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The first scientific field study of the effects of a great earthquake was conducted by an 

Irish man, Robert Mallet, who was recognized as the first true seismologist.

In his assessment of the effects of the Neapolitan Earthquake of 1857 in southern Italy, 

Mallet was using the oldest instruments in the world: his eyes, a compass and a 

measuring stick.
Robert Mallet

Mallet’s method included detailed mapping and tabulation of felt reports and damage to buildings and geological 

movements.

In this way he was able to measure the strength and distribution of the earthquake ground motion. 

The Size of an Earthquake
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By drawing lines on a map between places of equal damage or of equal intensity (isoseismal lines), he determined the 
center of the earthquake shaking (the epicenter).  Such maps are now called isoseismal maps.

Intensity is measured by means of the degree of damage 
to structures of human origin, the amount of disturbances to 
the surface of the ground, and the extent of animal and 
human reaction to the shaking, not by measuring the ground 
motion with instruments.

Isoseismal map of the 1811 New Madrid, Missouri, earthquake (MMI scale)

Mallet used 4 degrees of intensity to prepare his 
isoseismal map.

The patterns of isoseismal lines also indicated to Mallet 
the rate at which the shaking effects diminished with 
distance and provide him with an estimate of the relative 
size of the earthquake.

The Size of an Earthquake
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• The first intensity scale of modern times was developed by M. S. de Rossi of Italy and Francois Forel of Switzerland 

in the 1880s.  It was called the 

• Rossi-Forel Intensity Scale ( I — X ).
• A more refined scale, with 12 values, was constructed in 1902 by the Italian seismologist and volcanologist G. 

Mercalli.

• A modified version of it, called the Modified Mercalli Intensity (MMI) Scale, was developed by H. O. Wood and 

Frank Neumann to fit construction conditions in California (and most of the United States). 

• Alternative intensity scales have been developed and are widely used in other countries, notably in Japan (the JMA 

Intensity Scale) and the central and eastern European countries (the Medvedev-Sponheuer-Karnik (MSK) 

Intensity Scale), where conditions differ from those in California.

Intensity Scale



Isoseismal Map of the Mandalay 
earthquake of 23 May 1912 (after 
Brown, 1914)

Rossi-Forel Intensity Scale 





JMA Instrumental Intensity in the 2000 Tottori EQ
Measured by National Seismic Networks
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Chinese Intensity Scale
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• If the magnitudes of earthquakes are to be compared worldwide, a measure is needed that does not depend (as does 
intensity) on the density of population and type of construction.  

Such quantitative scale was originated in 1931 by Kiyoo Wadati

in Japan and later on developed by Dr. Charles Richter in 1935 

in California.

Charles RichterKiyoo Wadati

• Richter defined the magnitude of an earthquake as the logarithm to base 10 of the maximum seismic-wave amplitude 
(in micrometer) recorded on a standard Wood-Anderson short-period seismograph1 at a distance of 100 km from the 
earthquake epicenter. 

• Every time the magnitude goes up by 1 unit, the amplitude of the earthquake waves increases 10 times. 

1 The instrument has a natural period of 0.8 sec, critical damping ratio 0.8, magnification 2,800. 

Earthquake Magnitude
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Richter Magnitude Scale

Charles Richter
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At first the scale was intended to deal with Californian 
earthquakes only, but with the cooperation of Professor 
Beno Gutenberg the scale was adapted to enable 
earthquakes to be classified worldwide.

The Richter magnitude scale is also called Local Magnitude (ML).

Earthquake Magnitude
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• At the present time there are several magnitude scales.  The most used magnitude scales are surface-wave 
magnitude (Ms), body-wave magnitude (mb), and moment magnitude (Mw).

• Ms is a world-wide scale determined from the maximum amplitude of Rayleigh waves with a period of about 20 
seconds (between 18 s and 22 s) on a standard long-period seismograph1.  It is most widely used magnitude scale 
for large damaging shallow earthquakes (less than 70 km deep).  

• It was developed in 1950s by the same researchers who developed ML (Gutenberg and Richter) in order to improve 
resolution on larger earthquakes. 

• mb is a world-wide scale determined from the maximum amplitude of the first few cycles of the P wave motion 
observed on the vertical component of seismogram.  The waves measured typically have a period of about 1 second.  
It is widely used for characterizing deep earthquakes.

1 The instrument has a natural period of 15 sec. 

Earthquake Magnitude
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It must be noted that most magnitude scales 

saturate, or stop increasing with increasing 

earthquake size.  

This occurs because each magnitude scale is 

determined using a seismic wave of a particular 

period and wave length, which at a certain level 

does not increase in amplitude as the 

earthquake source size and energy release 

increase.

Saturation of Earthquake Magnitude
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• A more reliable and robust magnitude scale is moment magnitude (Mw).  It was introduced by Hanks and 
Kanamori in 1979.  It is based on the seismic moment (Mo), which is a measure of the whole dimension of the 
slipped fault:  

MW =   (2/3). (Log10 Mo -10.7)

Where Mo is seismic moment (in N.m).  Geologically Mo is a description of the extent of deformation at the earthquake source.  It 
is simply defined as:

Mo =   𝝁𝝁 A D    =   2 𝝁𝝁 ES / Ds 
Where 𝜇𝜇 is the shear modulus of the rock in the source region (typically 30 GPa).

A is the fault rupture area.
D is the average dislocation or relative movement (slip) between the opposite sides of the fault.
ES is radiated seismic energy.
Ds is stress drop.

• The definition based on A D allows Mo to be derived from geological faulting parameters that can be easily 
observed in the field for large surface-rupturing earthquakes. The definition based on ES / Ds  allows Mo to be 
derived from seismological measurements. 

Moment Magnitude



Total Slip in the M7.3 Landers Earthquake

Rupture on a Fault



1 erg = 10⁻⁷ joules
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Earthquake Energy

• The total seismic energy (E, erg) released during an earthquake is often 

estimated from the following nonlinear relationship: 

• This relationship is applicable to moment magnitude 𝑀𝑀𝑤𝑤 as well. 

• Each unit change in magnitude corresponds to a 32 fold increase in 

earthquake energy.

log𝐸𝐸 = 11.8 + 1.5 𝑀𝑀𝑠𝑠



22Performance-based Seismic Design of Buildings – Semester: Spring 2020 (Fawad A. Najam)

Thank you for your attention
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