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1980 FRLIK, NIES, ASEAN, HE~OEHEEIISEIIHEMLTWER, Z5 LZE
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ZIZT, LIZANWEARR by 7, KIIMHEERR by 7, x(J) ZEDEERR v 7 2R
T5NBEOREEARETHSD.
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2 NARRRWEAREIICE L TiL, Barro [1990], Barro and Sala-i-Martin [1995], Grossman
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NOEEERCEE Y 52 H5BRIL, BRERERZESENICEATIERLEEZERZDLZLHBT
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DHETHD. 2O, PRVELDECBVWTALNEZZLETHY, 1960 FRETO
HERDA ) _X—a v« a8 NTh, fROZ EBRRONTE S BT VTHEO
BENCORERBICRASNDIEFRD GDP iIZxtT K& XL, FLFTh, A1 FX¥7T
2 0.08%, L —IT W 023%, 74V EVBILOZAN 0.31% ThHY, SLEELE L
T, EEEVWKEICEE >TWS. TRbDL, KT VTHEEDA /~—3 3 13, Barroand
Sala-i-Martin [1995], Grossman and Helpman [1991]13E5 LV CRBEET % L 5 72, HiffidedE
ENS OEROBIC Lo TIRESN TE L HRT LN TEL .

IDEE, BT VTHE~OERMEEOMADE 2R801E, Mo A %@ Ui
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EWERFIX, UTOXSRCREENDZEEFETS.
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BEKEC, BORRHNE TR L, af;N) <0ri0, BESZOHHALE
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PHAEEL Y bETIE, BEEREC L > TORBOBHER R D2 <20, BIICET 28R
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BOREEEEZRD LS IHEETS.
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g=gc;55¥L,@ ZOEESHOFRERIE, SHE» O OERERE 7 0 — B RERERIC
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WO, EEREICLDNELEO TSN OHMEE~DOHN RO, Hifitm AR
KN DHNEBIROBA R EEZBETDEZ ENTE S, TRODESKE TFIUEREWVIZ LY,
RT DT REEDH LOE AN T BRI T 5 2 Lic D, ZORR, 1) —
VarvEERTLHEOICETLIEEERIRT TS, 342bb, (7)) XD F OEMETT
52 Liles. BEERATFZETIEHIERYE, REXgrmbrERERS.

F72, B UWEMRE AR - BNT DE0IE, TR ENOEICBIT 5 AWERDE DR
X, BHEKEORS, BRRINENOES, AV T7TANT7F ¥ —OREORRE, BEM
TEM & DEREDFMIC L > THEESND.

LX) BRERR T L—LTU—I DT T, KT UVTHEORERRELZRET DER%
RORICE VB HTENTES.

EXPORT + IMPORT FDI TECHNOLOGY IMPORT +

2 F L ( 8 )
GDP GDP GDP

H

ZIT, Li%, ANWEAROHORSREZEUEET LORKNOREZH DL TND.

3. 2 #ERtHkET—%

ZZTOHRMNE, AEiTIRY BB OERS, AN LOEEREORE X, A&
K7 EOEBEHRERNBR T VT #HEICBIT 2RFERELERTIER & LTERICEORE
EOMRER L TEPEEEMICRIET 22 THD. EL, ERFRICEL T, &
WOBMADKE IR GO THRICOWVTIERY LiFZevn. ZiudEdimAIcET 237 —%
OFFAFTREMEIC K& BN H D05 THD. BANLET VT ~OFMit 513, AALE
DM —Y VT 4 ZBEEEZBECTHMD Z ERFTRETH BN, TOMOEN S OFHt S
DWTHL, T VT HEOBINHEX I EE A GRRE TAMD I LB TERY. T LIk
FHEIZE A LB STV RV DLTH S.

D7, EFHFRICE 72> T, (8) REEFEL, UUTD X 2 o E2 AN 5.

g=a,+a,X, +a,X,+a,L (9)

ZZT, X,iZ GDP icxt+ 5 E5%E @A 2RL, X, GDP x5 E#E
BEZ T ANEETT. LIXThPhoEICHEEREG 2T TERTH .

EEEOHEEIL 2 DOFKIZL > THT . —2iF, TRTCOTF—F &S —1 LR/ Rk
WZRDEFESITTHSD. Z DA, NIES & ZOMOEE DM TORFEEOERZRIT
Hlediz, NIES 2B 54 I —EHEEAT 5. T72bb, NIES ICET3EOHEAICIE
L=1tL, £5CAVERELTRL=0 235, PRI EEREOGSRMER,
a >0, a,>0, a;,>0TH5.



b —DDFEIL, IR T—F EFFIE L-EESHEET/L (Fixed Effects Model) 12 &
HHEETH D, ZOBBITITENENDEICEBIT A RS FIT Fixed Effects & LTH VA
Ehd. 4/ _X—va VERBUEREREROBERIL, KT VTHENThH- ChEX OFEF
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K2, WTUVTOEE HELRE
HEt A& OLS(1) OLS(2) OLS(3) OLS(4) Fixed Effects (1) Fixed Effects (2)
B5 R -0.007 0.008 0.052 *
(-0.699) (0.477) (1.919)
PN -0.024 0.004 0.065
(-1.141) (0.126) (1.258)
EERELR 0.293 0.414 0.553 0.664 0.484 * 0.499 *
(1.166) (1.525) (1.504) (1.669) (1.912) (1.824)
NIES#I—Z# 0.063 ™ 0.067 ™
(4.096) (4.422)
K 0.076 ™ 0.077 ™
(11.345) (11.653)
T B R -0.003 0.004 0.038 0.044 0.319 0.307

(T *, **, ***[310%, 5%, 1%DHEKELZHLHT .
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Abstract: This paper estimates the dynamic effects of public capital on output per capita.
Based on an open economy growth model, I derive a version of the income convergence
equation augmented with public capital. This equation is estimated using panel data of US
and Japanese regions. Sensible results are obtained when public capital is disaggregated
into components. In both countries, the infrastructure component of public capital turns
out to have significantly positive effects. The implied elasticity of output with respect to
infrastructure is somewhére around 0.15. This suggests a modest contribution of

infrastructure to postwar growth of the two countries.



1 Introduction

This paper studies the role of public capital in economic growth. Public capital plays
a central role in many of the existing growth models. Developers of such models include
Barro (1990), Barro and Sala-i-Martin (1992c), Cashin (1995), Fisher and Turnovsky
(1998), Futagami, Morita and Shibata (1993), and Glomm and Ravikumar (1994, 1997).
Each model presumes that public capital is productive. However the empirical evidence on
public capital productivity is mixed, to put it mildly. In fact, most of the recent studies on
US regional data, especially the ones that employ panel data estimation techniques, do not
find public capital to be productive. For example, Garcia-Mila, McGuire and Porter (1995)
find that, under their most preferred specification, the productivity‘effect of public capital
is insignificantly different from zero. Evans and Karras (1994) even find a significantly
negative effect in some cases. This kind of evidence seems to undermine the premise of

the aforementioned growth models.

This paper re-examines the empirical evidence using a new approach. Existing
empirical studies are based on static models which simply postulate a regional production
function augmented with public capital. As such, this traditional approach allows us to
compute only the direct effect of public capital: the initial increase in output per capita in
response to a marginal increase in public capital. In contrast, the approach taken in this
paper is rooted in a dynamic model of economic growth. First I set up an open economy
growth model with public capital. Then I show that public capital not only has a direct
effect but also contributes to subsequent growth by encouraging private capital
accumulation. This model yields a version of the income convergence equation (Barro and
Sala-i-Martin (1992a), etc.), with public capital appearing on the right hand side. The
equation is then estimated to recover the model’s parameters. This empirical approach
allows me to derive the entire dynamic path of the effects of public capital. The estimated

convergence equation tells us how quickly (or slowly) the economy approaches the new



steady state and it allows us to determine the overall effect of public capital: how much the
steady state level of output per capita increases in response to an increase in the public

capital stock.

This convergence approach is applied to a panel data set of US states and Japanese
prefectures. Simply estimating the model with OLS on a pooled sample is likely to
produce biased results. Therefore, I employ a variety of dynamic panel data estimation

techniques, some of which have been only recently introduced to the growth literature.

I first examine the growth effects of aggregate public capital. The results are
somewhat unsatisfactory, as the estimates differ completely between the US and Japan.
Then, I show that stronger results can be obtained by disaggregating public capital. The
main finding is that the infrastructure component of public capital has a significantly
positive effect on long run output in both countries. Thus, this paper lends support to the
premise of many growth models. In both direction and magnitude, the effects are similar
between the two countries; the short run elasticity of output with respect to infrastructure is
estimated to be around 0.15. Based on these estimates, I perform a growth accounting
exercise for both countries and show that infrastructure has made a modest contribution to

postwar growth.

The rest of the paper is organized as follows. Section 2 develops the theoretical
model. In section 3, I derive the equation to be estimated. Section 4 explains the estimation
methods and section 5 describes the data. In éection 6, I estimate the model using data on
aggregate public capital. The equation is estimated again in section 7 but with public
capital disaggregated into several components. I discuss some of the implications of the

results in section 8. Section 9 concludes.



2 Theoretical Background

This section develops a variant of the conditional income convergence model
(refer to Barro and Sala-i-Martin (1992a) for the standard version of the model). Unlike in

the conventional model, public capital augments output per capita in the steady state.

The Production Function
The key assumption is that an increase in a region’s level of public capital per

capita improves that region’s productivity. Let us assume that the representative firm in
each region has the following production function: |

Y, =A4-K L (1)
where Y, 4, K,, and L, are the region’s output, the level of technology, the private capital
stock, and labor at time ¢. The parameter a lies between 0 and 1. For the sake of simplicity,
I assume that labor is constant over time: population growth is introduced in a technical
appendix, which is available upon request'. I also assume that public capital is constant.
Hence,

L,=Land G,=G.
The level of technology, 4, depends positively on the amount of public capital per capita

within the region:

c

G
A=B- — . 2
Vi @)

Here, B represents the intrinsic productivity of the region. It is assumed to be constant: I
introduce technological progress in the appendix. The parameter B is strictly positive while

¢ is nonnegative. Equation (2) implies that an increase in public capital per capita

' In the same appendix, I also introduce a third factor of production which is immobile
across regions: natural resources or land. The purpose of introducing this additional factor
is to study how population inflow might affect the dynamics of output per capita in the
presence of overall diminishing returns to labor.



augments productivity, and hence the output of a region through an external effect.
Combining equations (1) and (2) implies the following reduced form aggregate production
function:

Y,=B-K'-L™°-G°. 3)

To maintain a positive marginal product of labor, I assume that / —a > c.

The Model of Capital Mobility with Adjustment Costs

An empirical model of conditional convergence can be derived from various
theoretical models, including the neoclassical growth model (Solow (1956) and Swan
(1956)), the model of technological diffusion (Nelson and Phelps (1966)), and the model
of endogenous growth with two capital goods (Mulligan and Sala-i-Martin (1993)). Refer
to Barro and Sala-i-Martin (1995) for a review. Here I develop an open economy model
with capital mobility subject to an adjustment cost for investment. The model is based on
section 3.5 of Barro and Sala-i-Martin (1995) but with public capital. This type of model
seems most appropriate for characterizing the evolution of regional economies, because a
fair amount of capital flows between them. Consider each region as a small open economy.
Time is continuous. Each region treats the nation-wide interest rate, » (fixed at a constant
rate for simplicity), as exogenous. The representative firm can freely borrow and lend in
the nation-wide bond market. When it invests in new capital, the firm pays not only the

price of the investment good (one unit of output), but also the adjustment cost:

§.14

cost of investment=1,- 1+
2 K

b
t

where I; is investment at time ¢ and & is a positive constant. For the remainder of this
section, I drop the subscript ¢ to simplify the exposition. Each representative firm

maximizes the discounted sum of its net cash flow over its infinite horizon:

V= e Y-wIL-I- 1+§-L dt,
0 2 K

where w is the real wage, subject to the law of motion on capital accumulation:



K=1-6-K
(where ¢ is the depreciation rate which is a positive constant), given its initial capital stock.

The (present value) Hamiltonian for this problem is

H=e"Y-wL-I-1+ +u-l1-6-K],

b [uw
> |~

where u is a costate multiplier. Define
g=pe.
Then the first order conditions for the optimization are

1
=1+§- — ,
1 ¢ K

g I
= -g- MPK +2-—
q&_(r+6)q +2 ik

2
and the transversality condition:

lime™-q-K =0,

{—>0

where MPK stands for marginal product of capital which is a function of K and some

constants (L, G, B, a, and ¢). The above conditions define a dynamic system in K and g:

-1 5 4)
5 ; 4)

and F=(r+8)-q- MPK+(q2_§1)2 . (5)

which is fully pinned down by the initial capital stock and the transversality condition.

Steady State

The steady state of the above dynamics is characterized by constant levels of K
and g:
g*=1+6-§, (6)



and MPK*=(r+6)-(1+6-8)-82-£/2, (7

where the asterisk superscript indicates a steady state value.

Linearized Dynamics
Next consider linearizing equations (5) and (6) around the steady state with

respect to In K and ¢. Using the knowledge from (1), this results in:

ln.K _ 0 1/8 . InK )
& (l-a)MPK* r p

where a hat indicates the deviation from the steady state. Denote the negative of the stable
eigenvalue of the transition matrix in (8) as B. Imposing the transversality condition

obtains the dynamics of the capital stock:

nK =-B-Ink, 9)
E3
where ﬁ=—% r—\/rj+4-(l—a)-MgK >0.

Now, let y = In(Y/L). Then, from the production function in equation (1),

y=a-Ink. ‘ (10)

Combining (9) and (10) gives us the convergence equation:

f=—B-y. (11)

Implications
Equation (11) implies that output per unit of labor converges to the steady state at

the rate of f, the “speed of convergence”. In the steady state, although the MPK must be

equal across regions (assuming that », §, and & are the same), this does not necessarily

imply equalization of output per unit of labor. To see that, use (3) to get:

90—
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a 1 —

J' =In MPK e -gie-Ba - SL}— L (12)
This implies that the steady state output per unit of labor could differ across regions due to
differences in the intrinsic level of technology (B) and the stock of public capital per capita
(G/L). Note that the long-run elasticity of output per capita with respect to public capital is
greater than the short-run elasticity of output with respect to public capital in (3): ¢/(1 - a)
> ¢. The long-run elasticity is greater because public capital augments output in the long
run not only through its own productivity effect but also by attracting more private

investment to the region.

This model is not the only model that produces the above result. The growth
model of Solow (1956) and Swan (1956), augmented with the production technology
represented by (1) and (2), also produces the same relationship as (11) and (12). Although
the expressions for # and MPK* also differ, the form of the equations are identical. Most
importantly, the long-run elasticity of output with respect to public capital per capita, ¢/(1 -

a), is the same.
3 Empirical Specification

Conditional Convergence Model

This section explains how the theoretical model in the previous section is
translated into an equation that can be estimated using a panel data set of regions. Consider
a country that consists of N regions. The above model implies the following dynamics for
a region’s output per capita: |

% =Bl -v) (13)



where i is the subscript for a region and y, is the log output per unit of labor in region i,
less the average across all regions at time #. The steady state value of y, is y,, which
will simply be called the steady state output per capita. From the viewpoint of empirical
studies, the advantage of taking time deviations is that it eliminates the otherwise tricky
time trend from the series. Differencing each observation from its contemporary cross-
sectional mean is equivalent to including time dummies for all sample periods as

regressors.

Unfortunately data exists only in discrete time. Suppose that data is available
every T periods. To estimate this model, one has to derive the relationship between y,
and y,__ implied by equation (13). Assuming that y, remains constant between #-t
and ¢, the relationship is:
Vo=e "y +1-e)y,. (14)
Adding a serially independent, mean zero disturbance term #, yields:

Vit =e—ﬁr,y"_t+(1_e—ﬂr),y;+uﬂ. (15)

Introducing Public Capital

I denote the log of public capital per capita (also defined as the deviation from its
contemporary cross-sectional mean) as PUB,. Equation (15) in the previous section
implies that the steady state output per capita between time #-7 and ¢ depends

positively on the value of this public capital variable at the beginning of the period

(PUB,_,), assuming that public capital per capita remains constant during the period.

itz
Hence I postulate the following empirical relationship:

Yy =¢-PUB,_. +3,, (16)
where ¢ is a parameter corresponding to c¢/(1-a) in (12) and measures the effect of
public capital on steady state output per capita. Estimates of this parameter will be the
focus of discussion in later sections. All other factors affecting steady state output per

capita, such as the intrinsic productivity of a region (B in (12)), are captured by the region-



specific constant, ¥, . Plugging (16) into (15) yields the equation to be estimated:
Vi = e’ Vi (1 "'e_ﬁt) ¢ PUBit—‘r + (1 _e-ﬁr)'i’ +u, . 17

Comparison with the Conventional Approach

It would be useful to compare the approach outlined above with the traditional
approach for estimating the productivity effect of public capital. In the conventional
approach, also referred to as the production approach, a production function whose inputs
are labor, private capital, and public capital, much like the one presented in (3), is directly
estimated. For example, Holtz-Eakin (1994) and Garcia-Mila et. al. (1995) apply this
approach to US states panel data. On the other hand, Asako and Sakamoto (1993), Asako
et. al. (1994), Doi (1998), Iwamoto et. al. (1996), Mitsui and Ohta (1995), Ohgawara and
Yamano (1995), and Yoshino and Nakajima (1999), among many others, apply this to
panel data of Japanese prefectures. The approach taken in this paper has three major

advantages over the traditional approach. I discuss them in turn.

The main advantage of the convergence approach is that it allows us to derive the
entire dynamic path of the effects of public capital. With the traditional approach, one
must make strong assumptions on the subsequent adjustment mechanism to derive the long
run effects (as is done in Yoshino and Nakajima (1999)), and even then, one cannot derive

the transitional path.

Second, the production function approach, which involves regressing current
output on the current level of public capital, could be subject to the following three
potential bias problems. (i) There is an issue of endogeneity. For example, suppose that an
increase in output leads to greater tax revenues for the regional government, and this
immediately leads to greater public investment. The positive correlation stemming from
reverse causality would bias the estimated productivity effect of public capital upwards.

(ii) An increase in public investment may increase contemporaneous output through an



aggregate demand effect. In such case, the production function approach would
overestimate the productivity effect of public capital. (iii) It is possible that the
productivity effect of public capital materializes sluggishly. For example, a highway
would not exert its full productivity effect until its whole route, connecting two major
cities, is completed. If public investment is slow to mature, the production function
approach would measure only a portion of the true productivity effect. The convergence
approach minimizes those three problems by associating current output with the past level
of public capital. Obviously, even within the framework of the production function
approach, those problems could be resolved by using instrumental variables. But in
practice, instrumental variables require a sizable sample to be effective. Given the
limitation on the size of our data set, it seems worthwhile to consider a completely

different method, and compare its result with those of the traditional approach.

Third, the convergence approach does not require data on the private capital stock,
which is notoriously difficult to measure. Estimates for private capital are sensitive to the
assumptions on the initial values and depreciation rates. Although public capital data could
also contain measurement errors, the use of both private and public capital in the

production function approach compounds the measurement error”.

Among existing empirical studies, Merriman (1990) is particularly noteworthy
because he also compares effects of public capital between the US and Japan using
regional data. My paper differs from his in the approach employed, and I also benefit from

presence of newer and much larger data sets.

4 Empirical Methods

% Twould like to thank an anonymous referee for pointing this out for me.



This section explains the empirical methods for estimation of (17). The most
common way to estimate an equation similar to (17) is a cross sectional approach
developed by Barro and Sala-i-Martin (1992a). This approach implicitly assumes away
any unobserved regional heterogeneity represented by the term (1-e™#7)-3, . More
recent studies use panel data techniques to exploit the time series dimension of the data. In
this case, the data would be for N regions (i=12,.,N ) for T periods
(t=1,2'7,...,T-7). Since there is no agreement yet on the preferred method for

estimating a dynamic panel data model, I apply five different estimation techniques.

(1) OLS without regional fixed effects (Pooled regression): This method estimates

equation (17) by regressing y, on y,_. and PUB,_. using OLS, pooling all data
across regions and periods. Consequently, it ignores the possible presence of
unobserved regional heterogeneity. When unobserved heterogeneity is indeed present,

this approach estimates § with a downward bias (Hsiao (1986)).

(2) OLS with regional fixed effects (LSDV): One way to deal with the problem of
unobserved heterogeneity is to add regional dummies for the N regions. Performing
OLS on this system is often called LSDV (Least Squares Dummy Variables). Islam
(1995) applies this method to the Summers and Heston (1991) data set, while Canova

~and Marcet (1995) and De la Fuente (1996) apply related methods to other data sets.
They all yield relatively high values for the estimated . Asymptotics show that the
LSDV estimator for §is biased upward as N goes to infinity but 7 remains finite
(Nerlove (1971) and Nickell (1981))

(3) GMM(DIF): Arellano and Bond (1991) propose an alternative approach. It eliminates
the region specific constant through differencing. In the context of the model in
equation (17), differencing results in:

Vi =Puee =€ Wie = Vi )+ (1 =7) ¢ (PUB,., ~ PUB, . )+ (w, - u,..).
(18)

This equation cannot be estimated by OLS, because u,_, in the error term is

it-t



necessarily correlated with y, ., a regressor on the right hand side. However, note that
the lagged values of the original dependent variable (¥, ,., ¥V, 3..A >V, ) are
orthogonal to the error term but correlated with y, . -y, ,, on the right hand side.
The former orthogonality conditions can be exploited to produce a GMM estimator.
Following Blundell and Bond (1998), I call this method GMM(DIF). In this paper, I
assume that the public capital variable is predetermined, though not strictly exogenous.
This implies that its past values (lagged more than once) can be used as instruments.
The estimator for B in this case is asymptotically consistent as NV approaches infinity,
even when 7 stays finite. Caselli et. al. (1996) apply this method to the Summers-
Heston data set and come up with a high estimated speed of convergence ranging from
6.8 to 13.5%. There are at least two known problems with this approach (Arellano and
Bond (1991) and Kiviet (1995)). First, the estimator for B is still biased upwards when
N is finite, especially when the true f is close to 0. The second problem is inefficiency.

(4) GMM(SYS): Blundell and Bond (1998) propose a new GMM approach to deal with
the small sample bias problem of GMM(DIF). They estimate a system that consists of
two kinds of equations: the differences form of (18) and the levels form of (17). For
the latter, Blundell and Bond show that, under certain conditions on the initial values,
the past growth rate, y,_. - y,_,., can be used as an instrument for y,_. on the right
hand side of (17). They call this estimator GMM(SYS). Bond, Hoeffler and Temple
(1998) first introduced this approach to the growth literature by applying this method
to the Summers-Heston data set. They found a considerably lower estimated speed of
convergence than Caselli et. al. (1996).

(5) LSDV-C: Kiviet (1995) proposes a way to reduce the bias associated with the LSDV
technique. First, he derives a formula that approximates the value of the bias. Then,
this value is subtracted from the original LSDV estimate. The problem is that this
approximated bias depends on the unknown true values of the parameters. Kiviet
proposes using unbiased estimators for the parameters in place of the true values to

compute the approximate bias. I call this method the corrected LSDV (LSDV-C). In



Kiviet’s Monte Carlo experiments, this LSDV-C estimator yields a lower standard
deviation across draws than the GMM(DIF) estimator. A major disadvantage with this

method is that the formula for the standard error around the estimate is still unknown.

Before proceeding, recall that our growth model assumed that the population growth and
technological progress rates were zero. Those assumptions are obviously unrealistic.
However, we could relax them and still use the above empirical techniques to estimate
equation (17). The technical appendix shows that, as long as each rate can be written as
the sum of a region-specific and a period-specific terms, we can use approaches (2)-(5)
above (the pooled regression approach requires that the rates are time specific constants).
For example, denoting the population growth rate of region i between time 7-r and ¢ as »,
we require that it can be written as n;,=n;+n,, where n; and n, are the region-specific and

period-specific terms, respectively

5 Data

Output per Capita

For the US, I use Gross State Product (GSP) per capita as the index for output.
Data for 1963-1978 was extracted from the web site of Xavier Sala-i-Martin® and data
since 1978 from the web site of the Bureau of Economic Analysis (BEA). These two series
are connected at 1978 using growth rates. Data on the population also comes from the
BEA web site. I choose T, the length of the time interval between observations, to be equal
to 5; thus I use the data from the years 1963, 1968, 1973, 1978, 1983, 1988 and 1993 for
the 48 contiguous states. For the Japanese prefectures, I use prefectural GDP divided by

the number of Employed Persons (employed within each prefecture). Note that both the

® I multiply “GSP per capita”, downloaded from the web site, by “Population”, also
available in the same site, to derive GSP.



denominator and the numerator are for activities undertaken within each region.
Consequentially this variable is not subject to the problems that stem from the large
proportion of cross prefectural commuters in Japan (see Barro and Sala-i-Martin ‘(1992b)
for the extent of such commuting). Data on GDP comes from the Economic Planning
Agency (EPA, 1991) for the period from 1955 to 1974 and from the EPA (1998a) for the
period from 1975 to 1995. Data on Employed Persons comes from Doi (1998) for the
period 1955-1974 and from the EPA (1998a) for 1975-1995. Japan contains 47 prefectures
but I exclude Okinawa due to missing value problems, which leaves 46 cross. sectional
units in the sample. Setting t equal to 5, [ use data from 1955, 1960, 1965, 1970, 1975,
1980, 1985, 1990 and 1995.

Public Capital

State-level data on public capital for the US is the “total of 'public capital by state
and local governments” series in the Holtz-Eakin (1993) data set*. This series is available
for 1960-1988 (note that the public capital variable enters with a lag, so we do not need to
use its value from 1993, the last year of the sample). I divide each element of this series by
the state’s population (source: BEA), constructing the “PUB” variable. Data on public
capital by prefecture for Japan is taken from the EPA (1998b). The EPA reports data on 14
types of public capital for each of the 47 prefectures. I define aggregate public capital as
their sum. The data is available in five year increments from 1955 to 1990. The data is also
available for 1993. Again, I do not need the numbers for 1995 for estimation. I divide this

by the number of Employed Persons to construct a value for public capital per capita.

Sectoral Variables
National economies are subject to various sectoral shocks, such as productivity

and price shocks. Due to differences in the industrial structure across regions, these shocks

* Note this series does not include public capital owned by the federal government.



may not affect all regions in the same way. If the changes in public capital are correlated
with the region-specific effects of such shocks, their presence may bias the estimated
effect of public capital on output. To account for these shocks, I introduce various sectoral
variables to my analysis. Details of their construction are given in the Appendix. For the
US, I include variables for agriculture, mining, manufacturing and “motor vehicles and

equipment”. For J apén, I include variables for agriculture and manufacturing.
6 Results with Aggregate Public Capital

In this section, the growth effects of aggregate public capital are explored. The
results are completely different for the two countries: aggregate public capital appears to
be completely unproductive in the US, contrary to the model’s prediction. It is estimated to
be significantly productive in Japan. Later in this paper, I will show that disaggregating

public capital mitigates the apparent discrepancy between the US and Japan considerably.

In Table 1, equation (17) is estimated with the five techniques mentioned in
section 4. Panel A is for the US and Panel B is for Japan. The sample periods are 1973,
1978, 1983, 1988 and 1993 for the US (7, = 5), and 1965, 1970, 1975, 1980, 1985, 1990,
and 1995 for Japan (7, = 7). The first two observations have to be dropped due to using
one observation (that of 1968 for the US and 1960 for Japan) as an initial value (y,,) and
another observation for differencing in the GMM cases. The numbers of cross sectional
units are 48 for the US (N, = 48) and 46 for Japan (N ,, =46). The table shows the
estimated speed of convergence (f), and the estimated steady state effect of public capital
(¢). The estimated coefficients on the sectoral variables are omitted from the table to save

space (they are available upon request).



Table 1: Model with Aggregate Public Capital’

A:US
Pooled | LSDV | GMM(DIF) | GMM(SYS) | LSDV-C
B 0.055 | 0.284 0.254 0.164 0.179
(0.009) | (0.047) (0.040) (0.026)
¢ 0.572 | -0.042 0.055 0.407 -0.034
(0.104) | (0.079) | (0.085) (0.124)
Sample size N=48,T=5; NxT=240
B: Japan
Pooled | LSDV | GMM(DIF) | GMM(SYS) | LSDV-C
§ 0.055 | 0.104 0.063 0.076 0.059
(0.007) | (0.013) | (0.010) (0.011)
¢ -0.000 | 0.335 0.590 0.236 0.384
(0.069) | (0.079) | (0.126) (0.102)
Sample size N=46,T=7; NxT=322

Note 1: Standard errors in parentheses.

Note 2: Coefficients on the sectoral variables omitted.
Starting with the estimated B, the results are broadly consistent with previous findings in
the literature. First, f is always significantly positive, implying (conditional) convergence.
Second, the LSDV estimates are much larger than the pooled regression estimates in both
countries. However, notice that the GMM(DIF), the GMM(SYS), and the LSDV-C

estimates are all smaller than the LSDV estimates, often much smaller. This suggests that

> With this “full” specification it was not possible to compute the Sargan’s test statistic for
over-identification in a reliable manner. Using the notation of Arellano and Bond (1991),

N
the matrix ~ Z,'-v,-9,"Z,, where v, isthe residual vector and Z; is the matrix of

i=1
instruments for region i, was not positive definite. This is presumably due to rounding
error problems. I could however derive the statistic by limiting the number of instruments.
I set the maximum number of lagged dependent and exogenous variables used as

instruments for equation (18). For the US, I set the maximum at 4 (that is, use y, ,. to
Yus, and PUB to PUB
sample is larger. With this modification, the restrictions were never rejected. In the case of
GMM(DIF), the p-values were 47% for the US and 36% for Japan. For GMM(SYS), they
were 64% for the US and 82% for Japan. Also, I conducted the m2 test for second order

serial correlation in errors (Arellano and Bond (1991)) for GMM(DIF), in the same setting.
The p-values were 26% for the US and 16% for Japan. The other estimation results were

). For Japan, I had to set the maximum at 2, as the

it-2t it-5t
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the LSDV estimates are severely biased. Third, except for the pooled regression case, the
estimated § is much higher for the US than for Japan. This may be due to more
heterogeneity and therefore larger idiosyncratic short run variations in relative incomes in

US states, which tend to push the estimate upward (Shioji (1997) and De la Fuente (1998)).

As for the estimated ¢’s, the two countries are quite different. In the US panel, the
estimates from pooled/GMM(SYS) are positive and highly significant, while those from
LSDV/GMM(DIF)/LSDV-C are small and insignificant (for the LSDV and the
GMM(DIF) cases). In contrast, in the Japanese panel, the estimates from the
LSDV/GMM(DIF)/LSDV-C group are positive and highly significant (for the first two
methods). On the other hand, the estimate from the pooled regression is insignificant, and
the GMM(SYS) estimate is significantly positive but smaller than
LSDV/GMM(DIF)/LSDV-C estimates®.

The preceeding results for ¢ are similar to those for the productivity effects of
public capital estimated with the production function approach. For the US states, Holtz-
Eakin (1994) and Garcia-Mila et. al. (1993) argue that the pooled regressions in the
production function approach are likely to overestimate the productivity effect of public
capital. Because the US state and local governments are largely self-financed, wealthier
states with larger output per capita can afford to have larger public capital per capita than
poorer ones, causing a positive correlation between the two variables. For Japanese
prefectures, Iwamoto et. al. (1996) argue that pooled regressions tend to underestimate the
productivity effect of public capital because, in Japan, the central government’s large-scale
regional redistribution policy allocates public capital more favorably to poorer prefectures.

This creates a negative correlation between output per capita and public capital. For the

nearly the same as those in Table 1.
® When the sectoral variables are omitted, the GMM(SYS) estimate becomes insignificant.



same reasons, I conclude that the pooled regression estimates, using the convergence
approach, in Table 1 are likely to be biased. GMM(SYS) produces results that are similar
to pooled regressions. 1 conjecture that when instruments are weak, GMM(SYS), which
involves equations in levels form, cannot properly handle the endogeneity problem. In the
technical appendix, I illustrate this point using a simple example of a static model with one
regressor. Thus, I argue that those methods that purge the average cross sectional
variations from data either with dummies (LSDV and LSDV-C) or through differencing
(GMM(DIF)) are much more reliable. Based on my results using those methodé, I would
conclude that the effect of aggregate public capital per capita on long run output per capita
is insignificant in the US and significantly positive in Japan. The rest of the paper

examines this perceived gap in productivity of public capital across the two countries.

Finally, as was discussed in section 4, the estimated speed of convergence (f)
from both LSDV and GMM(DIF) could well be biased upward in a small sample. This
problem becomes even more serious in the presence of measurement errors (see Shioji
(1997)). Even the LSDV-C estimate could be biased, as it uses the GMM(DIF) estimates
in calculating the approximate bias. Yet, Monte Carlo experiments by Kiviet (1995) show
that the estimated coefficients on exogenous variables tend to be less biased. Hence, the
estimated coefficient on PUB, which I will denote «, is less likely to be biased than the
estimate for f. This means that the estimated long run effect of public capital, ¢, which is
recovered as ¢ = x/(1-e ), is likely to be under-estimated. Thus, the estimates in

Table 1 can be considered as likely lower bounds for the true effects.
7 Disaggregating Public Capital
Surely public capital is highly heterogeneous. Different types of public capital serve

different purposes. For example, the purposes for building schools are very different from

those for streets and highways. The empirical framework of this paper can be modified to
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examine if different types of public capital have different effects on productivity.

The Holtz-Eakin data set for the US classifies public capital into four categories:
“education”, “streets and highways”, “sewage”, and “utilities””. Holtz-Eakin (1993)
agglomerates these four into two broader groups: |

(1) Education: “education”
and (2) Infrastructure: “streets and highways” + “sewage” + “utilities”.

I follow this broader classification in grouping public capital to examine their different

effects on long run output per capita.

For the sake of comparison, I wanted to group different types of Japanese
prefectures’ public capital into broader categories akin to the notions used for the US. But
the Japanese data set covers somewhat broader range of types of public capital than the US
data set. Several of the 14 types of public capital listed in the EPA (1998b) are difficult to
be classified as either “Education” or “Infrastructure”. I decided to classify these 14 types
into four groups, rather than two. The four groups and their subcategories are®:

(1) Education: “education”

(2) Infrastructure: “public housing”+“sewage”+“garbage disposal”
+“water”+“city parks”+“roads”+*“ports”+“airports”+“industrial water”

(3) Conservation of National Land: “mountains” + “rivers” + “coasts”

(4) Agriculture and Fishery: “agriculture and fishery”. |

The definition of the latter two groups is drawn from public investment classification in

7 In 1988, “education”, “streets and highways”, “sewage” and “utilities” were 20.2%,
34.5%, 7.5%, and 13.2%, respectively, of the US total public capital. The numbers do not
add up to 100% due to the way Holtz-Eakin constructed these series.

¥ As of 1990, the share of “Education” in total public capital was 12.1% for the whole
Japan. Those of “Infrastructure”, “Conservation of National Land”, and “Agriculture and
Fishery” were 60.6%, 13.5%, and 13.7%, respectively.
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the Report on Administrative Investment (the Ministry of Home Affairs)’.

The roles of these various types of public capital are modeled in the following

way. | assume that the level of technology, 4,, depends on each type of public capital per

capita, instead of total public capital per capita as is assumed in equation (2). Assume that
the relationship can be written as:

4, = B-11(G, /L) . (19)

J=1

In equation (19), j stands for each of the above numbered groups of public capital (thus

J=2 for the US and J=4 for Japan). For both countries, I take the log of each G, /L and

then take its deviation from the contemporaneous sample mean; I will call the results

PUB,, . Equation (19) implies the following relationship between the steady state output

per unit of labor and the types of public capital:

v, = ¢,-PUB, +5, where ¢ =c,/(1-a). (20)
=1

J
The coefficients ¢,’s can be estimated in a way analogous to the analysis in the previous

section. Results are reported in Table 2.
Table 2: Model with Heterogeneous Public Capital

A: US

Note LSDV | GMM(DIF) | LSDV-C
B Speed 0.316 0.300 0.202

of convergence (0.054) (0.050)
¢1 Education -0.263 -0.367 -0.304
(0.064) |  (0.067)

¢, | Infrastructure | 0.137 0.204 0.178
(0.068) (0.071)
Sample size N=48,T=5; NxT=240

? The Report classifies public investment into four types. These are: “Livelihood” (or
amenity related public capital), “Industry”, “Conservation of National Land”, and
“Agriculture and Fishery”. Using these notions, the definition of “Infrastructure” that
appears above can be written as “Livelihood” + “Industry” — Education.
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B: Japan

Note LSDV [ GMM(DIF) [ LSDV-C
B|  Speed 0.126 0.109 0.082
of convergence (0.015) (0.014)

¢; | Education 0.007 0.266 -0.016
(0.069) | (0.081)
¢ | Infrastructure | 0.176 0.241 0.193

(0.056) | (0.062)
¢3 | Conservation | (.019 0.034 0.047
Of Nat. Land (0.034) (0.038)

¢4 | Agriculture | 0,127 0.227 0.118
& Fishery | (0.035)| (0.039)
Sample size N=46,T=7; NxT=322

Note 1: Standard errors in parentheses. 10

Note 2: Coefficients on the sectoral variables omitted.
In the table, I report only the LSDV/GMM(DIF)/LSDV-C estimates because, as discussed
earlier, the “pooled” and the GMM(SYS) estimates are likely to be subject to biases. It is
noteworthy that the estimated long run effects are indeed quite different across the
categories of public capital. In the US, “Education” has a significantly negative effect,
while the effect of “Infrastructure” is significantly positive (at the 10% level in the case of
LSDV). The statistically insignificant coefficient on aggregate public capital from Table
1A possibly reflects these conflicting effects of Education and Infrastructure. This suggests
that aggregating different types of public capital into a single index could lead us to an

incorrect conclusion.

It is not immediately clear why the estimated effect of “Education” turns out to be
negative. The robustness of the result was tested in several ways. I tried using longer lags

for this type of public capital (as suggested by a referee). I tried including a human capital

19" As in footnote 5, for the US, by setting the maximum number of lags to 2, it was
possible to conduct various tests for GMM(DIF). The p-value for the Sargan’s test was
44% and 63% for the m2 test. For Japan, because the sample is larger, the tests were
possible only when I omitted the sectoral variables, in addition to setting the maximum
number of lags to 1. In this case, the p-value for the Sargan test was 36% and 14% for the
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variable taken from Mulligan and Sala-i-Martin (1997). I tried including the share of
population below the age of 18 because “Education” might be working as a proxy for this
share. I tried including the lagged population growth rate, as building schools may be just
a passive response to population inflow (this point was also suggested by the referee). 1
tried excluding outliers such as California. I tried including a dummy variable that is equal
to 1 for the South in years 1973 and 1978 and O elsewhere. In all the cases, the above
puzzling result remained.!’ Although methods utilizing cross sectional aspects of the data,
such as pooled regression and GMM(SYS), produce positive coefficients for “Education”,
they suffer from the aforementioned bias problem. I leave the resolution of this “education

puzzle” for future work'2.

In the case of Japan, panel B, the estimated effect of “Education” differs between
the methods. It is insignificantly nonzero when LSDV is used but significantly positive in
the case of GMM(DIF). The effect of “Infrastructure” is significantly positive with both
methods, just as in the US panel. Finally, the effect is insignificant for “Copservation of
National Land” and is significantly positive for “Agriculture and Fishery”. This fits our
prior expectation. The purpose of the former type of publié capital is not (directly) to

promote regional production but to protect human lives. A good example is a facility for

m?2 test.

1" The referee also suggested that this may be because the education type public capital is
converging to a common level across the states. That is, those states that originally had
lower levels of capital tend to invest more subsequently. However, I did not find that this
type of public capital has a tendency to converge to a common level. The standard
deviation of this type of public capital (in log) remained roughly constant throughout the
sample period. I also estimated the “speed of convergence” of this type of public capital
using a cross-section regression. Its speed of convergence is not particularly high
compared to, say, output per capita.

12" A possible interpretation is as follows. To build more school facilities, residents have to
pay higher taxes. And higher taxes suppress private economic activities. On the other hand,
productive effects of schools take a long time to show up. Some residents may decide to
move out of the state after graduating from a school, and this may also dilute productive
effects of this type of public capital. As a result, the data picks up only the negative effect
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flood control. So it is not surprising that it does not have notable effects on regional output.
On the other hand, the latter type of public capital is directly aimed at promoting
production in most cases. A good example is irrigation facilities. It therefore makes sense

that this type of public capital has a significantly positive effect on long run output.

The productivity effects for “Infrastructure”, the largest component of public
capital, are quite similar for the two countries. The estimated effects are different for
“Education”. Even in that case, however, the LSDV estimate is insignificant for Japan'.
Thus the dissimilar appearance in Table 1 of public capital’s productivity effects between

the two countries is misleading.
8 The Role of Infrastructure

In this section, I will explore some quantitative implications of the result of the
previous section. I focus exclusively on “infrastructure”, whose estimated productivity
effect was significantly positive for both countries. I conduct three types of exercises. First,
I derive the entire dynamic path of the effect of a marginal increase in infrastructure. As
discussed in the introduction, a major advantage of the convergence approach over the
production function approach is that one can compute the entire time péth of effects, rather
than just short run effects. Second, I perform a growth-accounting exercise to determine
the contribution of infrastructure to the historical growth of | the US and Japanese
economies, at the national level. Third, I use the estimates from the previous section to

compute the marginal product of infrastructure. This is then compared to the marginal

of the “education” type public capital.

13 Continuing the discussion from the previous footnote, the slight difference in the result
for “education” between the two countries may reflect a difference in the system of
regional budget allocation. Under the relatively centralized system in Japan, it is unlikely
that building a lot of schools in one region results in higher taxes for the residents, unlike
in the case of the US.
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product of private capital to determine whether there is over-investment or under-
investment in infrastructure relative to private capital. In all three exercises, I will be using
the point estimates in Table 2, but readers should note that there is some uncertainty

surrounding those estimates.

Dynamic Effects

To compute the dynamic effects of public capital, one must first derive its short
run effects: the elasticity of output with respect to public capital holding all else constant.
Equation (20) implies that ¢,, the long run elasticity of output per capita with respect to
infrastructure, equals ¢, /(1-a), where ¢, is this short run elasticity (refer to equation

(19)). Recall that ais the parameter for the share of private capital, which is normally
considered to be around 0.3-0.4. Using this fact and the estimated ¢, in Table 2, I infer

an estimate for c,. Table 3 shows the resulting ¢, based on two alternative assumptions

on the value of ¢, 0.3 and 0.4.

Table 3: Implied elasticity of output with respect to infrastructure (¢, )

Value of ¢ | LSDV | GMM(DIF) | LSDV-C
us 0.3 0.096 0.143 0.125
0.4 0.082 0.122 0.107
Japan 0.3 0.123 0.169 0.135
0.4 0.106 0.145 0.116

The table shows that the implied elasticity is fairly close between the two countries

(especially if we take into account the standard errors surrounding the estimates), and
seems to fall within a reasonable range of values. For example, Iwamoto et. al. (1996)
estimate a function similar to equation (3) using the production function approach, on a
panel data set of Japanese prefectures. When both time and region dummies are included,
their estimate for ¢ varies between —0.12 and 0.33, depending on the sample. The table
also shows that the famous elasticity of 0.39, estimated by Aschauer (1989) using time

series data on the US aggregate public capital, appears to be an overestimate.
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Relying on the estimated short run elasticity, I compute the dynamic effects of a
1% increase in infrastructure on output per capita. I use the estimated values from
GMM(DIF) and assume the share of private capital to equal 0.4. The results are shown in
Figure 1. It shows that the initial effect is stronger for Japan. However, since the speed of
convergence is lower for Japan, the US nearly catches up in 5 years, and then quickly
converges toward the steady state; meanwhile Japanese output per capita steadily increases,
and the difference between the two countries gradually widens again. If the estimated
speed of convergence is biased upward, as earlier discussed, then the true adjustment
process might be slower, and the long run effect larger.

(Insert Figure 1 around here.)

Contributions to Growth

Consider the following growth accounting exercise. Using the estimated ¢, and
#, , one can compute both “direct” and “overall” contributions of infrastructure per capita
to growth in GDP per capita. The “direct” contribution refers to the contribution of growth
of infrastructure as an input for production. The “overall” contribution includes not only
that direct effect but also the effect of infrastructure via inducing private investment.
Concretely:

Direct contribution = ¢, -(growthrate of G, /L)

Overall contribution = ¢, - (growthrateof G,/L).
I perform these calculations based on the GMM(DIF) estimates for ¢, and for deriving
¢,, 1 assume that a =0.35. The results of these calculations are found in Table 4. The rows
“Growth”, “Direct”, and “Overall” refer to the average growth rate of GDP per Employed
Person, the direct contribution of infrastructure, and its overall contribution. The entire

sample period is 1960-1988 for the US and 1955-1993 for Japan'*.

' For the US, both GDP and infrastructure (taken from Holtz-Eakin (1993)) are in
constant 1982 dollars. The number of employed civilians is taken from the BLS. For Japan,
GDP (taken from the EPA web site) is in 1990 prices. The number of employed persons
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Table 4: Contribution of Infrastructure to Growth in GDP per Employment (%)

Country Entire period | Pre-75 | Post-75
US Growth 1.15 1.43 0.82
Direct 0.03 0.17 -0.12
Overall 0.05 0.29 -0.19
Japan Growth 4.73 6.80 243
Direct 0.58 0.62 0.53
Overall 0.89 0.95 0.82

Table 4 shows that infrastructure makes a modest contribution to economic growth. For
the US, the overall contribution for the entire period is 4% of total growth. For Japan, it is
19%. In support of the argument advanced by some economists in the early 1990s (see
Gramlich (1994) for a review), the table shows that much of the slowdown in US growth
in the post-75 period can be attributed to a decline in infrastructure per capita (the
contribution is negative because infrastructure grew more slowly than employment). In

Japan, there is no evidence that infrastructure played such a negative role.

Marginal Product Comparisons

Finally, consider estimating the marginal product of infrastructure from the
estimated c,. To test for the optimal level of public capital (relative to the nation’s overall
capital stock), I compare it to the marginal product of private capital. If infrastructure has a
larger marginal product, then the country is under-investing in infrastructure; the country
could increase output simply by shifting resources from private investment to
infrastructure'®. From (2) and (19),

MPK =a-(Y/K), and MPG, =c,-(Y/G,),

where MPK and MPG, are marginal products of private capital and infrastructure,

comes from the Management and Coordination Agency. Data on infrastructure is taken
from the EPA (1998a) and is deflated by the GDP deflator. The growth rates are all
defined as log differences.

'> This statement implicitly assumes that the depreciation rate is the same between the two
types of capital. When this is not true, one should compare the marginal products net of the
depreciation rate. For example, if the (gross) marginal products are the same, the country
should invest more in the type of capital which has lower depreciation rate.
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respectively. I calculate these two marginal products using the estimated ¢, from
GMM(DIF) and assuming that a=0.3 or 0.4'°. Table 5 shows the results.

Table 5: Estimated Marginal Products

MPK | MPG;

US a=03 | 0.174 | 0.466
(1991) | a=0.4 | 0.232 | 0.398
Japan a=0.3 | 0.160 | 0.282
(1993) | a=0.4 | 0.214 | 0.242

For the US, the marginal product of infrastructure is much larger than that of private

capital. Hence, the table values lend support to the argument that there is infrastructure
shortage, a view widely held in the early 1990s (Gramlich (1994)). For Japan, despite the
popular notion that the country has over-invested in infrastructure, the table values cast

doubt. If anything, there is slight under-investment.

9 Conclusions

There are four main findings in this paper. First, to correctly estimate the long run
effect of public capital on output per capita, one needs to remove regional fixed effects
either with dummies or through differencing. The LSDV, the GMM(DIF), and the LSDV-
C approaches are thus preferable. Second, disaggregating public capital makes a big
difference to the estimation results. Different types of public capital have different growth
effects. Third, estimation with disaggregated public capital reveals that the effects of
public capital on regional output in the US and Japan are not nearly as dissimilar as they

appeared when one considers only aggregate public capital. The “Infrastructure” type of

'8 For the US, data on the infrastructure stock is taken from Table 1 of Gramlich (1994),
who takes the data from the BEA. From the value of “nonmilitary structures and
equipment”, I subtract “education” and “conservation”. GDP and private capital (Gross
Stock of Fixed Private Capital, non-residential) are both taken from the Statistical Abstract
of the United States 1993 (the US Department of Commerce). All data is in current dollars.
For Japan, both GDP and private capital are in 1990 prices, and infrastructure is deflated
by the GDP deflator.
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public capital has a significantly povsitive effect on long run regional output per capita in
both countries. The estimates from the two countries are even quantitatively close. Finally,
a few exercises help determine the implications of the estimates. Most notably, the growth
accounting exercise revealed that infrastructure has made modest contributions to the
postwar growth of both the US and Japan. Thus, although the stunning conclusion from
the original work by Aschauer (1989) seems to have overestimated the role of public

capital, it is also a mistake to dismiss public capital as inconsequential to economic growth.
Appendix : Sectoral Variables

This appendix explains the construction of the sectoral variables that are used in
all the regressions reported in the text. Consider a sector of a national economy, called
sector j. Denote nominal output per worker in this sector at the national level in year ¢
by 4, . Denote the average nominal output per worker across all the sectors at the
national level in that year by 4,. Define a, =In(4, / 4,). This is the index for the
relative sectoral price/productivity. Changes in a, should have different effects across
regions depending on the importance of this sector in a region. Let s, be the share of
sector j in either employment or output of region i. Then the sectoral variable for
region i in year ¢ is defined as s, -a,. I take the deviation of this variable from the
contemporaneous mean across all the regions, and include this in the right hand side of the
convergence equation.

For the US, I take the nation wide (both aggregate and sectoral) nominal output
and employment data from the BEA web site. The share variable s, is the share of each
sector in total employment of a state in 1975. This data is taken from the same web site.
For Japan, nominal output (GDP) and employment at the national level is taken from the

National Income and Production Accounts (EPA). The share variable s, is the share of

each sector in the nominal prefectural GDP, as of 1975 (from the Prefectural Accounts

(EPA)).
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For the US, I include the sectoral variables for agriculture (plus “agricultural
services, forestry, etc.”), mining, and manufacturing. I also include a sectoral variable for
“motor vehicles and equipment”, which is a sub-sector of manufacturing. The variable is
defined as the nominal output per worker of this sub-sector relative to the whole
manufacturing sector, multiplied by the share of this sub-sector in manufacturing for each
state. For Japan, I include the sectoral variables for agriculture (including forestry and
fishery) and manufacturing. I also tried including a variable for “oil and coal products” but

it turned out to be insignificant in most cases.
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Abstract
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1 Introduction

The impact of raising tariff rates on other countries is a major factor that influences the
outcomes of trade negotiations. Indeed, countries often threaten to raise their tariff rates
if the negotiation fails. In reality, negotiated outcomes have clearly reflected such threats.
However, it is also apparent that the levels of the status quo tariffs affect the negotiated
outcomes. In Kennedy and Tokyo Rounds of GATT negotiations, for example, countries
agreed on comprehensive tariff-cutting formulae such that agreed-upon tariff rates are posi-
tively related to status quo tariff rates. The result of the most recent Uruguay Round also
indicates the positive relationships between the agreed-upon and status quo tariff rates.!
Theoretically, how the threat of raising tariffs influences the negotiation outcome is often
captured by the Nash (1953) bargaining solution (NBS) with the Nash equilibrium (a trade
war) allocation as the disagreement point [see Riezman (1982), for example].2 However, this
NBS may not be satisfactory as a description of a real-world negotiation outcome since it fails
to capture any possible impact of the status quo tariff allocation. As Binmore (1987) shows,
the NBS can be viewed as the limit of a perfect equilibrium outcome of Rubinstein’s (1932)
alternating-offer bargaining game. More specifically, as the discount rate approaches zero,
the perfect equilibrium outcome of the Rubinstein bargaining model converges to an NBS
with the disagreement point being the payoff profile that prevails until the negotiating parties
reach an agreement. Accordingly, the NBS with the Nash disagreement tariffs approximates
the outcome of a negotiation in which the countries engage in a trade war until they reach
an agreement. In reality, the negotiating countries do not usually start with a trade war, but
rather keep their status quo tariffs during the negotiation. Binmore et al. (1986) suggest
that in such a case, the disagreement point for the NBS should be the status quo allocation
rather than the Nash tariff allocation. However, this NBS with the status quo allocation
may also be problematic since their result suggests that the tariff rates would be exogenously
fixed at the status quo levels during the negotiation. Needless to say, countries can change

their prevailing tariff rates during the trade negotiation.
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In order to clarify the issue as to which NBS is more appropriate for trade negotiations,
we consider a non-cooperative bargaining model in which the negotiating countries can freely
change their individual tariffs in every period until they reach an agreement. We examine a
particular type of subgame perfect equilibrium that has many appealing properties. As the
discount rate goes to zero, the equilibrium outcome converges an NBS whose disagreement
- point reflects both the status quo and the threat of raising the tariff to the Nash tariff rate.

Bargaining models with endogenous interim disagreement actions have been studied by
Haller and Holden (1990), Fernandez and Glazer (1991), Busch and Wen (1995), and Houba
(1997) in the bargaining literature. Raff (1994) investigates trade negotiations by taking
a similar approach. His conclusion suggests that an appropriate disagreement point would
be either the status quo allocation when a country that has a greater tolerance to trade
war than the other country prefers the status quo allocation as the disagreement point of
the negotiation, or the Nash tariff allocation otherwise. However, the equilibrium strategy
profile in his model is rather non-stationary, and may be less practical in that sense.

We analyze a type of subgame perfect equilibrium in which the two countries’ strategies
reflect some common practices. In equilibrium, the two countries would continue to set
the status quo tariffs in many disagreement phases of the negotiation. The country that
prefers the Nash tariff allocation to the status quo allocation as the disagreement point is
provided with enough incentive to select its status quo tariff in interim disagreement games,
through the equilibrium offers inflated by the amount of compensation for its forgone one-
shot deviation gains. If the country that benefits from keeping the status quo tariff profiles
during the negotiation fails to provide this compensation, the two countries would switch
from keeping their individual status quo tariffs to setting the Nash tariffs in every following
interim disagreément game. There are multiple equilibria, each of which differs from the
others in the amount of compensation. However, each equilibrium outcome converges to an
NBS, in which the disagreement point is neither the Nash tariff nor the status quo allocation.

The effective disagreement point of the corresponding NBS reflects both the status quo
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allocation and the amount of compensation which is at least as large as the deviation gains
of the country that prefers the Nash tariff allocation as the disagreement point.

The rest of the paper is organized as follows. Section 2 sets up the model in which two
countries negotiate over how to divide the benefits from free trade. We also construct a
perfect equilibrium in which both countries would set their Nash tariffs until they reach an '
agreement, and obtain the corresponding NBS as the limit of the equilibrium outcome. In
Section 3, we derive a set of perfect equi]ibria‘ and corresponding NBSs in which the countries
would continue to set the status quo tariffs with the possibility (or the threat) of switching
to the perpetual setting of the Nash tariffs during the negotiation. Section 4 extends the

model to the one without side-payments. Section 5 concludes the paper.

2 The model of trade negotiation

We consider a trade negotiation between two large countries, called Country 1 and Country
2. Each country consumes two goods, Good 1 and Good 2. Country 1 has a comparative
advantage on the production of Good 1 and Country 2 on the production of Good 2. Each
country also consumes a numeraire good that enters each consumer’s quasi-linear utility
function, which is separable between Goods 1 and 2, in such a way that the marginal utility
of its consumption always equals 1. Consequently, the analysis can proceed with the partial
equilibrium model for Goods 1 and 2. All goods are assumed to be produced competitively.

Let M;(r;) and X;(r;) be Country i’s per-period surplus from imports (including tariff
revenues) and that from exports, respectively, where 7;(> 0) is Country i’s tariff rate for
i # j =1, 2. Country ¢'s pef—period payoff, or the total surplus from trade, is then
Wi(r) = M;(1;) + Xi(7;) where T = (71, 72) is the tariff profile.3 Figure 1 describes the world
market for Good i and resulting M;(7;) and X; (7;). For Country ¢ = 1,2, we assume that
there exists a unique Nash tariff rate, denoted by 7V, which maximizes M;(-). Country
i also has a prohibitive tariff rate, denoted by 7. Moreover, assuming that the import

demand decreases and the export supply increases in the respective domestic prices, X;(-) is
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a decreasing function for ¢ = 1,2. As Figure 1 illustrates, M;(;) + X;(7;) is decreasing in 7;
with the maximum at 7; = 0. This implies that the two countries’ joint payoff is maximized in
free trade at ; = 7, = 0. Without loss of generality, we normalize the unit of the numeraire
good so that the two countries’ maximum joint payoff equals 1, i.e., W1(0,0) + W5(0,0) = 1.

In our basic model, the two countries negotiate to eliminate import tariffs and share the
gains from free trade with side-payments. The key issue of the negotiation is then to reach
a binding agreement on how to divide a constant value of 1.4

We derive subgame perfect equilibria of a non-cooperative, alternating-offer bargaining
model with endogenous interim disagreement payoffs, and its limit as the discounting dimin-
ishes to zero.’ The two countries, having a common discount factor of § € (0,1), alternate
in making offers as in the Rubinstein (1982) bargaining model with Country 1 making an
opening offer. In any period, one country makes an offer on how to share the gains from frec
trade, then the other country may either accept or reject the offer. If the offer is accepted,
they will eliminate their tariffs and share the gains from free trade éccording to the agree-
ment they have reached. Then, there will be no more strategic interaction befween the two
countries. If the offer is rejected, on the other hand, the two countries will engage in the
one-shot tariff game, simultaneously setting their individual tariffs for the current period.

To simplify the exposition later, it is helpful to formulate the equilibrium offers when
the interim disagreement point is fixed over time at d = (d;,d,). In this case, every perfect
equiiibrium strategy profile must have the so-called Immediate Acceptance Property (IAP).
A strategy profile is said to have the IAP if the proposing player always makes an offer so
that the responding player is indifferent between accepting and rejecting the offer in every
period. Let (;(d) denote Country i’s bffer in terms of Country 1’s share. (Every offer is
denoted in terms of Country 1’s share.) Then, following Shaked and Sutton (1984), £ (d)
and Ba(d) satisfy

1-61(d) = (1= 06)d2+ 81— B(d)], (1)
ﬁz(d) = (1 - (5)d1 + 6,61(d) (2)
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Equation (1) states that Country 2 is just indifferent between accepting the offer §;(d), which
yields the payoff 1 —3;(d) in every period thereafter, and rejecting the offer, which results in
receiving the interim disagreement payoff d, in the current period and the payoff 1 — G,(d)
in every following period. Equation (2) equalizes Country 1’s payoffs from accepting and
rejecting Country 2’s offer. Solving (1) and (2) yields the Rubinstein solution with the fixed

disagreement point d:8

1+ 6dy— dy  §+dy —6dy
Pu(d) = 133 Pa(d) = 15 (3)

As 6 goes to 1, both 3;(d) and B,(d) converge to

1+d, —d,

Bld) = —2=2. @

This is the NBS in the case where the disagreement point is d and the bargaining frontier
is the unit simplex w; + we = 1, where w;, 1= 1,2, represents Country 4’s payoff. Binmore
(1987) and Herrero (1989) show that even when the bargaining frontier is not linear, the
Rubinstein solution converges to the NBS with the disagreement point d.

Without loss of generality, we assume that Country 1 prefers the NBS with the Nash
tariff allocation as the fixed disagreement point to thaf with status quo allocation. That
is, BW(rY)) > B(W(r5)), where 7V and 7° respectively denote the pairs of the Nash
equilibriﬁm tariffs and the status quo tariffs, and W(-) = (Wi(-), Wa(:)). From the definition

of B(-), this assumption is satisfied if and only if
Wity = Wa(r5) > Wa(rY) — Wa(r5). (5)

Moreover, we assume that 77 < 72V for i = 1,2, as neither country has any incentive to select
a tariff higher than its Nash tariff. Setting a tariff higher than its Nash tariff, a country will
only show its hostility to the other country without increasing its own welfare.” The shaded

area in Figure 2 shows the set of status quo payoff profiles that satisfy these assumptions.
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3 Main Results

The negotiation model described in the last section has multiple subgame perfect equilibria
in general.? One of them is the stationary perfect equilibrium described in Proposition 1.
‘However, it has an unappealing feature that regardless of what the status quo tariff rates
are and how long trading partnership the two countries have, the two countries would select
their Nash tariffs right after the first offer is rejected. In actual trade negotiations, countries
often keep their individual status quo tariffs until they conclude the negotiation unless there
is a significant change in the relationship between the two countries. They do not usually
raise tariff rates merely because the first offer is rejected.

This section derives a perfect equilibrium (and the associated NBS) in which the two
countries would continue to select the status quo tariffs in many disagreement phases. In the
interim disagreement game, both countries may have incentives to deviate from setting the
status quo tariffs for short-run gains.!® However, if Country 2 provides Country 1 with enough
incentive to keep the status quo tariff in interim disagreement periods by compensating
Country 1 through the offers, it is possible for both countries to keep their status quo tariffs
until they reach an agreement. On the_other hand, Country 2’s deviation from the status
quo can be deterred by a fear of triggering the perpetual Nash tariff reversion in interim
disagreement games. If Cduntry 2 deviates from its status quo disagreement tariff rate or if
Country 2 fails to provide compensation for Country 1’s forgone deviation gains, the countries
would start setting their individual Nash tariffs in every interim disagreement game. But
otherwise, they would continue to select the status quo tariffs until they reach an agreement.
In particular, they would select the status quo tariffs in the disagreement game immediately
after the first offer is rejected, since Country 2 is not supposed to provide compensation in
the first place.

Now, let us derive perfect equilibria that have the properties described above. Let &7 and
c respectively denote Country ¢’s offer to Country 1 and the compensation that is given to

make Country 1 set the status quo tariff in the preceding interim disagreement period. The
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compensation ¢ should be large enough that Country 1 has no incentive to deviate from its

status quo tariff 7. That is, for ¢ = 1,2,

(1= Wi (TS + 65+ > (1— 6)n1.Tzlme1(T1,7'25) + 6b7

= e > (M) - M) (©

If Country 1 deviates, its one-shot gains will be (1 — §) [Ml () — Ma(7$ )} in terms of

the average value. If Country 1 conforms to sétting its status quo tariff, its payoff will be
increased in the next period by the amount of compensation c. Therefore, the one-shot
average gains should be is re-scaled by the factor of 1/§, which gives us the minimum value
of c. Notice that this minimum compensation converges to 0 as § goes to 1. Since Country
2 gives the compensation to offset Country 1's one-shot deviation gains, the compensation
¢ which is given to Country 1 perpetually as part of negotiated share may decrease as the
countries become more patient. Taking this observation into account, we define the present-
valued compensation C in terms of the value in the period before the compensation is actually
given, i.e., C = 6c/(1 — 6). Then, (6) implies that C > My(m{) — My(77).
The equilibrium strategies depend on Country 1’s disagreement action in the last period.
Let us first consider the first period and the period in which Country 1 has deviated from
| setting its status quo tariff in the last disagreement game (in the last period). If it is an
odd period, Country 1 demands b, and Country 2 accepts an offer if and only if Country 1
demands no more than &7. If they do not reach an agreement, they select their individual -
status quo tariff rates in the current disagreement game. If it is an even period, Country
2 offers b5, and Country 1 accepts an offer if and only if Country 2’s offer is not less than
b5. They would select the status quo tariffs in the current disagreement game if they do not
reach an agreement.

Suppose next that Country 1 has conformed to setting its status quo tariff in the last
disagreement game. Then in an odd period, Country 1 demands b§+c, and Country 2 accepts
an offer if and only if it is not greater than b7 +c. If they do not reach an agreement because

of Country 1’s deviation, they select the status quo tariffs in the current disagreement game.
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On the other hand, if Country 2 rejects an offer that was supposed to be aécepted, they
immediately switch the path to the perfect equilibrium of Proposition 1 for the rest of the
negotiation game. Similarly in an even period, Country 2 offers b5 + ¢, and Country 1 accepts
an offer if and only if it is not less than b + c. If they do not reach an agreement because
of Country 1’s deviation, they select the status quo tariff. However, they switch the path
to the punitive equilibrium of Proposition 1 if the delay is caused by Country 2’s deviation.
Moreover, they immediately invoke this punitive equilibrium also in the case where Country
2 deviates from setting its status quo tariff rate in any disagreement game.

In this strategy profile, the contingent switch to the punitive equilibrium gives Country
2 incentive to compensate Country 1’s forgone deviation gains. In the case where Country 1
has deviated in the last disagreement game, however, no deviation in making and responding
to an offer invokes punishment. Therefore, equilibrium offers, b7 and b5, in the case where
Country 1 has deviated in the last disagreement game must satisfy the IAP. Using ¢ =
(1—6)C/8, we have

1ZbS(C) = (1— 8)Wa(r) +8[L— b5(C) — (1 — 6)C/6), ™
B(C) = (1- W) +8B5(C) + (1- 6)C/8, ®

where we explicitly indicate that bf and b5 depend on C.
Equations (7) and (8) yields b7(C) = £1(d%(C)) and b5(C) = B5(d5(C)), where

(d5(C),d5(C)) = (Wi(rS) +C, Wa(r%) - C). 9)

The effective disagreement point shifts from the status quo disagreement point reflecting
the compensation for Country 1’s forgone deviation gains. Moreover, both b (C) and b5 (C)
converge to the NBS with the disagreement point of (9), denoted by 5°(C), as § goes to 1.
It is easy to see that b5(C) = B(W(r5)) + C.

There are many perfect equilibrium outcomes due to the multiplicity of the compensation
to Country 1. The worst perfect equilibrium for Country 1 is realized when the compensation

is minimal, i.e., ¢ = (1 —=8)[M (7)) — M1(7F)] /6 as (6) indicates. The effective disagreement

—197—



point in this case is given by (9) where C equals C = M;(r]) — M(7f). As Figure 3
illustrates, it is away from the status quo allocation in the southeast by the amount of
My () — M1(7) for each coordinate. Country 1’ share in the corresponding NBS can be
expressed as b5(C) = B(d%(Q)).

Now, we show that if 7i° is small enough and 73 is large enough to make °(C) < bV, any
NBS such that 5(C) € [b5(C),b") can be supported as the limit of a perfect equilibrium
with the strategy profile described above. Let us take an arbitrary C such that »%(C) <
b¥5(C) < bN. In the above strategy profile, Country 1 has incentive to set 7{ in every
interim disagreement game since the next offer would compensate Country 1 for forgone
deviation gains. Moreover, it would not deviate in its offers and responses, since every offer
gives Country 1 a share at least as much as its continuation payoff. Country 2 also has no
incentive to deviate in its offers and responses when Country 1 has not conformed in the
last disagreement game, since these offers satisfy the IAP. If Country 1 has conformed in the
last disagreement game, however, Country 2’s failure to compensate for Country 1’s forgone
deviation gains will immediately switch the path to the perfect equilibrium with the Nash
tariffs described in Proposition 1. Country 2’s deviation in a disagreement game will also
switch to the punitive equilibrium. Thus, if 87 (C) < b for each i = 1,2, and if the discount
factor ¢ is large enough, Country 2 will not deviate from the prescribed strategy. Indeed, the
above strategy profile will be a subgame perfect equilibrium as § approaches 1, and hence
the NBS with the effective disagreement point of (9) is derived as the limit of> a subgame
perfect equilibrium if and only if 55(C) € [b5(C), V).

The shaded area in Figure 4 illustrates the set of status quo tariff profiles that satisfy
bS(C) < bY. This set is a proper subset of the feasible set, i.e., the shaded area is above the
curve representing B(W (1%)) = bV since b5(C) = B(W (75)) + Mi(m{) — Mi(7). Now, let
us abuse the notation slightly and show the dependence of b5(C) on 7° = (17, 75°) explicitly
by b5(C,75) whenever we discuss the relation of b% with the status quo tariffs. Then we

have Dyb%(C, 75,75) = — [M{(Tf) + X, (Tf")] /2 (which is positive since distortion increases
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with 78) and D3bS(C, 75, 75) = [Xi(Tzs) — M2’(T2S)] /2 < 0. Applying the iniblicit function
theorem to b5(C,75) —bY = 0, we find that the border curve given by b5(C, %) = b"¥ has a
positive slope of [M(75) + Xy()] / [Xi(r5) — My(=)].

If the status quo tariff profile lies in the interior of the shaded area in Figure 4, we have
bS(C) < b. Consequently, there exists present-valued compensation C such that an NBS
with Country 1’ssshare of b°(C) € [b5(C),b") is supported as a limit outcome of a perfect
equilibrium in which the two countries agree on Country 1’s offer 3;(d®(C)) in the first
period. Notice that bV cannot be supported as a limit outcome of a perfect equilibrium of
this kind. It can only be a limit outcome of the perfect equilibrium described in Proposition
1. The following proposition summarizes our results on such NBSs. The proof is relegated

to the Appendix.

Proposition 2 The NBS with the effective disagreement point d5(C) is supported as the
limit of a perfect equz'lz'brvium in the non-cooperative bargaining model if and only if b3(C) <
WY and b5(C) e [b5(C),0N). In this perfect equilibrium, both countries would continue to set
their individual status quo tariffs in disagreement periods unless Country 2, which prefers
this equilibrium to the one with the Nash interim disagreement tariffs, fails to compensate

for Country 1’s forgone deviation gains.

As Figure 3 shows, a mere “threat” of raising the tariff from the status quo level by
Country 1 effectively shifts the disagreement point in its favor, even though the two coun-
tries would not select the Nash tariffs in interim disagreement games unless Country 2 defects
under certain circumstances. The levels of the status quo tariffs still affect the negotiation

outcome considerably. As shown above, b5(C,7°) increases as 7 increases and as 75 de-

creases. This result is quite intuitive since both of an increase in 77 and a decrease in 5 raise
Country 1’s status quo interim disagreement payoff, which improves its bargaining position.
Figure 5 describes how the level of 77 affects the set of NBSs. As 7 increases, b5(C, 75)

increases until 777 reaches the critical level at which b5(C, 75) = b¥.11 On the other hand,

the NBS with the Nash tariffs yields a constant share for Country 1, regardless of the levels
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of the status quo tariff rates. For each 7°, any share for Country 1 between b° (_Q, 75) and
bY can be realized as an NBS share described in Proposition 2. Notice that an NBS share
in [b5(C,75),bN) corresponds to the perfect equilibrium in which the countries continue to
select the status quo tariffs in many subgames during the negotiation, whereas bV corresponds
to the perfect equilibrium in which they choose their individual Nash tariffs in every interim
disagreement game.

Among these NBSs, the one with b5(C) is of particular interest partly because it is the
worst NBS for Country 1. Mdreover, it is important because the compensation in the corre-
sponding perfect equilibrium is the minimal compensation that is necessary to deter Country
1’s deviation from setting its status quo tariff. Giving an excess amount of compensation to
Country 1 may not be.so “reasonable” as part of equilibrium strategies.

Now, let us compare the NBS with the Nash disagreement tariffs, b, and the NBS
that reflects the status quo tariffs with the minimal compensation, b5 (€), in more details.

Denoting

AMy = My({) — My(7f), AXy=Xi(r5) - Xi(75),

AMg = Mz(’r2]v) - MZ(Tzs), AXz = XQ(Tig) - XQ(T]{V),
we can write the difference between bV and b5(C) as
1
vV —b3(C) = 5l =AM+ AXp — AMy — AXy]. ’ (10)

One might expect that compared to the NBS that reflects the status quo tariffs, Country
1’s share in the NBS with the Nash disagreement tariffs is large if Country 1’s benefits and
Couhtry 2’s losses from Country 1’s trade restriction are significant, and if Country 1’s losses
and Country 2’s benefits from Country 2’s trade restriction are negligible. Indeed, equation
(10) shows that this difference is large (i) if Country 1’s trade restriction hurts Country 2
considerably, (ii) if Country 2 does not gain much from its own restriction on imports, and
(iii) if Country 1’s losses from Country 2’s trade restriction are small. However, Country

1’s gains from its own trade restriction are negatively related to the difference in the shares.
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In fact, for a given profile of the status quo tariff rates, Country 1’s gains from its own
trade restriction are positively related to both NBS shares, b~ and 55(C). But its impact on
b3(C) is greater than that on bV, since the former is realized through the compensation that
would be given in every interim disagreement period whereas the latter is realized through
the effect of Country 1’s interim disagreement payoff in every even period (when Country
1 is a responding player) on the equilibrium share. How much Country 1 can gain from its
own trade restriction is an important factor to determine the NBS that reflects the status
quo tariffs. Indeed, it is the only factor, other than the status quo tariff rates, that affects
the NBS.

4 Negotiations Without Side-Payments

When the two countries cannot make side-payments, their negotiation will be over the pair

~of new tariffs which will be implemented. In other words, the bargaining frontier is now the
Pareto-frontier of the tariff game, which is downward-sloping but is no longef linear. We
derive a representative perfect equilibrium which consists of the same strategy profile as that
in Proposition 2 except for the values of offers and compensation. Then we show that the
equilibrium offers converge to an NBS in which the disagreement point also shares the same
property as that of the NBS in Proposition 2.

Let ¢(-) be a decreasing function whose graph is the Pareto-frontier of the tariff game,
or the bargaining frontier, i.e., if w; is Country 1’s payoff in a Pareto-optimal allocation
then Country 2’s payoff is given by ¢(w;). Country i’s offer without compensation is still
labeled as b7 and compensation as c¢. Since an offer is in terms of Country 1’s payoff, the
compensation must also satisfy condition (6). Let us fix such ¢, and suppress C' = 6¢/(1—6)
from the expressions of the equilibrium offers to simplify the notation.

Now, because the equilibrium offers without compensation must satisfy the IAP, b7 and

bs satisfy

p(b?) = (1= 8)Wy(r%) + 6p(b5 + o), (11)
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bs = (1=8)Wyi(r%) + 6(b5 +¢). ' (12)

Under equation (11), Country 2 is indifferent between accepting Country s offer by with
the payoff ¢(by) and rejecting the offer with the payoff W,(75) in the current period and
@(b5 + ¢) from the next period on. Equation (12) is the counterpart for Country 1. Note
that (11) and (12) are reduced to (7) and (8), respectively, if the bargaining frontier is linear,
Le, p(w) =1 —w.

Without specifying ¢(-), it is impossible to explicitly solve (11) and (12) for b7 and b5.
However, we can show that by and b5 converge to an NBS as § goes to 1. Again, the key issue
is to find the effective disagreement point for the NBS. Let us define § = ¢(b5) —p(b5+c) > 0.

Then, (11) and (12) can be rewritten as

ol6f) = (1-6) | Walr®) — 150] + 5009

b5 = (1—8) [Wi(r%)+C] + 6b5.

Thus, we find that 57 and b5 coincide with the perfect equilibrium offers in a bargaining

model with a fixed pair of disagreement payoffs:
d = Wi(r%) +C,
d2 — Wz(TS) ——0.
As Herrero (1989) shows, as § goes to 1, both b and b5 converge to the NBS, b°, with the

limit of the above disagreement point (di, d2). Note that di does not depend on 6, but dp

does. By L’Hopital’s rule, the limit of dz as 6 goes to 1 is

= Wy(rS) — (}m 5) Tim [go’(bg)%g- S+ o) (%? _ %” / (__1)

6—1

Although it looks more complicated, this result has the same property as that in the case

of the linear bargaining frontier in which ¢’(.) = —1. The effective disagreement point is
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such that Country 1’s payoff increases from the status quo by the amount of compensation
for Country 1’s forgone deviation gains, and Country 2’s payoff decreases reflecting this
compensation. (Note that ¢/(-) < 0.) Since the bargaining frontier is no longer linear,

the trade-off between the two countries’ payoffs on the Pareto-frontier occurs at the rate of

o (b%).
5 Conclusion

In the literature on trade negotiation, such as Mayer (1981) and Riezman (1982), the Nash
equilibrium of the tariff game is often adopted as the disagreement point, or the reference
point. As a consequence, predicted outcomes of trade negotiations cannot reflect the status
quo tariffs despite that real-world observations clearly indicate otherwise. In this paper, we
have constructed equilibrium strategy profiles that have some features commonly observed in
real-world negotiations. In those equilibria, negotiating countries would continue to keep the
status quo tariffs in many disagreement phases of the negotiation. We find that each of those
equilibrium outcomes converges to an NBS with a disagreement point which reflects both
the status quo allocation and a country’s potential deviation gains in interim disagreement

games.
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Appendix

Proof of Proposition 2: We show that the strategies in question constitute a subgame
perfect equilibrium. First, it follows from Proposition 1 that the strategy profile in any
subgame after the countries switch to the punitive equilibrium triggered by Country 2’s de-
viation constitutes the perfect equilibrium. Next, we show that Country 1 will not deviate
from setting its status quo tariff in interim disagreement games when this punitive equilib-
rium has not been invoked. If Country 1 deviates from its status quo tariff, the share County
1 can get in the next period is b (C) instead of b7(C) + ¢, for either ¢ = 1 or 2. When ¢

satisfies (6), we have
(1- 6)W1(TS) + 5[bf(C) +c>(1- 6)m7§me1(7'1,7'25) + 5b;~9(C’).

Country 2 will not also deviate from its status quo tariff 75 when § is large enough. In any

period, odd or even, if Country 2 conforms, its average continuation payoff is at least
(1= &)Wa(r5) + 6[1 = b5(C) — ] = (1 — 8)[Wa(rS) — C] +6(1 — b5(C)).

On the other hand, if Country 2 deviates, the perfect equilibrium of Proposition 1 will be

played from the next period, and hence its average payoff will be at most
(1= 8)Wy(r?, 73') +6(1 - b))

Therefdre, Country 2 will not deviate from its status quo tariff 75 if and only if, fori = 1, 2,
(1= 8)[Mz(r]) — My(r5) + C] < 6(4)Y —b7(C)), (13)

which is satisfied if 5°(C) < bN and if § is large enough as we see shortly.

Next, let us consider the offers and responses when Country 1 has not conformed to
setting the status quo tariff rate in the last period. The case we consider include the first
period in which Country 1 has not had a chance to conform in the disagreement game. In
an odd period, Country 2’s continuation payoff when it rejects an offer equals 1 — b7(C)

as (7) indicates. Therefore, it is rational for Country 2 to accept an offer b; if and only
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if by < b7(C). Given this strategy of Country 2, Country 1 will make an offer such that
by = b7(C). Similarly in an even period, Country 1 accepts an offer if and only if b, is not
less than b§(C), which equals Country 1’s continuation payoff when it rejects an offer as (8)
shows.

When Country 1 has conformed to the last disagreement game, the equilibrium path
will switch to the one in Proposition 1 if Country 2 fails to compensate for Country 1’s
forgone deviation gains. In an odd period, if Country 2 rejects an offer which was supposed
to be accepted, its continuation payoff becomes (1 — §)Wa(rV) + 6(1 — b)) which equals
1—b¥. According to the prescribed strategy, Country 2 accepts an offer if and only if it gives
Country 2 at least as large as 1—b7(C) —c. Thus, Country 2 follows the prescribed strategy if
c < b —b7(C). Since ¢ = (1—6)C/é, this condition is satisfied if (13) holds. Now, given this
strategy of Country 2, Country 1 makes the offer b +c since it is greater than its continuation
payoff when it offers differently: b5(C) +¢ > b{(C) = (1 — 8§)[1 — Wz(rs)]b+ 55(C) +c) >
(1 = )W(15) + 8(b5(C) + c) for Wi (75) + Wy(75) < 1. In an even period, Country 1 is
supposed to accept any offer that gives Country 1 at least as large as b5 (C) +c. If an offer
is not less than b5(C) + ¢, it is rational for Country 1 to accept it since if it rejects, its
continuation payoff becomes b5(C). When an offer is less than & -+ ¢, the equilibrium path
will switch to the one in Proposition 1 if Country 1 rejects it, in which case Country 1’s payoff
becomes bY. Thus, Country 1 rejects an offer that is less than b5(C) + c if ¢ < b)Y — b5(C).
Again, this condition is satisfied if (13) holds.

We have just shown that the strategy profile in question is a perfect equilibrium if and
only if (13) holds for ¢ = 1,2. As § goes to 1, the left-hand side of (13) goes to 0, while the
right-hand side converges to b — bfg (C). Therefore, if 5(C) € [p5(C),bY), (13) is satisfied
and the above strategy profile is a perfect equilibrium when § is large enough. Moreover, it

is apparent that the limit b5 coincides with an NBS with the disagreement point of (9).
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Footnotes

1. The GATT Secretariat (1994) lists the comprehensive agreements of the Uruguay
Round.

2. In a numerical general equilibrium model, bHarrison and Rustrém (1991) examine the
disagreement point in the Canada—U.S. free trade negotiation in 1989. Their results
support the Nash tariff allocation as the disagreement point in applying the NBS. In
addition, Mayer (1981) derives the core with the Nash equilibrium allocation as the

reference point in a trade negotiation model.

3. Without affecting the analysis, payoff functions can be generalized to include political
economy factors, such as putting more weight on producer surplus than on consumer

surplus.

4. Inmany cases, it may not be feasible for countries to make side-payments. In Section 4,

we show that our qualitative results hold even without the possibility of side-payments.

5. In non-cooperative bargaining models, such as Rubinstein’s (1982), a decrease in dis-
counting is usually interpreted as a decrease in the length of a period between successive
offers. Obviously, a change in the lerigth of a period will affect the per-period payoffs.
HoWever, since this change affects every payoff in the same multiplicative way, the
analysis goes through without any change, if we view the payoffs as the corresponding

instantaneous ones.

6. Since Country 1 makes an opening offer, Country 1 proposes (3;(d) in the first period

and Country 2 accepts the offer immediately in the perfect equilibrium.

7. If a country’s payoff reflects some political factors, the Nash tariff may be higher |

than the traditional optimum tariff that maximizes the purely economic social welfare.
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10.

11.

Therefore, our assumption does not rule out the possibility that the status quo tariff

exceeds the traditional optimum tariff.

. This result supports a common argument that the Nash tariff allocation serves as the

disagreement point in applying the NBS.

See Busch and Wen (1995) for a general characterization of subgame perfect equilibria
in this class of games. In Furusawa and Wen (1999), we derive the range of perfect
equilibria of this trade negotiation model. Some equilibrium requires that the two
countries change their individual tariff rates frequently in interim disagreement games.
This phenomenon, however, seldom happens in reality, due to political and economic
costs of implementing this kind of strategies, or regulations and common practices in

international trade relationships.

Through the deviation, Country 1, which prefers the NBS with the Nash tariffs to the
NBS with the status quo tariffs, may also capture the long-run gains that would be

reflected in the negotiation outcome.

The dependence of the equilibrium share on Tég can be shown in a similar diagram, in

which 5°(C, %) is decreasing in T3 .
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This paper analyzes dynamic bilateral trade liberalization between two large coun-
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Adjustment Costs and Gradual Trade Liberalization

1 Introduction

It is well understood that large countries have some market power in world commerce even
in markets that are perfectly competitive. Their governments can increase domestic welfare
by erecting trade barriers. When several countries try to exploit this advantage at the same
time, they tend to act strategically. Such strategic interaction between, say, two countries
can result in a trade war, the outcome of a prisoners’ dilemma game, where each country
protects its inefficient importable industry by import tariffs or other trade policies. There is,
however, no cause for pessimism since when the game is repeated for many periods, countries
would be willing to cooperate and cut tariffs below the static ‘optimum tariff’ level. The
Folk Theorem tells us that if the future is sufficiently vimportant to both countries, even free
trade can be supported as an equilibrium in a repeated game setting. The two countries will

be willing to cooperate immediately and thereafter.!

If one examines the evolution of openness to trade of the major industrial countries in the
post-war era, it is clear that tariff barriers have fallen gradually, not immediately. Successive
rounds of the General Agreement on Tariffs and Trade have delivered lower and lower trade
barriers among countries, especially between the major industrialized countries (Bhagwati,
1988). This paper provides a theory to explain gradualism in bilateral trade liberalization
between large countries. The theory we develop is based on two assumptions that we believe
are essential. First, because of the lack of a world law enforcement agency, multilateral
trade agreements should be self-enforceable, otherwise agents may strategically defect from
an agreement. Second, factors of production need to pay costs of adjustment as they relocate

between sectors.

The literature on trade liberalization has mainly focused on the analysis of unilateral
liberalization with costs of adjustment. The results are typically the outcome of unilateral
dynamic optimization. In such models, the optimal liberalization path can be gradual only
when adjustment costs are convex with respect to the magnitude of tariff reduction. For
example, in a model of liberalization of a small country where unemployment is the primary

source of adjustment costs, Mussa (1986) finds that optimal unilateral trade liberalization

1See, for example, Dixit (1987).
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will be gradual if “the rate of resource reallocation relative to the level of linemployment
‘becomes large at low levels of unemployment” (p.71), which is essentially an assumption of
convex adjustment cost. However, besides failing to address the enforceability issue, which
becomes relevant in the case of large countries, this approach cannot explain gradualism
unless the adjustrﬁent cost is convex, which is a rather restrictive aésumption. On the
contrary, the theory we develop below is robust to changes in the structure of adjustment

costs.

Other models of unilateral liberalization suggest that gradualism can be justified for
income distribution reasons. Mussa (1986) finds that gradual liberalization may be necessary
to limit the income and wealth losses sustained by owners of resources initially employed in
the protected sectors (p.70). Leamer (1980) considers unilateral tariff reduction of a country
in a two-good, two-period model with only one mobile factor (labor) and the cost of inter-
sectoral labor transfer. He finds that a staged (rather than immediate) reduction of tariffs
not only eases the pain of the workers in the protected sector, but may also be preferred by

all workers.

There are also models of (unilateral) endogenous gradual tariff reduction based on po-
litical economy arguments. Cassing and Hillman (1986) model that lower domestic output
of an industry translates into lower net domestic benefits from protéction. Instead of the
presence of adjustment costs, what holds back the immediate ‘collapse’ of an industry (in

“the initial phase of trade liberalization) is an assumed positive relationship between tariff
levels and industry size (based on lobbying theory). Drawing partially from Cassing and
Hillman, but explicitly incorporating lobbying and convex adjustment costs, Brainard and
Verdier (1994) model that greater current protection, in the form of higher import tariffs,
implies greater current output, which in turn leads to more resources devoted to lobbying.
Since industry adjustment and lobbying are substitutes — the more an industry lobbies, the
greater the protection it receives and the less it adjusts — the lobbying feedback effect leads

to a slow reduction of tariffs. Thus declining industries contract slowly over time.

Devereux (1997) examines a two-way interaction between bilateral trade liberalization
and economic growth. Through dynamic increasing returns to specialization, international
trade can increase world growth rates. But growth, through specialization, alters the pattern
of comparative advantage, and increases the gains from trade. In one type of equilibrium
in the dynamic tariff game, such interaction gradually raises the costs of punishment, and

provides incentives for governments to lower tariffs gradually. Staiger (1995) also attributes
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gradualism in trade liberalization to self-enforceability of agreements. He assumes that
import-competing workers have special rent-earning skills specific to the sector. If an initial
“round” of liberalization can induce at least a portion of these workers to relocate to the
rest of the economy, and if by not using their sector-specific skills these workers stand to lose
them, then the enforcement problem associated with their presence will also diminish over
time, and further rounds of liberalization are made possible. He does not, however, address
the issue of adjustment costs of liberalization (such as re-training, physical relocation and
temporary unemployment of displaced workers), which is a major concern for most countries

facing the prospect of trade liberalization.

In this paper, we consider two large countries seeking a bilateral trade liberalization
agreement.? We assume that each worker has to pay a fixed adjustment cost whenever he
switches between sectors. We find that the most-cooperative liberalization path is gradual
under a wide range of parametric values. In the course of bilateral trade liberalization,
each country gains from a mutual tariff réduction, while incurring the cost of industrial
adjustment accompanied by the liberalization. If a country deviates from the liberalization
agreement, it would enjoy temporary benefits from setting an optimum tariff, which is fol-
lowed by a trade war — both countries setting the optimum tariff — which we assume to last
forever. Moreover, in this deviation-punishment phase, the deviating country would have
to incur adjustment costs for expanding the importable sector. In each period along the
most-cooperative trade liberalization path, the tariffs are mutually cut as much as possible,
while keeping each country’s incentive to stay in the agreement. However, after the resulting
adjustment costs have been paid and the country has adjusted toward a smaller importable
sector, the value of staying in the agreement is increased while the gains from deviation
are decreased. These factors relax the incentive constraint, making it possible to cut tariffs
further in the following period. In short, gradualism results both from self-enforceability and
from the presence of costs of adjustment. With only self-enforceability and no adjustment
costs, liberalization will be immediate. With only adjustment costs and no requirement of
self-enforceability, liberalization will be gradual only when the adjustment cost is strictly

convex.

We also examine the validity of the ‘bicycle theory’ of multilateral trade liberalization:
unless you keep pedalling, you will fall off. This theory, which is first introduced by Bhagwati
(1988), and later found its support in Staiger’s (1995) model, suggests that a failure to

2At the cost of complexity, we could extend our analysis to multilateral trade liberalization and would

obtain the same qualitative results.
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conclude a round of GATT negotiation does not simply mean a continuation of the status
quo, but rather a retreat from existing levels of international cooperation in trade policy.
We find that the ‘bicycle theory’ is not supported in our model because, upon termination
of cobperation, the foregone benefits from future cooperation, which tend to tighten the
incentive constraint, are outweighed by saving of current adjustment costs, which tend to

relax the constraint.

Then, we ask how trade adjustment assistance affects the pace of such liberalization. We
find that an increase in the level of trade adjustment assistance granted to workers displaced
from the importable sector would accelerate the pace of liberalization. The reason for it
is that an increase in trade adjustment assistance reduces the distortion in the importable
sector caused by the presence of adjustment costs, raising the benefits from cooperation.
This intuitive result contrasts with Fung and Staiger (1996), who find an ambiguous result,
and Brecher and Choudhri (1994), who find a quite different result from ours.?

Section 2 describes the preliminaries of the paper. In Section 3, we compute as the
benchmark cases the liberalization paths with both linear and strictly convex adjustment
costs when countries can commit to their agreed-upon tariffs. Noting that self-enforceability
is crucial in a world without a central planner, we show in Section 4 a model of self-enforcing
bilateral trade liberalization with linear (and more general) adjustment cost. In Section 5,
we examine the ‘bicycle theory’ in light of our model. Section 6 evaluates the impacts of

trade adjustment assistance on the liberalization path. Section 7 concludes the paper.

2 Preliminaries

In this section, we describe the basic setup of the models in Sections 3, 4 and 5.

2.1 Production Technologies

Consider two large countries, A and B, each of which can produce three competitively-
produced goods, Goods 1 and 2, and a numeraire good. The only factor of production
is labor. The two countries are symmetrical in all aspects except that Country A has a

3Brecher and Choudhri (1994) find that when there is compensation to maintain the pre-liberalization
levels of welfare of displaced workers, the likelihood of Pareto gain from trade is reduced, since it weakens

the incentive to work efficiently.
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comparative advantage in Good 1 and Country B in Good 2, in the Ricardian sense described
below. Consequently, in equilibrium, Good 1 is Country A’s exportable and Country B’s
importable; Good 2 is Country A’s importable and Country B’s exportable.

In each country, there are two types of workers. The first type is skilled labor. They
have special skills in the production of the exportable. Their productivity in the exportable
sector is greater than one. In each period they can produce 2E units of the exportable,
sufficient for export as well as domestic consumption, if they all work in the exportable
sector. Although they can also work in the importable sector or the numeraire good sector
with productivity one, we assume that their productivity in the exportable sector is so high
that all such workers prefer to work there in any event, attracted by higher wages. Workers
of the second type are unskilled workers. They have no special skills in the production of
the exportable. They can produce any of the three goods with productivity one. As we
see later, their wage in the exportable sector equals one minus the other country’s specific
import tariff, whereas they can earn a wage of one in the other sectors. Thus, no worker
of the second type works in the exportable sector. In summary, despite the assumption
that the labor markets are perfectly competitive, there is no movement of workers in and
out of each country’s exportable industry in any event. This last feature allows us to focus
on the allocation of the second type of labor between the importable and numeraire good
sector whenever the industrial structure changes. Hereinafter, ‘labor’ or ‘worker’ refers to

this second type of labor, unless otherwise specified.

2.2 Preferences and Demand for Goods

The preferences of a representative consumer of each country in each period of discrete time

are represented by a quasi-linear utility function
Uz, 22,y) = u(z1) + u(z2) + v,

where x1, x2, and y are respectively the consumption of Good 1, Good 2, and the numeraire,
good. As is well-known, preferences of this type implies that consumers’ utility can be
measured by the total surplus derived from the markets of Good 1 and Good 2. Consequently,

the analysis may proceed in a partial equilibrium framework.

To simplify our calculation, we assume that the sub-utility function u has a form which

makes each country’s demand function for either Good 1 or Good 2 linear. S‘peciﬁca]ly, we

4Productivity is measured by the amount of good producéd by each unit of labor.
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define u in such a way that the per-period inverse demand function for either Good 1 or
Good 2 can be written as p=a —bq, where a € [1 +bE, 1+ 2bE) and b > 0 are parameters;
p and q are the price and quantity of the good. From the assumption that 2F units of Good
1 (Good 2) are produced in Country A (Country B), the inverse export supply function is
given by p = a — 2bF + bq for either country. Thus, the demand for the importable equals
the export supply from abroad at the price a — bE. Since the importable can be supplied
infinitely elastically at the price of one, the restriction on ‘a’ stated above, which can be
rewritten as a — 2bE < 1 < a — bE, means that in free trade each country also produces
the importable domestically. As Figure 1 shows, Country A (Country B) is the exporter of
Good 1 (Good 2) in free trade, with the equilibrium world price equal to one.

2.3 One-Shot Payoffs for Each Government

As a benchmark scené,rio, we assume in Sections 3 and 4 that each government fully com-
pensates workers for all the costs of adjustment if trade liberalization indeed takes place.®
In such a case, even during trade liberalization, workers in the importable sector are always
indifferent between staying and leaving the importable sector at the wage rate of one. This
implies that the domestic price of the importable is always equal to one.

The one-shot social welfare is defined as the benefits minus the adjustment costs, which
we shall specify in the next subsection. The benefits are defined as the sum of the total
surpluses in the exportable and importable sectors. The total surplus in the importable
sector in each country is the sum of the consumer surplus, producer surplus, and tarift
revenue. Since the domestic supply of the importable is perfectly elastic at a price of one,
and as a consequence the domestic price is always equal to one, the consumer surplus is equal
to (a— 1)?/(2b) and the producer surplus in the importable sector is equal to zero regardless
of the level of the tariff. Since the amount of imports is equal to (i —a+ 2bFE — 7)/b when
the tariff level is 7, the tariff revenue is given by 7(1 — a + 2bE — 7)/b. Thus, letting M(7)
denote the benefit derived from the importable sector as a function of the country’s tariff
against its imports, we have:

2
_ (a ;bl) N T(l—a —I—beE — 7')‘ 1)

5In Sections 3 and 4, with full government’s compensation, the adjustment costs arising from the relocation

M(7)

of workers are in effect transferred from displaced workers to the governments. As we shall see, this simplified

model is sufficient to make the main point of our argument.
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The function M (7) is concave and attains its maximum at 7 = (1 — a + 2bE)/2. |

The total surplus in each country derived from the exportable sector can similarly be
calculated from the fact that the price of the exportable in the exporting country is equal to
1 — 7 when a tariff at the level of 7 is imposed by the importing country. From Figure 1, it
is easy to see that the surplus from export to the foreign country, denoted by X, expressed
as a function of the importing country’s tariff level 7, is given by

_ (1-—a+2bE—1)2
= ) .

The function X(7) is decreasing and convex. In fact, the sum of producer surplus and

X(7)

consumer surplus from the sales of the exportable in both the home and foreign country is
equal to X(7) + 2E(a — bE).% Since adding a constant to the payoff would not change the

analysis, we drop 2F(a —bE) from the expression of social welfare in the rest of the paper.

Let 77, j = A, B, denote the tariff level of Country j in a certain period. Country
§’s benefit in that period is given by M(77) + X (%), where k # j. If the countries set a
common tariff level of 7, the one-shot benefit to each country, expressed by W (r), is given
by M(7)+ X (7). That is,

W(r) =M(r)+ X(r) N
__ (a=1)*+(1—a+2bE)?—2
- 2b ‘

7

where W is concave and decreasing.”

2.4 Re-allocation of Labor and Adjustment Costs

At the begiming of each period, the two governments simultaneously set the tariff levels,
followed by each worker’s choice of the industry in which to work in that period. Production
and consumption take place after those decisions. Employment in the importable sector in
any period is given by the difference between the domestic demand for the importable and
the export supply of the same good from the foreign country at a going domestic market
price. This employment level shrinks when the country cuts import tariff during each stage
of mutual trade liberalization. Some workers in the importable sector are displaced and are

assumed to switch immediately to the numeraire good sector after paying some adjustment

8To derive the producer surplus, we treat the exportable as an endowment. The producer surplus equals
2E(1 — 7) as a consequence.

"Note that adjustment costs have not been taken into account in W (r).
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costs.® These adjustment costs arise from frictional losses associated with inter-sectoral
reallocation of labor. They can be interpreted as such things as the costs of training, physical

relocation and temporary unemployment.

Frictional losses associated with reallocation are also present as workers switch from the
numeraire good sector to the importable sector, which would happen if the tariff rate is raised.
The adjustment cost of switching from the numeraire good sector to the importable sector
need not be equal to that of switching in the opposite direction. To allow for this possi‘bility,
we assume that a switching worker needs to purchase o units of the numeraire good when
switching from the importable to the numeraire good industry, while one needs to purchase
[ units of the numeraire good when switching in the opposite direction. Although the wage
rate in the exportable sector is lower than that in other sectors, as we assumed, workers might
relocate from the importable sector to the exportable sector if the corresponding adjustment
cost is small relative to that of relocating to the numeraire sector. However, for the sake of
simplifying the analysis, we assume that the adjustment cost of each worker who switches
from the importable to the exportable industry is sufficiently large that no worker moves

into the exportable sector in equilibrium.

The assumption that each switching worker has to pay an adjustment cost implies that
the total adjustment costs the country bears are proportional to the number of switching
workers, which is in turn proportional to the magnitude of the change in tariff, due to the
linearity of the export supply, domestic supply, and domestic demand curves. As Figure 1
suggests, the number of switching workers is given by the magnitude of the tariff change
divided by b.

2.5 Deviation Path and Deviation Payoffs

We assume that if a country does not honor the trade liberalization agreement, the other
country will punish it by reverting to the optimum tariff forever starting from the period
after the defection.® In the presence of adjustment costs, however, the level of this optimum

tariff in a certain period depends on the country’s tariff level at the beginning of that period,

8In the context of our model, this amounts to the assumption that each switching worker must purchase

a certain amount of the numeraire good, yet this purchase per se does not increase the workers’ utility.
9Most trade retaliations in reality ended in a finite period of time. However, the adoption of other

punishment strategies, such as finite Nash reversion, would only complicate the analysis without altering the

basic results of this paper.
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which has been carried over from the last period.10

It is easy to see that on the optimal deviation path, the tariff level would not decrease at
any time. In such a case, a country, say Country j, which deviates in period ¢ would choose

a sequence of tariff levels to solve

00 . ' Gl L ils _
max (1-6)>_6° {M(Tf(z‘ +8)) + X(rk( ) = Bt — Pt s 1)]} 7

{ri(it))12, = 7
(where j # k) for a given 77(i — 1) and a given sequence of foreign tariff levels {7%(i +5)}2,,

where 77(i) denotes the tariff level of country 5 in period 3.

It is straightforward to show that the first order condition is:

M'(73(i + 5)) — L{‘” =0

for any s = 0,1,---. Using (1), this implies that the optimal deviation path satisfies 77( +
s)=[1—-a+2bE — B(1— 6)]/2 for any s = 0,1,---. That is, the deviating country would
increase its tariff level to [1 —a + 2bE — (1 — §)]/2 and maintain this level thereafter. Call
this level 7. It is obvious that Country j would not change the tariff level from 77(i — 1) if
N<HIGE-1)<(1—a+ 2bE)/2.

For simplicity, we assume that the tariff level at the beginning of period 1, call it 7, is
less than or equal to 7V for either country so that a country would always revert to 72V if it
deviates at all. Therefore, the one-shot benefit from deviation from the agreed-upon tariff
level of 7 is given by M(7N)+ X (7). We define the function W (r) representing this one-shot
deviation benefit (with adjustment costs not accounted for) as:

W(r) =MEN)+ X(7)

_ (a—1)? (1—a-+2bE)? -3 (1-6)2 | (1—a+2bE—7)2
- azb + === 4 + == 25 :

Since X is decreasing and convex, W is also decreasing and convex.

3 Bilateral Trade Liberalization with Commitment

In this section, we compute the liberalization path when two large countries can commit
themselves to all future tariffs stipulated in an agreement. In other words, the countries are

not allowed to deviate from the agreed-upon tariff levels in all periods. This case would arise,

OWithout the adjustment costs, Country j’s optimum tariff is always bE/2, at which M (77) is maximized.
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for example, if there were an international law enforcement agency to ensure that agreements

are honored.

Given the above environment, the two governments cooperatively maximize each govern-

ment’s net payoff without any constraint. That is, they solve the following problem for each

try:
country e (1 8) g1 {W(T(t)) Cafrt-1) - T(t)]}
)2, = b )

for a given 7(0), where 7(t) denotes the tariff level in period ¢, which is common to both

countries because of the symmetry.

The first order condition for this problem is:

1-4
W' (r(t) + ol =9) 3 ) =0,
forany t = 1,2,---. From (2), we find that 7(t) = a(1 — §) for any t = 1,2,---. Thus, we
have shown that the trade liberalization is once-and-for-all in our model if the countries can

commit themselves to such a liberalization path. Let us define 7* as this steady state tariff,

e, T =a(l —§).1

On the contrary, we show in the Appendix that even if the countries can commit them-
selves to a trade liberalization path, when the adjustment cost is convex, there is an incentive
for the countries to spread liberalization over many periods so as to lower the marginal ad-

justment cost in each period. Thus, we have

Propositioh 1 When symmetric countries can commit themselves to bilateral trade liber-
alization agreements, the most-efficient liberalization will be immediate rather than gradual if
the adjustment cost is linear in the magnitude of tariff reduction. However, it will be gradual

if the adjustment cost is strictly convez.

We can think of the case in this section as one in which there is a central planner in
the world to enforce the tariff agreement in each country. We argue that if there does not
exist such a world law enforcement agency, tariff agreements have to be self-enforcing. In
the next section, we shall show that the requirement of self-enforceability, even with linear
adjustment costs, implies that liberalization will be gradual rather than immediate within

certain ranges of the parameters. In other words, convexity of the adjustment cost need not

1For there to be any liberalization, it is obvious that we need to assume 7(0) > a(l — 6) as we later

discuss more.
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play any role in gradual trade liberalization. Since the faster the, pace of liberalization, the
higher each country’s social welfare, this means that the self-enforcing trade liberalization is

Pareto-inferior to the central planner’s solution.

4 Self-Enforcing Bilateral Trade Liberalization

In this section, we derive a model of a non-cooperative, infinite-horizon, dynamic trade
liberalization game played by two large countries. We assume that the countries agree
to select the most-efficient trade liberalization path and that this agreement must be self-
enforcing. The main result in this section is that such trade liberalization will be gradual
under a wide range of parametric values, even when the adjustment cost is linear. To
show this, we first present the condition under which trade liberalization will occur and
will take more than one period to complete if the initial tariff level is high enough. Then
we show that there exists a unique, symmetric, most-cooperative (and also most-efficient),
self-enforcing liberalization path along which liberalization always takes a finite number of
periods to complete. In each period, each government sets the lowest common tariff level

that is incentive-compatible.

In each period, the following sequence of events will occur: (i) The governments set
tariffs. (ii) If the tariff is lowered in a country, some import-competing workers are displaced
from the importable sector, and switch to the numeraire good sector. If the tariff is raised
in a country, some workers would move from the numeraire good sector to the importable
sector. (iil) Workers who switch sectors pay adjustment costs and the governments pay full

trade adjustment compensation to workers. (iv) All goods are produced and consumed.

The action space of each country is {7(¢)}$2, where 7(t) € R. Here, 7(¢) is the import
tariff of the country in period t. The initial tariff, 7, (< 7%), is exogénous. We assume
that if a country does not honor the trade liberalization agreement, the other country will
punish it by reverting to 7V forever starting from the period after the defection. Therefore,
the equilibrium strategy of each country is: Cooperate (according to the agreement) in this
period if both countries have cooperated in the last period, but set the tariff at 7%V forever
after if one of the countries did not cooperate in the last period. Consequently, the subgame
perfect equilibrium outcome is: Each country will set the agreed-upon, most-cooperative

(lowest possible) tariffs consistent with incentive in each period.

As we argued in Section 2, short of any punishment, each country is tempted to set its
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tariff level at 7V during the trade liberalization. However, such a deviation may be deterred
by the threat of the other country also reverting to 7 forever after the deviation. Therefore,
the liberalization path is self-enforcing if and only if the sequence of common tariff levels

from period ¢ onwards, {7(i + s)}32,, satisfies the following incentive constraint for all i:

(1-19) T, 68 {W(T(z +35)) — a[T(i+S—2)—r(i+s)]}
> (1= W(r(Q)) + W (V) — ﬂ(l—é)[TIZ—T(i—l)]'

(3)

The left-hand side shows the average discounted net payoff from perpetual cooperation from
period ¢ onwards, whereas the right-hand side represents the average discounted net payoff
from deviation. The first two terms on the right-hand side together show the average dis-
counted benefit to the country when it deviates, since the two countries would set 7 every
period in the punishment phase. The last term on the right-hand side shows the one-time ad-
justment costs the deviating country would incur. Since deviation means that the deviating
country sets her tariff at 7%V instead of 7(i) in period 4, the number of workers switching from
the numeraire good sector to the importable sector is T-N_—;(ﬂ There will be no incentive
to deviate in any period if the incentive constraints in all periods are satisfied. To simplify

the expressions, define G(7,6) as the average discounted payoff from deviation:
G(r,6) = (1 - W (1) + W (V).

The function G(1,6) is convex and decreasing with respect to 7 due to the same properties
of W ().

Recall that 7* is the steady state tariff level (or cooperative long-run optimal tariff level)
in the case of bilateral trade liberalization with commitment (i.e. the first best). It is obvious
that neither country has an incentive to cut the tariff below 7*, at which the marginal cost

of tariff reduction is equal to the marginal benefit from cooperation.

Now, let us derive the condition under which trade liberalization will occur and will take
more than one period to complete. First, for trade liberalization to be welfare-improving for
both countries, the long-run optimal tariff level 7 must be less than 79, which in turn is less
than or equal to 7. Since 7 = a(1—6) and ™V = [l —a+ 2bE — (1 —6)]/2, it is necessary
that

(1-6)(2a+p8) <1—a+2bE. (4)

That is, the adjustment costs should be sufficiently small to make trade liberalization welfare-

improving. Second, it follows from (3) that setting 7* is incentive compatible for both
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governments after 7* has been reached, if

W) > G 6) —

B(1- 5)§)TN - -

Finally, liberalization will take more than one period if the countries have no incentive to
cut the tariff level from 79 to 7* in one period. Liberalization will take more than one period,

for o < TV, if

a(l =8)(vN — 1)
b .
Notice that satisfying this condition would not preclude the possibility that liberalization

W(r*) — < G(1*,9). (6)

takes multiple periods even if 7 is strictly less than 7. We will henceforth assume that

_ B - 5)§)TN - . W(r™) = G(r",6) < ol - 5)§)TN - T*)’ g

a condition which is slightly stronger than the combination of (5) and (6). A gradual trade

liberalization is supported by a subgame perfect equilibrium under this condition.

Since a violation of (4) means that the adjustment costs are too large to start the trade
liberalization and hence 7 > 7V, it is clear that (7) implies (4). Basically, condition (7) is
satisfied if the discount factor is moderately large such that setting 7* is just about incentive
compatible to both governments in the absence of adjustment costs. The existence of «, 3,

and ¢ which satisfy (7) is proved in the Appendix.

Now, let us derive the self-enforcing trade liberalization path. Our goal here is to con-
struct the function 6 such thaﬁ 6(r), for * < 7 < 7V, represents the common tariff level
both governments will set for a period along the equilibrium liberalization path, given that
they have set the tariff levels at 7 in the last period. Figure 2 shows an example of the graph
of § we will derive. The figure describes the situation where the governments set 7 in the
first period, 72 in the second period, and 7* in the third period onward. We will henceforth
use 7; (1 = 1,2,---) to represent the equilibrium tariff level in period i. In the Appendix, we
show that the trade liberalization ends in a finite number of periods. In deriving function 6
for the entire domain [r*, 7], we tentatively assume that liberalization begins with 79 = 7.
Under this assumption, the last period of trade liberalization is defined as period n. When
10 # 7, the actual number of rounds of trade liberalization depends on the level of 7y and

may be smaller than n.

For simplicity of notation, we shall suppress the argument é§ in the function G in the
following analysis. This abbreviation is justified since the analysis proceeds with fixed «, 3,
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and 6 which satisfy (7). Now, we are ready to solve for the most—cooperative bilateral

liberalization path by backward induction.

Assuming 7, = 7V, the countries cut the common tariff level from 7,,_; to 7* in period
n, i.e, 7, = 7*. It follows from (3) that the incentive constraint is given by
a(l — 8) (-1 = 77) A= 8 — 7 1)
b b ’
That is, self-enforceability can be sustained if and only if the magnitude of tariff reduction

W(r*) —

> G(r") -

in the last period of liberalization (from 7,,_; to 7*) must be sufficiently small that the net
payoff from cooperation (at a common tariff of 7* thereafter) is at least as large as the net

payoff from deviating to 7.

Rewrite the incentive constraint as

W(rt) - G+ BT o), A0t Ao - 1) ®

Lemma 1 W(r)—G(r)+20=00"-1) 5 ¢ for any ™ < 7 < 1N. Moreover, this expression
: b

1S concave in T.

Proof. See Appendix D.

Since Lemma 1 shows that the left-hand side of (8) is positive, there exists a unique tariff
level for 7,1, call it T,—1, which satisfies (8) with equality. The tariff level 7,77 is the criticai
level such that the most-cooperative symmetric tariff in the next period will be 7* if the
current tariff level is below 7,=1. It is obvious that setting 7* is incentive compatible to both
governments, if and only if 7 < 7,1 < T,—1. We have thus identified the function 4(7) for

T € [1*, To=1) in the domain (see Figure 2).

We now turn to the next step of the backward induction process. Since we are deriving
the most-cooperative trade liberalization path, the incentive constraint in period n —1 should

be binding, i.e.,

(1 b 6) W(T'n,—]_) + 5W(7—*) _ (1 _ 6) {a(Tn—2b—Tn_1) + 6Q(Tn_bl_ﬂ] (9)
— G(ryy) — B8N rca)

Given any 7,_1 € (7", To—1] and consequently 7, = 7*, this equality gives 7, o such that

Tn-1 = G(Tn_z).

To see that such a 7,_, indeed exists and is greater than 7,,_;, we will explicitly use the

fact that the incentive constraint is satisfied in period n as well as in period n — 1. Since
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the incentive constraint for period n may not be binding, we define the function v(7,_1)
representing the slack. Then, the incentive constraint for period n can be rewritten as

a(l = 8)(Tp—1 — ) Bl =68)(TN — 1)
b b

W) - =G(") - + (1) (10)

It follows from the definition of 7,—71 (i.e. the value of 7,—; when (8) is satisfied with equality)
that -y is decreasing at a rate of gl;%ﬂ and that v(7=1) = 0. To take into account the
incentive constraint for period n, we multiply (10) by § and subtract the resulting equation

from (9). After some rearrangement, we obtain

(1 = 8) [W (7o) = G(Ty) + BAAETmmat)| 4 §[G(7%) — Gl71)] + 6Y(T)
(11)
— (1—6)(C¥+ﬁ)§)7'n—2—7'n—1) )

Lemma 2 Fora givent’ > 1% (1—26) [W(T) — G(r) + ﬂl—_—%TN—_Tl] +6[G(T) - G(r)] > 0

for any T <1 < ™. Moreover, this expression is concave n T.

Proof. See Appendix D.

Together with the fact that v(7,—1) is linear and that y(7-1) > 0 for 7* < 7,1 < 7577,
Lemma 2 implies that the left-hand side of (11) is positive for any 7,1 € (7, To,=7). Given
Tn-1 € (7%, Ta=1), therefore, there exists a unique 7,2 which satisfies (11). Defining 7,=3 as
the level of 7,2 which satisfies (11) when 7,1 = 7,1, we have thus found the function 6(7)
for 7 € (Ta=1,7Tn—2). As Figure 2 shows, it can be shown that # is upward sloping for this

part, i.e., the smaller 7,2 is, the smaller 7,,—;.

We can now extend backward the above procedure of determining the function  to earlier
periods of trade liberalization. Given that we have constructed 6 for [7*, 7], we shall find
T;—1 for a given 7; € (TiF1, 7], from the incentive constraint for perlod i. This procedure

determines 6 for (T3, Tom1)-

Using the same technique as for period n — 1, the incentive constraint for period i (1 =

1,2,.--,n — 2) can be written as:

(1= 6) [W(n) = G(r) + B4=8=n] 1 6[G(7,41) ~ G(7)]

_ Ut ) (12)

Given the function 8 for [*, 7], selecting a 7; from (7577, 7;] determines 7,,; as well. Hence,
Lemma 2 implies that the left-hand side of (12) is a positive number. Since the right-hand

side increases linearly from 0 as 7;_; increases from 7;, there exist a unique 7;_; which satisfies
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(12). Again, the critical tariff level 7;-7 is determined as a level of 7;_; which satisfies (12)

when 7, = 7.

The above procedure determines the function 4 for its entire domain. Trade liberalization
takes m (< m) periods if the initial tariff level 7 lies in (T, i1, Tnom), Where we define
T, = 7" and T; = 7. As Figure 2 shows, the higher the initial tariff, the (weakly) longer

liberalization takes.1? ‘

We can also appeal to a graphical method for determining the most-cooperative path.
Figure 3 indicates how the most-cooperative liberalization path starting at 7y is determined.
It demonstrates clearly how gradualism is determined simultaneously by the presence of
adjustment costs and self-enforceability. The bold curve in the figure shows the left-hand
side of the corresponding incentive constraint such as (8), (11) or (12), with 6(r;) substituted
for 7;,1, in (12). It is clear from the diagram that the most-cooperative path is unique. In
the case described by Figure 3, the implied 8 curve can be divided into three segments,
corresponding to 7 € [t*, 73|, T € [f3,T1), and T € [T, 7], and the trade liberalization takes

three periods starting from 7, which is shown to lie in [7, 7] in the figure.

Proposition 2 There is a unique most-cooperative bilateral trade liberalization path with
any nitial tariff level 79 € [7*, 7). Moreover, the trade liberalization takes more than one

period if 1y is large enough.

As is well-known, mutual trade liberalization is beneficial as a whole to both countries
through exchange of market access, though it harms the importable sector and burdens
each country with some adjustment costs. On the other hand, each country is tempted to
deviate from the agreement by exercising the market power in its importable sector in the
world market. In each round of liberalization on the most-cooperative bilateral liberalization
path, tariffs are cut to the extent that the present discounted net payoffs to each country
of staying in the ongoing liberalization just offsets the net payoffs from deviating from the
agreement. However, after a round of bilateral tariff reduction is completed and the nec-
essary adjustment costs have been paid, the present discounted sum of social welfare from
cooperation rises. Therefore, each country will find its own incentive constraint slackened.
Moreover, each country has adjusted its industrial structure to a smaller importable sector

after a round of tariff reduction. This industrial adjustment makes a deviation more costly,

12The assumption expressed by (7) ensures that the trade liberalization takes more than one period if the

initial tariff level is large enough.
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further relaxing the incentive constraint. These two factors enable the countries to engage
in the next round of trade liberalization. Consequently, trade liberalization will be gradual,

though the adjustment cost is linear in the magnitude of tariff reduction.

It is important to point out that, although our formal analysis is based on linear adjust-
ment costs, the result that gradualism is optimal continues to hold under a wide variety of
non-linear adjustment costs. This claim can be seen from the fact that the left-hand side of
(12), for example, can remain positive even when the term representing the adjustment cost
is replaced by an increasing but non-linear function of 7;_; — ;. When translated into Figure
3, this amounts to shifting the bold curve while keeping it in the positive quadrant', and then
replacing the downward sloping straight lines by some non-linear curves. It is clear that
the optimal liberalization involves multiple rounds of tariff reduction as long as the average

slopes of these curves are not too flat.

5 The Bicycle Theory

Suppose that the trade liberalization is terminated abruptly in the middle of the process
and that this termination is announced at the beginning of period 7 + 1. Of course, if the
trade liberalization process ended as a consequence of a country’s deviation, both countries
would retreat from cooperation and would set 7% thereafter. However, we shall consider a
different case, in which the government(s) of one or both countries are suddenly forced to
stop any further tariff reduction due to, say, a change in the political environment. The
‘bicycle theory’ says that if such a termination happens, not only are the countries unable
to cut the tariff levels further, but they cannot even sustain the current tariff level they have

achieved in the previous round of liberalization.

To see whether the bicycle theory holds in our model, we need only examine whether
setting the current tariff level 7; is incentive compatible to both governments. Since, at the
beginning of period i + 1, the industries have already adjusted themselves to the tariff level
of 7;, the incentive constraint can be written as:

B(L—8)(mN — ;)
; .

W(r) > G(r;) -

However, this holds from Lemma 1. Therefore, the countries need not retreat from the
current level of cooperation. In fact, tariffs will stay at the level where the liberalization

stops. The intuition is as follows: Compared with the incentive constraint for the period
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just before termination, the inceﬁ{:ive constraint at the termination date is tightened by the
amount of forgone benefits of future cooperation. If this effect is dominant, then countries
would retreat from the status quo as predicted by the bicycle theory. However, the incentive
constraint at the termination date is relaxed by the amount of saving in the current and
future adjustment’ costs that the countries were supposed to bear if liberalization were to
be continued till completion. Reallocation of workers in the period before termination also
contributes to further relaxation of the incentive constraint. It turns out that the last two

effects outweigh the first in our model, making the current tariff levels sustainable.

This result contrasts sharply with the bicycle theory conjectured by Bhagwati (1988)
and later found its support in Staiger’s (1995) model in which industrial adjustments are not
costly. The incentive constraint for the most-cooperative liberalization path exactly balances
the discounted benefits (i.e. total surpluses) from cooperation against the discounted benefits
from deviation. The cause of the bicycle theory in Staiger’s model lies in the fact that the
continuation benefits on the inost-cooperative gradual liberalization path are always higher
than those on a stationary cooperation path where the countries keep the current tariff level
forever. When liberalization breaks down, the discounted benefits from cooperation decrease,
while the discounted benefits from deviation stay unchanged. Therefore, the incentive con-
straint is violated. Consequently, the countries cannot sustain the current cooperation level

once trade liberalization terminates prematurely.

Therefore, the combination of tariff-liberalization-induced resource reallocation and “use-
it-or-lose-it” sector-specific skills in Staiger (1995) delivers a prediction of gradualism that
confirms the bicycle theory, while the combination of tariff-liberalization-induced resource
reallocation and adjustment costs in our paper delivers a prediction of gradualism without
the associated bicycle prediction. Consequently, whether or not a bicycle phenomenon is
present may depend critically on the nature of the factors that give rise to gradualism, as a

comparison across the two papers indicates.

Proposition 3 When the existence of adjustment costs causes gradualism, if the trade
liberalization process is terminated before completion (without any country’s deviation), the
terminal (common) tariff level can be supported as a subgame perfect equilibrium of the

dynamic game from the termination period onwards.
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6 Imperfect Trade Adjustment Compensation

In this section we shall evaluate the impact of the government’s trade adjustment assistance
given to workers who switch between the importable sector and the numeraire good sector.
Instead of assuming that the government bears the entire adjustment cost, we assume now
that the government only partially compensates the workers for these costs. We then examine

the impact of a change in this compensation on the pace of the trade liberalization.

Assume that before they engage in trade liberalization, the countries have been setting
the common tariff level 5. Assume further that until the beginning of period 1, the period
in which trade liberalization begins, there has been no expectation of trade liberalization,
and the perceived chance of losing a job has been zero in any sector. Hence, workers have
randomly chosen between working in the importable sector and the numeraire good sector.
At the beginning of period 1, therefore, the wage rates in the two sectors must be both equal

to one, the productivity of workers in the numeraire good as well as the importable sector.

In the trade liberalization phase of the subgame perfect equilibrium, all workers in the
importable sector must be indifferent between staying in and moving out of that sector. This
implies that the wage rate in the importable sector must be less than one since switching
workers must bear part of the adjustment costs. Similarly, in case a country deviates, the
wage rate in its importable sector must be greater than one in order to induce workers to
move from the numeraire good sector to the importable sector. In both cases, therefore, the
wage rates in the importable sector are no longer equal to one. Consequently, social welfare
as a function of tariff level is different from that under perfect adjustment compensation,

and so is the equilibrium pace of trade liberalization.

Let o and 8/ (0 < ¢ <, 0 < ' < f3) be the adjustment costs borne by a worker
moving out of the importable sector and into the importable sector, respectively. Then,
during trade liberalization, the average discounted wage rate each /switching worker faces
equals 1 — /(1 —§), which should in turn be equal to the wage rate in the importable sector.
Call this wage rate w. The wage rate continues to be w even after the trade liberalization

process is completed.!3 Similarly, at any point in the deviation-punishment phase, the wage

13In equilibrium, workers must weakly prefer staying in their current sector to moving out to the other.
This situation occurs if the wage rate in the importable sector lies in between w and 1. However, if the wage
rate and hence the price of the importable is strictly higher than w after the trade liberalization process
is completed, the domestic production must shrink from the level realized in the last round of the trade

liberalization in order to clear the market. But it is impossible since any worker in the importable sector
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rate in the importable sector is equal to ™ = 1+ /(1 —§), the average discounted wage rate

each switching worker faces.

During cooperation, the surplus from imports amounts to the sum of the consumer surplus
and the tariff revenue minus the “forgone” wages all workers in the importable sector would
have earned if the government had fully compensated switching workers for the adjustment
costs. This surplus is indicated by the shaded area in Figure 4. From Figure 4 and the
definition of W, it is easy to see that the total surplus can be expressed as W(r+ (1 —w)) —

912%23. Consequently, the cooperative long-run optimal tariff becomes ™ — (1 — w).

In case a country deviates, the surplus from imports is shown by the shaded areain ™ igure
5, and is giVen by M(t—(@-1))— W—;Z, which implies that the tariff level which maximizes
the surplus from imports is 7V + (@W—1). As for the surplus from exports, we should consider
the period in which a country deviates and the subsequent punishment periods separately.
In the period when a country deviates, its rival continues to cut tariff to the cooperative level
and have some workers displaced from the importable sector. Therefore, the wage rate equals
w in the rival’s country. Consequently, the deviating country would obtain X (7 + (1 — w))
from exports as seen from Figure 4. In subsequent punishment periods, on the other hand,
the wage rate in the importable sector in both countries equals @, and hence each country
would obtain a surplus X (7 — (@ —1)) from exports as shown in Figure 5. It follows that the
one-shot payoff from deviation is given by M (rV) — %)—2 + X(7 + (1 — w)), which equals
W(r+(1-w))— @—;blﬁ. Moreover, the payoff in each subsequent punishment period is given

by W(rV) — ﬁ—“;bl :

Having established all the relevant expressions for social welfare, it is straightforward to

show that the incentive constraint, the counterpart of (3), reduces to

(1-6)232,6° {W(T(i +5)+(1-w) - alf(i+s—}))—r(i+s)]} _ gl—zbwf

A . — 13
> (1= OW(r(Q) + (1 - w) + W (rH) - a=B=tensooy e (1F)

where the amount of labor inflow to the importable sector, resulting from a deviation, is
given by [tV — {7(i — 1) + (1 — w)}]/b, while the actual tariff is raised from 7(i — 1) to
™+ (@ - 1).

Now, to find how trade adjustment assistance affects the pace of trade liberalization, we
define 7%(t) = 7(¢t) + (1 — w) for any period ¢. As seen from Figure 4, a tariff of 72(¢) under

perfect adjustment compensation induces the same quantity of imports as does a tariff of

strictly prefer staying in this sector at the going wage rate.
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7(t) under imperfect adjust ment compensation. With this auxiliary variable, we can directly
compare equilibrium liberalization paths corresponding to different levels of the adjustment
compensation, since the goal of the liberalization now becomes cutting 7%(¢t) until it equals

7*, for any given w. Now, substituting 7%(¢) in (13) yields

(1-6)22,6° {W(Tw(i +5)) — a[rﬂ(’i-i—s—}))—rﬂ(i-}—s)]} B gl__z;f,zz

s=0

> (1— )W (r2(3)) + sW/(rV) — BA=8lr"or2i-1] _ @17

It is clear that, compared with the corresponding equation (3) under the case of full
compensation by the government, the left-hand side of the incentive constraint in period ¢
is lowered by an amount of gl—“-zg’f- = M%Mi, while the right-hand side of it is lowered by

an amount of @2_;)2 = ['3/(12;5)]2. Therefore, we have

Proposition 4 An increase in trade adjustment assistance given to workers displaced from
the importable sector speeds up the pace of liberalization, while an increase in adjustment
assistance given to workers switching into the importable sector slows down the pace of lib-

eralization.

The result is quite intuitive. An increase in compensation to workers moving out of the
importable sector reduces the distortion resulting from the fact that the existence of the
adjustment costs creates a discrepancy between wage rate and productivity. Therefore, it
raises social welfare under cooperation, which in turn speeds up the pace of liberalization.
On the contrary, an increase in compensation to workers switching in the opposite direction

raises social welfare under defection, and hence slows down the pace of liberalization.

Compared with the case of full government adjustment compensation, the pace of liber-
alization is speeded up (slowed down) if and only if &/ < 8 (¢/ > B'). In fact, the greater
B’ — o is, the faster will be the pace of liberalization. This unambiguous result contrasts
~ with the one obtained by Fung and Staiger (1996) and Brecher and Choudhri (1994). (See
footnote 3.)

7 Conclusion

We have analyzed dynamic bilateral trade liberalization between two large countries. We

find that self-enforceability and the presence of adjustment costs (regardless of the shape) are
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sufficient to induce gradua]ism; Trade liberalization causes the previously—protected sector
of each country to shrink and thereby causes reallocation of workers between industries.
Assuming that moving from one industry to another requires each worker to pay a fixed
cost resulting from adjustment losses, a country has to bear a total adjustment cost which
is linear in the quantity of moving workers. In this framework, we have derived the most-
efficient, self-enforcing bilateral trade liberalization agreement from which neither country
has incentive to deviate throughout the liberalization process and after. When the discount
factor is moderately large, the two countries are willing to cut tariffs gradually to the long-run

optimal level.

After each round of bilateral tariff reduction is completed and the necessary adjustment
costs have been paid, the present discounted sum of social welfare from cooperation rises.
Therefore, each country will find its own incentive constraint slackened. Moreover, each
country has adjusted its industrial structure to a smaller importable sector after a round of
tariff reduction. This industrial adjustment makes a deviation more costly, further relax-
ing the incentive constraint. These two factors enable the countries to engage in the next
round of trade liberalization. Consequently, trade liberalization will be gradual, though the

adjustment cost is linear in the magnitude of tariff reduction.

Although our formal analysis of self-enforceable liberalization has been based on lincar
adjustment costs, all the relevant propaositions continue to hold under a wide variety of non-
linear adjustment costs. Thus, the assumption of convex adjustment cost by Mussa (1986) is

unnecessarily restrictive for building a theory of gradualism in bilateral trade liberalization.

Finally, it is important to emphasize that gradualism is an intrinsic feature of bilateral
trade liberalization whenever there exist trade adjustment costs and the requirement for
self—ehforceability. Consequently, this main message of the paper would be obtained even
without the simplifying assumptions such as linearity of demand functions and identical

initial tariff levels.
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Appendix

A Convex Adjustment Costs

We assume that the countries can commit themselves to any liberalization path. The convex
adjustment costs are described by a (strictly) convex function ¢ which is a function of the
amount of tariff reduction. The governments’ maximization problem is:
o™ -1 -
max (1-6) 6" {W(r(t)) — ¢(r(t — 1) — (1))},
{r(t)}2 =

for a given 7(0). Then, the first order condition is:
Wi(r(@®) + &' (r(t —1) —7(t)) = 64/ (7(t) — 7(t + 1)) = O,
foranyt=1,2,---.

Define 7 by W’(#)+(1—6)¢'(0) = 0. The concavity of W means that W' (7)+(1—6)¢'(0) >
0 for any 0 < 7 < 7. Since —W’(7) — (1 — §)¢'(0) shows the gains from an infinitesimal
reduction of the tariff level from 7, the above inequality implies that the tariff should not be
cut further if the tariff level is already less than 7. Therefore, the governments will not cut
the tariff level further than 7.

Next, we claim that the tariff reduction ought to be gradual and last indefinitely. It
follows immediately if we can show that from any tariff level 7/ € (7, 7!V] the governments
would prefer setting a tariff level 7/ ¢ (7,7') for one period before reaching 7 to setting 7

immediately.
To see this, notice that the continuation payoff under the second process is given by
(L=8W(")—(1=8)(r —1") + W (F) — 6(1 — )p(7" — 7). (14)

This payoff converges as 7" goes to 7 to W(7) — (1 — §)é¢(r’ — 7), the continuation payoff
under the first process. Our claim then follows if the payoff in (14) increases as 7 increases

from 7, i.e., if the derivative of (14) with respect to 7” is positive when evaluated at 7. Now,
(1=W(F)+ (1 -8)¢'(r'—7) —6(1 - 6)¢'(0)
=(1=-)W'(F)+ ¢ (7 ~7) - 6¢'(0)]
> (1= 6)[W'(7) + (1 - 6)¢'(0)]
=0,
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where the inequality in the third line follows from the convexity of ¢. This completes
the proof of the last claim, and implies that the trade liberalization is gradual and lasts
indefinitely.

B Proof of the Existence of o, §, and 6 which Satisfy
Inequality (7)

We will derive sufficient conditions on «, 8, and § for (7) to hold. The continuity with
respect to these parameters of the functions involved in the analysis implies that (7) also

holds at least in the neighborhood of derived values of the parameters.

For any given a, b and F, set § = « and pick a value for a(1 — §) such that 3a(1 — §) <
1—a+ 2bE (see (4)). Since 7* = a(1 —6) and 7V = [1 — a+ 2bF — B(1 —6)]/2, this selection
pins down the values of 7* and 7V such that 7* < 7N. It also determines the values of the
left-hand side of the first inequality and the right-hand side of the second inequality of (7);

the former value is negative while the latter is positive.

What remains, therefore, is to find o and § which make a(1 — 6) equal to the value
selected previously and also satisfy (7). Now, W(7*) — G(7*,6) does not depend on « (nor
B), given a(1 — 8). Furthermore, for any fixed 7*, it varies continuously from negative values
to positive values as 6 increases from 0 to 1. Therefore, there exists a § which satisfies (7).

The value of a (and hence () is determined accordingly.

Alternatively, for given a, 8, a, b and F, the range of § that satisfies (7) can be obtained
graphically, as shown in Figure A1. It is assumed that 2a+ 8 < 1—a+2bE so that condition
(4) holds for é € [0,1]. In the following argument, we explicitly show the dependency of 7*

and 7V on 6.

Now, one crucial feature is that the W(7*(6)) — G(7*(6),6) curve intersects the curve
RHS7 at § = 6 where 0 < & < 1. It is clear that the second inequality in (7) (i.e. inequality
(6)) is satisfied if and only if § < §. Another crucial feature is that W (7*(8)) — G(7*(6), 6)
curve intersects the LHS7 curve at § = §, where 0 < § < 1. This is true if W(7*(0)) —
G(7*(0),0) < LHS7(0). This condition holds because, when § = 0, we have

‘TN —* TN T* —(1—a
W(T*(O)) _ G(T*ISOLO) _ M(T* (0)) _ M(TN(O)) _ OO (0);” 0)-(1 +2bE)],
LHS7(0) = _ﬂu(_’)b—ﬂgll

b
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and thus,

W(r*(0)) — G(7*(0),0) — LHS,(0) = [TN(O)—T"(O)][T”(O)T*(0)—(1—a+2bE—ﬁ)]
_ [NO)-m*(0)][2a+p8-(1—a+2bE)]
)

<0,

where the last equality is obtained from 7V(0) = (1 —a + 2bE — 3)/2 and 7*(0) = o. As
Figure A1l shows, the left inequality of (7) is satisfied if and only if § > §.

We have thus found a range § < § < § that satisfies (7) for any combination of o, 3, a, b,
and F satisfying 2+ 8 < 1 —a + 2bE. Moreover, the above analysis implies (i) that the
liberalization from 7V to 7* takes only one period if § > §, (ii) that the liberalization from
7N to 7 is gradual if § < § < §, and (iii) that 7 cannot be reached if § < §.

C The Number of Rounds of Liberalization is vFinite

It is clear from Figure 3 that we need only show that the left-hand sides of the incentive
constraints, expressed by (8), (11), and (12), are positive on [7*,7]. If 79 < 7V, however,
Lemmas 1 and 2 directly imply that this is indeed the case. If 75 = 7V, on the other hand,
we should carefully investigate whether or not the left-hand side is positive at 7, for neither

lemma includes the assertion for the case that 7 = 7N.

Indeed, the first group of the terms on the left-hand side of (12) takes the value of zero
when 7y = 7V (notice that i = 0 at the starting point). To show that the entire left-hand
side is positive when 75 = 7V, therefore, we need to show that G(r;) — G(7g) > 0. But this
is the case as far as 7, < Tb. Thus, if a tariff reduction is possible at all, the left-hand side
of (12) is positive at 7g, which in turn implies that a tariff reduction can be done. This
self-fulfilling property proves that the left-hand side of the incentive constraints is positive
and hence that the trade liberalization ends in finite periods even if the initial tariff levels

are 7N,

D Proof of Lemmas for Proposition 2

Proof of Lemma 1. Since W is concave, G is convex, and the last term is linear in 7,

the expression on the left-hand side is concave in 7. Thus, the lemma is proved if we show
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that W(r*) — G(r*) + 2= 5 0 and W (V) — G(7V) + 0= > g Now,
the first inequality follows from (7). The second inequality is satisfied with equality since
G(rN) = (1= §)W(TN) + W (rN) = W(rV). O

Proof of Lemma 2. Lemma 1 implies that the expression in the first set of squared
brackets is concave in 7 and takes on a positive value for any 7 € [7/, 7%). The expression in
the second set of squared brackets is concave in 7 since G is a convex function. Furthermore,

it takes on a nonnegative value for any 7 € [r/, V) since G is a decreasing function. a
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Slope= -(1-3)(a+p)/b

Figure 3. A Graphical Derivation of the Equilibrium Path
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Figure 4. The Surplus in the Importable Sector in the
Cooperation Phase
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Country B (A)
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Country A (B)

Demand in Country
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Figure 5. The Surplus in the Importable Sector in the
Deviation Phase
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RES, W(z*(5)) - G(z*(6),6)

[S9)

Figure Al. The Range of Discount Factors which
Satisfy Inequality (7)
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ZORFEICIIFF EFFDBTBERME L. BEEBIEEL L =— V=V MIFEETDHELE S,
Z O, ZNENOREFEEDOITENILIT D@D L7225,

21 5GHTH

PN AR EA R Y L A HROBAE ZEE( ) & BEE( + )0 2 A 5 &
FHELLY, T CORFLEBERECTE ZOLEEYTCHY . BT 52 &1
TERNELLS, #5T5L BEZIEEHICHE L TR EFHEO 5 A ZEMOWEE D DI
IELRTIR GRS, CORHLEEIUT 1 BN OFBHZ2HD, 2hibicit LT
w, OREEEZROTL D, MROETNIEANL, t+1HOMBDIC T aRon, THHIE %
FHRICHIND L b LD BMER-TEEN T 5275,

BETOBEAR ISR ZTOT, BEFBO—HEE~0X7 b g 12T, BV 2% s°

L UTF i, seeffimob & TofRE DEaFaRR), REefRob & TofBRE IMMIEAHRER] LS Lzt 5,
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15, —H FIERZENIBA~XT M 2Ex 52 L BRFBO—8EZOMOME c 1IcHT,
B ERTE S 35,

BB IIRENTITT HILEOAICK T b, 1#kiCr, OREHI T-He ko CEESNE, I
FITEAEHA L. R ENEERTROMROEEDOHB & & bISROMROR « P — 2 DERE
WEBT 22 &1t D, \

WE, FBICAE SN BEAOEEROEERE ¢, . EEMOWEE ¢, 28 L, TOAESAERE 8
HTRANIU(q,,cl,) =Ing, +Inc.,, . FICWREAZU®(c!,cl,)=Inc/ +Inc,, THX
bhasLkds, US(q,,cl,)BLOU(c,c,)iE q,,cl cl cBLTHEMYT, Lok M
BThb, BIIFHRICHELZES RO LRET S L. BEHOEATIRHIT S TEEHROWE ., 1=
Ebons,

R OFFHIA.DB LVADDHFKD G & THIFFIAQ.DERXRIET 5, T2bb,

 |Ing, +E[InCl | =G
EU' = (1D
Inc/+E,[InCy| =Bz
st.
q,=w,—s’ (1.2
cl=w,-s’
(G0 +(U+7,)sC  i= GO T+ )BCTH D & &
cri = (1+ 0 L i =G O+ DB TH B & & (1.3
qm+ﬂ+40s i =B Ot + DNGTH D L &
(H—Hb i =B >t + DB TH B L &

1.D,0.2BLAD LY., HEIZBNTg, =c,s’ =s! ThHDHZ LEFALNTHS, UF T
s, =50 =5 LB,

22 ¥

REMEEEH B THBEE . FEHH CRRRBOEDORLE T~ CIETH L LE S,
FARFN 0 L WA B L, I — DR i »> TSNS = LIc D, GEd Ik,
DBEAR R 7. | OBBRAREE STy, BEOWBMEAET L T5L. p it

v, =AK I 0e(0,1) (1.4)
CHEZBNB, AREIEET T A—F—ThY, FADERCTHD, (K, TS0

2 AR TIFIC KT S22V R Y | J:H%i%biﬁ{t%: TAH& TR A F T,
3 Z OFARBBEOERIITH L1998
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ARy THY, LEOHNTHEERTL, Z 2Tk, fliBbD-9H0 =1-0 . &A% 18T 100 /%
—& Yy MBFET D LINET D,

LEIFIEEALE RO THBT 20T, EEHST CIIRFEEMEFTEILILL, HBORRAE
PEMEI BRI, WAORTAEEMTEAL L X ME L 2D, R OX. k13K, &LL<
b, £oT

w,=(1-08)AK kI =(1-0) 4k, I°

R =0K’kK'I° =041
Thd, BERLUVFVIR =71,+1 (BARIT100—& MgEE) THY. [ =1 THBDT,

w, =(1-0) 4k, (1.5)

=R -1 r=04-1 1.6)
LB,

23—z >p

CORFITITE FIOMDIAEEN, tIETEAE SV FRFEL, TV v PO
DODARFRAELITHDELLY, T, ZOT—Vxy MNIFHERDOT T 4+ — MMeffort) Dz &
YAV MEHOTAENTSBELED, =74—ME, BREE=F VL I/TE72 /) nv—Th
D, 120F%EE=F ) U FTHDITide LD 7 +— N BT 5, =—V = FOFRITR
EXHA, 71— b e BHER - L&

U(x,e)=x—e (1.7)
THEx BB,

3. RBRIPIFEE L2V HE

Rt DEAD t HIOFHHIME L TR FEEL LR CICR 523, tHITHEBZIT O 2L H 0.
ZOBEADORENE BETTHD). FIEHTHED) IERELTWS, £ t+]1 HIOFHBIIE D
FEBPEENRESIEZ T B BHEICHIEFEL T3,

Thebb, BFETREAOEE., tHIIHBEEITORVO T, BEE&MLLEELZF\WVEY 28T
F7RELTRICEZR DD ¢+ 1 HOFBHIIITEEENRH Y . THISRZETHRICHI»DBMEIEK
745, iz, FICHREAOSRE, tHICIBRICX 7 M2 52 TEENLIELIV-ERV 2B
THET 2. BETREANLERRC + 1 HIOFRIIIRERERSH | T3 BRETIHFISHIA

4 APERBSIE Romer (1986), Bencivenga and Smith (1993) % 28Ry &, 7286, (L. k & lt B L TR TZDN b, Z 0%
FidE—o0 “REH EENPSRD LIRELTHH L Th—igtE RS = ik,

5 =—x v hoRFBEKL. Williamson(1996)% 288,
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DRIEAEIFT D, WRIC, THENOBEANIROREREE A = LIk,
3.1 ZFIORELRE

e OB EATE AT D1.2)(1.3) & Y ROFIARKILRIEZ A<
max U, =In(w, —s, ) +0 1n|:qt+l +(1+7r,,)s, ]+(l —oc)]n[(l+r,+l)s, ] i=G,B(2.1)

t

1 BSOS,

2.2

s = (1 _a’)qt+l + (1 + i )St w
! (2 -a‘)qtﬂ + 2(1 + r;+1)st

L7220 HEADBBETTH B, FITHTHDNTEFE LR,
32 B

RHEREOIEILQ2D% s, ILOWTRLS Z LIt &> TEABND, QAZEETDHL,
2(1 +ra )St ’ + [(2 “‘a)q,+1 - (1 +r, )Wt ]St - (1 _a)qm-lwt =0 2.3)

L%, ThEfEL

o 20w — Q) (470w + (4 (A= 600, %, + 2-0)’g,,/
' 4(1+7,0)

(2.4)

2- I ‘
v, @aotnine — oM g Ly cxn pwmmasomag e 0 s,
2(1+7,)s, 2

ITE & BDEOMEFON BT, 5, =k, 20 THIMD s, (THICEDEE L HZ L2k 5,

A
1/2w ‘ /

—(2 - a )qH-l
20+7,)s, | s

/
1 : BTEREsK
gL, w,=(1-0)4k,, r,=04-1, s,=k,, &0, ZhEQIMAATHE
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2 Ak, +[2-00g0 = (=0 4% k. = (-0)(1-0) 4k g, =0 @)

L2,
WE g, =w, -5, L7250 T, BEHE1HTOLTq,, =W, -5, L&D, HETIE
w,=(1-0)4k,, r=0A4-1, s, =k,,, s, =k, 720, THEZCHIKRATS L,

[20 4+(2-a)(1-8) ATk, ~[(1-0)(1-0)* 4> +(1-0)0 ATk k,,, 2.6
~ 2=k k,, +(1-0)(1-0)dkk,, =0

Ly KiToWTD2RDESFHRNL 0D, TOENSFHERAD—RAFT

k, =Zb +Z,b, 2.7
 _ AQ208 ~20-0 +3)+A*(1+20 ~ 408 +6” +408°) .8
! 22-a) '
 _ AQaO ~20-0 +3) A (1+20 —da +0° +400°) 29
2 2(2-a) '

THEZbND, TIZTZ,Z, I MEBEDER TH S, 7L IIHEROFERA 1 2SR Ehizuy,

M1 RERBFIELRVE & BEREENTETH D8
3—200+6 (200 —1)++/1+20 +6 > — 400 (1-)
2(1-6)(1-a +00)
DEEDPOEDL EITHEVFET D, 2O L & BRI —>EE Lk, = kb)
TExbD, 22T, b, ix29TEALN, b, >1Th5,
FEBH GERA 2 2B,

A>

M 1 X0, RERBFEELROL EOREIT—EORRERD, THRET 2, Ei2. k, OHEHE
ko=kb ' #QLORATE YL y, =Akby LB L bbHD LI ZORED y, (B D
7Oy bHDBWEGDP)bk, LR UKERCTHEET 5, ZnL&Eew,, BEHOWHCc, . ¥
7 hq, FLTHE S, bTNTk, LR—DORERD, THRETS, 20O &, 22,258 X029
LVHALNATHD, BEEDIZRITEZLNTVD LI 4,0,00 DIEKRFT S, bl A D
IS TH Y., A DEPHER D LRERITEHL 2D, b, iTo ORI E 2508, oz ki
51HiTRHLLRRD L LT 5,

4. (RERITI%

Z ORFEOEMAL, 2.1 B TR K 91258 < MO A Z R (T b bLERERATH S),
BT FRICMEEZ RS R2VDOT, t+1HOWRAZETHE TS Z L1250, t+1 OB
FHeFMENRDH Y HEo Tq,, +(1+7,)s, . BRl-0o T+r,)s, L7225, £oT, J)%xﬂiﬁ
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e & ATRIEN I X T —EOWMRBIRER TEX 5L 5 AEAMCY A/ =72 LED LT BA
VT4 TRBB I LICRB, ‘

ZIT, AW eDE=F VL IT I ) a o TEEN TR eo—Vx v FMBREIEE LT
T35 2 L1k B, BREMDOHBIC LY FEADERO TR Z AR TN 5 2 L2
TE, [ BROBEOEBEENTHZ LN TE D,

4.1-1 SELIEHRREE

FUDIT, ¢ +1 HITEZTOTHIFITHR T VT IO THREE N AR TR TOEAD
MHNTOD AR OBSERILEY, Z0L &, SREBICHT 3HREOFMIFEAR T
—HLTEY, t+1 HORBICET 2ROV TEA L RRAHOR TR 22 < BHIEEE X
WehprLLES,

BN LARBREHT  + 1 HIOBIE, FHEAL + DAL TN DANBERERHEREO. 1+ o T4
BEFNIS, BEITHETHL LED, RBREAILL+ IR T2 T H > B AL pl,
U T DEFREHITITENN, ¢+ L ICRICRI R TR H > 1B p), OREZREREED b
BB ZERHED LV BDTHD LT5H L, MEMESMEREL p2, =(pl,pr,) LEL L
BTE D, BERBEN p, 13, EAOEEHOLFLA

Viw =ainfcs, — pl 1+ (1-o)In[c;, + p] 8.1
EUT ORI S & THRXIET 5,
RREHO BRI DOHEDA LRI THZ L THY | RREE~DBAZBER LRETS L.
BRI~ DBINZEEI,
U (p,@)+(1-a)U* (-p,e) =api, —(1-a)p;, e
=ap’, —-(1-a)p2, 20 (32
ThExbNhD, ZITC, ZeEHROL LTI 74— bOXHEELRVDTe=0 Th5,
Thbb, BEEREAIROEELRIEEM Z LItk > TELND,

max V., =an[ g, +(1+n.0s, = pl [+ (-0 m[A+r)s+ 5% ] 63

P1+l Pr+l

st. apS —(1-a)p2, =0 (3.9
1 B ZAI
P =(1-0)g,, (3.5)
pfu =0q,,, (3.6
TEx BB,

Lizii> T, BEBBRRRO S LTI, R, BETRFHIEENTBRIT, THALF T REL
TELNEZLOHNS, FIEMARTHR Y ENEES 2 RRAMCTH, ISR TERE TN
Bix, BETOFHNPLOXT bD ) LEETOTROBEHTETRRESMPOHME SN D Z LItk
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2, DT L BEAFRIRRIT BETRFEIBICEZ DX 7 MRS THHICHET A b O
12725,

4. 1-2 ELIFHRIRBRD b & TOHHy

EABHO D & TRERRRONETS & & OEADSS AR R

max U, =In(w, —s,)+In[og,,, +(1+7,,)s,] (3.7
THY. 1HEORMHIZ
5, =y — Pt 3.8)
2 1+7,

E72B,
WE, g, =w, -5, 20T, % 1#FTo5LTq, =w, -5, L&, BHHETIT,
w,=(1-0)4k,, r,=04-1, 5, =k,,,, s, =k, 720, ZhoZ@IRATHL

-1 1
kt+1 = E{(l _G)Akz _E[O('(l -0 )Akz+l _akr+2]} (3.9
LB, TNEEBETA L LIZOWTOD 2PEDES TR
ok, —[20 A+a(1-0)4]k,, +(1-0)0 4°k, =0 (3.10)
285, ZOESFEAO—BRFL,
k, =Z b +Z,b, (3.11)

Ao (1-8)+20]+ 4@ - 2078 +0.0% +40°)
B 20,
A0 (1-8)+20]—/ 47 (@2 —20.°0 +0°0> +407)
B 20
TEZbND, ZZTL,Z, I MEBDERE ThH D, LI, FOitH 3 #2RINn0,

b, (3.12)

(8.13)

b,

A2 EREWREROL LT, BEREENETH S T
J® +0(1-0)+4/40% +0>(1-0)?
20(1-6)
DLE DPOEDELEIDENVIET D, 2D L& BRI 221 E L. k, = kb
THExbhD, 22 ThiG.1)TELLN, b, >1Th5,
AH Y4 RBH.

A

FE2 12OV THME LIV TR D L RO 2 AL MY TIEE S, TrAA. 2 ODRED
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I CRERZE b, DEIFRI L TIERVY, ZORIZOWTES2HI TRELSBRNS 2 L L ¥,
4.2-1 FELIEHRRR

DOENFROIEFERH V| ¢ +1 HITHETOTHBEEN 200, FISHRTFHEIEENT-D
N YEEALSMIAIMD Z N TERWEEE2E X LY, 22 TiE, Townsend(197Z & > TE
KAk & .. Williamson(1986), Bernanke and Gertler(1989)% L C Bhattacharya(1989)iZ & » THE
&7z Costly State Verification Bga% it L CRESRI R MR T <, THROIRIRED T, 1
REAEDMBEA DR L TEFRELZIE LI WEAICE, T=4 Y 7282 ebiit @A
OEITRT 2 FEIRR AR 5 Z L AHKRW LW S CSV RENE Z > T3 ERET 5,

SEARRE FRRIC, Fihide + 1 Hloge, Fit (R +1) PEFHSENTRRENEZREON t+1
IR A FE N2 BREITHET D L LE 5 RREKIT ¢+ 1 BT e R o 7o AT
P DTV IT AEFREMICTH, ¢+ KT R THE S BT p., OB L RRE
HPBZEIND VI B TH D, £ LT A L RRSIEMOFEROIEFRMEIC L0 ARSI 2
HOEFIRFEBOT- DI EE=F ) I T5, ZOE=F Y 71X AABMRBRSHHICEE
TOFHPEENT-OE, FICHRTHIETINT L OBOREEIT o722 L BPRBESHICEETH
i, BRSO, =g, PTEBPBRENDELELY, ThbDZ L XY, EALRREEIE
SEEERIOE. pl, = (P, PhL0,,) EELZERTES,

Bl (RS p!,, 1XEADEEHORF
Vu=olnlcg, - pi ]+ (1-a)lnfc], + p,] (3.14)

ZLUT OIS & TRAMET %, ‘

RIREALDITI E=F U U 7L o T BEAPMRRSHITEOMEZ LTV Z LD L. &id
PEINEX D, BT, EAOBISE SR

o lnfe], - p, 12 (1-a)n[es, -0, ] (3.15)
L72B, ¥z FASFMKIT
di 2 Pl (3.16)

TH b,

FEAERIEROD L & L FRE, BREEOBMIZQDORESIAEEXLTHZ L ThHDH, RIREE
~DOBANTEEEKESNTNWEDT, RRENOSMEHIBAOREIIX L TE=4 U 7 %1T
IT-DDTT 4 — e DEXHEBZRoHTHIAOTIELBL LA TEDZLTHY,

aps, —(1-a)p), +e)=0 (3.17)
THEzbh5, T7hbb, BRERNIIROBELMHE Z LIzl THbIDS,

maxV,,, =oln[g,, +(1+7,)s,, - pg'] I+A-o)In[(+7,,)s,, + ptB+l ] B18)

! Bt+l
Pri15Prn

S.t.
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In[g,,, +(1+7,,)s, — pgrl 12In[(1+7,,)s,] (3.19)

op., —(1-a)(p,, +€) 20 (3.20)

49 ZPm (3.21)

P20 (3.22)

P20 - (3.23)
1T

PGy =(1=0)(g,y +0) G20

pry =0q,, —(1-0)e (3.25)
THEzbh5,

RERERD L & D 1 PEDOSH(3.24)(3.25) & SERERIRRD L & D 1 BEDOZH(3.5)(3.6) & bk
DL, FERERRROL & T, BFEITRIERSTR]IT (—ADZYD) T=F Vv Tax b
R D H e TR A SN T2 BIE B BN 7o 03 12 HRRESAL DI B EL 720 | ISR T2 8o 72
Bk, £=4V 7 ax MIFEHR THBEENTZEIG ZENT 2072028 B0 < e b, R,
HEPERL LTIE=F Y I DREDIZ—ADTZVE=F Y 7 az MR TSR EE i A
NI =00 &FHZ 2 A b (deadweight loss) #3X#h> TUND Z & 127258,

4.2:2 TELFHRRD b & ToMk

REERFRO T CRIBRREARINFEI LN 2R OE A DT H B L,

max U, =In(w, —s,)+Inf[ag,,, +(1+7,,)s, —(1-a)e] (3.26)
1 DS
s, L W, — i1y (e (3.27)
2 I+r, 1+,

TH D,
WE, ¢, =W, =S5, LRBDT, ¢, =w,, —8, £LLI, HETE w=(1-0)4k,
r=04-1, s, =k, 5., =k, k0. ShoEGINNRATS L,

k., =%{(1 _0) 4k —%[oc(l—e)Akm —ok,—(1 —oc)e]} (3.29)

LB, TNEEETSDLLEIZOWTO 2BEOESFHER
ak,,—[20 A+a(1-0)Alk,, +(1-0)0 Ak, =—(1-0a)e (3.29)
185, ZOEHSTERDO BRI

8 EIL¥T NOflg,,, MEATEEURRD & & L RSAMHRIRD L & LTS L2 EHE b,
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(1-a)e

k =Z b +Z,b: - 3.30)
AN e aep 2 Y
_ 2002 A2 2 2
b _ Al 0)+20]+ 4’0’ ~20.°0 +0’0” +40°) (3.31)
_ 20
_ 4202 _ 2 2
p, — A1-6)+20) x/Agz; 2079 +0%0°+40%)

WKEoTHEZBND, ZZTC, Z,Z, I 3EBDOTERTH D, # L ITHERDIER 5 2RI hizu,

A3 TEAERRRO b & TRESNE Th 58t

U +0(1-6)+/40% +0>(1-6)’
20(1-9)

DLx, POZTDLECHEVEET S, ZOLx, WEEEITEE —S1FE L,
(1-a)e

0 —[20 +o(1-0)]4+ (1-6)04>

A

k, =k —c)by" +cchExbND, c=~ <0Th

V. b,i3B3DTEXLI. b, >1Th2,

MEIIY, FREE2FRBERODL L TORBFORERITI —E TR,
(k, —o)bl +c/[(k, =)o +cl k2B, ZZTelHADEEED GEF 5 27 %), LizAoT,
ZDORFOHBEREILD, GEEBHREROL L TORER) IV bEWVEIANLHIEL T, KEID
ETF L. BEIEICIZD, RT3, £72. k OWEHEL =k —c)b ™ +c ZUDITKRAT B &
y, = Al —c)b +c] L7200  ABIHAT D Ew, =(1-0)A[(k, — )b, +c] L 2B LMD
BrsE T, y,bw, bk ERUERETHRET 2. L, ZEEREROGE L B> T,
C/v g, % LTs, i3k, LI3F UBER TR LAV Z LICER L TH<,

FEEEHRIRRD b & TORFORRFITRT & Rk 4,0 ,00 OFEIEEFET 5, RERIT A ORI
BTHH., ADEFHEZDEHERIEL 8D, ERERIIO OBOBESERER, Z0Z ki
S5AHTHLLBARZZL LTS,

5. BEF/RE

5.1 HEsHF#

RBRBIFE LRV E & | ZAEREROb &, Z L TRESEREROL & TORKEDFNLEID
FEREERDD ZENTET, £TT, TRHOBRERIERO P L > TEOL S ICEILT 50

PEOHT L TL,
RERD 2N & X OMRRRIT MEL LY
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_ AQ208 — 200 6 +3) — | A2(1+20 — 406 +6° + 40 2)

g 22—0) (4.1
L%, g B0 THATDHL.
(1 — 2 _ _ _ 2
log, - 36)J(1+6) 400(1-6)+20(1-0)(1+20)—(1+0) <0 4

490 2(2-01)*y/(1+6)* — 406 (1-6)

L7825, KoTg, ido OB 725,
SAEHRRO b L CORMERIT A2 LY
2 2 2 2n 2 2
, =A[oc(1—(-))+29]—\/A @ —20.°0 +0.°0% + 49
' 20,
LB, gl RO TEATS L,

4.9

19gf 207 -0’0’ -2070 +a’8’ +40%)

Ada o240 -2070 +0.%0% +407)

4.9

LB, LoTgl ko OB EELE 25,
Re2ERERO b & TORRERIT ME3 LY

g =z te _c)bi,+c @.5)
(k, —c)bi™ +c
y Al (1-8)+20]—/ A2 - 200 +0%0 +40°)
’ 20,
(1-a)e

0 —[20 +0(1-8)]4+(1-0)0 4
LB, gl Eo THETEE,
‘ dg, /da <0 (4.6)
LB, £oT. g ko OB EKRE RS,
AL AE 6 2 BT,

TRENDREIC BT BRERITI0 OBPBEETHY . o DESE D EHTORIEIMR 5 LRE
FIMELS 2D, EAIX 2.1 HiCil~72 X 5 12 MOZ AR >72 D, EADZAKEILEE K
ERREDICONT, HER 1 BEMZHEOT I L THAPNBRRIICEHET 2ESILERL TP, wx
i RIS IR DIERICE L {+ ] BIOMBIRIERITDRVEE,  HIOWNEE 1 A5 * T
HHADETINE BTt + 1 HIOWEE 1 BA51& BiF2 2 LIC L D SAIEKRIC%ET 2, &£
STEAT tHE t+ 1 HIOEB Y - ZRZITL LD LWV ) HE /Y — 2 OFRE B 2 5
D LD, BT FEOITENE TRIL CTEAOITEIRZ RO D Z L2k DT, BETO THOES
B2 D EFRTHIUE, t+H I HIOEBKERB RDTEAIEEBZ, JVEWDAEBLZ Lictill

—231—



DWEEKEE LT LD LITEITH 2 Lic b, EATEE OB EIToT-EY 2IFETHDTIOD
AT AR T 52 LT B,

5.2 JRRBDHBE

5.1 BiDHBFFFICB N T, TNENOREDORERITA OBV THD LW S Z LnbroT,
Z T, K TIIENTNOREOREREZHE L, RRMEERERICE ORLFEL 52500
B RROIEE LAV L X OREORER, 5Z2EH0 b & TOREORER, £ L TR REHIRR
Db & TORBEDOREREZ LB L TP,

F9. BRFRRROL & TORBFORER L RELFRRROL L TORFORERE L X
9. SERERRRDEH DHEORERIIAI)THY . RELERERNH 256 ORERIIA5)TH
Do ZD2ODERBOLBEITD & .

g —g’=c(l-b)/(k, —c)b;" >0 | 4.7)
LY RESFEROS & TORFORREDIEI M@ 25,

MR TY AT ¥ =T 24T ) RERBTEE L THIRREH L RREFE ORIZ CSV 0 X 5 2iE#H
DIERFHED B HTEITIE, BHWOEBRIREATR T 27200 E=4 Y 2B I ablaiihudie b
BV, E=H ) CTIMRBRESMIC L o TR ENDN, ZOBEAITRBIMAZIZ L > THihbh 37
D, SEEFERERICIEAS, ROBRBAZIDRTIR B2/, $XIT, HEOTFH( BN
ERo COBEARTHOTEZETE & LTUTHIT 5 L & RSB EROb & Cidt + 1 Mo
AL SEREREROD & TOHFRALD b2 <d, LoT. tHICHEL Y bIFEE L &
2LVNIAL BT AT RO LIRS,

RRMBTTE L2 & & ERERERIRRO b & CORFEDORERE BT D L,
g, -2 >0 (4.8

LY RRBFE LRV L E ORBEORREDIZ ) D38 < 725,

AERA RERA 7 2B,

ThBORBREY. RRMEE LAV E X ORBEOREEN—FE 25 2109 2 L ishhoTz,
IOZLiE, EREREICATEIT AHENT L 5T (+ 1 IS RREEMD S B5E . t IOMBERIER
IR < T HIOMBBERTNS VB LY b, (HIOWEE 1 B3 2 FFTTh £+1 B0l
ok 1 BB % BF 3 HRAREL 25, LoT, tENCt + 1 HIORHERZ BT 5721 O
BATVIER Y — OFHLEATE S LT85, O L X0 REEMR, [k Y X7 B0
DOITEETIA BT AT 252 B LIRD, —FH BRRICED I RZ =T b 5541,
BRRICE > THEB ORI BLND D FEL Y LINBEITOIA BV T 4 T 52 IFEkuEN
KL 723,

—232—



6.

L+ 1 HICTF MR H DX T MEEZBEL, t+]1 HOFREESEEZESEETY AT =T 24T
IRBENRFIC DT 2 DEEY  RRBTFELRVRE, TRERRROb & TOREZ LT, I5E
PIERERO S & TORFLHETELIE > ToNERIhoT& i, TORBR, ThZThofk
BB A BEAERT. BRMOT7T 7 by FEZIXGDP L BEDRERLFALICRD EVWH T L,
TN ENDREBEDERFRIT A,0,00 DETEKEFE L. A DEMBEIBIT 25723, o DEADBEEIZ 25T &,
FLTR%IC, BERERIIRBYEZ2VGER BB RD LOBREBDI LN TEL,

INHDORERG, MO AR R > TOBEALEE Y — > O U B 28> T
BY, t+1HICTHEESER S D5E. (HIOEBEKELSETIFTTS (+1 HOWEEZS| LT XS
&L BFEERITH LI D, TORR., RRBZVEESOREICRT AITEKER—B®Em 18D, £
7o, FNENORFICBWTHFETORENHZ 2 L TRIL UTHIT 258 I03TE L bIHEE R
:&54Vty?47%%B\ﬁ%m@mﬁ<téo O lhb, FEITEAREZFRKL FRX
NIZERANRDOMARDIZEZ DB & & HITROUROR « —E 2AOAEICEBN L., HHERERERE
EHHDTHL ZEIZR2) | IFEKERREL 2D L XIIRERERIES B LV 1D,

2T, R EBBEREOBRIZIERTODORIIE EE o0, SRIZZNLOMFEICHEEL
ZEAL, RIREHSBEADBRIZOVTERL TOELNEELTND, £, KRETATIE Y
R 7 [EREESI A BIE 2 R oEA & BRSO SEAEEKIZR LT, non-stochastic audit 2% ¥ #iZ
ToHY LT EITI S —AEELTEIN, SRITTOFRERE X, U A 2 Ehsh Ak -
BN & DK% L stochastic audit #2727 BEDOHRER L HEELEOHFRIZY SRIFTW
ENEEZTNA,

7 i

A 1 |
@OXvk =2Zb' L3325k,
[20 A+ (2—0)(1-0)A]Z*p*** —[(1-0)(1-0)* 4* + (1-6 )0 4% ] Z°b*"™!
-2-0)Z** +(1-a)(1-0)4Z*p*** =0
Nz 22" cEloTRET s L, AR
2-0)b* — (200 —20. -0 +3)4b+(1-0)(1—a +08) 4’ =0
185, TnEML L.

y 5 Q0O 200 +3)+ A2 (1+20 — 400 +02 + 400 ) “o
e 2(2-0) '
$oC, — WL Z,, Z, R EBOFERE LT, k, =Z b +Z,b) LB Z L8 TE B,

a7 2

—233—



1L2EV s, =w,—q, Thbb, qIIFADEETHLDT, §, =W, —q, SW, ThH3, £oT,
k., <(1-0)4k, L7225, W5 L. |
k

—I;i <(1-6)4 (A.2)

‘
LR KD DRI Z DEME T L THORITIUTR B,
VVE
F(b)=2-0)b? — (200 —20. -0 +3)4b+(1-0)1-0 +08) 4> )
L&Y, FTF. QADTRDZD b, ikb, <(1-0)A<b L7zoTWABZ LEZRHRL LD,
fI(1-8)A]1=(2-0)(1-8)* 4% — (2010 —20. —0 +3)(1-0)4%> + (1-0)(1 - +0) 4>
=—(1-0)0 4> <0 )
LB, EoT. BEMBADEWTIDITZQ DO Z B LRD Z LBPLETHD, Z0OL X, ¥
ik, = Z,b) LB ZEBTED, LA T, BEREVETHBIDOLED»D 1%L D, >1Th
%, (29 LV ZDIDD&HERDD L,
J3-20+6(20 —1)+4/1+20 +07 — 400 (1-0)
21-0)(1 -0 +08)
& 72 %, BRI HIHRRBLAVIIA N & e L OO i b e by = Z,b, $2T 2,132, =k /b, T
5x b3,
A 3
(3.10) & v KA RRZUL,

A

(A5)

ob? —[20 A+a(1-0)A]b+(1-0)p 4> =0 4.6

TEAbID, LoT,

Al (1-0) +20 14/ £ 200 +0%02 +407)
b.,b, = o @

Lis, —WRLZ,, Z, #EEOEKYL LT k, = Zb{ + Z,b, L #E Z e 8 TE B,
a4
WE

f(b)=ab® —[20 +0.(1-0)]4b+(1-0)84° A8
ERL, P A2 LEBRICLT, b, <(1-0)A<b Lo T0BHZ L &fRLL Y,
fI(1-0)4]=a(1-8)* 4> —[20 +a.(1-6)](1-0)A4* + (1-0)04>
=-0(1-0)4> <0 A9
LirB L ibhd, LoT, MEMINADERKIT OB IO Z, S LD 2 L RRETHD, 0
L &Rk, = Z,b, LB DL NRTE D, LEdo T, BERENETHDDOBEND &M
b, >1th5, (3.13) kY ZDIdDEMHIT

—234—



J® +0(1-0)+4/402 +0>(1-0)?
20(1-0)
THE2bND, RFIC, BERBIIMPRGEEHZ L RThER2sR0ns k=2Z,b, k- TZ, 1k
Z,=k /b, x5,
arsi 5
(4.29) X v Fee R

(A.10)

ab’ —[20 A+a(1-0)A]b+(1-0)0 4> =0

THZ BN, FH 3 OREFRINAG) LR TH B, & TE2)DRKMILIH 3 D—MERLICARS, %
(1-a)e

—[20 +0(1-0)]4 + (1-6)04>

ALY c iy f(D)izZLwv, SR f()>024252800, clZADEE LS, REIZ,

WERBITAEN 4 LA LT, k, = Z,b) +c L& B0, MR B LT RIS DAL,

k=2Z,b,+c. Lo, Z,=(k,—c)/ b, TEx b3,

7=, (3.29) X v complementary integral ¢ iX— Thzbhs,

a6
dg; 1 b, 22, Ob, =2
L= - )k, b —=c(k, b (1 -b
aa [(kv_c)k;vl_'_ ] {a ( 1 C) 172 + aa C( C)[ 2 ( +t)(1 2)]

o

oo,
de _ [(1-8PA*—(1+0)A+1]e
0. [(1-8)0 A2 —[28 +a(1-0)A+a]

ki by (b, 1)} <0

kiU b, , =b,, 20TUHLY Ib,, [do <0,

»HB,
a7
v _ (k' — C)béjvl (b, —b,)+c(b, -1)
£ ~&= (k — )bl +c
b, b, , HEIELCHAET DL

1
b, —b
2 2,v (2_ )
—(2-0)[(0 —08 +20) — 0> (1-0)2 + 407} < 0
LBl Xy, g/ —g,<0L7i25,

— {0200 —20. —6 +3) —/(1+0)? — 400 (1-0)

BER
Barro, R., (1974) “ Are Government Bonds Net Wealth?”, Journal of Political Economy 82:1095-1117

Bencivenga V.R. and B.D. Smith, (1993) “Some Consequences of Credit Rationing in an Endogenous

—235—



Growth Model” Journal of Economic Dynamics and Control 17: 97-122

Bernanke, B. and M. Gertler, (1989) “ Agency Costs, Net Worth, and Business Fluctuations” American
Economic Review 79 (1): 14-31

Bhattacharya, J., (1998) “Credit Market Imperfections, Income Distribution, and Capital Accumulation,”
Economic Theory 11(1): 171-200

O’Connell S.A. and S.P. Zeldes, (1993) “Dynamic Efficiency in the Gift Economy” Journal of Monetary
Economics 31:363-379

Hori, H. and S. Kanaya, (1989) “Utility Functionals with Nonpaternalistic Intergenerational Altruism”,
Journal of Economic Theory 49:241-265

Hori, H., (1997) “Dynamic Allocation in an Altruistic Overlapping Generations Economy”, Journal of
Economic Theory 73:292-315

Romer P, (1986) “Increasing Returns and Long-Run Growth” Journal of Political Economy
98(Oct.):1002-10037

Townsend, R., (1979) “Optimal Contracts and Competitive Markets with Costly State Verification,”
Journal of Economic Theory 21: 265-293

Williamson S.D., (1986) “Costly Monitoring, Financial Intermediation, and Equilibrium Credit
Rationing” Journal of Monetary Economics 18:159-179

£ B (1999) IREEEMENTFET D5A OB GFMIEET /BT HREBEROE ] B3 SRR
MR

R R (1998) &AM T MTI1T D HRIFTSBEED A 1 =X 4] SIRERRREIIE £35F 15

—236—



BIE. BB IURERE BRILLIACER (BRERE LK)
1. IC®IC

A/ R=2aNREREDORFNTHD I LEFLBHERINTNS,
Grossman and Helpman(1993). Aghion and Howitt(1992)iC k> TREZINS
A ) R—=2 a3 VIZEDIDSNEMREETTIVIZ, I 0MEREREOEZTT I
Lo T, BBICBITSM ) RX—2a EREOREZDTL TS, BHED
A R—=2a AFEOEERFERIT. B—DFEEKOHNEEE T 5HEROTEE)
T <, EBEME. DHAWSE. R, 8, B WO ZERBOEETH 5.
MRICL > THERBEENFEHIN TS, T2 THEVWIANTEET S Z
ENAREE R SR VRYD . FIUIRFITIIEA I NA N, BEREITHLNE
WINEDLDIRAE—RTHRINZENEZTTIERL, BRAINERIZEDL
I AE— R TRIFICEBICEAINSEINDIIHEKEL TW5BE, FlaFERLNRE
BICEBRICEAINIESFEDOLIBRERIKFEL TNWEDES I N, Xz,
A R=2a VIZEISHNERNETINGIE, 1/ X—2a > ORED LR,
FloA /) R—2a iR T 58K > TREREN IR NS WD i
MEHIND, LML, 1/ R—=2a>DEDEBEDOHNEED LHAPRERE
WCESDTEHETHHDEAID. £, BEREZIMET 5BDOMBYEIT1
JR—=2aDEDEMDIEENIEZ 2 DNREMEA DD, XD J X—
a TEIDSHNEMRETTINTIE, COLIBBEANSDOITIEREINT
I8N -o Tz,

KWL TIE, FERBERORHEEZOBRBENDEBROEAD 2 EFEICT /
N—=2 a3 »2nd, ThTNZEIREEERVHITH S LD BRNENREET
WEBEL THWETD. 1/ RXR—a ORADERIL. K0OEWEDOHE S
ERATHWETHD. ThE MBI LIRRZ LT 5, BASNZHHO
REFEORFE, BELEOBRMEZEEDT AR EEXZLITTS, HRE
BAFEIIR 2 DB EMRICL > TIFRODNTNS EBET 5,

FELBERIIUTOED TH 5. FHEHAFGIRMENRFITBNTIE., W3
WERTH S, LL, MEORRETHHHBMITH L TEONREFEZTD
12274 THMEL. BREHRILIOARERETHO. HERFERORE D
EEROBEAZIIRENAND S, HRBEHNOEDHEVRAREEH O 1 F A
DOHRZLEISDT, BRBEORERIILDEWN, ¥z, BEREZEET S
DIZIE. MEOVBENEES Z TR, ERPLOPERMIT/RDZEN
DUABRETHS I EMNREINS, HEANOHBSIIHTREREZSD 2D
R L, FHICHT5EBEITT SITIIRFICEAI NN ZHENS &

—237—



BT, REEDA S THUILIBE T —ANEEL D 5., I5IT. BED/N
TA—=F DILNHERIZBNT, R—OHEIEENS HFHE T S R ERE KA EifE
FRIEEFEL . HERERRNIEREEEZRHDZEIIRINS,

B L =0F7e & L TiE. Young(1993) . Javanovic and Rousseuu(2001) .
Nishimura and Benhabib(1999) 23%F 58 5., Young (1993) Tid. #WIFEIC
Ko THAEICHHINAZEF O X FAhlLearning-by-doingliZ k> TIE T %
ETNESHF LUz, FiILWEENTSITREEINLZVWT —ANEELD B Z
EERL, TOEIBRBAICIIAEAOREL. T <ICEEINRNETORE
HERET2DATEHNICIRERIFAETHSIEEZRLTNVS, !
Javanovic and Rousseuu(200D) 1%, 7 AU W DEEDFRINSHBALNEETO
SN, BRI 9tHERICBVWTIRZOMOHRIL D BiZsanicEN T
EERBEML. UM T a  BRebALEEOHRENREAOY 132
BIROETINE#ERLTWS, Nishimura and Benhabib (1999) I3 &M AT
BHEICBEL TIN#E—E THE2ETIINITBNT, /INSAEEIZBT DB EMN
FIET TSR ERERICEREEDFEL S D L BRL TS,

2. EF)
2. 1 EXRE

MEITESNTHD. t TEINBETS, we [0, 1] TR/
EIREOBEOMMNEET 5, BRFICBIAEEERLE L CIEHEHLNEER
P MOEEES ) RN—2a iREDIEBORAKCL S THbNS, HoZk
HEETHEXEEL0 ERRI LTS, BRI ERRN A X2 RENLEK
ANEEL. TOMRABEKET S, WE, 1/ R—2 3> EU5EHOEIR
T OGD BEFTBHELED. TBDE. ¢,)=y'q;0)THB. HE—BEET
3. S0EWEORIRZRIATAMANTRONS, LAL., BHENRIIL T
AL DEOBWEENRHINTHZTORVWEDHIIZTOEE CI3EET
HTENTERN, BHIN-RAOEEFEZEFEL. TOMNSELaINT
WBUCDTEEEZTRIZENNRTHSET S, T TR, EEHEOBHE.
DELOEREEZEFEDTEZADZEIILT, MR LRI LTS, 22
TiE, R EBERIIMN L ORBEERIZEL > TITFRODNTWB EEET S, (K

1)
d @3 i BRESNEHoDBAt KB BHRTHS &L,

EE R ERRICIORY 5BRICBNWTIE. RERIIETT 5.

—238—



X, = exp[ J; 1og(2 q,(0)d ;, (0))dw (1.2)

TH5ELUT. KO IIZAES :

j:e“" In X ,dt (1. b)
TEZ6N3ET3, (l.a) T, BN 2BICHNLIBEIOHEE TIELDHE
ZLERIUWMREZRONAIEEZBHRLTNWS, X ITRER tITBIT5HEERHE
BT DR BT ENTE, X ORERSERESKORERE BT C
EINTES, ZOFRABEEDT T,

ET%%%%E%%=%%/E=§%§
MER/NERDBOHBOAEZEAT S, HEEDOTENI.
maxfe”" In X dt

s.t. X, =exp

jj 108(2 g,(0)d,,(w))do
~[;mﬁ'““)E,dt < A,
E, = [ 1og(S p, (@)d, (@))do
THD. 4 RO LB BRAOE. £, t 2B B EHE.

r,’é*']?%&b'CR(t)=J:rsds't“%%o E<HENTNAE XD, BFwllDW

TELH L RSN EURJ (o) DETHEI NERIRNE &85,
C ORI 2 BRI T TN T B C EMNTES, BIBRET, &HATO
XHHRE 2715 & L7z & 2 OBHOMA

Max exp[j: log(E q;(w)d;, (w))dw}

st. [, (@), (Mo - E,

BERX % %w&:]DOS'CJ,(w)0)73~75§E§7\‘é’3160)'@ Z DR
Max exp] [[108(4,, (@) (@)d0]
St [ Poy (@) 0 (@)do = E

E7xB, R

E
dJ,(w)(w) =

Dj () ()

&35,

—239—



Lo T, TTOHBEREDOHEEOHEIL
E
: for j=J
d; (@) =]p; (@) or j=J.@) (2)
0 for j=J,(w)
&E60%2&%Tm\ﬁﬁ&ﬁUT@i&N&—ywﬁﬁé%iéo:@ﬁ

REI

Maxj:e"” InE,dt
s.t. I, “eTOE dt < A,
THO. ZORBEDHET
Ztor-p (3)

2. 4 HEERBIOT / R=2a >

MBIV SIS BEOBESTHDET D, tHIITT /RX—=2 a3 2ifTbh
R DWW T OMRIIRDE D ITRES NS, FEOMEHEIMEL THDDOT,
B Offitsx (BEMNR) REHEFOFEEHBRHO £, rwi EEBLLELZ

EIZXD, ZAZMIET DS ENTE,

pt(w)=ywt
CBWTHENBERMEENS, Mo dEERIT
Et = Et '
| p(w) yw,
FERORAED .
E,__E_
p (@) yw,
EixB, FEX
SE,
E7B, DT, s=l-L. PERIEOELTS /) R—1 3 ETFES LE
Y

ZRITH B LTS,
2. 5 41/ R—=var

A R=2a VF2BBEOTOEANS/8S, LT, HHAZREETHHDEH

—240—



mHE, BRICHEITIDOZHRBELRERNI LTS, M/NeEXIdORBN
WCHER fidt THRRICRIDIT 50113 Addt DFBOTRATH D . HEHdt T
BRI REh 3 B =D umidr DFBOBRAVBLETH D ET D, 512,
FHICR UEENTRONE EZICAE U BRI, N—F =2 7tk > TS
FIZB. BAREIC]L - BOUEBETHEIIND, WE, R tIZBWTEFEDOH
AR T 7 BT ENB N =72 BB OB AR L. £ O & B F B R
WCHLDEXDODERZQ,EL., EEMENRI L TRVWEEDESGEQ, T 5,
Q,PHEZO T2, Q0HEIXL-0,THs, I T, HEEIDHE
BPITAB5DE. EFHENRY LU TRVWEZDESQ, KBTI HIEEXDATH
&9 B, BREZIIBITAMELEFEOIntensityE, TNTN 2. nET5H
E. 0 DEAkIE
6, =(1-6,)n, -6, m, (4)

EoTEzENS., (K2)

BIFRICRI L CEENTRONTNT, LADZTOHOBEOKEIIDNT
DWFENRI U CTIRVIREEDOMEZ V., £EMNTRONTNAEN, T TIZZD
HMOBOHRBIZDOWVTOWENRL L TWBREOMEEZZLNHZDEICD
WTHLDBFFEE T L BHFEDRLI U TV IREBOMEZ VFH L /= 85055
FZIZL o THRELLIN-REOBRREEICLE > TOMIEEZ Z. FHNKRIH LN
EEBFREIURDI LU TR WREBOBIEH IC &0 TOMEEWE T 5 &, Theh
WEROGEHEZHIRIE 50N,

rVP =VP +(1-B)SE, +n,(Z° -V°) (5. a)
rW, =W, +m WV} -W,) (5.b)
rVE=VERLBSE, +n (ZF -VF) (5. ¢c)
rZP =ZP +(1- B)OE, -mZ} (5.d)
rZF =ZF + BOE, -m Zf (5.¢)
LB, WE, VREVOmIE T, ZPZ2'0OMET ET5 &,
Vi =8, (6.a)
VP =1-B)J, (6.b)
z! = BQ, (6.¢)
zZP =1-p)Q, (6.d)
THD, ITBLXULQIT
rd, =J, +0E, +n(Q, -J,) (N

P RENRETOEXRTOMRZIT I CENTELLMEL T, QIUITELTY
HEZETIIMAMTONRWSEEIINTEET 5.

—241—



rtQt = Qt +6Et _tht (8)
PRz IRERS20n., (6.b) & (B.h) IKRATHZEICKD

rtI'Vt =m+mt(ﬁ‘]t —VV,) (9)
NESND, HELEEAOBHBAIZELD

W, = 2w, (10. a)

VP =w, (10.b)
MR L TwiaiFnidia sz, (6.b) & (10.b) XD

J, =t w, (1

1-B
THo, 9. 10.a) . A &0
W, =W, +m|_(1”ﬂ) ~1p, -

WEH5N5, i, (DEADKD
rwW, =W, +6%3E, +n,(%Q, —w,)

NESNS, e (A1) &P

50t +-(2)2 p, =2 a9

MERNL L TWRITHUSR s nWZ ENgh 5,

2.6 HEHHOBERMN

SELOEED D OHBBRERR L TH 5. e

YW,

ZIBe, THD, TOREETORREOZDOHBTRE I um, . HENTRD
NTNDLEEDEEGN1-6,. FERTORADZDDHBREII M, THBD
T, HETHHOBRHERET

E ‘
—+ub, m, +A(1-6,)n, =L (14)
YW,

ETIR B,
3. IERERRK

3.1 BRI
EFI)IOBFERHEIT (3) . (4), (8). (12) . U3 . (14) THx
55, TIT, ZaAXlL—)VELTERIHEZED
E =1
EBLTENTES, (3) &P

—242—



rn=p

THBDT. ETFNOE#FERZ

&

3

(ENCH

iq -l )e -1, (15. a)
0, =(p+m)Q, -6 | (15. b)
0, =(1-6,)n, -6, m, (15. ¢)
(5 )s - 1)m, + - E2(& )], = 52 )x (15. )
yl +u8, m +A(1-6)n, =L (15.e)

HEETIENTES,
.2 EE RS

FREZBIZBWTIE, w=0. 0=0. 6= 01%5@1

p-|&)e-1pm =0
(p+m)Q-6=0
1-6)n=0m

(G5 = 1]+ =52 @)l = 5 (5215

—1—+u9m+)t(1—6)n =L
yw '

KX TEHERERBNEA NS, TADE,

&

=[(%)§—1}1p (16.a)

LT,
(o+m*)(otn) _ “ﬂl |
p+m*+n‘ _6771; (16b)
*
IS LI (16. ¢)
YW m*+n
6 =—2" (16. d)
m +n

EEREEENEELED. £, (1) TEXASNTWASRABEKELD.

Z&oT
THEERERRICBITORBRERE

g¥=m*0Iny

LERBIENTES,

T, NIA—F AL TRDREZELS LT 5,

—243—



(1) ( B )“ 150

1-8r
(i) WP F+G-MO—D@+M)>L> up
a-pr -0 E)-1  a-pw-1 1-B)(r -1)

COFFIIEERERBEOFEREZRILT 2&4TH D, (1) 13, HFRLIAFAE
DIAPDEZEZBOEOESULICEEINZBEOHRRMO L =T HREWN,
(i) OABOFERIT. EEREERICBVWTHEREINEET 5. T/hb
En>0THE0DEHETH S, ERIOFRERIT., EHEREREIIHNTO
<ITHhs. TROBEERERRICBVWTHHEBOBAFAEIN KD > TIRWESE
NEETLD12DDOFRHTH S, °
EERREEOREEKRLZDDOAKITH S, MIUTBWTHIFRIE (16.
b) ZW/=9. B#RLIE (16. c) 2R/ (n,w) OMEREZRL TS, T72
HE. HRRIEA / RXR—2a CEPICHBT 5594, HRLIEIZETHHICBITS
B, 2RLEBOTHD, MERORZRICBWTHERERERICBIT2&S
w EBIFED intensity n PMRESIND, HBRRIIETHRDTH 5. KDIED
TTHIRRL A ERD &720, POMBRIINTTRERD, —HOEERE
RENEEL, LMD —ETHD I LTS,

4. HEEHERF EBURDBR

BBED/INTA—F THDEBEWEISIL 0. HIEOEMEA, BXROREME L D
PANEERERKBICEZ DR ZHANR, I SITHE. BRICHT 52®BI&0
HERAEFARSD ZEIZLE D,

4. 1 EEHEWEIBIEDET

FEOBBIRNMETTHE, (6.0 XL DBAFEDIntensity m MEFT 5, R
H#RE EANTTREE, LHBEEZTANITRSEDZIDOT, HHED
intensity n 3 EHTS, FEHNEBIROE T, HEZEAICT DN, R
EHIHIT R EFED. $hbb. HELEMMNERICETNEN,. FThNE
FEIN B ETICEENICENREZET S Z &1k 5. FENEEIRMEL
UL, KOEVKHEMOEREZE DI ENTESLZEEND ONEKN

3} OEMENRI L WES, EEREERIZIBVWTI=1. n=c0&0. PFENRL
S RE S ICERENRD L. HETREINS I &I S, ‘

—244—



REEHTHS, RIKRERIINTHIHMRZRLD, TOEDIT, 6m=x & L.
xZHAWT (16.b) BXNX (16.¢c) 2E=ET, I THEHERERR

m*x

n=— THO
m=™—X
m** x 1
+ =8(=8)— 16.Db
P p(m*-x)+m*? (")w ( :
L =L (16.¢c)
}’W

1%, KAITRINTNDEDIT, x-wEEICBWTHIEEZHRZTxEwD
HETEHN DO ZHRR  BEEZWMZITHASEERVW DD EZMRL &
T3, 7270, xDEDSBEEIX<mM*TH S, HEER. IR L SR,
HEER IXETH0., BBRL 36 END &5t EEMEISIE o DETIE. /i
MR 2 LA T EE, HEREERICIBITSxZ2 LAIE. kEEXE L5F
B, Thbb, HAEICHTAEOHRERNERICNTIEOEEL RO,
FRENRIEEIND Z &2/ 5,

4. 2 MREBAROHEMEDOLE

MEDOHEMEDER., IR2HbBADEKTIIEERERBICBISZIEED
intensity m*Z{ETFTIHE2, REBIIEMLET. LERITHICOTIMTS
DT, BFedintensity nid LET 3. HEOHRED ERIT. BIICIEE &%
PITT BN, BEREZAFEITI29RZED. SWHBEIIUL. Fi-a RN ERIC
EENDD, TNDNERLINZETICEEHNICEVWERZET S LTk 5,
RERIINTHHEDEAIT. MEICHTETSADOHRERREIIHT ST
FADHRDEESENRKRENMICLSD, ANTFELEEEIC, x-wEH LI
BUBR MR x <" T BDEn<m OERTELEH ST RL, x>2"
THbEr>m*DEHTIETHAY T T35, L I THAL 7 LT3,
Lo T, BB N T <m* THNR xR ERFLRERITIERL,

fOERDONIA-FITET BED T THBHRIE X Sm*QEMTLET %,

d sgn—a— o+ m*x =p*(m*-x)* +2om** (m*-x)> + m** (m*> -x*)
ap p(m*-x)+m**

THdIEITED,

‘ 3 m** x . -y
sgn—| p + —— | =2x-m* THBILITL %,
Al - p(m*-x)+m*

—245—



n*>m* THNEXXDELOFFIIEETET, RERITHT 2RRIIFHAT
Hd., Txbb. FAFICHEXTHADHMICRNER TH 5REFITH N T
m%wﬁﬁﬁmxﬁtibﬁﬁﬁﬁﬁﬁﬁéhém‘ﬁ%mmﬁmbxﬁﬁf
HERBFICBNTIEIHEDOHRED LAPREICRIETHEIIAHEETHD
Tl 5,

FREOHRED LR, 37205  OETIEBRFEDIntensitym* ZEMS &,
REFBIIEANS T TS, LEHBRETIETOWTNCH S 7 NI 508N H 5
DT, WFEdintensity n il T BRI RHATH 2. LHLAEBNRS, REER
R TEIMRIIHNTETHAIEEENDDENTES, 1 DETIL, HI%R
R'ZEANTTREIHE, HRL ZTAHANT T hSExZ2 L/ EIES,  (HhfR
R'OY7 MZBET3#MIIMNRICELEDTH S, ) EROHRED LFITR
BREEZVHNITREIESZEDDONS, BBAREICE D TEETHLDIL. B
FHOREEEBRICEERRRIZT S (R BERTOURETH S Z E03bhnhb,

4. 3 WEEIEARNOFBISDIR
A/ NRN—2 a3 ERETBHEDIC. HRLIHARICHBI®Z5Z5IL2EX
5, MENOTHIZVODE, ERERNOXZHICUORTHBEZE5Z25EL XKD,
(14. ¢) BFAET. ((4.a) (14.D)iX

P

m* =
i B i(l-“)
-B (I-V): -1
|1
= 1-8
Y tn= 6[(1—14)(4

w

Eisb, £ (4. ¢) "EAET. (14.0)°1F

p+ n’ln* _xx = 6[(11—;5)#]%;
DEIIED, BEAOHBLOHREIIVI0. u=00DHEAE, HERADOHE
LOMBIFIv=0. 1> 0DEEEEINUTL N,
FFFEN DB D RIIH R DO EMED LR EFERKIC. BFEDintensity m
EETIES, REBRIIAET, LHRIITHANI TS S, LzRNoT, B
ZDintensity nid EFT 2, Thbd. MENOMBISIIFIEZRIBEL . &

HLXHD, THTRRERICHTAYEIIES THS DN, x< ’_”éiwmg

n<m* DERTIAR BGIZLEHFS TR L. x J%"wmg n>m* DRI

RS T AT T h T3, L’maxﬁcixg@f&sz)@*@x<m7*ﬁf;bzn <m*

—246—



DER TR HEIZ LA LT M. x >”’7*rmmn > m* DMESTIE R Hi

WETFAEANT TR B, £oT. n*<m*T7b BRI THIEN IR
TNERTHHDBRBICBNOTIE. HEANDOFEEIZL > TREEE NS
n*>m* 37RO BRI HNTHEIENICAERE TH 2HEITIE, HFFEA
DORBISIIREZHILITE I LIRS, BRERMMEMBOICRKERTH HRET
WSHARNOFBISIT K OB NEEITEETND Z LI 5D, TDOEH
LD Z LK ORERDNZ>TETLTLES., BIFEOAHICHBEE S
ABZEI, BOEERMEINBWEROA My 7 Z2EMEEL7ZT T, Kk
WIER A F AR EE A SN DH 5.
FFEANOMBIRIL. BAFEDintensity mZ LRI €S, REBIILEH~T
FU. LB EANTT T B, Lo T, HFFEADIintensity n ND
ERIFBEEZRETERN, ULHMrLAENS, RBFRIITHANT7 ML, L H#E
WFIEFRETHAHDOTxIEEERL, REREI ERTHZI LTS, BEREICHD®
ZHADITEOT, MHADKRRDOEZEL - ERLEZRETSZEICES>T, #&
BEREEZRETHZENMRTH D, ThbE, BREREEZREDEHNOIZD
IZiE, FILWEIROMATII RS, £OEAL - ELOTO R ICHEZ 5
ABDHMEIDBEYRBRTH S
AEZRITHUBEHEOEREELDZLONE 1 TH S,

- 5. FEREME

NWEZZTVBARFICBNT, RERRIIBEDOMEHICK > TELEITHR
ESINDTHBIM. TORBIZBNWTIE, JEW/STA—F OHEBHIZBWTIHE
WEM (indeterminacy) MFEAEL. F—OHHREN S HFET 2 EHEEED
PERERENEEL D 5, £9. HEREREDOED THRE NERTD A
THERDEDICRS, BEOFIZFODWZH DXL HEHDIER R ERKE
CBITBETH., £ BUHEROMBEOIERREREN S ORE. 7
RO5, m=lnm-lnm*EL2 LT3, (16) ZEEREEROED THREEL
g5&

pm + min* n=-(p+n*)w+ n*(p+n?)
p+m*+n* p+m*+n*

(o +m*)(p+n*) . An*-um*
vya(p+m* +n*)x * m*
dlnw n

= m
dt

um + A =

—247—



A6 _ _m*+n®)6 +m * (- )

dt
d In A n
€ _(p+m90—m =i
dt
7B, ZZT. a=8(EL)Ths, EERERBOED THEEIEMEN
TR RI,
A=
_ plp+nY) &' + (P+m‘)(m*+ﬂ*)} __ pn*(An*—pm*) Apn*(p+n*)
{ A ay (p+m*+n*)? (p+m*+n*)A (p+m*+n%)A
pn* d(p+m*)? (p+n*)(m*+n*) " . o (pAm®)(p+n*)(An*-pum*) (A+p)p+n*)m*n*
- A YU(P"‘ *+ﬂ*)2’l* + (A' + “)m } - (m +n ) - p+m‘+n* (p+m*+n*)A
m*(p+n*) 5" + (p+m*)(m*+n*) m*n*(An*—pum*) (p +m*) - Am*n*(p+n*)
A ay (p+m*+n*)? (p+m*+n*)A P (p+m*+n*)A

ELT

In w Inw-lnw*

%-me =A|{Inf -1nB *

In Q InQ-InQ*

Itk TEABNB I EICRB, Z2T, A=—H""" ) ThD, 613K
p+m*+n*

BERTHD., TOHMERICBIT2EIEENSBEEICK > TRES NS
EDETHBICHL. QBLUWO 2 DIIMEKRERKTH DFIHRRICBNT
XY T TBIEMARRBRERTH S, LEN> T, RETFIAOEERDS
LEHENATHSDONIDULEETNE, RRITIERETHS I EITR5,
£9. ROomENELNS,

fird 1
\ um*n*
p+m*+n"‘<p}L

ThNE, THAOEBEII2DIZE. 1DIFAERD, BERERKIZRFAN
=B &5,

AR 2 .
* *
;ﬁg%:%;;>pl An* —pum* > 0

THIUTFTFIADEAET. 2013&. 1DIREELARD. BEBLOEERER
B (0%, w*, 0" IXIERER TH 5.,

il 2 ORWETDRAETH Y. KVBENREDOT THRERR DIREMEIL

—248—



EUS%, MEIBIOIOFERIIMNEF2ITE LD TH S,
FEREENEL BT —ADREFEZEAZTBI D,

#) B=2/3,r=1.5,u=1,A=1,L=2
m* = 0.05,n* = 0.269378,w* = 0.3480,6* = 0.8434, g* = 0.0171
ZOEE, WBBELULIZFROBAR -3.22198,-0. 278659725,

6. BHDIZ

BT, A/ RX—2a VEMELERED 2 BBEICHT. ThTthzd>d
BEEEDFTH B KD BNERNREETIVEBELZ, ZhickD. EEHH
BFROA ) R—= a VMO REDE L, 1/ N— 3 2ITHT 242
DIRITDNT, ERONENRZET I TRE/SNIEWREEZFGE SN,
FZCHBAESNZEMZRERAILT 2EH TH SHAEMNERITTONS Z LR
EERCH LU THO TEETH D EWIHRAFLS N, Jof@mIE. 1./ X—
alERETIEOOBRIIH L TEERM > T r—aeR>TW5,
E5IT. BED/NRTA—FDIEWERICH LT, BT IV OBERIGE RN IE
REMEZHD I EMREINZ. INE. BRELZHICELTOEREIRT T Y
T—alEFoTnwa,

—249—



8] t DTFHEICKOR BN LR TR THIEIIDNT
REFOAFEXTH S (16.b) "2HFEXET &L
5(—ﬁ}l=l{9*' m* ]

w p(m* —x)+m*?
THO, (16.2) BEUx>m*2EETS&
m** x ]

p(m*-x)+m*?

ey 2

+plp(m*-x)+m** P+ m*x|p(m * —x) + m **

e [ e 5

+m** x|lp(m* -x) + m**

sgn iu[p +
ou

x(m* -2x)

)
1

ad *_D
Y x(m X)

+plp(m*-x)+m
=pm** x(m*-2x)+m* x(m* -2x)
+p[p(m*—x)+m*2]2+m*zx[p(m*—x)+m*2]

>0

THHT LD, uMTHETIERBBII LA T TS,

8% 2 : Bl B L CLDFEHA

(1) BREATHADCEEHFERXHE) =0LTB &,

ey -§ ap, a3 a, -§ ap a3
H@E)=| ay a, -§ Ay |=| @y a,-§ ax
as ap ay-§ |-% 0 (p+m*)-&
=Z(8)-¥()
ThHbd, ZIT.

a, -§ a

2@ =p+m-sf" 5
W)= L",;:[alsg — (a8, ~a,0,)

T%éoA{%aq&b,ﬂawé%wﬁﬁﬁ%ﬁ\ﬁﬁbﬁ

a, Q4xn

a, -§ a

$(&) = E9BE,

21 ay

—2560—



Z©E) =[(p+m*)-51p(5)
Liabd,

. % 4 %
i 1 sgnIA‘ LY}
p+m*+n
* *
GEE) A =BT _ 5 &LT.
p+m*+n

‘A _ p(p+n¥) p(p +m*)

A ya(p+m* +n*)?

A+um*+

A

THOD. sgnlAl=A. GET)

i 2. ¥E) =m7*a13§( + A;“m *)

GER
a13a22—a12a23=_(m*+n*)_(M*— *)(P+m*)(P+n*)+(MM)(M*-Hm*)m*n*
a;, (p+m*+n*)A A(p+m*+n*)A
=—(m*+n*)+M*_“m*= )H'“m* (GET)

A A

(2) &1 DI
WEILD, ﬁﬁ@?'@¢(0)=‘A|<0’@%%>0)'6\ H(0) = (o + m*)$(0) < 0.,
Jlim H(E) > THBHDT. HE)=0ITIXEDBENNLTHEET 5,

HERXZE) =0DRIT9E)=0DRE p+m*TH 5. IKED T Ta, <0TdH
DT, W(p+m*)<0THO. H(p+m*)=-W(p+m*)>0, HO)<0TH5Z
EEERTNE. HE)=0ITIZ0<E<p+m* THARINTHEET 2, I 51T,
gi_IEH(&)=—00’F%Z>U)T‘ H(p+m*)>0THBZEEZERITNE. E>p+m*
THAHBOEETHI RS, (W5, AXK>T. HE) =0IZRLBIED 2
EREADERIDERD, GET)

(3) frRE 2 DFEHA
WEILD, {)i%@'F’G¢(O)=|A|>O“G@%>0)T\ H(0) = (p +m*)$(0) > 0.
ZE)=0DRIZpE)=0DBEL p+m* TH 3. IRKEDFTa,>0THBDT,
Y(po+m*)>0 TH D . H(p+m*)=-W(p+m*)>0, H@O0)>0TdH>3DT,
H(E)=01ZId0<E<p+m* THERBIILTHEET 5.
o= ) = - LAV o) [ (p 1) +77) p]

A p+m*+n*

—251—



THD., REDTF Th(—(m* +n*)) <072 D T, Z(-(m*+n*))<0. F/=. KED
T als>Oi5i2ﬁ—(m*+n*)<—%m*'@35@\ ME2EERT DL
W(-(m*+n*))> 0o KD T\ H(=(m*+n*)) = Z(-(m* +n*)) = ¥(-(m* +n*)) <0,

INEHO)>0KD., HE) =0 -(m*+n*)<E <0 TH LML FET 5.
I 51T, El_i}ggH(&)>°O&H(—(m*+n*))<OJ:D\ HERXHE) =0T

E<-(m*+n*) THIBOMLITHEET S, (®5.b) LAiELkD., HERXHE)=0
RZZ2B02EREEDERIDERD, GET)

—262—



<BE >

[1] Aghion, P. and Howitt,.P. 1992 “ A Model Growth Through Creative Distraction.”
Econometrica 62(2), 323-51.

[2] Grossman, G.M., and Helpman,E. 1991. “Quality Ladders in the Theory of
Growth.” Review of Economic Studies 58, 49-61.

[3] Jovanovic, B. and Rousseue, P.L., 2001. “Why Wait? A Century of Life Before
IPO.” NBER Working Paper 8081.

[4] Nishimura, K. and Benhabib J. 1999 “Indeterminacy Arising in Multisector
Economies." The Japanese Economic Review 50, 485-506.

[5] Young, A. 1993. “Invention and Bounded Learning By Doing.” Journal of Political
Economy 101(3),443-472.

—263—



5 A TBHF)

=7 .
o EERE

B ‘

X1  WFEERRE

54—



RO

m 6
ETE LR oSN
BAFER S ;RS T
IZHBEE : DEX
e 1-6
HED R

n(1-6)

2 ERDOHEROE

—2556—



8(1-8)
ou
L
wk
R
A
YL
>
n¥ N

3 EERERRICBT SHEKEDRE

—256—



d(1-8),
ou

4 (EHERERKICBT DRERDORE

—257—



H(E)DT 5D
p_m* 5
(a) M__< A@b‘_x
p+m*+n* o
A
H(E)YD T 52
-(m*+n*) /
3
* o, K

p+m*+n*

5 frIFADERE

—258—



F1 (EERRRRO KT
FEME L | FEOE | EROpR | FR~D | FHBE~D
EOET MokE  |HowkE | B B
i + + ? + ?
A% — — + - +
+ ? + ? +

—2569—




Nonparametric Estimation of Supply and
Demand Factors with Applications to Labor and
Macro Economics*

Tsunao Okumura

Department of Economics, Yokohama National University
79-83 Tokiwadai Hodogayaku, Yokohama 240-8501, Japan.
Email: okumura@ynu.ac.jp, Phone/fax: 81-45-339-3524.

January, 2002

Abstract

This paper presents a nonparametric model for estimating sharp bounds
on the median of the disturbances in the simultaneous equations model
and applies it to estimation of the supply and demand shift variables.
A large literature has estimated shift variables in a supply and demand
framework to analyze the causes of the fluctuations of the key economic
variables. In the existing parametric approaches, the supply and demand
shift variables are, however, unidentified either by using only observa-
tions of the intersections of the S&D curves or without specifying the
S&D functional forms and distributions for the disturbances. In contrast,
the model in this paper requires only observations of the intersections of
upward-sloping supply and downward-sloping demand curves. It is ap-
plied to estimation of the bounds on US labor supply and demand shift
variables because an existing research on the causes of wage changes could
not identify supply and demand shifters due to the availability of data and
“ estimation of the bounds on US macro supply and demand shocks because
model specification issues have been serious area of conflict in study of the
sources of business fluctuations.
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1 Introduction

This paper presents é nonparametric econometric model for estimating sharp
bounds on the median of the disturbances in the simultaneous equations model
and applies it to estimation of the supply and demand shift variables in a simple
supply and demand framework. The estimation of the causes of the fluctuations
of the economic variables is of vital importance in economics. A supply and de-
mand framework has been used for estimating the causes in a large literature.
There are, however, several limitations with the existing modeling (paramet-
ric) approaches. First, the estimated supply and demand factors depend upon
the specification of both functional forms for the structural relationships and
distributions for the disturbances. Second, the supply and demand factors are
unidentified by using only observations of the intersections of supply and de-
mand curves due to the identification problem. In contrast, the econometric
model in this paper requires: (1) upward-sloping supply and downward-sloping
demand curves, (2) observing the intersections of the supply and the demand
curves, and (3) information of the median of the disturbances. This method-
ology thus avoids introducing model specification issues into the problem of
estimating shift variables and uses only data of the intersections of supply and
demand curves to estimate supply and demand shift variables.

The approach is applied to estimation of the bounds on macro-wide supply
and demand shocks using panel data on consumption goods (macroeconomics)
and labor supply and demand shift variables using panel data on wages and labor
inputs by different demographic and skill groups (labor economics) in the United
States. In macroeconomic example, the estimated shocks are subsequently used
to investigate relative importance of each shock to business cycle fluctuations.
The clarification of the sourcekof business cycle fluctuation is a topic of vital im-

portance in macroeconomics both from theoretical and policy-making perspec-
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tives. Thus many economists have attempted to identify the sources of economic
fluctuations. In the existing approaches the data is used to estimate the specified
model and then the estimated disturbances are investigated to see thé sources.
Such existing methodologies require both specifications of functional forms for
the structural relationships and the distributions for the disturbances; thus, the
estimated sources depend upon the specification of both functional forms and
distributions for the disturbances. Specification issues have been a serious area
of conflict in macroeconomics, e.g. in Keynesian-versus-neoclassical debates. In
contrast, this paper estimates the supply and demand shocks without specifying
the functional forms or the distribution of the disturbances.’

For labor economics, this methodology is applied to estimating the causes
of the change in the wage structure. Katz and Murphy (1992) and Murphy and
Welch (1992) introduced a supply-demand framework into this issue.? They
tried to assess the supply and demand factors causing the differentials of wage
changes between demographic and skill groups. However, since the only inter-
sections of the labor supply and demand functions (the equilibrium wages and
labor input) are observed, the supply and demand factors causing the wage
change could not be estimated. Thus, they “require that obse.rved prices and
quantities must be “on the demand curve”” (Katz and Murphy, 1992, p.46,1.40-
41‘). In contrast, this paper uses panel data on wages and labor input to estimate
the supply and demand factors causing the wage disparity of between-group.

Introducing additional assumptions into the econometric model, the bounds

1 The structural vector autoregression methods are widely used for estimation of supply and
demand shocks. (e.g., Blanchard and Quah (1989), Shapiro and Watson (1988), Gali (1992)
and Bayumi and Eichengreen (1994)). They employed the multivariate time series analysis
with the long run restriction induced by economic theoretical models to identify the aggre-
gate demand and supply disturbances. However, none of them used the information on the
relationship between shocks and equilibrium in the framework of upward-sloping supply and
downward-sloping demand curves to identify the sources, although they use this information
to check whether or not the estimated coefficients have plausible signs. In this paper this
plausible information is used to estimate shocks.

2Katz and Autor (1999) provides a good summary of this issue.
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on the shift variables narrow. The narrower estimated bounds may be more
useful from the policy-making perspective. Bounds on the shift variables are
estimated under a sequence of cumulative assumptions that have often been
employed in the existing parametric estimations: (1) distribution of the distur-
bances is symmetric around zero and (2) a normal distribution with zero mean
and unknown variance. The relative importance of the assumptions that were
additionally introduced for estimation is investigated by using the estimated
shift variables.

Basic ideas of the econometric methodology in this paper is related to Man-
ski (1997) and Manski and Pepper (2000). Manski estimated the bounds on
the probability that treatment response functions h() at some covariates s is
less than a specified constant c, i.e., P [h(s) < ¢], by observing covariates, real-
ized treatments and realized outcomes for a random sample of individuals. He
assumed such prior information that response functions are monotone, semi-
monotone, or concave-monotone. On the other haﬁd, the methodology in this
paper estimates the bounds on the median of the disturbance that generates the
distribution of h() inside of the probability in order to investigate the causes
of the fluctuations of economic variables. Therefore, his and our purposes and
methodologies are different.

This paper is organized as follows. Section 2 discusses the methodology.
Section 3 employs this methodology and Panel data on consumption goods and
labor supply in the United States to investigate the macro supply and demand

shocks and labor supply and demand shift variables. Section 4 concludes the

paper. .
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2 Sharp Bounds on the Median of Disturbances
in the Supply- Demand Framework

We study the following model with two endogenous variables and two distur-

bances and the methodology to estimate the medians of the disturbances.

Model 1:

q=f(p) +u
{ q=g(p)+v M)

where p and g are endogenous variables, and u and v are disturbances. The
population is formalized as a measure space (J, {2, P) of agents, with P a proba-
bility measure. Then P[(u,v), (¢',q')] gives the distribution of disturbances and
realized variables. f() and g() are an increasing and a decreasing function in p,
respectively, and thus, the solution (g, p) satisfying equation (1) is unique, given
(u,v).

Let us choose one point (g, D) that has associated disturbances: (0,0), among
the solutions satisfying equation (1) as a normalization. NE(a), SE(a), NW (a)
and SW(a) represent the north east, south east, north west and south west
regions of ('q'+ o, D) for some real number a, respectively (See Figure 1).

<<Figure 1>>

Proposition 1 Suppose Model 1. For any real number o,
(i) P((g,p) € SE()) < P(u Z‘a) <1-P((g,p) € NW(e))
(i) P((¢,p) € NE(a)) < P(v > a) <1~ P((q,p) € SW(a))

These bounds are sharp.

Proof) See appendix. |
Pu>a)=1-F,(a) and P(v> a) =1— F, (&), where F,, and F, are the

cumulative distribution function of the disturbances u and v, respectively.

Corollary 2 Suppose Model 1. For any real number a,
(i) P((¢,p) € NW(a)) < Fy(a) <1 - P((g,p) € SE())
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(i) P((g,p) € SW(a)) < F, (a) <1 - P((q,p) € NE(a))

These bounds are sharp’.

Fixing o, the bounds on F,(a) are estimated by using the inequality (i)
in Corollary 2 and the analogous sample probability: P((g,p) € NW(a)) and
P((g,p) € SE(a)). Similarly, the bounds on F,(«) are estimated for any a in
the set of real number. Consequently, the bounds on the function, F,(e), are
estimated. Similarly, the bounds on the function, F, (e), are estimated by using
the inequality (ii) and the analogous sample probability: P((q,p) € SW(a))
and P((q,p) € NE(a)), for any real number o.

The goal of our methodology is to estimate the medians of u and v, which

are defined as @ and T, respectively.

Lemma 3 Suppose that F,, and F, are strictly increasing in the neighborhood

of @ and T, respectively.
(i) Take
a1 = min{a1|P((¢,p) € NW(a1)) = 0.5} ,a2 = max {az|P((¢,p) € SE(ag)) = 0.5}.
Then, |

as <T< oy (2)

(11)” Take
By = min {b1|P((g,p) € SW(b1)) = 0.5}, By = max {bs| P((¢,p) € NE(b2)) = 0.5}
Then,

By <T< B 3)

3As an extreme example, for some « the support of P((g,p)) may be concentrated in the
SE(a) and NW(«) regions. Then, Fy, () for this « is identified. However, 0 < F, (o) < 1 and
therefore, are uninformative on identification of v. On the other hand, for some « the support
of P((q,p)) may be concentrated in the NE(a) and SW(a) regions. Then, F, («) for this o
is identified. However, 0 < F, () < 1, and therefore, are uninformative on identification of
v.
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Proof) See Appendix.

Introducing assumptions narrow the estimates of the bounds of the medians
of the disturbances. The following two assumptions on the distributions of «
and v are considered.

Assumption 1.

The distributions of u and v are symmetric around the medians of v and v,
respectively.

Assumption 2. ’

The distributions of 4 —% and v — 7T are known by an econometrician, where

T and U are medians of u and v, respectively.

Lemma 4 Suppose that assumption 1 holds and F, and F, are strictly increas-
mg.
(i) Take a; () = minay (7), a2 (y) = max as (7),as (v) = minag (y) and

a4 () = maxayg () satisfying

v=P((g,p) € NW(a1 (7)) =1-P((g,p) € SE(az(7)))
=1-P((g,p) € NW(az (7)) = P((g,p) € SE(as(7)))
Then,

max[ag (7) + a4 (7)] /2 < T < minfan (7) + s (1) /2

(1) Take By (v) = minby (v),B (v) = maxby (7),8s (v) = minbs (y) and

B4 () = max by (7) satisfying

v=P((gp) € SW(bi(7))) =1-P((g,p) € NE(b2(7)))
=1-P((g,p) € SW(b3(7))) = P((¢,p) € NE(bs(7)))
Then,

max [Ba (V) +Bs(M)]/2<T< m’in 181 (v) + B3 (1)1 /2
Proof) See Appendiz.

Lemma 5 Assume assumption 2. Define the distributions of u —T and v —7T

as ﬁ’; and E , respectively.

()

~267—



max {a~F, " [~ P((g.p) € SE(@))]} <T<min{a~F. [P((a.p) € NW(a))]}
@
()

max{a~F, " (1= P((g,p) € SW(@)]} <7 <min{a~F " [P((g,p) € NB(a)]}
9

3 Applications
3.1 Macro-wide Supply and Demand Shocks

This section applies our methodology and panel data on consumption expendi-
tures in the United States to estimate the bounds on the supply and demand
shocks. We use the US National Income Account’s personal consumption expen-
ditures by type of product from 1951 to 1997 for the quantity and price indices
in the model.

Suppose that (real) quantities and prices of categories of personal consump-
tion goods (or final products) in the United States are determined via the fol-

lowing model, which is the extension of Model 1, equation (1).

Model 2:
@ = fzt(@) + jon + €it (6)
Qit = 9it(Diz) + v + &4

where ¢;; = ¢t — @iz and D = pit — Diz- (T, Diz) 18 a normalization. The
medians of 5 and &, for i are zero. fi;( ) and gi( ) are strictly increasing
and decreasing functions, respectively. f;:(0) = g;:(0) = 0. 7 is the index of
the category of personal consumption goods, ¢ is the time index, and ¢;; and
p;¢ are, respectively, quantities and prices of categories of personal consumption

goods. p, and v, respectively represent common supply and demand shocks. ;¢
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and &,, respectively represent idiosyncratic supply and demand shocks. p, + €;¢
and vy + &;, correspond to u and v in Model 1, respectively, and thus p, and v,
correspond to T and T, respectively.

This model demonstrates that the quantities and prices of personal consump-
tion goods co-move across the categories of goods due to the common supply
and demand shocks, u, and vy, systematically. On the other hand, their in-
dependent movement is caused by independent supply and demand shocks, €;;
and &;;. It is crucial that the supply and demand curves, fi;( ) and g;( ), do
not have to be specified and may be different across the categories and time.

We can interpret the model 2 as the model of panel data with fixed effects.
Thus, (pit, ¢it) are observations, and (u,,v;) are unknown parameters (“individ-
ual effects”) to be estimated. We use Lemmas 3, 4 and 5 to estimate u, and v;.
In Lemmas 4 and 5, we assume that the distributions of ¢;; and &, for ¢ are time-
invariant. The procedure of estimation is as follows. First, we fix time ¢ and a.
Second, we estimate the bounds on p, and vy, which correspond to the bounds
on T and v, respectively, in Lemmas 3, 4 and 5, by replacing the probabilities
indicating the bounds with the corresponding sample frequencies. For example,
the estimate of P ((qit,piz) € NW(a)) = the number of the samples of (¢, Dit)
which locate in the NW () region at time ¢ / the total number of the samples
of (qit,piz) at time ¢. Similarly are obtained the estimates of the other proba-
bilities, P((¢it,pit) € SE(c)), P((qit,pit) € SW(a)) and P((qi,piz) € NE(c)).
Third, we take any real number « (€ [—00,00]) and repeat the procedure of the
first and the second steps for each a. Fourth, we repeat the procedure (the first,
second and third steps) for any time ¢ in the sample periods, and then obtain
the time series of the estimates of the bounds on p, and v;.

How to choose the normalization point (g, Piz) depends on economic prob-
lems to which this methodology is applied. For example, the following model

based on innovations is often investigated in macroeconomics.
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Model 3:

Qit = Githiz + Ut + &
where z;; = zis— F(2i | Ii—1), (2 = ¢,p, i, v, € and €) and I;_1 is information
available at t-1.
That is, we take (@, Diz) = (E(qit | It—1), E(pit | It—1)) as a normalization.
The z;;s are innovations and considered unexpected changes of the variables and
shocks. It should be noted that Fy(z3;) =0 (2 = q,p, 4, v,€,€) , where Ei(zi)
is the mean of Zz;; over time.
We apply two types of formations of expectations, E(x; | It—1), in order to
replace them with data. Both types are often used in MACTOeCoNOmics.
(A): E(xy | I1_1) = E¢ (zi:) , where E; is the mean over t.
(B): E(zit | I1-1) = a(L)xi.t, where a(L) = a1 L + agL? + ....... +a, L4
Figures 2-7 depict the estimated bounds of the common supply and demand
shocks by pairing Lemmas (3, 4, 5) with ((A),(B)).
<<Figures 2-7>>
When Lemma 5 is applied for estimation, we assume the distribution of €;;
and &,, a normal distribution where their mean is zero and their variances are
o? and o3, satisfying the followings, respectively,
Mazo {a— ®-1[1 — P((@a, piz) € SE())]} < Ming {a — &1 [P((Gz, P) € NW(a))]
and
Maza {a — &7 [1 - P((g, ) € NE(a))]} < Minag {a - 3.1 [P((@, P3) € SW())]

where @, (z) = 1/0,6 (¢/0.) (y = <, £).

4If we know a(L), we can identify @, = [1 —a(L)]p, and 7% = [1 —a(L)]v¢, that are
independent over time. In the empirical results in this section, a(L) = L is applied. Conversely,
without knowing a(L), we can identify p, = [1 — a(L)]™" Gy(= G, + b1/t + baii; 5 + ...)
and vy = [1— a(L)]_1 Vi(= Ut + bivi—1 + bavz—2 + ....). In other words, we can identify
the accumulated common supply and demand shocks that cause shifts of supply and demand
curves in the current term, respectively.
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Interpretation of the figures

The National Bureau for Economic Research (NBER) identifies troughs.
Troughs occur in the years 1954, 1958, 1961, 1970, 1975, 1980, 1982 and 1991, -
according to this Institute. The figures suggest which supply or demand shocks
are responsible for each recession. The estimated bounds in all figures have
some tendency in common. That is,

(1) In the 1954 recession, an unfavorable demand shock was responsible for
the recession.

(2) In the 1958 recession, an unfavorable supply shock caused the recession.

(3) In the 1961 recession, an unfavorable demand shock explained the reces-
sion.

(4) In the 1970 recession, a supply shock was responsible for the recession.
(5) In the 1974 recession, a supply shock caused the recession.

(6) In the 1980 recession, a supply shock accounted for the recession.
(7) In the 1982 recession, a demand shock was responsible.
(8) In the 1991 recession, a demand shocks explained the recession.

Shapiro and Watson (1988), Gali (1992) and Bayumi and Eichengreen (1994)
uses the structural vector autoregression methods to estimate the causes of
economic fluctuations. They assume that aggregate demand shocks do not cause
the shift of the aggregate supply schedule in the long run for identification. The
inferred causes of recessions in this paper is somewhat similar to Shariro and

Watson’s.

3.2 Labor Supply and Demand Factors

This section applies our methodology and data on wages and labor input in
the United States to estimate the bounds on the labor supply and demand
shift variables. The procedure is the same as the application to macroeconomic

supply and demand shocks.
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The data of the index of mean of real weakly wages in 1982 dollar and labor
supply in person hours measured in efﬁcieney units from 1963 to 1987 for the
- United States are the same as those used in Katz and Murphy (1992) and Mur-
phy, Riddell and Romer (1998). The raw data comes from the March Current
Population Survey. Following these papers we categorize the data into 64 groups
defined by sex, education, and experience. To investigate the factors of the wage
differentials by sex and education, we classify 64 groups of the data into four
categories: the male high-school equivalents, the male college equivalents, the
female high-school equivalents and the female college equivalents. The inflation
rate of real wage and the growth rate of labor supply are used as p; and @y,
respectively (¢ and t represent groups and time, respectively).

Figures 8-15 show the estimations of the bounds on labor supply and demand
shift variables in the four categories. The expectation is assumed the mean over
time. The distribution of the disturbance is assumed to have a zero mean in
figures 8-11 and to be a normal distribution in figures 12-15.

<<Figures 8-15>>

Interpretation of the figures

Katz and Murphy (1992) fbund that college wage premia, which is defined
as the difference of wages between the high-school and college equivalents, rose
in 60s, declined substantially in 70s, increased sharply in 80s and continued to
rise modestly in 90s. Blau and Kahn (1999) summarized the estimation results
of the male and female wage differentials as follows. The differentials increased
in 60s and decreased in 70s and 80s. In the first half of 80s, it decreased more
rapidly for high school equivalents than for college equivalents. |

Our estimation of the bounds on supply and demand shift variables suggest
that:

For the college wage premia for male,

(1) In the latter half of 60s, the demand for college graduates increased
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whereas their labor supply decreased, raising their wage. This explains why the
wage disparity between educational levels rose in 60s. |

(2) In 70s, on the contrary the demand for college graduates declined al-
though their labor supply rose, decreasing the their wage. The behavior of and
for college equivalents is important for the wage disparity in 70s.

(3) In 80s, the demand for college graduates increased but their labor supply
decreased, raising the their wage. On the other hand, the demand for high-
school graduates decreased whereas their labor supply increased, lowering the
their wage. This explains why the wage disparity between educational levels
rapidly rose in 80s.

For the male and female wage differentials,

(1) In 60s, in the contrary to the factor changes for male, the demand for fe-
male decreased and their labor supply increased. Thus the female wage declined
whereas the male wage rose. This explains why the wage disparity between sex
increased in 60s.

(2) In 70s, both demands for male and female college graduates decreased
and both supply of male and female college graduates increased, except for
1975. However, the demand for female high school graduates rose and their
supply declined, causing the male and female wage differentials to decrease in
70s.

(3) In 80s, both demands for male and female high school graduates de-
creased. However the supply of female high school graduates decreased in the
first half of 80s whereas the supply of male high school graduates increased. The
decrease of demand for both sexes caused both wages to decrease. The different
high-school graduate’s labor supply behaviors between sexes however caused the
female wage to increase and the male wage to decrease, thus lowering the wage
disparity between sexes of high-school graduates. This finding accounts for the

fact in 80s stated above.
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4 Conclusion

This paper presents the methodology to identify the supply and demand shift
variables without identifying the full éystem but by assuming upward-sloping
supply and downward-sloping demand curves. Employing this methodology and
the US postwar Panel data on consumption goods and labor supply, this paper
estimates the supply and demand shift variables to clarify the sources of business
cycle fluctuation and the sources of the relative wage changes of between-group.
This paper therefore provides another viewpoint tackling identification of shocks
and shift variables, that is, fully nonparametric methods.

Since the assumption for identification isvless restrictive than the existing
parametric approach, the presented methodology estimates the bounds on shift
variables but cannot pin them down. Instead, introducing additional assump-
tions narrows the bounds. However, what assumptions are proper to introduce
and in what degree the introduced assumptions narrow the estimates of the
bounds are important inquiries from theoretical and policy-making perspectives.

The lag structure needs to be specified for estimation of shocks when shocks
and variables are considered to be time-dependent. It is better that the lag
structure can be also nonparametrically estimated.

These topics, however, are left for future research.

5 Appendix

Proof of Proposition 1.
Since f is monotone increasing in p, for any real number «,

Thus,

{ (¢,p) € SE (@) = u >«
(¢,p) € NW (o) = u < ..

Thus,
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P((¢,p) € SE(a)) < P(u>a)<1-P((g,p) € NW (a))

These bounds are sharp, since the empirical evidence and prior information
are consistent with the hypothesis {(g, p) € SFE ()} and the hypothesis {(g,p) €
NW (a)}.

Since g is monotone decreasing in p, for any real number «,

{ (¢,p) € NE(a) = v >«
(g,p) € SW (o) = v < a.

Thus,

P((¢,p) € NE(a)) < P(v>a) <1-P((¢g;p) € SW(a))

These bounds are sharp, since the empirical evidence and prior informa-

tion are consistent with the hypothesis {(¢,p) € NE ()} and the hypothesis
{(¢,p) € SW(2)}. Q.ED.

Proof of Lemma 3.

Corollary 2 and the definition of a; imply that

P((q,p) € NW (7)) < F,(7) = 0.5 = P((q,p) € NW (a1)).

‘Since P ((g,p) e NW () is increasing in o and F,,(«) is strictly increasing

in a in the neighborhood of %,

"E<O{1.

Corollary 2 and the definition of ay imply that

1— P((q,p) € SE(a2)) = 0.5=F,(T@) < 1— P((¢,p) € SE(T)).
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Since P ((q,p) € SE (o)) is decreasing in a and F,(«) is strictly increasing

in « in the neighborhood of %,
Hence,

Q.E.D.
Proof of Lemma 4.

Define the v quantile of F,, as mij

Corollary 2 and the definition of o imply that

P((q,p) € NW (m¥)) < Fu(m%) =v=P((g,p) € NW (o1 (7))

Since P ((¢,p) € NW («)) is increasing in « and F,, («) is strictly increasing

in a,

my < a1 (7).

Corollary 2 and the definition of a2 (7y) imply that

1—P((q,p) € SE(az (7)) =7 = Fu(my) <1~ P((q,p) € SE (my)).

Since P ((q,p) € SE (a)) is decreasing in a and F,(a) is strictly increasing

in a,

ag (7) < me.

2L

Hence,
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az (v) £my <ai(y).

Subtracting @ from both sides,

az(7)—T<my-T<o1(y) T (8)

Similarly for the (1 — ) quantile of F,,

P ((g,p) € NW (mi))) < Fulmi_,)=1-7=P((ap) € NW (as(7))-

1-P((g,p) \E SE(as(y)) = l—y=F,(mi_,)<1-P ((q,p) € SE (m’f_y)) .

Hence,

ag () <mi_, <az(y).

Thus,

as(7)—T<mi_, —T<a3(y) - T (9)

Since the symmetry of the distribution of u around @ imply my_, —u =

— (mY_, — ), equations (8) and (9) imply that

(a2 (V) + (7)) /2<T< (0 (7) + a3 (7)) /2. (10)

Since equation (10) holds for any 7,

max [(az (7) + a4 (7)) /2] < T < minf(es (v) + a3 (7)) /2]

Similarly for 7, since P ((¢,p) € Sw(a)) and P ((g,p) € NE (a)) are increas-

ing and decreasing in «, respectively,
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max [(B3 (7) + B4 (7)) /2] <7 < min[(By () + 85 (7)) /2]

Q.E.D.
Proof of Lemma 5.

Since F, (o) = f’;(a — 1), Corollary 2 implies that

o~

P((qg,p) e NW (o)) < Fy(a—7) <1-P((q,p) € SE(a)).

Since F, is known, taking inverse of F,,

o~

F. [P((¢,p) ENW (a)] Sa—-T<F, [1-P((gp)€ SE(a)).

Le,

~-1

a~F, [1-P(¢p)€SE@) <T<a-F, [P(gp)eNW@).

Since it holds for any real number «,

[o]

max {a~F," 1~ P((g.p) € SE(@))]} <T<min{a~F." [P((¢.0) € NW ()]}

Similarly, since F,(a) = Fy(a —T) and F, is known,
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Figure 2. Macro supply and demand shocks
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Figure 4. Macro supply and demad shocks
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Figure 6. Macro supply and demand shocks
(a) Supply shocks (b) Demand Shocks

Fig 13. Supply shocks, N(0,0.05), Responses=1, E[x{it-1]=E[{] Fig. 14, Demand shocks, N(0,0.01), Responses=1, E[xt|i-1]=E[x{]
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Note. It is assumed that the disturbances follow a normal distribution with zero mean and the
expectation is the mean over time.

Figure 7. Macro supply and demand shocks
(a) Supply shocks (b) Demand shocks

Fig. 17. Supply shocks, N(0,0.05), Responses=1, E[xt[it-1]=xt-1
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Fig. 18. Demand shocks, N(0,0.013), Responses=1, E[xt|tt-1]=xt-1
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Note. It is assumed that the disturbances follow a normal distribution with zero mean and the
expectation is a lagged variable.
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Figure 8. Male High School equivalents
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Figure 9. Male College equivalents
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Figure 10. Female High School equivalents
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Figure 11. Female College equivalents
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Figure 12. Male High School equivalents
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Figure 14. Female High School equivalents
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Figure 15. Female College equivalents
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