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Introduction

The growing number of products is one of the main features of the actual competition in lot of
markets. This evolution is generaly linked with the differentiation of products. This aspect has
been taken into account in early theoretical contributions like these of Chamberlain (1933) or
Hotelling (1929). On the other hand, empirical analyses are more recent, and different problems
have been or have to be solved.

The first important problem concerns the estimation of elasticity parameters. Because of the large
number of differentiated products, we have generally not enough data to estimate elagticities,
when using the traditional theory of demand. Two ways have been proposed to solve this
problem (Foncel et a. 1996). The first way isto group some products together and to estimate
only elasticity of substitution between groups. Haussman et al. (1994) have proposed an
application by using sequentia budgeting. The second way isin the line of the new theory of
demand proposed by Lancaster (1966): the utility of consumersis expressed in function of
products characteristics (instead of number of products consumed). Numerous applications have
been done using the theory of discrete choice (Anderson et d. 1992). Compared to the traditional
theory, the lack of degree of freedom is generally overcome, but some other problems appear
(Berry et al. 1995).

The second problem concerns the information on products characteristics. Basicaly, the
differentiation is completely perceived by the demand under the hypothesis of perfect
information. But numerous works have shown that the diffusion of innovation is sometimes long
because of users learning. Unfortunately, diffusion models do not take into account the level of
differentiation® as differentiation models do not take into account diffusion process linked with
information learning?.

The third problem is more operational. On a period of time, introduction of innovations leadsto
an increase of competition, and old products are eliminated. Generaly, to predict evolution of
market shares, al introductions of innovation have to be know. If no important breakthrough
happens, introduction of al new products may be summarized with synthetic variables (number
of products, performance of the leading products, etc.). In that case, predictions need only to
anticipate evolutions of these synthetic parameters.

The purpose isillustrated here with a study of the French market of hybrid corn seeds (1978
1994). In the section 1, we present the main features of this case, and the set of data used
thereafter. Some descriptive statistics are presented to show that thisis an exemplary case to
illustrate both diffusion and increase of competition effects. The basic modd is presented, with

1 A clear distinction has to be made between the two main features of diffusion process (only thefirst one will be
highlighted in this paper): (i) learning of users which give them more information directly by testing products or
indirectly by learning of other users, (ii) incentives on the supply side to improve the products and lower production
costs when demand is growing, which accelerate diffusion. The second aspect can be treated with a standard model
of differentiation because changesin prices of products and characteristics are explicitly taken into account (see
Trajtenberg (1989) for an application to the Scanner).

2 Recently some authors have mixed the two effects, but these contributions are generally theoretical (Bergemann et
al. 1996; de Pamaet a. 1998)



its results, in section 2. Thismodel is an application of the theory of discrete choices, and
includes diffusion effect as with additional dummies. Two extensions are tested in section 3, and
amore generd discussion on the combination of diffusion and differentiation effect is addressed
in conclusion.

1. The French market of hybrid corn seeds

1.1. Main features

- Supply side

In this sector, the property rights (breeder's right) give atemporary monopoly to the creator of the
variety (i.e. the product), with the congtraint that genetic contains has to be stable. For that

reason, each improvement of product characteristics leads to a new product. Breeders can sale the
license to other firm, but this practice is so unusual in France that each product can be consider as
sold by only one firm?®. No important progress has been made on the production process, so
production cost can be considered as stable. Note also that sales to farmers are made by local
distributors. Their effect will not be considered in the basic model, but will be discuss in the
extensions of the models.

- Demand side

Corn is used for slage production to feed animalsin the farm, or grain production sold out to an
elevator. In each case, the lag between sowing and harvesting is about six month. Climate
variation during this time can affect yield, and make the choice of the farmer uncertain. The
effect on yield level is such that products ranking can change from year to year. This hastwo
main implications:

- Farmers share risk among different varieties*. Sharing is generally more important when
the differences of yield between productsis low.

- Farmers take more risks when using young products, because these products have not been
tested in alarge range of climates. The analysis of market share have to take into account
the diffusion effect at the beginning of the life cycle. The processfirst lies on learning of
technica value by leader farmers. Then, the choice of leaders spread to followers. These
two basic aspect of diffusion has been previoudy described in numerous contributions
(Griliches 1957; Feder et d. 1982; Jensen 1982).

- Different forms of differentiation

The differentiation of productsin this market is both horizontal and vertical. For a given crop,
horizontal differentiation is linked with the adaptation to the geographic areas. Basicaly, farmers
from the north of France must use early varieties, while farmers from the south can use late
varieties. Extension services (AGPM in the case of corn) make comparison of varieties within
group, each earliness group corresponding to a particular areain France. Seven groups of corn

% This assumption should not be done for the American market where organization of salesis different. But we will
not consider this case here. In France, the only case where license appears frequently iswhen afirmisaforeign
breeder, and sales are done by an exclusive representative in France (e.g.: RAGT isthe exclusive representative of
Dekalb). Note al so that generally the representative does not sale variety from other breeders.

* The number of products among which risk is shared islimited for technical reason. Farmers do not use generally
morethan 5 products for agiven crop.



seeds are distinguished in France by the AGPM, and they are numbered from 10 (early, adapted
to the North) to 16 (late, adapted to the South). Generaly, firms try to sale a minimum of one
variety by earliness group. Note aso that in the circumstance of the French market, early varieties
are used for slage production while late varieties are used for grain production.

As horizontal differentiation is based on the earliness characteristic, vertical differentiation is
based on other technical characteristics which correspond to the yield or to the resistance to
diseases. Each new product is registered on an officia catalogue if itsyield is better than the
reference level estimated from a small sample of current most sold varieties. This officia
catalogue is a powerful tool to promote new better products and the market share of off-catalogue
products is negligible®. For this study, the technical value of seeds can be reasonably summarized
by the yield level because: (i) it is a synthetic variable which capture a part of the effect of other
characterigtics as resistance to diseases, (ii) the productivist model pronoted in France incited
farmers to choose seeds with high yield level. The use of corn production do not affect the main
characteristic: yield is measured on the al plant for the silage, while it is measure only on grain
production in the other case. Vertical differentiation can easily be checked by the fact that, within
an earliness group, varieties with high yield are more expensive.

Basicaly, the farmers choose between al the varieties adapted to his geographic area.
Competition between products occurs first of al within earliness groups. Nevertheless, at the
frontier between two areas of adaptation, farmer may choose between products of different
groups. Finally, the substitution within earliness groups is higher than the substitution between
earliness groups, but this last oneis not negligible.

1.2. Data used in this study

For each variety registered in the French and the European catalogues, four types of stable data
are available for each variety: the date of release, the earliness group (from 10 to 16), the
breeder(s) which owns the property right, and the repesentant(s). This data comes from the
bulletin of varieties jointly distributed by the CTPS and AGPM.

For al these varieties, annual salesin France from 1976 to 1994 were provided by the GNIS. The
year 1988 was eliminated because of too much missing data. Unfortunately, no data on prices
were available. Data on technical characteristics are fredly available to farmers. For each variety,
the CTPS provides yield estimation (form tria tests) during two years before release and AGPM
provides estimation for the two or three following years. This set of technical characteristicsis
very interesting because it reflects the general assessment of farmers on product. Moreover, as
CTPS and AGPM are extension services whose objective is to provide the best informations to
farmers, we can reasonnably consider thisinformation as good indicator of farmers choices.

® This catal ogue does not exist in United States, and thisis the main reason why organisation of salesis quite
different.



1.3. Evidences on the diffusion and competition effects

We can start with a smple descriptive model where market share of the product i at thet th year
after its release is decompose as follow:

S =A8 &)
Despite its very rough form, this model gives interesting results®. Estimates of B are reported in
graph 1, and other resultsin table 1. Estimations of B follow a very genera pattern, first
increasing and then decreasing.

Table 1. Resultsfrom the regression on thediffusion effect

Groupe 10 11 12 13 14 15 16
Nb obs. 986 1194 575 378 397 480 228
Nb. par. 193 242 144 74 94 98 o4

R 0.751 0.772 0.810 0.809 0.801 0.763 0.784

The first years correspond to a diffusion period. Basically, the yield is the mgjor technical
characteristic of crops, because it influences profit of farmers. However, because of climate and
farming changes from one year to another, the yield of one variety can fluctuate. For that reason,
it takes severa years for farmers to have a good knowledge of products performance’.

The decrease of B reveals the increase of competition. Two figures are very illustrative of this
evolution (see table 2):

- For the whole French market, there were 175 products in the late 70's and 550 productsin
the middle 90's. The number of products has been multiplied by three for al the groups,
with some differences between early groups where this number has increased tenfold, and
late groups where it has doubled. The multitude of product is both the result of an increase
of the number of product proposed by each firm, and an increase of the number of firm on
the market.

- Between 1976 and 1994, yield growth varies between 20% and 35% depending on the
segment, which is very large compare to the 1-3% mean progress that each product brings.
It means that during this two decades, the list of products has been completely renewed
one or severd times.

® Estimation has been made on the log of the market share.

" This aspect was taken into account in Griliches (1957) seminal study on diffusion of hybrid corn. As he explained
after (Griliches 1980), the diffusion of hybrid corn was not only due to revelation of informations, but also to hybrid
improvment between the 30's and the 50's. In our study, diffusion isonly due to revelation of informations because
dataare studied at the variety level, for which the characteristics are stables.



Table 2. Innovation in the different earliness groups

Group Man use Number of seed varieties Annual yield increase
80 85 90 95
10 E 27 55 108 148 24%
11 E 53 74 113 150 21%
12 E/G 17 27 54 107 32%
13 E/G 16 28 36 29 18%
14 G 25 26 33 46 38%
15 G 29 36 35 41 25%
16 G 7 20 26 24 33%
174 267 405 543

2. The basic model

2.1. The basic model
As described in the previous section, sales are determined by two main factors: the yield (x)

which reflects the differentiation level, and the level of knowledge on product characteristics (b).
More formally, the utility of the variety i for the farmer | a the year t is decomposed as follow:

Ui = X1 +bit € @

Farmer's utility isadirect function of his profit. Because payoff is the product of yield by crop
price, it islogica to consider the utility as alinear function of yield. To represent learning on
product characteristics, x is defined as an estimation of the yield, and it can change from year to
year. We introduce alag of one period, because the choiceat t depends on al the information
revealed until the previous period t-1. The level of information is supposed to be identicd for al
the farmers, and the variation of estimation and/or information level among farmersis
represented by the term eijjt which expresses the specificity of choices.

We consider that the knowledge acquisition depends more on the context (extension system,

farmers network, etc.) than on the variety. For that reason, we suppose that b isidentica for al
the varieties with the same age. In other words, if T; isthe date of release of the variety i, the
equation (2) can be modified in the following way:

Uy = Xq T0 5 €y (€)

After comparing of the different varieties within a given earliness group, we suppose that the
farmer chooses the best one. Like most of the traditiona models, we make the hypothesis that the
specificity term is independently and identically distributed (iid) following a double exponential
distriBbution. The market share of the product i within the earliness group | follows a multinomial
logit®:

8 See Anderson et al. (1992) for acomplete treatment.



exp(axxn_1+ bit-T,)

§ =3 4
t a_exp(a»(i't-l-l-bi't—'ﬁ.)
il
The parameter a: is defined in such away that the denominator of equation (4) is equd to
exp(ay). It leads to the find form of the basic modd:
explaxc, .+ b1 |
= (%) In(s,) = %, +b,.1 -a, ®

exp(a,)

aisaparameter to be estimated which reflects the sensitivity of farmersto the difference of yield
(aisexpected to be positive). This sensitivity can change depending on three factors:

1. For any farmer in the area of an earliness group, the difference of yield is more or less
easy to estimate. For the case studied here, it corresponds to the difference between areas
oriented toward silage production, and areas oriented toward grain production. Grain
production is sold, and for that reason the farmer knows precisaly the quantity he
produced. Conversely, silage production is used insde the farm for livestock feeding and
the quantity can only be roughly estimated. For that reason, we expect a to be higher in
grain production oriented areas (group 12 to 16).

2. The aggregate sensitiveness of farmers to differencesin yield is higher when the choices
of farmers insde the area are homogeneous. The ranking of variety can change from place
to place insgde an area of adaptation because of micro-adaptations not captured by the
differentiation of earliness groups. Moreover, farming habits may aso change from place
to place, and this can influence the ranking. Such avariation is captured in the model by
eijtin equation (2) and (3). High variance of e expresses very heterogeneous choice and,
by construction, it leads to small level of a.

3. Asdiscussed before, no reliable data on prices are available. Generally, models of
differentiated products consider price as an endogenous variable: the demand isfirst
expressed as afunction of price and technical characteristics; then, Nash equilibrium on
price is established on the supply side. Our model which does not take prices into account
is equivalent to amodel where price, at the equilibrium, isalinear function of yield. In
other words, the parameter a captures both the sengitivity to yield differences and the
sendgitivity to price differences. Because the effect of price on salesis generally negative,
the higher the sengitivity of farmers to prices differencesis, the lower is a.

a; isasynthetic estimated indicator of competition level. The higher a; is, the higher the
competition level is and the lower the market share is (ceteris paribus). at can be explained asa
function of descriptive statistics, in order to have more smple forecast. exp(a;) has first been
defined as athe sum of utility of the products, which is aso the number of product times the
average utility. If we suppose that the distribution of product yield and product ages are stable,
then we can diminate the effect of b and replace it by a constant m

a exp(axXi't—l+bi't—'l}‘):m-i-w(lt))exp(axxm) )



After more development, we obtain:

a, :Ing&a...g:co+cl>{n(\/\/(lt))+cz><xOt (1

For convenient reason, we introduce the constraint that b is negative. Because we expect b to
increase, the congtraint is introduced by supposing that b is nil when the variety is older than a
certain level (different level will be tested). With this constraints, exp(b) increases within the
interval [0,1]. For that reason, exp(b) can be interpreted as a coefficient of diffusion, and it is
generally accepted that it follows an S-shaped function (Griliches 1957; Karshenas et al. 1995).
Some simple dynamic property of market share can be analysed by supposing that exp{) follows
alogistic functior?:

dexp (b
%:m(l-exp(b))e(p(b) b db =bx1- exp(b))sxt ®
By introducing that in equation (5), we obtain'®:
din(s,) _do da da
TMSJ) - % - =pf1- exp(b))at - & 9
e {1- exp(b))dt - — ©
The following property can finally be observed :
ds, ' ] da 10
>0 0 bx1 exp(b))>dt>OIt (10

For agiven increase of competition, only young products with low vaues of b have increasing
market share. After awhile, market shares will decrease because b istoo high. Moreover, we can
see that the faster the competition increases, the younger the product will turn to decreasing
market share.

Substitution properties have aso to be discussed. One of the main critics that have been

addressed to the multinomia logit mode lies on the property that when anew product is
introduced, the market shares of other products decrease homothetically. Berry et al. (1995)
illustrate this with the following example: supposing that a Lada has the same market share than a
Mercedes, then the multinomial logit forecasts that the introduction of a BMW decreases the
market share of both the Lada and the Mercedes by the same amount. However these critics has
less effect when we apply the model inside a group of products where the subtitution is more
regular. We turn then to a nested logit (Trajtenberg 1989; Berry 1994). Our application
corresponds to this last case because we have distinguished different earliness groups. Actudly,
the strong assumption of the model does not concern substitution within a group, but rather
substitution between products of one group and externa aternatives. The first external aternative
is the product of the neighbouring group. We have seen that farmers on the frontier of two areas
of adaptation may choose between products of different groups. This effect is generaly taken into
account in nested logit by compiling a matrix of substitution between groups. This has not been
done yet, and we implicitly suppose that that substitution between groups is aways nil. The other
crops represent the second type of externa alternative. Depending on the relative prices of

1
1- exp(a- b>u)
10y is suppose to be constant over time for simplicity.

® Logistic function is defined asfollow: exp(u) =




products (corn, wheat, sugar best, etc.), some markets could increase at the expend of others. This
trestment as not been done yet also. Even though substitution hypothesis seems to be strong, it
has to be noted that we try to explain market share instead of sales. In other words, total sales of
one earliness group may increase or decrease, the model only suppose that market shares of all
the products are still the same.

2.2. Results with the basic model

The data used for this study has been described before (see section 1). We do not present the
result for the group 16, because the corresponding area covers the south of France and the north
of Italy and/or Spain (the market sharesin France is not representative of market share for al the
area). The methodology for calculating estimation of X;; is described in details in the appendix A.
Remember aso that the regression has been made with the congtraint that b isnil after awhile.
Different periods have been used for this limit. If we choose along time (for example 10 years),
estimationof b first increases, taking even positive values, and then decreases. The decreaseis
similar to the one that has observed in the descriptive model (see section 1), and represents
increase of competition which isaso capture by a; in the basic modedl. To eliminate the
redundancy, and to have tractable values of b we have taken the maximum length of time which
still respects the hypothesis of increasing estimation of b.

Table 3. Resultswith the basic modd

10 11 12 13 14 15
Nb obs 986 1194 579 378 397 480
Nb par. 22 22 23 21 21 22
a 0.075 0.083 0.107 0.125 0.091 0.131
bo -2.463 -2.418 -3.001 -2.499 -2.231 -2.693
b1 -1.286 -1.586 -2.191 -1.269 -0.677 -1.443
b -0.427 -0.700 -1.403 -0.724  ns-0.219 -0.552
bs ns-0.024 -0.275 -1.044  ns-0.162 0.000 *-0.427
ba 0.000 0.000 -0.765 0.000 0.000
bs 0.000
R 0.322 0.314 0.463 0.263 0.251 0.348
Auto. 0.641 0.717 0.733 0.661 0.772 0.687

Estimated parameters are always significantly different from O at the level of 5%, except for * wherethelevel is
10%, and "ns whereit isnon-significant at the level of 10%. “Auto' means autocorrelations, and is measured by
the R? of the model explaining the residual at t asa function of the residual at t-1.

The results are given in table 3 and graph2. The estimation of the parameters have expected sign:
aisdggnificantly positive, b is negative and significant for the first years, a increases over time.
Despite these expected signs, the model lets important residuals; R varies from 0.25 to 0.50. This
drawback has to be qualified because the number of parameters is no more than 7% of the total
number of observations. Such aweighting is made with atest of Fisher, and then the model
cannot ever be rgjected. Resdud are auto-correlated: for a given variety, the market share



estimated by the modd is either under-estimated or over-estimated, but rarely both. Because of
the large number of degrees of freedom whichare still available, there are probably some ways to
improve the explicative power of the model.

From one group to the others, the model reflects correctly the variation of sengtivity to
differencesin performance. The estimation of a are lower for the north of France where the main
use is Slage, and sengitivity to price is greater.

The evolution of competition has been explained by the number of products and the average
performances (see equation (7) for the modd and table 4 for results). The modd has a good
explicative power (R* ways superior to 0.75), and the effects are positives (when they are
sgnificant) as expected.

For the earliest groups (10 and 11), increase of yield does not explain evolution of competition,
while its effect is significantly positive for later groups (13 to 15). For these last casg, it is
Interesting to note that estimation of ¢, are closed to estimation of ain table 3: aunitary progress
on theyield (x;;) has the same effect on sales than a drop of one unit of the average yield (Xor).

For the analysis of the effect of the number of products, we have to consider separately the case
of groups 10 to 12 where this number is tenfolded, and the groups 13 to 15 where it double.
Comparison of group 11 and 12 shows clearly the opposition of using: the increase of
competition is explained only by the number of products for the group 11, and only by the
genetic progress for the group 12. The group 10 is closer to the group 11, even if the effects are
not significant. For the groups 13 to 16, the effect of the number of productsis generally

significant but, compared to the effect of the average yield, it contributes to a less extend to an
increase of competition.

Table 4. Analysis of evolution of competition (at)

1C 11 12 13 14 15
Co ns-3.742  ns-11.703 -19.49: -17.335 -19.18C -19.364
C ns 0.036 0.06€ ns0.02¢ ns0.032 0.022 0.109
C ns-0.004 ns-0.172 0.131 0.140 0.13¢ 0.122
R? 0.702 0.753 0.88¢ 0.860 0.85€ 0.973

10



3. Extension of the basic model

3.1. Hypothesis H1: the accident effect

- Presentation

One of the original factsin our mode lies on the idea that performance is an estimation that can
change from year to year depending on the new revealed information. Suppose that theyield in t
is much greater than the estimation at the end of the year t-1 (xi.1), then we will have x;<Xit.1, ahd
the model will predict a decrease of market share (ceteris paribus).

We want to test here a possible improvement the predictive power of the model in case of very
bad revedled information for young varieties. This phenomena has been suggested by experts:

"we know that if a product shows some problems during the first years, we will never be able to
sl it after, even if we show that this bad event was quite unusual”. This phenomenon can be
interpreted by saying that the interaction between the climate and the variety is interpreted
differently depending on the age of the variety. In more illustrative terms, if a young product
behave badly it means that it is bad, but if the same bad information is revealed when the product

is older, it means that the year was bad for this product.

This hypothesis is tested with a dummy variable gj; which default value is O, ard take the value 1
if the estimation falls more thany percent, and the variety isless than DT years old. More
formally:
if ':"Xit <(1 -y ) g then it =17 t'>t (11)
ft<T +DT

The effect of this dummy is then added to the basic model (equation (5)), and the accident effect
is defined by a parameter dto be estimated:

In(s,) = axx., + b, - & +d>q, (12

Generdly, fall of xi: does not exceed 10%, andy have to be less than 5% to have sufficient

frequency of accident. Two other valuesof y are also considered (3% and 1%). The effect of DT
can not be tested here because technica values are only available during the 4 first years, and Xi

is stable thereafter. In other words, because of the data used here, accident can only be identified
during the first three years, so it is not necessary to defined limit age.

- Results

Comparing to the basic model, R increases alittle bit (no more than 5%), The sign of disaways
negative (as expected) but the significance varies, depending on the group and the value of y
(table 5). Before analysing the values, we need to have some marks on the importance of this
effect in terms of market share. We can trand ate the effect of d by an equivalent fall of yield of
d/a (because the effect of the yield is multiplied by a). Note that such a simple trandation can be

11



made because the estimations of other parameters are smilar in the two models (equation (5)
and (13)). If we take g=-0.5 and a=0.1, the equivaent fall of yield is equal to 5 points, which is
important compared to the maximum differences of yield between varieties at one time (between
5 and 10 points). The accident effect is such that it cancels all the competitive power brought by
the increase of performance of one product (the experts expression given at the beginning of the

paragraph isconfirmed).

Accidents appear to be more frequent in the earliest group. This can be explained by the more
congtraining climate in the North of France. Aswe can expect, the estimations of dismore
important when y is higher. For groups 13 to 15, d is never significant with y equal to 5% and
3% because accidents are not frequent enough. d becomes significant with y equasto 1%, and in
that case, the estimations are more important than for the groups 10 to 12. Findly information has
to be more unfavourable in the North of France than in the South to have some effects on sales.
This is probably because information are more frequently unfavourable in the North. However,
when it happens, the effect is such that the variety is eliminated from the market.

Tableb5. Test of the" accident effect” (H1)

1C 11 12 13 14 15
y =5% Freq, 1% 6% 7% 3% 3% 5%
d -0.434 -0.674 1067 *-0.779 ns-0171  * -0517

R 0.33C 0.326 0.481 0.269 0.251 0.352

y =% Freq 5% 8% 3% 9% 2% 0%
d -0.362 -0.574 0561 ns-0.075 ns-0500 ns-0.033

R 0.332 0.335 0.474 0.263 0.254 0.348

y =1% Freq 53% 50% 50% a5% 8% 31%
d -0.205 -0.238 -0.330 -0.535 -0.946 -0513

R 0.326 0.319 0.470 0.282 0.296 0.364

3.2. Hypothesis H2: the firm effect

- Presentation

In the basic model, and even with the H1 extension, two products with the same release date and
the same reveded information have the same sales during al their life cycle. We consider here
that, depending on the type of firm which saesit, the market share can be different. The
hypothesis H2 can be justified by three arguments:

- A firm with large sales has generdly a good reputation, because farmers know the
products that it has proposed before. Because of the parental link between products
proposed by the same firm, the information on old good products influences favourably
estimation of the value of new products of the same firm.

1 Note that the two hypothesis that are necessary for the emergence of reputation effect in game theory are present
here: (i) uncertainty on gains, (ii) repeted games (Shapiro 1983).

12



- Thefirm with a large market share has generaly more powerful and more adequate means
to promote its products (experience of marketing division, advertising budget, etc.).

- Such afirm is more powerful in front of distributors, because its products represent a
larger share of distributors activity.

The total market share of the firm on the market appears to be a good criterion. It can be
compiled easily by making a sum of the sales of al the firm's products (remember that each
product is most of the time produced by one firm). Because of the similarity between some
groups, we have compiled the total sales of each firm for the North of France (group 10to 13)
and for the South of France (group 14 to 16). Firms have been classified in four categories which
limits are 1%, 5% and 10% (seetable6). A given firm may change of category if its total market
share increases or decreases™. The category O corresponds to the smallest firms, and the
congtraint of no firm effect has been introduced in that case. Three dummy variables have then
been defined: gk (kI {1,2,3}) which default value is 0, and takes the value 1 if the variety i is
sold by afirm of category k at timet. The new model to test is then:

3
|n(§t)=axxit-1+bit-r'at+aek>9ikt (14
k=1

Table 6. Definition and size of categories of firms

Category Definition Number of seed companies

) (market shareon | Northern area (gp 10 to 13) | Southern area (gp 14 to 16)
the area) Mini Maxi Moy Mini Maxi Moy

0 < 1% 19 25 211 11 16 124

1 1% a5% 3 11 7.7 1 8 6.0

2 5% a10% 1 5 2.7 1 4 2.3

3 > 10% 1 4 2.5 1 4 2.4

- Results

Compared to the basic moddl, the introduction of the firm effect improves substantialy the R
(table 7). The estimations of firm category effects are positive and significant (at least for the
largest firms). The hypothesis H2 can not be rejected. The firm effect captures a part of the yield
effect, because estimation of a are lower here than in the basic model. Nevertheless, estimations

of the other parameters are similar.

To go farther in the andysis, it is useful to have a clear idea of this firm effect in terms of saes
(as we have done before for hypothesis H1). For that, the firm effect is trandated in an equivaent
supplement of performance in the basic model, in order to predict the same sales. The calculusis
more complicated here because the estimation of a has changed. An adjacent calculus enables us
to estimate this equivaent supplement of yield as at least 5 points for the largest firms. In other

12 Some adjustments have been made by hand in order to maintain an inertia and avoid, for example, achange from
category 2to 1 followed just after by a change from category 2to 1.
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words, the firm effect appears as important as the effect of the technical progress brought by a
new variety.

As we have seen in the beginning of this paragraph three main arguments can explained the
origin of the firm effect. Unfortunately, the data set used here does not permit to differentiate
those results. Experts generaly agree to say that promotion of productsis generally more
important in early groups (10 and 11) because the technical differentiation is harder (cf. the lower
estimation of a). Conversdly, reputation seems to have more effect in the case of late groups
oriented toward grain production, because the most implanted firms have proposed better
products for more than 10 years. The relationship with distributors is generdly independent of the
group, but depends more on the local context (distributors have a power if they are in monopoly
faced to farmers).

Table7. Test of the" firm effect” (H2)

1C 11 12 13 14 15
a 0.077 0.076 0.001 0115 0.061 0.108

&1 (1%-5%) 0.84¢ 0378 ns0.03¢ ns0.240 0.781 0.669
& (5%-10%) 0.74 0.520 0585 ns-0.010 1.235 0.864
e (> 10%) 1.201 1.166 0732  *0.99% 2.299 1.747

R 0.34¢ 0.373 0.494 0.304 0.450 0.447

Conclusion

For the last 10-20 years, there was an increasing concern in the economic literature on the
analysis of differentiated markets. This paper has tried to fill some inadequacy, and to test new
propositions with an application to the case of the french market of hybrid corn. It can be
summarized by three main idess.

1) When a new product includes technical innovations, it experiences adiffusion period during
the first years after its release. Learning of demand, which is here the main explanation of
diffusion, lies on two phenomena: individua learning and mimetism. This was include in the
basic model first by considering technical characteristics as estimations™, and second by
including age effect in akind of diffusion coefficient. Extension of the model show aso that if a
very bad information is revealed on ayoung variety, then diffusion is stopped even if it can be
shown thereafter that this accident was quite unusud.

2) Two identical products reach different market shares depending on the firm which saesit.
This effect corresponds somehow to unobservable characteristics of products (for example, the
trademark is one aspect of the style of the car in the works of Berry et al. (1995)). Nevertheless,
the firm effect is different in the two kind of anaysis. When it is considered as unobservable
characteristics of products, the aim is to solve problems of estimation with endogeneity of prices

13 Some theoretical works has also consider technical characteristics as imperfect estimationsin models

differentiation. For example, Bergemann and Vaiméaki (2001) consider competition between two products (one old
known product and one unknown new product), and analyse pricing policy implications.
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(non independent residual). Here, the firm effect (based on reputation, advertising or relationship
with distributor) makes diffusion easier.

3) Innovation is amajor aspect of the evolution of competition, measured here with a synthetic
variable. In most early groups, differentiation is more difficult and competition increases mainly
because of increasing number of products. In late groups, competition is more sensitive to
technica progress because differentiation is easier.

The modd used here is very simple, but it introduces severa condtraints. Substitutability
constraints are managed by analysing independently earliness groups. But the analysis of
substitution between groups has to be done, to consider that we are using a nested logit model.
Because prices where unfortunately unavailable for al products, we have to suppose that they are
linear function of yield (at the equilibrium). The explicative power of this model can be improve
because we have observed autocorrelation of residual, and alarge number of degree of freedom
are still available. In the addition to the better management of constraint described just before,
three extension of the model are conceivable.

Some other technical characteristics can influence the choice of farmer. Here, we have supposed
that yield is a synthetic variable which include these effects. But it is imperfectly true, and
perhaps some improvements are possible if we consider aso the effect of resistant to diseases, or
resistance to lodging.

A significant improvement should be done aso by taking the network of distribution into
account. In France, distributors have probably an important effect, as well as the range of
products proposed by each firm. This enhancement needs some preliminary theoretical
exploration on the strategic equilibrium between seeds companies and distributors. Thisis a part
of the agenda proposed by some author (Foncel et al. 1996). For the case of hybrid corn seeds, it
would be very interesting to compare the case of France and United States whose networks of
distribution are quite different.

Diffusion can also be treated in a very different way. Based on Arhur's models of increasing
return to adoption (Arthur 1989), De PAma et al. (1998) has proposed another way to take
diffusion into account in the theory of discrete choice. A new formulation of indirect utility is
proposed: u, = x, - 1+ r >s,_,. Utility is both afunction of technical characteristics and market
share at the last period. The larger is sales, the larger is the amount of information available on
the product, and thisis a source of competitive advantage, as well as technica improvement.
With such a mode, we may found some lock in effect as in Arthur's model. One important
exploration would be to test the permanence of this effect.
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A. Calculus of technical performance X;;

Gross data are published by trial. Onetria gives results on 10 to 20 varieties from the same
group. One trial reports the average performance of repeated plot in a geographic area for which
the products appear to be adapted. Different technical characteristics are reported, but we have
only considered the yield.

Xit has been compiled by progressive adjustments, as for a bayesian process (see Feder and
O'Mara(1982) for a use of this process in case of a new variety diffusion). Suppose that we are at
periodt, and that the vaues xit.1 are known for dl the varieties i. Three steps are necessary to
compile Xit.

- Revealed performance

Basicaly, the performance measured in atria (phenotypic value) includes ayear effect, which
has to be diminated in order to have coherent values from year to years. The reveded
performance is defined relatively to some reference varieties, which are explicitly defined in each
trid. Generally, these references correspond to the most used varieties, and they are between 5
and 10 years old. We defined i, as the yield measured for the product i at year t intria n. Jisthe
et of reference varieties for the sametrial. The revealed performanceis defined by zi, and is
compiled in the following way:

_ 1 o y‘t
Zin - a X - (15)
t W(‘J) i3 Yin o

- Mean revealed performance
Z, isthemean of z, for dl the trials n where the variety has been tested.

- Adjustment of estimation

Estimation at the end of year t is defined as the average of all the mean revealed performances
urtil t (includingt). The first revedled performanceisin Ti-1, just before the release. Formally,
estimation is defined as follow:
1 o _
Xit = x a. Ziu
2+t-T 2
* S (16

= S T >‘§1+t' -Ii-)x)ﬁt-l"'?nl%]

This formulais applied while the variety is tested. When it is not tested at dl, we have no vaue
for Z,, and the estimation are then stable (xi=xit1).

All the published data of CTPS and AGPM from 1975 to 1994 have been used. For the first year,
no adjustment of estimation can be made because Xi1974 Were unknown. For each group, we
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suppose that Xi1974=100 for the most diffused variety. Starting from this value, estimations of al
the following varietiesreleased until the mid 90's are ranged from 100 to 150.

Sometimes we do not have any published information on the value of some varieties with
positive sales. It happens mainly for before 1980, with varieties released at the beginning of the
60's. The varieties for which estimated performances can be compiled represent from 60% to
90% of total sales (for al France) before 1980, and more than 95% after 1980. Results has been

compiled both by taking into account or not the years before 1980. No difference has been
observed, so the first years were finaly kept.
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Graph 1. Egtimation of the age effect (Bt)
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Graphique 2. Evolution of the year effect (@) in the basic model
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