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Abstract

This dissertation discusses three contemporary issues concerning Japan’s economy. In
particular it focuses on topics covering the yen carry trade, the Great Hanshin Earthquake in
Kobe, and the Great East Japan Earthquake. The first chapter looks at the relationship between
the yen carry trade and loan balances in Japan. While it finds evidence that the carry trade does
influence outstanding loans for use overseas taken out from domestically licensed banks; it finds
little evidence that the carry trade is having an influence on loan balances at foreign banks
operating in Japan. The second chapter looks at the long term impact of the Great Hanshin
Earthquake on Kobe. It finds that, contrary to previous works on the subject, the earthquake
has had a persistent negative impact on the region which has resulted in a 12% decline in GDP
per capita 13 years after the disaster. The final chapter looks at the impact of the Great East
Japan Earthquake on luxury automobile purchases in the Tohoku region. It finds that while sales
of luxury automobiles in some areas are higher than they would have been had the disaster not
struck, the share of sales in luxury automobiles has actually fallen. This indicates that residents

may be swapping away from luxury goods purchases in the wake of the disaster.
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Introduction

The main theme of this dissertation is to discuss various contemporary issues
concerning Japan’s economy. These three chapters specifically focus on topics that have been in
the news over the past decade and are relevant to the country. This dissertation focuses on the
yen carry trade, the Great Hanshin Earthquake in Kobe, and the Great East Japan Earthquake
which recently devastated the Tohoku region.

The first chapter concerns the carry trade, for which the Japanese yen was a popular
funding currency in the decade prior to the financial crisis. Though the carry trade unwound in
the wake of the crisis, it has once again made headlines as the yen has weakened in the past
couple of months. Since the resumption of the yen carry trade could hamper Japan’s economic
recovery, it is important to understand its impact on the economy.

The basic concept behind the carry trade is that one borrows from a currency with a low
interest rate, and then invests in a currency with a high rate of return. In theory, this practice
should yield no profits as arbitrage should cause a shift in the exchange rate over the same time
period; however, in the short term this theory rarely holds. Typically, the literature has focused
on the foreign exchange market since this is a bet that the exchange rate will not move. This
chapter delves into whether individuals or corporations take advantage of this phenomenon in
the Japanese loan market. The chapter finds that while there are no indications that foreigners
are taking out loans from Japan for this purpose, there is evidence that the carry trade has an

impact on loans taken out from domestic banks for use overseas.



The second and third chapters focus on the impact of natural disasters. This topic is
relevant due to the recent triple disaster in the Tohoku region caused by the Great East Japan
Earthquake. The long-term impact of natural disasters is neither well-known nor understood.
Therefore, it is important to pursue this topic, not just to better understand how to rebuild the
Tohoku region going forward, but to learn how to mitigate the impact of future disasters. The
second chapter focuses on understanding the long-term impact of natural disasters, while the
third focuses on early data from the Tohoku region itself.

The second chapter pursues the long-term impact on Hyogo Prefecture and the city of
Kobe in the wake of the Great Hanshin Earthquake in 1995. One of the common perceptions in
the wake of this disaster was that the city of Kobe was not only able to fully recover, but it was
able to do so in a relatively short amount of time. Using the synthetic control methodology, this
chapter finds this perception to be false. Not only did Kobe not recover quickly, this chapter
discovers that 13 years later the GDP per capita was 400,000 yen (12%) per person lower than it
would have been had the earthquake not occurred.

The third chapter looks at possible changes in consumer preferences in the wake of the
Tohoku disaster. Some news outlets reported that there was a surge in the sale of luxury goods
in the city of Sendai. One report suggested that this rise was due to a preference shift away
from savings towards consumption today. Similar to the second chapter, this chapter also used
the synthetic control methodology to evaluate this hypothesis using luxury automobiles as a
proxy for luxury goods. The chapter confirmed reports that sales increased in Miyagi Prefecture
where Sendai is located; however, it did not find any increase in the prefectures of Iwate and
Fukushima. Furthermore, the chapter also found that throughout the region luxury automobiles

made up a smaller share of overall sales. This suggests that the hypothesis presented above was



false and that the increase in sales was likely due to replacement rather than a shift away from
savings.

All three chapters focus on various contemporary issues important to Japan. The first
adds insight into the carry trade which is not a unique phenomenon to any currency. This
chapter provides greater understanding of the phenomenon outside of the foreign exchange
market. This is relevant to both economists and policy makers as it adds to the knowledge base.
The second and third chapters focus on natural disasters, which can inflict damage anywhere in
the world. Despite the significance of these events, the literature’s understanding of their
impact is incomplete. These chapters bring further insight into these occurrences. In sum, all
three chapters build upon the existing literature and will hopefully lead to further research and

more effective policy in the future.
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1. Evidence for Carry Trade Behavior: Loans in Japan
William duPont IV
Department of Economics, University of Hawaii at Manoa

(May, 2013)

Abstract: This paper is inspired by the idea that a multinational corporation has an incentive to
take advantage of the failure of Uncovered Interest Parity (UIP) by taking out loans in the
currency with the lowest interest rate to finance their investments worldwide. Since betting
against the UIP is ultimately a gamble that the exchange rate will not move, the vast majority of
the carry trade literature focuses on the foreign exchange rate market. With this paper, | have
decided to return to this original premise and check to see what impact the carry trade has on
loans taken out in Japan. | found that for the period prior to the Financial Crisis, the change in
outstanding loans from domestically licensed banks for use overseas is significantly correlated
with difference between the foreign interest rate and the interest rate in Japan. | do not,
however, find any significant correlation between the difference in interest rates and movement

of outstanding loans held by foreign banks in Japan.
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Evidence for Carry Trade Behavior: Loans in Japan

Introduction

The carry trade or more specifically the yen carry trade has become a fairly hot topic
over the past decade. It is possible due to the failure of uncovered interest parity (UIP). In
other words, if the exchange rate between two currencies is unlikely to change, it is possible to
make a profit by borrowing from a currency with a low interest rate while lending to another
with a high interest rate. The literature well documents this phenomenon. Bachetta and van
Wincoop (2007), Bhansali (2007), Burnside et al (2006), Ranaldo and Soderlind (2009) all discuss
the theoretical reasoning behind this and why arbitrage opportunities have not erased these
potential gains. Bachetta and van Wincoop (2007) pointed out that a common assumption that
most of the literature takes is that the investors seeking to conduct a carry trade have the
relative advantage of both speed and liquidity. They argued that the share of passive traders
was substantially high and were able to create an Overlapping Generations model that matched
the data decently well. Research directly concerning slow and illiquid investments that are also
in a position to take advantage of the UIP failure remains mostly untouched.

This paper evaluates decisions to take out loans in Japan. Japan is of particular interest
because its currency is the yen which is commonly cited in connection to the carry trade. The
yen was a popular currency for two main reasons. First it is a very stable currency which
exhibits ‘safe haven’ properties and second the yen interest rate has been exceptionally low for
several years. Thus it was unlikely that the exchange rate would move large amounts in the long

run, while it was also relatively cheap to borrow in yen. Therefore this paper looks at whether
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entities in Japan change their borrowing behavior depending on the interest rate differential
between the yen and other currencies.

The results are relatively mixed. This paper does find evidence of a significant
correlation between the loans taken out from domestically licensed banks for use overseas and
the interest rate differential during the eight years prior to the Financial Crisis. However, there
is little evidence of carry trade activity occurring at foreign banks in Japan during that same time
period.

The next section concerns the motivation behind the paper and includes both a
literature review and the basic theory behind the failure of the UIP and the carry trade as well as
how it relates to loan behavior in Japan. The second section focuses on whether loan behavior
is correlated with the interest rate differential. The final section discusses the findings of the

paper.

Motivation

Carry Trade Basics: Failure of the UIP

Froot and Thaler (1990) best illustrate the basic idea behind what is driving the
phenomenon known as the carry trade. They tell the story of an uncle, who is in the import-
export business, who makes a bet with his treasurer over whether it would be more profitable
to move U.S. Dollars into German Marks now or in one month’s time. The uncle believes that
placing the money in whichever country that has the highest interest rate would be the most
profitable, while the treasurer argues that he might as well flip a coin, as the movement in the

exchange rate would offset any gains made by the higher interest rate. To everyone’s surprise,
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the uncle wins the bet and a quick check into historical data reveals that this is not an isolated
incident. What the uncle in Froot and Thaler (1990)’s story effectively did, was participate in a
form of carry trade.

The carry trade should, in theory, not be profitable since any gains made from taking
advantage of the lowest interest rate should be offset by the practice of arbitrage. This
particular idea forms the basis of uncovered interest parity (UIP), which Flood and Rose (1996)

express in the following fashion:

(1+it):(l+it *) Et(SHA)/St (2.1)

wherei is the home country’s interest rate, andi *is the foreign interest rate, S is

the price of the domestic currency in terms of the foreign currency, and E, is the

expectations operator. By considering only countries where interest rates are ‘low’, one
can ignore small cross terms, then the natural log can be taken and Flood and Rose

(1996) show that following can be derived:

E (Sua—5)=(I,—i,*)=

Sa—S =a+ (1, —i%) +¢ (2.2)
Typically, when tested, the null hypothesisis & = 0and # =1. That s, that the currency will
depreciate by the same amount as the difference in the interest rates, plus some error term. In
one of the first significant tests of this issue, Fama (1984) found that the future rate (which is
based in part by the interest rate differential) was a poor predictor for movement in the spot
rate. Froot and Thaler (1990) also note that further testing by others also showed /£ to be
significantly less than one and sometimes negative. This conundrum is formally known as the

Forward Premium Puzzle.
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The dollar-yen exchange rate is consistent with the literature to date. That is to say that
UIP also fails historically speaking when looking at these two currencies. The initial reaction to
this particular phenomenon is that a risk premium must account for results finding # < 1. The
simple explanation being that the more risky currency must provide a higher interest rate in
order to attract investors to it. Nevertheless, Froot and Thaler (1990) state that testing this
hypothesis has been less than fruitful as models that deal with systematic risk, such as CAPM,
and models that attempt to incorporate expectations have not made any significant progress
towards explaining the forward risk premium. Thus the Forward Premium Puzzle has not been
fully explained.

This puzzle has given rise to more explanations as to the nature of the failure of the UIP.
Burnside, Eichenbaum, Kleshchelski, and Rebelo (2006) discuss two ways in which UIP failure
persists. The first concerns the bid-ask spread and transaction costs. In the case of currency
markets these costs increase in accordance with order size. This makes it more difficult for large
orders to close the gap. Furthermore they argue that price pressure comes into play, since
people with very large orders can heavily influence the price they are buying or selling at.
Burnside, Eichenbaum, Kleshchelski, and Rebelo (2008) propose that one possible explanation is
that the UIP does not fail despite appearing to do so. They propose that a Peso problem, which
is a large unwinding event that occurs beyond the data set, could explain the results. They were
able to find evidence to support their theory; however, without the presence of a large
downside event in the data, it is difficult to argue in favor of this with a high degree of certainty.

Froot and Thalor (1990) concede that one of the problems with trying to explain the

negative [ is that most of the theories require quick reaction. They propose a much easier

explanation that involves entities such as Central Banks, which react much more slowly and thus

trade in a way that tends “to attenuate the appreciation of a currency as interest rates
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increase.”! They furthermore expect that a second, rational, group would try to take advantage
of the slower group’s movements. Bacchetta and van Wincoop (2010) also support this idea.
They argued that traditional methods do not explain the failure of the UIP because these
methods rely on the assumption that all participants instantly adjust their portfolios in reaction
to any change in the interest rate differential. They developed a model that, if investors make
infrequent portfolio decisions, explained many of the stylized facts concerning the failure of the
UIP. Moreover they found that active traders do not make up a significant portion of the market
and thus they are unable arbitrage away the gains that can be made by taking advantage of the
failure.

The main goal of this paper is to pursue some of these slower moving entities, an area
that has as of yet received little examination. Specifically, it will focus on individuals and entities
that may take out loans in a low interest rate yielding country in order to take advantage of the
failure of the UIP. This is an idea that harkens back to Froot and Thalor (1990)’s original story of
the uncle in the import-export business rather than the investment houses that have easier

access to international trading markets.

Carry Trade Basics: Two Forms of Taking Part in the Carry Trade

The basic concept behind conducting a carry trade is built behind taking advantage of
the interest rate differential between two countries while betting that the exchange rate will
not wipe out this advantage. As noted above the failure of the UIP is a noted phenomenon so
this is not necessarily a bad bet. The key, however, is to find currencies that are known to have

low volatility. Bhansali (2007) found that typically there was a positive correlation between

! Froot and Thalor (1990), p. 188
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volatility and the interest rate differential. Therefore, if one were to simply find a large interest
rate differential from which to conduct a carry trade that would not be enough, because the
corresponding high volatility can easily wipe out the gains. Conducting a carry trade then
requires both an interest rate differential as well as low volatility in the exchange rate.

There are two main methods for which to conduct a carry trade.? The first is the most
straight forward, the trader borrows money from a stable low interest rate bearing currency
(known as funding currencies) then lends to a stable high interest rate bearing currency (known

as target currencies). Burnside et al. (2006) formalize the basic concept as follows:

>0 ifr<r*
Y = - (2.3)
<0 ifr*<r
where Y, is the amount of a particular currency borrowed and the payoff in that particular
currency is as follows:
o 1
yt St(1+rt )__(1+n) (2-4)
t+k

where S, is the exchange rate or spot rate. Within this structure if there is no change in the spot

rate, then the trader would profit from the full difference in the interest rate. This is the main
methodology focused on within this paper.

Within much of the literature, the second method is typically preferred as this is the
likely method used by investment houses which seek to take advantage of the arbitrage

opportunity in order to turn a profit. Gelati, Heath, and McGuire (2007) note that the definition

2 The second method focuses mainly on the currency itself and essentially makes the same bet by
focusing on the forward rate versus the current spot rate. The forward rate can be written as follows:

_ e aliw)
f,=se
The trader then would sell short or go long in a currency based on how the forward rate deviated from

the spot rate. Both of these methods take advantage of the same phenomenon, however, this paper will
not focus on the second method.
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of a carry trade is, however, technically wide enough in order to include a host of other activity,
such as household borrowing in a lower yield currency to finance domestic assets, such as a
mortgage. Much like the behavior of household borrowing this paper is looking at corporate

borrowing that would also not unwind quickly in the face of the collapse of the carry trade.

Japan'’s Role with the Carry Trade

For nearly two decades, Japan has had interest rates at near zero levels, while having a
fairly stable currency. Ranaldo and Soderlind (2010) note that the Japanese Yen also exhibits
‘safe haven’ properties, meaning that investors tend to flock towards it during down turns, thus
causing the yen to behave countercyclical to the stock market in the United States. For example,
when the U.S. stock market rallies, the yen tends to weaken and vice versa. These stylized facts
have made the Japanese Yen a popular funding currency for carry trade activity. Therefore it is
not unreasonable to analyze data concerning the Japanese Yen for research on the carry trade.

Gagnon and Chaboud (2007) focused on the Japanese Yen while conducting research
into the carry trade. The main focus on their paper, however, was on the foreign exchange
market rather than the traditional loan market. In other words, they focused on the second
method mentioned above. They set up a two country model which consisted of Japan and the
rest of the world. While they acknowledged that there is a broad definition of what a carry
trade might entail, they settled on a simplified definition. Specifically, if an entity was long
foreign currency while shorting the yen, they held a carry trade position.

Gagnon and Chaboud (2007) used several different methods to measure the carry trade
with foreign currencies. They found that data concerning market prices showed some evidence
of carry trade activity, especially the cost of protection against movement in the yen. Market

volumes on the other hand provided little data. They also used balance sheet data to try to
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identify some carry trade positions; however, one can gain little from this particular information
besides how much risk these entities may have due to unwinding events. Looking at the foreign
exchange market alone, therefore, is not enough to gain a strong understanding of carry trade
activity.

Nishigaki (2007) also focused on the second method, mainly relying on the foreign
exchange market, as a mode of comparison to other related financial variables. He was mainly
concerned with whether movements in the carry trade could have negative consequences
concerning other financial variables. Though he found some evidence of the correlation
between some movements, he had to concede that the U.S. — Japan interest rate differential
may not have closed enough during the time period that the carry trade remained attractive to
speculators.

Focusing on the foreign exchange market is a fairly difficult task data collection wise.
Foreign exchange takes place across several different venues and markets and prices can change
drastically depending on the time of day as well as place. The data, for the most part, simply is
not there. Bank for International Settlements (BIS) data which both Gagnon and Chaboud
(2007) as well as Galati, Heath, and McGuire (2007) used is only available at low frequencies
despite being fairly consistent and comprehensive. Therefore both papers were only able to
find indirect evidence of the carry trade. Research regarding the carry trade using both interest

rate data and loan data appears to be for the most part unexplored.

Connecting the Interest Spread to Firm Behavior
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Theory

Since this paper is interested in the change in loan balances, the theory needs to
incorporate some of the stylistic differences from other papers that look at foreign exchange
markets. In a foreign exchange market paper, one of the main features is speed, or the idea
that one can swap positions in these markets fairly quickly. If there is a sudden change in the
interest rate differential, these individuals can arguably adjust their positions to reflect this
change relatively quickly.

If one chooses to take advantage of the carry trade through taking out loans, such as the
uncle did in the Froot and Thaler (1990) story, then one cannot change his or her position
particularly quickly. If the interest differential between Japan and the rest of the world
collapses and one has borrowed from Japan and invested elsewhere in the world, it may be
difficult to reposition his or her assets to pursue more profitable avenues. Furthermore
converting money between currencies as well as moving it between countries can lead to high
transaction costs. Therefore, it is unlikely that one would take advantage of the carry trade
when there is only a small difference in the interest rates. Therefore there is likely some
threshold where potential borrowers are indifferent in taking advantage of the carry trade.
Above the threshold they would slowly become more and more interested in taking out loans in
Japan and investing the money outside Japan. Below the threshold, however, they would
become less interested and start letting the loans run their course while not taking out new
ones.

Based on the above concept | can make a prediction concerning the levels of loans in
Japan based on the difference between home and foreign interest rates. The following equation

summarizes this:
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(3.1)

[1+i,*/1+ it]]ﬂ

1+1

Et[h+A]=u[

where L represents the total loans outstanding, i * is the foreign interest rate (target currency),

I is the home interest rate (funding currency), and I is the interest rate differential which
represents the threshold. | can then take the natural log, by ignoring small cross terms, because

| only consider countries where interest rates are ‘low’. | can then derive the following:
E[l..—1]=A(*-i)- 4 =
Al =a+p(i,*—i,)+& where a=-p1 (3.2)
If the above story is true then, when the interest rate differential is zero, we would expect to
find the change in loans outstanding to be negative, ora < 0. If @ = 0 then it would be the case

that people would take advantage of the interest rate differential no matter how miniscule it

was. Additionally, when the interest rate differential is large ( it *—it is positive), then we would

expect the change in the loans outstanding to be positive, or f > 0.

Data

The interest rate data comes in the form of two separate types: the central bank target
rate and the interbank loan rate. The advantage to using the target rate data is that it is
relatively easy to acquire for nearly every country, thus allowing for easier comparison with all
of Japan’s major trading partners. The disadvantage of using that data, however, is that target
rates are just that, targets. They typically do not move particularly often and may not be
indicative of what firms or individuals face when acquiring a loan, thus leaving open the

possibility of inaccuracies.
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In order to try and match the likely loan rate that a firm or individuals might be subject
to, | also used interbank loan rates to build a multilateral interest rate differential. Specifically, |
used the 3-month London Interbank Offer Rate (LIBOR)®. LIBOR data is high frequency data that
catches more subtle interest rate demands for its member currencies. The LIBOR specifically
focuses on the going rates of cross-currency interbank loans and thus may be more accurate at
catching the rates faced by foreign firms and individuals outside Japan. One disadvantage of
using the LIBOR rates is that the Japanese Yen is the only Asian currency available. This means
that many of Japan’s major trading partners are not represented and thus may lead to a missing
data problem. Another possible disadvantage concerns the manipulation of this rate by bankers
brought to light in recent news. It is unclear; however, if this manipulation will have any impact
on the results, as it is unlikely that these rates would have strayed far from their free market
values. Therefore | use both the target rates and LIBOR for robustness.

The outstanding loans data is from the Bank of Japan monthly time series data. The
Bank of Japan breaks banks down into four different categories: Domestically Licensed Banks,
Foreign Banks in Japan, Shinkin Banks, and Other. For the purpose of this paper there will be a
focus on Domestically Licensed Banks and Foreign Banks in Japan. The remaining two categories
make up a fairly small portion of the loan market, 12% and 6% respectively.

The Bank of Japan recorded the loan data at the end of each month in millions of yen via
survey form. They included “bills discounted, loans on bills, loans on deeds, and overdrafts, and
[excluded] call loans, bills bought, and foreign exchanges.”* Furthermore they also excluded
loans to the central government in the data. For corporate loans, they included all loans to
corporations for domestic use as well as all loans to households which are identified as having a

business purpose. Offshore accounts are also not represented in the data.

3 Data from Trading Economics
4 Bank of Japan. “Explanation of Summary Statistics.”
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Since the loan data for use overseas was not broken down by country, | decided not run
a regression on a country by country basis. Therefore | created a trade weighted foreign
interest rate for Japan based on both the foreign target rate and the LIBOR. The Japanese trade
statistics come from the Japanese Ministry of Finance. In both cases, | created trade weights by
summing both imports and exports with Japanese trade partners. Eurozone members formed a
special case and | included trade with member nations as they adopted the Euro as their official
currency. | calculated the trade weights and applied them on a monthly basis.

| also retrieved the yen index from the Bank of Japan. The Bank of Japan calculates the
yen index daily and it is a nominal effective exchange rate of the yen calculated based on
effective exchange rates released by the Bank of International Settlements (BIS).> Since
exchange rate data was consistently available for dates which occurred early in the month®, |
matched these values with the preceding month of the loan data, which is calculated at the end
of the month.

| used a stock market index represented by the NIKKEI 225 which is Japan’s primary
index.” The index operates daily therefore for the purpose of this paper the values used were
those representing the close of the market on the first business day of each month. | retrieved
the unemployment rate data from Trading Economics. It represents official numbers released
by the Japanese government. They release the unemployment rate data monthly based on the

last day of the month.?

5 Bank of Japan. “Financial Markets: Notes on Statistics”

6 The exchange rate data included several dates taken throughout the month; however, while the dataset
was consistent with providing the exchange rate data for the first business day of the month, it was not
consistent in providing data past the 20™" of any given month. Therefore, | chose to use the exchange rate
data taken from the first working day of the following month to match with other data which was
gathered at the end of the current month.

7 Data from Trading Economics

8 Data from Trading Economics
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Methodology

The core equation in the theory assumes that the change in the loan value is directly
related to the interest rate differential during the period before hand and nothing else. As this
equation essentially follows an AR(1) process, the easiest way to test it is to use OLS. One
concern, however, is the presence of serial correlated residuals. In order to minimize this
particular problem, | analyzed the data using a Prais-Winsten estimator® on the following
equation:

ALOANS,, = & + B(i, *—i,) + 7,AJPYLIBOR, + ,AFORTARGET, + 7,AYENINDEX, 53
+ 7,ASTOCKMKT, + 7, AJOBLESS, + ¢,

The core equation remains intact while | have added additional related right hand side variables.
Of these additional RHS variables, the first two include related interest rate variables the Yen
LIBOR rate (AJPYLIBOR ) and the trade weighted foreign target rate (AFORTARGET ). |
also included additional RHS variables that are measured at a high enough frequency, Stock
Market (ASTOCKMKT ), and Jobless Rates (AJOBLESS ), to try and capture some of the
business cycle movements.

Furthermore, | added the nominal effective exchange rate (AYENINDEX ) as well.
This is to check and see whether or not those who take out loans take movements in the
exchange rate into account. One of the keys to this particular argument is that the best
predictor of the exchange rate is a random walk, therefore, given that knowledge, one would

expect that the exchange rate would not be significantly correlated to outstanding loans.

9 Since | am using monthly data and there is some concern about serial correlation over several periods,
for robustness | also ran OLS with Newey-West standard errors with a maximum lag order of 12. The
results may be found in Appendix B.

10 For concerns that these and other RHS variables may impact the overall results of the paper, please see
Appendix C
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| ran an autocorrelation function (over a period of 24 months) on each of the data sets.
The interest rate differential possessed correlograms which converged geometrically to zero'®.
Furthermore the majority of the loan data showed very little signs of autocorrelation, staying at
near zero levels throughout the correlograms. The exception was ALOANS , for both total and
corporate loan balances held within Domestically Licensed Banks, which both had fairly choppy
autocorrelations (showing spikes every quarter). This suggests that for these two data sets that
a AR(1) estimator may not be the best estimator; however, further robustness tests'? show no
significant change in the overall result. The additional RHS variables all showed very little signs
of autocorrelation, and thus can be included within the AR(1) process.

It is also necessary to test for stationarity. Therefore unit root tests were run on all of
the variables'® as well as the residuals for all of the regressions. With the exception of i * —i 14,
there were no unit roots present in the remaining variables nor the residuals from each
regression. While this may seem like a problem, | also tested the residuals for unit roots and
found them to have none. Therefore all of the results are still valid.

Of further consideration is the time period. The Bank of Japan collected the outstanding
loan data monthly beginning in October of 2000 and continued to provide the data through the
financial crisis of 2008. The financial crisis is a large atypical event which would have additional
impact on the data at hand, so the question that remains is whether to include it or not. The
advantage of including the financial crisis, is that it includes the time period in which the interest
rate differential was essentially wiped out, something that had not really occurred in the period
prior. The disadvantage, however, is that the conditions that make a carry trade viable change

radically after the financial crisis. In particular the requirement that the value of the yen remain

11 This is true whether i * —i is calculated using target rates or the LIBOR.

12 See Appendix B

13 The results for these tests are available in the Appendix D

141n the case of the interest rate differential, | was unable to reject the null at the 10% level in any test.
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relatively stable was no longer in effect. The rising value of the yen, in the months following the
crisis made the carry trade a losing venture regardless of the interest rate differential.
Therefore it is not particularly viable to use a time period that spans both before and after the

financial crisis.®

Results

Table 3 looks at the results for loans taken out from domestically licensed banks.® For
total and corporate loans (which make up of 80% of the total), there was a strong statistical
significance in the direction predicted by the model at the 1% level in the case of the constant
and the 5% level in the case of the interest rate differential. The one caveat here is that this
impact is very small, only causing a change of roughly .1~.25% of the total loan values. The Bank
of Japan designated these loans for ‘domestic purposes’, which means that in theory borrowers
used them within the Japanese market. Since Japan was a net exporter during this time period
and its interest rate hardly changed as well, it could be that the rise in foreign interest rates
were accompanied by strength in foreign markets, thus increasing the demand for Japanese
goods. This could lead to an expansion in Japanese industry and thus an increase in Japanese
corporate loans for domestic purposes.

As for the other RHS variables concerning Japanese corporate loans, it is not surprising
to see some significance associated with the yen LIBOR rate. The correlation in this particular
case is positive, which indicates that a rise in the interest rate the previous period is then
followed by an increase in the amount of corporate loans in the following period. This implies

that if the interest rate increased during the previous period then the amount of loans

15 See Appendix F for more details and verification that this is what appears to happen.
16 See Appendix A for LIBOR Rates: There is no difference in the results for these two tables.
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outstanding also increased. While this may seem counter-intuitive, this could still be reflective
of change in the demand for loans. In this particular data set, we see upward and downward
trends when it comes to outstanding loan balances, therefore if the demand for loans increased
in the previous period, it would be more likely to increase in the following period. If an increase
in demand causes the interest rate to rise, then continuous increases in demand for loans would
be paralleled with a continuous increase in the interest rate, thus causing the estimator to show
a positive correlation.

Also of note, the change in the Jobless rate was shown to be negatively correlated
(significant at 5%) to the change in total and corporate loans from domestically licensed banks.
This indicates that there may be a wave of hiring that occurs prior to an increase in outstanding
loans. This supports both the idea that an increase in the amount of loans is related to
corporate productive capability possibly spurred by strengthening in foreign markets as well as
the idea that there may be some small delay between taking out a loan and having it reflect on
the balance sheet.

Overseas accounts, on the other hand, could be directly related to the carry trade-like
behavior. Since this is data from domestically licensed banks, the majority of these accounts
should be held by Japanese nationals. The correlation is quite strong in this particular case and
is significant to the 1% level. This means that as the interest rate differential between Japan and
the rest of the world widens more loans are taken out in Japan to be used in the rest of the
world. This suggests that the yen carry trade does play some role, either directly or indirectly in
the Japanese loan market.

Also with the overseas accounts, the change in the yen index during the previous period
was also found to be significant (5% level). This is surprising since, historically, exchange rates

are very difficult to predict (the best predictor is a random walk). Therefore one would not
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expect individuals to change their loan behavior based on past exchange rate movement. It
could, however, be simpler than this. The data suggests that as the yen becomes more valuable,
the change in the stock of overseas accounts declines. It may simply be that because the yen
became more valuable in comparison to other currencies the yen amount required for repaying
overseas loan accounts declined. This is due to the fact that when the loans were converted
into foreign currency, they simply did not need to borrow as much yen, or could further pay
down their loans.

Table 4 looks at the loan breakdown for foreign banks operating in Japan for data that
does not include the financial crisis. The expectation is slightly different for these banks as they
are likely to have a much higher amount of foreign clients than their domestically licensed
counterparts. Due to this multinational clientele, it is possible that even loans taken out for
domestic purposes may be influenced by the interest rate differential, though this is likely to be
more corporate driven than individual driven. In this particular case, though the direction of the
signs reflect the model, the results from the Prais-Winsten estimation are not significant at the
10% level.’ This suggests that foreign banks could be less susceptible to these Japanese
variables.

Similar to their counterparts at domestically licensed banks, overseas accounts operated
by foreign banks would also be a good place to look for carry trade like activity. It is notable
then that though the signs still match, neither the interest rate differential nor the nominal
effective exchange rate seems to have any strong correlation with these accounts. This implies
that though then yen carry trade may be discussed in foreign countries, foreigners do not view

the effort of taking loan directly out from Japan to be a worthwhile endeavor.

17 Though it does not meet the 10% threshold in the Prais-Winston estimation, it does do so in when using
OLS with Newey-West standard errors. See Appendix B for more details.
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Discussion and Conclusion

When looking at loan behavior that takes place within foreign banks operating in Japan
there is weak support for correlation between movements in the loan balances and the interest
rate differential. This is especially true when looking at loans taken out at foreign banks for use
overseas. While foreign corporations in Japan may be in prime position to take advantage of
carry trade like behavior, it does not appear that their decision making, at least in regards to
banking in Japan takes advantage of this.

That is not to say that this behavior does not occur, as neither off-shore accounts nor
other yen denominated loans occurring outside Japan have been included in the data set. It
may be that foreign companies willing to take advantage of low Japanese interest rates may find
that taking out a loan directly from Japan may not be worth the cost, especially since they may
be able to take out yen denominated loans in other major financial centers such as London.
What is clear, however, is that there is not a significant amount of these types of loans
originating in the Japan mainland that are correlated with the interest rate differential.

Outstanding corporate loans from foreign banks in Japan, where the money is staying in
Japan, does show some signs of correlation with the interest rate differential. From the
regression | calculate that the interest rate differential would need to be just under 4% to entice
corporations to take advantage of the carry trade. Furthermore looking at Figures 10 and 11, it
is possible that this activity is related to the carry trade. However, the Bank of Japan indicated
that these loans were taken out in Japan for use in Japan, which by definition is not carry trade
activity. Therefore if this is related then | must assume that companies are misreporting or
using other accounting tricks to hide their true behavior. As this is unlikely to be occurring on

such a large scale to show up in the data, it is far more likely that another scenario is playing out.
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The most likely reason for domestic loans to move in relation to the interest rate
differential is due to the nature of Japan’s export oriented economy. A large interest rate
differential indicates two things. First the foreign economy is relatively strong compared to
Japan, which means more demand for Japanese exports. Second it is relatively cheaper to
borrow in Japan in order to meet the rise in foreign demand. Therefore it is not surprising to
see a large interest rate differential lead to an increase in the amount of domestic loans being
taken out, especially by corporations, while a small interest rate differential leads to a decrease
in the amount of domestic loans taken out.

Furthermore the significance concerning both the total and corporate loans from
domestically licensed banks must also be received with a fair amount of scrutiny. First and
foremost, looking at Figures 2 through 5, | doubt that the movement is heavily related to the
carry trade. This is further compounded by the fact that the regression implies that the interest
rate differential would need to be greater than 4.5% (4.8% for Corporate) before these borrows
would take advantage of it. Finally, despite the strong statistical significance, the coefficients
were incredibly small, about one tenth what was seen with both overseas and foreign domestic
loans. Granted this could be due to the incredibly large size of these loan totals in comparison
to the others, but these are small movements of about one tenth of a percent. The reasoning
behind this significance, however, likely mirrors that concerning loans taking out at foreign
banks for domestic purposes. This significance may reflect, that Japanese production is more
competitive when the interest rate differential is high.

There is evidence, however, that there was some carry trade behavior taking place
concerning overseas loans provided by domestically licensed banks. | calculate that the interest
rate differential would need to be just over 3.7% before these borrowers take advantage of it.

Furthermore, Figures 6 and 7 show additional support in favor of the carry trade having an
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impact. In this particular case, the yen effective exchange rate stayed relatively stable and the
correlations when looking at both the target interest rate and LIBOR rate differentials were
highly significant. This could be a mirror of what was happening concerning the domestic loans
where a strong economy overseas was leading to increased invest both at home (for exporting)
as well as overseas. This, however, is the very nature of the carry trade, borrowing from a place
of low interest rates (in this case the home country) and investing overseas where there is a high
return.

Overall, | find some support for carry trade behavior influencing loan balances in Japan.
The strongest of this support comes within the accounts of domestically licensed banks,
specifically those loans for use overseas. Furthermore, there is some weak support concerning
corporate loans given out by Foreign Banks operating in Japan. Including data from during and
after the financial crisis weakens the finding, indicating that the paradigm changed in its wake.
This is likely due to the previously fairly stable Japanese yen gaining significant value against
other currencies, thus substantially increasing Japanese purchasing power concerning foreign
goods.

Given the predictability of the failure of the UIP and Japan’s long history of a funding
currency, it is unexpected to find very little evidence of carry trade behavior occurring at foreign
banks in Japan. It must be noted that the data only included loans which originated from the
Japanese islands, therefore | cannot come to any conclusion concerning offshore accounts. This
could explain the complete lack of significance associated with overseas loans from foreign
licensed banks, as foreigners may find it prohibitively expensive to travel to Japan for the
purpose of taking advantage of the carry trade. Therefore it may theoretically be possible for
this behavior to be occurring in significant amounts on a global level despite the lack of

compelling evidence from within Japan.
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Interest Rate Differential Data

Figure 1.1
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Table 1.1: Country Data for Interest Rates

Target Interest Rate LIBOR

United States United States

Canada Canada

Eurozone* Eurozone*

United Kingdom United Kingdom
Switzerland

China

Chinese Taipei

Hong Kong

South Korea

Thailand

Singapore

Australia Australia

Saudi Arabia

*Eurozone: Austria, Belgium, Cyprus(2008), Finland, France, Germany, Greece (2001), Ireland,
Italy, Luxemburg, Malta (2008), Netherlands, Portugal, Slovakia(2009), Slovenia (2007), Spain

Table 1.2: Trade Shares by Index

Country Target Rate (2000)  Target Rate LIBOR (2000) LIBOR (2010)
(2010)

United States 32.7% 17.0% 58.4% 42.8%

Canada 2.4% 1.9% 4.2% 4.9%

Eurozone 13.4% 11.2% 23.9% 28.3%

United 3.2% 1.8% 5.7% 4.6%

Kingdom

Switzerland 1.5% 3.4%

China 14.1% 29.1%

Chinese Taipei  8.2% 7.4%

Hong Kong 4.3% 3.8%

South Korea 7.5% 9.0%

Thailand 3.7% 5.4%

Singapore 4.2% 3.3%

Australia 3.5% 6.4% 6.3% 16.1%

Saudi Arabia 2.8% 3.6%
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Table 1.3: Domestic Banks - Loans Total (Target Rate): Prais-Winsten Results

ALOANS =+ (i *~i )+ 7 AJPYLIBOR +y AFORTARGET + 7 AYENINDEX_ + ASTOCKMKT + 7 AJOBLESS + &

Variable Total Corporate Overseas
Constant **%_.0075161 **k*_0117174 **%_.0313649
(.0026312) (.0038522) (.0106413)

i*-i (t) ** 0016715 **.0024362 *** 0084365
(.0007067) (.0010344) (.0028592)

dJPY Interest Rate (LIBOR) ** 0372133 **.0480123 .0596303
(.01455) (.0208662) (.0416623)

dFor. Interest Rate (Target) .0022111 .0042722 .0232311
(.0062392) (.009017) (.0203874)

d Yen Index (t) .0544278 .0353344 **.5910748
(.080859) (.1163212) (.2341221)

d Stock Mkt Index (t) -.0009913 .0032148 .0165614
(.0137005) (.0197521) (.041463)

d Jobless (t) **_.0148997 *..0163252 -.0075241
(.0068379) (.0097882) .0193704)

Observations 93 93 93
Adj. R-squared .1849 .1426 4291
Durbin-Watson 2.097886 2.080614 2.001615

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i *—i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from domestically

licensed banks in Japan
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Table 1.4: Foreign Banks - Loans Total (Target Rate): Prais-Winsten Results

ALOANS = a+ f3(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + y, ASTOCKMKT + y AJOBLESS + &

Variable Total Corporate Overseas
Constant *-.0336745 *-,0313366 .0134349
(.0195912) (.0062653) (.0154694)

i*-i (t) .0080195 .0078962 -.0032572
(.00526) (.0050385) (.0041645)

dJPY Interest Rate (LIBOR) .004304 -.0199879 .1216209
(.0669601) (.0739788) (.0922312)

dFor. Interest Rate (Target) .0383317 .0236755 -.0018756
(.0346156) (.0363349) (.0382473)

d Yen Index (t) -.0175803 -.3291981 *%.1.181452
(.3750402) (.4141707) (.4885332)

d Stock Mkt Index (t) -.0732475 -.0922576 .0073438
(.0715122) (.0772382) (.0839099)

d Jobless (t) -.0066693 -.0118035 -.0327869
(.0309353) (.0342848) (.0414721)

Observations 93 93 93
Adj. R-squared .3940 4442 .4333
Durbin-Watson 2.078188 2.041155 2.089536

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from foreign banks

in Japan

Table 1.5: Residuals: DF-GLS Unit Root Test (Min SC)

RHS Variable in the Regression Lags Test Statistic
Domestic Loans 2 **%.4.343
Domestic Loans (Corporate) 2 ***.4.677
Domestic Loans (Overseas) 1 **%*.5.352
Foreign Loans 1 **%.4.938
Foreign Loans (Corporate) 1 **%.4.990
Foreign Loans (Overseas) 2 ***.3.432

* unit root is rejected at the 10% level, ** unit root is rejected
at the 5% level, *** unit root is rejected at the 1% level

37



Figure 1.2: Change in Loan Balance vs. i*-i (Domestic: Total Loans)
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Figure 1.3: Loan Balance vs. i*-i (Domestic: Total Loans)
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Figure 1.4: Change in Loan Balance vs i*-i (Domestic: Corporate Loans)
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Figure 1.5: Loan Balance vs. i*-i (Domestic: Corporate Loans)
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Figure 1.6: Change in Loan Balance vs. i*-i (Domestic: Overseas Loans)
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Figure 1.7: Loan Balance vs. i*-i (Domestic: Overseas Loans)
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Figure 1.8: Change in Loan Balance vs. i*-i (Foreign: Total Loans)
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Figure 1.10: Change in Loan Balance vs. i*-i (Foreign: Corporate Loans)
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Figure 1.11: Loan Balance vs. i*-i (Foreign: Corporate Loans)
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Figure 1.12: Change in Loan Balance vs. i*-i (Foreign: Overseas Loans)
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Figure 1.14: Residuals Over Time: Domestic: Total Loans
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Figure 1.16: Residuals Over Time: Domestic: Overseas Loans
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Figure 1.17: Residuals Over Time: Foreign: Total Loans
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Figure 1.18: Residuals Over Time: Foreign: Corporate Loans
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Appendix A: LIBOR data

Table 1.6: Domestic Banks - Loans Total (LIBOR): Prais-Winsten Results

ALOANS = a+ f3(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + y, ASTOCKMKT + y AJOBLESS + &

Variable Total Corporate Overseas
Constant *** _0059894 ***_0096814 **_-.0229061
(.0021474) (.0031307) (.0090824)
i*-i (t) ** 0014017 ** 0021016 **.0068832
(.0006364) (.0009278) (.0027012)
dJPY Interest Rate (LIBOR) *** 0385091 ** 0496234 .0600313
(.0149515) (.0208414) (.0417324)
dFor. Interest Rate (Target) .0014623 .0032474 .0232207
(.0062653) (.0090283) (.020794)
d Yen Index (t-1) .0542882 .0356602 ** _ 5739867
(.0813797) (.1167543) (.2346059)
d Stock Mkt Index (t-1) -.0017356 .0023469 .0119971
(.0137542) (.0197737) (.0417001)
d Jobless (t-1) **_017886 *..0163323 -.0069748
(.0072085) (.0098103) (.0193396)
Observations 93 93 93
Adj. R-squared 1778 . 1386 .3613
Durbin-Watson 2.085787 2.072471 2.011190

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using the LIBOR and the
RHS variables represent the change in outstanding loan levels taken out from domestically
licensed banks in Japan
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Table 1.7: Foreign Banks - Loans Total (LIBOR): Prais-Winsten Results

ALOANS = a+ f3(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + » ASTOCKMKT + 7 AJOBLESS + &

Variable Total Corporate Overseas
Constant -.0213335 -.0217125 .0134349
(.0162073) (.0152642) (.0154694)
i*-i (t) .0052067 .0040617 -.0032572
(.0048208) (.0045448) (.0041645)
dJPY Interest Rate (LIBOR) .0041118 -.0181026 .1216209
(.0671745) (.0741631) (.0922312)
dFor. Interest Rate (Target) .038442 .0223039 -.0018756
(.0349238) (.0364787) (.0382473)
d Yen Index (t-1) -.0221988 -.3426858 ** _1.181452
(.3761832) (.4157316) (.4885332)
d Stock Mkt Index (t-1) -.079941 -.0979843 .0073438
(.0718715) (.0775047) (.0839099)
d Jobless (t-1) -.0061162 -.0114203 -.0327869
(.0310294) (.0344018) (.0414721)
Observations 93 93 93
Adj. R-squared .3868 4391 .4333
Durbin-Watson 2.082562 2.042788 2.089536

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using the LIBOR and the RHS
variables represent the change in outstanding loan levels taken out from foreign banks in

Japan

Table 1.8: DFGLS Residuals: Unit Root Test (Min SC)

RHS Variable in the Regression

Lags  Test Statistic

Domestic Loans
Domestic Loans (Corporate)
Domestic Loans (Overseas)

Foreign Loans
Foreign Loans (Corporate)
Foreign Loans (Overseas)

2 **%.4.173
2 **%.4.620
1 **%.4.902

1 **%.4.889
1 **%-4.934
2 *** 3,519

* unit root is rejected at the 10% level, ** unit root is rejected
at the 5% level, *** unit root is rejected at the 1% level
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Appendix B: Newey-West Standard Errors (12 Lags)
Table 1.9: Domestic Banks - Loans Total (Target Rate): OLS with Newey West Std. Errors

ALOANS = c+ fB(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + 7 ASTOCKMKT + 7 AJOBLESS + ¢

Variable Total Corporate Overseas
Constant ***-.0074424 ***_0116578 ***..0298723
(.0022114) (.0034943) (.0086962)

i*-i (t) *** 0016667 *** 0024525 *** 0079255
(.000539) (.0008318) (.0017887)

dJPY Interest Rate (LIBOR) *** 0365781 *** 044887 ** 0676256
(.0090285) (.0113011) (.0287998)

dFor. Interest Rate (Target) .0018833 .0042875 .0165684
(.0058133) (.0071773) (.0248775)

d Yen Index (t) .0930281 .084875 *-.7029108
(.0703959) (.1111239) (.3632606)

d Stock Mkt Index (t) -.0007174 .0038051 .0252314
(.0129489) (.0152781) (.0399663)

d Jobless (t) **..015305 *-.0173596 -.0077756
(.007052) (.0090451) (.0256436)

Observations 94 94 94

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from domestically

licensed banks in Japan
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Table 1.10: Foreign Banks - Loans Total (Target Rate): OLS with Newey-West Std. Errors

ALOANS = a+ f3(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + y ASTOCKMKT + y AJOBLESS + &

Variable Total Corporate Overseas
Constant **..0328647 *-.0314106 .0096686
(.0148237) (.0168195) (.0120093)
i*-i (t) *.00759 .0062111 -.0019924
(.0040462) (.0046044) (.0035906)
dJPY Interest Rate (LIBOR) .0576918 .0095019 .0472906
(.0552052) (.0550354) (.0690849)
dFor. Interest Rate (Target) .0081303 .0112953 .0198007
(.0081303) (.0620674) (.0575053)
d Yen Index (t) -.3330314 -.5033485 -.6208453
(.2697812) (.3294991) (.3896766)
d Stock Mkt Index (t) -.0380509 -.0732959 -.002271
(.0919956) (.1089917) (.0724788)
d Jobless (t) -.0114021 -.0138423 -.0251591
(.0231269) (.0228398) (.0422274)
Observations 94 94 94

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i *—i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from domestically

licensed banks in Japan
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Appendix C: Right Hand Side Variable Impact

Table 1.11: Domestic Banks - Total Loans (Target Rate): Prais-Winsten Results

ALOANS = =a+ B(i *—i)+y AJPYLIBOR + y AFORTARGET + y AYENINDEX + y ASTOCKMKT + y AJOBLESS + ¢

Variable Total Total Total
Constant **%.0072171 **%_.0068468 ***.0075161
(.0027438) (.0025625) (.0026312)

i*-i (t) **.0016327 **,0015057 **.0016715
(.0007277) (.0006827) (.0007067)

dJPY Interest Rate (LIBOR) **.0356686 **.0372133
(.0142131) (.01455)

dFor. Interest Rate (Target) .0051577 .0022111
(.0059682) (.0062392)

d Yen Index (t) .0544278
(.080859)

d Stock Mkt Index (t) -.0009913
(.0137005)

d Jobless (t) *%..0148997
(.0068379)

Observations 93 93 93
Adj. R-squared .0874 .1638 .1849
Durbin-Watson 2.082213 2.126219 2.097886

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i *—i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from domestically

licensed banks in Japan
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Table 1.12: Domestic Banks - Corporate Loans (Target Rate): Prais-Winsten Results

ALOANS =+ (i *~i )+ 7 AJPYLIBOR +y AFORTARGET + 7 AYENINDEX_ + ASTOCKMKT + 7 AJOBLESS + &

Variable Corporate Corporate Corporate
Constant **%_.0113907 **%_.0109888 **%_0117174
(.0039722) (.0037123) (.0038522)

i*-i (t) ** 0024029 ** 0022621 **.0024362
(.0010539) (.000989) (.0010344)

dJPY Interest Rate (LIBOR) ** 0454295 **.0480123
(.0201325) (.0208662)

dFor. Interest Rate (Target) .0078921 .0042722
(.008538) (.009017)

d Yen Index (t) .0353344
(.1163212)

d Stock Mkt Index (t) .0032148
(.0197521)

d Jobless (t) *..0163252
(.0097882)

Observations 93 93 93
Adj. R-squared .0813 .1443 .1426
Durbin-Watson 2.057171 2.098588 2.080614

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i *—i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from domestically

licensed banks in Japan
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Table 1.13: Domestic Banks - Overseas Loans (Target Rate): Prais-Winsten Results

ALOANS =+ (i *~i )+ 7 AJPYLIBOR +y AFORTARGET + 7 AYENINDEX_ + ASTOCKMKT + 7 AJOBLESS + &

Variable Overseas Overseas Overseas
Constant ***..0340314 **%*.0339177 ***..0313649
(.0117429) (.0119232) (.0106413)

i*-i (t) *** 0093463 *** 009373 *** 0084365
(.0031374) (.0031882) (.0028592)

dJPY Interest Rate (LIBOR) .0377068 .0596303
(.0407284) (.0416623)

dFor. Interest Rate (Target) *.035681 .0232311
(.020759) (.0203874)

d Yen Index (t) **_5910748
(.2341221)

d Stock Mkt Index (t) .0165614
(.041463)

d Jobless (t) -.0075241
.0193704)

Observations 93 93 93
Adj. R-squared .3256 .3382 4291
Durbin-Watson 2.011687 2.019554 2.001615

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i *—i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from domestically

licensed banks in Japan
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Table 1.14: Foreign Banks - Total Loans (Target Rate): Prais-Winsten Results

ALOANS = a+ f3(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + y, ASTOCKMKT + y AJOBLESS + &

Variable Total Total Total
Constant **.,034808 *..035384 *.,.0336745
(.0173463) (.0181289) (.0195912)

i*-i (t) *.0082902 *.00855 .0080195
(.0046246) (.0048441) (.00526)

dJPY Interest Rate (LIBOR) .0106441 .004304
(.0652538) (.0669601)

dFor. Interest Rate (Target) .0325111 .0383317
(.0330318) (.0346156)

d Yen Index (t) -.0175803
(.3750402)

d Stock Mkt Index (t) -.0732475
(.0715122)

d Jobless (t) -.0066693
(.0309353)

Observations 93 93 93
Adj. R-squared 4148 .4073 .3940
Durbin-Watson 2.058074 2.069429 2.078188

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from foreign banks

in Japan

54



Table 1.15: Foreign Banks - Corporate Loans (Target Rate): Prais-Winsten Results

ALOANS = a+ f3(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + y, ASTOCKMKT + y AJOBLESS + &

Variable Corporate Corporate Corporate
Constant *..0341583 *..0352491 *-.0313366
(.0173408) (.0182209) (.0062653)

i*-i (t) .0071279 .0075497 .0078962
(.0046212) (.0048699) (.0050385)

dJPY Interest Rate (LIBOR) -.0305885 -.0199879
(.0716491) (.0739788)

dFor. Interest Rate (Target) .0255834 .0236755
(.035114) (.0363349)

d Yen Index (t) -.3291981
(.4141707)

d Stock Mkt Index (t) -.0922576
(.0772382)

d Jobless (t) -.0118035
(.0342848)

Observations 93 93 93
Adj. R-squared .4640 4526 .4442
Durbin-Watson 2.025958 2.044505 2.041155

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from foreign banks

in Japan
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Table 1.16: Foreign Banks - Overseas Loans (Target Rate): Prais-Winsten Results

ALOANS = a+ f3(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + y, ASTOCKMKT + y AJOBLESS + &

Variable Overseas Overseas Overseas
Constant .0089394 .0091615 .0134349
(.0165851) (.0166063) (.0154694)

i*-i (t) -.0014953 -.0015538 -.0032572
(.004417) (.0044367) (.0041645)

dJPY Interest Rate (LIBOR) .054948 .1216209
(.0932501) (.0922312)

dFor. Interest Rate (Target) .0167344 -.0018756
(.0390743) (.0382473)

d Yen Index (t) **.1.181452
(.4885332)

d Stock Mkt Index (t) .0073438
(.0839099)

d Jobless (t) -.0327869
(.0414721)

Observations 93 93 93
Adj. R-squared .4200 4116 .4333
Durbin-Watson 1.999352 2.003867 2.089536

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from foreign banks

in Japan
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Appendix D: Unit Roots

| used the demeaned DF-GLS to test for the presence of unit roots in this paper. Since
the data is monthly data, it would be standard to select a lag length of 12, especially if one were
concerned with seasonality. This dataset, however, is very short for monthly data, and selecting
12 lags causes a significant loss in power as it exceeds the maximum lag specified by the Schwert
Criterion (SC) or Bayesian information criterion. | did not find strong spikes at the 12 or 24
months for the correlograms for any of the data, nor did | find any other strong evidence for
seasonality in the data. Therefore | feel it is appropriate to select a lag length shorter than 12
month in this case. | chose the lag length which most often represented the minimum SC.

Table 17 shows the results of the DF-GLS test conducted on the variables in levels. In
this particular case the null is not rejected indicating that a unit root is present. This implies that
| can then difference the variables and then use them in the equation as indicated in the body of
the paper. Table 18 shows the results of the DF-GLS test conducted on the variables in
differences as well as the two interest rate differentials. In this case, | find that all of the
variables are stationary, except for the interest rate differential. Theoretically the interest rate
differential should be stationary as well, and other papers, especially those focused on
uncovered interest parity, have used the interest rate differential in a similar fashion. This
should not impact the overall validity of the test especially since the results of the unit root test

on the residuals (Table 5) show that they are stationary as well.

57



Table 1.17: Variables in Levels: DF-GLS Unit Root Test (Min SC)

Lags Test Statistic
Domestic Loans 3 -0.413
Domestic Loans (Corporate) 6 -0.08
Domestic Loans (Overseas) 1 -0.694
Foreign Loans 1 -0.722
Foreign Loans (Corporate) 1 -0.158
Foreign Loans (Overseas) 1 0.391
Libor Interest Rate (Japan) 1 -0.33
Target Interest Rate (Foreign) 3 -1.088
Yen Index 1 -0.436
Stock Market Index 1 -1.197
Jobless Rate 1 -0.489

* unit root is rejected at the 10% level, ** unit root is rejected at
the 5% level, *** unit root is rejected at the 1% level

Table 1.18: Variables in Differences: DF-GLS Unit Root Test (Min SC)

Lags Test Statistic
dDomestic Loans 2 **%.3.305
dDomestic Loans (Corporate) 5 *¥*_.2.252
dDomestic Loans (Overseas) 1 **%.5.062
dForeign Loans 1 **%.4.829
dForeign Loans (Corporate) 1 **%.4.767
dForeign Loans (Overseas) 1 **%.7.936
i*-i (Target) 3 -0.997
i*-i (LIBOR) 1 -0.568
dLibor Interest Rate (Japan) 1 **%.4.925
dTarget Interest Rate (Foreign) 1 **%.2.800
dYen Index 2 **x .2.891
dStock Market Index 1 *** .5.874
dJobless Rate 1 *** .8.434

* unit root is rejected at the 10% level, ** unit root is rejected at
the 5% level, *** unit root is rejected at the 1% level
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Appendix E: Accounting for Outliers

Accounting for outliers in the data can be very important as they can have a large
impact on the linear estimator, especially in smaller datasets. One, however, needs to be very
careful when addressing outliers, as they may actually be explained by the RHS variables and
you may also lose some explanatory power if you omit them needlessly. Within the time series
data in this paper, there was at least one outlier that showed up in every regression and | tried
to take great care when addressing them.

The outlier statistics can be found in Table 19. The outliers listed in the table all pretty
much follow a particular pattern. All of them have studentized residual values of at least 2.5
and they all had high Cook’s Distance and DFITS values, which indicate that they can all have an
impact on the overall fit; however, in most cases they also had low leverage values.

In every case, the outlier was not explained by the RHS variables and reappeared in the
residuals, so these movements do not appear to be explained by the data at hand. Therefore, to
cope with these outliers, rather than removing them from the data, | created time dummies to
simulate a shock for each of the corresponding outliers. Ultimately, controlling for these
outliers had very little impact on the overall results of the data, though they significantly

improved the overall fit of each regression.
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Table 1.19: Outlier Statistics

Date

Leverage

rstudent

Cook'sD

DFITS

Domestic
Apr-04

Domestic Corporate
Apr-04

Domestic Overseas
May-07

Foreign
Mar-02
Jun-04
Apr-06
Jun-07

Foreign Corporate
Mar-02
Jun-04
Apr-06
Jun-07

Foreign Overseas
Sep-01
Jun-04
Jul-04
Mar-07
Apr-07

> .17

0.101758

0.101758

0.076741

0.072769
0.046104
0.075907
0.037133

0.072769
0.046104
0.075907
0.037133

0.136984
0.046104
0.060292
0.163193
0.060832

>2

-2.71636

-2.57926

5.79178

3.067017
-2.88844
3.948757
-2.96333

3.14916
-2.61246
4.381804
-3.76173

2.736815
-3.10193
2.615271
3.514937
2.897904

>.042

0.111256

0.101095

0.28988

0.096169
0.053122
0.156691
0.044408

0.10085
0.044166
0.186327
0.067724

0.158051
0.060445
0.058747
0.304465
0.071617
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> .54

-0.91427

-0.86813

1.669797

0.859201
-0.63501

1.13173
-0.58194

0.882216
-0.57434
1.255843
-0.73873

1.090363
-0.68194
0.662445

1.55223
0.737527



Appendix F: Including the Financial Crisis

As previously mentioned in the body of the paper, there may be some advantages to
looking at data which included the financial crisis. Figure 1 shows that the interest rate
differentials fell to their lowest level following the crisis, and it is possible that | might be able to
get more interesting data concerning the carry trade if | include the data. There are caveats.
The yen strengthened in the wake of the crisis, which would not have been friendly towards
carry trade positions, and the yen’s safe haven properties would make it unlikely for the yen to
reverse the trend. It is also likely that the yen’s new found strength would have made the rest
of the world look cheap from the Japanese perspective and thus cause loan balances to move
contrary to carry movements. Despite these problems, | have decided to do so within this
appendix.

Table 20 examines the loan break down for domestically licensed banks for data that
includes the financial crisis. There are some significant changes here when compared to the
pre-crisis data. Once again the interest rate differential is found to be significant for both the
total and corporate outstanding loan categories, though not quite to the degree as before. The
crisis was accompanied by a strong decline in foreign demand; therefore if that is the driver, as
suggested above then it is not surprising to see a decline in loans for domestic (corporate)
purposes accompanying the crisis.

Overseas loans taken out from domestically licensed banks have completely lost their
significance though they maintain their signs. This means that while the data strongly matched
carry trade prior to the crisis, it no longer does so when including it. This implies that while the
interest rate differential declined substantially during the crisis, the outstanding loans for

overseas purposes either did not drop or possibly increased.
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Furthermore, for overseas loans, the significance concerning the change in the yen
index is still negative, but is only half as potent as it was in the pre-crisis only data. The
significance has also declined as well, now only reaching the 10% level. This implies that post-
crisis that there was now some aspect of the currency whereas the yen strengthened the
balance of the loans did so as well. Finally, the joint significance of this particular set of data
collapsed to near zero, suggesting that the additional post-crisis that more variables are
required to adequately explain what is going on. This may indicate that the relationship
discovered in Table 3 is either coincidental, or there is more going on here that is not readily
apparent in the data.

Table 21 examines the loan break down for foreign banks for data that includes the
financial crisis. There is a preferable result in Table 21 concerning total loans. The constant is
negatively correlated with outstanding loans and strongly statistically significant and the interest
rate differential is positively correlated with outstanding loans and statistically significant as well.
This, however, it not completely backed up by the data in Table 23. In Table 23 the picture for
total loans mostly intact however the significance has dropped off a bit. Though corporate loans
make up the bulk of the total loans, they fail to make the 10% significance level, despite the
proper signs. Therefore, as with the pre-crisis only data, there remains little evidence that the
carry trade has any impact on loans taken out at foreign banks.

That being said, it is undeniable that the financial crisis did impact the analysis. The
strong correlation when examining pre-crisis numbers almost completely evaporates during the
post crisis. At first glance one might consider the crisis as having a magnifying effect on the
carry trade. The crisis caused foreign interest rates to drop considerably, and the sharp rise in
the yen is indicative of the carry trade unwinding. Therefore if the main purpose of these loans

were to partake in the carry trade, they should have declined. The decline in the significance
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surrounding the yen index may shed some light on what happened. This implies that post
financial crisis that loan balances may have become positively correlated with the yen index,
thus individuals in Japan may have been borrowing to take advantage of lower prices in the rest
of the world. Given these findings, it is likely that this either negated or overwhelmed the carry
trade like behavior previously recorded. This also keeps in accordance with the carry trade

which operates best when exchange rates remain relatively stable.
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Table 1.20: Domestic Banks - Loans Total (Target Rate): Oct. 2000 - Aug. 2010

ALOANS = a+ f3(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + y ASTOCKMKT + y AJOBLESS + &

Variable Total Corporate Overseas
Constant **-.0049697 ***.,008552 -.0119307
(.0022612) (.0032572) (.0117599)
i*-i (t) *.0011022 *.0017444 .0042862
(.0006428) (.0009258) (.0033327)
dJPY Interest Rate (LIBOR) **,0299526 **.0397884 .0276646
(.0135067) (.0192575) (.042655)
dFor. Interest Rate (Target) -.0046584 -.006787 .0003647
(.0050842) (.0072825) (.0197619)
d Yen Index (t) *.1162474 *,1698942 *..3876151
(.0650215) (.0927306) (.2063)
d Stock Mkt Index (t) -.0094569 -.0073612 -.0099694
(.0120584) (.0172315) (.0408454)
d Jobless (t) -.0057775 -.0066398 -.0092241
(.0051526) (.0073563) (.0169105)
Observations 117 117 117
Adj. R-squared .1381 1210 .0107
Durbin-Watson 2.021201 2.028219 2.025113

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from domestically

licensed banks in Japan
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Table 1.21: Foreign Banks - Loans Total (Target Rate): Oct. 2000 - Aug. 2010

ALOANS =@+ (i *~i)+ 7 AJPYLIBOR +y AFORTARGET +y AYENINDEX_ +y ASTOCKMKT + 7 AJOBLESS +&

Variable Total Corporate Overseas
Constant **_.035486 -.0305619 .0004136
(.0169662) (.0185272) .0169312
i*-i (t) *.0087466 .0065398 .0016162
(.0048101) (.0052537) .0048149
dJPY Interest Rate (LIBOR) -.0346977 -.0640057 .0561115
(.0723949) (.0824521) .1044924
dFor. Interest Rate (Target) .0364542 .0431073 .0048499
(.0315162) (.0352826) .0387597
d Yen Index (t) -.0194392 -.1587524 -.5604311
(.3500873) (.398646) .5025677
d Stock Mkt Index (t) .0336976 .0166287 -.031896
(.0682622) (.077361) .0925922
d Jobless (t) .0096163 .013101 -.0100458
(.0284751) (.0323467) .039683
Observations 117 117 117
Adj. R-squared -.0036 -.0117 -.0315
Durbin-Watson 2.035407 2.042358 2.044842

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from foreign banks

in Japan
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Table 1.22: Domestic Banks - Loans Total (LIBOR): Oct. 2000 - Aug. 2010

ALOANS =@+ fB(i *~i)+ 7 AJPYLIBOR + 7 AFORTARGET + AYENINDEX -+ 7 ASTOCKMKT + AJOBLESS + &

Variable Total Corporate Overseas
Constant *-.0028146 **-.0054274 -.001598
(.0015027) (.0021631) (.007904)
i*-i (t) .0005653 .0009961 .0015159
(.0004903) (.0007056) (.002565)
dJPY Interest Rate (LIBOR) **.0316952 **.0415295 .0319707
(.0136969) (.0195184) (.0429243)
dFor. Interest Rate (Target) -.005051 -.0072828 .0005229
(.0051389) (.0073562) (.0199653)
d Yen Index (t-1) .1084594 *.1606156 *-.4003579
(.0657098) (.0936554) (.206378)
d Stock Mkt Index (t-1) -.010999 -.0093079 -.0145489
(.0121494) (.0173519) (.0409483)
d Jobless (t-1) -.0057723 -.0065118 -.0095686
(.0052268) (.0074575) (.0169796)
Observations 117 117 117
Adj. R-squared .1253 .1082 -.0020
Durbin-Watson 2.011071 2.018915 2.032992

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using the LIBOR and the RHS
variables represent the change in outstanding loan levels taken out from foreign banks in Japan
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Table 1.23: Foreign Banks - Loans Total (LIBOR): Oct. 2000 - Aug. 2010

ALOANS =@+ (i *~i)+ 7 AJPYLIBOR +y AFORTARGET +y AYENINDEX_ + ASTOCKMKT + 7 AJOBLESS +&

Variable Total Corporate Overseas
Constant *-,0208026 -.0189148 .0001544
(.0112177) (.0121747) (.0110627)
i*-i (t) .0053549 .003764 .0020419
(.0036429) (.0039552) (.0036127)
dJPY Interest Rate (LIBOR) -.034346 -.0618894 .0477154
(.0731069) (.0831658) (.1050679)
dFor. Interest Rate (Target) .0359445 .0422132 .0060287
(.0317133) (.035386) (.0387004)
d Yen Index (t-1) -.0330912 -.176633 -.5250515
(.3516509) (.4000233) (.5036229)
d Stock Mkt Index (t-1) .0292486 .0123851 -.0281268
(.0685309) (.0775167) (.0923105)
d Jobless (t-1) .0109021 .0138122 -.0081029
(.0286908) (.0325512) (.0398824)
Observations 117 117 117
Adj. R-squared -.0137 -.0175 -.0298
Durbin-Watson 2.037936 2.043297 2.044196

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using the LIBOR and the RHS
variables represent the change in outstanding loan levels taken out from domestically

licensed banks in Japan
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Table 1.24: Domestic Banks - Loans Total (Target Rate): Oct. 2000 - Aug. 2010 (Newey-West)

ALOANS = a+ f3(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + y ASTOCKMKT + y AJOBLESS + &

Variable Total Corporate Overseas
Constant **..004794 **%..008426 -.0118673
(.0022387) (.0030339) (.0125071)
i*-i (t) *.0010511 **.0017101 .0041832
(.0005629) (.0007755) (.0032912)
dJPY Interest Rate (LIBOR) *** 0317596 *** 0403365 .0186592
(.0073592) (.009951) (.0422756)
dFor. Interest Rate (Target) -.0043969 -.0064343 -.0103093
(.0063516) (.0087284) (.0195089)
d Yen Index (t) ** 1153602 *.1626009 **.5383231
(.0571401) (.0955836) (.2535213)
d Stock Mkt Index (t) -.0105082 -.0091924 .0047496
(.0107093) (.0131785) (.0391148)
d Jobless (t) -.0063069 -.0076835 -.0079302
(.0061036) (.0072848) (.0260376)
Observations 117 117 117

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using target rates and the RHS
variables represent the change in outstanding loan levels taken out from domestically licensed

banks in Japan

68



Table 1.25: Foreign Banks - Loans Total (Target Rate): Oct. 2000 - Aug. 2010 (Newey-West)

ALOANS = cr+ f3(i *~i)+y AJPYLIBOR +y AFORTARGET + y AYENINDEX_ + 7 ASTOCKMKT + 7 AJOBLESS + &

Variable Total Corporate Overseas
Constant **..0344309 -.0301748 -.0034649
(.0149851) (.0182715) (.0093364)

i*-i (t) *.0083777 .0064113 .0028458
(.0043568) (.0053787) (.0033732)

dJPY Interest Rate (LIBOR) -.0024507 -.0396367 .0041414
(.0722552) (.0722699) (.1332588)

dFor. Interest Rate (Target) .0186556 .0319948 .0241308
(.0397473) (.0461894) (.037908)

d Yen Index (t) -.1506944 -.2387215 -.1097021
(.238632) (.275683) (.4713459)

d Stock Mkt Index (t) .0464084 .0258512 -.0205187
(.0757813) (.0914274) (.0874735)

d Jobless (t) .0037445 .0088073 -.0065142
(.0164062) (.0168101) (.0326853)

Observations 117 117 117

* significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level
This table shows the regression results when i * —i is calculated using target rates and the
RHS variables represent the change in outstanding loan levels taken out from foreign banks in

Japan
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Appendix G: Measuring the Carry Trade

Gelati, Heath, and McGuire (2007) state that tracking the carry trade can be difficult.
They argue in favor of using statistics by the Bank of International Settlements (BIS) statistics, no
doubt partly because this is a BIS quarterly review published paper, but also because it includes
a “breakdown of banks’ international assets and liabilities.”*® Furthermore they argue that data
on foreign exchange trading, especially data on futures positions and over-the-counter
transactions in the spot, swap and forward markets. That is not to say that BIS international
bank statistics are perfect. They still possess issues such as the fact banks only report what is on
their balance sheet (there could be other things going on), the data cannot distinguish between
carry positions and other positions (or the specific positions this paper is looking for, for
example) and the balance sheet implications depend on the type of trade and the role of the
bank as well as possessing the overall net position of these balances.®

Brunnermeier, Nagel and Pederson (2008) use exchange rate data and 3-month
interbank interest rates from Datastream to do their carry trade analysis. Burnside et al. (2008)
also gets there spot and forward rates from Datastream. In their case they are doing their
analysis through looking at both the sport and forward exchange rates. Furthermore Burnside
et al (2008) also acquires their data on interest rates from the London interbank market through
Datastream. Gagnon and Chaboud (2007), similar to Gelati, Heath, and McGuire (2007), also
use BIS data for their analysis.

For the analysis in this paper, the data currently has been drawn from the Federal
Reserve, the Bank of Japan, and statistics from Trading Economics. Datastream statistics are
not likely to be used, due to their relative expense, unless easier access to the database can be

found and the need to pull data from that system becomes apparent.

18 Gelati, Heath, McGuire. “Evidence of Carry Trade Activity.” p. 31
19 Gelati, Heath, McGuire. “Evidence of Carry Trade Activity.” pp. 31-32
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What happened to Kobe? A reassessment of the impact of the 1995 earthquake in
Japan

“Although the Kobe earthquake was an urban natural disaster of unprecedented economic
magnitude, recovery proceeded with generally unexpected speed....these responses appear to
have led the recovery and countered any macroimpact of the quake.”

(Horwich, Economic Development and Cultural Change, 2000, p. 535)

Why Kobe?
The March 2011 catastrophic earthquake and tsunami in the Tohoku region of
Japan has horrified all of us. In the weeks following this tragedy, there was much
discussion in the media and among policymakers about the disaster’s likely long-term
economic impact. In any attempt to predict the impact on the region, the obvious
comparison was the devastating earthquake that hit Kobe on January 17, 1995.2° At the
time, this was the most destructive natural disaster to hit a high-income economy for
many years. The received wisdom about the Kobe earthquake and its aftermath can be
summarized thus:
“The quintessential example comes from Japan itself: in 1995, an earthquake
levelled the port city of Kobe, which at the time was a manufacturing hub and
the world’s sixth-largest trading port. The quake killed sixty-four hundred people,
left more than three hundred thousand homeless, and did more than a hundred
billion dollars in damage (almost all of it uninsured). There were predictions that
it would take years, if not decades, for Japan to recover. Yet twelve months after
the disaster trade at the port had already returned almost to normal, and within

fifteen months manufacturing was at ninety-eight per cent of where it would
have been had the quake never happened.”?!

20 The destruction wrought by the earthquake destroyed much in other nearby cities as well. Throughout
this paper, we (inaccurately) refer to the event as the Kobe earthquake and to our estimates as measuring
the impact on Kobe, while in fact we measure the impact on Hyogo prefecture (Kobe is the largest city in
the prefecture).

21 Similarly: ““A 1995 earthquake in Kobe, Japan, caused an estimated $100 billion in damage. Within 15
months, manufacturing activity was back at 98 percent of its pre-quake levels, according to a 2000 paper
by George Horwich, a professor at Purdue University. ‘Destroy any amount of physical capital, but leave
behind a critical number of knowledgeable human beings whose brains still house the culture and
technology of a dynamic economy, and the physical capital will tend to re-emerge almost spontaneously,’
Mr. Horwich wrote in the paper...” (Appelbaum, NY Times, 3/15/2011). Similar statements can be seen in
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James Surowiecki, The New Yorker, 3/28/2011

Immediately after a previous catastrophic event, the 2004 tsunami in South-East
Asia, Nobel Prize winner Gary Becker similarly wrote: ““The Kobe earthquake of 1995
killed over 6,000 persons, and destroyed more than 100,000 homes, still the economic
recovery not only of Japan but also of the Kobe economy was rapid.”

Much of this view can be traced to a paper by George Horwich published in
Economic Development and Cultural Change that analyzed the Kobe event a few years
afterwards. Horwich concluded that the devastation did not have much long-term
impact on the Japanese economy, but like Becker later, further claimed that it did not
have much impact on Kobe itself beyond the first couple of years.

Here, we re-evaluate the evidence to examine whether the 1995 earthquake had
no long term economic impact on the Kobe region. Without spoiling too much, we
already note that we believe the evidence shows a persistent and still continuing
adverse impact of the quake on the economy of Kobe more than 12 years after the
event. This conclusion, and the subject of our investigation more generally, is not only
interesting for Japanese policymakers and the peoples of Kobe or Tohoku; the evidence
we present is also relevant for any assessment of the long term impact of any large
exogenous adverse shock. It also informs us about the alternative ways people may
respond to these shocks, and how these choices help shape future economic
trajectories.

We use a methodological innovation recently formalized in Abadie, Diamond and

other media, including the Wall Street Journal, The Economist, and the all-pervasive Wikipedia (accessed
1/17/2012).
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Hainmueller (2010, henceforth ADH); a paper that investigated tobacco taxes in
California.?? The methodology is based on simulating conditions after an exogenous
event (in their case, a change in the tax rate) based on the relationship to a control
group (other U.S. states). The ADH methodology presents an estimation technique that
allows us to construct a no-disaster counterfactual and thus measure in detail the
impact of the disaster itself.

Kobe is worth investigating with the ADH methodology for several reasons: (1) it
was one of the largest disasters of the past 50 years, in terms of the monetary value of
the direct destruction wreaked, and there is now a wealth of detailed post-disaster
economic data that enables our long-horizon investigation; (2) the earthquake was both
unexpected and unusually large, and thus clearly an exogenous event; (3) since
destruction was limited to a very specific geographical region that is clearly associated
with an administrative region, the other Japanese prefectures, which were not impacted
at all, provide an ideal control group;?3 and (4) another careful look at Kobe will also
provide us some clues about the likely long-term impact of the Tohoku/Sendai tsunami
and about the future consequences of natural shocks that are likely to occur in Japan
and elsewhere in the developed world.?

In the next section, we discuss relevant empirical work regarding the impacts of

22 The first use of the synthetic control methodology is Abadie and Gardeazebal (2003), a paper that
investigated the impact of ETA terrorism in the Basque. Abadie et al. (2012) examine the impact of
German re-unification using the same methodology, while Pinotti (2012) uses the same to estimate the
cost of the Mafia on economic activity in Southern Italy.

23 The nearby city of Osaka was affected by the quake, even if relatively mildly; we do not use Osaka as
part of our control group.

% There is a significant body of research that finds that disasters affect poorer developing countries much
more adversely in the short-run. Thus, we view our findings about Kobe as a lower-bound in terms of the
likely long term impact of a catastrophic event on a specific region in a developing/poorer country.
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large disaster events. The interested reader can also consult a more comprehensive
recent survey (Cavallo and Noy, 2011). In section 3 we describe the economy of the city
of Kobe as well as the earthquake’s initial impact. Section 4 details the ADH synthetic
control methodology while section 5 describes the data. Results are reported in section

6 and the last section includes reports on robustness, caveats, and conclusions.

Economic Consequences of Large Disasters

Research on disasters and their long-term economic impact is sparse with few
papers interested in any long-term trajectory or systematically examining the continuing
dynamics of the economy following disaster events.?> The difficulty, of course, is to
separate developments, even if these involved dramatic shifts, from those that would
have occurred even if the disaster had not.

Skidmore and Toya (2002), in a widely mentioned paper, find a positive
association between disaster frequency and long-run GDP growth, which they interpret
as caused by a creative destruction mechanism that leads to a speeding-up of adoption
of new technologies and improvement in infrastructure. On the other hand, Noy and
Nualsri (2007) and McDermott et al. (2011) use panel data techniques and find, on
average for developing countries, an adverse long-run effect on GDP growth.

One other paper, Cavallo et al. (2012) uses the same ADH methodology to

examine the average impact on the national economy of catastrophic natural disasters

25 A large number of papers examine the short-term impact of specific disaster case-studies; and there is
some comparative research on the short-term impact of disasters more generally (e.g., Noy, 2009 and
Strobl, 2012). All of these say little about any long-term impact.
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using a cross-country group of disaster events. They conclude that the evidence on a
long-term adverse effect is likely driven by political regime changes which followed
some large natural disasters. The proto-typical example they identify is the large
earthquake in Iran of 1978, which was then quickly followed by the Islamic Revolution of
1979 and the Iran-lraq war that started in 1980. Beside these events, they fail to find
any evidence, even from catastrophic disasters, of long-term impact on national per
capita incomes.?®

A series of papers, initially inspired by Davis and Weinstein (2002), investigated
the long-term impact of large-scale war-related destruction using geographically-
detailed bombing data from World War Il Japan (Davis and Weinstein, 2008), the
American-Vietnam War (Miguel and Roland, 2011), and World War |l Germany (Bosker
et al., 2007). The first two papers failed to find any long term impact of the bombing
campaigns on the distribution of economic activity; while the latter identifies evidence
of long-term adverse impact of city destruction in Germany on city-size distribution.

To summarize, the literature on the long-term impact of economic shocks is
inconclusive, but the weight of the evidence suggests no lasting impact of even
catastrophic shocks at the national level. Papers that have examined longer run labor
market effects have also failed to find any negative or positive impact beyond the first
year. Several papers, however, do point to some potentially long-term impacts at the

local/regional level.

26 | ack of data on small island states does raise the caveat that for these states; disasters are
comparatively much larger and therefore may impose long-term costs.
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On Kobe, as we already pointed out, the received wisdom, at least outside of
Japan, is that the city recovered very quickly, and that there were no long term impacts
of the earthquake on the local economy (except some re-distribution of population and
economic activity across city districts; e.g., Aldrich, 2011). Chang (2010), and Beniya
(2007) examine the time-series data for Kobe following the disaster, and measure the
impact of the event by comparing the Kobe dynamics to what happened to the
aggregate national economy (i.e., implicitly assuming the Kobe would have followed
nation-wide trends without the disaster). Both papers note a long-term adverse effect
on gross regional product of the Kobe region (this effect disappears by 2005 in the latter
work); but given their methodological approach, the statistical robustness of either
papers’ findings is not well established.

Several works by Ohtake and co-authors examine labor and income data at the
individual/household level. They conclude that the Hanshin Earthquake had long-lasting
adverse effects on individuals and households in this region (Ohtake et al., 2012a and

2012b; Kohara et al., 2006).

Kobe and the 1995 Earthquake - an Economic Overview

Kobe is located to the northwest of Osaka, the second largest city in Japan.
Though it is, to some extent, part of the greater Osaka area, Kobe is a major city in its

own right. Prior to the earthquake Kobe had a population of around 1.5 million, just
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over a quarter of Hyogo Prefecture’s 5.47 million inhabitants. The economy of the city
was mainly centered on Kobe’s port, which accounted for about 39% of its Gross
Industrial Product and was ranked first in Japan and sixth worldwide in terms of cargo
throughput (Chang, 2000). Additional prominent industries in 1995 included steel, sake,
non-leather shoe manufacturing, tourism and fashion (Olshensky et al., 2005).

On January 17, 1995, in the early morning, a short but powerful earthquake hit
the city (the epicenter was 20 km away in the northern part of Awaji Island). Over 6,400
people lost their lives, 4,571 in Kobe itself; the value of infrastructure and physical
capital destroyed was estimated at US $95-147 Billion; roughly 2.5% of Japanese GDP at
the time (Freeman et al., 2003). The port suffered severe damage from the earthquake,
losing nearly all of its container berths.?” None of Kobe’s major industries were spared.
Many of the large manufacturers suffered damage to their factories, about 80% of non-
leather shoes factories were damaged, and half of the sake breweries were severely
damaged. Additionally one third of Kobe’s shopping districts and one half its markets
were heavily damaged. (City of Kobe, 2011)

Today, many of Kobe’s important industries prior to the earthquake are still a
large part of the city’s economy, though many have not fully recovered. Though the
port was completely rebuilt by March 1997 —back to 98% capacity—as of 2009 the
number of cargo ships handled had still not returned to pre-earthquake levels, reaching
a peak of 87.7% in 2008. Mining and manufacturing was only 81.3% compared to pre-

earthquake levels, non-leather shoe production volume was only 60.4% of what it was

27|t was not until March 1997, over two years after the earthquake, that its capacity would be fully
restored (Chang 2000).
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as of November 2010. In October 2010, Sake breweries shipped less than 50% of what
they did prior to the earthquake. Department stores have also not recovered; their
sales as of November 2010 were only three quarters of what they were prior to the
earthquake. Only tourism has seen any increase, in 2009 incoming tourists to the city
were at 123.6% the level they were in 1994 (City of Kobe, 2011). These before-after
changes, of course, cannot be confidently attributed to the quake, and could have been
caused by other forces.

Using microeconomic household data, Sawada and Shimizutani (2008 and 2011)
examine household survey data and show that credit-constrained households
persistently reduced post-quake consumption. Even if these observed changes were
caused by the quake, they do not necessarily imply that the earthquake had any
aggregate adverse effect on the local economy. It may well be the case that the quake
speeded up the Schumpeterian creative destruction process, and that the declining
industries should have been contracting for aggregate efficiency reasons. The received

wisdom appears to be that this was indeed the case.

Methodology - Synthetic Control for Comparative Case Studies

Kobe’s earthquake occurred a few years after Japan had already entered a
prolonged and painful recession—the ‘lost decade’ that followed the collapse of the
real-estate and stock-market bubbles of the late 1980s. To separate the impact of the
earthquake from the effect of the Japanese recession and accurately measure the
impact of the disaster on Kobe’s economy, a counterfactual scenario for Kobe without

the earthquake has to be established. Assuming that Kobe would have continued on its
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pre-1995 trajectory is difficult to justify. We employ the ADH methodology to develop
predictions for a ‘synthetic’ Kobe economy.

One of the ADH algorithm’s advantages is the ability to use the synthetic control
methodology to estimate unbiased coefficients with a modest amount of information
(few pre-event observations). In Abadie et al. (2010), which formalized the validity of
the synthetic control methodology, the analysis is conducted with annual data from

1975 to 2009 while the event of interest occurred in 1995. The time-series length (T,)

of pre-event data available for our study of Kobe is very similar to that of Abadie et al.
(2010), with 20 years of pre-disaster data.

Another key element of the synthetic control methodology is the presence of an
appropriate control group. In comparative case studies that aim to identify the impact
of a specific event, the research necessarily relies on a surprising/exogenous event of a
relatively large magnitude and the presence of comparative units of observations that
do not experience the event. The Kobe earthquake, the most destructive natural
disaster in a developed country in many years (barring two later events: Hurricane
Katrina in 2005 and the Tohoku tsunami of 2011), is clearly a relatively large exogenous
event and, as previously discussed, Kobe has natural comparative units of observation.
The other Japanese prefectures are both subject to the same external shocks and
institutional and legal infrastructures, and have not directly experienced the event. Of
course some prefectures are more similar to Kobe than others—the algorithm we
employ is exactly aimed at identifying these similarities and differences to construct the

synthetic counterfactual.
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Empirical Model

Let Y, be the outcome variable that shall be evaluated based on the
earthquake’s impact for prefecture i, (with i=1 for Hyogo and i>1 for the other Japanese
prefectures) and time t (for time periods t =1,...,T;,..., T ; where T, is 1995); while Yl is
the outcome variable in the presence of the earthquake and Y} is the outcome variable
had the earthquake not occurred.?® The model requires the assumption that the event
had no effect on the outcome variable before it occurred at time T, (YfFY%Vt <Ty.
Although this last assumption is unjustified in cases where disaster impact is frequent
and therefore expected, Kobe has not experienced a similar event in a very long time,
and was widely perceived in Japan as a low-earthquake-risk region. The Kobe event
ended up being the largest earthquake in Japan since the Kanto earthquake of 1923.

The observed outcome is defined by Y=Y+ aiD:, where a, is the effect of

the disaster on the variable of interest (¥7,—Y%)and D, is the binary indicator denoting

the event occurrence (D,=1 for t>T, and 1 =1; and D,=0 otherwise). The aim is to

estimate «, for all t=T, for Hyogo prefecture (i=1). The problem is that for all t=T, it

is not possible to observe Y} but only Y7,.2°
Although there is no way of accurately predicting the prefecture-specific

determinants of Y ., the structure of the economies is fairly similar and the external

it’

28 This description is a modified version of Abadie et al. (2010). To simplify comparison, we follow their
notation where | denotes intervention (event occurring) and N denotes non-intervention (event not

occurring).

i _ _ N
29 For all other observations: Diy =0 ,s0 Y =Yi:.
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shocks affecting them (except for the earthquake) are similar as well (except for mean
zero iid shocks ¢, ). Following ADH, suppose that Y& canbe given by the following

factor model:
Yi =8 +6Z +Au +&, (1)
where Z. is a vector of observed covariates (variables such as GDP per capita,

population, etc.)*® and g is a vector of unknown factor loadings. Furthermore, let

W =(a,,..., a)M)' be a vector of weights allocated to the different prefecture

J+1

observations such that w; > Ofor j=2,..,J+1 and Za)j =1. A synthetic control, as
j=2

defined by this methodology, is a weighted combination of the controls group such that
it replicates a treated unit as if the treatment had not occurred. Thus the outcome

variable for each synthetic control can be written

J+1 J+1 J+1 J+1
20N =6+0 02+ 4D o+ 0 2)
=2 j=2 =2 =2

Suppose there is a set of optimal weights (c?)z,..., c?)M)that can accurately replicate

Hyogo's pre-treatment observations in the following manner

J+

3+
Yig e Z 1, = Yy, and Z = (3)

=2 j=2 j=2

TME
2

Abadie et al. (2010) show that under acceptable assumptions, given equation (3), then

subtracting equation (2) from equation (1) yields the following

30 A full list of the additional variables we can be found further down and in the data appendix.
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J+1
Y1tN = Za}ijt (4)
j=2

Furthermore they prove that the equality will hold for all t given that the number of
preintervention periods is large enough.?! In our case we have 20 periods of pre-disaster
data which is comparable to other work done while using this method. Therefore we
can use

J+1
anw=Yu— jgzd)jyjt fort =T,

as an estimator for «,,. Abadie et al. (2010) note that it is only possible for equation (3)

to hold if it belongs to the convex hull of the related variables. That means that the
observations for the treated unit must fall within the range of the control units’
respective variables. This is not an issue when looking at Hyogo as there are other
prefectures which are more prosperous, such as Tokyo, as well as others that are less so,
such as Kumamoto. Just because the observations fall within the convex hull does not
mean that equation (3) will hold exactly, thus the goal then is to select a set of weights
for which it holds approximately. Furthermore, it may be the case that equation (4) will
not hold either; however, this can be verified by checking both the goodness of fit over

the pre-treatment period as well as the predictor balance for all of the variablesin Z,.

The key then is to construct a set of weights such that both equations (3) and (4)

hold approximately. To do this a set of weights W need to be selected that minimize

31 For the complete proof see Abadie et al. (2010) Appendix B.
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the distance between the treated unit X, and the synthetic control X W during the

pretreatment period. We choose W such that the following equation is minimized:

X, — X W], =\/(xl— XMW )V (X, = X W)
where V is some (k xk) symmetric and positive semidefinite matrix. In this particular
case k is the number of explanatory variables. The choice of V is very important as it
can greatly impact the mean square prediction error. We use a data-driven method to
obtain V such that the mean squared prediction error is minimized for the period prior
to the earthquake. For robustness, in the data-driven method we use three different
initial values®? to obtain V and then use the best result as our final value.33

There are likely to be some feedback loops whereby a decrease in economic
activity in one region reduces trade and therefore economic activity in other regions. In
this case, should we observe an adverse effect of the disaster on, for example GDP, we
should interpret this as the lower-bound of the actual adverse impact (since without the
event the synthetic control would have also been trending higher). In case of zero-sum
variables (like population) however, any finding of a reduction in population relative to
control should also be interpreted with care, though in this case the procedures
identifies the upper-bound of the likely impact. These observations, however, do not

detract from the relevance of our findings given the adverse impacts we document.

32We use a regression based version, an equal weighted version, and one which uses the ml search
function.

33 In all of our estimations, we use the Synth STATA routine available at:
http://www.mit.edu/~jhainm/software.htm#Synth.
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Statistical Significance of Results

The usual statistical significance of our reported results, based on regression-
based standard errors, is not relevant in this case since the uncertainty regarding the
estimate of &it does not come from uncertainty about the aggregate data. Uncertainty
in comparative case studies with synthetic control is derived from uncertainty regarding
the ability of the post-treatment synthetic control to replicate the counterfactual post-
treatment in the treated observations.

One of the advantages of using this methodology is that positive weights are
only assigned to a handful of control units. These controls can then be evaluated on
whether or not they make an appropriate match for the treated unit in both the pre-
and post-treatment periods. In this particular case we find that Fukuoka, Aichi, and
Shizuoka, regularly appear as contributors to the synthetic control for Hyogo. Both Aichi
and Shizuoka have major cities along the Tokaido corridor for which the city of Kobe
serves as a somewhat terminal point as a satellite city of Osaka. It is not unreasonable
to have them appear as potential representatives for Hyogo. Fukuoka, on the other
hand, may seem out of place. Fukuoka is the northern most prefecture in Kyushu, and
thus on a separate island from Hyogo. It also lies far away from Japan’s busy Tokaido
corridor. Upon closer inspection, however, it does share some similarities to Hyogo.
Both prefectures have very similar levels of population and both have large port cities
(Kobe and Fukuoka City) that take up roughly 20-30% of their population. Furthermore,

we also see similar behavior between both prefectures in key variables over time.
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Following Abadie et al. (2010), we further use permutation tests to examine the
statistical significance of our results. We separately assume that every other Japanese
prefecture in our sample is hit by a similar (and imaginary) event in the same year. We
then produce counterfactual synthetic control for each “placebo disaster.” These

synthetic controls for the placebos are then used to calculate the impact of the placebo
disasters (o?if ) in every year following its (non)-occurrence.

There are cases amongst the placebo group for which the synthetic control
methodology is not applicable due to the fact that it is highly unlikely that every single
control unit would fall within the convex hull. The most notable in our case is Tokyo, for
which no combination of weights from the remaining prefectures can replicate the
actual data during the pre-treatment period.3* Therefore, we follow ADH and remove
prefectures for which the methodology is a poor match from the placebo comparison.

Determining which placebos would be considered ‘poor matches’, however, can
be arbitrary. Abadie et al. (2010) propose that placebos should be considered or
dropped relative to the fit of the treated unit during the pre-treatment period. The
goodness of fit in the case of synthetic control is determined by the mean squared
prediction error (MSPE), where the smaller the MSPE the better the fit. Abadie et al.
(2010) choose to drop placebos where the MSPE exceeds 20 times, 5 times, and 2 times

the value of the MSPE of the treated unit. We have chosen to follow this pattern, with

34 Tokyo’s size exceeds other prefectures to the degree that the weighting, that best replicates its data by
minimizing the root mean square prediction error, is always 1 on the second highest prefecture and 0 on
the remaining prefectures.
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the exception that we omit the case of 20 times exemption, as there are no prefectures
which have MSPE 5 times greater than that of Hyogo, with the exception of Tokyo.3
We plot these placebo impacts together with the actual impact of the Kobe
earthquake as calculated in relation to its synthetic counterfactual. These figures are
used to examine the distribution of predictions in cases in which the treatment (the

disaster) did not occur relative to the case it did (Kobe). Essentially, we investigate
whether the ¢, we estimated for Kobe is statistically different from the placebo 0?5 for

i>1.36

The Data

The data used in this paper all originates from the Japanese Government’s
Statistics Bureau — see appendix A for details. The data concerning population is by
prefecture and is available annually and based on both census data (taken every five
years) and survey based estimation as of October 1%t of each year. The data covering
the period 1975 to 2009 was used.?” In addition to population, we also compiled data
covering prefectural GDP and income, construction, residential housing prices, rent, and

migration.

35 The MSPE of Tokyo also routinely exceeds 20 times that of Hyogo.

36 This placebo methodology is extended to multiple treated cases in Cavallo et al. (2012) to calculate the
average impact size when there are multiple shocks (treated observations) and multiple controls
(untreated observations).

37 Some data collected was taken for the Fiscal Year (F.Y.). The fiscal year in Japan runs from April 15t until
March 30™. In this particular case the Great Hanshin Earthquake occurred in January of F.Y. 1994.
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The data used for GDP and income was also collected annually by prefecture.
Unlike other data sets, the prefectural GDP and income data were not available in single
contiguous sets. The first set covered F.Y. 1975 through 1999. The second set covered
F.Y. 1990-2003 and was also based at current prices in millions of yen.3® The remainder
of the data was obtained from the Statistical Yearbook for 2011 (which covered F.Y.
2005 through 2007), the archived Statistical Yearbook for 2010 (which covered F.Y. 2004
through 2006), and the Statistical Yearbooks (2007, 2008, and 2009) accessible via the
Internet Archive to fill in the remainder years. Furthermore, GDP and income data was
compiled using ‘current prices’. Gross expenditure data for prefectures at constant
prices was also available; however, the two previous years were not included in the
statistical yearbook. For cases when overlapping data was available, it was not
consistent from year to year; therefore, no reliable growth rate could be obtained.?
Growth rates were taken from the later sets then combined with the data in the earlier
set to create a smoothed out data set.

The data used for construction was compiled annually by prefecture.
Specifically, it is the value of construction work completed by original contract. Similar
to the GDP set this series was also not in a single contiguous set. The historical set
covers the time period from F.Y. 1956 to 2003. Two more sets of data for F.Y. 2006 and
2007 were available via the Statistical Yearbooks for 2010 and 2011 respectively and the

data concerning F.Y. 2004 and 2005 were accessible via the 2008 and 2009 Statistical

38 The current prices in this set are based on the data compiled for the 2007 yearbook.
39 This can be seen by checking the Japanese Statistical Yearbook by using the Internet Archive
(web.archive.org).
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yearbooks, accessible via the Internet Archive. Furthermore, the data available in the
Statistical Yearbook is available in six separate pieces that had to be summed to match
the historical set.*

The data used for residential prices is the average price of housing land by
residential site by prefecture. Similar to both the GDP and Construction sets, this series
was also not in a single contiguous set. The historical set covers the time period from
1980 to 2004. Two more sets of data for 2008 and 2009 were available via the
Statistical Yearbooks for 2010 and 2011 respectively and the data concerning 2005
through 2007 were accessible via the 2007, 2008 and 2009 Statistical yearbooks
accessible via the Internet Archive.

The data used for rent was collected every five years by prefecture. Specifically
it is the rent per tatami unit (a measure of area) calculated in yen. The historical set
covers the time period from 1963 to 2003. The most recent data for the year of 2008
was available via the Statistical Yearbook for 2011. The final set that we used covered
the period from 1978 to 2008. The data used for Government Expenditure was collected
annually by prefecture and is denominated in millions of yen. The historical set covers
the time period from F.Y. 1947 to 2008, though we use the data starting in 1975.

The data used for migration was collected annually by prefecture. This set
consists of three figures: the number of people migrating within a given prefecture, the
number of people migrating to a given prefecture from elsewhere, and the number of

people migrating from a given prefecture to elsewhere. Similar to other sets this series

40 Accuracy was checked by using older Statistical Yearbooks accessible via the way back machine to
ensure that the values matched the Historical data.
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was also not in a single contiguous set. The historical set covers the time period from
1980 to 2004. The data concerning 2005 and 2007 were accessible via the 2010
Statistical Yearbook, and the data concerning 2006 was accessible via the 2009
Statistical yearbook accessible via the Internet Archive.

As previously noted, we do not use data for Osaka prefecture as part of the
control group since it was directly affected by the quake. In addition, we also remove
from the sample the data for the neighboring prefectures of Kyoto, Okayama, and
Tokushima since all three appear to have been indirectly impacted by the earthquake.
Including these prefectures may bias our results downward if these prefectures were
affected adversely. If they were affected positively (since some of the economic activity
transferred from Kobe to these prefectures) inserting them into the control group will
lead to an exaggeration of the adverse impact of the earthquake on Hyogo. On balance,
we observe no impact on the estimated impact on Kobe (see the online appendix*!). The
data for Mie Prefecture was also dropped since it deviates from its counterfactual in the

1990s pre-event data.

Findings: What Really Happened?

We start by examining what happened to population, since in some instances
(e.g., Hurricane Katrina in New Orleans) the most immediate and important effect of the
disaster on those who were not directly harmed or killed was to cause people to

relocate. This relocation can then become permanent. In graying Japan, of course, the

41 This appendix is available at: https://sites.google.com/site/noyeconomics/research/natural-disasters
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population trend is not linear, and an accounting of the counterfactual is clearly
important. Figure 1 presents the actual population numbers and their synthetic
counterfactuals and figures 9-10, discussed later, present the related inter-prefecture
migration patterns of Hyogo prefecture (henceforth referred to, inaccurately, as Kobe).
We clearly observe a large movement of people away immediately following the
earthquake, but population recovers fairly quickly, and returns to (almost) trend within
5 years (by 2000).4?

Table 1 presents the weights we obtained for the different prefectures in

calculating the counterfactual as defined in equation 3 (®; and j=2...J). Table 2

compares the balance of the predictors between the treated (Hyogo), the controls, and
the weights average of the controls calculated as the synthetic control based on the
weights presented in table 1. Table 3 summarizes the differences between Hyogo and its
synthetic counterpart given in figure 1; while table 4 presented a comparison of the
RMSPE of Hyogo and its synthetic control for the post-event period.*3

Accompanying figure 1 is figure 2, which tests the statistical significance of our
results by comparing the population gap (the difference between the actual and the
counterfactual from figure 1) with the population gap for the placebo disasters in other
prefectures. While the initial drop in population is clearly exceptional, the data beyond
the first couple of years does not suggest that population today is necessarily much

different than it would have been had the earthquake not occurred.

42 This result is interesting in as much as it contradicts what happened in New Orleans or elsewhere in the
United States following destructive natural events (e.g., Coffman and Noy, 2012, Lynham et al., 2012, and
Vigdor, 2008).

43 The use of these statistics is discussed in Abadie et al. (2010 and 2012).
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If people returned, did income recover as well? Generally, in high-mobility
environments we expect people to respond to price/wage signals, so that the return to
Kobe should have been preceded by an increase in incomes (or at least the return to the
pre-disaster equilibrium when compared with other alternative locations/provinces).
We do not find that. In figure 3 we describe the impact of the earthquake on GDP (and
its related placebos in figure 4), while we focus on per capita GDP in figure 5. We
observe that GDP per capita rose immediately after the disaster above its counterfactual,
partially maybe as a result of the population movements, and partly as a result of the
fiscal stimulus for reconstruction. Eventually, however, per capita GDP declined below
the trend/counterfactual. We find that per capita GDP is still much lower 13 years after
the earthquake than it would have been had the earthquake not occurred. By 2003, GDP
per capita was 9% below the counterfactual and it continued to decline through 2008,
when per capita GDP was 12% (400,000 yen) lower than it would have been had ‘Old
Kobe’ still existed.

Table 5 includes the estimated weights for the other prefectures for the per
capita GDP estimates, while table 6 includes the actual numbers for the estimated gap
between Hyogo and its counterfactual as presented in figure 5. Figure 6 presents the per
capita GDP gap comparison with the placebo disaster events. Clearly, the decline that
we observe in per capita GDP is persistent, long-term, and observable statistically even

13 years after the quake.** When we sum this ‘lost’ per capita income over the period

4 Corresponding to these impacts on population and per capita incomes, we find that housing rental
prices went up after the quake, but eventually declined and are now below the hypothetical (synthetic)
no-quake Kobe. These results are not presented but are available upon request.
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for which we have data (1996-2008), we find that over this 13 year period the
cumulative loss is almost 70% of one-year’s per capita income. In the aggregate for the
years 1996-2008, Hyogo prefecture lost about 172 Billion USS as a result of the
aftermath of the earthquake.* This amount is significantly larger than the highest
estimates for the direct loss due to the earthquake’s destruction in 1995.

Intriguingly, this result is apparent in spite of a massive infusion of fiscal
resources into the region. Figure 7 describes local government expenditures in the
prefecture, and compares it to the counterfactual. Our model enables us to clearly track
the pre-earthquake level of expenditures in the region, including the increase in
expenditures in the early 1990s. After 1995, the region receives a massive fiscal stimulus,
at least a 15% increase each year following the disaster. As can be seen in figure 8, this
fiscal stimulus was unique to Hyogo. As already described, however, this large fiscal
stimulus was still unable to provide the boost necessary to bring the region back to its
pre-quake potential.*®

Figure 9 shows the short-lived spike in out-migration from Hyogo; curiously,
residents only chose to leave as a result of the direct destruction, but the later economic
decline that we identified did not lead to additional out-migration (above the predicted
counterfactual level). The data for migration into the prefecture, in figure 10, shows the

expected decline in 1995, and the consequent increase above the counterfactual in the

45 \We calculate the sum Yen amount that we estimated as the difference between the synthetic and the
actual prefecture income. We convert it to USS using the average YEN/USD exchange rate for that period.
46 The additional spike in government expenditures in 2005 is a result of the fact that some of the
transfers from the central government to Hyogo prefecture immediately after the quake were classified
as 10 year loans. In 2005, the central government assumed these liabilities and that was recorded again
(information obtained from personal correspondence with the Ministry of Internal Affairs and
Communications).
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reconstruction years 1996-2000. After 2000, however, it seems that the documented

economic decline led to a decrease in the amount of people moving into the prefecture.

Robustness, Caveats and Conclusions

In a wealthy and developed region and with the backing of a deep-pocket fiscal
authority, the 1995 Kobe earthquake still resulted in significant adverse long-term
impact with a reduction of 12% in per capita GDP, from which Hyogo prefecture has
never fully recovered. These central results are robust to various iterations and
alternative specifications that we did not present. All of these additional results are
available on a companion web-appendix posted online.%’ In particular, we repeat the
whole set of estimations (figures 1-10) using all available prefectures as controls (web
appendix B), conducting a leave-one-out procedure when determining the list of
included controls (web appendix C), and time-split estimations (web appendix D).

The presence of a large fiscal stimulus is important, given recent work that predicts
that disasters are more likely to heavily impact poorer countries in the future. Poor
developing countries are less likely to be able to adopt counter-cyclical fiscal policies;
and this will inevitably make a large disaster’s adverse consequences more severe. Haiti,
following the January 2010 earthquake, is unlikely to receive its reconstruction needs, in
spite of a massive international mobilization and well-publicized donor conferences (see

Becerra et al., 2012).

47 Available at: https://sites.google.com/site/noyeconomics/research/natural-disasters.
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It is also important to note that we estimated the impact of the earthquake on
Hyogo prefecture, and while Kobe is Hyogo’s biggest city, the prefecture also includes
many regions that were not affected by the earthquake (and several more cities that
were — such as Nishinmiya and Ashiya). Thus, we can interpret our estimates as a lower
bound on the true impact of the 1995 earthquake on the city of Kobe; since the impact
we measured is the aggregate of those regions in Hyogo that were and were not directly
impacted by the earthquake.

A new paper, von Peter et al. (2012), presents evidence using proprietary
insurance data that suggest that insurance coverage matters substantially for the path
of recovery. Insurance coverage ratio for the Kobe earthquake was very low, and that
might explain some of the adverse impact we find. While insurance coverage was higher
in the March 2011 Tohoku earthquake/tsunami, it was still quite low relative to, for
example, the New Zealand’s series of earthquakes in Christchurch in 2010-2011. For
developing countries, a lack of access to explicit insurance or to a sufficient implicit ex-
post one through big international bi-lateral and multi-lateral donors implies that the
adverse impact of disasters is bound to be larger than the one we documented here.

While this analysis provides no specific recommendations on disaster mitigation,
it sheds light on the ‘true’ costs of a disaster event. The true cost of the Kobe
earthquake appears more than twice as large, for the region, as the estimates that are
now the accepted figures for this event (95-147 USSB). The long-term impacts of
disaster events are, in a sense, ‘hidden’ when focusing on aggregate national data or

when examining only the direct and short-term costs. As this study documents, the

95



long-term dislocations that disasters engender can be substantial and thus should not
be ignored when cost-benefit analyses of disaster mitigation and resiliency programs are
used to determine policy choices now, and into a future in which disaster patterns are

likely to change.
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Figure 2.1: Population (# of people)
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Figure 2.3: GDP (Millions of Yen)
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Figure 2.4: Placebo GDP (Millions of Yen): RMSPE 5x Exclusion / 2x Exclusion
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Figure 2.5: GDP per capita (Millions of Yen per Person): Kobe
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Figure 2.6: Placebo GDP per capita (Millions of Yen per Person): RMSPE 2x Exclusion
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Figure 2.7: Local Government Expenditures: Hyogo Prefecture
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Figure 2.8: Placebo Local Government Expenditures (Millions of Yen): RMSPE 2x Exclusion
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Figure 2.9: Migration out of the Prefecture: Hyogo Prefecture
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Table 2.1: Prefecture Weight - Population

Prefecture Weight

Hokkaido 0.157 | Tokyo 0.034 | Shiga 0 | Ehime 0
Aomori 0 | Kanagawa 0.002 | Kyoto Kochi 0
Iwate 0 | Niigata 0 | Osaka - | Fukuoka 0.668
Miyagi 0 | Toyama 0 | Nara 0 | Saga 0
Akita 0 | Ishikawa 0 | Wakayama 0 | Nagasaki 0
Yamagata 0 | Fukui 0 | Tottori 0 | Kumamoto 0
Fukushima 0 | Yamanashi 0 | Shimane 0 | Oita 0
Ibaraki 0 | Nagano 0 | Okayama - | Miyazaki 0
Tochigi 0 | Gifu 0 | Hiroshima 0 | Kagoshima 0
Gunma 0 | Shizuoka 0.006 | Yamaguchi 0 | Okinawa 0
Saitama 0 | Aichi 0.128 | Tokushima -

Chiba 0 | Mie - | Kagawa 0

Table 2.2: Predictor Balance - Population

Treated Synthetic Control AVG!
GDP per Capita 2.476365 2.530505 2.610544
GDP 1.31E+07 1.42E+07 14205684
Income 1.10E+07 1.10E+07 10879626
Population 5255137 4273780 4467824
Construction 12278.16 12305.63 30821.09
Residential 161293.3 124607.9 135738.1
Rent 1828 1826.983 1780.557
Expenditure 1041785 863463 1178192
Intra-migration 156803.6 156451.9 150529.6
In-migration 131956.8 133007.3 143854.1
Out-migration 1333379 120713.9 143607.2

t Weighted by average pre-treatment population
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Table 2.3: Difference between actual and Synthetic - Population

Year Deviation % Deviation
1995 -105691 -1.9190211
1996 -104737 -1.8953224
1997 -90822.7 -1.6377093
1998 -71550.6 -1.2856667
1999 -50327 -0.9022175
2000 -43459.8 -0.7768956
2001 -41134 -0.7328265
2002 -46320.2 -0.8232385
2003 -49389.6 -0.8760013
2004 -56009 -0.9916941
2005 -62836.3 -1.1114707
2006 -71701 -1.2664215
2007 -79316 -1.3992868
2008 -83777 -1.4776066
2009 -84657 -1.493686

Table 2.4: RMSPE Treated vs. Control (1995-2009) - Population

Hyogo Control Mean
RMSPE (5x Exclusion) 69559.5184 51363.582
RMSPE (2x Exclusion) 69559.5184 34351.025
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Table 2.5: Prefecture Weight - Per Capita GDP

Prefecture Weight

Hokkaido 0.096 | Tokyo 0 | Shiga 0 | Ehime 0
Aomori 0 | Kanagawa 0.061 | Kyoto - | Kochi 0
Iwate 0 | Niigata 0 | Osaka - | Fukuoka 0.165
Miyagi 0 | Toyama 0 | Nara 0 | Saga 0
Akita 0 | Ishikawa 0 | Wakayama 0 | Nagasaki 0.04
Yamagata 0 | Fukui 0 | Tottori 0 | Kumamoto 0
Fukushima 0 | Yamanashi 0 | Shimane 0 | Oita 0
Ibaraki 0 | Nagano 0 | Okayama - | Miyazaki 0
Tochigi 0 | Gifu 0 | Hiroshima 0 | Kagoshima 0
Gunma 0 | Shizuoka 0.15 | Yamaguchi 0 | Okinawa 0
Saitama 0 | Aichi 0.209 | Tokushima -

Chiba 0.28 | Mie - | Kagawa 0

Table 2.6: Difference between Actual and Synthetic - Per Capita GDP

Year Deviation % Deviation
1995 -0.061486 -1.69202
1996 0.149982 4.101461
1997 0.155029 4.094726
1998 0.075005 2.013402
1999 -0.0752 -2.04182
2000 -0.127778 -3.50382
2001 -0.168347 -4.58867
2002 -0.254843 -7.14388
2003 -0.294854 -8.25591
2004 -0.334156 -9.33337
2005 -0.362128 -9.99613
2006 -0.410692 -11.0992
2007 -0.370886 -9.92995
2008 -0.454794 -12.0991
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Appendix A: Data

Table 2.7: Data Table

Type Source Chapter Series Frequency Duration Location Year

Population E;tac;ncal Statistics of 2 5 Annual 1884-2009  Prefecture 2011

GDP and Income :'a':;r'ca' Statistics of 3 37a Annual  F.Y.1975-1999  Prefecture 2011

GDP and Income E:;”cal Statistics of 3 37b Annual  F.Y.1990-2003  Prefecture 2011
Japan Statistical

GDP and Income 3 14B Annual  F.Y. 2003-2005 Prefecture 2009
Yearbook

GDP and Income Japan Statistical 3 148 Annual  F.Y.2004-2006  Prefecture 2010
Yearbook

GDP and Income Japan Statistical 3 148 Annual  F.Y.2005-2007  Prefecture 2011
Yearbook

Construction E:;i”ca' Statistics of 9 17 Annual  F.Y.1956-2003 Prefecture 2011

Construction Japan Statistical 9 10 FY.2004 Prefecture 2008
Yearbook

Construction Japan Statistical 9 10 FY.2005 Prefecture 2009
Yearbook

Construction Japan Statistical 9 10 F.Y.2006 Prefecture 2010
Yearbook

Construction Japan Statistical 9 10 F.Y.2007 Prefecture 2011
Yearbook

Residential Price :;';g‘;”ca' Statistics of 15 20 Annual 1980-2004  Prefecture 2011

Residential Price Japan Statistical 17 14 2005 Prefecture 2007
Yearbook

Residential Price Japan Statistical 17 14 2006  Prefecture 2008
Yearbook

Residential Price Japan Statistical 17 14 2007  Prefecture 2009
Yearbook

Residential price  12Pan Statistical 17 14 2008 Prefecture 2010
Yearbook

Residential Price Japan Statistical 17 14 2009  Prefecture 2011
Yearbook

Rent Historical Statistics of 15 22 Every S 1963-2003 Prefecture 2011
Japan Years

Rent Japan Statistical 18 16 2008 Prefecture 2011
Yearbook

Gov. Expenditure j'a';;r'ca' Statistics of 5 12d Annual  F.Y.1947-2008 Prefecture 2011

Migration :';;Zon”cal Statistics of 9 17 Annual 1956-2004  Prefecture 2011

Migration Japan Statistical 9 10 2006 Prefecture 2009
Yearbook

Migration Japan Statistical 9 10 2005,2007 Prefecture 2010
Yearbook
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Appendix B - Additional Tables and Figures in Web Appendix
Available at: https://sites.google.com/site/noyeconomics/research/natural-disasters

Appendix A: Benchmark results (same as in paper)
Figure Al.1: Population (# of people)
Table A1.1: Prefecture Weight
Table A1.2: Predictor Balance
Table A1.3: Difference between Actual and Synthetic
Table Al.4: RMSPE Treated vs. Control (1995-2009)
Figure A1.2: Placebo Population (# of people): RMSPE 5x Exclusion
Figure Al1.3: Placebo Population (# of people): RMSPE 2x Exclusion

Figure A2.1: GDP (Millions of Yen)

Table A2.1: Prefecture Weight

Table A2.2: Predictor Balance

Table A2.3: Difference between Actual and Synthetic

Table A2.4: RMSPE Treated vs. Control (1995-2008)

Figure A2.2: Placebo GDP (Millions of Yen): RMSPE 5x Exclusion / 2x Exclusion

Figure A3.1: GDP per capita (Millions of Yen per Person): Kobe

Table A3.1: Prefecture Weight

Table A3.2: Predictor Balance

Table A3.3: Difference between Actual and Synthetic

Table A3.4: RMSPE Treated vs. Control (1995-2008)

Figure A3.2: Placebo GDP per capita (Millions of Yen per Person): RMSPE 5x Exclusion
Figure A3.3: Placebo GDP per capita (Millions of Yen per Person): RMSPE 2x Exclusion

Figure A4.1: Local Government Expenditures: Hyogo Prefecture

Table A4.1: Prefecture Weight

Table A4.2: Predictor Balance

Table A4.3: Difference between Actual and Synthetic

Figure A4.2: Placebo Local Government Expenditures (Millions of Yen): RMSPE 5x
Figure A4.3: Placebo Local Government Expenditures (Millions of Yen): RMSPE 2x

Figure A5.1: Intra-Prefecture Migration: Hyogo Prefecture

Table A5.1: Prefecture Weight

Table A5.2: Predictor Balance

Table A5.3: Difference between Actual and Synthetic

Figure A5.2: Placebo Intra-Prefecture Migration (Number of People): RMSPE 5x
Figure A5.3: Placebo Intra-Prefecture Migration (Number of People): RMSPE 2x

Figure A6.1: Migration into Hyogo Prefecture

Table A6.1: Prefecture Weight

Table A6.2: Predictor Balance

Table A6.3: Difference between Actual and Synthetic

Figure A6.2: Placebo Migration into the Prefecture (Number of People): RMSPE 5x
Figure A6.3: Placebo Migration into the Prefecture (Number of People): RMSPE 2x
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Figure A7.1: Migration out of Hyogo Prefecture

Table A7.1: Prefecture Weight

Table A7.2: Predictor Balance

Table A7.3: Difference between Actual and Synthetic

Figure A7.2: Placebo Migration out of the Prefecture (# of People): RMSPE 5x Exclusion
Figure A7.3: Placebo Migration out of the Prefecture (# of People): RMSPE 2x Exclusion

Appendix B: All 46 Prefectures as Controls
Figure B1.1: Population (# of people)
Table B1.1: Prefecture Weight
Table B1.2: Predictor Balance
Table B1.3: Difference between Actual and Synthetic

Figure B2.1: GDP (Millions of Yen)

Table B2.1: Prefecture Weight

Table B2.2: Predictor Balance

Table B2.3: Difference between Actual and Synthetic

Figure B3.1: GDP per capita (Millions of Yen per Person)
Table B3.1: Prefecture Weight

Table B3.2: Predictor Balance

Table B3.3: Difference between Actual and Synthetic

Figure B4.1: Local Government Expenditures (Millions of Yen)
Table B4.1: Prefecture Weight

Table B4.2: Predictor Balance

Table B4.3: Difference between Actual and Synthetic

Figure B5.1: Intra-Prefecture Migration (# of people)
Table B5.1: Prefecture Weight
Table B5.2: Predictor Balance
Table B5.3: Difference between Actual and Synthetic

Figure B6.1: Migration into the Prefecture (# of people)
Table B6.1: Prefecture Weight

Table B6.2: Predictor Balance

Table B6.3: Difference between Actual and Synthetic

Figure B7.1: Migration out of the Prefecture (# of people)
Table B7.1: Prefecture Weight

Table B7.2: Predictor Balance

Table B7.3: Difference between Actual and Synthetic

Appendix C: Leave-One-Out Test
Figure C1.1: Population (# of people)
Table C1.1: Prefecture Weight
Table C1.2: Predictor Balance
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Table C1.3: Difference between Actual and Synthetic

Figure C2.1: GDP (Millions of Yen)

Table C2.1: Prefecture Weight

Table C2.2: Predictor Balance

Table C2.3: Difference between Actual and Synthetic

Figure C3.1: GDP per capita (Millions of Yen per Person)
Table C3.1: Prefecture Weight

Table C3.2: Predictor Balance

Table C3.3: Difference between Actual and Synthetic

Figure C4.1: GDP per capita (Millions of Yen per Person)
Table C4.1: Prefecture Weight

Table C4.2: Predictor Balance

Table C4.3: Difference between Actual and Synthetic

Appendix D: Predictor Variable Time Split
Figure D1.1: Population (# of people)
Table D1.1: Prefecture Weight
Table D1.2: Predictor Balance
Table D1.3: Difference between Actual and Synthetic

Figure D2.1: GDP (Millions of Yen)

Table D2.1: Prefecture Weight

Table D2.2: Predictor Balance

Table D2.3: Difference between Actual and Synthetic

Figure D3.1: GDP per capita (Millions of Yen per Person)
Table D3.1: Prefecture Weight

Table D3.2: Predictor Balance

Table D3.3: Difference between Actual and Synthetic
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3. Natural Disasters and Preference Shifts: Luxury Autos in the
Wake of the Tohoku Disaster

William duPont IV
Department of Economics
University of Hawaii at Manoa

(May, 2013)

Abstract: News reports following the March, 2011 Tohoku Disaster found that sales of luxury
goods had within a year not only returned to pre-disaster levels, but had even exceeded pre-
disaster sales. Some furthermore suggested that this rise was due to a preference shift away
from savings tomorrow towards consumption today. | evaluate this hypothesis using the
synthetic control methodology developed by Abadie et al. (2010), and while | do find that in the
case of Miyagi Prefecture sales of luxury automobiles do appear to be higher than they would
have been had the disaster not occurred, | also find that the luxury automobiles represent a
smaller share of overall sales in the affected area. This suggests that there is a shift away from
luxury purchases in the wake of the disaster.

JEL: E21, Q54, R11
Keywords: natural disaster, Tohoku, Great East Japan Earthquake
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Natural Disasters and Preference Shifts: Luxury Goods

On March 11% 2011, an offshore earthquake rocked Japan’s Tohoku region. This was
the beginning of a triple disaster (earthquake, tsunami, and nuclear meltdown) which
devastated the region. The effects of this particular disaster will undoubtedly be long-lasting
and widespread, not just in the region, but nationally, and perhaps internationally as well. It has
now been two years since the disaster, and while it is too soon to know all of its real effects,
some interesting anecdotes have emerged.

One particular anecdote reported by multiple news outlets concerns the case of luxury
goods sold in the city of Sendai. Sendai is the major city in the Tohoku region which saw the
most damage from the disaster; it is also the city that has rebounded the most over the past two
years. It serves as the base of operations for the rebuilding effort. Voight and Boykoff (2012) of
CNN noted that spending throughout the city has increased significantly, especially on luxury
goods. They found that the sales of luxury automobiles, as well as designer bags had increased
over the same quarter one year prior. Hayashi and Osawa (2012) of the Wall Street Journal also
found that sales in a local luxury watch shop had increased by 30%. Luxury goods are not
necessities; therefore it is somewhat surprising to see sales of these types of goods surge in the
wake of a disaster.

There are two possible causes for this. The first is that this simple uptick in luxury goods
could be entirely due to replacement costs in the wake of the disaster. Due to the enormity of

the damage it is perfectly reasonable to expect an increase in sales of all types of goods for an
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extended period of time.* Media outlets, however, have proposed a second possible cause. In
this case they propose that consumer behavior has changed and that the increase represents a
change in normal consumption patterns rather than the replacement of lost goods. An
interview conducted by Voight and Boykoff (2012) seems to back up the idea that the increase
in luxury good sales is due to more than just replacement. At the end of their article one person
states that “We used to think, ‘let’s wait’ even though we wanted to buy... but after such
experience we learned that such an idea was no use.”*® The aim of this paper will be to verify
not only whether or not there has been an increase in the purchase of luxury goods due to the
disaster, but also to determine which of these two possibilities best explain what has been seen.

These two causes, however, are conditional on whether the increase in sales is related
to the Tohoku disaster at all. In order to determine this particular part one needs to be able to
construct a counterfactual to get an idea of where sales would be, had the disaster not occurred.
| use the Synthetic Control for Comparative Case Studies (Synthetic Control) methodology which
was formalized in Abadie, Diamond, and Hainmueller (2010)*° to accomplish this. This
methodology is able to construct a synthetic counterfactual using similar unaffected regions.

In this particular case | analyze the sales of new luxury import automobiles throughout
the effected region, and then compare the results to their synthetic counterfactual. | find some
evidence that, at least in the prefecture of Miyagi (where Sendai is the capital), the Tohoku
disaster did positively impact the sale of luxury automobiles; however, there is no indication
that this increase is related to a shift in normal consumer behavior. In fact, looking at the region

as a whole, there is evidence that there is a shift away from the purchase of luxury goods.

8 Therefore it is not sufficient to determine only the change in luxury good purchases, but those of all
goods as well. The percentage change in luxury good sales and total good sales can then be compared so
as to determine how much of the change in luxury good sales can be attributed to replacement.

4 Voight and Boykoff (2012) CNN

50 The first use of this methodology occurred in Abadie and Gardeazabal (2003)
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The next section of the paper discusses the economic literature concerning luxury goods.
Section 3 gives an overview of the Tohoku disaster. Section 4 provides details concerning the
Synthetic Control for Comparative Case Studies methodology. Section 5 describes the data, and

finally Section 6 discusses the results.

Economics of Luxury Goods

Economists in the past have not spent much time analyzing luxury goods. Traditionally,
economists define luxury goods as normal goods which have a relatively large income elasticity
of demand. (i.e. income elasticity of demand is greater than one) This means that as income
rises, the demand for luxury goods rises at a greater rate. This would mean that the demand for
these goods is relatively sensitive to income shocks. Necessity goods, on the other hand, are
those whose income elasticity of demand is rather small (less than one, but greater than 0) and
thus are relatively unaffected by changes in income.

Price elasticity of demand also has a similar pattern. In this particular case, if a good is a
necessity and the price rises, then the demand of that good should remain relatively unchanged.
For luxury goods, however, there will be a relatively large decline in demand with an increase in
price. Kemp (1998) tested the hypothesis that goods viewed as luxuries corresponded to those
with high price elasticity. He conducted a survey in New Zealand and he revealed that luxury
goods did indeed have this correlation and that it was very consistent across individuals. Since
Kemp (1998) also argued that having a high price elasticity didn’t necessarily mean that the
good would be considered a luxury, he also tested two additional criteria that could be

associated with luxury goods.
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The first additional mark of a luxury good is that it is scarce. Compare the automobile at
the beginning of the 20" century to the beginning of the 21% century. At the beginning of the
20" century many would consider the automobile itself to be a luxury item regardless of make
or model. By the beginning of the 21 century, as the automobile has become rather ubiquitous,
it has become a necessity. Certain brands of automobiles, however, maintain a sense of luxury
in part due to their scarcity in the market. Kemp (1998)’s study was also able to confirm that
scarcity was correlated with the idea of the good being considered a luxury.

Kemp (1998)’s final criteria suggested that luxury goods were seen as ‘objects of desire’
rather than those that ‘relieved a state of discomfort.” He used a questionnaire that painted 6
different goods in both a positive and negative light, with the positive description declaring how
the good would enhance the individual, while the negative description showed how the good
would fix a particular discomfort. He found significant evidence that people perceived goods to
be luxuries when they were presented in a positive light. This result is also supported by
findings by Vickers and Renand (2003) who found through interviews that luxuries mainly
serviced some kind of internal need and promoted self and ego-enhancement.

The idea that sales of luxury goods have increased in the wake of a natural disaster
seems to contradict the idea that these types of goods are not used to ‘relieve a state of
discomfort.” It may even contradict the current economic definition of a luxury good having an
income elasticity greater than one as well as the current economic literature concerning luxury
goods and income shocks. Both Gaviria (2002) and McKenzie (2006) looked at the impact of
large income shocks on household consumption in Latin America. In both cases they found that
a large decline in income correlated with substantial decline in spending on goods and services
that were not necessity related. Therefore the literature shows that in a financial crisis spending

on luxury goods should also greatly decline.
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In the case of the Tohoku disaster, however, | cannot yet state whether or not income
has dropped during this time period. Income data is not yet available, but given the results of
duPont and Noy (2013)°! it is likely that income in the region is being boosted during the
reconstruction period. Therefore even a nominal increase in luxury spending would not
necessarily mean the elasticity of these goods is less than one. A larger surge in luxury spending
than total spending, however, would contradict the economic definition, unless the population
believed for some reason they would be better off in the long run.

There is some evidence within the marketing literature that stressful events, such as a
natural disaster, could lead to increase in the consumption of luxury goods. Mathur et al. (2008)
conducted a study as to whether or consumption behavior changed after major life events.
They did not explicitly test natural disasters, but did mention that they could be the cause of a
stressful event. They argue that if either a stressful event has recently occurred or if one is
anticipated to occur, then this will lead to a greater likelihood in engaging in consumption-
coping behaviors, or in other words the consumption of goods to make one feel better.

Mathur et al. (2008) also argue that a traumatic event can directly lead to a change in
consumer preferences. This mechanism is simpler than the previous. The main argument in this
case is that the traumatic event may cause individuals to experience new goods that they may
have otherwise not been exposed to. They may find these new goods to be preferable to
previous goods and thus shift their preferences accordingly. It should be noted that the bulk of
this literature is focused on cumulative stress over time and its effects on older individuals.
One’s income or lack thereof is not discussed; therefore, it does not necessarily contradict the

economic literature.

51 duPont and Noy (2013) show that in the short run both the GDP and GDP/Capita remained at or above
the counterfactual during the reconstruction time period for Kobe.
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Natural Disasters and Preference Shifts

A natural disaster’s impact on the consumer’s decision to purchase luxury goods is
presently unclear. On the one hand, the purchase of these goods are highly dependent on the
availability of funds to do so and according to Kemp (1998) may not be purchased to relieve
problems generated by the disaster itself, but rather if people believe that they will get some
personal enhancement out of it. On the other hand, Mathur et al. (2008) suggest that in the
stress generated from the disaster may cause people to seek products for enhancement in the
form of consumption-coping behavior.

The fact that economists still debate the impact of such disasters further complicates
this question. One possible reason people may increase their spending on luxury goods is that
they believe that they will be better off in the long run. This would indicate that the population
believes the main idea behind creative destruction, that the disaster would create a more
efficient infrastructure by wiping out old inefficient elements. A somewhat common example of
this was the rise of post-war Japan, which had essentially had the majority of its cities totally
wiped out. Following the reconstruction, Davis and Weinstein (2002) found that the population
of various Japanese cities fully recovered in the long-run. Furthermore Davis and Weinstein
(2008) found that aggregate manufacturing also recovered in each of the cities, and that the
industrial make up of a particular city remained relatively unaffected in the long run. Therefore,
when looking at the aftermath of World War 1l, the evidence is in favor of heavily damaged cities
being able to fully recover; however, neither of these papers suggest that the Japanese cities
returned to a trajectory that was superior to their pre-war path.

The aftermath of World War Il may, however, be a special case as the damage was
extremely widespread throughout the country and not limited to a single region. Perhaps a

better case of comparison for the disaster in Tohoku would be the Kobe Earthquake. While
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there are some initial arguments made by Horwich (2000) that the city of Kobe was able to
completely recover from the Kobe earthquake in 1995, duPont and Noy (2013) present long run
evidence to the contrary. They found that over the long run, Kobe saw a significant decrease in
GDP per capita that still had not recovered 12 years after the disaster. While there were
possibly some efficiency gains created by the creative destruction principle, these were most
likely overwhelmed by the permanent relocation of damaged business to other parts of the
country, or perhaps outside of the country altogether.

Neither one of these particular economic theories encompassing natural disaster,
however, look at the social impact. This has been mostly uncharted in the realm of economics.
Other disciplines, however, have begun to analyze the complex relationship between natural
disasters and their social impact. Lindell and Prater (2003) primarily looked at disasters that
occurred within the United States. They found that the resources available to communities
stricken by disasters were remarkably high, and thus these communities had a relatively low
impact ratio.>? They also found that the long-term social impact of these disasters was minimal.
Therefore they concluded that given enough community resources, said community can
mitigate the long-term impact of a disaster.

Lindell and Prater (2003) did, however, find that disasters caused a change in risk
perception as well as an increased frequency of thought concerning such disasters.>® This
indicates that while the impact ratio can be considered to be low, the disaster still qualified as

an unexpected life event, and thus may see preference changes as discussed by Mathur et al.

52 Lindell and Prater (2003) argue that in order to reach the social impact of a natural disaster you must
first take the physical impact and then factor in the community recovery resources as well as the extra-
community assistance that takes place. The idea behind this is that while the physical impact is quite
devastating, this can be alleviated by the assistance that individuals who faced that disaster receive. This
leads to their discussion of an impact ratio, or the amount of damage divided by the amount of resources
the community has to deal with said damage; thus the higher the ratio, the higher the social impact.

53 Lindell and Prater (2003) p. 180
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(2008). If this is the case, then changes in consumption patterns may still occur in even the most
well prepared nations. Nevertheless, there is no research on changes in particular consumption
patterns in the wake of natural disasters, especially concerning luxury goods.

There may also be some evidence that the population may have been exposed to goods
that they would have not ordinarily purchased in the wake of the Tohoku Disaster. Todo et al.
(2013) examined how supply chain networks affected firms impacted by the disaster. They
found that a firm’s ability to restore operations depended on the structure of their network and
their ability to substitute away from firms in their supply chain that were severely impacted.
This would indicate that firms that mainly operated locally with local suppliers may not have
been able to supply goods to market thus causing the resident population to shift their
purchases towards other domestic or international goods which supply chains were not heavily

impacted. This could then lead to a direct preference shift as discussed in Mathur et al. (2008).

Overview of the Tohoku Disaster

At 2:46 PM on March 11, 2011, a magnitude 9.0 earthquake (the fourth largest since
recording began at the turn of the 20" century), struck 130 km off the east coast of northern
Japan. Seismologists measured an earthquake intensity of 7 in nearby Miyagi Prefecture, while
they also recorded intensities of at least a 6 in eight additional prefectures in Tohoku and Kanto.
According to the office of the Prime Minister, it was an oceanic-trench earthquake that occurred
at the boundary of the Pacific and Continental plates and formed the largest recorded tsunami
in Japan. The maximum height of the Tsunami was 9.3 meters and had a run-up height of 40.5

meters which allowed it to travel several kilometers inland in some locations.”* The

54 “Towards Reconstruction” p. 7
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combination of the earthquake and tsunami damaged the Fukushima Dai-ichi Nuclear Power
Station and subsequently led to the third disaster, the meltdown of a nuclear power station
reactor.

As of March 2013, the Fire and Disaster Management Agency (FDMA) reported that
18,131 people died in the disaster, with another 2,829 missing, the vast majority of whom were
residents of Miyagi, lwate, and Fukushima prefectures. Furthermore, the Reconstruction
Agency reported that over 321,000 people registered as evacuees. The current damage
estimate comes in at $177.7 billion U.S. with $110 billion in damage to buildings, $14 billion in
damage to utilities, and $23 billion in damage to infrastructure. The government also estimated
that at least 230,000 vehicles were damaged in the disaster, though it is unknown how many
needed to be scrapped.>® Though workers restored the capacity of the region’s primary
infrastructure relatively quickly, the Reconstruction Agency estimates that it will take 10 years to

reconstruct the area, with the first 5 years requiring an intensive effort.

Methodology - Synthetic Control

The Tohoku disaster occurred amidst the economic recovery from the global financial
crisis. Therefore it is important to be able to separate out the effects of the financial crisis from
the effects of the earthquake, and thus a suitable counterfactual needs to be found. One
possible method to accomplish this is by using Synthetic Control. Since this methodology

creates a counterfactual for the affected prefectures by using those prefectures that are

55 Reported by the Japan Times on June 16, 2011
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unaffected by the disaster, it is possible to separate out the disaster from the impact of the
financial crisis.

There is one caveat, however, unlike the case where duPont and Noy (2013) used the
method for creating the counterfactual in the case of the Kobe Earthquake, the Tohoku disaster
is far bigger and more widespread, and it may be possible to argue that the country was
affected at the national level. This may lead the counterfactual to be somewhat biased.>® One
of the main concerns is that the rise in the price of electricity due to the Fukushima meltdown
could universally impact residents’ incomes. To cope with this issue, | performed a robustness
test which limited the pool of unaffected prefectures to those which use the 60Hz power grid in
western Japan®’. This robustness check had virtually no impact on the results therefore it is
unlikely that the indirect effects in prefectures outside those in the immediate vicinity of the
disaster were substantial enough to significantly change household behavior.

The Synthetic Control methodology is also appropriate to use given the data that is
available. At this point in time (2 years out) there are only a handful of datasets that include
several points of post disaster data. One of the advantages of synthetic control is that | can use
additional variables which are available in the pre-treatment period, but not yet available in the
post-treatment period to further enhance the fit of the synthetic counterfactual. Therefore |
can use the wealth of pre-treatment variables available to create a better synthetic control for
the vehicle registration data.

This paper uses data that also meets all of the requirements for the Synthetic Control

methodology. There is sufficient pre-treatment data to make a strong match prior to the event.

%6 |t is difficult to tell in which direction the counterfactual will be biased as on the one hand some indirect
effects such as higher energy prices should bias the counterfactual downward slightly, while other effects
such as firm relocation may bias the counterfactual upwards.

57 The grid in eastern Japan operates at 50Hz. Due to this difference it is difficult to transfer electricity
from one grid to the other. This is why after the meltdown of the nuclear power station in Fukushima
there were rolling blackouts in the greater Tokyo area, but not in other major cities in western Japan.
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In both Abadie et al. (2010) and duPont and Noy (2013), a run-up of approximately 20 periods
was used prior to the disaster. In this particular case, there are 146 prior time periods used to
construct the synthetic control. Furthermore, the methodology requires the presence of a large
exogenous shock or event that occurs in a specific area, and the control units do not experience.
In this particular case, the most destructive part of the disaster (the tsunami) directly impacted
three prefectures. | further remove three nearby prefectures, which while not receiving the
brunt of the disaster, did take some direct damage. Therefore, | can use the remaining 41
prefectures, which were relatively unscathed by the disaster, as possible controls.>® Finally, the
3 prefectures of interest are neither the largest, nor smallest, so they therefore fall in the
convex hull, and thus there should be a good chance that some combination of the remaining

prefectures can accurately mimic the affected prefectures.

Empirical Model

The empirical model follows that developed by Abadie et al. (2010). Let Y, be the

outcome variable (in this case registrations of imports) for prefecture i (with i =1 for the

impacted prefecture and i >1 for all remaining prefectures in the placebo group) at time t (for

periods t =1,...,T,,...,T ; where T, is March 2011). Furthermore let YitI be the outcome

variable in the presence of the disaster and let Y, be the outcome variable had the disaster not

occurred. The model assumes that the disaster is exogenous and thus has no impact on the

outcome variable prior to its occurrence at time T;. One could argue that due to the fact that

earthquakes are quite common in the region that people would have been quite prepared for

58 For robustness | further treat all 17 eastern prefectures which share the same power grid as being
directly impacted, which still leaves 30 western prefectures relatively free from impact from the
shutdown of the Fukushima Dai-ichi Power Station.

123



that disaster. A tsunami of the size generated, however, was unprecedented (at least in recent
memory), and since the majority of the damages were due to this particular factor, | can argue

that the event can still be considered exogenous.

The observed outcome can now be defined by Y, =Y, + &, D, where ¢, is the effect
of the disaster on the variable of interest (i.e. (Y,, —Y,") ) and D, is defined as follows:
(D,=1fort>T,and i=1; D, =0 otherwise). The ultimate goal is to estimate the impact
of the disaster ¢, attime t > T, for all of the impacted prefectures. Unfortunately it is not

possible to observe Y, at time t > T, for any of them.

N
it 7

Since it is not possible to observe Y, , | will use the Synthetic Control methodology to

construct a synthetic YitN for each of the impacted prefectures, by using observed data from

prefectures which were not impacted. Following Abadie et al. (2010), suppose Y, can be given

by the following factor model:
YitN =0+ 0L+ Ay + &

where Z, is a vector of observed covariates (such as GDP, land area, population, etc...) and 4, is

a vector of unobserved common factors.

!
Let W = (a)z,..., a)Hl) be a vector of weights allocated to each of the unaffected

J+1
prefectures such that o, >0 for j=2,...,J +1 and Za)j =1. A synthetic controlisa
j=2

weighted combination of the prefectures in the control group which replicates the treated unit
for all time periods t =1,...,T as if the disaster had not taken place. The outcome variable for

the synthetic control can be written:
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J+1 J+1 J+1 J+1

DOY =80 0L+ A oY o (2)
j=2 =2 =2 j=2

Suppose there is a set of optimal weights(cbz,..., c?)M) which can accurately replicate

the observed pre-treatment variables of the impacted prefectures in the following manner

+1 J+1 J+1
z Yoo ,Za)ijTo =YlTo and ijzj =7, (3)
j=2 j=2 j=2

Abadie et al. (2010) show that, given acceptable assumptions, if equation (3) holds, then

subtracting equation (2) from equation (1) yields the following

J+1

Za)JYJt vt=1,...T (4)
They furthermore prove that the equality will hold for all t given that the number of
preintervention periods is large enough.>® This particular paper has 146 preintervention

periods, which is far in excess to other papers using this methodology. Given the above | can

then estimate ¢, to be the following.

J+1

&y =Yy — Zc?)ijt fort>T,

It is important to note that it is only possible for equation (3) to hold if the variable of
interest for the impacted prefecture falls within the convex hull of the observed set during the
preintervention period. This means that there needs to be observations from other prefectures

that fall both above and below the value of the observed variable of interest for the impacted

%9 For the complete proof see Abadie et al. (2010) Appendix B.
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prefecture. In this case the observations concerning the majority of the impacted prefectures
fall within the convex hull.®° Even if the observed variable of interest does fall within the convex
hull, it is very unlikely that equation (3) will hold exactly, thus the main goal is to find a set of
weights such that (3) holds approximately. It may also be the case that equation (4) will not

hold either, therefore it is necessary to check the goodness of fit over the pre-treatment period.

The aim of this methodology is to determine a set of weights such that both equations

(3) and (4) hold approximately. To accomplish this, a set of weights W need to be selected such

that the distance for the predictor variables is minimized between the treated unit Z, and the

synthetic control Z\W . W is then chosen such that the following equation is minimized

|2, - zw|, = \/(zl —ZW)'V(Z,-ZW)

where V is some (k xk) symmetric positive semi definite matrix and k is the number of

predictor variables. V has the ability to greatly impact the mean squared prediction error, so
its selection is very important. In essence V is a matrix that places weights on the predictor
variables. | use a data-driven method to obtain V in order to minimize the mean squared
prediction error over the pre-treatment period. By taking this approach | can focus on which

predictor variables are most relevant for creating a match for the variable of interest. For

%0 The one exception would be Aomori prefecture which falls on the lower end of the convex hull, and
thus has some problems which will be discussed later in the paper.
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robustness, the data-driven method uses three different values®! to obtain V and the onein

which the mean squared prediction error is minimized is used.®?

Statistical Significance of Results

Due to the fact that the results from Synthetic Control are not derived in a traditional
econometric manner, | cannot evaluate the significance of these results in the typical manner.
This is because the uncertainty of these results is derived from whether or not the control group
accurately replicates the treated group. The only regressions run in this methodology occur
solely in the pre-treatment period and are designed to minimize the difference between the
synthetic and the actual. Therefore the only standard errors that can be derived or those
related to the statistical significance of the prefectural weights which is not the main concern in
the post-treatment period. The validity of the results are derived from the ability of the
synthetic to represent the counterfactual in the post-treatment period. Therefore an alternate
method of evaluation must be used.

This paper follows the evaluation procedures outlined in both Abadie et al. (2010) and
duPont and Noy (2012). Firstly, as discussed in both papers, one of the main advantages of the
Synthetic Control methodology is the fact that only positive weights between zero and one are
assigned to the control prefectures. This forces only a handful of prefectures to be selected to
represent the counterfactual. The author then can check these particular prefectures to see if

they satisfy the following conditions 1) are an appropriate match for the treated prefecture, and

61| use a regression based version, an equal weighted version, and a version which uses the ml search
function

62 All of the estimates are derived by using the Synth STATA routine which is available at:
http://www.mit.edu/~jhainm/software.htm#Synth
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2) continue to be so in the post treatment period by checking for any anomalous events which
may cause the synthetic to deviate from the counterfactual. Therefore this restriction, as
Abadie et al. (2012) argue, adds a qualitative aspect to the methodology.

Secondly, this paper also employs the use of placebo tests similar to those used in both
Abadie et al. (2010) and duPont and Noy (2013). The placebo test is implemented on each
control prefecture under the assumption that a similar event had also occurred in that location.
Each of the control prefectures therefore receive their own synthetic counterfactual. The
deviation from the synthetic counterfactual for the controls is then compared to that of the
treated prefecture to check and see if the impact of the actual event is significant.

It may be the case, however, that due to poor fit, the deviation from the synthetic
counterfactual for a particular control prefecture is not valid for comparison. This is particularly
true for prefectures that do not fall within the convex hull, such as Tokyo prefecture. This paper
follows the methodology of removing such prefectures from the placebo group as outlined by
Abadie et al. (2010). The goodness of fit during the pretreatment period can be measured by
the Root Mean Squared Prediction Error (RMSPE) or the average distance the actual data falls
from the synthetic. In this case this paper drops placebos where the RMSPE exceeds 5 and 2
times that of the treated prefecture®.

Unlike the other papers, this one does not compare the nominal deviation from the
counterfactual, because the nominal values vary greatly across prefectures. To cope with this
issue, | employ two different methods of evaluation. The first employs the strategy used by
Cavallo et al. (2012), which normalizes the results by setting the outcome variable equal to 1 in

the disaster year. This grants the ability to average the results in order to estimate a region

63 Abadie et al. (2010) also show 20x RMSPE, however, in this case the only two prefectures that would be
included in the 20x RMSPE graph are Tokyo and in some cases Okinawa. Tokyo does not fall within the
convex hull and therefore makes a poor match, and Okinawa is highly erratic. Graphs that include both of
these prefectures are available upon request.
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wide impact. The second compares the percentage deviation from the counterfactual. This
method allows me to compare the impact on different variables (in this case registration of
imports versus total registrations). This is important because | am also interested in finding the

impact on the share of luxury sales.

Data

The data used in this paper comes from three sources. The data regarding new
registrations of imported vehicles is supplied by the Japan Automobile Importers Association
(JAIA), which is a public corporation which overseas automobile imports. The data regarding
new car inspections was supplied by the Maintenance Division of the Ministry of Land,
Infrastructure, Transport and Tourism (MLIT). This data concerns the inspection of all new cars.
Since new car inspections occur at the time of new car registration®, for simplification | use this
data as a substitute for total new car registrations.

All remaining data comes from various years of the Japan Statistical Yearbook which is
provided by the Statistical Bureau of the Ministry of Internal Affairs and Communications.®’
Since the vast majority of this data does not include any post-disaster time periods, | cannot yet
comment on the impact of the disaster on them. They, however, can be used as pre-treatment
predictor variables to improve the goodness of fit within the synthetic control methodology.
Thus | selected these variables to help improve the characteristics of the synthetic match.

The dataset of primary interest is that of new registrations of imported vehicles. The
main concern is that imported vehicles may not serve as a good example of a luxury good. If

imported vehicles are quite common, such as Toyota in the United States, then it would be quite

54 For more information please see the Motor Vehicle Inspection and Registration Guide provided by MLIT
65 See Appendix A for more details.
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difficult to consider these vehicles to be luxuries. Table 1 shows the total number of imports
versus the total number of cars registered during Fiscal Year 2009. | find that country-wide
imported vehicles represent just over 4% of total vehicles registered during that year. Thereis a
tendency in rural prefectures for imported cars to be rarer making up roughly 1.5%~3% of
registered vehicles. Urban prefectures on the other hand have roughly 5% of new car
registrations be made up of imported vehicles.®®

Table 2 provides a breakdown by manufacturer of all imported vehicles registered
during Fiscal Year 2009. The top four registered imports were all German manufactured
vehicles (Volkswagen, Mercedes-Benz, BMW, and Audi) and represent over 63% of all registered
imports. German makes overall represent over 65% of registered imports, and European makes
represent over 85% registered imports. Makes from the United States represent just under 5%
of registered imports. The remainder is made up of Japanese® (9.3%) and Korean (.36%)
manufacturers. Therefore registered imports are primarily made up of German and other
European manufactures and only make up a small percent of all registered vehicles in Japan.

German or European makes, however, may not necessarily be considered luxuries. For
example, in both Europe and the United States, Volkswagen would not be considered to be
luxury vehicles. Furthermore regardless of country Volkswagen models are cheaper than the
corresponding vehicles produced by BMW, Mercedes-Benz or Audi. As shown in Table 3, even
when restricting the list of imports only with makes which are typically associated with either
exotic or luxury status, | still find that over 50% of vehicles imported during Fiscal Year 2009 fall

under this grouping. Furthermore, even if a foreign automobile would not be considered a

56 Tokyo is a bit of an outlier and has over 10% of its registered vehicles made up of imports.

57 According to JAIA, some Japanese manufacturers choose to import some models built in factories
overseas (mainly from plants in the U.S.). This stems from expansions and favorable import conditions
that existed during the 1990’s. By 1999, however, conditions had reversed, and Japanese manufacturers
ceased the majority of their import activities.
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luxury, a report from JETRO in October 2012, stated that foreign vehicles were typically priced
20-50% above comparable Japanese models. Additionally, it reported that Volkswagen was
pursuing a new strategy in Japan by only pricing its Up! city car 200,000 to 300,000 yen (10 to
15%) more than city cars from Japanese makes.%® It is clear that luxury automobiles make up a
substantial portion of the total number of imported automobiles.

The question that remains is whether or not luxury cars make up a similar portion in the
overall Japanese market. Table 4 shows the top 30 most sold models in Japan as reported by
the Japan Automobile Dealers Association. At the top of this list is Toyota’s affordable hybrid
vehicle the Prius and it is followed by several small hatchbacks and utility vehicles produced by
various Japanese makes. The only luxury vehicle that shows up on the list is the Toyota Crown,
which takes up the 21 spot. It is safe to say that luxury vehicles do not take up a large
component of the overall car sales in Japan.

This suggests that the import data is a good representation of luxury automobile sales in
Japan. The import data has a much higher ratio or luxury to non-luxury component than the
overall car registrations in Japan. The degree to which it is greater may be up for debate. This
depends on one’s willingness to accept makes such as Volkswagen as luxury vehicles or not. The
closer the luxury component in the two data sets mirrors each other, it will be more likely that
both groups will behave identically. Therefore any difference in the reaction noted in this paper
should biased downward due to the presence of non-luxuries in the imports and luxuries in the
domestic. Thus there will be a tendency to understate the results.

As previously noted, | removed the 3 nearby prefectures of Hokkaido, Aomori, and
Ibaraki from the control group. These prefectures suffered some direct damage from the

disaster, though not to the same degree as Miyagi, lwate, and Fukushima, and there is some

68 See JETRO Topics of Japanese Economy and Industry October 29, 2012 for more information.
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indication that they may have suffered some indirect effects as well, particularly in the case of
Hokkaido. Including these prefectures within the control group may result in bias in both the

main results as well as the placebos. They are, however, included in robustness tests and | do
not observe any impact on the overall conclusion of this paper.

Additionally, | dropped the prefecture of Okinawa from the dataset due the fact that it
has several large spikes in import registrations throughout the duration of the set. These spikes
are likely due to the presence of U.S. military bases on the islands and likely correspond to troop
deployments. Any prefecture that has Okinawa as a component of its counterfactual will have
more appear to have more volatile fluctuations in its percentage difference from its synthetic,
and thus could lead to some misinterpretation. It, however, is included in robustness tests, and

| do not observe any impact on the overall conclusion of the paper.

Results

The direct damage inflicted by the earthquake and tsunami was quite widespread.
According to FDMA, the disaster inflicted the bulk of the damage on the prefectures of Miyagi,
Iwate, and Fukushima. Therefore | have focused my analysis on these three prefectures.5®

Looking at the 3-month moving average’ of import registrations versus its synthetic for
both the impacted region (Figure 2) and the rest of Japan (Figure 3) it is important to note that
regardless of prefecture the financial crisis had a large negative impact on the registration of
imported automobiles. The Tohoku disaster occurred during what appears to be the recovery of

this particular sector. Therefore findings that sales of luxury goods were stronger the year

89 Figure 1, shows a map of the area.
70 The 3-month moving average was used due to the high volatility of the data. There is no impact on the
results whether one chooses to examine the 3-month moving average or the monthly data.
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following the disaster may not be related to the disaster itself. Looking at the counterfactual,
had the disaster not occurred, one can see that the volume of luxury automobiles purchased
would have continued to rise had the disaster not occurred.

That being stated, looking at the impacted region as a whole (Figure 2) there appears to
be a small positive impact on the sale of luxury automobiles just after the disaster as well as
several months after the disaster. When looking at the impacted prefectures individually
(Figures 3-5), | find that the sales of luxury automobiles are higher than expected in Miyagi
Prefecture (where Sendai is located) and as expected in Iwate and Fukushima Prefectures. This
suggests that the positive impact in Figure 2 is mainly driven by Miyagi Prefecture. The placebo
group (Figure 6) on average does not deviate far from the counterfactual at all, suggesting that
these results are significant.

The main concern about this particular result is whether or not the rise in imports in
Miyagi is due to replacing vehicles lost during the disaster. To check for this | have also created
a synthetic for new car inspections (which as mentioned previously occur simultaneously with
new registrations). Unfortunately only the data post disaster (monthly for Fiscal Year 2011 and
2012) is available. Therefore | have used the weighting derived from the new import
registrations to construct the placebo.” This will likely lead the synthetic to not be quite as
close to the counterfactual as it should be; however | can still apply the placebo test to
determine if the results are significant.

Looking at the monthly new car inspections versus their synthetics (Figure 10), | find

that on average the purchase of automobiles is higher than expected throughout the impacted

"1 In this case both synthetic controls would share identical Z matrices, therefore the only difference
would lie in their V matrices which are used to weight the various Z matrices. Though the V matrix
weighting would be somewhat different, it is unlikely that the final outcome would be significantly
skewed since ultimately the difference of many of the same predictor variables would minimized leading
to similar prefectures being chosen to comprise the synthetic.
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region. Looking at each of the impacted prefectures individually (Figures 11-13), | find that in
the case of Miyagi the actual data is above the synthetic counterfactual for the entire duration.
Furthermore the initial spike is drawn out for a much longer time period than the brief spike
that occurred in the import data. The new car inspection statistics for lwate and Fukushima are
also above their respective counterfactuals though they don’t share the spike that occurred in
Miyagi.

The main concern about this particular finding is that the import data derives the
weighting for the counterfactual. However, looking at the placebo group (Figure 14), the
remainder of the prefectures on average match their counterfactual. This suggests that the
disaster did have a positive impact on total vehicle sales in the impacted region, though this is
likely due to vehicle replacement.

Directly comparing the percent difference in counterfactual during post disaster for
both the registration of imports and all cars shows a disturbing trend (Figures 18-20). In the
case of all three prefectures, total new car registrations were higher than new import
registrations. This suggests that imports make up a smaller share of new car purchases when
compared to the rest of the country. Thus suggesting a shift away from imports or luxury

automobiles in the wake of the disaster.

Conclusion

It appears that, on the whole, sales of luxury automobiles have been relatively
unaffected by the disaster. However, a closer inspection of the data reveals that these sales
make up a smaller share of the total in the affected region. This suggests that the idea

presented in media articles such as Voight and Boykoff (2012) that people are shifting away
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from savings to purchase luxury items today is false. Furthermore it also ties into the idea that
luxury goods are not purchased to ‘relieve a state of discomfort,” and thus population at this
time does not appear to be partaking in consumption-coping behavior suggested by Mathur et
al. (2008), at least in respect to automobiles.

Also of note, many imports appeared to be replaced quite quickly, since the import data
for Miyagi and somewhat for lwate show brief spikes in new import purchases following the
disaster. Total car purchases in these prefectures, on the other hand, appear to converge
towards the counterfactual much more slowly. This suggests that people who purchase imports
had enough cash on hand to replace their vehicles quickly, while many people who drive
Japanese vehicles had to wait longer to replace their damaged vehicles. This further implies that
imported vehicles are a luxury for the well off.

The difference in luxury automobile spending across the affected region may also be
related to which prefectures are getting the most attention for reconstruction. In this case
Sendai in Miyagi Prefecture serves as the base of operations for the rebuilding effort. Since this
effort is quite large, spending within the city and its prefecture are likely to resemble this, thus
there is a boost in luxury car sales, despite a decline in the share of total purchases. Iwate and
Fukushima, on the other hand, lie further away from the center of the rebuilding operation.
Therefore it is likely receiving much less attention in the reconstruction effort, thus the smaller
surge in total car sales, and the decline in luxury car sales.

The loss of the share of luxury automobiles purchased in these prefectures may also
indicate that the recovery taking place may not be going as well as it may appear. It may be the
case that these prefectures are being propped up by reconstruction spending, which will likely
keep their GDP’s in line with, if not above, where they would have been in the first few years

following the disaster. This can be seen in duPont and Noy (2013) who show that in the
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beginning both the GDP and GDP per capita in Kobe remained relatively strong. Kobe, however,
had succumbed to economic slowdown after the reconstruction was over leaving the population
with a 10% decline in GDP per capita. If the share of luxury automobiles has fallen despite the
fact that sales are currently strong, since luxury automobiles are susceptible to changes in
income, it may reflect that people are worried about the long-term and are thus swapping away
from luxury goods and into savings.

It is difficult to say in this case if the decline in the share of luxury automobile sales in
the short-run is an indicator of what will happen to the region in the long run. | believe,
however, that this idea merits further study by either following the impact of other luxury goods,
such as leather goods and jewelry, by pursuing the Tohoku Disaster through the long-run, or

pursuing this topic as it relates to other recent disasters where more data may be available.
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Figure 3.1: Map of the Disaster (data from FDMA, March 2013)

[ Highly Damaged Prefectures
" Neighboring East Coast Prefectures
Additional Prefectures sharing 50Hz Power grid

Ilwate
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20,841 Buildings Destroyed

70,901 Buildings Severely Damaged
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Table 3.1: Import Ratio (Fiscal Year 2009)

Imports Total %imported Imports Total %imported
Hokkaido 3957 193137 2.05 | Kyoto 3423 80032 4.28
Aomori 586 40930 1.43 | Osaka 11897 245146 4.85
Iwate 581 40328 1.44 | Hyogo 8916 169035 5.27
Miyagi 1999 85919 2.33 | Nara 1908 43530 4.38
Akita 589 36124 1.63 | Wakayama 1061 29641 3.58
Yamagata 946 40589 2.33 | Tottori 395 17567 2.25
Fukushima 1598 67950 2.35 | Shimane 322 24244 1.33
Ibaraki 3571 121247 2.95 | Okayama 2168 64964 3.34
Tochigi 2570 89779 2.86 | Hiroshima 3148 91567 3.44
Gunma 2640 87646 3.01 | Yamaguchi 1428 50995 2.80
Saitama 8937 236140 3.78 | Tokushima 822 26022 3.16
Chiba 8807 215254 4.09 | Kagawa 1202 34085 3.53
Tokyo 31365 312117 10.05 | Ehime 1270 38643 3.29
Kanagawa 17524 287644 6.09 | Kochi 498 21215 2.35
Niigata 2043 78806 2.59 | Fukuoka 5754 167724 3.43
Toyama 1051 42665 2.46 | Saga 462 24511 1.88
Ishikawa 1294 44511 2.91 | Nagasaki 802 33347 2.41
Fukui 1076 30687 3.51 | Kumamoto 1297 55177 2.35
Yamanishi 1174 28585 4.11 | Oita 934 36090 2.59
Nagano 2295 73102 3.14 | Miyazaki 676 33417 2.02
Gifu 2914 87873 3.32 | Kagoshima 1040 46308 2.25
Shizuoka 5670 142823 3.97 | Okinawa 860 42386 2.03
Aichi 15533 345743 4.49
Mie 2557 75880 3.37 | Total 173161 4231188 4.09
Shiga 1601 50063 3.20
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Table 3.2: Manufacturer Breakdown (Fiscal Year 2009)

% of % of % of
Imports  Imports Imports Imports Imports Imports
Germany Italy Japan
VW 40664 22.14 | Fiat 4759 2.59 | Toyota 9313 5.07
I\B/Ieer:;edes 30278 16.48 | AlfaRomeo 2231 121 | Suzuki 5318 2.90
BMW 28790 15.67 | Ferrari 521 0.28 | Honda 2006 1.09
Audi 16978 9.24 | Maserati 286 0.16 | Nissan 258 0.14
Porsche 3316 1.81 | Lamborghini 85 0.05 | Mitsubishi 177 0.10
smart 653 0.36 | Lancia 61 0.03 | Subaru 1 0.00
/E.;\mi\:uva 150 0.08 | Autobianchi 3 0.00
Maybach 9 0.00 | Detomaso 1 0.00 | Total 17073 9.30
RUF 4 0.00 | Innocenti 1 0.00
Unimog 3 0.00 Korea
Opel 1 0.00 | Total 7948 4,33 | Hyundai 655 0.36
GMDAT 7 0.00
Total 120846 65.79 | Sweden DAEWOO 3 0.00
Volvo 6760 3.68 | Kia 1 0.00
England Saab 164 0.09
BMW Total
MINI 10920 5.95 666 0.36
Jaguar 1124 0.61 | Total 6924 3.77
Land
Rover 591 0.32
Lotus 243 0.13 | Europe
Bentley 170 0.09
Aston
Martin 106 0.06 | Total 157059 85.51
Rover 55 0.03
Rolls
Royce 12 0.01 | United States
Morgan 9 0.00 | Ford 3078 1.68
MG 9 0.00 | Dodge 1093 0.60
Mini 8 0.00 | Jeep 1169 0.64
Cadillac 1022 0.56
Total 13247 7.21 | Chrysler 942 0.51
Chevrolet 824 0.45
France Hummer 556 0.30
Peugeot 4629 2.52 | GMC 120 0.07
Renault 2162 1.18 | Pontiac 12 0.01
Citroen 1298 0.71 | Buick 5 0.00
Bugatti 5 0.00 | Saturn 1 0.00
Total 8094 4.41 | Total 8822 4.80
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Table 3.3: Luxury Breakdown for Imports (Fiscal Year 2009)

Imports % of Imports Imports % of Imports
Exotics Luxury
Ferrari 521 0.28 | Mercedes-Benz 30278 16.48
Maserati 286 0.16 | BMW 28790 15.67
Lotus 243 0.13 | Audi 16978 9.24
Bentley 170 0.09 | Volvo 6760 3.68
BMW Alpina 150 0.08 | Porsche 3316 1.81
Aston Martin 106 0.06 | Alfa Romeo 2231 1.21
Lamborghini 85 0.05 | Jaguar 1124 0.61
Rolls Royce 12 0.01 | Cadillac 1022 0.56
Maybach 9 0.00 | Land Rover 591 0.32
Morgan 9 0.00 | Hummer 556 0.30
Bugatti 5 0.00 | Saab 164 0.09
RUF 4 0.00 | Lancia 61 0.03
Detomaso 1 0.00
Total 1601 0.87 | Total 91871 50.02
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Table 3.4: JADA New Car Sales Ranking (Calendar Year 2009)

Ranking Make Model Number

1 Toyota Prius 208876

2 Honda Fit 157324

3 Toyota itz 117655

4 Toyota Passo 98883

5 Honda Insight 93283

6 Toyota  Corolla 90178

7 Honda Freed 79525

8 Nissan Serena 78836

9 Toyota Voxy 71426
10 Nissan Note 65745
11 Toyota  Wish 60357
12 Nissan Cube 59760
13 Nissan Tiida 57624
14 Mazda Demio 55603
15 Toyota Noah 52933
16 Toyota Estima 52403
17 Toyota VELLFIRE 49636
18 Suzuki Swift 46159
19 Toyota Lactis 45169
20 Honda Step WGN 43020
21 Toyota Crown 40216
22 Nissan X-Trail 32627
23 Toyota  Sienta 31805
24 Nissan March 31433
25 Toyota  Alphard 29602
26 Subaru  Legacy 28260
27 Honda Stream 27058
28 Mazda Acceleration 26761
29 Toyota  Premio 25337
30 Toyota  MarkX 24635
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Figure 3.2: Treated Regions (Average) - Import Registrations (3 month moving average)
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Figure 3.3: Miyagi Prefecture - Import Registrations (3 month moving average)
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Table 3.5: Prefecture Weight (Miyagi)

Prefecture = Weight
Hokkaido - | Tokyo 0 | Shiga 0 | Ehime 0
Aomori - | Kanagawa 0 | Kyoto 0 | Kochi 0
Iwate - | Niigata 0.001 | Osaka 0.064 | Fukuoka 0.106
Miyagi - | Toyama 0 | Nara 0 | Saga 0
Akita 0.092 | Ishikawa 0.295 | Wakayama 0 | Nagasaki 0
Yamagata 0 | Fukui 0 | Tottori 0 | Kumamoto 0.313
Fukushima - | Yamanashi 0 | Shimane 0 | Oita 0
Ibaraki - | Nagano 0 | Okayama 0 | Miyazaki 0
Tochigi 0 | Gifu 0 | Hiroshima 0.003 | Kagoshima 0.127
Gunma 0 | Shizuoka 0 | Yamaguchi 0 | Okinawa -
Saitama 0 | Aichi 0 | Tokushima 0
Chiba 0 | Mie 0 | Kagawa 0
Table 3.6: Predictor Balance (Miyagi)
Treated Synthetic V Matrix
Average Imports 286.8082 293.6359 0.021292
Area 6862 6399.7 4.38E-06
Urban Area 4545 3946.942 3.11E-06
Mountain Area 2158 3927.803 3.49E-06
Hill Area 2673  884.547 4.53E-07
Upland Area 652 611.17 4.29E-05
Lowland Area 1757 990.203 3.58E-07
Inland Water 23 49.05 6.47E-06
2000 Population 2365 2372.801 0.153825
2005 Population 2360 2361.589 0.632727
2010 Population 2348 2346.512 0.171537
GDP 8431.273 8548.444 0.001073
Wholesale Establishments  8004.333 7592.015 0.002041
Wholesale Employees 78 77.66567 0.005066
Wholesale Sales 8074.333 7169.459 0.001154
Retail Establishments 23308 25080.05 0.000659
Retail Employees 154 148.8693 0.005556
Retail Sales 2516.667 2450.111 0.004447
Retail Floor Space 2983.333 2841.376 0.000316
Residential Price 430.5833 510.3346 5.7E-05
Commercial Price 2070.833 1606.298 0.000134
Quasi-Industrial Price 557.5833  910.169 6.40E-06
Persons Receiving Public
Aid 18258.57 32872.13 4.24E-05
Rate of Public Assistance 8.242857 10.8333 3.77E-06
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Figure 3.4: lwate - Import Registrations (3 month moving average)
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Figure 3.5: Fukushima - Import Registrations (3 month moving average)
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Table 3.7: Prefecture Weight (lwate)

Prefecture Weight
Hokkaido - | Tokyo 0 | Shiga 0 | Ehime 0
Aomori - | Kanagawa 0 | Kyoto 0 | Kochi 0
lwate - | Niigata 0 | Osaka 0 | Fukuoka 0
Miyagi - | Toyama 0 | Nara 0 | Saga 0
Akita 0.936 | Ishikawa 0 | Wakayama 0 | Nagasaki 0
Yamagata 0 | Fukui 0 | Tottori 0 | Kumamoto 0
Fukushima Yamanashi 0 | Shimane 0 | Oita 0
Ibaraki - | Nagano 0 | Okayama 0 | Miyazaki 0
Tochigi 0 | Gifu 0 | Hiroshima 0 | Kagoshima 0.064
Gunma 0 | Shizuoka 0 | Yamaguchi 0 | Okinawa -
Saitama 0 | Aichi 0 | Tokushima 0
Chiba 0 | Mie 0 | Kagawa 0
Table 3.8: Predictor Balance (Iwate)
Treated Synthetic V Matrix
Average Imports 90.81507 92.7006 0.009461
Area 15279 11470.11 0.05789
Urban Area 8354 9122.552 0.151439
Mountain Area 11021 6625.528 0.016881
Hill Area 2089 1636.232 0.149172
Upland Area 881 786.416 0.000508
Lowland Area 1261 2345.352 0.000802
Inland Water 11 79.968 0.023642
2000 Population 1416 1227.208 0.008701
2005 Population 1385 1184.848 0.009681
2010 Population 1330.5 1125.612 0.049173
GDP 4588.818 3880.067 0.114444
Wholesale Establishments 3395.333 3019.939 0.015537
Wholesale Employees 29 23.91733 0.00461
Wholesale Sales 2003.333 1509.493 0.007814
Retail Establishments 15849 14604.86 0.060961
Retail Employees 85.66667 76.488 0.012783
Retail Sales 1362.667 1196.189 0.043279
Retail Floor Space 1753 1610.973 0.020402
Residential Price 336.5833 248.7207 0.03407
Commercial Price 785.4167 637.9167 0.007909
Quasi-Industrial Price 332.3333 500.8873 0.08731
Persons Receiving Public
Aid 12974.14  14383.3 0.040227
Rate of Public Assistance 9.4 11.00789 0.073306
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Table 3.9: Prefecture Weight (Fukushima)

Prefecture = Weight
Hokkaido - | Tokyo 0 | Shiga 0 | Ehime 0
Aomori - | Kanagawa 0 | Kyoto 0 | Kochi 0
lwate - | Niigata 0 | Osaka 0 | Fukuoka 0.07
Miyagi - | Toyama 0 | Nara 0 | Saga 0
Akita 0.201 | Ishikawa 0 | Wakayama 0 | Nagasaki 0
Yamagata 0.253 | Fukui 0 | Tottori 0 | Kumamoto 0
Fukushima Yamanashi 0 | Shimane 0 | Oita 0
Ibaraki - | Nagano 0.24 | Okayama 0 | Miyazaki 0
Tochigi 0 | Gifu 0 | Hiroshima 0 | Kagoshima 0.231
Gunma 0 | Shizuoka 0 | Yamaguchi 0 | Okinawa -
Saitama 0 | Aichi 0.006 | Tokushima 0
Chiba 0 | Mie 0 | Kagawa 0
Table 3.10: Predictor Balance (Fukushima)
Treated Synthetic V Matrix
Average Imports 208.9315 210.2203 0.117784
Area 13783 9626.002 4.51E-10
Urban Area 5648 5650.87 0.10012
Mountain Area 10389 6996.872 8.37E-07
Hill Area 702 1006.704 3.11E-09
Upland Area 1114 1114.822 0.76982
Lowland Area 1437 1296.391 0.00014
Inland Water 129 37.989 5.67E-05
2000 Population 2127 1891.265 0.000172
2005 Population 2091 1867.007 0.000247
2010 Population 2028.8 1824.346 0.000773
GDP 7774364 6437.135 0.00053
Wholesale Establishments  5222.667 5178.41 0.00221
Wholesale Employees 41.66667 45.74967 0.000139
Wholesale Sales 2675.333 3534.186 0.000102
Retail Establishments 22967.33 21070.69 0.000241
Retail Employees 130.3333 118.0523 0.000281
Retail Sales 2087.667 1933.177 0.000236
Retail Floor Space 2685.333 2478.772 4.35E-05
Residential Price 291.0833 320.2729 0.005007
Commercial Price 758.9167 929.5433 0.001868
Quasi-Industrial Price 535.75 659.1256 2.47E-05
Persons Receiving Public
Aid 13575.57 17666.66 0.000199
Rate of Public Assistance 6.8 9.034257 5.21E-06
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Figure 3.6: Placebo Regions (Average) - Import Registrations (3 month moving average)
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Figure 3.7: Miyagi - Import Registrations (Placebo Test: RMSPE x2)
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Figure 3.8: lwate - Import Registrations (Placebo Test: RMSPE x2)
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Figure 3.9: Fukushima - Import Registrations (Placebo Test: RMSPE x2)
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Table 3.11: RMSPE: Imports (% deviation)

AVG
Miyagi lwate Fukushima Placebo
Pre-Treatment 8.824444  10.93996 6.2402708 7.197401648
Post-Treatment 23.21306  18.84355 11.675774 9.237247827
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Figure 3.10: Treated Regions (Average) - Total Registrations
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Figure 3.12: lwate - Total Registrations
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Figure 3.13: Fukushima - Total Registrations
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Figure 3.14: Placebo Regions (Average) - Total Registrations
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Figure 3.15: Miyagi - Total Registrations (Placebo Test)
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Figure 3.16: lwate - Total Registrations (Placebo Test)
160

140
120
100
80
60
40
20
0
_deb-ll Jun=11 Sep-11 Dec-11 Apr-12 Jul-12 Oct-12 Jan-13

-40

Figure 3.17: Fukushima - Total Registrations (Placebo Test)
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Table 3.12: RMSPE: Total Registrations (% deviation)

AVG
Miyagi lwate Fukushima  Placebo

Post-Treatment 67.24199 35.57656 31.343258 14.52531723
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Figure 3.18: Miyagi - Import vs. Total Registrations (% difference from counterfactual)
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Figure 3.19: lwate - Imports vs. Total Registrations (% difference from counterfactual)
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Figure 3.20: Fukushima - Imports vs. Total Registrations (% difference from counterfactual)
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Appendix A: Data

Table 3.13: Data Table

Type Data Source Chapter Series Frequency Duration
. . Japan
New Registrations New Registrations of Automobile Jan. 1999-Feb.
of Imported R Monthly
X Imported Vehicles Importers 2013
Vehicles o
Association
Ministry of Land,
. . Infrastructure, Apr. 2011-Jan.
Car Inspections New Car Inspections Transport, and Monthly 2013
Tourism
Ministry of Land,
Car Inspections New Car Inspections Infrastructure, Annual Fiscal Year
P P Transport, and 2007-2011
Tourism
Area by Total Area, Urban Japan Statistical 1 7 Oct. 2010
Prefecture Area Yearbook
Area.by . Mountain, Hill Land, e
Configuration, Japan Statistical
. Upland, Lowland, 1 8 1982
Gradient, and Yearbook
Inland Water
Prefecture
Population by . Japan Statistical 2000, 2005,
Prefecture Population Yearbook 2 3 2010
Prefectural Japan Statistical Fiscal Year
Accounts GoP Yearbook 3 148 Annual 1999-2009
Establishments, Whole'sale
Emplovees Establishments,
ployees, Wholesale
Annual Sales of Employees Fiscal Year
Goods and Sales Wholesale Sales, Japan Statistical 13 3 Annual 2002, 2004,
Floor Space of R ) Yearbook
Retail Establishments, 2007
Wholesale and .
. Retail Employees,
Retail trade by . .
Retail Sales, Retail
Prefecture
Floor Space
Average Prices of
Building Land by Re5|dent|a.l Pru?e, Japan Statistical July 1999 -
Use and Commercial Price, 17 14 Annual
. . . Yearbook July 2010
Prefecture (per Quasi-Industrial Price
1mA"2)
Households and
Persons Receiving ~ Persons Receiving . .
Lo Lo Japan Statistical Fiscal Year
Public Livelihood Public Aid, Rate of Yearbook 20 40  Annual 2003-2010

Assistance by
Prefecture

Public Assistance
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Appendix B: Robustness Check (excluding all 50Hz Prefectures)

Figure 3.21: Treated Regions (Average) - Import Registrations (3 month moving average)
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Figure 3.22: Miyagi Prefecture - Import Registrations (3 month moving average)
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Table 3.14: Prefecture Weights (Miyagi)

Prefecture = Weight
Hokkaido - | Tokyo - | Shiga 0 | Ehime 0
Aomori - | Kanagawa - | Kyoto 0 | Kochi 0
Iwate - | Niigata - | Osaka 0 | Fukuoka 0.166
Miyagi - | Toyama 0 | Nara 0 | Saga 0
Akita - | Ishikawa 0.449 | Wakayama 0 | Nagasaki 0
Yamagata - | Fukui 0 | Tottori 0 | Kumamoto 0
Fukushima - | Yamanashi - | Shimane 0.027 | QOita 0
Ibaraki - | Nagano 0 | Okayama 0 | Miyazaki 0
Tochigi - | Gifu 0.131 | Hiroshima 0 | Kagoshima 0.217
Gunma - | Shizuoka - | Yamaguchi 0 | Okinawa -
Saitama - | Aichi 0.009 | Tokushima 0
Chiba - | Mie 0 | Kagawa 0
Table 3.15: Predictor Balance (Miyagi)
Treated Synthetic V Matrix
Average Imports 286.8082 286.9416 0.058245
Area 6862 6153.1 0.041977
Urban Area 4545 4317.087 0.121162
Mountain Area 2158 3574.789 0.057693
Hill Area 2673 1196.729 0.011524
Upland Area 652 655.28 0.051686
Lowland Area 1757 842.526 0.002067
Inland Water 23 33.605 0.286618
2000 Population 2365 2110.596 0.013203
2005 Population 2360 2107.173 0.037019
2010 Population 2348 2096.347 0.016155
GDP 8431.273 7486.135 0.008757
Wholesale Establishments 8004.333 6709.325 0.000524
Wholesale Employees 78 63.073 0.008719
Wholesale Sales 8074.333 5334.282 0.018139
Retail Establishments 23308 22986.54 0.00883
Retail Employees 154 133.6047 0.024873
Retail Sales 2516.667 2203.856 0.008531
Retail Floor Space 2983.333 2720.512 0.013234
Residential Price 430.5833 491.8531 0.020603
Commercial Price 2070.833 1341.984 0.019174
Quasi-Industrial Price 557.5833 874.0974 0.050534
Persons Receiving Public
Aid 18258.57 22826.94 0.108565
Rate of Public Assistance 8.242857 8.848443 0.012167
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Figure 3.23: lwate Prefecture - Import Registrations (3 month moving average)
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Figure 3.24: Fukushima Prefecture - Import Registrations (3 month moving average)
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Table 3.16: Prefecture Weights (Ilwate)

Prefecture = Weight
Hokkaido - | Tokyo - | Shiga 0 | Ehime 0
Aomori - | Kanagawa Kyoto 0 | Kochi 0
Iwate - | Niigata - | Osaka 0 | Fukuoka 0
Miyagi - | Toyama 0 | Nara 0 | Saga 0
Akita - | Ishikawa 0 | Wakayama 0 | Nagasaki 0
Yamagata - | Fukui 0 | Tottori 0 | Kumamoto 0
Fukushima - | Yamanashi - | Shimane 0.55 | QOita 0
Ibaraki - | Nagano 0 | Okayama 0 | Miyazaki 0
Tochigi - | Gifu 0.009 | Hiroshima 0 | Kagoshima 0.44
Gumma - | Shizuoka - | Yamaguchi 0 | Okinawa
Saitama - | Aichi 0 | Tokushima 0
Chiba - | Mie 0 | Kagawa 0
Table 3.17: Predictor Balance (lwate)
Treated Synthetic V Matrix
Average Imports 90.81507 91.44384 6.32E-06
Area 15279 7756.672 2.09E-06
Urban Area 8354 4993.975 1.59E-06
Mountain Area 11021 4821.152 0.000127
Hill Area 2089 1424.977 0.000982
Upland Area 881 843.482 8.44E-10
Lowland Area 1261 622.056 1.80E-07
Inland Water 11 110.097 0.000938
2000 Population 1416 1223.912 1.15E-05
2005 Population 1385 1198.383 2.86E-05
2010 Population 1330.5 1163.566 9.52E-06
GDP 4588.818 3777.218 2.43E-05
Wholesale Establishments 3395.333  3156.32 0.000623
Wholesale Employees 29 25.887 0.000183
Wholesale Sales 2003.333 1592.473 0.00154
Retail Establishments 15849 14945.83 0.000685
Retail Employees 85.66667 75.27333  2.76E-05
Retail Sales 1362.667 1173.736 1.16E-05
Retail Floor Space 1753 1511.192 2.52E-05
Residential Price 336.5833 296.6519 8.46E-05
Commercial Price 785.4167 782.481 0.029339
Quasi-Industrial Price 332.3333 686.7342 0.001
Persons Receiving Public
Aid 12974.14 12986.29 0.963707
Rate of Public Assistance 9.4 9.712843 0.000644
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Table 3.18: Prefecture Weight (Fukushima)

Prefecture = Weight
Hokkaido - | Tokyo - | Shiga 0 | Ehime 0
Aomori - | Kanagawa Kyoto 0 | Kochi 0
Iwate - | Niigata - | Osaka 0 | Fukuoka 0.027
Miyagi - | Toyama 0 | Nara 0 | Saga 0
Akita - | Ishikawa 0 | Wakayama 0 | Nagasaki 0.218
Yamagata - | Fukui 0 | Tottori 0 | Kumamoto 0
Fukushima - | Yamanashi - | Shimane 0.202 | Oita 0
Ibaraki - | Nagano 0.303 | Okayama 0 | Miyazaki 0
Tochigi - | Gifu 0.146 | Hiroshima 0 | Kagoshima 0.104
Gumma - | Shizuoka - | Yamaguchi 0 | Okinawa -
Saitama - | Aichi 0 | Tokushima 0
Chiba - | Mie 0 | Kagawa 0
Table 3.19: Predictor Balance (Fukushima)
Treated Synthetic V Matrix
Average Imports 208.9315 209.0819 0.034872
Area 13783 8718.24 6.17E-08
Urban Area 5648 5388.763 0.000574
Mountain Area 10389 6794.636 3.89E-09
Hill Area 702  678.702 0.000891
Upland Area 1114 706.951 6.31E-08
Lowland Area 1437 686.081 3.6E-05
Inland Water 129 129.056 0.782202
2000 Population 2127 1784.719 0.002641
2005 Population 2091 1763.978 0.000739
2010 Population 2028.8 1726.251 0.000693
GDP 7774.364 6027.621 0.000228
Wholesale Establishments 5222.667 4953.279 0.003741
Wholesale Employees 41.66667 42.083 0.003843
Wholesale Sales 2675.333 2802.023 0.118292
Retail Establishments 22967.33 19891.67 0.000339
Retail Employees 130.3333 111.4507 0.000596
Retail Sales 2087.667 1832.037 7.65E-05
Retail Floor Space 2685.333 2301.059 3.67E-07
Residential Price 291.0833 334.5794 0.007678
Commercial Price 758.9167 980.8912 4.38E-07
Quasi-Industrial Price 535.75 689.7606 0.000381
Persons Receiving Public
Aid 13575.57 13246.97 0.042177
Rate of Public Assistance 6.8 7.959043 1.80E-07
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Figure 3.25: Placebo Regions (Average) - Import Registrations (3 month moving average)
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Figure 3.26: Miyagi - Import Registrations (Placebo Test: RMSPE x2)
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Figure 3.27: lwate - Import Registrations (Placebo Test: RMSPE x2)
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Figure 3.28: Fukushima - Import Registrations (Placebo Test: RMSPE x2)
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Table 3.20: RMSPE: Imports (% deviation)

AVG
Miyagi lwate Fukushima Placebo
Pre-Treatment 8.266685 13.15734 5.9870313 8.357709553
Post-Treatment 24.00832 19.25259 11.746898 10.45540945
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Figure 3.29: Treated Regions (Average) - Total Registrations
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Figure 3.30: Miyagi - Total Registrations
16000.00
14000.00
12000.00
10000.00
8000.00
6000.00
4000.00
2000.00

0.00
Feb-11 Jun-11 Sep-11 Dec-11 Apr-12 Jul-12 Oct-12 Jan-13

— Miyagi Synthetic

165



Figure 3.31: lwate - Total Registrations
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Figure 3.32: Fukushima - Total Registrations
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Figure 3.33: Placebo Regions (Average) - Total Registrations
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Figure 3.34: Miyagi - Total Registrations (Placebo Test)
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Figure 3.35: lwate - Total Registrations (Placebo Test)
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Figure 3.36: Fukushima - Total Registrations (Placebo Test)
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Table 3.21: RMSPE: Total Registrations (% deviation)

AVG
Miyagi lwate Fukushima Placebo

Post-Treatment 66.2454  45.06923 40.534102 14.99393982
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