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The U.S. agricultural biotechnology and seed industries have experienced many changes over the
last few decades. On the one hand, new seeds including biotech patented traits offer new
prospects for increasing agricultural productivity. This has stimulated a rapid adoption of biotech
seeds in the U.S. for corn, soybean and cotton. On the other hand, mergers and acquisitions in the
seed industry have resulted in concentrated seed markets dominated by a few large biotech firms.
This has raised some concern that market power and imperfect competition could lead biotech
firms to charge high prices for the biotech seeds, with potential adverse effects on farmers’
welfare. Biotechnology and genetic modifications have also stimulated product differentiation
with patented traits being bundled with basic seed germplasm. Evaluating the pricing of such
products under imperfect competition presents several challenges. One challenge is to evaluate
the cross-markets impacts of market power under product differentiation. Another challenge is
the empirical assessment of the pricing of bundled traits in biotech seed. A lack of available data
has severely limited such investigations in previous research.*

This paper addresses these challenges with a focus on the analysis of the pricing of
patented traits in the U.S. corn seed market. It makes three important contributions. First, we
develop a pricing model of differentiated products under a quantity-setting game. In a
multiproduct context, we show the linkages between pricing and substitution/complementarity
relationships among products with different bundled characteristics. This is used to motivate
multi-product generalizations of the Herfindahl-Hirschman index (hereafter GHHI), which
capture cross-market effects of imperfect competition on bundle pricing. Second, the GHHIs are
introduced in an econometric analysis of the determinants of bundle pricing. To our knowledge,

this is the first econometric investigation using GHHI to estimate the linkages between imperfect

Y In contrast, there is a rich body of analytical literature on bundle theory (e.g., Adams and Yellen 1976,
McAfee et al. 1989, Fang and Norman 2006).



competition and multiproduct pricing. The model also allows for a test of standard component
pricing (where the price of bundle is the sum of the prices of each individual component within
the bundle). Third, we present an empirical application to the U.S. hybrid corn seed market using
extensive survey data. The econometric estimates provide useful information on interactions
between bundling and the exercise of market power.

Genetically modified (GM) corn acres account for about 80 percent of the total U.S. corn
acreage in 2007. GM corn seed includes patented genetic traits (such as insect resistance and/or
herbicide tolerance) patented by biotech firms. These traits can be introduced into the seed either
separately, or bundled together when multiple genetic traits are “stacked”. The proportion of
U.S. corn acres planted with stacked seeds has gone from 2.1 percent in 2000 to 56.2 percent in
2007. Also, there has been a sharp increase in the number of traits being bundled. Single-trait
GM corn seed was first commercialized in 1996. Two years later the double-stacked corn seed
(i.e., the bundling of two traits) was introduced, followed by the introduction of the triple-stacked
system, and then the quadruple-stacked system in around 2006. Moreover, corn seed with eight
traits is expected to be released by Monsanto and Dow AgroScience by 2010.

The increased use of GM corn seeds has been associated with changing structure in the
U.S. seed markets. After a flurry of horizontal and vertical mergers in the 1990s, the corn seed
industry is now dominated by a few large biotech firms (Fernandez-Cornejo 2004). According to
Graff, Rausser and Small (2003), these mergers have been motivated in part by the
complementarities of assets within and between the agricultural biotechnology and seed
industries. This indicates that trait bundling can be associated with cost reductions obtained from
capturing economies of scope in the production of genetic traits. But bundling can also be part of

a product differentiation strategy and price discrimination scheme intended to extract more profit



from farmers facing varying agro-climatic conditions. In this context, increased market
concentration has raised concerns about adverse effects of imperfectly competitive pricing and
the strategic use of bundling (Fulton and Giannakas 2001; Fernandez-Cornejo 2004). These
issues suggest a need to investigate empirically the economics of pricing of hybrid corn seeds.
Our econometric analysis quantifies the linkages between different combinations of traits,
changes in market concentrations, and hybrid corn seed pricing. For bundled biotech traits, we
reject standard component pricing of biotech traits. We find strong evidence of subadditive
bundle pricing, which is consistent with price discrimination strategies and scope economies in
the production of bundle-traited seeds. The analysis evaluates the interactive role of market
concentrations and complementarity/substitution in demand. We document the linkages between
traditional and cross-market concentrations and seed prices. This is done by estimating Lerner
indexes, which provide useful information on departures from marginal cost pricing. Our
analysis also illustrates how changing market structures (e.g., from mergers) relate to seed prices.
The paper is organized as follows. The model section presents a conceptual framework of
multiproduct pricing under imperfect competition. We then provide an overview of the U.S. corn
seed market, followed by an econometric model of seed pricing, where the GHHIs reflect the
exercise of market power. The estimation method and econometric results are then discussed and

the empirical findings and their implications are reported. The conclusion section is at the last.

The Model

Consider a market involving a set N ={,..., N}of N firms producing aset T={.,...,7}of T
outputs. Denote by y" = (y/,...,¥",..., i) € R" the vector of outputs produced by the n-th firm,

v being the m-th output produced by the n-th firm, m € T, n € N. The price-dependent demand



for the m-th output is p, (D _ ") . The profit of the n-th firm is:

> L p. QL ¥)¥1-C, ("), where C,(y") denotes the n-th firm’s cost of producing y" .

Assuming a Cournot game and under differentiability, the profit maximizing decision of the n-th

firm for the m-th output " satisfies

Put Zkﬂ Z“,iykl —Z}L <0, (1a)

Yu 20, (1b)
¢ k 441 acn no__

(pm +Zk€T§"J’yk _%)ym - 0 (1C)

Equation (1c) is the complementary slackness condition. It applies whether the m-th

output is produced by the n-th firm (y > 0) or not (/. = 0). This is important for our analysis:

(1c) remains valid irrespective of the firm entry/exit decision in the industry; and for an active

firm, (1c) holds no matter how many of the 7" products the firm chooses to sell.

Below, we consider the case of linear demands where p, =, + ZmeT (akmzneN ),
with ;yﬂ =a,, and «,, <0.We also assume that the cost function takes the form C, (") =
F (S") +ZmeTcmy,'; , where §" ={j e T:y} >0} is the set of positive outputs produced by the
n-th firm. Here, F,(S")> 0 denotes fixed cost that satisfies F, (<) =0. And Zmdcm v, denotes
variable cost, with constant marginal cost “}—(” =c,,m € T forall » € N. Note that the

presence of fixed cost (where F, (S") >0 for §" # ) implies increasing returns to scale. In this
situation, marginal cost pricing would imply negative profit and any sustainable equilibrium
must be associated with departures from marginal cost pricing. Fixed cost can also capture the

presence of economies of scope. This would occur when F (T,)+ F,(T,) > F,(T, v T,) for some



T, < Tand T, < T, i.e. when the joint production of outputs y; = {y}:jeT,} and y, =
{y} 1 jeT,} reduces fixed cost (Baumol et al., 1982, p. 75). A relevant example is the case of an

R&D investment contributing to the joint production of y” and y, .

Assuming that the aggregate output of the m-th product is positive, ¥ = ZneN v >0,

define s = i— €[0,1] as the market share of the n-th firm for the m-th product. Dividing equation
(1c) by Y, and summing across all » € N yield

Pu=Cu= (@ > SISHY,), 2)
which can be alternatively written as

P == Dn Gl Vi €)
where Y, is the aggregate output of the k-th product, and 4, = ZneN sest, withm, ke T.

Equation (3) is a pricing equation for the m-th product. It is a structural equation in the

sense that both price p, and the market shares in the H, ’s are endogenous (as they are both

influenced by firms’ strategies). Yet, equation (3) provides useful linkages between price and

market structure. It shows that the exercise of market power in (3) is given by
Mm = _ZkeT akakak ! (4)

which reflects departures from marginal cost pricing. A simple way to characterize this departure

is through the Lerner index: L, =£=—== where c,, is marginal cost. The Lerner index L,

Pm
measures the proportion by which the m-th output price exceeds marginal cost. It is zero under
marginal cost pricing, but positive when price exceeds marginal cost. The Lerner index provides

a simple characterization of the strength of imperfect competition (where the firm has market



power and its decisions affect market prices). From equations (3) and (4), the Lerner index can

be writtenas L, = Aj— This makes it clear that M, in (4) gives a per-unit measure of price

enhancement beyond marginal cost. Equation (4) also provides useful information on the

structural determinants of M,,. Indeed, while 7, < [0, 1], note that /,, — 0 under perfect

competition (where the number of active firms is large) and A, = 1 under monopoly (where
there is single active firm). In other words, the term A, in (4) captures the effects of imperfect
competition and the exercise of market power on prices.

When k = m, note that H, is the traditional Herfindahl-Hirschman index (HHI)
providing a measure of market concentration. The HHI is commonly used in the analysis of the

exercise of market power (e.g., Whinston 2008). Given «, <0, equation (3) indicates that an

mm

increase in the HHI A (simulating an increase in market power) is associated with an increase

in the Lerner index L, and in price p,, . As a rule of thumb, regulatory agencies have considered
that #_ > 0.1 corresponds to concentrated markets where the exercise of market power can

mm

potentially raise competitive concerns (e.g., Whinston 2008).

Equation (3) extends the HHI to a multiproduct context. It defines H,,, as a generalized

Herfindahl-Hirschman index (GHHI). When & # m, it shows that a rise in the “cross-market”

GHHI H,,, would be associated with an increase (a decrease) in the Lerner index L, and in the

price p, if a,, <0 (>0). This indicates that the signs and magnitudes of cross demand effects

a,, =g’—’f affect the nature and magnitude of departure from marginal cost pricing. Following

% The markets shares are often expressed in percentage term in the calculation of the Herfindahl-
Hirschman index. Then, the rule becomes H,,,, > 1000 (Whinston 2008).



Hicks (1939), note that «,, =2 <0 (> 0) when products & and m are substitutes (complements)

o
on the demand side, corresponding to situations where increasing y” tends to decrease
(increase) the marginal value of y;'. The terms { #,,: k = m} in equation (3) show how the

nature of substitution or complementarity among outputs on the demand side (through the

terms ¢, ) influences the effects of market concentration on the Lerner index and prices®: a rise
in H,, would be associated with an increase (a decrease) in the Lerner index L, and in the price

p,, When y and y, are substitutes (complements).

Note that equation (3) applies to general multiproduct pricing in a Cournot game under
imperfect competition. It includes as a special case the pricing of bundled goods differentiated by
their characteristics. In a way consistent with previous research (e.g., Adams and Yellen 1976;
Venkatesh and Kamakura 2003; Fang and Norman 2006), it shows that the exercise of market
power in bundling and bundle pricing can be complex. This indicates a need to assess
empirically how the bundling of product characteristics interacts with market structures to affect

pricing. This issue is explored next in the context of the U.S. corn seed market.

The U.S. Corn Seed Market
Our analysis relies on a large, extensive data set providing detailed information on the U.S. corn
seed market. The data were collected by dmrkynetec [hereafter dmrk]. The dmrk data come

from a stratified sample of U.S. corn farmers surveyed annually from 2000 to 2007.* The survey

® Our model provides a more general framework in analyzing the role played by substitution/
complementarity in multiproduct pricing under imperfect competition than Venkatesh and Kamakura
(2003), who investigate such issues only in a monopolistic setup.

* Data prior to 2000 is not available from dmrk. The survey is stratified to over-sample producers with
large acreage. The sampling weights are constructed using the farm census data.



provides farm-level information on corn seed purchases, corn acreage, seed types and seed
prices. It was collected using computer assisted telephone interviews. On average about 40-50%
of the farms surveyed each year remain in the sample for the next year. For 2000-2007, the dmrk
data contains 168,862 observations on individual corn seed purchases from 279 USDA crop
reporting districts (CRD)" in 48 states. A total of 38,617 farms were surveyed during 2000-
2007, with each farm on average purchasing four to five different corn seed each year.

Since farmers typically buy their seeds locally, our analysis defines the “local market” at
the CRD level. On average each farm purchased four to five different seeds each year®. To
guarantee reliable measurement of market concentrations, we focus our analysis on those CRDs
in the slightly expanded Corn Belt regions with more than ten farms sampled every year between
2000 and 2007. In total, our data contain 139,410 observations from 80 CRDs in 12 states.’

Starting in the 1930s, the development and diffusion of hybrid corn transformed the U.S.
seed industry and contributed to the dominant role played by private seed companies. The dmrk
data show that about 300 seed companies operate in the current U.S. corn seed market. However,
only six biotech firms are involved,® four of which own subsidiary corn seed companies.®

Currently there are two major groups of genes/traits in the GM seed market: insecticide
resistance designed to reduce yield damages caused by insects; and herbicide tolerance designed

to reduce yield reductions from competing plants (weeds). For corn, the insect resistance traits

> A crop-reporting district (CRD) is defined by the U.S. Department of Agriculture to reflect local agro-
climatic conditions. In general, a CRD is larger than a county but smaller than a state.

® Due to the fast turnover in the seed market, farmers may try new hybrid seeds every year, thus would
purchase more than one hybrid seed type for their field. In addition, the U.S. EPA requires that farmers
maintain at least 20 percent of their cropland for “non-insect resistant” hybrid seeds.

"They are: IL, IN, IA, KS, KY, MI, MN, MO, NE, OH, SD, and WI.
® They are: Monsanto, Syngenta, Dow AgroSciences, DuPont, Bayer CropScience, and BASF.

% While one of the rest two firms has already entered the cotton seed market, the dmrk data show that it
has not entered (yet) the U.S. corn seed market.



focus on controlling damages caused by two insects: the European corn borer (ECB),* and
rootworms (R).** The herbicide tolerance (HT) traits work with corresponding herbicides.
After adopting the HT traited seed technology, farmers can apply the relevant herbicide to the
field, which kills the weeds without damaging the traited crop. Some biotech seeds contain only
one of these traits, while the bundled seeds contain multiple traits from some combination of the
two groups of traits.

Figure 1 shows the evolution of corn acreage shares reflecting adoption rates in the US
from 2000 to 2007, for conventional seed, single-trait biotech seed, double-stacking biotech seed,
triple-stacking biotech seed, and quadruple-stacking biotech seed. The conventional seed’s
acreage share has decreased rapidly over the past eight years: from 67.5% in 2000 to 20.6% in
2007. Table 1 illustrates the average price of different hybrid corn seeds ($ per bag) from 2000
to 2007. It indicates that biotech traits tend to add value to the conventional germplasm, and that
multiple stacking/bundling is worth more than single stacking. The information presented in
figure 1 and table 1 is at the national level, which masks important spatial market differences.
For example, while single-trait biotech seeds had a U.S. market share of 30% in 2000, the dmrk
data show that conventional seeds still dominated many local markets. And while the U.S.
conventional seed’s market share was 20.6% in 2007, some local markets were completely
dominated by biotech seeds. This indicates the presence of spatial heterogeneity in the U.S. corn

seed market. As shown below, such heterogeneity also applies to seed prices.

19 The European corn borer is a major pest of corn in North America and Europe. Yield loss due to ECB
has been estimated to average about five percent, although damages can vary widely both over time and
over space.

1 Yield loss due to corn rootworms damages average around five percent in the US, amounting to about
$800 million of reduced income for U.S. corn growers.



Figure 1. Percentage of U.S. Acreage Planted in Conventional and GM corn seed , 2000 —

2007.
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Table 1. Average price for different seeds ($ per bag), 2000 - 2007

—&— {Juad share

Year|Conventionall ECB Single | RW Single | HT Single Double Triple Quadruple
20001 79.37 100.24 n/a 87.34 95.21 100.95 n/a
2001] 80.73 103.77 n/a 89.85 100.43 105.29 n/a
2002] 81.81 103.91 n/a 89.08 103.19 94.64 n/a
2003] 83.79 104.93 114.88 94.73 108.78 82.10 n/a
2004] 86.42 108.61 120.49 98.88 113.68 112.21 n/a
2005] 86.96 104.46 114.52 101.50 114.49 123.78 n/a
2006] 91.36 109.69 116.67 109.93 123.03 139.21 131.29
2007] 93.53 111.36 121.07 114.67 124.71 133.02 140.03
Total] 84.29 105.37 117.33 101.51 118.25 133.47 139.60

Econometric Specification

Our analysis of the determinants of corn seed prices builds on equation (3). As derived, equation

(3) is a structural equation reflecting the determinants of pricing under imperfect competition in a

multi-product framework. As discussed in the model section, fixed cost can generate economies

of scope. Economies of scope are relevant here as R&D investment likely generates synergies in

10




the production of bundled/stacked seeds. This would in turn affect bundle pricing. Also, the
effects of imperfect competition on price can be expected to depend on the nature of
substitution/complementarity across bundles. Below, we specify a modified version of (3) that
reflects the effects of both bundling and market power on corn seed price.

Consider for the case of seeds exhibiting different genetic characteristics. Partition the set
of seeds into mutually exclusive types. Let K; € {0, 1} be a dummy variable for a seed of the i-th

type, i =1, ....J. Let i =1 characterize conventional seed, and let Q ={2,...,J} denote the set of
genetic traits associated with biotech seeds. Thus, K, =1 for conventional seeds. Each biotech
seed includes at least one genetic trait in the set Q, with K, =1 if the seed includes the genetic
traits of the i-th type either individually or stacked with other traits, i € Q, and K, = 0 otherwise.
In the absence of bundling/stacking (where each seed can be of only one type), the K’s would

satisfy Z;Kl. =1. However, in the presence of stacking, some biotech seeds may include the

genetic traits of more than one type, implying that z;K,. >1. Therefore, evaluating the effects

of the genetic characteristics on seed prices requires a flexible specification that can capture
bundling/stacking effects.

We start with a standard model in which each purchase observation is at the farm-level
and the price of a seed varies with its characteristics (e.g., following Rosen 1974). The price p
represents the net seed price paid by farmers (in $ per bag).'? Consider the hedonic equation

representing the determinants of the price p for a seed of characteristics {X,, K,,..., K }:

p=p+ 2 SK A D 6K D D D 6K 4D D > D 6Ky +oX e, (5a)
J}

jeQ i€eQ zeQ jeQ ieQ reQ zeQ jeQ ieQ

J>i z>j j>i r>z z>j j>i

12 \We also estimated a log specification of the price equation. The econometric results were qualitatively
similar to the ones reported below.

11



where X is a vector of other relevant covariates, and ¢ is an error term with mean zero and

constant variance. In equation (5a), K;; is a dummy variable for double-stacking the i-th and j-th

genetic type. Similarly, K. and K, are dummy variables representing respectively triple-

yzr

stacking and quadruple-stacking.*®

For conventional seeds and single-trait seeds, the dummy variables X, K. and K, are

ijzr

all zero. This implies that the coefficients 5., o., and &, in (5a) capture the effects of

g Tiz? ijzr
bundling on seed price. The dmrk data reveal that trait bundling is common, which allows us to

test for its price impacts. One important special case occurs when 6, =6,. =9, =0, which

ijz ijzr

corresponds to standard component pricing. Here, the price of seed is just the sum of the value

of its genetic components (as captured by Zi 0,K. , with o, measuring the unit value of the i-th

genetic material). When the parameters 6., J.., and ¢, are not all zero, equation (5a) allows

g Tiz? ijzr
for non-linear pricing associated with bundled goods under stacking.

In general, the parameters 5., &.., and &, can be either positive or negative. When

i1 Oz jizr
positive, these parameters would reflect super-additive bundle pricing. This could occur when
component demands are complementary, i.e., when adding a trait to an existing trait system
increases consumer’s valuation for the stacked system more than the marginal value of the
additional trait. Alternatively, negative parameters would correspond to sub-additive bundle

pricing. The price of bundled goods would then be “discounted” compared to component pricing.

** Note that the K’s in (5a) satisfy > K, —=> > K, —=2> > > K, -3> > > > K, =1,

iefl,..J} jeQ ieQ zeQ jeQ ieQ reQ zeQ jeQ ieQ

J>i z>j j>i r>z z>j j>i
implying that they are perfectly collinear with the intercept. To deal with this issue below, we set 6, =0

in (5a), meaning that the intercept reflects the price of conventional seeds and that the other &
parameters measure price differences relative to conventional seeds.

12



This could happen under two scenarios. First, this could be associated with economies of scope
on the production side, if the joint production of bundled goods leads to a cost reduction that gets
translated into lower bundle price. Second, this could be associated with price discrimination on
the demand side, if discounting the price of a bundled good can help increase firm profit. In
general, equation (5a) provides a framework to analyze the nature of bundle pricing.

Next, as shown in equation (3), we introduce market power effects in (5a) by specifying

8, =06y +6,H,;, (5b)
where H, = znest“s.” is the HHI (s being the market share of the n-th firm in the market for

1 1

the i-th seed type) measuring market concentration in the i-th market. We further specify

B=P+ 2 2 BHK A+ B H K, (5¢)
LI

where H, = H , = ZS;’S;? being the cross-market GHHI discussed in the model section and
neN

measuring concentration for firms operating in the market for both i-th and j-th characteristics.

With this specification, the coefficient of the traditional HHI, §, = 0, would reflect market
power related to the i-th characteristic, while the coefficient of the GHHI, 8, =0 or B, =0,

would reflect the exercise of market power across characteristics.
Since the HHI and the GHHI’s are zero under competitive conditions, it follows from

equations (4) and (5a)-(5c¢) that the effect of market power on price is given by

M= > SHK+Y > BHK+D> B.HK,. (6)
ie{l,..,.J} ji? ieQ ji? ieQ

In a way similar to equation (4), equation (6) provides a representation of the linkages
between imperfect competition and pricing. As noted in the model section, the term A in (6)

measures the difference between price and marginal cost. It can be used to obtain the associated

13



Lerner index L = 2. When positive, M reflects the price enhancement associated with imperfect

competition.

Our analysis is based on five seed characteristics (J = 5): Conventional (K, =1); insect
resistance trait ECB (K, =1); insect resistance trait RW (K, =1); herbicide tolerance trait H71

(K, =1); and herbicide tolerance trait H72 (K, =1). Note that this distinguishes between two

types of herbicide tolerance: HT1 and HT2. The reason is that, in our sample, HT1 and HT2 are
sometimes stacked/bundled together. This implies that farmers see H7T1 and H7?2 as being
different (otherwise, no farmer would pay extra for a second herbicide tolerant technology).
Our model specification allows us to estimate the pricing of each seed type along with
stacking/bundling effects. To illustrate, from (5a)-(5c), the price equation for conventional seed

(K, =1 is

5
pl::Bo+501+511H11+Zﬂ1jH1j+(PX+‘9- (7a)

j=2

For a seed marketed with a single ECB trait (K, = 1), the price equation becomes

5
Pz:ﬂo+502+522H22+,B21H21+Zﬂ2jH2j+(P'X+g- (7b)

J=3
And for a double-stacking seed with an insect resistance trait (ECB) and our first herbicide

tolerance trait (H71) (K, =1, K, =1, and K,, =1), the price equation is

3 5
P = /Bo + 502 + é‘04 + 0y + 0y Hyy + 8y H yy + P Hyy + ZﬁMHM + ZﬁzA;sz + ,345H45 +X+¢&. (7c)

i=1 j=3
Comparing equations (7b)-(7c) reveals how our model captures price differences between
single-trait seed and bundled/stacked seeds. It shows how both stacking and market

concentration affect pricing. Equation (7c) contains all the dummy variables reflecting

14



stacking/bundling of traits along with their interaction effects with the traditional HHI’s: H;;. It
also contains the parameters linking price to the generalized cross market GHHI’s: H;;, i #;. Note
that market share information is contained in both the traditional and cross Herfindahl indexes.
This means that the effects of market concentration and imperfect competition on prices are
complex. Evaluating these effects will be addressed in the implications section.

The relevant covariates in X include location, a time trend, each farm’s total corn
acreage, and binary terms covering the range of how each purchase was sourced. Location is
represented by state dummy variables, along with the longitude and latitude of the county where
the farm is located. These variables capture spatial heterogeneity in farming systems and agro-
climatic conditions (including the length of the growing season). The latitude and longitude
variables are specified in both linear and quadratic forms, reflecting possible non-linearity in
their effects. For example, according to Griliches (1960), the corn seed industry first developed
new hybrids that were best adapted to land in the center of the Corn Belt due to profitability
consideration. It is likely that the same path is followed in the biotech seed development, which
may result in a significant difference in seed prices between the center and fringe regions. The
time trend is included to capture the advances in hybrid and genetic technology through the years
of the study. Farm acreage captures possible price discrimination effects related to farm size.
While there are a total of 16 different purchasing sources, most seeds are purchased through
“Farmer who is a dealer or agent” (33.1%), followed by “Direct from seed company or their
representatives” (29%), and “Myself, | am a dealer for that company” (16.1%). Note that a
farmer may choose multiple sources to buy his seeds. Including source of purchase as an
explanatory variable in (5a) captures possible price discrimination schemes affecting the seed

price paid by farmers.
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The market share of biotech seeds has increased significantly during the years of our
study (see figure 1). In many cases, we found “entry” and “exit” of traited seeds in some local
markets. In order to investigate whether entry/exit may affect seed prices beyond the H effects,
we also introduce entry/exit variables in the specification (5a). In our data, we observe local exits

in the conventional seed ( K;) markets. We also observe local entry in the HT1 trait (K,)
markets, the ECB trait ( K,) markets and the RWW trait ( K;) markets. To capture entry-exit effects
on seed price, the following binary terms are included: Post-exitl = 1, when H,, =0; Pre-entry?2

=1when H,, =0; Pre-entry3=1when H,, =0;and Pre-entry4 =1when H,, =0.*

Estimation

Table 2 reports summary statistics of key variables used in the analysis. The mean values of
H,;’s show that the conventional seed markets are quite concentrated, but are considerably less
concentrated than the biotech trait markets. Each CRD is presumed to represent the relevant
market area for each transaction; thus, all / terms are calculated at that level. Conducting
market concentration analysis at the CRD level allows us to evaluate the possibility that seed
companies recognize localized market power for seeds with favorable performance parameters
under various agro-climatic conditions. For the 80 CRDs covering the eight years of our data,
the average conventional seed HHI is 0.242, which is well above the Department of Justice’s
threshold of 0.18 for identifying "significant market power". The average HHI for the three

biotech seeds markets is over 0.80.

!4 Note that we do not construct an event dummy for K, as we do not observe any pattern of entry or
exit for this trait.
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One econometric issue in the specification (5a)-(5c) is the endogeneity of the 4’s. Both
market concentrations (as measured by the A’s) and seed pricing can be expected to be jointly
determined as they both depend on firm strategies in the seed market. To the extent that parts of
the determinants of these strategies are unobserved by the econometrician, this would imply that
the A’s are correlated with the error term in equation (5a). In such situations, least-squares
estimation of (5a)-(5c) would yield biased and inconsistent parameter estimates (due to
endogeneity bias). The solution is to consider estimating equation (5a)-(5c) using an instrumental
variable (V) estimation method that corrects for endogeneity bias. To address this issue, we first
test for possible endogeneity of the H’s using a C statistic calculated as the difference of two
Sargan statistics (Hayashi 2000, p. 232). Under the null hypothesis of exogeneity of the H’s, the
C statistic is distributed as Chi-square with degrees of freedom equal to the number of variables
tested. The test is robust to violations of the conditional homoscedasticity assumption (Hayashi
2000, p. 232)." In our case, the C statistic is 200.16, showing strong statistical evidence against
the null hypothesis of exogeneity of the A’s.

The presence of endogeneity motivates the use of an instrumental variable (1) estimator.
We used the lagged value of each A and the lagged value of the market size for each trait
(including the conventional seed) as instruments. The use of lagged values reflects the time
required to grow the seeds, as seed companies typically make production decisions a year ahead
of the marketing decisions. Indeed these lag values are part of the information set available to the
seed companies at the time of their production decisions. The Hansen over-identification test is

not statistically significant, indicating that our instruments appear to satisfy the required

1> Under conditional homoskedasticity, the C statistic is numerically equivalent to a Hausman test
statistic.
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orthogonality conditions. On that basis, equation (5a)-(5c) was estimated by two-stage-least-

square (2SLS). Further evaluation of these instruments is presented below.

Table 2. Summary statistics

Variable Number of Mean Standard Minimum Maximum
observations*® Deviation
Price ($) 139410 99.61 23.61 3 230

Farm size (acre) 30273 489.48 587.87 5 15500

Longitude 30273 91.59 4.783 80.75 103.76

Latitude 30273 41.71 2.010 36.71 46.98
H, 639 0.242 0.152 0.067 1
H,, 639 0.769 0.188 0.337 1
H,, 313 0.907 0.150 0.430 1
H, 639 0.772 0.175 0.434 1

H, 601 0.085 0.070 0.99E-04 0.518

H, 291 0.108 0.088 1.10E-03 0.632

H, 580 0.075 0.079 9.58E-05 0.526
H,, 312 0.761 0.169 0.172 1
H,, 617 0.577 0.261 0.010 1
H,, 311 0.785 0.198 0.056 1

%/ The data contain 139410 observations from CRDs spanning 8 years (2000-2007). Each farm purchases multiple
seeds, therefore the number of observations for farm size is the total count of farms per year. The longitude and
latitude information is based on the county level measurement for each farm.

b/ For the market concentration measurements /’s, we only report the summary statistics of those non zeros at the
CRD level, therefore the number of observations is at most 80x 8 = 640.

A second pretest was to evaluate the model for the effects on prices from unobserved

heterogeneity across farms (e.g., unobserved pest populations). A Pagan-Hall test™® found strong

evidence against homoscedasticity of the error term in (5a). As reported earlier, each farm

purchases on average four to five different seeds. Some large farms actually purchase up to 30

different hybrid seeds in a single year. Unobserved farm-specific factors affecting seed prices are

expected to be similar within a farm (although they may differ across farms). This suggests that

16 Compared to the Breusch-Pagan test, the Pagan-Hall test is a more general test for heteroscedasticity in
an 1V regression, which remains valid in the presence of heteroscedasticity (Pagan and Hall 1983).
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the variance of the error term in (5a) would exhibit heteroscedasticity, with clustering at the farm
level. On that basis, we relied on heteroscedastic-robust standard errors under clustering at the
farm level in estimating equation (5a)-(5c).

Additional tests of the validity of the instruments were conducted. In the presence of
heteroscedastic errors, we used the Bound et al. (1995) measures and the Shea (1997)
partial R? statistic to examine the possible presence of weak instruments. The F-statistics testing
for weak instruments were large (i.e., much above 10). Following Staiger and Stock (1997), this
means that there is no statistical evidence that our instruments are weak. Finally, The
Kleibergen-Paap weak instrument test was conducted (Kleibergen and Paap, 2006),"" yielding a
test statistic of 5.81. Using the critical values presented in Stock and Yogo (2005), this indicated

again that our analysis does not suffer from weak instruments.

Empirical Results

Equation 5(a)-(5c) is estimated using 2SLS, with heteroscedastic-robust standard errors under
clustering. We first tested whether the cross-market GHHI impact is symmetric: Hy: S; = S,
where the f’s are the coefficients of the corresponding GHHI’s. Using a Wald test, we fail to

reject the null hypothesis for H,,. On that basis, we imposed the symmetry restriction for 4, in

the analysis presented below.

Table 3 reports the results. For comparison purpose, the ordinary least square (OLS)
estimation results are also reported. The OLS estimates of the market concentration parameters
differ substantially from the 2SLS results. This reflects the endogeneity of our market

concentration measures (and its associated bias). Our discussion below focuses on the 2SLS

7 Note that the Kleibergen-Paap test is a better choice compared to the Cragg-Donald test for weak
instruments: the former remains valid under heteroscedasticity (while the latter one does not).
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estimates as IVV/2SLS estimation corrects for endogeneity bias. We first discuss the price impacts
associated with introducing single biotech traits. This builds toward a broader assessment of the
more complex issues related to the marginal price impacts derived from the stacking of traits and
from the role that market power has shifting rent between farmers and the seed industry. In the
implications section, simulations of the Illinois corn seed market provides additional insights
about the interactive forces that derive from biotechnology.

Characteristics effects: Compared to conventional seeds, the results show that the
insertion of single biotech traits led to sizeable seed price premiums in three of the four traits
considered. The coefficients of the terms K, (ECB), K, (RW) and K, (HT2) are each positive
and statistically significant. They are respectively $25.64, $46.06, and $9.63 per bag, suggesting
the presence of significant premiums for these biotech traits. The coefficients of K, (H71) and K,
(HT2) differ, providing evidence of differences between the two herbicide-tolerant traits A7T1
and HT2. The coefficient of K, (HT1) is negative but not statistically significant. However, note
that the K’s also appear in interaction with the /’s in (5a)-(5c). This means that coefficients of
the K’s alone provide only partial information on how prices vary across seed types. The
magnitude of the price premium across seed types will be analyzed in more detail later.

The coefficients of the terms K, K., and K, provide useful information on the effects
of trait bundling on seed price. All of the stacking coefficients except for K, are negative and

statistically significant. The coefficient for K, is positive but not statistically significant. As

discussed in the econometric specifications section, component pricing is associated with the null
hypothesis that all stacking coefficients are zero. Using a Wald test, the null hypothesis that the
coefficients of stacking effects are all zero is strongly rejected. This provides convincing

evidence against component pricing of biotech traits in the corn seed market. The negative and
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significant stacking effects also indicate the prevalence of subadditive pricing of corn seed in
their individual components. Subadditive pricing may be driven by price discrimination
associated with demand heterogeneity (higher prices being associated with more inelastic
demands). But the fact that all of the stacking coefficients are negative indicates the likely
presence of economies of scope in the production of bundled/stacked seeds. This would be
consistent with synergies in R&D investment (treated as fixed cost) across stacked seeds. For
example, a given R&D investment can contribute to the production of multiple seed types,
meaning that bundling can help reduce the overall cost of producing seeds. In this context, the
subadditivity of prices would reflect the fact that seed companies share with farmers at least
some of the benefits of scope economies.

Market concentration effects: The model incorporates market share information about

each of the trait using the traditional Herfindahl indexes /4, along with generalized cross-
Herfindahl indexes /; as given in equations (5a)-(5¢). Here, we discuss the partial effects of

concentration and withhold a global assessment of market concentration until the implications
section.”® The partial effects of changes to the traditional Herfindahl indexes for each trait are
presented in the first four rows of the “Market concentration effects”. In this context, our
estimates indicate that an increase in market concentration for conventional seeds (as measured

by H,,) has a positive and statistically significant association with the price of conventional
seeds. More specifically, a one-point increase in H,, is associated with a $14.81 per bag increase

in the price of conventional seeds. The partial effect of concentration in the R trait market

'® We do not observe non-zero H, because no firm that operates in 72 market sells a conventional

seed. Similar situations arise for H,., H,, and H ,.When present, H., =1 because only one firm
operates in this trait market.
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(H,,;) and the HT1 trait market (H,, ), were also positive and statistically significant: A one-
point increase in H,, (H,,) is associated with a $32 ($14.92) per bag increase in the price of RW

(HT1) seeds. Finally, the concentration effect in the ECB trait market is negative but not
statistically significant.
We have shown in the model section that the effects of cross-market

concentration /,, i # j, depend on the substitutability/complementarity relationship between

)

traits i and j. We expect that an increase in the cross-market concentration /, will be associated

with a rise (decrease) in the price if the two components are substitutes (complements).

Of the five cross GHHI’s that involves conventional seed (4,,,H,,, H,;, H,,, H,;), only
the coefficients on H,, (conventional market share crossed with ECB market share) and H,,

(conventional market share crossed with HT1 market share) are statistically significant. The
positive effect of both coefficients suggests that the ECB trait is viewed as a substitute for the
conventional seed from the perspective of non-GM farmers; and the conventional seed is viewed
as a substitute for the HT1 trait for the HT1 traited seed adopters. This is plausibly explained by
the presence of a “yield drag” associated with adding a trait into a seed (Avise 2004, p. 41),
which would induce some substitution in demand between this trait and conventional seed.

All the cross-market concentration effects involving biotech traits are statistically
significant. This stresses the importance of a cross-market evaluation of market power. The ECB

and RW cross-market effects ( H,, and H, ) are both negative. This suggests that these two /R

traits are complements to each other. Since these two traits are targeting the control of different
insects, this could reflect the fact that crop damages caused by one insect infestation are larger in

the presence of damages from another insect infestation. The ECB and HT1 effects (H,, and
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H,,) are both positive, suggesting that the £CB and HT1 traits are substitutes. The RW and HT1
effects (H,, and H ;) are statistically significant but with opposite sign, suggesting that the R

trait and HT1 trait may have asymmetric effects on each other: AT1 trait is viewed as
complement to R trait by R traited seed adopters; and RW trait is viewed as substitute for
HT1 trait by HT1 traited seed adopters. This indicates that the effects of insect infestation on
corn yield differ significantly from those for weed infestation.

Location effects: Corn seed prices are found to vary significantly across states.
Compared to Illinois, the price difference is statistically significant for lowa ($1.53), Indiana (-
$1.13), Ohio (-$2.16), Wisconsin (-$2.34), and Kentucky (-$3.22). This suggests that seed
companies do price discriminate across regions, reflecting spatial differences in elasticities of
demand for seeds. The longitude variables are not statistically significant. But the latitude
variables have significant effects on corn seed price: the linear term is positive while the
quadratic term is negative. This suggests that seed price rises from south to north, reaches a peak
near the center of the Corn Belt™ and then declines when moving further north. This confirms
significant differences in seed prices between the center of the Corn Belt and fringe regions.

Purchase source effects: Recall that most farmers purchase seed from “Farmer dealer or
agent”, followed by “Direct from seed company” , and “Myself, | am a dealer for that company”
. Compared to purchasing from “Farmer dealer or agent”, “buying directly from a seed
company” costs about $4.57 less, while purchasing from “myself” costs about $4.40 less. These
results may reflect the effect of farmer’s bargaining position, but also possibly the presence of

price discrimination across different modes of purchase.

9 For the latitude, the peak is reached at 40.54, which is close to the center of our study region (mean
latitude at 41.71)
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Table 3. OLS and 2SLS regression with robust standard errors,

a,b,c,d

Dependant Var: Price ($/bag) OLS 2SLS
Coefficient t-statistics | Coefficient Robust z
statistics
Characteristic effects, benchmark is K;: Conventional seed
K, (ECB) 24.31%** 46.93 25.64*** 12.65
K, (RW) 31.89*** 23.82 46.06*** 5.09
K, (HT1) 1.93*** 2.97 -3.78 -1.16
K, (HT2) 6.92%** 18.68 9.63*** 10.28
K, -9.49%** -11.20 -11.20%** -7.06
K,, -10.06*** -30.10 -13.83*** -13.75
K, -3.44%** -7.96 -5.82*** -6.00
K, -11.03*** -12.74 -14.35%** -10.13
K, 0.39 0.33 -1.27 -0.67
K, -19.70** -2.25 -21.95%** -2.92
K, =24 52%** -28.17 -30.62*** -11.82
K, -13.63*** -12.26 -18.71*** -6.47
K, -16.51*** -24.34 -22.92%** -11.84
Koy -12.26*** -6.17 -17.36** -5.98
Kous -28.85*** -24.78 -37.88*** -10.05
Market concentration effects
H,, (conventional seed) 11.71%** 15.83 14.81*** 6.47
H,, (ECB) 1.45** 2.41 -0.57 -0.27
H, (RW) 4.82** 2.04 32.00*** 2.93
H,, (HT1) 11.25*** 12.70 14.92%** 291
H,, on conventional seed 28.06*** 11.72 36.07*** 3.10
H,, on ECB trait -71.22%** -4.73 -7.29 -0.95
H,, on conventional seed/RW trait | -1.74 -1.00 2.78 0.21
H,,on conventional seed -24.19%** -9.93 -14.58 -1.04
H, on HT1 trait 9.22%** 6.49 22.42* 1.78
H,, on ECB trait -2.10*** -6.14 -3.42** -2.38
H,, on RW trait 1.79 0.74 -28.87*** | -3.45
H,, on ECB trait -2.58*** -5.10 3.00* 1.66
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H,, on HT1 trait 6.53*** 9.59 10.07%** 4.17
H,, on RW trait -8.41*** -4.54 -24.,98*** -2.98
H,, on HT1 trait 3.99%** 9.35 1.07%%* 4.15
Other variables

Post-exitl -4.36* -1.58 -2.77 -0.59
Pre-entry?2 -5.50** -2.21 -4.52 -1.21
Pre-entry3 -0.30 -1.34 0.12 -0.11
Pre-entry4 =7.75%** -3.64 -6.57** -2.02
Total farm corn acreage (1000 acre) | 0.75*** 9.61 0.72%** 4.68
Longitude 0.33*** 2.90 0.37 1.49
Longitude squared -0.01 -1.52 -0.01 -1.00
Latitude 0.97*** 5.59 1.18*** 3.30
Latitude squared -0.11*** -6.93 -0.13*** | -4.20
Year 2.30*** 47.42 1.95%** 13.95
Constant 71.01*** 71.41 70.36*** | 29.39
Number of observations 123861

& Statistical significance is noted by * at the 10 percent level, ** at the 5 percent level, ** at the 1 percent level.

®The R?is 0.54 for the OLS estimation. For the 2SLS estimation, the centered R? is 0.53, and un-centered R? is 0.98.
“Results for the location effects and purchase source effects are not reported here but are discussed in the text.

The longitude and latitude measures are normalized by subtracting the lower bound (80 for longitude and 36 for the
latitude) from the true value.

Other variables: Most exit and entry dummies are not statistically significant. The only
exception is Pre-entry4, which is negative and statistically significant at the 5 percent level. The
introduction of HT1 traited biotech seed may raise the price for all seeds, including the
conventional ones. This result is consistent with the finding in Shi (2009), where she argues that
the introduction of biotech seed can raise the conventional seed price. The farm size effect is
statistically significant: large farms within each state pay more for corn seed. This result may be
due to the fact that large farms are more productive (compared to smaller farms) and located in
areas where corn hybrids are better tailored to local growing conditions. The time trend effect is

positive and statistically significant, reflecting technological improvements in the seed industry.
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Implications

In this section, our empirical estimates are used to generate insights on bundle pricing,
and the interactive role of market power within and across markets on seed pricing. For
illustration purpose, our analysis focuses on Illinois in 2004. Illinois is one of the largest corn-
producing states in the US, and it has the largest number of farms in our sample. The year 2004
is chosen as it is in the middle of our sample period; and it avoids entry/exit events for traits.

Three sets of results are presented. First, we evaluate the effects of bundling/stacking by
simulating how stacking influences seed prices. Second, we simulate the Lerner indexes applied
to the pricing of different seed types. This provides useful information on the extent of departure
from marginal cost pricing. Third, in a further evaluation of market power effects, we simulate

the potential impact of merger activities.

Simulation of bundling effects

The bundling literature has identified situations where component pricing may not apply (e.g.,
when the demands for different components are correlated, or when consumers are
heterogeneous in at least a subset of the component markets). As discussed above, our
econometric results strongly reject component pricing (i.e., seeds being priced as the sum of their
component values). This raises the question: how do prices vary across bundles? To address this
question, we simulate the effects of bundling/stacking on seed prices using mean values of

relevant variables for Illinois in 2004 (including farm size, the traditional HHIs (/) and the

cross market GHHIs (#,)).%

20 The purchase source is set to be from “Farmer who is a dealer or agent”.
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Table 4 contains the simulation results.?* The simulated mean conventional seed price is
$90.86/bag, which is presented as the base case (case 1). Cases 2-16 involve biotech seeds,
including stacked/bundled seeds. The last column of table 4 reports price premiums measured as
price differences of each seed type compared to conventional seed. Except for the seed with two
herbicide tolerant traits (case 11: K, ), all biotech seed price premiums are statistically different
from the mean conventional seed at the 1 percent level or higher. Thus, seed companies are able
to generate price premiums linked to specific biotech traits.

Cases 2-5 reflect the premium attached to seeds sold with a single biotech trait. Adding

the ECB trait (K,) alone raises the seed price by a premium of $17.96. The corresponding price
premium is $29.91 for RW (K,), $13.03 for HT1 (K,), and $4.51 for HT2 (Kj).

Double, triple, and quadruple-stacked seed prices and premiums are presented in cases 6-

15. Note first the $41.74 premium for stacking ECB and RW traits (K,;) . While this is greater

than the price premium farmers pay for unstacked versions of these seeds (i.e., K2 or K3), it is
less than the sum of them (17.96 + 29.91 = $47.87). A similar pattern is evident in all the double

stacked seed prices except for case 10: K,, and case 11: K, . The triple stacking of ECB, RW and
HT1 traits (K,,) has a price premium of $40.49. This is greater than the value of any individual
trait component or any relevant double stacked seed price (except for K, where the price

difference is insignificant). But this is less than the sum of the individual premiums ($65.41).

Note also that adding the third trait to any of the K,,, K,,, or K,, seeds produces a marginal

contribution of the third trait that is smaller than the contribution of the trait being added into a

2! Note that we did not simulate the case for HT11 trait stacked with A2 trait (K 45) because we have very
few observations on the K stacking system. The same applies for K, .
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single traited system (to form a double stacking system) or alone (to form a single traited
system). Other triple stacking systems follow a similar pattern. Finally, the price premium for
quadruple stacking ( K,,,s ) is $42.85, which is (weakly) greater than all other scenarios
(including K,,; and K,,.). As before, the marginal contribution of each individual trait is again

lower than in a triple system.

Table 4. Effects of Bundling/Stacking on Seed Prices, $/bag.’

Case Traits Expected Standard | Price difference from | Standard
Seed Price Error K1 (Conventional) Error
1 K; (Conventional) 90.86*** 0.46 0.00
2 K, (ECB) 108.82*** 0.49 17.96*** 0.65
3 K; (RW) 120.78*** 1.28 29.91*** 1.16
4 K, (HT1) 103.89*** 0.67 13.03*** 0.79
5 K; (HT2) 95.38*** 0.67 4.51*** 0.80
6 K; 132.60*** 1.41 41.74%** 1.34
7 Koy 113.13*** 0.75 22.26*** 0.88
8 Kos 112.62*** 0.59 21.76%** 0.72
9 Ky 124 54*** 1.43 33.68*** 1.33
10 Kss 129.11*** 1.43 38.25%** 1.56
11 Kys 91.40*** 7.49 0.54 7.53
12 K34 131.35*** 1.42 40.49*** 1.41
13 Kss 134.80*** 1.64 43.94*** 1.64
14 Koys 113.67*** 0.90 22.81*** 1.02
15 Ksys 131.20*** 2.19 40.34*** 2.16
16 K345 133.72%** 1.69 42.85*** 1.74

& Statistical significance is noted by * at the 10 percent level, ** at the 5 percent level, and *** at the 1 percent level.

Overall, these results document significant departures from component pricing (where

seeds are priced as the sum of their component values). The evidence supports sub-additive

pricing. It shows that the marginal contribution of each component to the seed price declines

with the number of components. Note that such a finding is consistent with the presence of

economies of scope in seed production. Indeed, synergies in R&D investment (treated as fixed

cost) across seed types can contribute to reducing total cost. This cost reduction can then be (at
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least partially) shared with farmers in the form of lower seed prices. Our empirical evidence
against component pricing and in support of sub-additive pricing could then be interpreted as

indirect evidence of scope economies in seed production.

Estimated Lerner indexes

As discussed earlier, the Lerner index provides a simple characterization of the strength of
imperfect competition: it is zero under marginal cost pricing, but positive when price exceeds
marginal cost. The market power component M in equation (6) gives a per-unit measure of the

price enhancement beyond marginal cost. And the associated Lerner index is L = 4&. Evaluated

at sample means for Illinois in 2004, the Lerner indexes (100 x L) are reported in Table 5 for
selected seed types.

The Lerner indexes are statistically significant at the 10 percent level in four cases (out of
eight cases).?? When significant, the Lerner indexes are positive in three cases (conventional

seed K, , HT1 traited seed K,, and double stacked seed of ECB and HT1K,,) but negative in the
case of K,, (double stacked seed of ECB and RW), with estimates of (100 x L) varying from
5.92 percent for conventional seeds ( X) to 20.87 percent for HT1 (K,) for the positive cases
and -10.11 percent for ECB and RW (K ,;). This provides empirical evidence that market power

affects seed prices. The effect of market power on price is found to be moderate in the

conventional seed market K, but larger in the 71 market. Finally, the Lerner indexes are not
statistically different from zero for K, (ECB) and K, (RW), but is negative and statistically

significant in the stacked market K,,. Thus, our analysis suggests empirical evidence of

22 Cases involving the K, trait are dropped due to lack of variation in the x_market concentration.
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complementarity interacting with market power: an increased market concentration in these two
sub-market is associated with a price reduction in the relevant stacked seed market.

Table 5. Simulated Lerner Indexes”

Lerner Index (100 x | Standard Error t-ratio

L)
K; (Conventional) | 5.92*** 1.51 3.91
K, (ECB) -2.44 2.05 -1.19
K; (RW) -8.99 6.31 -1.43
K, (HT1) 20.87*** 2.79 7.47
K>3 -10.11** 5.02 -2.01
Koy 15.90*** 2.89 5.50
K3y 8.47 6.72 1.26
K>3y 6.00 5.64 1.06

% Lerner indexes are calculated from prices at the mean GHHI levels compared to the case of competition (GHHI=0)
b Statistical significance is noted by * at the 10 percent level, ** at the 5 percent level, and *** at the 1 percent level.

Effects of changing market structure

In equation (3), we defined the GHHI's H, = Z s's" for sub-markets i and j. As

eN 't J
discussed above, the H'’s are endogenous variables measuring market concentrations. They
provide useful information linking market structure with pricing. The assessment of changing
market structures is complex in the presence of bundling when the same firms sell different

bundled goods, as all the /7 's typically change in response to any change in industry structure.
The changes in the H,;'s depend on the nature of changes in firms’ concentration in all relevant

markets. This indicates that changes in market structure can have complex effects on prices.
We evaluated such effects by simulating the effects of changing market structures

associated with alternative merger scenarios. Several simulations are presented to evaluate the

potential effects of increased market concentrations on seed prices. Each simulation considers a

hypothetical merger in a given market, merger leading to a monopoly in that market (where the
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post-merger market share becomes equal to 1).2* While these are rather extreme scenarios, the
simulated effects can be interpreted as upper bound estimates of the potential impact of market
power. Three sets of (hypothetical) mergers are simulated: 1/ mergers between biotech
companies within each genetic trait market (biotech/biotech within trait); 2/ mergers between
biotech companies producing different genetic traits (biotech/biotech across traits); and 3/
mergers between biotech companies and seed companies (biotech/seed merger). Again, such
merger scenarios are counterfactual. They are presented to illustrate how our analysis can be
used to evaluate the price implications of changing market structures.

The price effects of three sets of merger scenarios are reported in Table 6. The first set
(scenarios 1-3) considers mergers between biotech companies within a given genetic trait market
(biotech/biotech within trait). This covers mergers of biotech firms within the ECB market
(scenario 1), within the RW market (scenario 2), and within the HT1 market (scenario 3). In
scenarios 1-3, Table 6 shows that the effect of such mergers on seed price would not be
statistically significant for ECB and RW. However, the effect is statistically significant for HT1.
Our simulation results show that mergers of biotech firms in the H71 markets could potentially
induce a price increase of up to $19.08/bag of HT1 seed.

The second set (scenarios 4-6) considers mergers between biotech companies producing
different genetic traits (biotech/biotech across traits). This covers mergers of biotech firms
involved in ECB and RW markets (scenario 4), in ECB and HT1 markets (scenario 5), in RW and
HT1 markets (scenario 6). In each case, the simulations again assume that the merger leads to a
monopoly in the corresponding market (with a market share equal to 1). Table 6 shows that the

mergers across ECB and RW markets are associated with a price reduction of $5.99/bag for ECB

% |n situations where the mergers lead to increased market concentration but without full monopolization,
note that our simulations present upper-bound estimates of the corresponding price effect.
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seeds (scenario 4a), a price reduction of $25.10/bag for RW seeds (scenario 4b), and a price
reduction of $31.09/bag for ECB/RW stacking seeds (scenario 4c). The results for scenario 4
underscore the importance of possible efficiency gains that might emerge from mergers.

Mergers involving ECB and HT1 could potentially induce a price increase of up to $22.22/bag of
HT1 seed (scenario 5b) and $22.55/bag of ECB/HTL stacking seeds (scenario 5c), but not on the
ECB trait market. And mergers involving RW and HT1 could be associated with a price reduction
of up to $21.34/bag of RW seed (scenario 6a) and a price increase of up to $19.91/bag of HT1
seed (scenario 6b). However, the price effects on RW/HTY1 stacking seeds (scenario 6c¢) are not
statistically significant.

Finally, the third set (scenarios 7-9) considers mergers involving biotech companies and
seed companies (biotech/seed merger). The simulations assume that the mergers lead to the
monopolization in the corresponding biotech trait market. However, since the monopolization of
seed companies is unlikely (there are too many seed companies), the mergers in scenarios 7-9 are

assumed to increase market concentrations for conventional seed (as measured by the A, 's and
H's) only to the maximum observed in our sample. How are mergers involving both seed

companies and biotech firms associated with changes in conventional seed prices? The simulated
price change can be up to +$32.37/bag when mergers involve ECB biotech firms (scenario 7).
However, our simulations indicate that the effects of such mergers would not be statistically
significant when it involves RW biotech firms (scenario 8) or when the mergers involve HT1
firms (scenario 9). Importantly, note that these simulation results capture cross-market effects
contributing to the exercise of market power in the conventional seed market. These cross-

market effects play a significant role in the evaluation of the exercise of market power.
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Table 6. Simulated Merger Effects®

Sector affected Market/Price Induced Standard
by mergers Scenarios Affected price change Error t-ratio
($/bag)
ECB (K>) 1 ECB (K>) -1.88 2.82 -0.67
RW (K3) 2 RW (K3) -3.37 3.21 -1.05
HT1 (K,) 3 HTL (K,) 19.08*** 3.74 5.10
ECB and RW 4a ECB (K>) -5.99** 3.01 -1.99
(K>, K3) 4b RW (K3) -25.10*** 9.35 -2.68
4c ECB/RW (K>3) -31.09*** 10.45 -2.97
ECBand HT1 5a ECB (K>) 0.33 3.33 0.10
(K2, Ky) 5b HT1 (K)) 22.22*%** 4.52 4.92
5C ECBIHTL(K ) 22.55%** 6.20 3.64
RW and HT1 6a RW (K3) -21.34*%** 6.30 -3.39
(K3, Ky) 6b HT1 (Ky) 19.91*** 3.62 5.50
6C RWIHTL (K34) -1.43 6.14 -0.23
Conv. and ECB 7 Conventional (K;) 32.37*** 8.93 3.62
(KI! K2)
Conv. and RW 8 Conventional (K;) 7.87 10.09 0.78
(KI! K3)
Conv. and HT1 9 Conventional (K;) -5.99 10.16 -0.59
(KI! K4)

2 Statistical significance is noted by * at the 10 percent level, ** at the 5 percent level, and *** at the 1 percent level.

The simulations in Table 6 illustrate the potential usefulness of the model in studying the

effects of changing market concentrations. For example, in a pre-merger analysis, this would

involve evaluating the HHIs and GHHIs in all relevant markets before and after a proposed

merger with a quantitative assessment of the price effects. Alternatively, the model could be used

to estimate the effects of spin-offs by evaluating their anticipated effects on HHIs and GHHIs

and by simulating the associated price changes.
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Concluding remarks

This paper has presented an analysis of bundle pricing under imperfect competition. A
multiproduct Cournot model identifies the role of substitution/ complementarity in bundle
pricing. It explains how oligopoly pricing manifests itself, and motivates generalized HHI
measures of market concentration. The model is applied to the U.S. corn seed market and
estimated using farm-level data from 2000-2007. The U.S. corn seed market represents a unigue
opportunity to evaluate the pricing of bundled goods, where patented genetic traits are inserted
into conventionally bred corn seed either bundled or independently. These GM seeds compete
alongside conventional seeds in a spatially diverse farm sector. There is considerable variation in
the spatial concentration of conventional seeds and seeds with various patented genetic traits.
Through the years of this study, GM seeds have been adopted quickly among U.S. farmers and
are part of a broader wave of technological progress impacting the agriculture sector.

The econometric investigation documents the determinants of seed prices, including the
effects of bundling and the pricing component associated with imperfect competition. Several
major conclusions follow the research findings. First, we find extensive evidence of spatial price
discrimination. We observe, ceteris paribus, that seed prices vary by state and in a south to north
pricing pattern that peaks in the central part of the Corn Belt. This would be consistent with a
type of price discrimination pattern that recognizes the inherent productivity of land in the Corn
Belt. Second, we find strong evidence of subadditive bundle pricing, thus rejecting standard
component pricing. This is consistent with the presence of economies of scope in seed
production and/or demand complementarities. Third, we investigated the interactive role of
market concentrations with complementarity/substitution effects in the pricing of seeds. Using

generalized HHI’s, this helps to document how traditional and cross-market effects of imperfect
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competition can contribute to higher (or lower) seed prices. Our results indicate that Lerner
indices for three seed types are positive and statistically significant while prices for one market
indicate a pro-competitive environment. Fourth, our simulation of hypothetical mergers produced
numerous interesting results. Perhaps most striking is a simulation involving a merger of
conventional seed firm with a biotech firm selling seeds traited for ECB. Conventional seed
prices provide an important competitive benchmark by which farmers can use to weigh the
decision to purchase biotech seed. The simulated merger indicates that the conventional seed
price would rise significantly. Such a price increase may be of great concern to policymakers
because the impact would contribute to raising the price of the entire corn seed complex.

Our analysis could be extended in several directions. First, it would be useful to explore
the implications of bundle pricing and imperfect competition in vertical markets. Second, there is
a need for empirical investigations of bundle pricing analyzed jointly with bundling decisions.
Third, it would be useful to estimate the separate effects of supply versus demand factors in
bundle pricing. But this would require better data (especially on the supply side) to identify these
effects separately. Finally, there is a need to explore empirically the economics of bundling

applied to other sectors. These appear to be good topic for further research.
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On Pricing and Vertical Organization of Differentiated Products

1. Introduction

The role of imperfect competition in horizontal markets is well understood: high market
concentration leads oligopolies to exercise market power and increase output price. Yet,
production processes often involve multiple stages, raising the issue of how firms get organized
in and across those stages. A large body of literature has developed on the exercise of market
power in vertical structures (e.g., Spengler 1950; Hart and Tirole 1990; Ordover, Saloner and
Salop 1990; O’Brien and Shaffer 1992; McAfee and Schwartz 1994; De Fontenay and Gans
2005; Lafontaine and Slade 2007; Gans 2007; Rey and Tirole 2008). However, the implications
of vertical control have remained a difficult and controversial topic in industrial organization
(e.g., Tirole 1992; Whinston 2006). One school of thought (often associated with the University
of Chicago) has stressed that greater vertical control can generate efficiency gains. Another
school of thought has examined the impact on foreclosure, where reduced competition can
induce efficiency losses (e.g., Whinston 2006; Rey and Tirole 2008).

Difficulties in evaluating these effects become even more severe when considering
differentiated products. Previous work has circumvented this complication by focusing on
monopoly or perfect substitutes in the upstream and/or downstream markets (e.g. Hart and Tirole
1990; Ordover, Saloner and Salop 1990; O’Brien and Shaffer 1992). However, product
differentiation is commonly found across vertical channels. This creates two significant
challenges. First, there is need to refine our conceptual approach to the economics of vertical
structures under imperfect competition and differentiated products. Second, to be useful, the

analysis should be empirically tractable.



This paper addresses both challenges. First, it develops a Cournot model of pricing of
differentiated products under imperfect competition and different vertical organizations. The
analysis shows how substitution/complementarity relationships across vertical channels relate to
the price-enhancement associated with market power. It provides a structural representation of
price determination with an explicit characterization of the market power component. The
Herfindahl-Hirschman index (HHI) has been commonly used to assess horizontal market
concentration (e.g., Whinston 2006). We propose a vertical HHI (termed VHHI) that captures
how market concentration and vertical organization interact with each other in influencing the
market power component in differentiated products pricing. The concept of VHHI was firstly
introduced in Gans (2007). Our approach extends Gans (2007) by allowing for both horizontal
and vertical product differentiation in final goods. In addition, in contrast with Gans (2007), we
do not impose restrictions on the production technology or on trading patterns between upstream
and downstream firms. As such, our approach applies under more general conditions.

Second, the usefulness of the approach is illustrated in an econometric application. While
the theoretical model motivates the VHHI measures, our econometric analysis involves the
empirical estimation of a hedonic linear pricing equation where our VHHI’s capture imperfect
competition across both horizontal and vertical markets. The empirical analysis focuses on the
U.S. soybean seed industry. In this application, the upstream firm develops the seed production
technology (e.g., a biotech firm developing patented biotech seeds by inserting genetic material
in the basic seed germplasm), and the downstream firm uses the upstream technology to produce
and sell the seeds to farmers. The recent biotechnology revolution has contributed to both a rise

in market concentration and a rapid increase in patenting of genetic material. Seed patenting by



biotech firms has created new opportunities for product differentiation and price discrimination
under alternative vertical structures.

The advances in agricultural biotechnology have also led to the bundling of patented
genetic traits, where multiple traits are stacked within a seed. Our analysis investigates the nature
of bundle pricing in the U.S. soybean biotech seed industry.”> To our knowledge, previous
literature has not studied how bundling behavior and pricing can vary under alternative vertical
structures. Our empirical investigation provides new and useful insights into the interactions
between bundle pricing and vertical organization.

The soybean seed market makes an excellent case study for three reasons. First, a flurry
of mergers since the 1980s led a few large biotech firms to dominate the U.S. soybean seed
industry (Fernandez-Cornejo 2004). The top four largest firms accounted for 40% of the soybean
seed market in the late 1980s, a substantial rise from 5.2% in 1980 (Fernandaz-Cornejo 2004).
Our data show that this percentage further increased to 55% in 2007, and all are vertically
integrated biotech/seed companies. As noted by Graff, Rausser and Small (2003), these mergers
have been motivated in part by the complementarities of assets within and between the
agricultural biotechnology and seed industries. This means that seed markets may be highly
concentrated due to the efficiency gains obtained from vertical and horizontal integration (e.g.,
due to economies of scope in the production of genetic traits). But market power by biotech
firms can also be used to increase seed prices, leading to adverse effects on economic efficiency

and farmers’ profits (e.g., Fulton and Giannakas 2001; Fernandez-Cornejo 2004).

? The economic literature has analyzed three types of bundle pricing: component pricing where the price of a
product is set equal to the sum of the value of its components; pure bundling where consumers are restricted to
choose between either a fixed bundle of components or nothing at all; and mixed bundling where products are
offered both bundled and unbundled, each being priced separately (e.g., Adams and Yellen 1976; McAfee et al.
1989; Whinston 1990).



Second, vertical structures in the U.S. soybean seed industry have been changing due to
firm’s merger/acquisition behavior. While the licensing of biotech seeds remains dominant,
biotech firms have increased their use of vertical control through integration. Our data show that,
in the US single-trait soybean seed market, vertical integration has increased from 13% of the
market in 2000 to 26% in 2007. This raises the questions: Are these changes motivated by
efficiency gains? Or are they reflecting attempts to increase market power? These questions
suggest a need to investigate empirically the economics of pricing of differentiated products
under alternative vertical structures.

Finally, the biotechnology revolution has stimulated the development of product
differentiation involving patented genetic material. Our analysis of the soybean seed market
helps assess the pricing implications of alternative forms of product differentiation. In addition,
the seeds can differ by the institutional setup of providers. The U.S. soybean seed industry has
experienced a rapid shift from public sector breeding to private sector breeding since the 1970s.
The acreage share of publicly developed varieties decreased from over 70% in 1980 to 10% in
the mid-1990s (Fernandez-Cornejo 2004), and is 0.5% in 2007 according to our data.®> Such
changes were caused in large part by advances in breeding technology (including biotechnology)
and changes in the intellectual property protection of life forms since the 1980s. At this point, the
implications of such institutional changes for pricing are not well understood. Our study provides
new and useful information of these effects.

Our econometric analysis examines the nature of product differentiation and pricing. The
empirical evidence shows how the interaction of market concentration and vertical organization

relate to the market power component associated with soybean seed prices. It finds that such

> However, within the conventional seed market, public sourced soybean seed varieties still account for
around 10% of the acreage in 2007.



relationships vary with the vertical organization and the institutional setup of the seed providers.
As expected, we find that publicly sourced seeds are priced significantly lower than privately
sourced seeds. We uncover evidence that complementarity and economies of scope can mitigate
the price-enhancement of market power in the privately sourced seed market. Our empirical
analysis indicates that market concentration analyses that neglect vertical structures (e.g., using a
traditional HHI) would fail to capture the linkages between market structure and pricing. We find
that seeds sold through vertically integrated structure are priced higher than those through
licensing. In addition, we fail to reject component pricing under licensing. But we strongly reject
component pricing under vertical integration, where the evidence points to sub-additive pricing.

The paper is organized as follows. Section 2 presents a conceptual framework of
multiproduct pricing under imperfect competition. It develops a Cournot model that motinvates
the VHHIs capturing imperfect competition in both vertical and horizontal markets. Sections 3
and 4 present an econometric application to the U.S. soybean seed market, where the relationship
between VHHIs and the market power component is empirically investigated. The estimation
method and econometric results are discussed in section 5. Sections 6 and 7 report the empirical
findings and evaluate their implications. Finally, section 8 concludes.
2. The Model

Consider a market involving a set N = {1, ..., N} of N firms producing a set K= {1, ...,
K} of K outputs. The production and marketing of outputs involve upstream technology/input

markets under V alternative vertical structures (e.g., vertical contract, ownership). Denote by
Y = (Vs Viseen Vi, s € RY the vector of outputs produced by the n-th firm, y;. being the -

th output produced by the n-th firm under the z-th vertical structure, k € K, n € N,7 € V = {l,

..., V}. We assume that the vertical structures can support price discrimination schemes. In other



words, through different labeling or packaging, prices for a given product are allowed to vary

across vertical structures. In this context, the price-dependent demand for the £-th output under

the 7-th vertical structure is p,, (zneN y').

Each firm maximizes profit across all marketing channels. We assume the existence of
contracts (implicit or explicit) between the upstream technology provider and the downstream
firm. Such contracts mean that production and marketing decisions are made efficiently so as to
maximize firm profit in the vertical channel.* In this context, we want to examine how the

exercise of market power can affect both horizontal and vertical markets. The profit of the n-th
firm is ZkeKZreV[ka (zneNy") Vi 1-C,(y"), where C (y") denotes the n-th firm’s cost of

producing y”. Assuming a Cournot game and under differentiability, the profit maximizing

decision of the n-th firm for the k-th output in the z-th vertical structure ;. satisfies

Op f ”
ZmeK Zuev Pyk ?r < 03 (la)

Vi 20, (1b)

[pkf zmel{zuevzh - n]y =0. (IC)

Equation (1c¢) is the complementary slackness condition which applies whether the 4-th
output is produced by the n-th firm in the z-th vertical structure ( y;, > 0) or not ( y,, = 0).

Equation (1¢) remains valid whether or not the n-th firm produces the 4-th output, i.e. it applies
no matter how many of the K products the firm chooses to sell. And equation (1c) holds
irrespective of the vertical structure chosen by the n-th firm in marketing its products. It means
that, under imperfect competition, equation (1c) allows for situations where the actions of one

firm can restrict the involvement of other firms in given vertical markets. As such, it can

* Note that the presence of efficient vertical contracts rules out vertical externalities. Taking into
consideration the effects of vertical externalities is briefly discussed in footnote 6.



represent foreclosure strategies that have been the subject of much scrutiny (e.g., Ordover,

Saloner, and Salop 1990; Whinston 2006; Rey and Tirole 2008).

We assume that the cost function takes the form C,(y")=Fu(R) + Y > ¢ v, +
O.SZk,meszev Coteae Vo Vie » Where R, = {(j, ): y’. >0, jeK, 7€V} is the set of positive

outputs produced by the n-th firm. Here, F,,(R,) > 0 denotes fixed cost that satisfies F,,(J) =0,
and ZkeK zTeV CorVin T+ O.SZk K zr oy Gk ue Vo Vi, denotes variable cost. Note that the

presence of fixed costs (where F,(R,) > 0 for R, # &) can imply increasing returns to scale.
Then, marginal cost pricing would imply negative profit and any sustainable equilibrium must be
associated with departures from marginal cost pricing. Note that the fixed cost F,,(R,) can have
two sources: the fixed cost associated with the upstream technology (e.g., the R&D cost of
developing new products in the upstream technology); and the fixed cost associated with the

downstream firm (e.g., the setup cost of establishing a vertical structure).
In addition, the cost C, (y") can represent economies of scope. This can come from both
the variable cost as well as the fixed cost. Indeed, economies of scope can arise in the presence

: : 260" n .
of complementarity among outputs, i.e., when el o 0 and output y’, reduces the marginal

Vi OV
cost of y; forj# kand u # 7 (Baumol et al. 1982, p. 75). And it can arise when fixed cost
F,(R,) satisfies F,(R?) + F,(R”) > F,(R* U R) for some R* = KUV and R” « KUV, i.e. when
the joint provision of y* = {y", :(j,u) e R*} and y” = {y", :(j,u) € R"} reduces fixed cost
(Baumol et al., 1982, p. 75). This can apply to the upstream technology (e.g., R&D investment
contributing to the joint production of y* and y”) as well as the downstream technology (e.g.,

the cost of establishing alternative vertical structures). In the first case, efficiency gains would be



obtained from the joint development of technology used to produce outputs y* and y”. In the

second case, efficiency gains could be generated from producing and selling multiple products in
multiple vertical structures.

While these arguments make it clear that our approach can capture efficiency gains, how

with ¢ <0. The marginal

mk ut mm ,uu

. . 9
does it represent the exercise of market power? Let a’;—k =a

ac, (y")

no: _ n : —
cost of y,. 1s =c,, + zmeKZueV CospaYma » With ¢, >0and ¢, .. = ¢, . Let

Y = Z%N v, be the aggregate output of the m-th product in the 7-th vertical structure, meK,

1€V. Assuming that Y,_> 0, define S, = f,: € [0, 1] as the market share of the n-th firm for the

k-th product in the 7-th vertical structure. Dividing equation (1c) by Y, and summing across all n

€ N yield
Cir + ZmeK Zuev (ka,ur &, “T)ZneN muskr mu > (2)
which can be alternatively written as
pkz' = Ck‘r + szK ZueV (ka,uz' - mk ur )Hmk ut *mu > (3)
where H,, . Z xSmiSie s Withm, ke Kandu, 1€ V.

Equation (3) is a pricing equation for the k-th product in the z-th vertical structure. It

includes the term

Mkr = ZmeK ZueV (ka,ur - mk ur )Hmk ur - mu * (4)

M, in (4) is associated with the exercise of market power. To see that, note that /

mk ut

[0, 1], and that H

mk ut

— 0 under perfect competition (when the number of active firms is large).

It follows that M, — 0 under perfect competition. At the other extreme, H,, = 1 under

mk ,ut

monopoly (when there is a single active firm). In general, H increases with market

mk.,ut



concentration. This means that the term A, _ in (4) is the component of the pricing equation (3)
which captures the effects of imperfect competition. As such, M, provides a convenient

measure of the market power component of price. We will make extensive use of equations (3)
and (4) in our analysis below.

Equation (4) provides useful information on the structural determinants of M, . When
there is a single product (K = 1) and a single vertical structure (V= 1), note that H,,, is the

traditional Herfindahl-Hirschman index (HHI) providing a measure of market concentration. The
HHI is commonly used in the analysis of the exercise of market power (e.g., Whinston 2006).

Given positive marginal cost (¢, 2 0) and negative demand slope («,,;, < 0), equations (3)-(4)
indicate that an increase in the HHI, H,,,,, (simulating an increase in market power) is

associated with an increase in M, and thus an increase in price, p,,. As a rule of thumb,
regulatory agencies have considered that H,,;, > 0.1 corresponds to concentrated markets where

the exercise of market power can potentially raise competitive concerns (e.g., Whinston 2006).
Equations (2)-(4) extend the HHI to a multi-product context (when K > 1) and under

various vertical structures (when V> 1). They define H as a vertical Herfindahl-Hirschman

mk ,ut

index (VHHI). When m # k and u = 7, it shows that a rise in the “cross-market” VHHI H

mk,tT

would be associated with an increase (a decrease) in price if [¢,, ., —,, .. 1> 0 (<0). Since

mk,tr

_ 9

’; = and following Hicks (1939), note that «,,, . <0 (> 0) when products 7 and & are

a

mk,tT - o
substitutes (complements) on the demand side, corresponding to situations where increasing y,

. . .. 22C (v
tends to decrease (increase) the marginal value of y” . Similarly, ¢, = 5}—2) >0 (< 0) when
mt Ykt

mk,tr

products m and k are substitutes (complements) on the supply side, corresponding to situations



where increasing y,  tends to increase (decrease) the marginal cost of »” . Note that the

complementary case (where ¢

e < 0) generates economies of scope (Baumol et al. 1982, p. 75),
where multi-output production contributes to reducing cost. It follows that the term

[ Cot.r — X ] Would be positive when y, - and y,, behave as substitutes on both the supply

and demand side. And it would be negative when y” and y, behave as complements on both

the supply and demand side. From equations (3) and (4), it follows that the qualitative effects of

the market concentration terms H

mk,tT

on M, and on price, p,., depend on the nature of

substitution or complementarity among outputs (through the terms [c,, .. — &, .. 1).” Arise in

H , _ would contribute to an increase (a decrease) in M,, when two products within a vertical

mk,tT
channel (y,, and y, ) are substitutes (complements).

Of special interest here are the effects of vertical structures on pricing. Consider the case
where u # t and k = m. Then, equations (3) and (4) also show how vertical structures influence

prices. They show that a rise in VHHI H, ,. would be associated with an increase (a decrease)
in M, if[cy .~ .. 1>0(< 0).° This indicates that, for a given product k, the sign of

[ Chtur — X | affects the nature and magnitude of departure from competitive pricing. As just
discussed, we expect [ ¢, . — .. 1 > 0 (< 0) when product k exhibits substitution
(complementarity) across vertical structures v and z. Thus the terms /,

’s in equations (3)-(4)

T

show how the nature of substitution or complementarity across vertical structures influences the

> Note that identifying the role of substitution/complementarity in the exercise of market power is not new
(e.g., Tirole 1992; Venkatesh and Kamakura 2003; Whinston 2006; Rey and Tirole 2008). What is new
here is the explicit linkage of substitution/complementarity with our VHHI’s measures.

® This is an extension of the analysis presented by Gans (2007) to cover differentiated products.
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effects of market concentration on prices. It indicates that a rise in H,, ,. would contribute to an

increase (a decrease) in M, when the k-th product across two vertical channels (y,, and y, ) are

substitutes (complements).”
Are there conditions under which vertical structures would have no effect on prices? As
shown below, this would occur if products were perfect substitutes across vertical structures on

the demand side as well as on the supply side. Perfect substitution on the supply side corresponds

to situations where the cost function takes the form C,(y") = C, (ZTGV yl”r,...,zrev Vi)

implying that ¢,,= ¢, and ¢ = c,, fork € Kand rand u € V. Similarly, perfect substitution

mk ,ut

. . . 5
on the demand side corresponds to situations where 2 = =a,, fork,me Kandalluy, t

Vs mk,ut

€ V. These restrictions are testable hypotheses that can be used to evaluate the effects of vertical
structures on pricing. We will investigate these hypotheses in our empirical analysis presented in

sections 4 and 5.

Denote the aggregate market share of the n-th firm for the k-th product by S, = ZY—:“ €

[0, 1], where ¥, = Z i > 0. Under conditions of perfect substitution across vertical

eV neN

structures (where ¢, =¢,, ¢, .= ¢, and «, , = «, ), the law of one price would apply across

mk ,ut mk ,ut

vertical organizations, with p, = p, for all r € V. Multiplying equation (2) or (3) by YYLW and

summing across 7 gives

pk :ck+ZmeK[ckm_akm].Hmk.)/m’ (3,)

7 Our analysis implicitly assumes that vertical contracts are efficient. Possible inefficiencies in vertical
contracts have been discussed (e.g., Spengler 1950; Tirole 1992). They include situations of “double
marginalization” where a failure to deal with vertical externalities can induce a reduction in perceived
demand and inefficient price enhancements. Note that, in our case, such reductions in perceived demand
could be captured by changes in the demand slope parameters a’s.
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for k € K, where H, , = zn S" S . Under equation (3”), the market power component of price

eN m
given in equation (4) would become

Mk:szK(ckm_akm).Hmk.Ym' (4’)

Comparing (4) and (4°), there exists a close relationships between H,, = Zn S"S, and our

eN m

VHHI’s = zneN st s, . The general relationship is: H,, = zuevzrevH Yo Zir

mk ut mkur Y, Y, ?

showing that A, is a weighted average of our VHHI’s H

mk ut >

with market shares as weights.

Taking the analysis one step further, what would happen to equation (3) or (3°) if
horizontal products were also perfect substitutes? Following the same arguments, this would

imply that ¢, = ¢, ¢,, =cand «,, = a. Then, under perfect substitution across all products, the
law of one price would apply, with p, =p forall k € Kand all z € V. Then, letting ¥
= zmeK Y, , multiplying the right-hand side of (3’) by = and summing over meK would give

p=c,tlc—al-H-Y, (37)

where H = ZneN W', w" = M being the n-th firm overall market share. Under

equation (3”), the market power component of price given in equation (4) or (4’) would become
M=[c-a]-H-Y, 4”)

In this case, note that H is the standard HHI providing a measure of overall market

. . . _ Yy, v, _ Yy Yo
concentration. And it satisfies H = zmek Zkek H, L2 = ZmeK stK Zuev Zrev H,, oo

i.e. it is a weighted average of our VHHI’s H

mk ut

. This makes it clear that when all products are

perfect substitutes, our approach reduces to a single market analysis and to the HHI approach
commonly found in the literature (e.g., Whinston 2006). It also shows how our VHHI generalizes

previous analyses in the presence of product differentiation (when products are not perfect

12



substitutes). It identifies the role of substitution/complementarity among products and their
effects on pricing under imperfect competition. Importantly, our generalization allows for
product differentiation both in horizontal and vertical organizations.

Besides being consistent with Cournot-imperfect competition, equation (3) provides a
convenient basis for supporting an empirical analysis of how market power gets exercised in
vertical channels involving differentiated products. Below, this is used to analyze the pricing
implications of product differentiation, bundling and vertical structures in the U.S. soybean seed
industry.

3. Data

Our analysis relies on an extensive data set providing detailed information on the U.S.
soybean seed market. The data were collected by dmrkynetec [hereafter dmrk]. The dmrk data
come from a stratified sample of U.S. soybean farmers surveyed annually from 2000 to 2007."
The survey provides farm-level information on seed purchases, acreage, seed types, and seed
prices. It was collected using computer assisted telephone interviews.

Since farmers typically buy their seeds locally, and seeds suitable for planting in the local
market are often different across regions, our analysis defines the “local market” at the Crop
Reporting District (CRD)’ level. To guarantee reliable measurement of market concentrations,
our analysis focuses on those CRDs with more than ten farms sampled every year between 2000

and 2007. The data contain 76,308 observations from 76 CRDs in 18 different states. ' On

¥ The survey is stratified to over-sample producers with large acreage.

’ A crop-reporting district (CRD) is defined by the U.S. Department of Agriculture to reflect local agro-
climatic conditions. In general, a CRD is larger than a county but smaller than a state.

' They are: AR, IL, IN, IA, KS, KY, LA, MI, MN, MS, MO, NE, NC, ND, OH, SD, TN, and WI.
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average, around 3000 farmers are included in the sample every year, of which between 30-50%
remain in the sample for the next year."'

Currently the only available gene/trait technology in the biotech soybean seed market is
the herbicide tolerance (H7) trait designed to reduce yield loss from competing plants (weeds).
There are two major HT traits, labeled here as H71 and H72. These traits are owned by different
biotech companies, which also own subsidiary seed companies. Some biotech seeds contain only
one of these traits, while some bundle both H7'1 and HT2 traits (also called “double stacking”).

Figure 1 shows the evolution of soybean acreage shares reflecting adoption rates in the
US from 2000 to 2007, for conventional seed, single-trait biotech seed, and double-stacking
biotech seed. The conventional seed’s acreage share has decreased rapidly: from 38.3% in 2000
to 4.6% in 2007. The single-trait biotech seeds dominate the market, with over 90% in acreage
share since 2006.

Typically, the biotech seeds can be distributed by seed companies affiliated with the
biotech companies who own that trait, and/or by those not affiliated. According to patent law, if
a non-affiliated seed company wants to produce a seed with the patented trait, it needs to obtain a
license from the patent owner, the related biotech company. This licensing requirement does not
apply to the affiliated seed companies. We consider two vertical structures, V= {v, £}, v
corresponding to vertical integration (where the seed company is affiliated with the related
biotech firm) and ¢ corresponding to licensing (where seeds are sold to farmers by a non-
affiliated seed company under a license agreement with a biotech firm).

Figure 1. Soybean seed adoption rates in the US, acreage share, 2000 — 2007.

""" Thus, the dmrk survey is not a true panel as the farm composition of the sample changes over time.
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Noting that single-trait seeds dominate the U.S. soybean seed market, figure 2 illustrates
the evolving acreage share of licensing versus vertical integration for single trait seeds from
2000 to 2007. It shows that the proportion of the vertically integrated seed has increased from
13% of the market in 2000 to 26% in 2007. Among farmers who adopted at least some biotech
seeds in 2007, 57% purchased the biotech seeds only via the licensed channel, while 16% bought
seeds only via the integrated channel, and 27% bought their seeds partly from the licensed
channel and partly from the integrated channel. This last category indicates that the two vertical

structures are perceived as producing differentiated products.
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Figure 2. Vertically integrated vs. licensed single trait seeds, acreage share 2000-2007.
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Figure 3 illustrates the time trend in the constructed VHHIs involving the conventional
seed market (denoted by subscript 1) and the single trait H71 market (dented by subscript 2).
Market concentration in the conventional seed market (H;, ) increased substantially over the
years: from 0.231 in 2000 to 0.623 in 2007. The cross market concentration between vertically
integrated H7T'1 market and the conventional seed market (H;, ) also increased steadily since
2000 and at a faster rate since 2005: from 0.128 in 2000 to 0.192 in 2005 and then to 0.395 in
2007. The market concentration in licensed H7'1 market (H>; ) and the cross market
concentration between licensed H7'1 market and the conventional seed market (H;; ) do not

show dramatic changes over the year.
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Figure 3. VHHI’s over time, 2000 — 2007
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4. Econometric specification

Our analysis of the soybean seed prices builds on equation (3). As derived, equation (3) is
a structural equation reflecting the determinants of pricing under imperfect competition of
differentiated products under alternative vertical structures. As noted above, we focus our
attention on the case of two vertical structures: vertical integration, v, and licensing, €, and four
seed types, each with genetic traits that can be present either individually or bundled/stacked
together. Let 7 € {0, 1} be dummy variables for seed types, satisfying 7 = 1 for the k-th seed
type and T = 0 otherwise, k € K= {1, ..., 4}, with ZZZITk = 1: conventional (7; = 1), single
trait HT1 (7> = 1), single trait H72 (T3 = 1), and bundling/stacking of HT'1 and H72 (T;=1). Let
D, € {0, 1} be dummy variables for vertical structures, satisfying D, =1 for the z-th vertical
structure and D, = 0 otherwise, 7 € V = {{, v}.

Note that our analysis allows cost (both fixed and variable) to vary across vertical

structures. Under vertical integration, R&D fixed cost can be recovered directly by the integrated

firm but the biotech firm may possibly face a higher cost of integration. Under licensing, a
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royalty fee is paid by the seed company to the biotech firm to help it recover its R&D
investment. In general, the two vertical structures can vary both in terms of efficiency (e.g.,
which structure has lower cost?) and in terms of the exercise of market power. Also, both
assessments can be affected by the multi-product nature of the market. For example, the presence
and magnitude of economies of scope can vary between vertical structures. As discussed above,
the presence of complementarity (or substitution) across vertically differentiated products can
reduce (enhance) the firms’ ability to exercise market power. The empirical analysis presented
below will shed some light on these issues.

We start with a standard hedonic pricing model where the price of a good varies with its
characteristics (e.g., following Rosen 1974). Consider the hedonic equation representing the
determinants of the price p for a seed of type 4 sold in the z-th vertical structure

P =B+ zmeK ZuEV 6,.1,D, +9X+¢,

=p,, +0,, +oX+¢g, , (5a)
where X is a vector of other relevant covariates, and &,,1s an error term with mean zero and
finite variance. The specification (5a) allows prices to vary across seed types as well as across
vertical structures.

As shown in equation (3), we introduce market power effects in (5a) by specifying

ﬂkr = IBO + ZmeK ZUEV IBmk,uTHmk,ur},muT;cD‘r s (Sb)

where B, .= [Cpise — X and H, - = zneN s, s, is the VHHI, s” being the market share
of the n-th firm in the market for the m-th seed type under the u-th vertical structure. Since

H

mk.,ut

= 0 under competitive conditions, it follows from (5b) that that the exercise of market
power in (5a)-(5b) is given by

Mkr = ZmeK ZMGV ﬁmk,uerk,uTYmuT;cDr 4 (6)
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where M, = 0 under perfect competition. Equation (6) provides a convenient measure of the

effect of imperfect competition under various vertical structures.
Since the conventional seed does not need to add any additional biotech trait, we assume,
for convenience, that the vertical structure for the conventional seed is “un-integrated” only (£).
To illustrate, from (5a)-(5b), the equation estimated for conventional seeds (7; = 1) is
Py =P+ zmeK Lo sVt AP s i Yo JIID, + 6, + X+ 5,
And for HT'1 seed (T, = 1), the price equations for licensed and integrated seeds are
Py =P+ zmeK (:Bmz,uHmz,u'Kn(f +ﬁm2,vﬁHm2,vaYmv)7;D€ +0, +9X+¢6,,,

P2 = ﬁo + Zme]{ (ﬁmlévaZ,évaZ +IBmZ,vam2,vamv )EDV + 52\/ + (PX + gZV .

Similar equations can be written for H72 seed (73 = 1) and for the bundled/stacked seed
(T,=1). However, the numbers of observations of 73 and 7 seed types are not sufficient in our
sample for obtaining reliable measures of the VHHIs. Given these data limitations, for these two
seed types, we examine only how prices vary across characteristics and vertical structures.

Each CRD is assumed to represent the relevant market area for each transaction; thus, all
VHHI terms are calculated at that level. Each purchase observation is at the farm-variety level.
The price p in equation (5a) is the net seed price paid by farmers (in $ per 501b bag).

The relevant covariates X include location, year dummies, each farm’s total corn acreage,
and binary terms capturing alternative purchase sources. Farmers can choose different sources
for different seed varieties. Including source of purchase as an explanatory variable in (4a)
captures possible price discrimination schemes affecting the seed price paid by farmers. The
location variables are defined as state dummy variables, reflecting spatial heterogeneity in

cropping systems, weather patterns, and yield potentials. Year dummies are included to capture
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advances in genetic technology, changes in agricultural markets and other structural changes
over time. Farm acreage catches possible price discrimination related to bulk purchase.

We also include entry and exit dummies for a seed if it is the first year it is observed in
the market (Entry = 1), or if it is the last year it remains in the market (Exit = 1). This captures
potential strategic pricing where firms may lower the price of a seed to speed up its adoption (for
a new seed), and to slow down the disadoption of obsolete seed (for an old seed that is about to
be withdrawn from the market).

Finally, as mentioned in section 3, the soybean industry has experienced a transition from
publicly bred varieties to privately bred varieties since the 1980s. Our model is based on profit
maximizing multi-product firms. This may not be appropriate for analyzing the behavior of
public breeders. In our data, almost all observations of public-sourced seeds are conventional
seeds. The nature of pricing in the public sector is expected to differ from the private sector. On
that basis, we introduce a dummy variable capturing the role of the institutional structure: Pub =
1 for public sector, and Pub = 0 for private sector. We include the dummy variable Pub as both
an intercept shifter and a slope shifter in equation (5b).

5. Econometric estimation

Table 1 reports summary statistics of key variables used in the analysis. As discussed
above, the VHHISs are evaluated at the CRD level. The mean value of conventional seed HHI,
Hjj e, 1s 0.412, more than twice the Department of Justice’s threshold of 0.18 for identifying
"significant market power". Biotech seeds in the licensed channel exhibit greater competition
than the conventional seed, with a mean value of H, at 0.201. We observe significant changes
in the VHHISs both across regions and over time (see figure 3). This reflects the fact that the

soybean seed market has undergone dramatic structural changes over the last decade. Our
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analysis of the determinants of seed prices both over time and across space provides useful
information on the effects of these changes.

Table 1. Summary statistics

Variable® Number of Mean Standard Minimum  Maximum
observations™® Deviation
Net Price ($/bag) 75560 23.05 5.04 2.46 43
Farm size (acre) 75562 619.02 656.51 4 24000
Hije 564 0412 0.280 0.063 1
Hise 520 0.110 0.093 6.04E-05 0.606
Hisp 308 0.180 0.180 0.001 1
H>s 4 608 0.201 0.094 0.065 0.805
Hy 601 1 0 1 1

%/ The data contain 75562 observations from 76 CRDs spanning 8 years (2000-2007). For the net price, two
observations have missing value, thus the total number of observation becomes 75560.

®/ For the market concentration measurements s, we only report the summary statistics of those non zeros at the
CRD level, therefore the number of observations is at most 76x 8 = 608.

/ Two VHHIs are not reported in the table: H = H_ =0, as in the soybean market, we do not observe

22,0v 2,/

companies both vertically integrated and licensed in the same market. This is not a general case; for example, these

measures are nonzero in the cotton seed market. Moreover, H,, = H,

and H,,, =H, , by symmetry in

21,00

construction.

One econometric issue in the specification (5a)-(5b) is the endogeneity of the VHHISs.
Both market concentrations (as measured by H), quantity sold (Y) and seed pricing are expected
to be jointly determined as they both depend on firm strategies in the seed market. To the extent
that some of the determinants of these strategies are unobserved by the econometrician, this
would imply that the interaction terms, H-Y, are correlated with the error term in equation (5a). In
such situations, least-squares estimation of (5a)-(5b) would yield biased and inconsistent
parameter estimates. The solution is to consider estimating equation (5a)-(5b) using an
instrumental variable (IV) estimation method that corrects for endogeneity bias. To address this
issue, we first test for possible endogeneity of the H’s and ¥’s using a C statistic calculated as the

difference of two Sargan statistics (Hayashi 2000, p. 232). Under the null hypothesis of
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exogeneity of H and Y, the C statistic is distributed as Chi-square with degrees of freedom equal
to the number of variables tested. The test is robust to violations of the conditional
homoscedasticity assumption (Hayashi 2000, p. 232)." In our case, the C statistic is 33.93,
showing strong statistical evidence against the null hypothesis of exogeneity.

The presence of endogeneity motivates the use of an IV estimator. We rely on the lagged
Y alone and the interaction of the lagged value of each H and the lagged value of Y as
instruments. The use of lagged values reflects the time required to grow the seeds, as seed
companies make production decisions at least a year ahead of the marketing decisions. Indeed
these lag values are part of the information set available to the seed companies at the time of
their production decisions. A series of tests was conducted to support this choice (see below). On
that basis, equation (5a)-(5¢) was estimated by two-stage-least-squares (2SLS).

We evaluated the effects on prices from unobserved heterogeneity across farms (e.g.,
unobserved pest populations). A Pagan-Hall test'® found strong evidence against
homoscedasticity of the error term in (5a). On average each farm purchases three different seed
varieties. Some large farms purchase up to 27 different varieties in a single year. Unobserved
farm-specific factors affecting seed prices are expected to be similar within a farm (although they
may differ across farms). This suggests that the variance of the error term in (5a) would exhibit
heteroscedasticity, with clustering at the farm level. On that basis, we relied on heteroscedastic-

robust standard errors under clustering at the farm level in estimating equation (5a)-(5b).

"> Under conditional homoskedasticity, the C statistic is numerically equivalent to a Hausman test
statistic.

" Compared to the conventional Breusch-Pagan test, the Pagan-Hall test is a more general test for
heteroscedasticity in an IV regression, which remains valid in the presence of heteroscedasticity
(Pagan and Hall 1983).
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The Hansen over-identification test is not statistically significant, indicating that our
instruments appear to satisfy the required orthogonality conditions. Good instruments should also
provide information identifying the parameters, i.e. they should not be “weak instruments”. In

the presence of heteroscedastic errors, we used the Bound et al. (1995) measures and the Shea

(1997) partial R’ statistic to test for weak instruments. Following Staiger and Stock (1997), the
test results did not provide any evidence that our instruments are weak. Finally, The Kleibergen-
Paap weak instrument test was conducted (Kleibergen and Paap, 2006),'* yielding a test statistic
of 21.89. Using the critical values presented in Stock and Yogo (2005), this indicated again that
our analysis does not suffer from weak instruments.
6. Results

Table 2 reports the IV estimation of equations (5a)-(5b) using 2SLS, with
heteroscedastic-robust standard errors under clustering. For comparison purpose, the ordinary
least square (OLS) estimation results are also reported. The OLS estimates of the market
concentration parameters differ from the 2SLS results substantially. This suggests the presence
of endogeneity. As IV estimation corrects for endogeneity bias, our discussion below focuses on
the 2SLS estimates.

We first discuss the estimates of how prices vary across seed types and vertical
structures, followed by a discussion of the estimated effects of market power.

Characteristics effects

From table 2, publicly bred conventional seeds are priced significantly lower than the
privately bred ones, at a discount of $5.05 per bag. This is consistent with our expectation that

publicly-sourced seed companies and private companies use different pricing rules. Compared to

' Note that the Kleibergen-Paap test is a better choice compared to the Cragg-Donald test for weak
instruments: the former remains valid under heteroscedasticity (while the latter does not).
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private conventional seeds, the results show that all biotech seeds receive a price premium, but
this price premium varies with the vertical structure. The coefficients of the 7;D,’s (i-th seed
under integrated vertical structure) and 7:D,’s (except for 73D;) (i-th seed under licensing vertical
structure), i = 2, 3, 4, are each positive and statistically significant. Being in the range from $2.18
to $7.76, they show evidence of significant premiums for these biotech traits. The coefficient of
13Dy (type 3 biotech seed under licensing) is not statistically different from zero. For all three
biotech seeds, the coefficients show that seeds sold under vertical integration are priced higher
than those produced and marketed under licensing.

Market concentration and vertical structures

The model incorporates market share information about each seed type in different
vertical structures using the VHHI. We have shown in section 2 that the impacts of VHHI H, .z,
k # m, depend on the substitutability/complementarity relationship between the type-m seed in u-
th market structure and the type-k seed in 7 -th market structure. We expect that an increase in the
VHHI will be associated with a rise (decrease) in the price if the two types of seed are substitutes
(complements).

For the three VHHISs that may relate to the conventional seed price (H; ¢, Ho1 06, Ho1 v0),
the public sector effect is separated from the private sector effect through the interaction between
the public dummy and the VHHIs. Again, table 2 shows strong statistical evidence that the
public sector follows different pricing rules (compared to the private sector). For the private
sector, the coefficient of the traditional HHI (H;, ) is positive and statistically significant at the
5 percent level. However, this positive effect disappears for the public sector. The coefficient of
the VHHI between licensed HT'1 seed and the conventional seed (H>; ¢) is negative for the

private sector but positive for the public sector. The negative sign of H; ¢ in the private sector

24



suggests that the two products are complements either in supply or in demand or both. If
complementarity exists in the demand side, it should affect the seed pricing in the public sector
in a similar way, as farmers’ demand complementarity should not be affected by the source of
seeds. However, the coefficient of H,; s is positive for public sourced conventional seed, which
would offset the complementarity effects between the two seed types in the private sales. We
thus infer that the complementarity between conventional and licensed H7'1 seeds may come
from the supply side, where the private sector differs from the public sector in significant ways.
The coefficients of the VHHI between integrated H7'1 seed and the conventional seed (H>;,,¢) for
the private and public sectors are not statistically significant.

Of the four coefficients on VHHIs that may affect the H7'1 biotech seed, two are
statistically significant: between licensed H7'1 seed and the conventional seed (H,,) and the
traditional HHI in vertically integrated H7'1 seed market (H;,,,). The coefficient of H; ¢
affecting the licensed H7'1 seed is again negative, consistent with its effects in the conventional
seed market. This suggests strong and symmetric complementarity between conventional and
HT1 seeds on the supply side. Since complementarity contributes to economies of scope (as
discussed in section 2), this provides indirect evidence that seed companies experience
economies of scope in the production and marketing of both conventional seed and the licensed
HT1 seeds. Note that the coefficient of the VHHI between integrated H7'1 seed and the
conventional seed (H;2 ) is also negative, but not statistically significant. This may possibly
reflect the presence of transaction costs in vertical integration (such as negotiation and re-
organization) that may offset some of the efficiency gains from economy of scope.

Both H,, ¢ and H,;,,, are standard Herfindahl indexes measuring market concentration in

the HT'1 seed market, licensed and integrated, respectively. Although the impact is positive for
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the licensed seed market (consistent with a priori expectation), it does not have a statistically
significant effect. The coefficient of H.;,, term is negative and statistically significant, contrary
to a priori expectation. However, note that in this market, the market concentration measure
H;,, 1s 1 throughout the study period, meaning there is only one monopoly in that market. The
variation in the H>;,, term is due to change in market size Y, which has been expanding over the
years. The negative sign of this term may be related to the monopolistic firm’s strategic low ball
pricing for market expansion.

Does vertical organization affect pricing? To investigate this issue, we examine whether
market concentrations relate to seed prices in similar ways under alternative vertical structures.
This generates the following hypotheses. For a given seed type,

(D) Ho: Poree = Poie,

(1) Ho: PBi2.ecc = Piz.ovs

(D) Ho: Boz.ec = Boz,vvs
where the f’s are the coefficients of the corresponding VHHI’s.

The test results reject the null hypothesis for (I) and (II) at 5% significance level but fail
to reject the null hypothesis for (III) at 10% significance level. It suggests that the conventional
and HT'1 cross-market concentration effects on the conventional seed are different with different
vertical structures in the H7'1 seed market (hypothesis I). Moreover, the cross-market
concentration between the H7'1 seed and the conventional seed affect the licensed H7'1
differently from the vertically integrated H7'1 seed (hypotheses II). As discussed in section 2, this
provides statistical evidence that vertical organization matters. It indicates that vertical structures
interact with the exercise of market power as they relate to pricing. In particular, it means that

market concentration analyses that neglect vertical structures (e.g., using a traditional HHI)
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would fail to capture the linkages between market structure and pricing. These effects are further

. 15
discussed below.

Other factors

Table 2 shows how prices vary over time. The year dummy effects show a strong rising

trend in and after 2004. In 2007, seed price is $6.49 per bag higher than in 2001. Given that the

mean price is about $23.05 per bag, this gives an annual growth rate higher than the inflation rate

over the same time period.'® Our estimates show that soybean seeds are sold at a discount price

in the Corn Belt compared to the non-Corn Belt states. They also indicate how the method of

purchase affects prices. Compared to purchasing from “farmer who is a dealer or agent”, seeds

bought “directly from a seed company or their representative” cost $0.12 less per bag, and those

purchased from cooperatives cost $0.27 more per bag.

Table 2. OLS and IV (2SLS) regression with robust standard errors.” b,

Dependent Variable: Net Price ($/bag) OLS 2SLS

Coefficient | t-statistics | Coefficient | Robust z
statistics
Characteristics effects, benchmark is private T,: Conventional seed

T; public (conventional seed via public source) -4 35%%* -19.03 -5.05%** -10.71

T,D,; (HT1 under licensing) 7.5] %% 101.65 7.38%% 29.70

T,D, (HT1 under vertical integration) 7.89%** 96.60 7.76%** 30.33

13D, (HT2 under licensing) 0.44%** 3.94 0.00 0.00

15D, (HT2 under vertical integration) 2.02%** 9.48 2.18%** 5.23

' Since the demand for seed is a derived demand from farmers’ profit maximization, the willingness to
pay for a seed can be interpreted in terms of marginal profit and the demand slope is the second derivative

of farmers’ profit. By Young’s theorem, this would imply the symmetry restrictions

apmu — apkr
Wie [

. Given

that Lo = ks Conker = Chm, s AN Bk iie = [Conkuir = Omikiz)» this generates the following hypotheses for the

a\ykr
relevant cross markets:
(IV) Hy: ﬂzm’ = ﬂm,ee,
(V) Hy: ﬂ12,€v = ﬂzz,vf-

Using a Wald test, we failed to reject these null hypotheses. While the results presented below do not
impose these null hypotheses, note that imposing such symmetry restrictions did not affect our main

findings.

' According to the Department of Labor statistics, the average inflation rate from 2000 to 2007 is 2.78%.
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T,D, (stacked under licensing) 7.69%** 50.78 7.45%%* 25.77
T.D, (stacked under vertical integration) 8.01%** 87.50 7.75%** 30.56
Market concentration and vertical structures

Hij0T1DY, (conventional seed) 0.025%** 3.26 0.163** 2.58
Hp0TiDeY1, pub (public-sourced conventional -0.071 -0.25 -0.156* -1.89
seed)

H>; 0T1DY>; (conventional seed) -0.047%** -3.59 -0.26]1%** -3.85
H; 0 TiD;Y,, pub (public-sourced conventional 0.102%* 1.84 0.330%** 3.22
seed)

H>;,.T:D,Y>, (conventional seed) -0.055** -2.15 0.009 0.10
H,; . T:DY5, pub (public-sourced conventional -0.020 -0.25 -0.029 -0.21
seed)

H 50 T>D;Y;, (HT1 under licensing) -0.060%** -6.02 -0.145%** -3.01
H>; 0eT>DY> (HT1 under licensing) 0.012%** 2.99 0.000 0.017
Hi,0,T2D,Y;, (HT1 under vertical integration) 0.041%*** 4.43 0.075 1.58
H,,,,T,D,Y,, (HTI under vertical integration) -0.004 -1.40 -0.021%** -2.62

Other variables

Exit -0.35%** -12.36 -0.33%** -8.43
Entry 0.21%** 9.92 0.03 0.99
Year 2002 0.14%** 4.70 0.33%* 6.03
Year 2003 -0.32%** -8.37 -0.09 -1.18
Year 2004 2.2%** 60.29 2. 48%** 34.54
Year 2005 5.17%*%* 138.94 5.39%** 60.56
Year 2006 6.06%** 131.62 6.29%** 56.92
Year 2007 6.27%** 165.80 6.49%** 65.21
Total soybean acre by each farm (1000 acre) -0.286%** -13.57 -(0.273%%* -4.99
Constant 16.65%** 175.92 16.98*** 64.84

Number of observations

64550

* Statistical significance is noted by * at the 10 percent level, ** at the 5 percent level, ** at the 1 percent

level.

°The R*is 0.77 for the OLS estimation. For the 2SLS estimation, the centered R* is 0.74, and un-centered

R?is 0.99.

“Results for the location effects and purchase source effects are not reported here to save space, but are

discussed in the text.

The exit dummy is negative and statistically significant. Prior to the year of exit, seed

price tends to discount by $0.22 per bag, which may be due to the fact that the exiting seed’s

performance has deteriorated. The entry dummy has a positive but insignificant coefficient,

suggesting that new seeds are not priced differently from other seeds. Finally, table 2 shows that

the farm size effect is statistically significant: large farms within each state pay less for seeds.
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7. Implications

In this section, our empirical estimates are used to generate insights on pricing within and
across markets under different vertical structures. For illustration purpose, our analysis focuses
on Illinois in 2004. Illinois is one of the largest soybean-producing states in the US, and it has the
largest number of farms in our sample. The year 2004 is a convenient choice for being the
middle of the sample period.

Two sets of results are presented. First, we evaluate the characteristics effects within and
across different vertical structures by estimating how stacking influences seed prices in the
licensed case and the vertically integrated case. Second, in an evaluation of the imperfect
competition, we estimate the market power component M of price for different seed types under
different vertical structure. This provides useful information on the extent of departure from
competitive pricing.

Bundling/Stacking effects

The bundling literature has identified situations in which component pricing may not
apply (e.g., when demands are heterogeneous). Our analysis provides a basis for testing
component pricing (where seeds are priced as the sum of their component values). More
generally, it can be used to investigate how prices vary across bundles within and across different
vertical structures. Next, these issues are evaluated by simulating our estimated model at sample
means of relevant variables for Illinois in 2004 (including farm size and VHHIs)."’

Table 3 reports the estimated bundling/stacking effects for different markets and vertical
structures. The mean conventional seed price is $16.25 per bag. It is used as a “base case” to

evaluate both integrated and licensed market structures. The biotech traits add price premiums

' The purchase source is set to be from “Farmer who is a dealer or agent”. The simulation is conducted
by varying the seed type and vertical structure dummies, while keeping the corresponding other variables
at the sample mean level for IL. All simulated prices are bootstrapped.
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over the conventional varieties. In addition the stacking premium is higher than single trait
premium in both market structures. The stacking effect (reflecting the difference between what
the price would be under component pricing and the bundled price) is -$2.57 per bag in the
integrated market, but not different from zero in the licensed market. These results indicate that
component pricing applies under licensing. But they strongly reject component pricing under
vertical integration. There, the evidence documents sub-additive pricing, where the price of the
bundled good is priced significantly less than the sum of its component values.

Table 3. Effects of Bundling/Stacking in Different Markets on Seed Prices, $/bag.”

Licensed Vertically integrated Difference

Seed type Expected Price Expected Price between

Seed Price difference Seed Price | difference | vertical

from T, from T, structures

T1 16.25 N/A N/A N/A N/A
(Conventional)
T, (HT1 23.88 7.63%%* 24.38 8.1 34 -0.50%**
biotech) (0.12) (0.12) (0.07)
Ts (HT2 16.75 0.50%** 18.94 2.69%** SR Wislaa
biotech) (0.21) (0.36) (0.38)
T4 (stacked 24.21 7.96%** 24.50 8.25%#* -0.31*
biotech) (0.20) (0.14) (0.16)
Stacking effect -0.17 -2 57HHE 2.36%**
(Tavs. To+T3) (0.26) (0.37) (0.41)

*Standard errors are in parentheses. Statistical significance is noted by * at the 10 percent level, ** at the 5 percent
level, and *** at the 1 percent level.
Sub-additive pricing in bundling could be driven by price discrimination associated with

demand heterogeneity across differentiated commodities (higher prices being associated with
more inelastic demands). It could also reflect the presence of economies of scope in the
production of bundled/stacked seeds. This would be consistent with synergies in R&D
investment across stacked seeds. For example, a given R&D investment can contribute to the
production of multiple seed types, meaning that bundling can help reduce the overall cost of

producing seeds. In this context, the subadditivity of prices means that seed companies would
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share with farmers at least some of the benefits of scope economies through a lower price of
bundled/stacked seeds.

Estimated Market Power Component

As discussed in sections 2 and 4, the market power component can be measured by the
term M in equation (4) or (6). Our estimated model allows us to evaluate M in equation (6). This
provides a simple characterization of the strength of imperfect competition: it is zero under
perfect competition, but non-zero under concentrated markets. The term M can be interpreted as
a per-unit measure of the price enhancement associated with imperfect competition. Evaluated at

mean values, table 4 reports the estimated market power component M for selected seed types for

M 18
rE

[linois in 2004. Table 4 also presents the corresponding relative measures
The market power measures M are statistically significant in the conventional seed
market and in the licensed H7'1 seed market. The market power measure for the conventional

seed is $0.60 per bag; it is statistically significant at 5% level. The corresponding relative

measure £is 0.036, indicating that the exercise of market power component amounts to 3.6% of

the seed price. For the licensed HT'1 seed, the market power measure is not statistically different
from zero for the own market power increase. But table 4 reports negative and significantly
effects (at the 1% level) of changing market concentration in both conventional and licensed
HTl1seed markets on the price of licensed HT'1 seeds. This provides empirical evidence that
market power affects seed prices differently across market structures. It also shows that the

cross-market power effect works against and dominates the own market power effect in the

p—0C/oy

' Note that % is related to the Lerner index, defined as L = , which provides a relative measure of

*zmekzuev ke e e iz Ym
Piz

departure from marginal cost pricing. Using our notation, we have L;, = ~ . From

. . M, _ szKZuevcmk.zermk,urymu . M, .
equation (4), it follows that o = L.+ S —— . This shows that o = L;, when marginal

cost is constant.
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licensed HT1 seed market. These results are due to our estimated complementarity effects that
reduce the price enhancement associated with market power. Since complementarity reflects
cross-markets effects, this stresses the need to address market power issues in a multi-market
framework, involving both horizontal and vertical markets.

Table 4. Estimated Market Power Component M.*

Mean Market Power Componentb
Seed

Seed type price T T T &T,

($/bag) M Mip M M/p M M/p

($/bag) ($/bag) ($/bag)

T1 16.47 0.60** | 0.036 N/A N/A | -0.52* -0.032
(Conventional)
Licensed T, 23.53 N/A N/A 0.00 0.00 | -0.25%** | -0.011
(HT1 biotech)
Integrated T, 23.58 N/A N/A -0.31*** | -0.013 -0.13 -0.006
(HT1 biotech)

? Statistical significance is noted by * at the 10 percent level, ** at the 5 percent level, and *** at the 1 percent level.
® The terms M are calculated at the difference between the predicted price when the VHHIS are set equal to the mean
and the predicted price when the VHHIs are set equal to zero (which implies M being zero). In scenario “T;”, the
market concentration change is set to happen only in the conventional market, i.e. H;; ; is changed from zero to the
sample mean in IL. Similarly, in scenario “T,”, only H,,, or H,;,, is set to change for the licensed T, or integrated
T, seeds, correspondingly. And in scenario “T;& T,”, market concentration is set to change in both the conventional
market and the H7'1 (licensed or integrated) market, implying that all HHIs and VHHIs are set to change.

8. Concluding Remarks

The paper has developed a Cournot model of pricing of differentiated products under
imperfect competition and alternative forms of vertical control. It proposes a general approach to
evaluate the exercise of market power in vertical structures. This involves a vertical HHI (termed
VHHI) that captures how the interaction of market concentration and vertical organization relate
to the pricing of differentiated products under general conditions.

The usefulness of the analysis is illustrated in an econometric application involving the
estimation of a structural model of pricing where our VHHIs capture the imperfect competition

across both horizontal and vertical markets. Applied to the U.S. soybean seeds, the econometric
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analysis finds evidence that vertical organization has significant effects on seed prices. It means
that market concentration analyses that neglect vertical structures (e.g., using a traditional HHI)
would fail to capture the linkages between market structure and pricing. However these effects
are found to vary with the institutional setup and the bundling of seeds. We find that component
pricing applies to privately sourced seeds sold under licensing. But we reject component pricing
in favor of sub-additive pricing for privately sourced seeds sold under vertical integration. We
uncover evidence that complementarity and economies of scope can reduce the price-
enhancement associated with market concentration. Since complementarity reflects cross-
markets effects, this stresses the need to address market power issues in a multi-market
framework. Additional research is needed to explore whether our empirical findings about the

exercise the market power in horizontal and vertical markets would apply to other industries.
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1. Introduction

It is common for firms to produce multiple products. Firms that engage in successive
stages of production and marketing of these products must choose among alternative forms of
vertical organization, including arms-length transactions, contracting, and vertical ownership (i.e.
forward or backward vertical integration). At each step along the vertical channel there is the
potential for horizontal competition in which firms develop strategies for pricing and product
design that can involve bundling or tie-in sales of their various products. Much research has
examined the economic incentives underlying these choices (see Lafontaine and Slade, 2007 for
an overview of this literature).

Beginning with Williamson (1968), the influence of horizontal and vertical structures on
end product pricing has been an area of intense legal and economic debate (e.g., Hart and Tirole
1990; Ordover et al. 1990; O’Brien and Shaffer 1992; McAfee and Schwartz 1994; De Fontenay
and Gans 2005; Gans 2007; Rey and Tirole 2008). On the one hand, the exercise of market
power associated with tacit collusion, exclusive dealing, vertical foreclosure, and increased
concentration through mergers can lead to market inefficiency. This has motivated government
actions through antitrust legislation and enforcement. On the other hand, proponents of the
“Chicago School” approach have argued that increased horizontal concentration or vertical
integration can be motivated by efficiency gains. Firms with superior technologies, human
capital, or business models are perceived to expand by purchasing the assets of poor performers
or by driving these firms out of business. As a result, increased horizontal concentration or
vertical integration may not lead to welfare losses (Bork 1978). This focus on efficiency gains
has contributed to reduced antitrust enforcement in the US over the last two decades (Pitofsky

2008).



While previous literature has examined the economics of industry concentration and
efficiency gains from horizontal and vertical restructuring,” studying the tradeoffs between
market power and efficiency remains challenging in markets involving differentiated products
(e.g., Spengler 1950; Katz 1989; Hart and Tirole 1990; Whinston 2006; Rey and Tirole 2008).
Addressing these challenges is relevant given the prevalence of product differentiation in many
industries. And it appears timely given the recent call for more vigorous antitrust enforcement by
the U.S. Department of Justice (DOJ) (Varney 2009).

This paper examines end product pricing in horizontal and vertical markets both
conceptually and empirically. We develop a Cournot model of pricing of differentiated products
under imperfect competition in different vertical organizations. The model demonstrates how
substitution/complementarity relationships between products and across vertical channels relate
to the exercise of market power. It also provides a structural representation of pricing with an
explicit characterization of the role of market power. The Herfindahl-Hirschman index (HHI) has
been commonly used to assess horizontal market concentration (e.g., Whinston 2006). Our
analysis relies on a vertical HHI (termed VHHI) that captures how market concentration and
vertical organization relate to the pricing of differentiated products.

The approach is then applied to an analysis of pricing in the U.S. cottonseed industry.
The cottonseed market makes an excellent case study for at least three reasons. First, the
cottonseed industry is highly concentrated and now dominated by a few large seed firms

(Fernandez-Cornejo 2004). Second, the recent biotechnology revolution has stimulated the

? For example, Azzam (1997) tested for efficiency gains and market power losses in the
horizontal market for processed beef. He found that efficiency gains outweighed the market
power welfare losses. More recently, Hortagsu and Syverson (2007) found no evidence that
vertical organization negatively impacted prices in the U.S. cement-concrete market. Gugler and
Siebert (2007) studied the impacts of mergers and joint research ventures for the computer
microcomponents and memory markets. Their counterfactual experiments found that research
joint ventures achieve efficiency gains similar to what mergers could do.



development of patented genetic material by biotech firms, which has been used as upstream
inputs in the downstream cottonseed production industry. This has created new opportunities
for product differentiation and price discrimination under alternative vertical structures. Third,
the role of both horizontal and vertical organization in biotechnology and seed markets has
been of interest to economists and anti-trust policy makers because of the surge of mergers
and acquisitions in these industries since the 1990s (e.g., Graff et al. 2003; Fernandez-
Cornejo 2004; Moss 2009; Shi 2009). Graff et al. (2003) suggest that vertical integration may
be motivated by efficiency gains obtained from the complementarity of assets in agricultural
biotechnology and seed industries. Others have raised questions about whether market power
may have adverse effects on efficiency (e.g., Fernandez-Cornejo 2004). These concerns have
motivated the involvement of the U.S. DOJ in a recent vertical merger in the cottonseed
industry: the acquisition of Delta and Pine Land Company (DPL), the largest cottonseed
company in the US, by Monsanto, one of the largest agricultural biotech companies in the
world.?

Our econometric analysis evaluates the pricing of cottonseeds in the major cotton-
producing region of Texas and Oklahoma. We develop a structural estimation of a pricing
equation in the first part of the paper. The model motivates the use of the VHHI as a measure of
concentration in both horizontal and vertical markets. We consider the case of multi-seed-
product markets, including “stacked seeds” where patented biotech traits are bundled in given

cottonseed types. We also consider two vertical structures: vertical integration and licensing.

% In 2007, the DOJ gave approval to the merger under the condition that Monsanto divests of
some of its assets in markets where it is a dominant player. See the DOJ website:
http://www.usdoj.gov/opa/pr/2007/May/07 at 391.html.



Our empirical analysis covers the period 2002-2007. It documents that the market share
of conventionally bred cottonseeds has been declining. The market for biotech seeds (i.e., seeds
with patented traits) shows patterns that vary for different firms and different seed types. Bayer
CropScience, also a large agricultural biotech company, entered the cottonseed market in 1999,
and has exhibited a major growth in sales since 2002 (Shi 2009). Monsanto purchased a major
seed-breeding firm in 2005 and expanded on its vertical integration afterwards. Our econometric
analysis provides useful information on the implications of these trends and their linkages with
the pricing of cottonseed.

Our investigation examines the differential pricing of conventional seeds and of patented
biotech seeds. The biotech cottonseeds include two types of patented traits: herbicide tolerance
(HT) and insect resistance (IR), either present independently or stacked (when HT and IR traits
are bundled together). Our empirical analysis of stacked seeds finds strong evidence against
component pricing and in favor of sub-additive pricing of patented traits. We also document how
changing market concentration and vertical organization relate to cottonseed prices. We find that
vertical organization affects pricing and the exercise of market power. Our analysis documents
that seeds sold under vertical integration are priced higher than those sold through licensing.
While we find that increased market concentration is associated with a higher price in the
corresponding market, our results also show evidence of cross-market complementarities that
mitigate the price-enhancement associated with market power. By identifying the role of cross-
market concentrations, this stresses the need to conduct the analysis of market structure in a
multi-market context.

The remainder of the paper is organized as follows. The conceptual model is presented in

section 2. The data and empirical specification are discussed in section 3. Section 4 reports the



econometric results. Section 5 discusses the economic implications of our findings. Finally,

section 6 presents conclusions.

2. Conceptual Approach

Consider markets serviced by N firms producing up to Q outputs, N = {1, ..., N}
denoting the set of firms and Q = {1, ..., O} being the set of outputs. The production and
marketing of these outputs engages an upstream technology that can involve J alternative
vertical organizations. Let V = {1, ..., '} denote the set of possible vertical structures (including

vertical contract and vertical integration). The output vector produced by the n-th firm is

n

denoted by ¥ = (J}\ses Vinpsees Vo  €RE, ¥l being the quantity of the m-th good produced by

the n-th firm under the z-th vertical structure, m € Q,n € N, 7 € V.

Each firm maximizes profit across marketing channels. With the potential for implicit or
explicit contracts between upstream technology provider and the downstream firm, we examine
how the exercise of market power in both horizontal and vertical markets is associated with
pricing in the end-use market. We allow for vertical as well as horizontal product differentiation.
This takes place through quality choices, labels, brands, advertising, etc. Vertical product
differentiation means that pricing can vary across vertical structures.

The price-dependent demand for the m-th output under the z-th vertical structure is

denoted by pm(zneNy”) . Then, profit for the n-th firm is: ZmeQ D v [pmz(ZneN V') -yt -

C,(0"), where C,()") represents the n-th firm’s total costs of production and marketing. Assuming

Cournot behavior, the Kuhn-Tucker conditions for the n-th firm for the m-th output in the z-th

vertical structure y’  are:

Puwe )1 oC,
P + ZkeQ ZueV iy Ve Ve < O’ (la)
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Equation (1c¢) is the complementary slackness condition which applies whether the m-th
output is produced by the n-th firm in the z-th vertical structure (Vme > 0) or not (Vo = 0). As
such, (1c) holds even if the firm does not produce the full array of differentiated products. This
allows for foreclosure, where the strategy of one firm may preclude other firms from producing a
particular product. And (1c) applies for any vertical organization selected by the firm.

Assume that the cost function of the n-th firm takes the quadratic form C,(y") = F,(S,) +

ZmeQ ZreV Cmrynm, + Zk,meQ Zu eV Chmur)y Zu y:’m ) where Fn(Sn) denotes fixed COSt, Chk,uu >0

and Cimur = Cmk - Fixed cost F(S,) satisfies F,(J) = 0, where S, = {(m,7): y, >0, meQ, reV}

is the set of positive outputs. While the variable cost enters explicitly in equations (1a)-(1c), the
fixed cost F,(S,) can also play a role. Indeed, fixed costs must be recovered to guarantee the
sustainability of each firm. This typically implies a departure from marginal cost pricing. Fixed
costs can come from two potential sources: the upstream industry (e.g., R&D investment); and
the downstream industry (e.g., fixed cost in establishing a vertical organization). Both fixed costs
and variable costs are relevant in evaluating the efficiency of a firm. For example, as shown by
Baumol et al. (1982), both fixed costs and variable costs can contribute to economies of scope.
And economies of scope can generate efficiency gains by reducing the cost of production for
multi-output firms.

Let the price-dependent demand for the kth product under the u-th vertical structure be

DPiu = bry + ZmeQ D eV 2oneN Chmuz) hr» With g < 0. Denote by Y = ZneN vy, the aggregate

n
no __ Ym
me Y,

output of the m-th product in the z-th vertical structure. Assuming that Y,,; > 0, define s



€ [0, 1] as the corresponding market share for the n-th firm. Dividing equation (1c) by Y, and
summing across all n, we obtain the following result.

Proposition 1: The pricing of the m-th product under the z-th vertical structure satisfies

Pmr = Cmr + ZkeQ ZueV [Ckm,ur' akm,ur] . Hkm,ur : qua (2)

— noon
I_Ikm,m'= ZneNsk“ Sz (3)

withm, ke Qandu, 7€ V.

Following Shi and Chavas (2009), the term defined in (3), Hmu 1 1S called the vertical
Herfindahl-Hirschman index, or VHHI. Note that Hy,, . € [0, 1], and that Hy,,,,, — 0 under
prefect competition when there are many active firms in all markets. It follows that the part of
the price equation (2) that includes the Hy,, . s reflect departures from competitive conditions

and the exercise of market power. It will be useful to identify this part explicitly by defining
Mmr = ZkeQ Zuev [ckm,ur - akm,ur ] ’ Hkm,ur ) qu . (4)

Given that Hy,,,; — 0 under perfect competition and using (2), it follows that M,,; in (4)
provides a measure of the market power component of prices. With Hy,, .- € [0, 1], note that
Hiu - increases with market concentration; and it reaches its maximum (Hy,, .= 1) under
monopoly. As such, M,,,in (4) provides a convenient measure of how market concentration is
associated with pricing. Equations (2)-(4) are central to our empirical analysis below. Note that
the magnitude of M, also depends on Yy, reflecting the market size of product £ under the u-th

vertical structure. As market size is affected by entry/exit, this means that the evaluation of



market power has to consider both market concentration effects and market size effects. We will
discuss these effects in more details in section 5.

Public policy regarding imperfect competition (e.g. merger policy, price fixing, cartels,
abuse of dominance) remains principally concerned with the potential negative impacts of
concentration on competition (Coates and Ulrich 2009). The most common measure of market
concentration is the Herfindahl-Hirschman index (HHI) defined as the sum of squared market
shares across all firms in the relevant market.* When there is a single product (O = 1) and a
single vertical structure (V' = 1), note that our VHHI measure H,; ;; is just the classical HHI.
Given c¢;;; 2 0 and ay;,;; < 0, equations (2)-(4) indicate that an increase in the HHI, H;; ;,,
(simulating an increase in market power) is associated with an increase in M;;, and thus an
increase in price py;.

Equations (2)-(4) extend the HHI to a multi-product context (when Q > 1) and under
various vertical structures (when V"> 1). When k # m and u = 7, it shows that a rise in the “cross-

market” VHHI, Hy,, ., would be associated with an increase (a decrease) in M, if [Cim, rz - Ctm, 2]

>0 (< 0). This indicates that, under vertical structure z, the sign of [Cim, - - O, -] affects the

.. .. . opy.
nature of the departure from competitive conditions. Since @y, . = aj ke

‘= and following Hicks

(1939), note that oy, .- < 0 (> 0) when products k and m are substitutes (complements) on the

demand side, corresponding to situations where increasing y, tends to decrease (increase) the

2 n
marginal value of y; . Similarly, ci, - = % > (0 (< 0) when products k£ and m are substitutes

) )
Ykt mr

(complements) on the supply side, corresponding to situations where increasing y, tends to

* As a rule of thumb, HHI > 0.18 has been considered as a threshold that raises concerns about the degree
of competition (Whinston 2006). As Coates and Ulrich (2009) report, the decision to challenge mergers
by the U.S. Federal Trade Commission typically focused on HHIs mainly in the 0.20 to 0.50 range.



increase (decrease) the marginal cost of y, . Note that the supply side complementary case

(where ¢y, - < 0) contributes to economies of scope (Baumol et al. 1982, p. 75), where multi-
output production reduces costs. It follows that the term [cim, -z - Qm, -] Would be positive
(negative) when y” and y, behave as substitutes (complements) on the supply side and
demand side. From equations (2)-(4), the qualitative effects of the market concentration terms
{Hjum, -z} on M,,. depend on the nature of substitution or complementarity among outputs (through
the terms [Cim, 7z - Qm, 2]). It means that a rise in Hy,, ;, would be associated with an increase (a
decrease) in M,,; when y;, and y,, are substitutes (complements).

Of special interest here are the effects of vertical structures on pricing. Consider the case
where u # r and k£ = m. Then, equations (3) and (4) also show how vertical organization
influences prices. They show that a rise in VHHI H,,,,,, would be associated with an increase (a
decrease) in M, if [Cmuz - Cumuz] > 0 (< 0). This indicates that, for a given product m, the sign
of [Crmuzr - Cmmuz| affects the nature of the departure from competitive pricing. As just discussed,
we expect [Cumuzr - Cmmuz] > 0 (< 0) when product m exhibits substitution (complementarity)
across vertical structures u and 7. Thus the terms H,,,,,.'s in equations (3)-(4) show how the
nature of substitution or complementarity across vertical structures influences the correlation of
market concentration and prices. It indicates that a rise in H,,,,- would be associated with an
increase (a decrease) in M, when y,,, and y,,. are substitutes (complements).

Are there conditions under which vertical structures would have no effect on pricing? As
shown by Shi and Chavas (2009), this would occur if products were perfect substitutes across
vertical structures on the demand side as well as on the supply side. Then, p,,; = pn, as the law of

one price applies to perfect substitutes. Perfect substitution on the supply side corresponds to
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situations in which the cost function takes the form C,()") = C, (zrev i ,...,Zrev Yor)
implying that ¢,,; = ¢, and ¢z = i for k, m € Q and u, 7 € V. Similarly, perfect substitution

. . . . . 5
on the demand side corresponds to situations in which (;;’i = Qmur = O fOr k, m € Q and all u,

7 € V. These are testable restrictions that will be investigated in our empirical analysis below.

What happens to equation (4) under perfect substitution across vertical markets? Let Y, =

Y,

2 ey Your. When Cppur = Cim and Qs = Qim, multiplying the right-hand side of (4) by 2= and
summing over 7 gives
Mm :ZkeQ[ck’" _akm].Hkm Yk > (4’)

SZ _ Zuev%

= T,

is the n-th firm market share for the A-th product. M,, in

m 2

where Hy,, = ZneNSk” .S

(4°) gives the market power component of the price of the m-th product (p,,). In this case, note

that Hy, is a concentration measure across the k-th and m-th horizontal markets, and it satisfies

Y, Y . o . .
Him = DoneV 2orev Hinuz YLk - 2= i.e. it is a weighted average of our VHHI’s Hy, .

Y

Taking the analysis one step further, what would happen to equation (4) or (4’) if
horizontal products were also perfect substitutes? Following the same arguments, this would

imply that ¢z, = ¢ and a4, = @, and that the law of one price would apply across horizontal

markets: p,, = p. Then, letting Y= 2,,cq Y,,, multiplying the right-hand side of (4°) by YT"‘ and

summing over meQ would give

M=[c-a]-H-Y, 4”)

where H = z whew" , w" = M is the n-th firm’s overall market share. M in (4”)

neN

gives the market power component of price p when all products are perfect substitutes. In this
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case, note that H is the classical HHI providing a measure of overall market concentration. And it

. L, %, _ Yo Yy s . ee
satisfies H = ZmeQ ZkeQ Hkm : TA Ty T ZmeQ ZkeQ ZueV ZZ’EV Hkm,ur : % © 7y » LC. itis a

weighted average of our VHHI’s H,,,,, . This makes it clear that when all products are perfect
substitutes, our approach reduces to a single market analysis and to the HHI approach commonly
found in the literature (e.g., Whinston 2006). It also shows how our VHHI generalizes previous
analyses in the presence of product differentiation (when products are not perfect substitutes). It
identifies the roles of substitution/complementarity among products and their effects on pricing
under imperfect competition. Importantly, our generalization allows for product differentiation
both in horizontal and vertical organizations.

Equation (3) indicates that the VHHI’s Hy,,,,,. provide the relevant information to assess
the role of market power in horizontal and vertical markets. It can provide a basis for empirical
investigations of the pricing of differentiated products in a vertical sector under imperfect
competition. This is illustrated next in an application to the U.S. cottonseed industry. In this
application, the upstream firm develops the seed production technology (i.e., a biotech firm
developing patented genetic material that can be inserted in the basic seed), and the downstream

firm uses the upstream technology to produce and sell the biotech seeds to farmers.

3. Data and Model Specification

Our analysis uses a data set providing detailed information on the U.S. cottonseed market.
The data were collected by dmrkynetec [hereafter dmrk]. The dmrk data come from a stratified
sample of U.S. cotton farmers surveyed annually in 2002-2007.° The survey provides farm-level

information on seed purchases, acreage, seed types, technology fees, and seed prices. It was

> The survey is stratified to over-sample producers with large acreage.
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collected using computer assisted telephone interviews. Farmers typically buy their seeds locally,
and seeds are usually developed for different agro-climatic conditions in different regions. We
define the “local market” at the Crop Reporting Districts (CRD)® level. Our analysis focuses on
the High Plains of Texas and Oklahoma, a major cotton-producing region.

Using equation (3), we introduce a price equation with binary terms that partitions
cottonseed transactions based on different genetic characteristics and different vertical structures.
Equation (3) reflects a structural approach that evaluates the components of multiproduct pricing
under imperfect competition and modal vertical structures. We focus our attention on the case of
two vertical structures: vertical integration (v) and licensing (¢). Let D, € {0, 1} be dummy
variables for vertical structures, satisfying D, = 1 for the z-th vertical structure and D, = 0
otherwise, 7 € V = {{, v}. We consider 4 seed types (Q = 4): conventional (7; = 1), single trait
herbicide tolerance HT (7, = 1), single trait insect resistance IR (73 = 1), and bundling/stacking
of HT and IR (7, = 1). Since the conventional seeds do not include any patented biotech trait, we
assume the vertical structure for the conventional seed being not integrated (i.e. only ¢).

Note that our analysis allows costs (both fixed and variable) to vary across vertical
structures. Under vertical integration v, the R&D fixed cost can be recovered directly by the
integrated firm but the firm may possibly incur additional transaction costs associated with
integration. Under licensing ¢, a royalty fee is paid by the seed company (licensee) to the biotech
firm (licensor). The fee raises the marginal cost of the licensee and should help the licensor
recover its R&D investment. In general, the two vertical structures can vary both in terms of
efficiency and in terms of exercise of market power. Also, both assessments can be affected by

the multi-product nature of the market. For example, the presence and magnitude of economies

% A crop-reporting district (CRD) is defined by the US Department of Agriculture to reflect local agro-
climatic conditions. In general, a CRD is larger than a county but smaller than a state.
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of scope can vary between vertical structures. And as discussed above, the presence of
complementarity (or substitution) across vertically differentiated products can reduce (enhance)
the firms’ ability to exercise market power. The empirical analysis presented below will shed
some useful lights on these issues.

We begin with a standard model of hedonic pricing given by:

Pm= P +9,.T,D, +9X+e¢,, (5a)
where the price for a seed of type m sold under the z-th vertical structure is hypothesized to vary
with its characteristics (e.g., following Rosen 1974), X is a vector of covariates that capture
various aspects of the market for seeds and g, is an error term with mean zero and finite
variance. The middle term on the righthand side of equation (5a) contains two binary variables

that control for the seed type (7, ) and the vertical structure (D, ). As shown in equations (2)-(4),

we introduce market power effects in (5a) by specifying

4
ﬂmr = ﬂO +Zk=12uev ﬂkm,uerm,urquTmDr H (Sb)
where Sunu: = [Comur - Chmuls Himur = ZneN s.,sr is the VHHI defined in (3), and s, is the

market share of the n-th firm in the market for the 4-th seed type under the u-th vertical structure.
When k # m and u # 7, Hyy . provides a measure of cross-market concentration across product
types k and m and across vertical structures u and 7. Also, following (4), it follows from (5b) that

the market power component in (5a)-(5b) is given by
Mmr: ZkeQ ZueV ﬂkm,ur Hkm,ur qu Tm Dra (6)

where M,,; — 0 under perfect competition. Equation (6) provides a convenient measure of the
effect of imperfect competition under various vertical structures.

To illustrate, the equation estimated for the price of the conventional seed (7; = 1) is
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4
Pire= /Bo + Zk=1 (ﬂm,MHkl,MYk/z + :Bkl,v/:Hm,w,'ka )I.D, + 51aTlD/, +0X+¢,,

and for the single trait IR seed (73 = 1), the price equations for licensed and integrated seeds are,

respectively,
4
P3L’ = ﬂo + Zk:l (ﬂk3,[€Hk3,Nka + ﬂkS,lekS,véka)T;Dé + 5367;D€ + (PX + 834’ s
and

Pv= Pyt 2o Bt Yoo B His Yo )TLD, + 6, LD, + X+ &5,

Similar equations can be written for the single trait HT seed (7> = 1) and for the
bundled/stacked seed (7, = 1). The number of observations of vertically integrated IR seeds and
stacked seeds (73, and Ty,) is not sufficient in our sample for valid construction of the VHHIs.

Therefore, in the example given above for the IR seed market, all of the S,,  terms are set equal

to zero. Similar terms for the stacked seed market are also set to zero. The vertical components

of the characteristic effects for the IR and stacked seed markets are estimated (i.e. the o, and
o0, terms).

Each CRD is presumed to represent the relevant market area for each transaction; thus,
all H terms are calculated at that level. Each purchase observation is at the farm- level. The price
p in equation (5a) is the net seed price paid by farmers (in $ per bag’). Table 1 contains
summary statistics of the data used in the analysis.

The relevant covariates X include location, year dummies, each farm’s total cotton

acreage, and binary terms covering the range of how each purchase was sourced. The location

7 In the cottonseed market, farmers used to pay the price in two parts: the “seed price” and then the
“technology fee” if the seed were a biotech seed with patented genetic trait technology. More recently,
biotech companies changed the pricing scheme, so that farmers only pay a single price that contains
both the “seed price” and the “technology fee”. To facilitate the analysis of pricing over the study
period, we normalize the two part seed pricing in earlier years into the same single pricing format in
recent years, i.e., $ per bag, with 250,000 seeds per bag.
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variables are defined as state dummies, capturing spatial heterogeneity in cropping systems and
state institutions. Since the CRDs in the two states in our sample are adjacent to each other, we
do not expect weather patterns and yield potential to differ substantially across the state border.
The year dummies are included to capture the advances in genetic technology, and possible event
effects throughout the years of the study. Farm acreage captures possible price discrimination
effects related to farm size. Note that farmers may choose different sources for different seed
varieties. Including source of purchase as an explanatory variable in (5a) captures possible price
discrimination schemes affecting the seed price paid by farmers.

We address two critical econometric issues. First, the potential for endogeneity of the
VHHIS is a concern for our econometric estimation of equation (5a)-(5b).® Firms’ strategies may
affect seed pricing, quantity sold (Y), and hence market concentrations (as measured by H)
jointly. When some of the determinants of these strategies are unobserved by the econometrician,
the interaction terms, H-Y, may be correlated with the error term in equation (5a). This would
lead to biased and inconsistent parameter estimates. We tested for possible endogeneity of the
H’s and Y’s using a C statistic calculated as the difference of two Sargan statistics (Hayashi 2000,
p. 232). The test is robust to violations of the conditional homoscedasticity assumption (Hayashi
2000, p. 232).” In our case, the C statistic is 94.60 (with p-value less than 0.01), showing strong
statistical evidence against the null hypothesis of exogeneity.

To correct for potential endogeneity bias, we employ an instrumental variable (IV)
estimation method. The instruments include the product of the lagged values of H and the

lagged values of Y, and the lagged values of Y alone. It is critical that our choice of instruments

¥ The endogeneity of our VHHI terms is at the heart of the foundational points emerging from the
Chicago School. Indeed, if increased concentration evolves from the incentives associated with the
drive toward efficiency, then price and market structure are jointly determined.

? Under conditional homoskedasticity, the C statistic is numerically equivalent to a Hausman test statistic.
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satisfy the orthogonality conditions. The Hansen J statistic was used to test if the instruments are
uncorrelated with the disturbance. Our estimated J-statistic was statistically insignificant (with
p-value of 0.22), suggesting that we have good candidates for instruments. Good instruments
should also provide information identifying the parameters: they should not be “weak

instruments”. In the presence of heteroscedastic errors, we used the Bound et al. (1995) measures

and the Shea (1997) partial R’ statistic to test for weak instruments. Following Staiger and Stock
(1997), the test results indicated no statistical evidence that our instruments are weak. Finally,
The Kleibergen-Paap weak instrument test was conducted (Kleibergen and Paap 2006),'°
yielding a test statistic of 13.28. Using the critical values presented in Stock and Yogo (2005),
this indicated again that our analysis does not suffer from weak instruments.

A second econometric concern involved the potential for heteroskedastic disturbances in
the error term in (5a). A Pagan-Hall test'' of the IV model found strong evidence against
homoscedasticity. Unobserved farm-specific factors such as variations in pest populations, soil
quality, rainfall, temperature, etc. are likely sources of the heteroscedasticity. While it is
reasonable to anticipate these factors to differ across farms, they are not likely to be much
different within a farm. This suggests that the variance of the error term in (5a) would exhibit

heteroscedasticity, with clustering at the farm level.

' Note that, in contrast with the Cragg-Donald test, the Kleibergen-Paap test remains a valid test for weak
instruments in the presence of heteroscedasticity.

" Compared to the conventional Breusch-Pagan test, the Pagan-Hall test is a more general test for
heteroscedasticity in an IV regression: it remains valid in the presence of heteroscedasticity (Pagan and
Hall 1983).
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4. Econometric Results

Equations (5a)-(5b) were estimated using the dmrk farm-level data for Texas and
Oklahoma. The model was estimated using two-stage least squares (2SLS) with
heteroscedasticity-robust standard errors under clustering. Because the demand for seed is a
derived demand from farmers’ profit maximization, the willingness to pay can be interpreted in

terms of marginal profit and the demand slope is the second derivative of farmers’ profit. By

Young’s theorem, this implies the symmetry restrictions ‘Z”— = 2 Given that 2
Ve

op
. —
. =,

D Ve mhkut

Cokur = Com, > AN Bk iz = [Comkur - Cmkuz], the following tests of such restrictions are evaluated:

(D) Ho: Buk.ec = Pem et

(D) Ho: Bukev = Biom,ves
where the f’s are the coefficients of the corresponding VHHI’s. Using a Wald test, we failed to
reject the null hypotheses in I and II. As a result, we imposed the symmetry restrictions in the
analysis presented below.

Table 2 reports the regression results. For comparison purpose, the ordinary least squares
(OLS) estimation results with robust standard errors are also reported. The OLS estimation
results differ from the 2SLS results substantially, suggesting that our use of IV estimation is
needed to deal with endogeneity bias. The analysis presented below relies on the IV/2SLS
estimates.

We first discuss the estimates of how prices vary across seed types and vertical structures,
followed by a discussion of the estimated effects of market power. Compared to conventional
seeds, the results show that all biotech seeds receive a price premium that varies with the vertical
structure. The coefficients of the 7:D,’s (ith seed under integrated vertical structure) and 7;D;’s

(ith seed under licensing vertical structure), i = 2, 3, 4, are each positive and statistically
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significant. Ranging from $75.12 to $162.88, they show evidence of significant premiums for
these biotech traits. Additionally, the stacked biotech seeds are sold at a higher price than the
single trait biotech seeds. However, the additional premium is lower than the premium of that
relevant trait in the single trait system (as further discussed in section 5).

The model incorporates market share information about each seed type in different
vertical structures using the VHHIs. All of the coefficients on the own VHHI terms, i.e. the
classical HHI terms (H;;.¢¢, H22,vv, H22,00, H33.00, and Hyy¢¢) are positive and all but one (H2,¢¢) 18
statistically different from zero. These findings reveal that direct competition of similar types of
seeds (i.e. conventional, HT-vertically integrated, IR-licensed, and stacked HT/IR-licensed)
matters a great deal in the prices that farmers pay. The positive sign for H;; ¢, confirms that, for
conventional seeds, higher market concentration is associated with higher prices. Similar
findings are present for vertically integrated herbicide tolerance (H>,,,,), licensed insect resistant
(H33.¢¢) and licensed stacked traited (Hy4¢) seeds. Note that we broke out the traditional HHIs in
the HT market into two modes of vertical delivery: integration (v) and licensing (¢). The
traditional HHI for the integrated HT market was significant (but not so for the licensed HT
market).

We have argued in section 2 that the effects of VHHI Hy,, .., k # m, and/or u # t depend
on the substitutability/complementarity relationship between the type-k seed in u-th market
structure and the type-m seed in 7 -th market structure. We expect that an increase in the VHHI
will be associated with a rise (decrease) in the price if the two types of seed are substitutes
(complements). For the four cross-market VHHIs associated with the conventional seed price
(H>1.00, Ho1,00, H31.00, Hag.00), all are negative and all but H>; 4, is statistically different from zero.
These results provide evidence that there exist strong complementarity relationships between

conventional seeds and other types of seeds.
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Of the three cross VHHIs that may be associated with the pricing of HT biotech seed in
the vertically integrated structure (H;2.¢, , H32.00, Hi2.0v), all have statistically significant
coefficients. The coefficient on H3; ¢, 1s positive and the remaining two (H 2,4, Hy2,p0) are
negative. Of the three cross VHHIs that may be relevant to the pricing of HT biotech seed in the
licensing structure (H;2.¢e, Hsz,e0, Ha2,00), only the coefficient on Hy; s is statistically significant.
For the HT market, we also capture the cross effects derived from the two vertical structures:
vertically integrated HT seed market’s impacts on the HT licensed market (H>; ) and vice versa
(H>, v¢). Both of these terms are positive and statistically significant, but the magnitude of each
effect is quite different. The impact of vertical integration on the licensed market is stronger than
the impact of licensing on the vertically integrated market.

Under symmetry restrictions, several of the coefficients of VHHIs involving the licensed
IR seed and the stacked HT/IR seeds have been discussed. The effect of the VHHI between the
licensed /R1 seed and the licensed stacking seed (Hy3,¢) 1s negative and statistically significant.
As discussed above, this implies a complementary relationship.

One focus of our study is the relationship between vertical organization and pricing. Our
analysis allows us to evaluate whether seed pricing varies in a similar way with market
concentration under alternative vertical structures. This corresponds to the following set of
hypotheses:

(1) Ho: Bim.ec = Bimve = Bemw = Bim,ev-

We conducted Wald tests for the null hypotheses H,; e = Hojve, Haz.oo = Hyz 0, and Hoz e
= H>3,,. All are rejected at the 5% significance level. This provides strong statistical evidence
that vertical organization matters. It indicates that vertical structures interact with the exercise of
market power as related to pricing. Further implications of the estimated model are evaluated

below (see section 5) with a focus on changing market conditions.
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Table 2 also shows how prices vary over time. The year dummy variables show dramatic
effects during our study period: in 2004, seed price is $18.29 per bag higher than in 2003, and
the price in 2005 is $25.42 per bag less than in 2003. Prices in 2006 increased from the previous
year to $58.38 per bag higher than in 2003, and increased further in 2007 to $76.22 per bag
higher than in 2003. Given that the mean price is about $122.80 per bag, this gives an annual rate
of change between 15% and 70%. Our state dummy variable was insignificant, indicating that
prices are not different between Texas and Oklahoma. Table 2 also indicates that the method of
purchase does not affect prices. Finally, it shows that the farm size effect is not statistically

significant.

5. Implications

While the results in Table 2 reveal the factors affecting the price of cottonseeds, the
effects of changes in market conditions are complex in a multi-market context. In this section,
we explore the implications of our econometric estimates by simulating how alternative market
scenarios are associated with changes in cottonseed pricing. We focus our attention on two sets
of scenarios: 1) the impact of stacking/bundling of biotech traits; and 2) the impacts of market
size and changing market structures. To support hypothesis testing across scenarios, all simulated
prices are bootstrapped.

5.1. Effects of Stacking/Bundling in Different Markets

The implications of stacking for cottonseed prices are presented in Table 3. Evaluated at
market conditions in Texas in 2006, Table 3 shows that the prices for biotech seeds (7>, 73 and T)
are significantly higher than the price of conventional seeds (77;). This is true under both
licensing and vertical integration. The price premium paid for biotech traits (compared to

conventional seeds) implies that biotech seeds provide farm productivity gains (by increasing
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yield and reducing labor or pesticide inputs). It also indicates that these gains generate farm
profits that are captured in part by biotech and seed firms.

Table 3 shows that the price of stacked seeds (7%) is higher than the price of single-trait
seeds (75 or T3). It also reports stacking effects by comparing the price premium of stacked seeds
(T,) versus the sum of the premium for single-trait seeds (7, and 73). The results show that the
premium for stacked seeds is less than the sum of the premium for single trait seeds. The
difference is statistically significant. This infers a rejection of component pricing for biotech
seeds (where seeds would be valued as the sum of their component values) in favor of sub-
additive pricing (where stacked/bundled seeds are sold at a discount compared to the pricing of
the individual components). To the extent that both HT and IR technology increases productivity,
this provides an incentive for farmers to purchase stacked/bundled seeds (as compared to single-
trait biotech seeds). The discounting of bundled traits may reflect complementarities and
economies of scope in the production and marketing of biotech traits. In this case, the joint
production and marketing of biotech traits may contribute to lowering cost, which may be shared
in part with farmers in the form of price discounts offered by seed companies.

Table 3 also shows how vertical structures affect pricing. It reports that seed prices are
lower under licensing than under vertical integration. The difference is statistically significant for
HT (T>) and stacked seeds (7). This indicates that vertical integration contributes to increasing
the price paid by farmers.'* Finally, Table 3 shows that stacking effects do not vary
systematically across vertical structures: sub-additivity in pricing applies under both vertical
integration and licensing, and the associated price discounts are not statistically different

between the two vertical organizations.

'2 Note that such effects could be due to quality differences between seeds sold under vertical integration
versus licensing. However, data on productivity would be needed to address this issue.
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5.2. Effects of Changing Market Size and Market Structures

The effects of changing market conditions are examined by evaluating two effects: the
impact of changing market size (as measured by the Y); and the impact of changing market
concentrations (as measured by the H). For simplicity, we focus our attention on observed
changes taking place between 2002 and 2006.

The effects of changing market sizes between 2002 and 2006 are reported in the top panel
in Table 4, holding the H’s (HHIs and VHHISs) at their 2002 level. From 2002 to 2006, both the
conventional seed and HT licensed seed have exhibited a declining market share, while the
shares in integrated HT, IR and stacked seeds have increased. The results show that, ceteris
paribus, changing market sizes implies that the price of conventional seed decreases by $12.06
(significant at the 1% level), the price of licensed HT seed decreases by $16.91 (significant at the
5% level), the price of the licensed stacking seed increases by $27.83 (significant at the 10%
level) and the price of vertically integrated HT seed increases by $23.56 (significant at the 10%
level). This documents significant correlation of market sizes with seed pricing.

The effects of changing own market concentrations (as measured by the own VHHIs)
between 2002 and 2006 are reported in the middle panel in Table 4, holding the Ys and cross
VHHISs at their 2002 level. From 2002 to 2006, all own VHHISs (H;;¢¢, H22¢¢, H220v, Hage0)
decreased, with the exception of H33.,, which increased. These own-market concentration
measures indicate a trend toward greater competition between 2002 and 2006 in the Texas
cottonseed market. One primary source of the increased competition was the successful entry by
Bayer CropScience through its FiberMax flagship brand. The results show that, ceteris paribus,
changing own-market concentrations implied that, except for the licensed IR seeds, all price

changes are negative. This is consistent with the patterns of changes in the own VHHIs. The
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price reduction is $1.78 for the conventional seed, $0.56 for the integrated HT seed, and $3.96
for the stacked seed (all significant at the 1% level).

Finally, the effects of changing all market concentrations (as measured by both the own
VHHIs and the cross VHHIs) between 2002 and 2006 are reported in the bottom panel in Table
4, holding the Ys at their 2002 level. During these four years, eight cross VHHIs decreased
(H12¢e, Higee, Haa0e, Hoave, Hizee, Hazee, H23ve, H3200), While two cross VHHIs increased (H;2q and
H>,¢,). There are several possible reasons for these structural changes taking place. Certainly, the
emergence of Bayer CropScience and possibly the reactions by other firms to this entrant has had
an effect. The results show that, ceteris paribus, recent changes in market concentrations implied
some increases in all prices. Contrasting the results in the middle panel and the bottom panel in
Table 4 illustrates the important role played by cross-market concentration. Generally declining
levels of own VHHISs are associated to three statistically significant price declines. However, by
including the cross VHHIs in the simulation, two of the prices are now statistically significant
and higher in 2006 compared to 2002: the price of vertically integrated HT seed (+$73.30,
significant at the 1% level) and that of the licensed stacked seeds (+$16.82, significant at the 1%
level). These results underscore the fact that complementarity effects identified in our
econometric analysis impact the linkages between market concentrations and pricing. This also
stresses the importance of evaluating changing market structures in a multi-product framework.

5.3. Decomposition of the market power effect

Equations (4) and (6) indicate that the market power component of pricing (as measured
by M) involves two multiplicative components: a component associated with market
concentration (called the H effect), and a component associated with market size (called the Y
effect). When market conditions change due to firm entry or merger activities, the market power

component M will be affected by both A and Y. This raises the question: how much of the total
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change in M is due to the market concentration effect H, and how much is due to the market size
effect Y? To answer this question, we propose to decompose the total market power component
M (H -Y) into two parts. Consider a change from (H,, Yy) to (H;, Y;). The associated change in M
iISAM(H -Y)=M(H; - Y;) - M(H, - Yy). This can be decomposed as follows:

AM(H - Y) = {M(H; - Yp) - M(Hy - Yo)} + {M(H; - Y1) - M(H; - Yy)}

= {H effect} + {Y effect}.

The purpose of our next simulation is to evaluate two specific time periods when
identifiable changes were likely to have affected the market. The period 2002-2004 includes the
years that Bayer CropScience significantly gained in market share (as discussed above). The
second period, 2005-2006, covers the years when Monsanto became a vertically integrated
biotech firm after merging with an established seed company (Stoneville).

Table 5 shows the estimated market power effect M and its components along with
associated standard errors for both scenarios. The first scenario (2002-2004) is presented in the
first two columns of results. Of the five seed types (77, 7> licensed, 7, integrated, 73 and 7
licensed) analyzed, the total market power component is negative and significant for
conventional seed and for vertically integrated HT seed. Based on the decomposition of H and
Y, this result is driven mostly by the Y effects. The H effects are all positive but only statistically
significant for the licensed stacked seed. However, when combined with the negative Y effects,
its net effect is not significant. The simulation results show that, in a market experiencing
dramatic changes in terms of entry/exit, market size has important effects on pricing.

When market conditions changed from 2005 to 2006, the total change on M is positive
for the vertically integrated HT biotech seed and the licensed stacked seed (both statistically
significant), and is negative for the other three markets but only significant in the conventional

seed case. When statistically significant, the H effects are all positive. They are the major
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driving force for positive change in the total market power component in the integrated HT
biotech seed market and the licensed stacking seed market. In the conventional seed market, the
Y effects are negative and dominate the positive H effect, leading to a negative and significant
overall change in the market power component. The Y effects are not statistically significant in
all other cases.

The patterns of decomposition differ between the two scenarios. This indicates how
pricing behavior can change with market conditions. For example, entry/exit and
merger/acquisition can affect both market size and multi-market concentrations. In our
simulations, the different sign of the two components also suggests the importance of
complementarity and substitutability across products, with net effects that depend on market

conditions.

6. Conclusion

This paper has investigated the impact of differentiated products and vertical strategies by
the biotechnology firms in the U.S. cottonseed market. The approach advances the measurement
of industry concentration to consider substitution/complementarity relationships among
differentiated products delivered under different vertical structures. The model is flexible and
allows for evaluation of the implications of market restructuring.

Applied to pricing in the U.S. cottonseed market, the econometric analysis provides
useful information on the implications of product differentiation and vertical organization. It
evaluates the differential pricing of conventional seeds as well as patented biotech seeds,
including herbicide tolerance (HT) seeds, insect resistant (IR) seeds, and stacked/bundled seeds.
The model provides for a considerable flexibility in understanding the pricing of cottonseed with

different GM traits sold in different vertical structures. Three major results are reported. First,
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we find that own-market concentration is positively associated with higher prices. This results
fits the long-standing interpretation that increasing concentration infers market power to firms
that in turn raise price. Second, our estimates show evidence of cross-market complementarities
that imply lower prices will occur in the presence of increased concentration across different
seed markets. These complementary effects are important and suggest that firms may pass on
efficiency gains (perhaps from scope economies) to farmers in the form of lower prices. Finally,
our analysis shows that vertical organization affects pricing. We find that pricing of cottonseed is
higher under vertical integration than under a licensing arrangement.

We also performed simulations that measure price changes in response to changes in
groups of variables. These simulations provided additional insights on the pricing of cottonseeds
in ways that capture the complex interactions in the VHHI and market size. When we focused a
simulation on only changes to the own VHHI, i.e., the classical HHIs, the results underscored the
changing price structure in each seed market under different vertical structures. In three seed
markets (conventional, HT-licensed, and IR-licensed), lower concentration led to price declines.
However, increased concentration in stacked IR/HT seeds and in vertically integrated HT seeds
both led to higher prices. A more comprehensive simulation was also conducted for two periods
(2002-2004) and (2005-2006) and we decomposed the overall change in the market power
component into two parts: the market size effect and the market concentration effect. The
simulations illustrated the joint effects of changes in own and cross-market concentrations along
with the effects of expanding or contracting markets. The results provide a foundation for a
better understanding of new entrants and mergers in markets with complex vertical and product
different. This simulation approach is applicable for pre-merger analysis of industries producing

differentiated products and exhibiting similar market complexities.

27



Table 1. Summary statistics.””

Variable Number of Mean Standard Minimum Maximum
observations Deviation

Net Price ($/bag) 4660 122.76 85.39 7.45 642.65

Farm size (acre) 4660 1186.85 1027.21 8 10040
Hiypof 41 0.553 0.243 0.180 1
Hise 37 0.433 0.241 0.147 1
Hisp 14 0.375 0.235 0.029 0.838
His 20 0.510 0.289 0.143 1
Hige 36 0.467 0.195 0.194 0.831
H> 0 42 0.599 0.253 0.211 1
Hys 4, 15 0.199 0.131 0.010 0.431
H ., 20 0.884 0.193 0.504 1
Hos.0 22 0.522 0.256 0.148 1
Hs 9 0.544 0.268 0.089 1
Hoy e 42 0.548 0.252 0.109 1
Hyy 15 0.375 0213 0.032 0.717
Hjss 00 22 0.864 0.224 0.354 1
Hsyr 22 0.578 0.193 0.270 1
Hyyer 42 0.634 0.213 0.337 1

*The data contain 4660 observations from 6 CRDs spanning 7 years (2000, 2002-2007).

®For the market concentration measurements H’s, we only report the summary statistics of those non
zeros at the CRD level, therefore the number of observations is at most 6x7 = 42,

¢ The subscripts for seed types are defined as: 1 for conventional, 2 for HT, 3 for IR, and 4 for HT/IR
stacked. The subscripts for vertical structure are defined as: ¢ for licensing and v for vertical

integration. Moreover, by symmetry, H,,=H,, andH,  =H, ,i# ].

(4
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Table 2. OLS and 2SLS estimation with robust standard errors clustered at farm level.?

OLS 2SLS
Dependent Variable: Net Price ($/bag) Coefficient t- Coefficient | Robust z
statistic statistic
Seed type effects, benchmark is T,: Conventional seed
T,D, (HT under licensing) 79.47%** 16.93 85.24*** 11.71
T,D, (HT under vertical integration) 56.24%** 9.86 79.95%** 7.37
73D, (IR under licensing) 70.18%*** 6.87 75.13%%* 4.95
T;D, (IR under vertical integration) 121.76%** 12.27 130.32%** 11.46
T,D, (stacked seed under licensing) 118.82%** 25.38 120.20%** 18.81
T,D, (stacked seed under vertical integration) 157.32%** 27.47 162.88%** 25.09
Market concentration
H,;10T:D;Y; (0n conventional seed) 0.113%** 391 0.198%** 441
H; 0T1DY>, (on conventional seed), and -0.024 -0.53 -0.075 -1.04
Hi0T>D;Y;, (on HT1 under licensing)
H,;,.T1D,Y5, (on conventional seed), and -0.412%** -5.51 -0.715%** -3.61
H;50,1,D,Y; (on HT1 under vertical integration)
Hj; 0 T1D,Y3, (on conventional seed), and -0.150 -0.54 -0.636** -2.03
His.0T3D,Y;, (on IR1 under licensing)
Hyj0TiD¢Y 4 (0n conventional seed), and -0.23 1 %** -3.85 -0.180%* -1.90
Hiy40TDY ), (on stacked seed under licensing)
H,, ., T,D, Y, (on HT under vertical integration) 0.431 0.75 4.249%** 3.01
H,,,,T,D,Y, (on HT under vertical integration) 0.860** 2.26 4.482%** 5.09
Hjs; ,T5D,Y;3, (on HT under vertical integration), 0.168 0.26 6.824%** 3.10
and H>;,.13D,Y>, (on IR under licensing)
Hy +,T2D,Y, (on HT under vertical integration), 0.094 0.16 -5.735%%* -3.36
and H,,,.T,D,Y>, (on stacked seed under licensing)
Hy0T>D;Y,5, (on HT under licensing) 0.086 0.90 0.061 0.39
H>,,¢T>D,Y>, (on HT under licensing) 0.366 1.59 1.643%%* 2.64
Hjs0¢T>DY3, (on HT under licensing), and 0.068 0.14 0.937 091
H; 0¢T3D,Y5 (on IR under licensing)
H 0 T>D;Y 4 (on HT under licensing), and -0.199* -1.69 -0.495%* -2.45
Hs 4 00T,DY> (0n stacked seed under licensing)
Hj;.0T3DY35, (on IR under licensing) -0.101 -0.04 7.573* 1.74
Hy; 0¢T3D,Y 4 (on IR under licensing), and 0.261 0.52 -2.665%** -3.01
Hsy0T4D,Y5, (0n stacked seed under licensing)
Hyy00T,DY 4 (0n stacked under licensing) 0.731%** 5.30 1.248%*** 5.37
Other variables
Location (Oklahoma) 8.79 1.62 5.26 0.77
Year 2004 21.25%** 5.38 18.20%** 3.26
Year 2005 -19.91 *** -5.75 -25.42%** -4.92
Year 2006 69.35%** 17.91 58.38%** 10.43
Year 2007 77.98%** 19.86 76.22%%% 14.95
Total cotton acreage by each farm (1000 acre) -0.448 -0.50 -0.82 -0.63
Constant 22.86%** 5.31 24.16%** 4.15
Number of observations” 3518

* Statistical significance is noted as: * 10% level, ** 5% level, and *** 1 % level; The R? for the OLS
estimation is 0.61. For the 2SLS estimation, the centered R? is 0.59, and un-centered R? is 0.88.
®The number of observations differs from the one reported in table 1 because data in 2002 are used for

instruments only.
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Table 3 — Effects of Bundling/Stacking in Different Markets on Seed Prices, $/bag.‘j"b

Licensed Vertically integrated Difference
Seed type Expected Price Expected Price between
Seed Price difference Seed Price | difference | vertical
from T, from T, structures
Ty 36.75 N/A N/A N/A N/A
(Conventional)
T, (HT 123.73 86.98%** 172.53 135.79%%* | 48 81***
biotech) (4.25) (15.16) (15.40)
T3 (IR biotech) 141.98 105.23%** 172.18 135.43%** -30.20
(16.14) (11.28) (18.45)
T4 (stacked 150.66 113.92%** 204.63 167.88%** | -53.96%**
biotech) (11.21) (6.20) (11.49)
Stacking effect -78.29%** -103.34%** 25.05
(Tavs. To+T3) (23.37) (19.41) (19.58)

*Bootstrapped standard errors are in parentheses. Statistical significance is noted as: * 10% level, ** 5%
level, and *** 1% level.

> Market statistics are based on the Texas market in 2006.
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Table 4 — Simulated Effects of Changing Market Size and Structure (2002-2006)."

Licensed Vertically integrated
Seed type
2002 Seed | 2006 Seed | 2002-2006 | 2002 Seed | 2006 Seed | 2002-2006
Price Price Price Price Price Price
Difference Difference
Simulation: Market Size Changes Holding VHHIs constant
Ty 47.68%** 35.62%%* -12.06%** N/A N/A
(Conventional) (4.92) (5.06) (3.05)
T, (HT biotech) 123.67%** 106.76%** -16.91** 103.94%** 127.50%** 23.56*
(7.19) (8.71) (7.95) (10.30) (15.79) (14.38)
T5 (IR biotech) 117.78%%%* 102.23% % -15.55 N/A N/A
(47.22) (18.56) (45.66)
Ta (Stacked 124.66%** 152.49%** 27.83% N/A N/A
biotech) (13.13) (13.49) (16.22)
Simulation: Own VHHI Changes Holding cross VHHIs and Market Size constant
T, 47.68%** 45.89%** -1.78%%* N/A N/A
(Conventional) (4.92) (4.99) (0.39)
T, (HT biotech) | 123.67*** 121.82% %% -1.85 103.94%% | 103.39%** -0.56%**
(7.19) (5.62) (4.44) (10.30) (10.28) (0.12)
T3 (IR biotech) 117.78%** 117.88%** 0.10 N/A N/A
(47.22) (47.19) (0.06)
T4 (stacked 124.66%** 120.70%%* -3.96%** N/A N/A
biotech) (13.13) (13.71) (0.73)
Simulation: Changing Own and Cross VHHIs Holding Market Size Constant
T, 47.68%** 48.25%** 0.57 N/A N/A
(Conventional) (4.92) (4.90) (1.57)
T, (HT biotech) | 123.67%* 125.64%*% 1.96 103.94%#% [ 77 25%%* 73.30%**
(7.19) (5.91) (3.36) (10.30) (30.67) (27.95)
T3 (IR biotech) 117.78%** 120.05%* 228 N/A N/A
(47.22) (29.89) (18.60)
T, (stacked 124.66*** 141.49%** 16.82%** N/A N/A
biotech) (13.13) 9.33) (4.81)

*Bootstrapped standard errors are in parentheses. Statistical significance is noted as: * 10% level, ** 5%
level, and *** 1% level.
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Table 5: Decomposition of the total market power effects, $/bag.*"

Scenario I: from 2002 to 2004

Scenario I1: from 2005 to 2006

Estimated Effect | Standard Error

Estimated Effect | Standard Error

Conventional Seed, T;

Total Effect -4 34 %% 1.53 -1.70%** 0.53
H Effect 0.71 0.98 2.32%** 0.50
Y Effect -5.04%** 1.02 -4.02%** 0.82
Licensed HT Biotech Seed, Ty,

Total Effect -0.77 4.30 -2.86 2.27
H Effect 1.58 2.79 -1.14 1.13
Y Effect -2.35 2.01 -1.72 2.09
Vertically Integrated HT Biotech Seed, T,,

Total Effect -23.33%%* 7.30 39.80%** 7.67
H Effect 11.14 1041 52.28%%* 16.53
Y Effect -34.47%* 16.92 -12.47 11.20
Licensed IR Biotech Seed, Tz,

Total Effect -8.27 24.19 -3.20 5.92
H Effect 15.66 11.06 -6.51 16.81
Y Effect -23.93 16.94 3.31 17.54
Licensed HT/IR Stacked Biotech Seed, T4,

Total Effect 12.51 10.20 18.56%** 3.09
H Effect 15.69%** 5.78 12.99%** 5.16
Y Effect -3.18 6.67 5.57 5.24

* Statistical significance is noted as: * 10% level, ** 5% level, and *** 1 % level.
®Scenario I includes the years when Bayer CropScience gained market share; scenario II covers the years

when Monsanto became a vertically integrated biotech firm after merging with an established seed

company (Stoneville).
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