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We have developed regression relationships between Modified Mercalli In-
tensity (Inm) and peak ground acceleration (PGA) and velocity (PGV) by
comparing horizontal peak ground motions to observed intensities for eight
significant California earthquakes. For the limited range of Modified Mer-
calli intensities (I,,m), we find that for peak acceleration with V < I, <
VIII, I, = 3.66 log(PGA) — 1.66, and for peak velocity with V < I, <
IX, Inm = 3.47 log(PGV') + 2.35. From comparison with observed intensity
maps, we find that a combined regression based on peak velocity for inten-
sity > VII and on peak acceleration for intensity < VII is most suitable for
reproducing observed I,,,, patterns, consistent with high intensities being re-
lated to damage (proportional to ground velocity) and with lower intensities
determined by felt accounts (most sensitive to higher-frequency ground ac-
celeration). These new I, relationships are significantly different from the
Trifunac and Brady (1975) correlations, which have been used extensively in
loss estimation.

INTRODUCTION

Seismic intensity has traditionally been used worldwide as a method for quantifying
the shaking pattern and the extent of damage for earthquakes. Though derived prior
to the advent of today’s modern seismometric instrumentation, it nonetheless provides a
useful means of describing, in a simplified fashion, the complexity of ground motion vari-
ations found on instrument recordings. Seismic intensity is still often the only observed
parameter from which to quantify the level of ground shaking following damaging earth-
quakes in much of the world. In the United States, it has been used historically, and will
very likely be used after future earthquakes. While advances in loss estimation in recent
years now allow for the direct use of recorded ground motion parameters (e.g., Kircher et
al., 1997; NIBS, 1997), seismic intensities will continue to be of value for post-earthquake
analyses. As an example, seismic intensity maps for the 1994 Northridge, California
earthquake have provided perhaps the most detailed descriptions of the variations of
shaking and damage available (e.g., Dewey et al., 1995; Thywissen and Boatwright, 1998;
Hales and Dengler, 1998).
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We have developed regression relationships between Modified Mercalli intensity (Z,m,
Wood and Neumann, 1931, later revised by Richter, 1958) and PGA or PGV by compar-
ing the recorded peak ground motions to observed intensities for eight significant Cali-
fornia earthquakes. The eight events, the 1971 (M6.7) San Fernando, the 1979 (M6.6)
Imperial Valley, the 1986 (M5.9) North Palm Springs, the 1987 (M5.9) Whittier Narrows,
the 1989 (M6.9) Loma Prieta, the 1991 (M5.8) Sierra Madre, the 1992 (M7.3) Landers,
and the 1994 (M6.7) Northridge earthquakes, were chosen because they were well recorded
by regional strong motion networks in addition to having numerous intensity observations
(Dewey, written communication, 1997).

Since the earlier studies (e.g., Trifunac and Brady, 1975), there is now substantially
more strong motion data available, particularly at larger ground motion amplitudes,
for such a comparison. Also, in earlier studies, these relations were derived based on
taking the intensity value from a map at the location of the strong motion station when
no observation was available near the strong motion site. Yet I, maps are typically
simplified representations of a spatially variable field, and the true I, value at the strong
motion recording site is not usually known, so there is no guarantee that the I,,,, at the
strong motion station location corresponds with the I, value on the contour map. Here,
we chose to correlate only those values where the strong motion station is near (within 3
km) an I,,,, observation. For each station, the nearest intensity observation is chosen; if
it is not within 3 km, however, then the strong motion data at that site is not used for
correlation purposes. Although ground motions can vary significantly over this distance,
futher reducing the correlation distance significantly reduces the available pairing of data.

Earlier comparisons of peak ground motions and intensities were also based primarily
on regressions of intensity against peak acceleration, or in a few cases, against peak
velocity and displacement. Part of our goal is to derive a relationship that can be used
to estimate seismic intensity rapidly given instrumental recordings of ground motions
(see Wald et al., 1999a). For this reason, one significant difference from previous studies
is that here we chose to use both peak acceleration and velocity jointly, recognizing the
saturation of PGA at high intensities, and the frequency and amplitude-dependent nature
of the intensity scale as manifested by both felt shaking descriptions and actual damage.

REVISED PEAK GROUND MOTION VERSUS INTENSITY RELATIONS

We summarize the correlation of I, values and PGA for each of the individual
earthquakes analyzed in Figure 1; Figure 2 shows a similar plot for PGV. The correlation
and regressions of I, versus PGA and PGV for the data from all eight earthquakes
combined are shown in Figures 3 and 4, respectively.

While there is no fundamental reason to expect a simple relationship between Mod-
ified Mercalli intensity (/n) and recorded ground motion parameters, over a range of
accelerations and velocities a simple power-law representation is adequate and convenient.
We find that for PGA in the limited range of V < I, < VIII,

Im = 3.66 log(PGA) —1.66 (o = 1.08) (1)

and for peak velocity (PGV) within the range V < Iy, < IX,

I = 3.47 log(PGV) +2.35 (o = 0.98) (2)






