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Abstract

This paper develops a dynamic stochastic model to examine the joint
patent application and renewal behavior under an international patent pro-
tection regime. This framework makes it possible to utilize both the cross-
sectional (multi-country filing) and the time-series (patent renewal) dimen-
sions of available international patent data to evaluate the private value of
patent protection, which is a significant improvement over the previous ap-
proaches of patent evaluation using only application or renewal data. The
private value of European patents in the pharmaceutical and the electronics
industries in the 1980s are examined, and the estimation results indicate sub-
stantial differences in the patent application and renewal patterns in these
two industries. Pharmaceutical patents on average are endowed with higher
initial values, and the patent holders seek for protection in more countries
than the electronic patent holders. However, pharmaceutical patents depre-
ciate faster than electronics patents, and consequently have lower renewal
rates and shorter patent lives.

JEL Classification: C13, C15, C61, D23, K11, L63, L65



1 Introduction

The search for accurate methods to evaluate patent rights has a long his-
tory in both academia and industry. Such evaluation methods have been
demanded for a wide variety of purposes. At the firm level, patents are a
proxy for the firm’s inventive output. Therefore a better estimation of the
private value of patents measures the productivity of the firm’s R&D ex-
penditures better, which provides useful information for the firm’s strategic
R&D management. On the other hand, accurate evaluations of a specific
firm’s patent portfolios are also commercially valuable in securities analysis
as well as merger and acquisition activities. This is especially crucial for
start-ups in industries that heavily rely on technological innovations such as
pharmaceuticals, biotech and computer. At the industry and country level,
accurate evaluation methods for patents are needed in international com-
petitiveness assessment as well as the associated policy analyses. Moreover,
the rapidly increasing international trade flows of intellectual property rights
and licensing also underscore the need for patent evaluation, which can be di-
rectly applied to analyzing the international trade patterns of patent rights
and other kinds of intellectual property rights as well as their causes and
implications.

However, available patent evaluation methods are not very satisfactory.
While simple patent counts are easily implemented and have been used ex-
tensively (Griliches 1990), the quality of innovations protected by patents
varies widely. This makes patent counts too noisy an indicator of innova-
tive output in many cases. For instance, Evenson (1984) has documented
a dramatic decline in patenting relative to measures of research for a broad
set of countries. Furthermore, Kortum (1993) finds that all U.S. manufac-
turing industries have experienced a decline in patenting per unit of real
R&D input. This leads Evenson (1984, 1991) to conclude that exhaustion
of technological opportunities has reduced the productivity of the research
sector. However, Schankerman and Pakes (1986) argues that the quality of
patents varies. They construct a patent value index and compare it with the
aggregate patent count for each of the U.K., France and Germany for the
period of 1955 to 1975, and conclude that “...one cannot draw inferences on
changes in the value of cohorts of patents during this period from changes
in the quantity of patents, for there have been large (and largely offsetting)
changes in the ‘quality’ (or mean values) of patents...”

Trajtenberg (1990) suggests weighting the patent counts by the number



of forward citations (citations by other later patents) and using it as an in-
dicator of the social value of patents. Citations to previous innovations are
a part of the patent document that is published when the patent is granted.
They specify the previous patents of relevant technology, and are identified
by the examiner and patent applicant during the patent examination process.
Trajtenberg (1990) argues that since patent citations contain extensive in-
formation about the technological antecedents of the invention, they are a
good proxy for the complication of the technological innovations. There-
fore, patents of relatively high economic value are cited more frequently than
are low-value patents. Lanjouw and Schankerman (1999) find that patent
citations are strongly related to market value of the patent, as well as the
years of patent renewal and the family size of the patent (the number of
countries in which the patent is applied for) in a sample of about 8000 U.S.
patents applied for during 1960-1991. Harhoff, Narin, Scherer and Vopel
(1999) also record a high correlation between the counts of citations and
private value estimates of patents in a survey study performed in Germany
and U.S. A short list of recent studies using this approach includes Sampat
(1998), Shane (1999, 2001) and Hall, Jaffe and Trajtenberg (2001).

However, although in practice patent citation data are widely used in
measuring the quality of patents, it should be recognized that more citations
do not necessarily indicate higher market or private value of the patent. This
is because more forward citations may indicate more subsequent competitors
in the same or similar technological field, which may decrease the monopoly
profits the earlier patent otherwise enjoys. Hall, Jaffe and Trajtenberg (2001)
report that, in their estimation of a sample of over 4800 U.S. manufactur-
ing firms during 1965-1995, self-citations (i.e., citations made by the same
patentee on later patents of his own) are worth about twice as much to the
patentees as ordinary citations. This informs us of not only the spillover
effects of internal knowledge within the firms, but also the extent of tech-
nological competition among different firms. In other words, more forward
citations may not always increase the market value of the antecedents, and
the technological competition in the industry has to be taken into account.
While more self-citations may strengthen a firm’s monopolistic position and
identify the cited patent as a more valuable one (in private value), such effects
of citations by competitors are more obscure.

Patent renewal studies were originated by Pakes and Schankerman (1984)
and Pakes (1986). In particular, assuming that the patent renewal process
is an optimizing process during which patent holders compare the annual re-
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newal fees to the expected future returns from keeping the patent alive, Pakes
(1986) develops a stochastic patent renewal model and estimates the distri-
butions of patent values in post-war France, United Kingdom and Germany.
Lanjouw (1998) recognizes the existence of possible patent infringements and
the subsequent litigation process, develops a stochastic discrete-choice model
of patent renewal incorporating the possibility of infringements, and esti-
mates the private value of patent protection in different technology areas in
West Germany during 1953 to 1988.

Pakes (1986) and Lanjouw (1998) primarily focus on analyzing the op-
timal patent renewal processes. On the other hand, the patent application
is also an optimizing process. Facing a lump sum application cost, the in-
ventor forms his expectation of future returns, and makes a binary decision
of whether to file a patent application in any single country. Therefore, the
international patent family size (the number of countries in which the patent
is applied for) also contains information about the private estimates of the
value of patent protection. Putnam (1997) is the first in the literature to uti-
lize the multi-country patent application data to study the private value of
patents, and Deng (2001) analyzes the joint filing decision-making problem
faced by an EPO (European Patent Office) patent applicant while choosing
which contracting states to designate for future patent protection. However,
in formulating the patent applicants’ estimations of patent value, both stud-
ies adopt deterministic patent renewal models. They assume that cohorts of
patents are endowed with a distribution of initial current returns which decay
deterministically at a fixed rate thereafter. Therefore, the patent applicants
possess perfect information about the future patent returns with certainty,
and are able to make their renewal decisions even at the beginning of the
patent life, when they decide to file the initial patent applications. This is a
highly simplified assumption, neglecting the fact that inventors usually apply
for patents at an early stage in their innovation process, and therefore will
still gradually gather market information and explore alternative opportuni-
ties for earning returns after the initial applications. Moreover, both of them
utilize only the cross-sectional data on patent applicants’ choice of interna-
tional filing countries to evaluate the patent value, but not the time-series
observations on the patent renewal decisions over the entire patent lives.

This study extends the previous patent evaluation studies by developing a
joint patent application-renewal model as well as incorporating the possibility
of infringements and the subsequent litigation costs. The joint examinina-
tion of the patent application and renewal behaviors may shed light on some
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puzzling observations of the inventors’ filing and renewal patterns. For in-
stance, in studying patentee’s behavior under the EPO (European Patent
Office) regime, Deng (2001) finds that on average patent applicants in the
“pharmaceutical and health” technology group file in more countries for pro-
tection than patentees in other technology groups, while the “electronics”
patents file in the fewest countries. However the “electronics” patent holders
tend to pay the renewal fees and keep the patents alive for a longer life than
patentees in other technology groups, while the “pharmaceutical and health”
patents have the shortest life among different technology groups on average.
While this renewal pattern suggests a higher average value of the electronics
patents than the pharmaceuticals, the application pattern suggests the op-
posite. This disparity cannot be readily explained by either a multi-country
patent application model or a renewal model alone, and calls for a joint
application-renewal model. Moreover, a joint application-renewal model will
enable the utilization of both cross-sectional (multi-country filing) and time-
series (patent renewal) dimensions of the available international patent data,
which increases the estimation accuracy of the private value of the patents.
The model is estimated using the EPO patent application and renewal
data in the pharmaceutical and electronics industries. Founded in 1977, the
European Patent Office (EPO) provides a unified patent application and ex-
amination procedure for the member countries. Instead of filing a patent
application and going through the tedious examination and granting process
in each and every country the inventor intends to seek for patent protection,
an EPO patent applicant only needs to file a single application and, upon
paying a per-country designation fee, chooses which countries to designate
for future patent protection. Once the application is approved, the patentee
can then transfer the EPO patent to the national patent office of the desig-
nated countries and enjoy the same patent protection as a national patentee.
The patent designation records in the EPO, when combined with the patent
renewal records in all of the EPO member countries as well as data on the
application and renewal costs and litigation expenses, make it feasible to
examine the patentee’s joint application-renewal decision-making process.
The outline of the paper is as follows. Section 2 formulates the dynamic
stochastic discrete-choice model to analyze the international patent appli-
cation and renewal behaviors. The EPO patent data set is described in
section 3, along with a summary of some of the characteristics of the patents
in pharmaceutical and electronics industries. In Section 4 a renewal model
is estimated, using the EPO patent renewal data in Germany, France and
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U.K. Section 5 displays the estimation results of the joint application-renewal
model in pharmaceutical and electronics industries. The Monte Carlo simu-
lation results are also reported in this section. Section 6 concludes.

2 The Patent Application-Renewal Model

This section first develops the dynamic stochastic discrete-choice model that
is used to analyze a representative inventor’s patent application and the
subsequent renewal decisions. It then solves for the joint application-renewal
decision rules and concludes with a discussion of the properties of the method
of simulated moments (SMM) estimator.

The dynamic discrete-choice problem faced by the representative patent
applicant is to decide at the beginning of year 1 whether to file a patent
application on invention 7, ¢ = 1,2, ..., I, in the multi-national patent pro-
tection regime (here the EPO), and if so, whether to designate the patent
protection in each of the J contracting states, given the fact that the future
returns to patent protection are uncertain. Once the patent application is
granted, at the beginning of each year thereafter the patent holder has to de-
cide whether to pay a renewal fee in each country which will keep the patent
in force over the coming period. The inventor is assumed to be aiming at
maximizing the expected discounted value of the net returns from his action.
He is uncertain about the sequence of returns that will be generated in later
periods if the patent is to be kept in force. At the beginning of each year
he receives new information on the patent returns and makes the renewal
decision accordingly.

Model Setup and the Renewal Decision Rule in a single country 1
start by analyzing the renewal decision faced by the holder of patent i in a
single contracting state j in age t, conditional on the patentee having filed
for patent protection in country j and having paid the renewal fees up to age
t—1.

If the patent holder decides to pay the renewal fee for age t, the net value
of patent will be the sum of two parts — the returns r; ;; to be collected in
current age t, and the expected value of the option of continuing to renew
the patent in the future — minus the renewal cost c;,;. If the total benefit
from keeping the patent alive is less than the renewal cost, the patent holder
will simply choose not to renew the patent and let it permanently lapse, in



which case the value of the patent becomes zero forever. Therefore, the value
of patent 7 in country j can be expressed as:

‘/](t, ri,j,t) = max{(), Tijt + ﬁEt‘/](t + 1, /rz'7j’t+1) - Cj,t}; t = 1, 2, LT

or, by neglecting the subscripts ¢ and j,

V(t,?"t) = maX{O,rt—}-ﬁEtV(t—}- ]-7Tt+1) —Ct}, t= 1,2,..,T (17)

where (3 is the discount rate, T  is the statutoty limit to patent lives, and E;
is the expectation operator conditional on the information available up to
age t. V(T +1,.) = 0 because the patent expires after age 7T

The evolution of the returns of the patent is assumed to follow a stochastic
Markov process. Following Pakes (1986) and Lanjouw (1998), I assume that
there are three distinct factors governing this process:

First, in each year with probability (1 — @) the patent is subject to obso-
lescence!. Obsolescence occurs when there is any major technological break-
through from competitors which makes the current patented technology to-
tally worthless, at least commercially. If this happens the patente holder will
naturally choose not to pay the renewal fee from now on and let the patent
lapse.

Secondly, even if there is no major technological breakthrough which to-
tally obsoletes the patent, the existence of competing innovations of smaller
technological progress will still gradually erode the profitability of the patented
technology, and I assume that this will depreciate the return r; at a constant
rate 0 over time.

Finally, to capture the fact that most patent holders constantly collect
new information on market and experiment with new commercial strategies
to exploite profits from patent protection over time, I assume that in each
year the patent holder draws a random variable z as the patent return gener-
ated by the new commercial strategies. Note that new commercial strategies
may not necessarily result in a more profitable use of the patent, and if this

'In Pakes (1986) the probability of obsolescence is assumed to vary with the current
return of the patent r;, and therefore is varying over the patent’s life. However, Lanjouw
(1992) finds from the data that the obsolescence does not have a noticeable trend over
age and seems to be constant. Therefore a constant obsolescence probability (1 — 6) is
assumed throughout this paper.



is the case the current year’s patent return will simply be the depreciated
return from last year.
In summary, the patent return in age ¢ is given by

re = max{éri_1,2} with probability
0 with probability 1 — 6 (2)

and z; is assumed to follow a two-parameter exponential distribution:

@(z) = o exp{—(zo, +7)}, @ > —yo (3)

where v > 0 and o, = ¢' o with 0 < ¢ < 1.

As noted by Lanjouw (1998), patent holders tend to experiment with
the marketing strategies which they believe to be most lucrative first, and
accordingly here smaller o,’s are assumed over time to make sure that the
probability of uncovering a use which leads to returns greater than a given
number declines over the patent life.

A patent grants its holder an exclusive right to utilize the patented tech-
nology and gather monopoly profits. However, patents are subject to possible
challenges and have to be defended by their owners. As a result the patentee
will not be able to receive all of the potential returns with certainty. Lan-
jouw (1998) recognizes the possibility of patent infringements and analyzes
the patentee’s willingness to prosecute the infringers and defend his patent?.
A patentee has strong incentives to defend his patent, because if he chooses
not to go to the court or drops the case during the litigation process (which
normally takes three years)?, then others may infringe with impunity, and
returns to patent protection will become zero. Moreover, if common knowl-
edge is assumed, then the patentee will only renew the patent when he is

2In practice there are two kinds of litigation in terms of patent challenges: the infringe-
ment suits initiated by the patent holders against the infringers, and revocation suits
initiated by patent challengers against patent holders. However they are not distinguished
in this paper.

3An alternative to prosecuting the infringers is seeking for settlements outside the
court. However, as Lanjouw and Lerner (1998) point out, the patent holders have more
to gain from winning the suit than the infringers have to lose. The infringers are unable
to adequately compensate the patent holders simply because monopoly prices cannot be
sustained in the final goods market with two firms. Moreover, winning a case by the
patent holders may generate reputational benefits in threatening the possible infringers in
the future. Therefore, patent holders often turn to courts to resolve disputes.



willing to prosecute the infringers, since if he is not then all the potential
competitors will certainly infringe.

Taking patent infringments and litigation into consideration will change
the patentees’ renewal decision, not only because the expected benefits to
the patentees of renewing becomes smaller, but also for the fact that pur-
suing prosecution incurs litigation expenses, although such expenses will be
compensated if the patentee finally wins the case. Recent survey studies
(see for example, Hamburg (2001), Meller (2001)) indicate that in European
countries like Germany and Austria litigation expenses are calculated based
on the “value-of-the-case” (VOC): the patent courts apply rough estimates
when trying to find out what the VOC should be, and the litigation expenses
increases approximately linearly in VOC:*

Litigation costs (LC) = ap+ a3 xVOC
= a0+ aire+ BEV(t+1,7141)] (4)

Assume that an infringement suit will take three years before a ruling,
and with probability w the patentee wins the case. The value of the patent
in age t can then be expressed as

V(t,r) = max.{0,[w — ai(1 —w)]d*r; + B0*w — a1(1 — w)]|EVL({t+1,7r41)
—cy — fBlciy1 — (ﬁ9)20t+2 —ap(l —w)} (5)

where E,V L(t+1,7,,1) is the expected value of the future returns given that
the patentee is in the second year of litigation process,” and is defined as

4On the other hand, in other countries like France there is not a clear relationship
between litigation costs and the value of infringement cases. In the model estimation in
Section 4 and 5 it is then assumed that in these countries the patentees always expect to
pay a fixed amount of minimal litigation costs, i.e., a1 in equation (4) equals zero.

SEquation (5) assumes that, during the three years of the litigation, once the patent
becomes obsolete, the patentee will stop renewing the patent. This may not be neces-
sarily true, however, since non-renewal automatically leads to abandonment of the law
suit, and consequently the patentee forgoes the possibility of finally winning the suit and
being compensated for the damages (r; and maybe r441, if the obsolescence occurs in
period t + 2 ). Therefore, during the litigation process the patentee may still choose to
renew the patent in age t + 1 or ¢ + 2 even if the patent becomes obsolete, and such
renewal decisions are contigent on the returns in the early stage of the litigation. It is
theorectically straightforward to solve the renewal rule in this case, however, it increases
the computational burdens enormously. Following Lanjouw (1998) T assume that out of



EVLt+1,r41) = /Tt+1Gt+1(th+1‘t) + ﬁ//[TtJrQ + BEV (t + 3,7143)]
Gt+2(d7"t+2’t + 1)Gt+1(d7“t+1 ‘t) (6)

where Gi41(s|t) = prob(r,.; < s|t) defines the c.d.f. of the Markov process
(r441|t) described in equations (2) and (3).

Pakes (1986) provides the regularity conditions’ for the existence of a
unique solution to the patent renewal problem and discusses the general
form of the solution. Specifically, there exists a threshold minimal return
r¥ for each age of the patent depending on the renewal fee schedule {c;}L |,
and the representative patentee pays the renewal fee ¢; if and only if the
current return 7, equals or exceeds the threshold minimal return r}: r, > r}.
Moreover, 7} is nondecreasing in ¢, and is implicitly defined by:

T;k + ﬁEtV(t + 1, Tt+1) — Ct = 0 (7)

for each age t from equation (1), or, in the present model, after taking into
account of the possible infrigement and the subsequent litigation,

[w — a1 (1 — w)]0?r; + BO*[w — (1 — w)|EV Lt + 1,7041) — ¢

—ﬁHctH — (ﬁ9)26t+2 — 050(1 — ’lU) =0 (8)

The series of the minimal renewal return {r;}~ | in this renewal problem
could be solved through integrating equation (6) backwards with the terminal
condition V(T'+1,rr,1) = 0. Appendix A gives the details of derivation and
the formulae of the solution.

If combined with a specification of distribution of the patent values in an
early age, for instance right after the patent is transferred to the national
patent offices, the above equations will essentially comprise a pure renewal
model, like the ones in Pakes (1986) or Lanjouw (1998). In Section 4, such

the patent value in the latter two years of the litigation period, the option of keeping the
patent alive is sufficiently important that once obsolescence occurs, the patentee chooses
to let the patent lapse since the option value becomes zero.

®The regularity conditions are: 1). The renewal fee schedule in every year is nonde-
creasing in age; 2). There exists an ¢ such that E(r;¢|r;) < oo; 3). The conditional c.d.f.
Gi+1(s|re) is nonincreasing in r; and nondecreasing in ¢; 4). Gy11(s|r) is continuous in
ry at every s except when Gyyq(s|ry) is discontinuous in s. These regularity conditions are
checked before solving the following renewal problems and the application problems.
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a model will be estimated using the renewal observations after the EPO
patents have been transferred to Germany, France and the United Kingdom.
However, to jointly examine the application and the renewal behaviors, the
decision rules for initial application and the subsequent transfer processes
have to be analyzed.

The Application and Designation Decision Rule Patent application
with the EPO is a two-stage process. The patent applicant has to decide at
first whether to file an initial application with EPO, and if so, which EPO
contracting countries he would like to designate by paying the corresponding
designation fees, in order to keep alive the option of transferring the EPO
patent into a national patent in such countries on the later stage. The ap-
plication then goes through an examination process that usually takes three
to four years (Deng 2001). Once the patent application is granted by the
EPO, the patentee has to decide whether to pay an additional lump sum of
transfer fees in each of the designated states and enjoy the patent protection
in that state. Therefore, the joint application and designation problem faced
by the patent applicant is to

max.

J
R () 1a(R)[1;6%r; + B0°h; B (rj + Bris + B2probe.V (4,74)) — C
j=1

—ajo(1 —wj)] = Crpo, 0} (9)

where C}; is the per-country designation cost, Cgpo is the initial application
fee due at the EPO, and h; = w; — aq ;(1 — w;) is determined by the litiga-
tion cost parameters o, o1 and the winning probability w; in country j.
R represents the patent applicant’s decision rule. For instance, 1;;(R) = 1
means that he chooses to designate country j at the time of the initial fil-
ing. Moreover, I assume here that the official examination is an exogenous
process and the final granting decision is out of the applicant’s control, and
therefore the patent applicants form an expectation of the probability of the
application being granted prob,,".

"An alternative is to view the patent application and examination in whole as a multi-
period bargaining process between the applicant and the examiner, and the probability of
grant is thus endogenously determined. The width of the patent claim is a control variable
that the applicant can choose: wider claim brings higher expected future returns, but the
probability of being granted becomes smaller. In each period the applicant chooses to pay
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The above problem is solved backward. At the beginning of the fourth
year the patentee has to decide whether to transfer the granted patent to
the national patent office in contracting state j, conditional on the patent
application having been approved and that country j was designated three
years ago. Therefore, the patent value in the current age is:

V(4, Tj74) = maX{O, thQTjA + ﬁQQhJE4VL(5, Tj75) - Cj74
—B0cj5 — (B9)*cj6 — an(l —wy)} (10)

where C}4 is the sum of the lump sum transfer fee and the renewal fee due
at the national patent office. E,V L(5,r;5), the expected value of the future
returns in the following two years, has a functional form given in Appendix
A. Therefore the patentee will pay C; 4 if and only if r, > 77, with r} solving
the following function:

hj(927’j74+ﬂ(92hjE4VL(5, Tj75) —Cj74—ﬁ06]’75— (ﬁ@)chﬁ—aj?O(l—wj) =0 (1].)
and the patent value in country j in age 1 becomes:

V(]_, Tj71) = maX{O, hj(927"j71+ﬁ02hjE1 (Tj72+ﬁ7“j73+ﬂ2p7“obgr‘/(4, TjA))_Cjzaj)’O(l_wj)}
12

Similarly, there exists a unique minimal designation return r}; above which

the patent applicant is going to designate in country 7, conditional on having

filed the patent application at EPO. The specific solution of 77 ; is derived in

Appendix A.

Finally, with the conditional designation decision rule 1;;(R), the inventor
will now be able to decide whether he would like to file the initial patent
application at EPO. He will choose to file the application if by doing so the
sum of the net returns in all designated countries is enough to cover the
large application cost C'ypo. Otherwise he will not resort to the EPO patent
protection regime. The details of the solution are provided in Appendix A.

Moment Conditions and Estimation Algorithm The above two sub-
sections have defined the stochastic Markov process generating the distrib-
ution of {r;}L, from the distribution of r; and solved for the conditional

a filing or review fee, makes the claim and bargins with the examiner, or simply abandons
his application. However this bargaining process is not the primary focus of the current
paper, and instead an exogenous grant probability is assumed here.
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decision rules. What is left to be specified in the model is the initial distri-
butions of the patent returns. Here I assume that the initial return of any
patent ¢ in country j is lognormally distributed,® and

rij1 = exp(o; + bX; +vlog GDP; + ¢;5) (13)

That is, the initial return r;;; is determined by a common (across different
country j’s) factor a, a list of patent-specific characteristics X;, the real GDP
of the country j (to incorporate the potential market size of the patented in-
novation in the designated country)”, and an idiosyncratic (to each country)
factor €;;. Moreover, both the common and idiosyncratic factors follow log-
normal distributions:!’

Qi N(/,La,(fi)

gi; ~ N(0,0%), i.i.d. across country j’s (14)

and o; and X; are independent of €;;: E(we;;) =0, E(X,e;;) = 0. Condition
(14) transforms the original formulation into a random-coefficient model.

Finally, to capture the effects of the market size on the magnitude of the
learning process, the p.d. f. of the independently learned values in any specific
country j in age t, z;j, is defined as

Git(zi41) = 03 exp{— (20, + 1)}, Zijt = —V0jt

where 0, = ¢' 'o; with 0 < ¢ < 1, and 0; = (GDP;)"o. In other words, the
realizations of z;;; in any specific country j are assumed to be proportional to
the scale of the economy, as in defining the distributions of the initial returns
in equation (13).

Given the conditional distribution of 71, Gii1(s|t) = prob(rig < s|t)
and the initial distributions of the patent returns, it is straightforward to
derive the c.d.f of r;;;. (Note that once the patent lapses there are no returns
to the patent protection thereafter):

8Similarly, in formulating and estimating the patent renewal model in a single country
in Section 4, the patent value right after the patent being granted and transferred is also
assumed to follow a lognormal distribution: logry « N(uy,0?).
9Notice that v is an indicator of returns to scale of the economy, and is ad hoc assumed
to be 1 in Putnam (1996). However the estimate in Deng (2001) of v is about 0.5, showing
a decreasing returns to scale in general.
10Schankerman and Pakes (1986) find that the log-normal distribution fits the renrewal
data better than any other kind of distribution they have tried.
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1 — Fj(?“,t) = PI‘{TZ'jt Z r, Tij,t—l Z T;’:t—h ceey 7"@'72 Z 7”;-:2, Tij,l Z 7”;-:1} (15)

Therefore, in any cohort of patents, the proportion of patent holders who
pay the renewal fees at age ¢ is simply the proportion with current return r;;;
exceeding the minimal renewal return 7%, or 1 — F;(r},,t). The proportion of
patents lapsing (the hazard rate) at age ¢ in country j is simply the proportion
not paying the renewal fee at age ¢t out of those having paid the renewal fee

at aget — 1:
mi(t) = [Fi(rj, )= F3 (1, t =D/ [1=F;(r5, 1, t=1)], ¢t =5,...T (16)

Similarly, the hazard rate between age one (the initial filing) and age four
(when the patents are to be transferred to national office j), conditional on
the country having been designated when the initial EPO application was
filed, is

m;(4) = [Fj(rjs, 4) — Fy(rj, DI/[L = F5(r5, 1)] (17)
And finally, the proportion of patents not designated in country j at the time
of initial filing is

m(1) = F(rj1, 1) = Priry, <7rj,} (18)

Equations (15) to (18) provide the moment conditions required for the
estimation. Specifically, I have

Elry(w)] =m(w) (19)

where 7(w) is a vector stacking up 7;(t), j =1,...,J, and t = 1,4,..,T (or
T, since for some cohorts the renewal data is truncated so that final ages are
not observable). 7y (w) is the vector of hazard rates from the sample, where
the subscript N denotes the sample size. w is a vector consisting of all the
parameters.

The model is estimated using a simulated method of moment (SMM)
estimator, Wy, of the true parameter vector wq. Specifically, Wy is chosen so
as to minimize

IGn ()] = [lmn (w) = T (@) lwy ) (20)

where 7y (w) is a vector of simulation estimates of the aggregate hazard rates
implied by the parameter w. Wy (w) is a weighting matrix. Normally one
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would use the sample estimates of the inverse of the asymptotic variances of
the moment conditions, or the simulated estimates of it, as in other SMM
estimations. However, calculating such a weighting matrix is computationally
unfeasible due to the large dimension of the moment conditions, since there
are 18 (number of ages) times 10 (number of EPO contracting states) times
6 (number of cohorts) of them. The weighting matrix used in the estimation
is thus

Wi (w) = diag(y/n/N), (21)
where n is the number of patents still alive in the specific country-cohort-age

cell. In other words, the simulated moment conditions are weighted by the
sample size in calculating the objective function ||G y(w)|]-

3 Data Description

The patent application and renewal data from the European Patent Office
(EPO) will be used in this study. Section 3.1 briefly describe the history
of the EPO and the data set. Section 3.2 summarizes the characteristics of
the data used in estimating the renewal model in Germany, France and the
U.K., and section 3.3 illustrates the different filing and renewal patterns in
the pharmaceutical and electronics patent groups.

3.1 A Brief History of the EPO

Founded in 1977 with seven member states and starting to accept the first
patent application on June 1, 1978, the European Patent Office (EPO) pro-
vides a unified patent application and examination procedure for the member
states. Over the years more member states joined the EPO and the number
of EPO patents has grown quickly. By 1997, the EPO had 18 member states
and over 760,000 patent applications had been filed.

The EPO provides a simple and cost-effective way of applying for patent
protection in multiple European countries, and facilitates the enforcement of
patent protection as well. Instead of applying to the national patent offices
and waiting for the grant decisions in the individual countries, under the
EPO regime the patent applicant can file a single patent application with the
EPO, and a unified examination process by the EPO determines whether it is
granted. Once a patent is granted, the patentee chooses whether to transfer
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the EPO patent to individual national patent offices which he designated
when filing the initial EPO application. In those countries where the patent
is transferred, it has the same rights as a national patent.

A patent application and renewal data set compiled from information
privided by the European Patent Office (EPO) will be used in this study.!!
The date set contains information on all of the patent applications filed with
EPO during the period between 1978, when the EPO started to provide a
unified patent application and examination procedure for the member states,
to 1997, when this data set was compiled. For each patent application, the
data set contains the exact application date and the grant date, the member
countries in which each patent is designated and the length of the patent’s
life in each country, as well as other characteristics of the patent applications,
for instance the nationality of the patent applicant and the technology group
(following the International Patent Classification or IPC system) to which
the patent belongs. It also includes application fees and costs associated with
granting and designation, as well as the annual renewal fees charged by the
EPO and national patent offices.

This study will focus on the patent cohorts of 1980 through 1985. Years
1978 and 1979 are considered a transition period during which potential
patent applicants may not have been aware of the establishment of the new
patent-protection regime of the EPO. This may bias the model estimation
and thus the applications filed in these two years are excluded from the sam-
ple of interest. The patents applications filed after 1986 are also excluded
because the maximal age of these patents that is observable in the data set
is 12 years. Since the lapse of patents is a gradual process after the patents
are granted, the variations in the renewal patterns during early ages may
not be significant across different groups of patents. Another advantage of
limiting the sample to patents applied during 1980 to 1985 is that the mem-
ber countries of EPO were unchanged during this period. Having constant
member countries during the chosen period for study avoids generating an
unbalanced sample, and thus simplifies the analysis.

1T thank Jean Lanjouw and Ariel Pakes for kindly allowing me to use this data set. The
original source of the data is the European Patent Office (EPO), and the data assembly
was funded by the OECD.
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3.2 Patent Renewal Pattern in Germany, France and
the U.K.

Table 1 summarizes the characteristics of the data used in estimating the
renewal model in Germany, France and the U.K. Row 1 and row 2 report the
time of filing and transfer of patents. Here I used the terminology “cohort”,
which is defined as a group of patents whose applications are filed in the same
year. For instance, patents filed in 1980 are grouped as “cohort 1980”. The
renewal model uses data on all of the patents in cohorts 1980 to 1985 that
are transferred to any of the three countries of interest across all technology
groups, a total of 120,768 patents. The statutory limit of patent life is 20
years in all the three countries during the sample period. Hence the sample
contains patent renewal information in most years of their lives (for cohort
1980, 18 years, and for cohort 1985, 13 years). Consequently, there are 63
cohort-age cells in each of the German and U.K. sample (the sum of number
of observed renewal ages since age 4 in all cohorts), as shown in row 3.
However, the patent renewal records in France before 1990 are incomplete
and are excluded from the estimation sample. As a result, there are only
42 cohort-age cells in the French sample. Row 4 of the table reports the
number of patents transferred to each of the three countries. There is a
high proportion of overlap among patents transferred to different countries,
i.e., most of the EPO patents studied in this section were designated and
transferred to combinations of these three countries.

Table 1: Characteristics of the Data in the Renewal Model
Estimations

Germany  France U.K.
Application dates at the EPO  1980-85 1980-85 1980-85

Years of Renewal 1984-1996 1984-1996 1984-1996
Number of Cohort-Age Cells 63 42 63
Number of patents 113,053 108,587 110,651

(out of 120, 768 patents)

Note: Table 1 describes the characteristics of the data used in estimating the patent

renewal model in Germany, France and the U.K. The renewal records before 1990 are

incomplete for France, and therefore are excluded from the estimation sample.
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Figure 1: Average Hazard Rates in Germany, France and
the United Kingdom
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Figure 1 provides the average hazard rate at each age in each of Germany,
France and U.K., weighted over cohorts by the number of patents in each
cohort. The hazard rate in age t is defined as the proportion of patents
dropped at age t out of the patents alive up to age t — 1. The estimation
procedure compares these hazard rates to those implied by different values of
the model’s parameter vector, and finds the set of parameters that minimizes
their difference. Figure 2 displays the associated patent renewal rate at each
age, averaged over different cohorts in each country. Figure 3 plots the
average renewal fee schedule in each of the three countries. The renewal fee
schedules were obtained originally in nominal domestic currency, converted
to real domestic currency using the country’s own GDP price deflator, and
then converted to 1997 U.S. dollar values using the official exchange rate in
1997. All monetary values are therefore in 1997 U.S. dollars. From Figure
1 a distinct difference in the renewal patterns can be seen across countries.
Compared with the U.K., the hazard rate in Germany is substantially lower at
earlier ages and higher at later ages. The hazard rate in France is consistently
lower in all ages than that in Germany and the U.K. Correspondly, the patent

17



renewal rate in Germany is larger than that in the U.K. at earlier ages, and
the renewal rate in France is consistently the highest at all ages.

Figure 2: Average Renewal Rates in Germany, France and
the United Kingdom
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As noted earlier, there is high proportion of overlap among the patents in
different countries, therefore the quality of patents should be similar across
countries. Consequently, the heterogeneity of the intrinsic quality of these
patents can only have limited effects on the different renewal patterns ob-
served. There should be other explanations for the variations in the renewal
pattern across different countries.

One possible explanation could be the different renewal costs across coun-
tries. As Figure 3 reveals, the renewal costs in France are the lowest at all
ages among these three countries, which helps explain the high proportions
of patent renewal in France. Compared with the U.K., the renewal fees in
Germany are lower at earlier ages, but increase at a much faster pace at
subsequent ages. This should, ceteris paribus, generate lower hazard rates at
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ealier ages and higher ones at the later ages in Germany than in the U.K.,
and we see this in Figure 1.

Figure 3: Average Renewal Fee Schedules
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Difference in the strength of patent protection across countries may also
contribute to the difference in the renewal patterns. For one thing, a patentee
may form different expectations of the probability of winning a infringement
suit in different countries, and this is closely related to institutional details
such as different judicial systems in each country. Litigation cost is another
factor that should be taken into account. A survey performed by Bouju
(1987) demonstrates that the litigation costs of patent infringement cases
vary substantially in European countries. In France, the litigation costs
associated with the patentees in infringement cases'? before the court of first

12The figures on litigation costs obtained from Bouju (1987) are only the costs in patent
infringement cases concerning the plaintiff, i.e., the patentee or his successor, assignee or
any other party entitled to sue for infringement, hereinafter called ”the patentee”. The
nominal amounts include 1). the fees to be paid to attorneys and other agents authorized
to deal with the court; and 2). the legal costs, if any, to be paid to courts. However, They
do not take into account: 3). the fees paid to attorneys and consultants for studying the
case and checking the validity of the patent and the reality of the infringement before the
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instance!® would be about $33,515 in 1997 U.S. dollars. However, in U.K.,
such costs would be $164,768, nearly four times larger than in France. The
litigation costs in Germany are the lowest among the three countries. The
average costs for a case valued $68,400 would be $6,525, for a case valued
$222,300 would be $14,095, and even for a case of value of $684,020 would
be $30,074, significantly lower than similar costs in France.

3.3 Designation and Renewal Pattern of Pharmaceuti-
cal and electronics Patents under the EPO Regime

Table 2 reports the number of patent applications and grant rates of the phar-
maceutical and electronics patents'* used in the joint filing-renewal model
estimation. In the original data set some patent applications are assigned
with more than one IPC codes and consequently are categorized to both tech-
nology groups. In order to avoid repetitive counting all of such patent ap-
plications are deleted from the sample used in the joint filing-renewal model.
This reduces the total sample size from 69,407 to 69,077, or by 0.48%.

suit is initiated, or 4). the costs to be paid by the patentee if he loses the suit, especially
the damages awarded to the defendant; or 5). the costs incurred by the defendant during
the suit to build up the defence, not the damages to be paid by the defendant if he is
declared infringer and loses the suit.

13The court of first instance refers to the Tribunal of First Instance (TGI) in France, High
Court in United Kingdom, or District Court in Germany. Consequently, the litigation costs
discussed here only include the costs incurred during proceedings in the court of original
jurisdiction. They do not include the costs of going through the court of appeal or the
supreme court.

!4Each European patent application is assigned one or more International Patent Clas-
sification (IPC) codes according to the type of technology involved in the invention. To
study the application and renewal patterns across different industries, I divide all patent
applications into five technology groups: pharmaceutical, chemical, electronics, mechan-
ical and other industries. The “pharmaceutical” group includes the following sub-IPC
groups: medical or veterinary science, hygiene (IPC code A61) and preservation of bodies
of humans or animals or plants or parts thereof, biocides, pest repellants or attractants,
plant growth regulators (IPC code AQOIN). The “chemical” group includes life-saving, fire-
fighting (IPC code A62), paper, chemical, and textiles. The “electronic” group includes
instruments and electricity. The “mechanical” group includes shaping, printing, trans-
porting, metallurgy, building, drilling and mining, pumps, engineering, and lighting and
heating. Finally the “other” group includes agriculture (except AO1N), foodstuffs, per-
sonal/domestic, health and amusement (except A61), separating/mixing, weapons and
blasting, and nucleonics.
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The records on initial designation and subsequent transfer of patent ap-
plications are complete in all EPO member countries. However, the records
on patent renewal are incomplete in some countries. In Italy and Luxem-
boug, such records are not available throughout the whole sample period. In
France, such records are incomplete before 1990. In these cases, the patent
renewal rates in the associated cohort-age-country cells cannot be calculated
and are not included in the model estimation. On the other hand, due to
possible data missing in the last year of the data compiling, which is 1997,
only the renewal records up to 1996 are used in the estimation.

Table 2: Number of Patent Applications and Grant Rates of
Pharmaceutical and Electronics Patents

Pharmaceutical Electronics

Number Grant Rate Number Grant Rate
1980 1,400 74.14% 6,057 71.97%
1981 1,710 73.45% 7,472 71.35%
1982 1,860 71.08% 8,879 71.54%
1983 2,158 70.71% 9,925 71.88%
1984 2,444 64.81% 11,698 70.50%
1985 2,762 63.90% 12,712 68.56%
1980-85 12,334 68.84% 56,743 70.74%
Number of cohort- 583 583

age-country cells

Note: Table 2 reports the number of patent applications and grant rates of pharma-

ceutical and electronics patents, as used in the joint filing-renewal model estimation.

It can be seen from Table 2 that the electronics patent group is signifi-
cantly larger than the pharmaceutical group, with a total number of appli-
cations about 3 to 4 times larger in all cohorts. During 1980 to 1985, 12,334
pharmaceutical patent applications were filed with the EPO, while 56,743
application were filed by electronics inventors. The patent grant rates, on
the other hand, are not very far apart in these two technology groups. For
instance, 73% of the pharmaceutical patent applications in cohort 1981 are
finally approved, and it is 71% for cohort 1983 and 64% for cohort 1985. In
the electronics group, 71% of the patent applications in cohort 1981 are fi-
nally granted, and it is 72% for cohort 1983 and 69% for cohorts 1985. When
averaged over all cohorts, the grant rate for phamaceutical patents is 69%,
and is 71% for electronics patents. In model estimation the patent applicant
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is assumed to form an expectation of the grant probability which is set to be
the average approval rate of the technology group his application belongs to,
as shown on row 9 of Table 2.

Figure 4 shows the designation rate of the EPO patent applicants across
different technology groups in each of the 10 EPO member countries. On
average the pharmaceutical patent applicants designate more countries for
patent protection than electronics patent applicants. For instance, 90% of
the pharmaceutical patent applicants choose to designate Switzerland, while
only 42% of the electronics patent applicants do. Belgium is designated by
84% of the pharmaceutical patent applicants and only 36% of the electronics
patent applicants. However, the designation rates in countries with larger
market size, for example Germany, France, and the U.K., are similar.

Figure 5 summarizes the above designation pattern in two different ways.
The first two bars display the simple counts of EPO member countries that
a typical EPO patent applicant chooses to designate, averaged over cohorts
1980 to 1985. On average pharmaceutical patent applicants choose to des-
ignate 8.4 out of the 10 EPO member countries, while electronics patent
applicants designate an average of 5.6 countries.

The number of designated countries can be a measure of how valuable
a patent is to its inventor. The patent applicant compares the net value
of his invention with the designation costs, and chooses to designate coun-
tries wherever the net value exceeds the designation costs. However, as Deng
(2001) points out, gauging the private value of patents by simply counting the
number of designated countries can be misleading. The revenue a patentee
expects to gather from a large economy is presumably higher than that from
a small economy. To account for heterogeneity in the size of economy among
the EPO member countries, I weight the simple counts of designated coun-
tries by the average real GDP ratio for these countries during 1980 to 2000.
Again pharmaceutical patent applications have higher weighted number of
designated countries than the electronics patent applications, by a margin
of about 20%. Therefore, a patent evaluation model utilizing cross-sectional
data on the size of patent family, such as Putnam (1997) or Deng (2001),
would conclude that the expected value of an average pharmaceutical patent
is higher than an average electronics patent, because the former is designated
in more countries (both in simple and weighted counts) than the latter.

However, examining the time series data on patent renewal provides fur-
ther insight into the value of patent protection. Figure 6 displays the patent
renewal rate of the two technology groups in Germany, averaged over cohorts
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Figure 4: Designation Rates of Pharmaceutical and Electronics
Patents in the EPO Member Countries
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Figure 6: Average Renewal Rate in Germany: Pharmaceutical
and Electronics Industries
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Figure 7: Average Renewal Rate in the U.K: Pharmaceutical
and Electronics Industries
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1980 through 1985, and Figure 7 shows the average renewal rate in the U.K.
In both figures the line describing the renewal rate of pharmaceutical patents
lies below the line of electronics patents at all ages. For instance, of all the
pharmaceutical patents transferred to Germany, only 73% are still alive by
the end of age 9, while it is 83% for the electronics patents. 22% of the
pharmaceutical patents live up to age 17, the latest age observed in the
sample, whereas 29% of the electronics patents live up to this age. In the
U.K., 76% of the electronics patents live up to age 9 and 29% live up to
age 17, while it is 70% and 25% for the pharmaceutical patents, respectively.
Given these facts, a patent renewal model estimation would suggest a higher
average value for the electronics patents than the pharmaceutical patents in
Germany and the U.K., because the owners of the electronics patents are
willing to keep them alive for a longer period of time and pay higher renewal
costs.

Figure 8: Average Renewal Rate in the EPO member Countries:
Pharmaceutical and Electronics Patents in the Sample
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The average renewal rate of the two technology groups at each age,
weighted across all cohorts and countries, is displayed in Figure 8. As it
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shows, the average renewal rates are close at earlier ages for the two technol-
ogy groups. But at later ages, the average renewal rate of electronics patents
is higher than pharmaceutical patents. By the end of age 17, only 18% of the
pharmaceutical patents are still alive, while more than 20% of the electronics
patents live up to this age.

4 Patent Renewal Model Estimation

Table 3 reports the parameter estimates of the renewal model for each of
Germany, France and the U.K. To alleviate the dimensionality problem in
the numerical optimizations, all the estimations are performed conditional on
setting the real discount factor 3 equal to 0.95. Pakes (1986) and Lanjouw
(1998) made the same assumption, and Deng (2001) reports a /3 estimate of
similar magnitude.

The parameter estimates in three countries are all positive and highly sig-
nificant. The Mean Square Error (MSE), constructed as the sum of squared
residuals divided by the number of cohort-age cells, is reported on row C1 of
the table. By comparing the MSE to the variances in the actual hazard rates
across different cohort-age cells as reported in row C2, it can be seen that
the model-implied hazard rates seem to fit the German data quite well'®.
However, in the French sample the renewal behavior in earlier ages was not
observed. As a result there are not enough variations in the renewal pattern,
and the model’s performance is less satisfactory.

The estimated probabilities of a patentee winning an infringement suit in
all three countries are fairly high, ranging from 90% in Germany to 98% in
France and the U.K. However, it should be noted that these estimates can-
not be directly interpreted as the winning probabilities once an infringement
suit actually occurs in these countries. As noted in Section 2, these proba-
bility estimates are based on the assumption of common knowledge. If this
assumption is relaxed, then the patentee will recognize that infringements
may not necessarily occur even if he chooses not to defend his patent. In
such cases, the estimated w could be essentially interpreted as a composite

15The reported variance in the actual hazard rates can be viewed as the MSE of a “naive”
model which predicts that in all cohort-age cells the hazard rates would be constant and
is identical to the average hazard rate. Therefore, the differences between the variance of
the actual hazard rates and the MSE implied by the current model estimation can serve
as a measure of the improvement of the model performance over such a “naive” model.
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probability, consisting of the winning probability once an infringement occurs
plus the probability of the patent not being infringed. Therefore the winning
probability once an infringement suit actually occurs would be lower than
the estimated w in Table 3.

Table 3: Patent Renewal Model Estimates

Country

Germany France U.K.
A. Parameter®
0 0.9490 (0.1395) 0.9741 (0.0212) 0.9462 (
) 0.9233 (0.0854) 0.9245 (0.2014) 0.8967 (
o 9980.0 (374.0) 4929.8 (754.3) 6999.1 (
) 0.5994  (0.0524) 0.6200 (0.1352) 0.5969 (0.
ol 0.1496  (0.0519) 0.4135 (0.0902) 0.1992 (0.
w 0.8991 (0.1318) 0.9704 (0.2116) 0.9777 (
oy 8.8368  (0.4695) 7.9434 (0.7324) 8.0908 (
04 1.4550 (0.4173) 1.9589 (0.4265) 1.8984 (
B. Size of
B1. Sample 113,053 108,587 110,651
B2. Simulation 226,106 217,174 221,302
B3. Cohort-Age Cells 63 42 63
C. Summary Statistics”
C1.MSE(T) 4.56x1074 3.88x10* 5.31x107*
C2. V(m) 1.5x1073 4.40x10~* 9.97x10~*
C3. MSE(m)/V () 0.3040 0.8818 0.5326

a. Estimated standard errors are reported in parentheses.
b. MSE is calculated as the sum of squared residuals weighted by the number of
patents in each cohort-age-country cell. V() is the sample variance from the data.

The estimates of the decay parameters ¢ and 6 do not vary much among
the three countries. Annual depreciation in returns is fairly low in France
(7.5%) and Germany (7.7%), and the highest in the U.K. (10.3%). On the
other hand, about 2.6% to 5.4% of the patents become obsolete each year in
all three countries. This alone means that over 73% of patents die simply
due to obsolescence by the end of age 13 in France, and 53% in Germany. In
an estimation of a similar model using industry-level data in Germany from
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1953 to 1988, Lanjouw (1998) reports even higher annual obsolescence prob-
abilities, ranging from 7% to 12%. Pakes (1986) has a different specification
of obsolescence process, therefore his estimates are not directly comparable.

Parameter o, ¢ and v together define the exponentially distributed sto-
chastic learning process z;. In particular, other things being equal, a high
o implies that the probability of the patent becomes more valuable is high.
A low ¢ means that the potential learning opportunities recede quickly over
time, and a high v decreases the probability of the newly learned returns
being greater than a given value.

The dynamics of learning processes implied by these estimates are dis-
played in Table 4, which reports the results of a simulation run of 100,000
draws based on the average fee schedule across different cohorts in each coun-
try, as well as the parameter estimates reported in Table 3. Column 2 dis-
plays the learning probabilities in Germany. At the beginning of age 5, about
10% of the patent holders discover a use which generates higher subsequent
profits than known before. At the beginning of age 6, however, much less
learning occurred, only about 4.5% discover more profitable ways to utilize
the patented idea. It should be noted that the reduction in learning comes
not only from a smaller o; of the learning process, but also from the fact
that the increase in patent value at age 5 due to learning makes it more
difficult to draw a new zz exceeding the existing value. The learning prob-
ability continues to decline over the ages, and in age 10 the probability of
learning has dropped to a mere 0.05%, indicating that the learning process
is almost over by then, and the obsolescence process starts to dominate the
renewal decisions. The situation in France and the U.K. is similar to that
in Germany. In France, starting with a learning probability of 14% in age
5, this probability steadily decreases with time and by age 11 only 0.15%
of the simulated patents successfully increase their value through learning.
In the U.K., 17% of the patentees find more profitable ways to exploit their
patented idea in age 5, 14% in age 6, 7% in age 7, and only 0.01% by age
11. Therefore, in all three countries, most of the learning activities occur in
the early ages, and by age 10 or 11 the learning probability already becomes
negligible.

With a sample of German and French patents in the 1950s to 1970s,
Pakes (1986) estimates that the learning process is essentially over by the
age of 5. Lanjouw (1998) shows that the learning stops by age 6 or 7 in
all technology groups in her sample of German patents in 1953 to 1988. By
contrast, my estimates imply a longer learning process during the life of EPO
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patents. As indicated by Table 4, even at age 7, about 2% EPO patentees
in Germany, 5% in France and 7% in the U.K. still discover new ways to
increase the profits from utilizing the patents, and the learning probability
does not become zero until age 10 or 11 in these countries. This suggests
that the sample of EPO patents analyzed in this study have very different
characteristics from patents studied in previous literature. The quality and
the private value of the EPO patents are significantly higher than those of
the national patents studied in Pakes (1986) and Lanjouw (1998), and the
higher expected value makes it worthwhile for the patentee to invest more
resources on finding new commercialization strategies in order to exploit the
patented idea.

Table 4: Percentage of Patents Learning a Higher Value

Country
Germany France U.K.

Pr. (25 > 6r4) 10.24  14.01 17.19
Pr. (zg > 6r5) 4.51 8.56 13.58
Pr. (z7 > 6rg) 1.86 463 6.64
Pr. (zs > 6r7) 0.71 235 3.15
Pr. (z9 > 0rs) 0.20 0.99 1.17
Pr. (219 > 6r9) 0.05 0.38 0.40
Pr. (ZH > 67“10) 0.01 0.15 0.01

Note: Table 4 reports the learning probabilities from a simulation run of 100,000 draws
of patents in Germany, France and U.K., based on the average fee schedule across different
cohorts in each country, as well as the parameter estimates reported in Table 3.

The above finding may be explained by a close look at the EPO applica-
tion fee schedule. Compared with the application fees at the national patent
offices, the relatively higher EPO application cost prohibits the patents with
lower private values from initiating EPO applications from the start. As a
result, the EPO patents are on average more valuable and would be justfiably
considered “elite patents”. Pakes (1986) provides an estimation of net values
of the simulated patents in Germany, France and the U.K. (see Columns 3, 5
and 7 in Table 6 below). In his simulated Franch sample, 25% of the patents
have a net value of $118.87 (in 1997 U.S. dollars, same below) or less, 50%
have a net value of $843.69 or less, and 75% have a net value of $5895.7 or
less. In other words, even at the top 25% percentile of this French sample,
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the net value of the patent is still not enough to cover the initial EPO ap-
plication and examination cost of 8660 DM in 1985 (or $6793.5 in 1997 U.S.
dollars). His simulated U.K. and German patents have higher values than
the French ones on average, with a 50% percentile of $2396.7 and $9880,
respectively. Nevertheless, one may expect that the initial EPO application
and examination cost excludes a considerable proportion of Pakes’ simulated
sample from entering the EPO sample.

Table 5: Distribution of Realized Patent Values in Germany,
France and the United Kingdom

Country
Germany France U.K.
Percentile Value LC Value LC Value LC
25% 9,592 1.25 3,202 0.24 3,331  0.36
50% 27,657  6.04 12,376 2.04 11,682  2.45
5% 80,883 19.53 51,710  8.97 46,188  9.95
85% 141,123 31.38 107,612 16.73 94,628 18.12
90% 205,265 40.78 176,898 23.84 153,401 25.51
95% 355,512 55.54 362,609 36.80 310,911 38.79
98% 651,442 71.14 816,066 53.21 677,268 55.36
99% 967,509 79.86 1,370,912 63.97 1,129,647 66.07
maximum 2,283,163 —— 87,450,357 —— 70,028,060 ——
mean 90,221 —— 96,768 —— 81,351 ——

Note: Columns 2,4 and 6 report the percentiles of the distribution of realized patent
values from a simulation of 100,000 draws in each country. Column 3,5 and 7 report the
Lorenz curve coefficients of the simulated distribution. Monetary values are in units of
1997 U.S. dollars, and Lorenz curve coefficients (LC) are in percentage points.

Table 5 reports the percentiles and Lorenz curve coefficients from the dis-
tribution of realized patent values from the simulation. The realized patent
value is defined as the discounted sum of patent returns after the patent is
granted, net of all kinds of administrative expenses including the transfer
expenses at age 4 and the annual renewal fees in the subsequent years, but
excluding any litigation costs. Column 2 of the table shows that the distrib-
ution of the realized patent value in Germany is quite skewed. For instance,
25% of German patents have a realized value of $9,592 or less, while they
contribute about 1.25% of the total value of all simulated German patents.
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The lower 50% of the distribution contributes about 6% of the total value of
the simulated German patents, and the lower 90% of simulated patents only
accounts for 41% of the total value. On the other hand, the top 1% most
valuable patents, with a minimal value of $967,509, accounts for about 20%
of the total value. The value distribution in France, as reported in column 4,
is even more skewed. The lower 90% of simulated patent only accounts for
24% of the total value of all simulated French patents, and the top 1% ac-
counts for about 36% of the total value, with a minimal value of $1,370,912.
The distribution in the U.K., as shown in column 6 and 7, is less skewed than
in France, but significantly more skewed than in Germany.

Table 6 compares the simulated values obtained by this study with those
obtained by Pakes (1986). Columns 2, 4 and 6 are taken from Table 5 above,
and columns 3, 5 and 7 are taken from Table V of Pakes (1986). It should be
noted that the monetary values in Pakes (1986) are expressed in units of 1980
U.S. dollars. For convenience of comparison I convert them into 1997 U.S.
dollar values by multiplying them with the ratio of GDP price deflators. As
expected, the patents simulated in this study are more valuable than those in
Pakes (1986). In particular, the median value of the simulated EPO patents
in Germany, $27,657, is about three times as large as that of German patents
obtained by Pakes ($9,880). A comparison of the values of columns 2 and
3 on all percentile levels shows similar results. This indicates a significant
difference in the average quality of the two patent groups.

This difference comes from several sources. First, as discussed above, the
EPO route of applying for patent protection is more cost-effective to patents
intending to file in multiple countries and of higher quality. Secondly, Pakes
(1986) studies patents of cohorts 1950 to 1972, whereas this study focuses on
cohorts 1980 to 1985. Therefore, the EPO patent sample is on average 15 to
20 years younger. The difference in patent value may reflect a general trend of
increasing patent value over time. Growth in the scale of the economy, as well
as improvement in the business environment over this period, for instance,
may enable the patentees to better exploit the patented idea and obtain
higher profits even with unchanged patent quality. Moreover, advance in
science and technology in general increases the average quality of inventions
over time.

Columns 4 through 7 reveal that the differences between the average
value of the EPO patents and that of the national patents are even larger
in France and the U.K. While this could be interpreted as a reflection of
higher average quality and value in the EPO patent group, it should be kept
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in mind that the French and U.K. patent sample in Pakes (1986) includes
both the applications finally granted and those declined, while his German
patent sample as well as the EPO patents analyzed in this study are only
the granted ones. Therefore, the difference between the average value of the
EPO patents and those of the French and the U.K. patents in Pakes (1986)
also reflects the difference between the quality of the granted patent group
and that of the declined group.

Table 6: Comparision of the Simulated Patent Values

Country
Germany France U.K.
Percentile EPO Pakes EPO Pakes EPO Pakes
25% 9,592  3,159.5 3,202  118.87 3,331  561.79
50% 27,657  9,880.0 12,376 843.69 11,682  2,396.7
5% 80,883 30,932 51,710  5,895.7 46,188 12,558
85% 141,123 51,238 107,612 16,262 94,628 24,265
90% 205,265 69,905 176,898 27,529 153,401 35,087
95% 355,512 103,890 362,609 49,945 310,911 54,891
98% 651,442 149,860 816,066 80,924 677,268 81,021
99% 967,509 187,010 1,370,912 105,100 1,129,647 102,820
maximum 2,283,163 662,390 87,450,357 410,540 70,028,060 662,390
mean 90,221 25,549 96,768 8,897.3 81,351 933,790

Note: Table 6 compares the simulated values obtained by this study with those ob-

tained by Pakes (1986). Columns 2, 4 and 6 are taken from Table 5 above, and columns
3, 5 and 7 are taken from Table V of Pakes (1986). All monetary values are in units of
1997 U.S. dollars.

5 Joint Filing-Renewal Model Estimation

Table 7 reports the parameter estimates of the multi-country patent filing-
renewal model for the pharmaceutical and electronics patent groups. As
in the renewal model estimation in Section 4, the real discount rate [ is
assumed to be 0.95. Meanwhile, the probability of the patentee winning an
infringement suit is assumed to be fixed at 0.95 in all countries. While it
sounds appealing to estimate the winning probability in each of the 10 EPO
member countries and thus reveal more details of patent litigation system in
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these countries, such practice would add 10 more parameters to the model
estimation which greatly increase the computational burden.

The model estimation fits the data reasonably well. The weighted Mean
Square Error (MSE), constructed as the sum of squared residuals weighted
by the number of patents in each cohort-age-country cell and divided by the
total number of cohort-age-country cells, is reported on row C1. As noted in
Section 4, the difference between the variances of the actual hazard rates and
the MSE implied by the model estimation can be interpreted as a measure of
improvement of the model performance over a “naive” model which predicts a
constant hazard rate among all cohort-age-country cells. As shown in rows C1
and C2, the joint filing-renewal model improves the data fitting by about 46%
in fitting the designation and renewal pattern of the pharmaceutical patents
and about 39% in fitting that of the electronics patents. I then decompose
the total weighted MSE into two parts, one in matching the designation
rates and one in matching the renewal rates, as reported in rows C3 and C5
of Table 7, in order to separately examine the model’s performance in fitting
designation and renewal patterns. By comparing them with the variances
of the corresponding actual designation and renewal rates in the sample, I
conclude that the estimated model performs well in both dimensions. It
improves over the “naive” model in fitting the designation rates by 53% and
49% in the pharmaceutical and electronics patent groups respectively, and in
fitting the renewal rates by 26% and 16% in these two groups respectively.

The model parameter estimates are all positive and highly significant.
The estimates of the annual obsolescence rate 6 are close in the two patent
groups: each year about 5% of patents become obsolete in both industries.
This means that over 40% of patents die simply due to obsolescence by the
end of age 10, and over 55% die by the end of age 15. These estimates of the
obsolescence rate are also close to the estimates of 4.9% to 6.4% obtained in
estimating the renewal model using patent renewal data in Germany, France
and the U.K., as reported in Table 3.

The estimates of the deterministic depreciation rate ¢, however, are much
different for the two patent groups. If there is neither obsolescence observed
nor new values learned, the expected value of pharmaceutical patents would
depreciate at an annual rate of 13%, much faster than the electronics patents
(5%). That is to say, other things being equal, pharmaceutical patents tend
to have a shorter life than electronics patents, since at later ages the pharma-
ceutical patentees are more likely to find that the depreciated patent value
is not enough to cover the increasing annual renewal fee, and choose to let
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the patent lapse.

On the other hand, the estimate of the parameter o for the pharmaceuti-
cal patents, which characterizes the stochastic learning processes, is 10,814,
significantly higher than that of the electronics patents (4,519). For patent of
a given value, a large o implies that the probability of the patent becoming
more valuable through learning is high. Therefore, while deterministically the
pharmaceutical patents depreciate faster, stochastically they benefit from a
more fruitful learning process, which may boost their expected values as time
goes by.

Table 7: Joint Patent Filing-Renewal Model Estimates

Pharmaceutical Electronics
A. Parameter®
0 0.9498 (0.0224) 0.9523 (0.0361)
) 0.8651 (0.0304) 0.9457 (0.0212)
o 10814 (408.77) 4519.0 (219.28)
) 0.5584 (0.0212) 0.6977 (0.0220)
ol 0.4749 (0.0231) 0.4421 (0.0198)
v 0.9759 (0.0965) 1.3880 (0.1084)
e, 10.9755 (0.9227) 9.7903 (0.3558)
Oa 0.7539 (0.0295) 1.3549 (0.1815)
O, 2.4916 (0.1462) 2.0654 (0.4344)
B. Size of
B1. Sample 12,334 96,743
B2. Simulation 37,002 170,229
B3. Cohort-Age-Country Cells 583 583
C. Summary Statistics”
C1. MSE(T) 3.1837x10~4 4.3214x10™4
C2. V(m) 5.8621x10~* 7.1099x 1074
C3. MSE(7)/V(m) 0.5431 0.6078
C3.MSE(T desig)/ V(T desig) 0.4732 0.5028
C4. MSE(T renewat)/V(Trenewar) 0.7419 0.8485

a. Estimated standard errors are reported in parentheses.
b. MSE is calculated as the sum of squared residuals weighted by the number of
patents in each cohort-age-country cell. V() is the sample variance from the data.

The comparison of renewal dynamics between these two industries are
further complicated when the decay rate of oy, ¢, is taken into account. Re-
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call that the parameter o, of the exponential distribution that characterizes
the learning process is defined as o, = 0¢' ! in equation 3. The estimate of
the decay rate ¢ is 0.56 for pharmaceutical patents and 0.70 for electronics
patents. In other words, although a pharmaceutical patent has a higher ini-
tial learning probability (a higher ), such probability decreases more quickly.
And starting from age 6, the learning probability for pharmaceutical patents
become smaller than that for electronics patents. The estimates of the other
parameter of the exponential distribution, =y, are similar for these two tech-
nology groups.

The implications of the parameter estimates of the learning process are
illustrated in Table 8, which reports the results of a simulation run of 50,000
draws of pharmaceutical patents and 100,000 draws of electronics patents,
based on the average fee schedule across different cohorts as well as the para-
meter estimates reported in Table 7. Columns 2 to 4 display the percentage
of pharmaceutical patents which learn a higher value at each age in Germany,
France and Italy, out of all patents that live up to this age. For instance,
at the beginning of age 2, 10.27% of the pharmaceutical patent applicants
discover a use which generates higher subsequent profits than known be-
fore in Germany, 10.43% of the patent applicants learn higher patent value
in France, and 10.33% in Italy. At the beginning of age 3, such percent-
age drops to 5.69% in Germany, 5.42% in France and 5.41% in Italy. The
proportions of patents learning a higher value continue to decline over the
ages. By age 5, only 1.61% of the pharmaceutical patent holders find more
profitable ways to exploit their patented idea in Germany, and even fewer
in France (0.65%) and Italy (0.40%). By age 7, none of the pharmeceutical
patent holders from the simulation find an increased patent value in Italy.
And the learning process is essentially over by age 8 in France and by age
10 in Germany. The deterministic depreciation and obsolescence processes
start to dominate the renewal decisions after that.

Columns 5 to 7 of Table 8 report the learning dynamics of the electronics
patents in Germany, France and Italy. Similar to the case of pharmaceuti-
cal patents, the learning probability of the electronics patent group gradually
declines over the ages: in Germany from 13% at age 2 to 3% at age 5, and the
learning is over by age 11. In France, learning probability drops from 13% at
age 2 to 1% at age 5, and to essentially zero at age 9. Such probability is 5%
in Ttaly at age 2, 0.2% at age 5, and the learning is over by age 8. The fact
that the dynamics of learning probability is similar in pharmaceutical and
electronics patent groups reflects the offsetting effects of different parameters
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of the learning processes in these two groups. As noted above, the parameter
o in the learning process of pharmaceutical patents are initially higher than
that of electronics patents, which generates higher probabilities of discov-
ering a higher value for any given level of patent value. However, because
the initial value of pharmaceutical patents is on average higher than that of
electronics patents (as shown below, in Table 9), the actual probability of
finding a value exceeding the present level by pharmaceutical patent holders
may not be necessarily higher than that of the electronics patents. The first
few rows of Table 8 show that the learning probability of pharmaceutical
patents at early ages is higher than that of electronics patents in Italy, but
slightly lower in Germany and France. Moreover, over the ages the para-
meter o; of pharmaceutical patents declines faster, and by age 5 it becomes
lower than that of electronics patents. From then on, the learning probabil-
ity of pharmaceutical patents is consistently lower than the corresponding
probability of electronics patents.

Table 8: Percentage of Pharmaceutical and Electronics Patents
Learning a Higher Value

Pharmaceutical (%) Electronics (%)
Age Germany France Italy Germany France Italy

2 10.27 1043 10.33 12.81  12.73 4.90
3 5.69 542 541 7.68 7.39 2.6
4 4.62 4.58  4.86 7.03 707 2.37
b} 1.61 0.65 0.40 2.94 0.87 0.20
6 0.71 0.17  0.05 1.62 0.33 0.03
7 0.24 0.03  0.00 0.83 0.10 0.01
8 0.04 0.00  0.00 0.38 0.02 0.00
9 0.01 0.00  0.00 0.10 0.00 0.00
10 0..00 0.00  0.00 0.03 0.00 0.00
11 0.00 0.00  0.00 0.00 0.00 0.00

Note: Table 8 reports the learning probability from a simulation run of 50,000 draws
of pharmaceutical patents and 100,000 draws of electronics patents, based on the average

fee schedule across different cohorts as well as the parameter estimates reported in Table 7.

Model estimation also reveals that the expected value of patent protection
in any country increases as the size of the economy increases, i.e., larger
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market brings more returns to the patentees. But the estimated degree of
returns to scale in the two patent groups differ. In particular, the expected
value of pharmaceutical patents has an approximately constant returns to
scale, while electronics patents show increasing returns to scale. For instance,
while the market size of Austria is 9.5% of that of Germany, as measured by
the ratio of average real GDP in these two countries, the model estimates
imply that the expected value of an average pharmaceutical patent in Austria
is 10% of that in Germany, yet the expected value of an average electronics
patent in Austria would be only 4% of that in Germany. Previous literature
has provided little evidence regarding the degree of returns to scale of patent
value in different countries. Putnam (1997) assumes constant returns to scale
in his study. Deng (2001) obtains decreasing returns to scale of patent value
in estimating a patent filing model.

Table 9 reports the distribution of the initial patent values in each of the
10 EPO member countries in the two simulated patent groups. It reveals
that, within the same technology group, the initial patent value varies a lot
across countries. For instance, the median of the initial value of simulated
pharmaceutical patents is $59,200 in Germany, $38,285 in France, and only
$440 in Luxemboug, the smallest economy. For the electronics patents, the
median initial value is $18,086 in Germany, $9,794 in France, and only $17
in Luxemboug. On the other hand, the initial value of the pharmaceutical
patents are on average much higher than that of the electronics patents.
For example, the median initial value of pharmaceutical patents is 2.3 times
larger than that of electronics patents in Germany, 3 times larger in France,
and almost 8 times larger in Austria.

The distribution of the initial values determines the patent applicants’
designation decision across countries. As Figure 9 shows, almost all simu-
lated pharmaceutical patents choose to designate Germany, France and Italy
at the time of initial filing, but only 88% choose to designate Sweden and
85% choose to designate Austria. The designation rate for Luxemboug is
49%, the lowest among all EPO member countries. Corresponding to lower
initial values, the designation rate of electronics patents is also lower than
that of the pharmaceutical patents in almost all countries: almost 100% in
Germany and France, but only 83% in Italy, 56% in Sweden, and 53% in
Austria. The average number of designated countries is 8.7 for the simu-
lated pharmaceutical patents and 6.3 for the electronics patents, very close
to the average number in the actual sample (8.4 for pharmaceutical and 5.6
for electronics patents as shown in Figure 5).
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Table 9: Distribution of the Initial Value of Simulated Patents

Real GDP Pharmaceutical
Ratio 50% 75% 90%
Value  Cum. % Value Cum. % Value Cum. %
Austria 0.0947 6,024.7 0.47% 34,305 2.74% 166,450 9.44%
Belgium 0.1133 6,851.1 0.49% 40,428 2.87% 195,900 10.01%
Switzerland 0.1310 8,174.0 0.48% 46,564 2.74% 221,420 9.37%
Germany 1.0000 59,200 0.46% 346,360 2.72% 1,608,900 9.30%
France 0.6419 38,285  0.47% 224,700  2.77% 1,098,100  9.65%
U.K. 0.4579 27,739 0.50% 158,200 2.88% 765,730 9.97%
Ttaly 0.4508 27,567 0.47% 158,460 2.73% 748,960 9.39%
Luxemboug 0.0066  440.29 0.51% 2,524.4 2.98% 12,657 10.37%
Netherland 0.1682 10,664 0.43% 60,470 2.46% 293,930 8.48%
Sweden 0.1013  6,141.9  047% 35,745  2.71% 176,790  9.51%
s.t.d. — 18,708 — 109,440 — 513,960 —
Electronics
50% 75% 90%

Value Cum. % Value Cum. % Value Cum. %
Austria 687.48 0.68% 3,624.0 3.67% 16,284 11.89%
Belgium 858.95 0.73% 4,657.6 3.93% 20,872 12.74%
Switzerland 1,070.4 0.69% 5,631.5 3.63% 25,050 11.71%
Germany 18,086 0.67% 95,252 3.65% 413,060 11.67%
France 9,794.0 0.72% 52,364 3.89% 236,880 12.68%
U.K. 6,047.5 0.70% 31,858 3.74% 146,800 12.25%
Ttaly 6,002.4 0.69% 31,794 3.74% 142,180 12.08%
Luxemboug 17.02 0.68% 90.21 3.69% 411.35 11.97%
Netherland  1,525.7 0.69% 8,052.8 3.69% 3,5718 11.88%
Sweden 737.7 0.69% 3,954.0 3.74% 17,964 12.22%
s.t.d. 5,772.6 — 30,473 — 133,360 —

Note: Table 9 reports the distribution of the initial patent value (prior to the desig-
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nation decision being made) in each of the 10 EPO member countries in the simulated
pharmaceutical patent group and the electronics patent group. The results are from a
simulation run of 50,000 draws of pharmaceutical patents and 100,000 draws of electron-
ics patents. Columns 3,5,7,9,11,13 display the initial value of the patents, and columns
4,6,8,10,12,14 display the cumulative proportions of the patent value in the total value of
the simulated patent group in each country. All monetary values are in units of 1997 USS$.



Figure 9: Designation Rates of the Simulated Patents in the
EPO Member Countries
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Table 9 also reveals that the distribution of the initial patent values is
highly skewed. For instance, in Germany, the sum of initial values of the
bottom 50% of pharmaceutical patents applications contributes less than
0.5% of the total initial value of the whole pharmaceutical group, and over
90% of the total initial value is attributed to the top 10% most valuable
pharmaceutical patents. The bottom 50% of electronics patent applications
contributes only 0.7% of the total initial value of the whole group in Germany,
while the top 10% contributes 88% of the total initial value. The distribution
of the initial value in other countries has a similar pattern.

Figure 10 compares the renewal rate averaged across countries of the sim-
ulated pharmaceutical and electronics patents at each age, weighted by the
number of patents transferred to each country. Endowed with higher initial
value and more potential opportunities to learn and exploit higher returns,
the pharmaceutical patents designate more countries for patent protection on
average, as displayed in Figure 9, and have a higher renewal rate in the early
ages. However, a high depreciation rate (13%) and a more rapidly decaying
learning process diminish the expected value of pharmaceutical patents more
quickly, and as a result the renewal rate of pharmaceutical patents becomes
lower in the later ages. As Figure 10 shows, the average renewal rate of
pharmaceutical patents is about 1 to 2 percentage points higher than that of
electronics patents at each age until age 10, and after age 11 the electronics
patent group has a higher renewal rate. 28% of the simulated electronics
patents live up to age 18, while only 23% of the simulated pharmaceutical
patents are still alive by then. Interestingly, by age 20, the average renewal
rate of pharmaceutical patents again exceeds that of electronics patents. This
may reflect a larger variation of values in the pharmaceutical patent group,
which means that although pharmaceutical patents have a short average life,
proportionately there are more high-valued “elite patents” in this group,
whose owners choose to renew for a full 20 years.

Table 10 reports the percentiles and Lorenz curve coefficients from the dis-
tribution of realized patent values from the simulation. The realized patent
value is defined as the discounted sum of patent returns at all ages in all
designated countries, net of all kinds of administrative expenses including
designation cost and transfer expenses as well as the annual renewal fees, but
excluding any litigation costs. Columns 2 and 3 of the table show that the
distribution of the realized pharmaceutical patent values is highly skewed.
For instance, 25% of the pharmaceutical patents have a realized value of
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$27,400 or less, while they contribute about 0.02% of the total value of all
simulated pharmaceutical patents. The total value of the bottom 50% of
pharmaceutical patents accounts for only 0.40% of the total value of the
whole pharmaceutical group, and the lower 90% contributes about 16% of
the total value. On the other hand, the top 1% most valuable patents, with
a minimal value of $142 million, accounts for 46% of the total value of the
pharmaceutical group. Similarly, the distribution of the realized value of
the electronics patent group, as reported in columns 4 and 5, is also highly
skewed. For instance, the lower 90% of the electronics patents contributes
less than 15% of the total value of the electronics group, whereas the top 1%
contributes 51% of the total value. On the other hand, electronics patents
have significantly lower value than pharmaceutical patents, especially at the
high end of the value distribution. For instance, the 85% percentile of the
value of pharmaceutical patents is $8.4 million, nearly 4 times of that of
electronics patents, which is $2.2 million.

Table 10: Distribution of the Total Realized Values of
Simulated Pharmaceutical and Electronics Patents

Pharmaceutical Electronics
Percentile Value ($million) LC  Value ($million) LC
25% 0.0274  0.02 0.0111  0.04
50% 0.4078  0.40 0.1155 0.46
5% 3.5906  4.42 0.8792  3.95
85% 8.4145 10.28 2.1831  9.17
90% 14.6810 16.14 3.9041 14.57
95% 31.6340 27.45 8.8216 25.39
98% 77.1490 42.73 21.6860 40.49
99% 142.3800 53.71 39.6020 51.15

Note: Columns 2 and 4 report the percentiles of the distribution of the total realized
patent values in all 10 EPO member countries from the simulation. Column 3 and 5 report
the Lorenz curve coefficients of the simulated distribution. Monetary values are in units
of 1997 U.S. dollars, and Lorenz curve coefficients (LC) are in percentage points.
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6 Concluding Remarks

This paper develops a dynamic stochastic model to examine joint patent
application and renewal behavior under an international patent-protection
regime. The model takes a first step in utilizing both the cross-sectional
(multi-country filing) and the time-series (patent renewal) dimensions of in-
ternational patent data to evaluate the private value of patents, allowing one
to distinguish more aspects of patent value.

The model is estimated using the filing and renewal data of pharmaceuti-
cal and electronics patents filed with the EPO during 1980 to 1985. Estima-
tion result shows that pharmaceutical patents on average are endowed with
higher initial values, and the patent holders seek for protection in more coun-
tries than the electronics patent holders. However, pharmaceutical patents
depreciate faster than electronics patents, and consequently they have lower
renewal rates and shorter patent lives.

A direct application of the model results would be the construction of a
simple “weighting index” that measures the relative value of different patents
using the size of the international patent family and the number of years of
renewals, which is more accurate than simple patent counts as a measure of
innovative output. On the other hand, although combining the patent filing
and renewal data reveals more aspects of patent value, the patent renewal
data are not available until later stage of a patent’s life. For evaluation of
patents at earlier ages, it is useful to exploit other characteristics of patents
available at or near the patent’s “birth”, such as the number of patent claims
or patent citations. A study of the linkage between these characteristics
and the estimated patent values from this study would also provides further
insights into the value of patents. These will be topics for future research.
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Appendix A. Model Solution

Part I of Appendix A, based on the solution algotithm developed in Pakes
(1986) and Lanjouw (1998), solves the renewal problem faced by the represen-
tative patentee in any contracting state 7, 7 = 1,..., J. Part II characterizes
the representative patentee’s application and designation decision rules and
gives the estimator’s moment conditions.

Part I. The Renewal Decision Rule The value of the patent at age
t, as rewritten in equation (A.1)

V(t,r) = max{0, ho%r, + ﬁ&zhEtVL(t +1,741) — ¢ — POy
—(ﬂ9)26t+2 —ap(l —w)} (A.1)

where h = w — oy (1 — w), is dependent on the expected gross returns of the
patent in the coming periods, V L(t + 1,7,,1), which is further contingent on
the realization of z;,1.

Starting from age 7', the value function is given by

V(T,rr) ={0,hrp —cpr — ap(l —w)} (A.2)

This is because T' is the maximal age that the patent can possibly be kept
in force and ErV L(T + 1,7r741) is simply zero. The minimal return % to
justify the renewal at age T' can be obtained by setting equation (A.2) to
zero: V(T,rr) =0, or 7% = h ™ er + ap(1 — w)].

To solve the renewal decision rule at age 7' — 1, the functional form of
Er 1 VL(T,rr) is needed:

ET,1VL(T, TT) = /TTGT(dTT’T - 1)

orp_1 too
— / 6rT_1dQT(zT)+/ 2rdQr(2r)
—yoT brr_1

= 6TT_1 + O'T[]_ — QT((STT—I)] (A3)

The value function of the patent at age T'— 1 is then solved as

V(T—]_, TT—l) = maX{O, hQTT_1+ﬂ0hET_1VL(T, TT)—CT_l—ﬂGCT—Oéo(l—w)}
(A.4)
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and by setting V (T'—1, rr_1) to zero, the minimal return 7%, can be obtained
by numerically solving

h@ri}fl + ﬁQhET,1VL(T, TT) — Cr—1 — ﬁ@cT - Cko(l - w) =0 (A5)

Similarly, for age t = T — 2, since V(¢ + 3,73) = V(T + 1,rp41) = 0,
E.VL(t+1,7r:41) can be obtained as:

ET,QVL(T - 1, TTfl)

= /TTlGTl(dTleT — 2) + ﬁ// TTGT(dTT’T — 1)GT,1(dTT,1’T — 2)

Srr_o +o0
= / Orp_0dQr—1(2r—1) +/ 2p1dQr—_1(2r_1)

—Y0T-1
+ﬁ/[6TT_1 + O'T(l — QT(6TT_1))]GT_1(dTT_1|T — 2)
= 6rp o+ or [l — Qr 1(6rr 9)] + B{6%rr o

+[1 = Qr_1(6r7—2)][6or1 + 7y (1 — Qr(6%rr—))]
+orQr 1(6r7 2)[1 — Qr(6°rr 2)]} (A.6)

Srp_o

where &5 | = 02 /(o + 607 1), and the value function V(T — 2,7y 5) is
obtained by substituting Fr_oV L(T — 1,ry_1) into equation (A.1) when ¢t =
T—-2:

V(T —2,r7_5) = max{0,h0*rr_y + BO*hEr_oVL(T — 1,77_1) — cr_o
—ﬂQCT_l — (ﬁQ)QCT - 040(1 — w)} (A7)

and the minimal return required for renewal is the r}._, that solves

h(927"T_2 +ﬁ02hET_2VL(T— ]_, rT—l) —Cr_9 —ﬁHCT_l — (ﬁe)QCT - 040(1 —w) =0
(A.8)
The renewal problem for age t > T — 3 is more complicated. Recall that

by definition

ET,3VL(T - 2, TT,Q)
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= /TTQGTz(dTTﬂT -3)+ ﬁ//[TT1 + BEr AV (T,rr))
GTfl(dT'Tfl ‘T — Q)GT,Q(d’I"T,QIT — 3) (Ag)

However, the exact functional form of Er 1V(T,rr) depends on whether
orp_; is larger than 7} or not:

If 6rp_1 < 1k, the renewal decision at age 7" has to depend on the real-
ization of zp, and the expected value of V' (T, r) becomes

“+oo
ET_1V(T, TT) = 40 /* (hZT — Cr — Oéo(]_ — w))dQT(zT)
O[hry + hor — cp — ap(l — w)][1 — Qr(r})]
= 0kd_, (A.10)

However, if érp_; > 1k, the patentee knows that he will definitely pay
the renewal fee at age T as long as obsolescence does not occur (rp =
max(6ry_q, zr) > r4), and the expected return will be

ET,1V(T, TT)

orr_1
= 9/ (h(S’I"T,1 — Cp — Cko(l — w))dQT(zT)

yor

“+00
+0/6 (hZT — CT — 050(1 — w))dQT(zT)

TT-1

= 0{]43%71 + /TT (h(STT_l — Cr — Oéo(]_ - w))dQT(zT)

—or

orr—1
+ /* (h(STTfl — hZT)dQT(ZT)}

T
= O+ (e )} (A1)
Therefore, in computing [[ Er_1V (T, rr)Gr_1(drr_1|T —2)Gr_o(drr—o|T —

3), it differs depending on whether ry_3 is greater than r%./6° or not:
If rp_g < 7%/6°, then

// ET,1V(T, TT)GTfl(dTTflyT — 2)GT,2(d’I"T,2‘T — 3)
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T /6 /6 .
= 9/ {/ kp_1dQr_1(2r—1)

—YoT-2 —YoT-1

+oo
b W B Qe 1))@

~+o00 bzr_2
w / i / K9y + Kby (272)) Q1 (21 1)

?/52 —Yor-1
+oo
+/ (kC(ZJ“—l + k’r}v_l(ZT_l)dQT_l(ZT_l)}dQT_Q(ZT_QXA.IQ)
bzr 9

Otherwise, if 77_3 > r%/6°, then

// ET,1V(L, TT)GTfl(dTTflyT — 2)GT,2(d’I"T,2‘T — 3)

orr_3 8%rp_3
=0 [T @)@ o)

—Yor-2 —Yor-1

+oo
+/6 [K3_y + kp 1 (2r-1)]dQr—1 (27-1) }dQr_s(21—5)

2
TT-3

~+o0o bzr_2
+9/5 {/ [k7_1 + kp_1 (820 2)|dQr 1 (27 1)

Tr—3 —Yor-1

+oo
" / (K9, + Bb (o1 1)dQr 1 (2r1) }dQra(zr2) (A13)

]

Consequently, the functional forms of Ey sV L(T — 2,rp_s) and the value
function V(T — 3,rr_3) differ accordingly:

ET,Q,VL(T - 2, TT,Q)

= /TTQGTQ(dTT2|T —3)

+ﬁ //[TT—I + ﬁET_l‘/(T, TT)]GT_l(dTT_1|T — Z)GT_Q(dTT_2|T - 3)

= Orp_g+or o[l —Qp 2(brp_3)] + 5{52TT73
+[1 — Qr—a(6r7-3)][607_s + £7_5(1 — Qr_1(8%rr_3))]
+or 1Qr_2(6rp_3)[1 — QT71(527“T73)]}

+ﬁ2 // ET,1V(T, TT)GTfl(d’I"Tfl‘T — Q)GT,Q(dTT,QIT — 3) (A14)
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V(T - 3, TT,3) = maX{O, h92rT,3 + ﬁHQhET,;;VL(T - 2, TT,Q) — Cr_3
_ﬁQCT_Q — (ﬁQ)QCT_l - 040(1 — w)} (A15)

and 75._5 is implicitly defined by the following equation:

h92rT,3 + ﬁth[k‘ng(T‘Lfg)] — Cp_3 — ﬁHCT,Q — (ﬁQ)QCT,1 — 050(1 — ’lU) = O
(A.16)
where function [k7_3(rr_3)] is defined as

[kr—3(rr—3)]
= Orp_s+ ool —Qr o(brr_3)] + ﬁ{52TT73 +[1 = Qr_2(brr_3)|[60r_2

+&5 (1 = Qr_1(8°rr_3))] + o0 1Qr_2(677_3)[1 — Qr_1(6°rr_3)]}
+oo
+ﬁ20k’%_1 + ﬁQQ/ k’}“_l(ZT—l)dQT—l(ZT—l)
ry /8
+oo
+03 ka_o(27-1)dQr—o(27—2)

'r‘}/é2

with 5%«_2 = 0'%71/(0'7*,1 + 6O'T,2) and

—+oo

k_ = 59{7@%_1(57"T—2)QT_1(7”E?/5)+/* B [kg_y (6r7—2)—kp_y (20-1)]dQr_s(27-2) }.

In general, define

T—(t+1) oo
ki = [héri +hoa — Gl — Qua(ri )] + 56 Z / K 1dQeia (ze11)
v=1 YT fug1/"
or
ki(r) = [hér, — G + BOK)4)Quia(r]y) + / [héry — hzi11]d Q111 (2e41)
o t41
ki (re) = 59{’?2:11(5Tt)Qt+1(Tf+v/5v_l) +/ [kt (671) — Ky (241)]dQus (2e41) )

T;—i—v /6’071

for 2 <v < 20-t
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where ¢; = ¢, + 0ci11 + (80)*cii2 + ap(1 — w), then the minimal return r}
for any age ¢ < T' — 3 can be obtained by recursively solving the following
equation:

ho*r; + B0*hky(r;) — ¢ =0 (A.17)

where

k:t(rt)
= 67’} + O'H_l[]_ - Qt+1 (67})] + ﬂ{627"t + [1 - Qt+1 (6Tt)][60't+1

+§%+1(1 - Qt+2(527"t))] + 0t+2Qt+1(57"t)[1 - Qt+2(527"t)]}
T—(t42) T—(t+1)

+B°0K, + %0 > Hpa+8 Y Hpy,
v=1 =2

+oo
H = / kfdQy(z),

;—‘,—v /6’0

and & = 07, /(040 + 6'0y).

Part II. The Application and Designation Decision Rule The
patent value in country j at the beginning of the fourth year, conditional
on that the patent application has been approved and that country j was
designated three years ago, is

V(4, Tj’4) = maX{O, hj027"j74+ﬁ92hjE4VL(5, Tj,5)—Cj74—ﬁ90j,5—(ﬁQ)QCLG—CMj’()(l—U}j)}
(A.18)
where C; 4 is the lump sum transfer cost needed, and h; = w; — oy ;(1 — w;)
determined by the litigation costs and the winning probability in country j.
Note that one of the regularity conditions listed in Pakes (1986) is not
satisfied any more, namely, the requirement of a nondecreasing renewal fee
schedule over the ages, because the lump sum transfer fee Cj4 is larger than
the renewal fee at the subsequent age c; 5. However, this does not affect the
existence of a unique minimal return r}, beyond which the patentee is willing
to transfer his patent to country j. What this changes is only the fact that
now r;, may not necessarily be smaller than 775 and so on. Therefore, given
that country j has been designated and that the patent application has been
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granted, the patent holder will choose to pay the transfer cost C,4 if and
only if r;4 > r7,, where r}, is implicitly defined by

]’L 02 *4 + ﬁe ]’Lk’t( J4) Cj74 — ﬂ90j75 — (ﬁe)ch,G - 04073‘(1 — wj) =0 (Alg)

where k(r;j4) = E4JVL(5,7j5), and the functional form of k¢(r;4) is recur-
sively given in equation (A.17). The value function at age 4 is

V(4, Tj’4) = maX{O, hj02r$4+592hjkt(rj74)—C’j,4—ﬁ96j,5—(ﬁ@)zcm—aj,o(1—wj)}
(A.20)
Once the functional form of patent value after the examination process
V(4,7;4) is specified, patent value in country j in period 1 becomes:

V(]_, Tj71) = maX{O, hj(927"j71+ﬁ02hjE1 (Tj72+ﬁ7“j73+ﬂ2p7“obgr‘/(4, Tj74))—0j—04j70(1—wj)}
(A.21)

and the minimal filing return r7; can be obtained by solving the following

equation:

h]’927‘j,1 + ﬁ92h]’E1 (Tj,g + ﬁ?"j,g + ﬁQPTObng(Zl, 7"]'74)) — Cj — Oéj70(1 — U)j) =0

or,

hj(927';-:1 + ﬁGthkl(r;l) — Cj — Oéj70(1 — wj) =0 (A22)

Finally, in choosing whether to file an initial patent application with the
EPO, the inventor compares the lump sum filing cost Crpo with the total
net return, which is the sum of net return in all countries he chooses to
designate, and files the EPO patent application if and only if:

J
Z ]_31 R* {h (92TJ1+ﬂ0 ]’L El(TJQ—i-ﬁTJ 3+ﬁ pTObgTV(4 T] 4))—C'j—aj70(1—wj)} Z CE’PO
7j=1

(A.23)
where 1;1(R*) =1 is an indicator function of the applicant’s designation de-
cision in country j. If the sum of net return in all to-be-designated countries
is still not enough to cover the large filing cost Cgpp, the inventor will not
resort to EPO for patent protection.
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Appendix B. Numerical Estimation Procedures

The parameter estimate Wy is obtained by minimizing |G (w)|| = ||7n (w)—
7N (w)]|wy ) from equation (20). However, the usual numerical optimization
algorithms such as variants of Newton’s method may not be directly applica-
ble here. This is because the models to be estimated are highly nonlinear,
and consequently the surface of the objective function value ||Gy(w)|| in the
parameter space is highly “rugged”. Thus the convergence of the numerical
search would be very sensitive to the starting point, and as a result, unless we
are fairly certain about where in the parameter space the “true” parameters
lie, we cannot comfortably take any local minimum and claim it is the global
minimum, simply because the search can be easily “trapped” anywhere in
the parameter space.

To estimate the models in this study, a two-step numerical optimization
strategy is deviced. In the first step, several rounds of grid search are per-
formed. For instance, in estimating the renewal models using the data in
Germany, France and the U.K., the first-round grid search was performed
over the following grid points with a total of 4,860 combinations for each
country:

0 =0.90 0.95

6 =0.90 0.95

o = 2500 4000 5500 7000 8500

¢ =02 0.4 0.6
v =02 0.4 0.6
w =0.9 095  0.98
py =70 85 10
o4 =1.0 15 20

The choice of these grid points is based on examination of the data and
results from previous studies such as Pakes(1986), Lanjouw(1998) and Deng
(2001). When the first-round grid search is over, the second-round grid
search is then performed in the neighborhood of the optimal point(s)!® from
the first round, with smaller grid scales. And upon the completion of the
second round, if necessary, a third round of grid search is also conducted.

After a few rounds of grid search, a number of optimal points can be
identified, each of which is located in a tight neighborhood defined in the

16To make the estimation results more robust, when each round of grid search is over,
not only the grid point with the lowest functional value is chosen, other grid points with
similar and slightly higher functional value are also selectd and passed on to the next
round grid search or the numerical optimization run.

33



last round of grid search. A quasi Newton’s method is then used to search
over these tight neighborhoods, using the optimal points from the grid search
as starting points of the algorithm. Finally, in the case where several con-
vergence points are found, the one with the lowest functional value ||Gx(w)]]|
is chosen to be the final estimate. The estimation results obtained using
such a combination of grid search and numerical optimization algorithm are
expected to be more robust than the results from using either of them indi-
vidually.

This strategy is also adopted in estimating the joint filing-renewal model.
Based on the estimation results of the renewal models in Germany, France
and the U.K., the following first-round grid points are chosen (with a total
of 105,840 combinations):

0 =0.90 0.95

6 =0.90 0.95

o = 3000 4500 6000 7500 9000 12000 15000

¢ =05 0.6 0.7

v =0.15 0.30 0.45

v =05 0.75 1.0 1.25 1.5 1.75 2.0
te = 8.0 10 12

0o =0.75 1.5 2.25 3.0

0. =0.5 1.0 1.5 2.0 2.5

Four more rounds of grid search are performed before the last step in
which a quasi Newton’s method is used to find the converence. The final
estimation results are reported in Section 5.
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