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ABSTRACT

We develop an identity choice model within the context of a stereotyping-cum-signaling
framework. The model allows us to explore implications of the fact that, when individuals can
choose identity, then the distribution of abilities within distinct identity groups becomes
endogenous. This is significant because, when identity is exogenous and if the ability
distributions within groups are the same, then inequality of group reputations in equilibrium can
only arise if there is a positive feedback between group reputation and individual human capital
investment activities (Arrow, 1973; Coate and Loury, 1993). Here we show that when group
membership is endogenous then the logic of individuals’ identity choices leads there to be a
positive selection of higher ability individuals into the group with a better reputation. This
happens because those for whom human-capital-investment is less costly are also those who
stand to gain more from joining the favored group. As a result, ability distributions within
distinct groups can endogenously diverge, reinforcing incentive-feedbacks. We develop the
theoretical framework that can examine the positive selection and the endogenous group
formation. The model implies that inequality deriving from stereotyping of endogenously
constructed social groups is at least as great as the inequality that can emerge between
exogenously given groups.
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I . Introduction

We develop an identity choice model based on a stereotyping-cum-signaling
framework. If a worker’s productivity is not perfectly observable, employers have an
incentive to use the collective reputations of the identity groups to which job
applicants belong in the screening process. A key feature of our model is that
individuals belonging to a group with a good collective reputation have a greater
incentive to invest in skills than do those who belong to a group with a poor
reputation. And yet, given its greater rate of investment in skills, the former group
will tend to maintain a better collective reputation than the latter. That is, there can
be more than one self-confirming equilibrium in group reputations (Arrow, 1973;
Coate and Loury, 1993). Previous work on such statistical discrimination has taken
group identity as immutable, so that each individual is affected by the collective
reputation of his own group only. We handle the dynamics between the collective
reputation and the identity choice problem by relaxing this immutability assumption.

To illustrate the relevance of our model, consider one concrete example—the
phenomenon commonly known as “passing.” This widely observed behavior is
evidently an instance of identity choice. Talented young members in the group with
a worse collective reputation may consider “passing” into the group with a better
reputation when the return for such “passing” (e.g., better treatment in the labor
market) outweighs its cost (e.g., loss of ties to one’s own kind.) Thus, it has been
noted that a significant number of the blacks in the U.S. population consistently
passes for White or some other race (Sweet, 2005).! Moreover, many ethnic Koreans
in Japan (most of whom descend from forced laborers in mines and factories who
were brought to Japan from the Korean peninsula during the period of Japanese
imperialism) are “passing” for native Japanese—by changing both their surnames
and their given names when seeking formal employment or marriage. They have
done so in order to escape negative stereotypes and prejudices against ethnic
Koreans in Japan.?

When passing for a member of the advantaged group with high reputation is not
possible due to immutability, the most talented of the stereotyped group are more
likely to seek styles of self-presentation that aim to communicate “I'm not one of
THEM; I'm one of YOU!” because they are the ones who gain most by separating
themselves from the mass (Loury, 2002). Taking the example of the Black population
in the US, methods that are known to be used for “partial passing” are: affections of
speech, dressing up rather than wearing casual clothes, spending more on
conspicuous consumption, and migration to affluent residential areas (Charles et al.,

1 The National Longitudinal Survey conducted by the Department of Labor of the US shows that 1.87
percent of those who had originally answered “Black” to the interviewer’s race question in 1979 switched
to either “White,” “I don’t know, ” or “other,” by 1998.

2 Every year about 10,000 Koreans living in Japan, out of around 600,000 Korean descendants holding
Korean nationality, choose to be naturalized, giving up their names and original nationality (Fukuoka et al.,
1998).
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2009; Goffman, 1959). There is evidence that the more educated (or talented) blacks
tend to speak standard American English rather than African American English
(Grogger, 2011). That is, the most talented of the stereotyped group “pass for” the
slightly better-off subgroup that maintains a higher reputation than the stereotyped
population as a whole by adopting the cultural traits of the subgroup.

This selective out-migration to the better-off subgroup may undermine solidarity
in the disadvantaged population and cause conflict among them, such as the
accusation of “Acting White” against the ones who practice the “partial passing”
methods (Fryer and Torelli, 2010). However, there might be a social gain through
this practice: at least some cultural subgroups of the stereotyped population might
be able to recover their reputation when the talented young members gather around
certain cultural traits. The usage of the observable cultural traits in the screening
process can to some extent cure the social inefficiency caused by imperfect
information about the true characteristics of workers.

It is not only backward or disadvantaged groups whose behavior is captured by
our model. The emergence of an elite social group out of a population can also be
explained through identity choice behavior. Fang (2001) discussed the use of cultural
instruments that are intrinsically irrelevant for productivity to form an elite group.
He notes that this may help to an account for the complexity of elite etiquette in
European (or Confucian) societies, as well as for the greater respect afforded to those
with an “Oxford Accent.” Skilled and unskilled workers have different incentives to
join a group with unique cultural traits that are expensive to obtain. Thus, the
cultural group is treated preferentially by employers due to the higher fraction of
skilled workers, even though the cultural traits of the group are not relevant for
productivity. We may see an autonomously growing elite subgroup with
differentiated cultural traits whose members are considered as distinguished from
their peers.

The identity choice model in this paper starts with a standard statistical
discrimination framework (Coate and Loury, 1993). We identify multiple self-
confirming prior beliefs, which we call Phenotypic Stereotyping Equilibria (PSE).
This multiplicity of phenotypic equilibrium explains inequality of collective
reputations between exogenous and equally endowed identity groups as being due
to positive feedback between a group’s reputation and its members’ investment
incentives. But it entails no selection into or out of the groups. However, when
membership is endogenous and if the groups’ reputations were to differ in
equilibrium, then not only will members of a favored group face greater incentives to
invest in human capital. It is also the case that the better-regarded group will, in
equilibrium, come to consist disproportionately of high ability/low human capital
investment cost types. These are the types who gain most from joining a favored
group. The result is that human capital cost distributions between groups
endogenously diverge, which reinforces incentive-feedbacks. We call such a group-
disparate equilibrium with positive selection a (non-trivial) Affective Stereotyping
Equilibrium (ASE).

For the development of our theoretical model, we introduce two affects (i.e.,
possible group identities), A and B. We assume that the cost to choose affect A rather
than B varies across the population. Agents choose affect A if and only if the
anticipated return exceeds the agent’s cost of choosing affect A. We further assume
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that the cost distribution among agents for this affect choice is statistically
independent of the cost distribution of human capital investment. (That is, a person’s
identity orientation cannot be used to predict their economic abilities.) Nevertheless,
we show that in the model’s equilibrium the more able individuals—those with
lower human capital investment costs—will tend to choose affect A whenever the
collective reputation of the affect A group is better than that of the affect B group.
But, of course, their behaving in this way is what causes group A to have a better
reputation in the first place!

The main result which we demonstrate with this model is the following: group
inequality that derives from the ascriptive stereotyping of endogenously constructed
social groups is at least as great as the group inequality that can emerge from the
phenotypic stereotyping of exogenously given groups. Again, this is due to the fact
that when groups are endogenous then low human capital cost types are
disproportionately drawn to the group with a better reputation, causing a skill
disparity between groups to endogenously diverge, thereby justifying the disparity
of group reputations. The model also implies that there exist multiple (non-trivial)
Affective Stereotyping Equilibria whenever multiple Phenotypic Stereotyping
Equilibria can be constructed in the labor market structure.

The paper is organized into the following sections. Section 2 develops the model
with the identify choice and skill investments. Section 3 defines Phenotypic and
Affective Stereotyping Equilibria. Section 4 discusses the implications of the
developed model and Section 5 concludes.

II. Model with the Identity Choice

In this section, we display the general framework of the model that includes
agents’ decision making and the payoff structure. The workers make an investment
decision on skill acquisition and choose the identity type before they enter the labor
market. Employers set the wage for each worker to be proportional to the worker’s
expected productivity using both the productivity-related noisy signal and the
identity type. The workers” decision makings, the employers’ wage setting and the
consequent expected payoff are discussed below.

Workers’ Affective/Expressive Behavior: Agents choose affect i € {4, B}. The cost
to choose the affect A is k € R. k can be negative: the affect A can generate benefits
for some agents. CDF of the affective behavior cost is denoted by H (k). We assume
the affective symmetry: H(k) = 1 — H(—k). Agents choose the affect A if and only if
the anticipated return exceeds the agent’s cost k. Otherwise, they choose the affect B.
WLOQG, it is natural to assume that PDF of the cost k, h(k), has one peak at k=0:
h'(k)>0 for any k<(—oo,0)and h'(k)<O0forany k<(0, )3

Workers’ Skill Acquisition Behavior: Agents choose whether to be skilled or not:
e<{0, 1}. The cost to be skilled is ¢, which is non-negative. CDF of the skill

3 This is not a critical assumption in the model. We will have the identical conclusions with the
uniform distribution of k.
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acquisition cost is G(c), in which G(0)=0 and G(«)=1.# WLOG, it is natural to
assume that PDF of the cost ¢, g(c), has one peak at ¢: g'(c)>0 for any c<(0, ¢)
and g'(c)<0 for any c<(¢, o). An agent chooses (e=1) if the return from doing so
exceeds that agent’s cost for the skill acquisition (c). We impose that c and k are
independently distributed.

Employers” Wage-setting Behavior: Skill e is not fully identified. Employers
observe group identity and noisy signal t € R* distributed conditional on e. PDF of
the signal conditional on e is f,(t) and its CDF is F,(t). Let us define the function
f(m,t) as f(m, t) = nfi(t) + (1 — m)fy(t), which indicates the distribution of signal
t of agents belonging to a group of which the skill level(the fraction of the skilled
@)
fo(®)
t, which is denoted by MLRP: Monotonic Likelihood Ratio Property. The employers’
nfi ()
f(mt)’
Under MLRP, p(m,t) increases with both m and t. The productivity of a skilled
worker is w and that of an unskilled worker is zero. We assume that the wage is
proportional to the expected skill level:

workers) is believed to be m. WLOG, we assume that increases with respect to

belief that an agent with signal t is skilled is p(m, t)(= Prle = 1|r,t]) =

W(m,t) = w - p(m,t),for some w > 0

_ o mh@
BERTACEICEIAO) .

Workers” Payoffs: The expected wage from acquiring skill level e is denoted
by V,(n):

v = [ fowmo . @
0

in which V;(m) is positive for any e<{0,1}. Workers" expected return acquiring
human capital (R(r)) is defined as

R(m) =V, () — Vy(10). 3)

R(m) is expressed as

R(r) = ] (fy (©) — fo(OIW () dt
0

_ wnfl (f1(®) = foNf1 (D) dt )
0

f(mt)

The followings can be easily seen

4 With G(c)=0, we allow that a fraction of workers always invest for skills.

Stereotypes and Inequality: A ‘Signaling’ Theory of Identity Choice

7



rrN NGRS NGIAGING)

IMﬂ—wL et dt, 5)
vy L(f1(6) = fo)? f1() fo (D)

R' (m) = —ZwJ; om0 dt (<0). (6)

Thus, R(rw) is concave and R(0)= R(1)=0, which implies that lim,_, R’ (7)>0 and
lim,_,; R' (m)<0. Let us denote argm ax {R(m)} by @: R'(7) = 0.
The first derivatives of V() and V;(m) are

1
Iﬂ@=£wﬁwmw7mﬁ*m, %)

Vi (m) =f wfy (O fo(Of (m,0)72 dt. ®)
0

Note that V;(0) = wand V/(1) = w. Since we know R’(0) >0 and R'(1) <0, we
have V(1) > w and V{(0) > w. It is more likely that V;(r) tends to increase as m
increases and V/ () tends to decrease as 1 increases.

Thus, a worker with cost ¢, in a group believed to be investing at rate 7 has the
payoff:

U(m, c) = max{Vy () — ¢; Vo(m)}, 9

in which the function U(r,c) is increasing in n(~ V, () > 0,Ve € {0,1}) and non-
increasing in c.

IlI. Stereotyping Equilibrium

In this section, we define the Phenotypic and Affective Stereotyping Equilibria
and search for the properties of the equilibria.

1. Phenotypic Stereotyping Equilibria

Given the employers’ prior belief () about human capital investment rate in a
population, the fraction of workers who choose (e=1) is G(R(m)). Let us denote an
equilibrium belief/investment rate by # € [0,1]: # = G(R(®)). The set of all such
equilibria is denoted by Q. (Coate and Loury, 1993). Let us call them Phenotypic
Stereotyping Equilibria (PSE). Inequality of collective reputation between exogenous
groups in equilibrium is due to feedback between group reputation and individual
investment activities. The individuals in a group with a better collective reputation
have a greater incentive to invest in skills, and with their greater skill investment rate,
the group maintains a better collective reputation, (and Vice Versa).
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It is most likely that there exists either one or three equilibria in the economy,
because G(c) is S-shaped as displayed in Figure 1. Multiple equilibria # € Q¢
create possibility of Phenotypic Stereotyping (PS) wherein groups are exogenously
and visibly distinct, though equally well endowed. Nevertheless, they fare unequally
in the equilibrium (Panel B of Figure 1).

It is clear that the socially optimal level of human capital investment is G(w).
However, human capital investment is socially inadequate in any PSE
il G(R(ﬁ)) < G(w) forany 7 € Q¢, because R() <w as w fol fi@®)dt —R(n) =
W fol fi(®) fo®)f(m,t)~1 dt > 0. This implies the social optimality can be further
improved through the relaxation of the given constraints.

2. Affective Stereotyping Equilibria

Absent affective discrimination, workers choose “affect’ based on their “natural”
orientation: i = B if k>0 and i = A if k <0. This implies that the human capital
cost distribution, namely G (c), is the same for both affective groups. Refer to Figure
2 for the case with affective discrimination absent. However, when affective
discrimination prevails in the labor market and group membership is endogenous,
this is not true any more. Given that the initial reputations of the two affective
groups differ, the favored group not only faces great human capital investment
incentives, but it also consists disproportionately of low human capital investment
cost types, who gain more from joining a favored group. Thereby, it will cause
human capital cost distributions between groups to endogenously diverge,
reinforcing incentive-feedbacks.

The economic analysis of the story can be developed in the following way. Let m;
be employer belief about human capital investment rate in affective group i.
Consider two affective groups A and B. Let us define a function AU(m,, p; ¢) as the
payoff difference between a A-type worker and a B-type worker given their skill
acquisition cost level c: AU(my, mp;c) = U(my,c) —U(mg,c) . Given my > mp,
AU(my, mp;c) is positive because U (m,c)/omr > 0. Note that AU(my, mp;c) =
—AU(mg,my; c) and AU(m,m;c) = 0.

An agent with the cost set (c, k) chooses affective behavior i=A if and only if
AU(my, mg; ¢) = k. Otherwise, he chooses affective behavior i=B. Given that ¢ and k
are independent, the fraction of agents choosing (i=A) is given by

A = f H(AU( 7y, g; €)) dG (c). (10)
0
The fraction of workers choosing (i=A) and (e=1) is given by
R(mp)
o4 = f H(AU( 7y, mg; ¢)) dG (). (11)
0

Then, the fraction of agents choosing (i=B) is obtained using £f =1 —24 and
AU(my, mg; ¢) = —AU (g, 45 €):

Stereotypes and Inequality: A ‘Signaling’ Theory of Identity Choice
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¥B Ef H(AU(mg, my; €)) dG (). (12)
0
Consequently, the fraction of workers choosing (i=B) and (e=1) is given by
R(mp)
of = f H(AU(mg,m,; ¢)) dG (). (13)
0

Given the employer belief about human capital investment rates (my, mg), the
actual investment rates for the affective groups denoted by ¢ (m,, mz) and ¢(mp,m,)
are

{Pr {e = 1|i = A, iy, mp}(= (4, mp)) = 04/54, (14)

Pr{e = 1|i = B,ntg, my}(Z ¢p(mp,my)) = o8 /2.

It is noteworthy that when employers’ belief is the same for both affective groups
(ty = mg), AU(mg,my;c) is zero and we have R(m,) = R(mp). This implies that the
affective behavior does not affect the human capital investment activities:
@ (mp, )= P(1p, my)(= G(R (T[A)))‘

An equilibrium with affective stereotyping (ASE) is defined as a pair of
investment rates for the affective groups (m;, m5) € [0,1]% such that m; = ¢ (s, 75)
and mp = ¢(mp,my). The set of all such equilibria is denoted by Q;. Note that
every PSE corresponds to trivial ASE where differences in affect are uninformative:
(%,%) € Oy, if £ €Qy because ¢(% %) = G(R(R)) = 2. Affective stereotyping
discrimination occurs if and only if my # mp.

Note that AU(m,,m5;c) can be expressed by

AU (my, mg; ¢) = max {R(m,) — ¢; 0} + Vy (1) — max {R(mg) — c; 0} — Vo (). (15)

Using R(m,) and R(mg) , we have the following lemma concerning
AU (14, mg; C):

Lemma 1. For any ¢ < ma{R(m,), R(mp)}, AU(my, mp; ¢) = Vy(my)—Vy(mp). For any
¢ = maxR(my), R(np)}, AU (my, 55 ¢) = Vo(my)—Vo(mg). For any ¢ such that
mu{R(m,),R(mg)} < ¢ < max{R(m,), R(1tg)}, we have

Vima)—Vo(mg) — ¢ F R(my) = R(mp),

Vom)—Vi(ms) + ¢ F R(my) < R(mp). (16)

AU(my, mg;¢) = {

The above lemma is summarized in Figure 3. Panel A of the figure displays the
case with m, > mp and panel B does the case with m, < mp. It is easily seen that
AU(my, mg; c) > 0 for any c if and only if m, > mp. Therefore, we have the following
result.

Proposition 1. When employers have different beliefs about two affective groups (my # mp),
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the number of workers who adopt the “affect’ corresponding to the favored employers” belief is
greater than that of workers who adopt the ‘“affect’ with the less favored employers” belief:
20> f m >mjfor any i,j € {A,B}.

That is, in the current setting with symmetric cost distribution, more than half
workers adopt the ‘affect’ that corresponds to the more favorable employers’
belief: ' >.5 and ¥/ <.5 if m; > m; for any i,j € {4, B}. The Lemma 1 implies that
AU(my, mg; ¢) is non-increasing with respect to ¢ whenever R(m,) > R(m), and non-
decreasing whenever R(mg) > R(m,). It leads to the following useful lemma.

Lemma 2. Whenever R(m,) > R(mg), the following holds: ¢ (my, mg) > ¢(mwy,ms) and
¢(mp, ) < P(mp, mp). In a symmetric way, whenever R(my) < R(mp), the following
holds: ¢ (my,mg) < Pp(mwy,my) and ¢(mg, my) > (g, mg). Even when m, + mg, the
following holds if R(1,) = R(mp): ¢p(ms,mp) = $(p,7a) = $(4,74) = $(70p, 7p).

The above lemma implies the following proposition.

Proposition 2. The disproportionately more talented workers, whose human capital
investment costs (c) are relatively lower, choose the ‘affect’ that corresponds to the greater
return to human capital investment: given R(i) > R(j), ¢(i,j) > G R(i)) and ¢(j, i) <
G(R()) for any i,j € {my, 5}

IV. Implications and Further Discussion

It is obvious that (x, x) is an affective stereotyping equilibrium for any phenotypic
stereotyping equilibrium x because x = ¢(x, x). These ASE are called trivial ASE in
this paper. We are more concerned with the non-trivial ASE in which the affective
group’s reputations differ in equilibria: x#y. Intuitively, we can say that the existence
of non-trivial ASE is guaranteed given the multiple PSE. Suppose that there exist
three PSE (T, my, ;) in the given labor market structure as displayed in Panel B of
Figure 1. Imagine that an affective group’s reputation is the level of m; and the other
affective group’s reputation is that of m;. Note that the following must be true given
the multiple PSE: R(m)>R(m;). Then, the combination (m,,m;) cannot be stable
because of Proposition 2: given R(m,)>R(m;), ¢(my, m)>G(R(my)) and ¢ (m;, mp)<
G(R(m;)). That is, the skill investment rate of the entering cohort to the affective
group with m, is greater than the current skill level of the group G(R(my,)), while
that of the entering cohort to the other affective group with m; is smaller than the
current skill level of that group G(R(mr;)). The situation is well described in Panel A
of Figure 3. Therefore, there must be at least two non-trivial ASE: one can emerge out
of the initial combination (m,, m;) and the other out of the initial combination
(71, 7).

We also know that the skill difference between two entering cohorts (¢ (my, m;) —
¢(m, my)) is greater than that between the two groups’ current skill levels (), — m;).
This implies that the inequality between endogenous groups in some non-trivial ASE
can be greater than inequality between exogenous groups in any PSE.

Stereotypes and Inequality: A ‘Signaling’ Theory of Identity Choice
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Finally, to see how our model can be used to shed light on labor market
phenomena other than ethnic/racial group inequality, let us consider the problem of
“re-branding ex-cons.” The main feature of the labor market for ex-convicts is that
employers wish to avoid associating with those who end up returning to criminal
activity, but employers cannot be certain from information which among the
convicts will and which will not do so. However, the convicts themselves are
presumed to know their own intentions. Under this informational asymmetry,
employers choose not to hire any ex-cons leaving all of them unemployed.

Let us imagine a re-branding program run by the government along the following
line: There is to be a certifiable and costly activity such that, before going into the
labor market, ex-cons can elect to join this program or not. Those who will go
straight are more willing to join the program than those who will return to crime
because those going straight have greater gain from having a job in the market. The
collective reputation of the ex-con subgroup with the program certificate improves
with the greater fraction of ex-cons going straight joining the program, so that those
with the program certificate will be hired and those without it will not be hired by
employers in the labor market. That is, notwithstanding the informational
asymmetry and the adverse selection issue in the market, a government can
nevertheless design a costly program by means of which some ex-cons can credibly
convey their good intentions to employers. The social efficiency can be achieved by
the introduction of the costly program.

V. Conclusion

In this paper, we develop an identity choice model that can explain social
activities such as passing and selective out-migration from a stereotyped group,
loosening the assumption of group identity immutability in standard statistical
discrimination models. More talented members with low human capital investment
cost have a greater incentive to identify themselves with a group that has a better
collective reputation. The positive selection into a favored group plays a critical role
in causing human capital cost distributions between groups to endogenously diverge.
This model can be applied to many other social settings such as code switching
(Goffman, 1959) and generating certificates to fight against negative stereotypes (e.g.
re-branding ex-cons).
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Appendix

[Figure 1] Phenotypic Stereotyping Equilibria
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[Figure 2] Human Capital Investment with Affective Discrimination Absent
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[Figure 3] Human Capital Investment with Affective Discrimination
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Panel B. Case with t, < m,
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ABSTRACT

We study externality costs of capital investment under limited commitment. We solve for the
constrained efficient allocation with a limited commitment environment and find positive
externality costs of capital investment provided that full-risk-sharing is not feasible. In a
decentralized version of limited commitment environment, a one unit increase of capital
investment by an agent increases all individuals’ autarky values in the economy and generates
externality costs in the economy. This externality cost provides a rationale for positive capital
taxation even in the absence of government expenditure. In order to internalize this costs, the
government use a positive rate of linear capital tax in the decentralized economy.
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I . Introduction

In the Ramsey literature of capital taxation, Chamley (1986) and Judd (1985)
argue for zero capital taxation in the long run. Chari and Kehoe (1999) show that the
capital tax rate should be high initially and decrease to zero. Moreover, Atkeson,
Chari and Kehoe (1999) show that the zero capital taxation result is robust to a wide
range of the assumptions. Finally, Lucas (1990) argues that for the U.S. economy
there is a significant welfare gain to be realized in switching to this policy. In sum,
the zero capital taxation argument suggests that the current capital stock in the U.S.
economy is too low since the capital tax rate is too high, and that decreasing the tax
rate can lead to large welfare gains.

There is a competing literature that argues that certain frictions can rationalize
capital taxation. Aiyagari (1996) shows that with incomplete markets, agents have a
precautionary savings motive which leads them to overinvest in capital. He proves
that the optimal capital income tax should be positive in the long run so that this
over-investment is reduced.

Golosov, Kocherlakota and Tsyvinski (2003) obtain a nonzero optimal capital
taxation result by introducing incentive constraints, which arise from the private
information of an individual's idiosyncratic shock. To motivate high-skilled agents to
reveal their type, they argue that the tax burden of high-skilled agents should be
lighter than that of low-skilled agents. Kocherlakota (2005) decentralized the Golosov
etal. (2003) and shows that the average optimal capital tax is still zero in ex-ante sense.

We study another type of economy that is closely related to the recent literature1’
of endogenous incomplete markets where there is a continuum of households with
idiosyncratic shocks and there exists a complete set of contingent claims, but
financial contracts are not perfectly enforceable. As in Kehoe and Levine (1993) and
Alvarez and Jermann (2000), we have endogenous debt limits in the form of
enforcement constraints so that households are not able to accumulate more debt
than they are willing to pay back. If a household defaults on a financial contract, he
can be excluded from future contingent claims markets trading and can have his
assets seized. The private sector that faces a possibility of being debt-constrained in
the future has a higher discount factor for one unit of future consumption than does
the planner, who does not face this constraint.

In such an environment, we re-evaluate the zero capital taxation result in the
planner’s problem and find that there is in fact a role for capital income taxes. We
prove that the optimal capital tax rate should be strictly positive and should increase
over time up to a certain point. To do this, we first solve for the constrained efficient
allocations. Then we introduce capital taxation in order to decentralize the economy:
the tax on capital income is needed to make private agents internalize an additional
cost of capital investment.

1 Alvarez and Jermann (2000, 2001), Kehoe and Levine (1993), Kehoe and Perri (2002, 2004),
Kocherlakota (1996), Krueger (1999), Lustig (2006) and among others. Moreover, Abraham and Carceles-
Poveda (2007) study a similar economy and show a higher capital accumulation in the long run as a result.
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This additional cost obtaining from the limited commitment environment as
follows. A higher level of capital stock (capital investment) increases labor income
(marginal product of labor in equilibrium), which in turn increases the value of
autarky. Higher autarky values increase costs to the planner: the planner must
increase compensation to agents with binding enforcement constraints since these
agents might otherwise to be tempted to leave the risk sharing pool. A similar idea
arise in monetary economics literatures. If agents can use cash after defaulting on
their debt obligations, then it might be optimal to tax on cash as shown in Aiyagari
and Williamson (1998).

This can be seen by examining the effect of an additional unit of capital at time T:
increasing the capital stock at period T by one unit improves the marginal
productivity of labor, which directly improves autarky values in periods t =1,-+, T;
thus all earlier enforcement constraints (from ¢ =1,:-,T') become tighter. We call this
additional compensation an “externality cost”. This positive externality cost implies
non-zero capital taxation in the decentralized economy.

We decentralize the constrained efficient allocations with solvency constraints
and a capital tax. Solvency constraints are constructed in the same way as in Alvarez
and Jermann (2000). Our construction of the capital tax is different from that of
Kehoe and Perri (2004) in a sense that we introduce financial intermediaries which
enable us to have a linear capital tax, whereas Kehoe and Perri’s capital tax rate was
agent-specific2. Abraham and Carcles-Poveda (2006) decentralizes their constrained
efficient allocations by imposing capital accumulation constraints on the capital
holdings of a financial intermediaries in an economy with a finite number of agents.

We do not address how to design a labor income tax that supports the
constrained efficient allocation. This is for the following reasons. First, traditional
Ramsey literature argues that the capital tax rate should be zero even in the absence
of a labor tax. Second, introducing a labor tax does not change our result of positive
capital taxation as long as the externality cost is positive (this is the case when the
full-risk sharing is not feasible). Labor tax, however, may lower the steady state tax
rate on capital income in the quantitative analysis since a positive labor tax will relax
enforcement constraints.

This paper is organized as follows. Section 2 describes the model economy and
characterizes the constrained efficient allocations of this economy. Section 3
characterizes the steady state constrained efficient allocations. Section 4 decentralizes
the allocations with capital taxation and solvency constraints. Section 5 concludes.

II. Model

1. Environment

There is a continuum of agents of measure one. They receive an initial promised
utility (vo) and initial idiosyncratic shock (sy) over an initial joint distribution ®.
There is a single, non-storable, consumption good. The agents rank consumption

2 In theirs, there are two countries (agents) and tax rates are different for each country (agent).
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streams {c,} according to the following preference:

i Z Bim(st | so)u(ce(vo, %)

t=0 st

where we assume the power utility with risk-aversion coefficient y:

ce(vo,sHY

ule(vo, s9) = ==

There is no aggregate uncertainty. The only event that each household faces is a
stochastic idiosyncratic labor supply shocks. Each event s; takes on values on a
discrete grid S = {sy,-:-,s;-+,s;}. The idiosyncratic shock s follows a Markov
process with a transition probability m(s’|s). We assume the law of large numbers
holds so that the transition probabilities can be interpreted as the fractions of agents
making the transition from one state to another. In addition, we assume that there is
a unique invariant distribution [[(s) in each state s. Again, by the law of large
numbers [](s) is the fraction of agents drawing s in every period. We denote st as
the history of shock realizations:

st = (50'51""'st—1' St)

We assume that an aggregate labor supply is perfectly inelastic for all periods
and denote itas L. Anagent’s labor supply (hours worked) is denoted by

L-s

We normalize the average idiosyncratic labor supply shock to be one.

1=-[Std¢t

The output in the economy is produced using a single technology that exhibits
constant returns to scale:

Yy = F(K¢, L)
= KfLY®
where F (-, -) is a production function, and K, and L, denote the aggregate capital
input and the aggregate labor input respectively. We use a Cobb-Douglas
production function with capital income share « € [0, 1].

The feasibility constraint for the economy is that the output can either be
consumed or invested in the capital stock of the next period:

Z J- ¢ (0, sOT(st]s%) dDy + Kpyy = KEL'™* + (1 — 8)K,, for vt
St
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where § € [0, 1] denotes the depreciation rate of capital.
2. Enforcement Technology

Following Kehoe and Levine (1993) and Kocherlakota (1996), this literature
commonly assumes that in the decentralized economy, households are excluded
from financial markets forever when they default. We assume a more severe
punishment upon default: households are not only excluded from the contingent
claims markets forever but also (1) its current wealth is seized by the creditor and (2)
it cannot receive any lump-sum transfer from the government. That is, the household
loses all of its assets and income flows but its labor income cannot be garnished by
the creditor. Hence, its only source of income beginning from the default period will
be its labor income. The household who defaults at period ¢ will have the following
simple budget constraints for vVt > t:

C; = wyS.L

The autarky value Vg, at period ¢ can therefore be written as:

[oe]

Vaue (e f0d}20) = ) ) Bt (s7Is uCw, - Ls,)

=t s7|st

where w; denotes the wage rate.

The households face an enforcement constraint. That is, the allocations are
constrained so that planner makes them better off than autarky in every possible
node in history:

SN s 2y Y Bt s (K D I v 2 0,vst
1=t s7|st =t 57|st

1)

For the autarky value in the planner’s problem, we substitute the marginal product
of labor F; (K, L) for the wage rate w; from the equilibrium condition.

3. Planner’s Problem

As in Kochelakota (1996) and Alvarez and Jermann (2000, 2001), we set up the
planner’s problem to discuss the constrained efficient allocations.
Planner is assumed to be benevolent so that he maximizes the social welfare:

max

{ce, KHl}fZZﬁt7T(St|50)ao(170'So'Ko)u(Ct(Uo'St' Kt)) do,

Subject to
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Z f Ct (UO' St, Kt)T[(Stlso) dq)o S Ktazl_a - Kf+1 + (1 - 6)Kt-, Vt (Za)
st

D, 2 BT I u(er o, sTKD) 2 ) ) B ISR (6, D) - ) (20)
1=t s7|st T=t s7|st

Vt, V¥ (v, st)

where a, is a Pareto weight assigned to the each agent by the planner and v, is
initial promised utility.

Planner maximizes the social welfare subject to constraints (2a) and (2b).
Constraint (2a) is a feasibility constraint which must hold for all # and constraint (2b)
is an enforcement constraint which must hold for all # and all (v,,s") and implies
that each agent’s continuation value in the risk-sharing pool (i.e. each agent's
continuation value of staying in the economy) should be at least as large as the value
of autarky for all # and nodes. Let the Lagrangian multipliers on (2a) and (2b) be
0.(K;) and Btm(s*|s®)u(vo, s, K;) respectively.

In order to make the problem recursive, we can define cumulative multipliers:

& (o, ", K¢ )?

¢ (vo, st Ky) = ag(vg, So, Ko) + Z ur (vo,s™, K;.),

sT=st

where s” is a subsequent history of s. We can rewrite cumulative multiplier
recursively

§e(o, st Ky) = &oq (0,851 Kemq) + pe (0o, 55, Ky,

o (0, 80, Ko) = ao(vy, So, K¢)

where {&,(vy, s, K;)} is a non-decreasing stochastic process.
The Lagrangian can now be written as

_ N t t SC(VO'Stﬁ Kt)u(Ct(Uo,St,Kt))
. f ZOZ/” " [—[fr(%,sﬂ Ke) = ao(vo, So, Ko)Ju(Frc(Ky, L) «zs,)] o

+igt(Kt)

The next step is to derive the first-order necessary conditions. The first-order
conditions are the following:

KEL7e+ (1 = 8K, — Keyy — Z J ct(vo, s, K)m(s|s?) d @,
st

3 See Marcet and Marimon (1999) for this cumulative multiplier method.
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6, = Br&u'(cy) 3)
0, = 9t+1[FKt+1,t+1 +(1-9)]

0,(F7 .0 (Kpyr, L) - Ls
_[Z f BRG) oy — g 2D Boe) g |
st+t 0Ki1q

Exemaly Cost

Equation (3) is the first-order condition with respect to an individual agent's
consumption. 8, is an aggregate variable since it is the shadow price of the
feasibility condition. &, is a summary statistic of an agent’s history. It measures how
severely and how many times the agent has been constrained in his history.
Therefore, equation (3) implies that the agent’s consumption is history-dependent
and that the agent’s consumption should be higher if he has a higher §,. We will
characterize the agent’s consumption allocation in the next section.

Equation (4) is the first-order condition with respect to aggregate capital
investment K,,,. The first line of the equation is a standard Euler equation. This
Euler equation, however, contains the second term which we call the externality cost.
This is the additional cost that the planner must pay in order to keep the agent from
defaulting. This term contains (1) all the multipliers on enforcement constraints as
summarized by the shadow prices (costs) of the enforcement constraints &, — a,(=
Yy + -+ fer1), and (2) an increment in per-period autarky value when the capital
stock is increased by one unit. To see how one unit of capital affects the externality
cost term, consider the effect of such a change on capital stock at period T. This
change will increase marginal product of labor, thereby increasing autarky values
(that are solely dependent upon labor income) and making autarky more tempting.
This change will affect all autarky values - and hence all enforcement constraints -
prior to period 7, and as a result increase the cumulative multiplier. We will also
characterize the capital allocation in the next section.

4. Characterization of Constrained Efficient Allocations

In this section, we characterize the constrained efficient allocations. We will first
characterize an agent’s consumption allocation and the shadow price of one unit of
consumption next period. Second, we will discuss the capital allocation and
externality cost that the planner encounters when he makes a capital investment
decision.

1) Consumption Allocations

Enforcement constraints introduce a stochastic element into the consumption
share of each household. The household’s initial promised utility, v, determines its
initial Pareto weight a, and this weight governs the household’s consumption share
in all future states of the world. When there are no enforcement constraints, the
household’s consumption share is constant over time:

FREIRASET T /2012, I
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£

where C(K,) = cht (v, 5%, K)m(st|s®) day,

1/Y] j 1/y dd)o

However, when enforcement constraints exist, the Pareto weights become
stochastic and so does the household’s consumption share. The household’s
consumption is characterized by the same linear risk sharing rule:

Ct(VOJSt' Kt) C(Kt)

&7 (o, s Ky
E[&" (o, 5K

Ct(vo,st» K) = C(Kp), (5)

where C(K,) = ZJQ (vg, s, K)m(st|s®) do,
t

The household’s consumption share is stochastic. Recall that &, (w,, s’ K;) is the
sum of all enforcement constraints in history s* plus the initial Pareto weight, a,,
and that these cumulative multipliers stay constant until the household switches to a
state with a binding enforcement constraint. When this occurs, the multipliers
increase so that the enforcement constraint is satisfied with equality.

Let hy(K;) denote the 1/yth cross sectional moment of the cumulative multiplier:

he(K,) = E[¢." (vg, 5%, Kp)]

This process h,(K;) is also a non-decreasing process and measures how many
agents become constrained and how severely they are constrained.

This risk-sharing rule implies that when the household does not switch to a state
with an enforcement constraint, its consumption share drifts downwards at the rate
of the growth rate of h.(K;). The derivation of the risk sharing rule is found in
Lustig (2006).

Next, we discuss the period t shadow price of one unit of consumption at #+1.
Combining the risk sharing rules (5) and the first order condition (3) we obtain a
expression for shadow price:

et‘+1 Kt+1
q:(K,) = ﬁt))
CKes )] [hesaKes)]”
[caq ] [ he(Ko) ©)
‘Rt(Kt)
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hes1(Ker)]” Tt
s he(ky) 17
measures the shadow cost of the enforcement constraints. As the growth rate of / (K;)

in the economy increases, the cost of the enforcement constraints increases and the
more the planner needs to compensate at t+1. Hence the price of one unit of
consumption increases.

This shadow price contains the multiplicative adjustment cost of [

2) Capital Allocations

In this part, let us characterize the capital allocation. We can rewrite equation (4)
together with equations (3), (5) and (6) as follows:

1= qt(Kt)[FK,t+1 +(1- 5)] = Xt+1

Where

m(sttl) do,

1 du(Fgpi1LNes1)
Xt+1 = yhy Z fﬁ”l [§eer — ao]L'télt+1

'BtC t gT+1 dKisq

The above Euler equation would be a standard one if it did not contain the
positive term x;,;, on the right hand side. As a result of this extra term, the standard
marginal return of investing one unit of capital exceeds the marginal cost of giving
up one unit of consumption in constrained efficient allocations. Hence, there is an
additional cost to the planner such that in equilibrium, the marginal benefit is equal
to the marginal cost. We call the term y;.,the “externality cost of capital
investment”. We argue that this externality cost of capital investment induces the
need for a tax on capital income in order to make private agents internalize the
externality in the decentralized economy.

Externality Cost of Capital Investment x,.,: we now focus on the externality cost
which is the last term on the right hand side of the Euler equation:

du(Ffpi1Lne41)
= E t+1 _ g N L) et
Xt+1 = 'Btc yhr t+1fﬁ [ft+1 ao] dKH_l Tf(S )d(DO
1 du(Fzpo1Lness)
— E Ly 4, + N Ltrl I ety 4. (7
,BtC yhr t+1'[ﬁ (41 Me + Heeal K,y (s doy (7)

This externality cost of capital investment consists of three parts. First, there is the

du(FZ,tﬂZn“'l)

incremental per-period autarky value of a one unit increase of the

t+1
capital stock. Second, the first part is multiplied by the all the earlier multipliers as a
shadow price (cost) of the enforcement constraints [y + uy + ==+ + pg + pie11]. Third,
this externality cost of capital investment is normalized by the period ¢ price of
consumption B¢C,"h!. Therefore, this is the cost at period ¢ that the planner should
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pay if he wants to increase capital stock by one unit at period 7+1. In order for the
planner to keep agents from defaulting, he needs to compensate the agents more
when he increases the capital stock.

Proposition 2.1 Externality cost of capital investment x.,q is positive unless the full risk-
sharing is feasible from initial period.

Proof. Proof is straight-forward from equation (7). Full risk-sharing means that no agent is
constrained and this implies that p,(vy,s)=0, Vt and V(v,,s') by Khun-Tucker.

Proposition 2.2 Externality cost of capital investment x.,q is zero if the value of autarky
does not depend on the capital investment.

u(FZ,t+1Z77f+1)

a
Proof. Proof is straight-forward from equation (7). If o =0, then y
t+1

should be zero.
II. Characterization of Steady State Allocation

We open this section with a definition of the steady state. We define the steady
state to be a state where all aggregate variables and the distribution of agents stay
constant. We assume that the economy converges asymptotically to the steady state.
It is important to note that even though the aggregate state will be stationary in
steady state, each agent’s consumption will still fluctuate over time.

In this section, we also explain how we compute the steady state allocations. To
summarize, consumption allocations and shadow prices are computed for a given
capital level, K; we then pin down the optimal steady state capital stock, given
steady state individual consumptions, c¢(v,, s*, K), shadow price R, and the invariant
distribution, ®.

1. Steady State Consumption Allocation

In this subsection, we discuss the individual household’s steady state
consumption allocations. Throughout this subsection, we take the steady state capital
stock K as given and then compute the steady state consumptions, a shadow price
and an invariant distribution. In the next subsection, we will discuss how to decide
the steady state capital stock K*.

For a given capital stock K, the aggregate steady state consumption C(K) is:

C() = F(R,I) - 6K

and we know this aggregate consumption should be allocated across the agents.

Externality Cost of Capital Investment in Limited Commitment
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C(K) = cht(vo,st,l?)n(stlso) dod,

We use consumption weights as state variables instead of cumulative multipliers
because we want stationary state variables. By (5), the consumption share of a
household (v, s, K) is defined as:

& (W, 54K)
we(v ,st,K) =
e he(K)

Notice that the individual's consumption share is history dependent and its
dynamics can be described as follows: when the agent (v, s") does not switch to a
state with a binding constraint, its consumption share next period drifts downwards
to:

he(K)
hesa (K)

wei1 (g, %, K) = we (v, s°, 1?)

= we (v, s, K)—=
o 9e(K)

By (5), when the agent (v, n') does switch to a state with a binding constraint, its
consumption share in next period is

he(B) &Y (o, 55 K)
hern(K) €17 (v, 54, K)

we 41 (v, st, I?) = w¢ (v, st I?)

Proposition 3.1 (Lustig (2006)) When the agent (vy, st) switches to a state with a binding
constraint, its consumption share equals to some cutoff level that does not depend on the
history s, if the labor supply shock is first-order Markov.

Proof. When the agent is constrained, the participation constraint is satisfied with
equality;

D BTt s (e o, 55 R0) = ) Y BTG | sYulR(R, ) - Lso),

1=t 57lst 1=t sTlst

Now, if the labor supply shock s is first-order Markov, then the value of autarky in
the right hand side of the enforcement constraint does depends on the current
realization of the shock s;. This implies that {c, (vy,s%, K)}{2; cannot depend on s*,
but on only s;.
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2. Determination of the Shadow Price
Proposition 3.2 For a given steady state capital stock K, if there is a unique invariant
distribution @* with no aggregate uncertainty, then there is a stationary equilibrium in
which shadow interest rate R™ is unique and constant.

Proof. Again we follow Lustig (2004).4 If there is a unique @% then it is clear that
there is a unique growth rate:

g = fzn(sqs)w'(w,s',z?) dd*
Sl

Tg (%) = Z fw

w(s")
n(s'|s)wd P~ +Zg(s’)f 7 (s'|s)wdd*
w(s" Py

and then this implies that there exists a unique constant shadow price R* that clear
the markets.

3. Steady State Capital Allocation

The optimal capital K* is pinned down such that the steady state euler equation
(8) is satisfied.

1 _ -

1= E[FK(K*) +(1-8)—Rx'(K)] 3
where
a1 =, du(FzLs")
"= Y|y - 20| gy Z2NTLE2 T e
X—Zfﬁg [a) h’VC 1K n(s') d®
S
/y

= Eh, ) is an individual agent’s consumption share tomorrow. This records how

the degree to which one agent has been constrained by the enforcement constraints
over his history since it contains all previous multipliers in it including the initial
Pareto weight. We subtract the initial consumption share since we do not have a
enforcement constraint at time 0. The initial consumption share part :T(;, will
approach zero as time approaches infinity since # is a non-decreasing sequence. Then
the aggregate steady state consumption to the power of y multiplied by an agent’s
consumption share tomorrow to the power of y is the inverse of the agent’s

marginal utility of consumption at +1. Finally, we convert the marginal utility of

4 See also Atkeson and Lucas (1995).
See also Krueger (1999): Lemma 16, 17, 19 and 21, and Theorem 18 and 21.
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du(F-Ls’
labor income with respect to capital investment, %, into time #+1 units of

consumption by multiplying by «'?C?.

IV. Decentralization with Solvency Constraints and
Capital Income Taxes

Consider now decentralizing the constrained efficient allocations as a competitive
equilibrium with capital taxes and solvency constraints. With these two instruments,
the government can mimic the distorted first order conditions that define the
constrained efficient allocations. The role of solvency constraints is the same here as
in Alvarez and Jermann (2000; 2001). The role of capital taxes is to make the
households internalize the externality cost that capital investment creates.

There are two assets available. We have a complete set of contingent claims
bey1(Se+1; Wo,n') at price q,. This is a security that pays one unit of consumption
good at t+1 if s;,4 is realized at +1. The other asset is capital asset K;,;, which
yields the return of 7.

Instead of using the initial promised utility v, to label the agents, we will use the
initial wealth W,. So each household will be indexed by a pair of (W, sy). We will
show how to construct the initial wealth below.

Firms

Firms operate production technology through a production function, F(K;,L;).
At period 0, taking a sequence of pre-tax wage rates {w,}, market interest rates {R,},
and corporate profit taxes T, as given, a firm chooses a sequence of capital stocks
K;.1 and labor demand L, that maximizes the discounted after-tax profit function:

t
max Zl—[ 1 (1 ) P
{Kiv1, Le} 1 Rs_l[ Tkt )P — It + 6T Ki

subject to

¢r = F(Kp, L) — oLy

Kipy = (A= 8K+ 1;
Where ¢, is corporate profit (capital income) and @, equals (1-7,,)w;. Note that it
is firms that must pay the tax, which is imposed on income paid to physical capital.

The firms’ problem yields the following first order conditions:

we = Fp,
1= qt[(FK,t+1 - 5)(1 - TK,t+1) + 1] €))
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where q; = Rl is an intertemporal price. Based on these optimal conditions, firms
t
make decisions on labor demand and capital investment.

Households

A household of type (W, s,) chooses a sequence of consumption {c,(Wy, s")}2,
and a sequence of contingent bonds {b;,;(W,,s")}2, to maximize his expected
lifetime utility:

[ee]

VW s K = max z z e er  Ce(Wo, s
Wo, 50, K0) = (e 3220, {bea1} 0 Fr(stlso) =7

t=0 st>s

subject to the usual budget constraint:

Ce t Z qebesam(Se41lst) = W,

St+1 —
Wisr = Wes1Seeal + beyq + Tria

and a solvency constraint, one for each state:

ber1(Serr; Wo,s°) 2 By (Sesrs W, s°),
given a sequence of prices and policies {w¢, 1, G, Tres Tt Yemo

Government

The government collects tax revenue from financial intermediaries and transfers
it to households in a lump-sum fashion such that her budget constraint is the
following:

Ty = Ty (re — 5K,

Notice that we don’t have any government spending in this model.

1. Competitive Equilibrium

Definition 4.1 A competitive equilibrium with capital income tax {ty,} and
solvency constraints {B,,} for initial distribution @, over (W, so) and capital stock K,
consists of a set of allocations, {c,(Wy,s")},{b,(Wy,s")}, and {K,}, a set of prices, {r;},
{w¢} and {q.} and policies {tx ., T;} such that (1) Given the set of prices and policies, the
allocations solve the household’s problem,(2) Given the set of prices, the allocations solve the
firm’s problem, (3) the government budget constraint holds, (4) the resource constraints hold
and (5) the markets clear;

Externality Cost of Capital Investment in Limited Commitment

31



32

1. Zjbt Wy, sHT(st|s?) ddy = [1 + 7 ]K,, for VE
S,

2. Z f ce Wy, sHT(st]s%) ddy = KFLY* — Koy + (1 — 8)K,, for Vit
st

3. L, =1L, for Vt

Definition 4.2 Following Alvarez and Jermann (2000), borrowing constraints are not too
tight if they Satisfy

V(Et'st'Kt) = Voue (¢, Ke) Vst

The link between enforcement constraints in the planner’s problem and solvency
constraints in the household’s problem is the following. When an enforcement
constraint in the planner’s problem binds, the corresponding solvency constraint in
that state will bind. This condition guarantees that the borrowing constraints prevent
default by not letting the agent accumulate more debt than they are willing to pay
back.

Definition 4.3 The price of the contingent claims are not too high if the infinite sums of the
Jorm are finite for all equilibrium object X, ;

oo
Z ep+jXerj < ©
=1

This condition guarantees that in a decentralized equilibrium, the present value
of any allocation is finite. We use it to show that the value of the constructed assets is
finite and that the household’s transversality condition holds.

Proposition 4.1 Given allocations {c,(Wy, s*)} and {K,} that satisfies
1. the feasibility condition at any period,
2. the enforcement constraints at any period and any state,
3. that the implied price of contingent claims are not too high and
4. that the marginal utility of consumption stays finite:

tlim E,u(c) < oo

then there exist processes {bt(WO,St),Bt,Tt, we, G, Te} such that sequences {c,(Wy,s")},
{ber1(Wo, sH)} and {K,} compose a competitive equilibrium given the prices {r., ws, q;},
the solvency constraints {B;,,} and the taxes on capital income {ty:}. In addition, the
borrowing constraints are not too tight.

Proof. See the Appendix.
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2. Steady State Capital Tax

This subsection explains how we compute the steady state capital tax rate.
Equation (10) is the planner’s Euler equation, upon which the planner bases his
capital investment decision and Equation (11) is the financial intermediaries’” no
arbitrage condition in the competitive equilibrium. We choose the steady state tax
rate such that these two equations are consistent with each other.

1=q|FcEH+1-8)— @ (10)

=q[(1 -7 (Fx —8) + 1] (11D

In order for the second welfare theorem to hold, two Euler equations should be
equivalent and consistent and the capital tax rate can be backed out of the following
equation:

- x(K™)
K q(Fe—6)

Proposition 4.2 If y(K*) = 0, then T = 0.
Proof. Proof is straight-forward from equation (12).

(12)

V. Concluding Remark

We study optimal capital taxation under limited commitment. We prove that the
optimal tax rate on capital income should be positive in steady state and should be
increasing over time provided that full risk-sharing is not feasible.

A one unit increase of capital investment by an agent increases all individuals’
autarky values in the economy and generates externality costs in the economy. This
externality cost provides a rationale for positive capital taxation even in the absence
of government expenditure. Moreover, even with an aggregate uncertainty, this
externality of capital investment still provides a theoretical role of positive capital
taxation.>

In addition, a positive capital tax rate is induced by the existent of the capital
investment externality, regardless of the size of aggregate uncertainty. The level of
the tax rate however should be dependent on the current level of capital stock, as we
can see equation (7) and (12).

To the best of our knowledge, this is the first paper to study optimal capital
taxation in a limited commitment environment. Furthermore, this paper studies a
model of risk-sharing to the fiscal policy literature and suggests that risk-sharing has

5 Capital accumulation dynamics with aggregate uncertainties is not discussed in this paper. With
aggregate uncertainty, the distribution of agents becomes one of the key variables, which limits our further
analysis.
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important consequences in designing the optimal fiscal policy and should not be
overlooked. For further study, one can quantitatively evaluates the optimal long-run
capital tax rate.
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Appendix

1. Invariant Probability Measure in Steady State

Given the monotonicity assumptions we must impose on m, we know that the
consumption weight w stays within a closed domain W because we know that
w € [w(sy,K), w(sy, K)] since g is bounded. If some agent starts with an initial
weight ay = w(s,, K) his consumption weight drops below w(s,, K) after a finite
number of steps unless there is perfect risk sharing.

Let W = [w(s1,K), w(s,, K) and B(W),P(S) be the set of Borel sets of W and
the power set of S respectively. The cutoff rule together with the transition function
n for the labor shock process jointly defines a Markov transition function on shock
realizations and consumption weight: Q: (W x §) x (B(W) X P(S)) - [0,1] where

Q(w,nW,S) = z {ﬂ(g’) ifw ew

else
s'es

Given this transition function, we define an operator T* on the space of probability
measures A(W x S), (B(W) x P(S))) as

(T*o)(W,S) = f Q(w,s,W,S) dd

forall (W,S) € B(W) x P(S). Note that T* maps A into itself.! A fixed point of this
operator is an invariant probability measure. Let ®* denote the invariant measure
over the space (W x S5), (B(W) x P(S))) that satisfies invariance:

T*®*(W,S) = d*

In this section, we address the question of whether such a probability measure
exists and is unique. Intuitively, this invariant measure describes the long-run cross-
sectional distribution of the agent’s consumption shares implied by the planner’s
social welfare maximizing policies.

1 See Stockey et al. (1989), Theorem 8:2.
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Proposition 5.1 For a steady state capital stock K, there exists a unique invariant
probability measure, .

Proof.
This proof follows Lustig (2004)2. We define an operator on the space of
probability measures A((W x S), (B(W) x P(S))) as:

T*A(W,S) = J Q((w,s),(W,S)) dA

A fixed point of this operator is defined to be an invariant probability measure. To
show there exists a unique fixed point of this operator, We check condition M in
(Stokey, Lucas, and Prescott (1989), p.348). If this condition is satisfied, we can use
Theorem 11:12 in Stokey, Lucas, and Prescott (1989) p.350. To be perfectly general, let
W = [w(sy, K), Wy, ¢]. There has to be an € >0 and an N >1 such that for all sets
w,Ss

Q" ((w,s), W,S)) = e and Q" ((w,s), (W,S)°) > €
It is sufficient to show that there exists an € > 0 and an N =1 such that for all

(w,5) € (W,9): Q" ((w, ), (W, ax Sn)) = €, but we know that Q((w,s), (W v Sn)) =
(Sp|S). If Wy ax = W(Sy, K) then define

w —
N =ma {n=>0: %st(sn,K)}

where N is finite unless there is perfect risk sharing. Then we know the
QY ((w,1), (W a0 Nn)) = € where

€ =(snls) - (m(spls)" ™.

If Wy ax < W(sy, K), the proof is immediate by setting € = m(s,|s). This establishes
the existence of a unique, cross-sectional distribution.

2 See also Atkeson and Lucas (1995). See also Krueger (1999): Lemma 14, Corollary 14 and Theorem 15.
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2. Proofs

Proof of Proposition 3.3
Again we follow Lustig (2004)3. If there is a unique @~, then It is clear that there
is a unique growth rate:

g = on(s’l Sw'(w,s', K) dd*
Sl
w(s")
Tg(®*) = Z f (s'|s) wdd* + Z w(s") f 7 (s'|s)wd d*
o Y w(s") Py
and then this implies that there exists a unique constant shadow price R* that clear

the markets.

Proof of Proposition 4.1
By construction, first construct the equilibrium prices and transfer as follows

1y = F(Kg, Le)
we = FL (K, L)

_ Uct+1
Qe t+1 = maxifp

Uce

8 (Ct+1)_y (ht+1)y
t+j-1

Quevj = | | qii+1
i=t

T, = TK,t(rt — 0K,

Next, construct the initial wealth and the asset holdings as follows:

W():EO

z Qo,c(cy —weseL —Ty)
t=0

and

3 See also Atkeson and Lucas (1995). See also Krueger (1999): Lemma 16; 17; 19 and 21, and Theorem
18 and 21
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(oo}
b, =E; Z Qre+j(Cevj — ey jSeajL — Ty j)
j=0

Under condition 4, these sums are well-defined. Finally, the construction of the
solvency constraints (borrowing limits) is identical to that in Alvarez and Jermann
(2000, 2001). It

Qet+1 " Ucr > BUcrsr

then set Byy1(Mev1; Wo,n') = beyq otherwise set Byyy = —E[Qq 41 (weneL + T)]. For
¢t > 0, the tax on capital income is backed out from the financial intermediaries” no
arbitrage condition

1=qe41[1+ (1 - TK,t+1)(7”t+1 —-9)]

sothat Ry, =1+ (1 - T,(’Hl)(rpr1 — ) is set equal to L l(i)_y( bt )y, for

dee+1 B \Cry1 hty1
t = 0, weset Ry = 1. To check the constructed assets are budget feasible and that the
transversality conditions for the household are satisfied. We use the budget
constraint to construct asset holdings at each time and state so allocations are budget
feasible. Budget constraints together with government budget constraint and market
clearing condition guarantee that the allocations are also resource feasible. It is easy
to show that the transversality condition for the bond holds,

lim Eq Buc,[by — B] = 0

t—oo

is satisfied assuming that

lim EO ﬁtuclt =0

t—oo

which is satisfied by condition 4.
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ABSTRACT

This paper investigates the effect of competition on innovative activity. In the research
contest, the foremost reason for limiting entry into tournaments is to raise the level of
contestant’s effort and to make the firms compete so that high value of innovation will be
procured. Thus, a sponsor (or government) needs to take account into effort-inducing effect as
well as effort-reducing effect from competition when she restricts entry. In this paper, this
competition effect will be analyzed for the model of procurement for innovation, and it is
shown that the individual effort level is not monotonic to the number of contestants.
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I . Introduction

Competition can be used to create incentives for productive effort. In
environments with several employees, tournaments provide a way to reward effort
without requiring that the efforts of the employees be directly monitored. In
procurement, tournaments are widely used to induce effort. However, disincentive
to make effort can arise due to increasing competition. As McAfee & McMillan (1995)
observe,

Game-theoretic analysis suggests ways of optimizing tournaments to maximize
firm profits. . . . it may be desirable to limit entry into the tournament, so as not to
dilute the incentive effects of the prize. (p.266)

The foremost reason for limiting entry into tournaments is to raise the level of
contestant effort and to make the firms compete so that high value of innovation will
be procured. Thus, a sponsor need take into account effort-inducing effect as well as
effort-reducing effect from competition when she restricts entry. In this paper, this
competition effect will be analyzed, especially for the model of procurement for
innovation.

II. Research Contest and Competition

1. The Model

There is a pool of identical research firms standing ready to participate in the
following contest. At date t = 0, the sponsor invites N =2 firms to enter the
tournament. Each firm is required to pay an entry fee E in order to compete for a
fixed monetary prize P > 0. If fewer than two firms enter, the contest is called off.
Otherwise, the prize is awarded to the contestant that has produced the innovation
of the highest value to the sponsor at t = 2. If more than 1 firms are tied with the best
innovation, then the winner is randomly selected from among them with equal
probability. At date t = 1, the cost of conducting research, which is independent
across firms, is realized for each firms, and firm's decision to conduct research is
taken. The sequence of this model is depicted in Figure 1.

When a firm conducts research, then the value of innovation is realized
independently. The distribution of potential innovation values when a firm conduct
research is denoted by F, defined on [0, a] with F(0) = 0 and a<oo. If a firm does not
conduct research, the value of innovation is zero. The cost of conducting research in
period 1 is denoted by c¢; for the firm i. The distribution of cost is denoted by G,
defined on [0, b] with G(0) = 0 and b<co. Assume that F and G have finite mean and
strictly positive density f and g respectively, everywhere on domains. Thus, if firm i
decides to conduct research, it bears the cost ¢; and obtains a single draw, z;, which

Research Tournamint and Competition Effect

43



44

[Figure 1] Sequence of the Play

t=20 =1 =2
- P and E are determined. - ¢’s are realized. - P is awarded.
- Entry Decision by firms. - Research Decision by firms.

is the value of innovation from the distribution F.

While the sponsor can evaluate the value of innovation, that value is not
verifiable by a court since contract courts seldom possess the ability or expertise
necessary to evaluate technical research projects. Also, research effort by firm is
assumed as private information. Taylor (1995) observes that conducting a tournament
can resolve these problems, as the act of exchanging the prize for an innovation can
easily be verified and enforced by a court. Finally, all of the features of the model are
assumed to be common knowledge among sponsor and firms.

2. Equilibrium Play and Tournament Design

The previous section describes the game where N players play with imperfect
information. The strategy of each contestant is a sequence of state-dependent
decisions. At t = 0, each invited firm decides whether to participate. After that, each
firm decides whether to conduct research at ¢ = 1, given the number of its rivals as
well as the realization of cost. Any firm choosing not to participate the tournament
receives the reservation profit, which is normalized to zero.

At t = 1, a research firm i makes research decision, which depends on the
realized cost and other firms' behavior. Let's denote P, as the probability of the
event when only j among N — 1 rivals will decide to conduct research. Then, a
contestant with cost level, ¢;, will conduct research if and only if

, P
PO = e 2 5+ Po, (1)
Where
: 1 1
H ={:P0+ E'P1+"'+ﬁ'?N_1 },

Note that []' is the probability of firm 's winning the contest given other firms'
research conduct strategies, if a firm decides to conduct research. Now, the following
Lemma 1 describes the equilibrium play at t =1.

LEMMA 1 At t =1, there exists ¢ € (0,b] such that a contestant will conduct research
ifand only if ¢; < C, with other contestants' behavior fixed.
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PROOF: Given other firms' strategies, P's and [[' are constant at ¢ = 1. Note that
Hi—§> 0.Thus, weget ¢ >0. m
0

If P>b - (L), then ¢ = b, so the firm always conducts research. In other
N [T -Po

words, if b is small enough, or if the prize is large relative to the cost, then the firms
in the pool always conduct research as in Taylor(1995). Otherwise, ¢ = P -(]'[i -

%) € (0,b).

Lemma 1 states that the firms use pure strategy at period 1. Also, Lemma 1
guarantees the interior level of ¢, unless b is too small. The threshold level of cost, ¢,
depends on the number of contestants in the pool and the relative size of the prize to
b. Now we state the main result of this section.

PROPOSITION 1 The unique perfect equilibrium at t =1 is for each contestant to adopt
the same c* threshold strategy.

PROOF: Lemma 1 establishes that every firm uses a threshold strategy at t =1,
and each threshold level of cost satisfies (1) with equality given other firms'
threshold levels. Then, an equilibrium of the research behavior is any vector
(ci, ..., cy) satisfying the research incentive constraints, (1), for all contestants.

Let's pick any solution and consider two arbitrary firms i and j. Consider the
resulting projection of these two firms' best-response functions to one another's
strategies, while holding fixed the strategies of all other contestants. Let ¢;(c;) be
the firm i's best-response when the firm {’s threshold level is ¢;. With (1), it can be
easily shown that ﬁ < 0. Thus, we have ¢;(c) = ¢/(c) = ¢*, ¢/(¢;) and ¢ (c)
are symmetric and cross only once on the 45-degree line. This establishes uniqueness
of equilibrium play on the research subgame att=1. m

We demonstrate that asymmetric equilibrium does not exist, so the game at t =1
has a unique equilibrium which is symmetric. Even though it is not surprising that a
symmetric game with identical players has a symmetric equilibrium, the absence of
any asymmetric or mixed strategy equilibria is uncommon. The main advantage of
uniqueness is that it ensures that the sponsor's tournament design problem is well
defined. From now on, subscript i will be omitted for simplicity.

Let ®(x) be the cumulative distribution function for the value of a contestant's
innovation under the equilibrium strategy above. This is given by

_ (1-G(c") if x2=0,
P = {I—G(c*)+G(c*) CFx) f0<zx<a @)

The sponsor's expected payoff at the beginning of the tournament is, therefore,

the collected entry fees plus the the equilibrium expected value of the best
innovation net of the prize
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V= NE+ jamcpN (x) — P, (3)

0

where @V (x) is the distribution of the best innovation discovered by N
contestants in the tournament. By integrating by part, (3) can be written as

V= NE+ Ja{l—GJN(x)}dx— P. 4)
0

Now, consider the entry decision by firms at + = 0. A firm will enter the
tournament if

P C*ch E>=0 5
¥ ate@-E =0 ©

where the left-hand side is the expected payoff when it decides to enter with
N —1 other firms. It is assumed below that, if (5) binds, all V' firms enter in
equilibrium.

Now, consider the tournament design by the sponsor. The optimal tournament
for the sponsor maximizes the expected payoff, V, subject to the participation
constraint (5), where the threshold level is determined by

1—G *\\ N —1 G *l_G *\\ N =2 N—l
c*=P{( (10 ) 4 () ( _ (D)) ( 1 ) ©
G(c)?- 1 -GV N-1 G(cH)Vt
3 ( 2 )+ o T}
or
. 1 (1—=G(e)HN
©= P’{N-G(c*)_ N -Gl } @

Some important features of optimal tournament scheme can be shown. The
following results describe characteristics of optimal tournament to the sponsor.

LEMMA 2 With the optimally designed tournament, the participation constraint is
binding.

PROOF: Suppose the participation constraint (5) is not binding. Then, the
sponsor can increase the payoff by raising the entry fee while satisfying the
participation constraint. Thus, the participation constraint should be binding with
optimal tournament design. m

PROPOSITION 2 Optimally designed tournament maximizes the social welfare.

RS R /2012, 1|



PROOF: Social welfare at the beginning of the tournament is the expected value
of highest innovation net of expected costs to the participants, or

SW = fa{l—CDN(x)}dx—J\f-fcch(c).

Since (5) is binding with optimally designed tournament, the sponsor's problem
becomes

a c*
maxV = j {1-o"(x)}dx —N- f al G(c),
0 0
which is identical to the social welfare function. m

The result above is analogue to the two-part tariff in monopolistic market. The
sponsor in our model behaves like a monopolist to set up the entry fee and the prize.
The prize is to induce the individual contestant's effort while the entry fee is to
recoup the cost of contest. However our model differs from two-part tariff in that
there's only one prize awarded ever and that the sponsor limits the number of
contestants directly.

Note that previous analysis is based on the assumption that the firms are not
capital constrained. However, it is not rare that the contestants have only limited
resource which is less than c¢*+ E. If the contestants are capital-constrained,
optimally designed tournament does not maximize the social welfare in general. In
that case, the sponsor may need to set up negative entry fee or subsidy in order to
get the desired level of innovation.

3. Number of Contestants and Effort Level

The foremost reason for limiting entry into tournaments! is to raise the level of
contestant effort. Nalebuff and Stiglitz (1983) showed that a reduction in the overall
level of effort may be resulted by allowing too many workers to compete for a prize
in labor tournaments. Taylor (1995) demonstrated, for research tournaments with
homogeneous contestants, that allowing too many contestants reduces the total level
of research effort and lowers the expected outcome of the tournament. If there are
too many participants, contestants are discouraged from expending effort because
their probability of winning becomes too small. The main purpose of a tournament is
to make the firms compete so that high value of innovation will be procured. Thus, a
sponsor need take account into effort-inducing effect as well as effort-reducing effect
from competition when she restricts entry.

The level of threshold cost is determined by the equation

1 Fullerton and McAfee (1999) suggested other reasons for limiting the number of participants such as
the need to save on the cost of conducting and evaluating the competition. Also if there is significant level
of sunk costs, limiting entry into tournaments is beneficial.
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1 —G@)" ~

Ke V) =P 6@~ ¥ 60

=0, ®)

where P is pre-determined by the sponsor. Then, we can find a unique ¢* which
satisfies (8) given any V' = 2. Let c(NN) be the threshold cost level, which is a function
of the number of contestants. For convenience, the integer constraint on the number
of firms is ignored. By Implicit Function Theorem, we get

IK(¢c, V)
0c(V) _ ToanN ©)
N — OK(e,N)
dc
The denominator of (9) is negative as aK(CC'N) =P-H'(c)—1 <0. Hence,
N—
. Ha=6@)"
0vr—rr N -G(c)
dec(IV) {N . G(c)}
FIG > ()0 FI: o > (<)0.

In the right hand side inequality above, the first term is negative while the second
term is positive. Here, N -G(c(N)) is the expected number of contestants
conducting research at t+ = 1, when they are using the equilibrium strategy. Note
that 1/{V - G(c)} is the probability of winning the contest for a contestant, which is
decreasing in V. Thus, the first term captures the effort-reducing effect of increasing
number of contestants in the pool.

On the other hand, the second term incorporates the effort-inducing effect from
the competition, as (1 — G(¢)))" !/ is the probability of winning the contest if a
contestant chooses not to conduct research. With more participants in the pool, a
contestant without research has less chance of winning the prize, which stimulates it
to conduct research in order to be the winner. Clearly, the total effect from the
competition is ambiguous. However, if the number of firms gets larger, the effort-
inducing effect from competition is dominated by the effort-reducing effect. We can
use the following result to verify that.

de()

PROPOSITION 3 There exists N' < oo such that === < 0, for all N = I

PROOF: Here, we get

(1- G(c))N_l}
1 0~
) { V@

oN oN

_ ]\% (—1+ (1= -In(1 =G} (1 -GV 1.
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Now {1 = -In(1—-G(c))} (1 —G(c))V ! is decreasing in IV and converges
to 02. Then, we can find V' which satisfies

(1-~-Im@-6E)}-(1-6@)" " =1.
Finally, set V' = max{2, N'} and we get the desired result. m

Although the above lemma states that the individual effort level decreases
eventually as V' increases, it can be increasing for small N'.3 This is in sharp
contrast to Taylor (1995), in which the research effort by each firm decreases with the
number of the contestants. As more firms participate, each firm becomes increasingly
reluctant to make a sunken investment since it becomes more pessimistic about its
chances of winning. This result depends on the deterministic cost structure in his
model. Every firm in his model is assumed to have the same cost level and ex ante
known. A similar result can be found in Che and Gale (2003), where an auction is used
for the procurement of an innovation. They show that the optimal number of bidder
is two when the contestants have deterministic technology in making innovation.
Our model demonstrates that the individual effort level can be non-monotonic to the
number of contestants when we consider “randomness” in cost to make research.
This suggests that more than 2 contestants may be needed to stimulate innovative
activity, when we consider uncertainty in research technology. The following
examples support this argument.

1) Numerical Examples

m LetP=1,G(c)=cfor ¢ € [0,1]and b = 1. Then, the interior solution of c* is
guaranteed as b > P/N. We have K(c, N) as

1 1-c)V 1

=0.
N ¢ N-c ¢

The result is summarized in Table 1. Note that the effort-inducing effect and the
effort-reducing effect are canceled out when the number of firms is increased from 2 to 3.

<Table 1> ¢(N') With Uniform Distribution

N=2 N=3 N=4 N=5 N=6 N=7 N=8
¢(NN) |.5000000000.5000000000.4586187350{.4214098620{.3907362347 |.3654148422 |.3442087662
Py 25 125 .0859039018 |.0648418108|.0511484056 |.0414409184 |.0342077773

2 Note that

A{1-N-h (1-G(e)}-(1-G(eHV !

oN
= —(1-GE)"™* ‘In(1-G()) - In{1 - G(c)}" <0.
3 See the examples in the following section.
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<Table 2> ¢(N') With Exponential Distribution

N=2

N=3

N=4

N=5

N=6

N=7

N=8

c(N)

.5000000000

5296112735

4952144042

4574100622

4242620688

3961815016

3723832502

Py

3678794412

2041635643

1379508775

1015656074

0784281459

0624574027

.0000000001

[Figure 2] Numerical Examples of Competition Effect

e{ V)

1
2

eo: Uniform Distribution
#: Exponential Distribution

[3%]

[y 4
f=x}

oo

m Consider the case where G(c) = 1- exp(-c). Then, we get

1

expl(—¢) - (W = 1)}

K(c, V) =

N-(L—exp(-c)) N -(1-exp(—0))

c=0,

when P = 1. In Table 2, we can see that the effort-reducing effect of competition is
dominated by the effort-inducing effect when the number of firms is changed from 2

to 3. Here, we have IV = 3.

50

4. Heterogeneity and Innovative Activity

So far, we assumed homogeneity of contestants in the pool. Actually, it is more
realistic to consider the heterogeneity of participants. Kaplan et al. (2003) suggest that
the cost of an established and well diversified firm is different from that of a smaller
competitor. The larger firm already has the necessary infrastructure for the product
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introduction, while the smaller firm does not have the same capabilities and would
find it more costly to innovate. We can incorporate this to our tournament model
with different cost distribution.*

We can model this environment in a similar way to our symmetric model.
Suppose there are 2 firms in the pool; firm 1 is a strong firm, and firm 2 is a weak
firm. Each firm i has G'(c) as cost distribution, and G?(-) first order stochastically
dominates the distribution G*(-).This implies that Firm 1 is more likely to get less
costas G*(c) < G*(c) for every c.

Each firm's threshold level, ¢t*, satisfies

G’ ..
2 C

=5 - {1-eEe),

P {1 - G%(c®) +
and

P- {1 —Gl(c™) + G (20 *)} —c*

From the above equations and by that H(c) = 1/2 when N = 2, we obtain

N | g

{1 -G}

This threshold level of costs is independent of the distribution function. With this
result, we get the following Proposition.

PROPOSITION 4 More efficient firm is more likely to make innovation.
PROOF: It is trivial, as G!(c'*) = G?(c?*) when c!* =c?*. m

This result shows that the sponsor of a tournament will be interested in the
efficiency of the participants. In the invitation stage, the sponsor is likely to sort out
the inefficient participants to increase the expected value of innovation. So, this is
helpful in explaining the behavior of sponsor or the structure of tournaments.

III. Concluding Remark

In this paper, we show that the individual effort level is not monotonic to the
number of contestants but the effort level decreases with more contestants in the
tournament eventually. This can be used to derive the optimal number of bidders in
auctions, especially all-pay auctions. Conducting research is making aggressive bid
in auction while not conducting research is being passive in bidding. Each bidder has

4 For details, see Martin (2001) for the reasons of the advantages of large firms in research.

Research Tournamint and Competition Effect

51



52

a knowledge of her preference, which is captured by cost level in our model. Given
preference realization for the item, every bidder decides to make aggressive bid or
passive bid. Then the auctioneer should consider the number of bidders to derive
more revenue exactly the same as the sponsor in our model. We hope that this paper
enhances our knowledge about the innovative activity and competition effect.
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ABSTRACT

In Korea, energy policies are actualized through various energy-related plans. Recently,
however, as high-ranking plans, which are very vision-oriented, continually set higher
sector-by-sector goals, subordinate action plans, which require consistency, encounter
distortions in their establishment process. Also, each subordinate action plan reveals
limitations in terms of securing flexibility of the plan in responding to uncertainties of the
future. These problems pose potential risks such as causing huge social costs. In this regard,
with an aim to provide empirical evidence for discussions on improving the procedure for
developing and executing Korea’s energy plans, this study mainly analyzes the Basic Plan
on Electricity Demand and Supply—one of the most important subordinate action plans—in
order to explain the problems of the Basic Plan in a logical manner, and potential problems
that could occur in the process of sustaining consistency between the Basic Plan and its
higher-ranking plans. Further, this paper estimates the scale of social costs caused by those
problems assuming realistic conditions. According to the result, in the case of where
maximum electric power is estimated to be 7% (15%) less than the actual amount in the
Basic Plan on Electricity Demand and Supply, the annual generation cost will rise by 286
billion won and (1.2 trillion won) in 2020. Such social costs are found to occur even when
establishing and executing the Basic plan according to the target goal set by its
higher-ranking plan, the National Energy Master Plan. In addition, when another
higher-ranking GHG reduction master plan requires the electricity sector to reduce emissions
by additional 5% in the GHG emissions from the right mix in electricity generation with
‘zero’ cost of carbon emission, the annual generation cost will rise by approximately 915
billion won in 2020. On the other hand, the analysis finds that since economic feasibility of
electric powers in Korea varies significantly depending on their type, Korea is expected to
face very small potential social costs caused by uncertainties over the future price of carbon
dioxide in the process of establishing the Basic Plan.
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[Figure 1] Vertical Structure of Energy—Related Plans

Basic Flan to cope with
dimate change

Basic Plan on sustainable
development

Master Plan on greenhouse

Energy basic plan gas raduction
Basic plan on efficient Basic plan on energy
energy usage resource R&D

Basic planaon Basic plan on
Oil reserving plan OVETSEAS rEsOUrce underwater mineral
development resource development

Basic plan on Natural gas supply Basic planon Lang-term plan on

Elzﬂzd”g?n::ﬁg‘y and demand plan renewable energy coal industry

hgstel ARlo] -GS Bhusie Suold A Holw otk oljd EAISS %

g 4 uge 2 dHe gEsk ok oS Sof deiErie
o Aeigel st gAY, A7) AdAE deigagel Sof wet
A msHE, AR RAS] uek A/ARE o - SR 5 AR ol
sl st ik §F Usle] dvlad SEe sjEAoR 1 ele] wAY 1A
Eohonls ABSREARS ) A Aol lxsle] Seluele A
| AT B AARE Sdelths ol ule Fasih et deieg)
AR I A BRI YRR ] deea ool A
A wEsloll AFAHCR HH AUTHS DA Riks vime] Agaom
A1} Steks A SR AR el 1ol SRR 2008del Al

1o o

N

3 20089 71 Seuele) AlaT SEE AThE ARl OBCD SbS 7hed] TR v 4]
B(RAI2000), Tlob $elfell wua Folst Aol Seldet ArlaTe Anjert 299
U 59k Aok BAE ERjitiols 2)[2010),

4 AR e el deea o Xl dElls ATHeN A =0l
o}

5 o2l eleoio)el] waw, ) Seltete] AR HHe) ATl va AAAuL 2A) R
Z3lo] 20079 KRR ST 1.0%910] F7hIgo] ZeER itk ol eleoio: ol XA
Age] Aol dhal aolEe] a7t AR NS ARG re] Belel el
Sfet waskARle] eelx ExpHe HAPL oAAel e Algsiglonl, meld, ARhids &
A o) olelg 5 A - Sl SR E o aclow Agsidrkn B4Rk gk olelet o

59



60

A AEeg7EARRDI =71 A7) Adgea A el Avket Xyt Ayl
el AR =7l Ade EEske oM AdEegriEARe W
ol Agde] FkeEE shdeh Folhs 20099 =RAEAS B AEESUE 9
ol 2AVRS S vREE ARAR =712 o] APgHel weh ols A9
S5 dEeaviEAl® 1 e EEsjor & o ] A ffof TR
£ WS HiE dsaas dPeR SiEa Qv 2006 A Ukl 24
7ks HiERllA Rl ARJske HISol 25.7%%e HRbePH, =7F A &
A7Rs e AEAIRE ddel Qo] wREe] a3t fEtYeR AAES ©
sick. TEd AR R e o Qe S Woldl AsssEEel RN
FafEE ol iRt ARl Blgo] xeliE = itk

AR ol wAlES] A B AR Blgo] didt Al E42 EAEHA &
on @A dux] B AZES FHcke o AeEse] HARE
e Aokl & whEolths ol # =2 FElvRlelN sHEe AR 7L
o 7H S8l dAEA Qe dEearEARE e BAWSeR Aok e
w71E2AE A 2A, AdgearEAEs AR F s fAshe el
WAL = Qe BAIE =tEeR sk, @A ARke TPl 2Rt 24l
o] g & = AR WIS J1E FHTCRHN, I ofuA] AR 4 -
B} R Aete] =ojoll AFAQd SAE ANSLA Sk

2 =2 e o Aok AT ReMe dEearEAR AHAe 2A=A, A
gea7lEAllol vEie] E2HdAdel Hissle Ao E - AR X B¢
of Al mlge] ARk =eldor Aisial, dAHQ ARk 7Msio] ARl w

go) e Fgact nlgle] o aglomi nldo] Aelpact LA Fhdel

A 24 F2 AgedrEARel e Sl AFE AoRA, feuRelA 27 g iy
ZIAHe] BERo] Ak SEAQl dYe mulie Al wAle] dEesate] gl 2k
2~ [e)

T k& Zlott. Al midAeld F CBP Alksiolre 757 Aol xujolio] Aysio]
F7HQL AdulEAfel HiRt feke AlEshe WAleRe| VfAYeo] ¥FE] AeshA] gl glew, &
migtAle e 7F ofste] 8o R Qlsle] 4lE MRS Heste] AUAAl w2 Fokeo]
A=A Qe oAl 719 Alerls FAPE Z1Adu)el digt FAE st SAll At
Aol a5 efze] 7IAdvlell iRt Hes SEAHORM XA dYTde] Adufdidel A4 - 2
ks Zlolch

6 7oA EA Rl AR 5 oRAEE, TR AYaedrEAg 5 AdARES S
o pyslehs 22 SAYUS Tt =o] dglork

BRI /2012, ||



BAdpron mejEr AMACKE AeAeime] A sl Bgeld A
eearlEAele] sjo] 9=E 4 Qee AWl o] mE Asld uge] A

FmE AT o] dean Agnh wsEe] tEt ek wiE ASuw
o] AgiAZT] AT ahw BAED nttes ANgolMs oe] B

(e}
IS QoA AR AR

I. A7 A23 vefe] =ghdAdr

B gelas HeisdiAe) ARl BARA, deisdEAg] nde Haky
ol thgste] BERoR 4 - WAEK BT A9 AFH vlgo] WHHS o
Mo Awshi, @UH 4R 1Al HOuES Ba) ARld ulgel R F
Aot viglel Babd pelomi ulde] Resact LAVks sl HAtoR

Agtgict

1. o) s00] B3I AEIA v g

7t oj2fel EEAND M4 oSl o

WA AR Bkl AR @ 15del 21 $47] A
a0k AP st @ FaclEe] wet ABj ulgo] Adshel Ky W

Aulfiel Ay delde hlide S8 ==sk] Ve AvAlRE T ol

© THARIAe] Aol wR|eld ARl A - AU AL wUE 7IEAE

78 =Eo] IA WReld SuE molusle joosdel] 4uiEl AUA AueErEARle] deisa
osu A wlgre] sZAl ool Aol M) wet 01090] S Asd ARG
FEAzle] Aehe oS AUd g WE HOUEE Sasilon moy il 2
Aok glar WA t=olsls AgiAsiue] ety EAPE 2008de] SiEl Al4xt el
s At Sl lEAsle BaoR sk glomE Hathel AwS Ss) ERel
AR AHReg AR J1ast BOAE AN Holw, (ME Do ARt Hei4Er|EAs
3 A5x} Aol whe molAy Aug i

61



62

off Higsto] T 9l AF AuAlEls sk AR o]Roiin ofnf Ro5e] I}
= BAVFE AR AL AIes, T e TRPP)L e PR 5 s
= A A — o] A dgesd 3 Adles o5 — o, &E
e AR e S Y — e & dEess 9 FHdes o5 A
2 o|Foldith. o] A ,8e eSS FE =EEY, AAARTHANRE
SRS ARSIl S F7RQl eadEPh (ke el 8 AU ouiRith 8
el & o woE] A eeol AFrlES §FF eeuEiRbY avE ARt
AgeaeA, diejdor dushs AgagriEAelel sa dgeln g o
S Adgeasol AEeR 7V, Adgaeasl oidh Aoy w29y wek So Wk
sto] oSl 2008 AU A7 EARRS aHsks W= s 88l
g AR =7 S3eeE wgs] flel, fleld et el ofsf ke
TR § PR(VIEeR) 9o 7IEead] AlasAAel delelel odlelewlz
SHARVES] AURE BRI ETE AR Eae S A IE S

Apeg7l@Adelrs digd e § 80 7|l TdvAge] =4

=l 8 dAISEEE AR Aelel] expt sk Afolke I A A7)
R INGEHRERIE F3f oAl Hieshe Aol drbeent. webd eap) I
sk, AR Addggeld Hlolut INGERPEoR A oR O (bias)7l WY
st Adgagulge] sk drk

(Table 1> 19959 ?Ho] HsIH A3k A7 desaARTE 2008d A=t
A7 2AR7A] o] & Hdidy CiSga A2tk Alele] eaks Aefsial
ek A3 A7 IAgeEARE ARl U] AR v eedE] & Adges
EHHE)E o dSsislen, dis7ikie] @7k 571, 7|2 Ao we ©
2R} it FA iES o ¢ Sk ClE Sl AR AIdEegAEe] Ae o
A AHe8E I ASsiglen, A7 ¢Sl sigshe 2007~09dtole A3

8 saglo] HEdel BRt YAHoR Heklgol BE ofSHY HULAE oSl Helkig
of AL AoRzite] 408 HY sFow 24, F5E BEsllel AW TATRE Fb EE
APl o8BS FAA Hekpgel oS mmsis sl desazee TeXY
A apRlRle deRsiEee, ARSIl SamelgA] SemeERAll Sa
Telrplon pRE Ralpelle nge] Agshe deNsle] e Wk oA,
Hopsiel Hanst 7io] Aolg Al Halwzsls wmusb) ¢t ANl BEoR ks o
Aok Feiea ool & 71 Wale] Qe BRFPAIS TREV) B A AR AT 5
2 olgsjol A719] ol 8HRS AL St Ak TES ok

BRI /2012, ||



(Table 1) (Peak) Demand Forecast Error of Each Demand—Supply Plan

The 3rd plan on
long—term development
electric power resources

(1995~2010)

The 4th plan on
long—term
development electric
power resources
(1998~2015)

The 4th plan on
long—term
development electric
power resources
(1999~2015)

The 1st basic plan
on electricity demand
and supply
(2002~2015)

The 2nd basic plan
on electricity demand
and supply
(2004~2017)

The 3rd basic plan
on electricity demand
and supply
(2006~2020)

The 4th basic plan on
electricity demand
and supply
(2008~2022)

Year

Actual

Forecast(MW) | Error(%)

Forecast | Error

Forecast | Error

Forecast | Error

Forecast | Error

Forecast | Error

Forecast | Error

1996

32,282

1997

35,851

1998

32,996

1999
2000
2001
2002
2003
2004
2005
2006

37,293
41,007
43125
45,773
47,385
51,264
54,631
58,994

2007
2008
2009

Note:

62,285
62,794
66,797

32,603 + 10
35,482 - 10
38,388 + 163

37,139
39,498
41,880

- 04
=37
=29

39,509
42,062
44,696

=37
=28
=24

(Because of an economic crisis, the data of 1998~99 were excluded)

48,124
50,193
51,859

+ 16
- 21
=41

Short—term: 1~3 years, Mid—term: 4~7 years, Long—term: more than 8 years.
Source. KEPCO, The Pian on Long—Term Electricity Demand and Supply,
Ministry of Knowledge Economy, 7he Basic Flan on Electricity Demand and Supply.

- 31
- 14
=7

52936
54,618
56,260

=20
+ 00
- 57

61,059
62,805
62,987

67,226
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(Table 2) Comparison of (Peak) Demand Forecast Error of Each Demand—Supply Plan
Before and After Demand Side Management

Short—term Mid—term Long—term
The 3rd Long—Term Before 2.1 10.5 6.0
Plan (1995) Alter 10 6.5 37
The 4th Long—Term Before 09 2.7 1.7
Plan (1998) After 2.3 22 79
The 5th Long—Term Before 1.1 2.2 33
Plan (1999) After 28 46 10.4
The 1st Basic Plan Before 2.1 39
(2002) Alter 2.9 10.1
The 2nd Basic Plan Before 2.5 2.8
(2004) Alter 67 96
The 3rd Basic Plan Before 1.1
(2006) After 2.6
The 4th Basic Plan Before 1.6
(2008) After 0.6

Note. Short—term: 1~3 years, Mid—term: 4~7 years, Long—term: more than 8 years.
Source: KEPCO, The Plan on Long—Term Electriclty Demand and Supoly,
Ministry of Knowledge Economy, 7he Basic Flan on Electricity Demand and Supoly.
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(Table 3) Generation Cost Structure by Fuel Type (based on the 4th Basic Plan)

Variable Fixed cost (annual annuity)
cost Construction | Discount| Durable
Fuel type (fuel cost) costs rate periods O] Gos AT (G2
KRW/kWh | 1,000KRW/kW % Year [ e
—month —year
LNG(500MW) 7764 741 75 30 3.16 106
Coal(500MW) 2155 1,145 7.5 30 3.36 145
Nuclear(1000MW) 312 2122 75 40 6.65 263

Note. Fixed cost was calculated assuming that total construction costs are withdrawn equally every year.

[Figure 2] Deviation from Optimal Generation Mix Due to Demand forecast Error(7%)

Total cost(L,000 KRW/kW-year)
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(Table 4) Increase of Annual Generation Cost Due to Demand Forecast Error(7%)

Annual Generation Cost

Generation Capacity Powgr (100 milion KRW)
. Generation - -
Mix (MW) (GWh) Fixed Variable .
Cost Cost

Nuclear 31,516 276,837 82,876 8,632 91,508

Generation Coal 30,193 289352 56910 62,365 119,284
Mix D LNG 16,122 11,036 17,059 8,568 25,627
Total 86,831 577,225 156,854 79,565 236,420

Nuclear 31,516 276,837 82,876 8,632 91,508

Generation Coal 44,269 208,010 64,290 64,231 128521
Mix @ LNG 11,046 2,379 11,688 1,847 13,535
Total 86,831 577,225 158,855 74,710 233,565

Note: In the annual generation cost,

power generation.
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the fixed cost of each energy resource was calculated by multiplying
the annual cost of each energy resource of (Table 3) by the amount of capacity. The variable cost
was calculated by multiplying the variable cost of each energy resource of (Table 3) by the amount of
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(Table 5) Increase of Annual Generation Cost Due to Demand Forecast Error(15%)

Annual Generation Cost
Generation Capacity Geigg;;n . (100 million KRW)
Mix (M) (GWh) Fxed |y ariable Cost|  Total
Cost

Nuclear 31516 276,837 82,876 8,632 91,508

Generation Coal 39,193 311,759 56,919 67,194 124,113
Mix @ LNG 22,615 31,786 23928 24,679 48,607
Total 93,324 620,382 163,723 100,505 264,229

Nuclear 31516 276,837 82,876 8,632 91,508

Generation Coal 49,935 340,989 72519 73,494 146,014
Mix @ LNG 11,873 2,556 12,563 1985 14,547
Total 93,324 620,382 167,958 84,111 252,069

Note: In the annual generation cost, the fixed cost of each energy resource was calculated by multiplying
the annual cost of each energy resource of (Table 3) by the amount of capacity. The variable cost
was calculated by multiplying the variable cost of each energy resource of (Table 3) by the amount of
power generation.
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(Table 6) Procedure of Reflecting GHG Emission Cost to Fuel Cost

Coal(500MW) | LNG(500MW) Remarks

Carbon Emission unit Price(KRW/C—kg) 17 a

001000k osoes | 07545 0

Heating Value Factor(kcal/kg) 5873 13,032 Cc

Carbon Emission Cost(KRW/Gcal) 12,128 6,774 d=aXb+cX106

Heat Rate(kcal/kwh) 2,061 1,636 e

Rate of loss—of—site power(%) 43 11 f
Increment of Fuel CostKRW/kWh) 26.12 11.21 g=d X e~ (1—(1/100))+-106

Note: Carbon emission unit price(KRW/C—kg): 32,000KRW/COqton = 117,333KRW/Cton = 117KRW/C—kg
Source: Internal Data of Korea Power Exchange.
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(Table 7) Generation Cost Structure by Fuel Type After Reflecting GHG Emission Cost

Coal(500MW) LNG(500MW)
Scenariot |Scenari02|Scenari03 Scenariol |Scenari02 |Scenari03
Annual fixed cost(KRW/kW—year) 145 106
Actual fuel cost(KRW/kWh) 2155 77.64
Carbon emission cost(KRW/kWh) - 26.12 40.86 - .21 17.53
Total fuel cost(KRW/kWh) 21.55 4767 62.41 77.64 88.85 95.17

Note: Numbers were calculated based on the 4th Basic Plan on Electricity Demand and Supply.

[Figure 3] Power Generation Cost with Capacity Factor of Each Scenario
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(Table 8) Adequate Facility Capacity, Amount of CO, Emission and Annual Cost by Scenario

(Unit: MW, milion COg9—ton, 100 milion KRW)

_ Fixed Generation Emission Emission Total
Capacity Cost Fuel Cost Cost Amount Cost Cost
@) (@) (®+@)
Nuclear 31,516 86,372 8,632 95,504 - - -
Scenariof Coal 39,311 59,655 56,125 115,781 203.9 - -
LNG 10,324 11,045 1,726 12,771 0.8 - -
Total 81,151 157,573 | 66,484 224,057 204.7 = =
Nuclear 31,516 86,372 8,632 95,504 - - 95,504
Scenario? Coal 38,509 58,439 | 55,952 114,391 203.3 65,062 179,453
LNG 11,126 11,903 2,350 14,253 11 336 14,589
Total 81,151 157,214 66,935 224149 204.4 65,398 289,547
Nuclear 31,516 86,372 8,632 95,504 - - 95,504
Scenariod Coal 37,653 57,140 55,718 112,858 202.5 101,233 214,091
LNG 11,982 12,819 3,194 16,013 14 na 16,727
Total 81,151 156,831 | 67,544 224,375 203.9 101,948 326,322
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(Table 9) Social Cost Due to Forecast Error of Future CO, Price

(Unit: 100 milion KRW)

. Actual
Carbon Emission Cost (KRW/CO,ton)
32,000 50,000
0 0 20 94
Forecast 32,000 92 0 11
50,000 318 74 0
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(Table 10) Power Demand Forecast of the 4th Basic Plan on Electricity Demand and
Supply and National Energy Basic Plan

(Unit: GWh)
2010 2020
Demand Before
Basic Plan on Electricity Demand Side Management 4208 AL
Demand and Supply Demand After
Demand Side Management 425,764 LM
) . Baseline Demand 404,650 510,464
National Energy Basic Plan
Target Demand - 471,709
Deviation Before Demana Side 6.2% 6.7%
) " Management-Baseline Demand
(Basic Plan on Electricity -
After Demand Side
Demand and Supply . 5.2% 0.2%
) . Management-Baseline Demand
— National Energy Basic -
Plan) After Demand Side _ 85%
Management-Target Demand :

Source. Korea Power Exchange (2008), The 4th Basic Plan of Electricity Demand and Supply(draft); National
Energy Council2008), The 1st National Energy Basic Plan.

[Figure 4] Overview of Generation Capacity Expansion Plan of the 4th Basic Plan on
Electricity Demand and Supply

Baseline —_—
Demand ; 1
Demand
Uncertainty
Target i v
Demand C‘ LNG 2 units(1,000MW)
. . Coal A
Coal 5 units(5,000MW)
27](2,000MW) B
A
B Muclear Nuclear
67(8,400MW) 6 units(8,400MW)

Note: A, B, C refer to capacity needs, adequate capacity, and reserve capacity, respectively.
Source: Ministry of Knowledge Economy(2008), The 4th Basic Plan on Electricity Demand and Supply.
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(Table 11) Consistency Factor

Power demand GHG emission amount

@ Baseline GHG emission amount
(Generation amount of each energy resource)

@ Target GHG Emission Amount
(Generation amount of each energy resource)

BAU of power sector | (D Baseline demand

Target of power

Target demand
sector ® 9
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(Table 12) GHG Emission Factor of Each Energy Resource (as of 2008)

Anthracite | Bituminous | Heavy Oil GT CCGT
Emission Factor (COyton/MWh) 1.0176 0.9503 0.7707 0.5740 0.4037

Source. The Korean Federation of Science and Technology Societies(2010), (Table 4).

(Table 13) Change of Fuel Cost of Each Energy Resource

(Unit: KRW/kWh)

Period Nuclear Bituminous Anthracite Qil LNG
2009 3.21 44,55 70.15 138.94 12.72
2008 3.1 32.27 73.62 156.29 121.92
2007 3.09 20.31 60.52 98.42 82.89
2006 3.14 19.71 59.86 96.83 82.1

2005 3.22 21.33 54.4 78.03 68.11
2004 3.26 19.46 49,35 66.88 61.02
2003 3.38 12.72 4883 63.67 58.91
2002 3.54 14.5 44.52 53.18 54.92
2001 3.54 14.59 46.78 56.97 63.31

Source. Electric Power Statistics Information System (EPSIS), http://epsis.kpx.or.kr/
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(Table 14) Adequate Facility Capacity, Generation Cost and CO, Emission Amount When
100,000 KRW/CO,ton is Applied

(Unit: MW, milion CO4yton, 100 million KRW)

GHG emission cost Capacity Fixed cost | Fuel cost Gencirsattlon Emlsjl;n
Nuclear 31516 86,872 8,632 95,504 -
Coal 39,31 59,655 56,125 115,781 2039
- LNG 10,324 11,045 1,726 12,771 0.8
Total 81,151 157,573 66,484 224,057 204.7
Nuclear 31516 86.872 8,632 95,504 -
100,000 Coal 30,383 46,107 51,071 97179 185.6
KRW/CO5ton LNG 19,252 20,597 19,931 40528 89
Total 81,151 153,576 79,635 233211 194.5
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(Table A—1) Generation Cost Structure by Fuel Type based on the 5th Basic Plan on
Electricity Demand and Supply

; Fixed cost (annual annuity)
U0 be Construction | Discount Durable
Fuel type fuel cost) costs rate periods O&M cost AT BE
KRW/KWh | 1,000KRW/kW % Year 1.000KRW/KW | 1,000KRW//kW

—month —year

LNG(500MW) (2%9-72/) 810 65 0 386 (712)%/)
Coall500MW) (9‘(22'2%” 1338 65 0 379 m@/)
Nuclear(1000MW) (Oi;()) 2486 65 40 761 (1%0)

Note: The numbers in parathesis show the rate of increase in the 5th Basic Plan on Electricty Demand and
Supply compared to the 4th Basic Plan.

(Table A-2) Comparison of Replaced Amount in Facilty Capacity and Generation
Due to (Peak) Demand Forecast Error

Demand Forecast Error 7% Demand Forecast Error 15%

Capacity Generation Capacity Generation Amount

Replacement(MW) Replacemen(GWh) Replacement(MW) | Replacemen(GWh)

(Coal—LNG) (Coal—LNG) (Coal—LNG) (Coal—LNG)

The 4th Basic Plan 5,076 8657 10,742 29230
The 5th Basic Plan 5,498 8041 11,781 25838
Differentials 422 —616 1,039 -3392
(rale of increase) (8.3%) (=7.1%) (9.7%) (-11.6%)

(Table A-3) Comparison of Increment of Annual Generation Cost Due to (Peak)
Demand Forecast Error

Annual generation cost
Generation (100 milion KRW)
Mix Demand Forecast Error 7% Demand Forecast Error 15%
The 4th Basic Plan|The 5th Basic Plan|The 4th Basic Plan|The 5th Basic Plan

Nuclear 91508 100,728 91,508 100,728
Generation Mx® Coal 119,284 218300 124,113 230,424
LNG 25,627 30,233 48,607 56,340
Total 236,420 349,261 264,229 387,492
Nuclear 91508 100,728 91508 100,728
Generalion Mx® Coal 128521 230,579 146,014 260,377
LNG 13535 15,959 14,547 17152
Total 233565 347,266 252,069 378257

Differentials (rate of increase) 2,855(1.22%) 1.995(0.57%) 12,160(4.82%) 9,235(2.44%)

g7 |2A12e| Hetdot ASIA HIE 87



88

(Table A-4) Adequate Facility Capacity, Amount of CO, Emission and Annual Cost
by Scenario (based on the 5th Basic Plan)

(Unit: MW, milion CO9—ton, 100 milion KRW)

Generation Emission Emission Total

Capacity |Fixed cost| Fuel cost cost i cost cost
@ [*™] @ | @

Nuclear 31516 92,082 8,046 100,728 - - 100,728

Seenariof Coal 47026 75,945 128,562 204,506 2353 - 204,506
NG 10,683 12,122 2,793 14,915 0.9 - 14,915

Total 89,225 180,149 | 140,000 320,149 236.2 = 320,149

Nuclear 31516 92,082 8,046 100,728 - — 100,728

Seenario? Coal 45 831 74,015 128,056 202,071 2343 74990 277,061
NG 1878 13478 39387 17,465 14 443 17908

Total 89,225 179,575 | 140,689 320,264 2357 75,432 395,696

Nucler 31516 92,082 8646 100,728 — — 100,728

Scenariod Coal 44644 72,098 127420 199,518 2332 116,589 316,107
NG 13,065 14,825 5,490 20,315 19 952 21,268

Total 89,225 179,005 | 141556 320,561 2351 117,542 438102

Note: This table corresponds to (Table 8) of the main body of this paper.

(Table A-5) Comparison of Social Cost Due to Forecast Error of Future CO, Price

(Unit: 100 milion KRW)

Type The 4th Basic Plan The 5th Basic Plan
Carbon Emission Cost Actual Actual
(KRW/CO5ton) 0 32,000 50,000 0 32000 | 50,000
0 0 20 94 0 48 165
Forecast 32,000 R 0 1 15 0 24
50,000 318 74 0 42 91 0

Ans AA Hrk

(Table A—d)= AA} Apg7l@ARS 7R vl daride] diet Au]e
E Rkt gt A7 HalEvge gEislal )lem, (Table A-5)= ARk A5
ZF AR} Zpzte]| sl mjF COp 719 oIS e w2 ARR]E wlge] Ropdd
2E AElBlal Sk 2ol AEet olrR sl meldAS] Yol wHe s
w71 2ARTE sl vl 0O, 71 MR v A A b
2 7= vkt A= o 5 ook

npRsto s ehaniEulgo] 0d 9ol AW AUTHe WA 00, el
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(Table A-6) Comparison of Adequate Facility Capacity, Generation Cost and CO,
Emission Amount When 100,000 KRW/CO,ton is Applied

(Unit: MW, milion CO4yton, 100 million KRW)

The 5th Basic Plan The 4th Basic Plan
Carbon Emission Cost . . Generation | Emission | Generation | Emission
Capacity | Fixed cost | Fuel cost
cost amount cost amount
Nuclear 31516 92,082 8,646 100,728 - 95,504 -
Coal 47,026 75,945 128,562 204,506 236.3 115,781 2039
LNG 10,683 12122 2,793 14,915 09 12,71 08
Total 89,225 180,149 140,000 320,149 236.2 224,057 204.7
Nuclear 31516 92,082 8,646 100,728 - 95,504 -
100,000 Coal 35,957 58,069 117,677 175,745 215.3 971719 185.6
KRW/CO,ton NG 21,752 24,682 28514 53196 99 40,528 89
Total 89,225 174,833 154,836 329,609 2252 233,21 194.5
Differentials 3 B N 9,520 3 9154 N
(rate of increase) (2.97%) (4.09%)

b F7F AEShe e Al AR 71est vRPRIR AbA AlgelAE wauliE
HIg] o 100,0009/CO, = wolct, (Table A—6)©] Hok= viet o], A5t AlRS 7]
o g moly At ganfEulgo] 100,0009/C0, B 9ol 11, 114MWe] At
HIPAA7E INGEPIPAA R di|=EA] oz SAnke2 oF 9,5209194(2.97%) 7t
Sh= o= APFEISIE). ofefel ks Al AlRE 710 R RS wiet vlasto] of
3669 ¢l°] 571 oI,
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(Table A-7) Estimation Result of LNG Introduction Price Equation

y coefficient t=value p—value
constant 3.310 0.04 0.972
Yoq -0.455 249 0.025
Yo 0.423 3.03 0.008
P 8.760 395 0.001

Note: R—squared 0.9679, Adj R—squared 0.9508

[Figure A—1] Comparison between Actual and Forecasted Value of LNG Introduction Price
(summer season)
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(Table A-8) Annual Supply and Demand Adjustment Cost
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(Unit: 100 milion KRW)

2005 2006 2007 2008 2009
Supply and Demand
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[Figure A—2] Comparison between Actual and Forecasted Value of LNG Introduction Price

(Unit: US$/ton)
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ABSTRACT

Inflow of foreign workers and immigrants increase the supply of unskilled labor in the
economy. In measuring their impacts, an impact evaluation method produces unreliable
estimates because a control group independent from their impacts is hardly found within the
economy. This study adopts an aggregate factor proportions approach and measures the
impacts by estimating the effects of skills proportion changes in labor supply on relative
wages. The estimation uses two and three skills groups categorized by education levels. The
study reveals that foreign workers and immigrants contribute to economic growth by a small
margin while they significantly widen the wage gap between native skilled and unskilled
workers. The result is based upon the fact that the existing foreign workers and immigrants
are predominantly the least skilled groups. The estimates can be applied in predicting the
impacts of labor inflow from North Korea which always remains as a possibility in Korea.

]
AN

S R e = = e N E =i
: | EXH5HR| 27| 2ol &
o 7t (impact evaluation method)dll 2|8t A&k I= SHAIE X|HLCh 2 170 A
T dt(aggregate factor proportions approach)S x{E§sto] ZA| LY

o 2ot FHTCEM 2/=0 Relol deke oteict "It Z1t

o Ol'd Mo
0|>|
_EJ_

3| &y
s 9|

o o

1 ojol Rele S TSI NEY =5 Zi0 AIANE MY
{= 3x|E g2 HAISE 3 olRE Il
[

LS

|0
=olado| HMofclrt Matdol W2 ekeelolzts ol 2Ack




ofrelel W olul folo] Fake Tyt ohel slelolME TNE Be Ao
ol = FAolet. olle] fgle T ARl HEG A A, Ase FHt
ko H;J WikaiE wiolol Ule] ST Slofsho] A4 9 A el 7
TEit Aje] Slelo] 91 S ARl Uikl AAA A9 st
S 4 Slcl, SelelOINE QT mREe] WAH GRe Huen AAEE
7] Sl olul §eltRE TiE Sfslelol dchs el itk e

ofeat ke Tl uhS: W ANEA Ealo] 7123k Zoln], ofelel @ ol &
) S AR BAR Ang TeRis ok @ 4 9l
o ofelel W ojnle] ol Sejeleli ulwA Hie] WAeR 1 fj] df
% i nls 5 g Gk o]ale 484 ol )
A7sAloln, T A W B ogaol dEME olEHomt Fe AuKoR of
Wlo] ol AT die) A7Ee] AnE sk Hjelds

N

ofr

0.

olelo] 99le 1980dY) ol AlA ZiFelq 27 EjElo] Fad Aok
AL ikl sjeloiE ofel §9le] el e We sto] qglen o
digo] alolch et Hoe ul%ﬂr 98 5 ARFOE Ak ofnlxiSe] =7
271l A5ZA B, AELEY 22 5 We EAESC] R ut ojulg
o el R R MSshe Ak Holn ek

slelol] olel gelol Tigt Alzo] A AIN HAHe kew Aslel
A = wjole SelEe o) *“*VéOl w9 o ) o] dig oz et
L ) olurt T8 Fast e IFI F 59 Srold vhels FshEA
sl oluAise] Zlelel AlBlEd Alsh SejEris olg7h Atk wme] 49

1 Z}=to] olRIQIFE 3eol= OECD, International Migration Trends, 2002 2%,
2§39 A9 1960~70dtolls HHEHY €=l wsdo]l 1= QIEdtE sl OV‘”“O]
WHoR ZRgREe vl gk ey HEHY kg FHAURIe] vEHoR gtlo] FEsle] A

=213 A ot RYSl HHH F

o9t



98

1960 o]dol= = fl ovle] fUEglont 1965 2ol Hejxa o)
o= ofAloRe} Hu=RE Q] oql f4o] IA FEglon, o] F gu] FAl o7l
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& W7} FcHWest[2010], p.xii).5
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(20089l 7%, OECD, International Migration Trends, 2010, p.350, Table A.2.2). T 11.8%,
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(Table 1) Estimated

Size of Foreign

Workers in Korea

(Unit: thousands)

o | room s | o5 s e Py Mot s .
2000 307 66.8 1.46
2005 429 477 1.89
2009 691 257 293

Note: 1) llegal foreign residents of all visa types are counted as workers,
?2) Total employment is from KNSO, Economically Active Population Survey.
Source: The 2000 & 2005 figures are from Kim, J.(2009), and the 2009 figures are from author's calculation.

(Table 2) Foreign Workers by Skill Groups

(Unit: thousands, %)

Year VFV‘Z;T‘('S; Skilled” Unskilled? Ssgﬁ‘éz (cf/f) U::zlrlz d‘(’;’ )
2001 350 2 330 62 938
2005 429 25 404 58 942
2009 691 41 650 59 94.1

Note: 1) Foreign workers whose entrance visa types are from E—1 to E=7. Includes illegal foreign residents.
2) Foreign workers with entrance visa other than from E—1 to E-7.
Source: Lee, K(2010)'s estimates using Ministry of Justice, National Immigration Service, NIS Statistics.
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(Table 3) Unskilled Foreign Workers by Industries

(Unit: thousands, %)

End of June 2005 End of May 2008
Size %* Size %*
All Industries 375 1.6 673 2.9
Manufacturing 187 45 247 6.2
Construction 79 44 175 9.7
Hotel, Restaurants 43 2.1 101 49
Household Services 1 85 26 17.3
Other Industries 75 - 123 -

Note: *Ratio (%) to the industry employment in the vyear.
Source. The 2005 figures are from Lee, K. and Park, S.(2008) Table 5, and the 2008 figures are from Yoo, G. and Lee,
K(2009) Table 37, p.36.
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(Table 4) Educational Levels of Marriage Immigrants

(Unit: %)
Wives Husbands
Foreigners Nationals Foreigners Nationals
Unknown 6.4 0.9 5.8 0.9
None 0.4 0.2 0.2 0.2
Primary School 3.6 1.4 1.4 14
Middle School 25.1 34 9.0 39
High School 46.0 332 36.2 334
Some College or More 18.6 60.9 475 60.2

Note: Among those married in 2008.
Source. Author’s calculation from KNSO, Population Dynamics Survey (Marriages) database.

ERlojF oY) 18EE W ARl A4E Eom, 108 ol Afol= W
=Rl ZAG @38 F2 ol sk e ERlolAe] A Au|az]
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(Table 5) School Enrollment Rates of Children in Marriage Immigrant Families

(Unit: persons, %)

Primary School Middle School High School
Total Number of Children 28,934 8,082 6,647
Total Number in School 23,900 6,700 4,600
Enrollment Rate(%) 82.6 829 69.2
Enrollment Rate(%) of Domestic
Family Children 979 9.9 996

Source: “Multi—culture Family Chidren in Crisis — How Serious Are Out of School Children?” Kukje Newspaper (2010, 2.
22) based on 2009 survey result by Ministry of Public Administration and Security.

(Table 6) Long—term Projection of Marriage Migrants and Their Descendents

(Unit: ten thousands, %)

Total Population, | ° arrage by Generafions
(ten thousands) Immigrants 3 . -
(& descendents) | 1st Generation |2nd Generation | 3rd Generation

2009 100.0 (4.875) 0.56 0.35 0.21 0.00
2010 100.0 (4,887) 0.63 0.39 0.24 0.00
2020 100.0 (4,933) 1.51 0.8 0.69 0.01
2030 100.0 (4,863) 2.50 1.24 1.22 0.04
2040 100.0 (4,634) 3.64 173 175 0.16
2050 100.0 (4,234) 511 2.32 2.33 0.46

Source: Lee et al(2009).
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Sl 9 ol §Y) ST AT o= Ay ey e B2
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16 Friedberg and Hunt(1995), p.42.

17 Smith and Edmonston(1998), p.220.

18 Borjas(2005), p.1336,
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[Figure 1] Labor Market Change When Labor Supply Increases

Labor demand curve
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Bt 25% R e Werhr BASE v gltk o] it A] angSolA| fkE 1
Sl Heok 5 & ol¢jo] H 4= it} aEFE0] oY EYs e A=Hes
TSR 22 250 A oloo] ui¢- 27| wiio|ct

Lt l=elat Wi=elol Ay

oF AFo A= Smith and Edmonston(1998)3} Borjas et al(1997)¢] 7S 83}
o PERlgE W=el F 319 20%9] A syt PR (perfect substitutes)
Al Aok 7Pge vb Qlet diAlAe] A2 o]F4 EAo] ozt AEA B4
o7 AAulojof o Aot tiAlAIL] A2 G H7RY] Fagh g FEolr| o

38 AFZFE ABDC7} GDP2| 0.29%0] 22 0.2% % 0,15/2% 0,015%°]c},

30 Wl] B 1950~04¥I0] AH oISITE WA WES 4% ZABOE, BAMLS 1004100005
g Z7A UEeloAl ALEE 458 wid GDP tiH] 0.01~0.1% A= 27l anE 7iEd
Aoz AL Qi Smith and Edmonston[1998], p.6, p.153).
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w0 £ 280 o] e g Wsls olzdom Awsk, o=l
=) 710] AR Tl ok S o] B4 Auks Al

glob slmelelo] vlmel Ak <lelnl BAEolold 9Asl dlEAE Zich
a50] 991 ymel Add Qo] QR Wolmeln] ASAXE S el
ofselelo] Wlat A5 oldzolold WRIn HakHel ToAel 9lx glehel ol
Bejsl wEARS ousln] Ul wEAAe] AHoR R umxl opert
et SIS RIS oY RS A9 R YA 9 gl
Q1] BejFAo] Jleld 4 Ak okEel Sebh LEAe B felt B R

bl AR F 5 Rfdn o e 0 9 S o
olﬂ% a5 el A= Aulzeh AEE FEstel Eele Helg FAAIC,
Tl ohjel wedld hedelNE vhle] stk Uxelld ddshs
ofele Ujeleh A ghoms ulol] HgHel g nxX) et 9

-

et ot gyl URas A olef oifelch ek Rt o
o] AEoE sl FABE AS AR Wbsitk AME Rk
ofo e,

nlsois SEE SR EYEe ARA B9 keSAe WEla ARt
7] glek dEA U} Grossman(1984) EHlolull= 54 O AuIAYoA]
e ook HUSHER U=l Ak lEln 2gHoRe ARk etk 7t
Aot 1 7HE oJgke AlEgo)HdeR BEASIYTE40 Grossman(1984)2 HioF B
ORIk 2/37} FUREA FARICHE R BAE Folo] W=l Asw 18 o
AR FFE AR FY FARIEo] olEr}: WopA|al AR|Ag] FAREEC] &of

B AEAS Fele] R e IRt BASIgITh ook dol o=l
FFe 250l W= ofmd WAE 7Tl wek 27 dEd aREE Y=l
o] BeEAE fleliAe elEe] HdEers AR et Slvks e B

SeMfellE ARHen SIEe A SAIA Ul AHel] )
290} FPpulAol s Hatiol ofstckL QlalEle] gl o] AT i Bof

40 AHoR Yool Asd e ARy 9 AsH oF, EHolvlake oy W2 =39 F
A, Au|Ae] dkeieFAlo) AR 78} CHGrossman([1984], p.241).
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Al BHRIE] - 2842005 Ll AMPATEE AlReld 71eE], AREHRAA
T W eEEs diAskL IS HAlom, HAAD(2009)= &SI =g
T= oot =AY} tAPdE 7HRIAL Qlvkal Hasigivh4l T1ejar o5k - HHdA
(2008)= Cl=lEl> Aol AR, AdAT 54 - SEK1] Al - L8R} oA
A TAE 7RI 7Pgsigith oleFle® 2ER(2004) = e Ul w9
EAF W As ZRA) R disto] Heb yAlRal Busiglon), o] AE9| Bt
33 o84 SARES] THAR Qs Bkt 42

=l W=l 1] iRl A Al em ERIsh] flsiAe Y del o
g mA] FARETE QAEARE dA 71ERE AR SRS A4S S 4 glch e
3] - 2184200002 AR FEFE =l AGAET U=l SEARe] aLg- Fo
S 2Asglon, 32009 1L8EE DBollA &SR =t ff=kle] F
e ARIAIL] 11 FolE ALY Leju ARIAATE 118K DBl 2R
Q=R Y Q=elY] Yo Bl 52 HARHAE wie- TR mof
sioict =Rl R Aol thgt SA AA =l FHAAR] oF 1/4%F 33tE|o]
Ao 43 FARFSIA AL HA] T3] PFO] =eInt xSt QlojA] of=ele A
Aol HY S BAT 5 U= FARES A EABHA| et

2 o= Smith and Edmonston(1998)7 A5(2009), FHA3] - 218-41(2005)
S Hxsto] =Rl s19] 20%9] W=l <2AL & 2E ugke] iRl iy
PAE 7RIckar 7Pgeict EeE AR ol Uimlo] Z|ulsks dAkee] FHdske
Ql=ele 5 dFuto] =elyt dialAles 7 AR Fo] AdofA X
Sh= HjoF o] A7|F o= ouxie} T 2 HAF Wil FEskEER T A
%= S

4

ol

i}

fu

M 7AB(2009), pp.59~62.

42 2ER004)E SHEeEATYe] Tl TR I-EAEIRAL(2002) o Efin 2T ARl
& 83 A vRRY FRoMe 199 foRold TARCE [t o diAEE -2
A BA)NE AUCHp.136, F 5-4). o] EAL IFohH ARm2A ARIAME RS Ao ng
o=elgo] Y=ol diABIaEEte 1 AR ol e W=l 2o TARPE R
2 %kt vhd diEE dd AEE ARE gde 7Esie] AE aaus SARE ks
- Z8402005)00 s 2 AR AFolA 9=l Wil AR BAIE Btk ARIA wid dlo]
EE ARslo] AR EAS SAIR A45(2009)9] dAolME ef=ole Y=ol Askziel i)
Al S Ao A=

43 oly&- - ¥MgA(2008), p.32 H FAE - ol4H2009), p.33 =

44 [§7H= - o]7R8(2009), ZF- 16, p.33. H7EF - 132010, p.13 H=E

olZolz W 0|3 Yol FHA ¥
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ozl =l el wuol FAes ASSich ey ofwiet =l 7t
o] A= oWl ARt ofe} oAlthelle A&7 whzoll offl #kE - A
ol 24 = =52e] 4 WsAle AE 7HIth Borjas(2005)= HI=<]
% odl 1A|te] SRigEo] thAl= =l Sk 20%0t S53hd o7l 3Athe] ol=
iAok Ui=elih Hds] SesAl Hoal EASIIT. ol 24tk 1 F3F Aol
SEuEelAE ofqlQlg B I $0] gk AToRiApt thto® sele 2050
ol FR110] oF 5%l It Ao® FAEr), ESh thESP Y] W A5 Az
gk A FEHEE olnl 24IdRell e selate] AxprE Add RS AXRIT

ol fYeR Axdl kmEdo Fgol TVRM A kF du AiEeR st
gop B Aol Qe AR 9 k=50 £52 IR Aios 54
© e ol AR} S ES BAS WslelAl fefdt ool Hrh4s whd,
8 e} Q] oA AREES A 4 qlen WselE olF el
F ke Fes AA gk

olglo] ot Axdl =Eaad AR SV Avk= o=lgel Aeer vkt
Az Al 5o gid-2e sARRE 324 7Rssich ol oviRle Ui
Qo] tiAlEAE Heh Fyvhes Zfolo] Utk Smith and Edmonston(1998)2- %1
A gl odl 24= B9 80%] W=l diARIAE TRkl 7RSIt SEluztel
e HAGRE 5 2HE olske] Blgo] oF T0%elEz o] 7P oAk B ol 2Ak=
ZtfE olsiel Al TAE 7HIths o]z siAd 4= Qlrk

UurH o diF ol tiE Wk E ofdy}t 1uE nRkErhe ARk 2ok A
£ 7RI webA ARl sad el wWE o e F= Atk Smith and
Edmonston(1998)> 71 & $22 0565 A8s5I8Ichae = 819] 80%0l sidsi=
ST QY] Fgol 491 20%0] Blsto] A eR 1% kIS o s vl

&2 0.5% Sdidcks ofuleltt. feuzleds 1 'rEdo] 041302 FHEHAIN

o L

[e]

45 e} T Eo o)el Mueks vlel Po] A etk

46 Smith and Edmonston(1998), p.157. ©] 3%X]= Hemermesh(1986)2] ¢1-&o]c} Katz and Murphy
1992)= & tiE 7] AidaE wHske] Atheg WSt oieh e 0.7092 F2gsteict o]
g =xle 1&g 710 SR2A giE i 9 tiE oaks tido] &4 tiEch
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2 Ad 3=,
oyl Bl 1 $&0] {Rlow WwFEo] 5% Ikl 0] tiE vvk RAARY
HAE 7RITHH g ek gAY oF 73%(2008H)0|RE oYl f tiE
ngke] m=mes AiHo® oF 2,7% VM7 ANE 7RI tiE oldat diE v
Tre] AdieEnig 20089 oF 1.8tk wREA 42| 0413 HESHH dFHA =
L8 2.7% Stk A0E deth o] Weks 2050W7HA] % 409dxte] Ak
B2 o] Xk 1t dojd 4= Qe thE W3] VeSS AR 1 Jake 37
© Pkl 7R 4= vk A mEASREES 0.601H o] F 60%7t HiE mIRtel
A&}, webA tiE ueke] % STk 4] oF 2.5% S7HE Sulgith olfgt
Abaat SA] FES 40Tkl A dojupz Aol tigh 7]o] A =x] vl &
4= olck. diEFdom o] Aik F7R) oF 1/22 tiE nvke] Asd FdY, 1/42 AR
UHA] 1/42 HiE o] <7 egoll A&t
THSHH oNl fU2 TS TR ASARE FHAFIANRE ol aEo
QI BiskRA 1 ik 34| Yot Brh 583 Gk oRIQH Sl wWE A
SR Aol WAL, qhoF o|vIxtEo] g ARElell S3REA] ZRithH AR
Fsol Aske 4= glom ol= ARRAQl vlg-2 ity IejuE ol Rol= A
1481 AlelERdol gt ¥k SAFoR ued Fart qlrk

!

m\i

N

V. s22ulE Wske] didaol et 9&

1. F84nE didls ol

2 Aolde Faanle A (ageregate factor proportions approach)e -85}
7] Slsto] Bagt FaaHls, & 59 E Ay =50 HiE Bl wE AR
o] Wsls FgRith AlEelMs Qo] Asdl wEt tiAldS 7 o=
g 7Y el Asd eEswol S7RE Ay Y avE TRk AWkt

ul

o o

47 o] AXEAe] tiaA= Smith and Edmonston(1998), pp.159~160 ZFZ.
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oRIAREY 1 B2 T W WY =gyt dAHEAIE I ofdt esa
[&2] WPt ojmet g WHIKE 7S Ak TAQ] kEad Il wkE A
AaHlEe] Helks SRke R Wk 4= ik & Aol of& AlRse] of=<ld
A ooldl 7919 ke WK sHeEs dEewat MiEA] FUAE = gARE
2 Aok o] 78S Ash Alidolxliz 1 SolkE Aot

5 SR SAERE wehel QeI AR AL E olgst, BA7IRE
2 77} olg 7153 1980~2008W7te R Fh} EARIEREE 1E njgk 1E %
g diE oldel 4l sHEYE s A WHEE ol weld 4 9l
oy, AERS] BA7IRES 2999] A7 |Xtel o] 7Rt Follke k=mEe] sHt ARl
A B ¥zt Qlok AR WHske Bt s deliE wsRelsat
U] BSE 7HAE 4 Sleh of7leld Fslalat sl vl etEAde) WHalel o
£ e wselng Z2ARREL gl SlojA AR o] wskE Igh awt
= EA)BI), ARE HHE Katz and Murphy(1992)9} tis4o|5}c},

AR dEAEe AR dEed  ARERYEI RS R ETD) S
FERARN P+ 20 E2ARDORE e FE 2000W EW7FHoR wigksle] og-
She}, H|7F Batoll miAls FRke A flslel e SEAll diside 1%
S5 485kl 9 1% ol ARl 129 dee Folsiinh AR el 1,000¢
HeHEE HAREY] 1/4 olshel A HA] HiAEGIcE IRARPEEE YA
(full time) RAE o= slo] I2ARE Y 120A1KF ot 9G] AlLfeilct. A=
TRZ|EZAR] ZARES 19999 ofFolli= o]dQ] 521 ool 10Q1 oV ARe
=2 =R Aok E ofF FHESHA] Al Hie TEAE AdsigiY. AR
YL sHEeEER 9, 12, 14, 1699 wSARE 47 Hofsie] (A8 —wSde=—1)
2 Aopsielon e 409 ofsks tdo= i) 48

e} SARIERRE 4709 ST 9 40709 AHEH(160x1) AR A=(W)2t
TLRARKN) HEHE & 5 Sk o7lolN FERARES =R 0 dEd 2R
AIZEel Folet, fEulol s shEare] AN oR J453] ASsglons 1E
ToMs BaAwo] 545 st v, tiE oldolNe BakdAwe] A shsial
o}, ARggxo] Zolg FAlH] flste] 7+ sH 3
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—
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48 7=lo] 03 LA AL Ao A2 13 Holslsict
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W7t ks AA1Y] HE o] 10] HER HlEE Folo] o|=H ZiEEutsilnh vt
TR ufde] FI2ARE A e 29Wzt Bt A AR dee] AA AY
BHaroll gt vleS Fote] 2SIl olEet I mide] FERARES aETY)
2 Heklo] g RdkS Allehe A} Fdsh

[Figure 2]= ©]of Zo] ALk sEfiehd a8Te] 5339 Fol5 Aol dig
Higos Ul Zlolrh, 1F mluhe] =gag-> 1980l Hie] 0.5424 A9
HE ogolglont 2008doll= 0.06% shslgict WhH, ZoiEat thE ol w=Eaa
2 A 717l AARA ST 1E e aa 199049 27 S8 o]
o= & Wsle= it} [Figure 312 3 da& A 3 = Hl&E
At Zlolt}, [Figure 2|9} [Figure 3J& H]wshH 7Pd w2 shEydel & vjvke]
A ARl esEe Aot tiEe] Bate] Axpt 1990 FHRlE 4
RO olToll= T HATF AEKEGSolE Efshal SRR SAERE gkl
o eale S|}, BHE i o2 g S7IelE Eskar 1990dH FHE o]
Fol= Hotake] Axph es]e S Qirt, A [Figure 119] HlaeitAol o
P A wwade] dides FTRHH Addide Arks ddiElofoF gty 1
U 19909 SRF o % gk b dEAApL SfiEar Qlthe AR FEHIES] Wkl
FHstA AAGAQ] mEraqtr WSHdemand shift) 7} AR88kal QS-S owfgith
TJeER Agdigd sl w2 Adidde wsle] e g5 Skl e
£ ®gke] ans ek dart vk FHIPglA o5 ofFAl AR ZQ= Al
AolA thErt, E3E [Figure 3ol oJopH & 2oiE o= dad4xp 2how A
Al B Bigke] e yehbA] ¢al Slrkh ol uE 2SS AR fARE =
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[Figure 2] Relative Labor Supply by Education in Efficiency Units: 1980~2008
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Source: Author’s calculation using Ministry of Labor, Survey on Wages and Working Hours
at Establishment various years.

[Figure 3] Relative Wages by Education: 1980~2008
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[Figure 4] Log Relative Labor Supply and Log Relative Wage: High & Low Skilled
A. High School+ vs HS Dropouts B. College+ vs Less
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ako) ol LRl [Figure 412} 2k :l%ﬂAt Hoy Zekizo] K 1w5Y
o SRR 18 Holshi Aol sHA 95 Rofslglch W Agh BO 1% ol
ulgk o ol ugke) Al Bt ﬂm(ﬂ%% GA ol mald, o
o] AukAR] Aol w4l i%PJ NS 19304 olF AR skl W &
3 B Al PR 49 wEEFY Fkl uel 19009 B st
ot olFols slelrl WS WA ohe} SIS sle] ASell. E9)
2% olyat uvte] A9l Aol A% o) rhiolw Bysln Al 4%
= 19908 B ofF ulwA w2 Sjelolth LB [Fgure 119] HlagelEA
ol arEls el B wslel offt AliolE wslel welde Sl S
= AA sl %“—Aﬂ@‘ﬂ w54 sk FAsle] 1 RS A Bast ok

B Ao ezl esRpine T Z7H 4R stk uje 7t
O 403 9UE o83kl 24H 4o wishagle Heldth Katz and Murphy
(1992, pp.46~54)7} olefgt WS ANBIH=T] 44lo = Awshe thaal ek

wEar} gl 4200] wslalo] ojslel AAETY Esase tewt 2
o] ek,
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X, =D(W,Z,) (1)



122

of7]olA X, &t W= t %S Q459 QAVAS FABR= 2x1 WElOH, Z = 4
2 HlE YE= W(demand shifter)©]th, 84502 Hsk= 4] (1)9] AulE(total
differentiation) & AojZIct,

dX, = D,dW,+ D.dZ, )

LR @&t H(concave), 9 AloA Ue HERe] @4a=a wHSle) tiglh wxk
aE Yel= 2x2 38 D, = negative semi—definite®|H, wWEhA] 4= WHslo] ailE
APARE e slol ok WSOl B Ouc AL 2 g2 Sbol Stk 2,

AW, (dX, — D.dZ,)=dW, D,dW, < 0 3)

w

auER olet WAE AESH Sk D.dZ,E el ¥isle] avE, eal 3
sl 7L Gk W (dX, — D.dZ,)S dideS AYsks 35 SHe] wsiE sjaleh
o},

[Figure 4]l o eS| D.dZ, =57t A Q)& TFAIE 5= AU=AE Azl 2,
1980~2008'd0fl A% AdFFA|(linear trend) e F53ke & o vk Adisat A
e HelEAlolA = tizF 1990 RS B 1R o= Sfo] ofFoll= APt wiel ek
o] ofd & wigkow Wglsial itk IHER A 35 TFAIPI7] fleliAE AFFA=
FE51, 1990 FHE o]%- WS} ThA] WHok= AT gk o 4 lt 1
Hug P ollx= 1990 FHtell 717 |7F Wk ZiofR] Al(kinked line) FE|9]
FARKE ARSI

-9 ARERA ke aE AR B WAE 7R I WA e
thAEFE A(elasticity of substitution, )22 ZEch49 CES AARKEE 71sHE Al
sa Holo e A Wet TS thEa 2ol diAEE el dam Foixint 50

wl(t) . 1 l’l(t)

o
(Table 7) Relative Wage Change Elasticity to Relative Supply Change Estimates

fr

Q)

49 Tk AT Y= F(K, G(L, L)) 2] Felol K} G( )7} 2t FalXd(weak separability) 7FICk
W (oF/oL,)/ (0F/oL,) 9] HulRols] K At a2 719] 2= Ko} Sgalo] Hick
50 Katz and Murphy(1992), p.68, 4] (17).
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—1/co Trend Trend (t = t;)

A. HS or More vs Less —.160 (.001) - .025 (.001)

B. College or More vs. Less - 413 (.001) —009 (.002) .038 (.001)

Note: Estimation period is 1980 to 2008. In the parenthesis are p—values.
t,=1993 for panel A and t,=1995 for panel B.
Source: Author’s estimates using Ministry of Labor, Survey of Wages and Working Hours at Establishment various years.

oA71NA wy, wyi= F oV 1wk B2 tiE oPdat 1L mivke] YFold, zyz,i=
21219 ggolh Dt) = =aie] Heks vehlls AR (demand shifter)©|tt.
A (@)l 1/0 FHA= FAIHG] Fefjol] =] etk SFAIHSTE glis -Solke A
S Aidael thet Fake: & V] okt 8ol AR T gl 2
A VRS RS, & 1/03tS 7He) FHE Akt

Al (99 24 A= (Table DI} Aot 1E ol & uRboxl= 1993l ¥
T 7THe S olgsiglon, Al A felds 7Rl FSise
o2 AAsKAch Atheael Aol digh g 93= -0.160(0=6.25) 02 Ao]
Zck, giE oWla tiE vwte] 9= 19958 7IF o2 7|77t HEhe FARE A
gelglon, vy 93 —0.413(0=2.42)°] dojHrt.

(Table 79| 4 Al vl=9] Ate} vlwgehd 2R FHE tiAerE ogh o= o
o]z Ao}, u|=ke] AL Borjas, Freeman, and Katz(1991)= 1963~87d<] CPS Hlo|g|
£ olgslo] 1F oPHuSA 99 o) 1E mRKSAS 8| ofsh Ale]o] A
= W] Al Halol| oigt elAdS —0.322(0=3.31) 2 7319 tHpp. 25~26, p.33).
%3t Katz and Murphy(1992)= =2 Hlo[H|25E &}t 15 Ale]o] ©edS 0,709
(=142 st b Apm YA d2 th2x] ot 196099 QA A 2}
B25E Hemermesh and Grant(1979)= LN 0~8@37} 1 ol tixeraAds
Borjas, Freeman, and Katz(1991)9} #] 22 giQl 3.32= FHsiglon, &y} &
Atole] thARr A2 1,34, &t 1 utelis 14308 F931%ItHp. 532, Table 3).
Smith and Edmonston(1998)-2 Hemermesh®| 75 2l-83l0] t&x} 1= o5l &
JOR 0,59 = AHsi3ict. 5!

(Table 8) Comparison of Estimates of Partial Elasticities of Complementarity and

51 A Z=5 47 =,

o=ol2! 9l 0jgl R0l NN e
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Own—price Elasticities in US and Europe

us Europe
P e Ty Tx T Ty
Ly —2.56 0.61 195 -4.30 0.25 .031
Ly 0.37 -3.62 324 176 -0.98 0.62
Ly 179 4.86 -6.65 2.55 0.73 -0.92

Note: Results from the estimation of a translog production function using data from the 1980 Census of Population—
PUMS 1% sample (US) and the Euro—barometer survey series from 1988 through 1991 (Europe).
Source. Gang and Rivera—Batiz (1994), p.166, Table 1A, 1B.

SeuElolA Adtieg wHsle] WE Addide wste] ghAdo] misoliEr: A
9 A2 Ao Balitiar @ 4= Qlrt eyl 1980 o] s 1 e
SoaalEe] we A wElsiglon, ®3t ulso] g WHIbF AR wslel 7¢d
1A% esAgoletd ejuEte] Adidle WSS ulgREUs 2R ZloR offilsh
otk v=at 9 23 ARS st A5 2oHEW Gang and Rivera—Batiz
(1999)= 9 A EAoA e Wske] 3wl digh @S fdo] nl=i
of @2 o= Sgstar gk o] Aie Welew (L)), WAL, FHEARLYE
AR sk EflA 27 RIS sl 7 919 3 ¥isPT 1 BAH(Y
) Wl WA= PRk FEsIlth ol8E Aae vl 19309 Aot {39
1983~91'" Euro—barometer survey Apmolct, 574 Ail= 0l89] 3 Hajol| digh &
(e, =d(nr)/d(In L)) 22 A= OH, (Table 82 71 AVE =3kl Qlrh. 3=
WSk QIRE 4=0]0] WTIELS o] fgket E I FHEH, odF 0] theles
(Lol 1% S7F wf m-52] 520)(rp)& FRoIAE= 0.73% S7IRd nl=ollk= 4.86% &
7Rz}, dRrdog eh geld e AAIE FARECRE 2 3 7HIch vl
el Azt o 2 A2 FJuH 2= A9 1t ool wet vizekA wsksieE
ul=9] 29 ofg/do] & ol 7|1 == Utk o] & ARbsirletE & ©ed(-1/0)

< | weh wRekAl WSk ouleh,  Gang  and
Rivera—Batiz(1994)+= F A2 da24722] Zjol7} ofeigt ATts U3 2 o= 34
Sh3ic,
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P

In Y=ay+ 5,80 L+ 1/25,ZyIn LIn L, ®)
a2jar A (5)9 Al Ttolks ofie] Alefzde] AdHgich
Y = ZpBy=1, Ty, =0 for all j (6)

12} AMd(linear homogeneity)= 7PgehH 574942 gt ot

s, =oln Y/oln L, = B, + poln Lo/ L, +v5ln Lo/ L, +u, (7

o=ol2! 9l 0jgl R0l NN e
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s, =0ln Y/oln Ly = By+ voolt Lo/ Ly +p3ln Lo/ L, +u,

5, =0ln Y/oln Ly = B3+ aolnt Lo/ Ly +35ln Lo/ L) +u,

A (DA 515550555 2 D] 25HFEE, s, =w, L/ V)OI A (2] Al F74
©)9] Aerzde A8sid 4 Al A= 2709] Ae2fE i EEEUR A ()9
Al A & Ve AMdE &8 8(redundant)@ g4It ofsiollr= 17H2] +7441& A
S| @al S| AEE=E HSohe HAoRE o83tk 4 (N9 &4 AsgA =g
Z} ke asol A7) Bl wa gede thgat o] Akt

e =d(nw,)/d(InL,) = (v, +si—s5,)/s, (8)

€L :d(lnwk)/d(lnLj) = (fykj-i-sksj)/sk

FHIolME 1980~20081] AAIEE ARSSIeH, AIdolMer o] 199%5d-E
7IMog 71e717F Wske ARFARME ESIch E3E 77 FAoA AIAI G
(serial correlation)©] YERLOEZ AR(1)Q] AF7|A}Hauto—correlation) S FIFSFTh
4 A= (Table DOt Zow, 3HA} 1, 2, 3 ThE o)), 20 @ 1E 1=F ©
The ZF7F AR

A (09 22 FAIEANA Alefrez FapER] etent diAlz S5EAL itk
A (8)9] T o, TR ERE =EETh A5HA-ERE 1990~2008' el 0,313,
0.553, 0.1345 ARESIGIc ©HA 8% = (Table 9ot LTl vy =7 WO22E + F
A1) Tl 0,067 A8t

—_

(Table 9) Estimates of Trans—log Production Function with Three Education Groups

Estimates p—value Estimates p—value
Y12 —.061 .001 M3 —-.034 .001
Y2 .168 .001 Vo3 -.060 .052
V32 -.074 .063 Y33 .096 .002

Note: Estimation period is from 1980 to 2005.
Source: Author's calculation using Ministry of Labor, Survey on Wages and Working Hours at Establishments, various
years.

(Table 10) Estimates of Elasticity of Wage Change on Labor Supply Change among Three
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Education Groups

w, w, w,
L, 1 -383 €15 359 €13 099
L, €31 203 €5 —143 €33 of
L, € 059 €3 051 €33 — 185

Note. Sample period is from 1980 to 2005.
Source: Ministry of Labor, Survey of Wages and Working Hours at Establishment various years.

tAlde] er= %‘%Ol o o iirﬁi 3711 Z}*é}t} o2 <Tab1e 107
e A HePt FAfo|RR ol2fet WAL AdHsied A A 00l 7k =
7PAok ity 7 AxellMs tiEfd o2 ofdd WAV BEERT s3] me o
g vl vEhA] e AAIE ARl e Aok o o A &
oAE Z dRbaoltal & 4= Qltk5s 11 ol AAIE ARm SR e a8 kel
Hlo] Sl e 81159 ol AEsP] sl Ze= s,

WA (e)2 k9] & S7PF i Aol iRl FReIRR 1 gho] S5 ARt
q-HA TAE ofuleitt. 1F v|ely} IE Y 20iE, diE oV Al e K A
2 q-EeAe] IAIE T Aes AR (Table 10)oMe IE—2E tE
opge] Bt AL 7P A FAEIeH, IS vk tiE Bl ME-ZriET 2k
AR 11 A= ot o2 S

g0l At =S iAol oA wl=re] gAIe) Blusi vhaat ok b 2
Aees EFd Atole 2o o It AR (o) visket 34| g8s 21
BF Qdet vlse] S Al SR Je] diAl-Ee BAE FR Avke Sok] ARt
Grant(1979)5  2& £ Joh Grant(1979)= 19708 QAN A ARE

(Table 11) Estimates of Cross Elasticities of Substitution by Education Groups, US (1970
Census data)

‘1—‘

52 Hemermesh and Grant(1979)= %2 7ko] tha|@Alo] ek diloA s 22 (1) EdxEy}
AL A2 B Al AFHOE(ointly) Thelmsils A AR Futh 2 Fd
wgelo] aveye ik av uengelme] dAlge ERusihs Amolohy A&t
(p.518).

53 Hemermesh and Grant(1979), Hemermesh(1986)°l] AAIE theket 4 Axfo] oigh o] 2=,

olZolz W 0|zl KUl HHA He
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; Elasticity of Substitution (o)
Years of Education
0 to 8 Years 9 to 12 Years 13 Years and More
0 to 8 Years —.70 77 21
9 to 12 Years 7 -44 1.16
13 Years and More 21 116 -.35

Source: Hemermesh and G

(Z,/L;)
AQl o]

A& - R BAE THE ZleR —.JﬁEl ek, webA
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et g-Ee) TAE
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Murphy(1992) ] A|A|E
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SA AR ()]

vl e
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t. 2% 0|2t

”Xﬁ}iﬂr WA
APLQ A EBA BT YA

rant(1979), p.532, Table 3,

/dln (w
@¥%HZV

Zaael

0~84, 9~19¢, 1349 ooz 1HE 3749 L%
ﬂJAOP 9ct54 Allen JJ]]—7]—Z:]_]%§

Serele Aok welsE onl A gl
sleigzd wgelo] A e
2EH20 Ajole}. thl, (Table 1D oAl e

oujsk=d|, 1 A= 1E vvhy tiE
W Ao® Y=gk e v)
okx 21835t Borjas, Freeman, and Katz (1991)9Q} Katz and
Ao M= S =20 AR S
3.312A th&} 0] Bk #AP) i
o o A 8% vl eEe giE) 1E
H 3 ks AAE AR EA0lME BEEA] sl etk

o]/k}

141, 3% o)y} 3 1
oW} 1% migke] 1t
nlgke] Bk TAVE 74y stk 2k

54 James Grant,

State University, 1979¢1 2% 3%

“Labor Substitution in U.S, Manufacturing,” Ph.D. dissertation, Lansing: Michigan
4 ZA3}9). Hamermesh and Grant(1979) ZHE.

55 (Table 11)2] WAp}AerEAlx} <Tab1e 1009] 't 7holl= ¢, =1/(s,0;,) 2] BAVE AHSHEZE AR

A

o=

of we Ao}, IHER 0 >0
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480 gl tigt JeF 4 AvkmyrE o=lE 9 ol (] Y¢S 3

TRl o] A vi=elake] diakdel digt 7 drbael 7
< U=l $ s s 20%2] A i Bl ek 7Pdeld 2009
9 ARSI AR Sshi Rt HGAk] eEAk Mg 3E wieke] 50541y
@2L5 %), 1ZE Y ZIEo] 1,230818(52.3%), HE ool 6179HE(26.2%)01ch 2l
o] 319 20%0] A&d Wwgal oAl AR diEfdoR uE ugh) dixlA 2
ARRL & 4= glem, of=9lg f]le] Pk 1S Y] 3 SV SEital =

TFARRD A5 =8 fiide S=dlgel St ool TRk AHE 2
Q7F qlek fEuEle] oelE m=ole iR 1930dT] SHERE ARREleH, 1990
ol o 2ub3, 20008e] of 307IHOR ULk S2000], p.b). ofslelrke ol

wofsto] o=l e] 7S 1990 o]F- 2009714 T0RHE, 20008 ©)%- 404t
o= yPgsict, 1E ugk FHArF 2009e] oF 5007HEo|ER ef=lEe] IE w]
ol QPATARERE =l 91 1E ugle] w=EEaS 1990¥n HlmEas
14%, 2000907} v|waA= 8% Z7MAATIL 2 4= Q) ol olgst Z7) okl
2924 9l 384 FX9f vl uf o ¢JFe] MBS ThAgks: ZVIE WU

(Table 10)9] 384 FH2IS o83l L,7} 14% D 8% Z7I3 79 el g3 o
FS- (Table 12y AlE BIe} 2t} 1990~20084, 2000~08W17He] 7} shedd ¢l

gk 9%

O] 52 shell AAlstoint. 3£9] Ail= o ef=j1Ele] f9lo] §lgichH 19909 o]
T 3E R e A ES 9T 1%7} OM 99.7%, 20008 o]$olli= 29,1%7} obd 30.5%
2 FES omghth 20009 o) 9zt e eSS 1.5% S Bk i A
SE= °F 0.2% W5 ajolH= EEP = o e ARE AL o=l e] ge]

Ak i 71 ofueth, Zeuh SRl A% E i iARAIE 0 e
A2AE SfehalRIc

SRl oiE olat tE-1E 1E Uyl JEu[ge dEkHos o o
1.25 o 1o]ck 200083 200999] = ARl 5 VAR AP 1= ol

(Table 12) Effects of Foreign Workers on Domestic Workers Wages

‘ College & More ‘ HS—Junior Coll ‘ HS Dropouts
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- ' Subol | 14% 0.8 0.7 —2.6
ropout Su ncrease
P PRy 8% 0.5 0.4 —1.5
] 2008 2.18 1.25 1.00
Relative Wages

2000 1.98 1.24 1.00
2008 26.8 52.3 215

Employment Shares
2000 17.2 515 31.3

Note: Wages are calculated as explained in Chapter 3 from Ministry of Labor, Wage Survey data. Employment shares
from KNSO, EAPS data.

N vk YFZRN 2000~0897F OF 10% SteRElgih (Tuble 129] F7HeE 2
gol oY gole AFANE 19% ATk AR 93AR sl
1997} 2 Rl Zllskits Ak ol ALY A2A kel A
WIS ey 0.1600% ANSHA 9150 US YFARE 119 7} SejrRon,
A Wste] 1t efEelele] ol Ao Atk 2akeh 39k AR o

o] F RIE A8 Amo|ng O AW A2 fARE el gl & anE
Tk tiAl= 2000~08E7E =9l fde IF ol 1E uite] eARE
A= 10~20% SFHAIX] 2o 8% 4= Qlrh

Borjas, Freeman, and Katz(2005)+& 1980~88d7t ul=t & oA} 11& u|uke] ¢
SHE 9.7% S 5 °F 30%E °l¥l FYe FFeE 4T vl QltKTable 7, p.24,
Table 8, p.25). ©] Agtolx] oxle] IE mgh =gava AR ak= 1980W
13.3%, 1988 25.3%= FAEUCE o] AIE (Table 12)°f AAGH A} H|wsPA
ojflo] o3t Ax esawd] FE HIESRE dgoll et Sk oF Avlef EaRke
oF o= Stk ol ©EA FAAIY Aolofl ogt Aowm IS 0.3229] ©HEAS olf
shpo 2 Ate] FAA= 0.16000 AUHA] oF=

(Table 12)°] Fg%of| Helirl= F7H = t3o] =95 & 4= vk A= A
39 He=A wHeF ef=elge} ARTE imelo] T|ujsks ol Stk ol &l
EAPdeRA Wselate] thiade sk et HieF 21 Blgo] 1/2012h o=
18 fdol 1F mHhe] =saue SVMIPIE A= 122 EoleH, dwel thdt
P A REdEC gAY dele HUAHE welste] AR el qirt 1
U AejRAr A7 BEsu R et dek mie- offith BRI ot ' &+
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o] Allso] PE AowA] B o] FAAS wwA e ol & 4 gk
ot Seltet ST YRR B4l WE Adolry & otk &
AP Amslgon SRS FA| ded] ARl Tiek 4eigEe 31 ool o
2 wpom AR 4 qlrid wely stol diet 1ol JRsshlon 2 clpo
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—_

2 AEshAlis glge 50
L ZOHE olstet ZREAL! 0jBl R

OIS T A RIS Hiske WS W] wEHeiKel elmeleuris
seh ofRlAs HwSl] Avto] glom], Wzt FakEm i clejolct oyl &
Qo] ke BRI Qoirs ORI} 205097k FATO) Sk ZhgE 10%

L 7PgE el sn AEoludet 1 Fke] T ol 107 BiloldF

Aol HOE ffste] bS] opIglre) 1/22 Ui=el 1E wwhy, TPl 1/28

VS-S g diAIAE 7RG 7S 5% SV PR i vt ke
E)= VE-2UES] Fa= 4.3% 577l Aol (Table 102

=RE AL ool iRt FF (Table 13)3 Lt} 1 vRke] F7k= IS¢ 9
e BFARE IF oY due AsAlPle aNE T IE=2diE d8e S
7he 3 b} gig olde dus AeAlPle BE 7K (Table 13)> old
FBIES PHkRE Aofr olgdt Wigks tiE oldit 2UE olste] AFARE 84.6%
oM 88.5%= 2.1% BHAZR= EME 7HRICE olHIQI T 109 Aol Avk=
71 2ufelet, (Table 7)) &g 421 0,413 2-85HH AF42k= 2.8% i
Th= Z2o] UojHrt Smith and Edmonston(1998) BRSO 0,55 olgsidlon
2 ot #1i9] AfollMde g TR Aoz 1%t A= = it

ofel Fdol FF A Wil digt 7gell wet 11 =Z77F "eEn oviAE
o] s@igzo] Yol iAol et ARFESSE daAat Dol et FFE AAH
thesl g AR 9] msAlels ofeiRt fe7 Aol E 7hsdS AKIsiaL itk
(Table 13) Effects of Immigration on Wages by Education Groups

56 o2 Soi SmithQ0I2 A olRIRIe Wil 108) TEAet e S Rtk Fgel)

o=ol2! 9l 0jgl R0l NN e



132

Effects on Wages(%)

Size of Immigrants )
Increase in Labor Suppl -
(% of Total Workers) Cl | upply HS Dropouts HS—Some College and
College More

HS dropouts 11.5%,

- 1
HS—Jr college 4.3% 21 0.0 8

5%

HS dropouts 23.0%,

- - 3.1
HS—Jr college 8.6% Al 0 ’

10%

(Table 13)9] FHA= FF 404zt 2X FPolmz 9dZte] Jd= 4%
(Table 12)HCR= B 22 s oufelty, T2y o] Zike= diAMAE vie- B
A7t ol 71QlRitkE Aol frefe Bart Sl

TR ofRIgltel TlEo] ff=melEo] A&AoR fRlHEnid o=l ot I

FFS Gt Aojmg vl AR 4= qlrk 20501doll FRI 5% Hok= o]vlel
T v SF AR 3%01] goke of=elE 94 flEnhd 1 vk gl
T ol -5%=7HA] BiE = Qe Aol

—1H

V. 2ok 2 B AN

& A7E AABks vk 7‘°l ol=e1g 8l ol flo] Ui=elolA] wixks R
Tt SniRte A5RHe] SHeld s A o=kle) {92 S ] 7
ofshAlRt 1 adk= FA] rh 1 FE ol feluRlell frilEls o=l el
Abdol w2 whlFoleks dlof Sl olI=TRl wselME Akl 2=kl
elesdint 03]y fotoR YuiRh o]l IePlajlde] ts 2 7IeE skl
= s QlkST ofEfek QAR A Ao] obet mimell ] FdE HeRA 1
7oz ulsr oRPgRe] Aguprt obd oSt Al ARl Ak Z1ERERL Qi

aeEE of=elE 9 oo £ gitte s FAVPLE AA AT = glow,
ofefet aaks %] St =l ARl Z1ofe o= Qs elmele] AEAoR &
g 5 =S ohs VIS A ZdFolol 3 visi) fjelAe] ol A

57 Smith and Edmonston(1998).
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ABSTRACT

This paper examines the effect of private tutoring expenditures on academic performance
of middle school students in South Korea, using data from “Analysis of the Level of School
Education and Its Actual condition: Middle School”. In the face of endogeneity of private
tutoring expenditures, the paper employs an instrumental variable (IV) method and a
nonparametric bounding method. Using both methods we show that the true effect of private
tutoring on middle school students remains at most modest in Korea. The IV results suggest
that a 10 percent increase in tutoring expenditure for Korean, English and math raises a
student’s test score of the subject at the largest by 1.24, 1.28, and 0.75 percent, respectively.
The bounding results also fail to show evidence that an increase in tutoring expenditure
leads to economically and statistically significant improvements in test score.

2 =22 sEusyluele] Sstnus & g Aej| 24 o7 St X2 E 0|51
et 38h4 tMof| CH$h Af|H| X[£0| o= HEo| MY sMFIPL JU=AE FHEH
Ch Almsd|e] LMME SEXSE| 26 2 =22 TTHeH) b2 22N
(nonparametric bounds analysis)2 AFSSICE B4 21} & YoM SEHOZ AlUS
H| X|Ee| 7Pt Relo|st Mo MX sMoz HAEICHE EAISH Z7| WARX| &
=Ck Zo| Aol ofslH, 10% =2 AlwSH| X|&E2 =20, g0, =5t 4™g 7}
2t 2k 1.24%, 1.28%, 0.75% ESAA|ZICE FZEEHEHIM= =0, 90, 5 oj50M =
F10% 7 AfsH| X|&Ee| g1t 0ECt 3chs SHE 37| of#ict 2 =29 A5
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Asp=7] ARl feluete] sHiEEo] HEAoR w& ASHIE AE5H
e A wf ol 2] mERE do] ofytt fEluzlellA ARuse] el wit
thE ohd 1SS J—J’-tv“ﬂlﬂ S WSALSISE oke] RSl ofsl AlRbE Sl
@iE 2[2001]; 295> - &744[2003)). ARse] MENE 5k wAPE B
Ry o g Pk 14414 Shte] S8okRke A4Sl 22 AAIRAEe] Alaksd]
ap g Aol Hedsial tKang{2007): 73] - ofa2]2010]: ARIY[2007]: &
71242008]: Z|FA[2008]).

At 10 @ 59t w53t Bl AR AAkEe] fElvRlelA ARalgo] AdEe] o
g 3E MAEAE S sl B =8 V1ol AN ofF] 1 mute] =7
of thelo] FFolE Aslrt FEE] A= Wrh L ol FolErE tiREe] 7IE

dSATE0 ARSESoIY AP TRl WA (endogeneity) o] APESHA|
SAEA 7] digelth. oAE W =Y - ol H2005) 3 HRIF(2007)2] At
A BP0l R Alge] oS BAIShs WiRA ARLSARTO], AL o5 - ¢
AH2009)00M = ARsrlgo] ARESI. AkSo] /gl vk FRke 4
sp7] ffsto] olE dTtelde Ao diste] W] AEAH(Ordinary  Least
Squares: OLS)S #8319t Ut F2H X 2dAEe Esl] ok AL ks
SR g2k IRAlcausation) 7t oFdEE AREA|(correlation) T
The A o] Z Lzl Aot UF- i d‘@?ﬂ—;- HESFEAH Al
HAAAE XS (Hierarchical Linear Model: HLM)& $A EA4o] ZREIHAH= 2
[2004]; ®F €][2008]). SHAIRF HLM E3F &=9bes €§°P* IO AlalsH]
off thgt 2P de 7Hsl] whzell OLSH} SUet SHAlo] 2icy,

AR aE Feke "ol Aol AksH|e Wde AR ARt
Hozrh JEet g Hlsle], oRje] Al IS WS FEIFEIA BAReR o
Eth TA Kang00N)oM= AlklsH] A&fe] Ztie=A sPiol AT A
AoKfirst—born)IAQ] JF7E ARGERILE o= Black et al (2005)°14 on] ARt
EaaEA, 1Y 28ette S Sl o E AAERT Aol
£ FAEel vl B B2 wSEAE Wethe AR SRR 919 =hse
IS ol8sl A=Y wsargaufd A=E EARE Kang(2007)9]

Aol w=w, %ﬂoo6“L4“ﬁﬂ°@l@ﬂQDVVP;ﬂNWllfvﬁllﬂ
A gk ARsH] AE0] 10% 71w S| GRS Hat 0.4% H= AT
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A, HFAQ008)= TEHrEA ZSRE tiste] A ES ARSISIEE Kang
(2007)0ll e} mRZRA|=, o] QAo ARG AlulSH|O] Lt S S48
ojc}, 9] Aol oJehH, 10% =& ASH| A& SHo] A9l 317l dhgtelt ot
Aol skt BES oF 0.6~0.7% B% ASAXITE mRAEe R A} - H72(2009)
oiE WIE SAIE flstol e wiRle] ARESIEE o] = WA el thgt
Q1AL SHoA ALl AEHTE YHESIGARE ANE ALSHGTE ARLSH]
(tutoring expenditures)7} ofel Akl o] ofHolA Alse] ayks HusH g
Tk Hlolks AP itk =2 AR wiel Qlukate] Aol o= H: &
TRAQIA| O et ASRHELC] ok o8] dol Sk

2 oA el Alsnle] WS WAIdeR ekt Al et Ak
|H|9| Ayt Atolla] ARBEA] E MES AFRE ARRITE WA SAMHY S
ofld, Ak=e] WAS BABkE WReRE Sl ARl oS AlsH| A&
TR 2ok ot e A8RItiKang[2007]; 2@A2008]). ARl of
F= AlsH|oN= o] AMHHAIE 7Rl Q71 SHAINE o] Wit SRl S
AT G2 RS Hols A eP¥Waexogenous variable)Thile 7] off
of 2= olfjolA ARl ol Tta= ARl autE I (overstate) S
7Fs/d0] Slee AR,

2 =rolA ARERE T WS AN ASAABIA 2T alE7] AR
H|HS= 7= (nonparametric bounds methods)olt}, B EISgHE Manski
(1990)0ll ofsff Hz= ARl 2=l o]F Manski(1997)2F Manski and Pepper
(2000)°ll ofste] 1 ®iRlo] R} FAF o= ZpdEich o] WhHo] A= A8E A
2+ Blundell et al(2007), Gerfin and Schellhorn(2006), Gonzalez(2005), Kreider
and Pepper(2007), Lechner(1999), Manski and Nagin(1998), Pepper(2000) % 73A}3]
- ol®(2010) wol Qlth H|Eg RO VIR ooltojs AR Sk
7Pd= A8t ARl A5 (point  estimates) HAO QlfETe] WM, = I
SFHlower bound)t Ad%Hupper bound)& Fok= WHelr}, oj9} o] FgE Qlata
o] et S8 Arhd fele QlEme) A =277t o] W] el EAsk= A
o= a4 4= Slch

Fole SRR H|RS RS S TEdollA] 20049 Sk 3shd
SHY oF 14,0008 Wdem 53t Shuus o 9 A 24 AR S Alm
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(o3t ‘Tl A A =)ol Hgelct 2 ARE o83t AT Al oy,
AgH] 2)E2 Y] el tha FHRl FFE nAZE SN 1 o]
T8 3R ot Erse] Aol oJehH, 10% e ARSH] A& HoldEe
OF 1.24%, QoVIAE oF 1.28% FAE oF 0.75%, 1E])aL Al T A0 BHat
e oF 0.74% A= IR ] Aulel ok, 10% = AkLSH| A
22 Fol, o], 45t A ZHF | 0.77~0.84%, 2.16~2.64%, 2.04~2.84% A%
7] IR, e BE apRoA] g oR dute] Xdylo] oxt thErk=s A
SHN FA7E RISl ofF H4HoR sishH, wo], o], 45t EoA mE
2 ARLSH| AEo] foulst xR S FAIche SAE sl offth
ool Aik= FUst FANES nshl 339 tideeAld ARRiR] Aget
Kang(2007) 0}, 8kl 2~38hd shgo] shelidawoell 283t 7d3] - o]4h3(2010)
o] AT Avel dMFESith o £ =RolA g% AlwsH| A Fdaael 3
717F A3k ist =290 FAlgi,

Rl ogat o] A AllgoE AR ndge], AMAelAs AR
H Agol et Aol iRt AINVAelME B Aipt 7iEEa, AV 2R
o7 H =72 upReEd,
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y; = Byt 86 T X; 5, t € Q)

[N

o] AlollA] y, = AkmSule] Fa
T L B 3] H) S WA

5] FHo] 2T thE % )

oll ARGl Fmsa s (o) AlRAHC
b}, 7 gt Alle] dolmut Al Hleks o
ol A= ThE Alsle] 4HS EEeRE Wast gk
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18 ol 2 USRS S - oWE009] IFRSEY ATHIA AT B
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olZ Pt Sl 7 IO YHSE 1 I A MEC] Bt EEHAE o]85lo]
FEIRHAERY Z-35E oFfY] A #4004 ARt s+ Aol S 9%
o ARLSE] AEH(S) 0] A4 ZIghS FASKL, X= 0] 7Rl v, 7HE vl d 3}
S FAJSHE HEjolt), = WF O eajgloct
AlsH o] gajol] TRt ARl AFEolMe Al (1S E=HHOLS) E= ¢
APEF(HLM; Raudenbush and Bryk[2002]) WS olgslo] 4slglch OLSe}
HLMO] S7870] ol thet YA|5~8=H consistent estimates)®] =7] 9Jaf BRI 242
‘Cov(s; ¢;) = 0’°Ick. OLSU HLMOAE F52o= QA7 dislo] ‘¢, ~ d(0,0°)&
7Pgee), oj7lollA di= ato] 00]aL EAlo] o<l ¢loje] R
(@5 50l BEE)E FARIE onff ;9] Ht 02 4] (1) 2] AEHss, 53] 5,9
oftd o] gl Yool ARpolr] wiEe] ‘e, ~d(0,0%) TP AR
[Covl(s; ;) = 05 ST &, BAARAA “Coulsy, ;) = 0°9] WA -dths 7
“gotollA OLSEF HLM S8 AbulsH] x]&0] X%t QIaavk(s,)ofl thet x4
< EEgheh e ek EARRRA (Cou (s ¢;) = 0'2] 7Hgo] JE|A] ok=rhd
°
o

—_

92 i pyoll chelel R HHE AT Couls, ;) > 0°0] AR 74
£ B, ol tigt Zdig=gd %] (overestimates)7} E1L, ‘Cov(s;, ¢;) < 0'0] AHdk= H$ g,=
B, 2] A4 %] (underestimates) 7| Tk,

o2 Sof B0} Hmsl wEoit ASo

o
) A&} s shebdalel] SAlol d3e mA Flse] gk sl A (09 &
RloA] 28] BAEA] R 79 OLSU HLME B3 77t 5,2 Alwgnle] 24t <t
kg TP §igel gl

"Cov(s; ;) < 07F A ool TR el & 4= Qo g Sof skl
LGNt o] FUsitliE shYe] kg olde] 44
(motivation)o] Wom Fi= 2pA 0] A S flsl W AlsHlE RS 7Rsdo]
Qe o] A% Covls;.e;) < 0°0] I o] Qsle] §& Akmgulo] e
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The 2400] sk 92 2kE0] T =35 ARITE Ao AlsHiel A4
iAol Tt BA BA] L Cov(s;, €;) = 0" ORFE] HAYSH= 5,9] WA
o QA AHs] Aelgt AWt ok AR HAHETaL o 4= Sl

2 =it s o WS SAleke oA X ASAAIRE Atk BEAER
(observational data) F4of| ZG7| S8R EAlH T} HlHS L7 WS ARSSHY

r\l
o

o

2 =0 A WA FAEEE DS =g H(instrument variables methods)©]
of, ol Al (9] 8 UWHa(s) 2k Bldo] =al, e ARKe) T T
3 = S(instrumental variable: TV)S ARg310] 2] (1) 2tkA] =440 2lsle] =4
St} B =RojM= Black ef al (2005, p.695)2] Alstoll whel, shYe] ZA8a=9l(birth
order)7} FAQNA O] AFYF)E ALS8] A|E(s,)oll Tyt =tz Z8]iet 3 71919
S RIE oARIglo] Ade) ofsto] QFoR HaljR)7] wiitell Cov(F;, €;) =0
o] IAP} YT 7ksdol qlet. et g AHelA AR AR (first—born child)ql SHY
of et WSEA = B4 oAkl sH(later—born child)oll tfgt WSEAHTE dubE oz
A e ] dii2el, ‘Cov(F, s;) > 07 AT 71s7d0] =t} =857t 9o & 7}
A 2e WESke A9 sARY ot FHaAks FgW(two—stage least squares
methods: 2SLS)& ©8SPH [0l thet UA|57g7o] FHeikich,

TR Aolla] ERlel= vl 2o, “Cov(F, s;) > 0'9] 2702 tiH= AJgsich 11
7R HellAl 2R 7F aSEARe] S tiE wS3h, AlEfeh 9 FAshe] Tkt Al

7% B0l digh vl 2425 4] el dagt e 20E Cov(F, ¢;) = 00|t}
e 20E SEA] s AR o= ] throl] AFRE o 8sliA AAeR o]
275 Aske 22 E7Fssith 9] ol2d o=t o] 7Hde AERie 4= ks #olrt

SRt Al Be LSANE tE wSsh ARIE 9 ARk HE AFE0]
A s FARCE fost WA EASHA] e Harskal QIthRetherford
and Sewell[1991]; Rodgers et al[2000]). o]8jst At ZAys Edgz 2=
‘Cov(F, e;) =0'0] gHgittar 7P 4= qlok. 2eu &2 =Rolk= ‘Cov(F, ) =0’
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2l= 735k 71 djalel]l ‘Cou(F, €;) = 0'2R= tha oFske 7S Aesictt 1 o9 o}
<2 gk,

A, S} Ae T WS ol FoRt AvRAVE EAHA] et o
T Aieks diRde® A Tt fodt IAVE EARIC: A dalkeo] EARE
o A A= dAE AR A9 Alsolu wsAdut S4 ol ARqE:
HiAog =rhal Huskal  QtHBjerkedal et all2007]; Black et al[2007];
Zajonc[1976]; Zajonc and Mullahy[1997]). 2= &9 Aol 3t AFAANES
AR Cov(F ¢;) = 09 TATL FHohs A0R Qo & A% 2] 2solut
WEAE B olde] AP EE BatA o ® AU 22 fofelA thEA] gtk Aol o
HEAQL Asfole}, WhHol|, A o] AFsolu ws/dubrt E4 olde] At HatA]
o Jthil Bushs, & Cov(F, ¢;) < 05 ARoh=s AgATs Zopar |7t tigts] of
Heh

A, 715 W ASAEEY HiES e ASOTES AR FES0] =4 ol
AETH= A Aol wsAleks T wWol FARRIAL EA3RH(Behrman and
Taubman[1986]; Black et al[2005]). & +=72] EAA%E FA ZRAQ1 eHAge] gt
Bt AsH] AEHE SA oV ARl sHgell iRt AkulsH] AEdEcr 2A U
B}, o]o} o] SRl SHoflA HmEo] 4 ool ARFel Hlste] AA AR
oAl Hop B2 BXE i, ws2Ql ol AAA SHat 22 vlgdAl &
Hode FRES AR ApollAl ddizler ¥ We FAE qitkal ofdd 4 Slch
JEja Fuse) ofel Ass AIHOR Cov(F,e;) > 09 BAVL AU 7143
Hojer,

olollA] et Hieb o] m=s Kol disi] Cou(Fs) > 01}
‘Cov(F,e;) = 0°9] Z7o] APt 2SLS 342 3, 8ol st dx3ATo] AL
EL TR R|RA SAEL) SRpE 6 0] 6,9 BaFde] B VisAe Bteit) 1
eJalo] wiek G, 7} 0nf GofeA| thEA ok A4 At vepd o, $eje Almg] 4
29| A4 spFanp} 2] 34 Qok 22 W 4 glck 22l ek 6, 0] 0xt feofet
Al ok e A 2t UheH el Alsa]e] ARt Ak 25189 AR
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2 =2 oA SARHE 1) HlEs 55g W (nonparametric: bounding
method)e|t},  OLSY Z=HSHolME HAE  AHX|avHAverage Treatment Effect:
ATE)9] 582 (point estimates) & AKRE & 139 #2025 Folo] ARk
skl B4 7Mool tisle AARich mlES ol et AAEe] A
F27F o=t Zlo] A 7ol e K Hfl(bounds) o] st IS
R 7] 7P olgste] FERith @Al o] o] diste] Al=lettkes AAsial of
2HE B4 7HE AARIth BlEed] EHE AAl ARl g Ao ZH8et
AHE+= Gonzalez(2005), Manski and Pepper(2000), Z4438] - o]415(2010) 5°| ¢
o ofgfollA 7lsEe HEg IEHS 9 el ARE Ae Al & =
w2 =2o]| BHA| gsieint
HA Axjent Aikess dEAlE YRS ot ol AolskAb
(+): T— Y, AdH AuKrealized outcome) y=y(z)= 228 ARAGES AR
dko. Aol a2 Yehdict 183 AAlzHpotential outcome) y(t) (t# )= 5
3 POl tes PRl HASES WMStEleh Uehd AEe) s AR
2 o= o]AEER] AR]4=E(discrete treatment levels)ol theh QlvkaEy)

£ 5P| el 5l Al AE(S5)S thet 2ol Al 7] 2] oikRi

—

&

T,=0 if §=0
T,=1 if 0<S < H,
T, =2 if H <

ofelle] AZEHoIN P2l & Hol ALSIIE T BAoME 399, S8t
ofe] AFLSHIE T HAoIAE 9T, 12| A] T ] ASUIE T 4

o= 20vHde® ARt o] A A SH¥elAk= 0, 1 2 § shte] A

d

o

2 H,ol tslo] T FO5E AMS3L S glrk B i=Fell WAHoR wash gioke Aol die) 9]
oflA] AAIEL Y o]ele] FORE(elE Sof Stof Amgu] 48HL, 45} 9 ofo] AmSu] 108H], 123 A
s A A ] 250D Ast] AT HAS ANsIih Tt 1 A% Auise B o] B
TEl Wk 2 Aol Holx) ghiorh Mol tie] THE o s A90] BA Ak B4je] 8ol

U B AT 4 9.
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(treatment level)©] Z-8-%Ic},
Bt Az Eke] 17k AAsl] flete] WA Ely(t)] (t=0,1,2) 5 theat o] 23
gt

Elyt)=E(ylz=t)Pr(z=t) + Ely(t)lz=t]Pr(z=1t) (3)

21 (3)2] E(ylz=1t), Pr(z=1t) ¥ Pr(z # )= Au2HE 27 Alkle] 7R3,
7P th8-2] (counterfactual) Q1 Ely ()] z = t]= ARZ2EE ARklo] E7Rs3cl of7]o)
A y7h Ha K, HAd K9] 3hE Fstchar 7RSS, y € (K, K,]). o 7PgatolA
‘Ely(t)z = t] € [K,, K,]'0] 5] tie] $2l= Ely(t)] Q] 721 okt o]
o

Elylz=t)Pr(z=t)+ K, - Pr(z=1)

< Elyt)] <
Elylz=t)Pr(z=t)+ K, - Pr(z=1)

o] 7+ fEl= Ely(t)] 9] a7 ®$I(Worst Case bounds: WC)2fal F-Ec},
Ely(t)] 2] 15 Hr} 5371 $18te] $ehe 2 79 7HIES Eystal ol 7idA
o2 T2 Adsl =83kt A WA 7L WA WhS{monotone treatment
response: MTR)] 7P 0=A|, 410 2= o3l o] FE,

tl<tm - y(tz)ﬁy(tm)

% AAGzo] EOm A BHlolA Ex /R sPgelct o] e ot
Aol dhste] WEARS] ASE Lelw 1 sPRe] SANHES sk At Ex

AL Fadt oAl W AolHke olEA disomiE =EETh wSsFA
BAUE tE divkee] A5 ZE$H o] 79| fasdo] ERlE:, wSsH| Ao
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(Table 1) Descriptive Statistics of the Analysis Sample

Variables Sample Whole Sample | First=born Sample |Later—born Sample . T-value
Size Mean (SD) Mean (SD) Mean (SD) Difference (SE)
(1 () (3) (4) (5)
Average Score of Three Tests | 5122 | 63600 (19.676) | 66.299 (19.302) 61.243 (19.700) | 5.056 (0.547)*
Test Score of Korean 5122 | 63176 (17.645) 65.213 (17.616) 61.397 (17.480) 6 (0.491)
Test Score of English 5122 | 65128 (24.032) 68551 (23.264) 62.138 (24.297) 6.414 (O 667)"*
Test Score of Math 5122 | 62.497 (24.041) 65.132 (23.630) 60.195 (24.164) | 4.938 (0.670)"*
moégg) Expendiures 5122 | 1541 (2413) 783 (2693) 1330 (2116) | 4529 (6729
Tutoring Expend. for Korean 4662 31.97 (76.88) 365 (86.8) 281 (669) 8,489 (2.255)**
Tutoring Expend. for English 4752 69.82 (116.7) 821 (1289) 59.1 (103.7) 22.966 (3.378)**
Tutoring Expend. for Math 4716 65.43 (105.5) 7.9 (115.4) 565 (95.3) 19.389 (3.069)**
gigitugy Hours for Al 5122 | 5441(7030) | 6036 (7578) 4,921 (6.479) 5 (0,196
Seli-study Hours for Korean | 5122 11 (2259) 9 (2.455) 16 (2067) | 0.203 (0.063/*
Self-study Hours for English 5121 2.002 (2.959) 2.266 (3.188) 1771 (2.724) 0.495 (0.083)*
Self-study Hours for Math 5121 2.029 (2.844) 2.251 (3.043) 1836 (2.645) 6 (0.079
Prior Ranking 5122 | 5445 (2.002) 5,634 (2.015) 5279 (1976) | 0.385 (0.056)**
Male (Yes=1) 5122 | 0473 (0.499) 431 (0.49) 0510 (0500) | -0.078 (0.014)
Age et the Test 5122 | 14845 (0.327) 84 (0.329) 1485 (0.32%) | —0.014 (0.009)
Number of Children 5122 2500 (0.926) 2.284 (0.548) 2690 (1.125) -0.406 (0.025)**
First-born (Yes=1) 5122 0.466 (0.499) 1,000 (0.000) 0.000 (0.000)
Parents Married (Yes=1) 5122 | 0955 (0.206) 0.958 (0.200) 0.953 (0.211) 0.005 (0.006)
Parenis’ Average Age 5122 4342 (3205) 42.04 (2.589) 4462 (3209) | —2577 (0.082)**
Father's Years of Education 5122 12.85 (2752) 13.25 (2.661) 1250 (2.782) 0.747 (0.076)"*
Mother’s Years of Education 5122 12,06 (2.330) 12.45 (2.211) 171 (2.387) 0.746 (0.065)*
Famiy Income Missing 5122 0.144 (0.351) 0.136 (0.343) 0.151 (0.359) -0.015 (0.010)
Family Income (W1,000) 4496 | 33004 (44782) | 3324.3 (4284.9) 3279.2 (46433) 45,05 (133.84)
Note: * p(0.05; ** p¢0.01.
ol EAol o sPYe] e 5.2m0lck okl Aol SWES Erol SISl

A A Rt

22t W A|ERAREE Sl o], 45t T mEe

oA AgE ¥eE olele] tE WHeES ATEriglE, ARjel SAYEolANE
Eqjo} o|Are] SYES] H|Fle] =& AR oT AAN|= 2O EXEo] wAF)
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o2 So] Blot SIS WA 47t Hold WA Tt Al Sska, At Y
Nse] W WEGEE APl o] RwSel uslel et AApl shiSTH Aol

oWt KIS 7he] Al EAd0] Zolofla] ERIER= vle} o) ‘Cov(F,¢;,) = 02 HA
31 710k AWzksl] 01@:} T (Table 159] 2R Cov(F, e;,) = 0°9] 7Fg7} 2
Al BSERRE R Flod AZFELE (Cov(F€;,) = 0°0] YEsK= Hal @A (mean

monotonicity) 7P 0] JHITHH, Sehs =Y tlEe] RISAHE Sl Al
vle] avof] #1839 RS FEY 4 = 2otk

£ Aolxl= Sholld AE A4 BAES T Aef B4 AF ARol| A&
slo] =5t Alwenle] AR slall AAETE WA ALSH] &9 Yae] &
A=A g OLSY] 4 AE AmEL, YWidS AR FAldk: Eqtiaty
I O] 4 s At

1. OLS ¥ Zy-dge] 574 A}

(Table o= Al &= Bt Z-HE THHP= olgsh= A (ol tigh OLS ¥
el 34 Aaph HaEo] Qltk (Table 3)9] 3ifd A, B 9 Colk= 212} =],
qol, 25F P W] 7 s TAMEE AESI 490 24 it ARIEe] 9l
El(y;)
As;
As 7} 1K) Z7HE w2 ARSI} 100% S7KEE v e 7 0] Z1giglo] i)
Sh= RS I siA9] HOlE ffsto] el of Bk ARLSRIZE 10% S7He o) et
SR 2 ZIgigle] SIS Wisjekel el AR wakslo] AlLgn] gt AR
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(Table 2) OLS and IV Estimates of the Effect of Tutoring Expenditures on Performance:
The Average of Three Subjects Scores

Estimation Methods: OLS %
B Varss s Normgl(i:zoercei Test Normgl(i:zoerg Test Tutoring;(irl]Eng)nditures
(1) () ()

Tutoring Expenditures (in log) 0.084 (0.007)** 0.241 (0.058)**
[Elasticity] [0.259] (0.744]
First-born Child 0.345 (0.044)
Prior Ranking 0.313 (0.006)"* 0.296 (0.000)** 06 (0.012)**
Seli=study Hours 0.004 (0.002)* 0.002 (0.002) 0.007 (0.003)*
Male (Yes=1) -0.133 (0.028)** -0.170 (0.034)** 0.253 (0.055)**
Age at the Test 0.068 (0.045)* 0.081 (0.045)* -0.077 (0.059)
No. of Children -0.041 (0.01)* -0.030 (0.012)* -0.048 (0.023)
Parents Married 0.091 (0.063) 18 (0.068) 0.475 (0.112)**
Parents’ Average Age 0.008 (0.003** 0.008 (0.003)** 19 (0.007)**
Father's Years of Educeation 0.026 (0.009)** 19 (0.006)* 0.042 (0.012/**
Mother's Years of Education 0.019 (0.006)** 13 (0.007)* 0.032 (0.013**
Inc Missing 0.364 (0.150)* -0.287 (0.279) 4,245 (0.31)*
Family Income (in log) 0.046 (0.019)* -0.042 (0.037) 0572 (0.039/**
Intercept —4.093 (0.684)" -3977 (0.673)"* —1.901 (1.028)
School Characteristics Yes Yes Yes
Flexcluded V) 6240
R-square 0.597 0235
Sample Size 5122 5122 5122

Note: * p(0.05; ** p(0.01. Standard errors are in parentheses.

(Table 2)9] (Dol AXE vl o), OLSY| 54 Aufe] oJshd, Ae-SH]| A&}
4 e dAle FARCR 02 VISR 2] A vehixle geth S
10% =& Asn] AES it 0.008SDEEFHA) AE =2 FHez g, o

S AR Hgsh, 107 2 ARSH] 2SS BodeE e e HeE of
0.250% A= &oks APt ﬁlﬁk StofAf ZFz wiel ol OLS e ;2 ubdde 4
da] aefsiA] S wizel, 4 Aapt AlsH]e] Zget avietal eHilsh] ol
Couv (s, €;) &) ol wie 34 2t Alu-gu] A&2] T ans dis4dd =
e BTG E e e
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(Table 3) OLS and IV Estimates of the Effect of Tutoring Expenditures on Individual
Subject Scores

Estimation Methods: OLS \%
St Vel Normalized Test Normalized Test Tutoring- Expenditures
Score Score (in log)
(1) @) (3)
Panel A. Test Score of Korean
Tutoring Expenditures (in log) 0.026 (0.011)* 0.403 (0.198)*
[Elasticity] [0.079] [1.244]
First—born Child 0.137 (0.033)**
Prior Ranking 0.281 (0.007)** 0.266 (0.011)** 0.037 (0.009)**
Self—study Hours 0.005 (0.005) 0.003 (0.006) 0.005 (0.007)
Male (Yes=1) —0.235 (0.032)** —0.337 (0.071)** 0.278 (0.043)**
Age at the Test 0.067 (0.044) 0.097 (0. 048) —0.077 (0. 045)
No. of Children —O 036 (0.015)** —0.017 (0.019) —O 038 (0.016)*
Parents Married 51 (0.079)* 0.078 (0.092) 97 (0.072)**
Parents’ Average Age O 006 (0.004) 0.009 (0.004)* O OOO (0.005)
Father’s Years of Education 2 (0.006)* 0.012 (0.007) —0.001 (0.008)
Mother’s Years of Education O 024 (0.008)** 0.022 (0.009)** 0.004 (0.009)
Inc Missing 0.269 (0.186) —0.363 (0.390) 1.710 (0.219)**
Family Income (in log) 0.038 (0.024) —0.048 (0. 062) O 231 (0.029)**
Intercept —3.473 (0.734)** —4.432 (0.919)** 21 (0.740)**
F (excluded V) 7_2
Sample Size 4,670 4,670 4,670
Panel B. Test Score of English
Tutoring Expenditures (in log) 0.107 (0.009)** 0.414 (0.098)**
[Elasticity] [0.331] [1.280]
First—born Child 0.274 (0.036)**
Prior Ranking O 272 (0.007)** 0.246 (0.011)** 0.080 (0.009)**
Self-study Hours 6 (0.004)** 0.007 (0.006) O 030 (0.007)**
Male (Yes=1) fO 204 (0.031)** —0.249 (0.039)** 59 (0.048)**
Age at the Test 0.051 (0.051) 0.065 (0.052) 70 OAO (0.049)
No. of Children —0.044 (0.012)** -0.025 (0.014) -0.043 (0.018)*
Parents Married 0.041 (0.067) —0.059 (0.077) 0.332 (0. 087)**
Parents’” Average Age 0.009 (0.003)** 0.008 (0.004)* 0.020 (0. 006)**
Father's Years of Education 0.026 (0.006)** 5 (0.008)* 0.036 (0.0
Mother's Years of Education 0.023 (0.007)** 3(0.008) 0.028 (0.0 )
Inc Missing 0.479 (0.153)"* 70537<o35m 3.384 (0.250)**
Family Income (in log) 0.056 (0.019)** —0.079 (0.047) o&o@o&)
Intercept —-3.873 (0.777)** —3.620 (0.791)** 41 (0.843)*
F (excluded IV) 58_56
Sample Size 4755 4755 4755
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(Table 3) continued

Estimation Methods: OLS \%
) Normalized Test Normalized Test Tutoring Expenditures
Dependent Variable: Score Score g(in |§g>
(1) 3] (3)
Panel C. Test Score of Math
Tutoring Expenditures (in log) 0.130 (0.010)** 0.244 (0.088)*
[Elasticity] [0.402] [0.754]
First—born Child 0.241 (0.036)**
Prior Ranking 0.290 (0.006)** 0.281 (0.010)** 0.071 (0.009)**
Self—study Hours 0.017 (0.004)** 0.014 (0.005)** 0.031 (0.007)**
Male (Yes=1) 0.048 (0.029) 0.029 (0.032) 0.179 (0.046)**
Age at the Test 0.061 (0.044) 0.072 (0.045) —0.097 (0. 048)*
No. of Children -0.038 (0.011)** -0.033 (0.012)** —-0.025 (0.019)
Parents Married 0.050 (0.067) 0.019 (0.073) O 270 (0.086)**
Parents’ Average Age 0.004 (0.003) 0.004 (0.003) 8 (0.006)**
Father's Years of Education 0.025 (0.005)** 0.020 (0.007)** O 043 (0.009)**
Mother’s Years of Education 0.002 (0.007) -0.001 (0.007) 0.026 (0.011)*
Inc Missing 0.272 (0.168) -0.105 (0.333) 3.379 (0.245)**
Family Income (in log) 0.040 (0.021) —0.010 (0.044) 0.449 (0.031)**
Intercept —3.648 (0.663)** -3.663 (0.667)** —0.665 (0.825)
Flexcluded V) 44.63
Sample Size 4,721 4721 4,721

Note: * p(0.05; ** p0.01.

(Table 2)2] (Q)Fo] ANE Ede=do] =4 Avl= OLS Axo] usle] 73t AF
L] A FRETE HolFErh = 10% %2 AluLH] &S HFEzEol s9]
Al I HHA-ALE oF 0.744% AT A= 23t 9ot 18] o] 37)= o=

BAROR folspl e %om.

R

Mol 34 2t AxjEn

e HolFe

5 7R 24L& ‘Cov(F,

Standard errors are in parentheses. School characteristics are controlled for.
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‘Cov(F, €;) >0'9] TAPE AET 7hs7d0] ot &, floll AlxE Atasuie] aafe] of
g Eae ] 24 Avks 2e ane] gAY ThsAdo] Eoh A 10% =
AJSH] RS FatAQl Y] HbE 0.744% R TH= 2R HER 7= &t Q)
thar g = Qlef, e ake] Fazrt o= FrEUR|of thefA =ataRe] AN F
s ete] o 4= gicks

ARLEHEZE Al 2] HdAe w|xe &t O8] 32| ths AR Alnsa
S i HEE wol, Fof, e R AlEshs Aol A tEA] ot
(Table 3] 3id A, B ¥ Colli= 212t =0l gol, 478} 7 29| 7-345 S5
= ARSI ZF I AllsE] XS s 2 AR o] 34 At AXE]
=1

WA OLS9| 4 Aulol oJsh, 10% 2> I AbLSH] &2 FtaQl g9
o], o], F=gke] AIFAIAS 712} 0.08%, 0.33%, 0.40% A%E A= &t 9l
o} e s 9] U o= Qlsto] 919 Aulso] Alwsn|e] Xt Qlutaks AAgct
I S| ol 5,0 U dS ol A dlEsks EeH O] 24 Aatol| ofshd,
10% =& T ARLSH] 2|5 BarARl S oof, o], 48] AIFAdAS 27t
1.24%, 1.28%, 0.75% 7%= A= Bxp7E et o] A= F719] avh= A =2 Hat
QAT Al T A ARSH] A& o8k mEo) HIste] ot Ackal 3 4= Qlet
E3] Foje} gojof| tigh AlwgH] x|&0] Fal= A| ¥ Hato] 79of Hlsle] oF 1,64l
A=A depdth 2oy et o] At AbsH] o] 21t Ao wigt Zpisy

5 (Table 29 (Table Dol BAEE Mgl shie] A7 A2, A7Ig3Azt A, ol 3
wol olyd 9l WG A, AFFHe B8 SHUb KR mAle] BAMIEA, FhEA),
AR ot 9 WEs) off 5 stmo] Sajgo] EREch R kRo] AN Rl ol wigwh
ofzzo] exgio] QAR A9 AmHIo] QliLikE sk majeld] X, 2 Ews Ayuisse] 3

712 BAE F8E= ¢ E(y“EZI)_E(yi‘Fi:O)E T35 =20 s =714
k A = i B(s.|F, =1)— E(s,|F. =0) HEE Wald SR A= (&

1 BAMASR] X, 7F X8| aefelr] =tk ey o] A= =gt FARIR AR A56] e
3l 7Agolet & =Rolkjel o] ‘Fro} o W] o= o] Yol Q= ZloR Azt 9o
£ 7R X, WaE BABlo] =] WS ol A Eols kgo] Hesil & =Roke
ol2f3l :=go] Ugke A 5,9 tlEo] Z7HARl AYHUSE X, & BAIBKL Sith Al T Bet g &S AL
Sk Z-9-2] Wald 5742= 0.550(se 0.061), =ofoll ek Wald F~8%= 0.460(se 0.064), Fololl thzt
Wald 382 0.568(se 0.068), 4=5}ol| gt Wald 34X 0.441(se 0.053)2A] (Table 29} (Table 3)
] 2SLS A0 Hlgle] ot At of= Ao} ol =gt ebAs] iAol S AR
o}, T2 Wald %53} (Table 2)¢} (Table 3)ol AXE 2SLS F4X|E0| & 2lo|F Holx|&= ¢7|
o), 2 =Rl X E AN BES 7I2R Ao A WeE EtHSR ARSSHE SRS
Aeigick
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Elyw)lz=4"] < s
Elyw)lz=u"] < y1g

=Flyw)lz=ul= Elylz =]

(Table 5yoll= Erg Ely(0)], Ely(1)], Ely(2)]o] 2t sz wirelo] gick, 3
o] Aol w2, A o] FFE45E AMSIE i THEe] HiS AMSIE TR
2 ‘Ely(0)] = Ely(1)] = Ely(2)]'9] WAV} A2 gt ol o] Eehs
Ely(1)]=0.283, Ely(2)]=0.28524 ‘Ely(1)] < Ely(2)]'e] TA} SAKoZ 42
s AgsiAe ekect aEt ‘Ely(1)] > Ely(2)]'9] A Atk wst sw
glomeg B zlzollA MTRSF MTSS] 23t 7hgel] EAPE Qlths WAl AL s

A ereth

(Table 4yof AKX Al T AS] Fatdaoll gt MIVHMTRAMTS #$1o] 57
Al 2 ARLSH] AER Qlste] 3P| Azlo] A FERE tethe de 2
olEth MIVAMTR+MTS §i919] Zghigholl oJshd, 10% & ARSH] A& sHie]
Al B Fa S A 182~2.29% BRI AR JIEd MIVAMTRAMTS
Mol g AsH] AEe] Wt ook TMEE TMsRle X3l
MIV+MTRAMTS 9] ERE Alaksd] A&2] et 44 Fdaapt a9 34 e
UATZITE,

Atk 2150 Te] 2] R AF IR AlsH|et iSSP A
o= o= Aol v vERdth So] 3R] A9, MIVAMTRAMTS
of & Alg R oF 0.77~0.84% FERA ALSu] AE] mapyh e =24
e HojErh shANE Jojel =8t Aol TRk MIVAMTRAMTS H91e] & 7|
T RS AksH] AFo] 8] 2] ok At k& Thede AIRiTh goid]
10% =& ARsE] xj&0] goie] Batdale 2t 2.16~2.64% BE7HA] A
o] Aeole 2 2.04~2.84% H=7MA] AR, TRy 7 BEA &
OF MIVHMTR+ MTS 9] 2k 03 th2x] ek, 2= I5gRe] At
Hpzom sAshd, o], ol 48k BEolA B me ARLSH] Al&0] v
To| A e etk St SAE WS = ofHTh
ARSH] AES) WS BAReR uEsle =Ea B WY 2

(Table 4) Upper and Lower Bounds of the Effect of Private Tutoring Expenditures
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Ely(1)—y(0)]

Lower Upper LB uB uB uB
Bound (LB) [Bound (UB)| 5 Pctile 95 Pctile 95 Pctile
(1) @) (3) (@) (5) (6)
Panel A. Average Score of the Three Subjects
MTR+MTS Bounds Elasticities
Ely(1) —y(0)] 0.000 0.678 0.000 0.728 2.064 2218
Ely(2) —y(1)] 0.000 0.454 0.000 0.507 1866 2.083
Ely(2) —y(0)] 0.000 0.819 0.000 0.879 2.364 2538
MNV+MTR+MTS Bounds Elasticities
Ely(1) —y(0)] 0.000 0.654 0.000 0.703 1.993 2141
Ely(2) —y(1)] 0.000 0.444 0.000 0.494 1823 2.027
Ely(2) —y(0)] 0.000 0.795 0.000 0.851 2294 2458
Panel B. Test Score of Korean
MTR+MTS Bounds Elasticities
Ely(1) —y(0)] 0.000 0.296 0.000 0.347 0.875 1.025
Ely(2) —y(1)] 0.000 0.195 0.000 0.253 0.773 1.004
Ely(2) —y(0)] 0.000 0.295 0.000 0.354 0.872 1.046
MNV+MTR+MTS Bounds Elasticities
Ely(1) —y(0)] 0.000 0.271 0.000 0.323 0.801 0.955
Ely(2) —y(1)] 0.000 0.194 0.000 0.264 0.771 1.047
Ely(2) —y(0)] 0.000 0.285 0.000 0.356 0.843 1.052
Panel C. Test Score of English
MTR+MTS Bounds Elasticities
Ely(1) —y(0)] 0.000 0.608 0.000 0.653 2.265 2430
Ely(2) —y(1)] 0.000 0.522 0.000 0.575 2.359 2,598
Ely(2) —y(0)] 0.000 0.808 0.000 0.861 2734 2913
MNV+MTR+MTS Bounds Elasticities
Ely(1) —y(0)] 0.000 0.579 0.000 0.626 2157 2.332
Ely(2) —y(1)] 0.000 0.512 0.000 0.556 2314 2510
Ely(2) —y(0)] 0.000 0.781 0.000 0.830 2643 2.809
Panel D. Test Score of Math
MTR+MTS Bounds Elasticities
Ely(1) —y(0)] 0.000 0.739 0.000 0.784 2708 2.874
Ely(2) —y(1)] 0.000 0.443 0.000 0.490 2078 2.301
Ely(2) —y(0)] 0.000 0.822 0.000 0.875 2898 3085
MNV+MTR+MTS Bounds Elasticities
Ely(1) —y(0)] 0.000 0.726 0.000 0.770 2.658 2.822
Ely(2) —y(1)] 0.000 0.434 0.000 0.483 2.036 2.269
Ely(2) —y(0)] 0.000 0.805 0.000 0.856 2.837 3018
Smug £F Y Mef B G Fow AIRE 018 AtwsH| X|EQ MF FaEn 24
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(Table 5) Average Test Scores by Treatment Levels, Ely(t)]

Analysis Sample
Averages Averages of the )
e — Korean English Math
E[y(0)] -0.294 -0.012 ~0.265 -0.327
Ely(1)] 0.336 0.283 0.260 0.382
Ely(2)] 0.525 0.285 0.543 0.495

A= AesH] 2|Z0] Y] akgAd Aol tha

2] FA= o2 AeR QofHr, wtHao] s AlnsH] A|E0] Htadel o
St HE A (point  estimates)= HH, 10% =2 AluSH| &2 FojAd4S oF
1.24%, GoVd&E oF 1.28%, d&E oF 0.75%, 12l Al k& Ao B34S
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Agh R giAR S Sole] 8E ATES] HISKE el fixghesza 4
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gEA 2 =] 4 Adke O i 2] 34 ges Holerh 2 el A
oA mate] FExE ARs] sidsly] ffside WA A AEE Abewe)
S AAB] AvlE B87F Qlth (Table Dofl 2w, AR Lt =ofe]
ot AlSrlE oF 319709 G0l AksHl= oF 69,8209, FSF AllgHlE of
65,4309, 1laL Al I o]l oiet Al oF 154,1009 Akolch, T12jar )
ol ok AgE] o] 95 sAlERdS: T HE, =o1e] Aeole oF 132,200
o, Fote] ABeelis oF 283,3009, ste] Feolks oF 283,3009, T1E|al Al s A
Aol Hiet ARgrl= oF 566,6009 Folth &, A S| oF 95%= Al I Z1A
ARalsH] 7|1Ee R At 566,600 A2 S =l ol ok s A9
Aol AEE 2 =l Rt Afs]e] ke FR d¥a AR o
o] gl AEshs Sl HiRt BatEn= sidEnt
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dutdor Ataso] FHoH WSEE ARSH9] Bagh A Al wes
Are 1 AASwrE R0l s ey ARsale) ekt & Aot Uss Al
v 7k} Sl L 1@57} ol 7hs/dol =k dlE =0l € ARusH
5 566,6004] 1,133,200¢ 02 F v J7HAZIH AJFe] #igkgo] o= AmU|
5t S| avk= 1 AT Algs] "WolRitkar g 4= Qi)
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oz AR mEATHS oF 07411% FE PR, TN 9w T A
ARLE RIS A SIS o] A 4utol thgEicka okt 4+ ik

B egold] Akl Amgule] fupt ojee] A7Ew 34| maw] gher 5
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ABSTRACT

This study examines the equilibrium investment on the pollution abatement when firms
are facing Cournot competition in the output market while the pollution permit market is
perfectly competitive. Unlike standard perfect competition scenario, the abatement investment
delivers an indirect effect in which it reduces other firms' equilibrium output. Consequently,
compared with the socially optimal level, overinvestment arises. I also overview the potential
inefficiencies that imperfect market structure induces under the emission trading scheme,
presenting policy implications.
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Hiloks AlEEAPGe] E9PAEAAQ] ARe] wiEH ARAIES] Akl s
5 sk B8 A TheAde AERE 59 /‘}'—E%/\]XWW 7|dE0] A
g e '5‘}3—’ U BEE oleRFe Bl AR o AEEAR HiEd A
A EARgo] ZIdEe] AAFEA ARl miRks FRRs AwELL O HH
2 gels Zﬂ/\]ﬁ}% Zlo] &i19] F¥l HA ot}

7|5Hste] FaQlo] shARe| AMOR QIR AR HiEEe] S0l EeEd
of wat 7|1=Hske] ASKclimate change mitigation)S £J8h A AR 2AI71A9]
= BEA7F g gk Seuls $ellv|3HElE oK United Nations Framework
Convention for Climate Change: UNFCCO)Slo|A] 7]&Hslel #Hsle] &8 9=
e usin gx kol wEet A Sow B u o A% Awmmw
© sk ST 52 ST olgio]l atEaL Qlrhl ofof A= 20094,
ZIA] i 747‘@1 QAVIA Z7IEERE AL, 201090l TAERAaEA
7R (olet T7lER) B FHY AR A Bl 71st dhee fleh 24
7k A=el SRS S 55| 7AW AldRollde 20208714 2ATIAE
BAU(Business—as—usual) 8] 30% =32 Z7|10=2%E 44, AAJ3E 8 ok

AR AEERE S Sls oRt AR At AAEe] ey, % &
& SN -t Zﬂﬁ AREAL = o] HiEAlet vied A=l $-=
Uzte] Aol 1R ABsxelA THA7IsH APgele] ZRke: & BlgaTA
Ao] gFelE ARA E‘?J”i”r AP ZASRE AASkL Qle, A4exollA= Al
A7lse E8dle] agFem A5ERE S| fsl AR Hisd AR
TS AL AA HRkS 2 [RARAEiEEARA R E o] 2011 69
AR 4 dlarsle] Qirk ESE VR, ABozos TSRl Asel AHIAE

1 SelUEl= 2007d 7|Z20® GDPY olilslEks HiEEo] 0.46 tC02/USD(20008 PPP 7|32)&E AlA|
9%Jell Estar, 1990WRE 2007 Afole] wiE S7H8C] OECD =7} F 7MY &2 F=X& Eolil 3l
THIEA[2009)).
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(

ek ke R w71 2SS F7eoF Sl wRloRn e A=)
B 52 Bl ©AlE =0T = Qe SAE Fofskal Sk

IS A= Sl 36 vl FAIER slla SAAAEIEe] ZoRl=
Tl HiERE ANSKES fedeRH vgasdS A ok et
7 A|(price  regulation)Ql RHH, HiEE AAlEs FREQL oulolA ESTA
(quantity regulation)®] dZe 7Ktk viEd A=Y E5HAE A4S viET
O] A HEEEE s 2T 4 vk el ok ey ARIAYSe]
2 Hs] AEoHA| ke S, APTH0l A A AdSke WHEskA] Eokal o
o] Ig/do] I 7ol Qi3

APgHEIAUZO] Ads] AEshA] Foke i o= wiEaAld 52 AEEARo]
EEEIAY Hito] o]Rolx= BSAAARL B9t otk o] A9 ARE
(market power) SAF B 7[e} A W= 7HAAAPE g 4= Qlek 9] =vt
2to] AL, olvA] thilE Algel APHFETE sl =0k olse] 8 Folkpt d
S AAIEE ol EAlO] =EE TRsAdo] AA]

(Table 1)-& 2Ufe] AE 2A7EA wiEsf Fol5 HiEHlso] =AY 1 37t
A7p 2 HEe ZAog B 9lom (Table o= 20064 715 23 Algjo] A
AT AREe] Qe ololl ofehH Rluet 2A7RS HiEelk] A7) - 7k ol
UR] FEat 545 9 vlgs B A - AR o] ARRJsi: Hige] ARk &
T Utk o] F AYRES 2A7ES uliEo] g AR W 7ol oA &
2l 3719(& ARSI pell s APge] A FEo] o] Qi HMATARES
S7IAEARS] HR-go] Adidelr), 1 9 YRFHES AmEY M{SlsRiEe] &
sk AEAl At MRSl ZxsikRtE AR, a5 2 HlgS ol Sk
W7 9 AR ARY, a1 o 2 AR ARY, 5 AR BE 9 e

A, A 3 ook A”, A 9 deAERd 59 ARdelld CR34 HHI(Herfindahl—

J

N

2 2APEA SRR Es] giRE] WAoo gAY sanel siEd ARAlEe] disise sfieldE
o] 2 At ZgH vF vk A=Y JfEA Avfet fEjuEielsY] Hgol disiie s
(2009)9}F A-871(2009)& H=T 4= Sick

3 o] Qo= EuIAIY Aoz okl EAHoR xvie 5o EShiAo] & AL uiEd AfA=
7F Aol vl 2 AR SRS A TR0 ol AXE HE Slrk olell oSl Roberts
and Spence(1976), Pizar(2002), Murray et al (20093} o]52] =25 A3t &34 - £HITH2010)
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(Table 1) GHG Emission Trends by Sector

(Unit: thousand tCO2, %)

GHG Emission Sl
Rate
1995~
1995 1998 2001 2004 2004
Agriculture, Forestry and Fishing 25,943 (6.8) 26,323 (6.7) 26,868 (5.7) 24,498 (4.8) | 56
Mining 2,565 (0.7) 1,794 (0.5) 1,831 (0.4) 1,109 (0.2) | -56.8
Manufacturing 176,261 (45.9) | 182,851 (46.4) | 212,383 (44.7) | 219,674 (43.0) | 246
Petroleum, Coal, Cherrical 34785 Q1) | 43454 (10) | 43630 02 | 5038599 | 448
Products
Non—metallic Mineral Products 47723 (12.4) 40,160 (10.2) 44702 (9.4) 44,499 (87) —6.8
Metal Products 51,524 (134) 55,253 (14.0) 64,352 (13.6) 68,634 (13.4) 332
Machinery, Electrical and 057 (25 | 196033 | 23501(60) | 22103143 | 1322
Electronic Equipment
Transport Equipment 4539 (12) 3 (1.2) 8,380 (1.8) 8,439 (17) 859
Furniture and Other Products 1556 (3.0) 10619 27) 12,852 (2.7) 12,768 (2.5) 105
Electricity, Gas, and Water Supply | 84,719 (22.1) | 97,258 (24.7) 41,370 (29.8) | 169,914 (33.2) | 100.6
Construction 2457 (0.6) 2,053 (0.5) 2468 (0.5) 2489 (0.5) 1.3
Service 91,945 (24.0) 84,125 (21.3) 89,741 (18.9) 93,560 (18.3) 18
Transportalion. Storage, and 4063(89) | 33252084 | 3799 (80) | 40983 (80) | 203
Communication
Real Estate and Business 312308 | 34909 | 404 (09 5781 (1) | 851
Service
Education 2076 (0.5) 2785 (0.7) 3823 (0.8) 5,016 (1.0) 1416
Other Service 23784 (6.2) 20,334 (52) 21332 (4.5) 20,733 (4.1) -12.8
All Industries 383,890 (100) | 394,404 (100) 474,661 (100) 511,244 (100) 332
Household Sector 67,930 57483 723771 76,012 1.9
Total Sales 451,820 451,887 547,038 587,256 33.0
Note: Numbers in parenthesis show component ratio by sector.
Source: Bank of Korea(2008).
Hirschman Index)? 215 &8l & of AR 4368 22 & & doh &8 =
< ARFEETE HEEA] W2 RS onfsl= A2 ofYANE 1 Ao] A
FAel] A e MRS Al BT B 4 Stk
(Table DI} (Table EHE 23 4= Q= I 2 ARE vj&Eko] 331 AR

4 CR3= AJEG-go] Aol 37 7192 A%
&2 AlFe] For oy,

FATE) S o= AHoHw, HHl= 7 7199 AR
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(Table 2) Concentration of Top 20 (Shipment Based) Industries (2006)
(Unit: Million Won, %)

Ranking [tem Shipment CR3 HHI
1 Manufacture of Passenger Motor Vehicles 17646028 | 903 | 3120
2 |Petroleum Refineries 17434712 | 795 | 2410
3 Manufacture of Electronic Integrated Circuits 14952068 | 833 | 3620
4 |Manufacture of Flat Display Boards 11700660 | 70.0 | 1910
5 gs)gﬁcslure of Cold Rolled, Drawn and Extruded Iron or Steel 8901706 | 833 | 5540
6 AAASQ:::E:(ZZ of Broadcasting and Wireless Telecommunication 8057323 701 | 2360
7 |Building of Ships 5760093 | 726 | 2200

Manufacture of Hot Rolled, Drawn and Extruded Iron or Steel Products 53568307 | 789 | 2690

Manufacture of Smelting, Refining and Alloys of Copper 4,526,871 9.7 | 7980
10 |Manufacture of Storage Units 2418925 913 | 6910
1 Manufacture of Television, Video and Other Audio Equipment 2,386,839 591 | 1500
12 |Manufacture of Nuclear Reactors and Steam Generators 2,149,590 902 | 7,590
13 |Manufacture of Smelting, Refining and Alloys of Lead, Zinc and Tin 2,086,342 | 944 | 5460
14 |Manufacture of Basic Organic Petrochemicals 2035326 | 588 | 1500
15 |Manufacture of Tobacco Products 1998257 | 999 | 6,780
16 [Manufacture of Laboratory and Other Industrial Glassware 1964.652 725 | 2940
7 !;Ajr:)uofigture of Motor Vehicles for Transport of Goods and Special 1940000 | 1000 | 6520
18 [Manufacture of Tires and Tubes 1,630,009 912 | 3350
19 [Manufacture of Locomotives and Railway Rolling Stock 1,550,863 99.4 | 8880
20 [Manufacture of Civil Engineering and Similar Machine Equipment 1,255,539 64.0 | 1,930

Source: Korea Fair Trade Commissions (2008).

TEb w2 AF9 ot 8% (homogeneous) ‘= A, FF AAREE]
Al F83 AT ke Holch Y, AWK 5 oUARE ARSRHRE &
& Hag A2 5ol &8he v 4ol ‘ﬂlﬁ A RS AL ‘212 :
1.

SHL ick ofeiat 4kl
o ARl SAAIRE O e B AdKel ek Heh ol

ol A A SR ol o SRS A AR -
FAANAS] HE ARAES] REAel el the) AR ATt &
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gt 4 Hahn(1982)2 wiigdo] o= dd A9 dArd 5= = Al =+
B399tk ESE Lioski and Monteo(2005)= Hahn(1982)2 EHtst] AZiAARS 1183l
S wjo] wjEZ 9 Fekd G884 FAIE QL van Egteren and Weber(1986)= Al

=2
A YAt 713 719l = BLPAEAAOA Al <84 (compliance)e] FAE
BA5199c) SHH, Montero(2002)+= HE - EA|(command—and—control), FATE HiE

gl

.

A= (grandfathering  permit), W& viEHA| = (auctioned permit)©] BRETFAIA=
718 (technology  innovation)©l] thgt FARFR SHHA Bl - A%l L
HiEEAPgo] BlEAAAY A, AEEANO]l BAAY et uEARY AeE A
JoI3ic. Montero(2002)°  ofsPd SAlEA= HIEARE S3F AA @makdirect
effect) Qo= L&) spillover effect)S T1EJoH= Z2FA a3 (strategic effect)
S HRRE I el AAlEsl] AR His 7S WEeo] BA7IHY
AEES 52 Hol 11 fRlo] Fols 4= qloH, weh e dqels g v
HPA] ZF LOAR] AR 9= AR Sh=rkar A st

A7IEE AR Ate diFE HiEEAe] ERAEAAY Ae-E IRl eyt
olgfgh Adsfo] ofg} SHEES Al HiEH AAl=el iRt EAoEE uie-

o [

X

785 AP Ao, FUst 7ol AEEAR} wiEEargelld ARl =N
2AZEAS] A A9 ®ISPE FHIste] AolRt ARlel &3t 7IdEe] uiEdEArgl
A ZRSHA B 7397t gubdolt), Egh wiEde A4S 8% (homogeneous)50]o]
A ApEZA(differentiated) e 53 ARl HA] 2tk & 247k wiEH AA
To] 79 wiEEAS AR OR Hi Zlo] Hrt ghE|Holrt,

T vE HiEE AAe]l Aol AlEEAPe] B9k Aol S 7
¢ HiEd AtdEE BlEEs FAE S otk ool oigh diwd Add AR
Sartzetakis(2004) = 54 AllelA 7980l FE2 BAS sk HE s &
Asigledl, 1o oJebd viEH AAlEs HEEAE Aol vl HA g
2 Qth6 GARE HToF BRE} - o|AB(2002) ASEAR oA 2pHSkE  AJZo)
A A vl A= SYaNE HEEAAY wiEtAIeE Blusigict o

5 =2 HiEde FfolE AsAH(compliance period)ol} & HgHvintage)oll wel APEAGS 7
R AL Oh;]-
2 T 1w A T.

6 ofol gt Tt o= are] AvAl A= ek

SATZYAY0IMC HHEH M=ol E5Y

179



180

of ofshd = 1+ APFRERES] Aot 2 A v ARl =Ue= Qg ALY
A S STk g,

T A7 HiEE AAEel] AeHEE Sartzetakis(2004)9F o] HiEH
Bt AEEAPe] ERRIEAAR B s ARRITL Rk AEEA
HA(duopoly) 22 F 719e FE2% ZHAY(Cournot competition)S 3} ik H
o] mgolrl= Sartzetakis(20049)LF HPISE - oVd2(2002)9k= EE, 7Yl AAE
=S 24T B9 opel ALlEF i) HiEEH e RS S s

o

S oot AUEARES BT S 9k ol JIgSe] Bhel AALS HAs

rie
rf

el
o
flo

o
flo

J

o
1

=
5
;‘{%
i
=

i)
R

22,

g A
SF HAL Montero(2002)2] 71&SAIEA ] that
Zolsitt, thk  Montero(2002)2R= ©E] WiEZTUARRS 2bdAAZ o
RS F2 BEASHT 8 Montero(2002)2} #3192 713k
= AP e 3P RRD7IssAEARE Al 2olM Hlasks Alo] opY
et ARpldez FHAQ ARIFATED ARRelMe] ARFFATES vtk o
of Stk Montero(2002)8] 2P AT #FEAS S ARFAFS ==sp7)HEct
+ AR ofgol niAlE FERES aefska Qo AR 7F FARKEE Bl
£ B3l FASHARKD ranking)E E=EShe dloll Adsht ARRlA 2E FAeEe
Hlaofl= o] r. ER 2a19] WFol= Aew AR vigse] WAE 4
Al7IE Montero(2002)2] 2@¥= €2 HiEgde AdTARt ] = AR
o ole AEEARE ARARe] ATASES Hr AR Hujiy] figtold,
Salo] 24 2 el sofshd theat gk 4 Ve AR 2%

gt
o 1=
3 AREEAO T2 A4S B ok Aukel .
a2k

N

N

Aol 2} 719le] AR
ko eba tf(strategic substitution) A QU Eck FEslelq 7 7191e) A
A A2 Hg7kae] EMMRE ofUje thE Z]qle) A 7hAS B9 1A
ARG 7HA Hh o2 TesaS ), FHANEAS ARlE Hau age
A o] YRS Mol Hek ol elE Sol o] AHEAe] T AE

-

I~

<

£

7 BiEHARIA 719 FUAUA, AEEAL AETiA] 59 WO R HiEsRs - 4= ok ol
gt AR o= S - $THH2010E Fxsle) B d7te] wEos AuEReL A& 7
o TAE F2 AujHct

8 Montero(2002)2] section 100X viEHAPgo] FH73AQI & k] ohFal Qlrt
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A} 22 7]et A9 A Folsior 8 felo] rk

B Theat go] AR 4 A IgelNE ZEERS AN ATl
AERAAe] AT FAAAAY A9 R ANAES] BRAY DA
A, AN mae] AukE AN, vEes A VA AT
o] Aukg aok ARt F I oiye} A8 A7Se] BeIAANANAel & ]
BRI Aol F= AlAFol tha) 71eks] ol

o rlr

Lol oifgt A1 Xﬂ/\l of A &2 A7t dFel 7L Qe wieEd 9 v A
AA=e] Aol dhsl 7Hefs] oad Hart Qi

AL AeelA ATtz 2 AtelA vl ARAIES] el He eHdEES
SAZERO AL TRITAL TPERiTh B LEEEE 2] 2l iRt 31,
AlZEE gk o] zlolof w} ‘HEEd-54 2 9EA(uniformly mixed assimilative
pollutants)’, ‘HlH5E3-S4 2EE

‘TS5Ee-=4 QHEZ (uniformly mixed accumulative pollutants)= &S 4~

Zl(non—uniformly mixed assimilative pollutants)’,

-
oo ol7lold] FEERFORE 2R viEe] B AL Bel QR mIAA) ¢
T oA wiEEeme] YR nAE AL ok, Fatw ogiRde] wiEE A

ARt g0l FFE FL AR e dnfelth edEEe] ofd FFRAl
2 vgaEE] viiEe] Fejet oS /sl 913t viede] AAPT 2RIt

e BAH0R sS4 USR5 Atk deSd 29Ede
HiETAl 2AlRIAE 24 Aelde] A viese SAlsIor slEE Seige 5
o "Hasht ot 54 A9 %*%—% F A=A o5 FofE Al%Hcommitted

=
constraint) & & 4 QthH 2AVIAE J5E3-8 odEdRE wolst x 9l
7

th 2 A9e SRR ASEA siEEAEe] AR X*EHXLE AR
mrow 3} wehd AIe wel Yol cesls 6 wMIEEAS wEER-F
9 oxmEzo] e =l ZAJEE =00 Tietenberg(2006)S W25},
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FeREdR 5skal, viEEel iRt Hel
Sh= AlFolA HiEEEE] AdRte] oA er RojdEs 7RIt

o|A| 71ERFS ARl ZF 7Y jE J={1,2,3, - [J]} = Z2F 2l (homogeneous) A
SHOE ks, Aatagola] AZIAS WAL B mgels J= {1,2}olck, Ab
22 02 e SR WSS Clg)oln Ch oM sRsei ¢ >0,
C"(q;) = 0 Witk 7Pgelct i
= ofgic), of M1 ko) ol WIS ¢ (g, k)2 AR, oft] ¢ o]l Fksat
SR Bej/aqj = e} >0, 32€j/ (8qj)2 = 6]1-1 > 02} o Bej/akj = ef <0,
0%, (ok,)? = ¢ > 07} ARcha Bk oPlold SR L 2 22k A vl el
7 WA wgof| thet HulE-S yehdic, Rt AL S - ikl viEe] niAl=
A gkl AT AR} AT 9% /oq;0k; < 0 PRIt AEEI wiET
(g;, ;)& A3l $18l Q== FH182 Cj(q;) + k;7F Hck

A 21 AgEAE ) Shls dEAiorl AAEolE B ol7lelA
= 2 7190] viEshe @9 R AEEEd o5l Fr AR 7
;6]- < poltt. IRy HiEFEAItel s Al Hofske 7199w &

O

o2 AR ofgfet e BaolN ApgelT ok AT A8le] AAslA: ek

o, Haols AZEAe] BebdAAadeln WEEAgel AUl A% weel

3 glen, ol WiZEA Tl Aol

2 JpgEr oleigh S ARk, uEw Adawe] =
=L ZEAE A ARl BEsls BYS TSl 1% AREAAe] 2

KX
DAY A B4 dide= & oot Sk IRy o7lode mEe] we
S flsl sl Aol wiestdel Alofo] Fojsls RS AR ok Aol o

10 8RS} - o]4d5(2002)2F o] AEAPESHE APolAe] wied AfAES] F8dE Zu|Re FAo]
of ok 2AVRA uiEd ARAEe] B 2t wiE7|uE Hei e s s, ol A
Z7 AgEe e 2 SHIE kiR E Apddolx] ok AskE Akt B Fo] oyt
Zo|tiTable 1 %), wepr] ZioXAE AEEe 524S 7Hele Ao] Fejrezs s,
gt olefel APloME ERAPES quality differentiation)ty E#H= 73R (brand competition) 52
AEAFEE 947t 241 4=

1M dub oz Aga} viEo| dist AEAR= et IAE 7 4= Stk o 0] uAEES
=ole AuEAlE AMIES A FT BAlel HiERSS EoAl ok o7lellxe =99 okest
E I8l ABAhgo] AgEEALl AAR] RS W] Gk= AoR Pyt
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3t BiEETEAIRko] 2 ARRe] ulg W =9 S HIjele] afFoR AAE|o] QL
S YEHoR JPgel= Aolot o wiEHEAR o] AU o] AFfA 7]
| 7HE<=8AHprice—taker) 2 758k= A= 2 7Pg3Itt

Aol FEER AR FF Q=) g0l Oiwt d5agkes P(Q)R BEsk=,
i

o

Al EAl(aggregation problem)E  HiAISE]  ffsie] thiEA  AH|XKrepresentative
consumer)E 7PRICE &, Q%= ] SRS MR QIR SAlE o] He
P= 9453 ulE 71s3HH (continuously differentiable), P’(q;) < 00] AJHgictarl 7p4st

=
. AV1H 43 ujEA Adee] E84

1 AR H4 AR

2 Aol $jo] lRudslole] AEH 2d WiEw AgEdee Awp,
Wi AR} o2 SRS AmEc ol off Hebdxelxe] WiEw U A
AEAgTle) MaE 9% WAmaE A4l Slstold),

AR 02 H20] AE} AZFEARC, k)2 Tt 2 Mgt BAIS B A
ey,

p
7 P(Q)AQ— Y(Cilgy) + k) (1)

maxqj_kj
0 J

Yieilgpk;) < E,q; =0 and k; = 0 for all j&J

F—E]# Z7(Kuhn—Tucker condition)S ©]8sPd A (1)¢] dl= o2 Z2 =4
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A =0, X ¢;=0 G)

vy = 0,7 k=0 4)
Zq] C;'(g))+ X —de; =0, for all j (5)
—1+vy,—de} =0, for all j (6)

2o HojE 95t 7 AEEe] HE: TRl sart S8 M BE 7ol &
o EEe ARIHAL sk =, 2Aseld ¢i° > 00] 4 TSR, wiebA 4 (3)ollM
HE joll disl A; = 00] it

4 @9 o= viede EX%IOP‘ glef] 8=l= weld BlE, S ey vkt ¢
A o= 002 sk ok viEsEAI el defe] AR ARFRAlel disl F1<2olA] ek
(non—binding) “g-7- HWFH:} o] A} (5)i= HE jol Hall P(Q) = C;'(g;)7} Hol &
AR AR - TAREE] TAIE S EH, A ()9l 2= joll Hisf ;= 1> 0
o] HEg A (YRFE k; = 00] K jof disf s "ok =, o] - viEell digt
FARE AYSHA] et

CHO = 6> 091 95 sk o] ¢ HieFBAIR: 7540 At =

P(Yg%) = €' (%)~ 5e (q2.H0) )

—oe2 (g% k] 0) =1 ®)

o wEslER, = PARREel WiEzide] ol PARRIEA NI} Uxsis
Aol A, oAte] =o)g the wA] 7]l
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ei (g7 k57)

3 (7% k)

©)

0= el K. eiO=E 10)
J

&) 2ags Pet Col gt 2700 o) Mol st opel 71%jo] o] AEES
RARIY, 00] AEES K= 7194S JolA] viAlekaL oln) F—El# Z7lo]
A A, = 00] ARk 7140 2Ja) ofe] ABES R ol F|IE HlEE
SpAekslolA] k> 00] sl WE jof sl 4, = 00] AHgich waba 4]
(6)0E] 4] (9)0] ALK, ¢? < 0olek= 714l o8] 6> 00] Asic, 4]
D 4] @A 62 278 4] @7F E2EH, 4 102 5> 0 F—EA =
2] 2] @] Agslo] wEE} (59 B)

o

BA 19 A (9= HiEHE-S ARt AMIESAIES] et 28l A (D &
A AHEARE AR A @=FE fEEeleH, A (102 wiEdEAre] Pikx
A(market clearing condition)©|t},

flo] BAeA dele] 71l thal e,(q;,0) > EFo] itk 7P uilg- 733k 7132
ojm, TX| AR 7|Ho| AFEAE oFA| ool AlEES AJAkek= 48l (conner solution)
= Ak ] flsl HoYd =olsiinh. ddA o2 Aae] ghAH|go] W AR 7|99
B AFEAPE Qlolte, & k=09l A=ollA] ] AsEs AR = Qltke Holl
ShZart Qlek ol o] = 9 A 19] = B HR 272 ofsloAe FSUsHA A
B3t &, olste] EAolA thaat o] 7gRi

1o
e

12 o] 7Pge T g sPoR e SE i dlE Sol AUEAe] el Fub] A= )
FEol YRR 7FRS Bolspit WEE il 7 sldel Wil SES sagkel wask:
o 7PgE Fofgithd FYst Auks 4 4= Utk ik o] B¢ i =] FEf(functional form)
S0l 71 Folof slmE =07} tia ESINA i
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7H 1 1limP(Q) = o

7142 ¢’ (0)=0
718 3. ¢ >0 4] 719 ioll WS e,(q;,0) > E

A 19] Ak ujg- HHolct SA FRARE viEAE A 2 el
wiEe] ham hisd), ol ARREAS} 9 ARl A ) Ui ®
ok AREEARgO] SRAMAUS FPgelT kKol aulxh AHeiolRi) AEEANH
NRAS HghE, A2 71 poll ol p= P(N0) 7 ARaict olnf 4] (Ey
Bl, FO12 kyoll ohal AjAko] wiEol ulAlt A ol s ] A
T} A 7o) g5Ee Bol5A) Hrt

E3h 50gTL el SRiHAsE AARge] ZaEe AXREL AEE 7149
e oS A o 4 Sk ol wiENlge) slHoRe] A} GolskA ke
B9, AR o] AYG ouiRict o] A% Ae] ) Agieale] WAS
AR, o%c;/og,0k; < 0 7PPEIPenR 4] (QE=EE AR EoiEA ©
o} ohl e, AEERe| ZlAR el ARFEARE AkE diAlER] B A Bk

npxate g AgkEAte] HRo] A%, & k; 7} vl vlxl Y ol BE k)
SzolH 2 B9, 4 (@RiE AEAe] 27k ARA =, ojn] 4 (MRRE AR
o] 7FEAREL. Hol|A it

2. W= A= FAlREA

ol WiEA Aefalmo] el AHa) o7l WANAR AEEANT uiE
A Aol BT bAEolok] BE F|o] AR A4 po} wiEA 12 p2
ol Hlom S8k JPgai) 7 JlolAls ¢ wie] wiEpo] Folxn, o9
g p7} HEs ARE ofn 713 7 oled Srsleis Akl AR £
He W) e TS mEsjol dir) =olo] weslE 9a) 71 122 HEse] mE
71%00] ofe] MBS ARITHL B, ol 71e] jo olaeisl Bl et o] 7|

SHoh
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max, ;. p; ¢; — (C;lq;) + k) p (e, elg;k;) (11)
s.t. k]- >0

A 2. 7 1~3 USITR sha oluf B AjEl GgHeltt 2 oleF
b ()& WEshe ok K. e ol Wil (¢ k) = (g% k%) 7k st
P(3) =0 A A p o vk e Ak pl7t £t

F9) olg=diEH (109 F-87 =42 thaat 2tk

v =0,7k; =0 (12)
p—C'(g)—p.e; =0 (13)

=P(U)R FiL A @~ © W= ol s p. = o2t sk
Olﬂﬂ 7t 71 *%%‘E ARAR B ol2RE flesle wiEEe AR

Hdat sl B, weh neEeAe SaEt (3% D)

4 00aF 4 (D2HE, NS A AR BB AGEY] L5 Y
Ao Qlgh AR A JHES 1 o) U ARE AHE Laghe 2
el I AHHS U 2 o5t A He e kol AL a7
SAolE B AT, 41 o] HiEgel nxle dAA Aol A
2 ARO] PaFEI F1H0) ASES ZoisA] Hth EE 503K A ©

O S (AES AN AEE 7HS) ARES dollu, AgEAe
& %01-5—@. ARFEAe) Eabde] 2 A%, AL A7l AN H, ol 4]
(D=5 AE20] 7PSEL 2ola7] ik

3. 1=9) B AN

oPFoldE olERBE T8l AEEAE viedAgel By A
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A AAETE AR 2R 98T ¢ S-S ATEdTh ofdt A4 uiEd
A=) £ HojEt

o4 ZHHolA HiEd A=Y P & B wiEdY 273 Hinitial
allocation)o] A= B uiEHES] 7Hel W3S FA ZopH, wepi] 2ol
Tl T84S BRE 4 Qlths Holrh 13 B moA o) 4] (1)9] e; 9] Bv} 7
Hol A AdejzzQl A (12~ G nAA] gh=thz okl Zefdtt. wabA by
S AR B4 ol9oll O] 8oy FEA, AR IF A A=l 2
I e tE RS SAlo 2fd 4= qlrhs ol I F/d(lexibility)of] 7S
7L okl £ 4= Qict

EH AmAEr S FoetA 884 "HEshs olfe 4 7IdEe]l F
Fog gy wiEHe TS 7IEgoR Q1Y AR M| WRkeEN A
2z 7Ho] FYsiAY] wiRoltt &, wiEde IH=wiri®)(grandfathering) o]l
oJgt BARIES 7|9of|9] U Z(lump—sum subsidy)oll siEsHEE wiEH 7HEut
s 70l FFRE A Yerhid

Tl olefgl EAL ol2RFoA EHOE HAIFE 7o ojEgity 4 ol
B2 HEHfixed cost)oUt MREHME(sunk cost)S ILESHA] ko, wEbA A7t
F(long—term equilibrium)o|tt 7199 Q) 4 EE oA AR HAE ZAE oA
3t B4 719 52 Aol viEde] A4 dE A W14 58S gHd 4
Ao olde] ok QIdt FARASER 47|14 Hlaso] WAE 7hsAde] ok ERE
71E 7)ol MiEEe e R skl AP AellA wiEES dlor gt
o, HiEEe 4] Mg oR zZRgel 42 glom, oom AMES midsks 1Y

of ez g Hiede] - arlEntd, Vi vigd g9e JEsPl s

13 ol= uiEd AAuAl=e}t TS gy %7] A7EQ Montgomery(1972)2} Dales(1986)0 415 E 5
x| EHolct

14 JACake|gL 7b 7|Yge] 34 BiES oIS B0l B dR9] HiERRS VIR0 R wiEHES Tdhke
WAoot welA] o] WAl dAIQ] Fxl - it o EAT el do] o]foixnz L
Aglgo] AR E(lump—sum) Q] AAL 7A| Fo}h whH WX nfa(benchmark) 8821 &) AR
o] BF, JE Bof viEmEEo] A9 719 wigaee VIEeR i, 7 7|e] AkEsRS 1efs)
o] HiEES ISl Wholch Wixuta vl AAERe] wiFo] AU ko] wEr)] ¥RHsh=
ARde| Hgal7lell AEsict ol o] wjsloAs ERl] oarAA o] WIxula Fale] ke A
Eo] vjE FAEo] AT P 3| =i, o= s UAEETL dlE risAde] EARICE o]
Qo= viEd ol ARSEE BAlo R AESHPAl(output—based updating) W4]o] STk
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oSl Ao HHE RE 4 Aok Allele] WY - BE okpAge] Auzde)
Rlefo] ZAT A% ofeia BAks ZEgc)

% wAe ol2d mye JATAS AAela A gou %_mi LAl Tl
AJOIAE FHATAE ZAE 5 ok AR Aol iAlslel e A%, HEA] 7}
Aowol mgael HIEA} oA ER HESAS Bl Hoh o= S8 A
HREd ol & 4 et SeliEkE W ods] we %mw =3
AHIR] e FANEAAES SAsk < u} s47] =Ao] meA A9 - §

2

=
oipage] ERNS BWel] Sl 21U feNS sk Ao
& AU BE TSRS U APEel o TR ol WSl £ e
A ARAEEU ETIN A (Phase e Aoge] vEE g a2 @
ut S

nhRuroR mEAQl olZel AEEAMTH WA Aol A4
A 71qle] EAISHA SReS ZPARICEIT BEAAAAgI HEE A=) &
A Bao] WA FAlolm, the Aol olel thal EAgi

V. T2 A EelM Y] ajEd A=

1. 23

2 oM AEEAROA = 7I%de] 2R AAS she BFS AKlskL o A
9] HiEd A=) asde BARICE & 72 719 jeJ= {12} = AEEAReIA
I ¢ 5 AePi(strategic variable) 2 AFEAS sl A=A 71 pie APEO]
A2 A= L2 oA APYeH= AJARF A (quantity competition)S A

H|E2o]| w2 85FA| 2K capacity constraint)sol|lA2] 7HE7H AW (price competition) T} 5

,JIN

15 =2 ol ARKKIY 71T AdHiA 71gell et dexas AdAes O o] 7|1E Vg &
Yoles HAARIH o= A st 4= Sl Aot

16 TEZ O =2 Crampton and Kerr(2002)& =5}t

17 Sorrell and SlJm(2003)— 047101]’\1 A715E Al 7EA] olee] tit=e] & AL vl AAlEel
FofalA] kS 749 Awe] mgAdo] Zr|Shdol oEgkE |l gk
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AS RS HKreps and Scheinkman[1983]). o= ui&Ed AgAl=e] #goiitel
thilE g%l =2 disti Aakigolels & 1afd off el 7R & 4= Qo

oA F 719e vt 22 AU (sequential game)S XIFPRITHS 94 A
ol olohs F 7192 ATARF k& AR theo® F 7|9 R & A%
Shal, AREEAPelA 7Ho] A=, oo e} 7]9]9] of&o] ARETE viEH 7H p.
£ F R AR F 7Y olF FolXl AoR =83t Al #Ee FEAY
W< ht (subgame perfect Nash equilibrium)e 2183t} 71 £]9] 4=} Hl-go] gt 7}
g2 TlEngeolxet FUsict. B3] 7Y 1~3S AEste], BE AYHSES US|

(interior solution)& 7= 3t}

ok

9. T2\ 7

7 REAYNMY 2 MMl 2

Al
o —-o =

ARFFARE ky7F 278 5o Aol 719 59 ole vt ol EdET

;1 (g0-5) (15)

= Plg;+q)a;— (Cyla) + k)t p.(e,~ e(g;.k))
71 7 9] HkEE(reaction function)E Thatt o] LA
Rj (qi \ kj,k,j) = argmaxqjﬂj | (kyk_)) (qqu,j) (16)

SEAN] FY (g ) o = Bld), @, = R(¢)E W= o) Ayt 4
(199] olgRies T2 A SHe 7I%e B olaiiel g ele)
aol Hll Aolck £ F9) FEARCIME ARl ofn] HaA glons 7}
7194e] AEASE g olck wheba] o] REAIAS] Yt Re ARl Fe
o ol gAfat WAl fEE 4 it WO Funique equilibrium)©] EAE:

18 AR AN HED ANAE DR SAANcimultancous game) 715l
o et SARAels ek a9} EAel sromm ol AEARS WA 24k
_‘

oz

R A E |
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sl a5kl TS 7PgEIAL 19
74 QP (Q)+P'(Q) <0, P'(Q)=0
7V 431ol A Thae] HEgAlZ} At SHe H2of £=ro] Qi)

HEgA 1. 7P 47F sl REAYY 3 (6. ;) FdskAl SR
Lt ZstolMel MZEX

o HolA AuEAe] AA ke ulel FEAUN Haie wasiet
oA HAAUS FHES fweht SH RO AL AAALI FiEEel
(o ) ko ko Fee Holth 1719 AUERF kit 2719 AN ¢, 2
0ol AT Fae F )% ApHon s theat 2o 41 ol Al 719
of I Sl AEAR) FH TANISS Al SEE s ek of
719] o) VSRR S/ wheba] Zstelne] Ak Sk, Aliiele) A)
Ao 7hasb) ek, o] g2 et o] HamA| 2ol

HzA| 2. 7 1~47} AdRRitial shak ou) vhEo] ARtk

oq; Gl

>0,

<0

WA 20] S o] 42 5o] Qlk oA REAYY F (4" ;) WAtk
O8RS 9,5 thaat o] Aol

@i (kb ) =11 1) (@50 ;) (17)

= P(q;+q° )a5 — (G () + k) p. (e, e (g5 ;)
AAAIDol A L] o] f-UsHA EAF-S Hol7] $siaE 09 A=) 29 7k
= o2 FESIth o2 WA 32 FEAJA L] T2 FFRESS T
U 2 A4S TS v, o] EAIES HojEr) I S FEo 4550 Qitt

19 714 47} 0% A9 deFhxde oy, B gste 2HME dFol EAE + Stk
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BAl 8. 7H 1~49t A thae] AAl (D3 Al (2)7F ARl sk

. - ‘9‘]; ‘9(12.7‘
A @) 5= 1,20 o3 okt or, 0
0°q;
A @) ol FA] & A= Befl Hish | — —|< B
77
ol thaol AJuish, mEkA wEe SRRt
@ (kjk_ ;) <0 (18)

BA 39 ARl D AA 2= AAAYL] Ho] HIEA] A e 4 U=
RMAIRIE of7]olA AA (1) g 7199 AR FEANY dRel 2] 7199
ArEgel miAl= gl v el viAle GRS ulght AR L
7199] Bl AAAPZIER A (D)2 FEAUNAS wReRe] 718719 Ut
AP ik olE S0l FEAICINY BRERERS] 71877 1ot & A ol AH
gt B, Al 2= FF 7199 AR dRARR nRle dEe] e 7199
b gl A Feke v oS omfgitt

T2 T QoA At AAE ST o BA 32 F 7199 AAEAL k9t
k_;7F AA=F4 ciA| A (strategic substitute)ol] Slga HolEth ol & =9 2o
T 7190] 2REAAPollA ALk A staL Qlat, 7} 7149 AREAPE tE 7199 H
ol FFE A HolL e RS Lt whzolth olE S0 AN F 7
Aol Hepiart BekttA|(strategic complementarity)oll ATFH BA] 39 A (D2 &4
SHA] 95 7ol Am, ofnf wapmEe] o E2PgA Zlolr}, ERF Montero(2002)
oA arefel= mRat o] viE AT ESAA ARY A & 7199 AR
S o5 TAAA HiEd 7S sRIZIAL ol thE 7199 vlgS ATl
A A HERE, T 7|99 AEAL Molle A BAAPE kS 4 oAl "ot vt
aro g AIEAL Zleriiiat TEEe] S A9 &K A spillover effect) 2
gF o do] S 4= gl o] Aol F 719 ARFEREA Ttollis MR HeknAE

e % 9lek

o
el
Ol

-

X

0,

.

;O
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B R olefd taRl 7RsH T 7199 AdEAvt 2ok AR gl
Aewbe meskn otk % B3o) B FAA AN AE AR Sk

30
FI r
N
jind
o
2
=
i
o)
2
o
1
E
0
=)
T
ol
o
=

ArER|] =S B3 A

3. wi=d AdA=e] 5erd

B ool B R & Aukl W& AAEe] mede] o) Amec =3

AREEAPOIA 71950] AleE ABS Sl Qs A, Ielel o) AdiEis A

Aepo] ofwjgha7t FEl Aolc), o AN Al 22 AR KO 2

ool FAeAle] ois HEstomA ANt of= Al @ WAl 20 o)
5 Alo] AU o A,

—pee?(qfo,kfo)z 1 (19)

4 (09 RS AYEAR A WAL, SMS AEA] ulgE ehdct
MRS o] 715 Sfsh BpHe o) ghe 7] ARl s sk ol
T, ARERANA AR B B B9 T FHSE 4] @)RFE AAR7
a0 (k; k_ ;) dk; = 00] TR} o] SERIE

C

c c c aq* j c
¢P (¢ +q ;) ak; —pe’ (k) =1 (20)

:
AL WS & 5 9leh B 7Idle] AMEAS S Hu, RN T 7Y
o] MAleke Zole wiE WAL 4] (0)0] H R WA e olo] A
2 Uehfin], olzle] o] @ FHls Ae AdEAe] kg mab} Foldl AR
L o

AgEAe] Y Se WOt ul Fofdt B HEAKAe] TR Al )

O
w, T ARl HA Selie] AL thEri Holdh 3 AljHoz sl

SATZYAY0IMC HHEH M=ol E5Y

193



R B2 7H7AsRIMe i Bludls ul, F=e FAME ddie]
Rty A 2A AR Blie e s arEsle] HEH oo
k9

ek Al 4= ol W8S =AL (Uch

WA 4. WA 30] BE P 9 AAY) RSk S ojn) AR Akl S50l AL
s)7] 22 AkE Gro] SR, FRsleINe] ARk Asla 22
STt Ak 2 AR o) )RR WAkl

E%) 4 0014 ¢;5 4 (199 ¢ 72k Bt i) ol f=a3kol| tigt 7Yy B
BA 200 <3l o - P(q5 g ) - (og7 ;/ok;) > 00] YR, Fof ko]
s 4] (20)2] S 2] (19)Q) vt Aok wheba sl Q] ARHEAF
ke kjORTE 37 FckFigure 1 32, (39 B

[Figure 1] Optimal Abatement Investment(kfo) and Equilibrium Abatement Investment(k*)
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A 49] siell ot o He: olfdt HYFAPE ARl mAlE G

wasirhs Holth, AUFAL MRS ATsle] A WiEuIEL ey By
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oz}, Zt 7199 AHIEE daalle gEge 2 7,
71980] AEEAel FEe e she AF dFskIM AEed SdEA
alsf FagibEnh wRbe S RAE HiESAIR QIR v daAA ales At
F e AR 2R By 7| wies 8Pt Qlek webs AREEARS] A4
& 1T moflz o2’ = 7] e FAlol Aeksle Ao Basith

g =oe AR AR AE AR e Sl AR AR 24
S flsll 7ol B B2 AeE oAl 7Pl olm AUTAe] asdde sl
e AR AR S sl e IdEne Aol Z1del +
Aslz Aol Hry BEAY 7hsAdol k. 53] 7Sl v Aa ARe] AFEe] 3
© ARl Hieh AT el darh vk ol @A) 247k wiEARtel 3l
e a2 59 AR SRt ARIeel lotale] ERdAdol
At HaFAPE dofus o] dibFoleke A A a=d Her) ok ERE
ol AF7E AAY ol YT A 2o R QR e o
o 7hsde e et Qloh

o

o

BaoA AERARo] Bdeln AR Aol AdEle] ISl Ak %A
2 ok METAES QAR A9, ko] AESHe AREARY A4S ol
Mo BT, WNHOR HiEE AYMEL I jARA Hek AEE

B, WhERAE W AREAel] glol] ESMS waRlth e AEEAgel A
A A S A9, AREAL APHoR ijEgS Fols A ojgw Fa
e FESlA THE 719le] AEES Zol kA AWE WA, o] B 7 7|
9lo] ARFEARS AR el QA Hm, olefal AWE weldt 71de Al
= Q) AgEA] uls) BAF o] BAFAS S B o= Aol AYE
A} AR ul Aol Tefslol & Fagh 49l F shdolch chik of A%
YFAL BYAZYOR QIR RO IS ARF S el fol Bast

U

SATZYAY0IMC HHEH M=ol E5Y
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B oAy dgR WS AT Ak S4B Ao FEw AN A
AERe] meAe ARgel Qo AE2el 212 57 34 9l s g
MRS ARdon wmsly| el otk theowm, Eio] Avk dinE s}
s2Ees sl Pe] Aztel ol T2t ofeldt Apgem <l oE Sof
ol AR ThsAe] e 7190 19 - EiEu} welE okAAe B wsh
o}, mr} kel Fpgslolne] BAe ol mwelA @ Aol o= S5 HiEd

2% o woEd EH Bal g

N
=
%
i
2
9‘15
fr
H
ot
filo
__>d1
>
_O|L
ki
pass
rr
jin)
P
o]
L,
o
o
K
iu)
&
N
e
o
I
2
_0|L
rr
o >

oMol ANE =5 4 ok AR WSt AR a8A v (o] o
T A AuE o S Jolth mRHe® Eial= ofefe] HiEAl ARt
S AAIEE vlask] BBkl ik o] FAle FF AR AR

2arolx9] olEd FAat 2
AARE o B a8 Aarsly] el 2 7] 528 ARlo] 9gS AKX
18] AE o¢jof] A dAelM AXE F8 8-S 1ieFs| AHejehd oheat 2ok
AsctAla] v AAIES] Bl8EEES E 7] 7P E 220l ofsl 24l
et 2% ARl Ao] AlEEAE viEH AaPdo] WE PR AAel: 7
olct. Riek A F SR ool AAAo] ofd AL, dlE &0l male® QIgh
g (market power) AL 7FsSEAU 7HASHAl ol 2 A9, HIREAAS &
HE7] o2& 4= it

Al ARAPGolAe] AP (market power) AP 7HsE e HiEd 714
o] e AL it} APEE Az WA feAP oA WA 4= Sich
A o] Zuloll oJsff dElo] WEAPde] AR oR EAG A9, AuiEEAl
Bollde] =2 APRFEE dF oRE HERdl ed4(demand  reduction)E
Bl HAHES W 4 Qlrh0 FARRe] Aol WAl EAskA] ghot,
7S Aok IPgol diste ARIRPE AXE S Fall AAlelA /=

o 7IES WEAR ox7) Qloh

o)
g
r>~
o
re
-
rr
e
r>~l
N
o
>
>
>
=
4
Al
&
>
H1
e L 1

-

>

20 HiEH Al O S o= Avimulti-unit auction)ol] siERItE thEw AviolA A=A 4=
Zhao]] 3 YWk =o]Z= Ausubel and Cramton(2002)0L, HIE&H LA AAlo)| B3t =0zl
Evans & Peck(2007)& F=xslel thEsy AolE2s Aoz Adst - £do=2= 3L - &
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