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Panel data of individual firms are a valuable source of
information on the disaster resilience of the regional
economy. Such data also helps to assess the effective-
ness of government aids to recovery. Every year af-
ter the Great East Japan Earthquake 2011, from 2012
to 2015, Tohoku University’s Graduate School of Eco-
nomics and Management conducted the Tohoku Uni-
versity Earthquake Recovery Firm Survey (TERFS)
to obtain such information. The survey collected
25,826 responses over the 4-year period from a total
of 11,090 firms in the east Tohoku region, the most
severely affected region. Based on this survey, this
paper assesses the effects of the conventional and new
government recovery aid measures introduced to help
firms affected by the disaster on the levels of business
activity. The paper finds that group subsidy and debt
reduction had important roles in the recovery of busi-
ness activities, and demonstrates the importance of a
panel survey in understanding and guiding policies for
the resilience of the regional economy.

Keywords: resilience, regional economy, aid measures,
group subsidy, debt reduction

1. Introduction

1.1. Effects of Disaster on the Regional Economy
and its Recovery

Some new firm support systems have been established
to strengthen the disaster resilience of the regional econ-
omy after the Great East Japan Earthquake. This study
shows how a disaster influences a regional economy and
how the regional economy recovers after the disaster,
using panel data on firms in the disaster-stricken area
– Tohoku University Earthquake Recovery Firm Survey
(TERFS) – collated by the Graduate School of Economics
and Management of Tohoku University from 2012 to
2015. The effectiveness of the aid measures is also ex-
amined.

1.2. Macro Approaches

The influence of a large-scale disaster on a regional
economy has been analyzed by regarding a disaster as
a negative exogenous shock and evaluating a short-term
effect, such as reduction of production in the stricken
area immediately after the disaster and its ramifications
in other areas. Although not many cases exist where
medium- and long-term effects of a disaster are exam-
ined comprehensively, the conclusions of such cases are
divided into the following arguments [1–3].

First, some quantitative studies conduct a correlation
analysis between the disaster experience and the growth
rate, based on a time series analysis (mainly in a unit
of a national economy), and indicate that a disaster has
a “growth acceleration effect” in the long term [4, 5].
In such studies, details on the growth mechanism and
the cause-effect relationship are not always clarified suf-
ficiently. Therefore, assumptions that introducing new
technologies and innovations providing opportunities for
new growth, strengthening of structural correlation, sig-
nificance of R&D and knowledge transfer, and changes in
productivity at the firm level have been examined [6–9].

However, some studies provide a contradictory argu-
ment [10, 11], pointing out that a temporal boom in sec-
tors associated with reconstruction after a disaster could
trigger stagnation in other sectors leading to a long-term
“growth constraint effect” [12]. A re-examination of the
Great Hanshin Awaji Earthquake disaster [13] and the
Hurricane Katrina in New Orleans [14], by a cross-section
analysis, reveals that population and wealth would likely
flow out from disaster-stricken areas in a regional econ-
omy with high openness, and negative effects would eas-
ily increase. Another study argues that the “growth accel-
eration effect” is ostensibly observed because the data in
use include many cases of disaster in high-income coun-
tries, and the disaster intensity indicators, based on the
monetary amount of damage, over-evaluates the severity
of disasters in high-income countries [15]. Input-output
analyses and CGE models have been also applied as an
analytical method [14, 16].

Furthermore, in response to increasing interest in
“evidence-based policymaking,” a few studies have em-
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ployed quasi-experimental methods to evaluate the impact
of disasters and the implementation of a reconstruction
policy, and the number of such studies is rising. In these
studies, a disaster is compared with a virtual (counterfac-
tual) result that supposes no disaster in order to quantify
the negative effects of a disaster [17].

1.3. Micro Approaches
Focusing on the decision-making and behavior-choice

of microeconomic agents as an analysis unit, studies
have also increasingly examined the process of industrial
revitalization and economic reconstruction in disaster-
stricken areas. Previous studies have mainly used spa-
tially or industrially aggregated data at mesoscale, for
example, at local government level or at middle divi-
sion of industrial classification, partly because of data
availability. On the other hand, business administra-
tion researchers have been interested in topics such as
recruitment, financing, investment, and earnings projec-
tions, and several studies have been conducted using rela-
tively few anecdotal cases. Under these circumstances,
resilience research dealing with response and recovery
capabilities against disasters have advanced and signifi-
cantly linked to the knowledge about industrial organi-
zation and regional economics through micro-mesoscale
association [18–20].

The study on firms conducted 16 months after the
Northridge earthquake is considered the pioneering em-
pirical study based on firm inspection. That study shows
that the reopening of businesses was influenced not only
by individual aid measures but also by the interruption of
utilities and communication services [21]. Another study
based on firm inspection, conducted after several disasters
in the United States, examines preparedness for disaster,
damage caused by a disaster, and recovery after a disas-
ter [22]. The firm inspections conducted in 2010 and 2011
after the earthquake in New Zealand revealed that damage
to customers and the problems on the staffing influenced
recovery rather than damage to the facilities [23], and re-
covery depended on how a firm could respond swiftly un-
der high uncertainty [24]. Most firm inspections after a
disaster only include firms that continued their business
after the disaster. However, one study included firms that
closed their business after the disaster demonstrated that
there are two patterns of such closures. Some closed their
businesses immediately after the disaster due to direct
damage caused by the disaster, while others closed their
business after a while considering recovery conditions of
firm groups and the financial situation after disaster [25].
In a pioneering study, using panel data of firms, a follow-
up survey was conducted for 4 years on small firms at
the relocation site in new town after the 2008 Wenchuan
Earthquake. This survey showed that the firms that relo-
cated and reopened their businesses closed them in suc-
cession [26]. These aforementioned studies descriptively
or statistically examine which firm is more likely to re-
cover, but they do not examine how policies and external
aid measures contribute to recovery.

1.4. The Great East Japan Earthquake
The Great East Japan Earthquake on March 11, 2011,

provides an appropriate case study to demonstrate the re-
silience of firms after a disaster. In this disaster, in addi-
tion to the seismic disaster – the world’s largest magni-
tude of 9.0 – a large tsunami hit the Pacific coast of Japan,
and extensive radioactive contamination was caused by an
accident at the Fukushima Daiichi Nuclear Power Plant.
The direct economic loss is estimated at 16.9 trillion yen,
and this disaster has caused the most amount of damage in
history [27]. Following the Great East Japan Earthquake,
in addition to publications for the general public [28–32],
an increasing number of discussion papers by RIETI and
others, and academic papers [33–38] have been released,
based on the economic reconstruction since then. How-
ever, a comprehensive picture of the Great East Japan
Earthquake cannot yet be grasped.

1.5. Purpose of the Study
The Japanese government provided some new aid mea-

sures for the reconstruction of the regional economy and
the firms immediately after the Great East Japan Earth-
quake. The recovery of firms can be understood through
a large-scale questionnaire, “TERFS,” conducted by the
Earthquake Disaster Recovery Research Center of the
Graduate School of Economics and Management, Tohoku
University from 2012 to 2015. The extent of damage and
subsequent business conditions, among other aspects, are
surveyed (details are described below). Moreover, the sur-
vey also asks whether the firms received government aids.
As for the Great East Japan Earthquake, some studies ar-
gue that the effects of the government’s aid measures are
limited [39, 40]. However, such an argument is based on
analysis at the aggregate level [39], and on data at a certain
point of time in the early stages after the earthquake [40].
Therefore, it is necessary to review the recovery process
of individual firms based on time series data long enough
for an economy to recover from such severe damage as
the Great East Japan Earthquake.

Thus, this study measures the effects of various aid
measures aimed at the recovery of production activities
and examines which aid measure has contributed more.
Hence, aid measures provided for firms by the govern-
ment are summarized in Section 2, details of TERFS and
the methodology are described in Section 3, the results
of the analysis are presented in Section 4, and Section 5
presents the discussion.

2. Government Aids to Firms Affected by the
Great East Japan Earthquake

2.1. Government Aids to Firms
Referring to reconstruction policies aimed at recovery

of industry after the Great East Japan Earthquake, there
are two kinds of aid measures, those adopted at the time of
the Great Hanshin Awaji Earthquake and followed when
the Great East Japan Earthquake struck, and those adopted
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at the time of the Great East Japan Earthquake for the first
time [41, 42]. This study examines the following 6 aid
measures.

2.1.1. Aid Measures for Financing Through Interest
Assistance

Since the 2011 fiscal year, immediately after the earth-
quake, “Great East Japan Earthquake Recovery Special
Loans” (referred to as “Recovery Special Loans” here-
after) have been implemented through the Japan Finance
Corporation (Nihon Seisaku Kin-yu Koko) and Shoko
Chukin Bank (Shoko Kumiai Chuo Kinko) to recover
the business facilities of the disaster-stricken small and
medium-sized enterprises or to support their businesses.
Under such Recovery Special Loans, the interest rate is re-
duced by 0.5–1.4% from the actual interest rate for small
and medium-sized enterprises and micro-businesses dam-
aged directly or indirectly by the earthquake. The up-
per lending limits amount to 300 million yen for small
and medium-sized enterprises and 60 million yen for the
micro-businesses. The maximum loan period is 20 years
for equipment funds and 15 years for operating funds.

In addition to Recovery Special Loans, the local gov-
ernments have implemented an interest subsidy indepen-
dently. The system for the interest subsidy differs with
each local government. For example, Miyagi Prefecture
subsidizes an amount equivalent to 1.0–1.5% of interest
on loans with upper lending limits of 30 million yen.
However, the period of interest subsidy provided by local
governments is relatively short. For example, in Miyagi
Prefecture, the period of interest subsidy is 3 years begin-
ning from the date of borrowing. Strictly speaking, the
interest cut by Recovery Special Loans and the interest
subsidy by local governments are separate systems, but in
a broad sense, both are considered as interest assistance.
Accordingly, in the empirical analysis of this study, inter-
est cut and interest subsidy are together termed as “inter-
est assistance.”

2.1.2. Aid Measures Against the Double Debt Problem
The double debt problem indicates a situation where al-

though production facilities of a firm are damaged by an
earthquake and/or tsunami, an existing debt must be paid
back and funds for capital investment necessary for re-
covery must be financed anew by a financial institution.
The situation of double debt exists if the following condi-
tions are met: (1) tangible fixed assets are damaged by an
earthquake, (2) a firm is not exempted from existing debt,
(3) a firm takes a new loan after an earthquake. Accord-
ing to TERFS, in the 2012 fiscal year, 1,191 firms met
these conditions out of 3,654 firms that provided a valid
answer. In other words, about one-third of firms located in
the disaster-stricken areas can be seen as being in double
debt. However, attention should be paid to the fact that the
seriousness of the double debt problem varies with each
disaster-stricken firm, and not all the firms located in the
disaster-stricken areas have a serious problem.

To undertake active capital investment for the recon-
struction of firms, financial institutions should ideally ex-
empt firms from their existing debt. However, this is diffi-
cult to implement. In the case of the Great Hanshin Awaji
Earthquake, existing debt was hardly exempted. Aid mea-
sures against the double debt problem have been intro-
duced for the first time in the case of the Great East Japan
Earthquake. The Industry Reconstruction Corporations
(Sangyo Fukkou Kikou) and the Incorporated Organiza-
tion for Supporting the Turnaround of Businesses Dam-
aged by the Great East Japan Earthquake (Jigyousha Sai-
sei Shien Kikou, referred to as “Shien-Kiko” hereafter)
have bought up credits owned by the financial institu-
tions in order to substantially reduce the existing debts
of disaster-stricken firms or have eased the conditions of
repayment of the firms. The support provided by the In-
dustry Reconstruction Corporations and the Shien-Kiko
has steadily increased since 2012. The Industry Recon-
struction Corporations has supported 1,153 cases, and the
Shien-Kiko has supported 736 cases. In the empirical
analysis of this study, the purchase of credits by the In-
dustry Reconstruction Corporations or the Shien-Kiko is
termed as “debt purchase” from the viewpoint of firms,
while the reduction of the existing debts by financial in-
stitution, the Industry Reconstruction Corporations, or the
Shien-Kiko is termed as “debt reduction.”

2.1.3. Rent Assistance and Assistance for Disaster
Restoration Works

The Ministry of Economy, Trade, and Industry and the
Japan Chamber of Commerce and Industry implemented
aid measures from December 2012 to March 2014 to sub-
sidize new rent and lease for small and medium-sized en-
terprises that bore lease obligations because of damage
to leasing equipment, including buildings, caused by the
earthquake. In this aid measure, 10% of new rent and
lease were subsidized. The budget for this aid measure,
about 10 billion yen, is relatively small compared to those
of other aid measures. In the empirical analysis of this
study, assistance for rent and lease is termed “rent assis-
tance.”

Each local government, other than the central gov-
ernment, has implemented aid measures for post-disaster
restoration. Such aid measures operate differently under
each local government. For example, Iwate Prefecture
has implemented an aid measure that subsidizes expenses
to reopen the business for those small and medium-sized
enterprises whose business assets were damaged by the
earthquake. The upper limit of assistance is 20 million
yen, and the maximum subsidy rate is 50% of all ex-
penses. The question in TERFS about “whether there is
receipt of lump sum or subsidy from local government”
is considered as a question on aid measures by local gov-
ernments. In the empirical analysis of this study, such aid
measures are termed “lumpsum subsidy.”

2.1.4. Taxation Assistance
Aid measures related to taxation have been imple-

mented based on the special exemption national law en-
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acted on April 27, 2011. Exceptional measures have been
offered for corporate loss from damaged business assets,
refunding corporate tax and other national tax. In the lo-
cal tax, there also exist exceptional measures for corpo-
rate loss from damaged business assets and the tax ex-
emption to the small and medium-sized enterprises in the
areas stricken by tsunami. The question in TERFS about
“whether there is exemption of tax” is considered as a
question on taxation assistance. In the empirical analy-
sis of this study, such aid measures are termed as “tax
exemption.”

2.1.5. Preparation of Temporary Factories and Shops
Many firms in the coastal areas lost their factories,

businesses, and shops due to the tsunami. To assist the
disaster-stricken small and medium-sized enterprises in
reopening their businesses, the Organization for Small &
Medium Enterprises and Regional Innovation has imple-
mented new aid measures to construct temporary factories
and shops and to transfer them to the disaster-stricken mu-
nicipalities. These facilities have been lent free of charge
to the affected firms through the municipalities. In the em-
pirical analysis of this study, such aid measures are termed
as “temporary premises.”

2.1.6. Restoration and Preparation Assistance Project
for Group Subsidies to Small and Medium-
Sized Enterprises

This project, commonly known as “Group Subsidy,” is
the aid measure introduced since the Great East Japan
Earthquake. In this system, if a group of small and
medium-sized enterprises is formed to build the core of
a regional economy and, hence, promote recovery, and
if a prefecture approves the group’s plan, restoration and
preparation of facilities and equipment are subsidized.
This system is crucial because it enables “public expen-
ditures to restore private properties,” which had been dif-
ficult to be implemented previously. The central gov-
ernment and prefecture subsidize less than half and less
than quarter of the expenses, respectively. The amount of
public expenditure toward private production facilities of
firms by Group Subsidy is largest among the aforemen-
tioned aid measures. Group Subsidy is considered as the
aid measure that promotes the resilience of the regional
economy. Therefore, this system is described in more de-
tail in the next section.

2.2. Group Subsidies to Small and Medium-Sized
Enterprises

The system of Group Subsidy is designed based on Ar-
ticle 14 of the Act concerning Special Financial Support
to Deal with the Designated Disaster of Extreme Severity
(the act of No. 150 in 1962) [43]. This Act, concerning
Special Financial Support, stipulates provisions on subsi-
dies by the government for disaster restoration works of
cooperative associations within the area designated as the
disaster of extreme severity. These provisions have been

applied further to other groups meeting certain conditions,
and such disaster restoration works have been approved.
In Group Subsidy, a group must meet any of the following
conditions to be entitled to apply for the plan of disaster
restoration works.

(1) Supply chain type: recovery and restoration of a
group of small and medium-sized enterprises play an
important role in the supply chain.

(2) Significant effects on the economy and employment
type: business and employment are large and a group
contributes significantly to the economy and employ-
ment in a prefecture.

(3) Basic industry type: a group constitutes an economic
and social base in a certain region and is indispensable
for reconstruction and maintenance of employment in
the region.

(4) Shopping street type: a group improves the conve-
nience of life and shopping for local residents and has
a social function to promote exchange among them.

(5) Community regeneration type: when residents are to
return to their hometown, a group is indispensable for
preparation of living conditions necessary for the res-
idents and provision of employment opportunities re-
lated closely to the region concerned (for example,
response to the returnees in reviewing the warning
zones established in the nuclear power plant accident
or in canceling the evacuation instructions).

According to the Board of Audit of Japan, in the first
18 public offerings as of the end of December 2016, it was
decided to grant 497.3 billion yen, including national ex-
penditure of 331.6 billion yen, to 690 groups in Hokkaido,
Aomori, Iwate, Miyagi, Fukushima, Ibaraki, Tochigi, and
Chiba Prefectures [44]. Many subsidies were approved in
the 2011 and 2012 fiscal years. The target area has been
limited to “the municipalities with tsunami flooded area
and warning zone etc.” since the 2013 fiscal year. On the
other hand, the subsidies have been increased because of
soaring material prices since July 2014. A flexible oper-
ating system has been adopted since the 2015 fiscal year
to support not only reconstruction works but also new ac-
tivities for new demand development.

As for changes in group composition, many groups fall
into “significant effects on the economy and employment
type” and “basic industry type” and are formed by major
enterprises and groups of their subcontractors to maintain
local employment. However, the trends in group compo-
sition have changed since 2013, intending to regenerate
communities and rebuild life in cooperation with the local
construction industry, distribution industry, and tourism.
Now, the moratorium period of up to 5 years, when re-
payment of firm’s own burden financed by the fund for
business innovation without interest was deferred, is com-
ing to an end. There is a growing interest in re-examining
the repayment burden and in the movements on discontin-
uance and bankruptcy of businesses.

Group Subsidy has received a relatively high evaluation
from the disaster-stricken firms. Accordingly, the system
was applied to the Kumamoto Earthquake in April 2016
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and the West Japan Heavy Rain in July 2018. On the other
hand, the system was not applied to the Hokkaido Eastern
Iburi Earthquake in September 2018, considering the ex-
tent of the damage. However, in addition to the problems
of budget frame, source of revenue, accreditation criteria,
and examination period, the business effects should be re-
viewed and evaluated from a point view of “what kind of
group of firms has been formed for what objective, subsi-
dies have been applied for and approved for what kind of
scale and what kind of purpose, and to what extent did the
group achieve the aforementioned functions of (1) to (5).”
Attention should be paid, for example, to whether a new
idea on agricultural diversification is born while building
a new group between tourism sector and agriculture and
marine product processing sector, which had a weak con-
nection with one another previously; or to whether a new
trade started between a core enterprise in the region and a
local parts manufacturer after the Group Subsidy.

Contrarily, there are certain concerns. These relate to
whether the system would be ineffectively managed if a
firm that should have retired essentially survives with the
assistance of this system, or a moral hazard may emerge
if the scope of application expanded excessively. The lat-
ter would increase the number of victims who demand
public aid after a disaster and fail to make efforts to help
themselves. Moreover, it would be necessary to not only
restore conditions to the level before the disaster but also
to urge industry reorganization and business innovation.

The Tohoku Bureau of Economy, Trade, and Indus-
try has conducted the “Questionnaire to Firms to which
Group Subsidy was Granted” continuously. This is a pre-
cious information source to review the aforementioned
points on Group Subsidy. Unfortunately, this question-
naire is a consciousness survey limited to the firms to
which Group Subsidy was granted, and it is unsuitable for
a quantitative evaluation about whether or not receipt, pe-
riod, and scale of Group Subsidy are considered. There-
fore, this paper reviews the effects of each aid measure,
including Group Subsidy, using TERFS, which is intro-
duced in the next section.

3. Data and Methods

3.1. Tohoku University Earthquake Recovery Firm
Survey (TERFS) 2012–2015

The Graduate School of Economics and Management
of Tohoku University organized the Earthquake Disaster
Recovery Research Center immediately after the earth-
quake. This center launched a large-scale questionnaire
titled “TERFS” in the 2012 fiscal year as a core study sub-
ject within the regional industry recovery research, aim-
ing to grasp the recovery situation of the disaster-stricken
firms quantitatively and record for the medium and long
term. The objective of TERFS is to grasp the recov-
ery process of firms located in the disaster-stricken ar-
eas and preserve records. The characteristics of TERFS
are summarized as follows: (1) comprehensively under-

stand the activities of firms in the disaster-stricken ar-
eas in terms of manpower, goods, and capital, (2) sur-
vey firms extensively in both inland and coastal areas of
disaster-stricken Tohoku Region, (3) understand firms in
the disaster-stricken areas in an industrially cross-sectoral
manner, and (4) understand the dynamic recovery process
of firms in the disaster-stricken areas [45, 46].

3.2. Survey Questions in TERFS
The TERFS questionnaire is 16 pages long for firms

that answer the survey for the first time, and the follow-up
survey is 12 pages long for those that answered TERFS
previously. The questionnaire is summarized as fol-
lows [45, 46].

(1) Basic information
To understand the basic information of the firm, includ-

ing the situation immediately before earthquake, the kind
and amount of damage, situation of recovery, and whether
the firm received public or private aid measures, and oth-
ers are surveyed.

(2) Financing
To understand the problems of financing loan balance,

whether there is reduction of debt burden, whether there
is new borrowing (after the earthquake) and its amount,
whether there is new investment (after the earthquake) and
its amount, and evaluation of financing problems are sur-
veyed.

(3) Capital investment, location, and business relation-
ship

To understand the current situation of capital invest-
ment, relocation, and supply chain, the level of business
activity compared to before the earthquake, capital in-
vestment, whether there is approved Group Subsidy, re-
location of business, changes in suppliers, subcontractors,
customers, and order receivers are surveyed.

(4) Human resources, employment, and labor manage-
ment

To understand the employment and labor personnel
system, the classification and number of employees, an-
nual income of employees, and respondents’ evaluation
on securing human resources are surveyed.

The other basic information on capital, industrial clas-
sification, and address of the firms are acquired from
“TRS Data Approach” created by Tokyo Shoko Research,
Ltd., which is used as the sampling frame of this sur-
vey. In the follow-up surveys with firms that answered the
questionnaire earlier, the items asking about the situation
immediately before and after the disaster and those which
do not change over time are excluded from the original
questionnaire.

3.3. Sampling Methods and Responses
The firms covered by this survey are all firms that

have their head offices in Iwate, Miyagi, and Fukushima
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Prefectures and Hachinohe City in Aomori Prefecture.
However, the financial industry, incorporated NPOs, and
non-profit organizations other than the ordinary commer-
cial company corporations are excluded from the survey.
Firms that have only a branch, an office, or a factory but
no head office in the disaster-stricken areas are also not
covered.

In the 2012 survey, 56,101 firms were selected from the
“TRS Data Approach” created by Tokyo Shoko Research,
Ltd, as the population of the sampling frame. These were
firms that have their head offices in the disaster-stricken
areas. Stratified sampling was conducted with two strata
of coast and inland. First, from the stratum of coastal
municipalities, all 19,628 firms to be surveyed were ex-
tracted regardless of the scale of firm. All firms located on
coast were in-principle surveyed to comprehensively un-
derstand the damage and recovery of firms located in ar-
eas expected to be seriously damaged by tsunami. Further,
with regard to inland firms expected not to be damaged by
tsunami, all 4,839 firms with 21 or more employees were
extracted, and 5,053 firms were extracted randomly from
30,530 firms with 20 or fewer employees. The total of
30,000 firms were extracted for this survey. Because the
questionnaire was sent by mail, no answer was obtained
from firms that had closed their businesses at the time of
the survey. The response rate was 21.9% for firms with
20 or fewer employees and 27.8% for those with 21 or
more employees.

Similarly, the survey in 2013 extracted approximately
30,000 firms including firms not sampled in 2012, while
the surveys in 2014 and 2015 sent questionnaires to only
those firms that had already answered the questionnaire in
2012 or 2013. The survey in 2014 covered 10,956 firms
and 5,713 firms answered the questionnaire with a re-
covery rate of 52.1%. The survey in 2015 covered
10,560 firms and 5,514 firms answered the questionnaire
with a recovery rate of 52.2%. The surveys in 2014 and
2015 showed a higher recovery rate compared to those in
2012 and 2013 because the questionnaires were sent only
to firms that had answered the questionnaire before. In
four surveys in total, 25,826 answers were obtained from
11,090 firms and 8,097 firms answered more than once
(Fig. 1).

3.4. Method
The TERFS results can be used to obtain recovery

curves of firms after a disaster. The recovery curve shows
a chronological change in an index of a firm after a disas-
ter and is expected to return to the level before a disaster
over time. This study focuses on the business activity rate
found in TERFS. The business activity rate is defined as
“the level of business in terms of production and sales in
each period, supposing that business activity in the last
accounting period before an earthquake is 100%.” The
business activity rate is expected to be the lowest imme-
diately after a disaster and to recover to 100% gradually.
By comparing the recovery curves among the firms, de-
pending on whether there are aid measures, the effects of

Fig. 1. Number and patterns of responses (source: TERFS).
The height of the bars is proportional to the number of firms.

the aid measures concerned can be revealed. Such a com-
parison would be possible using only panel data of firms.

Because TERFS repeats observations of the same firm,
a linear mixed model is used [47]. A random intercept
is provided to each firm to take the characteristics of the
individual firm into consideration. Similarly, variations
due to the industrial classification of 12 sectors, the size
of firm of 4 levels and the region of 7 areas are also con-
trolled by random intercepts. The dependent variable is
the natural logarithm of business activity rate. Because
the business activity rate values have large skewness, the
natural logarithm is taken, which takes a negative value if
the business activities of a firm fall below the level before
an earthquake, and it takes 0 if the business activities are
at the same level as before an earthquake. The business
activity rate varies largely not only due to the differences
in the degree of damage but also due to reconstruction
booms or business interruptions caused by relocation after
the earthquake (Fig. 2). Because the business activity rate
fluctuated during the period of the surveys, a robust re-
gression method is also used for estimation of parameter.
This method estimates parameters by means of a weight-
ing function and reduces the influence of outliers [48].

Then, using the parameter of a linear mixed model,
the business activity rate with only a certain aid measure
and the rate without any aid measure are estimated. By
comparing these two activity rates, the effects of the aid
measure can be understood. Furthermore, by subtracting
changes in the business activity rate without an aid mea-
sure from those with that aid measure, the extent of effects
of the aid measure on recovery can be measured.
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Fig. 2. Business activity rates over 4-year periods (source:
TERFS).

3.5. Model
The explanatory variables include the fiscal year

dummy to obtain a non-parametric recovery curve, and
the 2015 fiscal year, the last year of the surveys, is taken
as a reference year when the business activity rate is ex-
pected to recover nearly to the level before the disaster. To
consider the magnitude of damage to firms, “damage rate”
is calculated as a value between 0 and 1 by dividing the
amount of damage to tangible fixed assets, excluding land,
by the tangible fixed assets before the disaster. All other
variables are binary. The cause of damage is distinguished
by the variables “earthquake damage,” “tsunami damage,”
and “nuclear accident.” Indirect damages of “forced re-
location” due to the nuclear accident and tsunami, “nu-
clear ill-reputation loss” due to the nuclear accident, “sup-
plier damages,” and “client damages” are also considered.
These direct and indirect damages are based on answers
provided by firms in the first TERFS survey.

The following aid measures were considered: “inter-
est assistance” to support financing of firms, “debt reduc-
tion” introduced to solve the double debt problem, “debt
purchase” that bought existing loans of firms from finan-
cial institutions, “temporary premises” that provided the
places for business activities of small and medium-sized
enterprises, “Group Subsidy” to subsidize the recovery
expenses of the facilities of a group, “rent assistance” to
subsidize the lease of firms, “tax exemption” including re-
fund and exemption of tax, and “lumpsum subsidy” pro-
vided by the prefectures and local governments. Whether
the assets of firms are covered by “earthquake insurance”
as self-defensive measures for firms was also considered.
These variables influence the level of the business activi-
ties during the surveys and the interaction between these
variables and the fiscal year dummy influences the shape
of the recovery curve.

For analysis, the statistical software R ver 3.4.1 was
used, and the package “lme4” for the linear mixed model,
“lmerTest” to obtain the test values for linear mixed
model, and “robustlmm” for robust estimation of linear
mixed model were also used.

4. Effectiveness of Aid Measures on Recovery
Curves

4.1. Four Models
We estimate 4 models for the level of business activi-

ties in each year. Model 1 estimates the recovery curve
after the disaster without considering the aid measures.
Model 2 considers all the aid measures and their effects in
each period. Model 3 is a parsimonious model. Model 4
shows the results of the robust linear mixed model using
the same variables as in model 3, and the robust estimates
are obtained by down-weighting the outliers and extreme
values using Huber weight.

4.2. Results
The analysis of the deviance table is shown in Table 1.

The statistical significance of the variables and the cross
terms can be evaluated using this table. Parameter esti-
mates are shown in Table 2. Because the dependent vari-
able is a natural logarithm, the exponent of the estimated
coefficient indicates a factor of change per unit change in
the explanatory variable. However, in case the coefficient
is close to 0, the approximation exp(b) ≈ 1 + b is valid.
Accordingly, the coefficients are approximated as a rela-
tive change in the business activity rate in response to a
unit change in the explanatory variable. Considering this
approximation, the magnitude of the effects is described
below. The recovery curves obtained from the parameter
estimates are shown in Fig. 3.

4.3. Effects of the Disaster
Model 1 is a basic model and estimates the log business

activity rate of firms in each year. The intercept shows
the log business activity rate of the firms without dam-
age in 2015, the reference year, and the coefficients of
the fiscal year dummy show the recovery rate of the firms
without damage (Table 2). Neither the intercept nor each
fiscal year dummy has statistical significance, indicating
that firms without damage operated already in 2012 at the
same level as before the disaster.

The coefficients of the cross terms between damage
rate and the fiscal year dummy measure the difference
between the business activity rates of the fully damaged
firms (whose tangible fixed assets were damaged 100%)
and that of the firms without damage in each fiscal year.
The business activity rate of the fully damaged firms is
lower by 13% than that of the firms without damage in
2015, and lower by an additional 30% in 2012. Of the
three causes of direct damage, “earthquake damage” is
statistically significant and positive, indicating that firms
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Table 1. Analysis of deviance table.

Notes: *,**, and *** represent statistical significance at the 5%, 1%, and 0.1% levels, respectively, based on Satterthwaite’s degrees of freedom method for
model 1–3.
†Analysis of deviance table and analysis of random effects table not available for model 4, which uses a robust linear mixed model.

damaged by the earthquake recovered more swiftly than
those damaged by other causes. Firms damaged by the
earthquake also benefited from the special procurement
demands after the earthquake. However, the coefficients
of cross terms with the fiscal year dummy show that
the business activity rate fluctuated. The coefficient of
“tsunami damage” does not have statistical significance

but is positive because the reduction in the business activ-
ity rate caused by the tsunami is already covered by the
damage rate. On the other hand, “nuclear damage” shows
a negative value because the business activity rate lowered
due to evacuation even if the tangible fixed assets were not
damaged.

As shown in Table 1, “nuclear ill-reputation loss” has
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Table 2. Parameter estimates for log business activity rates.

 

†

†

†

†

Note: *,**, and *** represent statistical significance at the 5%, 1%, and 0.1% levels, respectively, based on Satterthwaite’s degrees of
freedom method for model 1–3, and asymptotic degrees of freedom for model 4.
†Statistical significance not available.
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Fig. 3. Estimated recovery curves of firms with various aids, for selected damage rates. The figure is based on estimated marginal
means from model 4. The values for this figure are found in Table 3.

significance, but the cross terms with fiscal year does
not have statistical significance. This means that the ill-
reputation loss caused by the nuclear accident had influ-
enced the business activity rate continuously and reduced
it by about 6–8% according to model 2–4. Damages to
business partners also have significant effects but show
asymmetric results. “Client damage” reduced the busi-
ness activity rate by about 3%, and the cross term with
the fiscal year does not have significance, indicating such
reduction in the business activity rate had continued for
the survey period. In contrast, “supplier damage” does
not show a significant impact. “Forced relocation” caused
by the tsunami and nuclear accident and its cross term

with the fiscal year dummy does not have statistical sig-
nificance.

All random intercepts provided to the industry, firm
size category, and individual firm in each fiscal year have
statistical significance, but the random intercept provided
to region does not have significance. Another analysis,
which is not reported in this study, reveals that the con-
struction industry recovered most quickly and operated at
a far higher level than before the disaster, but fisheries
and related industries, which is the main industry in most
tsunami-stricken areas, continued their businesses at a far
lower level. Small and medium-sized enterprises recov-
ered more quickly than large enterprises but to a lower
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level than the latter. Such differences due to industry and
firm size cannot be shown explicitly by the models in this
study but are controlled by random intercepts.

4.4. Effects of Aid Measures
The variables of aid measures are introduced into

model 2. The effects of aid measures can be divided into
the following: (1) aid measures have effects, (2) the cross
term between aid measures and the fiscal year has effects,
and (3) the cross term among aid measures, the damage
rate, and the fiscal year has effects (Table 1). First, the
category of aid measures having effects means that there
is a difference in the level of recovery curve. The provi-
sions of “temporary premises,” “lumpsum subsidy,” and
“interest assistance” fall into this category. Second, the
category of the cross term between aid measures and the
fiscal year having effects means that the effects cause a
difference in the shape of the recovery curve. “Debt pur-
chase” falls into this category. Lastly, the category of the
cross term among the aid measures, the damage rate, and
the fiscal year having effects means that the effects cause a
difference in the shape of recovery curve according to the
damage rate. “Group Subsidy” and “debt reduction” fall
into this category. The effects of these aid measures differ
according to the damage rate because “Group Subsidy”
covers a part of the recovery cost of the damaged produc-
tion facilities, and “debt reduction” reduces the existing
debts of the impaired production facilities. “Rent assis-
tance” and “tax exemption” do not have statistical signifi-
cance, and “earthquake insurance,” which was purchased
before the earthquake as a defensive measure for firms,
does not have statistical significance.

Because firms can receive multiple aid measures, the
effects of the cross term of multiple aid measures are mea-
sured, but a statistically significant cross term cannot be
found. Accordingly, the effects of multiple aid measures
are thought to appear in additive fashion in the natural
logarithm of the business activity rate.

The effects of the aid measures are based on the coeffi-
cients in model 3, a parsimonious model in which the non-
significant variables are excluded (Table 2). First, seeing
aid measures that are effective for the business activity
rate, the provisions of “temporary premises” and “lump-
sum subsidy” have negative coefficients, indicating that
these aid measures were provided to the firms with a low
business activity rate. Contrarily, “interest assistance” has
a positive coefficient, indicating that this aid measure was
provided to firms with a high business activity rate. As
for the aid measures whose cross term with the fiscal year
has effects, they cause a difference in the shape of the re-
covery curve such that explaining is difficult using only
the coefficients. Therefore, this is explained later using
figures.

Although the same variables are used in model 4 and
model 3, model 4 shows robust estimates where the im-
pact of the extreme values of the business activity rate
during the observation is excluded. In this robust lin-
ear mixed model, 2,279 observed values are considered

as outliers from 9,311 values, and the outliers are down-
weighted according to the divergence from the mean to
estimate the parameters. In robust regression, neither the
analysis of the deviance table nor AIC can be obtained
because the likelihood cannot be defined ordinarily.

The absolute values of the estimates in model 4 are gen-
erally smaller than those in model 3 in Table 2. The stan-
dard errors of the estimates in all the variables are smaller
so that it becomes easier to examine whether there is a
significant difference. As another remarkable difference,
it can be seen that the intercept in model 4 is significantly
positive and the business activity rate of the firms without
damage increased by 8% in 2015, the reference year, than
before the earthquake. The fiscal year dummy of 2012
is significantly negative, meaning that the business activ-
ity rate of firms without damage continued to increase
from 2012 to 2015. Furthermore, no variables accord-
ing to direct and indirect damage, except for “nuclear ill-
reputation,” have significance in model 4. “Nuclear ill-
reputation” has significance and decreased the business
activity rate by 6%. The variables of aid measures be-
tween models 3 and 4 have differences similar to gen-
eral tendencies: the absolute values of the coefficients are
smaller and their standard errors are also smaller.

4.5. Recovery Curves of Recipients of Various Aid
Measures

Because the effects of “Group Subsidy,” “debt reduc-
tion,” and “debt purchase” are expressed as the cross term
among the variables and it is difficult to explain such ef-
fects, Fig. 3 is used for explanation, which visualizes the
estimated marginal means calculated using the estimates
of model 4 and the variance-covariance matrix of the esti-
mates. Fig. 3 shows the recovery curve of the log business
activity rate of the firms for cases of damage rate of 33%,
66%, and 100%. The mean values of the log business ac-
tivity rate of firms that received either one of the “Group
Subsidy,” “debt reduction,” “debt purchase,” or “interest
assistance,” and that of firms without aid is shown, sup-
posing that the level of the log business activity rate of
firms without damage takes zero. All other binary vari-
ables are set as zero. A damage rate of 33% is the mean
damage rate of firms that received “Group Subsidy.”

Figure 3 shows that the business activity rate of no-aid
firms is lower than the pre-disaster level by 4% for 33%
damage rate. Contrarily, the business activity rate of firms
that received “Group Subsidy” or “interest assistance” re-
covers similar to the pre-disaster level. The business ac-
tivity rate of firms that received “debt reduction” or “debt
purchase” falls below that of no-aid firms in 2015. The
business activity rate of firms that received “debt reduc-
tion” is lower than those of other groups. It can, there-
fore, be interpreted that “debt reduction” was provided to
the firms with especially low business activity rate, and
such firms recovered to a similar level to that of no-aid
firms.

The recovery curves of firms with a larger damage rate
are generally lower than those of firms with a damage
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Table 3. Estimated mean of log business activity rates and the pairwise comparisons.

Note: *, **, and *** represent Bonferroni corrected asymptotic significance at the 5%, 1%, and 0.1% levels, respectively.

rate of 33%. Nonetheless, it can be recognized that the
business activity rate of firms that received “Group Sub-
sidy” recovered nearly to the level of firms without dam-
age, even when the damage rate was 100%. The recov-
ery curves of the firms who received “Group Subsidy,”
especially among the more heavily damaged, show a pe-
culiar characteristic: they fall once in 2013 and rise sub-
sequently. The reason is unknown, but the possible expla-
nation is that businesses have been interrupted during the
transition period from operation at temporary facilities to
permanent premises due to the land raising works, etc.,
which lowered the business activity rate in 2013.

4.6. Differences in the Business Activity Rates
Among Various Aids

Table 3 shows the values of the recovery curves accord-
ing to each kind of aid measure. It shows the mean values
of the log business activity rate in each fiscal year and

the results of the pairwise comparisons between with and
without aid measures. First, for no-aid firms, the business
activity rate recovers for all damage rates, but in 2015 is
significantly negative, indicating that it does not recover
to the level before the earthquake. In contrast, the busi-
ness activity rate of the firms that received “Group Sub-
sidy” does not have significance for all damage rates after
2014, indicating that it recovers to the level before the
earthquake. As for firms that received “debt reduction”
or “debt purchase,” the business activity rate in 2015 is
significantly below the level before the earthquake for all
damage rates, and the business activity rate does not re-
cover to the level before the earthquake.

The pairwise comparisons in the lower part of Table 3
show the differences between the mean log business ac-
tivity rate of the firms that received each kind of aid mea-
sures and that of the no-aid firms. The business activity
rate of the firms that received “Group Subsidy” exceeds
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Table 4. Changes in the means log business activity rates and pairwise comparisons.

Note: *, **, and *** represent Bonferroni corrected asymptotic significance at the 5%, 1%, and 0.1% levels, respectively.

that of the no-aid firms in the last year for all damage
rates, although it does not have statistical significance. As
for firms with damage rates of 66% and 100% that re-
ceived “Group Subsidy,” the business activity rate in 2013
falls below that of the no-aid firms, as mentioned above,
and it has statistical significance. The differences between
the business activity rate of the firms that received “debt
reduction” and that of the no-aid firms in 2015 do not
have significance for all of damage rates. However, the
business activity rate in 2012 falls below that of the no-
aid firms, suggesting that “debt reduction” was provided
to the firms with low business activity. In contrast, the
business activity rate of the firms that received “debt pur-
chase” is lower than that of the no-aid firms for all damage
rates after 2014, and the gap between the business activity
rates has expanded.

Because the effect of “interest assistance” on the busi-
ness activity rate of firms is fixed, this is not shown in
Table 3. The mean log business activity rate of the firms
that received “interest assistance” is calculated by adding
0.041 to that of the no-aid firms (model 4 in Table 2).
This coefficient has statistical significance. Accordingly,
the difference between the business activity rate of the
firms that received “interest assistance” and that of the
no-aid firms also has statistical significance in all the fis-
cal years. Similarly, the same thing is applied to the pro-

visions of “temporary premise” and “lumpsum subsidy,”
whose cross terms with the fiscal year dummy do not have
significance. Because these aid measures have significant
negative coefficients, the business activity rates of firms
that received these aid measures fall significantly below
that of the no-aid firms in all the fiscal years.

4.7. Differences in the Changes in Business Activity
Rates Among Various Aids

Next, changes in the business activity rates from each
fiscal year up to 2015 are examined considering each
kind of aid measures (Table 4). The values in Table 4
are found by subtracting the mean value in each year
from that in 2015, and the main focus of this table is
the changes in the business activity rate from 2012 to
2015. The log business activity rate of “debt reduction”
increased the most from 2012 to 2015 for all damage rates
and “Group Subsidy” and “no aid” follow “debt reduc-
tion.” On the other hand, changes in firms that received
“debt purchase” from 2012 to 2015 do not have signifi-
cance.

The results of the pairwise comparisons in the lower
part of Table 4 are found by subtracting the changes of
the no-aid firms between the fiscal years from those of the
firms that received each kind of aid measure. This means
that the effects of each kind of aid measure on recovery
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can be measured. From the pairwise comparisons, it can
be seen that the business activity rate of “debt reduction”
increased the most, and “Group Subsidy” follows “debt
reduction,” but “Group Subsidy” does not have signifi-
cance. However, the business activity rate of firms that
received “Group Subsidy” has the lowest mean values in
2013. Therefore, it can be recognized that the increase
in such firms from 2013 to 2015 has significance. As for
“debt purchase,” the change from 2012 to 2015 is negative
for all damage rates.

Because the effects of “interest assistance” on the busi-
ness activity rate are fixed, as mentioned in the previous
section, they are not listed in Table 4. The changes in the
business activity rate of firms that received “interest as-
sistance” are the same as those of the no-aid firms. If the
changes of the mean log business activity rate of the no-
aid firms are subtracted from those of firms that received
“rent assistance,” the difference is zero. The same logic
can be applied to the provisions of “temporary premise”
and “lumpsum subsidy.”

5. Discussion

It is necessary to measure the performance of firms un-
til their recovery and understand the trajectory of recovery
in order to evaluate the resilience of a regional economy
and the factors that influence it. If government aids were
not provided to favor selected firms but to support a swift
recovery of firms and the regional economy in general, it
is not sufficient only to evaluate the activity level at a cer-
tain point of time after the disaster, but to also examine the
trajectory of recovery in order to understand the effective-
ness of aid measures. The TERFS is a unique information
source for such an evaluation and this paper is the first
study to examine quantitatively which aid measures are
effective for the recovery of production and sales.

To understand our results, the following three points
deserve attention. First, TERFS does not include discon-
tinued firms as most other firm surveys conducted after
the disaster [25]. Accordingly, the impact of each kind of
aid measure on the continuance/discontinuance of busi-
ness cannot be measured. Secondly, in reviewing the busi-
ness activity rate in this study, the weighting by the scale
of firms is not conducted, so the results are not directly
connected with the local macroeconomy of the region. In-
stead, the general trends of firms that survived are shown.
Lastly, the effects of each kind of aid measure examined
in this study include a “causal effect” caused by the aid
measures concerned and a “selection effect” caused by
the selection of firms, administrative organizations, and
financial institutions. Because the aid measures are not
provided randomly, it cannot be distinguished whether re-
covery of firm that received a certain kind of aid measure
was a result of the aid measure concerned or because the
firm selected was an excellent one. Indeed, causal infer-
ence analysis [17] could be conducted using a wide range
of survey items of TERFS, but in this study, comprehen-
sive effects are reviewed, including the question about the

kind of firms to whom aid measures were provided.
According to the results of model 4 in Table 2, a robust

linear mixed model, firms without physical damage re-
covered to the business activity rate before the earthquake
within a year, while firms with physical damage operated
at a lower level, corresponding to the damage rate, even
in 2015. In addition to the physical damage to firms, “nu-
clear reputation loss” lowered the business activity rate by
about 6% during the survey period. “Client damage” also
lowered the business activity rate by about 2%, and the re-
sults of Brown et al. [23] can thus be confirmed. However,
“supplier damage” did not have a statistically significant
effect.

Aid measures to firms can be evaluated from two view-
points: the level of business activity firms in 2015 and
changes in business activity from 2012 to 2015. First,
the business activity rate of recipients of “Group Subsidy”
had been the highest and recovered to the level before the
earthquake. In the case of a smaller damage rate, the busi-
ness activity rate of recipients of “interest assistance” is
highest, and this is because the recovery of the “Group
Subsidy” recipients had been greater for larger damage
rate. “Debt reduction” follows these aid measures, but the
level of business activity rate for firms who received this
measure falls below that of the no-aid firms. However,
among the aforementioned aid measures, only “interest
assistance” has a significantly positive difference between
its business activity rate and that of the no-aid firms. The
business activity rate of recipients of “debt purchase” fell
significantly below that of the no-aid firms in 2015.

Second, the changes in business activity from 2012 to
2015 were largest among firms that received “debt reduc-
tion.” As mentioned above, the business activity rate of
recipients of this aid measure falls below that of the no-
aid firms even in 2015, but the business activity rate in
2012 had been much lower than that of the no-aid firms.
“Debt reduction” is thought to be provided to the firms
with an especially low business activity rate but has raised
the business activity rate to a similar level to that of the
no-aid firms. “Group Subsidy” and “interest assistance”
follow “debt reduction.” The difference in the changes
from 2012 to 2015 between the recipients of either of
these aid measures and the no-aid firms is not significant,
however. On the other hand, the changes in the business
activity rate of firms that received “debt purchase” are sig-
nificantly negative compared to those of the no-aid firms.
It is thought that “debt purchase” could have helped finan-
cial institutions that sold the debts of firms, but there is no
effect on the recovery of firms that are debtors.

The recovery curves of the business activity rate of
firms that received “Group Subsidy” showed a peculiar
shape (Fig. 3). In other words, the recovery curves fall
once in 2013 but recover swiftly afterward. Although the
reason for the fall in 2013 is unknown, the interruption
of business during the transition period from business at
temporary facilities to permanent premises may be a rea-
son. Firms in the area affected by the tsunami operated
their businesses in the confusion caused by land raising
works. Assuming that the fall in business activities in
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2013 had been necessary for “build back better than be-
fore,” “Group Subsidy” is thought to have recovered the
business activity rate rapidly after 2013 and raise it to the
level before the earthquake, something that firms without
aid measures could not realize.

The cross terms of “interest assistance,” “temporary
premise,” and “lumpsum subsidy” among aid measures
with the fiscal year do not have significance. Thus, it can
be judged that recovery does not exceed that of the no-aid
firms in these cases. Although the coefficient of “interest
assistance” is significantly positive, this aid measure had
been provided to firms that already had a high business
activity rate in 2012, and recipients only recovered with
similar tendencies to the no-aid firms. If the recipients of
“interest assistance” recovered on their own, as in the case
of no-aid firms, it is thought that “interest assistance” had
no effect on the recovery. The coefficients of the provi-
sion of “temporary premise” and “lumpsum subsidy” are
negative, and these aids are provided to firms with a low
business activity rate. While these aids are assumed to
influence the business continuity of the firms, these aid
measures did not contribute to the recovery of the busi-
ness activity rate. There was no significant effect from
“rent assistance” or “tax exemption.”

In summary, “debt reduction” although the business ac-
tivity rate of the recipients did not recover to the level be-
fore the earthquake, this aid measure restored the business
activity rate considerably. “Debt reduction” rescues firms
whose recovery is delayed and restores them. The recov-
ery curves of the recipients of “Group Subsidy” show a
peculiar shape that they fall once in 2013. If this fall
is considered necessary for “build back better than be-
fore,” “Group Subsidy” improves the business activity
rate quickly and recovers it to the level before the earth-
quake. The merit of the “Group Subsidy” is that this
aid measure recovered the business activity rate to a pre-
disaster level, even for firms with a large damage rate.
The effects of these aid measures on recovery could be
borne out of the selection of firms with a higher propen-
sity to recover, but the fact that aid measures are provided
to firms with better prospects of recovery and such firms
did indeed recover indicates the effectiveness of these aid
measures. The business activity rate of firms that received
“interest assistance” is significantly higher than that of
the no-aid firms, but it was already high in 2012 and its
changes do not exceed that of no-aid firms. Accordingly,
it is thought that “interest assistance” does not contribute
to the recovery itself. “Temporary premise” and “lump-
sum subsidy” are provided to firms with a low business
activity rate and are thought to contribute well to the busi-
ness continuity of such firms. However, these aid mea-
sures are considered not to contribute to the recovery, with
the same reasoning to the case of “interest assistance.”
“Debt purchase” may have rescued financial institutions
that were creditors, but the business activity rate of firms
that are debtors were low and far from recovery.

To evaluate the difference in the performances of firms
that received different kinds of aid measures, as conducted
in this study, microdata from the firms is necessary. To

understand the recovery trajectory of firms after a disas-
ter, panel data are necessary. Previous studies argue that
the effectiveness of the aid measures from the government
after the Great East Japan Earthquake is limited [39, 40].
However, using individual data for a longer period, it is
understood that some aid measures from the government
do have important effects. This paper demonstrates that
panel data of firms are necessary in order to understand
recovery policies. Future studies should consider causal
inference analysis of the aid measures to firms, analysis of
the effect of aid measures on employment and industry-
related issues other than business activity, and measure-
ment of cost-effectiveness of the aid measures. Panel data
from the TERFS would be indispensable in future studies.
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