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THE INFLUENCE OF STRONG EARTHQUAKES ON GLOBAL
ECONOMY: FACTS, TRENDS, FORECAST *

The article attempts to evaluate and forecast the impact of strong earthquakes on global eco-
nomy. It is shown that the processes of globalization with each year increase the spread of regional
economic losses from earthquakes on the global economy. The authors presents quantitative esti-
mates and their own forecast of the impact of earthquakes on global economy.
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Terana I1. Ckyd’ina, Cepriii B. bapanos, Bipa I1. Camapina
BIIVINB ITIOTYXKHUX 3EMJIETPYCIB HA I'TTOBAJIBHY

EKOHOMIKY: ®AKTHU, TPEHU, ITPOTHO3

Y cmammi 3po6aeno cnpo6y ouinumu ma cnpozHo3yeamu 6naue NOMYMNCHUX 3eMAemPYCie Ha
2100a1bHy exonomiky. Jloeedeno, uio npouec 2106a1izauii 3 KOICHUM POKOM 6ce Oiabuie NOWUPIOE
PeioHabHi eKOHOMIMHI 30umKu 6i0 3emaempycie Ha 6cio 2aobaavry exonomiky. Haoano eracni
KLAbKICHI pO3paxyHKu ma npozHo3 6nauey 3eMAempycie Ha 2100a.1bHy eKOHOMIKY).

Karouoegi caosa: semaempycu; e106a1vHa eKOHOMIKA; eKOHOMIYHA OYIHKA; NPOCHO3.
Puc. 2. Jlim. 26.

Tatpana I1. Ckydbuna, Cepreii B. bapanos, Buepa I1. Camapuna
BJIMAHUE CUJIBHBIX BEMJIETPACEHNUN HA INTIOBAJIBHYIO
DKOHOMMKY: ®AKTHBI, TPEHAbI, IIPOTHO3

B cmamuve ocywecmeaena nonsimka oueHuns u CnpocHO3UPOBaAms 6AUAHUE CUAbHBIX 3eM.1e-
mpscenull Ha 2100a1bHYI0 IKOHOMUKY. JlOKa3ano, 4mo npoyecc 2100aU3aUUN C KANCObLM HOBbIM
2000Mm 6cé Ooaee pacnpocmpansem pecuoHAIbHbIe IKOHOMUYECKUE YObIMKU 0Mm 3eMAempPsACeHUll
Ha 6écto 2a00aavnyio sxonomuxy. Ilpedocmaeaenvt cobcmeennsie KoauvecmeeHnvle paciémol, a
makce NPOCHO3 AUAHUS 3eMACMPACEHUI HA 2100AAbHYI0 IKOHOMUK).

Karouesvte caosa: 3emaempscenus; e106a1bHAs IKOHOMUKA,; IKOHOMUYECKAS] OUEHKA,; NPOCHO3.

Problem setting. The problem of assessing the impact of geological processes on
regional economy and the world is one of the most important objectives in science.
However, studying this issue is a very difficult task due to a number of facts. Firstly, geo-
logical changes in form of catastrophes have a significant impact on economy and
regions of the world. Contemporary science is not able to predict such geological
events. Consequently, traditional forecasting methods cannot be used to assess how
reliable the forecast of their impact is on regional and global economy. Secondly, large-
scale geological events which can affect global economy are rare events. Therefore, it is
impossible to collect enough data for statistical evaluation of such events, in addition,
there is no standard methodology available for estimating the impact of catastrophes
exactly on global economy. This also complicates the accuracy of estimates and fore-
casts of the impact on global economy. At the same time, today’s reality shows that geo-
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logical events may impact not only economies of certain regions, but also the world
economy overall. This suggests an increase in practical and theoretical importance of
the research aimed at solving the problem of estimating and forecasting the influence
of geological processes (events) on the economy of regions and global economy.

Literature review. Scientific achievements in the field of evaluation of the pro-
jected changes in geological environment at local and global world economic
processes can be reduced to two essential components.

The first component is forecasting geological changes and their consequences.
Despite the variety of approaches, the classic formulation of the problem is to deter-
mine time and place of future geological changes. Detailed classical formulation of
forecasting task specifically for earthquakes was designed in 1976 by the Commission
on earthquake prediction of the National Academy of Science in the USA chaired by
K. Allen (1976). Solving the problem of building a reliable prediction is moving into
3 overlapping directions: creating theoretically grounded models and mechanisms of
earthquakes and geological changes, including the works on experimental forecast
(Bufe and Varnes, 1993; Frohlich, 1994; Khain, 2010; Baranov and Chebroyv, 2012);
detecting consistent patterns that do not have explanations, at least, at the present
level of scientific development (or having incomplete explanation), also including the
works on experimental forecast (Molchan, 1991; Baranov, 2013); searching and clas-
sifying a reliable "prognostic” geological changes and earthquakes, including the tasks
of their formalization (Helmstetter and Sornette, 2002; Sobolev and Ponomarey,
2003; Baranov and Shebalin, 2016). Analysis of these research results allows us con-
clude that despite significant progress, methods of forecasting geological changes
(events) on technological level are not developed enough.

The second component — assessment of economic impact of changes in the geo-
logical environment. In this area, the activity of the world scientific thought focuses
on "pointed” regional research of statistical economic losses defined by the amplitude
of surface waves, probability of tsunamis, volcanic eruptions, etc. Estimation of eco-
nomic consequences for countries and regions usually has narrow practical character,
generally, only direct damage is determined (Bernknopf et al., 1990; Volynets et al.,
2000; IPRC Climate, 2011; Cooper et al., 2011; Komatsu, 2014). However, direct
economic costs, which are, the price expression of what has been damaged or lost as
a result of geological change, is not sufficient for estimating potential danger. Several
studies have shown that natural disasters can actually lead to negative consequences
for countries and regions. Besides, the greatest danger comes not from direct but
rather indirect losses determined by the size of a shock, scale and pace of investments
into recovery (Hochrainer, 2009; Raddatz, 2009; Henriet et al., 2012; Cavallo, 2013).
Our analysis of damage assessment results shows that functional complexity of large
and redistributive effects of catastrophic events lead to difficult quantitative estima-
tions not only of direct, but especially indirect economic losses (Baranov and
Skufina, 2011). Therefore, a significant problem is the development of reliable me-
thods for assessing total economic losses for countries and regions (Hallegatte and
Przyluski, 2010; Morita and Nagai, 2011; Nanto, 2011).

Studies with evaluation and forecast of economic impact of geological events on
the world economic system level almost do not exist. We believe this is due to a lack
in modern (before the earthquake and tsunami in Japan, 11.03.2011) of geological
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events that could affect the entire world economic system so much that it would be
reflected in specific world economic indicators.

The problem overview allows us emphasize the need for better understanding of
economic impacts of geological changes (events) and offer a new research direction,
specific methodological solutions and estimates presented in this article.

Problem statement and research objective. In this study we focus specifically on
the impact of earthquakes on global economy. This is due to the fact that earthquakes
bring the greatest losses for the economies of countries and regions among economic
losses from all natural geological events. In addition, specifically the earthquake in
Japan of 11.03.2011, called Tahoku, clearly showed that geological events are a factor
of influence on the global economic system.

The purpose of the study — to assess the impact of strong earthquakes on global
economy. Research objectives: 1) to present facts and trends of seismic risks for eco-
nomic systems of the subduction zone and global economy; 2) to present the authors’
assessment of economic impact of the earthquake Tahoku for the regions of the world
and global economy; 3) to forecast losses of global economy from strong earthquakes
occurred in economically developed countries of the world.

Key results. Strong earthquakes should be analyzed for the purpose of determin-
ing facts and trends of seismic risks by regions. For our analysis we used the data on
strong earthquakes (with the magnitude of 8.5 and higher) and strongest earthquakes
(magnitude of 9 and higher), as well as their consequences, occurred in the period
since 1900, which confirmed the increased risk of seismic activity for natural and
technological systems (Baranov and Skufina, 2011; 2014).

In this paper, we propose a simple but clear method of confirming the strength-
ening impact of strong earthquakes on regions global economy. From 17 strong earth-
quakes with the magnitude of 8.5 and higher, occurred during the period since 1900,
6 occurred since 2004 to present day. That is, in the recent 12 — year period (which
accounts for 10.4% of the total period of 115 years) occurred 35% of all strong earth-
quakes. A similar pattern is observed for the strongest earthquakes with the magnitude
of 9 and above (Figure 1). Since 1700 until our times there have been 7 such earth-
quakes, 5 of which happened after 1952. Thus, the time interval of 20% has 71% of
the strongest earthquakes.

Therefore, the analysis of data tells us about the increasing quantity of strong and
strongest earthquakes in the recent years.

Recall, the classic formulation of the problem of earthquake forecasting is to
determine location and time of a future event. Science today can confidently name
the location of the expected seismic event, but the time factor is unknown. It is known
that a strong earthquake centered in the subduction zone (zone along which there is
an immersion of one crustal blocks under the other). This zone extends, in particu-
lar, along the most developed regions of the world — US, Japan, Canada.

Data on strong and strongest earthquakes allows us state that risks of natural and
technological systems are increasing in subduction zones and territories covered by possi-
ble consequences of geological changes. Given that subduction zones are located mostly in
the economically developed regions of the world we have a reason to talk about increased
risks for these regions and the global economy overall.
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Figure 1. Earthquakes with the magnitude of 9 and higher, occurred since
1700, selected from USGS (Search Earthquakes Archives, 2016)

Analysis of economic impact of the earthquake with the magnitude of 9 near the
Eastern coast of Japan in March 2011 (Tahoku earthquake) shows the strengthening
of globalization which increases the effect of strong earthquakes on the world econo-
my.

Relative rarity of this event in Japan and uniqueness of it on the scale of influ-
ence on the world processes indicate the need to develop specific methods for eco-
nomic evaluation of its impact on global economy. The authors have already deve-
loped and tested such a methodology based on the data as of end of August 2011
(Baranov and Skufina, 2011; 2014). In this paper we present the revised methodolo-
gy and the results of its testing based on the revised statistical data.

The methodology consists of the analysis of 3 blocks of information: 1st block —
reaction of Japanese economy overall; 2nd block — reaction of the world stock
exchanges; 3rd block — reaction by sectors within global economy.

Ist block — the considering reaction of Japanese economy. At this stage the
authors analyze the dynamics of the Japanese national currency against USD during
the period after the catastrophe, export and import dynamics, as well as GDP dynam-
ics.

We noted significant fluctuations of yen against USD, however, our research
shows that regulatory efforts of Japanese government managed hold the exchange rate
within the optimal preservation of profitability.

Analysis of Japanese export and import dynamics shows: 1) significant drop in
these two indicators in the first 2 months after the catastrophe compared to the fall
caused by the global financial crisis of 2008; 2) it took almost a year to stabilize the
situation to its pre-catastrophe level. The analysis of the dynamics of Japan’s GDP
(Figure 2) shows that the earthquake and the following tsunami caused the drop in
Japan’s GDP by 3% in the period from the 4th quarter of 2010 to the 2nd quarter of
2011, but already in the 3rd quarter of 2011 GDP almost reached the pre-catastrophe
level. Thus, Tahoku earthquake delayed the recovery of Japanese economy from the
global crises of 2008 by almost a year.

2nd block — reviewing the reaction of the world stock exchanges. Analysis is
done in two stages: 1) behaviour of indices that reflects the condition of Japanese
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stock exchange (S&P Japan 500), the global stock market (S&P 1200), European
markets (S&P Europe 350), the US (S&P 500) and Asia (S&P Asia 50); 2) dynamics
of the cost of shares of the largest companies — USA (General Electric), Japan
(Hitachi, Mitsubishi), Europe (Siemens) (selection of the companies was based on
the criteria of compliance with the basic structure of the main articles of Japanese
exports). The analysis shows significant and synchronous changes of all stock indica-
tors. The greatest fall and the longest recovery period is typical for the indices of Japan
(S&P Japan 500) and Asia overall (S&P Asia 50). Reaction of the largest companies
in the USA, Europe, and Japan on the consequences of the earthquake are also rather
synchronised, the only difference is in the scale of drop, the speed and the level of sit-
uation stabilization.
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Figure 2. Japan’s GDP at constant prices, bin JPY,
calculated on the data from (Trading Economics, 2016)

3rd block — considering the reaction by sectors of global economy. Analysis of
the behaviour of the composite index of industrial activity in the sectors of Japan,
American and European economies has been completed. The authors found that
sharp decline in Japanese production significantly affected the production index of
the USA (this is due to the failure to supply the equipment for mechanical engineer-
ing from Japan to the USA), but had almost no effect on the European production.

The completed analysis of this information allowed stating that Tahoku earth-
quake significantly influenced not only regional but also overall global economic sys-
tem. Prior to this event there has been no evidence suggesting the influence of any
earthquake or other geological event on the whole global economy.

Globalization somehow increases seismic risks for the whole world economic process-
es and thus economic losses too. The globalization level of a regional economy increases
the influence of geological changes on global economy, with simultaneous exponential
growth of loss.

To understand the risks for global economy from strong earthquakes in deve-
loped countries we offer a forecast of economic losses. Our approach to forecast is
based on evaluating the possible influence of strong earthquakes on global economy
and regional economic systems based on transferring the analogues of strong earth-
quakes into the modern reality, as well as the factor of strengthened likelihood of seis-
mic events and their consequences.
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It is important to realize the expected scale of changes in global economy if such
an event happens near USA. Such event already happened back in 1970 in the north-
west coast of the United States.

For our calculations the strong Tahoku earthquake will be taken as an analogue.
It is logical to assume that the impact of the earthquake on global economy will be
stronger as the USA’s GDP is greater that Japan’s.

US GDP was at 15.52 trln USD in 2011, GDP of Japan — 5.91 trln USD. Thus,
the losses of global economy from a similar earthquake near the USA would be
2.6 times higher.

Our calculations show that the fall in the global index — S&P Global 1200 — as
a result of strong earthquake and tsunami near Japan was 5.7% (1500.04 before the
event, and 1413.86 after). Therefore, if a similar event takes place near the US, the
drop in S&P Global 1200 would have amounted to about 15%. The longer the time
of an earthquake would be as compared to Tahoku, the higher would be the losses.

As globalization continues to strengthen, simultaneously, the impact of geologi-
cal changes on global economy grows exponentially.

When the strongest earthquakes happen in low globalized natural and techno-
logical systems, the global economy practically does not notice them, despite huge
human losses. Some of the examples are the earthquake with the magnitude of
9.1 and tsunami in 2004 in Sumatra or the strongest earthquake in the history of
instrumental observations — Chilean earthquake with the magnitude of 9.5 back in
1960 (Figure 1).

Conclusions and directions for further investigation. Based on the analysis of
instrumental observations it is established that seismicity has intensified in the recent
decades. Therefore, increased are also the risks of natural and technological systems
of subduction zones and territories covered by possible consequences of geological
changes. It is determined that seismic risks for global economy are increasing because
subduction zones are located mostly in highly developed regions of the world.

The results of authors’ estimates of the economic impact of the 2011 earthquake
near the eastern coast of Japan for regional and global economies are presented. It is
shown that the process of globalization with each year increase the spread of region-
al economic losses from the earthquake onto the global economy.

To understand the scale of expected economic costs for global economy from
strong earthquakes in developed countries we have performed a quantitative forecast
of global economic losses from an earthquake in the United States which similar in
strength to the earthquake in Japan of 2011. At the same time it is stated that further
away this hypothetical event is from the analog (the earthquake in Japan) — the more
globalization will increase losses for global economy.

These facts determine the increased relevance of this research within the frame-
work of the problem of estimating the impacts of projected changes in geological
environment on regional and global economies. This actuality includes two impor-
tant components. First, practical significance which is defined by the prognostic
nature of the information. There is a perception among economists that if exact time
and place of an earthquake is unknown, then it is not interesting for big regions and
global economy, especially from the standpoint of the world financial flows.
Moreover, knowledge about a possible major event allows preparation for it, and thus,
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would minimize potential losses. Second, the scientific component which includes
integration of knowledge about interaction of geological environment and society.
This will allow connecting known and new natural and human life knowledge under
a new aspect, thus minimizing potential regional and global risks.
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