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Abstract

The literature on estimating macroeconomic effects of fiscal policy requires suitable
instruments to identify exogenous and unanticipated spending shocks. So far, the instrument
of choice has been military build-ups. This instrument, however, largely limits the analysis to
the US as few other countries have been involved in mainly extraterritorial conflicts.
Moreover, the expenditure associated with military build-ups affects primarily the defense
sector so that the resulting multiplier does not necessarily approximate the effects of changes
to general government spending. We propose an alternative instrument: government relief
expenditure in the wake of natural disasters which is more similar in its scope to general
government spending. We construct a rich data set of natural disasters and the corresponding
government responses at the US state level. We apply this methodology both at the state as
well as national levels and show that natural disasters serve as a powerful instrument for
identifying government spending shocks. Furthermore, we show that the multiplier pertaining
to non-defense government spending is higher than the defense-spending multiplier estimated
in the literature using military build-ups.
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1. Introduction

Recently, in response to the financial crisis and its impact on the economy, many
governments have increased their spending in order to stimulate economic growth, while
other governments, stricken by fiscal and debt crises, were forced to cut theirs sharply. As a
result, the interest in the short-run effects of government spending has been revived again.
From an economic policy perspective, it is of crucial importance to know whether fiscal
policy can be used as an effective tool to dampen economic fluctuations and foster growth.
However, for all its importance, the effectiveness of fiscal policy still remains a controversial
issue, with neoclassical and (new) Keynesian theories making dramatically different
predictions in this respect.

Although most studies agree that fiscal policy stimulates output in the short-run, there is
considerable disagreement regarding the size and the transmission of its effect on economic
activities. There are two strands of the empirical literature on macroeconomic effects of
government spending shocks. The first one relies on structural VAR models to analyze
national or international data. In order to identify the government spending shocks, it requires
certain assumptions such as the use of time lags and additional information such as various
elasticities (Blanchard and Perotti 2002, Perotti 2005 and Giordano et al. 2007). While it has
the advantage of easy implementation and application, the results are highly sensitive to these
assumptions. Moreover, as Ramey (2011a) points out, the fiscal shocks identified with this
method could be subject to an ‘anticipation effect’: the shocks identified by the model are
expected by the private sector. Because of this criticism, the second, so called ‘narrative’,
approach seeks to identify shocks to government spending by using events associated with
unexpected changes in government expenditure. In particular, military build-ups (sometimes
combined with contemporaneous professional forecasts of government spending) were
suggested as sources of such exogenous variation in government spending (Ramey and
Shapiro 1998, Burnside et al. 2004, Ramey 2011a, and Barro and Redlick 2011). It is argued
that unlike the general government expenditure, wars and international tensions that lead to
military build-ups are both sufficiently difficult to predict and independent of GDP.

While most of the initial literature was concerned with time-series studies, some recent
analyses use panel or cross-section data to estimate the effects of fiscal policy. Ilzetzki et al.
(2011) use a novel quarterly dataset of government spending in 44 countries with the
structural VAR approach. They show that the impact of government spending shocks depends
on the key characteristics of the country such as the level of development, exchange rate
regime, openness to trade, and public indebtedness. Nakamura and Steinsson (2011), in turn,
use military spending data across U.S. regions to estimate the effects of government spending
in a monetary union in a narrative approach.

While the narrative approach can take better account of the anticipation effect, it has some
important limitations. First, the identification strategy relies on relatively infrequent events.
The US is in a rather unique position in that it was involved in several military conflicts (hot
or cold) that did not unfold on its territory. Therefore, it can be argued that these conflicts
gave rise to demand shocks associated with increased government spending without affecting
also the supply much. That can be said about few other countries: either they were not
involved in military conflicts or these took place (at least in part) on their own territory.
Second, the composition of military spending differs considerably from general government
spending. Therefore, estimating the macroeconomic effect of military build-ups may have
limited applicability to other categories of government spending.

The effect of government spending on the economy is often summarized by a multiplier: a
change of output caused by a one unit increase in government spending. As Barro and



Redlick (2011) indicate, the multiplier based on military build-ups is close only to the defense
spending multiplier. To assess the effect of more typical fiscal stimulus packages, we are
interested in the multiplier for nondefense spending such as infrastructure, health, and
education and others. However, a big hurdle in obtaining estimates of nondefense multiplier
is that it is hard to find a satisfactory instrument for nondefense spending because most of the
variation in nondefense spending tends to be endogenous with respect to the state of economy.

Our paper contributes to the small but growing literature seeking to identify such new
instruments. Serrato and Wingender (2010) use changes in allocations of federal spending to
states caused by population changes identified by means of the Census every 10 years. Their
estimates imply that government spending has a local income multiplier of 1.88. Shoag
(2010), in turn, collects a new dataset on the returns of state pension plans which can be
predictor of subsequent state government spending. He shows that state government spending
has a large positive effect on in-state income with a multiplier of 2.11. Fishback and
Kachanovskaya (2010) use political competiveness across states to estimate the effects of
New Deal spending and find a multiplier of 1.7. Given that multipliers obtained with military
build-ups tend to be lower, ranging from 0.6 to 1.2 (Ramey, 2011a; Barro and Redlick, 2011),
it appears that the defense and non-defense multipliers are indeed different from each other.

In this paper, we argue that natural disasters constitute another suitable instrument to
identify exogenous variation in government spending: they are relatively frequent and
unexpected. Importantly, governments respond to natural disasters by spending on relief and
repair as well as on precautions against future calamities.' Natural disasters in this way cause
government spending shocks, and those shocks are unexpected and sudden, making them
exogenous with respect to the state of the economy.

There is already a vast literature on the short and long-run impacts of natural disaster on
macroeconomics. Recently, Cavallo and Noy (2009) surveyed this literature comprehensively.
According to them, the consensus is emerging that natural disasters have a negative impact
on short-term economic growth. Raddatz (2007) analyzes the effects of external shocks
including natural disasters on output fluctuations in low-income countries. He concludes that
natural disasters cause a significant decline in output. Noy (2009) analyzes the determinants
of adverse effects of natural disaster on output in the short-run and shows that countries with
a higher literacy rate, better institutions, higher per capita income, higher degree of openness
to trade, higher levels of government spending, more foreign exchange reserves, and higher
levels of domestic credit, but with less open capital accounts are able to withstand the initial
shock better and avoid spillovers into the wider economy. Raddatz (2009) shows that smaller
and poorer countries are more vulnerable, especially to climatic disasters, and that the level of
external debt has no relation to the output impact of any type of disaster. Loayza et al. (2009)
find that while small disasters may have a positive effect due to the reconstruction efforts,
large disaster have severe negative impact on the economy immediately. Skidmore and Toya
(2002) and Crespo et al. (2008), in contrast, examine the long-run impact of natural disasters
on growth. They suggest that a higher frequency of natural disasters is associated with higher
growth rate in the long-run in a process akin to ‘creative destructions’: older physical assets
and technologies tend to be less robust and thus are more vulnerable to natural disasters. They
are therefore replaced faster in the wake of natural disasters than they would have been

1 In the wake of Hurricane Katrina, for example, the US Congress provided $14.6 billion to build new levies
and floodgates in New Orleans (see “Beyond the walls,” The Economist, Sept 1, 2012). Similarly, the
reconstruction in the wake of Hurricane Sandy was expected to “serve as a mini-stimulus for the regional
economy” (“Wild is the Wind,” The Economist, Nov. 3, 2012). Some estimates have the cost of building new
levies and storm-surge barriers to protect New York and New Jersey from future storms as high as $30 billion
(“Can New York become New Amsterdam again?”, The Economist Gulliver Blog, Nov. 5, 2012,
http://www.economist.com/blogs/gulliver/2012/11/defending-new-york-floods.)

3



otherwise.

Only a few papers explore the fiscal impact of natural disaster in a multi-country
framework using panel data. Lis and Nickel (2009) explore the impact of large scale extreme
weather events on changes of budget balances in country groups with fixed effects model.
They conclude that natural disasters increase the budget deficits in developing countries
while no significant effects are found for advanced countries. Melecky and Raddatz (2011)
also estimate the impact of different types of natural disasters on government expenditures,
revenues and fiscal deficit for high and middle-income countries, employing a panel vector
autoregressive model. They conclude that disasters have an important negative impact on the
fiscal stance by decreasing output and increasing fiscal deficits, especially for low-middle-
income countries. Moreover, they find that countries with more developed financial or
insurance markets suffer less from disasters in terms of output declines. Finally, Noy and
Nualsri (2011) estimate the fiscal consequences of natural disasters using a panel vector
autoregressive model. They find that fiscal behavior in the aftermath of disasters can be
described as counter-cyclical in developed countries, but as pro-cyclical in developing
countries.

This paper estimates macroeconomic effects of natural disaster shocks and of the
associated government response at the national level and state level in the U.S. Most
literature analyzes the effects of natural disasters in multi-country framework to obtain rich
dataset. However, as the preceding discussion demonstrates, the results depend on income
level, financial development, geography and the like. Therefore, it is the best to analyze the
effects with a rich dataset of natural disasters within one country. Moreover, when the aim is
to estimate the effects of government spending on the economy, as stated before, though the
natural disasters are really exogenous, the government spending shocks from it may be
subject to supply shocks. Therefore, in order to minimize this problem, it is better to analyze
the data of a country with high income and financial development where the adverse effect of
such shocks has been found to be limited. That is the reason why we select the U.S, for this
paper.

We construct a list of natural disasters and the associated estimated economic damages at
the level of U.S. states, using a wide range of sources. Since there is no systematic and
comprehensive record of economic damage per state, we have to reconstruct it from narrative
records. Therefore, the novelty of our paper is that it is the first attempt to use the natural
disaster series to estimate the effects of fiscal policy at the regional level. Even if natural
disasters are truly unexpected and exogenous to the state of economy, one can argue that the
government response to them is in fact endogenous. However, although it cannot be totally
free from the endogeneity, any other instrument for fiscal policy is subject to the same
criticism. For example, the military build-ups also are hardly exogenous. Often, wars and
military build-ups are expected several weeks or months before they actually break out.’
Such expectations can affect private economic activities significantly. Moreover, wars are
usually accompanied by other important changes in economy policy. For example, during the
World War II, the U.S. economy was under the imposition of rationing and price controls. In
addition, the supply shocks in military build-ups, which are related to the endogeneity of
government response, are much larger than in natural disasters.” In the case of natural

2 For example, the breaking out of hostilities between the US and Japan during the World War II was widely
expected. What was unexpected was the direction of the initial Japanese attack: the US military anticipated the
first strike to be directed against the Philippines rather than Hawaii. Other conflicts, such as the Vietnam War or
the two Gulf Wars, were also preceded by long periods of tensions and escalations.

3 While wars affect the entire national economy even if extraterritorial, natural disasters usually only have
limited regional effect. For example, the Hurricane Katrina, the most severe natural disaster in the U.S., affected
mainly Southeastern states with $ 125 million damages (at most 1% of GDP of the third quarter in 2005). In
terms of workforce, the World War II and Korean war affected 19.1% and 2.4% of labor force, respectively,
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disasters, the government does not always respond to natural disasters and its response is
different in its size and timing even across two similar disasters.* This difference in the fiscal
response therefore helps identify fiscal policy shocks. Moreover, it has shorter
implementation lag compared to other fiscal policies. For this reasons, although government
response to natural disasters is not totally exogenous, the natural disasters and government
response can be a good instrument for identifying fiscal shocks and especially for estimating
nondefense spending multiplier.

This paper has two main findings. First, we demonstrate that natural disasters constitute a
strong and relevant instrument for identifying nondefense government spending shocks. We
confirm this both at the national level as well as at the level of individual states. Second, the
nondefense spending multiplier resulting from our analysis is higher than that for defense
spending: our results suggest a range between 1.4 and 2.5. This multiplier is similar to the
figures reported elsewhere in the literature and also to the nondefense spending multiplier
(1.0~2.5) used by the Congressional Budget Office to estimate the effect of the stimulus
package of 2010.

The remainder of this paper is organized as follows. Section 2 replicates the analysis of the
effects of defense spending shocks with military build-ups. Section 3 describes the
background of the natural disaster and the new exogenous variable, its construction and
properties. Section 4 presents the analysis of the effects of government spending, with several
robustness checks, at the national level. Section 5 reports the results of the cross- state
analysis for the 50 states in the state level. Finally section 7 concludes.

2. Analysis with military build-ups as an instrument

The narrative approach to analysis of economic effects of fiscal shocks relies on using
military build-ups resulting from wars or war threats to identify exogenous fiscal shocks.’
Ramey (2011a) shows that the defense news captures the expectations of future government
spending shocks by the private agents.

Figure 1 shows the trend of defense and nondefense spending of the federal government
and state and local governments, expressed as a ratio to real GDP. The defense spending is a
major part of total spending and federal government spending. Especially, the movement of
federal government spending is almost perfectly copies of that of defense spending. This is
the reasons that much literature chooses the military build-ups as an instrument of
government spending shocks.

A potentially important problem with this instrument, however, is that it is dominated by
two extraordinarily large events: the World War II and the Korean War. When these are
excluded by considering only data after 1955, the ratio of defense spending to GDP displays
relatively little variation. Table 1 shows that during World War II and the Korean War, the
defense spending accounts for most of the variation in government spending because its ratio
to total government spending is much higher than in other periods. Indeed, Ramey (2011a)
observes that the military build-ups have explanatory power only when these two large wars

through conscription, and this effect lasted for several years, while the Hurricane Katrina affected 0.3 % of labor
force for a few quarters.

4 The fiscal shock associated with Federal government assistance tends to vary considerably across natural
disasters, with sometimes similar events resulting in responses of very different magnitudes. For example,
although the Californian earthquake of 1994 and the Hurricane Wilma in Florida of 2005 were both estimated to
cause similar economic damage (around nominal $20 billion), the assistance from the Federal Emergency
Management Agency shows large difference: $6.0 billion for the former and $1.8 billion for the latter.

5 While Ramey and Shapiro (1998) use the Korean War, Vietnam War and the Soviet invasion of Afghanistan,
Ramey (2011a) adds also the World War II and 9/11.



are included; the military build-ups after the Korean War have very low explanatory power
and are not informative. Therefore, since the World War II and the Korean War dwarf all
other military build-ups, this instrument may be viewed as based on only two events.

Figure 1. Components of real government spending fraction of GDP (chained 2005)
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Table 1. Average ratio of defense spending to government spending

Period 1929~2011 1955~2011 1941~1946 1951~1956
Defense/Total government 0.39 0.33 0.78 0.58
Defense/Federal spending 0.70 0.73 0.92 0.87

Barro and Redlick (2011) highlight another problem associated with using military build-
ups to study effects of government spending shocks. The nature of government spending
during a military build-up differs dramatically from the general government expenditure.
Barro and Redlick point out therefore that although military build-ups provide an excellent
opportunity to estimate the multiplier, this multiplier is in fact only the multiplier for defense
expenditure, not a multiplier for total government expenditure. Yet, Ramey (2011a) estimates
the government spending multiplier and analyzes transmission of spending shocks using the
military build-ups as if they were general government spending shocks.

To see how the results change depending on the definition of government spending, Figure
2 shows the impulse responses to a shock in the defense news variables, with data covering
the period from 1939 to 2008 as in Ramey (2011a). Solid lines show the impulse responses
when defense spending is used instead of total government spending and dashed lines show
the results using total government spending.’ The two impulse responses are very similar.
This result is not surprising, considering that the data include the two exceptionally large
wars and given that defense spending accounts for the bulk of government spending.

6 Total government spending consists of defense and nondefense spending of federal government, and the
spending of state and local governments.




Ramey (2011a) analyzes the robustness of her results using a variety of specification such
as excluding one of two big events and excluding both. When either the World War II or the
Korean War is included, the results are qualitatively similar to those over the full period.
However, when she restricts the sample to 1955 to 2008, excluding both large events, the
result is qualitatively and quantitatively different. In particular, after a positive defense
spending shock, government spending spikes ups only temporally and then turns negative.
GDP also rises only on impacts and then its response becomes negative. We also analyze the
period from 1975 to 2008, excluding even the Vietnam War. Figure 3 shows the effects of the
defense news on the key variables in this case. The government spending increases only on
impact and then falls for 5 years, although it is not significantly at conventional levels. The
response of GDP is similar to that obtained by Ramey (2011a) when excluding the two large
events. Finally, Ramey (2011a) also uses professional forecast errors instead of the defense
news shocks for a period from 1968 to 2008 and gets results similar to those for 1955 to 2008
with defense news shocks. Therefore, Ramey’s (2011a) hump-shaped responses of
government spending and GDP appear driven by the World War II and the Korean War. The
multiplier should therefore be interpreted as a defense spending multiplier.

In addition, Ramey and Shapiro (1998) argue that military build-ups have the advantage
that they do not remove private resources except for manufacturing sector. Ramey (2011a)
explain that the military spending was financed mostly by issuing debt during the World War
Il and by taxes during the Korean War. However, it should be noted that the increase of
defense spending are financed partly by decreasing allocations to other sectors of government
spending such as nondefense and state/local spending. It means that the military build-ups
cause a transfer of resources within government sectors. As much literature such as Ilzetzki et
al. (2011) and Bénétrix and Lane (2009) shows, the macroeconomic effects of government
spending depend on its function.’ Therefore, when using military build-ups which are
concentrated in only defense sector, it is necessary to include the three remaining sectors of
government spending among the endogenous variables to gauge the reallocation of funds in
the wake of military build-ups.

Figure 2. The effects of defense spending and government spending (1939~2008)
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Notes: Solid lines shows the responses with 68% confidential interval band following Ramey’s (2011a)’s
specification with defense spending instead of total government spending. The dashed line shows the results of
Ramey’s specification with total government spending.

7 According to Bénétrix and Lane (2009), the effects of government spending shocks are different according to
the nature of fiscal innovation; shocks to government consumption and shocks to government investment, and
the latter has a positive and larger fiscal multiplier.



Figure 2. The effects of defense spending and government spending (1939~2008) (continued)
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Figure 3. The effects of defense news shocks from 1975 to 2008
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Note: A solid line displays point estimates while the dashed lines correspond to 68% confidence interval bands



We therefore again apply Ramey’s (2011a) specification and data using defense news, with
the three sectors of total government spending (defense, non-defense and state/local)
featuring separately. Figure 4 shows the results. The impulse response of defense spending
closely resembles consistent Ramey’s results with a humped shaped pattern. However, we
observe large and significant falls in nondefense and state/local spending: the increase in
defense spending crowds out the spending in the other two sectors. The responses of other
variables such as GDP, real wage and consumption are qualitatively similar to those of
Ramey and Shapiro (1998) and Ramey (2011a). This analysis sheds light on the effects of
military builds-ups on the total government spending: the increase defense spending is partly
counterbalance by decreases in the remaining sectors so that the macroeconomic effects result
from compositional responses of government spending sectors.

This again suggests that the multiplier does not reflect the effect of total government
spending but applies only to defense spending. It can appear lower than the general
government spending multiplier because of the decrease of spending in the other two sectors.
Following Ramey (2011a), the implied elasticity of peak GDP to defense spending is 0.047
and the average ratio of GDP to defense spending is 15.2 from 1947 to 2008. The implied
defense spending multiplier then is 0.7%, which is similar to the defense spending multiplier
range (0.6~0.9) found by Barro and Redlick (2011) and that (0.6~0.8) of Ramey (2011a) for
the same period. Since this multiplier is calculated with including the effects of crowding out
in other government spending sectors, the pure defense spending multiplier, which means that
an increase of defense spending is added in total government spending, can be a little higher
than this.

Another potential weakness of military build-ups relates to the assumption that they are
exogenous and unexpected. Although wars can occur suddenly and unexpectedly, in many
cases a military conflict ensues after weeks or months of rising tensions. For instance, the
Japanese attack on the US forces in the Pacific in 1941 was unexpected only to the extent that
the US expected the Japanese to attack the Philippines (held by the US at the time) rather
than Hawaii. Furthermore, once the war has started, it can take several years so that the
continued increased spending no longer constitutes a fiscal shock.

Finally, military conflicts, even when they are extra-territorial, do have important supply-
side effects: large numbers of young men are conscripted into the armed forces’, firms switch
their output towards military-use products and civilian-use physical assets such as trucks,
boats and planes can be redirected for military uses such as transporting troops or ordnance.

To sum it up, although military build-ups have several advantages, they rely crucially on
infrequent events with an atypical composition of spending. The macroeconomic effects are
totally due to the increase of defense spending and the resulting multiplier cannot be
representative of the effect of general government spending shocks, but only of changes in
defense spending.

8 When we use the average ratio (5.0) of GDP to the total government spending for the same period, the implied
defense spending multiplier is 0.23.

9 The number of draftees (the ratio of total labour) accounts for 10.1 million (19.1%) during the World War II,
1.5 million (2.4%) during Korean War, and 1.9 million (2.4%) during Vietnam War respectively.
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Figure 4. The effects of defense spending shocks from 1947 to 2008
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Note: A solid line displays point estimates while the dashed lines correspond to 68% confidence interval bands
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3. Natural Disasters in the U.S.

Although military build-ups are related only to defense spending, much literature using
narrative approach for identifying government spending shocks relies on these military build-
ups because it is very hard to find a similar convincing exogenous instrument for nondefense
spending. As Ramey (2011a) and Barro and Redlick (2011) indicate, the first problem is that
the fluctuations in federal nondefense spending and state/local spending are much smaller
compared to those of federal defense spending. In addition, federal nondefense spending is a
minor part of total government spending and state/local spending is driven in large part by the
variations in state revenues caused by economic cyclical fluctuations.

We argue that natural disasters constitute another suitable instrument to identify exogenous
variation in federal nondefense spending and state/local spending. Natural disasters are
relatively frequent and, being ‘acts of God’, are by definition unexpected. When they happen,
vast resources from federal, state and local governments are spent on disaster management
such as response and recovery efforts, which affect housing, civilian safety, education,
transportation, and other areas of nondefense spending. In this way, natural disasters cause
government nondefense spending shocks which are more similar in their nature and scope to
shocks to general government spending. A reasonable criticism of our approach is that
although natural disasters are exogenous to economic conditions, the government response
from them and its macroeconomic effect can be compounded by supply effects such as the
loss or dislocation of labor and the destruction of physical assets and infrastructure. However,
while the exact timing and extent of natural disasters is difficult to predict (certainly more
than a few days ahead), the general risk of such disasters is well understood: in the context of
the U.S., for example, the West Coast is known to have relatively frequent earthquakes, the
Mississippi valley is at risk of floods and the states near the Gulf of Mexico are likely to be
hit by hurricanes. Therefore, people living in high risk areas can engage in precautionary
measures that minimize the potential adverse effect of disasters, especially to life. As we
argued above, the literature on the short-run effects of natural disasters tends to find that the
adverse effects are indeed less severe in developed countries. Moreover, the same criticism
applies to military conflicts which, even when extraterritorial, are also bound to have supply
side effects: both labor and capital are relocated towards the production of military assets
(thus potentially increasing the costs of the civilian production) and a non-negligible share of
the labor force is withdrawn to serve in the military. When considering that the estimated
damage of the Hurricane Katrina, which is the most severe natural disaster in the U.S. recent
history, is at most 1% of nominal GDP of the third quarter in 2005.'® The adverse supply side
effects are therefore relatively modest at the national level compared to other shocks such as
military conflicts. Nevertheless, the presence of such adverse supply effects implies that our
analysis using natural disaster is likely to underestimate the fiscal multipliers.

In this section, we describe the background of the natural disasters in the U.S. and how we
construct the new exogenous series to identify the government spending shocks.

3.1. Stylized facts about natural disasters and the government response

Many reports suggest that the world is facing an increasing frequency and intensity of
natural disasters. The U.S. is no exception. Since 1990, the U.S has experienced a sequence

10 Hurricane Katrina was an exceptionally severe natural disaster in the U.S. In terms of the value at the time of
occurrence, the damage of the Hurricane Katrina (125 billion $, 2005) is over 4 times than the second severest
disaster, Hurricane Ike (29.6 billion $, 2008) followed by Hurricane Andrew (26 billion $, 1992), Hurricane
Wilma (20.6 billion $, 2005), and the LA earthquake (20 billion $, 1994).
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of unprecedented large and costly disasters including Hurricane Katrina (2005), Hurricane
Ike (2008), Hurricane Andrew (1992) and others. The increasing impact of natural disasters
in the U.S can be attributed in part to the increase in population and development of hazard-
prone areas.

In Figure 5, the Emergency Disasters Database (EM-DAT) maintained by the Center for
Research on the Epidemiology of Disasters (CRED) shows that the frequency of natural
disasters in the U.S. has been increasing. In addition, according to the Federal Emergency
Management Agency (FEMA) which coordinates the response to disasters in the U.S., there
has also been an upward trend in the annual number of presidential disaster declarations.
Figure 5 shows also this trend of natural disasters in the U.S since 1980. On average, there
were 25.2 presidential disaster declarations per year in the 1980s, compared to 84.7
declarations on average since 2000.

Figure 5. The trend of natural disasters in the U.S. from 1980 to 2010
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As to the severity and magnitude of disaster, Lott et al. (2012) show that the number of
disasters which cause economic damages of more than 1 billion dollars has been increasing
since 1980 as shown in Figure 6.
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Figure 6. Frequency of disasters with economic damages more than $ 1 billion
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When a natural disaster happens, the federal government and state and local governments
respond to it cooperatively, following the Federal Response Plan and other applicable laws.''
In the event of a disaster or local emergency, local government has the primary responsibility
for responding to, recovering from and mitigating the adverse effects of the disaster. However,
when effects of the disaster are beyond the capacity of local resources to respond effectively,
the state and federal government assistance is provided through the emergency and disaster
declaration process.'> When the declaration for state or federal government is considered, the
judgment criteria are mainly based on the damage assessment according to preliminary
reports. This means that the state and federal assistance is closely related to the estimated
economic damages and as a result, so are the government spending shocks. A presidential
disaster declaration triggers action by many federal agencies besides FEMA, including the
U.S. Army Corps of Engineers, the Small Business Administration, and the Departments of
Agriculture, Transportation, Commerce and others to provide supplemental assistance to state
and local governments, families and individuals, and certain nonprofit organizations for
mitigation, response and recovery. According to McCarty (2011) of Congressional research
service, the amount of assistance provided through presidential disaster declarations to the
Gulf coast region in the aftermath of Hurricanes Katrina and Rita has exceeded 140 billion
dollars. Major part of this assistance comes from the Disaster Relief Fund (DRE) managed by
FEMA as a category of grants-in-aid to state and local governments."> Under the Stafford Act,
many disaster relief costs are to be shared between the federal government and the affected
state and local governments. The federal share of funding is at least 75% for public assistance.
However, depending on the circumstance, the federal government has raised the federal share
for some disasters to as high as 90 % for the 1994 Northridge earthquake and 100% for 1992
Hurricane Andrew (Czerwinski, 1998).

11 For example, there are the Robert T. Stafford Disaster Relief and Emergency Assistance Act (Stafford Act)
for federal assistance and Natural Disaster Assistance Act (NDAA) for state assistance.

12 There are three types of declaration: local emergency declaration, Governor’s state of emergency
proclamation and Presidential declaration of a federal major disaster or emergency.

13 The Disaster Relief Fund is a “no-year” fund managed by the Federal Emergency Management Agency
(FEMA) and used only for spending related to presidentially declared disasters. While FEMA budgets are based
on the current Fund balance for a given fiscal year (5.8 billion for FY 2008), in a case of its shortage, Congress
makes supplemental emergency appropriations as needed to respond to large disasters. (For more information on
federal funding for disasters, refer to GAO/RCED-00-182)
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3.2. Constructing the natural disaster variable

To estimate the effects of government spending shocks on macroeconomics, it is necessary
to identify an instrumental variable which is closely related to government spending shocks
but exogenous with respect to the state of the economy. The gravity and impact of natural
disasters can be measured with a number of variables, such as the number of persons killed,
the number of persons affected or displaced, the estimated economic damage and others. We
select the economic damage as an instrumental variable because this is what usually
determines the amount of government assistance as explained in the previous subsection. A
natural disaster causes government spending shocks in two types: federal nondefense
spending and state/local spending which includes the grant from the federal government. In
order to reflect this, we proceed in two steps. First, we compile the total economic damages
per natural disaster at the national level. Second, the economic damages are allocated to the
50 states used in a panel analysis at the state level.

For the first step, natural disaster list is compiled mainly with major disasters which cause
sufficiently large damage to infrastructure, human capital and production facilities that they
can exert a substantial effect on government spending. The preliminary disaster list is
obtained from EM-DAT because it is a comprehensive database that includes data on the
occurrence and effects of over 18,000 mass disasters in the world since 1900. In order to be
entered into the EM-DAT database, a disaster must meet at least one of the following criteria:
10 or more people killed; 100 or more people affected; a declaration of a state of emergency;
a call for international assistance. We select the period from 1977 to 2009, i.e. after the end of
the Vietnam War, in order to minimize contamination of our results by fluctuations of
government spending due to military build-ups. We complete this list of major disasters and
total economic damages at the national level by cross-checking the EM-DAT database with
the lists of presidential major disaster declarations from FEMA and with the list of climate-
related disasters with damages exceeding one billion dollars from the National Ocean and
Atmospheric Administration (NOAA).

The next step is to distribute the total economic damages per disaster to each state affected.
As far as we know, there is no systematic and comprehensive data for this purpose because
economic damages at the state-level were not consistently reported. Therefore, we construct a
new economic damage series per state from various sources with several criteria applied in
sequence.'* The first criterion is the disaster reports by the agencies such as the National
Hurricane center, National weather service, and Storm prediction center and others. Most of
these reports were written at the time of incidence so they can match better with the
government spending shocks which is the variable of interest in this paper. In the case of
disasters with no report, we relied on other sources in sequence: the storm event database of
the National Climate Data Center;'> EM-DAT; U.S. Geological Survey report; and U.S.
Army Corps of Engineers reports. Lastly, for some natural disasters only total damage but no
damage data by state is available, we had to distribute it according to the ratio of related data
such as financial assistance grant from FEMA, the number of counties where emergency was
declared, the number of death and so on.

14 The sources include EM-DAT of CRED, the Storm event database of National climate data center, the
National Hurricane center, the National Weather Service, the Federal Emergency Management Agency, U.S.
Department of Agriculture, individual state emergency management agencies, state and regional climate centers,
Geological Survey reports, U.S. Army Corps of Engineers reports, media reports and insurance industry
estimates (Appendix A).

15 The database currently contains data on property and crop damage in millions of dollars from 1996 to present.
However, prior to 1996, it shows only range of damage. Therefore, we use the data from this database directly
since 1996 but before 1996, we just consult it as a means of the ratio for distributing total economic damages to
each state.
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To analyze the effects of government spending shocks related to natural disasters, it is
necessary to transform the constructed economic damages into time series data. At the
national level, this requires assigning the calendar dates to quarters. When the natural disaster
happens, state government need some time to respond and spend expenditure for relief and
recovery efforts due to fiscal policy lags. In case of major natural disasters, in the process of
presidential disaster declaration, it takes some times to survey the damaged and destroyed
facilities and determine eligibility for assistance. This decision lag for disaster declaration
usually takes from 1 week to some months. Therefore, we use the date of the declaration as
the date of the associated government spending shock. In addition, even after this declaration,
it takes more time for the government to disburse and execute the disaster assistance
(implementation lags). We assume that it usually takes about 1 week after the disaster
declaration. In order to capture the government spending shock in time, if the disaster
declaration occurs in the last week of a quarter, it is assigned to the next quarter'®, which is
similar to the timing approach of Ramey (2011a)."” On the other hand, for a panel analysis at
the state level, since there is no quarterly fiscal data but only annual fiscal data, we allocate
the economic damages to fiscal years with a similar way.'® Lastly, we deflate the nominal
economic damages using CPI (2005=100).

Figure 7 shows the relation between the economic damages and the corresponding disaster
assistance from FEMA at the national level. Data for the size of disaster assistance is
available on FEMA website only from 1999 onward. Since other federal agencies and state
governments besides FEMA contribute towards the response and repair costs, the disaster
assistance from the Disaster Relief Fund is not enough to show the total government spending
shocks. However, Figure 7 shows that disaster assistance expenditure occurs in the same
quarter as natural disaster or in the following quarter and its size also tracks economic
damages of natural disaster similarly. It means that our economic damage series is valid as an
instrument for identifying government spending shocks.

Figure 7. The comparison of economic damages and disaster assistance (1999~2009)
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16 In case of no declaration for some disasters, if the natural disaster ends during the last week of a quarter, we
assign it to next quarter.

17 Appendix A shows the data of our constructed estimated economic yearly damages of natural disasters.

18 In the U.S. while fiscal year of the federal government starts on Oct 1st and ends the following Sep 30th, the
fiscal years of the 50 states are different to each other. 46 of the 50 state governments have a fiscal year that runs
from July 1st until June 30th. Four states are exceptions: Alabama and Michigan (Oct.1st~Sep.30th), New York
(Apr.1st~Mar.31th) and Texas (Sep.1st~Aug.31th).
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Table 2 shows the basic statistics for disaster damage per state from FY 1977 to FY 2009. In
terms of frequency per year, Texas has experienced major disasters more often than any other
state, followed by California, Oklahoma, and Louisiana. Although natural disasters occur
often in Oklahoma, the damages are small comparatively. On the other hand, the state with
the greatest annual damage is Florida with $6.1 billion (not included in the table), followed

by Louisiana ($4.5 billion) and California ($2.7 billion).

At the state level, severe disasters can clearly cause massive destructions and labor loss to
an affected state as explained in previous section. Therefore, in the section on robustness
check, the issue of adverse supply side shocks will be considered.

Table 2. Statistics for disaster damage in Top 5 frequency states

Disaster Niﬁax dlamage Number Worst disaster Annual damage
years (;fﬁioifag) of events (million, $) (million, $)
2006 Hurricane Katrina
Texas 30 22.600) 73 Hu(rzﬂz‘jgel)lke 2,057
California | 25 27.09) 61 A ok 2,654
Oklahoma | 23 (31 969692) s0 | Fxtrems tomperature 402
Louisiana | 22 (8ﬁ08§3) 41 ey 4,533
Mississippi 21 (3290976 8) 37 Hurr1(%agn?91%1trma 2,386

Note: All damages are deflated to chained 2005 dollars and the annual damage means average total damage per
state computed with year in which disaster occurred, excluding no disaster years. Disaster years refers to the
number of years out of 33 in which at least one disaster occurred. Number of events is the total number of
disasters during this period per state.

4. Analysis at the national level

This section presents the macroeconomic effects of government spending shocks related to
natural disasters at the national level of the U.S. To compare our results with other studies
using military build-ups, we follow Ramey’s (2011a) methodology, as hers is a representative
and recent paper using military-build ups.

4.1. Data and specification

We use quarterly U.S. data over the period from 1977 to 2009. As mentioned earlier, this
period is chosen to exclude the Vietnam War (and the previous wars) and thus to minimize
the effects of military build-ups. The components of national income and fiscal series are
collected in chained (2005) dollars from the NIPA tables of the Bureau of Economic Analysis
(BEA). As an interest rate, the 3-month T-bill rate is drawn from the Federal Reserve Bank
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database (FRB). CPI, hours worked and real wage are taken as an index (2005=100) from the
Bureau of Labor Statistics (BLS)."” Population data used to convert the series into per capita
terms is drawn from the BEA. All data are seasonally adjusted and nominal values are
deflated using the GDP deflator. All variables except the interest rate and economic damage
series are expressed in logs of real per capita terms.”

Following other literature including an exogenous variable in an empirical model, our
reduced-form VAR model can be expressed as

Xt = Ao + Alt +B(L)Xt_1 +C(L)Dt +&

where X, is a vector of endogenous variables, Ay and A; are the constant term and a linear
trend. B(L) and C(L) are lag polynomials of 4th degree to be consistent with the other
literature with quarterly data on fiscal policy. The narrative shocks Dy, economic damages as
described in the previous section, is included as the exogenous variable and & is a vector of
reduced-form innovations. The of variables X vector consists of federal nondefense spending
(Nondef), state/local government spending (State), and federal defense spending (Def),
output (GDP), consumer price index (CPI), and short-term interest rate (TB3m). The total
government spending is disaggregated into three components because the government
spending shocks related to natural disasters rarely affect defense spending which is major part
of total government spending:

Xi= (Nondef, State, Def, GDP, CPI, TB3m)'

Other variables of interest such as hours worked, real wage, private consumption and
private investment are then added one at a time as in Burnside et al. (2004). In addition, to
identify government spending shocks, the economic damage variable (Dy) is embedded in X,
but ordered first, following Ramey (2011a)

4.2. Baseline results

This subsection presents the impulse responses of the fiscal and macroeconomic variables
to the economic damages as exogenous shocks. The point estimates of impulse response are
accompanied by corresponding 68% confidence interval, which is computed by bootstrap
standard errors on 1000 replications, like in most previous studies.”’ All impulse responses
can be interpreted as percentage deviation from a variable’s baseline path, except for those of
the interest rate which are reported as deviations from its baseline, measured in percentage
points.?

Figure 8 displays the dynamic responses of all variables to a natural disaster shock. The
first three graphs show the responses of the three components of government spending. As
predicted from the general government response to natural disaster, after a natural disaster
shock, the nondefense government spending rises for only 1 year and then return to zero,
peaking 2 quarters after the shock. This result explains the federal government response to a

19 Consumer Price Index for All Urban Consumers and All Items, Hours worked index for hours of all persons
in nonfarm business sector, and real wage index for real hourly compensation in nonfarm business sector.

20 Appendix B describes the data sources.

21 Many empirical studies on fiscal policy use 68% confidence interval; Ramey (2011), Melecky and Raddatz
(2011), Blanchard and Perotti (2002), Burnside et al (2004), and Caldra and Kamps (2008) etc. Additionally, our
results with 95% confidence bands are shown in Appendix B.

22 Except for interest rates which percentages points are used for, all response are multiplied by 100 so that a
growth rate from the change in log variables is expressed in percent (%).
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natural disaster well. When a natural disaster occurs, many federal agencies provide
supplementary assistance for the initial emergency response for a short period, the cost of
which is borne by federal nondefense spending. However, the major part of federal
government assistance is the financial assistance from the Disaster Relief Fund, which is
grant for state and local governments. Since state and local governments are responsible for
the substantial part of relief and repair for a long period, the impulse response of state and
local spending should capture this. However, as can be seen in the second graph, its response
is not significantly different from zero at all horizons. One plausible explanation is that these
grants for several states are too small to be a shock for total state-local spending of the 50
states at the national level. However, it is certain that the affected state government has
positive government spending shocks in responding to the natural disaster with its own
resources and the federal grant. Therefore, we will deal with this issue in the next section of
the cross-state analysis. Defense spending increases a little on impact and then falls
insignificantly afterward. The initial short increase can be accounted for the relief and search
and rescue efforts of the military including the National Guard. Finally, note that contrary to
military build-ups of Ramey (2011a), an increase of nondefense spending does not crowd out
the other components of government spending whose responses are insignificant (with the
exception of the aforementioned modest and short-lived rise of defense spending).

The response of GDP shows a hump shaped pattern for two years, although it is significant
only for one year. It confirms that at the national level, the adverse supply side shocks due to
natural disasters are indeed negligible and the effect on GDP results not from the natural
disaster itself, but from the government spending that follows it. The implied elasticity of the
GDP peak with respect to the nondefense spending is 0.30 and the cumulative elasticity is
0.37 (note that to compute the cumulative elasticity, we consider only four quarters as the
effect is not statistically significant thereafter). Since the average ratio of GDP to government
spending is 4.7 from 1977 to 2009, the implied nondefense spending multiplier is 1.41 for
peak and 1.74 for cumulative effect, which are higher than defense military multiplier
(0.6~0.9) of Barro and Redlick (2011) and the multiplier (0.6~1.2) of Ramey (2011a), but is
within the range of the peak federal nondefense spending multiplier of 1.0 to 2.5 used by the
Congressional Budget Office (2010) for fiscal stimulus packages.”

The next two graphs report the responses of CPI and the interest rate. Although the
response of CPI is not significantly different from zero, CPI and the 3-month Treasury bill
rate increase after a positive spending shock, which is consistent with the theory.

The fourth and last rows of Figure 8 show the responses of the variables of interest, which
as discussed above are added to the model one at a time. Firstly, as to the labor market
variables, although their responses are not statistically significant except at the peak, their
point estimates are qualitatively consistent with the neoclassical model. The hours worked
increase over all horizons after positive government spending shocks and as a result, the
response of real wage is negative. Given that government spending is used mainly for repairs
and restoration to the original state, labor productivity is not affected**and the decrease of real
wage corresponds closely with the increase of hours worked. On the other hand, the response
of private consumption is not consistent with the neoclassical model which predicts a
negative response of private consumption due to the negative wealth effect. Private
consumption increases for 2 years and then falls, following a pattern similar to that of GDP,
although it is insignificant. The investment response is large and positive for a long period. It
reflects the repair and reconstruction works after a natural disaster.

23 Congressional Budget Office (2010) calculates output peak multiplier by the purchase of goods and service
of the Federal government from large macro-econometric models.

24 A comparison of the peak of the hours worked to the peak of the GDP shows that the productivity does not
improve.
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To sum up, a natural disaster causes the federal nondefense spending to increase for one
year, but does not affect the other components of government spending at the national level.
Based on the response of GDP which is positive significantly for one year after the
government spending shocks, the estimated peak nondefense multiplier is 1.41 and the
cumulative one is 1.74. The positive response of hours worked and the negative response of
real wage is consistent with the neoclassical model. However, private consumption and
investment rise for a long period as the government responds to a natural disaster, contrary to
the predictions of the neoclassical model.

Figure 8. The effects of government spending shocks

< Federal nondefense spending > < State and local spending >
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Note : A solid line displays point estimates while the dashed lines correspond to 68% confidence interval bands
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Figure 8. The effects of government spending shocks (Continued)
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4.3 Robustness checks

To check the robustness of the baseline results, this subsection presents several additional
results regarding the usage of three components of government spending and the responses of
some variables

4.3.1 Response of total government spending

In the baseline analysis, we use three components of total government spending in order to
identify the effects of shocks to nondefense spending. As a robustness check and to produce
results more in line with the rest of the literature, we now use the total government spending
instead of these components (despite the fact that the natural disaster shocks are rather small
compared with the total government spending at the national level).

Figure 9 shows the responses of key variables after total government spending shocks,
comparing with the baseline results. Total government spending does not respond
significantly to natural disaster shocks. One plausible explanation is that nondefense spending
is too small to affect the fluctuation of total government expenditure. With the exception of
government spending, the responses of other key variables are qualitatively and quantitatively
similar to those of the baseline model.

Figure 9. The effects of total government spending shocks

< Total government spending > <GDP>
0.6 0.4
0.4
0.2
0.0
0.2
0.4
0 4 8 12 16 20 03
g Total e = Nondefense 0 4 8 12 16 20
....... State == o« == Defense e Alternative = == == Baseline
< Real wage > < Private consumption >
0.3 0.3
0.2
0.1
0.0
0.1
-0.2 0.2
0.3 03
0 4 8 12 16 20 0 4 8 12 16 20
g Alternative @z0 ===== Baseline e Alternative @=Z0o0= === Baseline

21



4.3.2. The relation between natural disasters and federal defense spending

In the baseline result, defense spending responds negatively and strongly after natural
disaster shocks, although this response is not significant. The possible reason is that there is
another factor to cause the fall in defense spending, which coincides with the occurrence of
natural disasters. Figure 10 shows the trends of defense spending and natural disasters. As
explained before, defense spending fluctuated more than other categories of spending due to
external factors. Since the end of the Vietnam War, the fluctuation of defense spending has
been more modest but still large, mainly reflecting the military build-ups due to the Soviet
invasion of Afghanistan (1979) and 9/11 (2001), and the military build-downs due to the end
of the Vietnam war (1975) and the collapse of the Soviet Union (1991). Coincidently, big
natural disasters such as Hurricane Andrew (1992), LA earthquake (1994), and Hurricane ke
(2008) occurred in the period of military build-downs. As a result, natural disaster seems to
cause defense spending to fall statistically.

We perform various checks of the relation between natural disaster and defense spending.
Table 3 shows the results. During the military build-up up to 1990, there is no relation
between them. However, since 1990, there appears to be a strong negative relationship, which,
we argue, reflects the end of the cold war coinciding with increased frequency of natural
disasters. In analyzing the fiscal policy with the U.S data, the discretionary fiscal shocks are
strongly affected by the fluctuation of defense spending due to its high proportion in total
government spending. Further work is needed to explore how to disentangle discretionary
nondefense fiscal shocks from defense spending.

Figure 10. The trends of natural disasters and defense spending
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Table 3. The relation between natural disaster and defense spending
Samples 1977~2009 1977~1990 1990~2009 2000~2009
Correlation -0.22 -0.11 -0.22 -0.42
Coefficient 0770577 (0.01) | -1.2816 (0.43) | -0.6650"" (0.05) | -0.9103" (0.01)
Granger-causality Yes™(0.01) No (0.40) Yes' (0.05) Yes™ (0.01)

Notes: Defense spending data is the change from the previous quarter in per capital real defense spending.
First, the correlation is for between the 1 lagged value of real economic damage (billion dollars) and the
change of defense spending. Second, the coefficient is obtained from a regression of defense spending on 1
lags of the economic damage series. Third, Granger-causality test is done with 1 lags for the hypothesis: Do
natural disaster Granger-cause*ihe change of defense spending? Figures in parenthesis refer to P-value.

" Significant at 0.01 level, Significant at 0.05 level.
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4.3.3 Responses of components of consumption and investment

As the other literature does, we analyze the effects on the components of private
consumption and private investment after government spending shocks in order to identify
their responses and the speed of their response. First, we split private consumption into its
three components: nondurable goods, durable goods, and services. The private consumption
is replaced with these three components one at a time in the baseline model. Similarly, private
investment is divided into nonresidential and residential investment.

Figure 11 shows the results of this alternative model. Similar to the baseline, none of the
responses is significant at the 68% level. In terms of the point estimates, their responses are
quantitatively and qualitatively different from each other. Nondurable goods and services
display similar responses with a hump-shaped pattern. However, durable spending initially
falls and then rises sharply over the course of one year. Interestingly, this response is quite
similar to that of nonresidential investment. Residential investment increases substantially for
6 quarters and then returns to zero. In considering that people need housing and basic items
urgently after a natural disaster and then buy household goods and cars and investment goods
later, the responses of these components depict well the actual responses by the private sector
in the wake of a natural disaster.

Figure 11. The effects of components of consumption and investment
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4.3.3 The effects of natural disasters except Hurricane Katrina

As in the previous section in which we analyze the effects of military built-ups excluding
the World War II and the Korean War, we analyze the response of macroeconomic variables
to natural disaster shocks excluding the biggest natural disaster, Hurricane Katrina, which
occurred at the end of August 2005. In considering that the GDP responds positively for 8
quarters in the baseline analysis, we exclude two years from 2005.3q to 2007.2q. Figure 12
shows the responses of key variables after total government spending shocks, compared with
the baseline. The responses of the three components of government spending when excluding
Hurricane Katrina are qualitatively similar to the baseline results. Nevertheless, the
magnitude of responses is somewhat smaller and the standard error bands are wider when
Hurricane Katrina is omitted. The next graph in Figure 12 shows the response of GDP which
rises for one year and then becomes negative after a natural disaster shock. Although it is not
significantly different from zero, the elasticity of the GDP peak with respect to the
nondefense spending is 0.1 and the average ratio of GDP to government spending is 4.7 for
this period. Therefore, the implied multiplier is 0.47 which is much smaller than 1.41 of the
baseline analysis because of the small positive response of GDP. It shows that natural disaster
series are also dependent on big disasters just like the military build-ups. However, unlike
military build-ups, the responses are qualitative similarity regardless of whether big natural
disasters are included. Therefore, natural disasters appear a better instrument for identifying
unexpected government spending shocks and their effects. The other graphs of Figure 12 also
display the responses of key macroeconomic variables when excluding Hurricane Katrina.
Along with the response of fiscal variables, the responses of CPI, 3 month T-bill rate, real
wage and private consumption qualitatively and quantitatively very similar with and without
Hurricane Katrina. In particular, the private consumption rises for one year and then
decreases just like GDP. Similarly, the magnitude of the response is smaller than with the full
sample. It shows that the response of private consumption follows that of GDP because the
private consumption is a major component of GDP.

Figure 12. The effects of government spending shocks excluding Hurricane Katrina
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Figure 12. The effects of government spending shocks excluding Hurricane Katrina
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5. Cross-state analysis with 50 states

This section presents the macroeconomic effects of state government response after natural
disaster shocks using a panel of all 50 states of the U.S. Since the state government spending
can be categorized as nondefense spending, the estimates of the effects can shed further light
on the nondefense spending multiplier for typical fiscal stimulus packages. In addition, to the
best of our knowledge, this analysis is the first attempt to study natural disasters by state.

5.1 Data description

5.1.1. Fiscal and macroeconomic variables

As Ramey (2011a) argues that timing is very important in identifying government spending
shocks, quarterly fiscal data is necessary to obtain precise estimates of the fiscal effect on the
economy. However, there are no quarterly fiscal data for all states of the U.S. Therefore, we
have to use annual fiscal data. The data on state government expenditure, revenues, and fiscal
debts are taken from the U.S. Census Bureau’s Economic Statistics on state government
finances, which is available from 1977 to 2009 fiscal years. We use the general fiscal data
which means that the expenditure includes all cash payments for goods and services
including subsidy, and the revenues consist of all income including intergovernmental
revenues such as assistance grant from the federal government during the fiscal year.> For
the state government debt, both short and long term debts are included.

As a state-level output variable, we use personal income instead of gross state product
(GSP)* collected from the U.S. Bureau of Economic Analysis (BEA). The reason is that
unlike GSP, personal income data are available at the quarterly frequency and this makes it
possible to attribute personal income data to fiscal years. Other state-level variables that we
use include the house price index as a proxy for inflation from the Federal Housing Finance
Agency (FHFA), and non-farm payroll employment data from the Bureau of Labor Statistics
(BLS). The Coincident Economic Activity Index (CEAI), which is set to match the trend for
GSP by including four indicators: nonfarm payroll employment, the unemployment rate,
average hours worked in manufacturing and wages and salary, is taken from the Federal
Reserve Bank (FRB). We obtain total midyear state population data from the Census Bureau.
The national consumer price index (CPI) for urban consumers is taken from the BLS.*’

All macroeconomic variables are attributed to the appropriate fiscal year in order to match
the fiscal variables. All variables except index variables are in real per capita terms, deflated
by the CPI (2005=100). Finally, all variables are expressed in logs.

5.1.2. Properties of the new exogenous instrument

Before using the natural disaster damages series as an instrument for government spending
shocks, we check whether these series are unpredicted and exogenous shocks with respect to
the state economy and how closely they are associated with discretionary fiscal shocks. First,
it can be easily accepted that the occurrence of natural disaster is unexpected and exogenous

25 General expenditure and general revenues comprises all types of expenditure and revenues excepting special
accounts: utility, liquor store, and insurance trust.

26 BEA provides only annual GSP data and also GSP has a break in 1997 because of the switch in industry
classification from SIC to NAICS.

27 Appendix B describes the data sources.
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to a state’s economic conditions. Some natural disasters may be expected in disaster-prone
areas because they tend to occur during particular times of year. However, this proneness is
also irregular and no one can forecast the actual timing and severity of damages.

Second, a possible criticism is that natural disasters affect the supply side of the state
economy by destroying physical and human capital. If so, it can distort the estimated effect of
government spending on economic output. Therefore, we analyze the relationship between
damages and the economic activities in order to check its validity as an instrument. At the
same time, we show the effects of natural disasters on the changes of government spending.
For this purpose, we perform a series of regressions using our disaster series as an
independent variable. All dependent variables are regressed on the contemporaneous
economic damages along with state fixed effects and a time-trend.

Table 4 presents the estimated coefficients. Panel A addresses the relationship between the
supply side and natural disasters. The coefficients in column (1) and (2) are statistically
significant. Interestingly, contrary to the expectation of adverse effects, natural disasters seem
to increase personal income. This result can be rationalized by pointing out that personal
income includes various transfers from the government which may increase after natural
disasters. On the other hand, coefficient for employment is negative and significant. In
column (3), we revisit the positive effect on personal income and consider net-personal
income excluding current transfers. The estimate is smaller and statistically insignificant now.
Similarly, we observe insignificant effects of natural disasters on GSP and CEAI in column (4)
and (5). Therefore, Panel A demonstrate that although natural disaster affect the labor market
negatively, the overall relationship between aggregate supply and natural disasters is very
weak if any.

Table 4. The estimated coefficients

Panel A (1) 2 (3) 4) (5)
Dependent PI Employment Net-PI GSP CEAI
. Gross State Coincident
Description PersoGnal 1;1hcome EmGp loy r?hent PI mlcn;us tl;;llnsf " Product Growth = Economic Activity
row row row (1997~2009) Index Change
Coef. (%) 0.0513 -0.0461 0.0362 0.0357 -3.3966
(S.E) (0.0192) (0.0198) (0.0237) (0.0256) (3.9293)
Panel B @) ) ©)) @ ®)
Dependent Gov Current-Gov Capital-Gov Rev Intergov-Rev
State government Current Capital General Revenues from
Description Expenditure Expenditure Expenditure Revenues other governments
growth Growth Growth Growth Growth
Coef. (%) 0.1329"" 0.1163™" 0.3290" 0.1393 0.2829
(S.E) (0.0387) (0.0373) (0.1460) (0.0454) (0.0719)

Notes: Dependent data are fiscal year data from 1977 to 2009 except for calendar annual series of GSP
(1997~2009). All data are included as a change of the log of real per capita terms except for CEAI as an index
and damage series in real billion dollars.
™" significant at 0.01 level, ~ significant at 0.05 level, ~ significant at 0.10 level.
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Panel B of Table 4 shows the relevance of our new exogenous variable as an instrument for
government spending shocks. In column (1), government spending is significantly related to
natural disasters. Columns (2) and (3) confirm that among the two components of
government expenditure, capital expenditure is more affected by natural disasters than current
expenditure. This is intuitive, given that much of the government response in the wake of
natural disasters is concerned with repair and restorations. Columns (4) and (5) show that
revenues also increase following natural disasters. This is mainly due to disaster assistance
from the federal government which is categorized as the intergovernmental revenues of state
governments.

To sum up, economic damages of natural disasters are a strong and relevant instrument for
identifying state government spending shocks while they have little if any impact on the
supply side of the economy.

5.2. Empirical Analysis

5.2.1. Methodology

To estimate the macroeconomic effects of government spending shocks related to natural
disasters, we formulate a panel vector autoregression (PVAR) model for 50 states of the U.S.
during 33 fiscal years from 1977 to 2009. For a given state, the reduced form equation is as
follows:

Yie=Ao+ YAiYij+ XBDij+ 0+ yit + e, (i : state) (1)

where Y;;, = (Exp, PI, Rev, HPI, Emp)' is a vector of endogenous variable including
government expenditure (Exp), Personal Income (PI), Revenues (Rev), House Price Index
(HPI), and Employment (Emp). D;stands for economic damages due to natural disaster as the
exogenous variable causing fiscal shocks. 6; is a vector of state fixed effects, y; is a vector of
state time-trend, and e, is a vector of reduced form innovation that is assumed to be
independently and identically distributed (i.i.d.). Other variables of interest such as Debt
replace Employment one at a time.”® Similar to other studies on the effects of fiscal shocks
such as Burnside et al. (2004) and Ramey (2011a), the main identification assumption for
estimation is that natural disasters are exogenous and that among the endogenous variables in
the vector Y;, , a variable that comes earlier in the ordering is more exogenous than the ones
that appear later.”” In addition, following Ramey (2011a) who embeds the exogenous variable
as an endogenous variable in the VAR, we transform the equation (1) and embed the natural
disaster variable in the PVAR, but order it first before the other variables:*°

Xii=Ao+ YAXi—j+ 0i+yit + e, where X;,= (D;,", Yi,")' (2)

As suggested by Love and Zicchino (2006), before the equation (2) can be estimated, the
original variables need to be time-detrended and the state fixed effects also need to be

28. In many analyses of fiscal policy, additional variables such as the interest rate are often included to control
for monetary policy. However, in this baseline specification, such a variable is not included because fiscal policy
shocks are observed at the state level, not national level, and the data is annual.

29. This particular ordering is often known as ‘Choleski Ordering’

30. Ramey (personal communication) argues that the results are similar when the exogenous variable is treated
as an exogenous or when it is embeded first in a VAR. We explored both ways with her data and indeed obtained
very similar results.
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eliminated by forward mean-differencing which is known as the ‘Helmet procedure’.>’ To
check the stationarity of adjusted variables, several panel unit root tests are performed and the
results show that all variables are stationary.®> As an optimal lag, 2 annual lags are selected
based on the SBIC and HQIC criteria.*

We estimate the equation (2) by using a generalized method of moments (GMM) and then
compute the impulse-response function (IRF) to one standard deviation shock of the natural
disaster.”*. The confidence interval is 68%, obtained using Monte Carlo simulations which
generate the 16th and 84th percentiles of the distribution with 1000 repetitions.®” All
responses are multiplied by 100 so that a growth rate from the change in log variables is
expressed in percent (%), as in the previous section.

5.2.2. Baseline Results

Figure 13 shows the impulse response functions of fiscal and macroeconomic variables to
fiscal shocks. After a natural disaster happens, the government expenditure follows a hump-
shaped pattern, with the response peaking in the second year and remaining significantly
positive for 8 years. This confirms that natural disasters are followed by increased
government expenditure for relief and repair. Personal income also rises on impact and the
response remains significantly positive for 5 years. As shown in the previous subsection, this
positive response of personal income suggests that there can be only small adverse supply
side effect. The twin peaked pattern of the response of personal income, peaking in years 0
and 2, has two possible interpretations. One is that personal income includes relief transfer to
the victims of disasters from the various governments (federal, state and local). This transfer
is temporary and short-lived. Subsequently, personal income is positively impacted by the
capital reconstruction expenditure which is more persistent. We revisit this issue using
alternative income variables that exclude transfer in the next subsection on robustness checks.
The other interpretation is that although annual data do not capture the timing of shocks very
well, there can be anticipation effects by the private sectors due to time lags of fiscal policy. It
means that relief and repair by the private sector can be carried shortly after the disaster, in
expectation of government assistance.

In Figure 13, while the elasticity of the personal income peak to the government
expenditure peak in the second year is 0.30, the cumulative elasticity for the ten years after
the shock is 0.17 (Table 5). Since the average ratio of personal income to government
expenditure from 1977 to 2009 is 8.35, the peak income multiplier is estimated at 2.48, but
the cumulative one is estimated at 1.45. Interestingly, these income multipliers fall roughly
within the range of 1.5 to 3.0 of the other cross-state analyses™®, and exceed the range of the
U.S aggregate multiplier (0.5~2.0)>" reviewed by Ramey (2011b) and also our federal

31 According to Love and Zicchino (2006), as the fixed effects are correlated with the regressors due to lags of

the dependent variables, the mean-differencing procedure would create biased coefficients. However, forward

mean-differencing removes only the forward mean so that it can preserve the orthogonality between transformed

variables and lagged regressors

32 We use 6 kinds of unit test in STATA software: Levin-Lin-Chu test, Harris-Tzavalis test, Breitung test,

Im-Pesaran-Shin test, Fisher-type tests, Hadri LM stationarity test.

33 Since there is no standard procedure for lag selection under PVAR in STATA, this selection is determined in

Eviews. As a robustness check, 1 or 3 lags are also considered. The results are not affected by the number of

lags.

34 We consult the STATA package by Love and Zicchino (2006) for this estimation.

35 Results with 90% confidence bands are in Appendix C

36 According to Ramey (2011b), there are around 2 (Shoag, 2010), 0.3~ 3 (Clemens & Miran, 2011), 1.5
(Nakamura and Steinsson, 2011) and 1.88 (Serrato and Wingender, 2011) etc.

37 According to Ramey (2011b), there are 0.6~0.9 (Baro-Redick, 2011), 0.6~1.2 (Ramey, 2011a), 0.9~1.29
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nondefense spending multiplier (1.41~1.74).

Since natural disasters can reduce the productive capacity by destroying physical and
human capital, the multiplier we obtained is likely to be underestimated to a certain degree at
the state level. However, in the process of the recovery response, private sector such as
insurance companies also plays a significant role in financing repair and reconstruction
instead of the government. Therefore, part of output growth can be attributed to the private
sector. In this case, the government spending multiplier is likely to be overestimated.”® It is
not clear which of these biases is stronger, at any rate, they are likely to partially cancel out.

The next graph shows the response of revenues to the natural disaster shocks. Revenues
usually follow the response of output because tax receipts closely depend on the state of the
economy. However, in this case, revenues increase on impact, peaking during the first year,
i.e. before income peaks. Thereafter, revenues follow a pattern similar to that of personal
income and also government expenditure. This suggests that the main source of the change in
government revenues (and expenditure) during the first 1~2 years after the disaster is not
local taxes, but aid and assistance from the federal government. We explore this further in the
analysis of effects on the components of fiscal variables later. Moreover, in the last graph of
Figure 13, the response of outstanding government debt supports this interpretation. During 1
year after the shocks, debt responds little and insignificantly. After 2 years, the response of
debt is consistent with the pattern of government expenditure. This means that the state
government is likely to resort to deficit financing at this time. House price index as a proxy
for the price level remains positive and significant for 5 years similar to the response of
personal income. Employment initially falls significantly at the time of disaster, as shown in
the previous sub-section. However, its response turns positive in the second year and remains
significantly positive for 2 years as government expenditure increases.

To summarize, the natural disasters cause positive government expenditure shocks. The
response of personal income after the shocks of natural disasters is also positive, peaking
after 2 years. The estimated government expenditure multiplier of personal income ranges
around between 1.5 and 2.5. The responses of personal income and employment indicate that
there are only modest adverse supply side effects. In addition, the increase of the state
government expenditure for relief and restoration is financed not from tax revenues but from
non-tax sources such as federal government assistance and proceeds from issuance of debt.

Table 5. Cumulative Impacts and Elasticity

Year 0 2 4 6 8 10
Gov growth rate (A, %) 0.31 1.26 1.97 2.30 2.41 2.41
PI growth rate (B, %) 0.14 0.36 0.59 0.60 0.51 0.42
Elasticity (B/A) 0.44 0.28 0.30 0.26 0.21 0.17

(Blanchard-Perotti, 2002), and 1.5 (Fisher-Peters, 2010) etc.
38 To simply estimate pure government expenditure multiplier except the effect from private sector, since the
U.S. property damage have been generally estimated by doubling the insured loss reported by the Property
Claim Service of the Insurance Services Office, a rough elasticity of personal income to the government
expenditure is 0.10(0.16*2/3, peak) or 0.28 (0.42*2/3, cumulative) . In this case, the multiplier can be around
between 0.97 ~1.66 and it is likely to be a minimum because it ignores negative effect on output by disasters.
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Figure 13. Baseline Results: Impulse-Response
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Note: A solid line displays point estimates while the dashed lines correspond to 68% confidence interval bands,
which is same to all Figures for results below

5.3. Robustness checks

In this subsection, we examine several alternative models with different variables and
verify the robustness of the baseline model regarding the assumptions and the results. First, to
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examine the relevance of economic damages as instruments for government expenditure
shocks, we investigate more closely the response of components of government spending to
economic damages. Second, in regard to the initial fluctuating response of personal income in
the baseline model, we replace it with other alternative variables. Third, in order to
investigate the homogeneity of parameters, we divide the 50 states into two groups according
to the frequency of natural disasters. Finally, we examine whether annual fiscal data can
capture the natural disaster shocks in time or not because timing affects the results shown as
argued by Ramey (2011a).

5.3.1 Responses of components of fiscal variables

To gauge better the effect of natural disasters on fiscal variables, we estimate the responses
of various fiscal variables to natural disaster shocks. We consider a specification in which
government expenditure and revenues are divided into their main components. The other
variables are the same as in the baseline model. Therefore, both government expenditure and
revenues are replaced with their components one at a time. Government expenditure is
divided into current expenditure and capital expenditure.® The former accounts on average
for 92% of total state expenditure from 1977 to 2009. General revenues are split into net-
revenues and intergovernmental revenues, with the former accounting for 72% of revenues
during the same period.*

Figure 14 displays the impulse responses of the components of fiscal variables to one
standard deviation shock due to natural disasters. For comparison, the responses of fiscal
variables in the baseline model are shown too. Other variables show almost same response as
in the baseline model (not shown).

The response of the current expenditure has almost the same size and pattern as total
expenditure in the baseline model. It can be attributed the fact that it accounts for the bulk of
state expenditure. Comparing the two components of expenditure, current expenditure
increases steadily during the first and second year whereas capital expenditure shows a sharp
increase only in the second year. This reflects the time lag that applies to the implementation
of capital expenditure; current expenditure for emergency relief and assistance, in contrast, is
executed shortly after the natural disaster. Therefore, these results show that economic
damages from natural disasters are a strong and relevant instrument for identifying
government expenditure shocks.

On the revenue side, although intergovernmental revenues make up only 28 percent of state
revenues, the response of revenues in the baseline model is consistent more with that of
intergovernmental revenues than that of net-revenues. When constructing the damages series,
we select major natural disasters based on the Presidential declarations which are followed by
emergency assistance from the federal government. Such assistances from the federal
government is part of the intergovernmental revenues. The two lower graphs in Figure 14
reflect this nicely. The response of intergovernmental revenues peaks in the first year after the
natural disaster shock. The response of net revenues mirrors better the response of personal
income both in magnitude and pattern rather than that of general revenues, except during the
first year. This is because tax revenues are driven mainly the overall economic activities.

39 While current expenditure consists of all payment for current operations, transfers, subsides, and interest on
debt, capital expenditure includes all expenditure for construction of buildings and other improvement and the
purchase of properties. A more detailed description can be found on the Census website, at http://www2.
census.gov/govs/class06/ch_5.pdf.

40 While intergovernmental revenue comprises moneys from other governments, including grants, shared taxes
and financial support, net-revenues are general revenues minus intergovernmental revenue and consist of taxes,
and current charges. < http://www2.census.gov/govs/class06/ch_4.pdf >
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In summary, the responses of components of expenditure and revenues depict the process
of government response to natural disasters rather well. On the expenditure side, natural
disasters are a good and relevant instrument for government spending shocks. In terms of
revenues, a large portion of the increased state government expenditure is financed by the

federal government support.

Figure 14. Response of fiscal components to the natural disaster
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5.3.2. Alternative measures of personal income

In the baseline model, personal income fails to display the expected hump-shaped response
to the government spending shock. Instead, it increases only on impact. Then, its growth rate
falls, only to increase again and remain positive for 5 years, peaking the second year. To




investigate this more closely, we analyze alternative models including other variables instead
of personal income.

First, we replace personal income with net-personal income which is personal income
minus personal current transfer receipts. Since personal current transfer receipts include
urgent disaster relief benefits, personal income could increase significantly in the year of
occurrence. In Figure 15, the first graph shows the response of net-personal income. The
responses of all other variables are nearly identical to those of the baseline model (not shown).
Interestingly, net personal income displays a hump-shaped response, peaking in the second
year just like government expenditure. In addition, after 3 years, its response is also almost
the same as that of personal income in both magnitude and pattern. From this analysis, it
appears that the initial response of personal income right after the natural disaster is mainly
due to the direct government assistance. Then, its response can be mostly attributed to the
government expenditure for repair and reconstruction.

Second, we replace personal income with the Coincident Economic Activity Index (CEAI).
As this index is complied as a single summary statistic that tracks the current state of the state
economy every month by the Federal Reserve Bank, it can be an excellent substitute for
personal income or gross state product. The second graph of Figure 15 shows the impulse
response of the CEAI. Similarly to the results of the model with net-personal income,
responses of all variables except the CEAI are almost the same as those of the baseline model
(not shown). As for the CEAL, its response also appears hump-shaped. However, contrary to
net-personal income, the response of the CEAI is negative significantly on impact and then
increases for 5 years afterwards. Therefore, at the time of the natural disaster, there can be an
adverse supply side shock. As the trend for each state’s CEAI is set to match the trend for
gross state product, the CEAI includes four indicators: nonfarm payroll employment, the
unemployment rate, average hours worked in manufacturing and wages and salaries. These
four indicators are all closely related to the situation in the labor market. Not surprisingly
then, the response of the CEAI is very similar to that of employment in the baseline model
(Figure 13). Although the CEALI is likely to be related to the trend of GSP much more than
personal income, personal income seems to be better proxy for output when estimating the
effect of government expenditure shocks. The reason is that it can make it possible to
calculate an output multiplier and to shed light on the transmission process through the
decomposition of personal income.

Third, we now use the time series of gross state product instead of personal income as the
output variable.* As explained in the section on data, using the GSP has some limitations.
First, GSP is only available in annual frequency for calendar years. Therefore, it is impossible
to match GSP data to fiscal years in which state fiscal variables are reported. Second, there is
a break in its series in 1997 because of a change in industry classifications. Therefore, the
period from 1997 to 2009 may be too short for PVAR. The bottom graphs of Figure 15 shows
the results of the model with GSP. The responses of all variables are qualitatively similar to
those of the baseline model (not shown). However, the effects are less precisely estimated in
the alternative model. This is especially the case of the response of GSP: it peaks on impact
after a natural disaster shock and then falls, remaining positive only by the first year, in
contrast to the hump-shaped response of personal income. This difference may be attributed
to the limitations of GSP series mentioned above, especially the difference between fiscal and
calendar years which makes identifying the shocks more difficult. As the last graph shows,
when the responses of GSP are shifted by 1 year backward in the alternative model, the
patterns of responses across two models are more similar.

To summarize, replacing personal income with net-personal income, the CEAI and GSP

41 In unreported test, we similarly estimate the effects using the private gross state product (PGSP). The results
are almost identical to those of the model with GSP.
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helps us understand the initial counterintuitive response of personal income. The response of
net-personal income shows that governments spend much of the initial assistance on relief to
victims rather than on repair and reconstruction, which only follows with a lag. The response
of the CEAI shows that there is a modest negative supply-side effect on impacts, but this
turns positive once the government expenditure increases. The response of GSP shows that
the personal income can be the better and adequate variable in identifying spending shocks
due to some limitations of GSP.

Figure 15. Responses of alternative variables to personal income
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5.3.3. Frequency of natural disasters

In this subsection, we explore the robustness of our results by dividing the 50 states into two
groups, a high frequency group including states that experienced major natural disasters in
more than 15 years during 33 years and a low frequency group with the remaining states. 20
states belong to the high frequency group and 30 states are included in the low frequency
group. Table 6 reports the summary statistics for natural disasters according to frequency
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groups. The frequency of year in the high group is more than two times often than in low
group and the average damage is more than three times larger. Therefore, while the baseline
model includes 50 states, this subsection focuses on 20 states which are in the high frequency

group.

Table 6. Average statistics for disaster per state across frequency groups

Annual damage

Disaster years Number of events T, §)
Total average (50 states) (é35(1)) (1262..370) (1?3(2) é 0
High frequency (20 states) (;94;) (1332%-303) (11611319192)
Low frequency (30 states) (48.'194) (;292) (224629591)

Note: () means standard deviation and annual damage denotes the average total damage per state computed
only from disaster incidence year, excluding ‘no disaster year’

Table 7 shows the impulse response of key variables to natural disasters in the high
frequency group. When comparing the results with the baseline model of all 50 states, the
responses display qualitatively same patterns. However, the magnitudes are much larger than
those of the baseline model. This implies that the results obtained in the baseline model are
driven largely by natural disasters in the high-frequency group: not surprisingly, given that
few natural disasters imply few government spending shocks related to natural disasters. The
peak elasticity of personal income to government expenditure is 0.29 and the cumulative
elasticity for ten years is 0.09 in the high-frequency group. As the average ratio of personal
income to government expenditure from 1977 to 2009 for these 20 states is 8.98, the peak
multiplier is estimated to be 2.62 and cumulative multiplier is 0.83. The range of this
multiplier is thus a little wider than that of the baseline model (1.45~2.48).

Table 7. Response to the natural disaster and fiscal shocks

0yr 2 yrs 4 yrs 6 yrs 8 yrs 10 yrs Peak
High frequency groups(20 states)
Exp 0.52° 0.83" 0.35° 0.05 -0.04 -0.04 | 0.83"(2yrs)
PI | 022 0.24" 0.07 -0.09" -0.11° 0.09" | 0.24" (2 yrs)
Rev  0.62° 091" 0.30° 0.03 0.00 0.01 1.07" (1 yr)
Emply = -0.12" 0.10 0.02  -024"  -028 2020 0.10(2 yrs)
Base line(50 states)

Exp 031" 0.52° 0.30° 0.13° 0.03 0.0l  0.52" (2 yrs)
PIL  0.14 0.16" 0.08" -0.02 -0.05" 0.04" = 0.16 (2 yrs)
Rev = 039 0.56° 0.23° 0.07 0.02° 0.00 | 0.67 (1yr)
Emply  -0.07  0.08 0.05 -0.06" -0.10" -0.08"  0.09" (3 yrs)

Note: An asterisk (*) ind:icates that 0 :is outside 68% confidence ir:lterval band. :
5.3.4. Timing of natural disasters

As Ramey (2011a) argues, the timing is very important in identifying fiscal policy shocks.
The narrative approach is regarded to have an advantage in regards to the timing if the
instrumental variable used is exogenous, unexpected and closely related to government
spending. In the baseline analysis, although the natural disaster damage is a strong and
relevant instrument, it is hard to identify the government shocks in a timely way because we
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only have annual fiscal data. Therefore, we explore this issue by considering the timing of
natural disasters. First, we transform the natural disaster damage series into a half-fiscal year
dataset. Then, we estimate the effects of half yearly data of damages one at a time, replacing
the annual damages data in the baseline model. Natural disasters occurring during the first
half of a year are more or less certain to cause government expenditure shocks in the current
year. However, those in the second half year may not do so because of the fiscal time lag. In
this case, it is possible that the government expenditure increases only during the following
the year. Table 8 depicts the average statistics for half yearly damage data. The 50 states have
similar frequency of major disasters in the first and second half year. However, the average
damage, which reflects on the size of government expenditure shocks, it is over two times
larger during the first half than in the second half. Therefore, if most large disasters occur
during the first half of the fiscal year, the response of government expenditure in the
alternative model with the first half-year damage should closely resemble the response of
government expenditure in the baseline model well.

Figure 16 shows the responses in the two alternative models along with those of the
baseline model. As expected, the responses obtained with the first half year damages are
closely consistent with those of baseline model. On the other hand, the responses with the
second half-year damages are quantitatively and qualitatively different from those of the
baseline model. This mirrors the results obtained with the high and low frequency groups of
states: given that large disasters tend to occur during the first half of fiscal year, our results
are mainly driven by those observations.

To summarize, in order to check natural disaster’s timing for government expenditure
shocks, we estimate the effects with two half-yearly damages data each other. As a result, the
responses to the first half yearly damages are consistent with those of fiscal year damages.
Therefore, it shows that our damage data catch the timing for government expenditure shocks
even in annual fiscal data.

Table 8. Average statistics for the first and the second half yearly damages

Frequency (year) Annual damage (million, §)
Fiscal year b o6
y (6.50) (1120.69)
7.5 671.2
The first half year (4.69) (1411.22)
9.2 290.3
The second half year (5.64) (393.97)

Note: () means standard deviation. All damages cost is deflated in chained 2005 dollars.
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Figure 16. Alternative models with the first and the second half yearly damages
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8. Conclusions

This paper investigates the effects of government spending shocks on key macroeconomic
variables. Many previous empirical studies use military build-ups as an instrument for
identifying government spending shocks and estimating the government spending multiplier.
However, military build-ups are limited to several events and their effect is largely restricted
to the defense sector. Therefore, it is hard to accept that he multiplier obtained with military
build-ups represents a general government-spending multiplier.

In order to assess the effect of fiscal policy, it is therefore necessary to have a nondefense
spending multiplier. We use natural disasters instead of military build-ups as an instrument
for identifying nondefense spending shocks. When a natural disaster happens, government
responds by spending resources for relief and repair which are more similar to the general
government expenditure than the spending associated with military build-ups. We collect data
on natural disasters and the associated economic damages in the U.S. as a new exogenous
narrative variable and analyze the response of macroeconomic variables to natural disasters
and the corresponding government spending shocks. We carry out this analysis both at the
national and state level.

This paper establishes two novel results. First, we show that economic damage due to
natural disasters is a strong and relevant instrument for identifying nondefense spending
shocks. It matches government spending shocks in time as well as scope, covering general
government activities such as housing, construction, education, safety, and welfare transfers.
In the analysis of the responses of components of fiscal variables, natural disasters can shed
light on the transmission process of government spending. In addition, unlike the military
build-ups, it has the advantage that it can be applied easily in other countries.

Second, we calculate two kinds of nondefense multiplier: for federal nondefense spending,
with peak/cumulative multipliers estimated as 1.41/1.74 and for state government spending,
with the corresponding multipliers 1.45/2.48. These figures fall within the range of
multipliers obtained in the previous literature for non-defense spending, while they exceed
the defense multipliers such as 0.6~1.2 of Ramey (2011) and 0.6~0.9 of Barro and Redlick
(2011). Assuming that federal nondefense spending and state government spending have
similar functions, the nondefense multiplier ranges from 1.4 to 2.5

Our paper has several limitations. At the state level, as there is no quarterly data, we have
to use annual data. Therefore, it is possible that the timing of government spending shocks is
not accurate. Furthermore, while we analyze the effects of government spending shock at the
state level, macroeconomic variables of interest such as private consumption and the real
wage are not available. These are important from the point of view of differentiating between
Neoclassical and New Keynesian theory. As a result, we cannot use our results to confirm the
validity of these theoretical models. Further work is needed in order to explore and address
these limitations.
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Appendices

A. The economic damages of natural disasters in the U.S

(Billion, $)

Quarter Damage Dalg,gDP Quarter Damage Darzli)C)‘DP Quarter Damage DaIEOVA)C)}DP
77.1q 1.00 0.02 88.1q 0.06 0.00 99.1q 1.89 0.02
77.2q 1.49 0.03 88.2q 0.03 0.00 99.2q 2.57 0.02
77.3q 0.90 0.02 88.3q 0.00 0.00 99.3q 3.03 0.03
77.4q 0.27 0.00 88.4q 0.11 0.00 99.4q 7.41 0.07
78.1q 1.96 0.04 89.1q 0.00 0.00 00.1q 0.65 0.01
78.2q 0.00 0.00 89.2q 0.60 0.01 00.2q 2.35 0.02
78.3q 0.49 0.01 89.3q 0.79 0.01 00.3q 1.44 0.01
78.4q 0.33 0.01 89.4q 19.79 0.25 00.4q 2.81 0.02
79.1q 0.00 0.00 90.1q 0.24 0.00 01.1q 3.11 0.03
79.2q 2.61 0.04 90.2q 0.76 0.01 01.2q 8.47 0.07
79.3q 6.14 0.10 90.3q 0.00 0.00 01.3q 0.02 0.00
79.4q 0.59 0.01 90.4q 0.05 0.00 01.4q 0.05 0.00
80.1q 0.87 0.01 91.1q 5.58 0.07 02.1q 0.46 0.00
80.2q 3.49 0.06 91.2q 0.90 0.01 02.2q 2.19 0.02
80.3q 6.28 0.11 91.3q 3.88 0.05 02.3q 2.14 0.02
80.4q 0.00 0.00 91.4q 3.91 0.05 02.4q 2.26 0.02
81.1q 0.00 0.00 92.1q 1.32 0.02 03.1q 0.51 0.00
81.2q 0.96 0.02 92.2q 0.25 0.00 03.2q 6.60 0.06
81.3q 0.98 0.02 92.3q 39.37 0.47 03.3q 4.20 0.04
81.4q 0.24 0.00 92.4q 3.31 0.04 03.4q 2.55 0.02
82.1q 0.71 0.01 93.1q 7.43 0.09 04.1q 0.00 0.00
82.2q 1.75 0.03 93.2q 1.56 0.02 04.2q 1.25 0.01
82.3q 0.12 0.00 93.3q 15.56 0.18 04.3q 39.65 0.32
82.4q 1.28 0.02 93.4q 0.87 0.01 04.4q 7.09 0.06
83.1q 1.72 0.03 94.1q 31.15 0.36 05.1q 1.35 0.01
83.2q 1.50 0.02 94.2q 0.82 0.01 05.2q 0.37 0.00
83.3q 3.93 0.06 94.3q 0.61 0.01 05.3q 128.32 1.01
83.4q 1.04 0.02 94 4q 1.47 0.02 05.4q 16.45 0.13
84.1q 0.19 0.00 95.1q 3.71 0.04 06.1q 0.52 0.00
84.2q 548 0.08 95.2q 5.27 0.06 06.2q 2.03 0.02
84.3q 0.76 0.01 95.3q 1.31 0.01 06.3q 1.02 0.01
84.4q 0.00 0.00 95.4q 4.52 0.05 06.4q 0.36 0.00
85.1q 2.24 0.03 96.1q 1.74 0.02 07.1q 0.90 0.01
85.2q 1.36 0.02 96.2q 0.27 0.00 07.2q 1.20 0.01
85.3q 2.39 0.03 96.3q 5.02 0.05 07.3q 0.59 0.00
85.4q 740 0.11 96.4q 0.26 0.00 07.4q 1.90 0.01
86.1q 0.79 0.01 97.1q 3.46 0.04 08.1q 1.43 0.01
86.2q 0.05 0.00 97.2q 6.10 0.06 08.2q 3.31 0.02
86.3q 1.26 0.02 97.3q 0.52 0.01 08.3q 2.66 0.02
86.4q 0.00 0.00 97.4q 0.03 0.00 08.4q 14.85 0.12
87.1q 0.00 0.00 98.1q 3.24 0.03 09.1q 0.48 0.00
87.2q 0.28 0.00 98.2q 3.53 0.03 09.2q 0.73 0.01
87.3q 0.26 0.00 98.3q 8.05 0.08 09.3q 0.23 0.00
87.4q 0.57 0.01 98.4q 2.37 0.02 09.4q 0.13 0.00

* Damages are expressed in real terms using the CPI (2005=100)

40




B. Data Appendix

1. Natural disaster

Data

Source

Website

Disaster list

Emergency Disaster Database

(CRED)

http://www.emdat.be

Federal disaster
declaration list

Federal Emergency
Management Agency (FEMA)

http://www.fema.gov/disasters

Billion $ disaster list

National Climate Data Center

http://www.ncdc.noaa.gov/billions

Disaster damages report

National Hurricane Center

http://www.nhc.noaa.gov

Disaster damages report

National Weather Service

http://www.weather.gov

Disaster damages report

Storm prediction center

http://www.spc.noaa.gov

Storm Events Database

National Climate Data Center

http://www.ncdc.noaa.gov/stormevents

2. National level

Series

Source

Description

Government spending

NIPA Table 1.1.5. (BEA)

Nominal series deflated by GDP deflator

GDP, Consumption,

NIPA Table 1.1.6. (BEA)

Real series, chained (2005) dollars

Investment
Consumer Price Index Price database (BLS) ﬁlgl;zrl_a;r‘l:cloor;sumer and all items
3-month Treasury Bill Economic data (FRB) Seasonally adjusted using X-12 ARIMA

Hours worked

Productivity database (BLS)

All person in nonfarm business sector,
index (2005=100)

Real hourly compensation in nonfarm

Real wage Productivity database (BLS) business sector, index (2005=100)
Population NIPA Table 2.1 (BEA) Mid-period and seasonally adjusted
3. State level

Series Source Description

Government expenditure

State government finance (CB)

Nominal series deflated by CPI

Revenues

State government finance (CB)

Nominal series deflated by CPI

Personal income Regional data (BEA) Nominal series deflated by CPI
. State HPI data (FHFA), _
House price index Economic data (FRB) Index (2005=100)

Employment

Employment database (BLS)

Non-farm payroll, Quarterly data

Government debt

State government finance (CB)

Nominal series deflated by CPI

Gross state product

Regional data (BEA)

Real series, chained (2005) dollars

Coincident Economic
Activity Index

U.S. regional data (FRB)

Index (1992=100)

State population

Population estimates (BEA)

Midyear, historical data
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B. 68% and 95% confidence bands of the results at the national level
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C. 68% and 95% confidence bands of the results at the cross-state level
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