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ABSTRACT: The economic and societal impact of an earthquake on the built
environment is often related to the shaking intensity that is expressed on the Modified
Mercalli Intensity scale (MMI). This measure of intensity is determined by observers
present during the event or by evidence (usually damage) that can be seen later.
Compiling MMI values from observations can be a time consuming task and the
information may not be available until some considerable delay after an earthquake.

With the recent deployment of telemetered strong motion instruments throughout New
Zealand, it is desirable to be able to rapidly estimate the shaking level intensity from the
strong motion records that are available shortly after an earthquake event.

A pilot study found that no single parameter from strong motion records appears to be a
good analogue, by itself, of MMI. This paper reports a more detailed study of the
available data and the numerical results determined for a correlation of the MMI values
with a number of strong motion parameters such as peak accelerations, velocities,
displacements and spectra as well as other derived values.

1 INTRODUCTION

Seismic intensity is a measure of the level of ground shaking at a specific site during an earthquake
event. Over the years various subjective scales of felt intensity have been devised. These assess the
effects felt by observers present during the shaking, or evidence, usually damage, which can be
observed after the event. Such intensity scales are classifications of the strength of shaking and are
essentially qualitative. With the advent of greater numbers of strong motion recording instruments,
more quantitative physically based information has become available and the use of the time history of
the shaking motion to provide a more objective measure of seismic intensity is desired.

In this study, parameters derived from the strong motion records obtained in New Zealand are
compared to the felt intensity information and empirical correlation relationships are produced. The
motivation for this is to determine if there is some parameter derived from the strong motion record
that could be used as an analogue of seismic felt intensity.

2 INTENSITY MEASURES

Subjective scales of felt intensity are historically important because no instrumentation is necessary,
and an unequipped observer can make useful measurements of the impact of an earthquake. Such
scales were introduced as an attempt to empirically quantify the severity of ground shaking in a given
location by the observed effects. The most significant scales are the ten-degree Rossi-Forel; the
Mercalli-Cancani-Sieberg, also known as MCS; the twelve-degree Modified Mercalli, 1931 and 1956
versions; and the eight degree Japan Meteorological Agency, JMA amongst others. The more recent
scales have generally been the result of evolution of the older ones. Davenport and Dowrick (2002)
present a review of some characteristics of these scales and references to their development.
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The most widely used seismic felt intensity scale in the English speaking world is the Modified
Mercalli intensity scale (commonly denoted as MM or MMI), which has twelve degrees or grades.
Dowrick (1996) gives a detailed description of a revision of this scale applicable to New Zealand
conditions.

Every degree in a scale is a description of the effects of ground motion on the natural or the built
environment. These effects are usually adverse and therefore they are associated with damage. Due to
the physical nature of ground shaking, damage and thus intensity, ranges through a continuum of
possible values from nothing to the maximum. Nevertheless, by using descriptions of typical observed
effects at each level, discrete values of felt intensity are assigned and are represented by an integer
quantity.

A considerable amount of skill is required of the observer to assign felt intensity values at a location.
Due to local conditions, the complexity of ground motion and uncertainty of the condition of the
buildings before the earthquake, there can be wide variation of earthquake effects and discriminating
one scale grade from the adjacent ones can be difficult. Particularly so when only limited information
is available.

A common way to present seismic felt intensity is by means of a map for a specific earthquake event.
As well as plotting intensity points, it is usually useful to draw contour lines of equal felt intensity,
called isoseismals. This is a line bounding the area within which the intensity is predominately equal
to, or greater than, a given value. The process of drawing the isoseismal requires some smoothing and
extrapolation and so is to some degree subjective. Felt intensity values derived from such
determinations are effectively average values over an area.

3 STRONG MOTION PARAMETERS

To represent earthquake shaking in an engineering sense, for design purposes, or to measure the
potential for damage, parameters are obtained from information extracted from a time series record, eg
an accelerogram. Time series records are characterised by amplitude, duration and frequency although
many other parameters can be deduced from these records. The frequency content of the record is
often visualised by using the response of simplified models of structural behaviour such as single
degree of freedom systems (SDOF) as a filter. Fourier techniques are also employed to picture the
frequency content of seismic signals. This characterisation of ground motion has the advantage that
parameters are easier to predict than the whole time series record and synthetic records can be
produced to have these characteristics. However, the wide number of available parameters reflects the
complexity of this task. The most well known parameters include peak ground acceleration (pga), peak
ground velocity (pgv) and response spectra for acceleration, velocity and displacement.

There is no doubt that the parameter most used for characterising strong motion is peak ground
horizontal acceleration. This value is read directly from the accelerogram as its maximum absolute
ordinate. The largest value of the two horizontal components of a three component recording is
generally selected, although sometimes the vector resultant is used. This parameter is associated with
the process of sudden rupture of the fault.

Other parameters that have been proposed include a spectrum intensity by Housner (1952), an
engineering intensity scale by Blume (1970), a measure of earthquake intensity by Arias (1970) and
the JMA instrumental seismic intensity scale (JMA, 1996; Davenport 2001).

4 STRONG MOTION RECORDS IN NEW ZEALAND

The New Zealand strong motion network has been operated by GNS over the period from the mid
1960s to the present. The early instruments were "scratch plate" devices that gave a trace of the motion
from which only the peak acceleration values could be determined. Later instruments were film based
with timing marks so the continuous trace on the film could be digitised to an acceleration time
history. More recent devices are electronic digital instruments that give better quality records directly
in a digital format.
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The raw records as collected from the variety of instruments need to be subsequently processed to a
standard digital format together with the addition of an information header. The first stage produces a
VOL1 file that contains the three components of acceleration corrected for instrumental effects. The
next stage produces the VOL2 and VOL3 files. The VOL2 file contain the three components of
acceleration, velocity and displacement obtained after some filtering to remove noise and correct for
baseline errors. The VOL3 file contains the acceleration, velocity and displacement response spectra
for several damping ratios and response periods.

Some of the film records collected from the early devices were of poor quality and so were not fully
digitised but peak values only were determined. Also, any records that are very small are not fully
processed to VOL2 and VOL3 levels unless required for a specific purpose. The most significant
records collected over the period April 1966 to February 1998 have been placed onto a digital
Compact Disk (CD-ROM) by Cousins (1998). There are 609 strong motion records in this collection.
Since then, more records have been collected and processed and to December 2000 there are 4045
VOL1 records and 1021 VOL2 and VOL3 records.

Some of the strong motion recorders are located for special studies such as on upper levels of
buildings, on dams or at sites where topography is important. A record from such a site is not
representative of the general ground motion in the area. In this study, only records from free field,
building basement and building ground floor sites are used. Details of the strong motion instrument
sites are presented by Cousins et al (1996).

Many of the earthquake events for which there are strong motion records were small or in remote
areas and little felt intensity information is available to allow an isoseismal map to be constructed.
Where sufficient felt intensity data is available for New Zealand earthquakes, isoseismal maps are
presented by Downes (1995) and in other studies. In the period November 1968 to December 2000
there were 27 earthquake events for which an isoseismal map is available and there are suitable strong
motion records. The MMI value for the site of a strong motion recording was determined by linear
interpolation to one-tenth the interval between the isoseismal lines on the map. There are 237 records
available with an MMI value and an acceleration, velocity and displacement time history record.

5 COMPARISON OF FELT INTENSITIES AND COMPUTED PARAMETERS

Those records with an acceleration time history were further processed to compute the parameters that
are of interest. These are the pga, pgv and pgd values, the Arias seismic intensity, the JMA seismic
intensity and the response spectra for acceleration, velocity and displacement at several levels of
damping and a range of spectral periods. This resulted in too much information to present in the
limited space available here.

For each quantity where appropriate, the computations were for each of the three components
separately, for the resultant of the two horizontal components and for the resultant of the three
components. The largest horizontal component was also extracted as this has commonly been used in
other studies. As would be expected, it was found that there is a strong correlation between the largest
horizontal component and the resultant of the three components and also between the resultant of the
two horizontal components and the resultant of the three components. For pga, the correlation
coefficient is greater than 0.99. As the determination of Arias intensity and JMA instrumental seismic
intensity utilise all three components, the quantity used for subsequent analysis for the other
parameters is that determined from the resultant of the three components.

High correlations between the different parameters determined from the strong motion records were
also found. As an example the correlation coefficient between the Arias intensity and the JMA
instrumental seismic intensity was greater than 0.97, while between pga and the JMA seismic intensity
is 0.92. Figure 1 shows a plot of pga against JMA seismic intensity. This is consistent with a study of
Japanese data by Karim and Yamazaki (2002). This result is not surprising since the different
parameters are derived from the same strong motion time history record.
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In contrast, MMI is an independent quantity determined from other information, specifically felt
effects and damage reports. Figure 2 shows a plot of pga against MMI and there is a much wider
spread of these values and the correlation coefficient at 0.47 is not as high. A linear regression results
in the relationship for pga in mm/sec2 of log10(pga) = 0.426 MMI + 0.299. The standard error is 0.29,
indicating for the logarithmic scale a factor of 0.5 to 1.9 of the mean value.

The inverse regression relationship is MMI = 1.102 log10(pga) +2.56 with a standard error of 0.46.

Figure 1 Plot of the resultant pga against JMA instrumental seismic intensity for 237 New Zealand strong motion
records obtained during the period April 1965 to December 2000.

Figure 2 Plot of the resultant pga against MMI felt intensity for 237 New Zealand strong motion records
obtained during the period April 1965 to December 2000. The MMI values are interpolated to 0.1 from the
isoseismal maps.
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6 CONCLUSIONS

The major conclusions from this study are that for New Zealand seismic records:

• there is a high correlation between parameters derived solely from the strong motion records,

• the correlation between felt intensity (MMI) and strong motion parameters (eg pga) is not as high,

• the  pga can be used to predict the MMI to plus/minus one half a unit most of the time and
generally to plus/minus one unit,

• more strong motion records and MMI values are required to refine the results.
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