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Some Observationsof ElectromagneticSignals
Prior to California Earthquakes*

MARSHA HANCOCK ADAMS
Ti ne Research Institute, P.O. Box 620198, Woodside, CA 94062

Abstract — Electromagnetic (EM) signals in the frequency range below
1,000 Hz have been monitored since 1981 for the purpose of earthquake
forecasting. Signal strength increased more than 7 standard deviations
above the mean prior to 3 mgjor California Earthquakes, Coainga(1983),
Whittier Narrows (1987), and Lorna Prieta (1989). The signal increases
occurred 10daysto onemonth prior to theearthquakes. They werecontinu-
oudly elevated until after each earthquake occurred.

An effort to forecast time and location of smaller earthquakes in the
magnitude 2-4 range is underway. Expert system software has been devel-
oped tointerpret the EM signalsin near real time. Theexpert system makes
forecasts on a daily basis for selected areas in California. A preliminary
statistical analysis of recent forecastsappears promising, yielding probabili-
tiesof p 1« 10™* or better.

On August 7, 1990 another series of strong signals began. They have
continued for an unprecedented length of time and are till present at the
time of submission of this paper on October 16, 1990.

This paper isasummary of research in progress, on a prototype earthquake
forecasting system based on EM signalsbelow 1 KHZ. Historicaly, the hy-
potheses that electro-magnetic EM (/n) signals may precede earthquakes
came not from seismol ogy, material ssciencesor physics, but rather from the
perspectiveof biology. While doing research at Stanford Medical School in
the early 1970s, | was struck by the unexplained variability that occursin
biological experiments and wondered about its cause. | found that biological
experiments sometimes showed aberrations prior to seismic activity and
began searching for a variablethat was capable of causing biological effects,
and that might possibly precede seismic activity. After much research, |
cameto hypothesizethat EM radiation below 1 khz might be associated with
these effects.

The evidence of alink between EM, seismic and biologica processesap-
peared so compelling that | decidedto monitor EM initially without funding.
In 1981, | contacted Tony Fraser-Smith and he kindly provided technical
knowledgeand advice, and loaned mea coil antenna for awhile. We saw the
first signalson a strip chart recorder in Los Altos, Californiain 1981 when
the first crude monitoring station was implemented.

* Paper presented at the Ninth Annual Meeting of the Society for Scientific Exploration,
August 9-11, 1990, Stanford University, Stanford, California.
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Over thelast nine yearssince these observations began, we have devel oped
and tested a series of antennae or sensors, on an ongoing basis, to best detect
the EM signals. The detector system has been refined and the data acquisi-
tion processis now computerized rather than taken on astrip chart recorder.

In the early 1980s, related investigations were proposed twice to the
United States Geol ogical Survey (USGS). They declined to participatein its
sponsorship, and they were not encouragingin later verbal contacts. Because
funding was not forthcoming from the government, we turned to private
sources. Becausethis project has been privately sponsored, at this time the
exact methodology used and level of detail | can present at this presentation
istemporarily restricted. Thisincludesthe configuration and location of the
sensors, and specific frequencies monitored. My ultimate goa isfull disclo-
sure of these details to the scientific community, but until more resultsare
known about system performance this information is temporarily proprie-
tary. This may invite skepticism, but keepin mind that the ultimate valida
tion of theory and methodology is the evaluation of performance of a test
systemin rea time.

Rather than focuson methodology, | will focuson function, performance,
and resultsof the system. | will show you functional diagrams of the system,
and data prior to the 1989 Loma Prieta earthquake to compare to other
observations, namely Tony Fraser-Smith's data, which he presented earlier
at this meeting. In addition, this system has had stations in operation in
Cdliforniafor alongtime. During that time, some other interesting seismic
activity hasoccurred. We will explorethe datafor those time periods. Finally
we will examine the performance of the system by statistical assessment.
Statistical methodswill be presented in detail.

Instrumentation

Figure 1 showsadiagram of the system. A sensor system feedsanalog data
intoan A/D converter then thedigitizeddatais processedon an IBM PCand
stored on floppy diskettes. The sampling is done continuously. The system
runs 24 hoursaday, and hassince 1982 with a hiatus of a few months. Itis
protected by meansof an uninterruptable power supply (UPS) and back-up
generator. Except for the few times that there has been malfunction in the
sensor itself, the system is very reliableand the data stream is continuous.

Other variablesare known to introduce aberrationsin EM measurements
below 1 KHZ. T o explain as much nonseismic variability as possible, several
factors must be considered. The site location must be chosen carefully. It
must be in an electromagnetically and vibrationally quiet area (e.g., Sites
under power lineswith heavy traffic are not good). Two other variablesthat
must be considered are weather and the consequences of solar activity. For
instance, last year, a four-fold change in the signal valuescould easily have
been misinterpreted to signify seismic activity. This was caused by a solar
flare. On August 16, 1989, two months prior to the Loma Prietaearthquake,
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Fig. 1. Dataisacquired from the sensor, digitized and processed on a PC, then stored on afloppy
diskette.

an X20 solar flare occurred. It was the largest X-ray output ever recorded
from aflare and certainly caused perturbationsin thissystem. These pertur-
bations could have been misinterpreted asindicating earthquake activity.

To account for as much variability as possible, two other systemsare run
concurrently with the EM monitor; a computerized weather station isin
continuous operation. It measurestemperature, wind speed and direction,
precipitation, and barometric pressure. To monitor solar activity, another
computer is attached to the feed from the space environment laboratory
satellite broadcast system. Thisdownlink isa real-time system that provides
dataon solar activity and theterrestrial and spaceenvironments. Thesedata
are accumulated on floppy diskettes. Figure 2 shows a diagram of the com-
plete EM, Weather, Solar Data acquisition system.

Data for Large California Earthquakes

There is an additional expert system component which we will explore
later. But, at this point let's look at the output of the EM system prior to the
Lorna Prieta earthquake. Figure 3 shows daily averaged data for the time
period prior to and after the LornaPrietaearthquake. It begins April 1, 1989
and Ends November 17th. The Y axis represents output units of the A/D
converter. The horizontal linesarethe mean and 2 standard deviationlevels.
The mean isthe signal mean for the 2 years prior to the rise. The upper line
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COMPLETE EM
MONITORING SYSTEM

Fig. 2. The complete monitoring system isdesigned to remainin operation. Power goesthrough
an uninterruptable power supply and is distributed to a weather station, the sensor sta-
tion, and to asolar-terrestrialdownlink. PCs processand record al datacontinuously, 24

hours a day.
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Fig. 3. Electromagneticsignalsprior to the October 17, 1989 Lorna Prieta earthquake.
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represents the 2 standard deviations above the mean. The amplitude of the
highest peak waswell over 34 sigma. Note that the exact highest part of the
peak is missing from the data.

More than a month beforethe Loma Prieta main shock, a few days prior
to September 16, 1989, the signal strength beganto rise. Then, on the 16thit
suddenly shot up to the highest levels recorded since the system wasin put
operation. Beforethe day wasout, the sensor wasdamaged in astorm. It was
replaced with asimilar sensor within hours. Thissensor recorded even higher
levels. In about four days the damaged sensor was repaired and placed back
into service whereit continued to record exceedingly high signal levels. For
the sake of continuity, data from the other sensor was not included in this
figure. The elevated signals continued to the time of the earthquake and
remained afterwards for a few weeks. At the time | was perplexed. My as-
sumption was that the recently repaired sensor had not been repaired
correctly and wasgiving me erroneousdata. The engineer who workson the
system had gone to the east coast on a businesstrip and would not be back
for three weeks. | thought the sensor wasstill malfunctioning and that | had
to wait until the return of the engineer for further repairs.

Shortly before October 17th, | wassurprised to seethe signalsdrop to near
normal levels. As | had observed this phenomenon prior to many other
earthquakes, only then did | realize that the sensor had not been malfunc-
tioning, and that an earthquake was impending but | was still skeptical.
Although the earth shook violently, we werelucky that there wasonly a brief
power outage, and the UPS had protected the system from going down even
through the earthquake. Immediately after the earthquake, | rushed to look
at the sensor datascreens. They werefluctuating wildly. It wasinteresting to
seethat one of the sensors, which may be motion sensitive, showed bursts of
increased activity 5 to 15 seconds before the aftershocks were felt.

| synchronized my watch with WWV and noted the times of dozens of
these bursts. Sometimes| could fed the aftershock, sometimes not. At alater
date | will comparethese notesto theactual times of the aftershockstotry to
determine whether they were dueto actual EM signalsoccurring at thetime
of the aftershock or dueto the mechanical vibration of the sensor at thetime
of the P-wavearrival. The P-wave of the earthquake may betoo small to be
felt, it precedesthe S-wavewhich is usually the perceptible part of the earth-
guake motion.

During the aftershock period, the feed from the sensors were split off the
A/D converters to various monitoring equipment. Lacking more expensive
recording devices, about four hours of videotape were recorded of the signal
activity from the sensorson dual channel displaysduring the few days after
the main shock.

EM observations prior to earthquakes can raiseas many questions asthey
answer. The question hasbeen posed to Tony Fraser-Smith that thesignal he
recorded prior to the earthquake may have been a coincidence; that it needs
corroboration. The signa Tony recorded was concurrent with the signa
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recorded by this system. Although we use different sensor technology, the
sensors were at different locations, and incoming data is processed differ-
ently, nonethel ess, two recordingsof exceedingly high EM signalsjust prior
to a large earthquake appears not to be coincidental.

In further support of the hypothesisthat strong EM signals precede large
earthquakes, letslook at the signas prior to the two other large California
earthquakesthat havetaken placesincethesystem hasbeen in operation; the
Whittier (1987) and Coalinga(1983) earthquakes. Figure4 showsthat about
10 days prior to the Whittier earthquake a very high spike occurred in the
data, then it resumed normal levels. Several days prior to the earthquake it
increased suddenly again to what wasthen record levelsfor the system. This
data was so aberrant that | also believed at that time that the system had
malfunctioned.

Note the similarity of the signals before Loma Prieta and Whittier
Narrows earthquakes. One interesting thing to note here is that the signal
strength remained very high for a few weeks after the Whittier Narrows
quake and then returned to normal. Although the signal level hasdecreased
markedly now, after the Loma Prietaquake, it hastill not quite returned to
pre-earthquake levels.

Figure 5 showsthefirgt large California Earthquake beforewhich elevated
EM signals were observed by this system. It was the 1983 Coalinga earth-
quake. This earthquake occurred very early in the EM observation effort
using thefirst prototype sensor. Datathen wasrecorded on a half-daily basis.
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Fig. 4. Electromagneticsignalsprior to the October 1, 1987 Whittier earthquake.
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Fig. 5. Electromagnetic signds from the prototype station before the May 5 1983 Coalinga
earthquake.

Sincethat time, sensorsand data acquisition procedureshave been markedly
refined. Though an increasein amplitude isclearly visible, the quality of the
data contrasts with data acquired more recently. Nonetheless, the largest
increase seen to that date occurred within a two-week period prior to the
Coalingaearthquake.

It does not appear that observation of exceedingly large EM signalsfol-
lowed by large earthquakes is mere coincidence, especidly now that these
observations have been corroborated by independent measurements. The
question that remainsis. How useful is observation of EM signasfor the
purposes of practical earthquake forecasting? Do they only precede large
earthquakes? Can EM signals be detected before smaller, but potentially
damaging earthquakes, if so, what are the magnitude limitations?

Forecasting Smaller California Earthquakes

These questions introduce us to the rest of the system | promised to de-
scribeearlier. Its purposeisto processthe data through an expert system that
interpretsvariousinputs, resultingin experimental forecastsfor earthquakes
in the magnitude 2-4 range. This magnitude range was selected because
thereis more datato work with due to the frequency of occurrenceof earth-
quakesin thisrange.
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Theincoming dataare input to an IBM PS/2 model 80 or aWyse 25 Mhz
386 computer whereit is processed by expert system softwarethat we have
developed. The output isan experimental forecast that identifiesastart date,
and location for potential earthquakes. All forecastsare for astandard mag-
nitude range of 2.0-4.0. To assess the feasibility and performance of the
expert system, the forecasts of are output to both a paper document and a
computer data file.

Many people mistakenly ask what the percent successrate of the forecasts
is. The most important question to ask is not the percent successrate of the
forecasts, but are the forecasts better than chance, and if so what percent
better than chance are they? As you all know earthquakes are extremely
common in California. Approximately three earthquake’s of magnitude 1 or
less, and 1.5 earthquake's in the magnitude 2, range occur in Northern and
Central California each day. About five magnitude 3's occur within a
1,000-mileradius of San Francisco each week. Because of the high probabil-
ity that earthquakes will occur in agiven area, it is necessary to calculatethe
successrate of actua forecasts then compare the successrate to the chance
success rate for that area. Depending on the location and time frame al-
lowed, chance can range from a few percent to 100%, so it is necessary to
restrict the time frame and radius of the forecaststo insure that they do not
have a high probability of being successful by chance alone.

To determine the difference between actual forecast success rates and
chance success rates and the corresponding statistical probability, a Monte
Carlo procedure was used to analyze the test forecast output. The Monte
Carlo analysissoftwarewasdevel opedat Time Research Institute (TRI). The
assessment procedure is as follows:

First, atime interval, for example Junefirst to July first, isselected. Every forecast
made for a given location generated by the expert system isincluded in the test data
set. A number of parameters are defined that qualify earthquakes for a hit for a
forecast. The parametersinclude the timeinterval allowed for the forecast to cometo
fruition, the maximum radius from the center of the test |ocation, and the minimum
acceptable magnitude for an earthquake.

Thesecriteriaare applied to each forecast of the set of forecasts. Thetest datasetis
then matched with earthquakes that meet thesecriteria. A successrate, expressedasa
per cent iscalculated. A successisdefined asat least 1 earthquake occurring during a
forecast period that meets the selected criteria. No added consideration is given for
multiple hits.

Next, the same number of random dates are generated as there were real forecasts
in the data set. They are generated to fall within the exact timeinterval asthe actual
forecast data, for example, five random dates falling between June I and July 1.
Duplicatedatesare omitted. Earthquake occurrenceiscompared to the random dates
using exactly the same selection criteriaasfor the actual forecasts. Usually about 100
setsof random dates are generated and compared to earthquake incidence to deter-
mine the " chance successrate."” Thisisalso expressed as a percentage.

Other relevant considerations are: The distribution of the pseudorandom date
generator appears flat, and the distribution of the percent success values appears
normal. A z-statisticis used to determine the probability for the difference between
actual forecastsand chance.

M
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The greatest challengeto accurate assessment isto locatea database that is
truly descriptive of the seismic activity of an area. Historical data sets are
accurate, but do not cover the time periods of EM monitoring. More recent
databasesare preliminary and contain known errorsin date, magnitude, and
location of the earthquakes. Other recent databases are selective; including
only seismic events that are large, or that are felt in populated areas.

Two databases are in-house for the Monte Carlo analysis. The analysis
processisinits preliminary stages. The bulk of the analysishasbeen doneon
one database, the other, has only been available for about two weeks. The
first data set is a compilation of data from all available near real-time
sources. It includes all Northern and Central California earthquakes from
thefollowing sources; earthquakesdownl oaded from the USGScomputer in
Golden Colorado, earthquakes from the University of California Berkeley
information line, earthquakesfrom the USGSMenlo Park informationline,
and earthquakes extracted from the weekly Preliminary Determination of
Epicenters. Duplicate earthquakes from two or more sources are omitted.
No other selection criteria or screening of the data has been applied to this
database.

The shortcoming of thisdatabaseisthat thereis no absolute lower magni-
tude cutoffsfor the earthquakes, and the many lower magnitude earthquakes
in the magnitude 2 range and below are missing or not represented accu-
rately. Nonetheless, because no selection criteria were imposed on these
data, one would expect this database to be equally biased towardsgood and
bad resultsfor both actual and random forecastsin the MonteCarlo analysis.

The second database, which has only been available a short while, was
obtained from the USGS Menlo Park with the caveat that it is preliminary
and isknown to contain errors. Thisdatabase, however, has better coverage
of lower magnitude activity. It is not availablein rea time so it cannot be
used to analyze current forecasts. The most recent recordingsare December
of 1989.

Results from the Monte Carlo analysis for the real-time database were
encouraging. Figure 6 showsdatafor a set of 22 forecastsmade for a 25 km
(or about 15 mile) radius from a point in the Northern part of the Loma
Prietazone, from May 28, 1990through July 11, 1990. The X axisisthetime
interval in days after the forecast was made and the Y axisisthe cumulative
percent success rate for each time interval. The stippled area representsthe
successrate of the actual forecastswhilethe striped areabelow representsthe
chance success rate as determined by 100 Monte Carlo runs for each data
point. The line showsthe probability levels determined by a z-statistic. The
best successdifference over chance for the Loma Prieta area was 152%, for
an eight-dayinterval after theforecastswere made. Thesuccessrate was64%
for the actual forecastsand random success was 42%(p < .004).

Figure 7 shows the same data presented a little differently. The stippled
area shows the percent the actual forecasts were better than random fore-
casts, for each cumulativetime period, whiletheline again showsthe respec-




146 M. Hancock Adams
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Fig. 6. Loma Prietaarea: Stippled area showsthe successrate better than chance cumulatively
over aten day period. Striped area shows chance success rate.

tive p vaues. You will note that the actual success rate increases above
chanceat two daysand remainsbetter than chanceby about 150%for at least
a 10-day period.

Figure 8 shows resultsfor the East Bay area, the central point is north of
Livermore, east of Danville. Therewere nineforecastsmade during thesame
timeinterval. The best percent difference over chance occurred after oneday
when actual forecasts were amost 600% better than chance. However, a
maximum of 44.4% total success was achieved by the fourth day of the
forecast period compared to random successof 11.89%. Resultswere highly
significant from day 1 through day 10. Note the better probabilitiesearly in
the forecast period compared to the Loma Prietaarea.

Figure 9 showsthe East Bay data in terms of percent better than chance.
The figure showsa jump to about 600%above random at the first day. It is
interesting to note that these relationshipswere very consistent. When the
data set wassplit, similar resultswere obtained for earlier dataand later data.

Figure 10 showsthe analysisfor the Vallejo area. There weretwo forecasts
made for thisareain the same period asthe other forecasts. After fivedaysa
100% success rate was achieved compared to random at 18%. This figure
shows probabilitiesfor days5 through 10 only dueto limitationsof graphical
scding. The p vauesfor days 1 through 4 ranged from < .04 to < .097.
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Fig. 7. Lorna Prieta area: Stippled area showsper cent better than chance over cumulativetime.

Figure 11 showsthe actual success rate was 800% better than random on
the 5th and 10th days after the forecast was made. Overall the forecastsdid
about 600% better than chance for the entire period.

The Vallejo area overlapsdightly with the East Bay area previoudly dis-
cussed. The point of showing the Vallejo areaisto demonstrate that redun-
dancy occurswithin the system. When activity occurs between or near two
areas, it is usually reflected by individually determined forecasts for both
areas, yet each area analyzed by itself, can produce a significant resullt.

Duringthetimeinterval analyzed,in theaboveareasanywherefrom 2to 6
qualifying earthquakes occurred for each forecast set.

Discussion
As stated earlier, these are the first results of analysis of thissystem. This

research in process, and | have no fina answers. Many haunting questions
remain to be explored such as:

Duplication of these results with other time periodsand data bases.
e The successrate for larger earthquakesin the 4 to 6 range.
e How many of the earthquakes that occurred were actually forecast?

Theseand other questionshave high priority in the research plan. The ques-
tion of duplication looks encouraging though only a few runs using the
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Fig. 8. East Bay Area Stippled area showsthe successrate better than chancecumul ativelyover
aten day period. Striped area is chance successrate.

USGS data base have been done so far. (aset of 100 runs takes about 1-7
hoursof computing time depending on the length of thetimeinterval, num-
ber of forecastsmade, and number of earthquakesin the data base). Some of
the anal ysesshowed positive results ranging from 120-250%above random
and significance levelsof p < .01.

Does the system have a useful application now or in the near future?
Analysisto date indicatesthat the system may be capable of issuing valid
routine forecasts on a daily basis for earthquakesin the magnitude 2-4
range. We now havethree good data pointsfor large Californiaearthquakes.
L ookingthrough the "' retrospectoscope,” theseearthquakescoul d have been
predicted based on the very strong signals observed beforehand. There has
been a greater than magnitude 6 earthquake in Californiawithin a month or
less, each time the signal strength has remained above about the 7
sigmalevel.

Basad on the results of the forecastsin the magnitude 2-4 range, if alarge
signal wereseen, it wouldinspireconfidenceto alert State di saster agenci esof
the high probability of an earthquake of magnitude 6 or more within a 30
day interval. There could be errors; it might not happen. But the cost of
making such aforecast that did not cometrue would be minimal compared
to the consequencesof not makingsuch aforecast. The costsof not makinga

B —
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Fig.9. Eagt Bay Area: Stippled areashows per cent better than chance cumulatively over 10days.

forecast would be measured in lives, casualties, and property damage while
the costsof an unsuccessful forecast would beto the reputation of the system.

In September of 89, a month before the Loma Prieta earthquake, at the
very beginning of thesignal increase, beforethe storm damageto the sensor,
such a forecast was made. Thisisa research project, not production project,
s0 | do not make public, proactive forecasts. However, | was concerned
enough about thissignd to alert about 30 of my neighbors. The only proac-
tive forecast | had ever made to them to that date was there would be an
earthquake greater than magnitude 5.5 in the Loma Prieta area within the
next week. | wasabout three weeksearly on the timing but we all know what
happened after that.

At that time | also redlized the futility of contacting government agencies
without having established a history, knowledge base, or track record of the
system and its potential capabilities. Today, this paper will start that process.
It may be none too soon. On Tuesday August 7th another signal increase
began. It is smaller than the signals before the Lorna Prieta and Whittier
earthquakes, but still remarkable; about a 4-5 sigma change. Artifacts, and
malfunction of the equipment must be ruled out, and | am somewhat skepti-
cal of the increase becauseit began at high noon, atime that could imply a
man-madeartifact. Solar activity does not appear to beafactor, however, we
have had very active weather systems nearby. Nonetheless this signa in-




S e |

150 M. Hancock Adams

FORECAST ASSESSMENT
VALLEJO AREA

% p-VALUE
100 |
80
60 -
40 -
20$
Y
0 £ : :
0 1 2 3 4 5 6 7 8 9 1 0
DAYS ELAPSED FROM FORECAST
E= % RANDOM SUCCESS £ % ACTUAL SUCCESS

~%— p-VALUE

26 KM RADIUS 38.093 N 122.167 W N=2

Fig. 10. Vallejo area: Stippled area shows the success rate better than chance cumulatively over
10 days. Striped areaischance successrate.

crease is unusual, and worth noting. The expert system has made a forecast
for the East bay, but this could well be for coincidental activity in the 2-4
range. It only forecastsfor certain areasand does not locateimpending activ-
ity in generd. It isalso not known how it respondsto a larger magnitude
earthquake.

Concluson

In conclusion, the question has been raised as to the coincidental or
chance occurrence of EM signals observed prior to large seismic events. In
this system we have seen large increasesin EM signals prior to three large
California earthquakes. There has been a one-to-one correspondence of
these signals and subsequent large earthquakes over more than a nine year
period. Theselargeincreases have been the only such increasesin the history
of the system. There have been no false aarms. The occurrence of such
signalsprior to largeeventsiscorroborated by Tony Fraser-Smith'sobserva
tions. Thereforethe conclusionthat EM signalsin thefrequency rangebe ow
1 KHZ precede large seismic events is probably a valid one and certainly
warrants intensivestudy.

The USGS has increased the probability for its forecast for alarge earth-
guake in the Bay Areaiin the next 20 years. Given the past performance of
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Fig. 11, Vallejo area: Stippled area shows per cent better than chancecumulatively over 10days.

thissystem one would expect to see signalssimilar to those observed prior to
the other large Californiaearthquakes at least a week to a month in advance
of the event.

Preliminary evaluations of the feashility of utilizing these signalsin an
expert system to forecast small er earthquakesappearspromising. Thisreport
on preliminary resultsis just the beginning of the exploration of this EM
database. These are the resultsof thefirst trial of using the expert system to
interpret the EM data. After almost 10 years of hands-on experience, | sus-
pect that thereis tremendous untapped potential here.

To redizethe full potential of the system, increased manpower, and re-
sourcesare necessary. Increasing the accuracy and shedding more light on
the mechanismshby which these empirical observationsfunction could yidd
enormous progress towards practical, cost effective earthquake forecasting
the near future.

Post Scripts

1. The East Bay earthquake forecast in the body of this presentation oc-
curred on August 13, 1990 four daysafter this paper wasgiven. A magni-
tude 2.8 earthquake occurred south of Hayward.

2. Theincreased signal activity has continued to be observed through the
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time of submitting thisdocument on October 15, 1990. Strong signals
have now been observed for more than two months. This is unprece-
dented for thissystem. Thesignalshaveincreased in amplitude tolevels
as high asthose that occurred before the Lorna Prieta earthquake. Nu-
merousaberrationsand anomalieshaveoccurredin thesignasthat have
not been observed before. 90% of equipment malfunction possibilities
have now been ruled out.

. Sincethe strong signalsbegan on August 7, 1990 the rate of earthquakes

in the Bay Area, and asfar South asHollister appearsto haveincreased.

. Thesigna sourceisdifficult to locateasthe expert system that identifies

location wasdesigned to operateon lower signal levelsand isfunctioning
suboptimally due to the extremelevel of the signals.

. Thelargest earthquake to occur in Northern or Central Californiasince

the Loma Prieta earthquake (ML = 5.7), happened on October 23rd
near Mono Lake. Landdidesclosed roadsto nearby Y osemite Valley.




