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Abstract

Tropical cyclones range among the costliest disasters on Earth. Their economic repercussions along
the supply and trade network also affect remote economies that are not directly affected. We here
simulate possible global repercussions on consumption for the example case of Hurricane Sandy in
the US (2012) using the shock-propagation model >""if § *gb. The modeled shock yields a global
three-phase ripple: an initial production demand reduction and associated consumption price
decrease, followed by a supply shortage with increasing prices, and finally a recovery phase.
Regions with strong trade relations to the US experience strong magnitudes of the ripple. A
dominating demand reduction or supply shortage leads to overall consumption gains or losses of a
region, respectively. While finding these repercussions in historic data is challenging due to strong
volatility of economic interactions, numerical models like ours can help to identify them by
approaching the problem from an exploratory angle, isolating the effect of interest. For this, our
model simulates the economic interactions of over 7000 regional economic sectors, interlinked
through about 1.8 million trade relations. Under global warming, the wave-like structures of the
economic response to major hurricanes like the one simulated here are likely to intensify and

potentially overlap with other weather extremes.

1. Introduction

Globally, tropical cyclones range among the costli-
est and deadliest natural disasters. While they consti-
tute only 16.5% of all recorded billion-dollar events
in the United States between 1980 and 2018, they are
responsible for more than half of the costs result-
ing from all extreme weather events combined [1, 2].
Their frequency is expected to decrease or to remain
static under global warming but most projections
anticipate an increase in intensity of the most extreme
tropical cyclones [3], especially in the Atlantic basin
[4] (where tropical cyclones are called hurricanes).
In consequence, economic losses in hurricane-prone
regions are expected to increase in the future due to
climate change [5-8] through higher storm intensity
[9] and sea level rise [10] but also due to changes in
the economic values at risk [11, 12]. Local economies
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can be affected through destroyed capital stock (stock
losses or damages) or through lost production out-
put (flow losses). Since we do not consider damages
in this work, we here generally imply lost produc-
tion in the notion of loss. In particular, we refer to
losses in a region that is directly affected by a hur-
ricane as direct losses. However, losses can spread
through the supply network, which is then referred
to as higher-order losses [13—15]. We here refer to
the latter as indirect losses. These may represent
a substantial or even dominant share of total eco-
nomic disaster losses [16—18]. Indirect losses can res-
ult from supply shortages due to direct losses that
propagate downstream along supply chains. Direct
losses and an associated production decrease may
also lead to reduced demand (production demand,
generally in contrast to final demand for household
consumption) which propagates upstream in the
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supply network. These downstream and upstream
effects are also called forward and backward propaga-
tion [19] or ripple effects [20]. Here, we invest-
igate the possible ripple response to Hurricane
Sandy (2012) and its effect on global consumption
expenditure.

There is good consensus in the literature that
extreme weather events have adverse effects on house-
hold consumption [21], which is commonly used
in economic models as a measure for societal wel-
fare [22] and is therefore often regarded in disaster
impact analyses. In this study, we refer to the latter
as final consumption or simply consumption where
we also include government spending. In a glob-
alized world, local disasters can have global eco-
nomic repercussions [23], one prime example being
the COVID-19 pandemic [24] with huge estimated
indirect consumption losses worldwide [25]. How-
ever, most studies [26—29] on the impacts of historic
extreme weather events focus on the local economic
impacts of the disaster and therefore miss the global
dimension [23].

With this work, we choose a different scope of
analysis and investigate a single historic hurricane’s
possible impact on consumption on a global scale.
We simulate the potential global indirect impacts on
consumption that a major hurricane in the United
States can have globally, using an agent-based net-
work model. We choose a modeling approach because
this allows us to investigate aspects of higher-order
effects of a single event that cannot be found in his-
toric data. While local effects of hurricanes are —
in large parts — well-studied [30-32], higher-order
effects and the way they propagate in the trade net-
work are still poorly understood. Lenzen [14] con-
ducted a study on the higher-order indirect effects of
a single hurricane in Australia but focus on national
spillover effects. Other studies [7, 33, 34] give a
global perspective but cannot link effects to single his-
toric events or do not consider indirect losses. We
here propose one means to study loss propagation
and global effects on consumption after a single his-
toric major hurricane. As a case study, we choose
Hurricane Sandy which made landfall in the US in
2012.

Sandy severely hit the US and in particular the
states of New York (NY) and New Jersey (NJ) in 2012.
It was the fourth-costliest hurricane in history and
caused an estimated total damage of $65bn [35] (in
2012 US Dollar), predominantly by driving a storm
surge into the coastlines of NY and NJ [36]. Given
the magnitude of this local economic shock and the
importance of the economically strong regions of NY
and NJ in the global trade network, Hurricane Sandy
most likely also entailed indirect effect in regions
not directly affected. To understand how these reper-
cussions may have spread in the global supply and
trade network, we here simulate global consumption
expenditure across the global economy in the direct
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aftermath of the strong economic shock in NY and
NJ after Sandy.

We thereby add to the discussion on the wel-
fare impacts of extreme weather events in two major
points. First, by taking a modeling approach, we
can go beyond a local case study and simulate con-
sumption impacts globally as a result of production
shortages and price effects propagating in the global
supply network. This allows us to investigate effects
that are otherwise hidden in coarse and noisy data.
We find that although directly affected regions show
the strongest effects, we observe an overall impact
on consumption on the global level. Regions with
strong trade relations to the US are affected most.
Second, our approach allows us to analyze the under-
lying propagation effects inside our model that lead
to the observed global consumption anomalies. The
propagation follows a three-phase ripple of prices.
An initial upstream effect results in price decreases
and associated consumption increases. The follow-
ing downstream effect leads to price increases and
reduced consumption, followed by a normalization
phase.

2. Method overview

Our simulations are carried out using the dynamic
agent-based model >""if J b [37] which models loss-
propagation on the global supply network, assuming
a demand-driven economy. In this model, economic
sectors (in case of the United States and China on a
state and province level respectively, otherwise on a
national level) are modeled as agents that are inter-
linked through trade flows, with each agent maxim-
izing its own profit. The economy of each region is
divided into 27 sectors, including the final consumer.
With a total of 268 modeled regions, this results in
over 7000 agents. By applying an external shock in
the form of a reduction in the production capacity of
one or more agents, the initial baseline state of equi-
librium can be disturbed. We model this production
shock to represent the direct losses due to Hurricane
Sandy in the affected areas of New York and New Jer-
sey. We use a disaggregated [38] version of the EORA
MRIO dataset for the year 2012 [39] as economic
baseline. >""if b then simulates anomalies around
this baseline state that result from the production
capacity reduction by profit-maximization of each
individual agent on a daily time scale. Prices in the
model are endogenous variables which account for
local scarcities and transport costs. They always reflect
price changes relative to baseline prices and do not
represent absolute prices of traded goods (which are
unknown since they are not contained in the EORA
dataset).

The conceptual approach of this study is sum-
marized in figure 1. We model the direct economic
impact from Hurricane Sandy for NY and NJ only
(orange and blue, respectively), although another ten
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