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Abstract

This paper introduces team production into a two-sector Ricardian comparative advantage model
having two types of agents, high-skilled and low-skilled, each with comparative advantage in one of
the two sectors under self-production. A team is an organization in which one high-skilled agent
manages low-skilled workers, allowing the latter to use their manager’s knowledge, and thus resulting
in a more efficient outcome than self-production. This paper conducts a comparative statics analysis
to understand how the allocation of the high-skilled agents in a sector in which they do not have
comparative advantage under self-production is affected by team production in that sector. The
analysis provides two implications: First, team production changes the nature of comparative
advantage, possibly leading to reallocation of the high-skilled agents from the sector for which they
initially have comparative advantage to the other sector where the environment of team production
improves. Second, the likelihood of shift is limited, and, in the case of shift, non-monotonic dynamics
are likely to occur; namely, if a shift occurs, then redispersion follows.
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1 Introduction

Under globalization, the importance of regional resources as a source of comparative advantage has
been increasing for local policy makers in developed countries in promoting local development.
Global sourcing (Anfras_ef all, PIT4) has made it difficult for local economies to have compara-
tive advantage in easily reproducible activities such as mass production, because production costs,
including labor cost, are higher in those economies than in less developed countries. In addition,
it is also difficult for developed countries to have comparative advantage in skill-intensive activities
such as management and research and development, because larger cities already have comparative
advantage in those activities in the modern specialization of cities (Duranton and Pugd, 2001, 200S).

In an approach to overcome this challenge, local governments promote the matching of high-
skilled or creative workers in larger cities with local resources or workers. Whether this approach
would be effective depends on how the allocation of the high-skilled across sectors is affected by
cooperation between the high-skilled and low-skilled workers. To examine this issue, I construct a
two-sector Ricardian comparative advantage model with team production and two types of agents,
high-skilled and low-skilled. The two sectors are the global and local sectors; the former (latter) is
defined as the one in which the high-skilled (low-skilled) have a comparative advantage. In both
sectors, team production is allowed, connecting one high-skilled agent as manager to some low-
skilled agents as workers. The cost of team production is the time spent for communication between
the high-skilled manager and low-skilled workers; the benefit of team production is that the manager
can leverage her knowledge effectively in a team and low-skilled workers can use their manager’s
knowledge. From an interpretation that global and local sectors correspond to larger and smaller
cities, respectively, I introduce another form of team production in the local sector, where managers
learn about their local advantages through communications with workers. While the benefit of this
learning can be considered as a productivity gain, the cost is measured in terms of time.

Given the model, I conduct a comparative statics analysis of the share of the high-skilled in
the local sector with respect to three parameters, communication cost of team production in the local
sector, learning cost in the local sector, and productivity gain from learning, for millions of parameters
for which they engage in the global sector initially. The main result is that the likelihood of shift of
the high-skilled from the global to the local sector is limited, and even if a shift does occur, it is most
likely associated with the inverted-U-shaped dynamics of allocation of the high-skilled. For example,
a decrease in communication cost is first associated with a shift of the high-skilled from the global to
the local sector and then their redispersion from the local sector. This non-monotonicity is a result of
two counteracting forces: an increase in relative supply in the local sector, a supply-expanding effect,
due to an increase in productivity from team production in that sector; and an increase in relative
demand in the local sector good, a demand-expanding effect, due to a decrease in relative price in
that sector caused by potential entrants. When team production represents only a small fraction of

producers in the local sector, a decrease in communication cost in that sector results in the supply-



expanding effect becoming smaller than the demand-expanding effect, excess demand in the local
sector, and reallocation of the high-skilled from the global to the local sector. When team production
represents a sufficiently large fraction of producers in the local sector, a decrease in communication
cost results in the supply-expanding effect becoming larger than the demand-expanding effect and in
a reallocation of the high-skilled from the local to the global sector.

This paper is related to two areas of research: First, the model extends Garicano and Rossi-
Hansberg (2006) to multiple sectors and an additional form of team production. Second, it is related
to knowledge creation, such as Berliant and Fujitd (Z012) . However, the focus of this study is on the
collaboration between high-skilled and low-skilled agents, not between creative people.

The rest of this paper is organized as follows. Section @ describes the structure of the model. Sec-
tion B presents the policy implications derived from focusing on equilibria resembling the functional

specialization of cities. Finally, Section B concludes the paper.

2 The Model

2.1 Environment

I consider a Ricardian closed economy with two competitive sectors, global g and local ¢, and two
types of agents, high-skilled /# and low-skilled /. ¢ agents have a comparative advantage in ¢ sector,
the relative price of good, denoted by p > 0. Production is specified as problem solving: Given one
unit of time endowment, each agent draws one problem per unit of time, each unit associated with
some level in (0, 1) of knowledge required to solve the problem. An i agent’s level of knowledge in k
sector is denoted by k; € (0, 1), and the law of large numbers implies that the sector-g (-¢) income of
i agents is given by g; (p{;) under self-employment. I assume the following absolute and comparative

advantages: g <[ < gpn; ¢; < {p; and g;/¢; < gn/ln. The relative supply of [ agents is fixed at p > 1.

2.2 Team Production

In both sectors, team production & la Garicano and Rossi-Hansberg (2006) is allowed in addition to
self-employment. More precisely, the economy has one common and one ¢-specific form of team

production.

2.2.1 Common Form

In a common form team in sector k, one h-agent manager and n; [-agent workers constitute a team.
First, the workers draw and try to solve problems by themselves, implying that (1 — k;)n; problems
are left unsolved. Second, the workers pass (1 — k;)n; unsolved problems to their manager with

communication cost ¢, per unit of problems. Finally, the manager guides the workers on how to fix



those problems if she knows, and the workers solve the problems. Thus, the team as a whole can
solve kpny problems. The manager’s time constraint determines the team size, ny = 1/[cx (1 —k;)].

In this study, I focus on a case in which communication cost ¢ satisfies

8h—8I 1 ly— 1

5 1
a(l—g) p(l—) M

<cg <

p(1—g1)

implying that team production is more productive than self-employment, and that / agents have no
bargaining power in wage determination. Given this assumption, 7 managers exploit the rents of their

teams, given by the zero-profit condition.

2.2.2 /(-specific Form

With an /¢-specific team production, an # agent can invest her time (in addition to communication
cost) to raise her productivity from ¢, to a¢,, where a € (I,Eh_1 ). This can be interpreted as follows:
h managers can apply their knowledge suitable to activities in g sector to the ¢ sector and still earn
income more than / agents do. However, on learning about the local advantages such as scenery, cul-
ture, and history, the quality of output increases further. Rather than simply designing a conventional
building in beautiful scenery, designing a building in harmony with such nature makes the place more
valuable. The time cost of learning is specifically given by the iceberg-type cost T > 1; that is, with
learning, passing (1 — ¢;)n; unsolved problems in a team would cost the manager Tcy(1 — ¢;)ny units

of time.

2.3 [-agent Choice

2 income levels are equalized

Since [ agents cannot become managers and have no bargaining power,
across self-employment and workers in teams in both sectors. The resulting environment is exactly
the same as in a simple Ricardian model; that is, letting p; = g;/¢;, [ agents choose g sector if p < p;
and ¢ sector otherwise. This optimal choice implies that the wage rate w; of [ agents can be given as

follows: w; = g; if p < pj, and w; = p{; otherwise.

2.4 h-agent Choice

In addition to self-employment, & agents can become manager of a team in either g or £ sector.
In addition, if an & agent chooses to form a team in ¢ sector, she must also choose which type of
team to form. For notational convenience, let g; and ¢; denote self-employment in g sector and £
sector, respectively. Also, let g, £,,/, and ¢,,/, denote a team in g sector, a team with learning in ¢

sector, and a team without learning in ¢ sector, respectively. Therefore, & agents choose any one of

2 The former is not an exogenous assumption. That is, although  agents can form a team, there is no productivity gain,
and so no agents would be willing to participate in such a team.



{8s,25,8:44),4y)0}- Note that for a chosen form f € {g,¢,,/,¢,,,} of a team, productivity zy and team
size ny are determined implying that the wage rate wy, s of i manager is given by wy, r = (zy —wy)ny.
Since the wage rate wy, y of managers depends on the wage rate w; of [ workers, which in turn

depends on the relative price p, h-agent’s choice should be discussed conditional on p.

2.4.1 Indifference Curves: p < p;

If p < pj, the wage rate w; of [ workers can be given by w; = g;. On account of comparative advantage,
h agents choose g; if their choice is self-employment. However, note that g is never chosen by &
agents when p < p;. This is simply because wj, ¢ > g4, which holds under (I).

Therefore, h agents are effectively faced with three options: g, ¢,,/, or £,,/,. The following equa-

tions are associated with the indifference curves:

paly—gi plh—gi g t—1
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For notational convenience, let py, b/

curve associated with £,,) ~ £, /,. In a similar manner, I use similar notations for the other cases.

denote the relative price corresponding to the indifference

When emphasizing that the relative price is a function of some parameter 0, I use an expression such

as pfw/w(fw/{, (e)

2.4.2 Indifference Curves: p > p;

If p > p;, the wage rate w; of [ workers can be given by w; = pf;. On account of comparative
advantage, h agents also choose g; if their choice is self-employment. In this case, preferring g to g
is not necessarily the case since their choice depends on the relative price p.

Therefore, h agents are effectively faced with four options: g, g, £,,/, or £,,,. The following



equations are associated with the indifference curves:
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3 Results
3.1 h-agent Choice in (8, p) Coordinates
Assuming that the initial parameters satisfy
1 <cg(1_gl)+C€(l_£l>£h£—l£l’ (11

h-agent’s choice can be summarized in (8, p) coordinate,*® where 0 is any one of three parameters of
interest, learning cost t (Figure [I-B), productivity gain a (Figure ), and ¢-sector communication cost
¢¢ (Figure B-6). In case of 7, three patterns exist: Pattern 1 (Figure 0), where ¢;/c, < c]; Pattern 2
(Figure ), where ¢//c, > ¢} and %, > 1; and Pattern 3 (Figure B), where ¢//c, > ¢} and %, < 1. In
case of ¢y, there are two patterns: Pattern 1 (Figure B), where ©; < 7, and Pattern 2 (Figure B), where
T< 1.

Under the above assumption, there exists a range of g of some positive measure in (8, p) coordi-
nate. The condition can be rewritten as pgg, < pg,~1,

w/o
and (M), respectively. By imposing the above assumption, I focus on a “severe” situation for ¢ sector,

, where pg, and pg ¢, are given by (I0)

w/o

in that the shift in s-agent’s choice from g sector to £ sector is not smooth.

3 Under condition ([T, there is a region of self-employment in sector g, that is, g, in (8, p) coordinate. This implies that
as the relative price p of sector-¢ good increases from a sufficiently low level, although / agents choose team production in
g sector eventually, they might choose self-employment in g sector for some intermediate level of p. Therefore, condition
() introduces a disadvantage in shifting the high-skilled from g sector to ¢ sector. This allows for considering the effects
of a decrease in T and ¢y and an increase in a in shifting the high-skilled in a severe situation.

4 The definitions of thresholds are given in Appendix BT I-A T3,



3.2 Relative Supply Curves

Given h-agent’s choice in Subsection B, the shifts of the relative supply curve of ¢ good for decreas-
ing T, increasing a, and decreasing ¢, are obtained as shown in Figure -0, Figure [1-I4, and Figure

[[3-21, respectively.® For ease of exposition, the lower and upper bounds of (t,a,c,) are omitted.

3.3 Numerical Experiment
3.3.1 Equilibrium of Interest

In this study, I focus on the simplest case of agents’ preference specified by a Cobb—Douglas function
with expenditure shares o, and o of g and ¢ goods, that is, 0,z + 0y = 1, implying that the relative

demand for ¢ good is given by op~!

, where o = aiy/o, > 0. Depending on the ratio o, various
equilibria can be obtained, and hence there can be several “dynamics” of £-sector share A, in & agents
when 7 or ¢; decreases or a increases.

Therefore, I focus on the equilibria with the following properties: First, o must satisfy

B

o pee(l—g)—1] <a<[pcg(1—g1) —1][1 —cgo(1—g1)]. (12)

Second, the equilibria must hold such that max{%,,1} < T, which is equivalent to 1 < a < d, given
that T> 1;0r &1 < ¢ if f1 <Tand ¢, < ¢ otherwise.

In this type of equilibrium, where the equilibrium relative price of sector-£ good satisfies p; < p <
Dg~g,- all h agents are initially g-team managers, whereas / agents are either employed by those man-
agers or self-employed in ¢ sector. To some extent, this captures the functional specialization of cities
(Duranton and Pugd, P00Y), in the sense that production in the 2nd-nature industries, corresponding
to g sector, features organizations where the high-skilled specialize in skill-intensive activities and the
low-skilled specialize in less-skill-intensive activities under supervision from their headquarters.

The possible scenarios of the dynamics of A, are illustrated in Figure Z4-B8. For decreasing
T, increasing a, and decreasing c,, Scenario 0-4, Scenarios 0-1 and A1-A2, and Scenarios 0-4 and

C1-C6, respectively, apply.?

3.3.2 Results of Monte Carlo Simulation

Finally, for each of the three parameters of interest, I conduct Monte Carlo simulation, where one mil-
lion samples satisfying (), (IT), (IZ), and max{%,, 1} < T are generated at random, and a comparative
statics analysis is conducted for each sample. In this experiment, the upper bounds, p and T, must be
set for the relative supply p of ¢ agents and the learning cost T, while the above conditions give the

other restrictions to the parameter ranges. ? T then compute the share of each possible scenario in the

5 The definitions of the relative quantities are given in Appendix BI4.
6 These possible scenarios of comparative statics of A;, are identified analytically.
7 Appendix B2 describes the procedure of Monte Carlo simulations.



samples, referred to as “measure” below.

Compared with the other two parameters, a decrease in £-sector communication cost ¢y is most
effective in shifting / agents from the global to local sectors, in that the measure of Scenario O is
lowest for most of the pair (p,T) of the upper bounds for the relative supply of / agents and learning
cost (Figure 22).

As for £, /-specific parameters (T,a), no clear ranking exists, in that the measure of Scenario 0
tends to be higher in T-A;, dynamics when T is low whereas the contrary holds when 7 is high (Figure
[2). This suggests that effective policy targets depend on cases. When learning cost 7T is high (T is
high), team production with learning becomes costly, limiting the effect of increasing productivity
gain a.

I also report the measure of each scenario other than Scenario 0 for each dynamics in Figure 3.
The left, center, and right panels give the measures of scenarios in T-Ay, a-Aj,, and ¢y-A;, dynamics,
and the lower, middle, and upper panels give the measures of scenarios for low, middle, and high T,
respectively.

At least two properties common across all dynamics exist. First, as the measure of Scenario 0
decreases from changes in T, the measures of other scenarios shift upward.

Second, for a lower p, there could be an equilibrium with A, € [0,1), while an equilibrium with
An = 1 does occur for a higher p. More specifically, for alow p, Scenario 2 (or Scenario A1 in the case
of a-Ay dynamics) and Scenario 1 are likely to occur, whereas the scenarios with A, = 1 occur with
zero probability for a sufficiently low p. However, for a high p, scenarios with A, = 1 are more likely
to occur, and among those scenarios, Scenario 4 in T-A;, dynamics, Scenario A2 in a-Aj, dynamics, and
Scenario 3 in ¢;-A; dynamics are of measures comparable with those of the scenarios with A, € [0, 1).

The second property arises from the general equilibrium effects of the relative supply p of / agents.
When p is relatively large, the relative demand for ¢ good is more likely to be higher than the relative
supply, resulting in all & agents engaging in team production in ¢ sector, because the supply for g
good including that from self-employment of / agents, those not employed by 4 agents, increases as
the relative supply p of / agents increases.

An important policy implication observed in Figure I3 is that when encouraging team production
in ¢ sector, that is, with improvement in cost and benefit (T,a,c;), the effects on A, are likely to be
non-monotonic.¥ Specifically, Scenario 2 (or Scenario A1) has the highest measure except for Sce-
nario 0. The key to understanding non-monotonicity is that improvement, for example, a decrease in

communication cost ¢y, has two counteracting forces: an increase in relative supply of ¢ sector good,

8 According to the Labor Force Survey 2014 compiled by the Statistics Bureau, Ministry of Internal Affairs and Com-
munications, the sample value of p is 7.6, calculated as ratio of the total number of employed excluding “Administrative
and managerial workers,” “Engineers,” and “Other professional and engineering workers” to the number of the three occu-
pations. Under this value of p, the most likely scenario except for Scenario 0 is characterized with monotonicity for all the
three parameters of interest.

9Note that Scenario A1 has no decreasing phase in a-A;, because the relative demand and supply have the same elasticity
with respect to a. However, this phase can be interpreted as ineffectiveness of the policies for increasing productivity gain
a.



a supply-expanding effect, due to an increase in productivity of team production in ¢ sector; and an
increase in relative demand for ¢ sector good, a demand-expanding effect, due to a decrease in relative
price p of ¢ sector good, caused by potential entrants.™ When A, is increasing, the equilibrium rela-
tive price p is higher than p;, implying that / agents who are not employed by & managers in g sector
engage in {-sector self-employment. Given that those / agents do not benefit from the improvement,
the supply-expanding effect becomes small relative the demand-expanding effect, resulting in excess
demand for ¢ good and thus reallocation of / agents from g sector to £ sector. When Ay, is decreasing,
the equilibrium relative price p is less than p;, implying that all producers in £ sector are teams man-
aged by & agents. In this case, the decrease in ¢, makes the supply-expanding effect larger than the

demand-expanding effect, leading to reallocation of / agents from ¢ sector to g sector.

4 Conclusion

This paper introduces team production 4 la Garicano and Rossi-Hansberg (2006) into a two-sector
Ricardian comparative advantage model to examine how the allocation of creativity across sectors is
affected by team production in the local sector. Although team production can be a tool for shifting
creativity from the global to local sector, this study found that the likelihood of the shift is limited,
and even in a case of shift, improving the environment of team production in the local sector is likely

associated with the non-monotonic dynamics of creativity reallocation.

References

ANTRAS, P., T. C. FORT AND F. TINTELNOT, “The Margins of Global Sourcing: Theory and Ev-
idence from U.S. Firms,” NBER Working Papers 20772, National Bureau of Economic Research,
Inc, December 2014.

BERLIANT, M. AND M. FUJITA, “Culture and diversity in knowledge creation,” Regional Science
and Urban Economics 42 (2012), 648-662.

DURANTON, G. AND D. PUGA, “Nursery Cities: Urban Diversity, Process Innovation, and the Life
Cycle of Products,” American Economic Review 91 (December 2001), 1454-1477.

, “From sectoral to functional urban specialisation,” Journal of Urban Economics 57 (March
2005), 343-370.

GARICANO, L. AND E. ROSSI-HANSBERG, “The Knowledge Economy at the Turn of the Twentieth

Century: The Emergence of Hierarchies,” Journal of the European Economic Association 4 (04-05
2006), 396-403.

10A decrease in relative price p of £ sector good indicates a downward shift of horizontal lines in the supply curve.



A Appendix

A.1 Definitions
A.1.1 Thresholds in (7, p) Coordinate

The thresholds 1y, 42, and 13 are obtained from (8), substituting p,., into (B), and substituting p;

into (B), respectively:

1 = aly — ¥
by—10
%2 — aﬁh—& I—Cg(l—g[)
f[ C[(l —ﬁl) ’
- graby—bl1-gcg
bogn—g 1—4lrc
Given (IT), T3 < T, < 11.
The threshold cj is given by
o= graby—t1—g

1 gh—& 1=

A.1.2 Thresholds in (a, p) Coordinate

The thresholds d;, d>, and d3 are obtained from solving (B) for a, substituting p,~¢ into (B), and

substituting p; into (B), respectively:

4 4
io= (1-L)e+t
ai ( €h>1+€h7

. fz[ co(1—1p) ]
@ = —|1+1———|,
2 4y 1 —cg(1—g)
. 0 [ co(1—1£;) gh—gl]
ah = —|1+7
’ I co(l—g1) &

where the ranking 1 < d; < d, < a3 holds.
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A.1.3 Thresholds in (c¢/, p) Coordinate

The thresholds ¢y, 1, s, and ¢ 3 in Pattern 1 are obtained from substituting pg.,. into (1), substituting

p; into (0), and substituting py, ~lofo given by (B) into (@), respectively:
&y = M[l—cg(l—gl)],
¢y = gﬁh—&]—gzcg’

brgn—gi1—4
s oa—1 g 1—g
C473 =

T—agi—g1-4 %

where the ranking 0 < ¢y3 < ¢y» < ¢y,1 holds. The thresholds &1 and ¢ in Pattern 2 are obtained

from substituting p,~¢, into (B) and substituting p; into (B), respectively:

- aly—0 1 —cqe(1—g1)
' 4 to(1—4)
graby—b1—gicg
bogn—g 1—=0 T’

)
where the ranking 0 < &> < &1 holds.

A.1.4 Relative Quantities
The relative quantities in Figure -1 are defined as follows:

4 4 aly 1 Ly 1
Sg = 7[pcg(1 —&)—1], Sge = —P, S, =

—_——, S, = >
&n gh g1 pree(1—4;)—1 v grptee(l1—4) —1

w/®

A.2 Numerical Experiment
A.2.1 Algorithm

For each fixed set of upper bounds, p and 7, the algorithm below is used to generate random samples

and conduct comparative statics.

Step 1: Generate samples of parameters (¢;, 4,81, 8n,P,Cq,Ct,a,T) Of size of one million from the
uniform distribution over the subset of parameters satisfying the stated conditions:
(a) Generate ¢; at random such that 0 < ¢; < (1 —p~!).
(b) Generate ¢;, at random such that [p/(p —1)]¢; < ¢, < 1.
(c) Generate g; at random such that 0 < g, < 1.
(d) Generate g; at random such that 0 < g; < (¢;/41,)gh.

(e) Generate p at random such that ¢, /(£, — £;) < p < P.

11



(f) Generate a at random such that

I<a <min{€;1,§l <1—|—T§l€h€_€l>}.
h 1 Lh

(g) Generate cg at random such that

1 Cy— 1 1 T 4 b1 } gh— 8l
max , , - — <Cp < ——2—.
{P(l—gl) b(1—g) 1—g 1—gilpaly—14 T en(1—g1)

(h) Generate ¢ at random such that

1 by — 4

max{ aly — ¥ by — ¥
p(l —fl) ’ f[(l —&)

,M[l—cg(l—gl)]} <cr < m

[1—ce(1—g1)]

(i) Generate T at random such that max{%,,1} <1t <7.

Step 2: For each sample, construct equidistant grid points on the following closed interval of o

under which an equilibrium relative price p satisfies p; < p < pgg:
8i
Q[ch(l —g)— 1] <a<peg(1—g1) —1][1 —¢,(1-21)],
and compute the share of each scenario in the grid points.
Step 3: Compute the sample average of the share of each scenario.

Step 1 in the algorithm ensures the parameters satisfy the required conditions. The possible sce-
narios are illustrated in Figure Z4-Bf, the conditions for which are omitted due to limitations of space.
For 7, I consider three values: low (1.1), middle (1.5), and high (2.0).1 p ranges from 2 to 20.

!l Learning within ¢ team increases the time cost of passing unsolved problems by 100 x (T — 1)%. % gives the upper
bound for this increase, and “low,” “middle,” and “high” correspond to the maximal increase of 10%, 50%, and 100%,
respectively.

12
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Figure 22: Measure of Scenario 0

Note: Low, middle and high T correspond to values of 1.1, 1.5, and 2.0, respectively.
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Figure 23: Measures of Scenarios in Dynamics

Note: Figures correspond to a middle value of 7, i.e., 1.5.
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