International Tax and Public Finance (2023) 30:1225-1250
https://doi.org/10.1007/s10797-022-09747-9

™

Check for
updates

The fiscal costs of earthquakes in Japan

llan Noy'® - Toshihiro Okubo? - Eric Strobl® - Thomas Tveit?

Accepted: 28 June 2022 / Published online: 31 July 2022
© The Author(s) 2022

Abstract

We quantify the fiscal impacts of earthquakes in Japan. In contrast with earlier
research which examined national level aggregate spending in several countries, we
are able to provide a detailed examination of separate budget categories within the
local governments’ fiscal accounts. We do this using detailed line-budget expendi-
ture data, and by comparing regions and towns affected and unaffected by the dam-
age from earthquakes. Besides the obvious - that government spending increases in
the short-term (one year) after a disaster event - we observe that the share of public
spending on disaster relief, at the prefecture level, increases significantly, but with
no corresponding change in the other budget lines. In contrast, at the lower admin-
istrative units, we observe a decrease in the share of spending going to finance other
priorities. For the bigger cities, we observe a decrease in the share of spending tar-
geting education, while for the smaller towns, we find that spending on construction
and servicing public debt goes down. This evidence suggests that while at the pre-
fecture level fiscal policy-making is robust enough to prevent presumably unwanted
declines in public services, the same cannot be said for the city/town level.

Keywords Fiscal costs - Earthquakes - Japan

JEL Classification E62 - H72 - H84 - Q54

1 Introduction

Disasters, i.e., catastrophic events that are triggered by natural hazards such as tropi-
cal cyclones or earthquakes, have myriad economic impacts. These impacts are
identifiable in macroeconomic aggregates and in micro-economic data that follows
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individuals, households, and firms before and after the event. In the past decade,
a large literature has attempted to quantify the macroeconomic impacts, emphasiz-
ing mostly the impact of disasters on GDP (as a general proxy for economic func-
tioning). More recently, starting with Lis and Nickel (2010) and Noy and Nualsri
(2011), several papers have attempted to quantify the fiscal impacts of disasters in
cross-country comparisons and with various empirical approaches (VARs and panel
VARs, diff-and-diff, etc.). These papers have typically emphasized the aggregate
amount of fiscal spending after a disaster event, net expenditure (i.e., the deficit), tax
and tariff revenue, or government borrowing and the evolution of the stock of debt
in the disaster’s aftermath (e.g., (Melecky and Raddatz, 2014), (Mohan et al., 2018),
and (Klomp, 2019)). They generally conclude, maybe not surprisingly, that central
government accounts deteriorate in a disaster’s aftermath, spending increases, tax
revenue declines, debt increases, and the likelihood of a sovereign rating downgrade
or even default rises.

Instead of using cross-country comparisons, a spate of more recent studies have
looked at sub-national fiscal aggregate spending, e.g., Miao et al. (2020) for Chi-
na’s provinces, Panwar and Sen (2020) for India’s states, Karim and Noy (2020) for
Bangladesh’s sub-districts, Jerch et al. (2020) for US counties, Masiero and San-
tarossa (2020) for Italian municipalities, and Unterberger (2018) for municipalities
in Austria.! We do the same for Japan, but, in contrast with these earlier papers,
emphasize a detailed examination of the separate budget categories within the local
fiscal accounts. Our contribution is therefore twofold: We analyze detailed data on
different budgetary categories, and we trace the fiscal dynamics at a very detailed
spatial scale (i.e., more than 1700 municipalities). We do this research by comparing
prefectures and towns affected and unaffected by the damage from earthquakes.

The added value of our sub-national intra-country examination lies in our ability
to delve deeper into the drivers of these aggregate changes in the fiscal accounts that
result from the occurrence of disasters, rather than exclusively focusing on quantify-
ing the magnitude of the change. In one related precursor to our work, Deryugina
(2017) examined the impact of hurricanes in the South Eastern US on the evolution
of social spending in the affected regions. She finds that the increased spending on
unemployment benefits and other social programs outweighed the direct spending
on post-disaster relief that followed these hurricanes. In addition, the social spend-
ing increases she documented persisted for a longer period than the direct disaster
relief. As Deryugina (2017) observed, when examining the fiscal accounts of local
authorities, one needs to account for transfers from central government, especially
in countries where the center dominates fiscally through its ability to set and collect
taxes. In this regard, del Valle et al. (2020) investigated the fiscal impact of cen-
tral government transfers to local authorities in the aftermath of disaster events in
Mexico. In the Mexican case, such transfers are guided by predetermined rules in

! There are also some papers which investigate the fiscal details of specific catastrophic events, but these
are less directly related to our focus-a recent example about the London Fire of 1666 is available in Coft-
man et al. (2022).
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a program called FONDEN. In most cases, however, these transfers are ad hoc and
often dictated by political considerations.>

We focus on Japan and ask what happens to local public spending by budget lines
after a disaster. Japan is arguably an interesting case for several reasons. First, the
most prevalent disaster type in Japan, the one we study here, is earthquakes. Unlike
storms or floods, i.e., the hazard of note in almost all the papers cited earlier, earth-
quakes are not seasonal, their onset is unpredictable in terms of the temporal hori-
zons that is relevant for policy, and in Japan they can occur just about everywhere
(though with differing but imprecisely assessed frequencies). As a matter of fact,
Japan is the country most exposed to earthquake risk globally and the one with the
most earthquake disasters, so with fiscal data for one decade we can estimate their
impacts.

Second, Japan has uniformly collected and publicly available data on local
spending by budget line, where similar data only exist for very few other countries.
Rather, unlike Japan, most bigger countries have a federal structure, which typically
precludes a uniform budgetary system.

Third, Japan is highly centralized and has a hierarchical system of central govern-
ment, prefectures and municipalities ("Shi-cho-shon" in Japanese, i.e., cities, towns
and villages). Each body is responsible for different public services and with some
authority to collect taxes. Nevertheless, the central government is the most conse-
quential level of governance, permitting only a small portion of autonomy for local
governments by imposing regulations and top-down decision-makings (the so-called
30 percent local autonomy). More precisely, the central government deploys vari-
ous financial schemes, subsidies, and tax transfers to local governments, to ensure
a uniform quality of public services across Japan. Fiscal spending after a disaster is
no exception in that the local governments are in charge of recovery and aid directly,
but the central government provides several funding streams to aid them. In par-
ticular, for large-scale disasters, a special law dictates that the central government is
required to provide special subsidies and provisions to local governments.

Our analysis relies on the official expenditure data available, combined with
measured earthquake intensity, and modelled damages weighted by asset expo-
sure. We use these panel data to estimate the impact of damages on fiscal expendi-
ture using various levels of spatial dis-aggregation. Our results reveal a number of
important differences across expenditure types and regional levels.

The next section provides information about the Japanese fiscal structure and
practices related to spending, especially in the disaster recovery context. More expla-
nations about the data and the methodology are available in the next two sections
(sects. 3 and 4, respectively). Section 5 describes our results, while Sect. 6 discusses
the implications of our findings, some caveats, and direction for future research .

2 Congruent patterns were found in India by Cole et al. (2012), in China by Miao et al. (2020), and in the
US by Healy and Malhotra (2009).
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2 Background
2.1 Regional units

Japan’s government is very centralized, with a hierarchical system from central gov-
ernment, to prefectures, and then municipalities. After WWII, the Constitution of
Japan and the Local Autonomy Law became effective in 1947 which insured the
autonomy of local government. Each prefecture and municipality has political,
administrative, and fiscal system with a parliament and a governor or mayor directly
elected by residential people. We analyze the two geo-spatial classifications: pre-
fectures and municipalities. There are 47 prefectures and 1,718 municipalities as of
2020. Of the 1,718 municipalities, Metropolitan Tokyo (the national capital) is by
far the largest and has different spending powers. There were 15 *Designated’ cities
as of 2007 ("Seireishitei-toshi"), where these are major cities with more than 500
thousands people. They include Sapporo, Sendai, Chiba, Saitama, Kawasaki, Yoko-
hama, Sagamihara, Niigata, Shizuoka, Hamamatsu, Nagoya, Kyoto, Osaka, Sakai,
Kobe, Okayama, Hiroshima, Fukuoka, Kitakyushu, and Kumamoto. There were 44
"Core’ cities as of 2007 ("Chukaku-shi"), which are smaller than the designated cit-
ies and defined as cities with a population of more than 300 thousands.>

2.2 The local fiscal system

In Japan, local government is responsible for the social and administrative infrastruc-
ture that determines much of daily life. Central and local government are thought of
as the twin pillars of government spending (Ministry of Internal Affairs and Com-
munication, 2020). In the 2018 fiscal year, 43 percent of total government spending
(71.9 out of 169.2 trillion yen) was by central government while the rest was spent
by the local authorities. The central government is responsible for spending on the
military, foreign affairs, social insurance, universities, highways, major river-ways,
and national roads, while the local government spends on local and regional roads,
ports, public housing, urban planning, education, hygiene, health, water, local secu-
rity, and residential administration. The two layers of the local government, prefec-
tures, and municipalities are in charge of different administrative tasks. Prefectures
spend on the management of public high schools, police, industrial waste, health
care centers, pollution control, and urban planning. Municipalities finance the man-
agement of elementary and junior high schools, fire service, residential registration,
sewage, water supply, and garbage disposal.

The Designated and Core cities have additional administrative responsibilities
that are transferred to them from their prefecture. These include welfare programs
(e.g., supervision of social welfare facilities), establishment of health care centers,

3 By 2020, there were 20 Designated cities and 62 Core cities. In 2014, the definition for Core cities was
revised to be more than 200 thousands.
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urban planning, and environmental administration (e.g., industrial waste control,
pollution control and water quality control).

The financial relationship between the center and municipalities is regulated at
each budget category by the central government (Ministry of Internal Affairs and
Telecommunication). Overall, the expense share for local government is more than
half, but this division differs by budget line. Extreme cases are military spending (all
by central government) and sanitation (almost all by local government).*

2.3 Disaster spending by local government

In recent years, local governments have increased their spending on post-disaster
recovery costs. At the same time, in the last decade, Japan has experienced a large
number of damaging disasters, starting with the catastrophic 2011 earthquake and
tsunami (the Great East Japan Earthquake), and continuing with typhoons, heavy
rains, and several other less severe earthquakes.

Japan has a long history of legislated post-disaster management, in particular
with respect to fiscal spending allocations.’ Some laws on the rescue of victims from
disasters date back to the 1870s. For instance, in 1899, the Law for Relief Funds
was enacted, which specified the funding system for the local government, and the
coverage of spending for rescue and recovery. After WWII, the Disaster Relief Act
was passed in 1947, placing the local government in charge of spending on recovery
from disasters, with some support provided by the central government.®

Later, the scope of management by the central government was clearly specified
in the Disaster Countermeasures Basic Act of 1961, which was enacted after the Ise
Bay super-typhoon that hit Nagoya City in 1959 (Okubo and Strobl, 2021). The law
outlined co-ordination for disaster prevention and post-disaster management by the
central government. Subsequently, the Act concerning Special Financial Support to
Deal with Designated Disasters of Extreme Severity was established in 1962, which
specified the financial support that will be provided by the central government to
municipalities when they experience a catastrophe.

More recently, since the Kobe earthquake of 1995, several reforms of the fiscal
allocation system have been completed. The fiscal aid and compensation responsi-
bilities of the central government were clarified in that the central government now
compensates disaster victims more. The central government also provides more
financial support for recovery plans made by municipalities. In addition, by stra-
tegically using contingency funds in the national budget, the central government
can immediately supply emergency financial aid to local governments within 3 days

4 https://www.soumu.go.jp/menu_seisaku/hakusyo/chihou/r03data/2021data/r03czb01-01.html#p0101
0l.

5 See also Cabinet Office (2002) for the history of disaster management policies in post-war Japan.

6 According to the Act, municipalities spend the cost for recovery in the case of small disasters, but pre-
fectures mainly pay for the cost of large disasters.
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after a disaster.” These large-scale assistance policies are financed by issuing bonds
and/or by increasing taxation.

During the post-disaster recovery period, there are fiscal rules that determine
the allocation. Once a disaster happens, a local municipality estimates the costs for
recovery and reports to the central government. In cases of moderate disaster dam-
age-i.e., if the costs do not exceed 50 percent of a municipality’s annual local tax
revenue-the central government will cover 2/3 of the total recovery costs. If the costs
exceed half of the municipality’s annual tax revenue, the central government will
spend 3/4 of the recovery costs. If the costs exceed twice the municipalities annual
revenue, then the central government pays all of the recovery costs.®

In addition, the local government can finance some of its costs by issuing local
bonds. In general, bond issue for other purposes is restricted and difficult to get
approval for. This is, in part, because in the long-term local authorities can utilize
tax transfers from the central government for the redemption of most of the principal
of the local bond they issued.”'”

The procedures that must underpin every spending decision are also relevant.
First, a mayor of city (or a governor of prefecture, depending at what level the
spending is being planned for) makes and announces overall policy and a basic plan
for budget allocation. Based on their policy guidance, the administrative officers
produce a detailed budget plan. Each section in the local government office makes
their own budget plans accordingly, and then the budget and finance unit makes any
needed adjustments to determine the final plan. The mayor subsequently submits
the budget plan to the parliament, which is required to approve it. As a consequence
of this process, the prioritized categories in local municipality spending depend on
the mayor’s leadership and priorities. The mayor and municipality, however, do not
exert much control over the revenue side as this side of the ledger is largely regu-
lated by the central government.'!

Recently, in a survey conducted by the Nippon Institute for Research Advance-
ment, mayors were asked about their leadership, their prioritization of budget cat-
egories, and other political problems they faced in their localities. Around 800 out
of 1100 municipal leaders answered. According to these responses, many mayors
consider their first policy priority the support for child care, and the second priority
disaster prevention.!> We were unfortunately unable to gather any additional infor-
mation about any other regulatory constraints on the budgetary processes that might
determine post-disaster allocations (Figs. 1, 2 and 3).

7 On the revenue side, the central government allows firms to reduce tax payments on pre-disaster
investments. Once a disaster happened, damaged firms and households are allowed to reduce and/or
waive some tax payments.

8 National Government Deferment Act for Reconstruction of Disaster-Stricken Public Facilities, Article
4.

° https://www.mlit.go.jp/river/hourei_tsutatsu/bousai/saigai/hukkyuu/ppt.pdf.

10" An example of this redemption is visible in the aggregate data in the case of Hyogo prefecture after
the 1995 Kobe earthquake (duPont and Noy, 2015).

' The mayor is directly elected by their municipal residents.

12 https://www.nira.or.jp/paper/nira_report20201224.pdf. See also Tsuji et al. (2022).

@ Springer



The fiscal costs of earthquakes in Japan 1231

3 Methodology
3.1 Damage modeling

To model earthquake damage, we utilize the same model used in Skoufias et al.
(2021)'3 where earthquake maps of peak ground acceleration are combined with
vulnerability curves, localized exposure, and building data, to model annual dam-
ages. More precisely, regional level earthquake damages ED in year ¢ are constructed
from local damage curves and exposure:

ED,J = Z 2 ‘/Vi,r,t—lEDe,i,r,t (1)

ecE ier

where e € E are a set of earthquakes that take place in year ¢, i € r are a set of loca-
tions in region r, and W is an asset exposure weight. To construct local measures of
earthquake damage we use damage ratios DR that are building type b specific and
depend on peak ground acceleration pga:

EDe,i,r,t = Z sb,r,z—lDRb,e,i,r,t(pgae,i,r,t) (2)
beB

where s are the shares of building types (b) within prefecture r at time # — 1. The
weights Win Eq. 1 are constructed as:

L.,
Wit = o — 3)
bt Zier Li,r,t—l

L;, 1 1s the asset exposure at location i in prefecture r at time ¢ — 1, which we proxy
by nightlight intensity.

3.2 Modeling the determinants of fiscal expenditures

We estimate two different regression models. The first model is a fixed effects model
which analyzes the effect that earthquake damage has on aggregate real fiscal spend-
ing at the local level (excluding grants). This model is similar to the Jerch et al.
(2020) estimations conducted for hurricanes using US county data. The model is
defined as follows:

InTE,, = BppED,, + frF + 4, + 0, +¢,, 4)

where InTE,, is the log of total real expenses'® for region r in year #, ED,, is the
regional annual damage value from Eq. 1 for the same prefecture or town and year,

13 We note that Skoufias et al. (2021) used this damage algorithm to examine whether nighttime lights
can by themselves be a proxy for earthquake damage and find they cannot. For further discussion of the
appropriate use of nightlights, see Gibson et al. (2021).

14 All monetary values are deflated to the base year of 2011.
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F is a dummy used in the town regressions to signify that the town was impacted by
the Fukushima event (given its impacts are orders of magnitude larger), 4, is a vec-
tor of year dummies, while 8, is the prefecture or town fixed effects and e, , is the
error term. To correct for potential heteroskedasticity, we use Driscoll-Kraay stand-
ard errors (SE). We note that the Driscoll-Kraay SE are also robust to other forms
of spatial or temporal dependence across observations. We are agnostic about the
kinds of deviation we might encounter in these data and, therefore, decided to use
the Driscoll-Kraay specifications for the standard errors.

The second model is run at the budget category level. Given that the data
are structured as a spatio-temporal panel, a fixed-effect regression methodology
could be used, with the expenditure ratios as the dependent variable and the dam-
age indices as independent variables. However, the different ratios are necessar-
ily related to each other, and thus, to take account of this, we employ the seem-
ingly unrelated regressions (SURE) method with Prais Winsten standard errors of
autoregressive order one, as explained in Blackwell (2005), and based on Baltagi
(2001), Judge et al. (1988) and Wooldridge (2002). This approach utilizes a sys-
tem of SURE with error components, where one assumes that all coefficients of
constant terms are the same across the system and all independent variables are
quantitative and require restrictions across the panels in their equations, while
fixed-effect dummies vary by panel. In our case, this translates into a set of
equations:

Bj” = ﬂEDj . EDP’, + A+ Hirte€,, 5)

where the left hand side is defined as the ratio:

C.

It

rt <~ -~ 6
Ty Zjej C ( )

Jarst

B

where C is the expenditure in budget category j, y;, a vector of fixed effects, 4, a
vector of yearly dummy terms, and , ¢; , , the error term.

We note that we do not include any additional regressors other than the dam-
age measures and time and region fixed effects. There may of course potentially
be other time-varying potential determinants of spending, at the local or regional
levels, though there is no reason to expect these to be correlated with the earth-
quake damage measure. More specifically, since the earthquake measure is based
on pre-event weights and the geophysical aspects of the earthquake, after taking
account of fixed effects one can view earthquake events as random realizations
of the distribution of possible (weighted) seismic activity and thus as exogenous.
At any rate, it is noteworthy that since we estimate a short panel, the fixed effects
already control for most of the variation in time-variant variables as well. For
example, political economy variables such as the political affiliation of the local
government may be an important determinant of spending. But, there are many
political parties/affiliations in local politics, so we found it impossible to code
them in any pattern that can be useful in a regression setting. Other variables,
while potentially accessible, may be affected by the occurrence of the earthquake
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as well and, therefore, should not be included in our set-up; see Angrist andPis-
chke (2008) . We therefore rely only on the set of fixed-effects as described in
Egs. (4), (5) and (6).

4 Data
4.1 Fiscal expenditure

The fiscal expenditure data are taken from the NikkeiNeeds data collected by Nik-
kei.!> The data set covers, annually, the time period 2007-2014 and contains a
detailed breakdown of 14 fiscal spending categories from 47 prefectures and 1,718
municipalities (city, town and village).'® Due to computational constraints, we
aggregated the 14 categories up to the following 6 categories:

Education

Public services: Health, Welfare, Labor and Fire/Police (when applicable)
Construction (public works)

Public Debt

Disaster Relief

Miscellaneous: Carry-over from previous year, Parliament costs, General Admin-
istration Costs, Agriculture and Fishery, Commerce, and Manufacturing.

Prefectures and municipalities are responsible for different levels of public services.
In principle, the followings are typical task allocations:

e Education: Prefectures are in charge of public high schools, permits for private
schools, human resources, and wage payments for teachers in all public junior
high and elementary schools. Municipalities are in charge of management of all
public junior high and elementary schools, school lunch meal programs, con-
struction and management of school facilities, and management of public halls
and libraries.

e Public services (Health, Welfare, Labor and Fire/Police): Prefectures are in
charge of police, public hospitals, and medical services. Municipalities are in
charge of fire, garbage disposal, social support programs for children, the elderly,
disabled, and low-income people, and the management for pensions, social secu-
rity, and national insurance.

e Construction: Prefectures are in charge of building and managing national and
prefectural roads, major rivers (first-class and second-class rivers), coast, levees,
and dams. Municipalities are in charge of small streams, town/community roads,
parks, and sewage.

15 Local Pubic Finance Part in Regional Economy Section.
16 Before 2007, there was a wave of municipality mergers.
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4.2 Earthquake damages

To model earthquake damage, we utilize four different data sets that provide infor-
mation on the intensity of the hazard, the vulnerability of the building stock, and
population and asset exposed to it in the affected areas. The intensity measures are
from the United States Geological Survey’s (USGS) ShakeMaps, which are contour
maps automatically generated by using data from seismological ground stations. The
station values are interpolated to point coordinates which are usually spaced 0.0167
degrees apart (approximately 1,500 meters). Each point includes several different
parameters for intensity, such as peak ground acceleration (PGA), peak ground
velocity (PGV), and modified Mercalli intensity (MMI).

The vulnerability of the building stock is derived from curves developed in
Yamazaki and Murao (2000), where the authors surveyed the damages which build-
ings sustained during the 1995 Kobe Earthquake. The damage numbers are defined
according to 6 building types and the construction period. The 6 building types are
wood-frame, wooden-prefabricated, reinforced concrete, steel-frame, light-gauge
steel-prefabricated and others.!” Preferably one would want fragility curves that are
localized, if construction standards differ locally. Here, we have assumed homoge-
neous vulnerability, per construction type, in all localities. The fragility curves are
used on national building data, which is categorized into 4 categories: wood and
wooden materials, reinforced concrete, steel, and other buildings.18

The information about the construction period provided in the data depends on
the building material, where for wood they are classified as pre-1970, 1971-1980,
1981-1990, 1991-2000 and post-2000, for concrete and steel the periods are pre-
1970, 1971-1980 and post-1980 and for others there are no specific periods. Our
source provides annual data (1992-2014) of the percentage share of buildings in
each category in each of the 47 prefectures in Japan. Lacking further spatial dis-
aggregation in terms of building characteristics, our working assumption is that all
towns within a prefecture have an identical composition of the building stock, and
that these only differ across prefectures.'”

Finally, to determine the asset exposure of an area (i.e., how many buildings/
assets there are), we use annual nightlight values from the Defense Meteorologi-
cal Satellite Program (DMSP). The data are gathered via satellite from an altitude
of approximately 800km twice every 24 hours. The raw values are fit into 30 arc-
second grid-cells and are then averaged to construct an annual mean value, which
is normalized, converted to a digital number from O to 63, and made publicly avail-
able by the U.S.’s National Oceanic and Atmospheric Administration (NOAA). We

17 The ’others’ category contain steel-frame reinforced concrete, light-gauge steel-frame, brick, concrete
block, and steel prefabricated.

13 Data are from the Housing and Land Survey, prepared by the Ministry of Internal Affairs and Com-
munications. We have assumed that wood and wooden materials have similar vulnerability as wood-
frame and that steel-frame and steel-prefabricated are the same as steel-frame.

19 In countries where more detailed information about the building stock is available, it is possible to
improve the precision of these calculations of exposure and vulnerability interactions.
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Table 1 Descriptives of variables for prefectures and all towns

Category Prefecture All towns
Obs Mean Std. Dev. Max Obs Mean  Std. Dev. Max

Education 376  0.253 0.07 0.47 13,736 0.11 0.042 0.493
Public services 376  0.194 0.062 0.473 13,736 0.391  0.096 0.798
Construction 376  0.18 0.064 0.348 13,736 0.109  0.046 0.723
Public debt 376  0.111 0.059 0.307 13,736 0.125  0.046 0.401
Disaster relief 376  0.013 0.017 0.212 13,736 0.007  0.02 0.379
Miscellaneous 376 0.249 0.072 0.492 13,736 0.253  0.091 0.943

Total expendi- 376 1,005,709 859,561 7,095,188 13,736 29,372 108,365 3,423,397
tures (2011

base year. M

Yen)

Earthquake 109  0.034 0.183 1.819 1,858  0.071  0.446 10.39
damage (%

multiplied by

100)

The top panel shows the mean percentage shares, standard deviations and maximum shares of the 6
budget categories across prefectures and all towns. The bottom panel shows the same descriptives across
the same categories for total expenditures expressed as million Yen rebased to 2011 and earthquake dam-
age expressed as a percent of building damage

use the stable, cloud-free series for the years 1992-2013 described in Elvidge et al.
(1997).%°

5 Results
5.1 Descriptive statistics

Tables 1 and 2 depict the descriptive statistics across total and expenditure catego-
ries, and by regional units (Prefectures, All Towns, Big Cities, and Smaller Towns).
The top panel in each table shows the number of observations, mean, standard devi-
ation and maximum value of each budget category, whereas the bottom panel pro-
vides the same descriptive statistics for total expenditures and earthquake damage.
The budget composition between prefectures and towns is seen in the top panels.
In percentage terms, prefectures spend on average a much larger share on education
(25% vs. 11%) and Construction (19% vs. 11%), while towns on average spend much
more on Public Services (39% vs. 19%). When comparing expenditures across the
categories, the prefectures’ overall spending during this time period is a bit lower
than the overall spending at the town/city level; 383 as compared to 403 trillion yen,

20 1 this series, intermittent lights such as fishing vessels and fires have been removed, and the final val-
ues have been corrected for solar glare and light, moonlight, and clouds.
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Table 2 Descriptives of variables for 59 big cities and rest of towns

Category 59 Big Cities Rest of towns
Obs Mean Std. Dev.  Max Obs Mean Std. Dev. Max

Education 472 0.098 0.025 0.183 13,264  0.111 0.043 0.493
Public services 472 0.454 0.092 0.631 13,264 0.388  0.095 0.798
Construction 472 0.138 0.042 0.274 13,264 0.107  0.046 0.723
Public debt 472 0.12 0.033 0.216 13,264  0.125 0.047 0.401
Disaster relief 472 0.002 0.008 0.108 13,264 0.008  0.021 0.379
Miscellaneous 472 0.164 0.049 0.384 13,264 0.256  0.09 0.943

Total expendi- 472 292,382 308,219 1,708,008 13,264 20,013 78,981 3,423,397
tures (2011

base year. M

Yen)

Earthquake 71 0.042 0.156 1.047 1787 0.072  0.453 10.39
damage (%

multiplied by

100)

The top panel shows the mean percentage shares, standard deviations and maximum shares of the
6 budget categories across 59 large cities and the remaining towns. The bottom panel shows the same
descriptives across the same categories for total expenditures expressed as million Yen rebased to 2011
and earthquake damage expressed as a percent of building damage

respectively. Finally, we find that in our data, prefectures experience, on average
0.03% damage, while the corresponding figure for towns is 0.07%. This low average
value may not be surprising since earthquakes are a geo-spatially constrained events.

The earthquakes that caused the most damage, according to our damage index,
occurred in 2011 in Miyagi prefecture (the Great East Japan Earthquake - GEJE)
and in Kariwa in Niigata prefecture in 2007 (Chuetsu offshore quake). The GEJE
struck on 11 March 2011 and had a magnitude of 9.0-9.1 M,,. The epicenter was
70 kilometers off the coast of the Tohoku region, and its most devastating dam-
ages were caused by a subsequent tsunami, which led to the nuclear meltdown at
the Fukushima Daiichi Nuclear Power Plant. Overall, the earthquake and tsunami
led to 18,426 casualties (confirmed dead and missing), almost 1 million damaged
buildings and total economic costs in excess of USD 300 billion. In April 2011,
the 7.1 M,, Miyagi earthquake occurred approximately 66 kilometers off the coast
of Honshu. It was the strongest of the aftershocks following the GEJE catastrophe,
and while there were no reported structural damages, our model will have calculated
some minor damages making the aggregated damage for 2011 the highest in Miyagi
prefecture.?!

2l Since our modelled damage is based on shakemaps, it greatly under-estimates the damage from the
GEIJE, as these damages were mostly associated with the tsunami (which we do not model). We therefore
also conduct our estimates excluding this outlier GEJE event. Other than the GEJE, the 2007 Chuetsu
offshore quake was the most damaging earthquake as modeled by the damage index we use here. The
highest impact we identify using our algorithm was in Kariwa in Niigata prefecture, which corresponds
to the post-earthquake damage reports. In total, the earthquake caused 11 deaths, more than 1,000 injured
and the complete destruction of 342 buildings.
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Table 3 Separate expenditure regressions for budget categories

Budget category Prefecture All towns & Cities 59 Cities ~ Smaller towns
()] @) 3 “ ®
Education 1.762 8.795 8.067 61.603**  9.26
(4.51) (7.212) (5.825) 0.214) (5.511)
Public services 37.766 44.578 16 95.11%** 17.199
(31.146) (28.723) (7.715) (0.158) (7.332)
Construction —-20.51 —25.252  5.184 76.284°%  6.514
(25.158) (24.59) (6.271) (0.351) (5.866)
Public debt 34.506 41.01 1.555 113.071"** 2.587
(18.801) (21.985) (8.557) 0.17) (8.144)
Disaster relief 174.846" 173.392°* 60.519"** 483.961"* 59.835™*
(10.872) (8.646) (2.674) (0.657) (2.274)
Miscellaneous 2473 5.972 13.719" 186.571°**  14.39"**
(6.663) (5.603) (4.478) (0.163) (3.888)
Observations 376 376 13,658 461 13,197
Includes year dummies Yes No Yes Yes Yes
Includes fukushima dummy No No Yes Yes Yes

“**Significant at the 1 percent level.

**Significant at the 5 percent level.

Each coefficient represents fg, estimates for 6 budget categories from the model
InTE,, = ppED, , + ppF + A, + 0, +e,, (Eq. 4).

The model is run across 4 different administrative levels: prefecture, all towns, 59 large cities and the
remaining towns. Fukushima and year dummies are included when noted in the bottom panel

5.2 Regression results

The results from the sets of level-of-spending regressions using the model in
Eq. 4 are seen in Table 3. Each coefficient estimate represents a separate regres-
sion with the provided coefficient (and its accompanying standard error) describ-
ing the association of the earthquake damage variable with the budget category
noted on the left. Thus, columns (1) represents estimates from 6 separate regres-
sions; for each of the 6 budget categories, and for total fiscal spending. For exam-
ple, the coefficient on the upper left (1.762) references the impact of earthquake
damage on spending on education at the prefecture level.

These results show that in the prefecture sample (columns 1-2), earthquake
damage is associated with more disaster relief, and consequently with higher total
expenditure, but does not seem to affect any of the other spending categories.
Column (3) replicates the prefecture regressions, but at the smaller administrative
level. Indeed, the results obtained from the prefecture sample seems to hold. Even
when examining spending at the lower administrative level, most of the increased
spending that is statistically observable is for disaster relief (and miscellaneous
spending). However, once we split the sample into the largest administrative units
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within that sample (the 59 biggest cities) in column (4), and the smaller towns
in columns (5), we observe that the main fiscal impact of the earthquake events
is observed for the bigger cities. For these, we observe increases in spending for
all the budget categories, with the largest increase still observable in the disas-
ter relief effort. We note that all of these regressions implicitly control for all
national business cycle effects (with year dummies) and for the 3/11/2011 GEJE
(since it is clearly an outlier).

Next, in Table 4, we investigate whether the earthquake is also associated with a
delayed effect on the budget, in the following year. We see only weaker evidence for
this. In almost all cases, the contemporaneous effect on total expenditure is statisti-
cally significant, but the lagged effect is significant only for the smaller town sample
(and consequently also for the full *all towns’ sample).

The calculated total fiscal expenditure we can expect, after an earthquake event,
given past experience, is provided in Table 5, focusing on the mean earthquake and
on the most damaging earthquake in our sample hitting the ’average’ prefecture
and town. In other words, we calculate the assumed shift in expenditure following
an earthquake with mean or maximum damage values, using the results described
previously in Table 4. As can be expected, the numbers are highest if we examine
the fiscal accounts of prefectures or large cities and are much higher for the most
damaging earthquake than for the average one. The numbers in parentheses denote
the percentage change in the fiscal spending, by category, that is associated with
an average earthquake, and the largest one. We note that the increase in spending
is very small for an average event, but a large event entails a potentially very large
increase in spending. In the most extreme case, for small towns, a large event (in our
sample, since we exclude the GEJE, this is still not a very large catastrophe) entails
an increase in spending of 67 percent.

The next set of regression results are shown in Table 6 and estimate the impact
of the earthquake shocks on the budget shares for each category as share in the total
budget as a SURE model, as described in Eq. 5. The motivation for these specifica-
tions is the observation that different budget lines are necessarily connected, since
they all come from one single (and limited) source. Given what we have observed
in Table 3, it is not surprising that the share of public spending on disaster relief
increases significantly at the prefecture level, with no corresponding change in the
other budget lines. At the lower administrative units (columns 3-5), however, there
is a decrease in the share of spending going to finance other priorities. For the bigger
cities (column 4), we observe a decrease in the share of spending targeting educa-
tion, while for the smaller towns we see that spending on construction and on public
debt has gone down, accompanied by an increase in spending on public services.

Why does spending on other items (other than direct disaster relief) go down in
municipalities, and especially in the bigger cities, but not at the prefecture level?
First, public services and administrative tasks are allocated between prefectures and
municipalities. Although some tasks are shared by both, prefectures tend to be in
charge of high-value and geographically broad-based tasks and municipalities tend
to be in charge of services that are closer to daily life and the public services they
depend on. Second, since municipalities are located on the ’post-disaster frontier,’
they end up responding to the many unexpected issues that plague recoveries. As
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Table 5 Increase in cost following an earthquake (M Yen and % change)

Assumed EQ Prefecture All towns 59 Cities Smaller towns
impact
(1) ) 3) “
Mean 6,241 (0.6) 103 (0.4) 1,624 (0.6) 71(0.4)
Max 388,436 (38.6) 19,687 (67.0) 42,996 (14.7) 13,341 (66.7)

Estimated total cost increases in million yen when using the coefficients from Table 4 to quantify the
impact on total expenditures following a mean and maximum strength earthquake during the time period.
The values inside brackets are percentage change in total expenditures

Table 6 Regression results for prefectures and all towns

Budget Category Prefecture All towns & Cities 59 Cities Smaller towns
M (@) 3) “ )
Education —4.65 -3.68 —-0.209 -2415"*  —=0.197
(3.403)  (3.46) (0.155) (0.799) (0.153)
Public services 2.329 2.867 1.921%* —0.751 1.924*
(6.065)  (6.035)  (0.465) (2.564) (0.459)
Construction 0.474 —0.741 —1.131"* -5.314 —1.114"*
(3.082) (2.74) (0.315) (2.998) (0.307)
Public debt -1.12 -0.659 —0.527"* —-1.704 —0.525"*
(2.039)  (2.115)  (0.092) (1.166) (0.09)
Disaster relief 6.111°* 5977  0.916"* 6.644"* 0.889"**
(0.256)  (0.261)  (0.174) (1.542) 0.174)
Miscellaneous —4.511 —4.18 -0.93 2.939 —0.949
(5424)  (543) (0.515) (3.948) (0.504)
Observations 2,256 2,256 82,416 2,832 79,584
Includes year dummies Yes No Yes Yes Yes
Includes fukushima dummy  No No Yes Yes Yes

“**Significant at the 1 percent level.
**Significant at the 5 percent level.

Each coefficient value represents f;, estimates for 6 budget categories in a system of seemingly unre-
lated regressions (SUR). The estimated model is B; ., = fg, - ED,, + 4, + p;, + ¢; ,, (Eq. 5).

The coefficient values represent a change in the share of the total budget. The model is run across 4 dif-
ferent administrative levels: prefecture, all towns, 59 large cities and the remaining towns. Fukushima
and year dummies are included when noted in the bottom panel

such, they need to readjust budgets more and potentially reduce spending in some
categories. Third, the total budget in municipalities is much smaller than in prefec-
tures. Thus, the composition of spending is more likely to be affected from large
negative shocks.

Furthermore, we observe some differences in spending patterns after disasters
between larger and smaller municipalities. The share of educational spending in
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Table7 Large cities & rest of towns - 3 year lag

Budget category t=0 Lag=1 Lag=2 Lag=3
eY) (2) 3) (C)]
Large Cities
Education —4.473%* —3.706"** —3.473"* —3.451%*
(0.812) (0.788) (0.823) (0.872)
Public services (Fire, Police, welfare, etc) —5.931%** —11.031™* —8.992%** -9.319"**
0.617) (0.797) (0.964) (0.976)
Construction —4.116"* —2.446"** 5.042% 8.485"**
(0.544) (0.54) (0.541) (0.553)
Public debt —4.775%* —6.264*** —5.193** —5.574%
(0.699) (0.804) (0.879) (0.956)
Disaster relief 9.736"** 6.424%** 4,698 2.373"*
(0.454) (0.524) (0.541) (0.521)
Miscellaneous 7.96"* 13.411%* 4.408** 4.558"*
(1.098) (0.896) (0.922) (0.925)
Rest of Towns
Education —0.652"** —0.969** -0.694 —0.25
(0.228) (0.376) (0.368) (0.184)
Public Services (Fire, Police, welfare, etc) 2.026™* —1.869*** 0.353 —1.106**
(0.623) (0.661) (0.647) (0.436)
Construction —1.361" —1.798"** 0.716 1.08**
0.414) (0.437) (0.426) (0.33)
Public debt —0.722"** -0.962"** —0.426"* -0.317"*
(0.137) (0.183) (0.176) (0.096)
Disaster relief 1.305%** 1.763** 1.026** 0.149
(0.353) (0.146) (0.162) (0.062)
Miscellaneous -0.582 3.194%* —-0.554 0.373
(0.578) (0.709) (0.707) (0.339)

“**Significant at the 1 percent level.

**Significant at the 5 percent level

the bigger cities accounts for around 20 percent, but only around 10 percent for the
smaller municipalities. Bigger cities can therefore reduce educational cost more eas-
ily. In terms of public debt, in case of natural disasters, the redemption period of
public debt by municipalities can be postponed as special treatment. Thus, smaller
cities tend to postpone it, which will reduce the immediate expenditure on public
debt servicing. In addition, in case of disasters, bonds can be issued specifically for
recovery and reconstruction under better terms than during more 'normal’ times.
Municipalities can issue bonds to finance reconstruction, and this can reduce their
usual debt spending.

Lastly, in Table 7, we now include three lags of the independent earthquake index
variable (so each estimated equation is reported per row, in this case, and all are
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Fig. 1 Mean annual total costs by town (Million Yen. Red is higher)

estimated as seemingly unrelated (SURE). We note that for the large cities sample,
because of the relatively short T, and the inclusion of three lags, the identification
now rests a lot on cross-city comparisons rather than across time. Still, we find that
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Fig.2 Mean annual cost per capita by town (Million Yen. Red is higher)

the impact of the earthquake indeed persists over time, and this finding is still true
also in the larger sample of smaller towns (the bottom panel of Table 7). For the
much bigger sample in the lower panel, we find that the decline in spending on
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Fig.3 Mean annual earthquake damage by town (Red is higher)

public services is reversed quickly, but this is not true of education and public debt
(both decrease), and disaster relief; a consistent increase in spending throughout the
four years examined, relative to the benchmark, but with a declining magnitude.
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In the appendix, we provide a few other alternative specification to examine the
robustness of our results. Table 9 includes a specification similar to Table 3, but
where the budget categories are specified in their original form, divided into 14
budget lines. Given the computational burden of estimating these SURE regressions,
we show these estimates for the prefecture data set. As was the case with the 6 cat-
egories specification, it is the disaster relief budget line that is most clearly statisti-
cally significant and positive. In the 14 category specification, the labor variable is
also statistically significant. However, since this is spending by prefecture on labor
costs in a diverse set of sectors in which the prefectural government is involved, we
cannot determine what is the primary determinant of these results (i.e., which sec-
tor), and the available data does not allow us to distinguish this any further.

In appendix B, we provide estimations that include the lagged dependent variable
as a regressor. We note, however, that our panel is small T and large N, so shifting
to a dynamic specification entails the loss of a significant number of observations. It
also makes the interpretation of coefficients more challenging. In any case, we now
report these specifications (lagged dependent variable as a covariate) in Table 10.
The results are broadly similar, though the significance level has changed on some
of the coefficients (mostly higher significance). The spending on servicing the pub-
lic debt stock seems to have declined, and there is some evidence for a decline in
construction spending.

6 Conclusion

Disasters have myriad consequences, not least of which is their impact on the gov-
ernment’s accounts. Previous papers have typically examined the aggregate amount
of fiscal spending one can expect after a disaster event. These generally concluded
that: the government accounts deteriorate in a disaster’s aftermath; spending
increases and tax revenue declines, debt increases, and the likelihood of a sovereign
rating downgrade or even default increases. In this paper, we focus on Japan and
investigate what happens to public spending and its decomposition in prefectures
and towns after earthquake disasters. More specifically, Japan is the country most
exposed to earthquake disaster risk globally and we use its past earthquake experi-
ence together with detailed (by budget line) fiscal data for the past decade. Impor-
tantly, in Japan, each administrative level (prefectures and municipalities) is respon-
sible for a different set of public services. After a disaster, the central government
deploys various financial arrangements and subsidies with the local governments,
in order to ensure the continuing provision of public services. In particular, for
large-scale disasters, a special law specifies that the central government is required
to provide special subsidies and special treatments to local governments. Arguably
one should not expect a large pro-cyclical decline in spending as was previously
observed post-disaster in low-income countries.

We find that the share of public spending on disaster relief, at the prefecture level,
increases significantly, but with no corresponding change in the other budget lines.
In contrast, at the lower administrative units, we do observe a decrease in the share
of spending going to finance other priorities. For the bigger cities, we observe a
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decrease in the share of spending targeting education, while for the smaller towns
we see that spending on construction and on public debt has gone down, accompa-
nied by an increase in spending on public services (Table 8).

The evidence we present suggests that while, at the prefecture level, fiscal policy-
making is robust enough to prevent presumably unwanted declines in spending on
public services because of a disaster, the same cannot be said for the city/town level.
There it seems that the fiscal allocation system in Japan is still not robust enough
to prevent these decreases. Since we find that these are only short-term declines in
some spending categories, the question of the likely longer-term impact of these
declines in spending remains open. For example, would the decrease in spending
on education culminate in lower educational achievement in the affected locality?
Remarkably, while there is an international literature that documents decline in edu-
cational attainment post-disaster in low- and middle-income countries, there is little
that connects any observed declines in educational attainment with reduced public
spending on education (e.g., Gitter and Barham (2007) and Rush (2018)). We leave
these questions for future research.

Appendix
All 14 budget categories for prefectures

See Tables 8, 9.

Table 8 Descriptives of variables for prefectures

Category Prefecture

Obs Mean Std. Dev. Max
Administration costs 376 0.009 0.005 0.047
Agriculture and fishery 376 0.482 0.345 2.524
Commerce 376 0.003 0.02 0.22
Construction 376 0.292 0.187 1.569
Disaster relief 376 0.038 0.046 0.566
Education 376 0.344 0.154 0.875
Firefighting 376 0.234 0.11 0.63
Health 376 0.299 0.271 291
Labor 376 1.08 0.548 3.814
Parliament 376 0.15 0.091 0.613
Police 376 0.787 0.466 3.217
Public debt 376 0411 0.176 0.813
Welfare 376 0.057 0.09 1.205
Miscellaneous 376 0.002 0.013 0.213
Earthquake damage 109 0 0.002 0.018
Total costs (2011 base year. M Yen) 376 1020502 866406.6 7216703
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Table9 Regression results for Budget category With year dummy No Year Dummy
prefectures
1) (2)
Administration costs —0.031 0.085
(1.619) (1.526)
Agriculture and Fishery —1.862 —1.438
(1.724) (1.854)
Commerce -3.619 —4.261
(5.372) (5.51)
Construction 0.474 —0.741
(3.082) (2.74)
Disaster Relief 6.111°"* 5.977*
(0.256) (0.261)
Education —4.65 —3.68
(3.403) (3.46)
Firefighting —0.004 0.012
(0.006) (0.025)
Health 0.364 0.595
(0.363) (0.373)
Labor 47527 4716
(0.993) (0.952)
Parliament —0.055 —0.048
(0.03) (0.025)
Police 0.298 0.311
(1.144) (1.062)
Public Debt -1.12 —0.659
(2.039) (2.115)
Welfare —3.285 -3.019
(6.621) (6.513)
Miscellaneous 0.011 0.001
(0.014) (0.032)

“**Significant at the 1 percent level

**Significant at the 5 percent level

Each column presents a system of regressions
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Lagged dependent variable estimations

See Table 10

Table 10 Lagged Dependent Variable Regressions

Budget category All Large Cities Rest Prefectures
1 (2) (3) ()}

Education -0.317 —2.735"* -0.297 —5.337
(0.185) (0.959) (0.183) (3.314)

Public services (Fire, Police, 1.801* —3.568 1.828" 4212

welfare, etc)

(0.765) (2.891) (0.758) (2.562)

Construction —1.308"* —4.8" —1.28"* -0.914
(0.486) (2.122) (0.475) (3.186)

Public debt —0.657** —2.522%* —0.638"* —0.646
(0.119) (0.868) (0.116) (2.292)

Disaster relief 0.915** 8.41"* 0.862"** 5.968"**
(0.162) (0.988) (0.162) (0.426)

Miscellaneous —0.366 6.714 —0.416 —3.826
(0.825) (3.545) (0.812) (3.82)

Lagged dependent variable 0.257 0.403*** 0.25 —0.068
(0.133) (0.155) (0.134) (0.14)

“**Significant at the 1 percent level

**Significant at the 5 percent level
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