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ABSTRACT

The research gap in the literature concerning the application of dynamic economic prin-
ciples in applied microeconomic framework motivates the present study and involves three
related essays. The first essay, entitled Optimal Dynamic Commodity Tazation, character-
izes the optimal commodity tax in an economy involving the evolution of consumption from
an old to a new commodity, represented by a replicator dynamic equation. The paper is
motivated by the Canadian Copyright Board introduction of levies on blank audio cassette
tapes (old good) and compact discs (new good) in 1999. The study finds that the optimal
dynamic tax rate minimizes the discouragement of consumption, and minimizes the impact
of the tax on the growth of the consumption of the new good. Also, a dynamic commodity
tax is predicted to be selected over a static commodity tax, when the initial proportion of
consumers purchasing the new, preferred good in the population is sufficiently small. The
study contributes to the literature on optimal commodity taxation, through the application
of the concepts of evolutionary game theory to the commodity tax literature.

The second essay, entitled Government Funding Policy towards Communicable Diseases,
investigates the government choice to offer a production subsidy to a foreign drug monopoly
firm producing in a local market aimed at reducing production costs of the drug and thus
lowering the local prices for treatment given the prevalence path of the disease in a dynamic
economic framework. The study finds that, the foreign monopolist will accept the government
funding if its productivity type is sufficiently high. Second, the optimal level of government
funding increases with the expected ex-ante cost of production, and decreases with the

expected type parameter of the firm. Third, the government would be more likely involved
v
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when the ex-ante cost of production and/or the type parameter of the firm are anticipated
to be high, and the number of sick in the population reaches a sufficiently large value.

The third essay, entitled Search Intensity, Job Offer Arrival Rate and Labor Market Tran-
sittons, presents an empirical structural job search model in which the search effort is en-
dogenized. We use the Canadian data of Labor Market Activity Survey (1988-1990), which
contains three indicators of search intensity to investigate the influence of search intensity
on the job offer arrival rate and thus on the labor market transitions for those who are
unemployed. The estimation results show that all three search indicators have significant
impacts on the probability of receiving job offers. Additionally, the incentive effect of insur-
ance compensation system is also evaluated. The simulation results reveal that monitoring
and benefit sanctions for insufficient search, may serve as a more effective way to restore

incentives for the unemployed workers to get back to work soon.
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1. OVERVIEW

1.1 INTRODUCTION

This research investigates economic dynamics and its implications for public finance, health
economics and labor economics. Economic dynamics has received much more attention
in macroeconomics through the resurgence of growth model including endogenous growth
and other applications. In microeconomics, the implication of dynamic growth path has
been less examined, especially relating to the fields of public economics, health economics
and labor. Previous works suggest that dynamic economic equilibrium results and policy
implications may differ from those in the static framework. Consequently, there remains
a research gap in the literature concerning the application of dynamic economic principles
in applied microeconomic framework, including public, health and labor economics. This
research gap motivates the present study and involves three related papers. These papers
are entitled as follows: optimal dynamic commodity taxation; government funding policy
towards communicable diseases; and search intensity, job offer arrival rate and labor market

transitions. An outline of each paper is provided below.

1.2 OPTIMAL DYNAMIC COMMODITY TAXATION

This paper characterizes the optimal commodity tax in an economy, involving the evolu-
tion of consumption from an old to a new commodity, represented by a replicator dynamic
equation. The paper is motivated by the efforts of the Canadian Copyright Board to place
levies on blank audio cassette tapes (old good) and compact discs (new substitute product),

to recover revenues lost by music copyright owners because of copyright infringement in 1999.
1
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By 2002, the levy had raised 27.8 million in revenues, with the levy rates adjusted each year
between 1999 and 2003. The specific questions addressed by this study are as follows: First,
what is the dynamic behavior of the optimal commodity tax, both on the new substitute and
on old goods, in an economy with consumption replicator dynamics? Second, what impact
will consumption dynamics between two goods have on the standard Ramsey Rule? Third,
under what conditions will the government choose to implement a dynamic taxation rule, as
opposed to a static tax policy? These questions will be addressed through the development
of an economic model, involving the government choosing the level of commodity taxation in
order to maximize the indirect utility function, subject to a government revenue constraint
and a replicator dynamic process. The replicator dynamic process, as in Samuelson (1998)
and Hauert et al (2002), represents the evolution in the proportion of the population choos-
ing a strategy to use the new substitute good, as opposed to the old good in a three good
economy. The main findings of the study are as follows: First, the optimal commodity tax
in the presence of consumption dynamics involves the minimization of the distortion in con-
sumption (as in the standard Ramsey Rule) and the minimization of the impact of the tax on
the growth in the proportion of the population consuming the new substitute good. Second,
the government chooses to implement a dynamic as opposed to a static taxation scheme,
when the initial number of consumers adopting the new technology commodity is sufficiently
small. An empirical model is also developed to investigate the welfare and commodity tax
implications of the use of a static as opposed to a dynamic framework using examples of new
product introduction, along with dynamic commodity taxation. The two examples utilized
include: first, the new technology TVs (LCD TVs) and old technology TVs (Tube TVs); and
second, blank CD-Rs and blank audio cassettes used for recording and listening to music.

The empirical results are consistent with predictions implied by the theoretical model. This
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paper contributes to the literature on optimal commodity taxation, through the application

of evolutionary game theory concepts to the commodity tax literature.

1.3 GOVERNMENT FUNDING POLICY TOWARDS COMMUNICABLE

DISEASES

The paper is motivated by the prevalence of communicable diseases such as malaria, tuber-
culosis and HIV/AIDS in developing countries, which may involve monopoly powers in the
provision of pharmaceutical drug, and coupled with government concern about the welfare
of individuals in the population. The study investigates the government choice of offering
a production subsidy to a foreign drug monopoly firm producing in the local market. The
subsidy is aimed at reducing production costs of the drug, and thus lowering the local prices
for treatment, given the prevalence path of the disease in a dynamic economic framework.
The specific research questions addressed by this study are as follows: First, under what
conditions will the drug monopolist choose to accept the offer of the local government, and
how does the monopoly price for treatment behave when the number of sick in the popula-
tion grows? Second, what parameters will influence the optimal level of government funding
and what are the directions of change? Third, under what conditions would the local gov-
ernment offer the subsidy for reducing production cost for treatment to the foreign drug
monopoly in the market? These questions will be addressed through the development of an
economic model, involving both the government choice and the monopolist’s choice, in a
dynamic environment given the prevalence path of the disease. The economy is represented
by a sequential game involving: In stage 1, the government chooses whether or not to offer
a production subsidy to the monopolist. If the government decides to do so, the optimal

value of the government funding is determined at stage 2. In stage 3, the monopolist chooses
3
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whether or not to accept the offer provided by the government, by comparing its profit with
and without government subsidy. If the firm accepts the offer, the dynamic prices for treat-
ment are determined by the monopolist, given the ex-post cost of production starting at
stage 4. Otherwise, if the firm decides to reject the government funding, the market prices
for treatment are determined by the monopolist given the ex-ante cost of production from
stage 4. Whereas, if the government decides not to provide the fund in the first stage, the
monopolist in the market producing at the ex-ante cost, determines the dynamic prices for
treatment beginning from stage 2. Given the market prices for treatment, consumers choose
whether or not to purchase the drug, affecting both the individual’s chances of recovering
from the disease, as well as its communicability to other individuals in the economy. The pa-
per therefore extends Mechoulan (2007) framework, which considers treatment externalities
of communicable diseases, under different market structures, and characterizes the optimal
price and prevalence paths in an dynamic framework. This is addressed via an agent-based
model through the introduction of the government, and the monopoly’s choice whether or
not to accept the government production subsidy aimed at reducing the cost of production
for the pharmaceutical drug. The key findings of the paper are as follows: First, the foreign
drug monopolist takes the production subsidy of the local government, if its productivity
type parameter is sufficiently high. Additionally, the monopoly price for treatment declines
with the prevalence of the disease. Second, when the optimal value of government funding
is greater than zero, the optimal level of the subsidy increases with the expected ex-ante
cost of production, and decreases with the expected type parameter of the firm. Third, the
local government would be more likely to be involved by providing production subsidy to the
foreign drug monopolist when the ex-ante cost of production and/or the type parameter of
the firm, are anticipated to be high and the number of sick in the population reaches a suffi-

ciently large value. The paper also extends the paper by Mechoulan (2007) in demonstrating

4
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theoretical results, through the application of a computational dynamic optimization model.
The paper contributes to the literature regarding the economics of pharmaceutical drug
production for communicable diseases in an economy with market power, externalities and
heterogenous agents, by introducing a government with the capacity to tax and subsidize the
local production of drugs aimed at reducing the production cost of drugs, thus lowering the
prevalence of the disease. Additionally, the framework is extended to characterize the equi-
librium outcomes when the government subsides a potential new entrant firm, as opposed

to the incumbent.

1.4 SEARCH INTENSITY, JOB OFFER ARRIVAL RATE AND LABOR
MARKET TRANSITIONS

This paper investigates the impact of search intensity of individuals who are unemployed
on the transition rate into employment by influencing the job offer arrival rate using the
longitudinal data file (1988-1990) of Labor Market Activity Survey of Canada. An empirical
structural model of job search with endogenous search effort is presented and estimated
in a stationary framework based on the model by Mortensen (1986). This study extends
Mortensen’s (1986) job search model by the following ways: First, we add a constant term to
capture the transition into work of non-searchers. Second, we define search effort as a vector
of three different search indicators: one for “search or not” and two for “search intensity” (as
opposed to a one-dimensional search intensity used in the original model). Third, we specify
the job offer arrival rate as a function of the composite sum of various indicators of search
intensity. In contrast, in Mortensen’s (1986) model, the arrival rate of job offers depends
on the single-dimensional overall search effort only. The Canadian data of Labor Market

Activity Survey (1988-1990) contains information on the labor market participation and job
5
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characteristics of all responding individuals over three year period. Therefore, this data set
provides us with the opportunity to track the working history, job search information and
the transition into a new job between calendar years, for those who reported to experience
unemployment over the three year survey period. The estimation results show that all three
indicators of search do influence the job offer arrival rate significantly and the unemployed
with a higher level of search effort and a relatively lower value in reservation wage transit
into work sooner compared with the others. To evaluate the incentive effects of the insurance
compensation on the behavior of job search and thus on the labor market transition rate, we
simulate two alternative policy reforms on the unemployment insurance system (i.e., a one
time permanent benefits cut, and monitoring and benefits sanction for insufficient search),
using the parameters of the structural model. The simulation result reveals that compared
with the permanent benefits cut, the monitoring and benefit sanction for insufficient search
seems to be a better way to provide incentives for the unemployed workers to search more,
demand less and get back to work sooner. The study contributes to the literature on job
search models with endogenous search effort, by investigating the impacts of search intensity
on job finding success in an empirical structural job search model which is stationary using
the longitudinal Canadian data containing three indicators of search intensity. The optimal
strategy of job seekers in a non-stationary framework where exogenous variables are changing
over time is also examined. Additionally, the equilibrium results are characterized for the

optimal search intensity and optimal reservation wage in a non-stationary environment.

1.5 CONCLUSION

The study suggests that economic dynamics is an important consideration in the public

sector choice of appropriate commodity tax policy, subsidizing the local production of drugs
6
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in the presence of market power and externality due to communicable diseases, and in de-
termining the optimal job search strategy in labor markets. The incorporation of optimal
dynamic agent behavior in microeconomic models has non-trivial welfare implications, that
suggest the over use of static microeconomic model in public finance may mask opportuni-
ties for welfare improvement through the implementation of dynamic as opposed to static
policy choices. The study therefore extends the traditional Ramsey static model for optimal
commodity taxation to a dynamic framework with an evolutionary game. Additionally, the
Mechoulan (2007) model is extended to incorporate the government’s role in curtailing the
dispersion speed of a communicable disease, when a monopolist supplies a needed pharma-
ceutical drug. The extension demonstrates that the government’s role may be increasingly
appropriate as the prevalence of a communicable disease rises. Furthermore, in a job search
environment, the insurance compensation has incentive effects on the optimal strategy of
job seekers in a dynamic as opposed to static framework. These results provide urgency
for further work in the application of dynamic economic choices in public economics, health

economics and labor economics.
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2. OPTIMAL DYNAMIC COMMODITY TAXATION

2.1 INTRODUCTION

This paper characterizes the optimal commodity taxation in an economy involving an evo-
lutionary equilibrium, reflecting a consumption replicator dynamics, and provides a numeric
dynamic optimization analysis of the related welfare implications. Consumption replicator
dynamics can be considered as the adoption of a new substitute good that results in changes
in the proportion of the population consuming the new substitute good as opposed to the
old good.! There are numerous examples of the development of new substitute products,
such as: color televisions, microwaves, computers, and compact discs. These products co-
exist with older goods. The characterization of the optimal commodity taxation for static
economies (i.e., Ramsey Rule) has been completed by Ramsey (1927), Dixit (1970), Atkinson
and Stiglitz (1972), Diamond (1975), Mirrlees (1976), and, more recently, Coady and Dreeze
(2002). For dynamic economies, the Ramsey Rule has been characterized for neoclassical
growth and endogenous growth models (Jones, et al, 1993, and Coleman II, 2000). However,
the dynamics involved in an evolutionary equilibrium reflective of the introduction of a new
good in a market has received little attention in the tax literature.

The study is motivated by the efforts of the Canadian government and others to place
levies on blank audio cassette tapes (old good) and compact discs (new substitute product) to
recover revenues lost to music copyright owners through copyright infringement.? In 1999,

the Copyright Board of Canada implemented levies of 23.3 cents on blank audio cassette

tapes, 5.2 cents on CD-R and CD-RW, and 60.8 cents on CD-R and CD-RW Audio. These

'Samuelson (1998) summaries the replicator equation for very short time periods, ¢, as follows:
dz;/dt = z;{n(i,z) — 7(x)}, where: n(i,z) is the payoff to player 7 for choosing the mixed strategy
x and T(x) = Y ;g im(i,x). S is the set of pure strategies. z can be interpreted as the proportion
of consumers choosing a pure strategy (e.g., consumption of the new substitute good).

20ther examples include: new LCD and old tube television, combustion engines and electric or
hybrid engines, and land line and cellular telephones.

8
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rates were adjusted in 2002 and again in 2003. In 2003, these rates were set at 29 cents
for tapes, 21 cents for CD-R/RW, and 77 cents for CD-R/RW Audio (Copyright Board of
Canada, 1999 and 2002).> The revenues raised through the levies reached $24.1 million
in 2001 and $27.8 million in 2002. Baker (1992) also provides an overview and analysis
of the British government’s 1986 proposal to place a levy on blank audio tapes. The
characterization of an optimal commodity taxation scheme for an economy with consumption
replicator dynamics has yet to be addressed in the tax literature. This study addresses this
gap.

The specific questions addressed by this study are as follows: First, what is the dynamic
behavior of the optimal commodity tax, on the new substitute and old goods, in an economy
with consumption replicator dynamics? Second, what impact will consumption dynamics
between two goods have on the standard Ramsey Rule? Third, under what conditions
will the government choose to implement a dynamic taxation rule, as opposed to a static
tax policy? These questions will be addressed through the development of an economic
model, which involves the government choosing the level of commodity taxation in order
to maximize the indirect utility function, subject to a government revenue constraint and a
replicator dynamic process. The replicator dynamic process reflects the dynamics between
the proportion of the population choosing to use the new substitute good as opposed to the
old good. The three goods in the economy are identified as follows: a new substitute good
(e.g., LCD TV and compact disc), an old good (e.g., tube TV and blank audio cassettes)
and a composite good. The economy is represented by a sequential game involving: rI‘.he
government chooses between an optimal static and dynamic taxation scheme at stage 1.
At stage 2, the government chooses the commodity tax level to maximize social welfare,

consisting of the aggregate of the individual indirect utility function of the type 1 and type

30n December 23, 2003, the Copyright Board of Canada froze the levy rates for 2004 at the 2003
levels.
9
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2 consumers, given a revenue constraint. For the dynamic subgame, a replicator dynamics
constraint is added to represent the evolutionary game process from the old good to the
new good. Type 1 consumers utilize the new good and have a non-zero probability of
interacting with a consumer of the same type yielding a positive externality if so and no
externality otherwise. Type 2 consumers utilize the old good, and gain a positive externality
if interacting with their own type and no externality otherwise. Type 1 and Type 2 consumers
are involved in an evolutionary game at stage 3, resulting in a replicator dynamics process.
Type 2 consumers may decide to deviate to adopt the new technology good if they could
achieve an above average expected utility by choosing new product. At stage 4, consumers
choose the consumption level of each good observing the prices and the commodity tax rates.
The consumption dynamics reflect the dynamic adjustment away from one good (e.g., old
good) towards another good (e.g., new good) based on consumer choice. This process is
affected by prices, so a commodity tax affects the proportion of the population consuming
each of these goods. Additionally, the government can choose to implement a dynamic or
static tax policy. For simplicity, the switching cost over time incurred by the government
under a dynamic tax policy is assumed to be zero.

The main findings of the study are as follows: First, the optimal commodity tax in the
presence of consumption dynamics involves the minimization of the distortion in consumption
(as in the standard Ramsey Rule), and the minimization of the impact of the tax on the
growth in the proportion of the population consuming the new substitute good. The dynamic
commodity tax is shown to be inversely related to the impact it has on the growth in the
consumption of the new substitute good. It therefore follows that the tax rate on the
substitute good rises over time and decreases for the old commodity as the product cycle
of the new substitute good moves from a newly introduced to a mature product. Once

the new product is fully adopted, the economy achieves an evolutionary stable equilibrium.

10

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



The old product is out of the market and the tax rate at equilibrium for new commodity is
determined by the standard Ramsey Rule. Second, the government chooses to implement
a dynamic as opposed to static taxation scheme, when the initial number of consumers
adopting new technology good is sufficiently small. Therefore, the government can encourage
the consumers to adopt the newly developed commodities and improve aggregate social
welfare with the implementation of the dynamic taxation policy.

Literature Review. The study relates to three areas in the literature: commodity taxation
in a static economic environment, commodity taxation in a dynamic economic environment,
and evolutionary games. First, the examination of optimal commodity taxation has pri-
marily emerged out of the work initially conducted by Ramsey (1927). In a static economic
framework, the Ramsey Rule characterizes the optimal commodity tax for a government
choosing the level of tax to maximize the sum of the agents’ indirect utility given a revenue
constraint. Dixit (1970) provides an early consolidation of the optimal commodity tax prob-
lem. Atkinson and Stiglitz (1972) examine optimal commodity taxation in the presence of
savings, risk-taking and leisure. Diamond (1975) examines the problem in a multi-person
economy. Mirrlees (1976) develops an index of discouragement for commodities that pro-
vides a clear linkage between the Ramsey Rule and setting commodity taxation to minimize
deadweight loss or distortion in consumption. Recently, Coady and Dreeze (2002) examine
commodity taxation in a general equilibrium framework, contributing to the literature on
the generalized Ramsey Rule that was developed earlier by Guesnerie (1979) and Dréze and
Stern (1987).

Second, in dynamic frameworks, authors have used standard neoclassical and endogenous
growth models to characterize optimal taxation rules. Jones, Manuelli and Rossi (1993)
provide an overview of this literature. Krusell et al (1996) suggest that tax rates in a

dynamic economy are not determined once, but rather are continually changing over time.
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Coleman II (2000) investigates the welfare gains associated with switching from a static to
a dynamic tax policy in a deterministic discrete, infinite time horizon economy. Substantial
welfare gains are predicted from switching to a dynamic Ramsey tax policy. These results
are consistent with early work done by Jones et al (1993).

Third, the evolutionary game literature provides a framework for considering the dynamic
transition from an old commodity to a new substitute good (e.g., consumption dynamics).
Specifically, agents may learn and adopt a new strategy when the new strategy yields a payoff
that is above the average payoff (Gardner, 1995; Samuelson, 1998; Cressman et al, 1998; and
Witt, 2001). The proportion of the population using the new strategy increases over time
under these circumstances and is represented by replicator dynamics or a replicator equation.
Hauert et al (2002) also provides an extensive overview of the replicator equation. The affect
of taxation on substitution between goods has often been considered through the marginal
rate of substitution or the marginal rate to technical substitution (Scalera, 1995, and Zou
and Gong, 2002). Slive and Bernhardt (1998) use the impact of the price level and the
impact of a network externality, on the proportion of the population conducting piracy, in
their investigation of the enforcement of copyright laws in the computer software industry in
a static economic framework. Network externality being the positive externalities associated

4 The characterization of an optimal tax

with many individuals using the same software.
rule in an economy with consumption dynamics remains a gap in the literature.

The paper proceeds as follows: The theoretical model is outlined in section 2 of the
paper. In section 3, the optimal commodity taxation levels are determined for the static
subgame first and then for the dynamic subgame. In addition, the characterization of the

government’s choice to implement a static or dynamic taxation rule is also investigated in

section 3. In section 4, empirical application of the theoretical model in section 4 is utilized

4Metcalfe (2001) work on consumption, preferences, and the evolutionary game suggests that
network interaction and externalitis are important in the dynamics of the evolutionary process.
12
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to investigate the welfare and commodity tax implications of the use of a static as opposed
to a dynamic framework. The conclusion of the study is outlined in section 5,. The study
contributes to the literature on optimal commodity taxation in presence of consumption

dynamics.

2.2 THE MODEL

Consider an economy consisting of two types of individuals, a government and consumption
goods z1(t), z2(t) and x3(t) at time ¢t. Consumers choose the level of consumption goods
to maximize their utilities given prices, income and commodity taxes. Consumers may also
choose to switch between the consumption of a new and a old commodity. The government
chooses the commodity tax rates to maximize social welfare given a revenue constraint. The
government may choose either a static or a dynamic commodity tax scheme. In what follows,
the game is formally described starting with consumers and followed by the government. The
choices of each player and sequence of events are described prior to the game being solved.
Perfect information is assumed throughout the game.

Consumer 1 has preferences over goods z;(t) and z3(t) while consumer 2 has preferences
over z(t) and z3(t). Good z;(t) can be considered to be a new substitute such as a LCD
television or compact disc; z3(t) can be considered to be an old product, such as a tube
television or a blank audio cassette tape; and z3(t) is a composite of the other goods in the
economy. The consumer faces prices pi, ps, and ps, respectively, and has income denoted
by w > 0. It is assumed that prices and income are constant over time. Commodity
taxes 71(t) and 79(t) are placed on goods z;(t) and z2(t) by the government to raise revenues
R > 0 at t. The consumers’ preferences are represented by the indirect utility function
given by Vi(p; + 71(t), ps, w) and Vao(py + 72(t), ps, w) for consumers of type 1 and of type 2,

respectively. The number of type 1 consumers in the population at time ¢ is given by Ny(t),
13
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the number of type 2 consumers is given by Nz(t) and the total population of consumer in
the economy is denoted by N > 1.

The economy is represented by a symmetrical evolutionary game with two players and two
strategies each (see Figure 2.1). Consumers adopting the new substitute good are considered
to be type 1 consumers and otherwise they are labeled type 2. Additionally, consumers are
assumed to experience a positive externality when encountering another individual of the
same type. For instance, the consumers may be able to share music and video files if
media recording and playing devices are utilized. This externality is expressed by e; > 0
for type 1 consumers and e; > 0 for type 2 consumers such that consumer ¢’s payoff is
Vi(pi + 7:(t), ps, w) + €; if they encounter a type ¢ player and V;(p; + 7(t), p3, w) otherwise,
i=1,2.

The assumption about preferences and the externality is made as follows:

Assumption Al: Preferences and the externality are assumed to satisfy: V;(py1+7i(t), ps, w) <
Va(ps + 72(t), ps, w) + €2 < Vi(p1 + 71(t), ps3, w) + €1 with e; > ey

A1 implies that there are two pure strategy equilibria for this 2 by 2 symmetrical game and
the payoff at the equilibrium (Good 1, Good 1) dominates that at the equilibrium (Good 2,
Good 2). The externality incurred by using the new substitute good is assumed to be greater
than that incurred by choosing the old product. The new substitute good z;(t), provides the
consumers with a higher utility when all consumers adopt the new technology good, than
that provided by the old product x4(t) when all consumers choose the old commodity. z;(t)
and z3(t) can be interpreted as inputs used in household production. The technology using
x1(t) and z2(t) is assumed to differ and each household is assumed to possess only a single
technology.

Let a(t) € [0, 1] denote the percentage of the population choosing a strategy of purchasing

good z; at time ¢ > 0 and 1 — a(t) denote the percentage of the population choosing a
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strategy of purchasing good z, at time ¢. The expected utility for consumers purchasing the
new substitute good z; at time ¢ + 1 is therefore U; = a(t) [Vi(py + 71(t), p3, w) +e1] +
[(1 —a®)]Vi(p1 + 1a(t), p3, w) = Vi(p1 + 71(t), p3,w) + a(t)e;. The expected utility for con-
sumers purchasing the old product z; at time t+1 is Uz = a(t) [Va(p2 + 72(t), p3, w)]+[(1 —
a(t)] [Va(ps + 12(t), ps, w) + €a] = Va(pa+T12(t), p3, w)+ (1 — a(t)) e2. It is useful to define the

average utility in the population that is calculated as U = a(t)U; + (1 — a(t))U,. Using Roy

da(t)
ot

a(t)(1—a(t)) [U1 — Us). Since Uy = Vi(p1+71(t), ps, w)+a(t)ey and Uy = Vo(pa+7o(t), p3, w)+

Gardner (1995), the equation for replicator dynamics is set up as =a(t) [0, -U] =

(1 — a(t)) e2, we denote the replicator equation which captures the dynamics in the popu-
lation adopting good z1(t) over time as a'(t) = g(a(t),p1 + 71(t),p2 + 72(t), p3, w) in the
sequel. The evolution in consumption associated with the movement in the proportion of
the population learning about and adopting z(t) as opposed to consuming z»(t) over time
can be represented by the replicator dynamics in an evolutionary game.> According to the
replicator dynamics, type 2 consumers would consider switching to good z; instead of choos-
ing good z, at time ¢ + 1 if the new technology could provide them with an above-average
utility meaning U; > U. As a result, the proportion of the population adopting new product
would increase at ¢t + 1 implying a’(t) > 0. However, if the expected utility by choosing
good z; was lower than that by choosing good z, meaning U; < U at time t + 1, type 2
consumers would not deviate and the type 1 consumers would like to choose the old product
as opposed to adopt the new substitute good implying a’(t) < 0. The phase diagram which

captures the evolution in a(t) is plotted in Figure 2.2.

5The replicator dynamics says that if a player type earns an above average payoff, then its
percentage in the population increases; while if a player type earns a below average payoff, then
its percentage in the population decreases. The below-average player types will learn to copy the
strategy of above-average player types over time. Since they are slow learners, not all player types
earning the below-average payoff will switch all at once, but eventually all player types still present
in the population will earn the average payoff. The learning ceases and the percentage in the
population of any player type remains constant (Roy Gardner,1995).

15
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Definition 2.1. Stability Theorem. If da(t)/dt = F(a*(t)) = 0, and dF(a*(t))/da(t) < 0,

then a*(t) is dynamically stable.

Graphically, the stability theorem states that if the replicator equation is downward
sloping at a root a*(t) of the equation, then that root is an evolutionary stable strat-
egy, or ESS for short. Therefore, an equilibrium is an evolutionary stable strategy (ESS),
when two things happen: the replicator dynamics points towards this equilibrium and low-
probability mistakes do not destroy the stability. The replicator equation we defined above
d(t) = a(t)(1 — a(t)) [U1 — Uy has three roots, which can be derived by setting each of
the three factors equal to zero: a(t) = 0, 1 —a(t) = 0 and Uy = U,. It follows that the
corresponding roots are: aj(t) = 0, a3(t) = 1 and a}(t) = [Va(-) +e2 — Vi(")] /(e1 + €2)
respectively where Vi(-) = Vi(p; + 7:(t), ps, w) for ¢ = 1,2. The slope of the replicator equa-
tion evaluated at each root is derived as follows: dF(ai(t))/da(t) = Vi(-) — [Va(') + ea],
dF(a3(t))/da(t) = ~[A() + &1 = Va()] and dF(a3(t))/dalt) = a3 — a(t)](es + e).
Apparently, the slopes dF'(aj(t))/da(t) and dF(a3(t))/da(t) are both negative by Assump-
tion A1. The roots aj(t) = 0 and aj(t) = 1 are both ESSs. By contrast, the slope
dF(a}(t))/da(t) is positive, given Assumption A1 implies that a}(t) € (0,1) and e; > e5 > 0,
so the root aj(t) = [Va(-) + €2 — Vi(*)] /(e1 + e2) is not evolutionary stable. The replica-
tor dynamics points away from this equilibrium. Figure 2.2 shows that the unstable root
at ai(t) = [Va(-) +e2 — Vi(-)] /(€1 + e2) divides the interval [0, 1] into two zones. To the
left of aj3(t), learning process heads toward to aj(t) = 0. To the right of a}(t), learning
heads toward to a%(t) = 1. Apparently, where learning ends up crucially depends on its
starting point. If the initial proportion of type 1 consumers in the population is less than
a3(t) = [Va(-) + e2 — Vi(*)] /(e1+e€2), then the population heads toward the ESS where every
consumer chooses the old product (i.e., aj(t) = 0). Otherwise, the population heads toward

the ESS where a3(t) = 1. The payoff at the equilibrium where every consumer adopts the
16
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new substitute good z;(t) dominates the payoff at the equilibrium where every consumer
uses the old product z3(t) by Assumption Al, so aj(t) = 1 is the only efficient ESS of this
game.

The assumption about the initial value of the population consuming good z;(t) and the
direction of learning is made as follows:

Assumption A2: Tt is assumed that the initial value of a(t) satisfies:  a(tg) > ai(t) =
[Va(-) + ez — Vi(-)] /(e1 + e2) and a'(t) > O for t > ty where: ¢, = 0 and V;(-) = Vi(p; +
7(t), p3, w), 1 = 1,2.

A2 implies that the learning process only takes place when the type 2 consumers copy the
type 1 consumers. Upon consumers of type 2 deviating to consume good z1(t), they stay
as type 1 consumers forever thereafter. Clearly, given a(to) > a3(t), the population heads
toward to the efficient ESS, a3(t) = 1, in this game.

The government cares about social welfare, and social welfare is assumed to be of the Ben-
thamite social welfare form, represented by: W (Uy, Us) = a(t) [Vi(p1 + 71(t), p3, w) + a(t)es]+
(1—a(t)) [Va(p2 + 72(t), ps, w) + (1 — a(t))ez]. The government focuses on a budget constraint
defined by revenue requirements R(t) and tax receipts given by 22: N;(t)7:(t)z:(qi(t), ps, w)
for period t € [to, T. =

The sequence of events for the symmetric evolutionary game is as follows: At stage 1, the
government chooses whether or not to implement a static or dynamic optimal commodity tax.
At stage 2, the government determines the level of the optimal dynamic commodity taxes
by choosing 71(t) and 7,(t) given a budget revenue requirement R(t) > 0 and a replicator
dynamic equation for the dynamic subgame or the optimal commodity taxes on goods z;
and zy using the standard Ramsey Rule for the static subgame. Consumers are involved

in an evolutionary game in stage 3. Type 2 consumers choose whether or not to deviate to

new technology for the next time period by comparing the expected utility purchasing good
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z1, U1, and the average utility in the population, U, given the proportion of the population
choosing a strategy of purchasing good z; at time ¢ > 0, a(t). Once consumer 2 has deviated
to consume good z;(t), this consumer is deemed to be a type 1 consumer, and gains the
expected indirect utility Uy(t). Otherwise, consumer 2 purchases only good z,(t), remains
a type 2 consumer and gains the expected indirect utility Uz(t). At stage 4, consumers
choose the level of the goods to consume given prices, taxes, income, and the technology

they possess.

2.3 OPTIMAL COMMODITY TAXATION

In this section, the taxation game is solved through backwards induction starting at stage
4. At stage 4, each consumer chooses the level of the goods to purchase given prices, taxes,
and income gaining payoffs V;(p; + 71(t), ps, w) for type 1 consumers and Va(pz + 72(t), p3, w)
for type 2 consumers. Consumers are involved in an evolutionary game at stage 3. By
Assumption A2, given a(ty) > aj(t), there should exist some tax rates at time to making
Ui > U, attime %3+ 1. As a result, type 2 consumers would consider deviating to adopt
the new technology at #, + 1 thus making the proportion of population consuming good z,
increase as a'(t) = a(t) [U1 — U] = a(t)(1—a(t)) [U1 — U] > 0. Note that when the tax rates
are set such that U; = U, at time t = %y, the deviation will not stop since type 2 consumers
can earn more at ¢y + 1 by switching to adopt good z;(t) at o as shown in Appendix A.1.
Given Uy(t) > Us(t) for t > to, the learning process will continue up to some time ¢ = ¢’ at
which all consumers choose the new technology good, and earn the average payoff U = U,
(i.e., a(t) = a3(t) = 1 at t = t'). The economy therefore achieves an evolutionary stable
equilibrium where a(t) = a3(t) = 1 at ¢t = t'. Correspondingly, the tax rate for the new

substitute good remains constant for ¢ > ¢'.
18
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Proposition 2.2. Given A1 and A2, if the tax rates are set such that there exists an
equitable allocation, defined by Uy(t) = Us(t) at some time t, then the game achieves an

equilibrium that s an evolutionary unstable strategy.

The proof of the proposition is given in Appendix A.1. The proposition implies that
an equity level of utility can be achieved at time ¢ from the dynamic tax problem with
Ui(t) = Ux(t). However, this equilibrium can not be maintained over time as the type 2
consumers could obtain a higher level of expected utility at next period by deviating at
time ¢. Therefore, the proportion of population consuming new substitute good continues to
evolve at ¢ (i.e., d/(t) > 0). Given Assumptions A1l and A2, the tax rates 71(t) and 7»(t) at
which Ui (t) = U(t) can therefore only be observed when a(ty) = a}(t) at time ¢t = ¢,. This
initial value of proportion of population consuming good z;(t) would make the dynamic tax
rate equal to the static tax rate for a single instance ( i.e., for t = ;). Then, the subsequent
dynamic tax rates would point away for all other periods ( i.e., for t > t5).

At stage 2, for the static subgame, the optimal commodity tax is defined by the Ramsey
commodity tax problem given the initial proportion of type 1 consumers at time t5. While
for the dynamic subgame, the government determines the optimal dynamic commodity tax
levels on the two goods, subject to the revenue target and the replicator dynamics equation
at stage 2. In what follows, the static subgame is first solved and the dynamic subgame
is solved next to determine the efficient evolutionary stable equilibrium. The government’s

choice between static and dynamic commodity taxation takes place at stage 1 of the game.

2.3.1 STATIC SUBGAME

In the static subgame, given a(tp), the initial proportion of consumers purchasing new

technology good at time tg, the optimal static commodity taxes are those that give the
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highest level of social welfare while ensuring that the government reaches its revenue target
of R(t) > 0 at time to. At stage 2, the government’s problem in choosing the tax rates can

be summarized as follows:

(21)  max(s, 5y {alt) [Vi(qr, p3, w) + alto)er] + (1 — alto)) [Va(ge, p3, w) + (1 — a(to))ea]}

2
st. (1) Y Nemsai(gir ps,w) > R(2)

i==1

where: ¢; =p; +7; fori =1,2.

The optimal commodity taxes 77 and 75 are as follows:®

* —91151(611,173: ’LU)

2.2 T
( ) 1 Sll
“921.2(Q2ap37 w)
2.3 T, =
( ) 2 5122

The results determined for 77 and 75 are effectively the standard Ramsey Rule, implying
that the optimal static commodity taxes are set to minimize the distortion in the consumption
of each good. Assumption A2 implies that given a(tg) > a}(t), there should exist some 7
and 7 such that Ui (t) > Us(t) at time o + 1. Therefore, the number of consumers adopting
the new technology good grows implying a'(t) > 0 at time ¢y + 1 even though the commodity
tax rates remain constant (static) over the time period. According to evolutionary game

theory, the learning process continues up to some time ¢ = ¢’ at which all consumers adopt

6Let o;=0Vi(gi, p3, w)/Ow and Si; = 8zi(g;, p3, w)/Op; is the substitution effect for commodity
J € (1,2) . In this case, S21 = S12 = 0 since z;(g;, p3, w), for i = 1,2, as in the standard Ramsey

Rule (Atkinson and Stiglitz, 1972).  Furthermore, 6; = [1 - S‘C-% - le > 0 and
o2 0z2(g2, p3, w)
=[1- = -2t

2 WP ow

government’s budget constraint.

> 0, where: X is the Lagrangian multiplier associated with the
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the new technology goods. Assume the economy achieves the evolutionary stable equilibrium
where a(t) = a}(t) = 1 under static tax rates at time ¢ = t,. For ¢t > t., the static tax rates
at equilibrium for a(t) = 1, 7, = 7y(t') and 7, = 0 apply.” The subgame equilibrium payoff

for the government is thus defined by W (5 (t'), 5 (t')) = Vi(p1 + 77 (t'), p3, w) + e1.

2.3.2 DYNAMIC SUBGAME

In the dynamic subgame, given a(ty) > ai(t) at time ¢t = ¢y, there should also exist
some dynamic tax rates 71(t) and 7»(t) such that Uy(t) > Ux(t) for t > t,. To simplify
the notation, let g(a(t),p1 + 71(t),p2 + 72(t), ps, w) denote the replicator equation which
captures the dynamics in the proportion of the population adopting good z;(t) over time
(ie., d(t) = a(t) [Ur — U] = a(t)(1—a(?)) [U1 — Us]). Since Uy = Vi(p1+71(t), ps, w)+a(t)er
and U, = Va(p2 +72(t), p3, w) + (1 — a(t)) es, the derivatives of g(-) with respect to 71(t) and

9g(") BVl(ql(t),ps,w)} g 290 _

72(t) are as follows: o = a(t)(1 — a(?t)) { a0 o) —a(t)(1 —

a(t . Given <0 fori=1,2, it is easily to derive that
o [ ZH5S 6ai) v

99() < 0 and 99() >0 for a(t) € (0,1). The following proposition can be expressed
an(t) O (t)

from these results.

Proposition 2.3. Given A1 and A2, if there exists T1(t) and 72(t) such that an efficient

9g(-) dg(-)
o <0 g

for t <t', while d'(t) = g(-) =0 and a(t) =1 for t >, where: t' € (0,T).

>0

evolutionary stable equilibrium is achieved at time t = t', then

The proof of the proposition flows directly from the analysis above. The proposition
implies that the rate of growth in the proportion of the population consuming the new

substitute good z1(t) is decreasing in the tax, 71(¢), and increasing in the tax, 75(t), over

7At a(t) = 1, no consumers utilize the old good so the tax revenue from the old commodity is
zero as implied by 7 = 0. It is clear that 75 > 0 would still generate no revenue from the old
commodity for ¢ > t'.
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time. If there exists 71(¢) and 7»(t) such that the efficient ESS where every consumer adopts
the new technology good is achieved at time ¢t = ¢/, the learning ceases at time t' and all
consumers still present in the population earn the average payoff U = U; for t > t'. a(t)

achieves the upper limit 1 at time ¢’ and a/(t) = 0 for ¢t > t’. Clearly, Proposition 2.3 implies

dg(-) _ 99()
that o) =0 and 72 (0)

At stage 2, the optimal dynamic commodity tax is determined by maximizing the dis-

=0fort>1.

counted present value of social welfare satisfying the revenue target of the government and
accelerating the growth of the consumption of the new substitute good concurrently. The
evolution of consumption from an old to a new commodity is represented by a replicator
dynamic equation. The government’s problem involving the choice of the optimal dynamic

commodity tax is as follows:
T
(2.4) PR fo e " {at) Vi@ (t), p3, w) + alt)er] + (1 - a(t))[Va(ga(t), ps, w) + (1 - a(t))ez]} dt

2
st. (1) Y Ni(®)ri(t)zi(qi(t), ps, w) > R(t)

=1

(2) '(t) = g(alt), a1(t), 2 (t), ps, w)

where: ¢;(t) = p; + 7;(t) for i = 1,2. It is assumed that prices and income are stationary.

As shown in Appendix A.2, the optimal commodity taxes are characterized as follows:

(25)  71()Su = —01(t)a1(a1(2), pa, w) — ( 5 o) ) 99(a(t), 01(#), 02(2), P3, )

(t)N1(t) on(t)

(2.6)  Ta(t)Se2 = —O(t)z2(gqa(2), p3, w) — ()\ K1) ) 9g(a(t), a1 (t), g2(t), ps, w)

(t)Na(t) ona(t)

where: 0, (t) = [1 - A((;)lN - Tl(t)aL(@W] and 0(t) = [1 B A(Z[)zN n(®) 8x2(q2((92},p3,w)

both of which are positive. A(t) > 0 is the Lagrangian multiplier associated with the
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government’s budget constraint and p(t) > 0 is the multiplier associated with the replicator
dynamics equation.

The optimal level of 7;(t) for i = 1,2 is as follows:

_ =itz (aa(t), p3, w) 1 p(t) dg(a(t), 1 (t), g2(t), p3, w)
2.7 m@)= Sis - (5_11) (,\(t)Nl(t)) oni(t)

— —02(t)z2(g(?), p3, w) 1 p(2) 99(a(t), :(t), ¢2(t), P, w)
(28) m(t)= 52 - (‘52‘2) (A(t)Nz(t)> Omo(2)

The optimal dynamic commodity tax includes two components. First, the dynamic
equivalent to the standard Ramsey Rule. Second, the commodity tax is inversely related to
the impact the tax has on the growth rate in the proportion of population adopting the new
substitute good z1(t) over time. Clearly, the optimal dynamic tax rate minimizes both the
distortion in consumption and the deceleration in the growth of the consumption of the new

substitute good. Hence, Proposition 2.3 implies that when the new substitute good z;(t)

9g() _ 99()
’ aTl(t) 8T2(t)
The optimal dynamic commodity tax for good x1(t) thus collapses to its static counterpart

is fully adopted at time ¢’ (ie., a(t) =1 at ¢t = t'), then =0fort>1t.
which is determined by the standard Ramsey Rule for ¢ > ¢ and represented by 71(¢') given

a(t)=1fort > 1.

Proposition 2.4. If an efficient evolutionary stable equilibrium exists att =t', then 71(t) <

71(t') and m(t) > n(t') for t <t and, for t >t', n(t) =n(t) and () = (') =0.

Clearly, 71(¢') and 72(') = 0 are the optimal commodity tax rates at equilibrium. The
proposition can be verified by noting that Proposition 2.3 implies that dg(-)/071(t) < 0 and
0g(-)/0m2(t) > 0 for t < t' in equations 2.7 and 2.8. Given S; < 0 for ¢ = 1,2, it is easy to

verify that for ¢t < ¢/, the optimal dynamic tax rate for new technology, 71(t), is lower than
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and the optimal dynamic tax rate for old product, 75(t), is higher than their equivalences
at equilibrium, 71(¢') and 72(t') respectively. On the other hand, eventually, 71(¢) and 7(t)
will reach the value of 71(t") and 75(t') = 0 at time ' since the learning ceases at ¢t = ¢’ and
0g(-)/0r;(t) = 0, i = 1,2 for time t > ¢’ (Proposition 2.3). The static tax rate for the new
substitute good, 71(¢’), which is determined by the standard Ramsey Rule applies for ¢t > t'.
Proposition 2.4 can be interpreted as the product cycle of the new substitute good z;, being
represented by a standard marketing S-shaped curve. For instance, the introduction of
the CD-R or CD-RW involved a product cycle that saw it become a mature product, while
co-existing in the market place with the older technology (i.e., the blank audio cassette).
The intuition is as follows: The value of the dynamic tax rate for new technology good z;(t)
is much lower when first introduced than when it becomes a mature product so inducing
the consumers to adopt the new technology quickly at the beginning of the product cycle.
For the same reason, the dynamic tax rate for the old product is set to be higher than its
equilibrium equivalence at the beginning. Given U; > Us, more and more type 2 consumers
would like to learn to utilize the new substitute good, which is represented by a(t) increasing
quickly as time proceeds. When the new technology becomes popular on the market, the
government chooses to increase the tax rate for good z;(t) and decrease the tax rate for good
z2(t) slightly with time, but will still keep a(t) arising continuously. When the number of
consumers using the new technology reaches a sufficiently large value, the government could
increase the tax rate for z;(t) and reduce the tax rate for z5(t) in a faster speed, however,
the evolution in consumption would continue given U; > U,. Eventually, the new substitute
good z;(t) is fully adopted and every consumer gets the equivalent payoff U = U; at time
t = t'. The economy achieves an efficient evolutionary stable equilibrium where a(t) = 1 at

time ¢'. For ¢t > ¢, only new technology goods remain in the market place (i.e., a(t) = 1 for
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t > t'), and the static tax rate at equilibrium, 71(t'), is imposed on the new commodity for
t > t/. Proposition 2.3 and 2.4 therefore imply the following corollary:

on(t t
Corollary 2.5. If Proposition 2.3 and 2.4 hold, then it follows that ——%i—l > 0 and (—9737() <

0 fort<t.

However, fort <t, 71(t) and 72(t) are potentially not monotonic over time. For instance,
at some time ¢, especially in the periods at the beginning, the value of 71(¢) may be lower and
the value of 73(¢) may be higher, to accelerate growth in the adoption of the new technology
as implied by the optimal dynamic commodity taxes in equations 2.7 and 2.8.

Assume the economy achieves the efficient evolutionary stable equilibrium where a(t) = 1
under dynamic tax rates at time ¢t = t;. Equilibrium payoff for the government by the
dynamic subgame is defined by W ('), 75(t')) = Vi(pr + 77 ('), ps, w) + e1.

At stage 1, the government chooses whether to impose a static or dynamic commodity
tax scheme. Given a(tp) > aj(t), there should exist both the static and dynamic tax rates
making U;(t) > U,(t) for t > ty5. Therefore, for both the static subgame (i.e., in which
the tax rates (f, 75) are imposed at time tg), and the dynamic subgame, the consumption
of the new technology good increases over time, and the social welfare improves over time
correspondingly. However, the rate of growth of the type 1 consumers who choose the
new technology good should be higher under dynamic tax rates in comparison to the static
taxes which minimize the discouragement of consumption. The dynamic taxes minimize
the distortion in consumption and the impact of the tax on the growth of the consumption
of the new good. As a result, the value of social welfare under dynamic tax rates may be
smaller at the beginning but grow with a higher speed, achieving the evolutionary stable
equilibrium ¢ = ¢, faster. Given a(to) > a3(t), if the initial proportion of type 1 consumers
in the population at time ¢, was relatively low (i.e., a(to) was equal to or only slightly greater

than a}(t)), the value of Uy (t) — Ua(t) at t = to + 1 could be very small under static taxes.
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Therefore, the consumption of new commodity grows slowly under static taxes imposed at
to especially at the beginning. Notwithstanding, with the same level of a(ty), the initial
dynamic tax rates could be set, resulting in U;(t) — Us(t) being larger at ¢t = t; + 1 and
the dynamic taxes from then on could also keep the growth rate of a(t) at a higher level.
Consequently, the evolution of the consumption of the new technology good could be quicker,
and the improvement in the social welfare higher, under dynamic taxes compared to static
taxes, when the value of a(tp) is relatively small. In contrast, if the proportion of consumers
purchasing the new technology good is sufficiently large at time ¢y (i.e., a(tp) was largely
greater than a3(t)), the difference between U;(¢) and Us(t) could be large at time ¢ =t + 1
even under static tax rates. Additionally, the value of Uy(t) — Us(t) increases with the
growth in a(t) over time. Hence, with static tax rates, the proportion of type 1 consumers
raises quickly and the level of social welfare increases with a high speed as well. Therefore,
the dynamic paths of consumption of the new good and the improvement in social welfare
under static and dynamic taxes become very similar when a(tg) is sufficiently large. For
simplicity, the administrative adjustment cost for each time period ¢ when a dynamic tax
policy is implemented is assumed to be zero. The government may consider implementing a
dynamic tax policy, if the level of aggregate social welfare under dynamic tax rates is higher

as follows:

(2.9) /Otd e {aq(t) Vipy + 71 (t), p3, w) + aa(t)er] + (1 = aqg(t)) [Va(p2 + 73 (t), p3, w) + (1 — aq(t))e2]} dt +
T
/t' e "t Vilpy + 71 (t), p3, w) + e1] dt >

t,
/0 e {as(t) Vi(py + 71, p3, w) + as(t)er] + (1 — as(t)) [Va(pz + 73, p3,w) + (1 — as(t))e2]} dt +

T
/ e " Vipy + 71 ('), ps, w) + e1] dt
¥,
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Clearly, equation 2.9 would be more likely to hold when the adjustment period for the
new commodity to become a mature product under dynamic tax rates is sufficiently shorter
than that under static taxes (i.e., tj < ¢, sufficiently). As shown above, the evolution of the
new technology good is much quicker and thus the improvement in social welfare is higher
under dynamic tax rates when initial proportion of type 1 consumers in the population
is small. As a result, given the government policy time horizon T, the imposition of a
dynamic commodity tax can be recommended when the initial proportion of consumers
adopting new technology good is sufficiently small. While, when the type 1 consumers in the
population purchasing the new good is a sufficiently large value initially, a static tax policy
can be recommended to the government instead of the dynamic tax policy. Additionally,
the revenue target of the government is reached for each period in the dynamic subgame
(e, S22, Ni(t)7i(t)zs(qi(t), ps, w) = R(t) for t € [to,T]). Whereas under static tax rates,
the tax revenue constraint of the government, Zle Nimizi(gi, p3, w) = R(t), is satisfied
for t =ty and ¢t € [t},T]. For the time between t, and t,, the revenue constraint of the
government is not binding for the static tax rates. It is associated with the fact that given
a(tp) > aj(t), proportion of type 1 consumers grows for to < t < t, (ie., a'(t) > 0 for
to <t < t.). However, under static tax rates, the demands for the new or old commodity by
each consumer, z;(¢;, ps, w), i = 1,2, are not changed at the same after tax prices p; +m and
P2 + 72. The values of 7;2;(g;, p3, w), ¢ = 1,2, remain the same for ¢ € (ty,t,). Consequently,
during the adjustment period for the new commodity to become mature, the revenue target
is not satisfied any more with the growth in a(t) for ¢t € (¢9,t,). The quantity demanded
by each type 1 consumer is less than the quantity demanded by each type 2 consumer due
to the higher price charged for the new technology good. Moreover, the levies placed on
the new commodity can not be much higher than that on the old product before the new

good is fully adopted. As a result, generally, 71z1(q1,ps3,w) < Tox2(qo,ps3, w). With the
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growth in a(t) over time (i.e., the growth in Ny), Zf=1 Nimizi(gi, p3, w), ¢ = 1,2, would
be more and more less than the revenue target of the government R(t) which implies that
the government receives less tax revenue by imposing the static commodity tax scheme.
Additionally, the longer the adjustment period for the new product to become mature under
static taxes, the more revenue loss by the government. Consequently, when the level of
a(ty) is sufficiently low (i.e., the adjustment period for the new product is much shorter
under dynamic taxes), imposing the dynamic tax policy not only benefits the consumers
but also makes the government being better off. Given the government revenue is higher
under dynamic taxes, the decision of government’s commodity tax policy may also depend
on whether the industry receives a share of the government revenue from commodity taxes.
For instance, for the CD and cassetfe industry, the levies imposed by the government are
going to be used to compensate the revenue lost of music copyright owners. Therefore, with
the revenue sharing, the government may consider implementing the dynamic tax policy
even if the total social welfare is higher under static taxes. The inability to have the revenue
constraint binding throughout the entire adjustment period of the new commodity to become
mature when a static taxation scheme is imposed makes welfare analysis complicated. In
what follows, the empirical analysis provides the basis for further comparisons of the welfare
implication between the static and dynamic commodity taxes, and interpretation of the

results.

2.4 EMPIRICAL APPLICATION

The theoretical model implies that the optimal dynamic taxation rates will be defined by
equations 2.7 and 2.8. An empirical model is developed to explore the determination of these
values using examples of new product introduction along with dynamic commodity taxation.

The two examples utilized include: first, new technology TVs (LCD TVs and Plasma TVs)
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and old technology TVs (Tube TVs); second, blank CD-Rs and blank audio cassettes used
for recording and listening to music. Consumer preferences are represented by CES utility
functions. The values used in the analysis are shown in Table 2.1.8

The optimal control problem defined by equation 2.4 was solved by collocation method
in which the value function is approximated by a linear combination of some known basis
functions over the space of state variable. Hence, the infinite dimensional optimization
problem in continuous control variables is transformed into a finite dimensional nonlinear
programming (NLP) problem which can be solved by any gradient-based method (e.g., a
SQP method). The original continuous aggregate social welfare is thus approximated by
a linear combination of the social welfare functions at some specified collocation points for
state variable a(t). At collocation point Z, the value of collocation function, W;, is obtained
by solving the optimization problem defined by equation 2.4 given the value of a(t) at point i.
Therefore, the optimal dynamic tax rates for each time interval are those that both maximize
the value of current welfare and maximize the increase in total welfare associated with the
growth in a(t). In our two specific examples, in order to test the predictions implied by the
theoretical model, the value of a(t) = a, making U;(t) = Us(t) is first found and the initial
value of a(t) at ¢t = ¢y = 0 is set to be greater than a,. The positions of the collocation points
are determined by a sequential way. For instance, a(t + 1) is determined with the values of
a(t) and o(t) using first-order Taylor approximations. Furthermore, the revenue targets of

the government at each time interval under dynamic tax rates are fixed at the initial level.

8The prices for LCD TV and Tube TV are the current prices at Future-shop Inc., June 2007,
and the prices for the blank CD-R and blank audio cassette were the prices of 2001 at Future-shop
Inc. Ratio of externality for LCD TV and Tube TV is generated by comparing the digital video
resolutions for both TVs. (Source: en.wikipedia.org/wiki/1080i) and that for CD and cassette is
determined by the number of songs could be recorded by the two media. The revenue target under
dynamic environment is supposed to be fixed at the level at the beginning. For example 1, the
revenue target is set as 8% of the total expenditure on TV and, for example 2, the revenue target
is equal to the revenue of levies on blank CD-R and blank audio cassette for year of 2001 using the
data from Canadian Copy-right Board. The annual income for the consumer is generated as the
average expenditure per person and the expenditure share is defined as the ratio of the expenditure
on the concerned products to the total expense using the data of year of 2001. (Source: Spending
Pattern in 2001, Statistics Canada). ‘
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The empirical results for the LCD TV /Tube TV case are shown in Table 2.2 to Table 2.5.
The results for the blank CD-R/blank audio cassette case are shown in Table 2.6 to Table
2.9. Figure 2.3 to Figure 2.6 show the dynamics over time of optimal commodity taxation
rates, the evolution of consumption of the new technology TVs, and improvement over time
of social welfare under static versus dynamic taxes when initial proportion of consumers
purchasing new LCD TV is relatively low at 0.192. Comparably, Figure 2.7 to 2.10 show
the same dynamic paths when the initial proportion of type 1 consumers raises to 0.3. In
addition, for the CD-R/audio cassette case, Figures 2.11 to 2.12 and Figures 2.13 to 2.14
draw the graphs for the evolution in a(t) and improvement in W (t) under dynamic versus

static tax rates, when the initial value of a(t) is 0.14 and 0.25 respectively.

2.4.1 EMPIRICAL OPTIMAL COMMODITY TAXATION RATES

In the first example of new technology and old technology TVs, the price for the new
LCD TV is much higher than that of the old tube TV: p; > py. The value of a(t) making
Ui (t) = Ux(t) is found by maximizing the welfare function satisfying the revenue target and
the condition of Uy(t) = Ux(t). The resulting value of a(t) = a, is equal to 0.1918. Thus, we
first set the initial value of proportion of type 1 consumers to a(tp) = 0.192 which is slightly
greater than 0.1918. Next, we raise the level of a(ty) to be equal to 0.3 and compare the
results.

When a(ty) = 0.192, the static tax rate for the new technology TV is almost as high as
that for the old tube TV (7; = 108.6262 and 7, = 112.9292). As a result, the rate of growth
of consumption of new commodity is low at the beginning in the static framework (i.e.,
ay(to) = 1.7653e — 005). In contrast, the dynamic tax rate for new technology TV at initial
time tp = 0 is much lower than the tax rate under static environment (7;(to) = 48.5548 <

71 = 108.6262), which makes Vj(to) higher, while the dynamic tax rate for the old tube TV
30

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



at time ¢y is higher than its static counterpart (73(tg) = 118.0403 > 7, = 112.9292) making
Va(to) lower. Consequently, under dynamic tax rates, the value of Uy (to) — Ua(to) is higher, so
type 2 consumers will deviate to purchase new product at a quicker speed under the dynamic
environment(a};(tp) = 0.0021). However, the dynamic tax rate provides a lower level of social
welfare at the beginning compared with the static tax rate (Wy(to) = 220.9609 < W(to) =
220.9614), which is due to the dynamic tax rate not only maximizing social welfare but also
ensuring the growth in consumption of the new technology good. The proportion of type
1 consumers grows slowly under static tax rates for the first a few periods. Starting from
period 7, the growth rate of a(t) becomes higher and hence a(t) exceeds the value of 0.3
by period 13. From then on, a(t) grows very quickly reaching the equilibrium value of 1 at
t = t14. Correspondingly, social welfare W (t) raises slightly for the first few periods, and
then grows with faster reaching the value of 225.7624 at equilibrium at ¢ = t14 (i.e., t, = 14).
Comparatively, under dynamic tax rates, the consumption of the new technology TV grows
at a higher speed starting from period 1. As a result, a(t) exceeds the value of 0.3 by period
7, reaching the upper limit value of 1 at time ¢ = tg (i.e., t; = 8). The level of social welfare
under dynamic taxes is lower than its static counterpart initially, but rises with a higher
speed with the growth in a(t). W(t) reaches the equilibrium value of 225.7624 at t = tg for
the dynamic subgame. For ¢ > ts, W(t) remains constant at 225.7624. Since t; < t, and
the difference between Wi(to) and Wy(to) is not large, the value of aggregate social welfare
seems higher in the dynamic framework. Thus, when number of consumers purchasing new
technology TV is relatively low at the beginning (i.e., a(to) = 0.192), dynamic commodity
tax scheme can be recommended to the government which is consistent with the result
implied by the theoretical model. Table 2.2 shows that dynamic tax rate for new LCD TV
increases slowly and dynamic tax rate for old Tube TV declines slightly for the first a few

period. Then, 71(t) raises faster and faster and 7»(t) continues to decrease slightly with time
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but keeping the growth in a(t) high. When the value of a(t) exceeds 0.5, 74(t) increases
sharply and 75(t) declines more steeply. The static tax rates at equilibrium 7 (t) = 417.4586
and 75(t) = 0 then apply for ¢t > tg. Clearly, the movement over time of dynamic tax rates
is in alignment with the predictions implied by the theoretical framework. Table 2.2 also
shows that revenue target of the government is not satisfied for ¢ € (¢, t14) under static tax
rates. The commodity tax revenue decreases with the growth in a(t). The budget constraint
is binding again for ¢t > t;4 when tax rates at equilibrium 7{(t) = 417.4586 and 74(t) = 0
apply. ° Consequently, government receives more tax revenue by implementing a dynamic
tax policy.

When the initial proportion of type 1 consumers purchasing new technology T'V is raised to
be 0.3 (i.e., a(ty) = 0.3), the static tax rate for LCD TV is much higher than its counterpart
when a(ty) = 0.192 (7; = 285.9766). Additionally, the tax rate for Tube TV is lower when
the level of a(ty) is higher (72 = 106.5183). Comparatively, the initial dynamic tax rates
at t = to are 71(t) = 202.0584 and 7»(t) = 116.7546 which are lower and higher than their
static counterparts respectively. However, with the high level of a(tp), the growth rate of
consumption of new commodity is high at the beginning even under the static tax rates
(i.e., a,(tp) = 0.1521). Additionally, a(t) increases with time more rapidly, achieving the
equilibrium value of 1 at time ¢ = t3 under static taxes (i.e., t, = 3). While under the
dynamic tax rates, a(t) raises with a slightly higher speed, also reaching the value of 1 at
the beginning of the fourth period t = 3 (i.e., t; = 3). Figure 2.9 and Figure 2.10 show
that the evolution of consumption of new technology TV and the improvement in the social
welfare over time are almost equivalent for the static and dynamic subgames. Therefore,
the government will consider to impose a static tax scheme when the initial proportion of

type 1 consumers in the population is sufficiently large. However, Table 2.4 shows that

9For t > #', m»(t) may still be positive. However, there is no welfare or revenue implications since
1 —a(t) =0 for t > t'. Hence, for simplicity, m2(t) is considered to be zero for t > ¢'.
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revenue of government is declining over time under static taxes for ¢ € (to,t3). Therefore,
the government may be recommended to adopt the dynamic as opposed to the static tax
policy if the industry shares the commodity tax revenue of the government.

The second example is for the blank CD-R and blank audio cassette where the price for
the new technology good is lower than the price for the old product: p; < pa (see Table2.1).
In this case, the value of a(t) making U, (¢) = Uz(¢) is found to be equal to a, = 0.1374 which
is smaller than the value of a, in the TV case. This may be associated with the fact that
the price for the new substitute good CD-R is lower than the price for the old product audio
cassette in this case. We thus first set the value of initial proportion of consumers adopting
new CD-R at t = ¢y as a(tg) = 0.14 which is slightly greater than 0.1374. Then, we increase
the value of a(to) to 0.25 to compare the results.

When the number of type 1 consumers is small initially (i.e., a(ty) = 0.14), the static
tax rate for the new substitute CD-R is 4 = 0.28223 and the static tax rate for the old
product cassette is 7, = 0.74874. Correspondingly, the rate of growth of consumption of
new commodity is extremely low at the beginning in the static framework (i.e., a}(¢p) =
1.1081e—009). It is associated with the factors that the proportion of consumers purchasing
new good CD-R is low and the levies imposed on CD-R is high. Comparatively, the dynamic
tax rate for new product CD-R at initial time ¢t = %3 is much lower than the tax rate
under static environment (7(fo) = 0.000324 < 7, = 0.28223) which makes Vj(ty) being
much higher while the dynamic tax rate for the old commodity cassette at time ¢y is higher
than its static counterpart (m2(p) = 0.91267 > 7, = 0.74874) making V,(¢9) be largely
lowered.’® Consequently, even with a relatively small initial value of a(t), under dynamic
tax rates, the growth rate of consumption of new technology good is not low at the beginning

(a)(to) = 0.00803). However, the dynamic tax rate provides a lower level of social welfare

101t is useful to note that the actual levy rate on CD-R was 5.2 cents in 1999 and 21 cents by
2003.
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at time ¢t = ¢y compared with that provided by the static tax rate (Wy(to) = 2244.0786 <
Ws(to) = 2244.0809). The proportion of type 1 consumers grows extremely slowly under
static tax rates. a'(t) does increase with time but the increase in o'(t) is very small. As
a result, a(t) only reaches the value of 0.140081 by the end of the policy time horizon
t = tog = T. The social welfare raises very slowly as well with the little growth in a(t),
only reaching the value of 2244.08089 at time ¢ = 7. Thus, compared with the TV case,
the social welfare is not improved much in the static framework for the CD/Cassette case,
which is mainly due to the low initial value of a(t). In contrast, under dynamic tax rates, the
consumption of new technology good CD-R grows fast starting from period 1. The growth
rate of a(t) increases over time and becomes much higher when a(t) exceeds the value of
0.25. As a result, proportion of type 1 consumers reaches the equilibrium value of 1 at time
t = t7 (i.e., t; = 7). Correspondingly, the level of social welfare under dynamic taxes also
arises quickly with the growth in a(t). W(t) reaches the equilibrium value of 2248.3732
at t = t; for the dynamic subgame. For ¢t > t;, W(t) remains constant at 2248.3732.
Apparently, the value of aggregate social welfare is higher in the dynamic framework. Thus,
dynamic commodity tax scheme can be recommended to the government when the number
of consumers purchasing new substitute good CD-R is sufficiently low at the beginning (i.e.,
a(ty) = 0.14). Table 2.6 shows that dynamic tax rate for CD-R increases over time and
dynamic tax rate for audio cassette declines over time, reaching the values at equilibrium at
time ¢ = t7. It is also shown by Table 2.6 that the commodity tax revenue of government
decreases with the growth in a(t) for ¢t € (¢y, T) under static tax rates.

When the initial proportion of type 1 consumers purchasing new technology good CD-
R is raised to be 0.25 (i.e., a(ty) = 0.25), the static tax rate for CD-R is higher than its
counterpart when a(tp) = 0.14 (13 = 0.3057). Additionally, the static tax rate for audio

cassette is lower when the level of a(ty) is higher (m, = 0.7483). Comparatively, the initial
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dynamic tax rates at t = ¢y are 71(t) = 0.2461 and 7»(¢t) = 0.8003 which are lower and
higher than their static counterparts respectively. Unlikely the case in which a(ty) is small,
with the high level of a(ty), the growth rate of consumption of new technology good is
high at the beginning even under the static tax rates (i.e., a}(to) = 0.123). Additionally,
a(t) increases with time quicker and quicker, achieving the equilibrium value of 1 at the
beginning of the fourth period ¢ = ¢3 under static taxes (i.e., t, = 3). While under dynamic
tax rates, a(t) raises with a slightly higher speed, also reaching the value of 1 at time ¢ =¢3
(i.e,, t;, = 3). Figure 2.13 and Figure 2.14 show that the evolution of consumption of new
commodity CD-R and the improvement in the social welfare over time are equivalent for the
static and dynamic subgames. Therefore, the government will consider to impose a static
tax scheme when the initial proportion of type 1 consumers in the population is sufficiently
large. However, Table 2.8 shows that revenue of government is declining over time under
static taxes for ¢t € (o, t3). Therefore,, the government may be recommended to adopt the
dynamic as opposed to the static tax policy if the industry shares the commodity tax revenue
of the government. Clearly, all results for the CD-Cassette case when a(tg) = 0.25 are similar
with those for the TV case when a(ty) = 0.3.

In both examples, the whole picture of dynamics in optimal commodity tax rates over
time could be drawn roughly. The empirical results show that the dynamic tax rate for the
new technology good is set much lower whereas the dynamic tax rate for the old product
is set much higher than their static counterparts respectively at the beginning given the
equivalent initial value of a(t) at ¢ = t;. The initial dynamic tax rates make the new
substitute good more attractive, so the proportion of type 1 consumers increases with time
faster. Then, when the new technology good becomes more popular on the market, the
government can consider gradually increasing the tax rate 71(t) and decreasing the tax rate

72(t), while keeping the level of a/(t) rising. When the number of consumers utilizing the
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new product becomes sufficiently large, the government has the option of speeding up the
increase in 71(t) and the decrease in 75(t) further. Eventually, all consumers adopt the
new technology good at some time ¢t = ¢’ and the economy achieves an evolutionary stable
equilibrium at t’. For ¢t > t/, the static tax rate determined by the standard Ramsey Rule
applies. In addition, the empirical results also show that the growth in consumption of
the new technology good is much faster and the improvement in social welfare is more
under dynamic taxes when the initial proportion of consumers adopting new commodity is
sufficiently small. Further, government revenue of commodity taxes decreases with a(t) by
imposing static tax scheme during the adjustment period of the new technology good to
become fully adopted. Apparently, the empirical results in both examples are consistent

with the predictions implied by the theoretical framework.

2.4.2 WELFARE COMPARISON AND POLICY CONSIDERATIONS

Figures 2.6 and 2.10 and Figures 2.12 and 2.14 show the welfare improvements under
static v.s dynamic tax rates with different initial values of a(t) for the LCD/Tube TV case
and for the CD-R/Audio Cassette case respectively. Clearly, in both cases, the level of
social welfare is lower under dynamic tax rates at the beginning. It is attributed to the
reason that compared with the static tax rates, the dynamic tax rates not only maximizes
the social welfare but also accelerates the consumption of the new technology good at the
meantime. Figures show that when the proportion of consumers purchasing new technology
good is relatively small at the beginning, consumption of the new commodity grows with a
much higher speed under dynamic taxes, therefore, the level of social welfare raises faster as
well. However, when the initial number of type 1 consumers is sufficiently large, evolution
of consumption of the new technology good becomes fast under the static tax rates as well.

As a result, the improvements in social welfare are almost equivalent for both the static and
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dynamic framework. This implies that government would be more likely to be recommended
to impose a dynamic commodity tax scheme when the initial value of a(t) is sufficiently
small. Additionally, the government receives less revenues under static taxes. Thus, the
government may consider to implement the dynamic as opposed to the static tax policy even
if the latter provides a higher level of total social welfare when the industry has the share of

government revenue.

2.5 CONCLUSION

The paper characterizes the optimal commodity taxation scheme for an economy with
an evolutionary process in the adoption of a new substitute good. The adaptation of the
new good is represented by a replicator dynamic equation and referred to as consumption
replicator dynamics. The government chooses the commodity taxes in order to maximize a
social welfare function, subject to a revenue constraint and a replicator dynamic equation.
The replicator dynamic equation, as in Samuelson (1998) and Hauert et al (2002), represents
the evolution in the proportion of the population consuming the new substitute good, as
opposed to the old good in a three good economy. The new and old goods are used in
household production and may be considered to be new LCD television and old tube TV,
respectively. Households are assumed to possess a home production technology that uses
either the old or the new good, but not both. Households also care about a composite
good.

The key findings of the study are as follows: First, the paper finds that the optimal com-
modity tax, in the presence of consumption replicator dynamics, involves the taxes minimiz-
ing the marginal deadweight loss or distortion in consumption as asserted by the standard
Ramsey Rule, and minimizing the impact on the growth in the consumption of the newly

introduced substitute commodity. Second, the welfare improvement from implementing
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the dynamic as opposed to the static commodity tax is high when the initial proportion of
type 1 consumers in the population is sufficiently low. Therefore, the government chooses
to implement a dynamic commodity tax scheme over a static commodity tax policy, when
the number of consumers who adopt new technology commodity are sufficiently small at the
beginning. Additionally, the government revenue of commodity taxes decreases over time
under static tax rates during the period over which the new commodity adjust from being
a initially introduced to a mature good. As a result, if the industry shares the government
revenue, the dynamic tax scheme may be recommended even if the aggregate social welfare
is higher under static taxes. The empirical results of the optimal commodity taxation rates
for both the LCD TV /Tube TV case and the CD-R/Audio Cassette case are consistent with
the predictions of the theoretical framework.

This paper contributes to the literature on optimal commodity taxation through the ap-
plication of the concepts of evolutionary game theory to the commodity tax literature. The
bargaining activity between various players in the tax policy framework clearly represents
scope for further study. Furthermore, the use of dynamic commodity taxation as part of
environment policy, such as promoting the purchase of hybrid engine cars over combustion

engines, could be studied within the context of the framework presented in this paper.
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Table 2.1: Data used in analysis for both LCD TV /Tube TV case and CD-R/Cassette case

Variable LCD TV and Tube TV | Blank CD-R and Blank Audio Cassette
LCD TV Tube TV | Blank CD-R | Blank Audio Cassette
Price(p1, p2) 1571.4 422.2 1 2
Price for composite goods(ps) 100 100 10 10
Externality(e;, e2) 6 1 5 1
Income/Expenditure(w) 22459 22459 22459 22459
Expenditure share(a) 0.0033 0.0033 0.0002 0.0002
Tax revenue target (R(t)=R) | 177,875,280 | 177,875,280 | 16,172,000 16,172,000
Total population(N) 3.0e+007 3.0e+007 3.0e+007 3.0e-+-007
Discount factor(p = r) 0.1 0.1 0.1 0.1

Source: Future-Shop Inc., en.wikipedia.org/wiki/1080i and Statistics Canada

Table 2.2: Movement over Time of Related Variables under Static vs. Dynamic Taxes

-LCD/Tube TV Case (at, = 0.192)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com

Static Subgame
t Ea T a(t) Vi Vo Uy (t) Us (t) a’ (t) W(t) R(t)
t€ [to,t1) | 108.6262 | 112.9292 | 0.192 | 219.8095 | 220.1534 | 220.9615 | 220.9614 | 1.7653e-005 | 220.9614 | 177875280
te [t1,t2) | 108.6262 | 112.9292 | 0.19202 | 219.8095 | 220.1534 | 220.9616 | 220.9614 | 3.6826e-005 | 220.96141 | 177872587
t€ [ta,t3) | 108.6262 | 112.9292 | 0.19205 | 219.8095 | 220.1534 | 220.9618 | 220.9613 | 7.6831e-005 | 220.96142 | 177867024
t€ {t3,t4) | 108.6262 | 112.9292 | 0.19213 | 219.8095 | 220.1534 | 220.9623 | 220.9612 | 1.603e-004 | 220.96145 | 177855419
t€ [ta,t5) | 108.6262 | 112.9292 | 0.19229 | 219.8095 | 220.1534 | 220.9632 | 220.9611 | 3.347e-004 | 220.9615 | 177831201
t€ {t5,t6) | 108.6262 | 112.9292 | 0.19263 | 219.8095 { 220.1534 | 220.9653 | 220.9608 | 6.996e-004 | 220.9616 | 177780637
te [ts,t7) | 108.6262 | 112.9292 | 0.19333 | 219.8095 | 220.1534 | 220.9694 [ 220.96 0.001465 220.9619 | 177674961
te€ {t7,t3) | 108.6262 | 112.9292 | 0.19479 | 219.8095 | 220.1534 | 220.9782 | 220.9586 0.00308 220.9624 | 177453632
t€ [ts,to) | 108.6262 | 112.9292 | 0.19787 | 219.8095 | 220.1534 | 220.9967 | 220.9555 0.0065 220.9637 | 176988024
t€ [to,t10) | 108.6262 | 112.9292 | 0.2044 | 219.8095 | 220.1534 | 221.036 | 220.949 0.0142 220.9668 | 175999550
t€ [t10,%11) | 108.6262 | 112.9292 | 0.2186 | 219.8095 | 220.1534 | 221.121 | 220.9348 0.0318 220.9755 | 173861419
t€ [t11,t12) | 108.6262 | 112.9292 | 0.2504 | 219.8095 | 220.1534 | 221.3117 | 220.903 0.0767 221.0053 | 169059573
tE [t12,t13) | 108.6262 | 112.9292 | 0.3271 | 219.8095 | 220.1534 | 221.7719 | 220.8263 0.2081 221.1356 | 157474561
te [t13,t14) | 108.6262 | 112.9292 | 0.5352 | 219.8095 | 220.1534 | 223.0205 | 220.6182 0.5976 221.9038 | 126040554
te [t14,T] 417.4586 0 1 219.7624 - 225.7624 0 225.7624 | 177875280
Dynamic Subgame
t 71(t) 72(t) a(t) Vi(t) Va(t) Ui(t) Ua(t) a/(t) W(t) R(t)
t€ [to, t1) 48.5548 | 118.0403 [ 0.192 | 219.8198 | 220.1503 | 220.9718 | 220.9583 0.0021 220.9609 | 177875280
te [t1,t2) 56.9123 | 117.6432 | 0.1941 | 219.8183 | 220.1506 | 220.9829 | 220.9565 0.0041 220.9616 | 177875280
t€ [t2,t3) 76.8257 | 116.5205 | 0.1982 | 219.8149 | 220.1512 | 221.0041 | 220.953 0.0081 220.9632 | 177875280
te [t3,t4) 96.945 | 115.9294 | 0.2063 | 219.8115 | 220.1516 | 221.0493 | 220.9453 0.017 220.9667 | 177875280
te€ [ta, ts) 127.3458 | 115.475 0.2233 | 219.8064 { 220.1519 | 221.1462 | 220.9286 0.0377 220.9772 | 177875280
t€ [ts,t6) | 178.4085 | 114.9832 | 0.261 | 219.7981 | 220.1522 | 221.3641 | 220.8912 0.0912 221.0146 | 177875280
te [te,t7) | 261.5603 | 113.9026 | 0.3522 | 219.7851 | 220.1528 | 221.8983 | 220.8006 0.2504 221.1872 | 177875280
t€ [tr,t3) | 394.0954 | 100.9254 | 0.6026 | 219.7657 | 220.1607 | 223.3813 | 220.5581 0.6761 222.2593 | 177875280
te [ts, 7] | 417.4586 0 1 219.7624 225.7624 0 225.7624 | 177875280
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Table 2.3: Percentage Changes of Related Variables Over Time under Static vs. Dynamic Taxes

-LCD/Tube TV Case (a, = 0.192)

Static Subgame
t Vi) (%) | Vo(0)(%) | Ua(8)(%) | Ua(®)(%) | a(t)(%) | W(t)(%) | R(t)(%)
to — t1 0 0 4.5257e-005 0 9.375e-003 | 4.5257e-006 | -0.0056218
ty —t2 0 0 9.0513e-005 | -4.5257e-005 | 0.01667 | 4.5257¢-006 | -0.0056219
to — 13 0 0 2.2628e-004 | -4.5257e-005 | 0.041656 | 1.3577e-005 | -0.005622
t3 —tg 0 0 4.0731e-004 | -4.5257e-005 | 0.083277 | 2.2628e-005 | -0.011245
ta — t5 0 0 9.5038e-004 | -1.3577e-004 0.18 4.5257e-005 | -0.02812
ts — t6 0 0 1.8555e-003 | -3.6206e-004 0.36 1.3577e-004 | -0.061874
te — t7 0 0 3.9825e-003 | -6.336e-004 0.76 2.2628e-004 | -0.123825
ty —tg 0 0 8.3719¢-003 | -1.403e-003 1.58 5.8834e-004 | -0.2592
tg —tg 0 0 0.017783 | -2.9418e-003 3.3 0.0014 -0.55935
tg — t10 0 0 0.038455 | -6.4268e-003 6.95 0.0039 -1.2159
ti0 — t11 0 0 0.086242 -0.014393 14.55 0.0135 -2.76084
t11 — t12 0 0 0.21 -0.034721 30.63 0.059 -6.8556
t12 — t13 0 0 0.56 -0.094237 63.62 0.3474 -19.9594
t1g — t14 | -2.1428e-004 . 1.23 . 86.85 1.7389 41.1219
tia—T 0 . 0 . 0 0 0
Dynamic Subgame
t Vi) (%) | Va()(%) | Ui(8)(%) | Ua(t)(%) | a(t)(%) | W(t)(%) | R(t)(%)
to —t1 -0.00068 0.00013 0.00502 -0.00081 1.09375 0.00031 0
ty — to -0.00154 0.00027 0.00959 -0.00158 2.11231 0.00072 0
to — i3 -0.00154 0.00018 0.02045 -0.00348 4.08678 0.00158 0
tg — ity -0.00232 0.00013 0.04383 -0.00755 8.24042 0.00475 0
ty — 5 -0.00377 0.00013 0.09853 -0.01692 16.88311 0.01692 0
ts — tg -0.00591 0.00027 0.24132 -0.04101 34.94252 0.07809 0
te — tr -0.00882 0.00358 0.66832 -0.10982 71.09596 0.4847 0
ty — tg -0.0015 . 1.06593 - 65.94756 1.57613 0
tg— T 0 - 0 . 0 0 0

Table 2.4: Movement over Time of Related Variables under Static vs. Dynamic Taxes

-LCD/Tube TV Case (a;, = 0.3)

Static Subgame

t T1 T2 a(t) Vi Vo Ul(t) Ug(t) a'(t) W(t) R(t)
t€ [to,t1) | 285.9766 | 106.5183 0.3 219.7814 | 220.1572 | 221.5814 | 220.8572 | 0.1521 | 221.0745 | 177875280
t€ [t1,t2) | 285.9766 | 106.5183 | 0.4521 | 219.7814 | 220.1572 | 222.494 | 220.7051 | 0.4431 | 221.5139 | 167792481
te [t2,t3) | 285.9766 | 106.5183 | 0.8952 | 219.7814 | 220.1572 | 225.1526 | 220.262 | 0.4588 | 224.6401 | 138418674
te [t3, T) | 417.4586 0 1 219.7624 - 225.7624 . 0 225.7624 | 177875280

Dynamic Subgame

t 71(t) T2(t) a(t) Vi(t) Va(t) Ui (t) Ua(t) a’(t) W(t) R(t)
t€ [to,t1) | 202.0584 | 116.7546 0.3 219.7943 | 220.1511 | 221.5943 | 220.8511 | 0.1561 | 221.0741 | 177875280
t€ [t1,t2) | 303.4176 | 116.0847 | 0.4561 | 219.7788 | 220.1515 | 222.5154 | 220.6954 | 0.4515 | 221.5255 | 177875280
t€ [t2,t3) | 411.8083 | 105.3448 | 0.9076 | 219.7632 | 220.158 | 225.2088 | 220.2504 | 0.4158 | 224.7506 | 177875280
te [t3, T) | 417.4586 0 1 219.7624 . 225.7624 . 0 225.7624 | 177875280
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Table 2.5: Percentage Changes of Related Variables Over Time under Static vs.

-LCD/Tube TV Case (as, = 0.3)

Dynamic Taxes

Static Subgame
t  [Vi()(p) | Vo)) | Ui(t)(%) | U2(t) (%) | alt)(%) | W(t)(%) | R(t)(%)
to—11 0 0 0.41186 | -0.06887 50.7 0.19876 | -5.66847
ty —to 0 0 1.19491 | -0.20077 98 1.41129 | -17.506
ty —t3 | -0.00864 0.27084 - 11.70688 | 0.49960 | 28.50526
ts—T 0 0 0 0 0
Dynamic Subgame
t [Vi@))(%) | Vo) (%) | Us(#)(%) | U2(8)(%) | a(t)(%) | W(t)(%) | R(t}%)
to — t1 | -0.00705 | 1.81693e-004 | 0.41567 | -0.07050 52.03 0.20418 0
t1 —ta | -0.0071 0.00295 1.21043 | -0.20164 98.99 1.45586 0
to —t3 | -3.64028 - 0.24582 . 10.1807 | 0.45019 0
ts =T 0 0 0 0 0
Table 2.6: Movement over Time of Related Variables under Static v.s Dynamic Taxes
—CD/Cassette Case (ay, = 0.14)
Static Subgame
T T ) a(t) A Vs U0 [$210) I 0) Wy R{E)
t€ o, %) | 02802 | 0.7487 0.14 2243.38087 | 224322087 | 2244.08087 | 9944.08087 | 1.1081e-000 | 2244.08087 | 16171088
t€ [41,t;) | 0.2822 | 0.7487 | 0.1400000011 | 2243.38087 | 2243.22087 | 224408087 | 224408087 | 1.0086e-000 | 2244.08087 | 16171988
tE [ta,t3) 0.2822 0.7487 0.140000003 | 2243.38087 | 2243.22087 | 2244.08087 | 2244.08087 | 3.2874e-009 | 2244.08087 | 16171988
Y€ [fa,ta) | 0.2822 | 0.7487 | 0.1400000063 | 2243.38087 | 2243.22087 | 2244.08087 | 2244.08087 | 5.6623¢-000 | 2244.08087 | 16171988
Y€ [fa,fs) | 0.2822 | 0.7487 | 0.140000012 | 2243.38087 | 2243.22087 | 2244.08087 | 2244,08087 | 9.75286-000 | 2244.08087 | 16171988
t€ [fs,%s) | 0.2822 | 0.7487 | 0.1400000217 | 2243.38087 | 2243.32087 | 2244.08087 | 2244.08087 | 1.6798¢-008 | 2244.08087 | 16171988
t€ [te,t7) 0.2822 0.7487 | 0.1400000385 | 2243.38087 | 2243.22087 | 2244.08087 | 2244.08087 | 2.8933e-008 | 2244.08087 | 16171988
%€ [t7,%s) | 0.2822 | 0.7487 | 0.1400000675 | 2243.38087 | 2043.09087 | 2944.08087 | 2944.08087 | 4.98350-000 | 2244.08087 | 16171988
TC [fs,to) | 0.2822 | 0.7487 | 0.1400001173 | 2243.38087 | 2243.02087 | 2244.08087 | 2244.08087 | 8.58356-008 | 2244.08087 | 16171988
t€ [to,t10) 0.2822 0.7487 0.140000203 | 2243.38087 | 2243.22087 | 2244.08087 | 2244.08087 | 1.4784e-007 | 2244.08087 | 16171988
t€ [t10,t11) 0.2822 0.7487 0.140000351 2243.38087 | 2243.22087 | 2244.08087 | 2244.08087 | 2.5464e-007 | 2244.08087 | 16171987
€ [f11, fiz) | 0-2822 | 0.7487 | 0.140000606 | 2243.38087 | 2243.22087 | 2244.08087 | 2244.08087 | 4.386e-007 | 2244.08087 | 16171087
Y€ [f12,013) | 0.2822 | 0.7487 | 0.140001044 | 2243.38087 | 2243.22087 | 2044.08088 | 2244.08087 | 7.5545e-007 | 2244.08087 | 16171986
Y€ [f1s, t1a) | 0.2822 | 0.7487 | 0.1400018 | 2243.38087 | 2243.22087 | 2244.08088 | 2244.08087 | 1.3012¢-006 | 2244.08087 | 16171985
Y€ [f1a, tis) | 0.2822 | 0.7487 | 0.1400031 | 2243.38087 | 2243.20087 | 2244.08089 | 2244.08087 | 2.2412¢-006 | 2244.08087 | 16171982
t€ [t15, t16) 0.2822 0.7487 0.140005342 | 2243.38087 | 2243.22087 2244.0809 2244.08086 | 3.8603e-006 | 2244.08087 | 16171978
te [tis, £17) 0.2822 0.7487 0.1400092 2243.38087 | 2243.22087 2244.0809 2244.08086 | 6.6493e-006 | 2244.08087 | 16171970
t€ [t17,t1s) 0.2822 0.7487 0.140015852 | 2243.38087 | 2243.22087 | 2244.0809 | 2244.08085 | 1.1453e-005 | 2244.08087 | 16171957
t€ [t1s, t19) 0.2822 0.7487 0.140027305 | 2243.38087 | 2243.22087 2244.081 2244.08084 1.973e-005 2244.08087 | 16171934
T€ [f10,20) | 0.2822 | 0.7487 | 0.140047035 | 2243.38087 | 2243.20087 | 2244.0811 | 2244.08082 | 3.39886-005 | 2244.08087 | 16171895
t=too =7 | 0.2822 | 0.7487 | 0.140081023 | 2243.38087 | 2243.22087 | 2244.08128 | 2244.08079 | 5.856e-005 | 2244.08089 | 16171828
Dynamic Subgame
T Z10) 210) a(0) i) V20 U100 U20) O] W) R(®)
t€ [to,t1) 0.000324 | 0.91267 0.14 2243.436 2243.2093 2244.136 2244.0693 0.00803 2244.0786 16172000
t€ [t1,t2) 0.08106 | 0.86216 0.148 2243.4186 2243.2128 2244.1587 2244.0647 0.01186 2244.07864 | 16172000
t€ [tg,13) 0.09327 | 0.86606 0.1599 2243.4161 2243.2125 2244.2155 2244.0526 0.02188 2244.07865 | 16172000
t€ [ta, ta) 0.11564 | 0.87066 0.1818 2243.4116 2243.2122 2244.3204 2244.0304 0.04313 2244.0831 16172000
t€ [ta, ts) 0.15894 | 0.87007 0.2249 2243.4031 2243.2122 2244.5276 2243.9873 0.09418 2244.1088 16172000
t€ [is, %) | 0.21931 | 0.8672 0.3101 2243.3910 | 22432124 | 2244.9873 | 2243.8033 | 0.23769 | 2244.2424 | 16172000
Y€ [te,%r) | 0.3064 | 0.79619 0.5568 2243.3768 | 2243.0174 | 2246.1607 | 2243.6607 | 0.61604 | 2245.0526 | 16172000
Y€ [t7, 7] | 0.32804 0 1 2243.3732 : 9248.3732 : 0 2248.3732 | 16172000
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Table 2.7: Percentage Changes Over Time of Related Variables under Static v.s Dynamic Taxes

—CD/Cassette Case (at, = 0.14)

Static Subgame

t Vi@)(%) | Va(®)(%) | Ui()(%) | Ua(t)(%) a(t)(%) W(t)(%) R(t)(%)
to — 11 0 0 2.6737e-010 | -4.9018e-011 | 7.9151e-007 | 7.5755e-012 | -1.3583e-008
ty —t2 0 0 4.2512e-010 | -8.5113e-011 | 1.3633e-006 | 1.3814e-011 | -2.3395e-008
ty —t3 0 0 7.3259e-010 | -1.4661e-010 | 2.3482e-006 | 2.3618e-011 | -4.0298e-008
t3 — 14 0 0 1.2615e-009 | -2.5222e-010 | 4.0445e-006 | 4.0106-011 | -6.9410e-008
ty —ts 0 0 2.1728e-009 | -4.3492e-010 | 6.9663e-006 | 6.9516e-011 | -1.1955e-007
ts — tg 0 0 3.7432e-009 | -7.4819¢-010 | 1.1999e-005 | 1.1987e-010 | -2.0592e-007
te — ty 0 0 6.4463e-009 | -1.2896e-009 | 2.0667e-005 | 2.0632e-010 | -3.5467e-007
ty —ts 0 0 1.1103e-008 | -2.2205e-009 | 3.5596e-005 | 3.5516e-010 | -6.1088e-007
ts —to 0 0 1.913e-008 | -3.8252¢-009 | 6.1311e-005 | 6.1228e-010 | -1.0522e-006
to — t1o 0 0 3.294e-008 | -6.5929e-009 | 1.056e-004 | 1.0539e-009 | -1.8123e-006

tio — tin 0 0 5.6737e-008 | -1.2032e-008 | 1.8189e-004 | 1.8154e-009 | -3.1215e-006
t1; — t12 0 0 9.7724e-008 | -1.8855e-008 | 3.1329e-004 | 3.1269e-009 | -5.3764e-006
t1g — t13 0 0 1.6832e-007 | -3.3664e-008 | 5.396e-004 | 5.3875e-009 | -9.2605e-006
t13 — t14 0 0 2.8992e-007 | -5.8885¢-008 | 9.2941e-004 | 9.2742¢-009 | -1.595e-005
t14a — t15 0 0 4.9936e-007 | -9.8972e-008 0.0016 1.5974e-008 | -2.7473e-005
t15 — t16 0 0 8.6011e-007 | -1.72e-007 0.00276 2.7509e-008 | -4.732e-005
t1s — t17 0 0 1.4815e-006 | -2.963e-007 | 0.00475e-004 | 4.7364e-008 | -8.1508¢-005
t17 — t1s 0 0 2.5519e-006 | -5.1038e-007 0.00818 8.1529¢-008 | -1.404e-004
t1s — t1o 0 0 4.3959-006 | -8.7918e-007 0.01409 1.4028e-007 | -2.4185e-004
t19 — t2o(T) 0 0 7.5729e-006 | -1.519e-006 0.02427 2.4117e-007 | -4.1664e-004
Dynamic Subgame

t Vi@)(%) | Va(t)(%) | Ui()(%) | Ua()(%) a(t)(%) W(t)(%) R(t)(%)
to—t -0.00077 0.00015 0.00101 -0.0002 5.71428 1.9607e-006 0
ty — 22 -0.00011 | -0.00001 0.00253 -0.00053 8.04054 1.426e-007 0
to — 13 -0.0002 -0.00001 0.00467 -0.00098 13.69606 | 1.9896e-004 0
t3 — 14 -0.00037 0 0.00923 -0.00192 23.70737 0.00115 0
ty —ts -0.00049 | 8.9158¢-006 | 0.02048 -0.00418 41.88528 0.00595 0
ts — tg -0.00067 0.00022 0.05226 -0.01036 74.48135 0.0361 0
tg — ty -0.00016 . 0.0985 . 79.60737 0.1479 0
tr =T 0 0 0 0 0
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Table 2.8: Movement over Time of Related Variables under Static vs. Dynamic Taxes

—-CD/Cassette Case (at, = 0.25)

Static Subgame

t 1 T2 a(t) Vi Va U1(t) Uz(t) a’(t) W(t) R(t)
t€ [to, 1) | 0.30572 | 0.74833 | 0.25 | 2243.3769 | 2243.2209 | 2244.6269 | 2243.9709 | 0.123 | 2244.1349 | 16172000
t€ [t1,%2) | 0.30572 | 0.74833 | 0.373 | 2243.3769 [ 2243.2209 | 2245.2419 | 2243.8479 | 0.326 | 2244.3679 | 16038583
t€ [ta,t3) | 0.30572 | 0.74834 | 0.699 | 2243.3769 | 2243.2209 | 2246.8720 | 2243.5219 | 0.7048 | 2245.8637 | 15684956
t€ [t3,T) | 0.32804 1 1 2243.3732 . 2248.3732 . 0 2248.3732 | 16172000

Dynamic Subgame

t 71(t) T2(t) a(t) Vi(t) Va(t) Uy (t) Ua(t) a'(t) Wi(t) R(t)
t€ [to,t1) | 0.24607 | 0.80026 | 0.25 | 2243.3871 | 2243.2171 | 2244.6371 | 2243.9671 | 0.1256 | 2244.1346 | 16172000
t€ [t1,t2) | 0.28703 | 0.79103 | 0.3756 | 2243.3801 | 2243.2178 | 2245.2582 | 2243.8422 | 0.3321 | 2244.3741 | 16172000
t€ [t2,t3) | 0.31833 | 0.78653 | 0.7077 | 2243.3748 | 2243.2181 | 2246.9134 | 2243.5104 | 0.7039 | 2245.9188 | 16172000
te {t3,T) | 0.32804 0 1 2243.3732 . 2248.3732 . 0 2248.3732 | 16172000

Table 2.9: Percentage Changes of Related Variables Over Time under Static vs. Dynamic Taxes

—-CD/Cassette Case (az, = 0.25)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com

Static Subgame

b Vi) (%) | Va(t)(%) | Ui(&)(%%) | Ua()(%) | a(t)(%) | W(t)(%) | R(t)(%)
to —t1 0 0 0.027399 | -0.005481 49.2 0.010381 | -0.824988
t1 — to 0 0 0.072602 | -0.014530 | 87.3995 | 0.066647 | -2.204852
to — t3 | -1.6943e-004 - 0.066814 : 43.061516 | 0.111741 | 3.105167
tg—T 0 0 0 0 0

Dynamic Subgame

t Vi@®)(%) | Va()(%) | Ui(t)(%) | Ua(t)(%) | alt)() | W(t)(%) | R(t)(%)
to — t1 | -3.1592e-004 | 2.9547e-005 | 0.02767 | -0.00557 | 50.24999 | 0.01067 0
t1 — t2 | -2.3401e-004 | 1.4452¢-005 | 0.07372 |-0.014786 | 88.406 0.06883 0
tg — t3 | -7.1455e-005 . 0.06497 - 41.30281 | 0.10928 0
ts —T 0 0 0 0 0
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Figure 2.2: Phase Diagram for Evolutionary Game
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Figure 2.1 : 2by2 Symmetrical Game
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Figure 2.3: Oplimal Dynamic Tax Rates for LCD TV and Tube TV
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Figure 2.6: Movement of Sacial Welfare over Time under Static v.s Dynamic Taxes
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Figure 2.7: Optimal Dynamic Tax Rates for LCD TV and Tube TV
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Figure 2.9: Evolution of Consumption of New Technology TV under Static vs. Dynamic Taxes

1

(a,,0.3)

0.8

5\ altgmal),t

Figure 2.8: Static Tax Rates for LCD TV and Tube TV
(a,0.3)

450
417.4586

350

285.9766 = =

250

200

tau,, taw,

150

106.5183

50

0

Figure 2.10: Movement of Social Welfare tzver Tén:\,e) under Static vs. Dynamic Taxes
@ ,=0.

time

225.7624

225
2245
224
222.5
223

Win, Wit

2225

222

2215
221,074

220.5

\ W(t)=Wit),=225.7624

W(t,),=221.0745
w@,-mmu

0

8 8 10 12
time

2 34

14

46

er. Further reproduction prohibited without permissionyww.manaraa.com




alt), aft),

aft, alt

Figure 11: Emmdw"miﬂ%?‘limsmvnmem
@,50.

1

4
©

I
@

e
5

&

Figure 2.13: Evolution of Consumption of CD-R under Static v.s Dynamic Taxes

1

(8,=0.25)

0.8

0.8

o
S

o
>

o
&

04

03
0.25

2

aYgalgt

[——y

- waty|]

er. Further reproduction prohibited without permissionyaw\w.manaraa.com

20

47

Wit WIt),

Wit wet,

Figure 2.12: Movement of Social Wdfare_w:z)ﬂm under Static v.s Dynamic Taxes

LA e b st T T

2248.3732
2248} | = = WO, W(t)=2248.3732
—" N
22475
2247
22485
2248
22455
2245
2244.51 w\),=2244.08087 Wity),=2244.08089 4
2244 )
Wity),=2204.0786
22435 L I 3 1 n 1 1 L
0 2 4 678 10 42 14 18 18

Figure 2.14: Movement of Social Wana(re o!arél'slsm under Static v.s Dynamic Taxes
a 10" O

2248.3732
2248

22475
2247
22465
2246
22455
2245

2244,5|
224413

22435

L

T T

Wity ~W(Y,),=2248.3732




3. GOVERNMENT FUNDING POLICY TOWARDS COMMUNICABLE
DISEASES

3.1 INTRODUCTION

The paper analyzes the treatment towards communicable diseases under monopoly power
in the presence of externalities and heterogenous agents. Our paper is motivated by the
prevalence of communicable diseases such as malaria, tuberculosis and HIV/AIDS in devel-
oping countries, that often involves a monopoly firm in providing of pharmaceutical drug
and government concern about the welfare of individuals in the population.

The economic literature on communicable diseases has been developing since the early of
1990’s. Brito (1991) analyzes externalities associated with vaccination in a static framework
with heterogenous agents and argues that it may not be correct for the government to compel
all individuals to get vaccinated. Francis (1997) examines externalities in the market for vac-
cinations in a static and a dynamic environment respectively. Gersovitz and Hammer (2004)
provide a general framework for the economics of infection and associated infection exter-
nality and prevention externality. The study reveals that in the SIS (susceptible-infected-
susceptible) model, the optimal government subsidies should equally weight both preventive
and therapeutic activities. However, these studies relate to market power-free framework.
In contrast, Geoffard and Philipson (1997) first point out that a vaccine monopolist faces
a non-standard dynamic incentive to keep the disease and thus to increase its profit. Their
results show that a steady-state of infection may be compatible with a constant price. Re-
cently, Mechoulan (2007) proposes a new theoretical framework for the dynamic problem

of treatment under different market structures where externalities and heterogenous agents
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are present. The main results are the price and prevalence paths of a drug monopolist con-
verge to a non-zero steady state, while the social planner generally eradicates the disease, or
subsidizes treatments when eradication is impossible or too costly.

Infectious diseases are highly prevalent in developing countries. In sub-Saharan Africa,
400 million people suffer from malaria at any one time. Together, malaria, tuberculosis and
HIV/AIDS kill six million people a year. By 2010, AIDS will have orphaned 20 million
children, 18 million of them from sub-Saharan Africa (Swiss Agency for Development and
Cooperation). The high mortality rate of these major communicable diseases in developing
countries is associated with the fact that there is insufficient access to drugs and treatments
in these countries. According to recent figures from the World Health Organization (WHO),
30 percent of the world’s population lacks of access to life-saving medicines. In some coun-
tries in Asia and Africa, the number may be as high as 50 percent. To solve the problem, in
recent years, the international community has attempted to encourage the local production
of pharmaceutical drugs for some life-threatening communicable diseases to reduce trans-
portation costs and to bolster research and development (R & D) as well. At the G8 2007
summit, the G8 recommitted its members to support “those African countries through tech-
nical assistance and capacity building programs to improve their access to affordable, safe,
effective and high quality generic and innovative medicines” (Roger Bate, 2008). There is
also support for local production among the board and staff of the Global Fund to Fight
AIDS, Tuberculosis and Malaria, a public-private partnership that has allocated $10 billion
to fight these dieases in poor and middle-income countries, mostly through the donations of
western governments and financed by taxpayers (Roger Bate, 2008). In addition to public
calls for aid-supported local production, some private companies are also moving investment
in poor countries. For instance, the joint venture builds on a partnership between Uganda’s

Quality Chemicals and India’s Cipla led to the construction of a new $38 million plant in
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Kampala which is set to begin producing ARVs and antimalarials first time domestically in
January 2008 (Roger Bate, 2008). Besides using the aid provided by the global funding, the
governments in developing countries also offer tax incentives and subsidies to the pharmaceu-
tical firms producing locally. As a result, the local prices for drugs and treatments have been
reduced substantially in some countries. For example, the Thailand’s HIV program becomes
cheap by using the government-subsidized GPO-Vir (i.e., $24 per patient per month). Fur-
thermore, the new treatments for malaria called “artemisinin-based combination therapies””
(ACTs) currently cost about $2 per treatment course. It is recommended that $300 million
to $500 million annual subsidy should make the price of ACTs in the range of 10 cents to 20
cents per course, which is more affordable for the impoverished people in many developing
countries (Report from the Institute of Medicine of the National Academies).

This study extends the work of Stéphane Mechoulan (2007) by introducing the government
and the monopoly’s choice into the model and investigating the impact of government subsidy
fund aimed at reducing production cost of the pharmaceutical drug on monopoly price
for treatment, prevalence of diseases and thus on the total social welfare in a dynamic
environment. The consumers have heterogeneous preferences over being healthy and the
economic choice of the patients influences the spread of the disease. There is a foreign
drug monopolist in the market producing treatment. The local government faces a choice
of whether or not to offer a production subsidy to the monopolist to reduce the marginal

cost of the drug.!' If the government decides to offer the fund, the firm chooses to either

11The government would clearly offer an alternative subsidy, namely, a subsidy of the fixed
cost of production. This latter scenario is explored in Appendix B.4. Here the subsidy of the
unit cost is explored since the international aid may be aimed only at the production allocated
to a specific developing country, so only a proportion of the firm’s overall production. In this
case, the incremental on marginal cost associated with production is materialized in the firm and
funding agent’s decisions. Nonetheless, both the subsidy of variable cost and fixed cost are formally
considered in the thesis. For the latter, it is the fixed cost of a new entrant firm that is formally
considered.
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accept it or reject it. If the firm accepts the fund, the government subsidy is financed by
taxes imposed on consumers.

The specific questions addressed by this study are as follows: First, under what conditions
will the drug monopolist choose to accept the offer of the local government? How does the
monopoly price for treatment behave when the number of sick in the population grows? Sec-
ond, what parameters will influence the optimal level of government funding and what are
the directions of change? Third, under what conditions does the local government offer sub-
sidy for reducing production cost for treatment to the foreign drug monopoly in the market?
These questions will be addressed through the development of an economic model, involving
both the government’s choice and the monopolist’s choice in a dynamic environment given
the prevalence path of the disease. The economy is represented by a sequential game involv-
ing: In stage 1, the government chooses whether or not to offer a production subsidy to the
monopolist. If the government decides to do so, the optimal value of the government funding
is determined at stage 2. In stage 3, the monopolist chooses whether or not to accept the offer
provided by the government by comparing its profit with and without government subsidy. If
the firm accepts the offer, the dynamic prices for treatment is determined by the monopolist
given the ex-post cost of production starting at stage 4. In contrast, if the firm decides to
reject the government funding, the market price for treatment is determined by the monop-
olist given the ex-ante cost of production from stage 4. Whereas if the government decides
not to provide the fund in the first stage, the monopolist in the market producing at ex-ante
cost determines the dynamic prices for treatment beginning from stage 2. The key findings
of the study are as follows: First, the foreign drug monopolist takes the production subsidy
of local government if its productivity type parameter is sufficiently high. Additionally, the
monopoly price for treatment declines with the prevalence of the disease. Second, when the

optimal value of government funding is greater than zero, the optimal level of the subsidy
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increases with the expected ex-ante cost of production and decreases with the expected type
parameter of the firm. Further, the government would like to raise the level of fund with the
growth in proportion of sick if the cost reduction associated with the government funding
would sufficiently benefit consumers. Finally, the local government would be more likely to
be involved by providing production subsidy to the foreign drug monopolist when the ex-ante
cost of production and/or the type parameter of the firm are expected to be high and the
number of sick in the population reaches a sufficiently large value. In empirical application,
as compared with the numerical simulations used by Mechoulan (2007) to solve the dynamic
problems, we use a newly developed toolbox of matlab for dynamic optimization, dynopt,
to formally solve all dynamic optimization problems defined by the model. The empirical
results show consistency with the predictions implied by the theoretical framework.

The paper proceeds as follows: The theoretical model is present in section 2 of the paper.
In section 3, predictions implied by the theoretical model are examined in the empirical

framework. The conclusion of the study is outlined in section 4.

3.2 MODEL

Consider an economy with communicable diseases. The consumers have heterogenous
preferences over being healthy. The taste parameter for being healthy, 3, is assumed to be
uniformly distributed in the interval [0,1]. The choice of patients is between paying for a
treatment or not. The value of being sick and untreated is normalized to zero. Formally, as

in Mechoulan (2007), let U denote the utility function of consumers at time period ¢:

Jéj if healthy
81 U= B—m if sick treated
0 if sick untreated
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where 3 € [0,1]. Clearly, the individuals who are healthy do not buy the treatment and
therefore receive higher expected utilities than those who are sick. Patients choose to be
treated if and only if they are sick at time period ¢t and have positive payoff by purchasing
the treatment, denoted by: § > p;. A simple transmission mechanism of the disease from
one period to the next is proposed as in Mechoulan (2007): The disease strikes through
person-to-person contacts(e.g., tuberculosis). The people may be reinfected immediately
after recovery so that neither treatment nor natural recovery confers temporary immunity.
Therefore, there is always a positive demand for treatment for any positive prevalence of the
disease. For simplicity, it is assumed that a patient who has bought the treatment at time ¢
can not transmit the disease to others at time ¢ + 1, so it is in that sense that the economic
choice of the patients influences its spread. In other words, anyone may become sick in any
period, regardless of the past, but prevalence'? at time ¢+1 is still a function of the proportion
of those sick who did not buy treatment in time period t. The size of the total population
is normalized to one. Formally, let the proportion of sick at time ¢ be r, where r, € [0,1]
and let T'(r;) be an endogenous transmission function. Since the higher is the prevalence,
the slower is the spread of the disease, T'(r;) has the property of 7"(r;) < 0. As Mechoulan
(2007), we define the indifferent patient by 3* = p,. " represents the proportion of r; sick
patients who do not get treated at time period ¢. Consequently, the prevalence in the next
period is defined as: 7yy1 = T(ry)rp;. For simplicity, we assume that T'(r;) = a(l — ry),
where: « is a positive parameter. The change rate of r; over time can thus be approximated

A
by gimo th Therefore, 7/(t) = r¢[a(1 — r)p; — 1] which is denoted by g(r¢, p¢) in the sequel.

1%}

It is obvious that __9_%_2'12 = a[ry(1 —r)] > 0 for any r, € (0,1). Intuitively, high price for

1

. . . " 39(7"t,]9t) _ c 1
treatments increases the rate of infection. In addition, o = api(1 —2ry) — 1 which is
Tt

-1

positive when r, < AP .
2ap,

12Prevalence is defined as percentage of sick in the population.
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It is assumed that there is a foreign monopolist in the local market producing treatment
with marginal cost ¢;, where 0 < ¢; < 1, and potentially producing for other regional
markets. The production cost of the firm ¢; is not known by the government, but it is
assumed to be uniformly distributed in the interval [¢,¢]. The local government faces a
choice of whether or not to offer a subsidy to reduce the production cost of the foreign firm.
The ex-post cost of the monopolist after receiving the government funding depends on the
value of the firm’s productivity type parameter 6 and the level of government subsidy w
where 6 is distributed uniformly on the interval {6, 0]. The firm could either accept or reject
the offer of the government.'3 If the firm accepted the offer, the value of government funding
would be compensated by collecting a constant tax rate 7 per period from consumers. As
a social planner, the government is concerned about the social welfare which is assumed to
be of the Benthamite social welfare form. The social welfare at time period ¢ is represented
by: Wi(Uy,Us) = mVi(pe) + (1 — ) V2 where Vi(p;) denotes the expected indirect utility of
patients who get treated at time period ¢t and V; denotes the expected utility of individuals
who are healthy at time ¢. The utility of those who are sick but do not purchase the treatment
at ¢ is normalized to zero. Clearly, V;(p;) < V2. The economy is represented by a sequential
game in a dynamic environment. The sequence of the game is as follows: In stage 1, the
government chooses whether or not to offer a production subsidy to the monopolist. If the
government decides to do so, the optimal value of the subsidy fund is determined at stage
2. In stage 3, the monopolist chooses whether or not to accept the offer provided by the
government by comparing its profit with and without government funding. If the firm accepts
the offer, the dynamic prices for treatment is determined by the monopolist given the ex-post

cost of production c(w, #) starting at stage 4. In contrast, if the firm decides to refuse the

13The government subsidy can be considered to be a direct payment to the firm or the government
providing a grant to the firm to cover a specific component of the cost associated with the treatment.
For instance, malaria, tuberculosis and HIV/AIDS treatments involve a pharmaceutical drug, a
treatment regime and drug delivery mechanism. These are all costs associated with treatments
and, therefore, constitute the parameter c;.
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government funding, the market price for treatment is determined by the monopolist given
the ex-ante cost of production ¢; from stage 4. Whereas if the government decides not to
provide the production subsidy in the first stage, the monopolist in the market producing at
cost ¢; determines the dynamic prices for treatment beginning from stage 2.

The sequential game is solved through backward induction. For the subgame with gov-
ernment subsidy, staring at stage 4, the monopolist determines the optimal dynamic prices
for treatment subject to the dynamics over time of the prevalence of the disease given the
ex-post cost of production c(w,8) if the firm accepts the offer and the ex-ante cost ¢ if
the firm rejects the offer respectively. In stage 3, the monopolist decides whether or not
to accept the government funding by comparing the profits with and without the fund w.
The optimal value of the production subsidy is determined by the government at stage 2
by maximizing the expected value of aggregate social welfare subject to the participation
constraint of the firm given the prevalence path of the disease. While for the subgame in
which the government decides not to provide the fund, the monopolist in the market chooses
the optimal prices for treatment dynamically starting from stage 2 given the marginal cost of
production ¢;. In what follows, the subgame with government involvement is first solved and
the subgame without government intervention is next. The government choice of whether or
not to offer a subsidy to the foreign drug monopolist for cost deduction takes place in stage

1 of the game.

3.2.1 SUBGAME WITH GOVERNMENT INTERVENTION

If the government decided to provide the subsidy funding for cost deduction to the foreign
drug monopolist, the firm could either accept it or reject it. Let j € (a,b) denote the action
space for the firm, where: a represents accept and b represents reject. In the subgame

with government funding, if the firm takes the offer (i.e., j = a), the corresponding ex-post
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cost of production is defined as: c(w,8) = ¢; — 6w, where ¢; is uniformly distributed on
[c,¢] with 0 < ¢ < € < 1 and  is uniformly distributed on [6,6] with 0 < § < 6 < 1.
Clearly, c¢(w, ) < ¢; for any values of w > 0. Therefore,, the ex-post cost of production is
negatively correlated with the type parameter of the firm # and the government funding w
(ie., 99%’0—) < 0and @%50—) < 0). Given w, the higher the 6, the lower is the ¢(w, ). Similarly,
given @, the more government subsidy reduces the ex-post cost of production more. While
if the firm rejects the government funding (i.e., j = b), the production cost of the firm is
unchanged, equal to the ex-ante cost ¢;. Starting vat stage 4, the monopolist maximizes the
value of aggregate profit by choosing the optimal dynamic prices for treatment given the

prevalence path of the disease.

3.2.1.1 SUBGAME INVOLVING THE FIRM ACCEPTING THE

PRODUCTION SUBSIDY OF GOVERNMENT

If the firm accepts the offer of government, a constant tax rate 7 will be collected from every
consumer per time period to compensate the value of production subsidy of government. The

utility function of consumers at time period ¢ becomes:

8- if healthy
(32) U=< B-—pi—7 if sick treated
0—-71 if sick untreated

The demand function for the treatment at time period ¢ is derived as: D(p; + 7) =
Ty plt LB = r¢(1 — pr — 7). And the dynamics over time of the prevalence of disease is
characterized by the function r/(t) = rJa(l —ry)(p; +7) — 1]. Let we assume that after time
period T, the competitive price applies, so there is no profit to be made after time 7. We

solve the problem through backward induction.
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Starting at stage 4, given the ex-post cost of production c(w, ), the monopolist chooses
the optimal dynamic prices for treatment to maximize the value of aggregate profit. The

firm’ s problem is as follows:

(33)  max /0 et {rylps — c{w, 0)|(1 — py — )} dt

st ()7, =nrfa(l —r)(p+ 1)~ 1]

As shown in Appendix B.1, the optimal dynamic prices for treatment by taking the gov-

ernment production subsidy are characterized as follows:

(34) p= %[1 + c(w, 8) — 7+ pa(t)a(l — 1))

where: p»(t) is the multiplier associated with the prevalence dynamics equation which
measures the impact of growth in r; on the aggregate profit of the firm (i.e., the shadow
price of r;). As shown in Appendix B.1, p2(t) > 0 so the increase in the number of sick in
the population benefits the monopolist. Since the total tax revenue should compensate the
value of government funding, it follows that fOT e~"'7 = w. The level of constant tax rate 7

Tw

is derived as: T = T =T where 7 is the discount factor and 1 — e~
—e

T is positive and close

to 1 by assuming r is sufficiently small and T is large enough. Given c(w, ) = ¢; — 6w and

rw )
T = PR the dynamic prices for treatment can thus be rewritten as:
—_— 8—T

r

1
(3.5) pt=§[l+cl—(0+m

Jw + pp(t)o(l — 7))

Given equation 3.5, the profit function of the monopoly at time period ¢t can thus be

obtained as follows:
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Tt

(36) m=_|(1-c+(0- ——pw) — (1) (u))
4 l1-e

Let pi(rs, €1, w,0;a) and m(ry, ¢1, w, 6; a) represent the optimal dynamic prices for treat-
ment and the payoff functions of the monopolist at time ¢ respectively for the subgame in

which the firm accepts the offer of government in the sequel.

3.2.1.2 SUBGAME INVOLVING THE FIRM REJECTING THE

PRODUCTION SUBSIDY OF GOVERNMENT

If the firm decides to reject the offer of the government, the production cost of the firm
is unchanged, equal to the original marginal cost of production c¢;. The market demand
for treatment is derived as D(p;) = 7 fplt dB = r(1 —p;). * Additionally, the equation
characterizing the dynamics over time of the proportion of sick is given by r; = ra(l —
re)p; — 1]. Starting at stage 4, the monopolist maximizes the present value of aggregate
profit by choosing the optimal dynamic prices for treatment given the prevalence path of the
disease as follows:

T

(3.7) %ag( | e " {ri(py — c1)(1 —py) } dt

s.t. (1) 1y = refa(l — re)pe — 1]

As shown in Appendix B.2, the optimal dynamic prices for treatment by rejecting the

government production subsidy is characterized as follows:

(38) mp= %[l + e1+ pa(t)a(l — 1)

1As a reminder that the utility function for those sick and get treated at time ¢ is 3 — p; where
g~ Ul0,1].
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where: p3(t) is the multiplier associated with the prevalence dynamics equation which
measures the impact of growth in r; on the aggregate profit. Similar to us(t) , as shown in
Appendix B.2; u3(t) is also positive. It follows that the aggregate profit of the monopolist
raises with the growth in proportion of sick. Given equation 3.8, the profit function of the

firm at time ¢ can thus be derived as follows:

39) m= % [(1—c1)® = o®(1 = 1) (s(2)?]

In the sequel, let p(r¢, c1,w, 0;b) and (7, €1, w, 0;b) denote the optimal dynamic prices
for treatment and the payoff functions of the monopolist at time ¢ respectively for the
subgame in which the firm rejects the offer of the government. °

Given the government funding w, in stage 3, the firm decides whether or not to take
the offer of the government. The decision depends on the result of comparison of the ag-
gregate profits with and without production subsidy. As shown above, m(r,ci,w,0;a)
and m(ry, c1,w,6;b) represent the optimal profits of the firm at time ¢ by taking and
not taking the subsidy fund respectively. Clearly, the firm accepts the government’s of-
fer if and only if fg’e‘”[m(m,cl,w,@; a)ldt > fOT e " m(re, 1, w, 0;b)]dt. By comparing
(T, 1, w, 0; a) = re[1—pi(re, c1, w, 0; a) — 7] [pe (7, €1, w, 6; @) — c(w, 6)] and 74(r¢, €1, w, 0; b) =
e[l — pi(re, €1, w, 0; )] [p4(r4, €1, w, 0;b) — ¢1], it is apparently that by accepting the govern-
ment funding, the production cost of the firm reduces (i.e., c(w, 8) < ¢; for any positive w
and ). However, the demand for treatment also declines if the firm accepts the offer due to

the added tax 7 imposed by the government. As a result, m(r¢, ¢1,w, 6;a) > m(ry, ¢1, w, 0;b)

I5Note that the values of the government funding w and the type parameter of the firm 6
do not influence the dynamic prices and the profits of the monopolist when the firm does not

take the production subsidy (i.e., dpt—(”’gz)’w_’ew) = 0, w = 0, dm(”’dc;’w’e;b = 0 and
dme(re,c1,w,0:0) _
v 0).
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if the positive impact of the decrease in production cost dominates the negative impact
of the reduce in demand associated with the government production subsidy on the profit
of the firm and vice versa. Further, m(ry,c1,w,8;a) = m(ry, c1,w,6;b) if the growth in
profit due to the cost deduction just equals to the decline in profit due to the decrease in de-
mand. Given equation 3.6 and equation 3.9, clearly, m;(ry, ¢1,w, 0; a) = m(ry, c1, w, 0; b) when

0 =- As shown in Appendix B.1, m(r,c1,w,0;a) grows with §. It is clear that

- l—eT

(e, €1, w, 0;a) < m(ry, 1, w, 0;b) for 6 < and my(ry, c1,w, 0; @) > m(ry, c1,w, 0;b)

r
1—eT’

for § > Consequently, at stage 3, the firm accepts the production subsidy of

government if its productivity type parameter 6 is not smaller than —1—-—:7:—:7,‘,—; and rejects the
offer otherwise.

The optimal value of government funding is determined at stage 2. The utility function of
consumers is represented by equation 3.2 if the firm takes the offer of government subsidy. As
a result, the expected indirect utility of patients who get treated at time ¢ is first derived as

! 1 1
Vilps+7) = / (B—p—7)f(B)dS = §+§(pt+7')2’ (ps+7). Second, the expected indirect
pit+T
utility of those who are sick but do not purchase treatment at time t is derived as Vi(7) =

Pe+T
/ (0—7)f(B)dB = —7(p; + 7). Last, the expected indirect utility of consumers who are
0

1
healthy at ¢ is V2(7) = / (B—1)f(B)dB = %—7‘. The consumers who are healthy always have
0

a higher expected payoff than the sick people (i.e., Vo(7) > Vi(p; + 7)), thus, the consumer
price for treatment needs to satisfy the following assumption: p; + 7 < min{1,/2p;}. As
the ex-ante cost of the firm c; and the type parameter 6 are not known by the government,
the government chooses the optimal value of production subsidy to maximize the expected
value of total social welfare. The prevalence path of disease is characterized by the equation
ry = 1¢ [l — r)(py + 7) — 1]. Given p; = pi(ry, ¢1, w, 0; a), the function of optimal dynamic
prices for the monopolist by accepting the subsidy fund, the government’s problem can be

summarized as follows:

60

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



T
(3.10) r?g}x E. Ey {/0 e [re(Valpe(re, e1,w, 0;0) + 7) + Vi(7)) + (1 — re)Va(7)] dt}

s.it. (1) ry = 1y [l — 1) (pe(re, €1, w, 0;0) + 7) — 1]
(2) Wt(rta 1, w, 67 CL) 2 7Tt<rt7 ¢, w, 9) b)

In which (2) is the constraint that the firm takes the offer provided by the government.
r
1 —e T

As shown in Appendix B.1, the optimal value of government production subsidy is as

The firm’s participation constraint is binding only at § =

follows:
0+¢6 r 6+86 r
(311) w= ( 8 4- e'TT)) At T
| 1z 5 2 r(0 +6) 3r2 M) [, , 2
12(6 + 0Q+Q ) + 4(1 _ e—’rT) 4(1 _ e—’I‘T)Z D) 6 m

iz
e r(“20+au2(t)(l—rt)>

where: A1 = [l + 5 =+ afl — 7)) (u2(t) + 2,ul(t))} and Ay = 20 =T +

)‘12(t) (1—c;) (0 - —(T:—::W)J . p1(t) is the multiplier associated with the prevalence dynamics

equation which measures the impact of growth in 7, on the expected value of aggregate social
welfare. As shown in Appendix B.1, u;(t) < 0, the aggregate utility of consumers is expected
to decline with prevalence of the disease. Therefore, the consumers are worse off when the

number of sick in the population increases. ® The firm accepts the offer if and only if

T T T
g > i——_—;_ﬁ It follows that Al(t) > 0for 8= W and )\1(t) =0 for 8 > m
The function of optimal subsidy fund of government for 6 > " can thus be rewritten

1—eT

as!:

16As a reminder, u2(t) is the parameter measuring the impact of increase in r; on the aggre-
gate profit which is positive. A;(¢) is the Lagrangian multiplier associated with the participation
constraint of the firm.
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0+80 r 0+46 T
< 3 -—4( )A1— + + B,

(12) W= 1__ <) T +§) s ;; -
@ +o0+ &)+ A1) A1 =)
where: By = 50 _:_TT) [Q ; ¢ + aps(t)(1 — rt)] . The government production subsidy is
taken only when 6 > ﬁ, hence, w > 0 for § > 1—_7;-_-;:; and w =0 for § < ﬁ.

Given the discount factor r is sufficiently small and the termination time period T is long
enough, the denominator of equation 3.12 is positive. To make the numerator of equation
3.12 be greater than zero, the value of 1+ E;g + o1 — 1) (pa(t) + 211 (t)) needs to be more
positive when r; is large and can be less positive when 7, is small. Since 0 < ¢ < €< 1 and
a > 0, it implies that us(t) + 2u,(t) < 0.

Given the optimal value of the production subsidy w for 6 > ﬁ, the optimal dy-
namic prices for treatment for the subgame in which the firm accepts the government fund,
pe(re,c1,w,0;a), is obtained first through equation 3.5. Next, the indirect utility of con-
sumers at time ¢ can be calculated by substituting p:(r, c1,w, 8;a) and 7 into the utility
functions we derived above. As c¢; and @ are only known by the firm, the expected pay-
off for the consumers are thus represented as E., Fo[Vi(p:(r:, c1,w, 8;a) + 7)] for patients
who get treated at time t, E, Ey[Vi1(7)] for patients who are sick but do not buy treat-
ment at time ¢t and Vi(7) for those who are healthy at ¢. Using the expected indirect

utility of consumers, the expected aggregate payoff of government for the subgame the mo-

nopolist takes the production subsidy of government is finally obtained which is denoted

as E, Ep {fOT e [re(Vi(pe(re, c1,w,0;a) + 7) + V(7)) + (1 = 1) Va(7)] dt}. In contrast, for

0 < 1;_77, = 0,'7 the firm rejects the offer of government, therefore w = 0. The market
—e

17The lower productivity type firm has no incentive to mimic the higher productivity types.

First, for the firm with a productivity type sufficiently small (8 < é), the firm can obtain higher

level of profit by rejecting the offer of government as opposed to accepting it, as implied by the

participation constraint of the firm in Equation 3.10. Second, for the firm with a productivity
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price for treatment is determined by the monopolist at the ex-ante cost ¢; and the function
of p(rs, €1, w,6;b) is given by equation 3.8. Correspondingly, the expected utility of con-
sumers and thus the expected total social welfare can be calculated given p;(r:, c1,w, 6;b).
Let E., [Vi(pi(re, c1,w, 0;b))] denote the expected payoff for patients who get treated at time
t, Vo denote the expected payoff for consumers who are healthy at time ¢ (Remind that
the expected payoff for patients who do not purchase treatment at ¢ is normalized to zero.)
and E,, { fOT e [rVi(pi(re, c1,w, 0;0)) + (1 — 1) V3 dt} denote the total expected payoff of
government for the subgame in which the firm rejects the production subsidy of the govern-
ment.

From above, the equilibrium outcomes and the equilibrium payoffs for the agents for the
subgame with government intervention are summarized as follows:

Given j =a if 0 > — " andj=bif< — . First, the optimal dynamic prices
e—'rT J 1 —erT

1—
for treatment at time ¢ are:

sl+e— 0+ —Zmrw+pet)e(l—r)] if j=a

(3.13)  pilre, c1,w,6;5) = { sl+ci+ups®)al—r)] if j=0

Second, the optimal aggregate profits for the monopoly are:

©18) [ e en o)t = | o ¢ Irperecn s 0ia) = 1l r, i) = )t if 5=
0 o € " Hrepe(rs, e, w,0;0) — ea](1 — pi(re, e, w,0;0))}dt if j=b

Third, the expected utilities for consumers at time ¢ are:

type higher than é, the firm also does not have incentive to mimic other firms with higher types.
For instance, consider firm 1 and firm 2 having productivity types 61 and 0 respectively, where:
02 > 61 > 6. Firm 1 would receive a lower level of government subsidy if it misreported its type to
be higher than its true value since production subsidy w is a decreasing function of type parameter
0 (ie., ‘fi—"‘g < 0). As a result, firm 1’s ex-post cost of production, c(w, ), would be reduced less
by reporting its type to be 62 given c(w,0) = ¢ — 0w (ie., ¢; — yw(62) > c1 — 61w(6) where
w(f2) < w(6y)). It follows that firm 1 earns a lower level of profit if it reports its type to be higher
than its true type. Consequently, lower productivity types do not have an incentive to copy the
strategy of higher productivity type firms.
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For patients who get treated at time ¢: 1®

(3.15)E[U1s(rs, c1,w, 0; 5)) = { E
€1

For patients who do not buy treatment at time ¢:

(316) E[Ugt(rt,q,'w, 973)] — { OEC;?GBVL:(Z)] = EclEG{"T[pt("'tacly’wy 0; a) -+ 7']} 'Lf ] =a

Next, for consumers who are healthy at time ¢:

= Ve =3-7if j=a
(317) E[U3t(7't701,w,07])] _{ ‘/2=% ’Lf ]"'b

Last, the expected aggregate social welfare for the government are:

EeBo {J3 e ™ re(Vi(pe(rs, c1,w,850) + 7) + Va(r) + (L = r)Va(r)} dt } if j=a

T -7t 3
- Wt t, C1, W, U] =
(3 18)E[) e [ (’:" c1,w, 8 ])]dt { Ecl {foT e—rt [Tt‘/l(Pt(Tt,Cl,w,0§ b)) + (1 _ "'t)Vzl dt} 1f ] =b

3.2.2 SUBGAME WITHOUT GOVERNMENT INTERVENTION

If the government decides not to involve in the first stage, the foreign monopolist in the
local market determines the dynamic prices for treatment starting from stage 2. The firm

produces at marginal cost ¢;. The demand for treatment is D(p;) = r;(1 — p;). The problem

of the firm involving the choice of the optimal dynamic prices is as follows: 1°

18To be consistent with the notations within the paper, E[U1(rs,c1,w,6;5)] =
'ECI‘%'G[‘/I(pt(Tt’chw)e;a‘) + 7-)] if .7 = a and E[Ult("’t,Cl,w,o;j)] = Em[‘/l(pt(’l"t,C],’u),G;b))] if

19This problem is similar to the monopoly problem solved in Mechoulan (2007).
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T

(3.19) 7o, = max e {ri(p — c1)(L —pi)} dt
t 0

sit. (1) 7 = rifa(l — re)p — 1

As shown in Appendix B.2, the optimal dynamic prices for treatment without government

intervention is characterized as follows:

(3:20)  po= 5L+ + pslt)a(l = )

where: p3(t) > 0 is the multiplier associated with the prevalence dynamics equation which
measures the impact of growth in r; on the aggregate profit. Apparently, for the subgame
without government intervention, the firm’s problem is as same as that for the subgame
in which the government involves but the firm rejects the offer of the government subsidy.
Let p:(r¢, c1) denote the optimal dynamic prices for treatment without government interven-
tion. Clearly, pi(r¢, ¢1) = pi(re, €1, w, 0;b). Given py(ry, ¢1), the aggregate profit of the firm is
derived and is represented as: fOT e~ [m(ry, c1)]dt. The utility function of consumers is char-
acterized by equation 3.1. Let E, [V1(p:(rt, ¢1))] denote the expected utility for patients who
get treated at time ¢, V5> denote the expected utility for consumers who are healthy at time
t and the expected utility for patients who do not purchase treatment at ¢ is normalized to
zero. The expected aggregate social welfare for the subgame without government interven-
tion is then calculated and is represented as: E,, { fOT e [rVi(pi(re, 1)) + (1 — r) V3 dt}.

Given py(ry,c1) = pi(r, c1,w,0;b), clearly, the payoffs for the agents for the subgame in
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which the government does not involve are equivalent with those for the subgame in which
the firm rejects the offer of the government. 2°

At stage 1, the government decides whether or not to offer the subsidy to the foreign
drug monopolist to reduce the production cost of the drug. Clearly, the decision depends on
the result of the comparison of the expected values of the aggregate social welfare with and
without government intervention. The monopolist accepts the offer of government funding
if and only if 8 > Iﬁ. It follows that the expected value of aggregate social welfare
when the firm rejects the offer is equivalent to that when the government does not involve:
Bo, { [ e rdVA(e(re, 01,w, 658)) + (1 = ro)Val dt } = By { [ e freVi(pelre, 1)) + (L = ro)Val .
Therefore, when the productivity type of the firm is expected to be sufficiently low (i.e.,

E(6) < ﬁ), the government will not involve. Whereas when E(0) > — T the

1—e T’
government chooses to provide a production subsidy for cost deduction to the foreign drug

monopolist if and only if the following holds:

T
(321) E.E, {/0 e [r(Va(pe(rs, e1,w, 05 0) + 1) 4+ Vi(7)) + (1 — re)Va(7)] dt} 2

E, {/OT e " [reVi(pe(re, 1)) + (1 — ) V3 dt}

where the dynamics over time of the proportion of sick is characterized by the function
ry =11 [a(1 = r¢)(pe(re, ¢1,w, 0;a) + 7) — 1] for the subgame with government subsidy, while
1y, = 1t [a(1 — r4)pe(re, 1) — 1] represents the prevalence path of the disease for the subgame

in which the government does not involve. If the production cost of the firm could be reduced

sufficiently by taking the government subsidy such that p,(ry, ¢1,w, 0; a)+7 < p(r4, ¢1), then,

WThat is: [y e [mlrpe)ldt = [T e m(ry, e, w,0;0)|dt,  Ee [Vi(pi(rs,c1))]
Ee, [Vi(pe(re, c1,w, 6;))] and Ee, {foT e [reValpe(re, e1)) + (1 — 1) V3 dt} =

Eq {foT e—Tt [Tt.{/l(pt('rt, C1, w, 9) b)) + (1 - T't)V'Q] dt}
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clearly, the patients could be better off due to the lower prices for treatment under govern-
ment intervention. Moreover, the rate of infection would also be reduced with the lower prices

. dr
for treatment since — > 0. However, the government needs to collect taxes from consumers

dpy
to raise the fund for subsidy which also induces the utility loss for consumers. The disutility
of consumers by paying for the taxes is high when r, is small since the proportion of con-
sumers in the population who will benefit from the decline in price for treatments associated
with the government funding is small. While with the growth in 7, the number of consumers
who have to purchase the treatment increases. More and more consumers will benefit from
the government involvement. Consequently, the government may consider to involve by of-
fering a subsidy fund to reduce the production cost of the drug when the proportion of sick in
the population is sufficiently high. It is clear to see from Figure 3.1 that the expected aggre-
gate social welfare for the subgame with production subsidy of government is smaller than
its counterpart for the subgame without government intervention when r; is low. However,
the expected value of total social welfare decreases with r; at a lower speed for the subgame
with government funding than it does for the subgame without government intervention
given pi(ry,c1,w,0;a) + 7 < pi(re, 1) (As shown in Appendix B.3). Thus, the expected
aggregate social welfare with and without government subsidy would be equivalent at r, =
r'. Forry > 7/, E. Fy {fOT e ri(Vi(pe(re, c1, w, 0;a) + 1) + Vi(r)) + (1 — rt)Vg(T)]dt} >
E., { fOT e rVa(pe(re, e1)) + (1 — rt)Vz]dt}. Consequently, the government would better to
involve when the proportion of sick exceeds a certain threshold level . For r; < 7/, the
problem of cost reduction could be left to the monopolist. In addition, a high expected value
of the ex-ante production cost c¢; induces a high expected price for treatment and thus a low
expected total social welfare for the subgame without government intervention. It follows
that if the productivity type of the firm 6 was expected to be high, the government involve-

ment by offering production subsidy could be considered to be more effective for reducing
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Flgure 3.1: Impact of the Growth In r.on the Expected Value of Total Soclal Welfare
with Fund v.s without Fund

50

E_(): Expected Total Socal Welfare without Fund

= = = E_E, () Expected Total Social Welfare with Fund | |

production cost of fhe drug. Therefore, the government would be more likely to be involved
by offering the production subsidy to the foreign drug monopolist when the expected values
of the production cost and/or the type parameter of the firm are high and the number of
sick in the population reaches a sufficiently large value.

Given the equilibrium outcomes, we proceed with comparative statics to examine the
impacts of the prevalence of the disease, the ex-ante production cost of the firm and the
parameter of productivity type of the firm on the optimal values of the dynamic prices for

treatment and the government production subsidy.
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3.2.3 COMPARATIVE STATICS

Given equation 3.5, the function of equilibrium dynamic prices for treatment when the firm

accepts the production subsidy of government (i.e., when 6 > I——i:—f), the impact of pro-
— e ™
dpi(ry, c1,w,0;a 1
portion of sick r; on p,(r¢, ¢1,w, 8;a) can be first derived as: p(re, dlr o ) = —-§au2(t)
¢

which is negative given a > 0 and py(t) > 0. Therefore, the lower the prevalence of the

disease, the higher is the price for treatment. It can be explained intuitively as follows: ini-
tially, when the proportion of sick is small, the monopolist prices high, so that the patients
with the low taste for health (i.e.,those with § < p; + 7) do not buy the treatment and
thus increase the chance that those with the high taste for health will be infected subse-
quently. Consequently, with the increase in the prevalence of the disease, the price for treat-

ment declines associated with the negative externality of treatment-from the monopolist’s
dpt(rtychw: 97 a) - 1

perspective-on its future market. Second, it can be shown that 7 —5¥ <0
dpt(rta C1,w, 07 a’) 1 r . T
and dw = —5(9 + m) <0 given w > 0 for 6 > 1—_—;:7? The

optimal dynamic prices are lower when the type parameter of the firm 6 and/or the gov-
ernment subsidy w are higher. As a result, the subsidy fund towards reducing the pro-
duction cost of the drug would be more effective for the firm with a higher productivity

type. Last, the dynamic prices increase with the ex-ante cost of production of the firm:
dp(ry, C 0;a 1
P, dl, w, 9; ) =35> 0. Similarly, given the function of p;(ry, c;), the dynamic prices for
C1
treatment in equilibrium when the government decides not to involve (equation 3.20), it can

be shown that P _ Loy < 0 given o> 0 and py(t) > 0 ang 2e02) L
drt 2 dCl 2

The optimal dynamic prices p;(r¢, ¢1) also decrease with r; and increase with ¢; which is con-

> 0.

sistent with the result as shown for py(r¢, c1,w, 8; a).

The optimal value of government production subsidy w is greater than zero when 6 >

r

L Additionally, the function of w in equilibrium (i.e., for § >

] _rl) I
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by equation 3.12. First, the impact of the growth in proportion of sick on the value of

government funding is derived as follows:

@+ 9) ro ) .
(3.22) dw 8 afp(t) + 2 ()] ~ AT =eT) (p2(t) — 2u1(t)) — T
. dry 1 = - ) T(Q—I—a) 3,2
pl HereT A1—eT) 4(1—eT)2

The denominator is positive given w > 0. As us(t) > 0, p1(t) < 0 and peo(t) + 211 (t) <0,

cleary, > 01 =5 S at) - 20 > gy ) = 3 + Sy
0+

and vice versa. —

g [p2(t) + 21 (t)] measures the utility gain of consumers due to

the decline in prices for treatment associated with the government production subsidy while

1
m_ﬂ,) (po(t) — 2p1 (2)) + > (—1-—_-_—7;-3-_—5—)— measures the utility loss of consumers for paying

4(1 —e'7)
ta(xes to compensate the production subsidy of government. It can be explained intuitively
as follows: the government would like to raise the level of subsidy fund with the growth in
proportion of sick if the cost deduction associated with the government funding would benefit
consumers a lot. In contrast, if the government intervention could not make consumers obtain
sufficient utility gains but make them worse off by paying for the taxes, the level of production
subsidy of government would be reduced with r;. It should be noted that the lump-sum tax is
paid by every consumer whether they have the disease or not. Therefore, when the prevalence
of the disease is high, it means there is a greater probability of matching the payment for
treatment with expected benefits from government involvement. As a result, the government
would better to involve when the proportion of sick in the population is sufficiently large.
The type parameter of the firm is assumed to be uniformly distributed on the interval
[0,6]. Thus the expected value of 6 is calculated as E(f) = (Q—;—@ Next, we derive the

impact of expected value of firm’s productivity type on the level of government funding. The

derivative of w with respect to 6 is derived from equation 3.12 as:
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i é{@ 1+ a(l = ) () +2p,1(t))}01 - [@9*-@ TR } Gy

2 12 41— e°T)
3.23) —
(3.23) df C?

where C; = 315(92 + 00 + QZ) + 4(;(_@:_%) — 4(1_35_2”)2 and C is the numerator of equation
(€+¢)
‘ 2

>0since 0 < @ <8 < 1. Given w > 0, C; and C, are both

3.12. As 0 <c<e<1and po(t) +2m(t) <0,
(26 + 0) + r

12 4(1 —erT)
positive. As a result, %—} < 0. Given 8, the higher the 8, the higher is the expected value of

=1+ al —re)(u2(t) + 2ua(t)) < 0.

And

0. Hence, the optimal level of government production subsidy is low when the productivity
type of the firm is expected to be high. It could be explained as follows: as the cost of
production is defined as c(w, #) = ¢; — 6w, when the type parameter of the firm is expected
to be high, even the small amount of government subsidy could reduce the production cost

of the firm effectively. Therefore, the corresponding government funding declines. Given

(c+7?)
2

¢1 ~ Ul(e, ©), the expected value of ¢; is equal to . Therefore, the impact of E(c;) on

the value of government fund is derived from equation 3.12 as:

CEY) + r
dw 8 4(1 — e~T)
24 =
G2 B C,
. dw . = . .
Obviously, dE—(c) >0 given 0 < 8 < 0 <1 and C; > 0 for positive w so the higher level
1

of E(c;) induces the more amount of production subsidy from the government. It is easy to
be explained as follows: if it was expected that the ex-ante marginal cost of production was
very high, the government would have to provide more funding to the firm to reduce the

cost sufficiently ex-post.

3.3 EMPIRICAL APPLICATION
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The empirical test for the theoretical model is conducted in this section. The government’s
and the monopolist’s dynamic problems are solved by using a newly developed dynamic
optimization toolbox, dynopt, of matlab (Matlab dynamic optimization code-dynopt; User’s

Guide). The data used in analysis are shown in Table 3.1.

Table 3.1: Data Used in Analysis for Empirical Application

Parameters | r |« c ‘2 6| to | ts(T)
Values | 0.05| 2 | 0.6(0.8) | 1]0.08(0.8) | 1] 0| 20

ol

Optimal problem of the government defined by Equation 3.10 is first solved given ¢ = 0.6,
¢=1 60 =008 and § = 1. Second, the same problem is resolved with different value
of ¢ and @ respectively to compare the optimal levels of production subsidy w. Third, for
every case, with the resulting optimal values of w, the time paths of expected price for
treatment and expected social welfare are obtained through equations 3.5 and 3.10. For
the subgame without government intervention, the expected price path and the expected
proportion of sick path are obtained by solving the problem defined by equation 3.19 given
E(c1). With the dynamics paths of the expected social welfare, the speed of convergence
of the expected value of social welfare with government subsidy to its counterpart without
government intervention could be compared for the cases with different expected values of ¢;
and 6 then. The empirical results are shown in Table 3.2 to Table 3.4. Figure 3.2 to Figure
3.5 show the dynamics of expected value of social welfare with proportion of sick, the time
paths of expected social welfare, proportion of sick and price for treatment for the subgame
with production subsidy of government versus the subgame without government involvement.
Figure 3.6 to Figure 3.9 and Figure 3.10 to Figure 3.13 show the same dynamics paths when
the expected value of ex-ante cost of production and the expected type parameter of the

firm are raised, respectively.
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3.3.1 EMPIRICAL RESULTS

The empirical results of the optimization problem of government are shown in Table 3.2.
When ¢ = 0.6, ¢ =1, § = 0.08 and 8 = 1, the optimal level of government subsidy w is
equal to 0.1165 and the corresponding tax rate is 0.0092 given r = 0.05 and 7' = 20. While
in case 2 and case 3, the value of government funding increases to 0.344 and decreases to
0.0675 respectively with the increase in ¢ and §. Therefore, the government needs to offer
more production subsidy when the ex-ante cost of production is expected to be high. In
contrast, the level of government funding is lower when the type parameter of the firm is
expected to be high. Apparently, the empirical results are consistent with the predictions of

the theoretical model implied by equations 3.23 and 3.24.

Table 3.2: Optimal Levels of Government Production Subsidy with Different Expected Values of

Ex-ante Production Cost and Type Parameter of the Firm

Variable | Case 1 | Case 2: raise E(c;) | Case 3: raise E(8)
[+ 0.6 0.8 0.6
C 1 1 1
[ 0.08 0.08 0.8
0 1 1 1
w 0.1165 0.344 0.0675
T 0.0092 0.0272 0.0053

The starting point of the proportion of sick, ry,, is set to be at 0.1. As shown in Figure 3.4
and Figure 3.5, Figure 3.8 and Figure 3.9 and Figure 3.12 and Figure 3.13, for both subgames
with and without government production subsidy, the expected proportion of sick increases
with time first and then remains constant. Correspondingly, the expected price for treatment
declines first and then remains roughly constant as well. It follows that, as predicted by the
theoretical model, the monopoly price for treatment declines with the number of sick in
the population. Additionally, the empirical results also show that the monopoly price and

prevalence of the disease paths are expected to converge to a non-zero steady state which is
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consistent with the result derived by S.Mechoulan (2007). Table 3.3 shows that for every case,
the prices for treatment are expected to be reduced sufficiently by accepting the government
subsidy (i.e., E(p1(t)+7) < E(p2(t))). This implies that the proportion of sick grows slower
with government funding. Figure 3.2, Figure 3.6 and Figure 3.10 show that the initial value
of expected social welfare for the subgame with government production subsidy is smaller
than its counterpart for the subgame without government intervention. However, with the
growth in r;, the expected social welfare with subsidy Wi(t) decreases at a lower speed and
reaches the expected value of social welfare without government fund Wa(t) at r; = r] at
time t = ¢}, ¢ = 1,2,3. For r, > r}, 1 = 1,2,3 (i.e, t > t}, 1 = 1,2,3), Wi(t) > Wa(t).
Thus, government intervention would benefit consumers more when proportion of sick in the
population is large enough. Clearly, all empirical results are consistent with that implied
in the theoretical model. Compared with other cases, when the ex-ante cost of production
is expected to be high (case 2), the price for treatment is reduced mostly with government
fund and therefore the proportion of sick grows slower. It is due to the fact that government

offers more production subsidy when the expected value of production cost of the firm is

high.

Table 3.3: Expected Starting and Termination Values of Proportion of Sick, Price for Treatment

and Social Welfare with and without Production Subsidy for Different Cases

Variable Case 1 Case 2 Case 3
With Fund Without Fund With Fund Without Fund With Fund Without Fund
Tty 0.1 0.1 0.1 0.1 0.1 0.1
T, 0.43208 0.44636 0.43056 0.47381 0.43151 0.44636

Do (pro + 1) | 0.95396(0.96316) 0.94079 0.93359(0.96079) 0.95567 0.95696(0.96226) 0.94079
pts(pe, +7) | 0.86396(0.87316) 0.90364 0.84359(0.87079) 0.97129 0.86696(0.87226) 0.90364
Wi, 0.44107 0.45034 0.42312 0.45014 0.44492 0.45034
W, 0.10283 0.10282 0.0969 0.0969 0.10427 0.10282
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Table 3.4 shows the impact of expected values of ex-ante cost of production and type
parameter of the firm on the speed of convergence of the expected social welfare with gov-
ernment production subsidy to its counterpart without government intervention. With a
higher E(c;), the level of production subsidy of government raises and thus the prices for
treatment are reduced more. Whereas with a higher F(#), government involvement by of-
fering subsidy fund would be more efficient and the taxes paid by the consumers become
less at the mean while. As a result, W;(t) meets the value of Ws(t) earlier for case 2 and
case 3 (i.e., t] > t5 > t5). Thus the government involvement may be considered to be more
effective when the cost of production and/or the type parameter of the firm are expected
to be high which is consistent with the theoretical prediction. Compared with other cases,
when the expected type parameter of the firm is high (case 3), Wi (t) converges to W(t) with
the highest speed. Hence, W;(t) hits W(t) at the lowest ; and the consumers end up with
the highest utilities as well. It is associated with the sufficiently lower price for treatment
by accepting the government fund and the fairly low tax rate at the meanwhile. Also, note
that when the expected ex-ante cost of production is raised (case 2), the level of government
funding arises but the tax rate paid by consumers also increases. As the disutility associated
with the taxes is high at a low level of r;, the total utility of consumers for the subgame with
government production subsidy is much lower than its counterpart for the subgame without
the funding at the initial value of r; = r,,. As a result, W;(t) hits Wa(t) at a later time (i.e.,
at a higher level of r;) than it does in case 3 although the prices for treatment are reduced

more in case 2.
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Table 3.4: Comparison of Speed of Convergence of Expected Social Welfare with and without

Government Subsidy for Different Cases

Case 1
Ty ty | Walty) | Wa(#) | pa(ty) | p2(t1)
0.42675| 6 | 0.2096 | 0.2096 | 0.8787 | 0.9060
Case 2
1y ty | Wa(th) | Wa(ty) | pa(th) | pa(t3)
0.40711 1465 | 0.2181 | 0.2181 | 0.8595 | 0.9514
Case 3
I3 ts [ Wa(t3) | Wa(t3) [ pa(#3) | p2(t3)
0.3697 | 3.45 1 0.26328 | 0.26328 | 0.8856 | 0.9082

3.4 CONCLUSION

The paper finds that government funding can be utilized to improve welfare when a monop-
olist supplies a needed pharmaceutical drug aimed at curtailing the speed of a communicable
disease. Additionally, the paper characterizes the choice of government funding policy in the
context of communicable diseases where market power and heterogenous agents are present.
The economic choice of consumers for treatments influences the spread of the disease. The
local government chooses whether or not to offer a production subsidy for reducing the pro-
duction cost of treatment to a foreign drug monopolist by maximizing the expected value
of total social welfare. If the government decides to provide the offer, the firm could either
accept or reject it. The ex-post cost of the firm by receiving the government funding depends
on the productivity type parameter of the firm € and the production subsidy w. If the firm
accepts the government subsidy, the dynamic prices for treatment are determined by the
monopolist by maximizing the aggregate profit subject to the prevalence path of the disease
given the ex-post cost of production. While if the firm rejects the offer or if the govern-
ment decides not to provide the production subsidy in the first stage, the market prices for

treatment are determined dynamically by the monopolist producing at the ex-ante cost ¢;.
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The key findings of the study are as follows: First, the foreign drug monopolist accepts
the production subsidy of local government if its productivity type is sufficiently high (i.e.,
0> —(—1-_—_—%jﬂ,—)) Additionally, the monopoly dynamic prices for treatment decline with the
prevalence of the disease. Second, when the optimal level of government subsidy is greater
than zero, the value of funding increases with the expected ex-ante cost of production and
decreases with the expected productivity type of the firm. Further, the government would
like to raise the level of subsidy fund with the growth in proportion of sick if the decrease in
price for treatment associated with the government fund would benefit consumers sufficiently.
Finally, the local government would be more likely to be involved by offering production
subsidy to the foreign drug monopolist when the ex-ante cost of production and/or the
productivity type parameter of the firm are expected to be high and the number of sick
in the population reaches a sufficiently large value. In empirical application, the optimal
dynamic problems defined by the theoretical model are solved by using the newly developed
dynamic optimization toolbox, dynopt, of matlab. The empirical results are consistent with
the predictions of the theoretical framework.

The extension of the previous work by Mechoulan (2007) in the present paper is accom-
plished through the introduction of the government and the monopolist’s choice whether
or not to accept the government subsidy aimed at reducing the cost of production of the
pharmaceutical drug. The paper examines the efficiency of government production subsidy
in reducing monopoly prices for treatment, lowering the spread of the disease and raising
the level of total social welfare. The paper also demonstrates the theoretical results through
the application of a computational dynamic optimization model. The paper contributes to
the literature regarding the economics of pharmaceutical drug production for communica-

ble diseases in an economy with market power, externalities and heterogenous agents by

introducing a government with the capacity to tax and subsidize the local production of
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the drugs aimed at reducing the production cost of the drugs and thus lowering the local
prices for treatments. The influence of government funding on social welfare improvement
through subsidizing a potential entrant to reduce its fixed entry cost as opposed to fund
the incumbent drug monopoly firm is also formally considered. The research efforts towards

this perspective are summarized by another paper but the theoretical framework is shown

in Appendix B.4.
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Figure 3.16: Impact of Expected Marginal Cost of Firm 2 on the Optimal Government Fund
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4. SEARCH INTENSITY, JOB OFFER ARRIVAL RATE AND LABOR
MARKET TRANSITIONS

4.1 INTRODUCTION

In this paper, we will focus on the influence of job search behavior, or more specifically,
the influence of search intensity of individuals who are unemployed on the job offer arrival
rate and thus on the labor market transitions in a stationary framework using the Canadian
data. ' The original (standard) wage search model models the behavior of job seekers as a
sequential search process in which both the job offers received per period and the wage offers
arrive randomly with constant and certain rates of arrival known to the unemployed workers.
At each period, taking the cost of search into account, the unemployed decide whether or not
to stop searching by accepting the best wage offer received during that period or to continue
to search to maximize the expected value of future net income. The optimal strategy is
characterized by the choice of reservation wage, and the model generates implications for the
distribution of unemployment spell and the wage received after a transition into employment.
Mortensen (1986) extends the standard wage search model by endogenizing the search effort
to model the behavior of on the job search. In the model, the job offer arrival rate is
assumed to be proportional to the worker’s “search effort” and the cost of search is assumed
to be an increasing convex function of “search effort”. With endogenous search effort, the
optimal strategy is a choice of the reservation wage and the intensity of search for both
job seekers who are unemployed and who are currently employed. Further, the optimal
intensity of search equates the marginal returns to search and the marginal cost of search.
Another extension of the standard search model is to endogenize the wage distribution, by

21The optimal strategy of job seekers in a non-stationary job search model is also considered.
However, due to the scope of this paper, the details of the non-stationary model are deferred to be
shown in another paper. But the equations characterizing the optimal search intensity and optimal
reservation wage in a non-stationary framework are shown in the Appendix C.3.
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incorporating equilibrium implications (see Burdett and Mortensen 1998; Ridder and Van
den Berg 1998). The present paper focuses on the first extension of the original model in
which the job offer arrival rate is endogenized via search effort.

In empirical work, most studies on individual labor market transitions pay a little attention
to the search process leading to job offers. To our knowledge, there are only a few empirical
studies in which the impact of search behavior on the job offer arrival rate and on the
unemployment duration are analyzed. Yoon (1981) investigates the role of search time for
an offer in the determination of unemployment duration. Lindeboom and Theeuwes (1993)
pay special attention to the effect of the benefit level on the number of search contacts in
a simultaneous analysis of unemployment duration and search intensity. Koning, Van den
Berg and Ridder (1997) estimate a structural search model, which distinguishes the effects
between formal (applications) and informal (referrals) search methods on job offer arrival
rate and on the subsequent wages. Bloemen (2005) studies the influence of job search on
labor market transitions for both the unemployed job seekers and those searching on-the-job
in an empirical structural job search model.

Furthermore, the literature on the process of job search is largely confined to US, British
and Dutch studies. By contrast, the empirical work for Canada is very limited. A notable
exception is Lars Osberg (1993) who examines the job-search methods of jobless workers
and emphasizes sample selectivity in choice of job-search strategies (especially use of public
employment agencies). Empirical tests using longitudinal data from the Labor Force Survey
of Canada for 1981, 1983 and 1986 indicate that job-search methods change with the business
cycle.

So far, the incentive effect of benefit sanctions has not attracted much attention in the
literature. Yet a study by Grubb(1999) shows that sanctions are now an important pol-

icy tool in many OECD countries. The empirical evidence is mixed. For instance, for the
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Netherlands, no effect of benefit cuts is found in most studies (Van den Berg(1990b)). How-
ever, after correction for selectivity in the imposition of sanctions, Abbring, Van den Berg
and Van Ours(2000) find that benefit sanctions raise individual re-employment rate substan-
tially. But it should be noted that the sanction examined in their study is a temporary and
limited benefit cut. A harder sanction policy (i.e., a permanent suppression of Ul benefits if
two job offers are refused) is simulated by Stéfan Lollivier and Laurence Rioux (2002) using
the French sample of the European Survey(1994-1998). They find out that the expected
duration of unemployment seems to be shortened sufficiently by implementing a sanction
policy.

Investigating the impact of search intensity of individuals who are unemployed on the tran-
sition rate into employment by influencing the job offer arrival rate using the data of Labor
Market Activity Survey (LMAS) of Canada, 1988-1990, is the focus of this present study. An
empirical model of job search with endogenous search intensity is estimated in a stationary
framework, based on the model by Mortensen (1986). In Mortensen’s (1986) model, the
search effort is modeled as a one-dimensional variable. However, there exist several indica-
tors of search in the Canadian LMAS data. As a result, three indicators concerning the job
search behavior; one for “search or not”, two for “search intensity” are constructed using
the information provided by the data. The estimation results show that three indicators of
search do influence the job offer arrival rate significantly and compared with the others, the
number of channels used for search has the largest effects. In addition, the exogenous part of
the arrival rate of job offers which depends on the characteristics of individuals is higher for
those who are highly educated, more professional and living in the industrialized area. Thus,
the unemployed workers who have more market opportunities search more intensively due
to their higher value of return to search. The empirical results also reveal that the higher

search intensity accelerates the labor market transitions effectively. The unemployed with a
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higher level of search effort and a relatively lower value in reservation wage transit into work
sooner compared with the others. To evaluate the incentive effects of the unemployment
benefits on the behavior of job search and thus on the transition rate into employment, we
simulate two alternative reforms on current unemployment insurance compensation system
which produce the same benefit saving for the government. The simulation results show that
the deduction in insurance benefits do raise the level of search effort and reduce the value
of reservation wage for the unemployed at the same time. Compared with the permanent
benefit cut, the monitoring and benefit sanction for insufficient search seems to be a better
way to provide incentives for the unemployed workers to search more and demand less to get
back to work soon. However, the simulation results also reveal that the policy changes on
insurance compensation scheme are less effective for those who lack of market opportunities
due to their bad personal characteristics. To them, offering more programs of education and
training courses for specific skills may be a more feasible policy tool.

The paper is organized as follows. Section 2 presents the economic model. The empirical
implementation of the structural model is proposed in section 3 and the data are described
in section 4. While in section 5, the estimation results of the empirical model are presented.
The two alternative reforms of the unemployment compensation scheme are simulated and
their effects on the search behavior and labor market transitions are assessed in section 6.

In the final section, we present the conclusion.

4.2 THE MODEL

Consider a structural model which is stationary based on Mortensen’s standard job search
model (1986). The original model by Mortensen (1986) describes both the search behavior of
the unemployed workers and on the job search. The model assumes that wage offers arrive

randomly from a wage offer distribution, F'(w), and individuals maximize the expected
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present value of future net wealth. The offer arrival rate is proportional to the worker’s
“search effort” and that the cost of search is a increasing convex function of “effort”. In
the present study, we focus on the search behavior of the individuals who are unemployed
only. It is assumed that search effort s is defined as s = (s1,s2,53) where s; represents
the search indicator by channel 7, 7 = 1,2,3. s; can be interpreted as the search attitude
measurement indicating whether or not an unemployed worker did search a job. s; and s3
measure the number of methods used for job search and the amount of time spent on search
by an unemployed respectively.

Next, we express the job offer arrival rate for individual ¢ who is unemployed, m;(s), as the
product of the market-determined part of the arrival rate of job offers, A;, and a composite
sum of various indicators of search intensity, corresponding to its theoretical counterpart,
A;s, in Mortensen’s model: m;(s) = [ag+ @81+ s1(0nse + asss)| )\, with a; > 0,7 =0,1,2,3
and A; > 0. To simplify the expression for m;(s) , we can rewrite it in a vector form as
follows: m;(s) = (ap + aS’)X;. Search effort is indicated by S, S > 0, and S is allowed
to be a vector of search indicators: S = (s1,$152,5183). Search effectiveness parameter
a = (ay, as, a3) measures the impact of search intensity on the arrival rate which is a vector
of equal dimension as S. The person who report not to be searching may get a job due to
the reason like personal contacts so the parameter g is identified to capture the transitions
into work of non-searchers. The functional form we applied here for arrival rate of job offers
simply implies two issues. First, the zero value of s; implies that both the values of s, and
s3 are zero as well. It means when the unemployed individuals do not search at all, s; = 0,
they do not exert any effort on search, s = s3 = 0, and therefore, S = 0. As a result,
their job offer arrival rate only depends on the parameter oy and the market-determined

part of the job offer arrival rate A\: m(0) = apA. Second, given the individuals do search
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jobs, 81 > 0, and hence, S > 0, higher search effort increases the probability of receiving a
job offer, dm(s)/dS > 0.

As in the Mortensen’s model(1986), the benefit level for an unemployed worker is assumed
to be a constant over the spell of unemployment and is denoted by b. The exogenous part of
the job offer arrival rate, A;, which is determined by the characteristics of individual ¢ is also
assumed to be constant. The wage offers arrive randomly from a wage offer distribution,
F(w), which is assumed to be unchanging over time and known to the worker. In addition,
the analysis is restricted to the case of no recall of offers received in previous periods for
simplicity. The cost of search function is denoted as ¢(s) which is a increasing and convex
function of its argument. In other words, c(s) is convex, having the property ¢/(s) > 0 where
the marginal cost of search ¢/(s) is of equal dimension as s. Moreover, since we have three
different indicators of search intensity corresponding to three search channels observable in
the data, it is simple to assume that the cost of search function is additively separable in

3
search channels: ¢(s) = ¢o+ Z c;(s;), where ¢y represents the fixed cost of search and c;(s;)

i=1
denotes the cost of search function by channel j, 7 = 1,2,3. Further, let W(w) represent the
given present value of stopping, accepting the best offer received, w, during any period and
keeping that job forever after at wage w, and V' the value of continued search. It is assumed

that the individuals who are unemployed maximize the expected discounted value of future

net income, V:

(51,592,953 =

3 00
(4.1) pV = max ) {b — [co+ ch(sj)] + (g + ay 81 + s1(0282 + a333)])‘/0. {max[V,W(z)] -V} dF(a:)}

where p > 0 represents the constant discount factor. The solution of the maximization
problem is characterized by the optimal intensity of search s* = (s7, s3, s3) and a reservation

wage £. For a stationary job search model, the optimal strategy satisfies the reservation
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property which implies that the reservation wage, &, is defined as a unique solution to
W) =V.

The present value of a future earning stream given a wage equal to z is assumed to be
W{x) = z/p . And together with the reservation property, the following is derived from
Equation 4.1:

(42)  £=b—la+) ()] + (o0 + o] + si(0asy + aasi)] A /:o [W(z) - V]dF(z)

J=1
where s} denotes the optimal search intensity of unemployed job seekers by channel j,j =

1,2,3. Let 3; represent the latent search intensity for which the marginal cost of search by
means of channel j is equal to the marginal returns to search. The first order condition for

the search intensity choice problem on the RHS. of Equation 4.2 yields:

(4.3)  i(51) =[o1 + a2& + azss| A /:0 [W(z) — V]dF(z) and

(44) Ry =di(51) = [a1 + s + azsz)A /:O W(z) — V]dF(z)

And

(45) (5 = agmA /{ T W(z) - V]dF(@z) Vj=2,3 and

(46)  R;=c(5) = a5 /£ T W) - V]dP(@z) V=23

in which R; denotes the marginal returns to search by channel j and a; can be interpreted
as the parameter indicating the search effectiveness of search channel j, 7 = 1,2,3. Then
the optimal level of search intensity s} equals max[0, §;]. Thus, the optimal search intensity
satisfies the marginal cost of search equals the marginal returns to search condition if s} > 0.

Apparently, Equations 4.2, 4.3 and 4.5 are used to determine the optimal strategy £ and §;
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simultaneously, 7 = 1,2,3. We notice that Equations 4.2, 4.3 and 4.5 reveal some important
properties of the optimal search intensity. First, by the convexity of the cost of search
function (¢”(s) > 0), the marginal cost of search is increasing in search intensity. This implies
that given the unemployed workers did search a job, (§ > 0), if the effectiveness of search by
channel j, represented by the factor a;A, rises, the optimal intensity of search by channel j
rises as well, j = 2,3 (Equation 4.5). This also applies to the decision to search: a low value
of the effectiveness of search, a;, may induce unemployed workers not to search (Equation
4.3). Second, Equations 4.2, 4.3 and 4.5 describe the simultaneous movement of the optimal
search intensity and the reservation wage. Since Equation 4.2 implies that the benefit level
and the reservation wage for the unemployed workers are positively correlated, a higher
benefit level raises the reservation wage and reduces the intensity of search simultaneously
according to Equations 4.2, 4.3 and 4.5. Thus, lowering the level of unemployment insurance
may possibly be an effective method for policymakers to induce the unemployed to search
more and ask for less reservation wages to exit from unemployment more quickly.

Clearly, the optimal results captured by Equations 4.2, 4.3 and 4.5 are in contrast to those
in Mortensen’s (1986) since we did some modifications to the original model. First, we add
a constant term «g to capture the transition into employment of non-searchers. However,
in Mortensen’s model(1986), it is assumed that a zero search effort implies a zero job offer
arrival rate and therefore no transition into employment at all. Second, we define search
effort as a vector of three different search indicators like s = (s1, s9, $3) as opposed to a
one-dimensional search intensity, s, used in original model. Last, we specify the job offer
arrival rate as a function of the composite sum of various indicators of search intensity while
in Mortensen’s (1986) model, the arrival rate of job offers depends on the single-dimensional
overall search effort s only. However, if ag = 0,89 = s3 = 0 and s; represented the total

search effort, our model would collapse with the model of Mortensen (1986). Consequently,
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in that case, the equations characterizing the optimal strategy for an unemployed job seeker
across the two models would be equivalent.

Finally, we allow the unobserved heterogeneity of individuals to enter via the market-
determined part of the arrival rate, A. It is assumed that for individual i, \; = exp(X]8+ ¢;)
in which X; is a vector of individual characteristics, § is a vector of parameters and g;
represents the unobserved heterogeneity which is normally distributed with mean zero and
variance 1.

The inferences implied by Equations 4.2, 4.3 and 4.5 will be tested by estimating an
empirical model specified in next section. The estimation results will give us some insight in
the influence of intensity of search on job offer arrival rate and therefore on the probability
of transition into work for unemployed individuals. Moreover, the simultaneous movement
of search intensity and reservation wage predicted by the theoretical model will be examined
by the simulations of policy changes on insurance compensation system presented in section
4.6. The impacts of changes of unemployment insurance on the search behavior and labor
market transitions for the unemployed who are differentiated in personal characteristics will
also be compared. Simulation results may shed some light on how to provide incentives for

the unemployed workers to search more and demand less to improve job finding success.

4.3 EMPIRICAL IMPLEMENTATION

4.3.1 BASIC SPECIFICATION

First, in order to obtain explicit expression for the optimal intensity of search along various
channels, we need to specify the cost of search function. In the literature on search models
with endogenous search effort s and a single search channel, the arrival rate and the search

costs are generally taken to be proportional to s and s?, respectively (see the survey by
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Mortensen and Pissarides, 1999). However, in present study, we have three different search
channels observable in the data. Therefore, in section 4.2, we assume that the cost of search
function is additively separable in search channels. As for the specification for the cost
of search function by means of channel j, we define ¢;(s;) as a quadratic function of s;,

j = 1,2,3. Consistent with the theoretical model, we take the following specification: 22

2

B | =

(4.7  c(s)=co+ ch(sj) with c;(s;) =

j=1
In which ¢ is the fixed cost of search and c; are parameters with 0 < ¢; < 00, j =1,2,3.
Note that c(s) is convex since ¢; >0, j=1,2,3.

As we assumed in section 4.2, the exogenous part of arrival rate of job offers A depends on
the characteristics of individuals. Additionally, the unobserved heterogeneity of individuals
is allowed to enter via A. The market-determined part of job offer arrival rate for individual

i, A, is thus specified as:

22A general function of cost of search is utilized for the theoretical model. The restricted form
of cost function is specified for the empirical model only. In the literature on search models with
endogenous search effort s, the search costs are generally taken to be proportional to s? as outlined
in the survey by Mortensen and Pissarides, 1999). For instance, van den Berg and van der Klaauw
(2001), specified the cost of search function with two search channels as a quadratic form as follows:

c(s1,82) = %co(sl +82)% with 0 < ¢g < co. In addition, Abbring, van den Berg and van Ours (2005),

defined the cost of search function as: ¢(s) = %6052. A similar cost function specification used in

the present study. Specifically, the cost of search function is assumed to be additively separable in
3

search channels: ¢(s) = ¢p + 2 c;j(s;5). The cost of search function by channel j, ¢;(s;), is defined
Jj=1
as a quadratic function of s; as follows: ¢;(s;) = %cjs?, Jj=1,2,3 where 0 < ¢; < co. The optimal
level of search intensity emerging from the theoretical model is characterized by marginal conditions
denoted by Equations 4.3 to 4.6. The theoretical model, using a generalized function form, suggests
that the second order of the polynomial cost function will be particular important in determining
the change in search intensity in response to a change in benefit levels. The empirical model is
particularly focused on analyzing this latter response. Therefore, the quadratic cost function used
in the present study is consistent with its broad use in the literature, the relationship implied by
the theoretical model, and computational considerations.
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In which X; is a vector of individual characteristics, 8 is a vector of parameters and g;
represents the unobserved heterogeneity which is normally distributed with mean zero and
variance 1.

The first order condition for the search intensity choice problem of Equation 4.2 using

Equation 4.7 as the particular specification for the cost of search function yields:

49) 5=

- with R;(q) as defined in Equations 4.4 and 4.6, j = 1,2,3. We added the argument ¢ to
express the dependence of R; on the unobserved heterogeneity g, as g enters the calculation
of the marginal returns R; via market-determined part of job offer arrival rate A. Note that
Equation 4.9 defines the latent search intensity 5; that equate the marginal cost of search
and the marginal returns to search.

To compute 3; in Equation 4.9, we need to calculate the marginal return to search R;(q)
which by Equations 4.4 and 4.6 involves the computation of the expected income gain due
to search E(W(z) — V|z > &), represented by the integral / c><)[I/V(alc) — VI]dF(z). In order
to approximate E(W(z) — V]z > &) with a value that we czfn evaluate, we need to use an
assumption we mentioned in section 4.2: the present value of a future earning stream given
a wage equal to z is W(z) = z/p, where p > 0 is the constant discount rate. Therefore, we

approximate the expected income gain due to search by

@10) "W -VIar) = [ - 9dP(@) = 2 - g 2 )
As will be described in section 4.4, the weekly wages of those individuals who found a new
job are observable in the data of Labor Market Activity Survey (LMAS). Hence, 5; and ¢
are capable to be computed simultaneously using the available data.
Second, we provide a link between the observed search indicators s7 available in the data

(in Equation 4.23 of section 4.4 ) and the (optimal) latent search intensities 5; that equate
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marginal cost of search and marginal return to search (in Equation 4.9). In the data, the
transitions into work are observed for those who reported not to be searching. Reporting
error or measurement error in the observed search indicators may be one reason for these

observations 2.

For this reason, we incorporate reporting errors in the search indicators
to capture the stochastics. In the data, there are two types of indicators: (1) dichotomous
indicator, and (2) ordinal numbers. Obviously, both of them take discrete values. The choices
characterized by the discrete data reflect the equilibrium choices for agents represented by
the theoretical model. Let ¢; denote the random error, and let s¢, denote the observed search

indicator that reflects the basic thrift to search for a job. A dichotomous indicator variable

s{ related to observed job search is defined by a probit model as:

(4.11) 5, =31+€ where ¢ ~ N(0,1), 3§ =max{0,5;} and
-3 a0
1 0 if 5.<0
In Equation 4.11, §; represents the stochastic equivalence of 31, the latent search intensity,
since we assume that the observed search indicators measure the true search efforts with
an error. Equivalently, let 8] represent the optimal search intensity with a stochastic error
which implies that §7 = max{0, 5;}.
As the number of channels a searcher used, s3, and the time she/he spent on searching
since the last day worked, s§, are variables that can only take ordinal numbers like 0,1,2, ...,
technically, it seems natural to model the count variables s§ and s§ by Poisson distribution.

Hence, for individuals who are searching for a job, we specify:

(4.12)  3;=35;+¢; where ¢~ N(0,1), 5 =max{0,5;}, j=2,3 and

Ay L
P(s2 = k|3; > 0) = ("’)—@;,3(——“12, k=0,1,2,3,4

230ther reason is like the personal contact we mentioned in section 4.2.
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where the mean parameters y; is defined by u; = exp(8;) > 0, j = 2,3. It needs to be
noticed that conditioning on §; > 0 implies that equation 4.12 applies to searchers only. For
individuals who report not to be searching, we assume that the Poisson distribution does
not apply. For the non-searchers, the condition §; < 0 holds which implies that s? = 0. Note
that in our specification, we allow for the observation of zero value of search channel or zero
value of search time (k = 0) for individuals who report to search.

The stochastic errors of observed search indicators, €;,€;, and €3 are assumed jointly

normally distributed. Let € = (€1, €2, €3)’, we specify:

(413) € ~ N(0,%,) with

1 012 o013 1 pi2 ;i3
(414) ;=< o0u1 1 003 p=¢ pa 1 pos
o31 o3 1 p31 ps2 1

where p;; denote the correlation coefficient between ¢; and ¢; with i =1,2,3 and j =1,2,3.
(Note the variance-covariance matrix is equivalent to the correlation matrix since oy; =
o9 = 033 = 1.) Since the search effort s is defined as a vector of three different search
indicators s = (s1, $2, S3) in section 4.2, using the relation § = 5+ ¢, Equation 4.13 implicitly
defines the density function of § = (1, $2, $3), the stochastic equivalence of (optimal) latent
search intensity, which is denoted by ¢(§; £;).

Last, we assume that the wage offers arrive from a log-normal distribution with the fol-

lowing form:
(4.15) Inw=K'y+u where u ~ N(0,02)

in which K is a vector of observable individual characteristics, -y is a vector of parameters and
w is an error term that is normally distributed. However, the wages after transitions into work

of a few respondents in the data are observed lower than their EI benefits. Such observations
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may be attributed to the measurement or reporting error. Other reasons may be explained
as earning working experience valuable in the future or having social relationship which can
not be measured by the value of money. Irrespective of the reason, we need to include a
measurement error into the empirical specification of observed wage offers. The measurement
error can be easily included (Wolpin, 1987) by adding a multiplicative measurement error v
that is independent of the true wage w. By letting w® denote the observed wages, we assume

w® are distributed as:
(4.16) hhw’=Ilhw+v where v ~ N(0,02)

In which the measurement error v, is supposed to be independent of w.

4.3.2 LIKELIHOOD FUNCTION

The parameters of the job offer arrival rate, the cost of search function, the wage offer
distribution, and the parameters of the distribution of stochastic error in search indicators
and measurement error in wages are estimated simultaneously by the method of simulated
maximum likelihood. In this section, we will describe how the likelihood function for the
model to be formulated.

Given an observation(t, s°,w°) consisting of duration of unemployment ¢, search indicators
s° = (s9,s%,s4) and the observed true wages after a transition from unemployment into
employment w?°, first, we address the density function of duration ¢, conditional on the
value of the (optimal) latent search intensity S(q) (Equations 4.9, 4.11 and 4.12) and on the
unobserved heterogeneity ¢q. Letting transition rate (or hazard rate) from unemployment

into employment be ¢, we have the vector form of ¢ as:

(4'17) ¢ = (aO + Oégl)A[l - F(E)] = ¢(‘§’ Arw) = ¢(»§(Q), q)

where o = (a1, a2, a3) and S = (1, §152, §153) as we defined in Section 4.2.
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Therefore, the density function of unemployment duration given instantaneous hazard rate

¢ is:

(4.18)  f(tl¢) = pexp{—¢t}, Vi€ [0,00)

Obviously, ¢ is dependent on job offer arrival rate and on wage offer distributions. The
dependence on arrival rate of job offers runs through search effort S (¢) (Equations 4.9, 4.11
and 4.12 imply that §;, j = 1,2, 3 are functions of ¢) and unobserved heterogeneity g (enters
via A and §;). The dependence on distribution of wage offers runs through §;(¢), 7=1,2,3
(Equations 4.9, 4.4 and 4.6). Together with the facts that §;(g) are stochastic equivalences of
5(a): $(a) = (@) + ¢; (Bquations 4.1 and 4.12) and §(q) = (51(0), 51(0)%2(a), 51(0)5:(@)),
transition rate from unemployment ¢ can be written as a function of S’(q) and ¢ (as in
Equation 4.17). Consequently, given ¢(S(q),q), equation 4.18 yields the density function
of spell of unemployment ¢, conditional on latent search intensity S (¢) and unobserved

heterogeneity q as:

(4.19)  f(t1S(a),q) = #(S(q), 9) exp{—¢(5(q),q)t}, V¥t € [0,00)

The density function of 5(¢) = ($1(q), $2(q), $3(q)) given q is defined by Equation 4.13 which
will be denoted as g(5(q); £;) in the sequel.

Second, the observed wage offer distribution has already been discussed in Equation 4.16.
However, the model implies that the distribution of the true wages for unemployed individuals
is the truncated distribution to wage offers above the reservation wage & Therefore, the
density for true wages is f(w)/[1 — F ()], for w > £, and zero otherwise. We will let g(w°|w)
represent the density function of observed wages w® conditional on the true wages w below.

Third, the probability distributions of the observed search indicators s{, representing

search or not, s3, representing the number of methods used for search and s§, representing
98

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



the time spent on search are defined by Equations 4.11 and 4.12, which will be denoted by
P(s2]55(q)), j =1,2,3 in the following.

Finally, to complete the likelihood function, we need to multiply the various parts and
integrate over the latent variables. For an unemployed worker who is searching for a job with
a completed unemployment duration ¢, a vector of observed search indicators s° = (s9, 53, s3)
and an observed wage after a transition into employment w®, we have the following likelihood

function:

o) [ [ 56150, 0PGIS@)PEEHPS @IS0 | o) s dudiag

In Equation 4.20, the region of integration R(s°) is defined by the observed search indica-
tors through Equations 4.11 and 4.12.2¢ Note that the likelihood contributions for right-hand
censored unemployment spells and for those who report not to search are straightforward
simplification of Equation 4.20. More specifically, the likelihood contribution for a searcher

who have not been observed a transition into work by the end of the survey period is:

(4.21) / e P(T > 115(a), q) P(s3151(a)) P(s5152(9)) P(s3155(4))9(3(a); ) 9(a)d5(q)dg

where P(T > tS(q),q) = exp[—#(S(q),q)t] denotes the survival function conditional on
latent search intensity and unobserved heterogeneity. Additionally, the likelihood function
of an individual who report not to be searching but is observed a transition into employment

is represented by:

a2) o) [ ot L

2As S(g) = (51(q),51(q)% (9), s1(g)s: (q)), from Equations 4.11 and 4.12, §i(q) €
[0,1], $1(g)$2(q) € [0,4] and $1(q)$3(q) € [0,4
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in which ¢ = agA[l — F(£)] is the exit rate from unemployment for non-searchers. Finally,
for an individual who do not search and then have not got a job by the end of the survey
period, the likelihood contribution is P(T > t|s{ = 0,53 = 0, s§ = 0) = exp(—¢t).

In the process of calculating the likelihood function, the problem of multidimensional in-
tegration of normally distributed random variables can be handled by the smooth recursive
conditioning algorithm (SRC) for simulating multidimensional integrals over normally dis-
tributed random variables and applying simulated maximum likelihood (SML) (see Bérsch-
Supan and Hajivassiliou (1993)). The Monte Carlo integration involves the generation of
random numbers for unobserved heterogeneity ¢ and stochastic errors for the vector of latent

search indicators § = (§y, 52, §3).

4.4 DATA

The Labour Market Activity Survey (LMAS) collected information on the annual labour
market participation of Canadians and the characteristics of up to five job held in each of
the calendar years from 1986 to 1990. The surveyed population is consist of all civilian, non-
institutionalized persons aged 16-69, who were residents of the ten provinces in January 1987.
Two longitudinal files (1986-1987, and 1988-1989-1990) provide information on the labour
market participation and job characteristics of all responding individuals over two or three
year period. This data set provides us with a good opportunity to track the working history,
job search information and the transition into a new job between calendar years for each
individual who reported to experience unemployment. We choose the second longitudinal
file (1988-1990) in the LMAS and focus on the respondents who worked in the first year of

survey (1988) and then experienced at least one spell of unemployment over the three-year
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long survey period. 2 Hence, we can observe both the transition into and out of from
unemployment for respondents who found the new job by the end of the last year of survey
(1990). Our sample have 1122 individuals among whom 1095 reported to be searching in

their durations absent from work.

4.4.1 BACKGROUND VARIABLES AND SAMPLE STATISTICS

Survey respondents were asked to report their labor market states for 53 weeks of each
calendar year in the survey period. This information can be used to construct the previ-
ous working spell and the duration of unemployment afterwards for respondents who were
unemployed. The wage rates on all jobs are also observed.

Table 4.1 shows the sample statistics of weekly wage rates on the previous job and on the
new job, unemployment duration and age for unemployed individuals who reported to search
for a job and for those who did not. Mean wage at previous job of the searchers is lower than
that of those who did not search. But after searching, the unemployed workers transited into
new jobs with a higher rate of mean wage whereas the other unemployed who did not search
worked at a lower mean wage after the transition into employment. The searchers have one
week longer mean unemployment duration than those who did not search that may because
the sample size of non-searchers is very small. Another reason for this observation may be
the characteristics of the occupation of the unemployed who did not search.? In addition,

the mean age of the searchers is lower than that of the non-searchers.

25For the respondents who reported to have more than one spell of unemployment after they
previously worked in 1988, we only use the related information concerning their first spell of
unemployment.
26From Table 4.2, most unemployed workers who did not search are in the occupation 4 (Fishing,
Mining, Manufacture, Construction and Transportation). For them, seasonal layoff may be the
reason absent from work.
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Table 4.1: Sample Statistics of Weekly Wage Rates and Unemployment Duration

Variable Searchers (n=1095) Non-searchers (n=27)
Mean | Standard Deviation | Mean | Standard Deviation
Weekly Wage at Previous Job | 338.11 222.57 362.83 206.34
Weekly Wage at New Job | 372.54 256.08 355.72 218.23
Unemployment Duration 16.98 14.55 15.85 12.04
Natural Log of Age Group 1.288 0.42 1.35 0.31

As we assumed that the exogenous part of the job offer arrival rate, A, and the true wage
rates, w, are determined by the individual characteristics, we need to specify the related
background variables. The available background characteristics are age, level of education,
sector of occupation and region of residence. We define three education dummies for the
level of education, educl: 0-8 years or some secondary education, educ2: post-secondary
cert. or diploma, educ3: university degree or trade certificate or diploma (educ4: graduated
from high school serves as reference group), four occupation dummies for sector of occu-
pation, occul: administration managerial; religion, teaching, medical or artist occupation,
occu2: science and engineers, occu3: clerical or sales occupation, occud: farming, mining,
manufacture, construction and transportation occupation (occub: service occupation serves
as reference occupation) and three area dummies for the region of residence, areal: the
strongly industrialized central region of Canada, area2: the prairie provinces which is known
for its agricultural industry and energy resources, area3: the west coast of Canada which is
characterized by tourist industry and natural resources (aread: the Atlantic region which is
known for the fishing industry serves as the reference region).?”

Table 4.2 provides sample statistics of background dummy variables. The unemployed
workers (search or not) concentrate at the less professional sector of occupation (occud),

living in the less industrialized region (aread) with lower level of education (educl).

2TAreal includes Quebec and Ontario, area2 includes Manitoba, Saskatchewan and Alberta,
aread includes British Columbia and aread includes Newfoundland, Prince Edward Island, Nova
Scotia and New Brunswick.
102

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



Table 4.2: Sample Statistics for Background Variables

Variable Searchers (n=1095) Non-searchers (n=27) Total (n=1122)
Sample Size | Sample Percent | Sample Size | Sample Percent | Sample Size | Sample Percent

Educl 442 40.37 18 67 460 41
Educ2 253 23.11 0 0 253 22.55
Educ3 140 12.79 1 3.7 141 12.57
Educ4 260 23.74 8 29.63 268 23.89
Areal 331 30.23 9 333 340 30.3
Area2 213 19.45 2 7.41 215 19.16
Area3 99 9.04 0 0 99 8.82
Aread 452 41.28 16 59.26 468 41.71
Occul 103 9.41 2 7.41 105 9.36
Occu2 30 2.74 2 7.41 32 2.85
Occu3 257 23.47 3 11.11 260 23.17
Occud 532 48.58 19 70.37 551 49.11
Occub 173 15.80 1 3.7 174 15.51

4.4.2 INDICATORS OF SEARCH INTENSITY

Detailed information on search behavior of unemployed respondents was collected in each
year of survey. The related sample questionnaire will be shown in the Appendix C.1.

Using the information available in the data, we can construct two measures on job search
behavior; one for “search or not” and two for “search intensity”:
(a) Search : a dummy variable indicating whether or not the unemployed person did search
a job during the absence from work.
(b) Search intensity index 1 (channel index ): a measure of search intensity taking on values
0,1,2...4, based on how many search channels the respondent used during the spell of un-
employment to look for a job.
(c) Search intensity index 2 (time index): a measure of search intensity taking on values
0,1,2...4, based on the number of weeks the unemployed individual spent on job search since

the last day of work.
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The construction of these two measurements on job search behavior will be described in
Appendix C.2. More specifically, we define three observed job search indicators for unem-

ployed individuals as following:

(4.23) o0 = { 1 if did search a job when absent from work

0 if did not

Table 4.3 contains the sample statistics of observed indicators of search. In our sample,
for the unemployed who reported to be looking for a job (s = 1), we do observe positive
values on the number of channels used for searching (s§ > 0) and the amount of time spent
on search (s > 0) in the meanwhile. Comparatively, for the unemployed who were not

searching (s = 0), we observe zero values of both s§ and s§ (s§ = s3 = 0).

Table 4.3: Sample Statistics of Observed Search Indicators

Variable Searchers (n=1095) Non-searchers (n=27)
Mean | Standard Deviation | Mean | Standard Deviation
¢ 1 0 0 0
9 2.55 1.07 0 0
2 | 2m 1.17 0 0

4.4.3 UNEMPLOYMENT INSURANCE
The LMAS does not provide observations on the value of unemployment insurance (EI) %
and the maximum entitlement to EI benefits for individuals who report to be unemployed.
But we can calculate them using the related information available in the data. Eligibility for
unemployment insurance in Canada depends on both an individual’s work history and the
unemployment rate in his/her local labor market (Unemployment Insurance Act, Archived).

The LMAS records the employment spell of last job for those who are not currently employed

but worked in the previous year. For this reason, we construct a variable ELIG by comparing
28The unemployment insurance is called employment insurance in Canada. As a result, we

represent unemployment insurance as EI in the sequel.
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an currently unemployed individual’s working history with the entrance requirement for EI

applicable in his/her economic region:

1 if the individual is eligible to EI
0 if the individual is not eligible to EI

(4.24) ELIG = {
The rate of weekly benefits payable to an eligible EI claimant is an amount calculated
according to the Canadian EI legislation as follows, to a maximum of 55 percent of the

maximum weekly insurable earning (MWIE)®:

(4.25)  weekly benefits = 55% x AWIE

in a general case. Where AWIE represents the average weekly insurable earnings. In any
case that the claimant or their spouse supports one or more persons who are dependants of

the claimant or of their spouse;

60% x AWIE if AWIE < 50% x MWIE
max{55% x AWIE, 30% x MWIE} if AWIE > 50% x MWIE

(4.26)weekly benefits = {

As LMAS records the wages at previous jobs for those who currently unemployed, we can
easily calculate the weekly rate of EI benefits by the rules defined above. In addition, the
maximum entitlement to the EI benefits also depends on the number of weeks of previous
insurable employment and the regional rate of unemployment. Similarly, it can be computed
using the data available.

Table 4.4 provides with the sample statistics of value of weekly EI benefits and maximum
entitlement to EI for the unemployed who were searching and for those who were not. Both
the mean weekly EI benefits and the mean maximum EI entitlement of the non-searchers

are higher than those of the other unemployed who were searching for a job.

29The maximum weekly insurable earning of an insured person is an amount calculated by
multiplying one hundred and eighty-five dollars by the Earning Index for the year (Unemployment
Insurance Act, Archived).
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Table 4.4: Sample Statistics of EI Benefits and Maximum Entitlement to EI

Variable Searchers (n=1095) Non-searchers (n=27)
Mean | Standard Deviation | Mean | Standard Deviation
Weekly EI Benefits 147.27 124.85 198.98 108.10
Maximum Entitlement to EI | 28.19 16.96 32.07 7.10

4.5 EMPIRICAL RESULTS

The estimation results of empirical model are presented in this section. Parameter esti-
mates are shown in Table 4.5 to Table 4.8. Group averages of the optimal values of reserva-
tion wage and search intensity for each group of unemployed workers who are classified by

personal and regional characteristics are reported in Table 4.9.

4.5.1 PARAMETER ESTIMATES

We use 100 replications for the error distribution of search indicators to simulate the
integrals in Equations 4.20 and 4.21 using the simulated maximum likelihood method *.
The rate of discount p is assumed to be fixed at 5%. Additionally, the fixed cost of search

co is assumed to be equal to zero for simplicity.

30The observed search indicators (Table 4.3) show that s§ > 0 and s§ > 0 when s = 1 and
s3 = s§ = 0 when s{ = 0. Therefore, s = (s1,s2,53) should be a good approximation of
S = (s1,8182,8183). Consistent with the data, we use § instead of S to calculate the exit rate
from unemployment in the density function of unemployment spell when simulate the integrals in
Equations 4.20 and 4.21.
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Table 4.5: Parameter Estimates for the Job Offer Arrival Rate

Market-determined Part of Job Offer Arrival Rate A
Variable Coeflicient | Standard Error | P-value
Ln(age group) 0.71506** 0.10707 2.41e-11
Square of In(age group) | -2.1198** 0.090611 0
Educl -0.17815** 0.010184 0
Educ2 0.11098** 0.0049767 0
Educ3 0.25198** 0.0197 0
Areal 0.20561** 0.0036153 0
Area2 -0.09657** 0.0017281 0
Area3 0.10904** 0.0037229 0
Occul -0.62258** 0.0093147 0
Occu2 0.053418* 0.0017387 0
Occu3 -1.7855** 0.096632 0
Occu4d -1.2173** 0.34568 0.00042896
Search Effective Parameter o
Variable Coefficient | Standard Error | P-value
Intercept ayg 4.1401** 0.72942 1.38e-08
Search or not oy 0.4572** 0.021574 0
Search channel g 0.8085** 0.076021 0
Search time o3 0.79527** 0.084602 0

** represents significant at 5 percent level.

Table 4.5 provides the parameter estimates for the job offer arrival rates. The market-
determined part of the job offer arrival rate, A, decreases with age for the unemployed
individuals who exceed the age of 24. The highly educated individuals have more opportu-
nities to receive job offers (A increases with the level of education). The prairie provinces
(area2) have the lowest job offer arrival rate. Whereas in the more industrialized area (area
1 and area3), the unemployed individuals have higher arrival rates. Moreover, the engineers
(occu2) have the most market opportunities while the clerk and the salesman (occu3) who
just followed a general type of education have the lowest value of arrival rate. The coefficient
estimates of effectiveness of search indicators are displayed in the lower part of Table 4.5.
As predicted by the theoretical model, all coefficients are positive. Clearly, three search in-
dicators all influence the job offer arrival rate significantly. The number of channels used for

searching has the largest effect on the arrival rate compared with other search indicators.
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Table 4.6: Parameter Estimates for the Error Distribution of Search Indicators

Variable | Coefficient | Standard Error | P-value
o012 = p12 | 0.39147* 0.023394 0
o013 = pi3 | 0.30455** 0.011339 0
093 = pa3 | 0.26917** 0.0031343 0

Note: p1o, p13 and pog are the correlation coefficients between s; (indicating search or not)
and s, (indicating number of search channels used), s; and s (indicating the amount of time

spent on search) and s; and s3 respectively.

Table 4.7: Parameter Estimates for the Cost of Search Function

Variable | Coefficient | Standard Error | P-value
c1 25.573** 0.75351 0
Co 25.831** 2.2538 0
c3 24.12** 1.5088 0

Table 4.6 contains the estimates of the correlation coefficient of the reporting errors of the
search indicators. All estimates of the correlation coefficients are positive and significant.
Note that the estimated correlation (covariance) matrix is positive definite. Table 4.7 shows
the parameter estimates of the cost of search function. All estimates are significant and

search channel indicator s, has the highest marginal cost of search.

Table 4.8: Parameter Estimates for the Wage Offer Distribution

Variable Coefficient | Standard Error | P-value
Constant 2.7481** 0.48229 1.21e-08
Ln(age group) 1.2559** 0.12961 0
Square of In(age group) | -0.16062** 0.021989 2.78e-13
Educl -0.13099** 0.019456 1.66e-11
Educ2 0.081665** 0.0048246 0
Educ3 0.29** 0.013341 0
Areal 0.22085** 0.0090998 0
Area2 0.14221** 0.0032724 0
Area3 0.20762** 0.0031078 0
Occul 0.2746** 0.02853 0
Occu2 0.2838** 0.016514 0
Occu3 0.091734* 0.0054318 0
Occud 0.60142** 0.047241 0
Oy 0.92338** 0.17994 2.87e-07
O 0.2627** 0.08987 0.0034662
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Note: o, is the standard deviation of wage offer distribution and o, is the standard
deviation of the measurement error of observed wages.

Table 4.8 provides the report of parameter estimates of the wage offer distribution. The
wage offer increases with age when the unemployed are young and decreases with age when
they are older than 54. Individuals with the highest education level (educ3) obtain the
highest wage offers. The agricultural area (area2) provides the lower value of wages and the
more industrialized area (areal and area3) provides the higher level of wages. The workers
in the construction and transportation occupations (occud) achieve the highest wage offers
while the clerks (occu3) receive the lowest value of wage offers. The standard deviation of
the wage offer distribution, o, is much greater than the standard deviation of the reporting
error in observed wages, o,, which implies that the most part of the variation in observed

wages is attributed to the variation in wage offers.

4.5.2 GROUP RESULTS FOR ENDOGENOUS VARIABLES AND LABOR

MARKET TRANSITION RATES

We obtain the optimal values of reservation wage, &, and search effort, § = (&, $2, $3),
by substituting the parameters of estimation into the structural model. The exit rate from
unemployment, ¢, is then calculated using the resulting values of £ and 5. The group average
results for people who are differentiated in personal or regional characteristics such as level

of education and region of residence are shown in Table 4.9.
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Table 4.9: Group Average Values for Reservation Wage, Search Intensity and Transition Rate into

Employment
Group | Group Size Group Average Values
£ S1 52 53 ¢

Educl 460 233.68 | 0.31695 | 0.5549 | 0.58453 | 0.049125
Educ2 253 299.18 | 0.48119 | 0.84242 | 0.88742 | 0.10471

Educ3 141 394.8 | 0.564664 { 0.95701 | 1.0081 | 0.047771
Educ4 268 270.85 | 0.42793 | 0.74918 | 0.7892 | 0.063223
Areal 340 296.53 | 0.42569 | 0.74526 | 0.78507 | 0.07742

Area2 215 285.93 | 0.40261 | 0.70485 | 0.74249 | 0.064353
Area3 99 305.03 | 0.41084 | 0.71926 | 0.75768 | 0.060779
Aread 468 254.16 | 0.40028 | 0.70078 | 0.73821 | 0.056825
Occul 105 387.15 | 0.55084 | 0.96437 | 1.0159 | 0.054523
Occu2 32 335.1 | 0.54968 | 0.96232 | 1.0137 | 0.081761
Occu3 260 212.16 | 0.29707 | 0.52008 | 0.54785 | 0.040593
Occud 551 304.22 | 0.42927 | 0.75152 | 0.79166 | 0.059911
Occub 174 214.25 | 0.40293 | 0.70541 | 0.74309 | 0.11991

First of all, Table 4.9 shows that both the reservation wage and the search intensity
increase with the level of education. Individuals with the highest education (educ3) search
the most but have a low transition rate into employment. It is attributed to the factor that
they are highly demanding on the reservation wage. Comparatively, the unemployed with
the post-secondary diploma. (educ2) obtain the highest rate of transition due to their plenty
of search effort and relatively lower level of reservation wage. While the workers with the
lowest education level (educl) tend to be the ones the most inactive on job search. And they
end up with a low transition rate into employment. Besides the factor of search effort, the
limited opportunities for the lowly educated person on the job market may be another reason
of low transition rate for these people. Secondly, the person live in the more industrialized
region (areal and area3) search more and ask for higher reservation wage. The unemployed in
Ontario and Quebec (areal) region search most intensively and achieve the highest transition
rate into employment. Whereas the unemployed in the Atlantic region (aread) search less and

exit from unemployment with a slower speed compared with the others. Finally, the more
110

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyywww.manaraa.com



professional the industry is, the more intensive the workers search and the more reservation
wage they ask for. The managers (occul) and engineers (occu2) are those with the most
sufficient search effort and the greatest value of reservation wage. The latter (occu2) obtains
the second-highest exit rate from unemployment. In contrast, the individuals who are lack
of skill specific training, for instance, the clerks and salesmen (occu3) search the least and
transit into work with a very low speed even though the level of reservation wage they request
is not high. While the workers in the service industry (occu5) achieve the highest transition
rate which is associated with their sufficiently low reservation wage and the relatively proper
search effort. In addition, the special characteristics of service industry (such as the seasonal
layoff and recruitment and the plenty of temporary job opportunities) could be another
explanation for the high transition rate.

The estimation results for endogenous variables show that the workers who are highly
educated, more professional and living in the industrialized area search more and demand
higher reservation wages. As we discussed in last subsection, results of Table 4.5 show that
the market-determined part of job offer arrival rate which depends on the characteristics of
individuals is also higher for these people. Consequently, the reports of empirical estimation
suggest that the unemployed individuals who are facing more opportunities on the market
search more intensively due to their higher value of return to search which is consistent with
the result predicted by the theoretical model. Moreover, the search effort does influence the
job finding success effectively. The numbers in Table 4.9 suggest that the unemployed with
a higher level of search effort and a relatively lower value in reservation wage transit into

work sooner compared with the others.

4.6 SIMULATION OF POLICY CHANGES ON THE UNEMPLOYMENT

COMPENSATION SYSTEM
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Unemployment insurance (EI) programs aim at insuring unemployed workers against loss
of income but are often associated with the adverse incentive effects. Generous unemploy-
ment benefits seem to decelerate the transition into work by lowering the search intensity
and increasing reservation wages. To see the impacts of unemployment compensation system
on the exit rate from unemployment, let’s first take a look at Table 4.10 which contains the
group average values for the weekly EI benefits, b, maximum EI entitlement, T, and exit
rate from unemployment, ¢, for the unemployed individuals classified by the eduction level

and occupation sector.

Table 4.10: Average Values of EI Benefits and Transition Rate into Employment for Specific

Groups of People

Group | Group Size Group Average Values
Weekly EI Benefits (b) | Maximum EI Entitlement (T) | Transition Rate (¢)

Educl 460 139.03 26.513 0.049125
Educ2 253 153.44 29.174 0.10471
Educ3 141 217.81 33.106 0.047771
Educ4 268 138.97 27.963 0.063223
Occul 105 204.41 32.79 0.054523
Occu2 32 161.16 30.781 0.081761
Occu3 260 126.17 30.396 0.040593
Occud 551 171.77 27.347 0.059911
Occub 174 95.733 24.943 0.11991

Table 4.10 shows that the highly educated workers (educ2 and educ3) are those who receive
a greater value of insurance benefits in a longer duration eligible to EI. Apparently, with a
high reservation wage demand, the University graduates (educ3) do not transit into work
soon. Comparatively, the unemployed with lower education levels (educ2 educ4 and educl)
who receive both the less amount in weekly benefits and the shorter entitlement to EI are
less demanding on reservation wages. Therefore, they exit from unemployment earlier than
the University Graduates. The workers in occupation 1 (managers, doctors, teachers and

etc.) obtain the highest level of weekly benefits and maximum EI entitlement. They do not
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get back to work soon because they are highly demanding on the reservation wages. Whereas
the engineers (occu2) who get a lower value in EI in a shorter duration transit into work with
a much higher speed. The unemployed clerks (occu3) receive the EI benefits for a relatively
longer spell even though the value of weekly compensation is not that high. Hence, they do
not have much incentive to search for a job and, therefore, they exit from unemployment
with a lowest rate. Comparatively, the workers in occupation 4 (constructors, drivers and
etc.) obtain insurance benefits in a relatively shorter duration. As a result, they search more
intensively and find a job sooner than the clerks. The numbers in Table 4.10 suggest that
unemployment insurance system do have effects on the choice of search effort and reservation
wages for the unemployed individuals. The more generous the compensation, the lower the
search intensity and the higher the reservation wages. Permanent benefit cuts or monitoring
and benefit sanctions for insufficient search may serve as possible ways to restore incentives
for unemployed workers to search for a job and reduce demand on reservation wages in the
meanwhile. There is a need to evaluate the impact of different policy changes. Once the
structural parameters of the model have been estimated, we can simulate the effects, on the
search intensity, reservation wage and transition rate into employment, of a reform of the
unemployment compensation system.3! Two alternative policy changes are examined: (1) a
10% cut in the amount of unemployment insurance (EI) benefits for all who are unemployed;
(2) imposition of a punitive sanction which incurs a 20% deduction in the EI benefits for
those who do not search sufficiently. The two reforms on the compensation system produce
the equivalent value of benefit save for the government. Comparison of the simulation results

will thus allow us to assess the effects of these two reforms on the search behavior and labor

31The coefficients of the structural model are assumed to be constant as it is also assumed as
Abbring, van den Berg and van Ours (2005). Specifically, the individual characteristics are assumed
to remain unchanged over the spell of unemployment. In addition, the parameters in the cost of
search function and the variances of the stochastic errors in the wage offer distribution and in the
observed search indicators are also assumed to be time-invariant. Furthermore, 10 to 20 percent
changes in the mean insurance benefits are relatively not large incremental changes given the data
set.
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market transition rate for the unemployed workers. The simulation results are reported in

Table 4.11. The comparison of the consequences of two alternative reforms are recorded in

Table 4.12.

4.6.1 A PERMANENT CUT IN INSURANCE BENEFITS

The simulation result of reform 1 for specific groups of people who are differentiated in
education level and sector of occupation is reported in the middle part of Table 4.11 (the
group results before reforms are recorded in the top of the Table 4.11 for use of comparison).
The percentage changes of the search intensity, reservation wage and exit rate from unem-
ployment with the benefits cut is recorded in Table 4.12. Corresponding to the ten percent
permanent cut in insurance benefits, the unemployed with the highest education (educ3)
who tended to be most active but highly demanded in the meantime reduce their reservation
wage properly and rise their search intensity mostly, therefore, they achieve the greatest
growth rate in transition rate. Similarly, the high school graduates (educd) also become less
demanding and search more intensively after the benefit cut to improve their transition rate
sufficiently. In contrast, the workers with the lowest eduction level (educl) who were the
most less likely to search decrease their demand on reservation wage most and arise their
search effort accordingly. However, the transition rate into employment is not improved
much. That may be attributed to the reason that the lowly educated person face much less
opportunities on the job market. The second-highly educated workers (educ2) were those
less active than the University graduates but also less demanding on the reservation wages.
With the benefits cut, the rise in their search intensity is great (second-high speed) but the
decrease in their reservation wage is small and the resulting increment in transition rate is
not large. However, the workers with education 2 still achieve the highest exit rate after the

reform of the insurance compensation given a high exit rate from unemployment before the
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policy changes. It implies that the person with post-secondary education are most easily to
transit into work after searching compared with the others.

The professional workers in occupation 1 raise their search intensity with the greatest speed
and decrease their reservation wages moderately responding to the decline in EI benefits to
obtain the greatest growth in transition rate. Workers in occupation 3 who did not search
intensively before reduce the level of reservation wages mostly and increase their search effort
with a high speed (second-high speed) at the same time with the cut in EI. As a result, the
rate of increase in their exit rate from unemployment is secondly high. Similarly, the blue-
collar workers in construction and transportation industries (occu4) also cut their reservation
wages sharply and become more intensively on job searching with the deduction in benefits.
Hence, the growth in their transition rate is large as well. The engineers (occu2) do not lower
the value of reservation wage much but they do rise their search effort moderately when the
decrease in EI insurance takes place. They thus also obtain a sufficient increment in the exit
rate from unemployment which implies that it is easy for them to get back to work soon after
search. While the workers in service industry (occu5) who had the highest exit rate from
unemployment before the reform on the compensation system do not search much more and
do not cut demand on reservation wage heavily as well when the weekly insurance benefits
decline. Hence, their growth rate in transition rate is very small. It seems that the benefit cut
do not influence the optimal choices of the unemployed who work in the service industry very
effectively. It may be explained by the following factors: First, compared with the others,
the value of EI benefits for the service industry workers is already very low which implies
that the further deduct in insurance compensation could not have much impacts on the
search behavior of the unemployed workers (For instance, the reservation wage do not have
much space to be lowered). Second, the service industry provides a plenty of temporary job

opportunities such as seasonal job openings for the employees. Therefore, the unemployed
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workers in service industry still could transit into work with a high rate after the benefit
cut is implemented even though they did not rise search effort very much accordingly (Table
4.11 shows that the transition rate after reform 1 for the workers in the occupation 5 is still
the highest). However, the payment and benefits for their jobs are not good enough. Table
4.10 shows that the value of weekly EI benefits and maximum entitlement to EI of workers
in occupation 5 is the lowest. Third, the unemployed in the service industry are those most
easily to end up with a job with low payment and low benefits which implies that the options
they are facing on the market are also limited.

The simulation result of reform 1 reveals that when the benefits cut is implemented, the
highly educated workers in a more professional industry would like to raise search effort
much more but less likely to lower the reservation wages while the low educated workers in
a less professional industry would prefer to reduce the reservation wage very sharply and
arise search intensity moderately in order to get back to work soon. It is associated with the
fact that the more educated person will have more chances to receive better job offers after

searching on the job market.

4.6.2 MONITORING AND BENEFITS SANCTION FOR INSUFFICIENT

SEARCH

In reform 2, we suppose the search behavior of the unemployed could be observed and
monitored. A benefit sanction of 20 percent cut in weekly EI compensation would be imposed
to those who did not provide proofs of active search (s§ < 2 or s§ <= 2). The save on the
benefits from reform 2 is equivalent to that received from reform 1. Therefore, we could
compare the impacts of the two policy changes of the compensation system from which
the government could obtain the same amount of benefits save on the search behavior of

the unemployed workers. The simulation result is shown in the last part of Table 4.11
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and the percentage changes on the related variables are reported in Table 4.12. Clearly,
the percentage of the people who got punished is higher for the workers with education 1
and education 2 which implies that there are more people in these two groups who did not
search sufficiently before the reform. Similarly, the workers in occupation 3 and occupation
4 also searched less intensively before the benefit sanction is imposed. The highly educated
person with University degree (educ3) who searched most intensively but also asked for
the most amount of reservation wage reduce their demand on reservation wage moderately
and increase their search effort properly in response to the benefit sanction. Additionally,
they get the greatest growth rate in transition rate into employment. The high school
graduates become much less demanding on the reservation wage and search more intensively
than before. Hence, their increment in transition rate is high as well. The workers got post-
secondary education (educ2) who were less active before rise their search effort in the highest
speed after the benefits sanction takes place but do not cut their demand on reservation wage
heavily. The improvement on their transition rate is also satisfactory here which implies that
the workers with the post-secondary diploma could get back to work soon after search due to
the sufficient opportunities they are facing on the market and the proper value of reservation
wage they request. In contrast, the low educated individuals (educl) who were also less likely
to search for a job reduce the value of reservation wage mostly and in the meanwhile they do
highly increase their effort on search corresponding to a sanction in benefits. However, the
improvement in their exit rate from unemployment is limited. Thus, the benefit sanction for
insufficient search does not improve the situation for the low educated person as much as it
does for the others. As we discussed in reform 1, it may be that the less educated person do
not have sufficient job opportunities on the labor market.

The engineers (occu2) who used to search actively arise their search effort moderately and

cut their demand on reservation wage slightly with the benefit sanction. Yet, they still obtain
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great achievement on exit rate from unemployment (second-high speed). It is clearly show
that the scientists and engineers (occu2) are those who are the most easily to transit into
work after search on the market. Comparatively, another group of searchers, the managers
and doctors in occupation 1, who searched actively but demanded more on the reservation
wages also reduce their reservation wage a little but rise their search effort much more when
the sanction is implemented. However, the growth in transition rate they achieve is not as
high as the engineers do. That may be associated with the higher reservation wage they
demand. The clerks and salesman (occu3) are those who were the most inactive in search
before the reform. However, after the benefit sanction, they reduce their value of reservation
wage and rise their search intensity both at the most. As a result, they obtain the greatest
increment in transition rate. Similarly, the previous less active workers in construction or
transportation industries (occud) also become much more less demanding and search more
intensively after the imposition of the sanction. Therefore, the growth in their transition
rate is also great. Finally, the inactive searchers in the service industry reduce demand on
reservation wage moderately and raise search effort accordingly. Conversely, the transition
rate into work is not improved sufficiently. As we discussed in last subsection, it is also due

to the limited job offers they receive on the market.

4.6.3 COMPARISON OF THE CONSEQUENCE OF THE TWO

ALTERATIVE POLICY CHANGES

With the imposition of benefit cut and benefit sanction, the unemployed workers do raise
search effort and reduce reservation wage at the same time to improve labor market transition
rate which is consistent with the prediction of the theoretical framework. The decreases in
average value of reservation wage are lower with the benefit sanction compared with that

with the permanent benefit cut for all groups of people except the workers in the service
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industry. The declines for workers with education 2, education 3 in the occupation 1 and
occupation 2 are especially small. It is associated with the fact that the remaining workers
who did not get punished in these groups keep asking for reservation wage at previous levels.
Together with the fact that the number of people in each group who got benefit sanction is
not so many (less than one half), the reduces in group average value of reservation wage for
these people are less. In contrast, the workers in the service industry get the lowest level
of benefits and therefore the value of reservation wage they demand is already small. After
about 40 percent of workers got punished by 20 percent deduct in EI benefits for insufficient
search, the group average value of reservation wage is dragged very low. Therefore, to the
unemployed who work in the service industry, the benefit sanction is a more strict way of
policy change.

Compared with permanent benefit cut, the benefit sanction influences the search behavior
more effectively for those who were less likely to search before the reforms take place. The
workers with education 1 and education 2 who tended to be less active search more inten-
sively with the benefit sanction and therefore obtain the greater growth in their transition
rate into employment. Similarly, the less active searchers who work in occupation 3, occu-
pation 4 and occupation 5 also increase their search effort more with the benefit sanction.
Correspondingly, the increment in their transition rate is larger with benefit sanction. In
contrast, the workers who used to search intensively do not rise search effort with benefit
sanction as much as they do with benefit cut since the punishment for insufficient search
does not apply to active searchers. The group average values of search intensity for these
people are thus lower with benefit sanction. For instance, the workers with educ3 and educ4
who tended to search actively raise their search effort less with benefit sanction. However,
they do achieve the higher improvement in their transition rate compared with they do with

benefit cut. It is attributed to the reason that the university and high school graduates
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are potentially easily to transit into work after search and deduction in reservation wages.
Moreover, the 20 percent deduct in weekly EI benefits is a more harsh punishment for the
unemployed who did not search intensively in these groups. When the previous inactive ones
got punished, they would highly increase their search effort and become less demanding on
the reservation wages than they would with benefit cut. Therefore, the exit rate from unem-
ployment is raised by them much more and the average value of the transition rate for the
whole group is thus driven up even though the remaining searchers in the group do not rise
search effort sufficiently. The same explanation applies to the active workers in occupation 2
(engineers) who also search less but obtain the greater increment in transition rate with ben-
efit sanction. Whereas another group of searchers, the workers in occupation 1 (managers,
doctors and etc.), who used to be the most active but search not as intensively as they do
with benefit cut, do not make a better progress in their transition rate with benefit sanction.
It may be explained as follows: the workers in occupation 1 have the highest demand on
reservation wages and the number of people in this group who got punished for insufficient
search is relatively small. Therefore, for them, the group average value of reservation wage
with benefit sanction is higher than that with benefit cut. The managers could not get
much improvement in their transition rate into work since their strong highly demand on
reservation wages can not be reduced sufficiently with benefit sanction. Consequently, the
benefit sanction seems to be less effective to the workers in occupation 1. However, the
benefit sanction does have more obvious impacts on the search behavior of the workers who
did not search actively and thus rise their transition rate much higher than the benefit cut
does. In addition, previous searchers in other groups also obtain better improvement in their
transition rate with benefit sanction compared with they do with benefit cut. As a result,

when the number of workers in occupation 1 among the unemployed is not very large, the
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monitoring and benefit sanction for insufficient search may serve as a more effective way to
stimulate unemployed workers to get back to work.

However, it should be noted that the deduction in insurance benefits could not improve
the transition rate effectively for some specific groups of people. The lowly educated workers
(educl) and the workers in the service industry (occub) can not make sufficient progress in
their transition rate into employment even though they increase their search effort with a low
reservation wage. It is due to the insufficient market opportunities they are facing. To these
people, lowering benefits may be a less effective policy tool. The government may consider
to offer more programs of education and training courses for specific skills to encourage the

low educated person to improve themselves and get back to work soon.
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Table 4.11: Simulation Results for the Two Alternative Policy Changes on Insurance

Compensation System

Variable Group Average Before Reforms
educl | educ2 | educ3 educd occul | occu2 | occud occud occud
N 460 253 141 268 105 32 260 551 174
b 139.03 | 153.44 | 217.81 | 138.97 | 204.41 | 161.16 | 126.17 | 171.77 | 95.733
£ 233.68 | 299.18 | 394.8 270.85 | 387.15 | 335.1 | 212.16 | 304.22 | 214.25
5 0.31695 | 0.48119 | 0.54664 | 0.42793 | 0.55084 | 0.54968 | 0.29707 | 0.42927 | 0.40293
52 0.5549 | 0.84242 | 0.95701 [ 0.74918 | 0.96437 | 0.96232 | 0.52008 | 0.75152 | 0.70541
53 0.58453 [ 0.88742 | 1.0081 | 0.7892 | 1.0159 | 1.0137 | 0.54785 | 0.79166 | 0.74309
o 0.04913 | 0.10471 | 0.04777 | 0.06322 | 0.05452 | 0.08176 | 0.04059 | 0.05991 | 0.11991
Variable Group Average After Reform 1
educl | educ2 | educ3 educd occul occu2 | occud occud occud
Ny 460 253 141 268 105 32 260 551 174
N;/N(%) 100 100 100 100 100 100 100 100 100
b1 125.13 | 138.1 | 196.03 | 125.07 | 183.97 | 145.05 | 113.55 | 154.59 | 86.159
& 225.94 | 293.69 | 386.68 | 265.18 | 380.94 | 330.98 | 205.65 296 210.78
311 0.33595 | 0.5113 | 0.58494 | 0.45224 | 0.59023 | 0.58282 | 0.31695 | 0.45558 | 0.42253
521 0.58816 | 0.89514 | 1.0241 | 0.79175 | 1.0333 | 1.0204 | 0.55489 | 0.79759 | 0.73973
331 0.61957 [ 0.94295 | 1.0788 | 0.83404 { 1.0885 | 1.0749 | 0.58453 | 0.84019 | 0.77924
o1 0.04981 [ 0.10612 | 0.04899 | 0.06430 | 0.05557 | 0.08311 { 0.04131 | 0.06090 | 0.12133
Variable Group Average After Reform 2
educl | educ2 | educ3 educd occul occu2 | occud occud occud
Ny 191 109 54 107 42 12 116 225 66
N3/N(%) | 41.52 | 43.083 | 38.298 39.93 40 37.5 44.62 40.835 37.93
bs 124.37 | 138.19 | 198.18 | 125.16 | 185.86 | 148.16 | 113.26 | 154.42 | 85.449
& 226.12 | 294.56 | 387.25 | 265.31 | 382.79 | 331.85 206 296.3 2104
Sio 0.33689 | 0.51281 | 0.5788 | 0.45199 | 0.58631 | 0.5736 | 0.31887 | 0.45554 | 0.42313
399 0.5898 1 0.89778 | 1.0133 | 0.7913 | 1.0265 | 1.0042 | 0.55826 | 0.79752 | 0.74078
339 0.6213 | 0.94573 | 1.0674 | 0.83356 | 1.0813 | 1.0578 | 0.58808 | 0.84012 | 0.78034
b2 0.04986 | 0.10654 | 0.04902 | 0.064606 | 0.05546 | 0.08357 | 0.04161 | 0.061077 | 0.1215

Note that N is the sample size for each group. N; is the number of people and N;/N is

the percentage of people who got benefit deduction in reform ¢ respectively where 7 = 1, 2.
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Table 4.12: Comparison of the Impacts of the Two Alternative Reforms on the Search Behavior

and Transition Rate

Variable Percentage Change on Endogenous Variables (Reform 1)
educl | educ2 | educd | educd | occul occu2 occu3 occud | occud
AE/E(%) | -3.3122 | -1.835 | -2.0567 | -2.0934 |-1.60402 | -1.22948 | -3.06843 | -2.702 | -1.6196
As1/61(%) | 5.99463 | 6.2574 | 7.00643 | 5.68083 | 7.1509 6.029 6.692 6.129 | 4.8644
Asy/52(%) | 5.9939 | 6.25816 | 7.01037 | 5.6822 | 7.14767 | 6.0354 | 6.6932 | 6.13024 | 4.8653
As3/353(%) | 5.9946 | 6.25746 | 7.01319 | 5.6817 | 7.14637 | 6.0373 | 6.6953 | 6.13015 | 4.8648
Ap/d(%) | 1.3863 | 1.3466 | 2.56013 | 1.69716 | 1.9111 | 1.6512 | 1.75399 | 1.6458 | 1.1842
Variable Percentage Change on Endogenous Variables (Reform 2)
educl | educ2 educ3 educd occul occu2 occud occu4 | occud
AE/E(%) | -3.2352 | -1.5442 | -1.91236 | -2.0454 | -1.12617 | -0.9699 | -2.9035 | -2.6034 | -1.797
As/5(%) | 6.2912 | 6.5712 | 5.8832 | 5.6224 | 6.43925 | 4.3516 | 7.3383 | 6.1197 | 5.0133
A /5(%) | 6.2894 | 6.57154 | 5.88186 | 5.6221 | 6.4425 | 4.35198 | 7.34117 | 6.1209 | 5.0155
As3/53(%) | 6.2905 | 6.5707 | 5.88235 | 5.62088 | 6.43764 | 4.3504 | 7.34325 | 6.1213 | 5.01285
Ap/d(%) |1.50432 | 1.74768 | 2.61037 | 2.1875 | 1.7094 | 2.2089 | 2.5029 | 1.9462 | 1.35935

4.7 CONCLUSION

An empirical version of the model of job search based on Mortensen’s (1986) in which
the search effort is endogenized has been specified in this paper. We focus on the search
behavior of the unemployed workers only. The optimal choices of search intensity and reser-
vation wage are determined simultaneously by maximizing the discounted value of future net
income. A higher level of search effort rises the job offer arrival rate but at the meanwhile
the cost of search increases as well. If the marginal return to search is too low compared
with the marginal cost of search, the unemployed will decide not to search. The optimal
search intensity satisfies the marginal cost equals the marginal returns to search condition
if the outcome is positive. In addition, the reservation wage and the search intensity move
simultaneously. Therefore, a more generous insurance compensation will increase reserva-
tion wage and lower the level of search intensity at the same time. We modified Mortensen’s

(1986) model by the following: first, adding a constant term ag to capture the transition into
123

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissiony\w\w.manaraa.com



work of non-searchers; second, defining search effort as a vector of three search indicators,
s = (81, 82, 83), as opposed to the one-dimensional search intensity, s, used in the original
model; and third, specifying the job offer arrival rate as the composite sum of various search
indicators. In comparison, the Mortensen model (1986) has the arrival rate depend on the
total search effort s only.

We use the second longitudinal file of Labor Market Activity Survey (LMAS) which pro-
vides the information on the labor market participation and job characteristics of all respond-
ing individuals over a three-year-long period, 1988-1990. The data contains three indicators
of search intensity, one for search or not, one for number of channels used for search and
one for amount of time spent on search. In the empirical specification, the observed search
indicators are linked to the optimal search intensity derived from the theoretical model. The
empirical model is consistent with the structure of the theoretical model: The reservation
wage is computed from the reservation wage equation and the values of three search indica-
tors are determined by equating the marginal cost of search to the marginal return to search.
The stochastic specification of the empirical model allows for the unobserved heterogeneity
in the market-determined part of the job offer arrival rate, reporting errors in the search
indicators and measurement error in observed wage offers. The parameters of the model are
estimated by applying the simulated maximum likelihood method to deal with the prob-
lem of multidimensional integration of normally distributed random variables present in the
likelihood function.

The parameter estimates of the structural model reveal that the market-determined part
of the job offer arrival rate, ), decreases with age for the unemployed individuals who exceed
the age of 24. The probability of receiving job offers increases with the level of education.
Thus, the highly educated workers have more opportunities on the market. In addition, in

the more industrialized area (areal and area3), the unemployed individuals receive more job
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offers. Finally, the more professional training possessed by the workers, the more job offers
they receive. For instance, the engineers (occu2) obtain the highest arrival rate while the
clerks (occu3) who are lack of skill-specific training receive the lowest arrival rate. The coef-
ficient estimates of effectiveness of search clearly show that all of the three search indicators
influence the job offer arrival rate significantly. The number of channels used for searching
has the largest effect on the arrival rate compared with other search indicators. The estima-
tion results for endogenous variables show that the workers who are highly educated, more
professional and living in the industrialized area search more and demand higher reservation
wages. Consequently, the empirical estimation results suggest that the unemployed individ-
uals who are facing more opportunities on the job market search more intensively due to
their higher value of return to search which is consistent with the result predicted by the
theoretical model. Moreover, the empirical results also reveal the important impact of search
intensity on the labor market transitions: the unemployed with a higher level of search effort
and a relatively lower value in reservation wage transit into work sooner compared with the
others (Table 4.9).

We simulate the effects, on the behavior of job search and on the transition rate into work
for the unemployed, of two alternative policy changes on the insurance compensation system
with the same benefit save using the parameters of the structural model. The simulation
results show that a lower level of insurance benefits leaves a lower value of reservation wage
and a higher level of search intensity at the same time which is consistent with the prediction
of the theoretical model. Compared with the permanent cut in the weekly EI benefits,
monitoring and benefits sanctions for insufficient search influence the search behavior of those
who were less likely to search more effectively. To them, the more obvious improvements
in labor market transition rate with benefit sanction are observed. In addition, most of

the workers who did search intensively before the reforms are implemented also make more
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progress in transition rate with benefit sanction. The only exception is the workers in
occupation 1 (managers, doctors and etc.) who are better off with permanent benefit cut.
As a result, when the number of workers in occupation 1 among the unemployed is not
very large, the monitoring and benefit sanction for insufficient search may serve as a more
effective way to restore incentives for the unemployed workers to search more and demand
less on reservation wage to get back to work soon. The effect of benefit sanctions has not
attracted much attention in the literature. Additionally, the empirical evidence is mixed. Our
simulation results using Canadian data are consistent with the results by Lollivier and Rioux
(2002) using French data which suggests that monitoring and benefit sanctions affect the
job search behavior and thus the job finding success of unemployed workers in an important
way. However, the simulation results in our study also show that the benefit deduction is
less effective to those who are lowly educated and lack of skill-specific training due to their
insufficient market opportunities. To them, the government needs to consider to provide
more programs of education and training courses for specific skills to improve their situation

on the labor market and thus to accelerate their transitions into work.
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5. CONCLUSION

In economics, static studies involve analysis focusing only on a particular period of time.
On the other hand, dynamic studies focus on the analysis over more than one period. Eco-
nomic variables usually do not remain unchanged but move over time in reality. Dynamic
analysis examines the dynamic paths of endogenous variables when exogenous variables
change over time. In addition, dynamic framework allows us to investigate whether or not
the endogenous variables converge to a steady state, and how and when the equilibrium is
achieved over time.

The study investigates the welfare implications of implementing a dynamic as opposed to
static policy choice, by using the application of dynamic economic principles in the applied
microeconomic framework, of public, health and labor economics. In the first essay, we ex-
amine the optimal choice of commodity tax, when the percentage of consumers purchasing
the new substitute good in the population evolves over time, according to the evolutionary
game as opposed to the standard Ramsey commodity tax problem in the static framework.
In the second essay, we analyze the choice of government funding policy towards commu-
nicable diseases, in an economy where there exists monopoly power in the provision of the
pharmaceutical drug, and the proportion of sick in the population changes over time. The
third essay proposes a non-stationary versus a stationary job search model, to investigate
the optimal strategy of unemployed job seekers, when the exogenous variables change over
time as opposed to remaining constant.

The study suggests that the incorporation of optimal dynamic agent behavior in micro-
economic models has non-trivial welfare implications, suggesting the over usage of static
microeconomic models in public, health and labor economics may mask opportunities for
welfare improvement through the implementation of dynamic as opposed to static policy

choices. The study also extends the traditional Ramsey (1927) static model for optimal
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commodity taxation to a dynamic framework with an evolutionary game. Additionally, the
Mechoulan (2007) model is extended to incorporate the government’s role in curtailing the
dispersion speed of a communicable disease, when a monopolist supplies the needed phar-
maceutical drug. The extension demonstrates that government’s role may be appropriate as
the prevalence of a communicable disease increases. Furthermore, in a job search environ-
ment, insurance compensation has incentive effects for the optimal strategy of job seekers
in a dynamic as opposed to static underlining framework. The study reveals that economic
dynamics is an important consideration in the public sector choice of appropriate commodity
tax policy, the choice of government funding policy for treatment of communicable diseases in
the presence of monopoly power, and in determining the optimal job search strategy in labor
markets. These results provide an impetus for further work in the application of dynamic

economic choices, in public economics, health economics and labor economics.
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APPENDIX A

Appendix A.1: Proof of Proposition 2.2.

Suppose at some time ¢, Uy (t) = Us(t) where Uy(t) = Vi(-) + a(t)e; and Us(t) = Va(-) +
(1 — a(t))ez. If a small percentage of type 2 consumers mistakenly switch to adopt the new
technology at time t, the expected utility for consumers choosing good z; at time ¢ + 1
becomes Ul(t) = (a(t) + €)[Va(:) + e1] + (1 — a(t) — )Vi(-) = Vi(-) + [a(t) + ¢]e1, where:
¢ is positive but sufficiently small. Whereas, the remaining type 2 consumers who do not
deviate at time ¢ will get the expected payoff Uj(t) = (a(t) + €)Va(-) + (1 — a(t) — ¢)[Va() +
ea] = Vao(-) +[1 — a(t) — €les at time ¢t + 1. Clearly, U{(t) > Ui(t) and Uy(t) < Us(t).
Since Ui (t) = Us(t), it follows that U;(t) > Uj(t). Type 2 consumers would like to switch
to consume good z;(t) at time ¢, so the learning process continues. The equilibrium at

a3(t) = [Va(-) + ea — V4(+)] /(€1 + €2) is thus not an ESS. Proposition 2.2 holds.

Appendix A.2: Derivation of Dynamic Commodity Tax Rates for two goods
The government’s problem involving the choice of the optimal commodity tax is as follows:

T
(A1) mex /0 e " {a®)Vi(@(t), ps, w) + a(t)er] + (1 — a(t))[Va(ga(t), p3, w) + (1 — a(t))ez]} dt

2
s.t. (1) zNi(t)Ti(t)wi(Qi(t)7p3yw) > R(t)
1

(2) al(i) = g(a(t), q1 (t)a q2 (t)7p3a ’LL})

where: ¢;(t) = pi+mn(t) for i=1,2, a(t) = iv—ljég and 1—a(t) = MT(Q
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Hamiltonian for this optimization problem is defined as: 32

(A2) H(1(t),2(t),a(t)) = {a@®)[Vi(qi(t),ps,w)+ a(t)er] + (1 — a(t))[Va(g2(t), p3, w) + (1 — a(t))ea]}
+u(t){g(a(t), qu(t), ga(t), p3, )}

where: pu(t) is the multiplier associated with the replicator dynamics equation which
measures the impact of growth in a(t) on the aggregate social welfare (i.e., the shadow

price of a(t)). The value of p(t) is determined by the following differential equation:

(43 1) = ()~ ZOGRDL — r) (00) - 1) + la(Ber ~ (1 - alt)e)

—p(t) {(1 = 2a())(U1(-) — Ua(") + a(t)(1 — a(t))(e1 + €2)}

where: U1(-) = Vi(a1(t), p3, w) + a(t)er and Us() = Va(ga(t), ps, w) + (1 - a(t))e,.

The general solution of u(t) is derived by integrating Equation A.3 with respect to ¢:

_ T —r(s—t 8H(Tl (t)7 7-2(t)a 0,(
“(t)_/t e 2a(D)

t
))ds + Ae™ where A is an arbitrary constant. Clearly,
u(t) > 0.

The Hamiltonian is maximized subject to the revenue target for the government. From

the first order conditions, the following can be derived:

9g(a(t), 1 (1), ¢2(t), 3, w)

(49) - [1- 52— 0 20020 o 410 o) = )50 + (55000 )

HN ow HNL(D) 71 (0)

32Let ¢ and k represent consumption and wealth respectively. The Hamiltonian H(c, k) can be
thought of as a measure of the flow value, in current utility terms, of the consumption-savings com-
bination implied by the consumption choice ¢, given the predetermined value of k. The Hamiltonian
solves the problem of “pricing” saving in terms of current utility by multiplying the flow of saving,
k = G(c, k), by J'(k), the effect of an increment to wealth on total lifetime utility. A corollary of
this observation is that J'(k) has a natural interpretation as the shadow price (or marginal current
utility) of wealth. More generally, leaving our particular example aside, J'(k) is the shadow price
one should associate with the state variable k (Maurice Obstfeld,1992).
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Where (%) is the Langrangean multiplier associated with the government’s budget con-
straint. It is assumed that prices and income are stationary. Equations (A.4) and (A.5)

imply:

(A7) 7005 = ~u(Ooalan(0, pav) - (il ) ARL 2l

8T2(t)
where: 6;(t) = |1 - )\(?ﬁl)lN — 7'1@)%%—@&] and 65(t) = [1 _ )\5)2]\] — () 8:1:2(‘1232;1’3,&0)]

both of which are positive.

The optimal level of 7;(t) for ¢ = 1,2 is as follows:

_ —91(t)951(Q1(t)7P3,w) 1 u(t) 39(“@)7Q1(t),Q2(t),P3,w)
(48)  m(t)= S - (:9;) (A(t)Nl(t)) ori(t)

_ =02(H)z2(g2(¢), p3, w) 1 p(t) Y\ 9g(alt), qi(t), ga(t), p3, w)
(49) =)= S ~(s) Géwm) oralt)
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APPENDIX B

Appendix B.1: Derivation of Dynamic Prices for Treatment for the Subgame in which
the Firm Takes the Offer of the Government and Derivation of Optimal Value of Government

Production Subsidy

If the firm decides to accept the government production subsidy at stage 3, its production
cost becomes ¢; — w6 which is represented by ¢(w, 8) in the sequel. The demand for treatment
at time t is D(p; + 7) = ry(1 — pr — 7). Starting at stage 4, given the prevalence path of the
disease, the firm maximizes the value of aggregate profit by choosing the optimal dynamic
prices for treatment. It is assumed that after time period T, the competitive price applies.

The monopolist’s problem is summarized as follows:

T
(BY) o =max [ e (= clw, )1~ = 7))
st. (1) ry =rifa(l —r)(pe +7) — 1]

To simplify the notation, let g(r:, p; + 7) represent r; in the sequel. Hamiltonian for this

optimization problem is defined as: 33

(B.2)  Ha(pi+7,71) = rifpr — c(w, O)}(1 — pr — 7) + pa(t)g(re, pt + 7)

33Let ¢ and k represent consumption and wealth respectively. The Hamiltonian H(c, k) can be
thought of as a measure of the flow value, in current utility terms, of the consumption-savings com-
bination implied by the consumption choice ¢, given the predetermined value of k. The Hamiltonian
solves the problem of “pricing” saving in terms of current utility by multiplying the flow of saving,
k = G(c, k), by J'(k), the effect of an increment to wealth on total lifetime utility. A corollary of
this observation is that J'(k) has a natural interpretation as the shadow price (or marginal current
utility) of wealth. More generally, leaving our particular example aside, J'(k) is the shadow price
one should associate with the state variable k (Maurice Obstfeld,1992).
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where: us(t) is the multiplier associated with the prevalence dynamics equation which
measures the impact of growth in r; on the aggregate profit of the firm (i.e., the shadow

price of ;). The value of u»(t) is determined by the following differential equation:

(B3) BT o )~ ) o 2T

The general solution of p(t) is derived by integrating equation B.3 with respect to ¢:

T
pe(t) = / e_’(s_t)ww. Given the facts that [p, — c(w,)](L —p: —7) > 0
t

Tt

0 0?

O9(r, pi £ 7) decreases with r; (i.e., L’IZ—F—Q =
Ory or;

—2a(p; + 1) < 0), the positive impact of the growth in 7; on aggregate profit is declining

for all t € (0,7) and the value of

with r,. —uh(t) > 0 and approaches zero when r, is close to 1. pug(t) is obtained by
integrating —ub(t) with respect to t. Therefore, uz(t) > 0. The optimal level of dynamic
prices for treatment is determined by maximizing the Hamiltonian. The first order condition

is derived as follows:

8H2(pt + T, Tt)
Op:

0g(re, p +7) _

(B.4) .

=11 = 2p; — 7 + c(w, 0)] + p2(t) 0

The optimal value of p; for the subgame in which the firm takes the offer of government

is thus as follows:

(B5)  pi=gll+c(w,0) 7+ palt)a(l — )]

Tw

[t the profit function of the firm at time ¢ can

Given c(w,0) = ¢; — fw and T =

thus be obtained by using equation B.5 as:

(BG) Ty = % [(1 -+ (9 — ﬁ)W) - Ol2(]- — Tt)2(p,2(t))2
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From equation B.6, it can be shown that %75 = T;—w l—ci+(60— Tﬁ)w > 0 if
l—c+ (60— 1—_—%?)10 > 0 and w > 0. Consequently, the profit of the firm at time ¢ raises
with productivity type 6.

In stage 2, the government determines the optimal value of production subsidy provided to
the monopolist for cost deduction. Given p;(r¢, ¢1,w, 8; a), the function of optimal dynamic

prices when the firm accepts the offer of subsidy fund, the government’s problem involving

the choice of the optimal fund is as follows:

(B.7) n{lg}anEa {/0 e [re(Vi(pe(re, 1, w, 65.0) +7) + Vi(7)) + (1 — ) Va(7)] dt}

sit. (1) rp =r¢ [l — re)(pe(re, 1, w, 6;0) +7) — 1]
(2) ﬂ-t(rt, ¢, W, 97 a) 2 TFt(Tt, G, w, 67 b)

where 7 = % is the constant tax paid by every consumer in each time period
to raise the money for production subsidy provided by the government. Vi(p; + 7) = % -
(pe+7)+ %(pt + 7)? is the expected indirect utility for patients who get treated at time ¢,
Vi(r) = —7(ps+7) is the expected indirect utility for patients who do not purchase treatment
at time ¢t and V3(r) = § — 7 is the expected utility of consumers who are healthy at time
period ¢. (Remind that the taste parameter for being healthy, 3, is uniformly distributed
in the interval [0,1]). Clearly, Vi(p; + 7) < Va(7) by assuming p; + 7 < min{1,/2p;}. (2)

is the constraint that the firm takes the offer of the government. The Hamiltonian of this

optimization problem is defined as:

(B.8)Hy(py(r, c1,w, 0;a) + 7,71) = Eg, Eg{re(Vi(pi(re, a1, w,0;a) + 7) + Vi(1)) + (1 — re) Va(7)
+u1 () g(re, pi(re, €1, w,0;a) +7)}
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where: p(t) is the multiplier associated with the prevalence dynamics equation which
measures the impact of growth in 7; on the aggregate social welfare (i.e., the shadow price

of 7). The value of p(t) is determined by the following differential equation:

aHl (Pt(T'ta C1,w, 01 a‘) + 7, Tt)

(B.9) B = Eo Eo{Vi(pe +7) + Vi(r) = Va(r) +7 (avl(g;t-l- T) 3‘/11)(tT))g§:
() Q0L ) WD Iy,

Where: p; = pi(rs,¢1,w,0;a). The general solution of p(t) is derived by integrating

s—t) aI_Il (pt(rta C1, W, 9’ a‘) + 7, Tt)
aT't

Vi(ps + 7) < Vo(r) for all applicable p; and Vi(7r) < 0, Vi(p, + 7) + Vi(7) — Vo(7) <

o . , 0
0. Furthermore, the indirect utility of consumers decreases with p; and 9P < 0, so

ory
MWa(p: +7) + OVA(r) 6pt > 0. In addition, M declines with r; and becomes
Opy Opy 37" t Ory

alps+71) -1 0g(re, e+ 7) Ops
and

2a(p; +7) Opy ary

solute value reduces with 7;: the negative impact of growth in r; on the total social welfare

ds. Since

T
equation B.9 with respect to t: u;(t) = / e
t

negative for r; > < 0. Clearly, —u;(t) < 0 and its ab-

is getting smaller with r; and approaches zero when 74 is close to 1. As p(t) is the aggregate

sum of —p(t) for t € (¢,T), apparently, p(t) <O0.

The monopolist takes the offer of production subsidy if and only if 6 > ﬁ—%;ﬁ), the
participation constraint of the firm is thus binding only at § = —————. The Hamiltonian

(1 —eT)
is maximized subject to participation constraint of the firm. Given Vi(p;+7) = % —(pe+7)+
%(pt + 7)27 ‘/i(T) _T(pt + T) ‘/2 -7, Wt(rtu ¢, w, 0; a) [(]- —a+ (0 - I:__g:ﬁ)w)z -
o?(1 —1,)2(p2(t))?] and m(ry, c1,w, 0;b) = 2= [(1 — ¢1)? — o®(1 — r¢)?(us(t))?], the first order

condition is thus derived as:

oV (T) apt oi (T) _a_”'_-_]}
Ot ow or Ow

r

eI~ eyl =

(B. 10)Ec1E0{( Dt + o [Tt(Pt +7 = 1)+ m@)or(l —r)] — (1~ t)“—‘ +ri[——

)\1 (t)Tt

—s—[l-c+(0- 0
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where )\;(t) is the Lagrangian multiplier associated with the participation constraint of

the firm. Clearly, A\;(t) > 0 for 0 = (1—_5_——@5 and A\ (t) = 0 for 6 > U-%r)

) Op; 1 r or r
Given 0 = ~§[9+ m], E ma D

pa(t)a(1—=r4)], 8 ~ U8, 0] and ¢; ~ Ulg, ¢, after calculation, the first term of LHS of equation
rir(8 + 0)w 3ryr?w r+(0 + 6) Ter

A1 —eT) 4(1—eT)2 Bl a—— 4(1 - e'T)
(6 + 0) r Ty

rat-r) (@2 + G P D pain)

Substituting back to equation B.10, the optimal value of the government research grant is

=%[1+C1—(9+ﬁ:m)w+

B.10 is equal to ?—;)(52+§Q+Q2)+ J(+

c+¢

thus as follows:

r ¢ ] r (XS L apg 1—7y
e - 4(1-e-r7)) [1 + 52 4 a(l —r)(pa(t) + 2#1(t))] -y ey = ;(_lfeft,)q(w) I

r T 9 T T
'11_2(0 + 9Q+Q2) + 4(1(—2;% - 4(1——3e‘2TT)2 - Al_z(tl(e - ZT‘-I?-—T’T'S)Z

(B1l)w = (

where: [...] = %Q(l - 1)[0 — m]

Appendix B.2: Derivation of Dynamic Prices for Treatment for the Subgame in which

the Firm Rejects the Offer of the Government

In stage 3, if the monopolist decides not to take the subsidy fund of the government, the
production cost of the firm is unchanged, equal to ¢;. The firm maximizes the aggregate value
of profit by choosing the optimal level of dynamic prices for treatment given the prevalence
path of the disease starting at stage 4. The problem of the monopolist is summarized as

follows:

T

(B12) m, = max e {ri(pe — c1)(1 — py)} dt
+ Jo

sit. (1) 7y = refa(l — ry)pe — 1]
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Let g(r¢, p;) represent 4 in the sequel. Hamiltonian for this optimization problem is defined

as:

(B.13)  Hs(py,rt) = {re(pe — c1)(1 — po)} + pa(t)g(re, pr)

where: p3(t) is the multiplier associated with the prevalence dynamics equation which
measures the impact of growth in r; on the aggregate profit of the firm (i.e., the shadow

price of ;). The value of p3(t) is determined by the following differential equation:

(B ) _ g o)1 - p) 2R — i

The general solution of us(t) is derived by integrating equation B.14 with respect to ¢:

T
us(t) = / e""(s"t)aHLg;t’—@ds. Given the facts that (p; —c1)(1 —p) > 0 for all ¢t € (0,T)
t i

0g(rt, . e . ..
and ——‘qg—t-p—t) decreases with 7, the positive impact of ; on aggregate profit is decreasing in

67}
r; and approaches zero eventually (i.e., —uj(t) > 0), clearly, us(t) > 0. The optimal level of

dynamic prices for treatment is determined by maximizing the Hamiltonian. The first order

condition is derived as follows:

8Hs(pe,
(B.15) OHs(pu,me) _ Pl — 2y + c1] + ps(t)

69(7"t> Pt) —0
Op;

Opy

The optimal value of p; for the subgame in which the firm rejects the subsidy fund of

government is thus as follows:

(B.16) p; = %[1 + e+ pa(t)a(l — 1))

Given equations B.3 and B.14, if the ex-post cost of production after receiving the gov-

ernment funding is sufficiently low such that p,(ry, c1,w,0;a) + 7 < p(rs, €1, w, 6; ), clearly,
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pa(t) > ps(t) since [pe(re, ¢, w, 6; a) — c(w, N](1 — pe(re, c1,w, 0;a) — 7) > [pe(re, €1, w, 0;b) —
a1 = pi(re, €1, w, 6; ).

In addition, the firm’s problem for the subgame without government intervention is as
same as that for the subgame in which the government involves but the firm rejects the offer

provided by the government.

Appendix B.3: Comparison of the Rate of Decrease of the Expected Total Social Welfare

with Growth in Proportion of Sick for the Subgames with and without Government Funding

The expected value of total social welfare for the subgame in which the firm takes the offer of pro-
duction subsidy is represented by E, Ey { f(;‘r et [re(Vi(pe(re, c1,w, 0;a) + 7) + Vi(r)) + (1 = 1) Va(7)] dt}.
While for the subgame in which the government does not involve, expected total social wel-
fare is represented by E,, { fOT e [reVa(pe(re, 1)) + (1 — ) V3 dt}. As shown in Appendix
B.1, the aggregate social welfare declines with the proportion of sick (i.e., p1(t) < 0). The
rate of decrease of the expected value of total social welfare with the growth in r, for the
subgames with and without subsidy fund of government would be further compared in below.

The Hamiltonian for the subgame with government funding is defined as:

(BAT)Hy(pe(re, c1,w, 65 a) + 7,1¢) = Ee, Eg{re Vi(pe(re, €1, w, 05 a) + 1) + Va(7)) + (1 — ) Va(7)
+ i (t)g(rt,pt(rt, C1, W, 0; a,) + 7—)}

where: p;(t) is the multiplier associated with the prevalence dynamics equation which
measures the impact of growth in 7; on the aggregate social welfare (i.e., the shadow price
of ;). The value of y;(t) is determined by the following differential equation:

aI{l (pt (Tty C1,W, 6; a’) -+ 7, rt)
6?}

oVi(ps + 1) + 6‘/1(7))?_15
Op¢ Ope ~Org

9g(re,pe +7)  0g(re,pt +7)0pey
T (t)( or; + apt or; )} =—M (t)

(B.18) = Ee, Eg{Vi(ps + 7) + Vi(1) — Va(7) + 7e(
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Given Vi(p, +7) = § — (pe +7) + 5(pe + 7%, Va(r) = —r(p+ 1), Vo = 5 -7, pr =

i[1+c(w,0) — 7+ pa(t)o(l — 7)) and g(re, pe +7) = ¢ [(1 — 74)(p: + 7) — 1], equation B.18

can be rewritten as:

OH rt,c1,w,0;a) + T, T 1 1 1
(Blg) l(pt( t 187' ) t) = Ec1E0{§[Pt(7'tyclyw7 07 a‘) +T]2 "pt(rtaclaw7 01 a’) - §T2 - §artﬂ2(t)
t

X [pe(re, €1, w,05a) — 1] + pa (W) [c(pe(re, €1, w, 05a) + 7)(1 = 2r¢) — %Of?m(t)ﬁ(l —r)l} = —p(t)

The general solution of uq(t) is derived by integrating equation B.19 with respect to ¢:

T

OH 0,

wi(t) = / e T 1(p t(rt’cl’aw’ ) +7.70) ds. In contrast, the Hamiltonian for the
t Tt

subgame without government production subsidy is defined as:

(B.20)  Hy(pi(re, €1),me) = Eey {reVa(®e(rs, €1)) + (1 — 1) Va + pa(t)g(re, pe(re, €1)) }

where: p4(t) is the multiplier associated with the prevalence dynamics equation which
measures the impact of growth in 7; on the aggregate social welfare (i.e., the shadow price
of r;). The value of p4(t) is determined by the following differential equation:

OHy(pi(re, c1),me) _ Vi (pt) Op:
(B.21) o, = E., {Vilp:) — Va +74( e 8”)+u4(

9g(rs, pt) 89(7}71%)?23 —
t)( or + apt a,rt ) = —H4 (t)

Given Vi(p) = 3 —pe + 3pf, Va = 3, e = 31 + &1 + ps(t)a(l — ¢)] and g(ri,p1) =

e [@(l — r¢)p: — 1], equation B.21 can be rewritten as:

(3'22)8H4(ptg:; abn) Ecl{';"[Pt(Tt,Cl)]Q —pi(re,c1) — %artus(t)h}t(rt, ) —1]

ua(®)lap(ro )1~ 2r) = Ja%a(t)r(1 = )]} = 44 (0

The general solution of p4(t) is derived by integrating equation B.22 with respect to ¢:

T
palt) = / ey OHa (i) ) |
t

87’,5
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The value of p(t) and pa(t) could be compared through equations B.19 and B.22. Let
us assume that the marginal cost of production can be reduced sufficiently after taking
the production subsidy of government such that py(ry,c1,w,0;a) + 7 < py(re,c1). First,
given py(7e,c1,w,0;a) +7 < 1, pi(ri,c1) < 1 and pi(re, 1, w,6;0) + 7 < pi(ry, 1), clearly,
Hpe(re, e1,w, 05 0)+7)2—[pe(re, €1, w0, 05 a) +7] > 1pe(re, c1)]>—pe(re, c1). Thenit is easy to ver-
ify that 1[ps(re, c1, w, 6; @) —pu(re, c1, w, 0; @) —57% > 3[pe(re, €1, w, 6; @) 7~ [pi(re, €1, w, 6; @)+
7] given py(r¢, c1,w, 0;a) + 7 < 1. As a result, 1[pi(rs, c1,w,0;a)]* — pe(re, €1, w,6; ) — %7’2 >
%[Pt(Tt,Cl)]z — pi(re, c1). Second, as pa(t) > pa(t) if pi(rs, o1, w, 0;0) + 7 < pe(re, 1), appar-
ently, "‘%Q!Tt/,l;g(t) [pt(re, 1, w,0;a)—1] > —-%artug (t)[pe(rt, 1) —1]. Thus, the negative impact
of the increase in 7; on the current social welfare is smaller for the subgame in which the firm
accepts the subsidy fund. Last, for r; < % such that [ap,(1—2r)— %oﬁui(t)rt(l—rt)] >0,7=
2,3, clearly, pu1(t)[(pe(re, €1, w, 0 0) +7)(1 = 2r4) = 30 pa(t)re(1 —7)] > pua(t)[ope(re, 1) (1 —
2ry) — 302 ua(t)re(1 — 14)] given py(re, e, w,0;0) + 7 < pi(re, c1), pa(t) > pa(t), m(t) <0
and yi4(t) < 0. While for r, > 1 such that [ap,(1 — 2r;) — S (t)re(1 — )] <0, i = 2,3,
() [a(pi(rs, c1,w,0;0) + 7)(L = 2ry) — 3Pua(t)re(l — 1)) < pa(®)[ape(re, 1)1 — 2r4) —
502p3(t)ri(1 — )], Compared with the subgame without government intervention, the
growth in 7, has less negative impact when r; < % and more negative impact when r; > % on
the future total social welfare for the subgame with government production subsidy. How-
ever, the influence of r; on the current social welfare dominates the influence of r; on the
future total social welfare, therefore, —ujj(t) < —p}(t) < 0 for any r, € (0,1). Since p(t)
and puy(t) are obtained by integrating —u1(t) and —py(t) with respect to t respectively, ap-
parently, us(t) < pa(t) < 0. The expected value of total social welfare for the subgame
with government funding declines with r; at a lower speed than that does for the subgame

without government intervention.
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Appendix B.4: Research Effort towards Impact of Government Fund on Social Welfare

Improvement through Funding a Potential Entrant to Reduce Its Fixed Entry Cost

2. Model

Suppose there is a drug monopolist in the market, firm 1, producing treatment with
marginal cost ¢;. A potential entrant, firm 2, producing at the same marginal cost (i.e.,
c1 = &), faces a fixed entry cost, k;. The government faces a choice of whether or not to
provide a fund G to the potential entrant aimed at reducing its fixed cost of entry. With
the government funding, firm 2 could enter the market at time ¢ > T} with ex-post cost of
entry k = k; — G where 0 < T7 < T. Otherwise, firm 2 could not enter, firm 1 remaining to
be the monopolist in the market up to time T at which the competitive price applies.

The economy is represented by a sequential game in a dynamic environment. The sequence
of the game is as follows: In stage 1, the government chooses whether or not to offer a fund
to the potential entrant to reduce its fixed cost of entry. If the government decides to offer
the fund, the level of government funding is determined at stage 2. Observing the level of
government fund G > 0, in stage 3, the incumbent monopolist in the market, firm 1, chooses
whether or not to deter the entry of firm 2. If firm 1 decides to deter the entry, it sets the
price at the output limit price level in the first period for ¢ € [0,77) to block the entry of
firm 2 at time ¢t > T;. While if the monopolist decides to accommodate the entry of firm 2,
it charges the monopolist price in period 1. In stage 4, firm 2 decides whether or not to enter
in the second period (i.e,. for time ¢ € [T1,T')) given the price charged by the monopolist in
the first period. It is assumed that Stackelberg game applies in period 2 when firm 1 sets the
price at the output limit price level in the first period. Whereas firm 1 and firm 2 proceed
with Cournot competition in the second period if firm 2 decides to enter after observing the

monopoly price charged by firm 1 in period 1. In contrast, if the government decides not to
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provide the fund to firm 2 in the first stage, firm 2 could not enter the market. Therefore,
starting at stage 2, the incumbent monopolist in the market, firm 1, chooses dynamic prices
for treatment for ¢ € [0,7") by maximizing its aggregate profit.

The sequential game is solved through backward induction. For the subgame in which the
government decides to offer the fund, at stage 4, firm 2 chooses whether or not to enter in
period 2 given the prices charged by the monopolist in period 1. In stage 3, observing G > 0,
firm 1 chooses to either deter the entry or accommodate the entry of firm 2 by comparing
its total profits between charging the output limit price and the monopolist price in the
first period. The level of government funding G is determined by maximizing the expected
value of total social welfare by the government in stage 2. While for the subgame without
government involvement, firm 2 could not enter the market. Firm 1 chooses the monopoly
prices for treatment dynamically starting at stage 2. In what follows, the subgame with
government funding is first solved and the subgame without government intervention is next.
The government choice of whether or not to offer a fund to the new entrant for reducing
its fixed cost of entry takes place in stage 1 of the game. Given the assumptions, clearly,
the equilibria of the game are as follows: For the subgame in which the level of government
funding G > 0, firm 2 enters in the second period if firm 1 charges the monopoly price in the
first period, and firm 2 does not enter if firm 1 sets the price at the output limit price level
in the first period. If we further assume that the total profit of firm 1 by setting the price
at the output limit price level exceeds that by charging the monopoly price in period 1, the
only equilibrium when the government funding G > 0 becomes that firm 2 does not enter
given the monopolist charges the output limit price in period 1. Whereas for the subgame
in which the value of government funding G = 0, firm 2 could not enter, firm 1 being the

monopolist in the market for ¢ € [0,T).
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2.1. Subgame with Government Funding. When the government decides to offer the fund
to potential entrant firm 2, the fixed cost of entry of firm 2 is reduced which is represented
as k = k; — G. At stage 4, firm 2 chooses whether or not to enter at ¢ > 7; given the
prices charged by the monopolist in the first period. It is assumed that the stackelberg game
applies if firm 1 chooses the output limit price in period 1. Additionally, the firms proceed
with Cournot competition in period 2 if firm 2 decides to enter by observing the monopoly
price in period 1. In stage 3, observing the government funding to firm 2 is greater than
zero (i.e., G > 0), firm 1 chooses between the output limit price and the monopoly price.
Let m,(p%) and 7y,(p{?) denote the profits of firm 1 at time ¢ by setting the price at the
output limit level and at the monopoly level in period 1 respectively when G > 0. Firm
2 would enter if the incumbent charged the monopoly price in the first period and firm 2
would not enter if the monopoly charged the output limit price in period 1. Therefore, firm 1
chooses the output limit price in the first period if fOTl e~y (pk,)]dt + f;; e~ [my,(pk,)]dt >
fOTl e~ [y (ph?)]dt + f:,:g e~y (p299)dt where 71,(p3?) denotes the profit of firm 1 as a
result of Cournot competition when firm 2 enters in the second period.

Given the government funding G > 0, if firm 1 decides to block the entry of firm 2 in stage
3, it sets the price at the output limit level in period 1. As a result, in stage 4, firm 2 decides
not to enter in the second period by observing, p&, firm 1 charged in the first period. The
Stackelberg game is described through backwards induction as follows: In the second period,
observing price of firm 1 in the first period, pl;,, and therefore given the quantity produced

by firm 1 in period 1, ¢;(p%;), firm 2 chooses ¢z to maximize the profit in period 2 as:

(B23)  max m2(q1(ph), @2) = [a — a1 (pfy) + @) — c2l@z — (k1 = G)

From the first order condition, the reaction function of firm 2 is derived as:
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(a = c2 = bau(pl))
2

(B.24)  Ry(aqi(ply)) =

Substituting Ry(q1(pk,)) into the equation of B.23, the optimal profit function of firm 2 in

the second period is written as:

(a—c2 = bar(ppy))” _
4b

(B25)  m(q(ph), ¢2) = (k1 — G)

In the first period, given firm 2’s reaction function Rz(qi(ph)), firm 1 sets price at the
level of p¥, such that ma(q1(pL), g2) = 0, the output limit quantity produced by firm 1 is thus

determined as:

(a — Cy — 2\/()(/{51 - G))
b

(B:26)  ai(pr) =

Since at output limit price pk, firm 2 is indifferent between enter or not enter at time
t > T (ie., m(q1(ph), ) = 0), ¢2 = 0 at pl;. Firm 1 blocks the entry of firm 2 by setting
the price at the output limit price level in period 1. Therefore, the total quantity produced

(a —ca—24/b(ky — G))
b

per time period to compensate the value of government funding G: fOT e~ Trdt = G. The

. A constant tax rate 7 is collected

at price pl; is Q(pl;) = a1 (pf) =

demand for treatment at price p}, is D(pk,) = (1 — p&y — 7). Let D(p%) = Q(ph), the

output limit price is thus determined as follows:

(B2n) ph=1-,- @z 2V =C)

b’f‘t
rG . . . .
Where 7 = m The impacts of government funding G and proportion of sick r;
—e T
on the level of output limit price can be derived from equation B.27 as follows:
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L
(B2g) Pt _ 1 S

G~ o0 A-eT)

And

(B 29) dpft — (a—C2—2vb(k1"‘G))
' th b’f't2

In addition, the influence of fixed entry cost of firm 2, k1, on the output limit price pf, is

derived as:
dpf, 1
(B.30) Bt
dkr  ri/b(ky — G)
. dpf, dpf; :
Clearly, given 0 < r, < 1, el < 0 and T > 0. The higher fixed entry cost faced by
1

firm 2, the higher price firm 1 could charge to deter the entry of firm 2. And the higher

level of government funding G makes the output limit price p}, lower. Additionally, since

dnt
a1(p%) > 0, a — ca — 24/b(k;s — G) > 0. Therefore, —(%—t- > 0 which implies that the output
t

limit price increases with the number of sick in the population.
Given equation B.27, the profit function of firm 1 at time ¢ by charging output limit price

pL, is derived as:

(B.31)my(ply) = re(1 — pfy — 7)(phy — 1) = b,

((a-crz,/b(k1 —G))> {1 .l 2V/b(k - )
b 1

Firm 2 does not enter if the incumbent firm 1 sets the price at the output limit price.

Therefore, firm 1’s total profit by charging pL, in the first period is: fOTl e " [my(ph)|dt +

T —r
Jr, € " ma(pty)]dt.
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In contrast, observing the value of government funding to firm 2, if firm 1 chooses the
monopoly price in stage 3, firm 2 enters in stage 4. Two firms proceed with Cournot com-
petition in period 2 then. The game is solved backwards as follows: In the second period,
given gy, the quantity produced by firm 2, firm 1 chooses ¢; to maximize its profit in period

2 as:

(B-32) ma'xm(qx(p ), @) = lo = @ @) + @) - ala @)

From the first order condition, the reaction function of firm 1 to ¢ is derived as:

(a — 1 — baa (piy %))

(B:33)  Ri(a(pl”) = %

Similarly, given ¢;, the quantity produced by firm 1, firm 2 chooses g2 by maximizing its

profit as:

(B:34)  maxmo(qi(pii), (i) = o ~ b1 (Ps®) + q2(p3 %)) — alaa (Pl ?) — (kn — G)

From the first order condition, the reaction function of firm 2 to ¢; is derived as:

2Cg\y _ (a—cp— bQI(plt )
(B.35) Ro(qa (pltc ) = %

By assuming ¢; = ¢z, the quantities produced by both firms are equivalent as:

(B.36)  qi(piy?) = —(a;bc") Vi=12
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Therefore, the total quantity of Cournot competition is Q(p2?) = qi(pis?) + g2(p1s?) =
Na —
—(a e 1) . The demand for treatment at price pftcg is D(pftcg ) =r(l— pftcg — 7). By setting

D(p?99) = Q(p*°?), the price of Cournot competition is derived as:

2(a — 1)

ZC’g= o
(B.37)  pi; 1—7 3o,

Given equation B.37, the profit function of firm 1 at time t by charging the price pftcg is

derived as:

2(a - 2Na —
(B3S)  muapi) = (1 — 200 — )2 — ) = (R ) |y oy - Ho— )
3b 3b7't

In stage 3, firm 1 decides to accommodate the entry of firm 2. Therefore, in the first
period, the monopoly price for treatment is determined by maximizing the profit of firm 1

as follows:

(B.39) max (1) = la— bar(p1e?) — ci)aa (p1:%)

From the first order condition, the optimal quantity produced by firm 1 at monopoly price

is derived as:

(a—cp)
2b

(B.40)  qi(py?) =

Therefore, the total quantity produced by the monopolist at price pll‘fg is Q(pffg) =

a(pl®) = (a ;bcl). The demand for treatment at price p!?9 is D(pi?%) = ry(1 — pii9 — 7).

The monopoly price is determined by setting D(pffg) = Q(p9). Thus, the function of

monopoly price for firm 1 is written as:
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(B41) pMi=1-7-1"—2

Given equation B.41, the profit function of firm 1 by charging the monopoly price p{\f 9 at

time ¢ is derived as:

(B42)  mu(if9) = (1 —p}f? — )0} — 1) = <(a—c1)) [1 U Clt2)

In stage 3, firm 1 chooses the output limit price as opposed to the monopoly price in
the first period if and only if fOT Y e my(pk)]dt + f,z e~ [m(pk,)]dt > fOTl e~ [, (p219)|dt +
fTT; e~ m,(p2C9)]dt. Given equations B.31, B.38 and B.42, clearly, this condition holds when
b(ky — G) is sufficiently small. Therefore, assuming b(k; — G) is sufficiently small, the only
equilibrium for the subgame in which the government funding G is greater than zero is that
firm 1 sets the price at the output limit price level in the first period and firm 2 does not
enter in the second period.

Given the equilibrium output limit price, p&, the optimal level of government funding is
determined in stage 2. At the market prices for treatment pf,+7, the expected indirect utility
of patients who get treated at time ¢ is Vi(p}, +7) = 3 + 1(pf, +7)? — (pf; + 7), the expected
utility of patients who do not buy treatment at time ¢ is V4 (1) = —7(pl;+7) and the expected

utility for those who are healthy at time ¢ is Va(7) = 1 -

7. In addition, the prevalence path of
the disease is characterized by the equation 7} = r,[a(1—7r,)(pf,+7) —1]. Let pL(rs, c2, k1, G)
denote the output limit price in the sequel. The marginal cost of production of firm 2 is
uniformly distributed on the interval [c,¢]. By assuming that the marginal cost of firm 2 is

not known but the fixed cost of entry is known by the government, the government’s problem

can be summarized as follows:
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T
(B.43) I?C?%EQ {/(; e~ [re(Vi(pfy(re, c2, k1, G) + 1) + VA(T)) + (1 — re) V()] dt}

st (1) rp =1y [l — re)(phy(re, 2, k1, G) + 1) — 1]

From the first order condition, the optimal value of government funding is determined by

the following equation:

a— (9—"'6) —-2D 1 7 rG r pi(t)a(l —ry)
(B44) <—2b“’"> LTD tTaCen |t iemD T — ¢

Where D = \/b(kl———G’j . pa(t) is the multiplier associated with the prevalence dynamics
equation which measures the impact of growth in r; on the expected value of aggregate social
welfare. As shown before, u1(t) < 0. The optimal solution for G is very long and complicated
so it can not be written down here. Moreover, the derivatives of government funding with
respect to proportion of sick 7, fixed cost of entry k; and firm 2’s marginal cost of production
¢y also can not be derived explicitly. Therefore, we use simulations to examine the impacts
of these variables on the optimal value of government funding G. Given a = 1, b = 1,
ki =1, E(c) € (0,1), T = 40, Figure 3.14 to Figure 3.16 show that how the optimal value of
government funding G moves with the proportion of sick, ¢, the fixed entry cost of firm 2,
ki, and the expected marginal cost of production of firm 2, E(cy) respectively. Clearly, first
of all, when proportion of sick r; is smaller than around 0.6, government fund G declines with
r,. While when the number of sick in the population is greater than 0.6, government funding
grows with r; (Figure 3.14). It can be explained as follows: the government funding aimed at
reducing the entry cost of the new entrant could induce the monopolist in the market to lower
their price for treatment which could benefit the patients. However, the tax rate collected by

the government, also makes consumers worse off. The disutility of consumers due to paying
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for the tax is higher when the number of sick in the population is low. As a result, the level
of government fund G decreases with r; when prevalence of the disease is relatively low (i.e.,
r¢ < 0.6). While when the proportion of sick is sufficiently large in the population, more and
more consumers benefit from government involvement. Consequently, fund G grows with r,
for r; > 0.6. Second, Figure 3.15 shows that government fund increases with fixed entry cost
k1. Moreover, when r; is relatively low (i.e., r, < 0.6), with the growth in r;, G raises with
k; at a decreasing speed. Whereas when 7, is sufficiently large (i.e., 1, > 0.6), G rises with
ki at a increasing speed with the growth in r;. This is associated with the fact that the level
of government fund G decreases with r, when r, < 0.6 and increases with r; when r, > 0.6
as is revealed by Figure 3.14. Finally, Figure 3.16 shows that government fund G raises with
the expected value of firm 2’s marginal cost of production. Therefore, when the marginal
cost of new entrant is expected to be high, the government needs to provide more grant to
reduce the fixed cost of entry of firm 2. Similar to that is revealed by Figure 3.15, Figure
3.16 also shows that G raises with F(c;) at a decreasing speed with the growth in 7; when

r; < 0.6 while G rises with F(cp) at a increasing speed with 7, when r; > 0.6.

2.2.  Subgame without Government Funding. = When the government decides not to
provide the fund to the potential entrant in the first stage, the fixed cost of entry for firm 2
is unchanged, which is equal to k;. It is assumed that firm 2 could not enter at fixed cost
k1. Therefore, the incumbent monopolist, firm 1, chooses the dynamic prices for treatment

starting from stage 2 by maximizing the present value of aggregate profit as follows:

T
(B.45) max A e " {ri(pe — c1)(1 — pi) } dt

{p:}

s.t. (1) ry = refa(l — re)py — 1]
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As shown in Appendix B.2, the optimal dynamic prices for treatment by the monopolist

is characterized as follows:

(BAG)  plf = J[1+ 1+ po(t)a(l — 7))

where: pu3(t) is the multiplier associated with the prevalence dynamics equation which
measures the impact of growth in 7; on the aggregate profit. As shown in Appendix B.2,
ps(t) > 0.

Let p{‘f (7¢, c1) represent the monopoly prices for treatment at equilibrium when government fund-
ing G = 0. Given p}{(r,c1), the expected aggregate social welfare in equilibrium for the subgame
without government funding is represented as follows: E, { fOT e rVa(p (ry, c1)) + (1 - rt)Vz]dt}
where Vi(p} (ri,c1)) = 3 + (@M (re,c1))? — p}(re, c1) denotes the expected indirect utility of pa-
tients who buy treatment at time ¢ and Vo = % denotes the expected utility of consumers who are
healthy at time ¢.

At stage 1, the government decides whether or not to offer the fund to the new entrant
aimed at reducing its fixed cost of entry. Clearly, the decision depends on the result of
the comparison of the expected values of the aggregate social welfare with and without
government intervention. The government chooses to provide a fund to firm 2 if and only if

the following holds:

(B47) E, {/0 e~ [re(Vi(piy(re, c2, kn, G) +7) + Vi(7)) + (1 = re)Va(7)] dt} >

E, { /0 i () + (1 — 'rt)Vz]dt}

Given equation B.27, the equilibrium market price for treatment at time ¢ € [0,7") when

the value of government funding is greater than zero, pk, + 7, is calculated as: pk, + 1 =
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i (@—co— 2\/ G))

zero, the market prices for treatment in equilibrium for ¢ € [0,T) are p}/. Clearly, when

. While when the value of government funding G is equal to

pF, 47 > pM, equation B.47 does not hold. As a result, government would not involve if the
government funding could not reduce the market price for treatment sufficiently. In contrast,
let us consider the case that pk, + 7 < p}. It is easy to show that pf, + 7 increases with
k1, c2 and 7; and decreases with G 3%. In addition, given equation B.46, apparently, p/
increases with ¢; and decreases with 7, 3°. First, given proportion of sick, ;, when the fixed

cost of entry for firm 2 is raised, the market price for treatment with government funding

d(pl+7)

4t > 0. However, at the meanwhile, a higher level of k; induces

is also increased since

a higher level of fund from the government (as revealed by Figure 3.15) which could make

: d(P]:+T d(pfy+7) — 1 d(Pu‘H)
the price for treatment lower (i.e., < 0). Given =7t oy T and =&
———=L_ clearly, the value of market price for treatment with government funding would

b(k1—G)

not be changed with the growth in fixed entry cost k; if the raise in government funding
G correspondingly is just equal to the raise in k;. Therefore, the influence of government
funding aimed at reducing the entry cost of the potential entrant on the improvement in
social welfare may not be affected by the changes in the level of fixed cost of entry. Sccond,
when the expected marginal cost of production for firms is higher (E(c;) = E(cp) = E(c)),
the market prices for treatment are also expected to be higher (i.e., M > 0, dc1 > 0).
However, as revealed by Figure 3.16, the level of fund G rises with the growth in the value
of E(c). Therefore, for the subgame with government funding, market prices for treatment

o}, + 7 could be reduced by the higher level of government funding which would benefit the

consumers. Finally, market prices for treatment with government fund, pf, + 7, rise with

344y +7) _ 1 d(p1i+T) dlpf,+7) _ a—c2—2/b(k1—G) d(pfi+7) _
= > 0, > 0, = > 0 and
dk1 rt\/b(kl . brs dry br? dG
1 < 0.
\/b(k1—~G’) .
359p1t dpyy . _ 1
Tl = > 0 and '+ = —gpus(t)a < 0. -
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the prevalence of the disease, ;. While the monopoly prices without fund, p}, decline with
proportion of sick 7 (i.e., &‘{%T—) > 0 and % < 0). Figure 3.14 shows that government fund
G declines with r; for r, < 0.6 and G increases with r, for r, > 0.6. Therefore, at a sufficiently
large ¢, prices for treatment pf, + 7 could be lowered by a high level of fund G. In addition,
the utility loss of consumers associated with paying for the taxes becomes lower when the
level of r; is high. Consequently, government may consider to involve by offering a fund
to the new entrant when the marginal costs of production for the firms are expected to be
high and the proportion of sick in the population is sufficiently large. Empirical applications
for the theoretical model are also conducted. It shows the consistency with the predictions

implied by the theoretical framework. However, for the scope of this paper, the empirical

examples are not provided here.
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APPENDIX C

Appendix C.1: Sample Questions Related to the Job Search in the Survey Data

The construction of the spell of unemployment and of the employment duration is based
on the questions like:

“When did you last work?” And

“When did you start working for the current employer?”

And the information on search behavior of the survey respondents is obtained from various
questions below:

“In the last 4 weeks ending last Sunday, did you do anything to find work?”

If the answer is ”yes”, some additional questions are asked:

“What did you do to find work in those 4 weeks?”

“Did you do anything else to find work?”

“As of last week, how many weeks had you been looking for work since the day last
worked?”

And

“What was your main activity before you started looking for work?”

Appendix C.2: Construction of Search Channel Index

The search channel index is constructed as below:

Channel Points
Checked with/Registered at: C.E.C.
Checked with other public employment agency
Checked with private employment agency
Checked with union
Checked with employers directly
Checked with friends or relatives
Placed or answered job ads
Looked at job ads
Other
154
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There are four questions concerning the channels used for looking for work. For each question,
the respondents are allowed to choose one out of nine methods for job searching. Thus, the
maximum number of search channels reported is four and for each channel they marked they
got one point: s3 € [0,4].

And the search time index is constructed as:

Time (t) Points
t=0 0
0<t<0.25 1
025 <t <05 2
0.5<t<0.7 3
0.7 <t <1 4

Where t is defined as the fraction of time spent on searching in the whole joblessness duration

spell of unemployment

since the last day worked: ¢t = . Clearly, s§ € [0,4].

joblessness duration

Appendix C.3: Research Effort towards the Non-stationary Job Search Model

In a stationary structural job search model, exogenous variables like the level of unemploy-
ment insurance, the market-determined part of the job offer arrival rate and the wage offer
distribution are assumed to be unchanging over the spell of unemployment. But in reality,
these three variables are very likely to vary with the unemployment duration. Firstly, in most
countries, the level of benefits falls dramatically when the unemployed workers exhaust their
entitlement to insurance and become assistance recipients. In some countries (as in France
from July 1992 to July 2001; European panel survey), the time sequence of insurance benefits
itself is declining. Secondly, the market-determined part of arrival rate of job offers which
is determined by individual characteristics may also decrease with unemployment duration,
due to the “stigma effect” of long-term unemployment. Finally, the distribution of wage
offers may be duration-dependent as well. Non-stationarity of the job search behavior arises
if one or more of these exogenous variables change over the spell of unemployment, which

is very likely. Sooner or later, duration-dependence of exogenous variables is realized and
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used to determine the optimal strategy of job seekers. Thus, the optimal strategy in a non-
stationary job search model is generally not unchanging over time. Consequently, there is a
need to model individual’s job search process over time based on a non-stationary structural
framework. Van den berg (1990a) proposes such a non-stationary theoretical framework to
model the movement of reservation wages over the spell of unemployment. In the theoretical
part of the paper, non-stationarity originates from the changes over time of three exogenous
variables we mentioned above: the level of benefits, the market-determined part of job offer
arrival rate and the wage offer distribution. In this very general setting, Van den Berg first
shows that the optimal strategy of an unemployed job seeker is still a reservation strategy.
However, in his non-stationary theoretical model, he did not make search intensity as a
choice variable, and therefore he did not consider the movement over time of search effort,
the other optimal choice in the search strategy of an unemployed worker when he/she can
influence arrival rate of job offers by varying search intensity. The present study addresses
this research gap. 3¢

A non-stationary structural model of job search with endogenous search intensity is de-
veloped to investigate the simultaneous movements of search intensity and reservation wage
over the spell of unemployment for an unemployed worker, or more specifically, when his/her
entitlement to EI benefits is decreasing. Due to the scope of this paper, the details of the
non-stationary model are deferred to be shown in another paper. But the equations char-
acterizing the optimal search intensity and optimal reservation wage in a non-stationary
framework are shown in the sequel.

As in the stationary model, first, the search effort s is defined as a vector of three search
indicators: s = (s1, 2, s3) Where s, represents the search indicator by channel j, j =1,2,3.

Second, we express the job offer arrival rate for individual ¢ who is unemployed, m;(s), as

36Compared with the theoretical framework proposed by Van den berg(1990a), we incorporate
the optimal choice of search intensity into the model to investigate the optimal strategy on both
reservation wage and search effort of unemployed workers in a non-stationary job search model.
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follows: m;(s) = [a181 + s1(@as2 + a3s3)| N, with a; > 0,5 =1,2,3 and A; > 0. Apparently,
m;(s) can be rewritten in a vector form as m;(s) = (aS’)A;. Search effort is indicated
by S, S > 0, and S is allowed to be a vector of different combination of search indicator
s; and other search indicators: S = (s1, $182,5183). Search effectiveness parameter a =
(o, a2, a3) measures the impact of search intensity on the arrival rate which is a vector
of equal dimension as S. Third, the cost of search function is denoted as c(s) which is a
increasing and convex function of its argument. In other words, ¢(s) has the properties
d(s) > 0 and "(s) > 0. In addition, corresponding to three indicators c;f search, the cost
of search function is additively separable in search channels: ¢(s) = ¢o + Z cj(s;), where co
represents the fixed cost of search and c;(s;) denotes the cost of search ff;llction by channel
j, j=1,2,3.

Non-stationarity is assumed to be originated from duration dependence of unemployment
benefits and of arrival rate of job offers. In Canada, an unemployed worker who is eligible to
EI benefits can only receive the benefits up to a maximum limit of weeks which is determined
by his/her previous working history and the local rate of unemployment. And when this limit
is reached, the worker exhausts his/her entitlement to insurance and becomes an assistance
recipient. Let T; indicate the maximum number of weeks for which the EI benefits may be
paid to individual 7 and t; denote the elapsed unemployment duration (weeks) of individual

i at the survey date. The EI entitlement, 7;, which is defined as the weeks remaining to EI

benefits for individual 7 when ¢; weeks of unemployment has elapsed can be constructed by:

(Cl) Ti:T/L'—-ti

Since we introduce the non-stationarity into the model as a result of the duration-dependence
of exogenous variables, it is easy to see that time dependence or duration dependence of ex-

ogenous variables can be characterized by their dependence on the EI entitlement 7; by
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Equation C.1. To examine the movement of search strategy for an unemployment worker
when his/her entitlement to EI benefits is getting less and less, first, we assume that the
benefit level per period received by an unemployed worker is a continuous function of 7, the
EI entitlement, which is denoted by b(r). Second, the market-determined part of job offer
arrival rate for unemployed individual ¢ is denoted by X;(7) which is also assumed to be a
continuous function of EI entitlement 7. Third, for simplicity, we assume that the wage offer
distribution given the reservation wage, F(w|{(7)), is constant over the spell of unemploy-
ment. In other words, the variation in wage over the unemployment duration is captured
by the movement of reservation wage with EI entitlement 7 only. Moreover, the analysis is
restricted to the case of no recall of offers received in previous periods. Fourth, in Canada,
the unemployed workers who are no more eligible for EI benefits obtain the social assistance
benefits only which depends on their household composition and the financial characteris-
tics of other household members. Therefore, after the period that the unemployed exhaust
their EI entitlement (when 7 < 0), the environment remains stationary. Therefore, there is
supposed to exist some time T on the duration of unemployment such that all exogenous
variables are constant on [T, 00). Note that, when the spell of unemployment ¢ equals T,
the EI entitlement 7 = 0. Therefore, this assumption implies that the model reduces to be
stationary for 7 < 0.

As shown in Van den Berg’s paper (1991a), the optimal strategy of an unemployed worker
is still a reservation strategy when exogenous variables are allowed to change over time.
Therefore, it is assumed that the solution of the maximization problem of an individual who
is unemployed is again characterized by an optimal choice of the reservation wage £(7) and
the intensity of search s*(7) in a non-stationary framework.

Given above assumptions, an individual who is unemployed maximizes the expected dis-

counted value of future net income over time as described below. In a small time interval

158

Reproduced with permission of the copyright owner. Further reproduction prohibited without permissionyywww.manaraa.com



[t,t + k] (or equivalently, in [r — h,7]), an employed worker receives an amount of benefit
b(7)h less the cost of searching one more period of length h, ¢(s*(7))h. Let 3(h) denote the
discount factor applied to future costs and benefits incurred per period of length h. Under the
hypothesis that at most one job offer arrives per period of length h, the market-determined
part of the arrival rate of job offers in a small time interval [¢,t + k] is A(7)h. Let W(w)
represent the given present value of stopping, accepting the best offer received, w, during
any period and then keeping that job forever at wage w. Therefore, the value of searching
one more period of length h given that there are T periods left to the EI entitlement, V(7),

is given by the following equation:

(©2)V(r) = ma {[b(T) st h 4 5 { [/ (r = WA / W (@) - V(7 — W (lé(r — b)) }}
+ {1—[aS'(r - h)] (T)h} V(r—h)

in which ¢(s(1)) = co + icj(sj('r)): s(1) = (s1(7), 82(7), 53(7)), @ = (a1, 2, 03) and
S(r— h) = (510 — h), 517 — B)salr — b), s1(r — B)ss(r — B).
After some rearrangements, it can be rewritten as:
(CHV(r)=V(r—h)+[1-BR)V(r—h) =
fax {[b(’f) — c(s(T)]h+ B(h)[aS (T — h)A(T) h/ — V(r — h)dF(z|¢(r — h)) }
By dividing both sides by % and taking limits as h — 0, one obtains the following contin-

uous time analogue :

dV('r)

(C4) = b(7) — c(s™(7)) + [@5" (T)]A(T) /§ :[W(w)—V(T)]dF (z[¢(7)) — pV(7)

in which we assume that 8(h) = ™" so that the discount factor p is defined as }llin(ll[l —

B(R)I/h = p.
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Assuming the present value of a future earning stream given a wage equal to z is W(z) =
z/p and together with reservation property V(7) = W(£(7)), Equation C.4 yields the dif-
ferential equation which describes the time sequence of optimal reservation wage over EI

entitlement 7:

dg(r)

(©5) =2

3
= pb(t) — pleo + Z cj(s; ™+

=1

[on s (To)o+ a283(7)s1 (1) + azsi(7)si(7)]x
(1) /5 ( )[:c — &(7)|dF (z|€(7)) — p&(7)

3
where we substitute c(s*(7)) = [co + ch(s;-‘(T)], S*(1) = [si(7), s5(7)si(7), s5(7)s7(7)]
j=1
and a = (a1, az, a3) into the Equation C.4 and s}(7) denotes the optimal search intensity
by channel j for unemployed job seekers, 5 = 1,2,3. Therefore, the maximization problem

of a worker who is unemployed satisfies the differential equation C.5. From Equation C.5,

we can get the expression for £(7) as below:

(C6)  pE(r) = =& (7) + pb(7) = pc(s™(7)) + [S™ (7)]A(T) /{ : [z — &(7)]dF (z[¢(7))

The first order condition for the search intensity choice problem on the RHS. of Equation
C.5 yields:

(C.7) peh(51(7)) = [on + a28(r) + assa(PIA(T) /£ : [& — £(]dF (al¢(r)

where $1(7) represents the latent search intensity for which the marginal cost of search by
means of channel 1 is equal to the marginal returns to search. Therefore:

(C8) pR1(7) = pci(81(7)) = [on + 0282(7) + csd3(7)]A(7) /5 :) [z — &(m)ldF (z|¢(T))

In which R;(7) represents the marginal returns to search by channel 1. And

00

(C.9) péy(55(7)) = a3 (PA(F) / o — E(MdF(lé(r)) ¥ j = 2,3 and

&(n)

(C.10) pR;(7) = pcj(8j(r)) = e;81(m)A(7) /:)[ilc —&(MdF(2|¢(7)) V5 =2,3
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where §;(7) denotes the latent search intensity that satisfies the condition of marginal
cost of search by channel j equals the marginal returns to search, and R;(7) represents the
marginal returns to search by channel j, j =2, 3.

Then the optimal level of search intensity s}(7) equals max[0, §;(7)]. Thus, the optimal
search intensity satisfies the marginal cost of search equals the marginal returns to search
condition if s3() > 0.

Equations C.5, C.7 and C.9 can be used to simultaneously determine the reservation wage
¢ and the (optimal) latent search intensity $;, 7 = 1,2,3 as functions of EI entitlement
7. First solve for £ and §;, 7 = 1,2,3 at the point T after which all exogenous variables
like the EI benefits b and the market-determined job offer arrival rate for individual 7, A;,
are constant. Obviously, the solutions for £(0) and $;(0), j = 1,2,3 (when t = T,7 = 0)
are equivalent to the optimal choice of the reservation wage and the search intensity in a
stationary model since the environment remains stationary after T. Before T, the £(7) and
5;(7), 7 =1,2,3 are continuous functions of 7. Therefore, £(0) and $;(0), j = 1,2,3 serve
as an initial condition for the differential equations C.5, C.7 and C.9 in the time interval
ending at 7' within which the exogenous variables b() and A;(7) are continuous functions
of 7. Thus, &(7) and §;(7), j = 1,2,3 can be solved for every 7 in this interval. Using
backward induction, the whole sequence of optimal reservation wage £(7) and the whole
sequence of (optimal) latent search effort §;(7), j = 1,2, 3 for every 7 > 0 are then obtained
simultaneously by Equations C.5, C.7 and C.9. Clearly, the optimal search strategy for the
unemployed job seekers in an non-stationary framework is shown to be consistent with that

derived from the stationary job search model.
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