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Abstract—It is often assumed that a network will not be struck
by multiple disasters in a relatively short period of time; that is,
a subsequent disaster will not strike within the recovery phase
of a previous disaster. However, recent events have shown that
combinations of disasters are not implausible. This realization
calls for a new perspective on how we assess the vulnerability of
our networks and shows a need for a framework to assess the
vulnerability of networks to successive independent disasters.
We propose a network and disaster model capable of modeling
a sequence of disasters in time, while taking into account recovery
operations. Based on that model, we develop both an exact
and a Monte Carlo method to compute the vulnerability of a
network to successive disasters. By applying our approach to
real empirical disaster data, we show that the probability of
a second disaster striking the network during recovery can be
significant even for short repair times. Our framework is a first
step towards determining the vulnerability of networks to such
successive disasters.

I. I NTRODUCTION
Disasters can inflict significant damage on networks. The
2011 earthquake near the coast of Japan, for example, caused
extensive damage to telecommunications buildings and equipment. The total cost of emergency restoration and reconstruction of the local NTT East network was around 80 billion
yen (1 billion dollars at the time) [1]. Large network outages
such as these can have a massive impact on our economy and
further exacerbate the impact of disasters on society. Hence,
efforts into developing new methods to improve the resilience
of communication networks to disasters have increased significantly in the last decade.
The rate at which disasters strike an area is typically very
low. Therefore, it is commonly assumed that a network will
only be affected by single (possibly composite1 ) isolated disasters. The probability that two or more independent disasters
will occur shortly after one another is seen as negligible and
safe to ignore. Recent events have shown that this assumption
might not be as rock solid as first thought.
The 2017 Atlantic hurricane season was extremely active
and, due to global warming, the intensity of hurricanes is
projected to keep increasing [2]. The continental United States
was hit by 3 hurricanes (Harvey, Irma, and Nate), of which
two where categorized as major hurricanes (Harvey and Irma)

[3]. Hurricane Irma hit the East Coast only 16 days after
Harvey [4], [5]. Out of the top 5 costliest US mainland tropical
cyclones on record, 3 occurred in 2017 [6].
In total, there were 16 billion-dollar weather and climate
disaster events in the United States in 2017 [7]. The total
cost of these events exceeded 300 billion dollars. For the past
five years (2013-2017), the United States has had an average
of 11.6 major disasters per year with a cost of more than 1
billion dollars.
Also in 2017, Mexico was hit by two major earthquakes
in two weeks (where the second quake is not considered an
aftershock of the first [8]), leading to a combined economic
loss of nearly 6 billion dollars [9], [10].
Recovering a network after a disaster can take several weeks
to months, as a large amount of hardware will need to be
replaced or repaired in a potentially very inaccessible area [1].
In the context of this paper, a network is said to be affected by
multiple successive disasters if a disaster strikes the network
during its recovery from a previous disaster. Depending on the
moment in the recovery phase when the next disaster occurs,
the total impact and final recovery time will differ significantly.
To increase the resilience of our networks to disasters, it is
essential to be able to compute the vulnerability of networks to
these disasters. While previous work has been instrumental in
computing the vulnerability of a network to a single disaster,
it has not addressed multiple successive disasters. In this
paper, we propose a framework to assess the vulnerability of
a network to successive disasters. Our main contributions are
as follows:
•
•

•
1 Highly

correlated disasters such as an earthquake and its aftershocks, can
be modeled as a single composite disaster.
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We compose a network and disaster model capable of
modeling a sequence of disasters in time (Sec. II).
We develop a method to compute the vulnerability of a
network to successive disasters by modeling the network
state as a discrete-time Markov chain (Sec. IV). Our
methodology allows for arbitrary precision by only computing the effect of at most k successive disasters, with
corresponding error bounds. Our results for the Markov
chain are subsequently used to derive a faster Monte
Carlo method in Sec. V.
We apply our methods to empirical disaster data in Sec.
VI. These experiments show that the probability of a
second disaster striking the network during recovery can
be significant, even for short repair times.

