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GUY CARPENTER STUDY CHALLENGES VIEWS OF 
SEISMIC RISK IN JAPAN 
 
 
The Tohoku rupture of 2011 changed the market’s understanding of seismic risk in Japan. The Mw 9.0 event 
occurred in an area where earthquakes of up to only Mw 8.4 were thought possible. Following the event 
there was increased publicity surrounding the so-called Tokyo Fragment theory and discussion around the 
potentially increased probability of earthquakes near Tokyo. 
 
In order to bring objective balance to the discussion surrounding certain views on Japan earthquake risk in 
this post-Tohoku environment, Guy Carpenter & Company, LLC is sponsoring a review of the available 
relevant research literature by Professor Paul Somerville of Risk Frontiers. This briefing summarizes some 
preliminary observations arising from Professor Somerville’s work. 
 
 
Stress Accumulation and Release near Tokyo 
 
As the Earth’s crust deforms, it sustains enormous pressures that trigger fractures and cause the 
appearance of faults. An earthquake happens due to the sudden relative displacement of the sides of a 
fault; and this movement occurs when the stress between the sides is so high that it cannot be resisted by 
the existing frictional constraints. When an event takes place it causes sudden deformations that may 
impose additional stress on adjacent fault segments as well as on other faults. However the impact that 
stress may have on long-term risk depends on both the rate and the mechanism of dissipation. 
 
While there is consensus among the scientific community that stress increases near Tokyo have occurred, 
there are divergent theories regarding how this increase in stress influences real risk. 
 
Based on observations after Tohoku, four areas showed increases in stress near Tokyo: the volcanic 
regions of Hakone and Izu towards the west and southwest; and Chiba and Ibaraki towards the east and 
northeast. Izu and Hakone are characterized by crustal (shallow) faults while Chiba and Ibaraki are 
characterized by deeper earthquakes. 
 
It has been widely publicized that Toda and Stein (2013)1 suggest stress changes have long-term effects, 
increasing by a factor of x2.5 the probabilities of earthquakes with magnitudes higher than Mw 6.5 near 
Tokyo. What appears less well known is that these computations, which involve large uncertainties, are 
contested, for instance by Uchida and Matsuzawa (2013)2 building on the previous measurements of 
Nishimura et al. (2007).3 
 
The recent observations presented by Uchida and Matsuzawa (Figure 1) suggest that the stress created by 
the Tohoku rupture is being released aseismically by the steady and continuous slip of the faults. 
Consequently Tohoku-induced stress changes would not be contributing to long-term increases in 
risk near Tokyo. 

                                                           
 
1  Toda, S. and Stein, R. (2013), The 2011 M=9.0 Tohoku-Oki earthquake more than doubled the probability of large shocks beneath 
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Figure 1:  The top right panel shows the total creep that occurred in the 9 months following the Tohoku 
earthquake based on repeating small earthquakes. Lower panels show aseismic slip (creep) following the 
Tohoku earthquake in the various regions shown in the top left panel. There has been little post-Tohoku 
creep on the plate interface within the rupture zone of the Tohoku earthquake (shown in red), but 
significant post-Tohoku creep on the adjoining regions to the north and south (shown in blue and green). 
 
Source: Uchida and Matsuzawa (2013) 



 
 

 
 

 

 

 
The Tokyo Fragment Theory 
 
There has also been considerable debate about the conjecture that a small plate fragment slides between 
the converging Ohkotsk and Pacific plates in the region just north of Tokyo, and that deeper earthquakes are 
concentrated in this region due to the fragment. This theory, which was proposed by Toda et al. (2008),4 is 
contested, for instance, by the measurements and calculations presented by Uchida et al. (2010).5 In this 
latter study no abrupt discontinuity was observed in the so far accepted geometry, which itself states that it 
is the northern tip of the Philippine Sea plate; not the fragment that is wedged between the Okhotsk and 
Pacific plates. In summary, there is so far no conclusive argument that would warrant a revision in our 
understanding of the tectonics directly affecting Tokyo. 
 
 
Guy Carpenter will continue to assist its clients in their interpretation of the existing data as well as in the use 
of the findings to support modeling assumptions and reinsurance decision making. 
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About Guy Carpenter  
 
Guy Carpenter & Company, LLC is a global leader in providing risk and reinsurance intermediary services. With over 
50 offices worldwide, Guy Carpenter creates and executes reinsurance solutions and delivers capital market solutions* 
for clients across the globe. The firm’s full breadth of services includes line-of-business expertise in agriculture; 
aviation; casualty clash; construction and engineering; excess and umbrella; excess and surplus lines; life, accident and 
health; marine and energy; medical professional liability; mutual insurance companies; political risk and trade credit; 
professional liability; property; retrocessional reinsurance; surety; terrorism and workers compensation. GC Fac® is 
Guy Carpenter’s dedicated global facultative reinsurance unit that provides placement strategies, timely market access 
and centralized management of facultative reinsurance solutions. In addition, GC Analytics®** utilizes industry-
leading quantitative skills and modeling tools that optimize the reinsurance decision-making process and help make the 
firm’s clients more successful. For more information, visit www.guycarp.com.  
 
Guy Carpenter is a wholly owned subsidiary of Marsh & McLennan Companies (NYSE: MMC), a global professional 
services firm offering clients advice and solutions in the areas of risk, strategy and human capital. With 54,000 
employees worldwide and annual revenue of $12 billion, Marsh & McLennan Companies is also the parent company of 
Marsh, a global leader in insurance broking and risk management; Mercer, a global leader in talent, health, retirement, 
and investment consulting; and Oliver Wyman, a global leader in management consulting. Follow Guy Carpenter on 
Twitter @GuyCarpenter.  
 
*Securities or investments, as applicable, are offered in the United States through GC Securities, a division of MMC 
Securities Corp., a US registered broker-dealer and member FINRA/NFA/SIPC. Main Office:  1166 Avenue of the 
Americas, New York, NY 10036. Phone: (212) 345-5000. Securities or investments, as applicable, are offered in the 
European Union by GC Securities, a division of MMC Securities (Europe) Ltd. (MMCSEL), which is authorized and 
regulated by the Financial Conduct Authority, main office 25 The North Colonnade, Canary Wharf, London E14 5HS.  
Reinsurance products are placed through qualified affiliates of Guy Carpenter & Company, LLC.  MMC Securities 
Corp., MMC Securities (Europe) Ltd. and Guy Carpenter & Company, LLC are affiliates owned by Marsh & 
McLennan Companies.  This communication is not intended as an offer to sell or a solicitation of any offer to buy any 
security, financial instrument, reinsurance or insurance product.  **GC Analytics is a registered mark with the U.S. 
Patent and Trademark Office. 
 
 
 
 
Disclaimer 
 
Guy Carpenter & Company, LLC provides this report for general information only. The information contained herein is based on 
sources we believe reliable, but we do not guarantee its accuracy, and it should be understood to be general insurance/reinsurance 
information only. Guy Carpenter & Company, LLC makes no representations or warranties, express or implied. The information is not 
intended to be taken as advice with respect to any individual situation and cannot be relied upon as such. Please consult your 
insurance/reinsurance advisors with respect to individual coverage issues.  
 
Statements concerning tax, accounting, legal or regulatory matters should be understood to be general observations based solely on 
our experience as reinsurance brokers and risk consultants, and may not be relied upon as tax, accounting, legal or regulatory advice, 
which we are not authorized to provide. All such matters should be reviewed with your own qualified advisors in these areas.  
 
Readers are cautioned not to place undue reliance on any historical, current or forward-looking statements. Guy Carpenter & Company, 
LLC undertakes no obligation to update or revise publicly any historical, current or forward-looking statements, whether as a result of 
new information, research, future events or otherwise.  
 
This document or any portion of the information it contains may not be copied or reproduced in any form without the permission of Guy 
Carpenter & Company, LLC, except that clients of Guy Carpenter & Company, LLC need not obtain such permission when using this 
report for their internal purposes.  
 
The trademarks and service marks contained herein are the property of their respective owners.  
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