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16th Mallet-Milne Lecture

Introduction

In May of last year, Tiziana Rossetto invited me to 
present the 16th Mallet-Milne Lecture – a great and 
humbling honour, of course, but also a heavy respon-

sibility. The lecture series, first proposed by David Key in 
1984, commemorates two pioneering earthquake engineers 
from the British Isles, Robert Mallet (1810–1881) and John 
Milne (1850–1913); it is intended to provide a platform for 
earthquake engineers nearing the end of their career (yes, 
that describes me rather well) to pronounce on a subject 
entirely of their own choice. Perhaps wisely for a 68 year 
old at a time of dizzying technical changes, I have decided 
not to speak on technical matters; instead, I want to explore 
what determines the success or failure of societies in ‘deal-
ing with earthquakes’, looking at factors which are much 
wider than the purely technical ones forming the narrow 
specialism of earthquake engineering. It’s a huge subject, 
of course, and one that you might feel is beyond the exper-
tise and professional orbit of a structural engineer like me, 
but my starting point is that it should be. It’s a subject that 

I started to tackle three years ago, when finishing a new 
edition of a textbook; I tried to argue in a new introduc-
tory chapter that getting the technical bit right, although of 
course crucially important, was only one aspect of how to 
deal with the earthquake problem. Writing the new chap-
ter proved a hugely enjoyable and challenging task, but left 
me with a feeling that there was so much more to explore 
on the subject. The invitation to present a Mallet-Milne 
lecture has given me the welcome opportunity to do so! 
My ultimate goal is to provide some pointers to earthquake 
engineers (and professionals from related fields) on how 
considering this broader perspective might enable them to 
become more effective in helping societies deal with earth-
quakes. To achieve this won’t be easy; certainly the research 
to date has raised many more questions than answers.

An obvious way of investigating my theme is to talk to 
people who have been involved with societies recovering 
from a major earthquake. It is not just a question of find-
ing out what facilitates recovery, but (for me perhaps more 
crucially) what has led up to the situation the societies find 
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themselves in, immediately post-earthquake. Currently, 
eight recent damaging earthquakes, identified in Figure 
1, are featuring in my studies as providing a wide variety 
of different societal types and outcomes. I have been very 
fortunate in obtaining generous travel grants from SECED, 
EEFIT and the Institution of Civil Engineers to travel to 
four of these locations. In my first research trip, in October 
last year, I spent a week in Kathmandu, where I talked to 
nine Nepalese and seven expatriate professionals from en-
gineering, architectural, medical and administrative back-
grounds. This September, I have a trip planned to California 
and Christchurch, New Zealand and next January, I will 
be in Santiago de Chile for the World Conference on 
Earthquake Engineering. This will be a chance not only 
to explore Chile’s response to its recent Maule earthquake 
with some of the actors involved, but also to pick the brains 
of earthquake engineers gathered from around the world.

Progress of the research to date
Visiting Kathmandu has been one tangible outcome of my 
research programme to date, but I have also been in con-
tact with a number of people who have studied the issues, 
both in the UK and elsewhere. Of course, other engineers 
have been asking the same questions that I am attempt-
ing to tackle; Robin Spence’s 11th Mallet-Milne lecture of 
2007 [1] examined his topic “Saving lives in earthquakes” 
from a similarly broad perspective, and Tiziana Rossetto’s 
EPICENTRE (Earthquake and People Interaction Centre) 
group at UCL was set up to look at seismic and disaster 
protection in a holistic way. It has to be admitted, though, 
that in general engineers tend to be much more comfort-
able remaining within their technical comfort zone; yes, I 

recognize a nerdish element in myself and I suspect it is 
shared with many of my fellow professionals. I remember 
the howls of protest from engineers that were expressed in 
the letter pages of the New Civil Engineer when that au-
gust journal devoted an issue to matters of gender equal-
ity; “gender and all that stuff is irrelevant to our work”, 
was a common reaction; “all that matters to us is techni-
cal competence”. In fact, some of the most significant work 
on my theme has been done by professionals from outside 
engineering, including Stephen Platt (a planner/sociolo-
gist from the UK), and two Californian architects, Mary 
Comerio (the current president of EERI) and Randolph 
Langenbach. Mary’s “EERI Distinguished Lecture” of 2014 
(the American equivalent, I suppose, of our Mallet Milne 
lecture), entitled “Resilience: An Engineering Challenge” 
[2], took a very wide view of what those challenges were 
for engineers. She recently wrote to me: “The topic you are 
taking on is something that I have focused on for my entire 
career”. I am in touch with all these people (and others!) 
and with luck will be meeting all of them between now and 
my lecture next year.

Many topics have come up in the course of my investi-
gations to date; what follows is only a selection, and I have 
gone into more detail in my paper [3] for the Santiago con-
ference next January.

A report from Kathmandu
In April 2015, a M7.8 earthquake struck central Nepal, caus-
ing around 8,000 deaths and widespread devastation in the 
mountainous areas north of the capital, Kathmandu. Six 
months later, I spent a week in Kathmandu talking to peo-
ple about how they felt Nepal had coped. To my surprise, 

Figure 1: Damaging earthquakes featured in study (background image from Global Seismic 
Hazard Assessment Program, GSHAP).

Editor's note: Edmund Booth will deliver SECED’s biennial prestige lecture, the 16th Mallet-Milne Lecture, 
on 24th May 2017. The event will be held at the Institution of Civil Engineers, London, and will be followed 

by a reception. Look out in the SECED newsletter, website and social media for further information.
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I found upon arrival that the major issue of concern in the 
capital was actually not the earthquake, but a very severe 
shortage of fuel in the capital. (Concerns in the devastated 
mountain areas to the north would of course have been dif-
ferent, but I didn’t travel there). It turned out that although 
the earthquake was directly involved in the shortage, it 
had nothing to do with damage to petrochemical instal-
lations; actually, infrastructure in Kathmandu, including 
transportation links into the capital, was largely spared by 
the earthquake. The root cause was the bloody civil war 
which convulsed Nepal in the ten years up to 2009, caus-
ing at least 15,000 deaths (twice as many as for the Gorkha 
earthquake) and substantial internal displacement of com-
munities across the country. After the end of the war, and 
following the fall of the monarchy, there was the need for 
a new constitution. The new provincial boundaries which 
were drawn up for it followed an excellent civil engineering 
principle; they ran perpendicular to the contours, in order 
to maximise exploitation of the crucial resource for both 
irrigation and power of the snow melt from the Himalayas. 
That meant, of course, that people in the plains bordering 
India found themselves in the same political constituencies 
as the mountain people, who are ethnically distinct and 
have a very different way of life. Getting agreement to the 
new constitution was naturally difficult, given the experi-
ence of the civil war, and there was a large UN and other 
international presence in the country to try and facilitate 
it. (Haiti comes to mind as another country which had a 
very large foreign aid community in the period leading 
up to a major earthquake). However, it was the shock of 
the national disaster caused by the earthquake that finally 
persuaded the Nepalese to sink their differences and the 
new constitution was ratified soon after. The people of the 
plains were not happy; they had no constituency of their 
own, because of the way the boundaries had been drawn 
up, and hence felt that they lacked political power. But they 
had an important weapon; they control the only major 
land route from India into Kathmandu, which supplies the 
vast majority of the capital’s fuel and other needs, and (with 
support from their ethnically similar neighbours in India) 
they closed the border point in protest for five months. 

If I had doubted before my visit to Kathmandu that engi-
neering had to operate in the context of a very broad stage, 
the tale of the fuel shortages would have finally convinced 
me. However, many other issues arose as well, and some of 
these are discussed below.

The window of opportunity to ‘build back better', and 
the need for community involvement
One of the current mantras of reconstruction, embodied 
in the UN’s Sendai framework for disaster reduction [4], 
is ‘build back better’. It is so obvious that reconstruction 
of earthquake damaged buildings provides an opportunity 
to incorporate better earthquake resistance. However, this 
turns out to be much harder to achieve than at first sight 

appears. Indeed, one well-placed professional in Nepal 
told me that in his experience ‘build back better’ was just a 
phrase scarcely implemented in practice. Replacing shelter 
is of course an urgent task, and rapid organisation of well-
engineered prefabricated housing needs the resources of 
central or regional government. However, all too often the 
resulting settlements tend not to reflect the major concerns 
of those who will occupy them. They may have good earth-
quake resistance and keep the weather out, but they often 
are unpopular for other reasons, and either remain largely 
unoccupied, or result in dysfunctional communities which 
give rise to immediate social problems outweighing the 
benefits of improved resistance to a future hypothetical 
earthquake. On the other hand, if local communities re-
build without outside intervention, they may well be mak-
ing the same mistakes as before and creating problems for 
the future.

It is generally agreed that some balance must be struck 
between on the one hand allowing central government to 
impose solutions from above and on the other allowing lo-
cal communities to sort themselves out. Some interesting 
differences have emerged about the way this balance has 
been achieved in reconstruction following the earthquakes 
shown in Figure 1, and Mary Comerio talks about the need 
to find the ‘sweet spot’ where the balance is just right. The 
time allowed for reconstruction is one factor, since con-
sultation processes take time, an issue that Stephen Platt 
and Emily So have studied [5]. Another factor is how much 
emphasis is placed on achieving seismic resistance com-
pared with other goals and indeed whether it might be 
better to aim for a seismic solution which is ‘50%’ effec-
tive rather than ‘90%’. One notable feature of the Nepalese 
experience has been the existence of the National Society 
for Earthquake Technology – Nepal (NSET), founded in 
1993 by the remarkable Amod Dixit. It is true that NSET is 
based in the capital, but it has always placed great empha-
sis on building a community base. Amod’s three pillars of 
seismic resilience are: firstly, awareness of the issues within 
the community (bottom up), then governance and ensur-
ing regulations are followed (top down) and finally ensur-
ing there is human capacity where it is needed in terms 
of construction craftsmen and designers. So in this model, 
community awareness and local resources outweigh direc-
tion from the centre, and raising seismic resistance from an 
initial 10% to an achievable 50% is thought to be better than 
aiming for 90% if it is unlikely to be widely achieved.

What part does technology play in creating earth-
quake resilience?
It is clear that the remarkable advances in earthquake engi-
neering during the 35 years that I have been involved in the 
field have been of enormous benefit. Our ability to assess 
seismic hazard and to design structures and infrastructure 
which protect life and retain functionality after an earth-
quake has been transformed. Technologies from outside 
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the field of structural and civil engineering have also played 
their part; we are now much better at rapid assessment of 
post-earthquake disaster needs, and provision of effective 
early warnings is also now sometimes possible. What is less 
clear is the extent to which recent technological advances 
provided any protection to communities in Nepal, Kashmir, 
Haiti, Van or Szechuan (Figure 1). Certainly, technology 
helped establish the scale of the disaster in Port-au-Prince 
much more rapidly than would have been possible ten 
years earlier, and a leading doctor in Kathmandu told me 
that the mobile phone network (which, significantly, con-
tinued to function without interruption) was vital in ena-
bling him to co-ordinate a response to the huge demands 
on the hospital system after the earthquake. However, re-
cent progress in structural engineering had little influence 
on the buildings that collapsed and killed people in Nepal, 
Haiti, Van or Szechuan. It is perhaps significant that in the 
UN’s Sendai Framework document [4], the word engineer 
does not appear even once.

The situation in Christchurch New Zealand, one of the 
world’s leading centres for seismic technology, makes a 
telling comparison. In the recent Christchurch earthquake 
sequence, most of the buildings did a brilliant job in pro-
tecting the lives of their inhabitants, due in no small part to 
technologies developed at the local university. Indeed, two 
hospitals, provided with high tech systems directly trace-
able in part to the same source, triumphantly performed 
much better than that. However, 185 lives were lost, massive 
financial losses were incurred, the Central Business District 
was devastated, numerous people suffered many miserable 
and disrupted months and the occurrence of mental illness 
increased, peaking after the many large aftershocks. Even 
now, life in central Christchurch is still some way from 
business as usual. Some earthquake engineers may have 
been tempted to see the performance Christchurch’s build-
ings as a code-compliant success, but if so, it was not a view 
much held outside the profession.

It is clear that earthquake engineers cannot act in a 
vacuum, but I’d like to mention two more factors on the 
deployment of specialist expertise. The first concerns pub-
lic trust; in the recent UK referendum campaign, Michael 
Gove famously declared “I think people in this country 
have had enough of experts”, and the referendum result 
suggests he had a point. It’s not just economists that the 
public are wary of; in a fascinating study of reconstruction 
after the Izmit earthquakes of 1999, Rachel Green [6] found 
that Istanbul residents faced with rebuilding their homes 
were unlikely to seek professional engineering advice. This 
was not just because engineers were perceived as expen-
sive, indeed extortionate, but also because they were seen 
as having nothing useful to offer. Rachel reports that as a 
result the reconstructed buildings had many of the same 
faults that brought down the buildings they replaced.

The second factor puts a different (and for us less 
comfortable) slant on the problem. Maybe the Istanbul 

residents had a point about the limits of our usefulness. In 
a study of rebuilding after the Kashmir earthquake of 2005, 
Randolph Langenbach, in his book ‘Don’t tear it down’ [7], 
found that certain forms of traditional construction, which 
comprised a combination of timber with unreinforced ma-
sonry bonded by weak mortar, had generally survived the 
earthquake very well, and overall very much better than 
ones reinforced with modern materials. However, engi-
neers regarded these traditional buildings, at least initially, 
as prime candidates for immediate demolition, even where 
undamaged, and certainly not as models for the rebuilding 
programme. He attributes this to the fact that traditional 
construction is much harder to analyse with the sort of 
tools used for concrete or steel structures, and to a more 
general prejudice and lack of knowledge by professional 
engineers about rural building forms.

The lessons for earthquake engineers
These may be interesting observations but how do they help 
us in our task of creating a safer world, one which is more 
resilient to earthquakes?  Trying to answer that will be one 
of the foremost concerns of my future research, but some 
preliminary thoughts are as follows. For a few remarkable 
people like Amod Dixit of NSET in Nepal, the answer is 
to devote their lives to placing the contribution of techni-
cal experts into a social and particularly local community 
context. Many engineers, while not going quite so far, have 
devoted weeks, months or a few years of their careers to 
working with NGOs in disaster relief and related develop-
ment work. But I suspect that for most of us, for most of 
the time, our task will be to continue doing the things we 
are good at and understand – contributing our expertise 
in earthquake engineering to the teams involved in the 
structural and civil engineering projects we are engaged 
on. We must of course endeavour to communicate effec-
tively with those outside our discipline, both to understand 
as best we can what the broad goals and aspirations of all 
the stakeholders are and to explain what our concerns are 
and what our contributions might be. We should also have 
the humility to consider that we might not always be right, 
and that those from outside our discipline might be able to 
teach us things about how to do our job.

That rather pious statement could perhaps be applied to 
the work of any professional, not just to earthquake engi-
neers. However, we may have the opportunity to go fur-
ther. An interesting case study is provided by Duncan Gibb 
in his 2014 Brunel Lecture [8]. Duncan is a civil engineer 
who for 3½ years ran SCIRT – the Stronger Christchurch 
Infrastructure Rebuild Team. He says that while engineers 
are primarily people who “get things done”, they are often 
also social innovators. On reflection, that is self-evident, 
although the social innovation may be unwitting. The great 
railway engineers of the 19th Century changed the world 
radically, as in our own times did Tim Berners Lee with the 
World Wide Web, even if they only partially foresaw what 
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the enormous consequences for society would be. After 
the Christchurch earthquakes, Duncan led a team which 
had to “get things done” as effectively and rapidly as pos-
sible. However, the task of repairing the earthquake dam-
aged infrastructure was placed firmly in its wider context 
by forming a team involving not just engineering design-
ers and contractors, but also local government and com-
munity representatives. “Engineers can lead collective ac-
tion to deliver outcomes by involving multiple sectors and 
perspectives in innovative ways”, he says; “collectively we 
are stronger”, which is the title of his Brunel Lecture. In 
my travels between now and the time of the Mallet-Milne 
Lecture, I will be seeking to explore with him and others 
how far this model is applicable outside the particular con-
text of Christchurch, and what other ways there might be 
to make earthquake engineers more effective in dealing 
with earthquakes.
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Notable Earthquakes July 2014 – March 2015
Reported by British Geological Survey
Issued by: Davie Galloway, British Geological Survey, October 2015.
Non British Earthquake Data supplied by The United States Geological Survey.

Year Day Mon
Time

Lat Lon
Dep Magnitude

LocationUTC km ML Mb Mw

2014 01 JUL 18:03 56.72N   5.92W   7 1.3 ACHARACLE, HIGHLAND
Felt Acharacle (2 EMS).
2014 03 JUL 18:36 56.82N   5.26W   5 2.9 FORT WILLIAM, HIGHLAND
Felt Fort William, Glenfinnan, Spean Bridge, Lochaber, Lochailort, Glencoe, Corpach, Kinlochleven, Acharacle, 
Roy Bridge, Duror of Appin, Gairlochy, Inverlochy, Kentellan, Kilmelford, Kinlocheil, Caol, Banavie, Lochyside, 
Strontian, Glenaladale, Onich, Ballachulish, Kinlochmoidart, Glenuig, Lismore and Oban (3 EMS)
2014 04 JUL 15:00  6.23S 152.81E  20 6.5 SOLOMON SEA
2014 07 JUL 11:23 14.72N  92.46W  53 6.9 CHIAPAS, MEXICO
At least three people killed, 33 others injured and major damage in San Marcos, Guatemala. Felt throughout 
the epicentral region.
2014 11 JUL 11:54 49.15N   2.41W  12 4.3 JERSEY, CHANNEL ISLANDS
Felt Jersey (3 EMS).
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Year Day Mon
Time

Lat Lon
Dep Magnitude

LocationUTC km ML Mb Mw

2014 11 JUL 19:22 37.01N 142.45E  20 6.5 OFFSHORE HONSHU, JAPAN
2014 18 JUL 14:56 49.08N   2.38W   6 2.3 JERSEY, CHANNEL ISLANDS
2014 18 JUL 15:14 49.06N   2.35W   6 2.1 JERSEY, CHANNEL ISLANDS
Felt Jersey (2 EMS).
2014 18 JUL 15:14 49.05N   2.34W   6 1.8 JERSEY, CHANNEL ISLANDS
2014 18 JUL 15:15 49.07N   2.37W   6 2.0 JERSEY, CHANNEL ISLANDS
2014 19 JUL 18:51 49.08N   2.38W   6 1.2 JERSEY, CHANNEL ISLANDS
Felt Jersey (2 EMS).
2014 21 JUL 14:54 19.80S 178.40W 615 6.9 FIJI ISLANDS REGION
2014 23 JUL 16:26 49.10N   2.40W  12 3.3 JERSEY, CHANNEL ISLANDS
Felt Jersey (3 EMS).
2014 25 JUL 10:36 52.69N   0.79W   3 1.5 OAKHAM, RUTLAND

Felt Oakham (2 EMS).

2014 25 JUL 19:05 53.72N   1.39E  24 2.7 SOUTHERN NORTH SEA

2014 29 JUL 17:12 49.08N   2.37W   6 1.9 JERSEY, CHANNEL ISLANDS

Felt Jersey (2 EMS).

2014 01 AUG 04:11 36.86N   3.18E  10 5.5 NORTHERN ALGERIA

Six people killed and at least 420 others injured in the Algiers area.

2014 03 AUG 00:22  0.83N 146.17E  13 6.9 PAPUA NEW GUINEA

2014 03 AUG 08:30 27.19N 103.41E  12 6.2 YUNNAN, CHINA

At least 615 people killed (with 114 still missing), over 3,000 others injured, around 200,000 people displaced 
when some 25,800 houses collapsed and another 160,400 suffered damage in Huize, Ludian, Qiaojia and 
Zhaoyang.
2014 05 AUG 10:22 26.99S  26.71E   5 5.4 SOUTH AFRICA

One person killed and at least 27 others injured in Orkney.

2014 12 AUG 19:58  0.02S  78.32W  12 5.1 ECUADOR

Two people killed, another eight injured and around 100 houses/apartments damaged in Pomasqui.

2014 18 AUG 02:32 32.70N  47.70E  10 6.2 WESTERN IRAN

At least 330 people injured in Ilam, Iran and around 2,700 buildings collapsed and over 17,000 damaged in 
Abdanan and surrounding villages.
2014 18 AUG 21:31 53.01N   4.01W  12 1.0 BEDDGELERT, GWYNEDD

Felt Porthmadog, Penrhyndeudraeth, Rhostrylan and Harlech, Gwynedd (3 EMS).

2014 22 AUG 11:19 58.77N   4.18W  15 2.0 BETTYHILL, HIGHLAND

2014 24 AUG 10:20 38.22N 122.31W  11 6.0 NORTHERN CALIFORNIA

One person killed, over 250 others injured and over 300 buildings damaged in Napa and Solano Counties.  
Many roads were damaged, water, gas and electricity services were disrupted and several fires occurred in 
Napa County.  Total economic loss estimated at $US 400 million.
2014 24 AUG 23:21 14.60S  73.57W 101 6.8 SOUTHERN PERU

2014 31 AUG 07:14 56.67N   6.31W   4 2.4 ARDNAMURCHAN, HIGHLAND

Felt Kilchoan and Glenborrodale (3 EMS).
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Year Day Mon
Time

Lat Lon
Dep Magnitude

LocationUTC km ML Mb Mw

2014 11 SEP 22:31 53.69N   1.13W   1 1.9 HENSALL, NORTH YORKSHIRE

Felt Hensall, Kellington and Little Heck, North Yorkshire and Gowdall, East Riding of Yorkshire (3 EMS).

2014 17 SEP 06:14 13.76N 144.43E 130 6.7 GUAM REGION

2014 28 SEP 02:35 13.84S  71.69W  10 4.9   SOUTHERN PERU

Eight people killed, six others injured and over 100 buildings destroyed or damaged in the Paruro area.

2014 30 SEP 10:59 58.42N   1.76E  11 3.1 CENTRAL NORTH SEA

2014 03 OCT 20:49 49.04N   2.30W   7 2.0 JERSEY, CHANNEL ISLANDS

Felt Jersey (3 EMS).

2014 07 OCT 13:49 22.38N 100.47E   9 6.1 YUNNAN, CHINA

One person killed and 28 others injured in Yunnan.

2014 09 OCT 02:14 32.11S 110.81W  16 7.0 EAST PACIFIC RISE

2014 09 OCT 02:32 32.10S 110.87W  10 6.6 EAST PACIFIC RISE

2014 14 OCT 03:51 12.53N  88.12W  40 7.3 OFFSHORE EL SALVADOR

One person killed at San Miguel and twelve homes damaged at Usulutan.

2014 16 OCT 22:43 62.10N   2.24E  19 3.9 NORTHERN NORTH SEA

2014 28 OCT 19:16 53.06N   1.19W   7 2.6 MANSFIELD, NOTTS

Felt Mansfield, Hucknall, Kirkby-in-Ashfield, Sutton-in-Ashfield, Ravenshead, Newstead Village, Papplewick, 
Annesley, Linby, Calverton, Bestwood Village and Blidworth, Notts (3 EMS).
2014 01 NOV 18:57 19.69S 177.76W 434 7.1 FIJI ISLANDS REGION

2014 07 NOV 03:33  5.99S 148.23E  53 6.6 PAPUA NEW GUINEA

2014 07 NOV 14:44 49.05N   2.31W   7 2.2 JERSEY, CHANNEL ISLANDS

Felt Jersey (3 EMS).

2014 08 NOV 06:00 51.69N   3.07W   2 1.9 PONTYPOOL, TORFAEN

2014 13 NOV 09:23 55.80N   3.21W   4 2.2 PENICUIK, MIDLOTHIAN

Felt Penicuik (3 EMS).

2014 14 NOV 11:23 55.10N   3.65W   2 2.6 DUMFRIES, D & G

Felt Dumfries, Locharbriggs, Lockerbie, Lochmaben, Lochfoot, New Bridge, Kirkton, Auldgirth, Torthorwald, 
Collin and Mouswald (3 EMS).
2014 15 NOV 02:31  1.89N 126.52E  45 7.1 MOLUCCA SEA

2014 16 NOV 22:33 37.65S 179.66E  22 6.7 NORTH ISLAND, NEW ZEALAND

2014 21 NOV 10:10  2.30N 127.06E  35 6.5 MOLUCCA SEA

2014 22 NOV 08:55 30.34N 101.74E   9 5.9 SICHUAN, CHINA

Five people killed, 65 injured and over 27,000 homes severely damaged in Garze.

2014 22 NOV 13:08 36.64N 137.89E   9 6.2 HONSHU, JAPAN

At least 45 people injured and 50 buildings destroyed in Hakubacho.

2014 26 NOV 14:33  1.96N 126.58E  39 6.8 MOLUCCA SEA

2014 02 DEC 05:11  6.16N 123.13E 614 6.6 CELEBES SEA
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Year Day Mon
Time

Lat Lon
Dep Magnitude

LocationUTC km ML Mb Mw

2014 03 DEC 21:57 55.80N   3.19W   6 2.0 PENICUIK, MIDLOTHIAN

Felt Penicuik (3 EMS).

2014 04 DEC 16:07 51.67N   3.11W   6 1.9 NEWBRIDGE, CAERPHILLY

Felt Cardiff (2 EMS).

2014 06 DEC 10:20 23.36N 100.53E  10 5.6 YUNNAN, CHINA

One person killed, eight injured, twelve houses collapsed and many roads and public buildings damaged in 
the region.
2014 06 DEC 11:05 53.68N   1.14W   1 1.9 HENSALL, NORTH YORKSHIRE

Felt Hensall (2 EMS).

2014 07 DEC 01:22  6.51S 154.46E  23 6.6 SOLOMON SEA

2014 08 DEC 08:54  7.94N  82.69W  20 6.6 OFFSHORE PANAMA

2014 09 DEC 07:31 53.08N   1.23W   2 2.1 MANSFIELD, NOTTS

Felt Annesley, Kirkby-in-Ashfield, Ravenshead, Notts (3 EMS).

2014 24 DEC 08:21 54.51N   3.05W  13 2.0 GRASMERE, CUMBRIA

2015 08 JAN 20:26 58.51N   4.68W   7 1.5 DURNESS, HIGHLAND

Felt Durness (2 EMS).

2015 09 JAN 01:03 58.50N   4.67W   7 2.4 DURNESS, HIGHLAND

Felt Durness (3 EMS).

2015 14 JAN 07:20 51.88N   2.27W  15 1.8 GLOUCESTER, GLOS

2015 19 JAN 03:16 53.41N   2.63W   4 1.3 WARRINGTON, CHESHIRE

Felt Warrington (2 EMS)

2015 23 JAN 03:47 17.03S 168.52E 220 6.8 VANUATU

2015 24 JAN 19:50 55.79N   6.36W   7 1.6 ISLAY, ARGYLL & BUTE

Felt Bruichladdich, Port Charlotte and Kindrochaid, Islay (3 EMS).

2015 27 JAN 18:30 51.07N   1.30W   3 2.9 WINCHESTER, HAMPSHIRE

Felt throughout the area, mainly within a 10km radius of the epicentre, covering Winchester and surrounding 
hamlets.  Also felt further afield in Southampton, Newbury, Petersfield and Bournemouth (Max Intensity 3 
EMS).
2015 28 JAN 22:25 52.73N   0.72W   3 3.8 OAKHAM, RUTLAND

Felt throughout an area within approximately 50km radius of the epicentre, from Lincoln in the north to Ket-
tering in the south, and from Uttoxeter in the west to Wisbech in the east.  It was also felt further afield, the 
extreme locations being Ripon, 150km to the north, Luton, 125km to the south, Telford, 125km to the east 
and Aylsham, 125km to the west (Max Intensity 4 EMS).
2015 30 JAN 16:25 51.07N   1.29W   4 1.8 WINCHESTER, HAMPSHIRE

Felt Winchester (2 EMS).

2015 07 FEB 02:38 49.81N   4.68W   3 1.9 ENGLISH CHANNEL

2015 07 FEB 06:27 49.80N   4.68W   3 1.7 ENGLISH CHANNEL

2015 09 FEB 11:56 54.24N   2.61W  12 2.0 KIRKBY LONSDALE, CUMBRIA
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Year Day Mon
Time

Lat Lon
Dep Magnitude

LocationUTC km ML Mb Mw

2015 11 FEB 18:57 23.11S  66.69W 223 6.7 ARGENTINA

2015 11 FEB 23:12 56.99N   5.85W   7 1.1 MALLAIG, HIGHLAND

Felt Mallaig (2 EMS).

2015 13 FEB 18:59 52.65N  31.90W  17 7.1 NORTH MID-ATLANTIC RIDGE

2015 15 FEB 20:23 57.40N   5.71W   8 2.1 STRATHCARRON, HIGHLAND

Felt Lochcarron (2 EMS).

2015 16 FEB 23:06 39.86N 142.88E  23 6.7 OFFSHORE HONSHU, JAPAN

2015 21 FEB 18:04 52.78N   1.09W   3 1.4 LOUGHBOROUGH, LEICS

Felt East Goscote (2 EMS).

2015 25 FEB 10:41 51.64N   3.59W   5 2.0 BLAENGARW, BRIDGEND

Felt Pontycymer and Maesteg (3 EMS).

2015 25 FEB 13:25 52.21N   2.50W   4 2.1 BROMYARD, HEREFORDSHIRE

2015 25 FEB 22:55 49.09N   2.38W  13 3.0 JERSEY, CHANNEL ISLANDS

Felt throughout Jersey and also felt Guernsey (Max Intensity 3 EMS).

2015 27 FEB 13:45  7.30S 122.54E 552 7.0 FLORES SEA, INDONESIA

2015 05 MAR 06:18 58.03N   3.46W   4 2.1 MORAY FIRTH

2015 07 MAR 01:24 56.26N   3.74W   7 1.3 BLACKFORD, PERTH/KINROSS

Felt Glendevon (2 EMS).

2015 13 MAR 12:27 56.79N   5.68W   9 1.4 ACHARACLE, HIGHLAND

Felt Kinlochmoidart (2 EMS).

2015 21 MAR 11:46 54.27N   3.11W  10 1.9 ULVERSTON, CUMBRIA

2015 27 MAR 11:58 53.70N   1.12W   1 1.9 HENSALL, NORTH YORKSHIRE

Felt by a resident in Hensall and also felt by miners working underground (2 EMS).

2015 05 MAR 06:18 58.03N   3.46W   4 2.1 MORAY FIRTH

2015 29 MAR 23:48  4.73S 152.56E  41 7.5 PAPUA NEW GUINEA

2015 30 MAR 08:48 15.50S 173.03W  11 6.5 TONGA

Date Venue Title People

28/9/2016  
at 18:00

Institution of Civil Engi-
neers, 1 Great George St, 
London

Siloquakes – Problematic Ground 
Borne Vibration

Speaker: Richard Luckett (Brit-
ish Geological Survey, Edin-
burgh) 
Organisers: Andrew Mair 
(Jacobs)

Forthcoming Events

For up-to-date details of SECED events, visit the website: www.seced.org.uk 
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Recent and Future 
Developments in 

Earthquake Ground 
Motion Estimation 

On 25th May 2016, Dr John Douglas from the University of Strathclyde presented as part of the 
SECED evening talks programme. Dr Douglas provided the following summary of his talk.

John Douglas
Department of Civil and Environmental Engineering
University of Strathclyde, Glasgow, United Kingdom

The estimation of earthquake ground motions that 
may occur at a given site during a future earthquake 
is a key aspect of seismic hazard assessment. In the 

past decade the derivation of ground motion prediction 
equations (GMPEs) and their use within seismic hazard 
assessments have undergone significant improvements. 
There remain, however, significant challenges in ground-
motion prediction. In the following, a short summary of 
the recent SECED talk on these improvements and chal-
lenges is given. For more details the reader is referred to 
the review by Douglas and Edwards (2016) and to the refer-
ences therein.

The first GMPE was published by Esteva and Rosenblueth 
(1964) and to date roughly 500 GMPEs for the prediction 
of peak ground acceleration (PGA) have been published 
(Douglas, 2016, Figure 1). In addition, many hundreds of 
models have been derived to predict response spectral or-
dinates or intensity measures such as peak ground veloc-
ity and Arias intensity. These equations has changed from 
simple functions of magnitude and distance with only a 
small handful of free coefficients to complex models with 
sometimes over 40 coefficients fitted through regression or 
fixed based on physical reasoning or ground-motion simu-
lations. Despite great advances in ground-motion simula-
tions, empirical GMPEs based on regression of recorded 
strong-motion data remain the basis of almost all seismic 

hazard assessments, particularly those for engineering 
purposes (e.g. design of new infrastructure).

Following much experimentation in the 1970s and 1980s, 
over the past couple of decades a number of de facto GMPE 
standards have become established. These include the use 
of: the geometric mean (or its orientation-independent 
definitions) of the two horizontal components as the de-
pendent variable; intensity measures from individually-
filtered records; moment magnitude and three mechanism 
categories (normal, strike-slip and reverse) to characterise 
the earthquake source; Joyner-Boore or rupture distance 
to characterise the travel path; the time-averaged velocity 
down to a depth of 30m (Vs30) or Vs30-based site classes 
to characterise the local site conditions; and a regression 
technique such as random-effects to account for correla-
tions between data from the same earthquake. In addi-
tion, functional forms that model nonlinear dependence 
of ground-motion amplitudes on magnitude (particularly 
for small and moderate events) and magnitude-dependent 
distance decay are increasingly common. Many of these 
de facto standards have been proposed by Bommer et al. 
(2010) as a basis of quality assurance criteria for the selec-
tion and derivation of GMPEs. 

Despite some convergence in data, functional form and 
derivation techniques there remain large epistemic uncer-
tainties in ground-motion prediction. An appreciation of 
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these uncertainties can be obtained from Figure 2 where the 
predictions of the median PGA for a single scenario from 
hundreds of published GMPEs are compared. Epistemic 
uncertainties are generally accounted for through a logic 
tree where the degrees of belief in each of the models being 
the appropriate one are quantified. Uncertainty in ground-
motion prediction often dominates these logic trees and 
can lead to a large spread in the fractiles/percentiles of 
the hazard curves that are one output of modern probabi-
listic seismic hazard assessments. There are observations 
(Douglas et al., 2014) that suggest that there are inconsist-
encies in the uncertainties captured in logic trees, e.g. for 
projects of differing geographical extents (e.g. site-specific 
versus Europe-wide). A key area of research over the past 
decade has been in the assessing, capturing and, potential-
ly, reducing the epistemic uncertainties in ground-motion 
prediction.  This has been attempted through, for example: 
the development of selection criteria (see above), compari-
sons between observed and predicted ground motions (al-
though often the available data does not cover the magni-
tude-distance range of engineering interest), adjustments 
to account for the near-surface conditions at the site of in-
terest (e.g. Rodriguez Marek et al., 2014) and the backbone 
technique (Atkinson et al., 2014) to make the uncertainty 
modelled explicit.

The other main thrust of research in ground-motion 
prediction, following the seminal work of Anderson and 

Brune (1999), has been into the assessment and use of the 
correct value of ‘sigma’ (the aleatory variability or standard 
deviation associated with a GMPE). The principal aim of 
this work has been to move away from the ergodic assump-
tion in which we assume that the variability in ground mo-
tions assessed through recordings at many sites but from 
relatively few earthquakes is equal to the variability in 
ground motions at a single site but from many earthquakes, 
i.e. time is replaced by space. Sites that have recorded many 
earthquakes are vital for the assessment of this ‘single-sta-
tion sigma’ but given the long recurrence interval of large 
earthquakes they are not common. Consequently, simu-
lated ground motions are an attractive way to study this 
issue.

There are four principal ways in which I believe ground-
motion prediction should develop in the coming decade. 
Firstly and probably most importantly, the developers of 
GMPEs should become better at providing models of their 
ignorance. In the words of Colin Powell: “Tell me what 
you know. Tell me what you don’t know. Then tell me what 
you think. Always distinguish which is which”. Secondly, 
ground-motion models will no longer provide simply a 
prediction of a scalar parameter (e.g. PGA) and its vari-
ability at a single location but rather a suite of parameters 
(e.g. a response spectrum) with the correlations between 
each correctly assessed and amongst neighbouring geo-
graphical locations. This will allow, for example, the correct 
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Figure 1: Number of GMPEs published per year (left-hand axis) and the cumulative total 
since 1964 (right-hand axis) (Douglas, 2016).



12 For updates on forthcoming events go to www.seced.org uk  | SECED Newsletter Vol. 27 No. 2 August 2016

estimation of the earthquake risk to infrastructure with 
multiple modes of vibration and covering large geographi-
cal zones. Thirdly, ground-motion simulations will become 
more important to the development of GMPEs for those 
situations (e.g. large near-source earthquakes and those in 
sparsely-monitored regions) where actual observations are 
lacking. This, however, relies on improving the resolution 
of models of the Earth’s crustal structure and earthquake 
ruptures to enable reliable simulations at short structur-
al periods as well as the assessment of the distributions 
and correlations of the input parameters to simulations. 
Finally, cheap monitoring systems (e.g. the QuakeCatcher 
Network) should provide masses of new ground-motion 
recordings on which data mining techniques could be 
employed. Their optimal use, however, relies on the avail-
ability of high-quality metadata, e.g. site characterisation 
through ambient noise approaches. In conclusion, there is 
much scope for future innovation in ground-motion pre-
diction.
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Figure 2: Predicted median PGA from a magnitude 6 earthquake recorded at 20km on a stiff-
soil site from published GMPEs. Note that differences of a factor of four are not uncommon 

and even larger differences are possible. After Douglas (2010).


