
92 Number 1 — Spring 2007

Merger control

Empirical estimation of a discrete choice model for filler calcium 
carbonates in the paper industry (1)

Benoît DURAND (2) and Enrico PESARESI, 
Directorate-General for Competition, Chief Economist Team

�. Introduction 
This paper presents the econometric work carried 
by the members of the Chief Economist (CET) for 
the merger decision M.�796 — Omya / JM Huber. 
The merging companies produce and sell calcium 
carbonate, an industrial mineral largely used in 
the paper manufacturing. We use customer level 
data to estimate the substitution pattern between 
the different suppliers of calcium carbonate filler 
for the paper industry. The dataset consists of 
detailed information on annual shipments from 
the major suppliers to paper mills in the EEA. The 
data was collected by the European Commission 
for the investigation of the transaction involving 
Omya and JM Huber.

One of the major issues the Commission faced 
during this merger investigation was to determine 
whether ground calcium carbonate (GCC) and 
precipitated calcium carbonates (PCC) belong to 
the same relevant market. The notifying party 
claimed that sales of PCC form a distinct mar-
ket, a market definition that produces a minimal 
overlap, while third parties argued that GCC and 
PCC are considered interchangeable by custom-
ers. Using the data collected during this merger 
review, the CET estimated an econometric model 
that was used in conjunction with other pieces of 
evidence to allow the Commission to take a view 
on the delineation of the relevant market.

PCC and GCC are both used for various appli-
cations in the paper industry, in particular for 
“filling” applications. This industrial procedure 
consists in adding the mineral to the cellulose 
slurry before it is formed into the sheet. The filling 
application improves the quality of paper in terms 
of whiteness, opacity, brightness and colour; fur-
thermore, it increases its dimensional stability 
and bulkiness.

GCC is produced from the different types of the 
raw material CaCO�, which is commonly found 
in nature throughout the world and mined by 

(1) The content of this article does not necessarily reflect 
the official position of the European Communities. 
Responsibility for the information and views expressed 
lies entirely with the authors.

(2) Benoît DURAND is a former member of the Chief Econ-
omist Team and is now Director of Economic Analysis, 
UK Competition Commission.

both opencast and underground methods. The 
main types of CaCO� used for producing ground 
calcium carbonate (GCC) are sedimentary (lime-
stone or chalk) or metamorphic (marble). GCC 
derived from these sources differs in terms of the 
level of brightness of the paper produced, higher 
for marble, which is the preferred type for paper 
industry, and lower for limestone and chalk.

PCC is a synthetic industrial mineral obtained 
from burnt lime or its raw material, limestone, 
through a chemical precipitation process. Unlike 
other industrial minerals, PCC can be shaped 
and modified to offer differing properties to the 
paper produced. Despite the major benefits deriv-
ing from this property, PCC can reduce the fibre 
strength and on average requires a longer produc-
tion process for paper than GCC.

Because logistic and transportation costs are 
important considerations in this industry, paper 
mills purchase filler requirements from mineral 
plants that are sufficiently close. In principle, if 
customers bear the transportation costs, when 
choosing between two identical sellers, they will 
always prefer the one closer to their location. In 
this particular case, transaction records show that 
transportation costs were not always invoiced as a 
separate service, but rather included in the overall 
price. However, this did not make much of a dif-
ference, since the costs in question are in practice 
perfectly transparent and understood by every 
actor in the industry (�). It follows that a plant 
will face less competition if its rivals are located 
at greater distance in comparison to a plant that 
has many plants in its vicinity. Spatial differentia-
tion appears to be therefore an important consid-
eration for market definition and the competitive 
effect of the transaction.

A large portion of PCC is supplied through on-site 
plants, that is to say, plants producing PCC that 
are built directly on the site of the paper mill that 
is their (main) purchaser. Contracts between an 
on-site plant and the host paper mill tend to run 

(3) In phone conversations with various customers about 
their different choice of suppliers, all quoted the cost 
of transportation that they would have to pay for each 
alternative. Ultimately, it made little difference to 
them whether they bear directly such costs or these are 
included in the final price. 
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for a minimum of five years at least, though recent 
contracts have been awarded for ten years (4). 
Although the major part of an on-site plant pro-
duction is normally sold to the host paper mill, 
on-site plants also ship PCC to other paper mills. 
On-site PCC plants are thus considered to be a 
source of supply for the merchant market. We 
focus on the interaction between merchant GCC 
and merchant PCC, that is, PCC that is supplied 
by an on-site operator to mills other than its host 
mill. Because of data limitations, we do not con-
sider the interaction between supply of GCC and 
selection of on-site PCC delivery (�).

The empirical study applies a discrete choice 
approach to estimate the substitution patterns 
between the various producers of carbonates 
filler. The purpose of this exercise is to determine 
to what extent GCC and PCC are choice substi-
tute and furthermore to what extent the merging 
parties, Omya and Huber, were close competitors 
prior to the transaction. The results of economet-
ric model should shed light on the post-merger 
competitive effect of the transaction. However, 
this study does not pretend to estimate the price 
effect of the transaction.

2. A Choice Model
The model adopted in this study assumes that each 
paper mill will select a supplier of filler calcium 
carbonates that is located within a certain geo-
graphic distance. This assumption is born by the 
reality of the marketplace. In principle, no physi-
cal hurdle nor any regulation prevent a paper mill 
from importing GCC or PCC from mineral plants 
located very far from it. However, transportation 
of PCC and GCC involves a host of logistic prob-
lems that increase shipping costs. Not only suppli-
ers and customers have indicated that transporta-
tion costs constrain the ability of shipping GCC 
and PCC, but also the set of transactions provided 
by the suppliers to the Commission reveals that 
shipments are limited in their geographic scope. 
The choice model will predict the probability that 
a paper mill choose a particular supplier within its 
relevant geographic zone.

(4) Because logistics and transportation costs are an 
issue, some paper mills that have large carbonate filler 
requirements have opted to host a satellite plant on their 
premises. In principle, the operator of the on-site plant 
is selected through a tendering process. The winning bid 
builds an on-site plant and delivers PCC to the host mill 
for a few years.

(5) This is due in part to the lack of information on the 
number and the type of plants that could serve these 
paper mills at the time when they opted for a long-term 
on-site contract. 

In a discrete choice model the decision maker 
must select only one alternative between mutu-
ally exclusive alternatives (6). For this industry, 
each paper mill chooses between different mineral 
plants for its requirement of filler calcium carbon-
ate. The fact that each paper mill tends to be sup-
plied by a single plant for its filling requirements 
of calcium carbonates makes the discrete choice 
framework highly appropriate.

2.1. Customer’s Choice Set
The transaction data shows that a few paper mills 
are served by more than one plant. But in princi-
ple, paper mills have only one primary source of 
filler calcium carbonate for each paper machine 
and often for the entire mill. For the few paper 
mills that purchase filler calcium carbonates from 
more than one plant, these mills have several 
paper machines, but no paper machine is fed with 
calcium carbonates from two different plants (7). 
The choice is then made at paper machine level. 
For the purpose of this study, when a paper mill 
is served by more than one plant we consider 
only the main supplying plant. But for a few cases 
where there is no clear main source of supply, we 
include the different shipments and assume that 
the choice of supplier for each paper machine is 
independent.

To delineate the choice set of each customer, we 
apply a rule based on a maximum distance between 
each paper mill and all mineral plants located 
within the EEA. All plants located beyond that 
maximum distance are excluded from the choice 
set. In other words, we assume that the probability 
that a plant located beyond that distance serves a 
customer is simply zero. However, we account for 
the fact that transportation costs vary depending 
on the product (GCC or PCC), the water content, 
and the mode of transportation (8).

The maximum distance will vary depending on 
the mode of transportation. When the mode of 
travel is trucking, it is assumed that plants located 

(6) McFadden (�974) introduced the conditional logit to 
estimate a choice model. For a thorough introduction of 
discrete choice model, their properties and estimation 
techniques we refer the interested reader to Train (2002) 
and Greene (200�) chapter 2�.

(7) Because the operator will adjust the various technical 
parameters of the paper machine to the specificities of 
the calcium carbonate filler, such technical fine tuning 
prevents dual sourcing for any paper machine.

(8) Note that although the size of the quantity requirements 
of a customer may have an effect on the possible travel-
ling distance because of economies of scale in shipping, 
generally the maximum distance is taken so that it is 
unlikely that any volume size will be shipped beyond 
such distance.
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farther than 700 km from a paper mill cannot be 
included in the choice set of that particular cus-
tomer (9). Although shipments travelling beyond 
700 km occur once in a while, they usually cor-
respond to trials, when a customer is fitting a new 
product on a paper machine. However, the rule of 
700 km is altered for PCC merchant (that is to say, 
not “on-site”) plants. Unlike on-site PCC plants, 
merchant PCC plants have the capability of ship-
ping PCC with much less water content, which 
substantially lowers the costs of transportation. 
The maximum distance for these alternatives is 
thus higher, and is set at �,000 km. The probability 
that a customer selects a plant located beyond this 
distance is negligible. When nearby seaport facili-
ties are available, plants can ship calcium carbon-
ates by sea. This mode of transportation is more 
economical, and the average distance travelled is 
longer than that achieved by trucks. In this study 
the maximum reasonable distance is set at �,700 
km for PCC and 2,000 km for GCC. Finally, the 
study considers the possibility of shipping filler 
carbonates via rail with a maximum distance of 
about 800 km. As a result of these assumptions 
each paper mill has a unique choice set. The prob-
ability of a paper mill selecting a plant beyond 
these maximum distances is sufficiently close to 
zero that these alternatives can be discarded.

The choice set of each individual paper mill con-
tains PCC or GCC plants owned by different firms. 
In terms of volume shipped, the number one pro-
ducer of GCC in the EEA is Omya, and Imerys 
is second. There are also some minor producers 
with only a few small plants such as Provençale 
and Reverté. However, because the number of 
shipments collected was few for these two produc-
ers, they were dropped entirely. In the EEA PCC 
for the paper industry is supplied by JM Huber, 
Omya, SMI, Solvay and Schaeferkalk. Note that 
Solvay and Schaeferkalk operate on-site plants for 
specialty paper, they also make some off-site sales 
but their presence is relatively small in compari-
son with the other producers. Again, because the 
dataset contains very few observations for Solvay 
and Schaeferkalk, observations for these two pro-
ducers were also dropped.

2.2. Customer Behaviour

The study models the probability that a paper 
mill selects a supplier of filling mineral as a func-
tion of the producer plant characteristics and 
the customer’s (paper mill’s) own characteristics 
while allowing for unobserved heterogeneity in 

(9) GCC or PCC are transported by trucks each carrying a 
load of �4 to 20 dry metric tons.

preferences over the producers’ offer. Customer 
n’s utility from being supplied by plant j can be 
written as:

Unj=Vnj(zj ,xnj, θ) + εnj,
where

n denotes a paper mill, n=�,...,N and
j denotes alternatives, j=�,...,J.

Vnj(zj ,xnj, θ) represents a systematic component of 
utility in which zj is a vector of observable plant/
product characteristics, xnj a vector of observable 
attributes specific to the customer as well as to 
the choices and θ is a vector of parameters to be 
estimated. εnj is the random component of utility 
that represents the unobserved customer n’s idi-
osyncratic taste for being supplied by plant j. Each 
paper mill will choose the calcium carbonate plant 
that provides the highest utility level. Therefore, 
the probability that customer n selects plant j as 
its major supplier of its calcium carbonate filler is 
written as:

Pnj  = Pr(Unj > Uni) for any j≠i, i,j ∈ Jn  

=  Pr(εni - εnj < Vnj - Vni) for any j≠i, i,j ∈ Jn

where Jn is the subset of plants that constitutes the 
choice set of paper mill n.

Assuming that the error term is i.i.d and follows 
a Type I extreme-value distribution, the formula 
above yields the multinomial logit formula. How-
ever, the logit model imposes the IIA assumption 
that restricts the pattern of substitution between 
alternatives. The nested logit is a less restrictive 
model in which the i.i.d assumption is replaced 
with a variance component structure. The distri-
bution of the unobserved component of utility is 
a type of generalised extreme value that allows 
the unobserved portion of utility to be correlated 
for alternatives that are grouped within the same 
nest, but still to remain uncorrelated with alter-
natives that belong to different nests. The error 
structure of the nested logit implies that the IIA 
assumption holds within each nest, but for any 
two alternatives that belong to different nests, the 
ratio of probabilities depends on the attribute of 
other alternatives in the corresponding nests. The 
substitution pattern is thus derived from a pri-
ori segmentation. Daly and Zachary (�978) and 
McFadden (�978) have shown that the nested logit 
model is consistent with utility maximisation. 
One advantage of using the nested logit model is 
that it yields closed-form equations for the plant 
choice probabilities, thus easing estimation while 
allowing for varied correlation patterns among 
the different alternatives.

PCC and GCC share similar characteristics that 
enable paper makers to increase the paper quality.
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These calcium carbonates allow the production of 
paper at lighter weights but with added bulk and 
with better brightness and opacity. Yet PCC and 
GCC also differ in various respects. Unlike GCC, 
PCC is a synthetic product that can be shaped and 
modified to offer differing properties to the paper 
produced. PCC offers higher brightness, opacity 
and bulk in comparison to GCC. But employing 
PCC brings some disadvantage such as the reduc-
tion in the fibre strength to a point which limits 
the filler loading levels. Because the properties of 
PCC and GCC are not directly observable by the 
econometrician, it is likely that the unobserved 
portion of utility of PCC products are correlated, 
and similarly for GCC products. We postulate that 
PCC products are more similar than GCC prod-
ucts, and combine these alternatives together in 
one nest. For the nested logit, the probability that 
a paper mill n select plant j in nest k is commonly 
presented as the product of two probabilities:

Pnj = Pnj|k·Pnk for k = PCC, GCC

where Pnj|k is the probability of selecting alterna-
tive j conditional on choosing any alternative in 
nest k, and Pnk is the probability that paper mill n 
selects any alternative in nest k. Formally, these 
probabilities are written as:

Pnk = ————,  where  Ink = lnΣeVnj / λk

Pnj|k = ——————

Ink is called the inclusive value and represents the 
expected utility for all the alternatives included 
in nest k. The inclusive value parameters λk also 
known as the dissimilarity parameters should be 
within the unit interval for the model to be glo-
bally consistent with utility maximisation (�0). And 
(1 — λk) is a measure of correlation of unobserved 
component of utility within each nest. When 
λk = 1, there is zero correlation, and the model is 
equivalent to a standard conditional logit.

3. Empirical Specifications
The indirect utility function of customer n is 
assumed to take the following linear form:

Vnj = β1Pnj + β2Tnj + θZnj  (�)

(10) For more on the global conditions for the nested logit 
model to be consistent with utility maximisation see 
Daly and Zachary (�979) and McFadden (�978). For 
value of λ greater than one, Börsch-Supan (�990) derives 
conditions for which the model is locally consistent with 
utility maximisation. For an empirical application see 
Kling and Herriges (�99�).

The indirect utility depends not only on the price 
charged by each alternative j, Pnj, but also on the 
logistic costs of shipping calcium carbonates, Tnj 
and other exogenous variables included in Znj.

The price variable used in the estimation is the 
price ex-work that plant j charges to paper mill n. 
However, the price of alternatives that are not actu-
ally chosen is not directly observable. Unlike 
consumer good industries suppliers do not offer 
uniform prices. In fact, they tend to charge prices 
that are relatively different from one customer to 
another (��). As a result, the price that a mineral 
plant could charge to a new customer may not 
be the same as the one that it already charges to 
its current customers. This fact makes it difficult 
to attribute a price for alternatives that were not 
selected.

Because the price of alternatives that are not 
chosen is not observable, this study resorts to 
constructed hypothetical prices for each paper-
mill-alternative pair. A simple OLS regression 
is used to make out-of-sample prediction. The 
ex-work price is likely to depend on the quantity 
required, the type of mineral, whether PCC or 
GCC, and if GCC whether it is chalk, limestone 
or marble based GCC, the type of paper for which 
the filler pigment is being used as well as the cost 
of operating the supplying plant. Using actual 
2004 transaction data, the estimated price equa-
tion is described below:

priceij = φ0 + φ�quantityij + φ2mneralj +

Σλl papertypej + Σγj paperdummiesj + υij   (2) 

The plant dummies will capture unobserved plant 
characteristics that are likely to be associated with 
larger or lower prices. To check the robustness of 
our results, we implement two other specifications 
of equation (2) without the quantity variable. One 
of them is similar to the above equation without 
the quantity variable. The second specification 
includes labour costs and energy prices. Using the 
OLS regression coefficient estimates, we predict 
the prices of these non-selected alternatives.

As already mentioned, logistics is an important 
consideration when selecting a supplying plant. 
Interviews with customers confirm that, also for 

(11) Large paper companies own several mills, and in this 
case it is rather unlikely that a calcium carbonate sup-
plier can charge different ex-works price to paper mills 
belonging to the same paper company. As a result, the 
price of non-selected alternatives would be the same 
as that of paper mills actually selecting the product at 
issue. However, not all paper companies own several 
paper mills, and not all paper companies deal with all 
suppliers.

j∈Bk

eλkInk

ΣK eλlInl

l=l

Σ  eVnj / λk

eVnj / λk

j∈Bk

L

l=�

J

i=�
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plants within the actual choice set of a given mill, 
it remains an important decision factor. Moreover, 
the logistic costs vary depending on the means of 
transportation: the most frequent mode of trans-
port is trucking, but shipping across water is also 
used by some mineral plants. Because the data 
on transportation costs as provided by the differ-
ent suppliers are inconsistent (e.g. because it does 
not appear as such in the invoicing), distance is 
an objective measure that is taken as a proxy for 
transportation and logistic costs. However, since 
transportation costs also vary with the water con-
tent of the calcium carbonate product (the higher 
the water content, the larger the transportation 
cost), distance is adjusted for the solid content. 
Merchant plants ship filler PCC with dry content 
of �0% and sometimes 70%. Alternatively, on-site 
PCC plant ship up to ��% dry content. In addi-
tion, filler GCC is made drier than filler PCC.
Dummy variables for each supplier are also 
included in most of the empirical specifications 
of the model. These variables should capture 
unobserved attributes for this producer such as 
customer relationship, image etc. The model also 
includes dummy variables for the types of GCC. 
The raw material for GCC is chalk, limestone and 
marble. Chalk GCC is usually cheaper and pro-
vides lower brightness levels.

4. Data
The data was collected for the European Commis-
sion investigation of the acquisition of twelve JM 
Huber on-site plants by Omya, six of which are 
located in Europe. The merging parties provided 
annual shipments to paper mills for the years 
2002-2004. For many shipments the data also 
contained the price with and without transporta-
tion costs, the distance (in km) between the min-
eral plant and the paper mill, slurry form, and the 
mode of transportation, road, sea vessel or rail. In 
addition, the Commission requested the annual 
capacity of each plant.
Third parties active in GCC and PCC also pro-
vided similar data. Imerys is the only other firm 
active in both GCC and PCC. SMI, Solvay and 
Schaeferkalk provided data on PCC shipments. 
Finally, two small producers of GCC, Provençale 
and Reverte also supply similar data.
Each producer provided the distance for all of 
their shipments. The distance of all alternatives 
included in each customer choice set was com-
puted using web-based software at www.mappy.
com. The zip code of each plant and each paper 
mill were used to locate their respective geo-
graphic position, which enabled the software to 
provide an estimated distance using available 
roads and highways.

Because of the necessary investments in logistics, 
the study assumes that shipping via sea vessel is 
an alternative restricted to only a few plants and 
customers. Only a handful of plants use sea vessel 
to deliver their products to a number of custom-
ers. This study therefore considers that only plants 
that have already shipped their product by sea 
can realistically do so for other customers. Simi-
larly, only customers who are currently served 
by sea vessel could consider switching to a plant 
using that same mode of transportation. The same 
assumption is made for shipments via rail.

After eliminating outliers such as trials, small 
quantity shipments (less than �00 dmt annually), 
and ex-works prices that are too high to be real-
istic (above Euro 200 per dmt) (�2), the final data-
base contains ��9 annual transactions for 2004 for 
4 suppliers of calcium carbonates. Omya supplies 
both PCC and GCC. Imerys only supplies GCC, 
as it started its Husum PCC operation in 200�, 
and Huber and SMI supply only PCC.

5. Estimation Results

Nested logit model can be estimated either in two 
steps, by first estimating the conditional probabil-
ity and then the marginal probability, or by esti-
mating the entire probability model using stand-
ard maximum likelihood. The latter procedure is 
the most commonly employed. Greene (200�) in 
chapter 2� specifies a nested logit model without 
dividing Vnj by λ. The estimation of such a model 
may lead to different results from the other ver-
sion. Unfortunately some software packages such 
as STATA implements the Greene formulation 
while this version may not be consistent with 
utility maximisation (��). One way to circum-
vent the problem is to constrain the dissimilarity 
parameters of all nests to have the same value. In 
this case, the only concern is the scaling of the 
coefficient estimates (�4).

The CET have estimated different specifications 
of the nested logit model imposing the constraint 
λl = λk. The different specifications are used to 
test the robustness of the coefficient estimates, in 
particular of β�, and the predicting power of the 
model. In this paper we will present only one set 
of results.

(12) Shipments whose prices are unusually high are likely to 
be trials.

(13) For more on this discussion see Henscher and Greene 
(2002) and Heiss (2002). Note that NLOGIT, compan-
ion software of LIMDEP, estimates the two versions of 
nested logit model. But the European Commission does 
not possess this software, and the procurement rules 
would delay any acquisition.

(14) For more on this topic see Heiss (2002).
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Table � reproduces the estimation results when 
the price equation (2) includes quantity, the types 
of calcium carbonates, the types of paper and a set 
of dummy variables for each plant. Columns �, 2 
and � present the results for three basic specifica-
tions. In summary:

The coefficient estimate on price has the expected 
sign and is statistically significant at the �% level. 
This result is consistent throughout the different 
specifications presented in Table �.

Transportation costs are proxied by the variable 
distance, which is itself interacted with the mode 
of transportation (��). Column �, 2 and � show that 
longer distance affects negatively the chance of a 
plant to supply customers. However, when trans-
portation is done via ships, this tends to annihi-
late the distance factor. In fact, the coefficient esti-
mate on the interacted variable is always slightly 
greater for these three specifications, though that 
difference is not statistically significant. Column 4 
presents the results when the distance variable is 
interacted for all three modes of transportation. 
Two of these coefficient estimates are not statisti-
cally significant.

Column �, 6 and 7 present the results of a model 
specification that is similar to that presented in 
column � but including another relevant variable. 
In column �, the empirical model specification 
includes the interaction between the price variable 
and a dummy variable for paper-mills that belong 
to large paper companies. Arguably the price 
sensitivity of these paper mills could be different 
given that, for example, negotiations with suppli-
ers could take place at the group levels and include 
deals covering several paper mills. Although the 
coefficient estimate indicates that these mills are 
less price sensitive, the estimate is not statisti-
cally significant. Column 6 presents a specifica-
tion where a variable is included that accounts for 
the amount of spare capacity of each alternative 
relative to each customer’s requirement. Note that 
there is no clear theoretical prediction how this 
variable should affect customers’ choice: the pres-
ence of spare capacity with respect to the require-
ments of a given customer may indeed indicate 
that the plant can readily deliver the product to 
the customer, which should influence price posi-
tively; alternatively, it may also signal that the 
plant is not reaching an optimal utilisation rate, 
or, for PCC, is an older generation plant that is 
being less used — which should influence the 
price negatively. The estimation results support 
the latter interpretation, with a negative coeffi-

(15) Other specifications not presented here include distance 
divided by solid content.

cient, although the magnitude of the coefficient 
estimates on the distance variables casts some 
doubt on the sensibility of this specification.

Finally, column 7 presents a specification where a 
variable accounting for customer loyalty is intro-
duced. When a paper mill belongs to a paper com-
pany that already deals with the supplier that owns 
the plant the dummy variable “customer loyalty” 
is equal to �, otherwise it is zero. The coefficient 
estimate is positive as expected and statistically 
significant. This result suggests that paper-mills 
would prefer selecting a supplier with whom their 
paper company already does business with.

6. Choice Elasticities
The nested logit specification adopted in this 
study models the choice probabilities as func-
tion of observed variables. Once such a model is 
estimated it is useful to know the extent to which 
these probabilities vary in response to a change 
in price. The coefficient estimate of the price vari-
able is not directly interpretable. We present the 
changes in terms of semi-elasticities. That is, by 
how much the choice probabilities are altered for 
a �% change in price. To compute the own price 
elasticities we restrict our attention to customers 
who are actually selecting the alternative in ques-
tion. Table 2 presents the elasticities for the model 
specifications presented in column � of table �. 
The elasticities for the other specifications of table 
� follow very similar patterns.

The first cell indicates by how much the prob-
ability of selecting an Omya GCC plant would 
decrease following a price increase of �%. The fig-
ure indicates that current Omya customers would 
on average rapidly switch to another supplier 
should Omya raises its price too much. A �% price 
increase would certainly leave Omya with no cus-
tomers as the probability cannot decrease by more 
than �.

The cross-price elasticities are provided in the 
diagonal cells of table 2. When Omya increases 
its price, its current customers are more likely to 
switch on average to Imerys than to other sup-
pliers. Note that not all Omya customers would 
have Imerys as an alternative in their choice set. 
As a result, this change in probability only applies 
to these customers for whom Imerys is a realis-
tic alternative. The cross-price elasticities for 
Imerys’s current customers reveal that following 
a price increase these customers are more likely 
to switch to Omya GCC than to other suppliers. 
This result tends to indicate that GCC customers 
would prefer first another GCC supplier. Focus-
ing on Huber’s customers, the difference in cross-
elasticities is much less pronounced in this case. 
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Following a price increase, Huber’s customers are 
more likely to switch to Omya PCC, although the 
probabilities of switching to the other alternatives 
are not much lower.

7. Conclusion
We use the data collected by the Commission to 
estimate a discrete choice model to shed light on 
the substitution pattern between GCC and PCC. 
The purpose of this work is to check and possi-
bly complement other evidence about market 
definition collected by the Commission during its 
investigation. In particular, contrary to the noti-
fying party’s claim, interviews with customers 
and switching evidence pointed toward a broad 
market including both filling PCC and GCC. The 
elasticities results of the choice model support the 
existence of a broad market.
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Table � — NLM estimation results
(Variables used to predict price: quantity, pcc, gcc_limestone, gcc_chalk, Speciality, UWF, CWF, UMP, 
CMP, Board, Plant_dummies)

(�) (2) (3) (4) (5) (6) (7)

Price -.009�*** 
(0.00�)

-.0�6�*** 
(.00�)

-.0���*** 
(.00�)

-.0��96*** 
(.00�)

-.0�496*** 
(.00�)

-.0�274*** 
(.00�)

-.0��0�*** 
(.00�)

Large Customer Price 
(�)

.004�

(.00�)
Distance -.0029 *** 

(0.00�)
-.00�9*** 

(.00�)
-.00�7*** 

(.00�)
-.00�8*** 

(.00�)
-.0049*** 

(.00�)
-.0040*** 

(.00�)
Distance for Ship 
Shipments 

.00�0*** 
(0.00�)

.00�9*** 
(.006)

.00�7*** 
(.00�)

-.000� 
(.000�)

.00�7*** 
(.00�)

.008�4*** 
(.00�)

.00�9*** 
(.00�)

Distance for Road 
Shipments

-.00�9*** 
(.0007)

Distance for Rail Ship-
ments

-.000� 
(.0009)

GCC Chalk �.���0*** 
(0.�62)

.�069 
(.��7)

.4779 
(.�90)

.296� 
(.��4)

-.�670 
(.776)

.�62� 
(.48�)

GCC Limestone �.7��4 *** 
(0.�78)

�.26�2** 
(.�28)

�.��28** 
(.6��)

�.2��9** 
(.�24)

2.��92** 
(.996)

�.2�87** 
(.490)

GCC Marble .88�6** 
(0.���)

.�48� 
(.�0�)

.�002 
(.�8�)

.��67 
(.�0�)

.7984 
(.76�)

.262� 
(.467)

Imerys -.892�*** 
(.269)

-.794�*** 
(.294)

-.7067*** 
(.298)

-.7704** 
(.297)

-2.�24*** 
(.�47)

-.6800** 
(.�02)

SMI -2.2792*** 
(.422)

-�.�99�*** 
(.��2)

-�.2�79** 
(.�80)

-�.�9��*** 
(.��0)

-�.0�20*** 
(.769)

-�.7�07*** 
(.�48)

Huber -�.�70�*** 
(.462)

-.8742 
(.�92)

-.6��6 
(.628)

-.8��4 
(.�9�)

-2.7�0�*** 
(.8�8)

-.4492 
(.�97)

Spare Constraint -.0979*** 
(.0��)

Customer 
Loyalty

�.�72�** 
(.�68)

ICV .7�94*** 
(.20)

�.��99*** 
(.224)

�.0206*** 
(.27�)

.866�*** 
(.240)

�.024�*** 
(.276)

�.0�2�*** 
(.��9)

�.�097*** 
(.292)

Log-likelihood -�89.92�0 -�87.���� -�82.8��9 -�7�.882� -�82.�698 -7�.776� -�80.98�6

Observations 
(Groups)

99� 
(��9)

99� 
(��9)

99� 
(��9)

99� 
(��9)

99� 
(��9)

992 
(��9)

99� 
(��9)

Predictive Power (2) 74 8� 80 8� 79 ��9 8�

Nests 2 2 2 2 2 2 2

Standard Errors are presented in parenthesis. * , **, *** = significance level at �0%, �% and �% respectively.
(�) Dummy variable Large Customer is equal to � when a paper mill belongs to one of the top five paper companies: IP, Stora 

Enso, Sappi, Upm, M-real.
(2) Number of observed choices predicted by the model.

Table 2 — Weighted semi-elasticities of probability with respect to prices.
(Variables: Distance, Distance for Ship, GCC Chalk, GCC Limestone, GCC Marble)

Effect on the probability of selecting

%price change Omya GCC Omya PCC Huber PCC Imerys GCC SMI PCC

Omya GCC -0.�948 0.022� 0.0296 0.06�0 0.0296

Omya PCC 0.09�2 -0.�762 0.0092 0.0296 0.0�40

Huber PCC 0.0�2� 0.0�0� -0.�090 0.0422 0.042�

Imerys GCC 0.��04 0.0��4 0.0046 -0.�867 0.0�90

SMI PCC 0.0�99 0.0�88 0.0��� 0.0060 -0.�080




