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Abstract

Is the paradise of effortless communication the ideal environment for knowledge
creation?  Or, can the development of local culture in regions raise knowledge
productivity compared to a single region with a unitary culture? In other words,
can a real technological increase in the cost of collaboration and the cost of public
knowledge flow between regions, resulting in cultural differentiation between regions,
increase welfare? In our framework, a culture is a set of ideas held exclusively by
residents of a location. In general in our model, the equilibrium path generates
separate cultures in different regions. When we compare this to the situation where
all workers are resident in one region, R & D workers become too homogeneous and
there is only one culture. As a result, equilibrium productivity in the creation of
new knowledge is lower relative to the situation when there are multiple cultures
and workers are more diverse.
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1 Introduction

If everything occurred at the same time there would be no de-
velopment. If everything existed in the same place there could be
no particularity. Only space makes possible the particular, which
then unfolds in time. Only because we are not equally near to
everything; only because everything does not rush in upon us at
once; only because our world is restricted, for every individual, for
his people, and for mankind as a whole, can we, in our finiteness,
endure at all. ... Space creates and protects us in this limitation.

Particularity is the price of our existence. (Losch, 1940, Epilogue)

Thus, as Losch pointed out more than half a century ago, space has an
economic role aside from erecting barriers to trade in commodity markets.

Rephrasing this in terms of our context, the question we ask is: Can a real
technological increase in the cost of collaboration and cost of public knowledge
flow between regions increase welfare? Does the creation of a regional culture
of ideas in common among a population raise or lower productivity in the
creation of new knowledge? What role is played by interregional interaction
among researchers?

The deeper motivation for this work comes from a pair of religious texts.
The biblical story of the Tower of Babel is told in Genesis 11: 1-9. When
the earth had only one language, residents dared to construct a tower to reach
heaven and make a name for themselves. The builders were scattered and
their languages confounded. Was this punishment, or a blessing in disguise?

The second religious text is Samuelson (1949). On pp. 194-195, an

angel descends from heaven:

Now suppose that an angel came down from heaven and notified
some fraction of all the labour and land units producing cloth-
ing that they were to be called Americans, the rest to be called
FEuropeans; and some different fraction of the food industry that
henceforth they were to carry American passports. Obviously, just
giving people and areas national labels does not alter anything: it

does not change commodity or factor prices or production patterns.

Again, if separation implies no changes in commodity market equilibrium,
but rather a divergence of cultures, the angel could improve welfare. The

devil, of course, is in the details.



For illustrative purposes, suppose that there are locations, or regions, where
R & D can take place. R & D workers collaborating in different regions face
a discount in their productivity due to distance. There is public knowledge
transmission, for example through patenting, in a region, but inter-regional
public knowledge transmission is tempered by distance (lost in translation).

To get the intuition across, suppose that there is a single region in the
economy, with researchers or knowledge workers living in it. At the beginning
there is public knowledge transmission, for example through patenting, that
occurs within the region. With this structure and a relatively effective public
knowledge transmission mechanism, the path of knowledge production actually
realized, called the equilibrium path, involves a pattern of work with people
rapidly changing partners located in the region. Even though the capacity of
researchers to absorb public information is limited, knowledge diversity within
the region is small.

Suppose now that the knowledge workers are suddenly differentiated in
terms of their location. That is, half the workers are separated from the other
half, and all workers are presumed immobile. It becomes more costly for a
researcher to work with another in the other region as opposed to their home
region. Interaction between regions is open, in the sense that researchers
can work with those in the other region, and public knowledge is transmitted
between locations, but at a discount relative to public transmission within a
region. On the new equilibrium path, it is never best to work exclusively with
people in one location.

The key feature in our analysis is as follows. Knowledge diversity between
the two regions develops over time, but does not in itself improve productivity
within each region.  Within each region, knowledge workers are relatively
homogeneous.  To increase productivity, they must somehow differentiate
themselves from one another. To accomplish this objective, they form the
inter-regional working groups that are the key to our results. Working groups
are available for intra-regional interaction as well, but in that context, they
only serve to increase the homogeneity of workers in the same working group
in the region, thus decreasing their productivity. Therefore, working groups
are never used by choice in the intra-regional context. In contrast, in the
inter-regional context, intensive public knowledge transfer within a small inter-
regional working group can serve to differentiate the members of that group

from others in the home region, increasing heterogeneity within each region



and thus increasing productivity.! In the end, each agent will have to strike
a balance between time spent in a small inter-regional working group, and
time spent working with others in their own region who are not members of
the small inter-regional working group. This balance creates both diversity
within each region as well as higher productivity. In this way, productivity in
the creation of new ideas as well as the income obtained by researchers from
patents rise in the two-region economy. The maximal productivity attainable
is bounded by the maximum productivity of working with someone in another
region.

The model we present is a two region economy in which there are equal
populations of immobile knowledge workers in the regions. Each agent can
produce ideas on their own with the investment of time, but they can also
produce new ideas with a partner in either region. Knowledge production at
a given time is dependent on the set of ideas known exclusively by one or the
other partner, and the set of ideas that the two have in common. Ideas in
common are important for communication, whereas ideas known exclusively by
one of the partners is important for bringing originality into the potential part-
nership. When considering the choice of partners, the agents balance the costs
and benefits of working with a partner within the same region and a partner
in the other region. There is a productivity cost for working with someone in
the other region, but there is a potential benefit in that their knowledge profile
might be more appealing than the knowledge profile of residents of the home
region since they have more exclusive ideas than residents of the home region.
The agents are myopic in their choice of partners (or work in isolation) so they
maximize the flow of new ideas created. We use myopic core as the solution
concept.

Our results indicate that, given an initial situation where there is a high
degree of homogeneity in workers, division into two regions will result in a
big improvement in knowledge productivity when: 1) Heterogeneity (as op-
posed to homogeneity) of workers’ knowledge bases is important in the produc-
tion function for partnerships, so diversity increases productivity; 2) Inter-
regional public knowledge transmission is weak (since this promotes inter-

regional knowledge differentiation); 3) Public knowledge transmission within

! As an example of inter-regional working groups in the context of economic research, focus
on Japan and the US. The set of researchers that are alumni of a particular university, say
the University of Rochester or the University of Chicago, form groups crossing international
boundaries with training and ideas in common that can promote new knowledge creation

and sharing among each group’s participants.



each inter-regional working group is effective, so workers can differentiate them-
selves from others in the same region rapidly; 4) The within-region public in-
formation transmission technology is very effective so that autarky yields too
much homogeneity and thus is unproductive. The rapid recent development of
information technology increases the scope of the applicability of our analysis.
We shall discuss this issue further in the conclusions.

Culture comes into play in the following manner. In our framework, a
culture is a set of ideas held exclusively by residents of a location. In general
in our model, the equilibrium path generates separate cultures in different

2 Earlier work (see for example Berliant and Fujita, 2008; Berliant and

regions.
Fujita, 2009; Berliant and Fujita, 2010) did not consider regions or locations,
so there is no concept of culture.?

The model has empirical content. Consider, for example, the Japanese
economy from 1993 to the present. In terms of per capita GDP, in 1993,
Japan ranked number one among OECD countries, declining to seventh place
in 2003, 14th place in 2006, and 19th place in 2008.* The top ranked countries
in 2008 were all small, northern European countries (Luxembourg, Norway,
Switzerland, Denmark, Ireland, the Netherlands, Iceland, Sweden, Finland,
Austria). What happened to cause this? As is well known, dense commu-
nication and social networks (nomunication, or communication with drinking)
imply intensive interactions among co-workers, resulting in rapid learning from
others and fast growth when the country is less developed and most of the new
ideas arrive from external sources, but too much homogeneity among workers
when the country is more developed and on the cutting edge of innovation.
This increased homogeneity, particularly of knowledge workers, can slow inno-
vation and thus economic growth. In contrast, the top 10 countries are small,
but each has its own local language, university system, television, and more
generally, culture. The total population of these top 10 countries is about half
of Japan’s population. The total geographic span of these countries is about
the same as Japan, but each of these countries has its own local cultural center.
In contrast, Japan is very centralized in many respects, including media and

education. In the age of the knowledge economy, this result is consistent with

2Losch (1940) calls this spatial diversity “particularity.”
3A rather difficult extension of the model would allow endogenous migration between

regions.

4The web site
http://www.esri.cao.go.jp/jp/sna/h20-kaku/percapita.pdf contains interesting data on per
capita GDP of various OECD countries.



our conclusions.”

There is an interesting empirical literature on culture, diversity and growth.
In this literature, diversity (or the characteristics of people) is generally taken
to be exogenous, but mobile. After adjusting for various econometric prob-
lems, most obviously reverse causality in that diversity is not random across
cities, Ottaviano and Peri (2006) find that cultural diversity has a positive
effect on the productivity of locals using U.S. data. Bellini et al. (2008) find
similar effects in European data. The effects of immigration on local rents
and wages have been studied by Card (2007) and Ottaviano and Peri (2008).
The empirical effects of the migration of culturally differentiated workers on
innovation are studied in Agarwal et al (2008) and Kerr and Lincoln (2008).
Determinants of the R & D location decisions of multinational firms are ex-
amined in Belderbos et al (2009). In contrast with all of this literature, we
model diversity as endogenous and immobile, but demonstrate how diversity
and multiple cultures interacting can improve productivity.

More relevant to our work is the empirical paper of Cardoso et al (2010) on
international trends in economic research. They find that a country’s progress
in publishing in top journals is correlated with international collaborations
between coauthors, consistent with our analysis.

Section 2 gives the model and notation, Section 3 gives preliminary analysis
of the model, whereas Section 4 analyzes the equilibrium path of dynamics
in the knowledge production sector. Section 5 gives our conclusions and
suggestions for future knowledge workers. Three appendices provide the proofs

of key results.

2 The Model

The economy consists of two regions called A and B. As explained in the
introduction, initially there are no differences between workers in the two re-
gions, as there are no barriers between them and there is in reality only one

region. But this notation is useful later, when workers are exogenously (and

°In contrast with modern Japan, Tokugawa Japan (approximately 1600-1860) was par-
titioned into about 200 domains ruled by daimyo. They and their entourages (including
samurai) were required by the shogun to make regular pilgrimages to Edo. As eloquently
described by Vaporis (2008), in Edo they interacted with both the locals and the delegates
from other domains, particularly scholars, artists, and artisans. In the process, they created
new ideas and culture, transmitting some of it back to the residents of their home domain.

This two way interaction raised the cultural level of the country as a whole.



suddenly) separated into the two regions. There are N R & D workers, also
called K-workers, in each region, and they are immobile. The set of K-workers
in region A is denoted by the same notation A, whereas the set of K-workers in
region B is denoted by B. This simplifies notation, and it should be obvious
from the context which meaning applies.

Production of a new manufactured commodity requires the purchase of
a patent. To keep matters simple, we do not elaborate the details of the
manufacturing sector, but refer the interested reader to Berliant and Fujita
(2010). These patents are produced by the R & D sector, and they are the
only output of this sector. Each new patent embodies a new idea. Not all
new ideas result in patents. New ideas are produced by K-workers using their
prior stock of knowledge. The scheme for producing new ideas is described
as a knowledge production process. Income for R & D workers is derived
exclusively from the sale of patents.

The basic layout of this sector is similar to Berliant and Fujita (2008).
While avoiding excessive repetition, we present below the details of the R &
D process.

At any given time, each K-worker has a stock of knowledge that has some
commonalities with other K-workers but some knowledge distinct from other
workers. Since workers possess knowledge exclusive of others, they may wish
to cooperate with each other in the knowledge production process. Hetero-
geneity of knowledge in a partnership brings more originality, but knowledge
in common is important for communication. Thus, K-worker heterogeneity
is an essential feature of the model and of the knowledge production process.
The K-workers choose to work alone or with a partner, maximizing their my-
opic payoff, namely the value of patents produced at that time. The solution
concept used is the myopic core. If they work alone, new ideas are produced
as a function of the total number of ideas known by a K-worker. If a pair of
workers produces new ideas together, their knowledge production is a function
of their knowledge in common on the one hand and the knowledge they have
that is distinct from their partner on the other. Knowledge that is produced
by an agent at a given time becomes part of the stock of knowledge for that
agent in the future. In addition, some of these ideas become patented and are
sold to the manufacturing sector. The ideas embodied in the patents become
public, and thus will be available to be learned by all the agents in the R & D

sector.



6 The number of potential

The basic unit of knowledge is called an idea.
ideas is infinite. In this paper, we will treat ideas symmetrically. In describing
the process of knowledge production, that is either accomplished alone or in
cooperation with another K-worker, the sufficient statistics about the state of
knowledge of a K-worker ¢ at a given time can be described as follows. We
shall focus on K-worker i and her potential partner K-worker j. First, n;(t)
represents the total stock of i’s ideas at time t. Second, ng;(t) represents the
total stock of ideas that ¢ has in common with K-worker j at time ¢. Third,

nd.(t) represents the stock of ideas that i knows but j doesn’t know at time .

ij
Finally, nglz-(t) represents the stock of ideas that j knows but ¢ doesn’t know at
time ¢.

By definition, n;(t) = n§,(t).” It also holds by definition that
ni(t) = nf;(t) + (1) (1)

Knowledge is a set of ideas that are possessed by a person at a particular
time. However, knowledge is not a static concept. New knowledge can be
produced either individually or jointly, and ideas can be shared with others.
But all of this activity takes time.

Now we describe the components of the rest of the model. To keep the
description as simple as possible, we focus on just two agents, i and j. At each
time, each agent faces a decision about whether or not to meet with others. If
two agents want to meet at a particular time, a meeting will occur. If an agent
decides not to meet with anyone at a given time, then the agent creates new
knowledge separately, away from everyone else. If two persons do decide to
meet at a given time, then they collaborate to create new knowledge together.®

At each moment of time, there are two mutually exclusive ways to produce
new knowledge. The first way is to work alone, away from others. We denote
the event that K-worker i does research alone at time ¢ by d;;(t) = 1, indicating
that ¢ works with herself. Otherwise, ¢, (t) = 0. Alternatively, K-worker i can
choose to work with a partner, say K-worker j in either region. We denote
the event that K-worker i wishes to work with j at time ¢ by d;;(t) = 1.
Otherwise, §;;(t) = 0. In equilibrium, this partnership is realized at time ¢ if
8;i(t) = d;i(t) = 1.

6In principle, all of these time-dependent quantities are positive integers. However, for

simplicity we take them to be continuous (in Ry ) throughout the paper.
"In general, however, it is not necessary that nfj(t) = n;ll(t)

8Since there is an infinity of potential ideas, the probability that the same idea is du-
plicated by any K-worker or K-workers (even at different points of time) is assumed to be

Zero.



Consider first the case where K-worker ¢ works alone. In this case, idea
production is simply a function of the stock of ¢’s ideas at that time. Let
a;;(t) be the rate of production of new ideas created by person i in isolation at
time t. Then we assume that their creation of new knowledge during isolation

is proportional to their stock of knowledge n;(t) at time ¢:
a;i(t) = a-n;(t) when 6;(t) =1 (2)

where « is a positive constant.
If a meeting occurs between ¢ and j at time ¢ (9;;(¢t) = d,:(t) = 1), then
joint knowledge creation occurs, and it is governed by the following dynamics.
In the case where both K-worker ¢ and K-worker j reside in the same
region and agree to work together, namely when §;;(t) = d,;(t) = 1 for j # i,
joint knowledge creation is given by:’

1-6

a;;(t) =20 - (n%)a -(n% -n%)2 wheni,j € Aori,j € B (3)

i 7t

where 0 < # < 1, 8 > 0. These parameters are explained just below.
In the case where K-worker ¢ and K-worker j reside in different regions
and agree to work together, namely when 0,;(t) = §,;(t) = 1 for j # i, joint

knowledge creation is given by:

a;;(t) = T-Qﬁ-(nfj)e-(n% nfl)% wheni € Aand j € B,orj€ Aandi € B
(4)
where 0 < 7 < 1. Due to the distance between the regions, we assume that
when two K-workers live in different places, their collaborative research pro-
ductivity is reduced by a factor of 7. Some time (and knowledge production)
is lost when one researcher visits a collaborator in another region. Or time is
lost due to differences in languages. But these are just examples. In general,
we are simply assuming that research productivity is reduced due to distance
between collaborators.
So when two people meet, joint knowledge creation occurs at a rate propor-
tional to the normalized product of their knowledge in common, the differential
knowledge of 7 from j, and the differential knowledge of j from i. The parame-

ter 3 represents the overall level of joint knowledge productivity. Moreover,

9We may generalize equation (3) as follows:

1—-60

aij (1) = max { (@ = &) ni(t), (@ = ) (1), 28+ (n5)" - (nf; - )7 |

where € > 0 represents the costs from the lack of concentration. This generalization, however,

does not change the results presented in this paper in any essential way.
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the rate of creation of new knowledge is high when the proportions of ideas
in common, ideas exclusive to person 7, and ideas exclusive to person j are in
balance. The parameter 6 represents the weight on knowledge in common as
opposed to differential knowledge in the production of new ideas. Ideas in com-
mon are necessary for communication, whereas ideas exclusive to one person
or the other imply more heterogeneity or originality in the collaboration.

Income for the research sector derives from selling patents. But not all
ideas are patentable. For every collection of ideas created, we assume that
7 proportion are patentable as blueprints of new products. Thus, they are
sold to the manufacturing sector. The residual ideas, namely 1 — 7 proportion
of new ideas, becomes tacit knowledge that is only known to the creator or
creators of these ideas. They are useful for future creation of yet further
ideas.

Let ;(t) to be the income of K-worker i at time ¢, and let II(¢) be the price

of patents at time . Then, suppressing ¢ for notational simplicity:

yz‘:H'U'(5ii'aii+z5ij'aij/2) (5)
J#
The formula implies that the revenue from new patents is split evenly if two
K-workers are producing new ideas together. The K-workers take the price II
as given at each time, so the assumption of myopia on their part implies that
the price does not affect their behavior. For this reason, we do not consider
explicitly the market for patents in the remainder of the paper.

Concerning the rule used by an agent to choose their best partner, to keep
the model tractable in this first analysis, we assume a myopic rule. At each
moment of time ¢, person ¢ would like a meeting with person j in either region
when her income while meeting with j is highest among all potential partners,
including herself. Maximizing income at a given time amounts to choosing
{0i;}3Y, so that the right hand side of (5) is highest, meaning that a selection
is made only among the most productive partners. Loosely speaking, this
interaction could be modeled as a noncooperative game, with player i choosing
{(527-}?]:\[1 as strategies, and equilibrium implying that for each pair of players
i and j, j # %, 0;; = 0j;, whereas d;; > 0 only for those players j that yield

maximal payoffs for player .

10More formally, out of equilibrium payoffs are defined and a selection or refinement of
Nash equilibrium used as in Berliant et al. (2006, pp. 77-78). A refinement of Nash equilib-
rium is necessary to exclude some trivial equilibria, for example where nobody ever chooses

to meet anyone else. Specifically, choose 1 > € > 0 and positive constants { flj}fil j<i such

10



This noncooperative approach is useful for explaining the ideas behind
our model, but we employ a cooperative approach for two reasons. First,
it gives the same equilibrium path as the noncooperative approach but with
less cumbersome notation and structure. Second, as we are attempting to
model close interactions within groups, it is plausible that agents will act
cooperatively. We assume that at each time, the myopic persons interacting
choose a core configuration. That is, we restrict attention to configurations
such that at any point in time, no coalition of persons can get together and
make themselves better off in that time period. In essence, our solution concept
at a point in time is the myopic core.

Although knowledge creation in isolation or in pairs represents the basic
forms of knowledge creation, it turns out that the equilibrium path often re-
quires a mixture of these basic forms, namely 0;; takes on fractional values.
The reason is that on the equilibrium path, K-workers wish to form groups
where close interaction takes place in pairs within the group but there is no di-
rect interaction between groups. K-workers in the same group wish to change
partners within the group as frequently as possible. The purpose is to bal-
ance the proportion of different and common ideas with partners within the
same group as best as can be achieved. This suggests a work pattern with
rapidly changing partners on the equilibrium path, that is, a work pattern
where a worker rotates through fixed partners as fast as possible in order to
maximize the instantaneous increase in income. For example, worker 1 chooses
K-workers 2 and 3 as partners, and rotates between the two partners under
equilibrium values of d;5 and ;3 such that §5+ 013 = 1. Worker 1 might wish
to work with workers 2 and 3 for half of each month, but wants to alternate
between them so that worker 1 does not have the same partner on consecutive
days. As time intervals in this discrete time model become shorter, the limit
is a fractional 01, (j = 2,3) where d12 = 013 = 1/2. Other K-workers behave

analogously. In order for this type of work pattern to take place, of course, all

that Zf\il Zj<i fij = €. Define f;; = fi; for j > . Then the payoffs for the noncooperative

2N
i,j=1"

game are specified as follows. Fix strategies {d;;} For K-workers ¢ and j for whom
0ij # 04, a meeting of length f;; = f;; occurs. For K-workers ¢ and j for whom d;; = d;;
(excluding j = i) a meeting of length (1 —€) - d;; occurs. Work in isolation (d;;) is assigned
the residual time. The Nash equilibria we select are the equilibria when ¢ = 0, but that are
also limits of Nash equilibria as € — 0. The reader should note that the noncooperative
interpretation of the myopic core is especially important in the multi-region context of this
paper, where cooperation among agents is not as reasonable as in the one region context of

earlier work.
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persons must agree to follow this pattern. In general, we allow d;; € [0,1],
and for all 1, 2]251 d;j = 1. In equilibrium, ¢,; = 6;; for all 4, j =1,2,...,2N.

As noted previously, all agents take prices, in this case II, as given, imply-
ing:

{gj}%?él(% S @i + ; 0ij - ij/2) (6)

subject to the obvious constraints:

2N
> 6y =1,0;>0fori=1,.,2N (7)

Jj=1

Since n; is a stock variable, this is equivalent to

i~ Qi + Q52 0ij ~ Qi /2
max ( Ui+ Ly b O/ ) (8)

{0130, N

In order to rewrite this problem in a convenient form, we first define the

total number of ideas possessed by 7 and j:

ij _ d d c
n =mng +ng; +ng; 9)
and define new variables
C C
L LT
) Ju nt n
d d
ml — Nij o a _ Ty
g ij? It T g
n n

d
ij
among all the ideas known by person i or person j. Similarly, m{; represents

By definition, m¢. represents the proportion of ideas exclusive to person i

the proportion of ideas known in common by persons ¢ and j among all the

ideas known by the pair. From (9), we obtain
1= m% + m;li + mg; (10)
whereas (9) and (1) yield
n; = (1— mfz) - (11)
Using these identities and new variables, while recalling the knowledge

production function (3), we obtain (see Technical Appendix a for details)

d d . .. .
ij»mj;) for j # i in the same region (12)
d

YR

Ay = nz2G(m

aij = n;-7-2G(m m;li) for j # ¢ in different regions (13)

12



where

—md —md\ . (md i) S
G(md md) = 6(1 J ;n_) <mZJ mﬂ)

177

(14)

For ease of notation, we write A_; for the set of K-workers in region A less
agent 7. Analogous notation holds for region B.

For K-worker ¢ in region A, using (2) and (12), we can rewrite the income
function (5) as

=Inon- (0ot Y 0y Gmb.mb) +> 6y -7+ Glmd,m%)) (15)

JEA_; jeB

and the optimization problem (8) as follows:

max (§MO{+ Z 5UG( ij jz +Z(5U T- G lj’ )) (16)

. 2N
{61]}j=1 jEAfi ]GB

subject to the obvious constraints (7).

Suppose that for each i = 1,2,...,2N, {6;;}3Y, solves the optimization
problem immediately above. Furthermore, suppose that it happens to be the
case that

0;; =05 fori,j =1,2,...,2N

Then, by construction, {d;; 2 j , must also be the solution to the following

social optimization problem:
maX{Zyi | Z(SZ] = 1, 5ij Z O, 6ij = 6]'2' for Z,j = 1,2, ,2N}
i= =1

Thus, {4;; ] , 1s in the myopic core.

Next we turn to the acquisition of new knowledge by each individual. There
are two ways to acquire new knowledge for a K-worker: internal production
of new ideas and information from public sources. The first way has the
feature that ideas produced alone are attributed to that worker, whereas ideas
produced in pairs are attributed to both K-workers who produce them. In
either case, the new ideas are learned by exactly the people who produce them.
The second source of knowledge acquisition derives from the new ideas that are
patented. The patented ideas become public information. Some of this public
information is learned by the knowledge workers. However, their capacity for
learning this public knowledge is limited. We call the constant C' the learning
capacity of a knowledge worker. As we shall detail next, there are 4 sources of

public knowledge. Each time period for learning public information is divided

13



into two subperiods. In the first subperiod, public knowledge generated from
pairs of workers in the same region is studied. In the second subperiod, public
knowledge generated from pairs of workers from different regions is studied by
the knowledge workers. In each subperiod, there are two competing sources of
new public knowledge. But in both subperiods, learning capacity is limited.
As we discuss next and as justified in subsection 1 of Appendix 1, we in-
troduce the following specifications for the public knowledge absorption tech-

nology, explained in detail just below:

_ L 17
a a(N—1) 1+73 (17)
N c 7
= = .7 18
a N 1+73 (18)
R C
- 1
Yol
H J—
a 2(N* — 1) (20)
where
C+C=cC (21)
and

_N [—
C for N* > N

A certain proportion of patented ideas in a region, u, are learned by all of the

(22)

— {G'N* for N* < N

K-workers in that region. In general, ; will be a decreasing function of N.
Limited time and energy determine how many of these new, public ideas can be
learned. Due to these limitations, the amount of information a K-worker can
learn from patents in their region at a given time is, roughly, proportional to
the number of new ideas she can create in that time. The number of new ideas
and thus patents is proportional to the number of K-workers in that region,
so as detailed in equation (17), u will be inversely proportional to N.'' Thus,

these ideas become knowledge in common for all K-workers in that region.!?

Tn theory, it might be possible to accumulate a stock of ideas patented in past periods to
learn in the future. The problem with this is that such information perpetually accumulates,
and thus due to time constraints there is never an opportunity to learn the content of older
patented ideas.

12Tt has been suggested that if K-workers become too homogeneous, they might learn
the patented ideas selectively so as not to overlap with the knowledge acquired by other
K-workers in the same fashion. However, this level of coordination, especially when N is
large, seems far-fetched. It seems more likely that ideas attractive for whatever reason will

be learned by all.
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A second source of friction between regions, beyond the direct cost of col-
laboration, is in public information transmission. It is natural to assume that
public knowledge is transmitted better to workers in the same region where it
was created. Some is “lost in translation” in the process of communication
to the other region. This could be viewed as a pure language issue, but more
usefully, the creators of the knowledge possess some human capital related to
the creation of the idea in their region that is not present in the other region.
Some ideas are lost in translation, or some time is lost in translation so not as
many of the ideas can be publicly communicated between regions as within a
single region. Yet another interpretation of this idea is that questions can be
asked of researchers who live within the region, thus making communication
of their new discoveries easier for those who live nearby than for those who
live far away.

The absorption of public knowledge transmitted from the other region,
namely produced by two partners residing in the other region, is discounted
by a factor 7, 0 < 7 < 1, relative to public knowledge produced by partners
resident in one’s own home region; see equation (18). This gives us u < p.
Public ideas produced by partnerships of the same type (categorized by regions
of residence of the partners) are substitutes.

Next we turn to public knowledge attributable to inter-regional partner-
ships, namely where the partners live in different regions. In general, such
public knowledge is assumed to be complementary to public knowledge pro-
duced by partners exclusively resident in one location or the other. There are
two types of such public knowledge, and according to equation (21) they are
assumed to be substitutes for each other. The first is general public knowledge
from inter-regional cooperation, represented by zi. It is analogous to the pre-
vious concepts, namely public knowledge derived from pairs of partners from
different regions, and is given by equation (19). In what follows we naturally
assume 1 < pu.'*  The final type of public information transmission is from
“inter-regional working groups” consisting of people from both regions working
together; these groups develop endogenously, as explained in detail in Section
4.2. For these groups, public information is transmitted only within the group
itself, not to the general population of either region. The effectiveness of this
last kind of public knowledge transmission is represented by 7i°, and is given
in equation (20). For these inter-regional working groups, it is assumed in

equation (22) that the effectiveness of public knowledge transmission within

130f course, this actually follows from equations (17) and (19) and the definition of 7.
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the inter-regional working group increases with group size N* up to a point
(N), above which it is constant.

It should be evident at this point that 7 on the one hand and 7, 7, &
and p on the other are empirically related. The productivity of long distance
collaboration is correlated with the effectiveness of public knowledge transmis-
sion between regions, but not perfectly. Public knowledge transmission can
be ineffective if the library of one collaborator in region A does not subscribe
to some journals published in region B, but this does not prohibit collabo-
rations between authors in different regions. Some correlation may derive
from language differences that affect both collaboration and public knowledge
transmission between regions. In what follows, we treat all of these exogenous
parameters as independent.

Next, for each of the four different types of new ideas created at each
moment, we calculate their number. Let us focus on agent i, as the expressions
for the other agents are analogous. Let 144 be the total number of ideas

created at a given moment by researchers resident exclusively in region A:
Tan = Z(Skk “agk + (Z Z Ort - ar)/2 (23)
keA kEAIEA ),

Similarly, let Igp be the total number of ideas created at a given moment by

researchers resident exclusively in region B:
Ipp = Z Okk * Qg + (Z Z Okt - arr) /2 (24)
kEB keBIeB_,

Next, let I45 be the total number of ideas created at a given moment by pairs

where one researcher is resident in A and the other is resident in B:
Inp = Z Z Okt * Qg (25)
k€A leB

Finally, inter-regional interaction will occur in subsets of the population called
groups. Each K-worker will belong to exactly one inter-regional group. Fo-

cusing on one particular K-worker ¢ € A, we define their group to be
[y = {Tia, i}

where 1 € T';4, I';4 represents the set of people from region A to which ¢ is
associated, whereas I';g represents the set of people from region B to which ¢

is associated. We define ideas generated within a group I'; as

Ir, = Z Z Okt - Qg

kel a lel;p
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Within each group, people work exclusively with the workers from the other re-
gion, not with the workers from their own region. (Intra-regional partnerships
were already considered in (23) and (24).)

The dynamics of the knowledge system are based on the assumption that
once learned, ideas are not forgotten. Using the argument above, we obtain
knowledge system dynamics. First, we provide the dynamics of the new
knowledge learned by each K-worker:

Fori e A: (26)
n; = Z(Sij 'aij+z57;j “Qij (]AA—Z5ij - aij)
jeA jeB jeA
+,LL n- [BB + /JJ n- IAB - Z 51] az] + /IJ Z 51] a”L_]
jEB jelip
Forv € B: (27)
n; = Z(Sij * Qi +Z5ij a;+pen- (Igp — Z(Sij * Q)
jEA jEB jEB
+H n- IAA + /~L - IAB - Z 52g az] + ,u Z 613 az]
]EA JEF’LA

For the new knowledge in common learned by each pair of K-workers ¢ and j,

we have:
Fori € A, je A (28)
j € Tiar 0§ =05 aij+p-n- (Iaa—06ij-ay)+a-n-Ipg+0-n-Iap+ 1 - In,
¢ Tiar 0§ =0i-ay+p-n-(Iaa—0ij-aij) +p-n-Ipg+1-n-lap
Fori € A, je B: (29)

j € Tipt njy =20 ay+p-n-laa+p-n-Ipg+p-n-(Iap— 0y ay)

+5 - (In, = 0y - ayy)

j ¢ Lipt nfj=20i-ay+p-n-laat+p-n-Ipg+p-n-(Iap— 0y ay)

Finally, for each pair of K-workers ¢ and j, we obtain the new knowledge

learned exclusively by i as follows:

Fori € A jeA: (30)
j S FzA TL 1_,u 77 Z 5zk azk+ 1_,u 77 Zézk (0733
keA_; keB
j & Da: 71 =(1—-p-n) Z5zk air + ( Z@k'flm
kEA_ keB
+ W (I, = Y G- ai)
kel; B
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Fori € A, jeB: (31)

keA keB_;
+(u-n—p-n)- (IAA_Z(Sij'az’j)
jeA
Jo¢ Tig afy=0—=7n)-> Ow-aw+ A —7-n)- Y G- an
keA keB_;
+(:u'77_ﬁ'77)'(IAA_Zéij‘aij)“‘W'(IF,L- - Z ik * Qir)
jeEA kel';p
Fori € A, jeb: (32)
j € Dig: 0l = (1—ﬁ‘77)'z5jk'ajk+(1—ﬁ'7l)‘ Z Ojk * Qj
keB keA_;
+(p-n—p-mn)- (IBB—Z5jk"ajk)
keB
j & T n?i: (1—ﬁ‘77)'z5jk‘ajk+(1—ﬁ'77)' Z Ojk * Qj
KeB keA_;
+(N'7]_ﬁ'7])’(IBB_Z(;jk'ajk)‘i‘W'(IFj - Z Ok * Qjk)
keB kelia

To give more intuition, let us explain equation (26) in detail. The left hand
side of this equation represents new knowledge learned by person i. The first
two terms on the right hand side represent private knowledge creation. The
next two terms, p -7 (laa — Z dij - a;j) + fi-n- Ipp, represent the absorption
of public knowledge created teyApartners respectively in A and in B. These
two sources of public knowledge compete with each other, since the total pub-
lic knowledge learning capacity from these two sources is C. The final two
terms, - - (Iap — Z i - aij) + 1+ (I, — > jer,, 0ij - aij), represent the
absorption of public ljﬂenjcg)wledge created by partners in different regions. The
first term represents absorption of general public knowledge that is created by
all partnerships with one member from region A and the other from region
B, whereas the second term represents absorption of specific public knowl-
edge that is created within a worker’s inter-regional working group. These
two sources of public knowledge compete with each other, since total learning
capacity from these two sources is C.

Thus, equations (26) and (27) say that the increase in the knowledge of
person ¢ is the sum of: the knowledge created in isolation, the knowledge

created jointly with someone else, and the transfer of new knowledge from new
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patents. Equations (28) and (29) mean that the increase in the knowledge in
common for persons ¢ and j equals the new knowledge created jointly by them
plus the transfer of knowledge from new patents. Finally, equations (30), (31)
and (32) mean that all the knowledge created by person ¢ either in isolation
or joint with persons other than person j becomes a part of the differential
knowledge of person i from person j, except for patented ideas that are learned
by K-workers.

In Section 6.2 of Appendix 1, we collect the elements of the dynamics of n

d

. . . . d . .
and 7ig;, describing them in terms of n; and my; (i,j = 1,...,2N) only.

3 Knowledge Dynamics in the Pairwise Sym-

metric Situation

Since we are concerned with the macro behavior of the economy and the big
picture in terms of culture, we make a number of simplifying assumptions. We
impose the assumption that the initial state of knowledge for all K-workers is
pairwise symmetric in terms of heterogeneity.

Suppose that at some given time, all K-workers across the two regions have

the same stock of ideas:
n; = n; for all i and j (33)
Using equation (11), since n” = n’* by definition, it follows that

m‘-jj = m?i for all 4 # j (34)

meaning that the proportions of differential knowledge are pairwise symmetric.
Equation (16) is simplified as
max (05 -+ Z dij g(mfj) + Z 8ij - T - g(m‘fj)) (35)
ki JEA_; jEB
where the function ¢ is defined as

(1 —2m)’ m-0)

1—-m

g(m) =G(m,m) =0 (36)

Furthermore, since a;; = a;; by definition, substituting (34) into (12) yields
aii/2 a2

g(mg,;) for i and j in the same region (37)
n; n;
ij/2 ji/ 2 , e .
@i/ = U / =T- g(mfj) for ¢ and j in different regions (38)
n; n;
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Thus, when two K-workers ¢ and j in the same region cooperate in knowledge
production and their knowledge states are symmetric, g(mfj) represents the
creation of new ideas per capita (normalized by the size of individual knowledge
input, n;). Analogously, when two K-workers i and j in different regions
cooperate in knowledge production and their knowledge states are symmetric,
7-g(m¢;) represents the creation of new ideas per capita (normalized by the size
of individual knowledge input, n;). In this context, condition (35) means that
each K-worker wishes to engage in knowledge production in a partnership with
a person (possibly including herself) leading to the highest K-productivity.
Figure 1 illustrates the graph of the intra-regional K-productivity function
g(m) as the upper bold curve for parameter values 5 = 1 and § = 1/3. In
addition, it illustrates the inter-regional K-productivity function 7 - g(m) as

the lower bold curve for the same parameters and 7 = 0.89.
FIGURE 1 GOES HERE

Differentiating g(m) yields
(1—-0)—(2—-6)-m

implying that
L > <1-40 1
g (m)z() s Mmoo for m € (0, 5) (39)

Thus, g(m) is strictly quasi-concave on [0, 1/2], achieving its maximal value at

1—-406
B
-7 4
m 5 g (40)

which we call the “Bliss Point.” It is the point where knowledge productivity
is highest for each person. Notice that the bliss point is the same for the two

curves. Also in Figure 1, we define the point m® by the condition:

g(m®) =7 - g(m?), m® <m?P (41)

Since m® is defined uniquely as a function of exogenous parameters, we write
m® = m?3(7,0).

Substituting (36) into (15), we have the income equation for K-worker
1 e A

JEA_; jEB
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At this point, it is useful to remind the reader that we are using a myopic
core concept to determine equilibrium at each point in time. In fact, it is
necessary to sharpen that concept in the model with 2N persons. When there
is more than one vector of strategies that is in the myopic core at a particular
time, namely more than one vector of joint strategies implies the same, highest
income for all persons, the one with the highest first derivative of income v; is
selected. Furthermore, when the derivative of income is still the same among
best options, agent ¢ chooses an option that maximizes the second derivative
of income, y,, and so on. The justification for this assumption is that at each
point in time, people are attempting to maximize the flow of income. The
formal definition of the myopic core and proof that it is nonempty can be found
in Berliant and Fujita (2008, Appendix 0). Although the theorem is general,
in the remainder of this paper we shall focus on the symmetric case.

Taking the time derivative,'*

g = {ll-n-ni+1-n-n}- (43)
(655 - o+ > G- g(m) +> 655+ 7 g(mi))]
JEA_; JEB
+IL-n - ny Z 0ij 'g,(m?j) mfj + 25@' "7 g,(m?j) : mfj]
JEA_; JEB

where
> 6+ diy=1forallic AUB
jEA jeB
When the symmetry condition (34) holds, using (33) and (36), the dynamics
of n; and m;-ij can be rewritten as in Section 6.3 of Appendix 1, where it is
obvious that the basic rules that govern knowledge dynamics in the pairwise
symmetric case are described in terms of n; and mgj (1,7 =1,2,..2N) only.
Notice that the expression for person i’s income, (15), does not contain

dj; for j # i. Hence equations (16) and (35) do not contain it either. But

d

IR

Thus, when person 7 performs the optimization problem max (6,12, Ui, & CTU-
i,j=

the expression (43) for § contains 7nf;, which in turn involves all of {d;,}7h_;.

cial question is whether the feasibility constraint ;; = ¢;; for each j # i is

YFrom (35), when {d;;}32) is chosen optimally by person i, we have
ve=Tmmi (30 8+ i) - max{a max g(mif), max7 - g(m))
JEA j€B '

where > .4 0ij + > ,epdi; = 1. Thus, in taking the time d'erivative of (42), except
possibly on a set of measure zero, we have > .., . dij + > ;cpdi; = 0, and hence (43)

follows.
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considered as a constraint by person ¢ or not. If so, then our subsequent

¢, feature cancellation of d;; with d;;, and our

7,] 9 j’M
algebra becomes much simpler. Otherwise such Cancellatlon is impossible and

expressions, particularly for m¢

the analysis becomes much more complex. However, since we are dealing
with myopic core rather than a noncooperative game structure, we can take a

simpler approach in this work.

4 The Equilibrium Path of Knowledge Dynam-
ics
4.1 One Region

First we study the case of one region. This is the paradise of effortless com-
munication, Babel before the intervention of a deity. Formally speaking, there
is only one region, say region A, in this spaceless economy of 2N K-workers.
In the dynamics, we drop all of the terms related to residents of region B, and

simplify expressions (80) and (81) as follows:

Fori € A: (44)
n;
o = [Burat 3 6029 (mi)]
2 JEA_;
b (3 et 5 g ()
kEA, kEA_; lI€A_,,
Fori € A,
mé. d d
l—rjnd‘ = (I—=mf){di-a+ Z Qi - 2(may)
iJ keA_tijy
—mi- § Gy 29mi) e | > Ot D Y S g (miy)
keA keAlEA_,

keA_i 5y
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The initial state of knowledge is given by

ng;(0) = n0) for all i # j (45)

ng(0) = n?(0) for all i # j (46)
implying that

n;(0) = n°(0)+n%0) = n(0) (47)

At the initial state, each pair of K-workers has the same number of ideas,
n¢(0), in common. Moreover, for any pair of K-workers, the number of ideas
that one K-worker knows but the other does not know is the same and equal
to n?(0). Given that the initial state of knowledge is symmetric among the
K-workers, as seen below, it turns out that the equilibrium configuration at
any time also maintains the basic pairwise symmetry among K-workers.

Now we are ready to investigate the actual equilibrium path, depending on

the given initial composition of knowledge,

n’(0)

mi;(0) = m?(0) = 1n°(0) + 2n4(0)

ij

which is common for all pairs ¢ and j (i # 7).
In the rest of paper, we assume that N is sufficiently large so that for any

finite constant &£, we can use the approximation:

- =~ 0 48
= (48)

In the remainder of this paper, we also assume that
B
a < g(m”) (49)

so as to avoid the trivial case of all agents always working in isolation.

In Figure 1, let m” and m! be defined on the horizontal axis at the left in-
tersection and the right intersection between the g(m) curve and the horizontal
line at height «, respectively.

Previous work characterized the equilibrium path of knowledge creation
dynamics in a single region. The various equilibrium paths are determined by
the initial heterogeneity of the K-workers. To be precise, from Berliant and
Fujita (2010), we have:

Proposition 1: Assume that the number of K-workers 2N is sufficiently
large. The equilibrium path of K-worker interactions and the sink point of

the knowledge creation process depend on the initial condition, m®(0).
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When initial heterogeneity satisfies m’ < m?(0) < mP?, the myopic core
~ — 20
path follows one oj two subcases. Let C'= 7.

(a) C < C. The myopic core path consists of an initial time interval
in which each K-worker is always paired with another but trades partners as
rapidly as possible (with 0;; = 1/(2N — 1) for all i and for all j #1i). When

B 1-6

the bliss point, m” = 5=, is attained, the agents split into groups of size

NB=1+ @, and they remain at the bliss point.

(b) C > C. The myopic core path has all K-workers paired with
another but trading partners as rapidly as possible (with 0;; = 1/(2N — 1) for
all i and for all j #1i). This continues forever. The equilibrium path remains

to the left of the bliss point, so the bliss point is never attained. The sink point

: * 1
b Myt = 57T

Other initial conditions for the system are possible, but we refer to Berliant
and Fujita (2008, 2009, 2010), for detailed examination of the other cases.
Since we wish to examine how the knowledge creation system responds to the
introduction of interaction with another region, our focus in the remainder
of the paper is on case (b). The reason for this focus is as follows. Both
cases specify initial heterogeneity to the left of the bliss point, so K-workers
are too homogeneous relative to maximal productivity at the bliss point. In
case (a), public knowledge transmission is relatively weak, as specified by a
low value of C'. Thus, even though workers start out relatively homogeneous,
they can differentiate themselves from others by working with everyone else,
and eventually attain the relative heterogeneity and maximal productivity of
the bliss point without any sort of intervention. In contrast, for case (b),
public knowledge transmission is strong, represented by a high value of C.
Even though one K-worker works with all others, the state m?,, to the left of
the bliss point, namely with more worker homogeneity and lower productivity
than optimal, is the steady state. Try as they might, the knowledge workers
cannot climb the productivity hill from the left, because the public knowledge
force pushes them back. Here is where divine intervention and culture that is
local in nature can improve matters.

In case (b), the dynamics imply that only one large group forms within
the region, so each agent works with everyone else an equal amount of time.

Heterogeneity m? changes, approaching the sink point given by:

= ——<mP=— 50
maut 2+% m 2_9 ( )

The sink point is to the left of the bliss point, so the bliss point is never reached.
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Intuitively, this is due to the large externality from public knowledge; it is
impossible to attain sufficient heterogeneity. Without loss of generality, we

assume that:

J * B
m’ < my, <m

Using equation (80), and using (17) in the case where region A has popula-
tion 2N and 7 is set to 1, we obtain the knowledge growth rate of individuals

at the sink point as follows:

Fori € A:
n_i - [6” cot Z 5ij ’ 29 (maut)]
JEA_;
Fpen [ Geat > Y Sk g(miy)]
k€A kEA_; IEA_,,

(M) + o= (2N = 1) - g(mgy,)
= 29(m:ut) +C- g(m:ut)

Thus, given the learning capacity C, the knowledge growth rate is proportional
to individual K-productivity g(m,). In the case of Figure 1, for example,
the sink point m?, is far to the left of the bliss point; thus, g(m},,) is much
lower than 7 - g(m?). This suggests that if division of the population into
two regions results in greater heterogeneity of knowledge composition in each
region, then the knowledge growth rate of the economy will increase; we shall

discuss this in detail in the next subsection.

4.2 Differentiation Between Two Regions

When the builders of the tower are scattered and their languages confounded,
one region is split into two regions, A and B, each with the same population
N. Now there is friction when working with someone from the other region,
namely 7 < 1, and public knowledge transmission between the two regions
becomes more difficult than it was with only one region. Public knowledge
from the other region is discounted by v < 1. We claim that after expulsion

from paradise, and confounding of languages, a “New Eden” can be achieved.

5When C is very large, it is possible that m} , < m”, implying that the actual sink point
is at m” in Figure 1, and that all K-workers eventually work in isolation. However, as lon
is at m” in Figure 1, and that all K ki tually k in isolati H long
as condition (49) holds, we will have essentially the same result when the single region is

split into two regions.
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In other words, introduction of real costs of communication between two regions
actually can result in a welfare improvement.

Figure 2 depicts the state of the New Eden where m?j = m? for every active
intra-regional pair ¢ and j while mfj = mP for every active inter-regional pair
¢ and j, implying that the K-productivity of each K-worker always equals
g(m®) = 7g(m?). Intuitively, thus, the split of one region into two produces
a higher knowledge output. However, Figure 2 does not really account for
public knowledge transmission (and the resulting increase in individual stocks
of knowledge), so the calculations proving this are a bit more intricate. To be
precise, we introduce:

Definition: A stationary state in the two-region system is called welfare
improving when the associated knowledge growth rate for each individual is
higher than that at the initial one-region state.

Based on this definition, we have the following result.

Proposition 2: There is a nonempty, open set of exogenous parameters
for which there ezists a welfare improving myopic core stationary state (The

New Eden) of the following form:

1. Each individual engages in both inter-regional and intra-regional pairwise
interaction. The proportion of time each individual spends interacting
with members of their own region is denoted by ¢* (0 < ¢* < 1). Thus,
the proportion of time each individual spends interacting with members
of the other region is 1 — ¢*.

2. Inter-regional interaction takes place in groups only. All inter-regional
working groups have the same composition, namely the same number N*
of members from each region. (Please refer to Figure 3.) Formally, if
['; = {T;a,Tsg} is the inter-regional working group for i € A, the size of

[';4 is the same as the size of T';g, namely N*.

3. Inter-regional interactions take the following form: For i € A and j €
B,

1—p*
N*

j € FiB:mfj:mBandéijz

Jj ¢ FiB:>m?j>mBand5ij:O

(Please refer to Figures 2 and 3.) That is, for inter-regional interactions,
a person spends an equal amount of time with every person from the

other region in their working group, maintaining knowledge differential
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at the bliss point. A person spends no time working with people from the
other region who are not in their working group since the corresponding

productivity is lower than at the bliss point.

4. Intra-regional interactions take the following form: Fori,j € A, defining

m® as in equation ({1):

*

v
N — N*
j € FiA:>mfj<mSand5ij:0

Jj ¢ FiA:>m§lj:mSand(5ij:

(Please refer to Figure 2.) A person spends an equal amount of time
with every person from their own region not in their inter-regional work-
ing group, maintaining knowledge differential at the point where pairwise
productivity is the same as the bliss point for inter-regional production.
That is, for intra-regional interactions, a person spends no time working
with people from their own region who are in their inter-regional working

group since the corresponding productivity is lower than at the bliss point.

5. At the New Eden, the dynamics for n; are given by:

%:g(ms)-[Z—l—C’]forieAUB (52)

S

Since m?,, < m° < mB, in comparison with (51), it follows that the

knowledge growth rate is higher at the New Eden than under autarky.
FIGURES 2 AND 3 GO HERE

In order to have a New Eden, it is obvious from Figure 2 that exogenous

parameters must satisfy:

1
J * _ S
m’ <m. ., = <m 53
aut 2 +% ( )
or equivalently:
a<glmy,) < Tg(mB) = g(ms) (54)

In terms of the original parameters, (54) means

[GAY/
OZ<6'1(2)Q
2

<7-8-0°-(1—6)" (55)

Thus, in the rest of this section, we always assume that condition (53), (54),
r (55) holds. Condition (55) holds when « is sufficiently small whereas C' is
sufficiently large.
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The proof of Proposition 2 including Lemmas A1-A5 can be found in Ap-
pendix 2.

Now that we have confirmed that the New Eden exists, we turn next to
characterizing further the New Eden. First we derive the iso-N* curves for Fig-
ure 4. That is, we derive the parameter combinations that generate the same
inter-regional working group size N* at the steady state. For convenience, we
give these parameter combinations in terms of m® and m?.'® Referring to

Section 8.4.5 in the Technical Appendix, we find that:

m® =m3(mP N*) = (56)
N 1= @4 Q) mP 4 (1 -mP) - 1T (4 g)] +mP 4 20
N 1= @4 ) mP o (1-m?) i (§4 24D )|+ @+ ) mP 4 2]

—>
where C' is given by (22):

‘G _ ? NT* for N* < T
C for N* > N
For any fixed N* > 0, equation (56) defines an iso-N* curve in m? x m?

space. Notice from (56) that iso-N* curves are independent of parameter .
Figure 4 shows examples of iso-N* curves under various values of N*, where
relevant parameters are fixed at C = C = 32, ¥ = 0 and N = 100.'7 The
main characteristics of iso-N* curves that can be observed from Figure 4 are

summarized in Lemma 1, which can readily be derived from equation (56).
FIGURE 4 GOES HERE

Lemma 1. The iso-N* curves defined by (56) have the following character-
15tics:

(i) As N* approaches 0, the iso-N* curve becomes a horizontal line at

* .
aut*

height m
1
li S B N*) — — *
N}frilom (m ’ ) 2+% Mut

16The explicit solution of N* in terms of the original parameters is given by Lemma A3
in Appendix 2.

"In Figure 7, the iso-N* curve when N* = N = 100 and the iso-N* curve when N* = oo
are indistinguishable, and thus both the curves are represented by the same bold curve.
Mathematically speaking, however, we can readily see from (56) that except at m? = 0.5,

the iso-N* curve continuously shifts upward as N* increases from N to oo.
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(i) As N* approaches oo, the iso-N* curve becomes

m%(mP) = lim m®(m?, N*)
N*—o00
1-2+§)-mP+(1-mP)- 72 (§+5
- c 15 (C, C oy 07)
1-2+5) mP+(1-mP) - HZ-(5+& 2+%)

called the supreme iso-N* curve.

iii) Alliso-N* curves pass through the common point, (m?, m®) = (m®?, m*
aut

where o s
1+%- 2
ml = — 2 (58)
2+ 15
When C' is fized, m® decreases continuously in 5 such that at the boundaries:
1 ~
mt = 5 when 7 = 0, (59)
1
—B * ~
m- = =m, . wheny=1 60
2 + % aut Y ( )

(iv) Each iso-N* curve is downward sloping and strictly concave on (0,1/2).

(v) Except at m®, the iso-N* curve shifts continuously upward as N* in-
creases from 0 to oco.

By definition, no point (m?, m?) above the supreme iso-N* curve is attain-
able as a stationary state myopic core point. Furthermore, no point (m?, m®)

above the diagonal m® = m? line or below the horizontal m® = m} , line

aut
is attainable as a stationary state myopic core point. Thus, the domain of
mP x m? space that is attainable as a New Eden is limited to the interior of
the triangle delineated by the supreme N*-curve and the two lines m® = m?

and m°® = m*

»ut- In order to investigate how this feasible domain changes with

parameters, first let us focus on the effects of parameter 7 (the measure of ease
of public knowledge transmission between regions) on the supreme N*-curve.
Setting C' = C' = 32, Figure 5 shows how the supreme iso-N* curve changes as
parameter 7 increases from 0 to 1. Using (57), we can readily generalize the

key characteristics of supreme iso-N* curves as follows:
FIGURE 5 GOES HERE

Lemma 2. When ¥ changes parametrically while C and C are fized, supreme
iso-N* curves defined by (57) have the following characteristics:

(i) All supreme iso-N* curves pass through the common point, (m?, m®) =

(m?, ., m>), where
¢, ¢
—S _ 2 C
m’ = (61)
g 0D

[\)
NeJ



When C' is fized, m° increases continuously in C' < C such that

1 _
me = =m,,; when C =0
+

w|Q

me =

when C' = C.

N = Do

(i) For any 0 <75 < 1, the supreme iso-N* curve is downward sloping and
strictly concave.

(iii) Except at m°, the supreme iso-N* curve shifts continuously leftward
as v increases from 0 towards 1; in the limit, it becomes the vertical line:
mP=m:, =1/[2+%].

As we can see from Figure 5, the domain that is attainable as a New Eden

is nonempty as long as ¥ < 1 and m® > m},,. Since

)

1+
.(2

—~

m _mautzg
2

+ vl
Qla

+ vl
0lQ

)

the condition m° > m},, always holds provided that C > 0. Hence, we can
conclude as follows:

Lemma 3. In m® xm?® space, the domain that is attainable as a stationary
state myopic core point is not empty if and only if ¥ <1 and C > 0.

However, when 7 approaches 1, or when C approaches 0, the domain for a
New Eden disappears in the limit. In other words, when there is no discount
in the inter-regional transfer of public knowledge (i.e., 7 = 1), or when there
is no within group externality for the inter-regional interactions in knowledge
creation (i.e., C' = 0), it is impossible to attain a New Eden.

Given that we have characterized N*, we can now characterize ¢* in terms

of N*. As shown in Appendix 2:

2 (2+%) - mS -1

" = 1—6.%- T8 for N* < N, (62)
. 2 2+%) - m-1 L
" = 1—5- 8 for N* > N (63)

It can be readily confirmed that 0 < ¢* < 1. One interesting question
concerns how 7 affects the value of p*. We shall return to this question shortly,
after Lemma 4.

Although Lemma 3 gives the domain for a possible New Eden in m? x m*
space, the feasible combinations of m? and m® are actually uniquely defined

by (41). In order to see the relationship between m? and m® in terms of the
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original parameters, let us rewrite (41) explicitly:

1= 2mS)0 . (mS)1-0 1 — 2mB)0 . (B0
( ﬂll_)mgm) :7'-( ﬂ;_)m]gm) ,m® < mb (64)

In turn, the bliss point m? is uniquely defined by 6 from (40); or, solving (40)

for 6, 5

0= —11__2:; for 0 < m? < % (65)
Hence, substituting (65) for  in (64), for any fixed value of 7 € (0, 1), equations
(64) and (65) together define the feasible relationship between m? and m® as
a unique curve in m®? x m? space, which is called an iso-7 curve.

Figure 6 shows numerical examples of iso-7 curves. Intuitively, low 7
means that the discount in productivity for working with a person in the other
region, compared to working with a person in the home region, is large. For
example, travel costs are high. A value of 7 close to 1 means that there isn’t
much difference in productivity or cost for working with a person in the other
region compared to the home region. This graph shows that as 7 moves from
0 to 1, for a given person in region A, the knowledge differential between that
person and potential partners in the home and the other region become close.
Of course, when 7 = 1, there is no difference between partners in the home

S

and away regions, so m°> = m®” and this is represented by the upward sloping

45° line.
FIGURE 6 GOES HERE

Using (64) and (65), we can readily generalize the main characteristics of
iso-7 curves as follows:

Lemma 4. When 1 € (0,1) changes parametrically, iso-T curves defined by
(64) and (65) have the following characteristics:

(i) All iso-T curves pass through the origin.

(ii) Each iso-T curve is strictly conver and tangent to the vertical line at

B

m° = %; i the limit

5 T B_ 1
= t — 66
m T, ™ 5 (66)

(7ii) Except at the origin, the iso-T curve shifts continuously upward as T
increases from 0 towards 1; in the limit, it coincides with the upward sloping
diagonal line.

Concerning the previous question about the impact of the value of 7 on

©*, along the supreme iso-N* curve (for example), we can see that as m?
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increases, m® decreases and thus, applying equation (63), ¢* must increase.
In combination with Figures 4 and 6, 7 must decrease along this curve. In
short, as inter-regional interaction becomes more costly, the equilibrium path
features less inter-regional interaction.

With this preparation, we can describe Figure 7 next. To be concrete, let

us choose a set of parameters as follows:
C=C=32,7=0,N =100 (67)

Then, using (57), we can draw the supreme iso-N* curve (N* = o0) as in Figure
7. Also, using (50), the m}

ru-line can be drawn as in Figure 7. Thus, we

describe the domain of possible stationary state myopic core points as a large

*

rw-line and the upward

triangle delineated by the supreme iso-N* curve, the m
sloping diagonal line. Choose any point inside this triangle, for example, point
a which is at the intersection of the iso-7 curve with 7 = 0.9 and the vertical
line at m? = 0.3. From (65), m” = 0.3 means 0 = 4/7; thus point a in Figure

7 corresponds to the parameters
7=0.9and 0 =4/7 (68)

In turn, the equilibrium group size N* is determined by the iso-N* = 30 curve
passing through point a. In this way, the set of parameters, (67) and (68),
uniquely determines the New Eden as a stationary state myopic core point.
At point a, since m*® = 0.186 > m},, = 0.056, we have from (52) that

aut

Knowledge growth rate at the New Eden  g(m®)  .45799

= = = 1.5915
Knowledge growth rate under autarchy  g(m,)  .28778

implying a large improvement in welfare.
FIGURE 7 GOES HERE

As another example of a New Eden, while holding fixed the parameters in
(67), let us change (68) as follows:

7 = 0.606, 0 = 0.245

This is illustrated in Figure 8. Then, since m®? = 0.43 from (40), we have that

Knowledge growth rate at the New Eden  g(m®)  0.347
Knowledge growth rate under autarchy — g(m?,,) 0.117

297

Thus, by breaking the one region into two, the new myopic core steady state
achieves a knowledge growth rate almost 3 times higher than the one region

economy.
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FIGURE 8 GOES HERE

So in practical terms, when is the New Eden, the myopic core steady state
generated by splitting one region into two, a big improvement over the one
region case? To answer this question, notice that from equation (51) for
the one region situation and from equation (52) for the two region situation,

the potential improvement in K-productivity is completely determined by the

*

x 1) for the one region case relative to the size of g(m®) = 7 -

size of g(m
g(m®)
exogenous parameters in equation (55) by taking the ratio of the two sides

in the two region case. This comparison can be seen in terms of

of the inequality. We focus on the most favorable cases for the New Eden,
namely from Lemma 2: ¥ = 0 and C = C. Referring to Figure 7, for each
point (m?, m®) in Figure 7, we examine the ratio of the knowledge productivity
in the New Eden compared to autarky. The most favorable case is the upper
envelope of the domain of possible stationary state myopic core points. As is
apparent in Figure 7, the upper envelope consists of two parts: the upward
sloping diagonal m® = mP® up to the intersection with the supreme iso-N*
curve, and the supreme iso-N* curve to the right of the intersection point.'8
There are two cases to consider. First, for the upward sloping diagonal in

S B 1.

Figure 7, since m> = m”, 7 = Hence, the ratio of interest along this

segment is:

g(m®) 0" (1—-0)"""
E0,C) = =
N T B

1+
For the second case along the supreme iso-N* curve, in equation (57), setting

~_ 07— B _ 1-0
7=0,C=C,and m"” = =,

E0;0) =7 (g = <

2

msm?) {19 1-0-1"{(1+5)-o+1}""
c\?f
Figure 9 illustrates F(6;C) as a function of § where C' takes on values 8, 16,
and 32.1

FIGURE 9 GOES HERE

18The supreme iso-N* curve is not really feasible since it requires an infinite population,

but any point below this curve and as close as desired is attainable.
19 Along the supreme iso-N* segment, we have neglected 7. Given m? and thus 6, the

parameter 7 is completely determined by m?®, as illustrated in Figure 7, but its calculation
is difficult.
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For each fixed C, the function F is single peaked, and the maximum is
attained along the supreme iso-N* curve rather than along the upward sloping
diagonal. For C' = 8, the maximum is attained at 6§ = .252 with £ = 1.67;
for C' = 16, the maximum is attained at .262 with £ = 2.23; for C' = 32, the
maximum is attained at = .256 with £ = 3.21.2° Notice that the optimal
value of € seems to be stable at around .25 when the values of C vary.

Summarizing this analysis, we can conclude that given an initial situation
where there is a high degree of homogeneity in workers, division into two re-
gions will result in a big improvement in knowledge productivity when: 1)
Inter-regional public knowledge transmission is weak (7 is small, since this
promotes inter-regional knowledge differentiation); 2) Public knowledge trans-
mission within each inter-regional working group is effective, so workers can
differentiate themselves from others in the same region rapidly (C is large);
3) Heterogeneity (as opposed to homogeneity) of workers’ knowledge bases is
important in the production function for partnerships, so diversity increases
productivity (# is small);?! 4) The within-region public information transmis-

sion technology is very effective (C is large) so that autarky is unproductive.

4.3 The Transition Process

Up to this point, in this section we have studied the properties of two myopic
core steady states: first with one region, and then with two regions. In
this short section, we shall discuss the transition, according to the story of
the Tower of Babel, from a lower knowledge productivity steady state with
one region to a higher knowledge productivity steady state with two regions.
There are two transition phases between the steady states.

First, the one region autarkic economy is split into two regions. This is

illustrated in Figure 10.

FIGURE 10 GOES HERE

20The corresponding values of 7 are: for C = 8, 7 = .834; for C = 16, 7 = .76; for
C =32, 7=.679.

2l'When 6 is too small (to the left of the peak of E), knowledge workers try to avoid
building up knowledge in common with any of their partners. If the intra-regional public
knowledge transmission technology and the inter-regional working group public knowledge
transmission technology are at all effective, it is hard to avoid building up knowledge in
common with active partners. Thus, productivity will be lower than for values of 6 closer
to the peak.
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Immediately after the division, for a given person in region A, the relative
knowledge differentiation of potential partners in A and potential partners in
B is essentially the same. However, the cost of working with a partner in
region B is higher, since 7 < 1. Thus, people in each region work only with
partners in their own region. However, people in the two regions become
differentiated from each other over time. Given that N is large, and that
people are working only with partners in the same region, they will work
with all others in the region for a small amount of time, the same for every
partnership. They maintain the same knowledge differentiation with their
active partners, namely they stay at m} .

The regions continue in an autarkic mode until the regions are sufficiently
differentiated, featuring the same productivity for potential partners in their
own region and in the other region. Then the second transition phase begins.

This is illustrated in Figure 11.
FIGURE 11 GOES HERE

At this time, a person in region A begins to participate in an inter-regional
working group, as described in the previous subsection for the final steady
state, and with people in their own region who are not in their inter-regional
working group, also as described in the previous subsection for the final steady
state. However, the size of the inter-regional working group, N*, and the total
time spent working with partners in the home region, ¢*, will not be the same
as at the steady state. The reason is that people do not want to maintain
the bliss point, since they haven’t reached it yet, but rather wish to move
to the right, increasing both differentiation relative to active partners as well
as productivity as fast as possible. In order to avoid building up knowledge
in common with workers from the other region in their inter-regional working
group (and thus slowing the rate of increase of productivity), they want to make
their inter-regional working group as large as possible subject to feasibility,
namely N* = % Finally, when they reach the bliss point for their partners
from the other region in their inter-regional working group, they shift to N*
and ¢* that will maintain the bliss point.

Other transition processes are possible, but we stick to a description of a

simple one.
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5 Conclusions

We have endeavored to clarify a second role of spatial distance in the econ-
omy beyond the first and obvious role of creating a barrier to the exchange
of commodities between locations. This second role is the propagation of
the differentiation of agents themselves, in the sense that they form separate
cultures. It can result in an increase in knowledge productivity in the entire
economy relative to the situation when there is no spatial distance between
agents. The key to this increase is in the ability of inter-regional working
groups to form and to further differentiate agents residing in the same region
due to knowledge spillovers within the inter-regional working group.

Our analysis has implications for the impact of the recent rapid develop-
ment in information technology on the rate of global knowledge productivity.
Faster knowledge transmission due to improved information technology evi-
dently makes the dissemination of new ideas more rapid, but it also tends to
create more homogeneity in the knowledge bases of researchers. Differentia-
tion of researchers through the formation of inter-regional working groups can
help to turn this disadvantage to an advantage. Generally speaking, location
and knowledge creation are intertwined; for example, see Duranton and Puga
(2001) and Helsley and Strange (2004).

A natural but difficult extension of our model would introduce migration
of researchers between regions, providing another way to circulate knowledge.
Regarding migration, the role of immigration policy and of the educational

systems in various countries would be a topic worthy of further exploration.
REFERENCES

Agarwal, A., Kapur, D., McHale, J., 2008. Brain drain or brain bank?
The impact of skilled emigration on poor-country innovation. NBER Working
Paper 14592.

Belderbos, R., Leten, B., Suzuki, S., 2009. Does excellence in academic
research attract foreign R & D? Working Paper, K.U. Leuven.

Bellini, E., Ottaviano, G.I.P., Pinelli, D, Prarolo, G., 2008. Cultural diver-
sity and economic performance: Evidence from European regions. Hamburg
Institute of International Economics Working Paper 3-14.

Berliant, M., Fujita, M., 2008. Knowledge creation as a square dance on
the Hilbert cube. International Economic Review 49, 1251-1295.

Berliant, M., Fujita, M, 2009. Dynamics of knowledge creation and trans-

fer: The two person case. International Journal of Economic Theory 5, 155-

36



179.

Berliant, M., Fujita, M, 2010. The dynamics of knowledge diversity and
economic growth. Forthcoming in the Southern Economic Journal.

Berliant, M., Reed, R., Wang, P., 2006. Knowledge exchange, matching,
and agglomeration. Journal of Urban Economics 60, 69-95.

Card, D., 2007, How immigration affects U.S. cities. CReAM Discussion
Paper 11/07.

Cardoso, A.R., Guimaraes, P., Zimmerman, K.F., 2010. Trends in eco-
nomic research: An international perspective. IZA Discussion Paper No.
4785.

Duranton, G., Puga, D., 2001. Nursery cities: Urban diversity, process
innovation, and the life cycle of products. American Economic Review 91,
1454-1477.

Helsley, R.W., Strange, W.C., 2004. Knowledge barter in cities. Journal
of Urban Economics 56, 327-345.

Kerr, W.R., Lincoln, W.F., 2008. The supply side of innovation: H-1B
visa reforms and US ethnic invention. Harvard Business School Working Paper
09-005.

Losch, A., 1940. The Economics of Location (New Haven: Yale University
Press).

Ottaviano, G.I.P., Peri, G., 2006. The economic value of cultural diversity:
Evidence from US cities, Journal of Economic Geography 6, 9-44.

Ottaviano, G.I.P., Peri, G., 2008. Immigration and national wages: Clari-
fying the theory and the empirics. Working Paper.

Samuelson, P.A.; 1949. International factor-price equalisation once again.
The Economic Journal 59, 181-197.

Vaporis, C.N., 2008. Tour of Duty: Samurai, Military Service in Edo, and
the Culture of Early Modern Japan (Honolulu: University of Hawai’i Press).

37



when

K-productivity B ieA jeA

9(m) / when

ieA, jeB
/ o
a J,
m

m

0 momy, m* m® 05

Figure 1: The intra-regional
K-productivity curve g(m) and the
inter-regional K-productivity curve

7 - g(m) with the same bliss point m?.

Group 1((size 2N) Group 2((size 2N

o

A

\
Group 4/(size 2N

¥
Group(3i(size 2N

Figure 3: Inter-regional interactions at
the New Eden: Tables at a Chinese

restaurant.

38

when
K-productivity B ieA jeA
9(m) when
ieA jeB
/ o
a J |
m
J - d — S d — B m
0 m m,, mi =m mj =m 05
icA jeB ieA jeB
[E2A el

Figure 2: The New Eden: Achieving
high K-productivity though diverse

cultures.

m
05
N° =100 (» N* =¥)
0.4
0.3+
0.2
10
0.1
Mo 0
o ‘ ‘ ‘ ‘ m®
0.1 0.2 0.3 0.4 m®=0.5

Figure 4: Iso-N* curves (C = C = 32,
5y =0, N =100, m},, = 0.056,
m? = 0.50): curves are N* =0
(horizontal), 10, 20, 30, 40, 50, 60, 70,

80, 90, 100 (top)



$=0.50

3

0.45 +
0.40 +
0.35 +
0.30 +
025 +
0.20 + 0.2
015 +

0.10 +

SZERRRRARRNES

I
+
0 0.05 0.1 0.15 0.2 0.25 03 0.4 5

=}

Figure 5: Change in the supreme
iso-N* curve as 7 increases from 0 to 1
(C =C =32, m!, = 0.056,

m® = 0.50): curves are 7 = 0 (top), .1,
2,.3,.4,.5,.6,.7,.8,.9, 1.0 (vertical)

me

T T T R S R ey
t t t t t t t t
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

N
NIFN

0=

Figure 7: An interior point a inside the
domain of feasible New Edens
(C=C=32,7=0, N =100,

mi,, =1/ (24 £) = 0.056)

39

m
0.5
0.4+
0.3+

=1
© =09
0.2+ 0.8
0.1+
T " } ; mée

i
0.1 0.2 0.3 0.4 0.5

Figure 6: Iso-7 curves: 7 = .1
(bottom), .2, .3, .4, .5, .6, .7, .8, .9, 1.0
(top)

K-productivity

0.55+
0.501+
0.451+

0.40+

oasl  9(m®) =tg(m®)

0.25+ 7g(m)

M m m
: ; ‘ .

Figure 8: Achieving higher knowledge
productivity through the creation of
culture (6 = .245, 7 = 0.606,
C=C=32,7=0, N=N*=100,
m?., = 0.056, m® = 0.214, m? = 0.43,
g(mg,,) = 0.117,

g(m®) = Tg(mP) = 0.347)



E6;C)

40T
35
0 c=32
2.5
C=16
207
C=8
157
1.0
0.5
0.0 } } | ! ! | ; | !
0.0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Figure 9:
Knowledge growth rate at the New Eden
B(0;C) = £ g

Knowledge growth rate under autarchy

as a function of ¢ for C' = 32 (top), C' = 16,

C' = 8 (bottom)

when
K-productivity ie€A jeA
gm__B /
when
icA jeB
g(m)
a J |
Mo m
0 m’ m,, m® m® 05 "

Figure 11: Transition process, Phase 2

(with inter-regional interactions):

g(m%,) = g(m%p) > g(m?,,)

40

when
K-productivity 8 ieA, jeA
9(m) / when
icA, jeB
g(m)
a J |
mig m{
: m
0 m o, m® m? 0.5

Figure 10: Transition process, Phase 1 (no

inter-regional interaction): g(mdz) < g(m?,,)



Culture and Diversity in Knowledge Creation

Marcus Berliant and Masahisa Fujita

Appendix



6 Appendix 1

6.1 Justification of the Knowledge Absorption Function

It is natural to assume that public knowledge transmission between regions is
not as effective as public knowledge transmission within a region. To make
this notion precise, we must differentiate between public knowledge produced
by partnerships consisting of two K-workers in the same region, two from
the other region, one from each region, and one from each region that are
members of the same inter-regional working group. The one region model
will be a special case where parameters are set so that there are no frictions

between the two regions. Consider the following equalities: for ¢ € A

C- 5ii'aii+z5z’j'(az’j/2) :M'U'(UAA—Z%"%J']—F’NY'[BB)

JEA_; JEA
(69)
where 0 <7y < 1
and fori € A
C- (Z dij - (aij/2)> = ji-n- (IAB - Z%’ : aij) (70)
jeB jeB
—> >
VISINY:) j€liB
where
C+C =cC (72)
C- X for N*< N
<6> _ C_N or < N (73)
C for N* > N

First we give the idea behind the overall structure of this system, and
then we proceed to discuss in detail each component equation. For the pur-
pose of explanation, consider the case where the day is divided into two sub-
periods. The length of these time periods is determined endogenously; this
will eventually be represented by * for intra-regional interactions and 1 — ¢*
for inter-regional interactions, under the symmetric interactions case. The
first subperiod features only intra-regional interaction, whereas the second has
only inter-regional interaction. The inter-regional interaction time is further

divided into time spent with persons generally from the other region, and time



spent specifically with one’s inter-regional interaction group. Associated with
each subperiod are externalities, namely knowledge absorbed from the partners
one is working with in general, at the time knowledge creation takes place.

To be specific, when a person is working with a partner in their own region,
they naturally absorb a proportion of the total knowledge created in their home
region at that time. At the same time, they also absorb a (lesser) proportion
of the ideas created in the other region.

When a person is working with a partner from another region, they absorb
a different proportion of the all the new ideas created by inter-regional interac-
tions at that time. This proportion is potentially different from the absorption
rate from the intra-regional externality absorption rate. At the same time,
when a person is working with others in their inter-regional working groups,
they absorb a proportion of the new ideas created within that working group
at that time.

For all but the inter-regional working group externality, the knowledge ab-
sorbed through the externality becomes knowledge in common for the workers
in the same region. In contrast, the inter-regional working group externality
is entirely different. Ideas learned through the inter-regional working group
externality become knowledge in common for only the members of the specific
working group. That is, these ideas are not learned by persons in a region
who are not members of the same working group, and thus they become part
of the differential knowledge between members of that inter-regional working
group and everyone else.

We shall explain the content of these equations piece by piece. On the
right hand side of equation (69), the term in brackets [44 — Z;\le dij - Qjj
represents the new knowledge produced in region A in the first sub-period
that does not involve partnerships including K-worker i. Since Igp represents
new knowledge created in the first sub-period by partnerships involving only
workers in B, we discount it by ¥ due to friction (“lost in translation”). Recall
that n gives the rate at which new ideas are patented, whereas o gives the rate
at which publicly revealed ideas can be absorbed by a K-worker. Therefore
the right hand side of the equation represents the public knowledge revealed
by patents that is absorbed by K-worker ¢ in the first sub-period. The term in
brackets on the left hand side represents new knowledge created by K-worker
7 at an instant in the first sub-period. In total, the equation means that the
new public knowledge that can be absorbed by K-worker ¢ is proportional to

their capacity to produce new ideas. In essence, this is due to the constraint



on their time and the productivity of their effort both to absorb new ideas and
to produce them.

Equation (70) represents the analogous equation for inter-regional part-
nerships in the second sub-period. The interpretation of this equation is
analogous to the previous one. But there is an additional implicit assump-
tion when we write these two equations, (69) and (70), separately. That is,
we assume that public knowledge produced by inter-regional partnerships is
complementary to (in contrast to substitutes with) knowledge produced by
intra-regional partnerships.

Equation (71) represents the analogous equation for partnerships from per-
son ¢’s inter-regional working group in the second sub-period. The right hand
term in brackets Ir, — > .

by partnerships in person ¢’s inter-regional working group that do not involve

di; - a;j represents the total knowledge produced

partnerships including K-worker i. Recall that 7 gives the rate at which new
ideas are patented, whereas i gives the rate at which publicly revealed ideas
within the inter-regional working group can be absorbed by a K-worker. The
term in brackets on the left hand side represents new knowledge created by
K-worker 7 in inter-regional working group partnerships at an instant. The
equation says that the rate of public knowledge absorption from person i’s
inter-regional working group is proportional to their capacity to produce new
ideas with working group partners from the other region.?

For equation (72), attention is divided into the two sources of inter-regional
externalities, namely the attention to the externality C from general inter-
regional partners and the attention to the externality %) from partners in one’s
inter-regional working group. The total attention C+ ‘C’ that each person
devotes to inter-regional externalities is equal to the total learning capacity C,
which is the same as the constant in equation (69). As explained in equation
(73), ‘C’ and hence C are endogenous variables determined by working group
size N*.

Equation (73) says that the larger the working group, the more attention is
paid to the externality from the working group of size N*. Consequently, less
attention is paid to the general externality from inter-regional partnerships.
Beyond group size N, the effect of group size on attention is attenuated.

To provide more intuition and useful expressions for the analysis in the

221t is possible to have intra-regional working groups that are the intra-regional analogs
of equation (71). However, this only serves to make people in the same region more similar,
and this does not improve welfare. In other words, such groups would not be used in the

myopic core.



main text of the paper, we consider a special case with symmetric knowledge

composition: n; = n for all i and m?¢ = m? for i # j in the same region,

ij
whereas my; = m%p for i and j in different regions.”® Y7, _, 4, = ¢ for all
i €A, Y ep 0y =g forallie Band g(m?) =7-g(m%p) > a. In this case,
6 = 0 for all i, and a;; =n-2- g(m?) for all i # j. Hence, in (69), using (23)

to (25),
Oii * Qi + Z dij - (aij/2) =@ -n- g(md>
JEA_;
[AA_Z(Sij‘aij +7-Ipp—¢-2-g(m?) +7-N-n-g(m?)
jeA

=N-p-n-gm")—p-n-29(m")+5-N-p-n-g(m?

Thus,
_ - n-g(m?)
: n ¢ (N=2)-n-gm)+¢-5-N-n-g(md)
_ o
o (N=2)+7-N
_c !
n (N=1)-(1+75)-(1-7)
C 1

Q

n(N—-1) 1+7
The reason N — 1 appears in the denominator here is because the externality
excludes ideas produced by oneself, in particular for the externality in one’s
home region. However, for the externality from the other region, there is no
need to exclude ideas produced by oneself. Thus, N appears instead of N — 1
in the denominator.
For notational convenience, we define:

~_ . C v

n=7p= 77_ : m
that represents the absorption rate for the knowledge externality from region
B.

In the context of the same example, in equation (70) we have:
> 6 (a/2) = (1=¢)-7-n-29(m")/2
jeB
= (1—¢) n-g(m’)

23 A slight generalization of this example applies on the myopic core path, as explained in

Section 4.



IAB_Z(Sij'CMj = N-(1—¢)-7-n-29(m4p) — (1 —¢)-7-n-29(m4p)
= 2(N—-1)-(1—¢)-n-2g(m?

Hence,
(1—¢) n-gm’)
2(N—=1)-(1—=¢)-n-g(m’)

1
"2(N —1)

=)
I
SHEGRSHEGH

Once again, in the context of the same example, in equation (71),

S by (ay/2) = (1—)- 7 2g(m)2

Jj€lip

= (=) ST ong(md)

. N N
= 3 Gyray = N'-(L—g) = on e 2g(miy) — (1= ) 70 2g(mdy)

Jj€liB
N*
= 2(N"=1)- (1 =) -7 = -n-g(m?)
N
Hence,
Npvd *
oo O O-p) iy rngm)
n 2N =1)-(1—¢)-7- 5 -n-g(md)
>
_ C 1
o 2(N*—1)
In conclusion, assuming N is sufficiently large, we employ the following
specifications:
C 1
Ho= =
n(N—-1) 1+7%
-~ _ . C v
po= k= nN 1+7%
¢
STy
>
— _ C
a 2(N* —1)

where 0 < 7 <1,



and

—
C_

C

QI

{

+

C

c=c

NT for N* < N
for N* > N

6.2 Basic Dynamics Without Symmetry

In this appendix, we summarize the dynamics of n; and mfj (i,

First, using (26), we have (see Technical Appendix b)

—1.2....

=

L2N).

For. 1 € A
Z_z = (1_:“ 77 0ji + @ + Z 51] 2]7 ;ll)] Z(SZJ T 2G U’
JEA_; jEB

+N'U'[Z5kk'ﬁ +00° ) 5kl'ﬁ'G(mzl7mfk))]
k€A i k€AlecA_y i

+ﬁ'n'[z5kk'ﬁ +(Z Z 5kl'n_’f G (mi;, miz,))]
keB i keBleB_, i

+im - [Z Z Okt - Mr2G (mig mi)]
k€A leB i

DI

kGFiA ZGFZ‘B

Next, by definition,

Nk

d /oij
4 d(”z‘j/”)
mi' -
J dt
- d d
_ ey Ty
nt  ni
- d
ne.
L
= nu M
- d
ne.
L
= nu M
d

o7 - ZG mkl,mlk g
JEF’LB
R
n4
R
nii
- c - d - d
g Mg Tl
ny  nd o ny
-d - c -d
Mg Mg M
i ij ni i

8ij - 7+ 2G (m;, m,))

’L]’

(75)

Using this identity, for each different combination of ¢ and j, we can obtain

mj;)

(74)



the dynamics mfj as follows (see Technical Appendix c):
Fori € A, je A

o d - c . d
for j € Fz‘A,mgj:(l—mfj)-#—m?.. A
ny J ny nii

= (L-m{)Q—mf) qU—pn)-[-at D Gu-2G(mG,my)

k€A_ti 5y

T —a-m-zaik-f-zmmfk,mz»}

keB

—ng--u—m;a){ (1= o) 8- 26 )

+pn - dek'a-%—kz Z 5kl'%-G(mil,mflk_)

| kea i hcAia, i |

| keB i CBIEE 4 i |

+i-m- ZZ%Z — 172G (mkzamldk)

kcA lcB
+W Z Z 5k:l —_— T 2G (mkl,mfk)}

k€T 4 l€T;p
kEA,{i’j}
HA =) > ST QG(m?k,mij)} (76)
keB



For 4

for

A, je A

o d e o d
ij d ij ji
Lia, (1 w)' = mij-< =+ )

nl] nlj

(L=m{) (A =mG) § L —p-n)- -t Y b 2G(mi, mi)]

keA_ti 5y

+ 1 Z(Sk T QG( zkamzz)
keB

wen
n
( Z5kl n_]j 7 - 2G(mi, mij,) — Z Oir - 7+ 2G(m zk?mgz)>}

kel lel;p kel B

—mg; - (1 —mf,) { (1= p-n) - 635 - 2G(mf;, )

e Z5kk'a'%+z > Sia 2+ G ()
| kea =y . i i
+em - Zékk'a'%—f‘z Z 6kl'%'G(mglam?[k)
_keB i keBleB_y i _
+u-m ZZ%I L T 2G (milam;ik>
kEA I€B

+ - Z Z(Skl — T QG(mkl,mfk)}

kel; 4 lel;p

kEA_{i 5}

+(1—7-n)- Zéjk -7 - 2G(my, mi))

keB

+0 Z Z Opr* — * T 2G<mklamlk Z Ok - T 2G( gkamzj)

kel'jalelp kel;p

(77)



Fori € A, jeB:

o d e o d
forj € T, mS (1— ZD-#—m%-(#—i—#)

n’LJ n’L]

= (L-m{)L—mf) qL—F-n)-[6i-at Y du-2G(mi,m,)

keA_;

HU=Fen) - Y b 2G(mb,mi) + (wen— i) - [Z5kk'0f

kGij

+Z Z Op - — G(mzl,mldk) — 04 - — Z 5ik’2G(mgkamZi)

keAlEA_y, kcA_;

—mfj-(l—m;li){ (I1—p-m)-04-7- QG(mU,md)

+i-m- Zékk-a-%—l—z Z 5kl'%'G(le>m7k)
keA b keAleA t i
+i-m- Zékk-a-%+z Z 5kl'%'G(mzZamfk)
| keB ' keBleB_y ! i
+a-n - ZZCSM — -7 2G (mfy, mil,)
keA leB

Z Z5kl — T 2G(mklam§ik) O~ T 2G(m”,m;ll))}

kerA lerB

—mf - (L=m&) - S (L=Ti-n)- [0 a+ Y 6 2G(msy, mi))]

kJEB,j

H(L=Fem) e D e T 2G(m mi) + (e — i m) - [Z5kk'0&f

keA_;

n
+Z Z Okl * £ m‘él,mfk) 0jj - a0 — Z 5jk'2G(m§'lk7ij)

keBleB_y keB_;

(78)

10



Fori € A, jeB:
| i, (g
forj ¢ Tip,mi=(1-m Zj) =L —mf | =+ £

n’LJ n’L]

= (L-m{)L—mf) qL—F-n)-[6i-at Y du-2G(mi,m,)

keA_;

~ ~ n
HU=Fen) - Y b 2G(mb,mi) + (wen— i) - [Z%kﬂﬁ

kGij

+ Z Z R G(mil,mldk) — 04 (v — Z ik - QG(m?ka mgi)

keAlEA_y, kcA_;

Z Z Op~— T~ 2G<mklamlk Z 5jk'7-'2G(m?k’mgj))

kEF]A leF]B kEFjB

—m;z-u—m;z){ (1= fi-n) -0y -7 2G(m, m)

_{_ﬁ-n- Zékka%—{—z Z (Skl@G(mzl»mfk)
_keA T keEAIEA_y i ]
| keB " keBIEB 4 i _
+i-m- 225’“ — .7-2G (mkbm?k)
k€A lEB

Z Z5kl — T 2G(mklamfk) O~ T 2G(mw,m§l1))}

kel; 4 lel;p

—mf - (L=m&) - S (L=Ti-m)- [0 a+ Y 6 2G(msy, m))]

kJEB_]‘
~ ~ ng
H(L=Fm) - D e T 2G(m mi) + (e — i m) - [Zm'a;
keA_; keB J
n
+ ) du f'G(miz,mfk) — i = Y G- 2G(mSy, mi)
keBleB_y J kEB_;

Z Z Ot - — " T- 2G(mklamlk Z O T 2G( ]k7mz_]))

kelja €D, kel p

(79)

11



6.3 Basic Dynamics Under Symmetry

When condition (34) holds, using (36) and (33), the dynamics (74) can be

written as

Fori € A: (80)
% = (I—=p-n)[0s a+ Z 5ij'29(m§lj)]+(1—ﬁ-n)-Zc?ij-T-QQ(m?j)
v jEA_; jeB
+M-7}'[Z Ok v+ Z Z Sp - g (miy))]
keA_; keA_; leA_y
+pem - [Z(Skk'a+ (Z Z On - g (miy))]
keB keBIEB_y
e [0 w729 (my)]
keA_; leB
WYY bt 29 (miy) = Y 6y -7 - 29 (m)]
kel;4 lel;p Jj€lip

12



Likewise, the dynamics (76) to (79), respectively, can be written as follows:

Fori € A,jeA: forjeTla, (81)
+d
mi‘
Y keA_ {i,5}
i) - Zéik'7'29<mgk)}
keB

—mfj-{ (1= p-n) - 65 - 29(m})

+,U'77' Z(Skk Oé+z Z(Skl q mkl

| keA keAlEA_y,

+i-m - Z(Skk Oé+z Z(Skl q mkl

kEB keBleB_y
keA leB

+ Z Z5kl'7'29(mzz)}

kel 4 lel;p

ea =) (0ot D G- 29(my)]

—m
keA_ {i,j}
2 m-zajk-f-zgm;@k)}
keB

13



A, je A: for j¢T;a,

(1—m

){(1lu 77 m o+

| keA keAlcA_y,

| keB keBIEB_,

keA leB

—i—ﬁ-n-ZZ(Skl-T-Zg(mil)}

—I-n Z Oj T+ 2g(m?k)

Z Zékl T - 2g mkl

kEF]A lEF]B

14

Z(Skk Oé—l-z Z Ot - q mkl
Z(Skk Oé—l-z Z Ol - q mkl

Z 6zk 29

keA_gi gy

Z §]k T 2g ]k)

keT;p

)



Fori € A, je B: forjelg, (83)

) ~
T = <1m?i){(1,u'77)'[5ii'04+ > Gix - 29(m

keA_;

pen) - Z O - 7 - 29(mig) + (w-n—fi-n)- [Z5kk'a

kJEB,j

keAleA_ keA_;

—|—Z Z 5kl . g(mzl) - 5“ X — Z 621@ : QQ(mgk)] }

—m?j{ (1—F-n) ;-7 29(mf)

- Zékk OH—Z Z Op - g (mify)
| keA kEAlEA_,

- Z5kk at > > g (mp)
| keB keBIEB_y

+ﬁ‘n'zzékl‘7'29 (mi)
keA l€B

7YY 5M.T.2g(mgl)_5ij.7~2g(m§§-))}

k‘EFiA ZEFZ‘B

—my, - {(121'77) (b at D G- 29(m)]

kGB_J‘
—Hem)- Z 5jk'7'29(m?k)+(/ﬁ'77—/7'77)' Z5kk'04
keA_; LkeB
+Z Z Op - g(mi) — 855~ — Z djk - 29(m jk
keBleB_y keB_;

15



Fori € A, je B: forj¢Ulg, (84)

s d
My d ~
1 —md (L=mj) q (L —f-n)-[0s a+ Z dik - 29(m
v k‘eA,Z‘
Bom) Y e 20md) 4 (e F)- [zaw
kEB,j keA
+Z Z Op - g(miy) = 6is - v — Z dir - 29(m
keAleA_y keA_;
+1 - ( Z Z(Skl 7-2g9(mf) Z dir - T - 2g(m ))}
kGFZA ZGFZB k‘EFZB
—m?j-{ (1—7i-m)- 85 - 7 2g(ms;)
| D Ot DY O g (i)
| keA kEAIEA_,
i ZM at D dug(mi)
| keB keBIEB_;,
+ﬁ-n-zzcsm-«zg<mz,>}
keA leB
—mf - (L=Ti-m) - [0 a+ Y 6 -2g9(m)]
keB_;
ien) s > G 2gmb) + (men—Fen) | o
keA_; LkeB
+> ) O glmiy) — 855 = Y 65 29(m
keBIEB_j keB_; |
Z Z (5kl T - 2g mkl Z 5]k T - 2g ))
keT; 4 1ED; 5 kel p

Assuming that NV is sufficiently large, we use the following approximations:

l—p-n=l,1—p-nrl,1—-u-n=1

16



Plugging these into equations (80) - (84), we obtain:

Fori ¢ A:
B= b
n;

-
+ -
+1 -
For i
it
1 —md

S

JEA_; jEB

N[> Gt (Y, Y u-g(miy))]

keA_; keA_;leA_y

n-D 0+ (O ) dw-g(miy))]

keB keBleB_y

N[> w29 (mfy)]

kcA_; IeB
keF ialel;p jelip

A, j€ A for j € Tia,

(1—=m z){[5ii‘0¢+ > u-29(mi)]

keA_gijy

+ Z dik * T - 2g(mfk)}

keB

+u-m- Z(Skk OH_ZZ(SM gmkl
| keA kEAIEA_y

+i-n- Z(Skk Oé—l-ZZ(Skl gmkl
| keB kEBIEB_y

+ﬁ'ﬁ'zz5kl'7'29 (miy)
kEA I€B

+ Z Z 5kl'7‘29(mgl)}

]CEF,L'A ZEFZ'B

mfj'{[@j'@Jr > G- 29(m)]

kEAf{i,j}

+ Z Ojp - T - Qg(m?k)}

keB

17
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(86)



A, je A: for j¢T;a, (87)

(L=mf) S [ii-a+ D> da-2g(m)]

keA—{i,j}

+ Z Sip - T - 29(m&)

<Z Z(Slengkl Z(Sszq ))}

kEFZA lEFzB kEFzB

—mfj . { dij - 2g(m§lj)

+p-m - Z5kk'@+z Z S+ g (mf)
| keA keAleA_y, |
+pm - Z5kk a—i—z Z S+ g (mfy)
| keB kEB lEB_},
—i—ﬁ-n-ZZ(Skl-T-Qg (le)}
kcA l€B
—m S [t D> G 29(m,)]
kEA_{i 5y
+3 G 7 29(m%)
keB
+%0 Z Zélengkl Z§]k7'2g 4)
kel';a lel;p kel;p

18



Fori € A, je B: forjelg, (88)

md,
= (1-mj) [5ii'a+z5z‘k'29(m

keA_;

+ Z 5zk T - 2g ) ( [Zékk «

keB_;

keAleA_y keA_;

—|—Z Z 5kl -g(mil) - (5“ X — Z 511@ : 29(m§lk)] }

—m?j { 8ij - T - 29(mfj)

+-n- Z5kk OH—Z Z Ok - g mkl
| keA keAlcA_,

SNTR/E Z5kk OH‘Z Z S+ g (my)
= keBIEB_,

+ﬁ‘n'zz5kl'7'29 (mi)
keA I€B

(Z Z 5kl'7~2g(mzl) —(5ij~7'-2g(mfj))}

k‘EFiA ZEFZ‘B

—m; - {[%’ ot Y i 29(mdy)]

k‘eB_j

+ Y ST 2g(mG) + (e — i m) - [Z5kk~a

keA_;

keBleB_y keB_;

+> > u-glmiy) =8 a— Y 5jk'29(m§lk>] }

19



A, je B: forj¢Tlg, (89)

keA_;
+ Y ST 2g(mb) + (won—Tiem)- [me-a
k‘eB,j keA
+Z Z Okl -g(mzl) — 0 — Z dir - 29(m
kEAIEA_, keA_;
+50 - ( Z Z Spt - T - 2g(miy) Z dit. - T - 2g9(m ))}
kel“m lEFlB keFlB
—ml‘-lj . { dij - T 29(m§lj)
| D Ot DY b g ()
| keA kEAIEA_,
i Z%k atd D dug(mi)
| keB keBleB_y
S a2y o) |
keA l€B
—mf - Q[0+ Y G- 29(mi)]
keB_;
T Z 5116‘7"29(7”?19)"‘(#'77—/7'77)' [Z5kk'06
keA_; keB
+Z Z Ont - g(miy) — 05— Z 5jk'29(m?k)
kEBIEB_y keB_;
(> > du-7-29(my) = > jn -7 29(m))
kEF]'A lEF]‘B kGFjB

7 Appendix 2: Proof of Proposition 2

To prove Proposition 2, we find the stationary state of the form given in

Proposition 2 that is consistent with the maximization of individual income.

For each i € A, the dynamics {mfj }jfl take the following form, namely that

20



of a stationary state attaining the New Eden:

d
ij
d d

d

ij
d
ij

3 3 3 3

= mSfori,j€ A j&Tiu

m® < m?fori,je A, jeT;a

= mPforie A jeB,jelp
> mBforie A jeB,jels

Then, under condition (54), maximizing income y; defined by (42) yields

Oforiec A
Ofori,je A, jelia
Oforic A, je€B,j¢Tip

In order to get the equilibrium values of {61-]-}551 that are not shown in (94)

to (96) above, let us focus on a specific person, i € A, and assume that

For i € A:
doSi= D, b=
JEA_; JEA, j¢Tia
D dy= Y dy=1-¢,
jEB jelip
Z(skl = Z 5k:l = Z 5kl = 90* for k € A—i
leA leA_y I€A, I¢T kA
Z(Skl: Zékl: Z (5kl:gp*f0rk€B
leB leB_y leB, ¢l
=Y du=1-¢p forkeA,
leB I€B_,
S 6u=> Gu=1- forkelu k#i
leB l€T; g

(97)
(98)
(99)
(100)
(101)

(102)

That is, except for person i € A, all persons are assumed to have chosen

symmetrically the equilibrium values of {0y} in the form of (99) to (102). We

then investigate below: For what values of ¢* will the equilibrium value of ¢,

coincide with ¢*.

Using the specification (90) to (102) above, the terms inside the square

21



brackets of the income equation (42) for i € A simplify as follows:

dii - v + Z 5ij'g(m§lj) = di-a+ Z 51’3"9(7”%)‘1‘ Z dij - g(m

JEA_; J€La, j#i JEA_i, j¢Tia

= 04+0+( > by)-g(m®)

JEA i, jETia

= $i g(ms)

jeB jelip JjEB, j¢FiB
= (> 6y)-7-g(m”)+0
Je€l'in

= (1—-¢;)-g(m®
Thus, the income equation becomes

yi = -n-n;-[p; - g(m®) + (1= ¢,) - g(m®)]
= H-n-m-g(ms)

that is independent of the choice variables {51-]»}?51 of person ¢. Therefore,
we consider the change in income, equation (43), as the objective function for

person 7:

g = {O-n-n;+10-n-n;}- (103)
[Bii o+ Y Gy g(mb) + ) 07+ g(m)]
JEA_; JEB
+IT- 7 - n4 Z 0ij -g'(mffj) mf] + Z(SU ST g'(mfj) . mfj]
JEA_; JEB
= {II-n-n+-n-n}-g(m®)

where

Fi= Y 6 g (m) i +> 67 g'(mh) - (104)

JEA_; JjEB
In order to evaluate this equation, as shown in Section 8.4.1 in the Technical

Appendix, we obtain the following dynamics of n; and mgj:

For i € A: (105)
i =mn;-g(m°) - [24C]
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Fori € A, j€ A: forj € T4,

—
mfj = (1—md)-2g(m5)-{1—(2—|——)-md—md 2(N?—1) (1—%)]}
where mfj = m;’-li =m
Fori € A, j€A: forj¢ Dy, (107)
—
iy = <1—mS>-2g<mS>~{1—<2+§>m5+<1—m3>-%-<1—go*>
_(1_m5)'5z’j}
where mfj = m;-li = m®
Forie€ A, j € B: for j € I';g, (108)
mfj:(l—mB)'Zg(mS)~{1—(2—1—%)'7713+(1—mB)'§-%~gp*
—(1=mP) -0 —m” @ (1 -, —bi;)
where mfj:m?i:mB, and g(m®) = 7 - g(m?)
Fori € A, j€B: forj¢ Dip, (109)
my = (1—m?)-2g(m®)
~ —
{ 1—(2+§)~md+(1—md)~ %-%-@*+%~(1—gp*)

—m* - (1= ) }

where m{;, = m?i =

d S
ij m®, and g(m”) =7 - g(mB)

Since from (105), n; is independent of the choice variables of person i, the

only term remaining from the expression for 7; that is dependent on the choice

variables for person ¢ at the time they are chosen is F;. In other words, the

maximization problem for person ¢:
max v
{6130,
where g; is given by (103)
reduces to:
max F;
{05335,

where F; is given by (104)
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Using (90) - (102) and (107), F; simplifies as follows (please refer to Section
8.4.2 of the Technical Appendix for calculations):

Fio = g(m®)- > 6y-mf (110)
JEA, j¢Tia
= ¢'(m%) - (1 —m®)-29(m%)-
C ‘T
S S * S 2
®; 1—(24‘5)7” +(1—m)-7-(1—<p) - (1=m>)- Z 03

Thus, the optimization problem above further reduces to:

max i
{045 JEA, j¢Tia}

where F; is given by (110)

We examine this problem in two steps. In the first step, we fix in (97) any

©;, 0 <, <1, and consider the problem:

max F, subject to 07 = : 111
{0ij] €A, j¢Tia} J ' Z J 12 ( )
JEA, jETia

where F; is given by (110)
In the second step, we consider the choice of ¢,. As shown in Section 8.4.2 of

the Technical Appendix, the first step yields the following result:
Lemma Al. The optimization problem (111) has the solution:

and F; defined by (110) becomes

Fo = g/(m)-(1=m®)-29(m®)- |1 = 2+ Sym® + (1 = m®)

(1=,
5 (1—©")| 9

(113)

R pvd
<
2

where g'(m®) - (1 —m?) - 2g(m®) > 0 since m® < m?B.

In the second step, we consider the choice of ¢, that maximizes F; given
by (113). Since g’'(m®) - (1 — m®) - 2g(m®) > 0 because m® < m?, there are 3
different cases:

(i) when the term in square brackets in (113) is positive;

(ii) when the term in square brackets in (113) is negative;

(iii) when the term in square brackets in (113) is zero.
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Note that in any of these three cases, since we have been considering a
representative person ¢ € A, if ¢} is a solution to the maximization problem,

then the definition of the myopic core implies that
' =¢; forallie A (114)

As shown in Section 8.4.3 of the Technical Appendix, we can readily see
that in cases (i) and (ii), condition (114) leads to a contradiction of either the
assumption concerning the sign of the term in the square brackets in (113)
given by the particular case, or to a contradiction of the definition of a steady
state. Hence, only case (iii) can occur at the myopic core, meaning that

>
C C
1—@+~§mﬁ+(y—m%-3-41—¢ﬂ=0
leading to:
Lemma A2. At the myopic core stationary state,

2 2+£)-m% -1

1—¢"=="- 115
Hence
2 (2+¢%) -m¥-1
=l : 116
2 c C
= — - (1=-m =2+ =) m”+1
C-(1-mS |2 2
where
0<gp' <1 (117)
We can prove (117) as follows. Since m? , = ﬁ < m?, (115) means that
2

1 —¢* > 0 and thus ¢* < 1. By the following reasoning, it must also be the
case that ¢* > 0 at the steady state. From (108),

Forie A, je B: for j €'y, when ¢, = p* foralli € A:
C
mgj:(l—mB)-Qg(mS)-{1—(2+5)-m3 +(1=—mP) = —L . ¢

Since m” > m® and (53) imply 1 — (2+ §) - m” < 0, it follows that 7, < 0
whenever ¢* < 0, which is inconsistent with the steady state condition (92).

Hence, whenever we have a solution for the steady state, it follows that ¢* > 0.
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Furthermore, we can readily confirm (please refer to Section 8.4.4 in the
Technical Appendix) that setting d;; = J;; given by (112) and using 1 — ¢*
given by (115), dynamics (107) yields

i, =0forallic A, j€ A, j¢Tia (118)

as expected from (90). In dynamics (106), setting 1 — ¢, = 1 — ¢* and using

(115), we can also confirm (please refer to Section 8.4.4) that

fori, 7 € A, j€Tl;4: once mfj < m?, then

d

my; < m® forever after that time (119)

as expected from (91). Likewise, in dynamics (109), setting 1 — ¢, = 1 — ¢*
given by (115), we can show that

fori € A, jeB,j¢T;p: once mfj > m?P, then

m?j > m? forever after that time (120)

as expected from (92).

Notice that since C is defined by (22), ¢* given by (116) involves another
unknown N*. The other relationship for determining ¢* and N* simultane-
ously can be obtained from another steady state condition, (92), as follows.

Setting ¢, = ¢* in (108) and arranging terms yields:
Fori e A, j € B: for j € I';g,
C
cd B S B B
mi; = (L —m?7)-2g(m )-{1—(2+5)~m +(1-—m )Emgp
P (=) — (L= w5 )

where ¢* is given in (116). A necessary condition for a steady state at m;-ij =
d B

m; =m ismszofoerFiB,or
C C1—%n
1= (24 5)mP +(1=mP)- G oL = mP T+ ) 6

An immediate implication is that §;; is the same for all j € I';5, and hence:

J— (p*
N*

05 = forall j € I';p (121)
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Thus, using (22),

C C 1—%
1—(24+ ). mP 1—mP). = . L.,
@+ 5)m’ o (L=m?) S
= m" =)+ (1= —mP ) —
= P T () (L )+ (L)
Yol 1— o
mP (1= g+ (1)
C,. 1—p*
— (1—mB B Y\
(I—=m”+m 2) N
In short,
C C 1—-%
1—-2+=) mP +(1-mB).- = . —L .o 122
? 1— "
— 1 — B B X\,
(I=m"4+m 2) N
implying that
1— B+ le_ *
N* — ( Cm Bm Q)B( 0901)4 * (123)

Now we consider two cases. Either setting ‘C=Cin (22) for N* > N,

1 —mB B.Q.l_ * —

1-(2+%) mB +(1—mB)-%~;—Zy~g0*

and
. 2 2+%)-m% -1
C 1—mS

or setting ‘C =T N*/N in (22) for N* < N, and then solving (123) for N*:

— 1—m?B

N> N*= — Bmc — *

1-=2+3) mP +(1-mP) 5 -2 ¢ =5 - (1-¢)
(125)

and
2 (2+5)-mS-1

=1-— = . 2 126
¥ ol TR (126)

N
In the first case, substituting for ¢*in (124), the solution is represented

explicitly by (127) in Lemma A3 below. In the second case, we have two
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equations in the two unknowns ¢* and N*. Substituting for ¢* in (124) and
solving the quadratic equation for N*, we can obtain (128) below:

Lemma A3. At the myopic core stationary state, we have that

N* = E(m®,m%) when E(m® m%) > N (127)
where
2+<)mS—1
Em® ) = R S e
’ - _ (2+%)mS—1
1@+ §)-m +(1-m?)-§ 13- (- & B
or
N* = D(m®,m®%) when D(m” m®) < N (128)
where
m-,m = m-,m” )+ me,m + J(mZ,m
D(m"”, m?) H(m", m®) +/H(mB,m%)? + J(mP, m%)
B By.C 7.1-7] @+§)m5-1
2 [1—(2+§) mB + (1 —mbB)- < ;—g]
2N By (2+5)mS-1
J(mP,m®) = T A-m7) R
) = c c 13

Hence, (127) and (128) together define N* consistently.

Having determined all the endogenous variables (as functions of the exoge-
nous variables) at the New Eden, we now proceed to show that the New Eden
is in the myopic core. In general, the myopic core path will depend on initial
conditions, but here we focus on the steady state at the New Eden. Obviously,
we can fix a time ¢ and examine payoffs for agents at that time since agents are
myopic. Fix an agent i. Much of the work in this subsection has been to show
that, starting at the New Eden state, if person i can choose {d;;}3Y, where d;;
is set to §;;, they will choose the New Eden. This immediately implies that
no one or two person coalition can do better than the New Eden at a given
time ¢, as y; is independent of person ¢’s choice variables, and the selection of
{0:;}3Y, to maximize g; is optimal for each person i. More generally, we must

consider larger coalitions. Recall that this is a non-transferable utility game;
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side payments are not allowed. Notice that the calculations deriving the New
Eden all include the public knowledge transmission externality terms. Thus, if
person ¢ could be dictator, they might for example wish to change dy; for some
k # 1, 7 # 1 in order to increase person i’s own payoff due to a change in the
public information transmission externality. However, due to the symmetry of
the solution (that is derived, not imposed), this would clearly lead to a loss of
utility for both persons k and j, who would then decline to join the coalition.
Since this is true for every person, and the New Eden is a feasible strategy, it
is not possible for any coalition to do better, and thus the New Eden is in the
myopic core. Summarizing the argument in this paragraph:

Lemma A4. The New Eden stationary state, described in the statement of
Proposition 2, is in the myopic core.

In order to show that the set of parameters generating a New Eden is
nonempty and open, consider the point a in Figure 7, corresponding to the
parameters given in (67) and (68). The point @ is in the feasible domain.
Now, let us change the chosen parameters given by (67) just a little. Then,

the supreme iso-N* curve from (57) and the m?,,-line from (50) shift only a

aut
little. Thus, point a in Figure 7 remains inside the domain of a possible New
Eden. Therefore, when we change parameters 7 and ¢ marginally from (68),
the point a moves only marginally, remaining inside the feasible domain for a
New Eden. From this observation and recalling Lemma 3, we can conclude
as follows:

Lemma Ab5. There is a nonempty, open set of erogenous parameters for
which there exists a welfare improving myopic core stationary state.

Putting together Lemmas A1-A5, we obtain Proposition 2.
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8 Appendix 3: Technical Appendix

8.1 Appendix a: Derivation of Equation (12)

Using (3) and (11),

CLij/Q
n;
_onYoay/?
on; ni
L B - ()
— /Bmc m +m
1-0
R R
1—m§l2-
= G(mfj,mi)

which leads to (12).

8.2 Appendix b: Derivation of Equation (74)

From (26) we have:

Fori € A:
7;li a; Qi [ Qi
PSR SU R A DL —7
¢ jeA i JEA i
~ Ipp [AB a; a;
oty e e,
v jeEB i jeliB M
a;; a;j Taa
= (1—M'U)'(Z5ij'#) Z‘Sw e
jeA ¢ jeB T ¢
~ IBB ~ IAB azg
SR R R IR )
jerzB
(077 A;4
= (1—#'77)'[5z‘z";+Zsz‘j'nl]ﬂL(l—#77 > b -
¢ JEA_; ! jeEB !
a a Ajj
e e S (3 30 e /2= by
keA " keAleA_y jEA L
_ akk 075
+/L‘?7‘[Z5kk' Zzékl n)/z]
keB keBleB_y v
~ a a Qi
O oSt TN  PAETI )
kcA leB k€D 4 l€T; jelip i
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_ (l—u-n)-[éu-al”r PRIE ‘:{']+(1
JEA ‘
e [ G S (3T Y b
ke A i Mk kEAlEA
- [ O Z—’:~%+ Q> > du
keB kEBIEB_y
+-m ZZ(M Ik akl
kcA leB i
+7 (Y Z%z'n—%'%— >
kel 4 lel;p i T jelip
— (1_/~L T] zz e Z 523 ZJ’ ;il)]
JEA_;
+u-n'[z5kk'%'@+<z > b
keA i keAlcA_y, i
e (e (3 a2
keB i kEBIEB_y, ‘
[ o % 7+ 2G (mjy, mi)]
keA leB '
[Z Z 5kl'n—%'7'2G(mgzymfk) -
k€l;a l€T; 5 T J

which leads to (74).
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N Qg

LAY

o nk>/]
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IRl 2

o, m)/]

)

-G (mil’ m?lk))]

Z (Sij'T 2G (mfj,md)]

mj;)



8.3 Appendix c: Derivation of Equations (76) to (79)

In order to calculate m - by using equation (75), we first obtain nfj fori e A
and j € A. Using (30) and (11), we have

Fori € A, jeA:
g Q=m0 bucan (1—7-n)- Y S - an

for i € T, Nij _ keA_; i keB
STRRCRN Y ik (l_ﬁ.n).kzlgdik.aik
i €
= (—pen) [P+ D0 da Gl -t
kEA_fi )
612 a - nz n; Qi n; Qg
= 1—u- . 51 C— 52 — .
) PSS g B G g
keA_i 1y keB
n; az al
= E (1_lu 77 m o+ Z 51k k Zélk i
keA_gi 5 keB

= (1 — m?i) (X =p-m) - [0+ Z ik - QG(m?ka mil)]
kEA_{,-ﬂj}

+(1—m-n)- Zdik T 2G(m§lka mii)}

keB
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Fori € A, jeA:
v (I—p-n)- > ik air (I—7gi-m)- > Ok - aw

_ L kEA_; kEB
fOI‘ ] ¢ F1A7 nij - nij + nij
- (In, = Yoger,, Oik - Gir)
+ i
n
( —Hn) - Y Gik - Qi
(5“ o - nZ am
= (I—pn)-[F——+ D b =
n4
kEA_1i 5}

Opi - a D ket Oik " @ik
— KOOkl 2aikelyp
u(zz7m W

kel;a lel;p

(5“ o nl n;  a; i Q5

keA_ {i,j} keB n
n; Nk ag n; Gk
(X el 2m7-)
(kel“m I€T; 5 (R kel g neon
N B ik ~ Qi
i A AR D DR e R TR R DL s
keA_ {i,5} keB
(Z Z 5kl Y 2G(mkl,mlk Z 5zk T QG( zkamgz))]
kel lel;p kel'ip
= (1 — m?i) : (1—p-n)-[05-a+ Z i - QG(mfk, mgi)]
kE€A_1i5)
A =Fin) Y b7 2G(m?k,mi,->}
keB
g
W' (Z Z Ok - e T 2G(mklamzk Z ik - T+ 2G(m zk?mgz)>]
kel lel;p ¢ kel';p
Similarly,
Fori € A, je A
hd

for j € Tya, i. (1 — ”) e (l=p-n)- [0 a+ Z djk - ZG(m?k,mgj)]

keA_gi 5y

+(1—7-n)- Zéﬂf T QG(m;'immij)}

keB
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n (2
n_zj = (1 - m?j) : (L= p-m)- 165 o+ Z 0 - 2G<m?kamgj)]
kEA_{i 5

+(1—71-n)- Zéjk T 2G(m§’k7m§§j)}

keB

+ 7DD D G = 2G (g miy) = Y G T 2G(my, mi)

keT;4 €T, kelsp

Next, we obtain nf; for i € A and j € A. Using the second equation in
(28) yields

Fori € A, jeA:

. nc 5a IAA Qs ~ -[BB ~ IAB
AL RV el .m. _ 8. .Y M. .n.
fOI'j ¢ FzAa nii nii T pem (nij 62] TL”)+M Ui ij T Qe ni
5kk akk Gkt Qi
— A pataid _ 8., Y
= | (55 g )
keA keAleA_y
_ 5kk Ok Ol
R DO Rl DD PR
keB keBIEB_y,
Akl
YD 0w
k€A leB
n; Qg 5kk'a'nk O n;
—k
~ (5kk « - nk Al
W) SEURIN S 3 DRI BE
keB keBIEB_}, k
Clkl
i) ZZ5m g
k€A l€B
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Thus, using equations (2), (3), (12), and (11), we have:

Fori € A, je A

5 C

. M5 i
for J ¢ FiA? E = 51] : (1 - ) QG(mzj7m]z +H’ U ZCSkk‘ a -
keA
n; N 1
—I—Z Z Ok - el G (m,mfl) — 6 - el QG(mZ,mi)
keAleA_, v
g N ny Ny d
Zékk'a'ﬁ‘n_i‘i‘z Z 5kl'%'n_i'G(mklamlk)
keB keBIEB_y
n; N
+en ZZ%I v 2G (mglam?k)
keA I€B

Ny N d . d
+ . . - —_
peen Z‘Sk’f - ﬁZ Z 7 ; G (i, miy,)
| ke kEAIEA_y |
~ N 2 d . d
+10-n- O - v+ — Opy » — - ,
peen Z L +Z Z L G (i, miy)
= kEBIEB_y, |
TS a2 )
kEA IEB
Likewise, using the first equation in (28) yields:
For: € A, jeA:
- T 0y ay cfaa o wy o Tes o
forj € D, 5 == tun (o =0y )+ —= + e

Thus, following similar logic, we obtain:
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. oy d
forj € Dia, 5= (1—mj)- (1—p-n) - 8y - 2G(m m?)

n
| keA Y keAleA_y v
~ n |
+u-n- Z(skk'@‘n—%+z Z 5kl‘%'G(leamfk)
| keB v keBleB_y ¢
—i—ﬁ'??';lZB:(skr%'T'QG(mZz,mfk)
€A le ¢

WX Y 220 (o)

kel;a lelp
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Putting everything together, we have:

For 1

for

A, je A

hd e hd
ot = (1=md) . 2L _gpd [ 2L
L, my; (1 mij) i m;; <4.+ )

n4 n4

(L =m) (@ =mG) § L= p-n) - -t Y b 2G(mi, mi)]

k€A_ti 5y

T —a-m-zaik-f-zmmfk,mz»}

keB

—ng--u—m;a){ (1= o) 8- 26 )

| kea i hcAia, i |

+i-n- dek~a-%+z Z §kl'@-G(mgl,mfk)
| keB i CBIEE 4 i |

+i-m- ZZ%Z — 172G (mkzamldk)

kcA leB
+W Z Z 5k:l —_— T 2G (mkl,mfk)}

k€T 4 l€T;p
kEA,{i’j}
I S 2G<m;-lk,mzj>}
keB

This yields equation (76).
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For 1

for

A, je A

hd e hd
ot = (1=md). 2L _gpd [ 2L
L, m; (1 mij) i m;; <4.+ )

n4 n4

(L=m{) (L =mf) S (L= p-m)- [ -t Y Gu- 2G(mi,mi)]

k€A_ti 5y

HA—=Fen) - Y O - 7 2G(ml, mi,)

keB

wen
n
( Z Ot - n]j 7 2G(mfy, mik) — Z dit - 7 - 2G(m zk,m%))}

kel 4 lel;B kelip

—mg; - (1 —mf,) { (1= p-m) - 635 - 2G(mf;, m)

+u-n- Zékk-a-ﬂ+z Z 5kl%G(mzl,mfk)

keA keAlecA_y ¢

+i-mn - Zékk'a-%—i—z Z 5kl%G(mgl,mfk)

(2

keB keBleB_y ]
+ien- Z Z Opt - — -7 2G (mkl> m?k) }
keA leB

REA_ (i)

HU =7 )Y Gk T 2G(mSy, mi;)

keB

kel lel;p kel';p

This gives us equation (77).

Next consider the case i € A, j € B. Using the first equation in (31)
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yields:

For 4

for j

A, jeB:
a M=) X 0mean (L—mem)- D0 G- ap
N heA keB_,
FiB: . = + —
n nv
(:u n— /’L 77 [AA - Zdw az]
+ e
nt
. (1 =fm)- > G- a
~ i Ny Ak keB_;
(1—H'77)'[T+Z5m n”]+ v
keA_;
i) |30 O
pe-m =@ i
keA
akl 0ii -y ZkeA—i Oik * Qi
DI IS /2 - S - -
n nv
kEAlEA_y
~ zz Qe nz n; Qi ~ Qi
(1—7i-n)-| Z‘s“ﬂ'ﬁ'n]Jr(l i-n Z(glk._,n
keA_; ¢ keB_;
~ 5kk N
- —fim)- [ZT
keA
Nk Ak 0ji - @+ n; Qg
D D) P SR
keAleA_y keA_;
n; a/zk‘ azk
keA_; keB_;
+(p-n [Zékk a—
keA
DD b B 2 Gy 3 G
kEAIEA_,, T Tk kEA_; ni

keA_;
+(]‘_ ' Z 62]‘3 T ZG( zk?mkz)
kGB,j
~ T
e —Fem) - | o a—
kcA v

Nk
+Z Z Okt - mkl»?gbﬁjk) i 0 — Z Sin - 2G (M, mi;)

keAleA keA_;



Similarly, using the first equation in (32), we have:

Fori € A, jeB:
2.

. n ~
forj € Iyg, E =(L=mb) - SA=Fn) [+ Y G- 2G(my,mi;)]
kGij
H(L =) Y - T 2G(my, mi)
keA_;
+(p-m Z(Skk Oé
keB
—i—Z Z Spt - — - G(m,mik) — ;5 - a — Z 5jk-2G(m?k,ij)
keBIeB_y keB_;
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Next, using the second equation in (31) yields:

Fori € A, jeB:
nd. (L—p-m)- 32 - an (L=k-m)- > - au

] U Y ked keB_;
(:u n— M 77 [AA - Zém az] —
+ _ jeA X wo- ([Fi - Z@erm ik - aik)
n4 n4
(1—ﬁ'77)' > ik - Qi
_ ~ Qe nz azk keB_;
= (i) [ + > O g
keA_;
Hpen i) z—ék'f'“k
fhom = "
keA
akl 0ii -y ZkeAﬂ' Oik - ik,
T DS S PR P k
nt n4

keAleA_y

7) ) (Zkel“m ZZEFZB Okt + Qg — Zkel“ iB ik - aik)

~ Qo TLZ n; a; ~ a;
= (1—M-77)- Z5zk.f._’€]+(1 in Z(gzk._, k

ny n;
keA_; keB_;
~ 5kk N
e —pen) - |y —
keA
N Qg dii - Q- my i Qik
E E 5kl'7— /2——i. - E 5ik'7—
nv ny n nv n;
keAleA_y keA_;

+ 7 (Y Z(skl.%.z_’:.%_ Z(szk."_i].%)

kelia lelp

=g D a4 [ D) b ﬁ% /2= 04— Z&k Sk

keA keAleA_y keA_;

kel; 4 lel;p
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= (1 - m?i) S (L=p-m) - [65-a+ Z ik - 2G(m§lk7mgi)}

keA_;
+(1—=p-n)- Z Oa * T+ ZG(mgIcamZi)
kGij
+(p-m Zékk 04
ke A
n
+Z Z St - — G(migy, mfi,) — 6 - a — Z 0, - 2G (mih, mi;)
keAleA_y keA_;
Z Z Op - — - 7 - 2G(mify, mi,) — Z Oir, - 7+ 2G(m zkamZz))}
keTl;a leTsp kelip

Similarly, using the second equation in (32), we have:

Fori € A, jeB:

2.
. n ~
forj ¢ Tg, ﬁ (1 — Z]) s (X=p-n)-[0j-a+ Z djk - QG(m?k,mgj)}
kGij
+(1=7m) - Y G- 7 2G(my, m)
keA_;
~ ng
=) D Ok a—
keB J
n
Y T G by Y - 2G )
keBleB_y, k‘EB,j
Z Z Opt - — -7 - 2G (mify, mjy) — Z dji - 7+ 2G( ]k’ij))
kJEF iA ZEFJB kEF]B

Next, for i € A and j € B, we calculate n;. Using the second equation in
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(29) yields:

Fori € A, jeB:

S C

. g Aij  ~ Okk * ik akl
forj ¢ FiB»ﬁ—5ij'E+,“'77' Zn— ZZCSM /2

keA keAleA_y
(5kk Clkk: Ol
-m- il 9
R D erabl DD DR T ¥
keB keBleB_y,
—~ gl 5
tuemn- E E Opt* —= — O = —5
n n
| kcA l1eB
N Qg ~ n;, o- nk n; N «ag
nvy  n,; n nv n; ng
keA k€AlcA_y
~ n;, o- nk n; MNg ag
e E Okk * = E E Opt* —=—+— ] /2
nJ nvy n; N
keB k€EBIEB_y,
~ Z Z g Mg Gkl g Gy
nv n; ng nv  n;
| ke A leB

Thus, using equations (2), (3), (12), and (11), we have:

Fori € A, jeB:

nC ~
fOI'j ¢ FiB; % (1— jZ).{ (1—,&77)(5 - T - QG(mU,md)

o | S TS 60 G )

| keA i AEa, i ]
_Hj-n- Z(Skk - %—I—ZZ%Z%G(mzbm%)

| keB i LcBiEn . i |
+0-n- ZZCM — - 7-2G (mklam?k)}

keA l€B
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Likewise, using the first equation in (29), we have:

Fori € A, jeB:

S C

M5 Qij Ok - akk akl
. 1] 1) ~
for j € FiB»ﬁ:5ij'ﬁ+N'n' E n— E E Okt - /2
kcA kcAlcA_y
~ (5kk Clkk: akl
AR DB e b DO DR
n]
keB keB I€B_y,
[ —>
. 3 e Qjj 1 (I, — 0y - aij)
n+ nt n4
k€A leB
N Qg ~ n;, o- nk n; "N akl
nv” n; nJ nv n; ng
keA k€AlcA_y
~ ni Q- nk n; N QA
n” nv n; ny
keB keBleB_y,
2 :j : n;  NE Gkl ng Qg
nv n; ng nv  n;
| ke A leB
n;,; nNgp a n; a
— j : z : ) k kl 7 ]
nY n; ng nv n;

kEFiA lEF,:B
Thus, using equations (2), (3), (12), and (11), we have:

Fori € A, jeB:

e

ng R
for j € FiB,n—i;:(l—m;li)-{ (1—7i-n) -6 7-2G(m¢ md)

2]7

e Zfskk'a'%JFZ ) 5kl'%'G(le’mfk)
= i cAia, T ]
e 251@1@'@'%4‘2 Z 5;@1-%-G(mil,mf,€)
= i CBiEn . i |
+7-n- ZZ%Z -7 2G (migy, mi)
kcA I€B

kEF'LA ZEF'LB

Z Z O - — -7 2G (mkl,mfk) 0ij - T 2G (mw,m;iz))}
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Therefore, putting all of this together, we obtain:

For 1

for

A, jeB:

- d - c - d
) pd _d) . M pd | W T
FzB,mij—(l mij) i m; (..—{— )

n’LJ n’L]

(1=m{) (1 =mf) S (L=Fi-n)- [ -+ Y G- 2G(miy,, mil)]

keA_;

+(1 =) Y b 2G(my, mi) + (- [Z‘Skk oa—

keB_; keA

+Z Z Op - — G(mzhmldk) — 04 (v — Z 5ik'2G(m§lI~camZi)

k€A IEA_, keA_;

’L]’

—m¢-(1—m¢){ (1—=17i-n)- 65 -7 2G(m;, m%)

e |3 G 4D ST G 1 G (i )
| keA b keAleA ‘ i
| keB ' keBleB_, ! i
+-n- Zzékl — -7 2G (mfy, mfl,)
keA leB

+W(Z Z(skz'n—’f'T'QG(mthﬂ)_aj T 2G(mw=m§ll>)}

n'l
kelia lelp

kJEij

H(L=Fem) e D e T 2G(m mi) + (e — i m) - [Z5kk'0&f

keA_;

n
£3N b B Gt — 80— 3 Gy 26, i)

keBleB_y keB_;
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and that gives us (78).

For 1

for

A, jeB:

- d oc - d
cd _ (1 _oodY g d [ g ji
FiB,mij—(l mij) T M (..—1— )

n’LJ n’L]

(L —m) (L —mG) S (L—fi-n) - [0+ Y b 2G(mi, miy)]
keA_;

HA =) > G- T 2G (i mip) + (1 [Zékk a—

kGB,j keA

+ Z Z Opt - G(mzl,mldk) — 0 - v — Z ik - QG(m?ka m?ii)

kCAICA_4 keA_;
d
E E Ok — T+ 2G(mklamzk E Ok - T - 2G(m zk’mkz)>}
kel; 4 lel;p kel';p

_mfli] ’ (1 - m;lz) { (1 - ﬁ ’ 77) ’ 61] T QG(mz]7md)

| keA i A I€A_, i |
e Zékk-a-%+z Z 5kl'E'G(le’m7k)
| keB i eBiEB., ‘ i
+i-m - ZZ(SM — . 7-2G (mkhmlk)}
k€A leB

—mf - (L=m&) - S (L=Ti-m)- [0 a+ Y 6 2G(msy, m))]

kJEij

H(L=Fem) - D> e T 2G(mG mi) + (e — i m) - [Z5kk'af

keA_;

+ Z Z Oki - G(mil,mfk) —0jj-a— Z Oj - 2G(m(;k= mzj)

keBleB_y keB_;

Z Z Ol - — " T- QG(mklumlk Z O - T+ 2G( ]k’mz‘]))

k}EF]A lEF]B keF]B

and that gives us (79).
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8.4 Technical Appendix for Proposition 2
8.4.1 Derivation of Dynamic Equations (105)-(109)

Focus on i € A. We will write down the dynamics of n; and m‘fj associated
with equation (103). Setting

5y = 0 (129)
5y = Ofori,j€A, jeliy (130)
5@']‘ = 0f01‘i€A,j€B,j¢FiB (131)
m{;, = mSfori,jeA j¢Tia (132)
mg, = m?i:md<m5for i,j€ A, jeETia (133)
m?j = mPforic A jeB,jelp (134)
in (85):
Fori € A:
n;
= (Y )29 (M) + (D 63) - 7+ 29 (m”)
¢ JEA jelsB
J#lia
e[ ) du) g (mF)]
kEA_; IEA_y,
i (0 Y ) g ()]
kEBIEB_},
e (Y2 6w) -T2 (mP))]
keA_; leB
T D k)29 (mP) = (Y 6y) -T2 (m”)]
kel; 4 lel;p jelip
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Now setting

Fori € A:
Yo = > =g (135)
JEA_; JEA, jETia
oy o= > dy=1-y, (136)
JjEB Jjelip
Z O = Z Or = Z O = (p* for ke A_,; (137)
leA leA_y €A, 1¢T A
Z(Skl = Z Op = Z O = (p* for ke B (138)
leB leB_g l€B, I¢Tp
Z O = Z O =1— gO* for ke A_; (139)
leB leB_y,
Z6kl = Z 5kl:1—g0* fOI‘kEFZ'A,k’#Z' (140)
leB lel';p

n;
- (N=1)-¢"- g (m”)
+i-n-N-g*-g(m®)
- (N =1) - (1—¢*) - 29 (m)

)
+B N (1= ") - 29 (m®) — (1= %) - 29 (m”)]
= 29(m”) +[u-n- (N=1)- 0" +f-n-N-¢

+20-n- (N =1)- (1 =)+ 2% - (N* = 1) - (1 = ¢*)] - g (m”)

Using (17), (18), (19), and (20):

For: € A:
i _ s N R B
= 2g (m°) +[C T " +C 5% ©
+C-(1—¢)+ C - (1=¢")]-g(m”)
~ <——
= 24C-¢"+(C+ C)-(1—¢")] g(ms)

Then using (21):

Forj e A
% = g(m®) -2+ C]

48



which leads to (105).
Next, from (86),

Fori € A, je A: forj ey, (141)
s d
T = (LemG) [t D Ga-2g(m)]
v kEA_{i,]-}
+ Z dik - T * 29(mfk)}
keB
d
—m; - { 61] 2g(mlj)
e | D ot D D b g (miy)
keA keAleA_y
- Zékk atd, D Gu-g(mi)
keB keBleB_y
—i—ﬁ-n-ZZ(Skl-TQg (mg)
keA leB

+0 Z Z 5m-7-2g(miz)}

k€D l€T;p

—m S0 at D G- 29(m)]

keA_(i ;3

+ Z Ojp - T - 2g(m?k)}

keB

Using (129)-(134) and (135)-(140), we calculate each term in (141) separately:

G-t D> dw-29mi)] = 0+ D Gu-2g(mi)+ D i 2g(mi)

k‘eA,{i,j} kel a, k#i,j keA, k%FiA
_ S
= 04+0+( > du)-29(m*)
kEA, k¢T;a
= ;- 2g9(m®)
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keB kel;p kEB, k¢l;p
= (Z Sig) - 7+ 29(mP) +0
kel;p

= (1- ) 29(m")

Z5kk~a+zz5kl-g(mzl) = 0+ Z( Z INE 2511 g

keA keAleA_y k€A_; I€A_g, 1¢Tka lEA_y

= > ¢ g(m®) +¢,-g(m?)

keA_;

= [(N=1)-¢"+¢]-g(m®)

Zékk~a+z Z 5kl~g(mzl):0+N'g0*‘g(ms)

keB keBIleB_y

ZZ‘Skl'T'QQ(mﬁz) = (1—¢)-7-29(m +Zézz 729 (m

Nll)-(l—go*)-T'29<mB)+(1_90i)‘7‘29(m3)
( ) (L= )+ (1 —)]- 729 (m")
(N=1)-(1=¢") + (1 —¢)]-29 (m*)

Z Z(Skl-T.Qg(mil) = (Z Zékl)'T'Qg(mB)

kel o lel; B kel o lel; B

= { > A-¢)+0-g)}-29(m")

kel;a, k#i
= (V' =1)-(1—¢")+(1—p)] 29 (m®)

G a+ D Gu-29(m$)] = 0+ Y - 2g(my) — 8- 29(m)

kEA,{iyj} k‘EA,j
= 0+<,0*-29(m5) —Ozgp*-?g(ms)



> b7 2g(m) = (1= %) - 729 (mP) = (1= ") - 29 (m°)

keB

Substituting these terms into equation (141), we have:

Fori € A, jeA: for jeTla, (142)
s d
my;

— = (1—m) {pi-20(m%) + (1 - ) - 29(m%)}

—m® {0+ e (N =1)- 9"+ ¢ - g (m”)
- [N g (m)]

- [(N=1) - (1= ¢") + (1= )] - 29 (m®)
+W (N =1) - (1= ") + (1= ¢,)] - 29 (m®) }
—m® - {p* 2 (m”) + (1 - ¢") - 29 (m") }

= (1—m)-29(m”)

—m® g (m®) {p-n-[(N—=1)-0" +¢]
+n N -t

20 [(N=1) - (L= ¢") + (1 = ¢;)]
20 (N = 1) - (1= ¢") + (1= @)}
—md-QQ(mS)

= (1—2md)-29(m5)
—m® g (m®) {p-n-(N=1)-0"+ p-n-¢
+in- N '
+20-m- (N=1)-(1=¢")+2u-n- (L —¢)
20 (N* = 1) - (1= ") + 20 - (1= ¢,)}
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Using (17)-(20) and using the approximations p-n-@, = 0 and i-n-(1—¢p,;) = 0,

For 7

s d

1 —md

Hence,

For 1

md

2,

where m

J

J

S

A, je A for j e Ty,

(1 —2m?) - 2g(m”)

C‘?
d S * *
_m®. D = 1. 0

+C-(1—¢")+0

A, je A forjeTla, (143)
(l—md)-Qg(mS)- 1—(2+€)-md—md- ? (1—¢,)

2 2(N* — 1) i
ml — md

which gives us (106).
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Next, from (87),
Fori € A, je A: forj¢Tia, (144)

Ty <1m;z>'{w-a+ > G2l

ij k€EA_g; jy
+ Z Oik - 7 - 29(m,)

keB
< Z Z 5kl T° 2g mkl Z 5zk T- 2g zk)) }
kET; 4 €T, B kel;p
—m?j : { dij - 2g(m%)
+u-n- Z5kk~a+z Z 5kl'9(miz)
| keA keAleA_y, ]
+-m - Z5kk Oé—i-z Z Ok - g mkl
| keB keBIEB_,
—i—ﬁ-n-ZZ(Skl-T-Qg (le)}
keA leB

mﬁlj'{[fsjj'aJr > Gk 29(m)]

k‘EA,{i’j}

+> 0 7 29(m)

(Z Z5szngkl Zéﬂcr2g ))}

kel';a lel;p kel;p
where
[}
Bi-at+ Y du-20mi)] = 0+( Y. b —dy) - 29(m®)
kEA_{i’j} keA, k%FiA
= (¢ —0y) - 29(m”)
[}

S b 7-2g(mb) = (3 5u) -7 29(m”)

keB kGFiB
= (1—¢,) 29(m")
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Z Zékl T 29( mkl Z Ok - T - 29(m @k

kel i A lel’; iB kel iB

= [ Z (1_@ 7—29 Zézl 7—29 Z(Szk 7—29
kel;a, k#i el kel p

= > (1-¢)-7-29(mP)
kel;a, k#1

= (N'=1)-(1=¢") - 7-29(m") = (N* = 1) - (1 - ¢") - 29(m")

[
dij - 29<m§lj) = i 2g(m5)
[ J
Zékk-a+z Z Oki -g(mil)
keA kEAIEA_
:0+Z Z5kl9mkl Z‘Szlg
keEA_; leA_y leA_;
= Z Z 5kl - g (ms) + Z 5il g (mS
keA_ ZGA l%FkA l6A7 lﬁériA
= > o g (m®) +¢,- g (m®)
keA_;
= [(N=1)-¢"+¢,] g (m®)
[

dek-a+zz5kl~g(mgl) = 0+Z Z 5kl~g(ms

keB keBIEB_y keB leB, zgrkB

= Y ¢ g(m®) =N-¢" g (m¥)

keB

e As shown earlier,

ZZ(SM'T'QQ (mgz) =[(N=1)-(1=¢")+(1—p)] 29 (ms)

keA leB

(G -a+ Y G- 20(mi)]l = 0+ D b 2g(miy) — dji - 29(m,)

kEA?{,L-’j} k‘eA_yj
= 0+¢"-29(m%) — §;; - 29(m”)
= (¢" —0;) - 29(m”)
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e As shown earlier,

D -7 29(m,) = (1= ") - 29 (m®)

keB

Z Z 5kl T~ 2g mkl Z 5]k T - 29 ]k)

keT;4 leT; 5 kerJB

= | Z (1—=¢")-7-29(m ZéﬂTQg Z(SjkTZg
kel 4, k#j I€T; B kel 5

= > (1—g¢)-T29(m")
kET;a, k#j

= (N*=1)-(1—¢")-7-29(m") = (N* = 1) - (1 — ¢*) - 29(m")

Substituting these terms into equation (144), and setting mfj =md =m?

we have:
Fori € A, je A: forj¢ T4,
) s s
s = (1=m®) - { (e = dy) - 20(m°)

+(1— ;) - 29(m")

+ - (NF = 1) - (1= %) - 2g(m”) }

—m? - { dij - 2g(m?)

+p-n-[[(N=1) - 9" + @] - g(m®)]

- [N - g* - g(m®)]

i [(N = 1) - (1= ") + (1= ;)] - 29(m”) }
—m® - { (p* = 8;) - 29(m®)

+(1— ") - 29(m”)

+ - (NF = 1) - (1= ") - 2g(m") }
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—m?® { &
N =) 4 )
+%-[N-90]
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Using (17)-(20) and using the approximations p-n-@, = 0 and i-n-(1—¢p,;) = 0,

Fori € A, je A: forj¢ Ty,
. d

% = 29(7”5)'{ (1—m5){ (1—6i))

+%-(1—90*)}

_|_

+
[ Q) o[Q | Q

+

+
M|QIN
—
|
ﬁ*
—_—
—

From equation (21), C+C = C, and by definition of myopic core, §;; = dj;.

Hence,

For: €
- d

1—mS

A, je A: for j¢T;a,

29(m°) - [(1 —mf)- { (1-5,)+5 —90*)}

2(m) {1—m5—<1—m5> Syt (Lm®)- S (1)
C
_ms_?ms}
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Hence,

Fori € A, je A forj¢Tia, (145)
. d S S C. s S c x
iy = (1=m®)-29(m®) - 1= @+ Sym + (1 - m) - S (1 - )
—(1=m%)-d;}
where m?j = m?i =m’

which gives us (107).
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Likewise, from (88),

Fori € A,jeB: forjelg, (146)
. d
) ]CEA,,L'

+ Y ST 2g(mb) + (e —Fiom) - | D Ok
k

EB,j keA
+> 0> e glmi) — G- — Y G- 2g(m
KEAlEA_y kEA_,

—m?j { dij - T~ 29(m§lj)

+pem - Z5kk OH'Z Z Okl " g mkl
k‘GA keAleA_y

‘l‘ﬁ'n' Z(Skk Od—l-z Z R q mkl
k‘GB keBIleB_y

+//I‘77'ZZ(SM'T'29 mkl)
keA leB

(Z Z 5kl'7~29(mil) —5ij~T-Zg(m§lj))}

]CEFZ‘A ZEFiB

—mf - Q[0+ Y G- 29(mSh)]

k‘eB_j

+ ) ST 2g(mG) + (e — i m) - [Z5kk~a

keA_;

+ 0D O glmiy) =0 a— > G- 2g(m

keBleB_y keB_;

Using (129)-(134) and (135)-(140), we calculate each term in (146) separately:

i+ + Z Sir - 29(mf) = 0+ Z Ok - 29(miy,) + Z Jik - 29(m,)

kJEAfi k‘GFlA ]{?#’L ]CEA, kéFiA
= 0+0+( > du)-2g(m%)
keA, k¢T;a
= ;- 2g(m°)
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Z Sik - 7 29(mgy) = Z O - 7 - 29(miy) — 0y - 7 - 2g(mi)

kEB_ keB
= (1—¢,;)-29(m®) =65 - 7 - 29(m”)
= (1-¢;)-2g(m®%) — 45 - 2g(m®)
= [(1 =) = di] - 29(m”)

As shown earlier,

D Swat Y D Gu-glmiy) = b= Y du - 2g(mi)

keA keAleA_y, keA_;
= [(N=1)-¢"+¢] g(m®) = 0— g, 2g(m®)
= [(N=1)-¢"—¢]-g(m®)

As shown earlier,

D Okcat+d > Sw-g(miy) =[(N=1)-¢" +¢] - g(m)

keA keAleA_y

As shown earlier,

Z5kk'oé+z Z Skt - g (miy) = N - " - g(m”)

keB keBleB_y

As shown earlier,

Do G 29 (miy) = (N = 1) (1= ") + (1 - ¢,)] - 29(m")

keA leB

As shown earlier,

Z Z5kl~7~29(mzl)—5Z~j~7'-29(m;-ij)

kel;a lelip

= [N =1)- (1 =)+ 1 =) - 29(m") = b;; - 7 29 (m")
= (V" =1)- (1 =)+ 1 =) 29(m") = b;; - 29 (m”)

dj; - o+ Z djk - 2g(m§lk) =04 " 29 (mS) =" 2g (ms)

kJEB_j
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S Gpere2gimb) = (>0 6u)-72g(mP) = (1- "~ 85) 7 2g(m”)
keA_; kel A, k#i

= (1—¢"—d;i)-2g (mS)

Zékk o+ Z Z 5kl . g(mgl) — 5jj O — Z 5jk . 2g(m;ik)

keB keBleB_y, keB_;
= [(N=1)-¢"+ 9] g(m®) —0— g, 29(m®)

= [(N=1)-¢" +¢"-g(m®) — " - 29(m”)

= (N—-2)-¢" - g(m”)

Substituting each term into (146) and setting mg, = m%; = m?,

Fori € A, je B: forjelg,

md

—5 = (1-mP){ [ 29(m")
H(1— @) = 655] - 29(m°) + (u-n—Ti-n) - [(N=1)- 9" — ;] - g(m®) }
—mB{ dij - Qg(ms)
- [(N=1) - 9" + ] - g(m®)
+i-n- N - g(m®)
- (N =1)- (1—¢") + (1 —¢,)] - 29(m”)
+0 ([N = 1) - (1= ") + (1= ;)] - 29(m”) = 65 - 29 (m®)) }
B {29 ()
+(1 =" =650 29 (m®) + (u-n—fi-n)- (N—=2)- " g(m”) }
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Thus,

(IR ST T

2

—m” {8

TN 1) )

+Q-M

e (N =1) - (1=¢") + (1= ;)]

([N =1) - (1= ") + (1= )] = 045)

e+ (11— —d5) + C n;ﬁ 77)~(N—2) " } }

= g -y {1-ay B vy

(N =1)-(1=¢") + (1 - ¢)]
TN =1 (=) + (1= )] = 0y)
+1+M-(N—2)'90*} }

By definition of myopic core, d;; = ¢,;. Using approximations M ; =0,

%-90—0 and 1i-n- (1 —¢,;) =0, we have
1—mB m) —m — 05 + 2 ( - )QO
El.N=-1)- 2N
-m { 2 @+ 5 @

Using (17)-(20), and using the approximations
(u-n—ﬁ-n)_}( C 1 ¢ 9 )z c  1-3

2 " 2\N—-1 1+57 N 1+7
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and

N-1 _ N-2
N TUN-1"
My gy 1—mpy {16, 1 €. 12T
1—mB — Ty Ty Y
-0 O A O A
2 147 2 1+79
c
= (1=t
o (L=¢)
—>
C N
o (=) (L= = 0y)
C 1-7
14— L.y
I L+~ SO}}
Using (21),
1 2g(m®)-{ (1 —m?) d1os, 4 €100
= m -—m =0+ 5T =
1—mb g IT9 18 ¥
B gl .
—mP o
{ 1+~ 7
c ;
o (1=¢)
+ - (1= — 855)
¢ 1-7
R A
Tty Ts }}
- d — —
M S B B ¢ 1-v g C 1-7
- 92 1 — —(1— S — Lt il 5
= g {1 ey Gt ST
- L ~.(1- l—p, —6i)+1+—- )
o T+ G A T ) H 14 G
Thus,
1—mP PiTe 1457
¢ 1-7 5 C 1-7
B = . PP * = (1= * ~ *
m[z AR v Rl i S i T wr i
T )
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C1-7
= o * - B —_ — B e . . *
= 2g(m”) {{1 2m (1 —mP)-6; + T3 o

C 1—-7% C
_B{_._’Y *+]

2 1+5 ¥ 2
_mB.W'(l_(Pi_(sij) }

=29(m3).{1_2m3 FA=mb) g

Therefore,
Forie€ A, j € B: for j € I';p,
C
. d B S B _mBy. = ..
mij—(l—m)-2g(m)-{1—(2+5)'m + (1 =m7) 2 1+7 4
—(1—mB)‘5ij—mB'7'(1—%‘—5@)}
7)

where m¢; = m% = m®, and g(m®) =7 g(m

which gives us (108).
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Finally, from (89),

Fori € A, je B: forj¢Tg,

.
= (1-mj) [+ Y Ga - 2g(m
mij keA_;

k‘Eij

+Z Z 6kl g(mzl) u X — Z 52}3 2g

keAIeA_y keA_;

Z Z 5kl T - 29 mkl Z 511@ T 29 zk))

kel;4 lel;p kel;p

—m?j : { 8ij - T - Qg(mfj)

+p-n - Z5kk OH—Z Z 0wt g mkz
| keA keAleA_,,

+-n- Z5kk OhLZ Z Ok~ g mkl
| keB keBIEB_y,

+ﬁ'ﬁ'zz5kl'7-29(mgl)}
keA IeB

—m; - [0 o+ Z 8je - 29(m, )]

kEB_;

keA_;

D> u-glmiy) =8 a— Y S 2g(mf)

keBIEB_y kEB_;

WD SuTe2g(mi) — > G2

kEF]'A lEF]‘B kGFjB

e As shown earlier,

0ii ~ o+ Z ik - 29(7”?14;) = ;- 29(m5)
keA_;

65

+ Z Ok - 7 - 29(mig) + (w-n—fi-n) - [Z‘Skk'a

+ D O T 2g(m) + (o — i) - [Zm-a

(148)

}



As

As

As

shown earlier,

D G- 7-29(mi) = (1= ;) - 29(m®)
kGij

shown earlier

DoOwatd Y du-glmiy) = di-a— Y 8- 2g(mi,)

keA keAleA_ keA_;
= [(N—=1)-¢*—¢;] - g(m?)

shown earlier,

Z Z Ot~ T+ 29(77”6%1) - Z Oik, - T - 29(m§lk)

= (V" =1)-(1—¢*) + (1= ¢)] - 29(m”) = (1 — ;) - 7 - 29 (m")
= [(N*=1)-(1=¢)+ (1 —p)]-29(m”) — (1 = ;) - 29 (m®)
= (N*=1)-(1—¢")-29(m°)

Ogj = T - 29(m?j) =0
shown earlier

D Ocat+d Y Sw-g(miy) =[(N=1)-¢" +¢] - g(m)

keA keAleA_y

shown earlier,

Z5kk'a+z Z Skt - g (miy) = N - " - g(m®)

keB keBleB_y

YD du-T-2g(miy) = (N 1) (1—¢") + (1= ¢,)] - 29(m®)

keA leB

St Y i 2g(mby) = @ - 29(m®)

kEB_J‘

Z 5jk'7"29(m?k) = (1 _80*)'7"29(7”3)

keA_;
= (1—¢%)-29(m”)
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e As shown before,

Z‘Skk'O‘JFZ Z 5kl'9<mgl) 0jj v — Z djk - 29(m Jk

keB keBleB_y keB_j;

= (N—2)-¢*g(m®)

Z Z 5kl T 29 mkl Z 5]]€ T- 29 jk

kEFJA ZEFJB ]CGF]B

= [(N*=1)- (1= ¢") + (1= ¢)] - 29(m”)

Substituting each term into (148) and setting m{; = m$; = m?,

Fori € A,je€ B: forj¢Tl;g,

md

l_fnd = (1-m" {y, - 29(m®)
+(1—,) 2 ( )+(u n—p-n)-[(N—1)-¢* =] g(m°)
+ - (N* — ©*) - 2g9(m®))}
—m! 9"+ g(m®)

+i-n-N-o* - g(m®)

e (N =1)- (1= ") + (1=, - 29(m%)}

—m®- {[¢" - 29(m")

+(L— ") - 2g(m®) + (-n— i) - [(N =2)- ¢ g(m?)]
+5 (N =1 - (L= ¢*) + (1 — )] - 29(m”)) }
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= 2¢(m%) - { (1—m%) {y,

+(1_¢i)+%ﬁ'n.[<N—

+@ (N = 1) - (1= 9"}

+ 1 (NN—l)'(l_SO)}

o {%.[(N—l) 0"+ @]
+¥‘N~s@
+a-n-[(N=1)-(1—¢)+ 1 —¢)]}
—m? - {[¢" N
+1-e)+ T (v —2)
PRI =) 1)+ -]} )




Using approximations M =0, 5, =0,and fi-n- (1 —¢;) =0,
have

AN =) (=) + (=) )
Using (17)-(20), and using the approximations
(-n—1-n) 1( C 1 c 7 )% C 1-7

2 2\N—-1 145 N 1+7) 2(N-1) 1+73
and
N-1_ N-2 .
N T UN-1"
cC 1-7
- 9 S 1 — dy . 1 D *
oy { =ty {10 G5
+ - (N =1) - (1= ¢")}
c 7 5 C
d * * *
- - - < - < - 1_
m{2 147 2135 ¥ Ty (=)
C 1-7
14— L.y
LRI SR
TN =) - )+ -)] )}

C 1-7
S o d D
= 2g9(m”) (I=m -1+ A

N 1) (1= )

it do. D G

m {Cl+§s0+2(1 ")

c 1-v
g 1Y
TN D) (=) (=) )






_ —
= 2g(m”) { 1—(2—!—%) m® + (1 —m?) % ;—z 4,0*—1—%'
—m* W (L)
Therefore,
Fori € A, je B: forj¢Tg,
mfj = (1- md) . 29(m5) .
_ —
{ 1—(2+§)-md+(1—md)- % ;—z cp*+%~
—m? @ (1=, }
where mgj = m?i =m? and g(m®) = 7 - g(m®)
which gives us (109).
8.4.2 Derivation of (110) and the proof of Lemma A1l
Using (94)-(102), F; defined by (104) becomes
F, = Z dij - ' ( Zj) mw—l— Z mfj
JET A, j#i JEA, j¢Tia
+ Z 8ij -7 4'( Zj) mw—l— Z (5ij-T-g’(m§lj)-mfj
j€Tlin J€B, j¢Tip
= Z 0-4¢'(m Z]) mw—l— Z dij - g'(m mfj
J€Tia, j#i JEA, j¢lia
- Z 8ij -7+ g (mP) - + Z 8ij - 7+ g (m?) -,
jeTip jEB, j¢Tip

0+ Z 8ij - g'(m®) -, + Z 8ij -7 g (mP) i +0

JEA, j¢Tia JjeliB

Z 5ij . g'(mS) . m%

JEA, j¢lia
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Using (107),

JEA, j¢Tia
= ¢ (m®)-(1—m®)-2g(m®)-

JEA, j¢Tia
= ¢'(m”)- (1= m®) - 2g(m®) -

wi-[1—<2+§>m5+<1—m5>-

which leads to (110).

c
2

Since ¢'(m?) > 0, the optimization problem (111) is equivalent to:

min Z 6%- subject to

dii| JEA, j¢T';
{0:5] 5€A, j¢ IA}jeAJéFiA

that has solution:
P
N — N*

* o

which gives us (112). Thus,

JEA, j¢Tia

JEA, j#Tia

for j € A, j ¢ Tia

©?

Z 0y = (N_N*)'(NfiN*>2

N — N*

Since N* < % at a symmetric equilibrium,

07

©?

1

< <
N —N* = N/2 = N/2

Thus, for N large, we have

and thus
F; = g'(m®)-(1-m®)-2g(m®)- {1 — (

which leads to (113).

C
24 =
+2
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8.4.3 Showing that the term in the square brackets in equation
(113) must be zero

(i) F1—2+5m 5+ (1—m")- g (1 — ¢*) > 0, then according to (113),
F; is maximized at ¢; = 1. In the myopic core, this holds for all 7, so

*

pr=p,=1forallie A

In that situation,

—
1—(2+§)m5+(1—m5).%.(1—@7 (150)
= 1-(2+ g)ms
2
Recall from (53) that
1 s

aut = < 151
Maut 92 + % m ( )

Hence from (150), 1 — (24 $)m® + (1 —m¥)- g -(1—¢*) < 0, a contradiction.
So this case cannot occur.

(i) If1—-2+5)m+ (1 - m") - g - (1 — ¢*) < 0, then according to

(113), F; is maximized when ¢, = 0. Since in the myopic core this holds for
all 1 € A,
p*=p,=0forallie A

Setting ¢; = ¢* = 0 in (108):
Forie A, j € B: for j € I'p,
mfj:(l—mB)-Zg(mS)~{1—(2+—)-mB
—(L=m") -6 —m" @ (1—¢" —dy) }
:(1—mB)-2g(mS)~{1—(2

+
—mP @ — (1 =mP —mP W) 6y )
+

<0

The last line follows because m? > m* and (151) imply 1 — (2+ £) -m” < 0.
From (92), a necessary condition for a steady state at mfj = m?i = m? i

mfj =0 for j € I';g, and hence we have a contradiction.
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(iii) Hence, at the myopic core, the following case must hold:

—

=0

S 1)

1—1(2
(2+ 3
8.4.4 Derivation of (118) to (120)

Fori, j € A, j ¢ I';a, using 1 — ¢* given by (115) and using the approximation
05 = ~ 0, we have from (107):

Pi
N—-N*

cd s C g (el
my; = (1 —m®)-2g(m®° {1—(2+2) (1—m)~7
el
2

= (1_7”5) {1— 2—|— m —f—(l—ms). (1_90*)}
= (1-m")-2 {I—Zm + ( 5).%.(1_90)_5_7715}
c 2 2+%)-m%-1
= (1-m¥)-2 {1—2m +( 5).7.(? 2 T )
C
< ms}
= (1 —-m")-2g(m”) {1—2m5+(2+§) mS—l—%-mS}

= (1-m¥)-29(m%) {0} =

which leads to (118).
Next, for i, j € A, j € T';4, in (106), setting 1 — ¢, = 1 — ¢* from (115):

Fori € A,je A: forjeTl;a,

iy = (1—md)-29(m5)-{1—(2+§)-md—md- —Q(N*C_D-(l—gp*)}
e Sy mS —

Sy mS —
- e frm (S0 R

Since 2+—c = m},, < m° by assumption, m . < 0 whenever md >m?... From
this, (119) follows.

Finally consider the case where the two potential collaborators are from

aut*

different regions, but not in the same inter-regional work group. We examine
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the difference between differential knowledge growth for people in the other
region who are mot members of the same inter-regional working group, as
compared to people in the other region who are members of the same working
group. We evaluate this difference at the bliss point m¢ = m®?. That is, from
(109) and (108):

Forie€ A, j,k € B: for j ¢ ;g for k € T';p

il =) = (=) 2g(m).

(1= =m” W (1 =) + (1= mP) - G +m® '?'(1_%‘—5%)}

vo| Qf

{(1—m3)-

Setting ¢; = ¢*,

where g(m®) = 7 - g(m”®)

*

= (1 —mP)-29(m®)

{(1—m3>-%-<1—so*>—mB-W-<1—w*>+<1—m3>-6ik+m3 W-(l—so*—csik)}

= (1= mP) - 29(m®):

(1_ B).z.(l_ *)+(1_ B).l_QO*_ B <5> .1_80*
T 4 TN T N — 1) N

Provided that N* > 2, (N*—1)- N* > 1so m < 1. In this case,

> <1—mB>-2g<mS>'{<1—2m3>-%<1—w*>+<1—m3>-Hp*}

> 0
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In summary,
Forie€ A, j,k € B: for j ¢ I';p, for k € I';p

md. — mf.lklm >0
J ) d—mB

Hence, once mf; = m? > mP”, then since m§ = m” for k € T';p always

follows that mfj = m? > mP forever after that time, implying (120).

8.4.5 Derivation of (56)

Substituting for ¢* from (116),

it

1—(2+g)-m3
C 1-7 2 Yol C
1_ B -~ _/7 . _1_ 3_2 Y. S 1
= T T 1) [2 L=m?) =@ 5)mt
— 2 (2+§)m -1
_ (1_mB+mB %)C’ ]\;*—mS

<—>
c 1-35 2 |C
JE— B-—a—.—a —_— _— S— —_—] . S
+(1 )2 175 G 5 1-m”)—2+ =) - m”+1
T Z-2+9 -mY-1
b Dy Bl
¢\ B By ¢ 1-7 gy ¢ 1-7
1 (2+2) m” + (1 ) 5 1+§+(1 m”) = 155
C C 1-7% C C
—mS 1=+ =) mP+1-mP). = —+2+2)-1-mP) =
we {1 G emtr - ST r @4 D) -t
p Yol T 2.2+9)
= —= 1-—mPt+m?P ) +m® - Q-—mP+rmP  —) =2
C 1-73
1—(24—=)-m”+(1—m") > 115
c 1-7 2 ‘c
1 — B ! 1 — B B X
+(1 —m") = 155 T T (I—=m"+m 2)
C 1-7%
_ S | o N, B o B ~ . - T
= m {1 (2+2) m +<1 m) 5 1_’_,’?
+(2+€) (1 —mP) ¢ ﬂ+(1—m3+m3 z) 2-(2+5)
2 c 1+7 2 C . N




which leads to (56).
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