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ThE CORRELATION OF MICROSEISM ACTIVITY 

AT CORVALLIS, OREGON, WITh VABIOUS 

b1ETEOROLOGIC AL PRENOÌNA 

INTROI)UCT ION 

The inerea8e lxi amplitude oS the rnicroseisms xe- 

oordeci on the 1ichter three.component seismograph 

Loeated at Corvallis, Oregon, was observed to correlate 

at times with a rapid drop in barometric pressure, also 

recorded at Corvallis. The barograms and the seismo-' 

grams were examined, but many instrnces were noted ot 

sudden drops in pressure with no increase in microseism 

amplitude, or increases in the microseism amplitude 

while the pressure remained steady or changed Only 

slowly, The few cases when one efrect accompanied the 

other led to the investigation of the pressure gradient 

as the possible Cause. Detailed studies et causes of 

microseisms have been urged by utenberg (1, p. 1310). 

In the present study it was assumed at first that the 

gradient might produce a deformation itt the earth's 

crust that would produce the microseisms, but because 

or the directional eflect observed the results do not 

support this hypothesis. 
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MICtOSEIM DATA 

The first section of this thesis discusses the 

reasoning and the method used to determino the amplitude 

of the microseisms at sorne particular time. 

The initial survey of the seismograph traces in 

dicate that time variations in microselam amplitude 

could be adequately shown by measurements taken every 

two to three hours; thus the measurements were made on 

the even hours, Pacific Standard Time. The period 

covered was about five months-from November 2, 1954, 
to April 13, 1955. 

The best nietho of measurement was considered 

from the standpoints of the reliability of the resultant 

data and the ease of measurement. Statistically the 

average or the median values would be best, but no 

practical moans for their measurement was devised. 

The microseismic waves are quasoinusoidal; 

Plate I is a portion of a typical seismogram showing the 

nature of the motion, The timing markers are one minute 

apart. Since waves from many directions aro arriving at 

any instant in time, the resultant wave is the vector 

suni of the individual waves. This leads to an inter- 

.Verence effect in that in one increment of time the 

resultant may be a minimum in magnitude, and the next a 
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maximum. Thus it is evident that either the average or 

the median values would be dirficult to obtain. 

The method adopted was to read the rnaximum value 

that occurred within two or three minutes of the recorded 

time of measurement. js a 1urther check on the accuaey 

of the measurement, a viaual estimate was made of the 

amplitude variation between measurements in addition to 

the overall variation from day to day. 

imum peak*.to.peak variation was recorded. 

The method used was to measure the amplitudo using 

a gauge having parallel lines spaced twenty thousandths 

of an inch apart. These linos wore inscribed on the 

underside of a sheet of cloa plastie, and viewed by 

means of a magnifying glass. 8ince the vui.ed side of 

the plastic was put nezt to the record sheet, parallax 

was eliminated. 

The data are recorded as pure numbers. Each 

number represents the width of the trace in gauge 

ruling. 

For a more precise analysis it would be necessary 

to increase the sensitivity of the seismograph. Nat 



only wou;L4 the amplitudes be easier to read re accur- 

ately, but the thrashold sensttivlty would be increased, 

giving more significant readinga during periods of low 

microseisntic activity. 



CORRELATION WITh METEOflOLOGICAL PHENOMENA 

The second section of this thesis de&1s with the 

possible excitation mechanism. The significant carrela- 

tion. with the pressure gradient suggests two possible 

causes. 

The most probable mechanism was thou' t to be 

the wind against either or both the Cascades and the 

Coast Range in Oregon. These rangos are primarily 

north-south and so the maximum wiM effect mould be 
from the west-east component of the wind. Plate II 

shows the geography involved. Since this component is 

directly proportional to the pressure gradient component 

measured along a north-south axis, a high correlation 

between the microseisni amplitude and the north-south 

component of the pressure gradient would indicate that 

this wind component could be a causo. 

The magnitude of the pressure-gradient was first 

obtained roughly from Weather Bureau maps and plotted 

versus time. similar plot of the microseism ampli- 

tude versus time was made and the two showed a high 

degree of correspondence. 

The next stop was to obtain the hourly pressures 

recorded on an east-west and a north-south axis about 

Corvallis, calculate the pressure gradient components, 
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and find the correlation coefficients between the 

microseism amplitudes and the gradient components. The 

Ithe from Portland to Foseburg, and the 1.the from 

Astoria to The Dalles form the north-south and the 

east-west base-lines. These are shown in Plate II. The 

sea-level atmospheric pressure at each of these four 

points was obtained from punched cards supplied by the 

U.S. Weather l3ureau, National Weather Records Center, 

Asheville, N.C. (10) 

The microseism amplitude and the four pressure 

values were then punched onto IBM data cards. Each 

card contains the xnicroseisxn amplitude and the corres- 

ponding pressure values from the four stations. The 

pressure differences, the sums of the squares and the 

sums of the cross products were computed on the IBM 604 

digital computer at Oregon State College. From these 

the correlation coefficients arid the constants for the 

least squares lines were obtained. The correlation 

coefficient, r, is obtained from the equation (9, p.99) 

/V -XY 
where N is the number of cases, 

X is the individual pressure difference, and 

Y is the Individual microseism value. 



The least squares line is in the form (9, p. 111) 

who re 

Y bx 

L <- 
p= 

A preliminary visual examination of the data had 

shown that the direction of the gradient component was 

important, so the correlation coefficients between the 

rnicroseism amplitude and the northward, eastward, south- 

ward, and the westward components of the gradient were 

calculated. 

The results are as follows: 

Pressure differences 
(Positive values) 

Roseburg minus Portland 

Portland minus hoseburg 

Astoria minus The Dalles 

The Dalles minus Astoria 

Number Correlation 
of cases coefficient 

640 0.608 

424 0.123 

634 -0.081 

962 -0.151 



DISCUSSION OF 1ESULTS 

The high correlation between the northward 

gradient component indicates that the westerly wind may 

be tho exciting mechanism. If the wind on the mountains 

were the cause, one would expect a Ì1i1 correlation with 

the south gradient component also. However this ignores 

any posib1e shielding el'fect of the various mountain 

ranges to the east which would tend to reduce the low 

level easterly wtnds, a factor not present in the flow 

of westerly winds from the ocean. Another possibie ox- 

planatlon IB that the surf produced by the west wind 

causes the niicrosejzrns. 

Plates III through VI show the plots at xiicro 

seism amplitudes versus the positive pressure difference 

between stations. For the Portlsnd-Roseburg axis each 

plotted point represents three Items of data; on the 

Astoria-The Dalles path each point represents five Items 

of data. Thus the number of points clustered around a 

particular inicroseism aniplitude'.pressure difference 

value indicates the number of times that this particular 

pair of values appeared simultaneously in the tota? 

data (8). 

Considerable work on this problem has been done by 
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the Lamont Geological Observatory (27). Their reports 

state that the cause of microseisms is not surf but is 

coupling between offshore winds and the sea surface. 

They concluded that the disturbance must be at sea and 

that cold fronts and marine low-pressure systems produce 

the most severe niicroseisrnic disturbances. 
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C ONO LUS IONS 

:i.. The ntcrose1m amplitude at Corvallis 1 s1gnifi 

cantly correlated with the northward pressure gradient 

component as measured by positivo values of Roseburg 

minua Portland sea level presstres. 

2. The data presented in this thesis neither dis-' 

proves nor substantiates the hypothesis of mechanical 

coupling at the sea surface reported by the Lamont group. 

Their mechanical copling hypothesis does not admit a 

directional sensitivity to the pressure gradient, however. 

3. Continued research is indicated using a seismo- 

graph expressly designed to record microseisms and to 

give a record of the average or the peak values of the 

amplitude versus time so that no human judgement is 

needed in readina the data. At least a year's data would 

give a much better indication as to the dependence on 

the pressure gradient components. 

4. The rdcroseism amplitude should be correlated with 

the raeasuremerit of the surf at coastal stations. 

5. The microseism amplitude should be correlated 

with the winds aloft at a nearby station such as the 

projected rawinsonde installation at Salem, Oregon. 
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