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Abstract

This paper employs a growth model with public infrastructure, which is
included in both utility and production functions, and investigates the
importance of a victim-oriented recovery policy after major natural disas-
ters such as the 2011 Great East Japan Earthquake and Tsunami. More
concretely, the role of deep parameters in the recovery process is closely
examined. Through the analysis, we find that the magnitude of public
concerns about infrastructure and the magnitude of the intertemporal
elasticity of substitution substantially affect the progress of recovery. In
terms of economic recovery in general, production activities tend to be
emphasized, but our results imply that one should not disregard victim-
oriented recovery.
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1. Introduction

This paper investigates the long-term impacts of the 2011 Great East Japan
Earthquake and Tsunami (hereinafter, GEJET) using a simple growth model
with public infrastructure as stocks and some sorts of external effects. More
specifically, the effects of a major disaster on various economic aspects, including
the length of the recovery period, are closely examined.

The GEJET caused widespread human and physical damage, resulting in
significant negative economic and social impacts. The extent of such damage
definitely influences the length of the recovery period. In the model of this
paper, we assume that the simulated value for the length of the post-disaster
transition period corresponds to the length of the recovery process in actuality.
Accordingly, by comparing the results in this paper with the actual recovery
status, we are able to evaluate the overall recovery levels achieved at each stage
and depict the long-term perspectives for the affected area.

As is well known, there are substantial theoretical and empirical studies
employing a convergence approach for economic growth models. For example,
Barro and Sala-i-Martin (1992), Mankiw et al. (1992), Barro et al. (1995),
Caselli et al. (1996), Ortigueira and Santos (1997), and Islam (2003) are rep-
resentative contributions. Much economic analysis treating natural disasters
has been carried out with a central focus on empirical studies in affected areas
(Naoi et al. 2012; Strobl, 2012; Barone and Mocetti, 2014). Skidmore and
Toya (2002), Toya and Skidmore (2007), and Loayza et al. (2012) are examples
of comprehensive empirical works using cross-country datasets. In particular,
Loayza et al. (2012) employed system generalized method of moments esti-
mators to confirm heterogeneous impacts due to disasters depending on the
type and size of the disaster and the socioeconomic status of the affected coun-
try. However, few studies have attempted to apply a convergence approach
that enables long-term analysis in disaster research. This is the main aim of
the present paper. See Hosoya (2015) for a review of the recent literature on
disaster research.

Now we briefly explain the traits of the model developed in this paper. The
underlying model is an extended version of Hosoya (2015). The specifications for
the production sector and the accumulation mechanism of infrastructure capital
are exactly the same. A new characteristic of the present model is that we allow
infrastructure levels for the utility function coupled with consumption.! This
new extensional attempt is considered to be entirely valid, as it embraces vic-
tims preferences in emergency situations. After experiencing a major disaster,
public concerns about public sector activities, including infrastructure provi-
sion, usually seem to increase. In any case, infrastructure is viewed as having a
vital role in the present study.

IThe stock of infrastructure has a positive influence on activities related to the production
of goods. This is an extremely general observation in the literature on growth theory, including
that on endogenous growth models (e.g., Futagami et al., 1993; Agénor, 2010).
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After presenting a theoretical solution, we conduct a numerical simulation
using the model. First, we test a benchmark model, which excludes capital
damages, and confirm the convergence property of this model. While doing
so, we allow capital damages for numerical simulations by consulting precise
estimates of actual capital destruction by the GEJET. Since there are large
variations in capital destruction depending on the targeted area, we present
various possibilities. Here, for a given level of capital destruction, the time
between destruction and recovery to a specified level can be calculated in addi-
tion to other economic indicators, including the speed of convergence, making
it possible to obtain long-term outlooks for recovery. We then compare the
models with and without infrastructure levels in the utility function to examine
quantitatively the effect of public concerns about infrastructure on the conver-
gence rate and the recovery period. If the concerns have an obvious effect on
economic performance, that provides a valuable viewpoint from which to con-
sider the modality of recovery policy. Finally, we further examine the role of
deep parameters in this issue. Namely, changing combinations of intertemporal
elasticity of substitution and public concerns about infrastructure clarifies their
impacts on the economy. If their role is indispensable in the recovery process,
that would imply the significance of victim-oriented recovery policies.

The rest of this paper is organized as follows: Section 2 presents a basic
framework and derives a theoretical speed of convergence. In addition, the
properties of the dynamical system are clarified. Section 3 develops exten-
sive numerical analyses regarding the recovery process from the GEJET and
attempts to derive useful implications. In Section 4, we provide concluding
remarks.

2. The model
2.1. Basic framework

The basic structure of the present model is identical with that in Hosoya
(2015), except for the specification of the utility function. We present our
dynamic optimization problem as follows:

e Pldt, 0>0,0>0,0#1, p>0, (1)

max
c(t)

/*‘” (CHH®)™) " 1
. 1-0

subject to
K(t)=(1-7)K(@)*H(t)'=*—C(t), 7€ (0,1), a € (0,1), K(0) =K, >0 (2)

Here, o is the weight of public infrastructure, H(t), in the utility function; 6 is
the inverse of the intertemporal elasticity of substitution; and p is the subjective
discount rate. In the following, we omit the time argument ¢ for simplicity of
notation.



The lifetime utility function we should maximize is represented as (1). Rau-
rich (2003) and Agénor (2011, 2013) employ similar specifications with respect
to utility. A representative household enjoys satisfaction from the level of pub-
lic infrastructure and from consumption, C(t). Households cannot be directly
involved with the public provision of infrastructure, but they can draw satisfac-
tion from the infrastructure level provided by their taxes. For example, a person
who lives beside a river would enjoy the feeling of safety from the constructed
riverbanks.

Next, we briefly explain the goods production sector. Two production inputs
are physical capital K and an efficient labor HL. Namely, the infrastructure
level affects labor productivity. Assuming the total labor force is constant
and unity (L = 1), the output Y is produced by the following Cobb—Douglas
technology: Y = K®H'®. This is a standard specification in the literature
on endogenous growth. Government expenditure on public infrastructure G is
financed by a flat-rate income tax 7 imposed on the representative household:
G = 1Y . Moreover, the law of motion of physical capital K follows the standard
process, K =Y — C — G. As a result, the representative household faces the
constraint of (2).

Note that in the decentralized economy, H is an exogenous variable, and so
the household maximizes its own utility ignoring the exogenously given public
infrastructure.?

Now, we employ the following assumption:

Assumption 1. Independent of the joint concavity condition on the utility
function (see footnote 2), we assume 6 > o/1 + o for analytical simplicity.

As shown below, this assumption guarantees the uniqueness of the steady-state
equilibrium. Our focus is on speed of convergence to any long-term equilib-
rium, so this uniqueness property is favorable. As is well known, assumptions
on deep parameters are crucially important in studies of macroeconomic dy-
namics. Regarding the size of intertemporal elasticity of substitution, a diverse
range of estimates has been obtained in various empirical studies (see, for exam-
ple, Hansen et al., 2007). In particular, a relatively low degree of intertemporal
substitutability in consumption, which typically ranges between one half and
two, would establish plausibility.® From these findings, § > o/1 + o is a rea-
sonable assumption.

We solve the corresponding dynamic optimization problem by applying the
maximum principle, obtaining

0= <a<1 -0 () +o0 —e>gH—p> , ®)

2For this reason, no joint concavity condition imposed on C and H (i.e., § > o/1 + o) is
needed in the present case.
3Note that in our notation 1/6 corresponds to the parameter.
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where g, denotes the equilibrium growth rate for . A derivation for (3) is given
in Appendix A.

The structure of the accumulation of public infrastructure follows Hosoya
(2014, 2015). Government expenditure for infrastructure G, which is financed
by a proportional income tax, and capital deepening external effects S, which
influences its expenditure efficiency, characterize the accumulation process of
infrastructure. We can therefore specify H = 6GS, where § is a positive
constant. The external effects are defined by the ratio of private capital to
public infrastructure, which can capture overall living standards in a general
context. Allowing for G = 7Y and S = (K/H) in the above equation, one
obtains K/H = (gg/07)"/(®+9 where the parameter ¢ stands for the degree
of externality.® Finally, applying the balanced growth path (BGP) relation

9= 9y = gc = gk = gm to (3), we obtain

g:%(a(l—T)(%)z_:rijLa(l—ﬂ)g—p). (4)

From (4), we find that the equilibrium growth rate g at the BGP depends
on the parameters {«, 7, §, €, g, p, 8}. In addition, the following holds:

Proposition 1 (Existence and uniqueness) Under the assumption for deep
parameters, that is, 0 > o/(1+ o), there exists a unique equilibrium with a pos-
itive solution of g. []

Proof : From (4), (0 —o(1—0))g+p = a(l —7)(g/d7)@D/(@+9 is obtained.
Now we define the left-hand side of this equation by ¥(g), and the right-hand
side by I'(g). First, under the assumption of # > o/(1 + o), ¥ is represented
by a linear function of ¢ with a positive or zero slope in the first quadrant
of the (g, ¥)-plane. Second, we find that I'(g) is a strictly decreasing and
strictly convex function of ¢ in the same quadrant, in view of the functional

properties lim, ,oI'(g) = +o0, lim,,o['(9) = —oo, limy .5 I'(g) = 0, and
limgy, 100 I"(g) = 0. Due to these functional properties, the equilibrium at the
BGP is uniquely determined. |

Moreover, on the stability property of the model, we can state the following
proposition.

Proposition 2 (Local stability) The unique equilibrium under the correspond-
ing dynamical system s locally saddle-path stable. []

Proof : See Appendix B. |

2.2. Speed of convergence

4For further details, see Hosoya (2014, 2015).
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In common with Hosoya (2015), which develops the baseline model of this
paper, the original three-dimensional dynamical system on (C, K, H) can be
transformed by two new variables, a control-like variable X = C/K and a
state-like variable Z = K/H. As a result, the following holds:

1 — —
=X+ <Tt9> SoTZ" + (a 3 9) (1—-7)7°" -

: (5)

NS
D

= X+ (1 =72 —dr 7o, (6)

where (6) is identical with (11) in Hosoya (2015). This two-dimensional system
characterizes the dynamics of the model.

Log-linearizing (5) and (6) around the BGP, we obtain a characteristic poly-
nomial that contains a negative (stable) root \; (see Appendix C for a detailed
derivation). The root is given by

1/2

(1 [ X (g () )
2

)\1 - .
o ()

Here, we denote A as A = —\;. As a result, the speed of convergence (i.e.,
the convergence coefficient) for the present model is given by A. Appendix D
briefly shows the numerical algorithm for obtaining A;. The convergence rate A
characterizes the overall transition process of the economy. As is well known,
the 100 x 8% of the adjustment (transition) time from the initial point to a long-
run steady state is given by T'(5) = In(1 — 8)/A;. For example, if 8 = 0.5 (i.e.,
50%) and A; = —0.069, the time needed to reach half of the total adjustment
process is just 10 years.

2.3. Premises for numerical simulations

The following are used as premises for numerical study of the recovery pro-
cess from the GEJET, as also posited in Hosoya (2015):

(i) The present speed of convergence is derived by the linear approximation
method, so the calculated ) is valid as only an approximate value in the neigh-
borhood of the BGP equilibrium. As will be introduced in a later section, the
estimates for the rate of capital destruction are relatively small (about 10-20%
on average), contrary to what we expected from our field observations, even
when limiting the target to the disaster-affected area. That is, if the economy
was located in a steady state at the instant of the GEJET, it seems that diver-
gence from the equilibrium is not wide. Also, the speed of convergence in the
present model is relatively fast as compared with that predicted by typical neo-
classical growth models. Thus, our focus on the neighborhood of the long-term
equilibrium is reasonable. Overall, the linear approximation method, which is
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advantageous for investigations in the vicinity of the steady state, seems to be
a valid choice for the given analytical environment. Therefore, we can obtain
insights about the process of economic recovery by observing variations in A
after the occurrence of the GEJET.

(ii) As discussed in detail in Hosoya (2015), in the original context of growth
theory, the rate of convergence implies that speed governs the transition from
the old BGP (the initial point) to the new BGP. Thus, we make the following
assumption for analytical purposes.

Assumption 2. The transition period as derived by the computed convergence
coefficient approximately equals the period for recovery from the disaster.

Accordingly, the initial point of the recovery period corresponds to the time
immediately after the disaster, while the terminal point is approximated theo-
retically as the time at which the overall recovery process is 99% complete.

(iii) The GEJET was an unprecedented catastrophe for the Japanese econ-
omy and society. If we focus on the damage to capital and infrastructure,
however, the damage is concentrated along the Pacific coast of eastern Japan,
shown in Figure 1. Hence, this area is appropriate as our unit of analysis. At a
minimum, the following practical assumptions are required in order to attempt
a reasonable analysis.

Assumption 3. The disaster area is a closed economy.

From Assumption 3, if inter-regional cooperation for recovery in the whole of
Japan further strengthens, for example, then the various values computed in
Section 3 may improve.

(iv) When damage rates are used in the numerical computation based on
the model, we assume, for analytical convenience, that the damage is reflected
in the ratio of K to H. The calculation method for a set of given damage esti-
mates is shown in Appendix D. As is commonly known, the GEJET destroyed
both private capital and public capital (infrastructure). In the present analysis,
however, it would be difficult to adopt an individual damage rate for each type
of capital. Instead, we tentatively focus on capital damages to infrastructure
as characterized by K/H, and apply the estimated value to this ratio. For ex-
ample, the amounts of K and H at the pre-disaster steady state were reduced
by, respectively, 40% (0.6K) and 25% (0.75H) by the GEJET. Thus, we have
0.6K/0.75H = 0.8K/H. In this case, 0.8 corresponds to ¥ in Appendix D. Con-
sequently, 1) describes the percentage of remaining capital. From estimates on
the rate of capital destruction that will be introduced later, we suppose this to
be a reasonable rate of remaining capital and adopt it as ¢). Various simulation
studies are then developed.

3. Numerical analysis



3.1. Basic result

In this section, we explore various numerical computations based on (4)—(7).
Table 1 shows the three results of computations as a benchmark.?

Table 1
Benchmark results.

a & € o X* oz A g T(50%) T(90%)

(a) 035 0.2 04 05 0.223 8.553 0.088 0.02000 7.89 26.21
(b) 0.30 0.2 0.6 0.4 0.260 5.986 0.104 0.02001 6.69 22.22
(¢) 030 0.5 0.1 0.7 0.270 5.689 0.091 0.02003 7.62 25.31

Note: Fixed parameters are p = 0.05, # = 1.5, and 7 = 0.02.

Note that in these first computations, we do not consider capital destruction by
the GEJET. In the following, we take up case (a) in Table 1 for convenience.

Due to the values of X* and Z*, and the growth rate at the BGP, our
benchmark computations are considered to be an accurate depiction judging
from the existing growth studies. When fully examining the convergence rate
and the transition periods, the present case is consistent with the ones in a
model of endogenous growth, that is, the convergence of the present model is
relatively fast.

The two rightmost columns of Table 1 gives estimates for reaching recovery
levels 50% and 90%. A high convergence rate is reflected in these estimates,
namely, our prospects are that half of the recovery does not require one decade,
and the total process is completed within approximately one generation.

Now we re-compute case (a) in view of the capital damage due to the
GEJET. Based on estimates by the Development Bank of Japan (DBJ), par-
tially displayed in Figure 1, we vary the setting rates of damage from 10% to
50%.5 Our intended recovery levels are the four cases (20%, 50%, 80%, and
90%) displayed in Table 2 together with the other basic indicators. It is in-
triguing how differences in the recovery period show up according to variations
of the destruction rate.

Table 2
Benchmark results at various destruction rates.

SFor a detailed discussion on benchmark parameter values, except for o, see Hosoya (2015).

6This estimate, released at a relatively early stage in the post-disaster period, estimated
the percentage of capital destruction in detail on a regional basis. In Figure 1, we report only
the damage rates of the coastal area in each prefecture. Dark areas in the figure represent
municipalities that include areas inundated by the tsunami.
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For (a):
Destruction  X*  Z* 3 g T(20%) T(50%) T(80%) T(90%)

10% 0.211  9.504 0.085 0.01597 2.62 8.15 18.92 27.07
20% 0.198 10.691 0.082 0.01174 2.71 8.41 19.53 27.94
30% 0.185 12.219 0.080 0.00725 2.79 8.66 20.11 28.77
40% 0.172 14.255 0.078  0.00243 2.86 8.88 20.61 29.49
50% 0.158 17.105 0.077 -0.00283 291 9.02 20.95 29.98

Note: (p,0,a,7,6,¢,0) = (0.05,1.5,0.35,0.02,0.2,0.4, 0.5).

Miyagi (coast) lwate (coast) All four prefectures (coast)

Ibaraki (coasty ~ Fukushima (coast)

:p g Niigata
\“/*/

<" Yamagata

: T Resibmo
& o FukushimaG
S, Koriyama. USSSMinamisoma

aaaaa

Figure 1: Overview of the disaster areas from the 2011 GEJET.

As seen in Figure 1, the damage estimates are quite different by area. For
example, along the Pacific coast of Iwate prefecture, the most severely affected
area, approximately half of the existing capital was destroyed. As noted before,
this paper takes particular note of the Pacific coast of eastern Japan. More
concretely, treating the Pacific coast of the Tohoku and northern Kanto regions
as an integrated and analytically suitable unit, let us focus on the 10%- and
20%-destruction cases following the estimates by the DBJ. We consider overall
recovery of this area to be genuine recovery.

First of all, we naturally find that the milder the capital damage, the shorter
the recovery period. From Table 2, the recovery level as of June 2015 is predicted

9



to be approximately 30% of the overall process. In addition, based on the
previous results that full recovery will require one generation, we estimate that
it will take another 25 years from now until completion. As Hosoya (2015)
points out, this estimate has a certain degree of relevancy, given other cases of
recovery from World War II and major natural disasters.” This can be viewed as
a lengthy period, of course, but the positive view is that full recovery is possible
in only one generation, which may be a relatively speedy recovery considering
the extent of the damage. In either case, it is important to minimize the recovery
period by combining various policies. This is one of the highest priority tasks
for macroeconomic policy. We will revisit this issue in a later section.

On the surface, it is likely that differences in the damage rate have little
impact on the length of the recovery period. As can be seen in the long-term
values of X and Z, however, economic and social circumstances after project
completion are quite different. In the case of severe damage, there is a need for
investment to replace infrastructure while further reducing consumption; this is
reflected in the results of Table 2. The more severe the damage, the lower the
consumption—capital ratio X* and the higher the capital-infrastructure ratio
Z*. This is interpreted as the economy attempting to restore private capital
at the expense of daily life; the values of X* and Z* directly influence living
standards, and thus are treated as vital variables. On the other hand, in the case
of less severe damage the consumption—capital ratio is larger, through relatively
rapid income (and thus consumption) growth.

3.2. Comparison with Hosoya (2015)

A crucial feature of the model is its specification of the utility function.
We focus on the aspect that households are increasingly interested in the in-
frastructure environment as an important factor. This is naturally expected,
as the importance of infrastructure is highlighted in post-disaster periods. As
explained before, agents maximize utility at a given infrastructure level, so the
level is external. This assumption is valid for the present situation, as this is a
feature of disasters.

By introducing public infrastructure into the utility function, the idea noted
above is obviously implemented to the model (see (1)). Hosoya (2015) employs
a baseline model in which infrastructure level affects production activity only
and provides important implications with respect to some post-disaster issues.
Comparison with the previous and present models is an attempt to obtain
further valuable implications for speeding the recovery process. In this section,
we compare the numerical outcomes of the two slightly differing models under
the same economic environment. For the parameter constellation, we follow
Hosoya (2015).

Through changing the weighting parameter of infrastructure in the utility
function, we confirm the responses of notable variables, including the speed of

"For details, see Davis and Weinstein (2002) and Jones (2014).
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convergence, and discuss distinctions between the two models. Note that if the
utility function has no infrastructure (as in Hosoya, 2015), it corresponds to
the case of o = 0 in this paper. In the following, the two scenarios (10% and
20% capital damage) are prepared with due considerations to the variation of
estimates for the rate of capital destruction. Table 3 shows the case of 10%
capital damage.

Table 3
The effect of public concerns about infrastructure on recovery status (1).

Model o X* Z* A g T(50%) T(90%)
Hosoya (2015) — 0.129 17.724 0.054 0.01754 1273  42.30
This model 0.4 0.137 16.444 0.057 0.01655 12.18  40.46
This model 0.8 0.145 15.358 0.059 0.01566 11.69  38.83
This model 1.2 0.153 14.424 0.062 0.01485 11.25  37.36
This model 2.0 0.167 12.894 0.066 0.01343 10.49  34.83

Note: (p,0,a,7,d,¢) = (0.025,1.5,0.35,0.05,0.1,0.15). The rate of capital destruction is
10%.

Although each recovery period displayed in Table 3 is fairly different from
those in Section 3.1 because we use a different set of parameters, the important
point here is to observe the within variation of the results shown in Table 3.
We clearly find that a high level of interest in public infrastructure, which
is represented by a higher value of o, contributes to reducing the recovery
period. As compared with the standard case of ¢ = 1.2 and the case in which
consumption alone constitutes the household’s utility, the difference in the 90%
recovery period between the cases is about 5 years, a significant difference.® We
then conducted the same computations with the estimate of damage to overall
capital set as 20%. The results are shown in Table 4.

Table 4
The effect of public concerns about infrastructure on recovery status (2).

Model o X* Z* A g T(50%) T(90%)
Hosoya (2015) — 0.121 19.939 0.052 0.01502 13.28 44.13
This model 0.4 0.129 18.499 0.055 0.01374 12.72 42.24
This model 0.8 0.136 17.278 0.057 0.01257 12.21 40.55
This model 1.2 0.144 16.227 0.059 0.01150  11.75 39.04
This model 2.0 0.157 14.506 0.063 0.00960  10.96 36.42
8 As mentioned before, Raurich (2003) uses a utility function similar to that the one in this

paper. In reference to his numerical examples, ¢ = 1.2 is considered to be in the range of the
adequate values.
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Note: (p,0,a,7,d,¢) = (0.025,1.5,0.35,0.05,0.1,0.15). The rate of capital destruction is
20%.

Increasing the estimated initial damage (10 — 20%) naturally lengthens the
transition (recovery) period. With respect to the scale of destruction, however,
the added number of years is shorter than expected. Compared to the two
cases of the presence or absence of public infrastructure in the utility (i.e.,
o = 1.2 or 0), similarly to the 10% destruction case, the difference in the
90% recovery period is about 5 years, approximately the same result as in the
previous scenario.

The results of this section reveal the meaning of our model considering the
public’s interest in public infrastructure. Whether we include the additional
factor in the utility function considerably impacts the length of the recovery
period. Regarding implications for recovery policy, the reconstruction of lost
stocks in the recovery process tends to be top-down, but one should provide
an infrastructure to meet the needs of affected people by employing bottom-
up consultation. Doing so constructs truly valuable capital for the affected
area. Creating suitable infrastructure while giving consideration to fiscal con-
straints substantially contributes to speeding recovery and shortening recovery
period. From a qualitative respect, such a victim-oriented recovery policy has
often arisen as a preferred topic in conversation. Regarding just this respect,
our results provide intriguing implications, namely that public concern about
infrastructure allows for a shorter period of recovery.

3.3. Deep parameters and recovery status

A final consideration of this paper is to examine the effects on convergence
speed of a combination of 6, the (inverse of) intertemporal elasticity of substi-
tution, and o, which was explored in the previous section. Existing studies,
including Ortigueira and Santos (1997), Hosoya (2015), and others have indi-
cated the importance of intertemporal elasticity in convergence analysis, and
have shown it to be an essential parameter in considering the nature of recovery
from the GEJET. Moreover, from the aspect of model structure, the influences
of these deep parameters are of particular interest. As clearly seen in (7), the
product of # and o directly affects \. It is important to grasp the extent to
which this synergistic effect influences \. For 0, we follow several existing stud-
ies and deal with three patterns: 1.5, 2.0, and 3.0.° For o, along with 6, three
reasonable patterns (0.4, 1.2, and 2.0) are set, resulting in nine possible cases.
The numerical results for each are shown in Table 5.

Table 5
Impact of deep parameters on recovery status.

9See, for instance, Ortigueira and Santos (1997), Alvarez-Albelo (1999), Eicher and
Turnovsky (1999), Gokan (2003), Nakamoto (2009), Groth and Wendner (2014).
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0 o X+ ZF A g T(50%) T(90%)
0.4 0209 9.622 0.084 0.01624 8.22 27.31
1.5 1.2 0225 8771 0.090 0.01426  7.71 25.60
2.0 0.239 8.096 0.095 0.01259  7.29 24.20
0.4 0234 8252 0.079 0.01461 8.82 29.30
2.0 1.2 0.260 7.189 0.086 0.01204  8.02 26.65
2.0 0.282 6.425 0.093 0.01004  7.42 24.63
0.4 0275 6.595 0.070 0.01249  9.84 32.69
3.0 1.2 0314 5485 0.080 0.00968  8.67  28.82
2.0 0.348 4.757 0.088 0.00764  7.86 26.11

Note: (p,a,T,0,€¢) = (0.05,0.35,0.02,0.2,0.4). The rate of capital destruction is 10%.

We find that a larger elasticity of substitution (i.e., a smaller #) yields a faster
convergence. This result is consistent with leading studies including Ortigueira
and Santos (1997) and is considered as a fundamental feature of the literature.!”
As confirmed in the previous section, a larger value of o, which corresponds to
the case where the agent benefits more from infrastructure levels, exhibits a
faster transition process.

To give a quantitative implication, let us closely investigate the effect that
the combination of these parameters has on the recovery period. For the less
elastic case, the difference in the infrastructure weight strongly affects the vari-
ations in A. From this, there are also measurable variations in the recovery
period. For a 90% recovery level, the time intervals we obtained vary by more
than a factor of two. More concretely, 8 = 3.0 leads to 6.58 years while # = 1.5
leads to 3.11 years. As is well known, the intertemporal elasticity corresponds to
the coefficient of relative risk aversion. Thus the form of recovery policy includ-
ing public infrastructure provision influences not only the supply side but also
individual agent risk preferences. Accordingly, these substantial differences in
economic performance are brought about by the differences in deep parameters
only when all other things are unchanged, so we should not disregard victim
preferences in establishing various recovery policies.!!

Given a certain set of parameters, this paper solely investigates the recov-
ery process when severe capital destruction is caused by a natural disaster like
the GEJET. Full-scale restoration of production and supply chains is under-
standably crucial for economic recovery, and our study further demonstrates

10Tn consequence, it can probably be assumed that the magnitude of the household elasticity
parameter has a relatively larger value during the disaster period.

" Recently, Hanaoka et al. (2015) and Ohtake et al. (2015) empirically investigated whether
agent risk preferences changed before and after the GEJET, using panel datasets extracted
from the Survey of Life Satisfaction and Preferences promoted by the Global Center of Excel-
lence (GCOE) project “Human Behavior and Socioeconomic Dynamics” at Osaka University.
These papers clarify that major disaster can affect the degree of individuals’ risk aversion.
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the substantial importance of policy considerations regarding victims involved
in recovery programs.

4. Concluding remarks

This paper further investigated the process of recovery from large-scale nat-
ural disasters, including the 2011 GEJET, using an extended model of Hosoya
(2015). A remarkable feature of the present model is that both the utility
and the production functions include public infrastructure as stocks. Our main
results are summarized as follows.

Firstly, the benchmark model without capital damage by the disaster repli-
cated convergence properties of standard endogenous growth models. Namely,
convergence in this model is relatively fast. For the model with capital destruc-
tion of about 10-20%, we attempted to estimate a transition period between the
old and new equilibriums. In our context, the transition period corresponds to
the recovery period from the GEJET. The recovery level at present is predicted
to be approximately 30% of the overall processes, and we therefore forecast that
it will take another 25 years to complete the project from now. This is a long
period, but considering the scale of that disaster, full recovery within a single
generation can be considered a remarkable achievement.

A highlight of this paper was quantitatively grasping the effect of public
concerns about infrastructure on the speed of convergence and the recovery pe-
riod. This extension is considered to be entirely valid, as it embraces victim
preferences in emergency situations. The result of numerical analysis verified
the meaning of the approach, implying that appropriate infrastructures imple-
mented by recovery policies in recognition of victim preferences substantially
accelerate recovery and shorten the recovery period. This finding is important
in that it forms the modality of recovery.

We further examined the relation between several combinations of deep pa-
rameters (i.e., the intertemporal elasticity of substitution and public concerns
about infrastructure) and recovery performance. Through this investigation,
we found that, all other things being equal, the observed differences in eco-
nomic performance are brought about by the differences in these parameters
only. There is a tendency to emphasize production activities, but our results
imply that one should not disregard victim-oriented recovery policies.

The results presented in this paper are from a limited point of view, and so
they require careful handling. We hope, however, that these results will provide
a basis for discussing various recovery issues. Related issues requiring further
investigation remain, such as building models that better represent actual con-
ditions in the affected area and performing numerical simulations.
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Appendix A. Derivation of (3)

Using (1) and (2), we formulate the current-value Hamiltonian, # as

(CH?)" 7 —1

=7

+ A[(1 = 7)K*H'"™ — (],

where A is the co-state variable associated with constraint (2). Since the level of
public infrastructure is given for the household, from the first-order necessary
conditions OH/0C = 0 and A = —90H /0K + A\p, we can obtain

(CHU)I—G' _

K\ A
together with the usual transversality condition

lim A(t)K(t)e * = 0. (A3)

t—+o00

When (A3) holds, the necessary conditions (Al) and (A2) are also sufficient
under the resource constraint.
Log-differentiating (A1) leads to

—0gc + (1 —0)gn = gx. (A4)

Applying (A2) to (A4) and rearranging, we obtain (3) as written in the text.

Appendix B. Proof of Proposition 2

From the corresponding Jacobian (see Appendix C), we obtain

0 —o+ob

Det J* = —5(1 —a)(1—-1)X*(Z2*) ! ( 7

) 5r(a + €)X *(Z2) .

In view of the assumption (§ > o/1+ o), Det J* < 0 is proved. The negative
sign implies that the equilibrium is locally saddle-path stable.
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Appendix C. Derivation of theoretical speed of convergence

To obtain the speed of convergence, we first present the Jacobian related
to the model and then derive a characteristic polynomial. The Jacobian of the
reduced dynamical system characterized by (5) and (6) is represented as the

2 X 2 matrix
X oX
Jz[“ﬂ al?}zlﬁ ﬁ]

Q21 Q22 g_)z( g—g
where
X
= — :X*
ail aX ep )
. 8X i 1—-6 * *\a+e—1
19 = 8—2 . = (T) (SO’T(O&"‘ €)X (Z )
+ (O‘ ; 9) (a —1)(1—1)X*(Z2")*72,
YA .
CLZIZG—XBGP:_Z,
Z
Ay = 8_ =(a—1)(1—7)(Z)* = 61(a + €)(Z)*",
0Z BGP

where an asterisk () denotes a value evaluated at the BGP. Incidentally, the
BGP values of X and Z correspond to the solutions of the nonlinear simulta-
neous equations

X"+ (O‘ n 9) (1—7)(Z29° ' + (#) Sor(Z+)+e P — g,

X — (1 —=7) (25 P+ or(Z")*t =0,

DID

where X* > 0 for a positive g. To satisfy this, we need X* = (1—7)(Z*)*'—g >
0. For the numerical results in this paper, the positivity condition on X* is
naturally satisfied. Now, as I stands for the identity matrix, the characteristic
polynomial can be written as Det (J* — AI) = 0. Consequently we have

— o1 —
)\2+(V1+V2—X*))\—<%V1+<—0 “(9 9)>V2>X*:0,

where V; = (1 —a)(1 — 7)(Z*)*" and Vo = 07(a + €)(Z*)**¢. This equation
has two roots, denoted by A; (negative and stable root) and Ay (positive and
unstable root). A; is given by (7) in the text.

Appendix D. Numerical algorithm for obtaining \;
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First, we specify the nonlinear equation f(Z) to obtain the steady-state
value of Z, as

R e ) L

b

DID

where 9 is a scale parameter on Z. As is obvious, ¢ equals to unity in the
benchmark case. We then change the value depending on the analytical situa-
tion (i.e., the difference in the rate of capital destruction). Second, we search
for Z* satisfying f(Z) = 0 under given parameters. Third, using the relevant
Z*, we obtain X* given by

X* = g - (O‘ - 9) (1—7)(Z7°)" - (#) Sor(Z7)r.

As a consequence, these steps lead to obtaining A;.
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