illustrated in figure 6.5. Either it can deregulate in the beginning and do nothing
from then on. Hence, the final level of market opening in 2003 is achieved in the beginning of
the period. We have named it Strategy 1. Or the country can do nothing for many years and
then very late it can deregulate as much as is desired. That would be Strategy 2 in the figure. A
third strategy is to deregulate as much as is desired in the middle of the period and nothing
before and after. That is Strategy 3 in the figure. The final strategy, Strategy 4, is to gradually
deregulate over the whole period 1990-2003.
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Figure 8.5: Illustration of the four basic types of strategies
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Thus, the four strategies depict the speed and timing of the market opening process. We now
wish to see which of the four strategies the 15 countries have used to reach their 2003-level of
market opening. Of course we expect many countries to have achieved the level of market
opening in 2003 by combining the four basic strategies outlined in figure 6.5. But some will no
doubt be closer to one of the strategies than the other.
Our measure of speed means that a country receives a high value (the maximum value is one
by construction) if it has achieved its 2003-level of market opening by deregulating very fast.
Similar to the basic strategies 1, 2 and 3. A small value, on the other hand, signals that the
country has achieved its 2003-level of market opening by slowly deregulating, somewhat like
strategy 4 in figure 6.5. Timing is measured in such a way that a country receives a value of
0.5 if it has deregulated neither early or late, e.g. steadily over the whole period of 1990-2003
(like Strategy 4) or if it has deregulated more speedy in the middle of the period (like Strategy
3). A value above 0.5 means that it has timed market opening in the beginning of the period
(like Strategy 1) and if it has a value below 0.5 it has timed market opening late in the period
(Strategy 2).
The strategies for market opening have been rather similar for the member states market
reflecting that market opening in air transport has been conducted through binding international
agreements, c.f. figure 8.6.
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Figure 8.6: Timing and speed of market opening, EU-15 member states, 1990-2003
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Note: Remember that the strategy of each member states, measured by speed and timing, holds no information what so ever
about the level of market opening. Speed is defined as sum of squared change in MOI for each year divided by squared total
change in MOI from 1990-2003. That means that the value one is maximum. Timing is defined as average MOI over 1990-2003
divided by MOI in 2003, implying that a value of 0.5 reflects a country has deregulated neither early nor late.
Source: Copenhagen Economics, Market Opening Milestones database.

Market structure
We have not sufficient information about market structure in air transport to make further
analysis feasible.
Regulatory environment
We have not sufficient information about the regulatory environment in air transport to make
further analysis feasible.

8.2. The immediate relationship between performance and market opening in air
We now study the immediate relationship between market opening and price and productivity
in air transport.
Prices in air transport
We consider the development of the price of air transport as measured by the EU harmonised
consumer price index. A first glance shows that prices have gone up from 1996-2002 for all
three of the groups A, B and C. But less so for A and B than for C, c.f. figure 8.7.
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Figure 8.7: Price performance in air transport, EU15 member states, 1990-2001
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Note: Five missing observations for two countries have been replaced by values calculated using linear
interpolation.
Source: Copenhagen Economics, Market Opening Milestones database

The lower prices in Groups A and B compared to Group C can be attributed to the fact that the
member states in A and B in general have had a more open market than the member states in
C over 1990-2003. Remember from figure 8.4 that the groups only differed with respect to the
number of years above EU15-average. So when Groups A and B have lower prices compared
to C it might be because it takes time for market opening to have an effect on prices. Since the
member states in all three groups experience the same level of market opening in 2003, we
expect the development in prices in member states in Group C to look more like that of Groups
A and B in the future.
Productivity in air transport
We consider the performance of the passenger load factor, i.e. the average share of seats in
passenger traffic sold to passengers. The higher the passenger load factor, the better
utilisation of the capacity available and the higher capital productivity. A first primitive analysis
seems to show that Group A tend to get more efficient flag carriers, i.e. flag carriers with higher
passenger loads than Group C or Group B, cf. figure 8.8. Group A seem to get 10-20 percent
larger passenger load during the period, while the passenger load is more or less constant for
Group C.
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Figure 8.8: Productivity performance in air transport, EU15 member states, 1990-2001
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Note: The load factor, which may be interpreted also as a proxy for capital productivity, is measured as the
passenger load factor, that is, the average number of seats occupied by passengers. There are several
missing observations of flag carriers, in particular for Group A in 1999 and 2000.
Source: Copenhagen Economics, Market Opening Milestones database

8.3. Factor analysis of market opening in air transport
Factor analysis is a statistical technique aimed at finding the minimum number of artificial
variables, called factors, which explain the maximum amount of variation between Market
Opening Sub-Indices for air transport. Factor analysis reduces the number of explanatory
variables (and as a consequence multi-collinearity), while preserving as much information as
possible from the original Sub-indices.
Factor analysis proceeds in two steps. Firstly, we determine the number of factors. Secondly,
we estimate (or construct) the new factors. We distinguish between fixed and mobile service
providers. Our analysis indicates the presence of two factors in air transport explaining 85
percent of the variation in the Market Opening Sub-Indices, cf. table 8.1. We base our
conclusion on the same three standard rules of thumb as in previous sections.
Table 8.1: Determining the number of factors in air transport, EU15 member states,
1990-2003
Factors
Eigenvalues
Variance explained
Total variance explained
1
8.45
0.70
0.70
2
1.72
0.14
0.85
3
0.66
0.06
0.90
4
0.50
0.04
0.94
5
0.40
0.03
0.98
6
0.16
0.01
0.99
7
0.11
0.01
1.00
8
0.00
0.00
1.00
9
0.00
0.00
1.00
10
0.00
0.00
1.00
11
0.00
0.00
1.00
12
0.00
0.00
1.00
Note: The extraction method is principal component factors (PCF). The analysis uses all 15 countries from 19902003.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

We now estimate the two factors. The factors are linear combinations of the original Market
Opening Sub-Indices, but each of the two factors tend to be related to a unique subset of SubIndices, cf. table 8.2
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Table 8.2: Estimating the factors in air transport, EU15 member states, 1990-2003
Factor 1
Factor 2
Uniqueness
Corr.
Weight
Corr.
Weight
Share
Routes to regional airports
0.98
0.13
0.19
0.01
0.00
Fifth freedom
0.98
0.13
0.19
0.01
0.00
0.98
0.13
0.19
0.01
0.00
Seventh freedom
Eighth freedom
0.77
0.08
0.54
0.11
0.12
Designators allowed
0.91
0.11
0.18
0.01
0.14
Aircraft licensing
0.98
0.13
0.19
0.01
0.00
0.98
0.13
0.19
0.01
0.00
Setting air fares
Capacity restraints
0.98
0.13
0.19
0.01
0.00
Ownership of flag carrier
0.29
0.01
0.71
0.19
0.41
Access to reservation
0.24
0.01
0.81
0.24
0.28
Open skies with US
0.30
0.01
0.59
0.13
0.56
Ground handling
0.17
0.00
0.83
0.25
0.29
Total variance explained
7.43
2.74
Note: The estimation method is principal component factor (PCF) and the correlations (or loadings) are rotated using
the Varimax principle whereby each milestone will tend to be related to only one factor. The principal factor (PF)
estimator yield very similar results. Weight indicates normalised squared correlations. Sixth Freedom Access for
carriers not included, since there is no variation.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

The first factor is associated to eight out of twelve Market Opening Sub-Indices covering a wide
array of market opening policies. The sub-indices enter with approximately similar weights,
indicating that the policies behind the sub-indices have similar impact on performance (at least
in the sense that they explain similar shares of the variation). The second factor is associated
with (the) four remaining Market Opening Sub-Indices, in particular access to reservations
systems and competition in ground handling.

8.4. The econometric relationship between performance and market opening in
air
In this section we investigate formally the relationship between market opening and price and
productivity performance. The data materiel is scarce but we find indications that load factor, a
proxy for capital productivity, increases in responds to market opening. Due to the lack of
variation between the individual Market Opening Milestones (MOMs), we are not able to
identify individual effects. Hence, we find that market opening as a whole, represented by the
Market Opening Index (MOI), affects productivity in a positive.
We find no significant relationship between market opening and prices, once we control for
changes in the general level of costs and the fuel price.
Before we turn to the results of the estimations we briefly go over the estimation strategy
described in detail in Part I Chapter 3. The general idea is to estimate the models presented in
general terms in Part I Chapter 3. The price model says that the price is determined by the cost
of the primary input factors, capital and labour as well as other control variables. And of course
by the level of market opening and possible the market structure. The productivity model tells
us that output is primarily produced using capital and labour but other control variables and the
level of market opening and market structure might also affect output. In this chapter, however,
we reformulate the model slightly estimating directly on output per capital (capital productivity),
represented by the load factor.
After having identified and defined all necessary variables, dependent as well as explanatory,
we take a closer look at how we should specify and estimate the models. The theoretical
models for price and productivity (or output as just described) are just generic descriptions of
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the models. We follow the estimation strategy laid down in Part I Chapter 3. We estimate an
array of static and dynamic models using a variety of different estimators to see which
combination of model and estimator that seems to perform better27. To determine that, we look
at the various statistical and economic properties of the models. We end up with the
benchmark model step 1. From this benchmark model we go through seven steps (in actuality
fewer due to superfluous steps in air) in order to refine the benchmark model and end up with a
final or best model. The results of all of these steps are presented here in the sector chapter.
We now turn to the estimation of the price model.
Price of air passenger transport
We choose to estimate the price in a simple static FE-model. The FE-model seems to get
plausible estimates and performs nice statistically. The dynamic models do, on the other hand,
not seem to be able to describe the variation in price satisfactorily, despite the more flexible
form. Having decided on the FE-model, we now initiate the final estimations shown below,
using our 7-step recipe. The results of the first 5 steps are shown in table 8.3 below, with a
reference to each step.
Table 8.3: Price equation passenger (price of passenger air fares, log of PP1HICP )
FE
(Static model)

Bench-mark model

Including MOI for
factors

Final model

Recipe step
1
2
5
Cost variables
Log(COSTCAP)
0.010
1.227***
LPRICEGDP2
1.204***
1.227***
LBRENT
0.044
0.048*
0.048*
Factors
F1
0.055
F2
-0.003
Market opening
-0.051
-0.051
index MOI
Test for exclusion
COSTCAP: (0.567)
(p-value)
AR(1) (p-value)
(0.061)*
(0.060)*
(0.060)*
AR(2) (p-value)
0.754
(0.603)
(0.603)
R2
0.764
0.764
0.764
Obs.
111
111
111
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. The AR(1) and AR(2) tests are test for first and second order auto
correlation in the residuals, respectively. * means significant at a 10 percent level, ** at a five percent level and *** at
a one percent level. See appendix a at the end of this chapter for a description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

The first step describes the variation in the log of air fare prices, proxied by the harmonised
consumer price index for air fares; we use cost of capital (COSTCAP), the log of the gdp price
deflator (LPRICEGDP2) and the price of brent crude oil (LBRENT). The cost of capital is
insignificant. But the price deflator is significantly positive with a value around one thereby
acting as good proxy for changes in overall cost. We see that whenever the price of gdp rise by
1 percent the price of air fares rise with around 1,2 percent. Also the oil variable is significant
and positive. The factors representing market opening are both insignificant.

27

The results of this array of estimations are presented in Appendix I – Preliminary Econometrics.
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In the second step we have excluded COSTCAP since it was insignificant and included the
MOI instead of the factors. That is also our final model in step 5. We have skipped steps 3 and
4 since the very limited amount of variation in the MOMs makes it fruitless to pursue a strategy
where we try to identify contributions from individual or groups of MOMs. In the final model in
step 5 the MOI is negative implying that more market opening results in lower prices. However
the estimate is highly insignificant.
The model passes the basic criteria of no significant auto correlation in the residual. The model
explains around 75 percent of the variation in the price index.
Productivity of air passenger transport
In the productivity model we choose a simple FE-model as we did in the price estimations. The
dynamic models seem to perform poorer in regards to economic interpretations28.
We use load factor as our productivity measure. Load factor measures the average number of
seats occupied by passengers. It may be viewed as a proxy for capital productivity. The
estimations of step 1, 2 and 5 are shown in table 8.4.
Table 8.4: Productivity equation passenger (passenger load factor, LPE6LFPALL)
FE
(Static model)

Bench-mark

Including MOI for
factors

Final model

Recipe step
1
2
5
Factors
F1
0.075***
F2
0.108**
MOI
0.210***
0.210***
Control
variables
LCGDP
-0.035
Test for
exclusion (pLCGDP: (0.824)
value)
AR(1) (p-value)
0.071
0.044*
0.044*
AR(2) (p-value)
0.311
0.166
0.166
R2
0.244
0.235
0.235
Obs.
195
195
195
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. The AR(1) and AR(2) tests are test for first and second order auto
correlation in the residuals, respectively, * means significant at a 10 percent level, ** at a five percent level
and *** at a one percent level. (-1), means the one year lagged value of a variable. See appendix a at the end
of this chapter for a description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.

The model in step 1 shows that gdp is insignificant, thereby refuting that growth increases the
possibility of higher load factor. Both factors, however, are significantly positive. In step 2 we
show that the overall MOI is also positive and significant, and we choose that model to be our
final model in step 5. It is a very simple model relating load factor to market opening. The
estimate on MOI of 0.21 implies that full market opening will increase the load factor by 21
percent.
Market opening explains around 25 percent of the load factor which is in fact quite impressive.
Of course, with the inclusion of other relevant variables that percentage might be reduced.
28

The dynamic models often counter intuitively have a significant negative estimate from gdp to the load factor,
which is our productivity measure.
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Strategies and regulatory designs in air transport
All member states basically follow the same strategy. The lack of variation in strategies makes
econometric analysis on the matter futile.
Channels of transmission in air transport
We have no valid information on market structure in the air transport sector. Hence, we do not
estimate relationships between changes in MOMs and changes in market structure.

Appendix 8a: Timeline of international agreements for market opening in and
variables used in the econometric estimations in air transport
Timeline of international agreements for market opening in air transport
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<1987: Bilateral agreements. (Air Service Agreements, ASA)
 Reciprocal: equal opportunities => equal benefits – each flag carrier has 50% seats
 Special routes identified and terms spelled out
 Each state control number of airlines to operate each ASA, usually the flag-carrier or
dual designation
 Both states approve air fares on a route
1987: Implementing the first package
The first package transfers competence to European Community.
All three packages implemented through regulations, therefore directly applicable to all
member states after council adoption. Covering both scheduled and charter routes, so
distinction between these are irrelevant.
 Air fares.
 Reference fares to be approved by concerned states.
 Discount zone to 65% of reference fares
 Deep discount zone to 45% for special passengers, e.g. minimum stay
 Capacity sharing (allowed split: 55-45 in 1987, 60-30 in 1989 and 67.5-32.5 in 1990)
 Multiple designations for carriers (excess of 180.000 pass. – 1000 return flights)
 EC competition rules applicable to Air transport
 Allow carriers to fly from category 1 airports in home to regional airports in foreign
 Limited Fifth Freedom
1989: Code of conduct concerning Computerised reservation systems. Regulation 2289/89
1990: Implementing the second package
 Brought measures of 1st package further
 Multiple designations for carriers
 1991: excess of 140.000 passengers – 800 return flights
 1992: excess of 100.000 passengers – 600 return flights
 Must approve fares that are reasonable, long term
 Enabled governments to maintain high fares to compensate inefficiency of flag
carriers
1991: Implementing the third package (to take effect primo 1993)
 Full liberalisation of air fares, free pricing
 Full liberalisation of market access (No restrictions on designations)
 Multiple designations for carries (excess of
 No capacity restraints
 Deregulate and harmonised licensing of carriers (to take effect mid 1992)
 Fifth Freedom – Example: establish hubs in other countries
 Seventh Freedom
 Limited Eighth Freedom
 Any EU national can own and control any airline
 Introduction of measures to control restrictive practices
1994: Guidelines for state-aid set out.
1997: TPA to ground handling market at Community airports, Directive 96/97
 Full Eighth Freedom
 Possible to sub-contract handling
 Access fees for handlers vary
 Year of implementation of directive vary
1997: Euro control organisation for air traffic management.
1999: Market access to computerised reservation systems, regulation 323/99
 Still ASA between countries and external EU – which means generally no Fifth
Freedom when third country is non-member.
 Restriction of state subsidies
 Access on Computer Reservation Systems
 Payment of denied boarding compensation
 Some states have Open Skies agreements with US
2001: Self handling of Ground administration and supervision

Passenger handling, baggage handling, freight and mail handling, ramp
handling, aircraft service, fuel handling, aircraft maintenance, flight operations
and crew administration, surface transport, catering services
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Variables used in the econometric estimations in air transport
Variable

Description

MOI

Market opening
index

PP1HICP

Price of passenger
air fares

LPP1HICP

Log of PP1HICP

Other information

The harmonised price
index for air fares

Source
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database

Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database

LPE6LFPALL

Log of load factor

COSTCAP

Cost of capital

The inverse of the load
factor

LPRICEGDP2

Price of GDP (GDP
deflator)

Log of

OECD

LBRENT

Price of brent oil

Log of

OECD

LCGDP

GDP in fixed prices

Log of

OECD

F1

Factor 1

F2

Factor 2

MOM1

Allow routes to
regional airports

MOM2

Fifth Freedom
access for carriers

same

MOM3

Sixth Freedom
Access for carriers

Same

MOM4

Seventh Freedom
access for carriers

Same

MOM5

Eighth Freedom
access for carriers

Same

MOM6

Designators allowed

Own calculations on
MOMs from factor
analysis
Own calculations on
MOMs from factor
analysis
Copenhagen
Economics Market
Opening Milestones
database

Same

MOM7

Aircraft Licensing
rules

Same

MOM8

Ownership of
national flag carrier

Same

MOM9
MOM10

Setting Air Fares
Capacity restraints –
on seats

Same
Same
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Variable
MOM11

Description
Access to computer
reservation systems

MOM12

Open Skies
agreement with US

MOM13

Ground Handling

Other information

Source
same

same
same
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Chapter 9 Market Opening and Performance
Transport

in Rail

In this chapter we analyse the relationship between market opening in the rail transport sector
and various sector performance measures, for example prices, productivity, and quality.
Throughout the chapter we distinguish between two sub-sectors of rail transport: Rail
passenger transport and rail freight transport. Firstly, we present the Market Opening Index for
rail transport. Secondly, we compare the change in market opening with changes in sector
performance and make some preliminary conclusions regarding their bi-variate relationship.
Thirdly, we report the results of a factor analysis where the individual components of the
Market Opening Index are aggregated into a more limited number of explanatory variables.
Finally, we investigate formally in an advanced econometric framework the relationship
between market opening and sector performance checking for the impact of other explanatory
variables.

9.1. Market opening in rail transport
In this section we present the Market Opening Index for two sub sectors of rail transport for
EU15 as a whole and for each of the member states for the period 1990–2003. This is followed
by an analysis of the changes in market structure and consideration to the linkage between
market opening and market structure. Finally, we discuss the importance of the regulatory
environment.
Market Opening Index
We have constructed two separate Market Opening Indices for rail transport for each of the
EU15 member states covering the period 1990-2003. The two indices cover rail passenger and
rail freight. The Market Opening Index measures the degree of market opening on a scale
between zero and unity. A value of unity indicates full market opening. The Market Opening
Indices (MOI) for rail transport are constructed on the basis of eight (rail passenger) and seven
(rail freight) Market Opening Milestones (MOMs). Each country’s value of MOI depends on the
value of each MOM and the weight attributed each MOM. If these weights are “wrong” they will
distort the true value of each country’s MOI, thus distorting the ranking of the countries based
on the MOI. That may have an adverse effect when we estimate the relationship between
market opening, defined by MOI, and performance. Therefore, we also estimate data
determined weights (using factor analysis) and see whether that changes the relationship
between market opening and performance. Finally, we look at the relationship between each of
the MOMs and performance.
The Market Opening Indices for EU15 show a process of gradual market opening in rail
transport, i.e. Group B and the average compared to other network sectors, cf. figure 9.1 and
figure 9.2. In rail passenger, the level of market opening in 2003 is lower than the EU15average, while the level of market opening in rail freight is slightly above the EU15-average.

Page 165 of 277

Market Opening in Network Industries – Part II

Market opening developed considerably faster than the average in the nineties, but seems to
have come to an almost complete stop after 2000, especially within rail passenger.
Figure 9.1: Market Opening Index, rail passenger, EU15, 1990-2003
1.00
Market Opening Index

0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

0.00

Year Netw ork
Rail, passenger
Note: The larger the Index is, the more open is the Rail passenger market. Rail, passenger is an average of Market Opening Index
in Rail Passenger for all member states weighted by the share of passenger kilometres, 2002. Network is an average of Market
Opening Index for all network sectors for all member states weighted by the turnover value of each sector.
Source: Copenhagen Economics, Market Opening Milestones database.

Figure 9.2: Opening Index, rail freight, EU15, 1990-2003
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Note: The larger the Index is, the more open the Rail Freight market is. Rail Freight is an average of Market Opening indices in
Rail Freight for all member states weighted by the share of tonne km, 2002. Network is an average of Market Opening indices for
all network sectors for all member states.
Source: Copenhagen Economics, Market Opening Milestones database.

There is very substantial variation in the Market Opening Indices for member states. In
particular for rail passenger, the United Kingdom and Sweden have initiated rapid and
extensive market opening while Greece and Ireland have been reluctant until now, cf. figure
9.3. In rail freight the variance is even more striking, where Germany, the Netherlands,
Denmark and the United Kingdom move strongly ahead compared to Greece and Ireland,
figure 9.4.
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Figure 9.3: Market Opening Index for rail passenger, EU15 member states, 2003
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Note: The larger the index is, the more open the rail passenger market is
Source: Copenhagen Economics, Market Opening Milestones database.

Figure 9.4: Market Opening Index for rail freight , EU15 member states, 2003
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Note: The larger the index is, the more open the rail freight market is
Source: Copenhagen Economics, Market Opening Milestones database.

Full market opening in rail passenger requires policy initiatives in the following areas: 1)
consumer choice, 2) unbundling of infrastructure and rolling stock from operators 3) third party
access, 4) efficient pricing of third party access, 5) privatisation and changes in other areas as
the form of agreement and basis for compensation in public service obligations.
There has been very limited progress for market opening in rail passenger with respect to free
choice, unbundling and – to a certain degree - third party access, the backbone of free markets
in network sectors, cf. figure 9.5. In 2003 there is limited choice between operators only in the
United Kingdom and Sweden, and no choice in the other member states. Unbundling also
proceeds at a very uneven pace.
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Figure 9.5: Composition of Market Opening Index, rail passenger, EU15 member states,
2003
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Source: Copenhagen Economics, Market Opening Milestones database.

Full market opening in rail freight requires policy initiatives in the following areas: 1) consumer
choice (measured as share of tonne kilometres open to access), 2) unbundling of infrastructure
and rolling stock from operators, 3) third party access, 4) efficient pricing of third party access,
5) privatisation and in other areas.
Market opening in rail freight in 2003 is more advanced than in rail passenger. Choice between
operators is available in more than half of the member states and unbundling is also more
advanced, cf. figure 9.6. Some member states have made very limited progress with respect to
market opening in rail freight.
Figure 9.6: Composition of Market Opening Index for rail freight for EU15 member
states, 2003
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Source: Copenhagen Economics, Market Opening Milestones database.
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As far as possible the chosen indicators for market opening have been selected in order to
take into account as many factors as possible. The chosen indicators represent core aspects in
the process of market opening in the rail market. The on-going rail reform across the EU, partly
promoted by the EC starting with Directive 91/440 comprises in particular the following key
components:







separation between infrastructure and operations,
network access possibility (in legal terms),
specification of network access prices,
formalisation of public service obligations (passenger)
and usage of tendering (passenger)
and removal of price control (freight)

These indicators describe whether it is possible for external railway undertakings to access the
market. Supply and demand aspects are covered in the indicators regarding market structure.
For example, number of competitors, market share of incumbent, concentration ratios, M&A
activity, internationalisation of railway companies.
To get a better view of market opening in each member state, we now attempt to split the
countries in three different groups reflecting their level of market opening and for how long a
period of time the market opening has been in effect. We use the grouping later in the chapter
to give a first impression of how the level of market opening and the number of years it has
been allowed to “work” affects various performance measures such as prices, productivity,
quality and employment29.
We group the countries according to two measures. The first measure is the value of the
Market Opening Index (MOI) in a country in 2003 relative to the EU15 average in 2003. Thus, a
value above one indicates that the country has reached a higher level of market opening in
2003 than the average EU15 value. On the other hand, if a country receives a value below one
it is more regulated than the average EU15 countries. The second measure is the number of
years a country has had a MOI larger than the EU15 average – comparing each year
individually. That is to say; the value of the MOI of each member state in e.g. 1990 is
compared to the EU15 average in 1990, then for the year 1991 and so forth. Hence, a high
value indicates that the country, during 1990-2003, often has had a level of market opening
higher than the average level of the EU15 member states; reflecting that market opening in
these countries has had a longer time to work than in most other EU15 countries. That might
be an important aspect for the impact on performance if market opening affects performance
gradually and not the exact moment market opening occurs.
According to these two measures we group the countries in three groups; A, B and C:
A. Group A will tend to represent the countries with high levels of market opening
compared to EU15 average and with many years above EU15 average.
B. Group B will tend to represent the countries with MOIs close to the EU-15 average
and with a medium number of years above EU15 average.
C. Group C will tend to represent the countries with MOIs lower than the EU15 average
and therefore also with a small number of years above the EU15 average.
The splitting of the countries in these three groups is not based on “tough” objective criteria but
rather on the natural grouping that seems to follow a graphical illustration. Plotting the number
29

Of course, we also examine the relationship between market opening and performance more formally in an
econometric model later in the chapter. But to get a first feel for the relationship between market opening and
performance, simple graphical illustrations often prove helpful.
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of years a country has a level of market opening above EU15-average against the level of
market opening in 2003 shows three distinct groups for rail passenger: Group A (the United
Kingdom and Sweden), Group B (Germany, Belgium and Finland) and Group C (Denmark,
Italy, Austria, the Netherlands, France, Ireland, Spain, Portugal, Luxembourg and Greece), cf.
figure 9.7. The groups differ with respect to both dimensions.

Index value relative to EU15-average 2003

Figure 9.7: Grouping of EU15 member states regarding market opening for rail
passenger, 1990-2003
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Note: Group A will tend to represent the countries with high levels of market opening compared to EU15 average and with many
years above EU15 average. Group B will tend to represent the countries with MOIs close to the EU15 average and with a medium
number of years above EU15 average. Group C will tend to represent the countries with MOIs lower than the EU15 average and
therefore also with a small number of years above the EU15 average.

Source: Copenhagen Economics, Market Opening Milestones database.

Doing a similar exercise for rail freight allows us to categorise member states into another
three distinct groups: Group A (the United Kingdom, Sweden, Germany, the Netherlands and
Denmark); Group B (Belgium, Finland, France, Luxembourg, and Austria) and Group C (Italy,
Ireland, Spain, Portugal and Greece), cf. figure 9.8. The groups differ with respect to both
dimensions.
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Index value relative to EU15-average 2003

Figure 9.8: Grouping of EU15 member states regarding market opening for rail freight,
1990-2003
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number of years above EU15 average. Group C will tend to represent the countries with MOIs lower than the EU15 average and
therefore also with a small number of years above the EU15 average.

Source: Copenhagen Economics, Market Opening Milestones database.

Strategies toward market opening
The extent to which countries have deregulated their electricity sector is one thing, another is
how they have done it. That is interesting in this context because it might, in it self, have an
effect on prices and productivity. Meaning that not only the level of market opening and the
years it has been allowed to work is important for prices and productivity but maybe also how
the countries have achieved their level of market opening – their strategies for market opening.
We now develop a measure of a country’s market opening strategy. We will use it later in an
econometric model to see if there is an effect from pursuing different strategies towards market
opening on prices and productivity.
Roughly speaking, a country can achieve a certain level of market opening in 2003 in four
different ways illustrated in figure 6.5. Either it can deregulate in the beginning and do nothing
from then on. Hence, the final level of market opening in 2003 is achieved in the beginning of
the period. We have named it Strategy 1. Or the country can do nothing for many years and
then very late it can deregulate as much as is desired. That would be Strategy 2 in the figure. A
third strategy is to deregulate as much as is desired in the middle of the period and nothing
before and after. That is Strategy 3 in the figure. The final strategy, Strategy 4, is to gradually
deregulate over the whole period 1990-2003.
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Figure 9.9: Illustration of the four basic types of strategies
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Thus, the four strategies depict the speed and timing of the market opening process. We now
wish to see which of the four strategies the 15 countries have used to reach their 2003-level of
market opening. Of course, we expect many countries to have achieved the level of market
opening in 2003 by combining the four basic strategies outlined in figure 6.5. No doubt, some
will be closer to one of the strategies than the other.
Our measure of speed means that a country receives a high value (the maximum value is one
by construction) if it has achieved its 2003-level of market opening by deregulating very fast.
Similar to the basic strategies 1, 2 and 3. A small value, on the other hand, signals that the
country has achieved its 2003-level of market opening by slowly deregulating, somewhat like
strategy 4 in figure 6.5. Timing is measured in such a way that a country receives a value of
0.5 if it has deregulated neither early or late, e.g. steadily over the whole period of 1990-2003
(like Strategy 4) or if it has deregulated more speedy in the middle of the period (like Strategy
3). A value above 0.5 means that it has timed market opening in the beginning of the period
(like Strategy 1) and if it has a value below 0.5 it has timed market opening late in the period
(Strategy 2).
The countries have approached market opening of rail passenger transport in quite different
ways, c.f. figure 9.10. About half of the member states have deregulated later in the period
1990-2003 (below 0.5 in Timing) and the other half have deregulated fairly early in the period
(above 0.5 in Timing). The member states also differ regarding speed. Finland has deregulated
the fastest and having done so fairly early in the period puts it in the vicinity of Strategy 1 from
figure 9.9. The Netherlands on the other hand looks very much like a Strategy 4 since the
timing is over the whole period (close to 0.5 in Timing) and the market opening has proceeded
at a slow pace.
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Figure 9.10: Timing and speed of market opening, rail passenger, EU-15 member states,
1990-2003
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Source: Copenhagen Economics, Market Opening Milestones database.

The member states have also chosen different strategies to market opening in the rail freight
industry, cf. figure 9.11. The earliest reformers are the United Kingdom, Sweden and Finland
(highest on Timing). Especially the UK has conducted market opening quite fast meaning that it
has followed a strategy close to Strategy 1 from figure 9.930. We find Denmark and Belgium at
the other end of the figure. A combination of market opening in the middle of the period (value
of Timing close to 0,5) and conducted fairly slowly puts the countries’ strategies close to
Strategy 4.
Figure 9.11: Timing and speed of market opening, rail freight, EU-15 member states,
1990-2003
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Note: Remember that the strategy of each member states, measured by speed and timing, holds no information what so ever
about the level of market opening. Speed is defined as sum of squared change in MOI for each year divided by squared total
change in MOI from 1990-2003. That means that the value one is maximum. Timing is defined as average MOI over 1990-2003
divided by MOI in 2003, implying that a value of 0.5 reflects a country has deregulated neither early nor late.
Source: Copenhagen Economics, Market Opening Milestones database.

30

Notice how Greece and Ireland has speed-values of one, meaning that they have gone from no market opening to
their 2003 level of market opening in just one year. But it is a very small level of market opening.
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Market structure
For rail transport the analysis of market structure and market opening is based on the market
share for the incumbent railway company distinguishing between passenger and freight
operations. Overall, market opening seems to be significantly associated with a change to a
less concentrated market structure.
In rail passenger the market share of the incumbent operator after 1996 has decreased
significantly below 75 percent among Group A. However, caution is warranted as Group A in
that period only includes Sweden; cf. figure 9.12. For Group B and Group C the market share
continues to be just above 97 percent.
Figure 9.12: Incumbents market share, rail passenger, EU15 member states, 1990-2002
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Note: From 1996 GBR has no incumbent and Group A is from this point therefore Sweden
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The same picture emerges in rail freight where the market share of the incumbent - in a
manner similar to rail passenger – falls below 75 percent, cf. figure 9.13. But in this case the
decrease seems to be much more persistent as Group A now includes four member states and
not only a single member state. For Group B and Group C the incumbent’s market share is still
above 99 percent.
Figure 9.13: Incumbents market share, rail freight, EU15 member states, 1990-2002
Group B,
Group C

95%
Rail (freight)

Market share incumbent

100%

90%
85%
80%

Group A

75%
70%

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Note: From 1996 GBR has no incumbent and Group A is therefore Sweden, Denmark, Germany and the Netherlands from this
point
Source: Copenhagen Economics, Market Opening Milestones database

Regulatory environment
Two indicators will be considered in the context of rail transport to assess the role of the
regulatory environment: 1) regulator’s right to issue fines, 2) independence of regulator from
the government department.
In most countries, the institution responsible for rail regulation has a right to issue fines. In
countries with the lowest degree of market opening this right does not exist (Ireland, Greece,
and Spain). Member states where the institution responsible for rail regulation has a high
degree of independence from the government department include Germany, the United
Kingdom, Austria and Portugal. Of these; Germany and the United Kingdom belong to groups
with higher levels of market opening. In most countries there is limited independence. Thus, in
both cases the available information suggests an association between regulatory and
institutional strength and market opening.

9.2. The immediate relationship between performance and market opening in rail
In the following we will consider the immediate relationship between market opening and
selected performance measures, in particular price, productivity, employment and service
quality.
Price of rail transport
Price indicators in the Market Opening Milestones database include passenger and freight
prices. In this context the passenger price is measured as passenger turnover per passenger
kilometre, while the freight price is measured as freight turnover per tonne kilometre.
In rail passenger, Group A seems to have maintained the overall price level throughout the
entire period, while rail passenger prices have increased slightly among Group B and Group C,
cf. figure 9.14.
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Figure 9.14: Relationship between changes in rail passenger prices and market opening,
EU15 member states, 1995-2001
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The relationship between market opening and price change is more complicated when we
consider the individual member states. There seems to be a slight tendency for market opening
to be associated with larger prices in a bi-variate comparison, cf. figure 9.15a. However, the
picture changes when we measure market opening as the sum of Market Opening Indices and
not as the simple difference between market opening in the beginning and the end of the
period, cf. figure 9.15b. This could indicate that the impact of market opening occurs with a
time lag since this measure is larger when market opening starts early.
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Figure 9.15: Changes in market opening (MOI) and rail passenger prices, 1990-2002
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In the case of rail freight, there is a decreasing trend in prices. For all member states, except
Ireland, the price slides downwards throughout the period. Group A seems to experience the
largest price decrease, but there is not much difference between Group A and Group B, cf.
figure 9.16. In contrast, Group C maintains the same average price level in the period. Note,
however, that Group A only includes two out of the five member states belonging to the group
due to missing data points.
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Figure 9.16: Relationship between changes in rail freight prices and market opening,
EU15 member states, 1995-2001
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There is – as expected – a clear negative bi-variate relationship between the changes in
market opening and rail freight price throughout the period. The relationship holds when we
measure market opening as the simple change in the Market Opening Index, cf. figure 9.17a,
but the link becomes even clearer when we – as before – measure market opening for each
member state as the sum of Market Opening Indices over time, cf. figure 9.17b. The latter
approach gives more credit to those member states that started to open their markets early
and seems to indicate that long-time commitment to market opening is important for results.
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Figure 9.17: Changes in market opening (MOI) and rail freight prices, 1990-2002
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Productivity in rail transport
Productivity indicators in the Market Opening Milestone database cover sector contribution to
the Gross Domestic Product (GDP) and sector productivity. In the following we will focus on the
relationship between market opening and changes in labour productivity measured as
passenger kilometres per employee.
In both sub-sectors data seems to confirm that increases in labour productivity are a result of
market opening. All member states have experienced non-negative growth in labour
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productivity, but growth in labour productivity has in particular been high among Group A in rail
passenger as well as rail freight, cf. figure 9.18 and figure 9.19.

Mio passenger km per employee

Figure 9.18: Relationship between changes in rail passenger productivity and market
opening, EU15 member states, 1995-2001
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Mio tonne km per employee

Figure 9.19: Relationship between changes in rail freight productivity and market
opening, EU15 member states, 1995-2001
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Employment in rail transport
There is no data available on splitting employment between the two sub-sectors: passenger
and freight. Instead we choose to compare the change in overall rail employment with changes
in market opening in rail passenger.
A pattern regarding changes in employment levels in rail transport emerges for the three
groups of member states, cf. figure 9.20. Group A and B have reduced staff numbers
significantly compared to the member states in Group C that has a much smaller (if any)
reductions in staff numbers. Notice, however, that the countries in Group C have a much lower
level of employment to start out with than the two other groups. That could indicate that the
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countries with large problems in rail transport with respect to e.g. productivity are the ones that
have deregulated their markets for rail transport the most in order to raise the productivity.
Figure 9.20: Relationship between changes in employment and market opening, EU15
member states, 1995-2001
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Source: Copenhagen Economics, Market Opening Milestones database

Quality in rail transport
The quality performance indicators for rail concerns mainly quality of services supplied,
particularly with respect to accessibility and provision of Universal Service Obligations. In
addition, some indicators concerning safety and environmental performance are also available.
In this context we will illustrate the relationship between market opening for rail passenger and
the provision of Universal Service Obligations measured as passenger train kilometres per
square kilometre. This indicator shows the level of rail supply for the member states
normalising for differences in areas between the countries, or passenger train density, and can
be interpreted as one measure of accessibility for passenger rail services. We would expect
market opening to lead to closure of some unprofitable rail lines and thus to having a negative
relationship between market opening and the density of the rail network.
However, data suggests otherwise. Group A and Group B both seem to have experienced
significant growth in rail density in contrast to Group C who seems to have had no or very little
growth in rail density, cf. figure 9.21.
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Figure 9.21: Relationship between changes in passenger train-kilometres per area and
market opening, EU15 member states, 1995-2001
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9.3. Factor analysis of market opening in rail transport
Factor analysis is a statistical technique aimed at finding the minimum number of artificial
variables, called factors, which explain the maximum amount of variation between Market
Opening Sub-Indices for rail passenger transport and rail freight transport. Factor analysis
reduces the number of explanatory variables (and as a consequence multi-collinearity), while
preserving as much information as possible from the original sub-indices.
Factor analysis proceeds in two steps. Firstly, we determine the number of factors. Secondly,
we estimate (or construct) the new factors. We distinguish between rail passenger and rail
freight.
Our analysis indicates the presence of two factors in rail passenger explaining almost 80
percent of the variation in the Market Opening Milestones, cf. table 9.1.
Table 9.1: Extracting the number of latent market opening factors, rail passenger
Cumulated variance
Factors
Eigenvalues
Variance explained
explained
1
4.30
0.54
0.54
2
1.74
0.22
0.76
3
0.64
0.08
0.84
4
0.43
0.05
0.89
5
0.34
0.04
0.93
6
0.23
0.03
0.96
7
0.20
0.03
0.99
8
0.11
0.01
1.00
Note: The extraction method is principal component factors (PCF). The analysis uses all 15 countries from
1990-2003.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

We base our conclusion on three standard rules of thumb saying that factors should be chosen
such that 1) each factor is associated with an eigenvalue larger than unity, 2) each factor
explains more than 10 percent of the overall variance and 3) chosen factors should explain
more than 60 percent of the overall variance.
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We now estimate the two factors. The factors are linear combinations of the original Market
Opening Sub-Indices, but each of the two factors tends to be related to a unique subset of
Sub-Indices, cf. table 9.2.
Table 9.2: Estimating the two latent market opening factors, rail passenger

Separation of infrastructure
and operations
Third party access
Third party access pricing
Form of PSO
Compensation for PSO
Separation of rolling stock and
operations
Privatisation
Choice - Passenger share
open for tender
Total variance explained

Factor 1
Corr.
Weight

Factor 2
Corr.
Weight

0.77
0.81
0.75
0.84
0.81

0.18
0.20
0.17
0.22
0.20

0.33
0.06
0.29
0.06
0.28

0.04
0.00
0.03
0.00
0.03

0.30
0.34
0.36
0.29
0.26

0.13
0.10

0.01
0.00

0.91
0.93

0.30
0.31

0.16
0.13

0.02

0.90

0.29

0.12

0.27
3.28

Uniqueness
Share

2.77

Note: PCF-method, weights are normalised squared correlations.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

The first factor is associated with five Market Opening Sub-Indices. The six sub-indices enter
with similar weights, indicating that the policies behind the sub-indices have equal impact on
performance (at least in the sense that they explain similar shares of the variation). The subindices associated with factor 1 seem primarily to be related to third party access and the
character of public sector obligations.
The second factor is associated with the remaining three Market Opening Sub-Indices. As in
many of the other network sectors privatisation plays a pivotal role for factor 2. However, in this
case all three sub-indices related to factor 2 have equal shares and tend to have equal
potential impact on performance.
We now turn to rail freight. Our analysis indicates – also in this case – the presence of two
factors in rail freight explaining more than 70 percent of the variation in the Market Opening
Milestones, cf. table 9.3. The selection is based on the same rules of thumb as in the previous
chapters.
Table 9.3: Extracting the number of latent market opening factors in rail freight
Cumulated variance
Factors
Eigenvalues
Variance explained
explained
1
4.05
0.58
0.58
2
1.00
0.14
0.72
3
0.71
0.10
0.82
4
0.44
0.06
0.88
5
0.32
0.05
0.93
6
0.29
0.04
0.97
7
0.21
0.03
1.00
Note: The extraction method is principal component factors. The analysis uses all 15 countries from 1990-2003.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

We now estimate the two factors. The factors are linear combinations of the original Market
Opening Sub-Indices, but each of the two factors tends to be related to a unique subset of subindices, cf. table 9.4.
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Table 9.4: Estimating the two latent market opening factors, rail freight
Factor 1
Corr.
Weight

Factor 2
Corr.
Weight

Separation of rolling stock
and operations
0.89
0.28
0.17
Privatisation
0.90
0.29
0.16
Third party access
0.77
0.21
0.41
Choice - share open for
0.63
0.14
0.48
access
Separation of
infrastructure and
operations
0.43
0.06
0.76
Pricing of Third Party
Access
0.23
0.02
0.81
Public price control
0.09
0.00
0.73
Total variance explained
2.83
2.22
Note: PCF-method. Weight is normalised squared correlations.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

Uniqueness
Share

0.01
0.01
0.07

0.19
0.16
0.25

0.10

0.38

0.26

0.23

0.29
0.24

0.29
0.46

The first factor is associated with four Market Opening Sub-Indices giving relatively more
weight to unbundling and privatisation than third party access and choice. The second factor is
associated with the remaining three Market Opening Sub-Indices. In this case all three subindices related to factor 2 have equal shares and tend to have equal potential impact on
performance.

9.4. The econometric relationship between performance and market opening in
rail transport
The estimations of prices and productivity on market opening in rail passenger transport
indicate that:




The introduction of tendering (MOM8) seems to work towards lowering rail passenger
prices. Our results therefore suggest that railway reforms involving tendering are
effective in relation to achieving reduced prices (e.g. reforms in Great Britain, Sweden
and Denmark). This impact is mainly due to increased competitive pressure in the
form of off-tracks-competition.
The change towards legal contracts for public service obligations (MOM7) has had a
positive impact on productivity. However, the estimations suggest that tendering
appears to have a negative influence on productivity. Thus the results on productivity
are mixed.

We also investigate whether different strategies towards market opening, as regards speed
and timing as shown in figure 9.10 affect price and productivity. We find that high speed in the
market opening process can counter act the reduction in prices caused by market opening.
Meaning that out of, e.g. two countries with the same level of market opening, the country that
introduce market opening at a slower pace will experience a larger fall in prices. The
explanation could be that a gradual market opening process allows for regulatory structures to
follow suit, thereby supporting the effect of market opening. Which might not be the case with a
fast market opening process, where supportive legislation and other structures that are
supposed to make sure there is also actual market opening might not be in place.
Finally, our results suggest that the impact from market opening on performance also works
through changes in market structure. We find that a lower market share of the incumbent
reduces productivity, whereas more mergers increase productivity. Other results on the
relationship between market structure and performance are less clear, though. However, there
is no clear evidence to support that market opening has directly reduced the market share of
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the incumbent or raised the extent of mergers in rail passenger transport. Therefore, we tend to
conclude that the impacts on performance from market opening in rail passenger transport are
predominantly working directly from market opening. This is probably much due to the
importance of off-tracks competition rather than on-the-tracks competition.
The similar estimations of prices and productivity in rail freight transport indicate that:



Removal of price regulation (MOM6) appears to have reduced prices. Freight price
control is still in place in some countries (e.g. Ireland), but has been terminated for
most EU15 countries.
Reforms acting to open the international rail freight market (MOM7) have a positive
impact on productivity. The same holds for removal of price control.

Analysing the various strategies chosen by different countries to achieve market opening (see
figure 9.11), we find that countries that have opened their markets fairly early on in the period
1990-2003 have experienced a more powerful impact on performance than their level of
market opening dictates. The reason could be that other necessary legislation and regulatory
structures supporting the effect of market opening on performance are in place in these
countries, contrary to countries that have just begun opening the rail freight market. One could
have imagined a disadvantage from starting market opening early and alone since no other
countries would then have fostered strong competitors that could have reduced the market
share of the incumbent. But that does not seem to be the case.
In contrast to rail passenger transport, Market Opening Milestones seem to have a stronger
influence on the freight market structure. Achievement of the MOMs relating to network access
for third party seem to result in reduced market share for the freight incumbent as well as
increased presence of rail undertaking in foreign ownership. Since we find a strong relationship
between more foreign presence and reduced prices, it seems that market opening which
increases the presence of rail undertaking in foreign ownership is a good thing.
That finished the short description of our overall findings. But before we turn to the estimations,
we briefly go over the estimation strategy described in detail in Part I Chapter 3. The general
idea is to estimate the models presented in general terms in Part I Chapter 3. The price model
says that the price of rail passenger transport is determined by the cost of the primary input
factors, capital and labour as well as other control variables. And of course by the level of
market opening and possibly the market structure. The productivity model tells us that output is
primarily produced using capital and labour but other control variables and the level of market
opening and market structure might also affect output. That is why we name is “productivity”
model since our estimates on market opening represents the effect on output after we control
for the input of capital and labour.
After having identified and defined all necessary variables, dependent as well as explanatory,
we take a closer look at how we should specify and estimate the models. The theoretical
models for price and productivity (or output as just described) are just generic descriptions of
the models. We need to know specifically whether a static or dynamic model is better in “real
life” and how to estimate the parameters in such models. For that purpose we carefully follow
the estimation strategy laid down in Part I Chapter 3. We estimate an array of static and
dynamic models using a variety of different estimators to see which combination of model and
estimator seems to perform better31. To determine that, we look at the various statistical and
economic properties of the models. We end up with a model that constitutes our benchmark
model and step 1 out of the coming 7 steps. From this benchmark model we go through seven

31

The results of this array of estimations are presented in Appendix H – Preliminary Econometrics.
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steps in order to refine the benchmark model and end up with a final or best model. The results
of all of these seven steps are presented here in the sector chapter.
We now turn to the estimation of the price model.
Price of passenger rail transport
In this section we show the results of regressing the price of rail passenger transport on the
Market Opening Milestones (MOMs) and other relevant variables, to see if increased market
opening lowers prices.
We choose to estimate price in passenger rail in a dynamic model using the GMM-SYSestimator32. We prefer the dynamic model because there seem to be autocorrelation in the
individual time series. In general the static and dynamic models seem to get approximately the
same type of estimates on especially capital and labour cost. They are often the expected sign,
that is a positive sign, but not always and not always are they significant. Once we have
chosen a dynamic model we need to employ an instrumental variable (IV)-type estimator since
the lagged dependent variable now serves as an explanatory variable and is by construction
endogenous. We use the GMM-SYS estimator since it uses more instruments than any other
IV-estimator which improves efficiency of the estimates. However, the use of an IV-estimator
with instruments among the lagged variables, assumes stationary data in the levels. The array
of estimations show that the estimated coefficient to the lagged dependent variable is most
time well below one indicating that the time series is stationary.
Having decided on the exact model specification and estimator we now initiate the final
estimations using our 7-step recipe. The 7-step recipe utilised a general-to-specific reduction
method whereby insignificant variables are removed on the basis of the Wald-test. In step 5 we
arrive at the final model from which we calculate long run effects (step 6) and finally we do
some auxiliary regression in step 7 shown in appendix b of this chapter. The results of the first
six steps are shown in table 9.5 below with reference to each step.

32

For a description of the GMM-SYS-estimator see Appendix A. Appendix A is the econometric chapter where the
technical description of estimators is founds. Some of the arguments are just stated here, but a more rigorous
explanation can be found in that chapter.
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Table 9.5: Price equation passenger (revenue per passenger-km in PPP-terms, log of
PASREV_PPP)
Estimator
GMM-SYS
(Dynamic model)
Recipe step
Constant
Log(PASREV_PPP
) (-1)
(Dep_V2)
Cost variables
COSTCAP_PAS
(Expl_Cost_V1)
Log(COSTLAB_PA
S)
(Expl_Cost_V2)
Factors
F1p (-1)
F2p (-1)
MOIp(-1)
MOM1p (-1)
MOM2p (-1)
MOM3p (-1)
MOM4p (-1)
MOM5p (-1)
MOM6p (-1)
MOM7p (-1)
MOM8p (-1)
F1p x F1p (-1)
F2p x F2p (-1)
F1p x F2p (-1)
Market structure
MSINCU_1
(Expl_Mop_V1)
MERACQ_1
(Expl_Mop_V2)
INTCOM_1
(Expl_Mop_V3)
Control variables
Log(PQ14DENS)
(Expl_Contr_V1)
Log(CARKM)
(Expl_Contr_V2)
Log(BUSKM)
(Expl_Contr_V3)
Test for exclusion
(p-value)
Sargan test (pvalue)
AR(1) (p-value)
AR(2) (p-value)
Obs.

Benchmark
model

Includin
g MOI
for
factors

Includin
g MOMs
for
factors

Adding
functions
of the
factors

Final
model1

Long-run
effects in
final model

1

2

3

4

5

6

0.198

12.422*

13.359

10.927

10.335**

30.913**

0.673***

0.669***

0.666***

1.064***

0.708***

-0.780

1.487***

1.297

1.248

1.773*

5.304

-0.112**

-0.309

-0.262

-0.261

-0.257*

-0.769

-0.205*

-0.613

-0.067
0.300

-1.421
8.795
-0.213
0.184
-0.000
-0.000
0.055
-0.016
-0.185
-0.115
-0.063
2.771
24.313
-22.278
-12.351*

-13.475

-11.010

-9.391

1.251

-1.987

-7.203

-2.079**

-12.770

-15.346

-8.558

-0.041

-0.035

-0.037

PQ14DE
NS,
BUSKM
(0.32)

MOI:
(0.31)

All
MOM:
(0.61)

F11, F22,
F12:
(0.57)

(0.81)

(0.18)

(0.36)

(0.31)

(0.23)

(0.48)
(0.27)
18

*

*

*

(0.08)*
(0.18)
66

0.373
***

**

-10.919

0.013
-0.037**
0.015

(0.06)
(0.99)
66

(0.06)
(0.94)
66

(0.06)
(1.00)
66

**

-32.660
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Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. Only the lagged dependent variable is treated as endogenous and
instrumentised, the rest are treated as exogenous. Otherwise the results came too dependant on too much of the
specific choice of instruments. The GMM-SYS estimator uses a 1-step estimation routine. The AR(1) and AR(2)
tests are test for first and second order auto correlation in the residuals, respectively. * means significant at a 10
percent level, ** at a five percent level and *** at a one percent level. (-1) means the one year lagged value of a
variable. See appendix a at the end of this chapter for a description of the variables.
1 In the final model we included one dummy variable to correct for an extreme outlier in the residuals.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.

We use (log of) revenue per passenger kilometre as a proxy for price. We realise it is only a
proxy but the best available one, we believe. We believe it captures vital aspects of price
movements because it contains information, through revenue, on the amount generated per
kilometre which is closely linked to prices.
The first step shows some unintuitive estimates but there are also only 18 common
observations to base the estimation on, cf. table 9.5. The cost of capital and labour
(COSTCAP_PAS and COSTLAB_PAS) are negative indicating, unintuitively, that higher cost of
capital and labour reduces prices. The factors F1p and F2p, representing market opening, are
insignificant while two of the three market structure variables are significant. MERACQ_1 is a
measure of mergers and acquisitions which is negative and significant, telling that more
mergers and acquisitions tend to reduce prices. The other significant market structure variable
in step 1 is INTCOM_1 which is a measure of the international competition. Again it has the
expected negative sign, telling us that more outside competition reduce prices. The dependent
variable is (log of) passenger revenue per passenger kilometres (PASREV_PPP) which serves
as a proxy for prices.
In step 2 we swap the factors for MOI – the overall market opening index. The estimate for MOI
is negative, according to hypothesis, but insignificant. The estimates on cost of capital are
positive and significant conforming with theory. The adjustment parameter is well below 1 with
a significant value of 0.708, implying that price adjustment to long run equilibrium after a shock
is fairly slow, with approximately 70 percent of the initial price shock spilling over to the
following period. In other words, it takes time before prices adjust fully to market opening.
After completing steps 2-4 we arrive at the final model in step 5. The estimate for MOM8 is
negative and significant (at 10 percent). This implies that use of tendering as the basis for
compensation will tend to reduce rail passenger prices. These parameter estimates are in
accordance with expectation. Available evidence from countries having introduced tendering
shows some cost reductions (e.g. the case of Sweden as reported in Alexandersson et al.,
2000). Therefore, our findings seem to suggest that cost savings achieved as the result of
tendering are in fact passed on to consumers in the form of lower prices. The variable
MSINCU_1 (market share of incumbent) is significant at five percent with a negative parameter
estimate. This implies that there seems to be a tendency that increased market share of the
incumbent may in fact lead to lower prices. An explanation for this result is that countries with
high market share of the incumbent often go hand in hand with efforts to increase competition
whereby the incumbent is facing competitive pressure from other railway undertakings not on
the market, but with the possibility to enter the market. This is likely to take form of off-trackscompetition where several railway undertakings are bidding for a passenger service contract.
The calculations of the long-run estimates in step 6 from the short run estimates in step 5 and
the adjustment parameter on the lagged dependent variable 0,666, reveals that price effects
are approximately three times larger in the long-run compared to the short-run version of the
final model. We calculate the long run effect as

 0.205
 0.613 which is insignificant.
1  0.666

This highlights that there is some lag for the effect of market opening to take full effect on
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prices. A likely explanation for this pattern is that public transport authorities in a number of
countries are regulating rail passenger prices. Even though the estimate is insignificant, it is
also quite high implying a potential large benefit from using tendering as the basis for
compensation in the long run. But there is also some uncertainty about this proclamation
reflected in large standard errors that makes the estimate insignificant.
The long run effects of the dynamic model conform in general to the static models presented in
Appendix I rendering general support for the conclusions33. The lagged dependent variable is
treated as endogenous and instrumented with lagged values using the GMM-SYS estimator.
The instruments are valid since the Sargan test in the table does not reject the hypothesis of
validity of the instruments.
Productivity in passenger rail transport
In this section we show the results of regressing the output or production of rail passenger
transport on the Market Opening Milestones (MOMs) and other relevant variables, to see if
more market opening, ceteris paribus, increases output thereby increasing productivity.
We choose to estimate price in passenger rail in a dynamic model using the GMM-diffestimator34. We use a dynamic model because there seems to be autocorrelation in the
individual time series and the dynamic model is generally speaking more capable of handling
models with time lags. In general the dynamic models seem to get positive signs on capital and
labour as expected. Once we have chosen a dynamic model we need to employ an
instrumental variable (IV)-type estimator since the lagged dependent variable now serves as
an explanatory variable and is by construction endogenous. We use the GMM-diff estimator
since it uses more instruments than any other IV-estimator which improves efficiency of the
estimates. The GMM-SYS estimator could also have been used but more often the coefficient
to labour is negative not conforming with theory. The best starting point for our 7-step strategy
does then seem to be the GMM-diff estimator used on a dynamic model. However, the use of
an IV-estimator with instruments among the lagged variables, assumes stationarity of the data
in levels. The array of estimations shows that the estimated coefficient to the lagged dependent
variable using the dynamic estimators below one indicating that the time series is stationary.
As with the price equation the results of the first 6 steps are shown in table 9.6.

The estimates do seem to cover a wide area though. In step 6 the estimate on cost of capital is somewhat larger
than in static models, but might be contributed to the fact that we have a more parsimonious model. Some of the
long run estimates of the dynamic models in appendix I are more comparable to the static model estimates for
cost of capital lending support to that view.
34 For a description of the GMM-diff-estimator see Appendix A. Appendix A is the econometric chapter where the
technical description of estimators is founds. Some of the arguments are only stated here, while a more rich
explanation can be found in that chapter. Appendix H – Preliminary Econometrics holds the results of the wide
array of preliminary estimations.

33
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Table 9.6: Productivity equation passenger (passenger-km., log of PASKM)
GMM-Diff
(Dynamic model)

Recipe step
Constant
Log(PASKM) (-1)
(Dep_V1)
Input variables
Log(PQ12PTKM)
(Expl_Cost_V1)
Log(PEM9STAFF)
(Expl_Cost_V3)
Factors
F1p (-1)
F2p (-1)
MOIp (-1)
MOM1p (-1)
MOM2p (-1)
MOM3p (-1)
MOM4p (-1)
MOM5p (-1)
MOM6p (-1)
MOM7p (-1)
MOM8p (-1)
F1 x F1 (-1)
F2 x F2 (-1)
F1 x F2 (-1)
Market structure
MSINCU_1
(Expl_Mop_V1)
MERACQ_1
(Expl_Mop_V2)
INTCOM_1
(Expl_Mop_V3)
Control variables
Log(PQ14DENS)
(Expl_Contr_V1)
Log(CARKM)
(Expl_Contr_V2)
Log(BUSKM)
(Expl_Contr_V3)
Test for exclusion
(p-value)

Benchmark

Including
MOI for
factors

Including
MOMs for
factors

Adding
functions
of the
factors

Final
model

Long-run
effects

1

2

3

4

5

6

0.019*

0.016**

0.015**

0.018***

0.011

0.019***

0.344*

0.319**

0.268*

0.297**

0.432**

0.337

0.230***

0.223***

0.246***

0.238***

0.420**

0.044

0.061

0.037

0.104

0.010

0.018

0.039**
***
-0.089

0.069*
***
-0.156

-0.033
-0.351

0.079
-1.909
-0.116
0.012
***
0.000
-0.000***
-0.012
-0.129
-0.026
0.037*
***
-0.095
-0.091
23.378
-1.146

-0.780*

-0.851**

-0.723**

-0.805***

-0.568***

-0.999**

4.472

2.775

5.886***

2.942

4.676*

8.235**

***

-2.417

***

-2.135

***

***

-2.011

-2.023

All MOM:
(0.00)***

F11,
F12, F22
(0.80)

***

-1.763

-0.195
-0.063
-0.080
All
control:
(0.75)

MOI:
(0.13)

***

-3.105

Sargan test (p(0.36)
(0.59)
(0.38)
(0.47)
(0.42)
value)
*
(0.11)
AR(1) (p-value)
(0.17)
(0.35)
(0.08)
(0.12)
AR(2) (p-value)
(0.37)
(0.23)
(0.29)
(0.23)
(0.22)
83
Obs.
69
83
83
83
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. The AR(1) and AR(2) tests are test for first and second order auto
correlation in the residuals, respectively. * means significant at a 10 percent level, ** at a five cent level and *** at
a one percent level. (-1) means the one year lagged value of a variable. In the final model we included two dummy
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variables to correct for extreme outliers in the residuals. See appendix a at the end of this chapter for a description
of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.

The first step shows correct positive, but insignificant, coefficient estimates on the input
variables capital and labour. But as soon as we move to step 2 where we have left out
insignificant control variables from step 1 we get a significant contribution from the capitalproxy to output. The estimate show that an increase of 1 percent in passenger train kilometres
increase passenger kilometres by 0.23 percent within the same year. The long run effect is
larger due to the slow adjustment towards the long run equilibrium represented by the
coefficient to the lagged dependent variable Log(PASKM) (-1) with the significant value of
0.319.
The estimate of labour is positive but insignificant in the short run. That could be a result of the
chosen proxy for capital that in some sense already includes the contribution from labour since
it is train kilometres which requires both trains and staff to operate the trains35.
The MOI is negative but insignificant. In step 3 we swap MOI for the individual MOMs and see
if that results in positive estimates on market opening.
After completing steps 2-4 we arrive at the final model in step 5. We still have a positive and
significant value for our capital-proxy (PQ12PTKM). We also have two MOMs in the final
model. For MOM7 the parameter estimate is positive confirming the expectation that
introduction of legal contracts for provision of public service obligation may have a positive
impact on productivity. The negative sign for MOM8 implies that passenger kilometres per staff
may decrease as the result of introduction of competitive tendering. This pattern could perhaps
be the result of insufficient incentives for railway undertakings operating under tendered
contracts. Incentives for growth could be facilitated through building into the contract bonus
payments for attracting new passengers.
The sign for the variable measuring international competition (INTCOM) is negative. Implying
that more international competition results lowers productivity. That could be the result of loss
of network benefits moving from a comprehensive rail service network to one consisting of
several railway undertakings. This could result in reduced passenger demand. Both the
mergers and acquisitions (MERACQ) and the market share of incumbent (MSINCU) variables
are significant with the expected signs. That means that more merges and acquisitions tend to
raise productivity which could be due to better use of inputs. Whereas higher market share of
the incumbent lowers passenger kilometres and therefore productivity since the input factors
are unchanged. That indicates that more competitors in the market have a positive impact on
productivity in rail passenger transport.
The long run estimates are calculated from the final model in step 5. The long-run effects on
productivity of market opening concerning MOM7 and MOM8 are approximately twice the
magnitude of the short-run effects due to the adjustment parameter with a value of 0.432 which
is close to ½ . We calculate the long run effect of changes in MOM7p as

0.039
 0.069 .
1  0.432

In our array of estimations in Appendix I – Preliminary Econometrics, we have not estimated
models with the individual MOMs so it is not possible to compare the long run estimate of
0.069 on MOM7p to the estimate in a static model. However, the long run estimate of capital in

35

We tried to endogenise PEM9STAFF, to see if that would increase the significance. But the results were the
same.
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our final model step 5 is 0.42 which can be compared to 0.66 and 0.3936. Their similarity
renders support for the general validity of the results, even though we would still have more
faith in the results in step 5 had the estimates differed since it is our preferred model.
Finally, we see that the Sargan test fails to reject in all models step 1-5 thereby accepting the
validity of the instruments.
Strategies and regulatory designs in rail passenger transport
Earlier in this chapter, we characterised the countries’ strategies in terms for speed and timing
for achieving a given level of market opening. We presented the results in figure 9.10. We now
estimate the effect on price and productivity from these strategies using the final model in step
5 as our starting point. We do it by expanding the final model with the cross product of market
opening and timing and speed respectively, and see if that new variable is significant. If it is,
then we conclude that the way a certain level of market opening is achieved influences how
market opening affects performance. That is our final step 7 in our 7-step estimation strategy.
Furthermore, step 7 includes a similar analysis on whether or not initial conditions influence on
how market opening affect performance, and whether or not the regulatory and institutional
design in a country influence the impact from market opening to performance.
Our results for the strategies point towards that high speed in the market opening process can
counter act the reduction in prices caused by market opening, cf. appendix b of this chapter.
Meaning that out of, say, two countries with the same level of market opening, the country that
introduce market opening at a slower pace will experience a larger decrease in prices. The
explanation could be that a gradual market opening process allows for regulatory structures to
follow suit, thereby supporting the effect of market opening. Which might not be the case with a
fast market opening process, where supportive legislation and other structures that are
supposed to make sure there is also actual market opening might not be in place. For
productivity we find no relationship between strategies and effect from market opening on
performance. Similarly we find no effect from differences in timing of the market opening
process, whether it started early or late in the period, 1990-2003.
We also looked into the possibility that initial conditions could have an effect. Meaning that if a
country had started market opening early, and possibly before 1990, that could have an effect.
Initial conditions often catch the same aspects as the timing-dimension where we found no
effect. Similarly we find no effect from initial conditions, cf. appendix b later in this chapter. We
have not been able to collect any suitable quantitative data on the countries’ regulatory and
institutional design, e.g. whether a highly independent public authority exists that can issue
fines for exploiting natural monopolies etc. And therefore we have not analysed the possible
effect on performance from regulatory design. However, as just described, introducing market
opening at a slow speed seems to strengthen the ability of market opening to reduce prices
which we interpreted as a need for general regulatory structures to be in place or developed
along side market opening.
That concludes the 7 step strategy for passenger rail transport. We now turn to freight rail
transport.

36

The capital estimates in static models using OLS and GLS (RE). We use the sum of the two capital estimates
where only the first of the two is present in our final model.
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Price of freight rail transport
The estimation of the price model for rail freight is based on the dependent variable freight
revenue per freight tonne kilometres (PP1FREREV). The models explaining the sample
variation in this variable are estimated in a dynamic model. The final model has been
determined following the same approach as for the rail passenger section.
We choose to estimate price in passenger rail in a dynamic model using the GMM-diffestimator37. We prefer the dynamic model because it is a more flexible form and the static
models do not seem to get more interpretable estimates on the important cost of input, cost of
capital and labour. Once we have chosen the dynamic model we need to employ an
instrumental variable (IV)-type estimator since the lagged dependent variable now serves as
an explanatory variable and is by construction endogenous. We use the GMM-diff estimator to
keep it simple. Expanding the number of instruments by using the GMM-SYS estimator seems
to increase the instability of the estimates. The use of an IV-estimator with instruments among
the lagged variables, assumes stationary data in the levels. The array of estimations show that
the estimated coefficient to the lagged dependent variable is most of the time well below one,
indicating that the time series is stationary.
Having decided on the exact model specification and estimator we now initiate the final
estimations, shown below, using our 7-step recipe also described in detail in Part I Chapter 3.
The 7-step recipe utilises a general-to-specific reduction method, whereby insignificant
variables are removed on the basis of the Wald-test and we let MOI, individual MOMs and
factors represent market opening to which seems better. At the end, in step 5, we arrive at the
final and best model from which we calculate long run effects (step 6) and finally we do some
auxiliary regression in step 7 shown in appendix b of this chapter. The results of the first six
steps are shown in table 9.7 below, with a reference to each step.

37

For a description of the various GMM-estimators see Appendix A: The econometric methodology. Some of the
arguments are just stated here, but a more rigorous explanation can be found in that chapter.
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Table 9.7: Price equation freight (revenue per ton-km., in PPP-terms, log of
FREREV_PPP)
GMM-Diff
(Dynamic model)

Recipe step
Constant
Log(FREREV_PPP
) (-1)
(Dep_V2)
Cost variables
LCOSTCAP_FRE
(-2)
LCOSTLAB2_FRE
(-2)
Factors
F1f (-1)
F2f (-1)
MOIf (-1)
MOM1f (-1)
MOM2f (-1)
MOM3f (-1)
MOM4f (-1)
MOM5f (-1)
MOM6f (-1)
MOM7f (-1)
F1 x F1f (-1)
F2 x F2f (-1)
F1 x F2f (-1)
Market structure
MSINCU_2
(Expl_Mop_V1)
INTCOM_2
(Expl_Mop_V3)
Test for exclusion
(p-value)

Benchmark

Including
MOI for
factors

Including
MOMs for
factors

Adding
functions
of the
factors

Final
model

Long-run
effects

1

2

3

4

5

6

0.006

0.010

0.002

0.005

0.009

0.014

0.274

0.395

0.233

0.276

0.362

0.080**

0.106***

0.117***

0.131***

0.113***

0.177**

-0.093**

-0.146***

-0.069
0.174
-0.187

-2.383
-0.262
-0.159
0.224

0.024
-0.184
-0.159**
0.047
-22.770
-0.856
15.459
-5.183

-8.934

-12.945

23.465

-8.474***

-13.286*

-8.729***

-9.320***

-9.541***

-9.698**’

-9.422***

-14.773***

MOM1,4-7:
(0.050)

F11,22,12:
(0.027)*

DLOSTLA
B2_FRE(2):
(0.496)

Sargan test (p(1.000)
(1.000)
(1.000)
(1.000)
(1.000)
value)
(0.468)
AR(1) (p-value)
(0.382)
(0.301)
(0.314)
(0.463)
AR(2) (p-value)
(0.077)
(0.337)
(0.077)
(0.064)
(0.141)
36
Obs.
36
36
36
36
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. The AR(1) and AR(2) tests are test for first and second order auto
correlation in the residuals, respectively. * means significant at a 10 percent level, ** at a five percent level and *** at
a one percent level. (-1) means the one year lagged value of a variable. See appendix a at the end of this chapter
for a description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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The first step show positive and significant coefficient estimates on the cost of capital
(LCOSTCAP_FRE) of 0.08 and a insignificant estimate on cost of labour (LCOSTLAB2_FRE) .
Cost of labour is subsequently test and removed in the following equations. As discussed in
passenger rail transport, our capital measure does include some contributions from labour,
which might be the reason that labour is insignificant in the models. The two factors
representing market opening are both insignificant in step 1 whereas one of the two market
structure variables is significant with the expected sign. For internationalisation of companies
(INTCOM) this implies that a higher degree of internationalisation of companies has a negative
impact on freight prices, in accordance with expectation. A higher degree of internationalisation
of companies indicates that competition from not only national companies is appearing but also
from foreign companies. The negative sign for MSINCU, measuring the market share of the
incumbent, is counter intuitive since it implies that a larger market share of the incumbent
reduces prices. It can, however, reflect that countries with powerful incumbents have very
competitive environments with easy access, thus, forcing the incumbent to push down prices.
However, it is insignificant but we leave it in to see if it changes sign in the following
estimations.
After completing steps 2-4 we arrive at the final model in step 5. In the final model in step 5 we
have a strongly significant positive coefficient to the cost of capital. Indicating that reduced cost
of capital, either from rising interest rates or lower capital productivity increases the price. That
also shows that prices will fall if market opening increases productivity, because it decreases
the cost of capital since less of input is needed to produce the same output. That will in turn
push down prices. We will look at the relationship between market opening at productivity
when estimating the productivity equation. Step 5 shows that we also get a separate
contribution to lower prices from market opening through MOM6 – public control of prices.
Given the cost of input (capital) less public control of prices actually reduces prices, meaning
that rents (or the mark-up of prices over costs) are reduced. This may suggest that removal of
price control is not the only initiative but is also associated with other aspects, e.g. opening for
access for third parties to ensure competitive pressure in the sector etc. It is interesting to
notice that MOM5 (introduction of infrastructure charges) is not included in the final model
because it could be expected that infrastructure charges could have strong influences on rail
freight tariffs. However, this may be caused by the current situation where several models are
being used by the EU15 countries regarding network pricing (predominantly average or
marginal cost based charges) with different implications on charges. Marginal cost based
charges tend to be significantly lower than average cost based charges.
The estimate on internationalisation of companies (INTCOM) is negative and highly significant
– as expected. On the other hand, the market share of the incumbent (MSINCU) turns out to
also be negative and insignificant which is counter intuitive since it implies that higher market
shares to the incumbent means lower prices. However, the estimate is insignificant in model
steps 1-4 implying a general uncertainty between market share of incumbent and prices. An
economic rationale for this result could be that countries where the incumbent has a high
market share often also put every effort into increasing competition whereby the incumbent is
facing competitive pressure from other railway undertakings not on the market, but with the
possibility to enter the market. This makes him reduce prices to make it less profitable for other
operators to enter the market.
The long run effect of removal of price regulation in step 6 is slightly larger than the short run
effect revealed in the final model. This is due to the adjustment parameter of 0.362 estimated
in step 5. We calculate the long run effect as

 0.093
 0.146 .
1  0.362
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We finish with some more technical information. In the models we allow the lagged dependent
variable to be endogenous, instrumenting it with lagged levels specifying the model in first
difference as is the case when using the GMM-diff estimator. However, the Preliminary
Econometrics in Appendix I suggests some problems with cost of capital and labour since they
are almost never significant. They might be endogenous increasing the number of endogenous
variables making the model more unstable. So instead we formulate the model using twice
lagged values of cost of input. By construction they are now exogenous and the positive and
strongly significant value of cost of capital suggests that it is a wise choice. We see that the
Sargan test fails to reject in all models in step 1-5 thereby accepting the validity of the
instruments.
Productivity in freight rail transport
In the case of rail freight the chosen dependent variable is tonne freight kilometres. We choose
to estimate the productivity/output model in a dynamic model using the GMM-diff estimator38. In
general the models for describing output in rail freight have rather poor properties when looking
at their ability to get a correct positive sign on the contributions from capital and labour39. The
only model that achieves that is the static OLS-model. However, when the static FE-model gets
a completely different estimate we should not trust the OLS-model. That indicates that the
seemingly nice properties of the OLS-model are due to an unobserved fixed effect that biases
the estimates. Therefore, we choose the GMM-diff estimator which estimates the dynamic
model in first differences thereby removing the fixed effect. Once we have chosen a dynamic
model we need to employ an instrumental variable (IV)-type estimator since the lagged
dependent variable now serves as an explanatory variable and is by construction endogenous.
The result of the first 6 steps of the 7 step strategy is presented in table 9.8.

For a description of the GMM-estimators see Appendix A: The econometric methodology. Some of the arguments
are just stated here, but a more rigorous explanation can be found in that chapter.
39 See Appendix I – Preliminary Econometrics.

38
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Table 9.8: Productivity equation freight (ton-km., log of FREKM)
GMM-Diff
(Dynamic model)

Recipe step
Constant
Log(FREKM) (-1)
(Dep_V1)
Input variables
Log(LENGTH)
(Expl_Cost_V1)
Log(PEM9STAFF)
(Expl_Cost_V2)
Factors
F1f (-1)
F2f (-1)
MOI – f (-1)
MOM1f (-1)
MOM2f (-1)
MOM3f (-1)
MOM4f (-1)
MOM5f (-1)
MOM6f (-1)
MOM7f (-1)
F1 x F1f (-1)
F2 x F2f (-1)
F1 x F2f (-1)
Market structure
MSINCU_2
(Expl_Mop_V1)
INTCOM_2
(Expl_Mop_V3)
Test for exclusion
(p-value)

Benchmark

Including
MOI for
factors

Including
MOMs for
factors

Adding
functions
of the
factors

Final
model

Long-run
effects

1

2

3

4

5

6

-0.000

-0.001

0.001

0.002

-0.002

-0.005

0.462***

0.452**

0.462***

0.442**

0.504***

-0.901***

-0.917***

-0.676***

-0.798***

-0.774***

-1.562**

0.069

0.067

0.060

0.074

0.028

0.056

0.122**
0.000

-0.552
0.303
0.105
-0.012
-0.114***
0.186***
-0.025
-0.066*
***
0.133
***
0.068

0.082
0.072**

*

0.166
0.146**

*

-0.045

-0.091

-0.719**
-0.616*
1.908**
-1.673

-1.708

-1.213

-0.951

-0.075**

-0.057

-0.091**

-0.066*

MOI:
(0.29)

All MOM:
(0.00)***

F11,
F22,
F12:
(0.20)

Sargan test (p(0.15)
(0.28)
(0.27)
(0.33)
(0.19)
value)
**
**
**
**
(0.02)
AR(1) (p-value)
(0.02)
(0.03)
(0.02)
(0.02)**
AR(2) (p-value)
(0.91)
(0.91)
(0.94)
(0.99)
(0.50)
137
Obs.
132
132
132
132
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. The AR(1) and AR(2) tests are test for first and second order auto
correlation in the residuals, respectively. * means significant at a 10 percent level, ** at a five percent level and ***
at a one percent level. (-1) means the one year lagged value of a variable. In the final model we included one
dummy variable to correct for an extreme outlier in the residuals. See appendix a at the end of this chapter for a
description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.

The first step shows what we just discussed, that the estimate to our capital proxy, (log of)
length of network lines is negative (LENGTH). An explanation could be that length of network is
used by both passenger and freight rail. Thus an expansion of freight kilometres at the
expense of passenger kilometres in the light of reduced network size would make the estimate
negative. In order to identify the proper relationship we would need the length of network that is
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only used by freight rail but such a distinction is not possible40. Another possible explanation is
that rail freight itself is being squeezed by other means of transporting freight, such as road
transport in times where the network is growing due to more passenger transportation. That
would also give us the negative sign on our capital proxy LENGTH. However, the time series
for total road transport reduces the estimation sample to 23 observations rendering the
estimates unreliable. We therefore continue with this specification.
The benchmark model in step 1 also shows a positive and significant factor 1, and a negative
albeit insignificant estimate on market share of incumbent (MSINCU) indicating that higher
market share reduces productivity. The internationalisation of companies (INTCOM) is negative
and significant, implying that foreign operators reduce productivity. The insignificance of
internationalisation of companies suggests that other market structure and MOM variables
have a stronger influence. The negative sign could be the result of that foreign ownership only
recently started in the rail sector such that there are some transitionary patterns influencing the
relationship.
After completing steps 2-4 we arrive at the final model in step 5. The mom variables included in
the final model are MOM6 (public control of prices) and MOM7 (share of tonne kilometres open
to access). The expectation would be that MOM6 and MOM7 have positive signs such that
market opening in the form of privatisation of stock, termination of price control and higher
share of tonne kilometres open to access by third parties would imply higher productivity. This
is confirmed by the estimations. MOM6 is significant on 10 percent level, while MOM7 is
significant on five percent level. Especially, MOM7 shows the importance of competitive
pressure on productivity performance.
The long-run estimates for both MOM6 and MOM7 are double the values in the short run
version of the final model reflecting the (adjustment) parameter to the lagged dependent
variable which is very close to 0.5. That means that the adjustment in FREKM from a shock is
half way to the long run equilibrium after one year. So the adjustment is to shock, including
market opening, is not instantaneous but not extremely slow either. We calculate the long run
effect for MOM7 as

0.072
 0.146 and similarly for MOM6.
1  0.504

Finally, we see that the Sargan test never rejects thereby accepting the validity of lagged
dependent variables as instruments for the one period lagged dependent variable
(Log(FREKM) (-1)).
Strategies and regulatory designs in freight rail transport
Earlier in this chapter, we characterised the countries’ strategies in terms of speed and timing
for achieving a given level of market opening. We presented the results in figure 9.11. We now
estimate the effect on price and productivity from these strategies using the final model in step
5 as our starting point. We do it by expanding the final model with the cross product of market
opening and timing respectively speed and see if that new variable is significant. If it is, then
we conclude that the way a certain level of market opening is achieved influences how market
opening affects performance. That constitutes our final step 7 in our 7-step estimation strategy.
Furthermore, step 7 includes a similar analysis on whether or not initial conditions influence on
how market opening affect performance, and whether or not the regulatory and institutional
design in a country influence the impact from market opening to performance.
Our results for the strategies indicate that timing of market opening might influence the way
market opening affects performance. Especially regarding productivity, we find that countries
40

We have tried to include passenger kilometre (per length) in an effort to capture that passenger rail might be
squeezing freight out. But that does not change the negative sign on LENGTH.
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that started the process of market opening early in the period have experienced a higher
productivity rise than should be expected from their level of market opening, than countries that
initiated market opening later in the period. It could be that other necessary legislation and
regulatory structures supporting the effect of market opening on performance are in place in
these countries, contrary to countries that have just begun opening the rail freight market. One
could have imagined a disadvantage from starting market opening early and alone since no
other countries would then have fostered strong competitors that could have reduced the
market share of the incumbent. However, neither in the price nor productivity equation do we
find a strong relationship between changes in market structure and performance – except for
the presence of international companies that tend to reduce prices.
We find no additional effect from initial conditions and we have no quantitative information on
regulatory and institutional designs with which to analyse the effect on performance.
Channels of transmission in rail passenger and freight transport
This section explores the possible channels of transmission between market opening and
performance. In particular the extent to which there is a linkage from market opening (on the
basis of the extracted factors) to market outcome (structure). Existence of such a linkage would
imply that performance will not only be directly influenced from the implementation of the
Market Opening Milestones, but also from changes in market structure.
The expectation for this linkage in the case of both passenger and freight is that the
relationship is likely to be rather weak. Especially, for rail passenger the market structure in a
number of countries have remained relatively stable, despite introduction of several EC
directives regarding market opening.
The following variables have been used as dependent variable for both passenger and freight:




Market share of incumbent (MSINCU),
Merger & Acquisition activity (MERACQ)
Internationalisation of companies (INTCOM)

The results of the estimations are shown appendix b later in this chapter. The results for rail
passenger indicate that market opening (represented by the factors F1 and F2) have a very
limited impact on the market share of the incumbent (MSINCU) as none of the factors are
significant. The Market Opening Factors are somewhat more significant with respect to the
model with M&A activity (MERACQ) as dependent variable (although only at a five or ten
percent level). However, there is a significant relationship between market opening and the
dependent variable internationalisation of companies (INTCOM). In this model, both factors (F1
and F2) are significant at the 1% level.
Somewhat different results are found in the case of rail freight. In this case only one of the
factors are significant in relation to internationalisation of companies. Also, there does seem to
be an association between the F1 factor and the incumbent’s market share (MSINCU). The
parameter estimate for F1 is negative indicating that achievement of the Market Opening
Milestones MOM2, MOM3, MOM4 and MOM7 for rail freight tend to lead to reduced market
share for the incumbent. This is likely to reflect the above mentioned pattern with more
extensive entry of external railway undertakings in the case of freight than in the case of
passenger services.
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Appendix 9a: Variables used in the econometric estimations for the rail sector
Variable

Description

Other information

Source

PP1PASREV

Passenger Revenue per
passenger kilometre

ppp

Copenhagen
Economics, Market
Opening Milestones
database

PASREV_PPP

Passenger revenue per
passenger kilometre

Euro/Kilometre

World Bank

Interest rate is Long
Term Interest Rate10 year, Inflation is
GDP Deflators,
percentage change
from previous year,
Length of lines,
Passenger-km
Length of lines,
Passengerkilometre, MOM
Database

COSTCAP_PAS

(InterestInflation)*Length of
lines/Passengerkilometre

COSTCAP_PAS2

Length of lines
/Passenger-kilometre

COSTLAB_PAS

Number of staff/
Passenger-kilometre

Number of staff,
Passenger-kilometre

LENGTH

Length of rail network

PQ14DENS

Passenger trainkilometres / Area, square
kilometre

CARKM
BUSKM

Passenger car-kilometre
Passenger bus-kilometre

F1f

Factor 1

KM
Passenger trainkilometre
Area, square
kilometre
Log of
Log of
Freight, OECD
Method

F2f

Factor 2

Freight, OECD
Method

F1p

Factor 1

Passenger, OECD
Method

F2p

Factor 2

Passenger, OECD
Method

MOIp

Market Opening Index,
passenger

MOIf

Market Opening Index,
freight

MOIp

Market Opening Index,
passenger

MOM1p

Functional separation of
infrastructure and
operation

OECD, Eurostat
and our
MOM Database

Eurostat
Copenhagen
Economics, Market
Opening Milestones
database
Eurostat
Copenhagen
Economics, Market
Opening Milestones
database
Eurostat
Eurostat
Own analysis,
See section 6.3
Own analysis,
See section 6.3
Own analysis,
See section 6.3
Own analysis,
See section 6.3
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
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Variable

Description

MOM2p

Separation of rolling
stock company from
operators

MOM3p

Privatisation of
infrastructure company

MOM4p

Network assess for third
party (1)

MOM5p

MOM6p

MOM7p

Public service obligation
– Form of agreement

MOM8p

Public service obligation
– basis for compensation

MOM1f

Functional separation of
infrastructure and
operator

MOM2f

Functional separation of
stock

Network assess for third
part

MOM5f

Network pricing
(Infrastructure charge)

MOM6f

MOM7f

MSINCU_1

Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database

Privatization of rail stock

MOM4f

Public control of prices

Share of tonne
kilometres open to
access
Market share of the
incumbent

Source
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database

Share of passenger
transport open to
tendering or with open
access
Network pricing
(Infrastructure charge)

MOM3f

Other information

Passenger

ERAIL
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Variable

Description

Other information

MERACQ_1

M&A activity

Passenger
Accumulated market
share involved in
M&A

INTCOM_1

Internationalisation of
companies

Passenger

PP1FREREV

Freight Revenue per
freight tonne kilometre

FREREV_PPP

PPP Freight Revenue
per ton

Euro/Kilometre

World Bank

(InterestInflation)*Length of
lines/Tonne-kilometre

Interest is Long
Term Interest Rate10 year, OECD
Inflation is GDP
Deflators,
percentage change
from previous year,
OECD
Length of lines,
Eurostat
Tonne-kilometre,
Copenhagen
Economics, Market
Opening Milestones
database

OECD, Copenhagen
Economics, Market
Opening Milestones
database, Eurostat

COSTCAP_FRE

Length of lines/Tonnekilometre

Length of lines,
Eurostat
Tonne-kilometre

COSTLAB_FRE

Number of staff /Tonnekilometre

Number of staff,
Tonne-kilometre,

LCOSTLAB_FRE

Log Of costlab_fre

LCOSTLAB2_FRE

Log of Wage*number of
staff/tonne kilometre

The development in
wage is for the
private sector as a
whole

MSINCU_2

Market share of the
incumbent

Freight

COSTCAP_FRE2

Source
EPA
Strategic Rail
Authority
Alexandersson et. al,
2000
Arriva
EPA
Ministry of Transport,
Netherland
www.rikstrafiken.se,
Strategic Rail
Authority
Copenhagen
Economics, Market
Opening Milestones
database

Own calculations on
Copenhagen
Economics Market
Opening Milestones
database
Own calculations on
Copenhagen
Economics Market
Opening Milestones
database
Own calculations on
Copenhagen
Economics Market
Opening Milestones
database
Own calculations on
Copenhagen
Economics Market
Opening Milestones
database, OECD
ERAIL
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Variable

Description

Other information

MERACQ_2

M&A activity

Freight
Accumulated market
share involved in
M&A

INTCOM_2

Internationalisation of
companies

Freight

PEC6EMP

Employee Productivity

1000 Traffic units
Sum of passengerkilometre and tonnekilometre, per rail
staff

PQ12PTKM

Passenger trainkilometre

PASKM

Passenger-kilometre

PEM9STAFF

Number of staff

FREKM

Freight tonne-kilometre

ICSI

Dummyvariable. Has the
value 1 if market opening
has occurred in 1992
Dummyvariable. Has the
value 1 if institutional and
regulatory indicators are
both larger than 0.5

RESI

Speed

Timing

Source
EPA
Strategic Rail
Authority
Alexandersson et. al,
2000
Railion, EPA, Ministry
of Transport,
Netherland,
www.rikstrafiken.se,
Strategic Rail
Authority
Copenhagen
Economics Market
Opening Milestones
database,
World Bank
Copenhagen
Economics Market
Opening Milestones
database,
NERA database
Copenhagen
Economics Market
Opening Milestones
database
World Bank Railway
database, NERA
database
Copenhagen
Economics Market
Opening Milestones
database

Speed is defined as sum of
squared change in MOI for
each year divided by
squared total change in MOI
from 1990-2003. That
means that the value one is
maximum.
Timing is defined as
average MOI over 19902003 divided by MOI in
2003, implying that a value
of 0.5 reflects a country has
deregulated neither early
nor late.

Appendix 9b: Estimation of strategies and market structure in rail transport
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Estimation of strategies and regulatory designs for passenger rail transport
Final model in…

Variable name

price,
expanded
with
strategy

Speed and
Timing
7a

price,
expanded
with initial
condition

price,
expanded
with
regulatory
design

ICSI

RESI

produc.,
expanded
with
regulatory
design
Speed and
Timing
7a

produc.,
expande
d with
strategy

produc.,
expande
d with
initial
conditio
ns

ICSI

RESI

Recipe step
7b
7c
7b
7c
Variables
MOM7p x Speed
-0.115
MOM8p x Speed
0.806**
0.217
MOM7p x Timing
-0.056
MOM8p x Timing
0.740
0.139
1
MOM7p x ICSI
N.A.
MOM8p x ICSI
-0.021
N.A.1
MOIp x Speed
1.904**
0.200
MOIp x Timing
1.351
-0.438
MOIp x ICSI
-0.191
-0.235
Note: The table reads in the following way: The cross-products in the table are, one at the time, entered into the final
model from step 5 in the estimation tables on price and productivity in the chapter. The cross products with
MOI does, however, enter the final model from step 5 but where MOI enter instead of MOMs or the factors.
The table then shows the estimated coefficient to the cross product leaving out the other variables from the
final model, step 5, for purely practical purposes. If the cross products are significant, it tells us that a given
level of market opening affects price or productivity differently depending on the strategy (7a), the initial
conditions (7b) or the regulatory and institutional design (7c). The estimated coefficients to the cross products
are not straight forward to interpret since the cross products are not constructed around the mean. What is
important in this context, is to look at the sign (+ or -) and the level of significance.
* means significant at a 10 percent level, ** at a five percent level and *** at a one percent level.
1 no variation in the series
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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Market structure estimation for passenger rail transport
Static model

MSINCU_1
(Expl_Mop_V1)
Pooled OLS
0.967***

MERACQ_1
(Expl_Mop_V2)
Pooled OLS
0.008*

INTCOM_1
(Expl_Mop_V3)
Pooled OLS
0.009

Estimator
Constant
Factors
F1 (-1)
-0.014
0.004**
-0.029***
*
F2 (-1)
-0.151
-0.004
0.276***
Control variables
Log(PQ14DENS)
(Expl_Contr_V1)
Log(CARKM)
**
0.004
0.013
(Expl_Contr_V2)
Log(BUSKM)
-0.000*
(Expl_Contr_V3)
Input variables
Log(PQ12PTKM)
(Expl_Input_V1)
Log(LENGTH)
-0.014**
(Expl_ Input _V2)
Log(PEM9STAFF)
-0.005
(Expl_ Input _V3)
Cost variables
COSTCAP_PAS
*
0.176*
-0.118
(Expl_Cost_V1)
Log(COSTLAB_PAS)
-0.002**
(Expl_Cost_V2)
Joint exclusion of Factors
(0.00)***
(0.05)**
(0.00)***
(p-value)
R2
0.23
0.24
0.81
*
AR(1) (p-value)
(0.15)
(0.06)
(0.77)
*
AR(2) (p-value)
(0.21)
(0.06)
(0.76)
Obs.
128
142
133
Note: The AR(1) and AR(2) tests are test for first and second order auto correlation in the residuals, respectively. *
means significant at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the
one year lagged value of a variable.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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Estimation of strategies and regulatory designs for freight rail transport
Final model in…

Variable name

price,
expanded
with
strategy

Speed and
Timing
7a

price,
expanded
with initial
condition

price,
expanded
with
regulatory
design

ICSI

RESI

produc.,
expanded
with
regulatory
design
Speed and
Timing
7a

produc.,
expande
d with
strategy

produc.,
expande
d with
initial
conditio
ns

ICSI

RESI

Recipe step
7b
7c
7b
7c
Variables
MOM6 x Speed
0.111
0.348
MOM7 x Speed
-0.360*
MOM6 x Timing
-0.230
0.007
MOM7 x Timing
0.402*
MOM6 x ICSI
-0.022
0.048
MOM7 x ICSI
-0.014
MOI x Speed
0.625
0.021
MOI x Timing
3.754**
1.441**
MOI x ICSI
-0.169
0.057
Note: The table reads in the following way: The cross-products in the table are, one at the time, entered into the final
model from step 5 in the estimation tables on price and productivity in the chapter. The cross products with
MOI does, however, enter the final model from step 5 but where MOI enter instead of MOMs or the factors.
The table then shows the estimated coefficient to the cross product leaving out the other variables from the
final model, step 5, for purely practical purposes. If the cross products are significant, it tells us that a given
level of market opening affects price or productivity differently depending on the strategy (7a), the initial
conditions (7b) or the regulatory and institutional design (7c). The estimated coefficients to the cross products
are not straight forward to interpret since the cross products are not constructed around the mean. What is
important in this context, is to look at the sign (+ or -) and the level of significance.
* means significant at a 10 percent level, ** at a five percent level and *** at a one percent level.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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Market structure estimation for freight rail transport
(Static model)

MSINCU_2
(Expl_Mop_V1)

MERACQ_2
(Expl_Mop_V2)

INTCOM_2
(Expl_Mop_V3)

Estimator
Pooled OLS
Pooled OLS
Pooled OLS
Constant
0.991***
-0.044
-0.065
Factors
F1 (-1)
-0.052***
0.451
0.653***
F2 (-1)
-0.018
-0.069
-0.105
Input variables
Log(LENGTH)
**
-0.067*
-0.050
(Expl_Input_V1)
Log(PEM9STAFF)
0.057***
0.067**
(Expl_ Input _V2)
Cost variables
COSTCAP_PAS
-0.15
0.660**
0.697***
(Expl_Cost_V1)
Log(COSTLAB_PAS)
0.012*
-0.074
-0.086**
(Expl_Cost_V2)
Joint exclusion of Factors
***
(0.29)
(0.00)***
(0.00)
(p-value)
R2
0.39
0.29
0.54
AR(1) (p-value)
(0.14)
(0.07)*
(0.04)**
AR(2) (p-value)
(0.15)
(0.07)*
(0.04)**
Obs.
142
148
148
Note: The AR(1) and AR(2) tests are test for first and second order auto correlation in the residuals, respectively. *
means significant at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one
year lagged value of a variable.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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Chapter 10 Market Opening and Performance in Urban
Transport
In this chapter we analyse the relationship between market opening in urban transport and
various sector performance measures, for example; prices, productivity, and quality. Firstly, we
present the Market Opening Index for the urban transport. Secondly, we compare the change
in market opening with changes in sector performance and make some preliminary conclusions
regarding their bi-variate relationship. Thirdly, we report the results of a factor analysis where
the individual components of the Market Opening Index is aggregated into a limited number of
explanatory variables. Finally, we investigate formally in an advanced econometric framework
the relationship between market opening and sector performance controlling for the impact of
other explanatory variables.

10.1. Market opening in urban transport
In this section we present the Market Opening Index for urban transport for EU15 as a whole
and for each of the member states for the period 1990-2003. This is followed by an analysis of
the changes in market structure and consideration to the linkage between market opening and
market structure. Finally, we discuss the importance of the regulatory environment. Data for
urban transport, especially with respect to performance, is scarce making it difficult to perform
the analysis on the same level of detail as in the other network sectors.
Market Opening Index
We have constructed a Market Opening Index for urban transport for each of EU15 member
states covering the period 1990-2003. The Market Opening Index measures the degree of
market opening on a scale between zero and unity. A value of unity indicates full market
opening. The Market Opening Index (MOI) for urban transport is constructed on the basis of six
Market Opening Milestones (MOM). It should be noticed that chosen indicators for Market
Opening reflect both those reform initiatives from the EC (e.g. introduction of public service
contracts) as well as policies in individual Member States (e.g. unbundling of planning and
operations of public transport).
Market opening in urban transport showed some progress very early in the period, but since
1998 market opening has been slowing down and is in 2003 considerably below the average
for all network sectors, cf. figure 10.1.
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Figure 10.1: Market Opening Index for Urban Transport in EU15, 1990 - 2003
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Note: The larger indicator is, the more open is the Urban transport market. Urban transport is an average of Market Opening
Indices for Urban Transport for all member states weighted by passenger-km, end year. Network is an average of Market Opening
Indicators for all network sectors for all member states weighted by the turnover value of each sector.
Source: Copenhagen Economics, Market Opening Milestones database.

There is very substantial variation in the level of market opening between member states.
Some member states such as the United Kingdom and Sweden are very close to full market
opening, cf. figure 10.2. These member states together with Denmark and Finland started to
open the market much earlier than the other member states. But market opening is still very
limited in most of the EU15 member states. Eight out of fifteen member states still have Market
Opening Indices below one third.
Figure 10.2: Market Opening Index in Urban Transport for EU15 member states, 2003
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Note: The larger the index is, the more open is the urban transport market
Source: Copenhagen Economics, Market Opening Milestones database.

Full market opening in urban transport requires changes in the following areas: 1) choice
(tendering of passenger transport), 2) unbundling (separation of planning and operations of
passenger services), 3) ownership (Privatisation), 4) Third Party Access (entry possibility for
alternative operators and legal possibility for tendering and 5) other (framework for transport
supply specification).
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Most member states seem to have unbundled planning and operations, cf. figure 10.3. The
typical approach is that the former in-house public transport company becomes responsible for
planning of services, while an arms-length company is established for operations. In contrast,
Third Party Access through tendering has experienced limited progress in most countries
(tendering has though been extensively used in Great Britain, Sweden, Denmark and Finland).
Also, the degree of ownership change seems to be limited.
Overall, market opening for urban transport among the EU15 member states has
predominantly been involving the possibility for competition for the market (e.g. tendering for
public service contracts for time-limited period) rather than competition in the market (e.g. open
entry).
It should be noticed that there can be significant variations within a given country. For example,
the situation in Great Britain comprises both the so-called London model with tendering of all
bus services, while outside London, buses are provided mainly as open entry (combined with
limited tendering for socially desirable public transport services).
Figure 10.3: Composition of Market Opening Index for urban transport for EU15 member
states, 2003
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Source: Copenhagen Economics, Market Opening Milestones database.

To get a better view of market opening in each member state, we now attempt to split the
countries in three different groups reflecting their level of market opening and for how long a
period of time the market opening has been in effect. We use the grouping later in the chapter
to give a first impression of how the level of market opening and the number of years it has
been allowed to “work” affects various performance measures such as prices, productivity,
quality and employment41.
We group the countries according to two measures. The first measure is the value of the
Market Opening Index (MOI) in a country in 2003 relative to the EU15 average in 2003. Thus, a
value above one indicates that the country has reached a higher level of market opening in
2003 than the average EU15 value. On the other hand, if a country receives a value below one
41

Of course, we also examine the relationship between market opening and performance more formally in an
econometric model later in the chapter. But to get a first feel for the relationship between market opening and
performance, simple graphical illustrations often prove helpful.
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it is more regulated than the average EU15 countries. The second measure is the number of
years a country has had a MOI larger than the EU15 average – comparing each year
individually. Meaning that the value of the MOI of each member state in e.g. 1990 is compared
to the EU15 average in 1990, then for the year 1991 and so forth. Hence, a high value
indicates that the country, during 1990-2003, often has had a level of market opening higher
than the average level of the EU15 member states; reflecting that market opening in these
countries has had a longer time to work than in most other EU15 countries. That might be an
important aspect for the impact on performance if market opening affects performance
gradually and not a the exact moment market opening occurs.
According to these two measures we group the countries in three groups; Group A, B and C:
A. Group A will tend to represent the countries with high levels of market opening
compared to EU15 average and with many years above EU15 average.
B. Group B will tend to represent the countries with MOIs close to the EU-15 average
and with a medium number of years above EU15 average.
C. Group C will tend to represent the countries with MOIs lower than the EU15 average
and therefore also with a small number of years above the EU15 average.
The splitting of the countries in these three groups is not based on “tough” objective criteria but
rather on the natural grouping that seems to follow a graphical illustration. For each member
state we define the depth of market opening as the value of its Market Opening Index relative
to the EU15 average in 2003. We also define the commitment of market opening as the
number of years during which a member state’s Market Opening Index is larger than the EU15
average.
Plotting these values for urban transport, it is possible to group the 15 EU countries into three
categories. Group A (the United Kingdom, Sweden, Denmark, Finland and France), Group B
(Austria, Italy, Spain, the Netherlands, Ireland and Germany) and Group C (Belgium, Greece,
Luxembourg and Portugal), cf. figure 10.4. Urban transport is characterised by substantial
differences in the number of years above EU15-average and the level of market opening in
2003 relative to EU15-average.
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Index value relative to EU15-average 2003

Figure 10.4: Grouping of EU15 member states regarding market opening, 1990-2003
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Note: Group A will tend to represent the countries with high levels of market opening compared to EU15 average and with many
years above EU15 average. Group B will tend to represent the countries with MOIs close to the EU15 average and with a medium
number of years above EU15 average. Group C will tend to represent the countries with MOIs lower than the EU15 average and
therefore also with a small number of years above the EU15 average.

Source: Copenhagen Economics, Market Opening Milestones database.

Strategies toward market opening
The extent to which countries have deregulated their electricity sector is one thing, another is
how they have done it. It is interesting in this context because it might, in itself, have an effect
on prices and productivity. Meaning that not only the level of market opening and the years it
has been allowed to work is important for prices and productivity but maybe also how the
countries have achieved their level of market opening – their strategies for market opening. We
now develop a measure of a country’s market opening strategy. We will use it later in an
econometric model to see if there is an effect from pursuing different strategies towards market
opening on prices and productivity.
Roughly speaking, a country can achieve a certain level of market opening in 2003 in four
different ways illustrated in figure 6.5. Either it can deregulate in the beginning and do nothing
from then on. Hence, the final level of market opening in 2003 is achieved in the beginning of
the period. We have named it Strategy 1. Or the country can do nothing for many years and
then very late it can deregulate as much as is desired. That would be Strategy 2 in the figure. A
third strategy is to deregulate as much as is desired in the middle of the period and nothing
before and after. That is Strategy 3 in the figure. The final strategy, Strategy 4, is to gradually
deregulate over the whole of the period 1990-2003.
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Figure 10.5: Illustration of the four basic types of strategies
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Thus, the four strategies depict the speed and timing of the market opening process. We now
wish to see which of the four strategies the 15 countries have used to reach their 2003-level of
market opening. Of course we expect many countries to have achieved the level of market
opening in 2003 by combining the four basic strategies outlined in figure 6.5. But some will no
doubt be closer to one of the strategies than the other.
Our measure of speed means that a country receives a high value (the maximum value is one
by construction) if it has achieved its 2003-level of market opening by deregulating very fast.
Similarly to the basic strategies 1, 2 and 3. A small value, on the other hand, signals that the
country has achieved its 2003-level of market opening by slowly deregulating, somewhat like
strategy 4 in figure 6.5. Timing is measured in such a way that a country receives a value of
0.5 if it has deregulated neither early or late, e.g. steadily over the whole period of 1990-2003
(like Strategy 4) or if it has deregulated more speedy in the middle of the period (like Strategy
3). A value above 0.5 means that it has timed market opening in the beginning of the period
(like Strategy 1) and if it has a value below 0.5 it has timed market opening late in the period
(Strategy 2).
The countries have chosen rather different strategies for market opening, cf. figure 10.6.
However, most member states have opened the market for urban transport fairly early on
(Timing-value above 0.5) but the speed of the market opening process is very different from
one member state to another.

Page 211 of 277

Market Opening in Network Industries – Part II

Figure 10.6: Timing and speed of market opening, EU-15 member states, 1990-2003
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Note: Remember that the strategy of each member states, measured by speed and timing, holds no information what so ever
about the level of market opening. Speed is defined as sum of squared change in MOI for each year divided by squared total
change in MOI from 1990-2003. That means that the value one is maximum. Timing is defined as average MOI over 1990-2003
divided by MOI in 2003, implying that a value of 0.5 reflects a country has deregulated neither early nor late. Greece has a value of
(0,0) for speed and timing because it has not performed any market opening over the period 1990-2003. Portugal has (0,1) for
speed and timing since it has opened the market somewhat but before 1990. Over the period 1990-2003 it has not implemented
any market opening. Therefore we see that the timing is the highest possible, one, since its level of market opening in 2003 was
already reached in 1990. The speed, however, is the slowest possible because there has not been any market opening from 19902003.
Source: Copenhagen Economics, Market Opening Milestones database.

Market structure
For urban transport the analysis of changes in market structure and its relationship with market
opening is based on the market share for the incumbent public transport company. This market
share has dropped significantly from almost monopoly shares to market shares around 75
percent, cf. figure 10.7. This is in contrast to Group B and Group C, where the market share of
the incumbent has remained very stable at a level close to 100 percent.
Figure 10.7: Concentration Urban Transport, EU15 member states, 1990-2001
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Note: Concentration is measured as the market share of the incumbent
Source: Copenhagen Economics, Market Opening Milestones database.
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Regulatory environment
Two indicators will be considered in the context of urban transport to assess the role of the
regulatory environment: 1) regulator’s identity, 2) independence of regulator from a government
department.
Among countries belonging to the group C, the organisation responsible for urban transport
regulation tends to be a national authority (Greece, Luxembourg and to some extent Portugal),
while for countries in the group of Group A the responsibility for regulation is decentralised to a
regional or local authority (the United Kingdom, Sweden, Finland, France outside Ile-deFrance).
Member states where the organisation responsible for urban transport regulation has a high
degree of independence from the government department include: the United Kingdom,
Sweden, Denmark and Finland (all belonging to the group of Group A). In countries belonging
to the group of Group C the organisation responsible for urban transport regulation has
generally limited independence from the government department (Greece, Luxembourg and to
some extent Portugal).
In both cases the available information does suggest an association between regulatory and
institutional strength and market opening.

10.2. The immediate relationship between performance and market opening in
urban transport
In the following we will consider the immediate relationship between market opening and
selected performance measures, in particular we consider indicators regarding prices,
productivity, employment and service quality. Performance data for urban transport is scarce
making it difficult to perform the analysis on the same level of detail as in the other network
sectors.
Price in urban transport
The key price indicator in the Market Opening Milestones database for urban transport is
measured as passenger turnover per passenger kilometre. Data availability is limited to three
non-consecutive years setting strict limits on data interpretation.
However, available price data seems to indicate that price changes between 1997 and 2001 in
Group A on average have been similar to price changes in Group B and Group C; cf. figure
10.8. However, the available data also seems to show that prices have increased more in
Denmark and the United Kingdom (who both are Group A) than in any other member state. If
data is correct, this result might be explained by two main factors: 1) the threat of competition
among Group B and Group C may reduce the extent of price increases, 2) Group A may have
had too few bidders in the competitive tendering rounds, perhaps leading to bid price
increases.

Page 213 of 277

Market Opening in Network Industries – Part II

Figure 10.8: Relationship between changes in prices relative to EU15 average and
market opening, EU15 member states 1997 - 2001
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Source: Copenhagen Economics, Market Opening Milestones database.

Productivity in urban transport
Here we will focus on the relationship between market opening and changes in sector
productivity. In particular, we will consider changes in vehicle productivity measured as
passenger kilometres per vehicle. As such, this indicator is of interest as it indicates the level of
capacity utilisation of the public transport vehicle fleet. Increases in this indicator imply that
buses generally are utilised better either as the result of increases in passenger demand or
reduced number of buses. The scope for data interpretation is limited by the length of the
period with data available and it should be noticed that among the group of committed
reformers the reform initiatives were implemented in the early nineties (or even earlier in the
case of Great Britain).
The highest level of vehicle productivity appears to be for Group B, while Group A seems to
have the lowest and decreasing level of vehicle productivity; cf. figure 10.9.
Figure 10.9: Vehicle productivity for urban transport, EU15, 1995 – 2001
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Source: Copenhagen Economics, Market Opening Milestones database.
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This could be the result of the threat of competition in urban transport generating improved
performance in terms of capacity utilisation covering both cost of service but also the extent to
which public transport is able to attract new passengers.
It should be noticed that the situation in some member states characterised as Group A has
actually seen reduced levels of capacity utilisation. For example, in the United Kingdom
(outside London) passenger demand (measured in terms of passengers) declined by more
than 30% over the period 1986 – 1999. This has been linked to too extensive introduction of
competition (open entry) with loss of network benefits in terms of ticketing, routes and
information. Interestingly, the situation in London is the opposite with positive increase (10%) in
passenger numbers over the same period. Here a more pragmatic approach to market opening
was adopted involving off-the-roads competition in the form of tendering of public service
contracts for time-limited periods without possibility for entry outside this framework.
Quality in urban transport
The quality performance indicators for urban transport concerns mainly quality of services
supplied, particularly with respect to accessibility and provision of Universal Service
Obligations. In the following we will examine the relationship between market opening and
public transport availability measured as number of buses per capita.
Public transport availability seems to have grown for all types of reformers, cf. figure 10.10, and
mostly for Group C. The main lesson seems to be that there are no immediate sign that public
transport availability is decreasing as a consequence of market opening. This outcome may be
influenced by market opening typically involving possibility for competition for the market rather
than competition in the market. In this way the transport authorities maintain significant control
with the level of public transport supply.
Figure 10.10: Relationship between changes in urban transport availability and market
opening, EU15 member states, 1992 - 2001
0.003

Group C

0.002
Group A
0.002
Group B

0.001

0.001

0.000

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

Note: The x-axis measures the change in Market Opening Index from 1990-2003. The y-axis measures the
cumulated change in bus availability, measured by number of buses per capita.
Source: Copenhagen Economics, Market Opening Milestones database.
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10.3. Factor analysis of market opening in urban transport
The factor analysis proceeds as previously; in two steps. Firstly, we determine the number of
factors. Secondly, we estimate (or construct) the new factors.
Our analysis indicates the presence of two factors in urban transport explaining 80 percent of
the variation in the Market Opening Milestones.
Table 10.1: Extracting the number of latent market opening factors in urban transport
Cumulated variance
Factors
Eigenvalues
Variance explained
explained
1
4.09
0.68
0.68
2
0.70
0.12
0.80
3
0.61
0.10
0.90
4
0.28
0.05
0.95
5
0.25
0.04
0.99
6
0.08
0.01
1.00
Note: The extraction method is principal component factors. The analysis uses all 15 countries from 1990-2003.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

We now estimate the two factors. The factors are linear combinations of the original Market
Opening Sub-Indices, but each of the two factors tend to be related to a unique subset of SubIndices, cf. table 7.2.
Table 10.2: Estimating the two latent market opening factors in urban transport
Factor 1
Corr.
Weight
0.69
0.15

Factor 2
Corr.
Weight
0.54
0.18

Ownership
Third Party Access (Entry
0.74
0.17
0.48
possibility)
Transport supply
0.86
0.23
0.39
determined by
Tendering possibility
0.79
0.20
-0.03
Tendering of passenger
0.87
0.24
0.31
transport
Separation of planning
0.20
0.01
0.91
and operations
Total variance explained
3.19
1.59
Note: PCF. Weights are normalised squared correlations.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

Uniqueness
Share
0.24

0.15

0.22

0.09

0.11

0.00

0.37

0.06

0.14

0.51

0.14

The first factor is associated with five out of six market opening indices. The five indices enter
with almost the same weights, but giving most weight to aspects of tendering. The second
factor is a factor representing primarily separation of planning and operations of public
transport. Separation of planning and operations of public transport is not an EU reform
objective provided that both aspects are awarded in a non-discriminatory and transparent way,
or provided planning remains in the public sector.

10.4. The econometric relationship between performance and market opening in
urban transport
We now turn to the econometric estimation where we seek to unravel the relationship between
market opening and performance measure by prices and productivity. All in all, we find some
support for the belief that both actual competition as well as the perceived threat of competition
reduces prices. We find no interpretable effects on productivity from market opening.
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We find that market opening and changes in market structure reduce prices. More specifically
we find that separations of planning and operations (MOM1) reduce prices. Since this market
opening milestone in itself does not enhance the competitive pressure within the sector, it is
rather functioning as a precondition for ensuring equal and non-discriminatory entry for all bus
operating companies, we suggest that the mere threat of entry lower prices.
We find no positive relationship between market opening and productivity. Rather we find a
strong negative relationship, and we are therefore inclined to conclude that the model is
suspect.
We also look into the opinion that different market opening strategies and regulatory designs
might influence on the impact from market opening on price and productivity. Specifically we
find that implementing market opening fast rather than slow reduces prices and increases
productivity below and above what the level of market opening implies. We find the opposite
results when it comes to timing: Implementing market opening early in the period 1990-2003
seems to increase prices and reduce productivity compared to what the level of market
opening suggests. Hence, no first mover advantage seems to exist in this area. More likely is it,
a lack of (possibly foreign) competitors that reduce the performance effect of market opening.
Finally the channels of transmission from market opening to price and productivity might work
through changes in market structure. We find that prices indeed respond to changes in market
structure. We find that prices are lower when the competitive share of the market is large, and
when the market share of the incumbent is low42. We also find that market opening reduces the
market share of the incumbent and raises the share of the market open to competition. We
therefore find some support for the notion that market opening works through changes in
market structure. But we also find that the mere threat of competition may be enough to reduce
prices.
Before we turn to the results of the estimations we briefly go over the estimation strategy
described in detail in Part I Chapter 3. The general idea is to estimate the models presented in
general terms in Part I Chapter 3. The price model says that the price is determined by the cost
of the primary input factors, capital and labour as well as other control variables. And of course
by the level of market opening and possible the market structure. The productivity model tells
us that output is primarily produced using capital and labour but other control variables and the
level of market opening and market structure might also affect output. That is why we name is
“productivity” model since our estimates on market opening represents the effect on output
after we control for the input of capital and labour.
After having identified and defined all necessary variables, dependent as well as explanatory,
we take a closer look at how we should specify and estimate the models. The theoretical
models for price and productivity (or output as just described) are just generic descriptions of
the models. We need to know specifically whether a static or dynamic model is better in “real
life” and how to estimate the parameters in such models. For that purpose we carefully follow
the estimation strategy laid down in Part I Chapter 3. We estimate an array of static and
dynamic models using a variety of different estimators to see which combination of model and
estimator that seems to perform better43. To determine that, we look at the various statistical
and economic properties of the models. We end up with a model that constitutes our
benchmark model and step 1 out of the coming 7 steps. From this benchmark model we go
through seven steps in order to refine the benchmark model and end up with a final or best
model. The results of all of these seven steps are presented here in the sector chapter.

42
43

The last conclusion is, however, not supported by significant econometric estimates.
The results of this array of estimations are presented in Appendix H – Preliminary Econometrics.
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We now turn to the estimation of the price model.
Price of urban transport
For price of urban transport we use the proxy passenger turnover per passenger kilometres
(PP1PARPKM). Surely, the measure is not a perfect mirror of price but it does, however, reflect
aspects of costs and profit per kilometre, which must be closely related to price. We choose to
estimate price model in a static model using a first difference (FD) estimator. We choose the on
grounds of few observations. A dynamic model requires more observations. Furthermore, the
statistical and economic properties seem good in the static FD-model.
Having decided on the exact model specification and estimator we now initiate the final
estimations, shown below, using our 7-step recipe. The 7-step recipe utilises a general-tospecific reduction method, whereby insignificant variables are removed on the basis of the
Wald-test and we let MOI, individual MOMs and factors take turns in representing market
opening. At the end, in step 5, we arrive at the final model, and finally we do some auxiliary
regression in step 7 shown in appendix b of this chapter44. The results of the first five steps are
shown in table 10.3 below, with a reference to each step.

44

We have no step 6 since we do not calculate long run estimates in a static model.
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Table 10.3: Price equation (passenger turnover per passenger kilometre, log of
PP1PARPKM)
Estimator
FD
(Static model)
Recipe step

Bench-mark
model

Including
MOI
for factors

Including
MOMs
for factors

Adding
functions of
the factors

Final model

1

2

3

4

5

***

**

**

Constant
0.150
0.134
0.141**
0.138
0.160***
Cost variables
Log(COSTCAP2)
1.442***
1.367***
1.696**
1.878***
1.490***
(Expl_Cost_V1)
Log(COSTLAB)
0.528*
0.480*
0.203
0.156
0.345
(Expl_Cost_V2)
Factors
F1 (-2)
0.449
-1.217
F2 (-2)
-0.317***
0.027
MOI (-2)
0.385
MOM1 (-2)
-0.202
-0.151**
MOM2 (-2)
0.363
0.470
MOM3 (-2)
-0.347
MOM4 (-2)
0.641
MOM5 (-2)
0.010
MOM6 (-2)
0.256
*
F1 x F1 (-2))
4.884
**
F2 x F2 (-2)
1.077
F1 x F2 (-2)
-3.904*
Market structure
DEOPEND/100
-33.46***
-40.792**
-14.634
-25.387
-29.147**
(Expl_Mop_V1)
MSINCU/100
-27.730
-10.134
10.251
13.283
-18.854
(Expl_Mop_V2)
Test for exclusion
MOM3-6:
(p-value)
(0.484)
2
0.490
R
0.522
0.585
0.589
0.550
(0.551)
AR(1) (p-value)
(0.841)
(0.898)
(0.963)
(0.761)
AR(2) (p-value)
Obs.
25
25
25
25
25
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. The AR(1)
and AR(2) tests are test for first and second order auto correlation in the residuals, respectively. * means significant
at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one year lagged value
of a variable. See appendix a at the end of this chapter for a description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.

Step 1 in the table is our starting point. We find that the cost of input variables, cost of capital
(COSTCAP2) and cost of labour (COSTLAB) are positive and significant. It means that higher
costs translates into higher prices. But also that lower cost, e.g. due to productivity gains, will
reduce prices. Besides potential lower prices originating from lower cost, factor 2 is negative
and significant with a value of -0.317. Factor 2 is dominated by the MOM1, separation of
planning and operations. So at a first glance it seems that splitting up these two units allow for
a more market based pricing, which in this case seems two reduce prices. We also see that the
more open for competition the market is the lower the prices. We see that from the estimate to
DEOPEN which is significantly negative. Another indicator for market structure, MSINCU the
market share of the incumbent is negative. Indicating that lower market share of the incumbent
reduces prices. However, the estimated coefficient is not significant.
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In steps 2-4 we try out different measures for market opening and arrive at the final model in
step 5. The model has nice basic properties. Especially we find that cost of capital
(COSTLAB2) is highly significant. Cost of labour (COSTLAB) is positive as expected but
insignificant at conventional levels of significance. Our final model includes MOM1 and MOM2.
They represent separation of planning and operations (MOM1) and ownership of operator(s)
(MOM2). MOM1 is negative and significant at a five percent level while MOM2 is not
significant, but positive and quite large. The negative value of MOM1 indicates, as in step 1,
that separating planning and operations pushes down prices. This market opening milestone in
itself does not enhance the competitive pressure within the sector. It is rather functioning as a
precondition for ensuring equal and non-discriminatory entry for all bus operating companies
(although it is in principle possible to have market opening without unbundling). So when the
coefficient is negative, it suggests that the mere threat of entry promises lower prices.
Furthermore, the positive sign on MOM2 indicates that more private ownership increases
prices. A likely reason is that private owners focus more stringent on profitability alone, thus,
setting prices according to what is optimal in the given market situation. Is the operator public
owned, there might be criteria for setting prices other than profit maximisation. Maybe a there
exist a general public wish for low and affordable transportation prices. Hence, market opening
that increases the private share of ownership might result in a more market based price setting
which may mean higher prices.
The DEOPEND variable is still negative and significant confirming that a larger percentage of
demand open to competition (either as competitive tendering or open entry) leads to lower
average prices. Similarly lower market shares of incumbent also seem to reduce prices; the
estimate to MSINCU is negative, albeit not significant.
The model is generally well specified. No auto correlation in the residuals (the AR(1) easily
accepts) and an R2 of 55 percent. Equally important is the economic interpretability of the
model. Notice how we have included the market opening variables lagged twice. We did that
because there was indications of market opening being endogenous, which in turn results in
inconsistent estimates. We noticed similarity between the estimates using an FD and FE
estimator on all the variables except for the market opening variables. That is an indication of
endogeneity45. Instead of using IV-estimation (instruments) which is critical given the few
observations, we lagged them twice. Using the FD-estimator the market opening variables are
now exogenous since the dependent variable is now formulated in first differences and the
market opening variables only enter two periods lagged. Thus it is very unlikely for feed back to
exist. The FE-estimator will, on the other hand, still have a risk of endogeneity by construction
(all residuals enter in the transformed equation).
We now turn to the productivity equation.
Productivity in urban transport
The dependent variable chosen for the analysis of urban transport productivity is passenger
kilometres (PEC6PASKLM). Passenger kilometres is produced by proxy for capital busses and
coaches (log of PQ12NBVEHS) and employees. We choose to estimate passenger kilometres
in a static model using the first difference FD-estimator. We generally prefer dynamic models
since they are more flexible and are able to identify both short and long run effects. However,
our preliminary array of estimations in appendix I, suggests that the static model give more
economic interpretable results. Furthermore, there seems to be some problems with nonstationarity of the variables, resulting in biased estimations. By using a first difference estimator
we ensure stationarity of the variables. Finally, we allow the capital measure to be endogenous

45

See chapter 2 or Wooldidge (2002).
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which seems very reasonable since more passenger kilometres increases the demand for
more busses and coaches. Not allowing for endogeneity might bias our results.
Having decided on the exact model specification and estimator we now initiate the final
estimations, shown below, using our 7-step recipe also described in detail in Part I Chapter 3.
The 7-step recipe utilises a general-to-specific reduction method, whereby insignificant
variables are removed on the basis of the Wald-test and we let MOI, individual MOMs and
factors represent market opening to which seems better. At the end, in step 5, we arrive at the
final and best model and finally we do some auxiliary regression in step 7 shown in appendix b
of this chapter. The results of the first five steps are shown in table 10.4 below, with a
reference to each step.
Table 10.4: Productivity equation (passenger kilometre, log of PEC6PASKLM)
Estimator
FD
(Static model)
Recipe step

Bench-mark
model

Including
MOI
for factors

1

2

Including
MOMs
for factors

Adding
functions of
the factors

3

4

Final model
5

Constant
-0.453
-0.499
-0.156
-0.426
-0.499
Input variables
Log(PQ12NBVEHS
0.768***
0.790***
0.802***
0.773***
0.790***
(Expl_Cost_V1)
Factors
F1 (-2)
-0.508**
-0.444
F2 (-2)
-0.287**
-0.618*
-0.844***
MOI (-2)
-0.844***
MOM1 (-2)
-0.164***
MOM2 (-2)
-0.233*
MOM3 (-2)
-0.268*
MOM4 (-2)
0.355
MOM5 (-2)
-0.118*
MOM6 (-2)
-0.231
F1 x F1 (-2)
0.496
F2 x F2 (-2)
0.666
F1 x F2 (-2)
-0.806
Control variables
LPASTRAIN
0.139**
0.134**
0.108**
0.137**
0.134**
Market structure
DEOPEND/100
17.520
21.870
6.207
12.901
21.870
(Expl_Mop_V1)
MSINCU/100
-9.799
-10.454
-19.883
-11.120
-10.454
(Expl_Mop_V2)
F11,12,22:
Test for exclusion
MOM1-6:
(p-value)
(0.000)***
(0.650)
(0.785)
Sargan test
(0.808)
(0.847)
(0.802)
(0.156)
(0.675)
AR(1)
(0.513)
(0.972)
(0.553)
(0.675)
AR(2)
(0.452)
(0.920)
(0.582)
(0.425)
(0.920)
119
Obs
119
119
119
119
Note: All variables except the factors are in logarithms. The factors are indices from zero to one. Zero is no market
opening and one is full market opening. Sargen test is a test for validity of the instruments. The AR(1) and AR(2)
tests are test for first and second order auto correlation in the residuals, respectively. Significance levels are
show. * means significant at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means
the one and two year lagged value of that variable, respectively. See appendix a at the end of this chapter for a
description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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The first step in the table, our benchmark model, tells us that capital is indeed important for
production of passenger kilometres. We have chosen exclude labour from our 7-step
estimations since it is highly insignificant which is confirmed in our preliminary econometrics in
appendix I. We include passenger train kilometres (LPASTRAIN) and it is highly significant.
That means that more train passengers result in more bus passengers. Thus, the two modes of
transportation are not substitutes, rather they are complements. When a person travels by
train, e.g. to work, he will often need to use the bus as well to get from the train station to his
final destination. The market structure variables both have the expected signs, but they are
both insignificant. DEOPEND is positive indicating that larger share of demand open for
competition drives up productivity. And MSINCU is negative, indicating that larger market share
of the incumbent pushes down productivity. That also indicates that companies with large
market shares do not necessarily have an advantage over smaller companies in terms of the
scope for providing a comprehensive network of bus services.
Our factors measuring market opening are both negative and significant. That is somewhat
surprising.
After completing steps 2-4 we arrive at the final model in step 5. The final model includes the
market opening index (MOI) as the measure of market opening. And it is negative and highly
significant, implying that market opening has reduced productivity. That could be a result of
how we measure the dependent variables, as passenger kilometres. Going from a highly
regulated market for urban transport to more market opening, may have reduced passenger
kilometres from closing of unprofitable routes etc. In step 3 where we show the individual
MOMs none of them are positive and significant. That gives us doubts about whether we are
missing important variables.
Strategies and regulatory designs in urban transport
We have earlier in the chapter, in figure 10.6, characterised the countries’ strategies in terms
for speed and timing for achieving a given level of market opening. We now estimate the effect
on price and productivity from these strategies using the final model in step 5 as our starting
point. We do it by expanding the final model with the cross product of market opening and
timing respectively speed, and see if that new variable is significant. If it is, then we conclude
that the way a certain level of market opening is achieved influences how market opening
affects performance. That is our final step 7 in our 7-step estimation strategy.
We find that implementing market opening fast, speed is high, results in larger prices falls than
if market opening was introduced at a slower pace, cf. appendix b of this chapter. The reason
might be that fast market opening shows credibility and commitment which in important for
attracting new competitors or disciplining the incumbent. Contrary we find that implementing
market opening in the beginning of the period, high value of the timing-variable, pushes up
prices and lowers productivity. One reason might be that no foreign competitors are ready to
pose a threat to the incumbent because other countries have no opened their market for urban
transport. Hence, there does not seem to be any first mover advantage.
Channels of transmission in urban transport
In the following the linkage between market opening (on the basis of the extracted factors) and
market outcome (structure) is examined. Existence of such a linkage would imply that
performance will not only be directly influenced from the implementation of the MOMs, but also
from changes in market structure.
The following variables have been used as dependent variable:
 percentage of demand actually opened to competition (DEOPEND),
 market share of incumbent (MSINCU)
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The estimation results are shown in appendix b of this chapter. For both models a clear pattern
is detected. In the case of the first model, the F1 Market Opening Factor (comprising Market
Opening Milestones related to ownership of operators, entry possibility for alternative
operators, the procedure for determining transport supply, tendering possibility and actual
tendering of passenger transport) is strongly significant and has a positive sign. This confirms
that achievement of these Market Opening Milestones does lead to changes in market
structure, in the form of the percentage of demand actually opened for competition. The F2
factor (comprising achievement of functional separation of planning and operations) is
insignificant.
In the case of the second model, with DEOPEND as dependent variable, F1 is also significant
and the parameter estimate has a negative sign. This result implies that achievement of the
Market Opening Milestones seem to lead to reduced market share for the incumbent. On the
other hand the F2 factor representing functional separation of planning and operations is
insignificant. This milestone does not seem to lead to changes in the market share for the
incumbent.
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Appendix 10a: Variables used in the econometric estimations for the urban
transport
Variable

Description

PP1PARPKM

Passenger Turnover
per passenger
kilometre/1000
passenger kilometre

COSTCAP

(InterestInflation)/100*(Number
of busses and
coaches/Passenger
kilometres)

COSTCAP2

Number of busses and
coaches/ Passenger
kilometres

Number of busses and
coaches, European
Commission
Passenger kilometres,
European Commission

PEM8NSTAFF

Employment

1000 people

COSTLAB

Cost of labour

Employment/Passenger
Kilometre
Employment, European
Commission
Passenger kilometre,
European Commission

PEC6BMSHAR

Modal share of bus

LPASTRAIN
PASCAR

Other information
Euro
Passenger turnover per
passenger kilometre,
Eurostat and EU
Energy
1000 passenger
kilometre, European
Commission

Copenhagen
Economics, Market
Opening Milestones
database

Log of Passenger rail
kilometres
Passenger carkilometres

NERA
Eurostat

Factor 1

OECD-Method

F2

Factor 2

OECD-Method

F11
F22
F12

F1 x F1
F2 x F2
F1 x F2
Functional separation
of planning and
operations

MOM2

Ownership of
operator(s)

MOM3

Entry possibility for
alternative operators

MOM4

Transport supply
determined by

MOM5

Tendering possibility

European
Commission

European
Commission

F1

MOM1

Source

Own calculations
Section 2.3
Own calculations
Section 2.3

Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
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Variable

MOM6

MSINCU

DEOPEND

Description

Share of demand
legally opened to
competition
Market share of the
incumbent in the
segment
Percentage of
demand actually
opened to competition

PEC6PASKLM

Passenger kilometre

PQ12NBVEHS

Number of busses and
coaches, 1000

ICSI

RESI

Speed

Timing

Dummyvariable. Has
the value 1 if market
opening has occurred
in 1992
Dummyvariable. Has
the value 1 if
institutional and
regulatory indicators
are both larger than
0.5

Other information

Source
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Maretope

Maretope
European
Commission
Copenhagen
Economics Market
Opening Milestones
database

Regulatory part of
the database

Speed is defined as sum
of squared change in
MOI for each year
divided by squared total
change in MOI from
1990-2003. That means
that the value one is
maximum.
Timing is defined as
average MOI over 19902003 divided by MOI in
2003, implying that a
value of 0.5 reflects a
country has deregulated
neither early nor late.
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Appendix 10b: Estimation of strategies and market structure in urban transport
Estimation of strategies and regulatory designs in urban transport
Final model in…

Variable name
Recipe step

price,
expanded
with
strategy

Speed and
Timing
7a

price,
expanded
with initial
condition

price,
expanded
with
regulatory
design

ICSI

RESI

7b

7c

produc.,
expanded
with
regulatory
design
Speed and
Timing
7a

produc.,
expanded
with
strategy

produc.,
expande
d with
initial
conditio
ns

ICSI

RESI

7b

7c

Variables
MOM1 x Speed
-0.034
MOM2 x Speed
-2.403**
MOM1 x Timing
-0.401
MOM2 x Timing
-0.218
MOM1 x ICSI
0.030
MOM2 x ICSI
1.544***
MOM5 x RESI
MOI x Speed
-1.053
-0.545
MOI x Timing
6.036***
-1.659***
MOI x ICSI
0.824
-1.006***
MOI x RESI
Note: The table reads in the following way: The cross-products in the table are, one at the time, entered into the final
model from step 5 in the estimation tables on price and productivity in the chapter. The cross products with
MOI does, however, enter the final model from step 5 but where MOI enter instead of MOMs or the factors.
The table then shows the estimated coefficient to the cross product leaving out the other variables from the
final model, step 5, for purely practical purposes. If the cross products are significant, it tells us that a given
level of market opening affects price or productivity differently depending on the strategy (7a), the initial
conditions (7b) or the regulatory and institutional design (7c). The estimated coefficients to the cross products
are not straight forward to interpret since the cross products are not constructed around the mean. What is
important in this context, is to look at the sign (+ or -) and the level of significance.
* means significant at a 10 percent level, ** at a five percent level and *** at a one percent level.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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Market structure estimation for urban transport
(Static model)

DEOPEND/100
(Expl_Mop_V1)

MSINCU/100
(Expl_Mop_V2)

Estimator
Pooled OLS
Pooled OLS
Constant
0.004*
0.008***
Factors
F1 (-1)
0.014***
-0.007***
F2 (-1)
-0.002
-0.001
Control variables
PEC6BMSHAR
-0.000*
(Expl_Contr_V1)
PASTRAIN/1.000
-0.000**
(Expl_Contr_V2)
PASCAR/1.000
(Expl_Contr_V3)
Input variables
Log(Q12NBVEHS)
(Expl_Input_V1)
Log(PEM8NSTAFF) (Expl_
0.001***
-0.000**
Input _V2)
Cost variables
Log(COSTCAP2)
0.003
-0.002*
(Expl_Cost_V1)
Log(COSTLAB)
(Expl_Cost_V2)
Joint exclusion of Factors (p(0.00)***
(0.01)**
value)
2
R
0.93
0.52
AR(1) (p-value)
(0.32)
(0.10)*
AR(2) (p-value)
(0.24)
(0.12)*
Obs.
37
76
Note: The AR(1) and AR(2) tests are test for first and second order auto correlation in the residuals, respectively. *
means significant at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one
year lagged value of a variable.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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Chapter 11 Market Opening and Performance in Gas
In this chapter we analyse the relationship between market opening in the natural gas sector
and various sector performance measures, for example prices, productivity and quality. Firstly,
we present the Market Opening Index for the sector. Secondly, we compare the change in
market opening with changes in performance and make some preliminary conclusions
regarding their bi-variate relationship. Third, we report the results of a factor analysis where the
individual components of the Market Opening Index are aggregated into a limited number of
factors. Fourth, we investigate formally in an advanced econometric framework the relationship
between market opening and sector performance controlling for the impact of other explanatory
variables.

11.1. Market opening in the gas sector
Firstly, we report the Market Opening Index for gas for EU15 and for each member state for the
period 1990-2003. Secondly, we report changes in market structure during the same period
and discuss informally the relationship between market structure and market opening. Finally,
we report indicators of regulatory environment and their relationship with market opening.
Market Opening Index
We have constructed a Market Opening Index for gas for each of the EU15 member states
covering the period 1990-2003. The Market Opening Index measures the degree of market
opening on a scale between zero and unity. A value of unity indicates full market opening. The
Market Opening Index (MOI) for gas is constructed on the basis of nine Market Opening SubIndices (MOSI) and 48 Market Opening Milestones (MOM).
In 1998, the Member States of the European Union adopted the gas directive (98/30/EC) with
the objective of creating an open internal market for natural gas and increasing competition
while taking due account of security of supply. The directive was implemented by all Member
States by mid-2000.
Compared to other network industries market opening in natural gas started much later. Until
1998 market opening was almost completely absent in EU15, but market opening has
developed very swiftly and rapidly since the gas directive. Prior to 2000 only the United
Kingdom and Ireland had made substantial moves towards market opening in the gas sector.
Today, market opening in the natural gas sector can be considered to be just as advanced as
in most other network industries. Because of the late start and because of an expected lageffect from market opening to performance, it might be yet too early to detect the
consequences; cf. figure 11.1.
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Figure 11.1: Market opening in natural gas, EU15 1990-2003

Network
Year

Note: The larger indicator is the more open is the gas market. Gas is an average of Market Opening Indices in gas for all member
states weighted by the volume of final demand gas (Mtoe) 2001 for each member state. Network is a simple average of Market
Opening Indices for all network sectors for all member states.
Source: Copenhagen Economics, Market Opening Milestones database.

The variation in the degree of market opening between member states is quite significant.
According to our Market Opening Index-methodology, the United Kingdom has achieved full
market opening, while member states such as Greece and Portugal have hardly started to
liberalise the area, cf. figure 11.2.
Figure 11.2: State of market opening in gas, EU15 member states, 2003
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Note: The larger indicator is the more open is the gas market.
Source: Copenhagen Economics, Market Opening Milestones database.

Full market opening in the gas sector requires changes in seven policy areas, each captured
by a separate sub-index: regulation of end-user prices, network ownership, pricing of third
party access, third party access, network unbundling and free choice of gas supplier.
The main difference in market opening between member states seems to be within the share
of the market open for competition (choice) and the extent of unbundling of gas production and
the gas transport network, cf. figure 11.3.

Page 229 of 277

Market Opening in Network Industries – Part II

Figure 11.3: Composition of market opening in gas, EU15 member states, 2003
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Source: Copenhagen Economics, Market Opening Milestones database.

To get a better view of market opening in each member state, we now attempt to split the
countries in three different groups reflecting their level of market opening and for how long a
period of time the market opening has been in effect. We use the grouping later in the chapter
to give a first impression of how the level of market opening and the number of years it has
been allowed to “work” affects various performance measures such as prices, productivity,
quality and employment46.
We group the countries according to two measures. The first measure is the value of the
Market Opening Index (MOI) in a country in 2003 relative to the EU15 average in 2003. Thus, a
value above indicates that the country has reached a higher level of market opening in 2003
than the average EU15 value. On the other hand, if a country receives a value below one it is
more regulated than the average EU15 countries. The second measure is the number of years
a country has had a MOI larger than the EU15 average – comparing each year individually.
Meaning that the value of the MOI of each member state in e.g. 1990 is compared to the EU15
average in 1990, then for the year 1991 and so forth. Hence, a high value indicates that the
country, during 1990-2003, often has had a level of market opening higher than the average
level of the EU15 member states; reflecting that market opening in these countries has had a
longer time to work than in most other EU15 countries. That might be an important aspect for
the impact on performance if market opening affects performance gradually and not a the exact
moment market opening occurs.
According to these two measures we group the countries in three groups, Group A, B and C:
A. Group A will tend to represent the countries with high levels of market opening
compared to EU15 average and with many years above EU15 average.
B. Group B will tend to represent the countries with MOIs close to the EU-15 average
and with a medium number of years above EU15 average.
C. Group C will tend to represent the countries with MOIs lower than the EU15 average
and therefore also with a small number of years above the EU15 average.

46

Of course, we also examine the relationship between market opening and performance more formally in an
econometric model later in the chapter. But to get a first feel for the relationship between market opening and
performance, simple graphical illustrations often prove helpful.
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The splitting of the countries in these three groups is not based on “tough” objective criteria but
rather on the natural grouping that seems to “pop out” of a graphical illustration. Plotting the
measure of number of years above EU15-average of market opening against the level of
market opening in 2003 relative to the EU15-average we find three distinct groups: Group A
(the United Kingdom), Group B (Italy, Spain and Ireland) and Group C (Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Italy, Luxembourg, Portugal and Sweden), cf.
figure 11.4. The individual Market Opening Indices )MOI) for all 15 countries are presented in
appendix B. Notice how both of the measures separate the three groups.
Figure 11.4: Grouping of EU15 member states regarding market opening, 1990-2003
Index value relative to EU15- average 2003
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Note: Group A will tend to represent the countries with high levels of market opening compared to EU15 average and with many
years above EU15 average. Group B will tend to represent the countries with MOIs close to the EU15 average and with a medium
number of years above EU15 average. Group C will tend to represent the countries with MOIs lower than the EU15 average and
therefore also with a small number of years above the EU15 average.

Source: Copenhagen Economics, Market Opening Milestones database.

Strategies toward market opening
The extent to which countries have deregulated their electricity sector is one thing, another is
how they have done it. It is interesting in this context because it might, in it self, have an effect
on prices and productivity. Meaning that not only the level of market opening and the years it
has been allowed to work is important for prices and productivity but maybe also how the
countries have achieved their level of market opening – their strategies for market opening. We
now develop a measure of a country’s market opening strategy. We will use it later in an
econometric model to see if there is an effect from pursuing different strategies towards market
opening on prices and productivity.
Roughly speaking, a country can achieve a certain level of market opening in 2003 in four
different ways illustrated in figure 6.5. Either it can deregulate in the beginning and do nothing
from then on. Hence, the final level of market opening in 2003 is achieved in the beginning of
the period. We have named it Strategy 1. Or the country can do nothing for many years and
then very late it can deregulate as much as is desired. That would be Strategy 2 in the figure. A
third strategy is to deregulate as much as is desired in the middle of the period and nothing
before and after. That is Strategy 3 in the figure. The final strategy, Strategy 4, is to gradually
deregulate over the whole period 1990-2003.
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Figure 11.5: Illustration of the four basic types of strategies
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Thus, the four strategies depicts the speed and timing of the market opening process. We now
wish to see which of the four strategies the 15 countries have used to reach their 2003-level of
market opening. Of course we expect many countries to have achieved the level of market
opening in 2003 by combining the four basic strategies outlined in figure 6.5. But some will no
doubt be closer to one of the strategies than the other.
Our measure of speed means that a country receives a high value (the maximum value is one
by construction) if it has achieved its 2003-level of market opening by deregulating very fast.
Similarly to the basic strategies 1, 2 and 3. A small value, on the other hand, signals that the
country has achieved its 2003-level of market opening by slowly deregulating, somewhat like
strategy 4 in figure 6.5. Timing is measured in such a way that a country receives a value of
0.5 if it has deregulated neither early or late, e.g. steadily over the whole period of 1990-2003
(like Strategy 4) or if it has deregulated more speedy in the middle of the period (like Strategy
3). A value above 0.5 means that it has timed market opening in the beginning of the period
(like Strategy 1) and if it has a value below 0.5 it has timed market opening late in the period
(Strategy 2).
All member states have started the process of market opening late (a Timing-value below 0,5),
cf. figure 11.6. The speed has also been rather slow for most member states, however, Ireland,
Finland and Austria has been fairly speedy once the process of market opening got started 47

47

Greece and Portugal has the highest speed value attainable, namely one, meaning that they have gone from
totally regulated to their 2003-level of market opening in one year. It is, however, a very low level of market
opening which is why they have attained it in one year.
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Figure 11.6: Timing and speed of market opening, EU-15 member states, 1990-2003
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Note: Remember that the strategy of each member states, measured by speed and timing, holds no information what so ever
about the level of market opening. Speed is defined as sum of squared change in MOI for each year divided by squared total
change in MOI from 1990-2003. That means that the value one is maximum. Timing is defined as average MOI over 1990-2003
divided by MOI in 2003, implying that a value of 0.5 reflects a country has deregulated neither early nor late.
Source: Copenhagen Economics, Market Opening Milestones database.

Market structure
There are generally few data available on the market structure in gas. The available series
have at most data for three years and even the best data series have missing values.
The indicator that best describes the changes in market structure is the market share of the
incumbent gas producer (or in non-producing countries the incumbent gas importer). Data is
available from 2000 to 2002, and the change in some member states has been remarkable.
Furthermore, the change in market structure is highly correlated with increased market
opening.
In 2000 all countries were close to a monopoly status in the production/import segment of the
gas sector (all producers/importer had at least 75% market share, and five out of 15 had
100%). Two years later, in 2002, four countries had significantly reduced the market share of
their incumbent to at least 64% (UK 25%, Ireland 40%, Germany 50% and France 64%).
Figure 11.7: Market share of the incumbent gas producer/importer versus the MOI
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Note: We plot the market shares in 2002 against the market opening in 2000 because we expect a time lag effect
from regulation to changes in market structure.
Source: Copenhagen Economics MOM database and COM (2004), Third benchmarking report on the
implementation of the internal electricity and gas market, COM (2002), Second benchmarking report on the
implementation of the internal electricity and gas market, Cedigaz (2001) The European Gas Market Players.

Regulatory environment
We characterise the regulatory environment in a member state by calculating two summary
indicators of regulatory strength and institutional strength. We have no temporal information
about changes in the regulatory environment once market opening has been initiated, and we
assume that the regulatory environment is time-invariant and determined by the regulatory
tradition in each member state.
The indicator regulatory strength is designed to capture the stringency and completeness of
regulation provided by law and other regulatory documents. The indicator Institutional strength
is designed to capture the powers and resources given to the regulators of the gas sector in
each member state. Both calculations are based on yes-no answers to a long range of
questions and simple averaging of the responses.
It seems as though the Group A reformer and most of the Group B have rather large regulatory
and institutional strength, while many Group C score very low in regulatory strength; cf. figure
11.8.
Figure 11.8: Regulatory and institutional strength, EU15 member states, 2003
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Source: Copenhagen Economics, Market Opening Milestones database

There seems to be a clear relationship between the degree of market opening and the degree
of regulatory strength. Member states who are Group A or Group B also seem to have high
regulatory strength, while most Group C seem to have limited regulatory strength, cf. figure
11.9.
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Figure 11.9: Regulatory strength and market opening, EU15 member states, 1990-2003
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Source: Copenhagen Economics, Market Opening Milestones database

11.2. The immediate relationship between performance and market opening in
gas
In the following we will consider the immediate relationship between market opening and
selected performance measures; in particular we consider indicators regarding prices,
productivity, employment and service quality.
Price of gas
The price performance indicators measure developments in price levels. We focus on gas
prices (excluding taxes) for industrial users, because free choice of gas supplier for industrial
use typically is one of the very first elements of market opening.
The industrial price of gas has increased for all member states, but seems to have increased
less for Group A than for Group C or Group B; cf. figure 11.10. However, caution is required
because the United Kingdom is the only member of the group of Group A.
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Figure 11.10: The price of gas for industrial users, excluding taxes, EU15 member
states, 1993-2003
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Source: Own calculations based on Eurostat and Copenhagen Economics, Market Opening Milestones database.

The bi-variate relationship between market opening and gas prices becomes more complicated
when we consider the same relationship country-wise, cf. figure 11.11. It is not clear that there
is a direct link between market opening and prices, neither using the change in the Market
Opening Index, nor the sum of Market Opening Indices as the horizontal axis. One important
reason can be that market opening in almost all member states is a very recent phenomenon,
making it likely that the impact on performance is hidden in the future.
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Figure 11.11: Changes in market opening (MOI) and the gas price, excluding taxes, for
an industrial user, gas, 1993-2003
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Productivity in the gas sector
There are very few data available on the productivity in gas. The available series have at most
data for two years and even the best data series have lots of missing values.
Employment in the gas sector
There is very few and uncertain data available about employment. These series have at most
data for two years and even the best data series have lots of missing values.
Quality in the gas sector
The quality performance indicators for natural gas concerns mainly quality of services supplied.
This are only very limited indicators of this and no long time series can be reported.
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11.3. Factor analysis of market opening in natural gas
The factor analysis proceeds as usual in two steps. Firstly, we determine the number of
factors. Secondly, we estimate (or construct) the new factors. Our analysis indicates the
presence of two factors in natural gas explaining about 70 percent of the variation in the Market
Opening Sub-Indices, cf. table 11.1.
Table 11.1: Extracting the number of latent market opening factors in gas, EU15 member
states, 1990-2003
Cumulated variance
Factors
Eigenvalues
Variance explained
explained
1
5.41
0.60
0.60
2
1.03
0.11
0.71
3
0.88
0.10
0.81
4
0.55
0.06
0.87
5
0.38
0.04
0.92
6
0.28
0.03
0.95
7
0.22
0.02
0.97
8
0.14
0.02
0.99
9
0.11
0.01
1.00
Note: The extraction method is principal component factors. The analysis uses all 15 countries from 1990-2003.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

We now estimate the two factors. The factors are linear combinations of the original Market
Opening Sub-Indices, but each of the two factors tends to be related to a unique subset of
Sub-Indices, cf. table 11.2.
Table 11.2: Estimating the two latent market opening factors in gas, EU15 member
states, 1990-2003
Factor 1
Factor 2
Corr.
Weight
Corr.
Weight
Unbundling TSO
0.81
0.18
0.43
0.07
Unbundling DSO
0.84
0.20
0.30
0.03
Ownership of supply companies
0.88
0.22
0.14
0.01
Third Party access to gas storage
0.66
0.12
0.35
0.04
Free choice retail
0.79
0.17
0.35
0.04
Regulation of end-user price
0.23
0.01
0.60
0.13
Third Party access to transmission
0.27
0.02
0.89
0.28
0.84
0.25
Third Party access to distribution
0.30
0.03
Tariff structure in transmission
0.45
0.06
0.63
0.14
Total variance explained
3.63
2.81
Note: PCF- method. Weights are normalised squared correlations.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

Uniqueness
Share
0.16
0.20
0.20
0.45
0.26
0.59
0.13
0.20
0.39

The first factor is associated with five out of nine Market Opening Sub-Indices. The five subindices enter with almost the same weights, but giving most weight to aspects of ownership
and unbundling. The second factor represents the remaining four Market Opening Sub-Indices,
primarily capturing aspects of third party access.

11.4. The econometric relationship between performance and market opening in
gas
The objective of this section is to explore econometrically the relationship between market
opening and the performance variables prices and productivity.
Our main results of the link between market opening and performance in the gas sector are:
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Market opening has the expected negative effect on gas price and is significant at the
one percent level.
Three market opening policies have a significant effect on prices: In general, the
degree of private ownership seems to matter a great deal for reducing prices. Also the
tariff structure in gas transport pricing seems to matter for price reductions. Ending the
politically decided practice to link the gas price to the oil price seems to have created
a significant upward pressure on gas prices.
The overall effect on prices from these two contradicting movements is a reduction of
the gas price for industrial consumers.
Countries that have implemented market opening fast and early have lower prices
than countries with the same level of market opening but who implemented slow and
late.
We cannot confirm that the impact of market opening on performance goes through
changes in market structure.
No significant relationship between market opening and productivity could be obtained
in this sector, but the best results are obtained in a model using the latent factors
(these estimates are not presented here but in appendix H).

Before we turn to the results of the estimations we briefly go over the estimation strategy
described in detail in Part I Chapter 3. The general idea is to estimate the models presented in
general terms in Part I Chapter 3. The price model says that the price is determined by the cost
of the primary input factors, capital and labour as well as other control variables. And of course
by the level of market opening and possible the market structure. The productivity model tells
us that output is primarily produced using capital and labour but other control variables and the
level of market opening and market structure might also affect output. That is why we name is
“productivity” model since our estimates on market opening represents the effect on output
after we control for the input of capital and labour.
After having identified and defined all necessary variables, dependent as well as explanatory,
we take a closer look at how we should specify and estimate the models. The theoretical
models for price and productivity (or output as just described) are just generic descriptions of
the models. We need to know specifically whether a static or dynamic model is better in “real
life” and how to estimate the parameters in such models. We conduct the analysis by following
the step-by-step estimation strategy outlined in section 2.4.
We now turn to the estimation of the price model.
Price of gas for industrial consumers
We choose a benchmark model by testing a number of static and dynamic models based on
the reasoning in section 2.2 (step 1). The preferred benchmark model for prices and
productivity in the gas sector turns out to be a static FE-model. We then investigate the best
specification of indicators for market opening in the form of Market Opening Indices, Market
Opening Milestones or products of the latent factors and test for the best specification (steps
two, three and four). We take the best specification and determine the final model eliminating
insignificant explanatory variables (step 5). These results are the key output of the analysis.
We choose a simple model static model since it has good statistical properties and is also
interpretable in an economic sense. We have in principle 210 observations (15 member states
and 14 years), but limited data availability and the requirements of the estimator reduces the
number of observations for estimation to 122. We have observations from 14 member states
(Greece excluded because there are no price data) and the time series varies between four
and eight years (out of ideally 10) and covers the period 1993-2003.
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The dependent variable in the price model is the (log of) gas price for industrial users, without
taxes (PP1IND)48. These data sets are available from 1993 to 2003 for most member states49.
In the benchmark model, step 1, we explain the industry price as a function of the degree of
openness (Mop_V1 defined as imports plus exports divided by twice the domestic
consumption), the lagged oil price (Contr_V6 price of heavy fuel oil) and market opening
represented by the two factors F1 and F2. The estimates are shown in table 11.3.
Table 11.3: Price equation (Gas prices, industrial users, log of PP1IND)
Estimator
FE
(Static model)
Recipe step
Factors
F1 (-1)
F2 (-1)
MOI (-1)
MOM1 (-1)
MOM2 (-1)
MOM3 (-1)
MOM4 (-1)
MOM5 (-1)
MOM6 (-1)
MOM7 (-1)
MOM8 (-1)
MOM9 (-1)
F1 x F1 (-1)
F2 x F2 (-1)
F1 x F2 (-1)
Market structure
DEGOPEN
(Expl_Mop_V1)
Control variables
Heavy fuel oil (-1)
(Expl_Contr_V6)

Bench-mark
model

Including
MOI for
factors

1

2

Including
MOMs
for factors
3

-0.121
0.223

Adding
functions of
the factors

Final model

4

5

-0.424
0.808
0.186

-0.105

***

-0.142***

0.080
-0.184
-0.661***
0.127***

-0.586***
0.122***
-1.376
-1.474
2.540

-0.469*

-0.430

0.140

-0.397*

0.198

0.004***

0.004***

0.005***

0.004***

0.005***

F11, F22,
F12
(0.54)
R2
0.62
0.61
0.69
0.64
0.67
*
**
*
(0.05)
AR(1) (p-value)
(0.04)
(0.14)
(0.09)
(0.20)
*
AR(2) (p-value)
(0.14)
(0.15)
(0.10)
(0.15)
(0.09)
Obs.
122
122
122
122
122
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. The AR
(1) and AR (2) tests are test for first and second order auto correlation in the residuals, respectively. * means
significant at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one year
lagged value of a variable. See appendix a at the end of this chapter for a description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

Test for exclusion
(p-value)

MOI:
(0.31)

MOM 5, 6:
(0.35)

Step 1 reveals that the variable for openness (DEGOPEN) is insignificant, but one year lagged
oil prices (Expl_Contr_V6 (-1)) are strongly significant with a positive coefficient meaning that
Data is from Eurostat, gas industry price (I3-1): This indicator presents the natural gas prices charged to final
industrial consumers, which are defined as follows: annual consumption of 41 860 GJ, and load factor of 200 days
(1 600 hours). Prices are given on 1 January each year. Measured in euro (without taxes) per GJ.
49 Greece is entirely missing since they only were connected to the gas network in 1997. The same applies to
Portugal, but Portugal has data from 2001 and onwards.

48
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higher oil prices increase the price of gas. As shown below, the gas price in many countries
follow the oil price. We have tried to use other control variables, but none turn out to be
significant, especially once we included the oil price. See all estimation results in the Appendix
H. Three Market Opening Milestones are significant at levels at the one percent level of
significance. Two of these with very significant coefficients have the expected negative sign
indicating that prices go down as market opening increases. We discuss these in turn.
The first milestone (MOM3) is ownership of the supply companies, where most countries
except France and Ireland have privatised to a smaller or larger extent. This seems to have
had a reducing impact on the industry gas price. The second Market Opening Milestone
(MOM7) is the changes in the structure transmission tariffs. Various tariff structures are
available, such as distance-related tariffs or postage-stamp tariffs, tariffs which charge for
capacity or those which charge for throughput. Generally applicable detailed tariffs and pricing
rules are difficult to set and require full information about the underlying costs. The ranking of
tariffs structures we have applied seem add some explanatory power to the price model. See
section 16.1 in Part II, for the definition and discussion of the tariff structure variable.
One Market Opening Milestone has a positive and significant coefficient. This is the milestone
reflecting regulated gas prices (MOM8), which in most countries really mean that gas prices
were related in some way to the oil price. In most countries this changed in 2000 or 2001.
Removing this price control had a significant impact on gas prices increasing gas prices about
12 percent. This is most likely because the regulated price was lower than the market based
value of the gas. Another possible explanation for the positive effect, is that regulation of end
user prices is put into effect if prices are too high. The positive sign therefore reflecting
reversed causality. However, by lacking MOM8 we partly counter that effect.
It is important that we have controlled for the lagged oil price, and this explains a share of the
variation in the gas price because the gas price in many countries has been indexed to the oil
price. We can detect a decoupling of the gas price from the oil price in 2000, cf. figure 11.12.
In the figure we have indexed the industry gas price to the development in oil prices for endusers in each member state. The green (light) curve shows the actual gas price for industrial
consumers and the brown (dark) curve shows how the gas price would have developed if it
followed the growth rates of the oil price in the respective year. In all countries expect Austria
and the Netherlands50, we detect a shift in the correlation between the two series, were gas
prices prior to 2000 follows oil prices closely, and then a break with gas prices shifting to a
lower level but following some of the same yearly variation as in the oil price.
In other words our reading of the curves is that the actual gas price and the hypothetical oilindexed gas price have the same mean value and standard deviation until 2000. After 2000 the
two series have different means but still have the same standard deviation.

50

In Austria gas prices surpassed oil price indexed gas price after 2000 and in the Netherlands the gas price follows
oil prices almost to the last decimal both before and after 2000.
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Figure 11.12: Development in gas prices for industry without taxes compared with gas
price indexed 100% to the oil price, EU-15 member states 1990-2003 (annual data)
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… figure cont. …
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Strategies and regulatory designs in natural gas
Earlier in this chapter, we characterised the countries’ strategies in terms for speed and timing
for achieving a given level of market opening. We presented the results in figure 11.6. We now
estimate the effect on price and productivity from these strategies using the final model in step
5 as our starting point. We do it by expanding the final model with the cross product of market
opening and timing respectively speed and see if that new variable is significant. If it is, then
we conclude that the way a certain level of market opening is achieved influences how market
opening affects performance. That constitutes our final step 7 in our 7-step estimation strategy.
We find that countries that have implemented market opening speedy and early in the period in
general have lower prices that their level of market opening indicates, cf. appendix b in this
chapter. In other words, they have gotten more out of their market opening than countries that
have reached the same level of market opening, but did it slowly and later in the period. It
seems that there might be some advantages in being a first mover, and that a quick market
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opening process that signals credibility and commitment is important for receiving the benefits
of lower prices.
Productivity in natural gas
The analysis of productivity changes in the gas is made difficult because of the unavailability of
data. We have tried estimating the gas throughput as a proxy for productivity under the
assumption that the capacity of the gas infrastructure remained constant over the period. We
did not achieve any satisfactory model that was able to reproduce the observed variations in
gas throughput. We also attempted an analysis of the distribution losses as a proxy for
technical efficiency. However, we have assessed that the data on distribution loss from the
International Energy Agency (IEA) and their relation to gas transportation was not credible. The
data series produced by dividing yearly distribution losses with total gas consumption resulted
in dramatic jumps (sometimes over 300 percent from year to year) that led us to conclude that
the data series was not suited for the purpose.
Technical efficiency for the gas sector has also been analysed by the use of data envelopment
analysis, see e.g. Hawdon (2002). These analyses cover at most two years and therefore do
not supply us with sufficient data for an econometric estimation.
Finally, more traditional productivity measures such as labour productivity is not possible to
construct since neither employment data nor value added data is reported for the gas sector
alone. In all available EU statistics the gas sector is as a minimum joined with the electricity
sector making the comparison of labour productivity over time and between countries
impossible.
The channels of transmission in natural gas
We have investigated whether degree of opening is affected by market opening. We find no
significant relationship, cf. appendix b later in this chapter. We therefore tend to conclude other
aspects than those captured in how market opening affects changes in market structure.
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Appendix 11a: Variables used in the econometric estimations for the gas sector
Variable

Description

PP1IND

Gas prices

PP1HH

Gas prices

COSTCAP

(InterestInflation)*Length of
transmission pipeline
per GJ production

COSTCAP2

Length of
transmission pipeline
per GJ production

COSTLAB

Number of full time
employees per GJ
production

GASCONS

Consumption of gas
in GJ

STOCAP

Other information
Industrial users, without taxes
Euro per GJ
Households, without taxes
Euro per GJ
Interest is Long Term Interest
Rate- 10 year, OECD
Inflation is GDP Deflators,
percentage change from
previous year, OECD
Length of transmission pipeline
per GJ production is Length of
transmission pipeline in
kilometres, IEA Database/Total
gas production in GJ
Total gas production in GJ is
(Endogenous production in TJ,
IEA Database + Associated gas
production in TJ, IEA Database
+ Non-associated gas
production in TJ, IEA
Database)*1000
Length of transmission pipeline
per GJ production is Length of
transmission pipeline in
kilometres, IEA Database/Total
gas production in GJ
Total gas production in GJ is
(Endogenous production in TJ,
IEA Database + Associated gas
production in TJ, IEA Database
+ Non-associated gas
production in TJ, IEA
Database)*1000
Number of full time employees
per GJ production is Number of
employees in full time
equivalent units, Eurostat/ Total
gas production in GJ,

Source
Eurostat
Eurostat

Market Opening
Milestones
Database

Consumption of gas in GJ is
Consumption of gas in TJ*1000

IEA Database

Storage of gas

Million centimetres

International Gas
Union

CPOP
CURB
F1
F2
F11
F22
F12

Gross Domestic
Product
Population
Urban population
Factor 1
Factor 2
F1 x F1
F2 x F2
F1 x F2

Constant price index:
1995=100
Millions
Percent

MOM1

Unbundling TSO
(Transmission
System Operator)

MOM2

Unbundling DSO

CGDP

OECD
OECD
OECD

Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
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Variable

Description
(Distribution System
Operator)

Other information

Source
Economics Market
Opening
Milestones
database
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Variable

Description

MOM3

Ownership of supply
companies

MOM4

Third Party access to
transmission network

MOM5

Third Party access to
distribution network

MOM6

Third Party access to
gas storage capacity

MOM7

Tariff structure in
transmission pricing

MOM8

Regulation of enduser price

MOM9

Degree of free
choice of supplier
(retail market)

MA
MSINCU

DEGOPEN

Other information

Source
Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
Economics Market
Opening
Milestones
database

Mergers and
Acquisitions
Market share of the
incumbent in the
segment
Degree of openness

FORA
Com and
European
Commission
imports plus exports divided by
twice the domestic
consumption

IEA Database
Copenhagen
Economics Market
Opening
Milestones
database
Copenhagen
Economics Market
Opening
Milestones
database

PRODTOT

Total gas production

TJ

LENGTH

Length of
transmission pipeline

Kilometres

PEM8EMPFULL

Number of
employees in full
time equivalent units

Eurostat

Oil_p

Copenhagen
Economics market
opening
milestones
database

Heavy fuel oil

Price of heavy fuel oil
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Variable

Description

ICSI

Dummyvariable. Has
the value 1 if market
opening has
occurred in 1992
Dummyvariable. Has
the value 1 if
institutional and
regulatory indicators
are both larger than
0.5

RESI

Speed

Timing

Other information

Source

Speed is defined as
sum of squared change
in MOI for each year
divided by squared total
change in MOI from
1990-2003. That means
that the value one is
maximum.
Timing is defined as
average MOI over
1990-2003 divided by
MOI in 2003, implying
that a value of 0.5
reflects a country has
deregulated neither
early nor late.

Appendix 11b: Estimation of strategies and market structure in the gas sector
Estimation of strategies and regulatory designs in the gas sector
Final model in…

Variable name
Recipe step

price,
expanded
with
strategy

Speed and
Timing
7a

price,
expanded
with initial
condition

price,
expanded
with
regulatory
design

ICSI

RESI

7b

7c

produc.,
expanded
with
regulatory
design
Speed and
Timing
7a

produc.,
expande
d with
strategy

produc.,
expande
d with
initial
conditio
ns

ICSI

RESI

7b

7c

Variables
1)
MOM3 x Speed
n.a.
MOM7 x Speed
-2.962**
MOM8 x Speed
0.556
MOM3 x Timing
n.a.1)
MOM7 x Timing
-1.380***
MOM8 x Timing
-0.239
MOI x Speed
1.281
MOI x Timing
-3.536***
Note: The table reads in the following way: The cross-products in the table are, one at the time, entered into the final
model from step 5 in the estimation tables on price and productivity in the chapter. The cross products with
MOI does, however, enter the final model from step 5 but where MOI enter instead of MOMs or the factors.
The table then shows the estimated coefficient to the cross product leaving out the other variables from the
final model, step 5, for purely practical purposes. If the cross products are significant, it tells us that a given
level of market opening affects price or productivity differently depending on the strategy (7a), the initial
conditions (7b) or the regulatory and institutional design (7c). The estimated coefficients to the cross products
are not straight forward to interpret since the cross products are not constructed around the mean. What is
important in this context, is to look at the sign (+ or -) and the level of significance.
* means significant at a 10 percent level, ** at a five percent level and *** at a one percent level.
1)
Not enough variation.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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Market structure estimation in gas
(Static model)

DEGOPEN
(degree of openness)

Estimator
FE
Constant
Factors
F1 (-1)
0.093
F2 (-1)
-0.056
Cost variables
Log(GASCONS)
0.079
(Expl_Contr_V1)
Log(CGDP)
0.234**
(Expl_Contr_V2)
Log(CURB)
0.327
(Expl_Contr_V4)
F1,F2:
Joint exclusion of
Factors (p-value)
(0.645)
R2
0.456
AR(1) (p-value)
(0.046)*
AR(2) (p-value)
(0.129)
Obs.
124
Note: The AR(1) and AR(2) tests are test for first and second order auto correlation in the residuals, respectively. *
means significant at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one
year lagged value of a variable.
Source: Own calculations on Copenhagen Economics, Market Opening database.
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Chapter 12 Market Opening and Performance in Postal
Services
In this chapter we analyse the relationship between market opening in the postal services
sector and various sector performance measures, for example prices, productivity, and quality.
Firstly, we present the Market Opening Index for the postal sector. Secondly, we compare the
change in market opening with changes in sector performance and make some preliminary
conclusions regarding their bi-variate relationship. Thirdly, we report the results of a factor
analysis where the individual components of the Market Opening Index are aggregated into a
limited number. Finally, we investigate formally in an advanced econometric framework the
relationship between market opening and sector performance controlling for the impact of other
explanatory variables.

12.1. Market opening in postal services
Firstly, we report the Market Opening Index for postal services for EU15 and for each member
state for the period 1990-2003. Secondly, we report changes in market structure during the
same period and discuss informally the relationship between market structure and market
opening. Finally, we report indicators of regulatory environment and their relationship with
market opening.
Market Opening Index
We have constructed a Market Opening Index for postal services for each of the EU15 member
states covering the period 1990-2003. The Market Opening Index measures the degree of
market opening on a scale between zero and unity. A value of unity indicates full market
opening. The Market Opening Index (MOI) for postal services is constructed on the basis of 12
Market Opening Milestones (MOMsI) and 34 questions.
Market opening in postal services has only recently begun on a wider basis in the EU-15 and
market impacts have been modest. Two member states, Sweden and Finland, legally opened
their postal markets to full competition in 1993 and 1994 respectively. Other member states
have been more reluctant and retain considerable restrictions on competition in the sector. As
of 2004, Sweden and Finland are still the only member states that have opened their postal
markets at the same scale as in other network sectors.
The most important move towards market opening was taken in 1997 when the first Postal
Directive (97/67/EC) was adopted. The directive included, among others, regulatory measures
and provisions for a maximum upper limit of reserved areas in member states. The reserved
area in most countries had previously encompassed all letters up to a weight limit of one or two
kilograms, a monopoly that generally co-existed with competitive parcel and express services
segments. The directive imposed a maximum limit for reserved areas of 350g or five times the
basic tariff which consequently had a large regulatory impact. It also created a framework for
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further reductions to reserved areas, resulting in the 2002/39/EC Directive that laid down
provisions for continued market opening.
However, incumbent operators have commonly changed legal status since the early nineties,
when many were purely public organisations. Today, they have been transformed into stateowned enterprises or partly privatised corporations. Therefore a typical postal group (TPG) or
postal organisation has parts of its organisation operating in a reserved area without
competition, and part of the postal services that is in competition.
Figure 12.1 Organisation of a typical postal group (TPG)

Source: OPTA (2001)

The EU15 Market Opening Index shows that market opening in the postal sector has taken
place during two periods, cf. figure 12.2. Market opening first occurred around 1993-1994 when
Sweden, Finland and the Netherlands committed themselves to reforms. The implementation
of Postal Directive (97/67/EC) lead to a second period of market opening from 1998 to 2000.
However, the overall picture is that market opening in the postal sector has taken place later
than market opening in other network industries.
Figure 12.2: Market opening in the postal services sector EU15, 1990-2002
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Note: The larger the indicator is the more open is the postal services market. Postal Services is an average of Market Opening
Indices in postal services for all member states weighted by each members states share letter-post items, domestic service, 1996.
Network is a simple average of Market Opening Indices for all network sectors for all member states
Source: UPU and Copenhagen Economics, Market Opening Milestones database.
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The two postal directives give member states some leeway to decide how their postal market
shall be reformed. This gives a substantial variation in market opening between member
states. Member states such as Sweden and Finland have experienced rapid and extensive
market opening whereas member states such as France, Luxembourg, Greece, Italy, Portugal
and Belgium have been much more reluctant, cf. figure 12.3.
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Figure 12.3: State of market opening in Postal Services, EU15 member states, 2003

Source: Copenhagen Economics, Market Opening Milestones database.

Full market opening in postal services requires changes in four policy areas, each captured by
a separate index:
1. Choice: The share of market open to competition
2. Unbundling: Incumbents must keep separate accounts for reserved universal
services, non-reserved universal services and non-universal services
3. Third party access: Regulated access to post offices boxes
4. Ownership: Ownership the incumbent postal operator can be public, private or mixed
ownership.
Member states with a high degree of market opening distinguish themselves from other
member states by allowing more choice, and to a lesser degree allowing third party access, cf.
figure 12.4.
Figure 12.4: Composition of market opening in postal services, 2003
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Source: Copenhagen Economics, Market Opening Milestones database.
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Since the four policy areas measure market opening they are all important, even though many
countries have introduced, say, unbundling. Ownership is an important measure of market
opening in postal service, as is it is all the other network industries considered in this report.
The reason is that the share of ownership between private and public owners might affect
production and pricing decisions. While private owners will tend to be more focused on
increasing productivity and profitability, public owners might also be interested in promoting
other objectives such as availability in scarce areas and so forth. That is the kind of hypothesis
that we will try to answer in this chapter.
To get a better view of market opening in each member state, we now attempt to split the
countries in three different groups reflecting their level of market opening and for how long a
period of time the market opening has been in effect. We use the grouping later in the chapter
to give a first impression of how the level of market opening and the number of years it has
been allowed to “work” affects various performance measures such as prices, productivity,
quality and employment51.
We group the countries according to two measures. The first measure is the value of the
Market Opening Index (MOI) in a country in 2003 relative to the EU15 average in 2003. Thus, a
value above indicates that the country has reached a higher level of market opening in 2003
than the average EU15 value. On the other hand, if a country receives a value below one it is
more regulated than the average EU15 countries. The second measure is the number of years
a country has had a MOI larger than the EU15 average – comparing each year individually.
Meaning that the value of the MOI of each member state in e.g. 1990 is compared to the EU15
average in 1990, then for the year 1991 and so forth. Hence, a high value indicates that the
country, during 1990-2003, often has had a level of market opening higher than the average
level of the EU15 member states; reflecting that market opening in these countries has had a
longer time to work than in most other EU15 countries. That might be an important aspect for
the impact on performance if market opening affects performance gradually and not
immediately.
According to these two measures we group the countries in three groups, Group A, B and C:
A. Group A will tend to represent the countries with high levels of market opening
compared to EU15 average and with many years above EU15 average.
B. Group B will tend to represent the countries with MOIs close to the EU-15 average
and with a medium number of years above EU15 average.
C. Group C will tend to represent the countries with MOIs lower than the EU15 average
and therefore also with a small number of years above the EU15 average.
The splitting of the countries in these three groups is not based on “tough” objective criteria but
rather on the natural grouping that seems to “pop out” of a graphical illustration. Plotting the
two measures we can categorise the member states into three distinct groups: Group A
(Sweden, Finland and the Netherlands), Group B (Germany and Spain) and Group C (Austria,
Belgium, Denmark, France, Greece, Italy, Ireland, Luxembourg, Portugal and the United
Kingdom), cf. figure 12.5.

51

Of course, we also examine the relationship between market opening and performance more formally in an
econometric model later in the chapter. But to get a first feel for the relationship between market opening and
performance, simple graphical illustrations often prove helpful.
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Figure 12.5: Grouping of EU15 member states regarding market opening, 1990-2003
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Note: Group A will tend to represent the countries with high levels of market opening compared to EU15 average and with many
years above EU15 average. Group B will tend to represent the countries with MOIs close to the EU15 average and with a medium
number of years above EU15 average. Group C will tend to represent the countries with MOIs lower than the EU15 average and
therefore also with a small number of years above the EU15 average.

Source: Copenhagen Economics, Market Opening Milestones database.

The figure shows that the grouping is due to differences in both measures that is the number of
years above EU15-average for market opening and the level of market opening in 2003 relative
to the EU15-average.
Strategies toward market opening
The extent to which countries have deregulated their postal sector is one thing; another is how
they have done it. It is interesting in this context because it might, in it self, have an effect on
prices and productivity. Meaning that not only the level of market opening and the years it has
been allowed to work is important for prices and productivity but maybe also how the countries
have achieved their level of market opening – their strategies for market opening. We now
develop a measure of a country’s market opening strategy. We will use it later in an
econometric model to see if there is an effect from pursuing different strategies towards market
opening on prices and productivity.
Roughly speaking, a country can achieve a certain level of market opening in 2003 in four
different ways illustrated in figure 12.6. Either it can deregulate in the beginning and do nothing
from then on. Hence, the final level of market opening in 2003 is achieved in the beginning of
the period. We have named it Strategy 1. Or the country can do nothing for many years and
then very late it can deregulate as much as is desired. That would be Strategy 2 in the figure. A
third strategy is to deregulate as much as is desired in the middle of the period and nothing
before and after. That is Strategy 3 in the figure. The final strategy, Strategy 4, is to gradually
deregulate over the whole period 1990-2003.
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Figure 12.6: Illustration of the four basic types of strategies
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Thus, the four strategies depict the speed and timing of the market opening process. We now
wish to see which of the four strategies the 15 countries have used to reach their 2003-level of
market opening. Of course we expect many countries to have achieved the level of market
opening in 2003 by combining the four basic strategies outlined in figure 12.6. But some will no
doubt be closer to one of the strategies than the other.
Our measure of speed means that a country receives a high value (the maximum value is one
by construction) if it has achieved its 2003-level of market opening by deregulating very fast.
Similarly to the basic strategies 1, 2 and 3. A small value, on the other hand, signals that the
country has achieved its 2003-level of market opening by slowly deregulating, somewhat like
strategy 4 in figure 6.5. Timing is measured in such a way that a country receives a value of
0.5 if it has deregulated neither early or late, e.g. steadily over the whole period of 1990-2003
(like Strategy 4) or if it has deregulated more speedy in the middle of the period (like Strategy
3). A value above 0.5 means that it has timed market opening in the beginning of the period
(like Strategy 1) and if it has a value below 0.5 it has timed market opening late in the period
(Strategy 2).
All member states have started market opening in postal services early (Timing-value above
0.5) but the level of speed differ, cf. figure 12.7.
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Figure 12.7: Timing and speed of market opening, EU-15 member states, 1990-2003
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Note: Speed is defined as sum of squared change in MOI for each year divided by squared total change in MOI from 1990-2003.
That means that the value one is the maximum. Timing is defined as average MOI over 1990-2003 divided by MOI in 2003,
implying that a value of 0.5 reflects a country has deregulated neither early nor late.
Source: Copenhagen Economics, Market Opening Milestones database.

While Belgium and the United Kingdom has been fast to implement their 2003-level of market
opening once the process got started, Denmark and Austria has chosen a slower approach.
Although the general pace is quite high compared to some of the other industries that we have
already looked at.
Market structure
In terms of increased competition, the market impact of the Postal Directive has been modest
to date. This is primarily because nearly all letter post still falls within the reserved areas in
most member states, creating de facto monopolies for incumbent operators. Not surprisingly,
incumbent operators tend to completely dominate national letter mail markets. Even in
Sweden, where arguably market opening has gone furthest, the incumbent operator retains a
market share above 90%.
Incumbent operators have, however, commonly changed legal status since the early nineties,
when many were purely public organisations. Today, they have been transformed into stateowned enterprises or partly privatised corporations.
Regulatory environment
We characterise the regulatory environment in a member state by calculating two summary
indicators of regulatory strength and institutional strength. We have no temporal information
about changes in the regulatory environment once market opening has been initiated and
assume that the regulatory environment is time-invariant and determined by the regulatory
tradition in each member state.
The indicator regulatory strength is designed to capture the stringency and completeness of
regulation provided by law and other regulatory documents. The indicator institutional strength
is designed to capture the powers and resources given to the regulators of the electricity sector
in each member state. Both calculations are based on yes-no answers to a limited range of
questions and simple averaging of the responses. Data is scarce.
Firstly, we investigate whether there is consistence between the regulators regulatory and
institutional strength in each member state. It is difficult to draw any significant conclusions
from that, cf. figure 12.8.
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Figure 12.8: Regulatory and institutional strength in postal services, EU15 member
states, 1990-2003
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Note: The colours indicate the groups in figure 12.5. Red indicates Group C; yellow indicates Group B and green
indicates Group A. Because of missing data AUT, Bel, Fra, Ita and Esp are not plotted in this figure.
Source: Copenhagen Economics, Market Opening Milestones database

There is no sign that regulatory strength and market opening is related. The regulatory strength
of all Group A is quite average compared to the other member states; cf. figure 12.9. The
explanation can be that the difference in market opening between Group A and all other
member states is so huge, that differences in regulatory set-up have only secondary
importance.
Figure 12.9: Regulatory strength and market opening in postal services, EU15 member
states, 1990-2003
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Note: The colours indicate the groups in figure 12.5. Red indicates Group C; yellow indicates Group B and green
indicates Group A.
Source: Copenhagen Economics, Market Opening Milestones database

12.2. The immediate relationship between performance and market opening in
post
We now study the immediate relationship between market opening and selected performance
measures, in particular prices, productivity, employment and service quality. We use the
Copenhagen Economics Market Opening Milestones database. Most measures are available
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only for certain EU15 member states and only over a limited number of years. All in all our
database holds 42 different variables measuring prices, productivity, employment and service
quality. We now show a select few in order to get a first feel for the situation in postal services.
The variables are often chosen on the grounds of better data coverage.
Price of postal services
The price indicators measure developments in price levels. Reliable and consistent data on
price developments is only available for the EU15 as a whole from around the time of when the
Postal Directive was adopted. Given the available data, there does not seem to be significant
differences between committed and Group C when the member states are grouped together,
cf. figure 12.10.
Figure 12.10: Price performance in the postal services sector
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Note: The colours indicate the groups in figure 12.5. Red indicates Group C and green indicates Group A. A lack of
information on Group B is the reason they are not included.
Source: Own calculations based on OPTA and Copenhagen Economics, Market Opening Milestones database.

The same is more or less the case when looking at total costs per letter and parcel post, cf.
figure 12.11.
Figure 12.11: Cost performance in the postal services sector
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Note: The colours indicate the groups in figure 12.5. Red indicates Group C and green indicates Group A. In the
calculations parcels are assumed to count twice as much as letters. Missing values has been replaced by
assumed values to facilitate the graphical presentation.
Source: Own calculations based on Nera (2004) and Copenhagen Economics, Market Opening Milestones
database.
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Lower cost per letter and parcel might translate into lower prices whereas higher cost would
indicate higher prices. So falling prices in the light of rising costs could be an indication of
smaller rents due to more competition as a result of market opening. Looking at figure 12.10
and figure 12.11 seem to support that view, some what. Later in the formal econometric
estimations, we therefore expect to find a negative relationship between market opening and
price.
Taking a closer look at the developments in the individual member states reveals a relationship
between market opening and prices. A simple one-sided regression indicates that increased
market opening is correlated with falling prices. Without controlling for other factors we get a R2
of 0.49.
Figure 12.12: Simple correlation between price changes and changes in MOI 1998-2001
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Source: Own calculations based on OPTA and Copenhagen Economics, Market Opening Milestones database.

Employment in postal services
The most reliable employment indicator describes employment at the incumbent operator. We
would expect incumbent’s employment to go down and employment at Group A seems to have
has decreased slightly faster than at Group C, cf. figure 12.13. However, these figures should
be considered in conjunction with the productivity and quality indicators in the following
sections.
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Figure 12.13: Employment performance in the postal services sector
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Note: The colours indicate the groups in figure 12.5. Red indicates Group C and green indicates Group A.
Source: Own calculations based on UPU and Copenhagen Economics, Market Opening Milestones database.

The development of employment might very well be affected by the share of civil servants who
cannot be dismissed so quickly. Our database on performance does hold information on the
share of civil servants, but does so only for two countries.
Productivity in postal services
The most commonly used measure of productivity in the postal sector is letters per employee.
Figure 12.14 below shows the evolution of this measure for all member states. Performance
among Group C has been mixed, whereas performance in the Group A has been strong and
consistently improving.
Figure 12.14: Productivity performance in postal sector, 1990-1999
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Note: The colours indicate the groups in figure 12.5. Red indicates Group C; yellow indicates Group B and green
indicates Group A. Data for Finland and the Netherlands are not directly comparable and are only available
from 1996. Therefore the curve for Group A in this graph only includes Sweden.
Source: Own calculations based on UPU and Copenhagen Economics, Market Opening Milestones database.

Quality in postal services
Quality performance indicators measure developments in the quality of services supplied by
postal operators. A number of relevant indicators are in principle available: Reliability (delivery
on time of national and international mail), accessibility (the density of post offices) and quality
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of universal service obligation (number of letter boxes, collections, and deliveries). However,
data availability is limited. Most indicators are available only for a limited number of years (2-5
years) or for a limited number of member states.
One of the quality indicators with reasonable coverage is the share of international mail
delivered on time. Data shows that all groups of member states improve quality performance
between 1998 and 2002 and there does not seem to be significant differences between the
performance of Group A on the one side and Group C and Group B on the other side, cf. figure
12.15.
Figure 12.15: Delivery on time of international mail, EU15 member states, 1999-2002
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Note: The colours indicate the groups in figure 12.5. Red indicates Group C; yellow indicates Group B and green
indicates Group A.
Source: Own calculations based on UPU and Copenhagen Economics, Market Opening Milestones database.

However, a high percentage of international mail delivered on time may be misleading since
two countries are involved in each delivery. For the measure to be a good one, we need to
assume that all 15 member states’ international mail is distributed equally among the member
states which might not be the case. We should keep that in mind when looking at the figure.
Therefore we also investigate the share of national mail delivered on time. We have data from
only six member states but there seems to be a slight tendency that Group A fare better than
Group B and Group C, cf. figure 12.16. As a minimum, we can probably assume that the
quality of services of Group A does not seem to be worse than for Group B or Group C.
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Figure 12.16: Delivery on time of national mail, selected EU15 member states, 1999-2002
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Note: The colours indicate the groups in figure 12.5. Red indicates Group C; yellow indicates Group B and green
indicates Group A.
Source: Own calculations based on UPU and Copenhagen Economics, Market Opening Milestones database.

12.3. Factor analysis of market opening in postal services
The factor analysis proceeds as usual in two steps. Firstly, we determine the number of
factors. Secondly, we estimate (or construct) the new factors. Our analysis indicates the
presence of two factors in postal services explaining about 60 percent of the variation in the
Market Opening Sub-Indices, cf. table 12.1.
Table 12.1: Determining the number of latent factors in postal services, EU15 member
states, 1990-2003
Cumulated variance
Factors
Eigenvalues
Variance explained
explained
1
5.52
0.46
0.46
2
1.85
0.15
0.61
3
1.28
0.11
0.72
4
1.14
0.10
0.82
5
0.83
0.07
0.89
6
0.58
0.05
0.93
7
0.39
0.03
0.97
8
0.13
0.01
0.98
9
0.10
0.01
0.99
10
0.10
0.01
0.99
11
0.06
0.00
1.00
12
0.01
0.00
1.00
Note: The extraction method is principal component factors. The analysis uses all 15 countries from 1990-2003.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

We now estimate the two factors. The factors are linear combinations of the original Market
Opening Sub-Indices, but each of the two factors tend to be related to a unique subset of SubIndices, cf. table 12.2.
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Table 12.2: Estimating the two latent market opening factors in postal services, EU15
member states, 1990-2003
Factor 1
Corr.
Weight
MOM2: Size of reserved area
MOM3: Incoming cross-border mail
MOM4: Outgoing cross-border mail
MOM5: Direct mail
MOM6: Share of volume open to comp.
MOM7: Share of market open to comp.
MOM8: Years to full market opening
MOM1: Unbundling
MOM9: Third party access
MOM10: Ownership
MOM11: Entry in universal service
MOM12: Entry outside universal service
Total variance explained

0.92
0.81
0.64
0.44
0.91
0.91
0.90
0.07
0.31
0.04
0.29
0.21

0.17
0.14
0.08
0.04
0.17
0.17
0.17
0.00
0.02
0.00
0.02
0.01
4.80

Factor 2
Corr.
Weight
0.30
0.31
0.29
0.06
-0.06
0.27
-0.09
0.75
0.45
0.58
0.81
0.27

0.04
0.04
0.04
0.00
0.00
0.03
0.00
0.26
0.09
0.15
0.30
0.03
2.17

Note: PF-approach is used. Weight is normalised squared correlations.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database

The first factor is associated with seven out of twelve Market Opening Milestones. Five of these
enter with almost the same weights, in particular representing aspects such as choice (share of
market open to competition) and size of the reserved area. The second factor represents the
remaining five Market Opening Sub-Indices, primarily capturing aspects of unbundling,
possibilities for entry within the universal service area, and ownership.

12.4. The econometric relationship between performance and market opening in
postal services
The objective of this section is to explore econometrically the relationship between market
opening and performance variables representing prices and productivity. Our main results can
be summarised as follows:
Market opening has significant impact on performance. Market opening increases productivity.
However, the postal sector will respond rather slowly to regulatory changes and only part of the
productivity gains equivalent to lower costs will reach the consumers indirectly through lower
prices. We find both negative (expected) and positive (unexpected) direct linkages between
market opening and prices.
Unbundling and the possibility for entry in universal services are key drivers leading to higher
productivity. Choice in the letter post market is the key driver leading to lower prices. On the
other hand unbundling and the possibility for entry in universal services are linked with higher
prices. One explanation for this counterintuitive result may be that legal deregulation can be
seen as responses to lack of competition in the postal sector and that the legal deregulation
still has not lead to effective competition.
We also looked at the notion that different market opening strategies and regulatory designs
might influence on the impact from market opening on price and productivity. We find that fast
market opening seems to be more effective than slow market opening. Fast market opening
gives lower prices and higher productivity than slow market opening. However, the result is
only significant for productivity. We also find that the initial market opening in 1990 has a
significant impact on prices. More market opening in 1990 results in lower prices today.
Finally the channels of transmission from market opening to price and productivity might work
through changes in market structure. We find that market openness (the share of consumption
open to competition) is an important driver for price reductions and, especially, productivity
improvements. We also find that high costs are linked with low market openness. The
explanation for this is two-fold. One explanation is that market openness reduces the costs
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because it implies a competitive pressure on the postal service providers. Another explanation
is that member states are less likely to deregulate the postal sector when the universal service
obligation is important because of high costs (e.g. due to large rural areas).
Before we turn to the results of the estimations we briefly go over the estimation strategy
described in detail in Part I Chapter 3. The general idea is to estimate the models presented in
general terms in Part I Chapter 3. The price model says that the price is determined by the cost
of the primary input factors, capital and labour as well as other control variables. And of course
by the level of market opening and possible the market structure. The productivity model tells
us that output is primarily produced using capital and labour but other control variables and the
level of market opening and market structure might also affect output. That is why we name is
“productivity” model since our estimates on market opening represents the effect on output
after we control for the input of capital and labour.
After having identified and defined all necessary variables, dependent as well as explanatory,
we take a closer look at how we should specify and estimate the models. The theoretical
models for price and productivity (or output as just described) are just generic descriptions of
the models. We need to know specifically whether a static or dynamic model is better in “real
life” and how to estimate the parameters in such models. For that purpose we carefully follow
the estimation strategy laid down in Part I Chapter 3. We estimate an array of static and
dynamic models using a variety of different estimators to see which combination of model and
estimator that seems to perform better52. To determine that, we look at the various statistical
and economic properties of the models. We end up with a model that constitutes our
benchmark model and step 1 out of the coming 7 steps. From this benchmark model we go
through seven steps in order to refine the benchmark model and end up with a final or best
model. The results of all of these seven steps are presented here in the sector chapter.
We now turn to the estimation of the price model.
Price of postal services
In this section we show the results of regressing postal prices on the Market Opening
Milestones (MOMs) and other relevant variables, too see if increased market opening lowers
the postal prices. The dependent variable in the postal price benchmark model is operating
income per letter post (log of INCLET). That serves as a proxy for the price of the primary
service in the postal sector, to deliver letters.
We estimate the price model in a static framework using the FE-estimator. The static model
seems better than the dynamic models, especially regarding economic interpretability53. Having
decided on the exact model specification and estimator we now initiate the final estimations,
shown below, using our 7-step recipe also described in detail in Part I Chapter 3. The 7-step
recipe utilises a general-to-specific reduction method, whereby insignificant variables are
removed on the basis of the Wald-test and we let MOI, individual MOMs and factors take turns
in representing market opening. At the end, in step 554, we arrive at the final and best model
and finally we do some auxiliary regression in step 7 shown in appendix b of this chapter. The
results of the first five steps are shown in table 12.3 below, with a reference to each step.

The results of this array of estimations are presented in Appendix H – Preliminary Econometrics.
See appendix I – Preliminary Econometrics for an array of different estimations.
54 We have no step 6 where long run estimates are calculated since the estimates cannot distinguish between short
and long run estimates. In general, we interpret the estimates from the static model as long run estimates.

52

53
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Table 12.3: Price equation (Price of a letter post services using log of INCLET)
Estimator
FE
(static model)
Recipe step
Constant
Cost variables
Operating expenditure
per letter (Expl_Cost_V1)
Factors
F1 (-2)
F2 (-2)
MOI (-2)
MOM1 (-2)
MOM2 (-2)
MOM3 (-2)
MOM4 (-2)
MOM5 (-2)
MOM6 (-2)
MOM7 (-2)
MOM8 (-2)
MOM9 (-2)
MOM10 (-2)
MOM11 (-2)
MOM12 (-2)
F1 x F1 (-2)
F2 x F2 (-2)
F1 x F2 (-2)
Market structure
Degree of openness
(Expl_Mop_V1)

Bench-mark
model

Including
MOI
for factors

Including
MOMs
for factors

Adding
functions
of the
factors

Final model

1

2

3

4

5

0.631**

0.675**

0.636**

0.596**

0.631**

0.564
0.610*

-0.208***
0.343***

-0.208***
0.343***
0.207
0.099
0.498
-0.126*
-0.408
0.046
0.056
-0.081
0.477***
-0.081

-1.368
-0.971**
1.706
-0.067

-0.096

-0.103

-0.092

-0.067

MOM1-2,
4,6-11:
(0.000)**
0.411
R2
0.449
0.468
0.465
0.449
(0.808)
AR(1) (p-value)
(0.503)
(0.300)
(0.460)
(0.503)
AR(2) (p-value)
(0.141)
(0.156)
(0.135)
(0.133)
(0.141)
110
Obs.
110
110
110
110
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. The AR
(1) and AR (2) tests are test for first and second order auto correlation in the residuals, respectively. * means
significant at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one
year lagged value of a variable. See appendix a at the end of this chapter for a description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database
Test for exclusion (pvalue)

The first step shows that higher operating expenditures per letter (Expl_Cost_V1) give higher
prices, and vice versa. However, a 1 percent reduction in the operating expenditures per letter
will only decrease the prices by 0.631 percent. This indicates that there imperfect completion in
the postal sector and that that the consumers only receive part of the benefits from efficiency
gains. Both factors F1 and F2, representing market opening, have significant effect on the
price. Factor F1 captures aspects such as choice and size of the reserved area. This factor has
a negative impact on prices. Hence, further market opening in these aspects will tend to reduce
prices. On the other hand the second factor F2 has a positive impact on prices. Factor F2
captures aspects of unbundling, possibilities for entry within the universal service area, and
ownership. One explanation for the unintuitive result for factor F2 is that the legal deregulation
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(e.g. unbundling and possibility for entry in the universal service market) captured in factor F2
can be seen as responses to lack of competition and that so far the legal deregulation has not
increased the actual competition.
After completing steps 2-4 we arrive at the final model in step 5. The best model is actually the
benchmark model used in step 1. We have just explained the results of this estimation.
Productivity in postal services
In this section we show the results of regressing the output or production of postal services on
the Market Opening Milestones (MOMs) and other relevant variables, too see if more market
opening, ceterius paribus, increases output and thereby productivity.
We choose to estimate price in postal services rail in a dynamic model using the GMM-SYSestimator55. We generally prefer the dynamic model over the static one because the former is
more flexible and can distinguish between short and long run dynamics. In addition the
dynamic model estimated with GMM-SYS provides more instruments. Once we have chosen a
dynamic model we need to employ an instrumental variable (IV)-type estimator since the
lagged dependent variable now serves as an explanatory variable and is by construction
endogenous. As always we must check for stationarity of the variables. Specifically we cannot
accept an estimate of one to the lagged dependent variable. The array of estimations in
appendix I show that the estimated coefficient to the lagged dependent variable is most time
well below one indicating that the time series is stationary.

55

For a description of the GMM- estimators see Appendix A: The econometric methodology. Some of the arguments
are just stated here, but a more rigorous explanation can be found in that chapter.
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Table 12.4: Productivity equation (Number of letters, log of PEC6LET)
Estimator
GMM-SYS
(Dynamic model)
Recipe step

Bench-mark
model

Including MOI
for factors

Final model1

Long-run
effects in final
model

1

2

5

6

Constant
-90.231***
-22.087**
-83.737***
-345.15***
Log(PEC6LET) (-1)
0.757***
0.800***
1.032***
(Dep_V1)
Input variables
Log(PEC6OFFEMP_P+
PEC6OFFEMP_M)
0.058
0.100
0.048
0.199
(Expl_Cost_V1)
Log(PEM9EMP)
0.221***
0.913***
0.171**
-0.099*
(Expl_Cost_V2)
Factors
F1 (-1)
0.231
F2 (-1)
2.961***
3.165***
13.045***
MOI (-1)
0.116
Market structure
DEOPEN/100
0.280***
1.156**
0.268***
0.360***
(Expl_Mop_V1)
MSINCU_L/100
91.618***
21.503**
85.507***
352.44***
(Expl_Mop_V2)
Control variables
Log(PEC6LETINH)
0.104***
0.026
0.120***
0.494***
(Expl_Contr_V1)
Log(PQ14DELDAY)
0.056
(Expl_Contr_V3)
Log(PQ14DELWEE)
-0.049***
-0.021
-0.045***
-0.186***
(Expl_Contr_V4)
Test for exclusion (p-value)
Sargan test (p-value)
(0.002)**
(0.180)
(0.011)*
(0.200)
AR(1) (p-value)
(0.222)
(0.216)
(0.328)
AR(2) (p-value)
(0.335)
(0.417)
Obs.
64
64
64
Note: The factors are indices from zero to one. Zero is no market opening and one is full market opening. Sargan
test is a test for validity of the instruments. The AR (1) and AR (2) tests are test for first and second order auto
correlation in the residuals, respectively. * means significant at a 10 percent level, ** at a five percent level and ***
at a one percent level. (-1) means the one year lagged value of a variable. See appendix a at the end of this
chapter for a description of the variables.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database
1 In the final model we included two dummy variables to correct for extreme outliers.

The first step shows that the lagged output level Log(PEC6LET) has a high and significant
effect on the current production level. This indicates that the postal sector will respond rather
slowly to changes in regulation. The first step also shows, as expected, that that the output
increases when labour input increases. The total staff (PEM9EMP) has a significant and
positive impact on output. As we expect market opening has a positive effect on productivity. In
particular factor F2, capturing aspects of unbundling, possibilities for entry within the universal
service area, and ownership, has a large and significant impact on productivity. Productivity is
also higher, when a high share of the demand is open to competition (DEOPEN). A high
market share for the incumbent (MSINCU_L) also seems to increase productivity. This may
seem counterintuitive. However, one explanation may be that member states with large
incumbents have been more focused on deregulating the postal sector to induce competition,
e.g. by allowing entry and requiring unbundling. The result might also indicate that, with respect
to productivity, competition about the market is more important than competition on the market.
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After completing steps 2-4 we arrive at the final model in step 5. The Model is very similar to
the benchmark model used in step 1. The results still show that the postal sector will respond
rather slowly to changes.
The parameters reflecting the production technology all have the expected signs. Labour input
Log(PEM9EMP) has a positive and significant impact on production. Our model includes two
control variables. More letters per inhabitant Log(PEC6LETINH) results in higher productivity.
This indicates economies of scale in the postal services. More deliveries per week in rural
areas Log(PQ14DELWEE) reduces the productivity. This is expected because these deliveries
are more time consuming than other deliveries.
The parameters reflecting the market opening also have the expected sign. The final model
only includes factor 2, which mainly captures aspects of unbundling, entry within the universal
service area, and ownership. The parameter for factor 2 is surprisingly high, which may be
caused by technical factors.
The parameters reflecting market structure are both significant and positive. As we expect
market openness increases productivity. We also find that a high market share for the
incumbent increases productivity. This might seem a bit surprising. However, the result might
simply indicate that incumbents have high market share because they are efficient. Another
explanation might be that member states with large incumbents have deregulated the postal
sector more than other member states but that the deregulation still has not resulted in more
actual competition. Finally, the result might indicate that competition about the market is more
important for productivity than competition on the market.
I step 6 we calculate the long run estimates using the short run estimates in step 5 and the
adjustment parameter on the lagged dependent variable 0.757. The slow adjustment process
indicated by the quite high adjustment parameter of 0.757 , reveals that changes in market
opening only gradually increases productivity. However, our (unrealistic) high estimate on
factor 1 of 3.165, meaning that a value of 1 in factor one increase productivity by 316 percent,
translates into a even higher long run estimate of

 0.3.165
 13.045 . In our preliminary
1  0.757

regressions in appendix H we find a fairly large estimate of 1.64 in a basic static FE-model
which of course is still much lower than 13. We conclude that the size of the estimated
productivity gain from market opening is unrealistic high.
Our only endogenous variable is the lagged dependent variable. It is instrumented using
lagged levels and differences of it self. The sargan test measuring the validity of the
instruments is not rejecting the instruments in the final model on a 1 percent level. However,
the instruments are properly only valid to a certain extent.
Strategies and regulatory designs in postal services
We have earlier in the chapter characterised the countries’ strategies in terms for speed and
timing for achieving a given level of market opening. We presented the results in figure 12.7.
We now estimate the effect on price and productivity from these strategies using the final
model in step 5 as our starting point. We do it by expanding the final model with the cross
product of market opening and timing respectively speed and see if that new variable is
significant. If it is, then we conclude that the way a certain level of market opening is achieved
influences how market opening affects performance. That is our final step 7 in our 7-step
estimation strategy. Furthermore, step 7 includes a similar analysis on whether or not initial
conditions influence on how market opening affect performance, and whether or not the
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regulatory and institutional design in a country influence the impact from market opening to
performance.
Our results for the strategies indicate that fast market opening is more effective than slow
market opening, c.f. appendix b later in this chapter. This holds both for the effect on prices
and for the effect on productivity. However, the effect is only significant for productivity. With
respect to the timing, we do not find any significant relation between timing and the effect of
market opening on prices and on productivity. The reason for this may be that there are only
small differences in the timing of the market opening in the member states, c.f. figure 12.7.
We have also looked into the possibility that the initial conditions could have an effect. We find
one significant relationship only: initial market opening seem to imply lower prices, c.f.
appendix b later in this chapter. This means that member states that have started the market
opening early, possible before 1990, tend to have lower prices today. This seems to suggest
that deregulation has long term effects that only emerge after several years because the postal
sector respond rather slowly to regulatory changes.
Channels of transmission in postal services
In this section we explore the possible channels of transmission between market opening and
performance. We investigate the linkage between market opening and market structure, in
particular the share of consumption open to competition. Linkages between market opening
and market structure could indicate that market opening has an indirect on performance
through changes in market structure.
We find significant linkages between deregulation and market opening. In particular we find a
strong positive and significant link between factor F1 and market openness. There is probably
a technical explanation for this. Factor F1 reflects the share of the volume open to competition
and the share of market open to competition. Hence, it is not surprising that a high level of
factor F1 also gives high market openness. We find a negative and significant link between
factor F2 and market openness. One explanation behind the negative relationship between
market openness and factor F2 could be that the aspects captured in F2 can be seen as
reactions whereby regulators try to enforce competition about the market when there is little
actual competition on the market that is low degree of choice. Factor 2 captures entry in the
universal service and unbundling.
We also find significant linkages between market openness and cost variables. In particular we
find that many letters per inhabitant (PEC6LETINH) tend to increase market openness,
whereas a high number of staff (PEM9EMP) tends to reduce market openness. The
explanation for these relations may be found in the nature of postal services. It may be
necessary to protect postal service providers from competition in high cost areas56, i.e. areas
with few letters per delivery and rural areas. High cost areas are probably characterized by few
letters per inhabitant and high labour costs. This may explain where there is less market
openness when there are many letters per inhabitant and few labour costs. Another
explanation is that market openness reduces the costs.

56

One of the potential problems when deregulating the postal sector is cream skimming where competitors capture
the most lucrative areas (e.g. the cities) and leave the less lucrative areas (the rural ares) for the company with
universal service obligations.
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Appendix 12a: Variables in the econometric estimations for the postal services
sector
Variable

Description

Other information
In DM

PP1BASK

Price of a basket of
letter post services

LINCLET

Operating income
per letter

Log of INCLET

INCLET

Income per letter

SDR per letter

PEC6EXP2

Operating
expenditure per letter

SDR per letter

PEC6EXP3

Operating
expenditure per letter
and package

F1
F2

Factor 1
Factor 2

MOI

Market Opening
Index

MOM1

MOM2

Unbundling

Size of reserved area

MOM3

Incoming crossborder mail

MOM4

Outgoing crossborder mail

MOM5

Direct mail

MOM6

Share of letter post
volume legally open
to competition

MOM7

Share of letter post

Operating
Expenditure per letter
and package is
Operating
Expenditure, MOM
Database/(Number of
letter post,
Performance/Number
of parcel post, MOM
Database
Index 0-1
Index 0-1

Source
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database

Performance
Database

Own Estimations
Own Estimations
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
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Variable

Description
market legally open
to competition

Other information

Source
Economics Market
Opening Milestones
database
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Variable
MOM8

MOM9

MOM10

Description
Years to full legal
letter post market
opening

Ownership

MOM11

MOM12

Regulation of entry
outside the universal
service area

MSINCU_L
PEC6LET
PEC6PAR
PEC6INCEMP
PEC6OFFEMP

Degree of openness
Market share of the
incumbent in the
segment letter post
Number of letter post
Number of parcel
post
Operating income
Number of post
offices

PEC6OFFEMP_M

Number of mobile
post offices

PEC6OFFEMP_P

Number of
permanent post
offices

PEM9EMP

Total staff

PEC6LETINH

Number of letter post
per inhabitant

PQ12OFFINH

PQ14DELDAY

PQ14DELWEE

Average number of
inhabitants served by
a permanent post
office
Average number of
deliveries per
working day in urban
areas
Average number of
deliveries per week
in rural areas

Source
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database

Third party access

Regulation of entry
within universal
service area

DEOPEN

Other information

Percentage of
demand actually
opened to
competition

MOM Database

MOM Database
MOM Database
MOM Database
SDR

MOM Database
MOM Database

Number of persons

Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
database
Copenhagen
Economics Market
Opening Milestones
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Variable

Description

ICSI

Dummyvariable. Has
the value 1 if market
opening has
occurred in 1992
Dummyvariable. Has
the value 1 if
institutional and
regulatory indicators
are both larger than
0.5

RESI

Speed

Timing

Other information

Source
database

Speed is defined as
sum of squared change
in MOI for each year
divided by squared total
change in MOI from
1990-2003. That means
that the value one is
maximum.
Timing is defined as
average MOI over
1990-2003 divided by
MOI in 2003, implying
that a value of 0.5
reflects a country has
deregulated neither
early nor late.
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Appendix 12b: Estimation of strategies and market structure in postal service
Estimation of strategies and regulatory designs in postal services
Final model in…

Variable name
Recipe step

price,
expanded
with
strategy

Speed and
Timing
7a

price,
expanded
with initial
condition

price,
expanded
with
regulatory
design

ICSI

RESI

7b

7c

produc.,
expanded
with
regulatory
design
Speed and
Timing
7a

produc.,
expande
d with
strategy

produc.,
expande
d with
initial
conditio
ns

ICSI

RESI

7b

7c

Variables
F1 x Speed
-1.463
F2 x Speed
-0.305
2.003**
F1 x Timing
1.065
F2 x Timing
-1.052
4.883
F1 x ICSI
0.123
F2 x ICSI
-0.465**
-1.195
MOI x Speed
-0.351
MOI x Timing
-4.007*
MOI x ICSI
-0.261
Note: The table reads in the following way: The cross-products in the table are, one at the time, entered into the final
model from step 5 in the estimation tables on price and productivity in the chapter. The cross products with
MOI does, however, enter the final model from step 5 but where MOI enter instead of MOMs or the factors.
The table then shows the estimated coefficient to the cross product leaving out the other variables from the
final model, step 5, for purely practical purposes. If the cross products are significant, it tells us that a given
level of market opening affects price or productivity differently depending on the strategy (7a), the initial
conditions (7b) or the regulatory and institutional design (7c). The estimated coefficients to the cross products
are not straight forward to interpret since the cross products are not constructed around the mean. What is
important in this context, is to look at the sign (+ or -) and the level of significance.
* means significant at a 10 percent level, ** at a five percent level and *** at a one percent level.
Source: Own calculations on Copenhagen Economics, Market Opening Milestones database.
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Market structure estimation in postal service
(Static model)

DEOPEN
(degree of openness)

Estimator
FE
Constant
Factors
F1 (-1)
0.612**
F2 (-1)
-0.176***
Cost variables
Log(PEC6LETINH)
0.374*
Expl_Contr_V1
Log(PEM9EMP)
-0.301**
(Expl_Input _V2)
Log(PEC6EXP2)
-0.078
(Expl_Cost_V1)
F1,F2:
Joint exclusion of
Factors (p-value)
(0.001)***
R2
0.844
AR(1) (p-value)
(0.108)
AR(2) (p-value)
(0.972)
Obs.
97
Note: The AR(1) and AR(2) tests are test for first and second order auto correlation in the residuals, respectively. *
means significant at a 10 percent level, ** at a five percent level and *** at a one percent level. (-1) means the one
year lagged value of a variable.
Source: Own calculations on Copenhagen Economics, Market Opening database.
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