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Introduction

Recently, earth scientists from different fields, such as seismology, 
climate studies and regular weather monitoring, have become 
increasingly interested in low-frequency wind-induced ground motion. 
Due to developments of high-quality seismic network with co-located 
seismometers and barometers, we can learn the characteristics of the 
background seismic noise in a more systematic manner.

In a previous study, Tanimoto et al(2016) used TA stations in North 
Carolina and observed that above certain threshold values, ground 
motion amplitudes increase as pressure increases at low frequency 
bands (0.01-0.05 Hz), thereby indicating local atmospheric pressure 
change is the main source of energy for ground motion. 

Based on equations introduced by Sorrell et al (1971,1973), we have 
derived a series of equations to calculate the shear modulus of the 
shallow earth and associated wind velocity near the surface based on 
the ratio between different ground motion components and pressure. 
We have also noticed daily variation in stacked 24-hour ground motion 
PSD plots for most stations. In general, all three ground motion have 
higher amplitude at noon and lower amplitude at midnight.

In this study, there are two major components in our results: (i) 
shallow structure information from ground motion-pressure ratio and 
(ii) daily variation in ground motion.

Methods

Seismic data from stations in North Carolina (NC) and Southern 
California (SC) are used in this study. All TA stations with infrasound 
sensor attached after mid-2011 are analyzed. 12 SC CI stations’ data 
from 2002 to 2009 are acquired from SCEC. The same type of ground 
motion and barometric pressure data are acquired from both IRIS and 
SCEC, but the infrasound microphone (pressure) data are not available 
at CI. 

Horizontal components are constantly affected by tilting of the Earth 
that is caused by the propagation of plane pressure waves. The tilts can 
represent a major source of noise in horizontal components signals 
(Sorrells et al 1971). Thus, we mainly focus on vertical ground motion 
in this study.

Data segments affected by large earthquakes are removed according to 
local and global earthquake catalogs, because earthquakes can produce 
a sudden and drastic increase on ground motion, which is not 
desirable.
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Discussion

By plotting figures for all stations, there is a daily variation (daily 
maximum at noon and low amplitude during night time) in all three 
ground motion components in yearly data between 0.01-0.05 Hz. We 
believe the mechanism of the daily variation could be complex, because 
many factors can have similar trends such as temperature or humidity 
(opposite pattern), thus the pattern could be caused by one single 
factor or a combination of different factors. There is also a daily 
variation on San Nicolas Island, which is located more than 50 miles 
offshore, thus civil noise is definitely not responsible for the daily 
variation.

Reference

1. Shallow Structure

Equations 1 and 2 are derived from Sorrell et al (1971,73), and they are 
two equations with only two unknowns, which are wind velocity and 
shear modulus. We assumed                 as ~1 in our study. The LHS of 
both equations is the ratio between vertical/horizontal ground motion 
and pressure as shown in figure 1 yellow lines, and these ratios can be 
calculated from stations with clean slopes after certain threshold 
values selections (vary between stations).  We use the average 
amplitudes of N and W components as the horizontal amplitude.

We have calculated 630 out of 1504 stations for individual years 
between 2012 and 2016 (some stations are repeated over multiple 
years, thus less points in the figure). Most stations have a shear 
modulus around 108 ~ 109 Pa. Stations are only used if they have 
recorded data for more than 6 months in one year and shown clean 
slopes between ground motion and pressure. Results are presented in 
figure 2. Both amplitudes for shear modulus and shear wave velocity 
are normalized in order to show on the same map, but the general 
relation between two parameters are clearly captured, especially the 
high Vs area around the Great Appalachian Valley. Stations within the 
Appalachian Valley area generally give higher shear modulus 
calculations, which fits the actual geology setting of the region.

2. Daily Variation

Fig 1. Ground motion amplitudes increase as pressure increases after a  threshold 
pressure value . F04D is a TA station located at Rainier, OR. Yellow lines are slope used 
to calculate shear modulus.

Fig 3. Daily variation patterns in vertical ground motion, pressure, temperature and wind 
speed for 2016 yearlong average. Used normalized PSD (0.01-0.02 Hz) for Z and pressure 
and used normalized actual values for temperature and wind speed. U54A is a TA station 
located at Mountain City, TN. 
Z max(m2/s2/Hz)=3.71e-16, Z min=8.84e-17; P max(Pa2/Hz)=18.4, P min=0.141; T max(°C)=21.0, T min=9.7; WS max(m/s)=1.07, WS min=0.43;

Equations 1 & 2 provide new approach to obtain shallow structure 
information such as shear modulus and associated wind speed for 
locations with co-located infrasound sensor and seismometer. Based on 
the good fit between our results and Vs 30 Model, we are confident that 
equations 1 & 2 could at least provide an accurate qualitative 
determination of shear modulus.

Such results are easy to obtain with two requirements: 

• Station with co-located infrasound sensor and seismometer (one sps
is enough).

• Station with at least one year long continuous data recording.

The amplitude of ground motion is generally higher at daytime, then it 
introduces more uncertainty and scattered points. Due to the 
potentially complicated controlling factors of this daily variation 
pattern, we are not certain about the cause of it; however, we can still 
incorporate it to improve our datasets. In general, we can obtain 
cleaner plots and slopes by only picking data sections at nighttime. 

Because TA has installed infrasound sensor since mid-2011, we will 
have a large data set to work with in the future. We can do more 
calculation once TA stations are deployed again in the West Coast. The 
large dataset and straightforward calculation process give more 
potential of this new approach. The result can help us understand more 
about the fundamental physics between atmosphere and solid earth, as 
well as the shallow earth structure. 

Equations 1 &2 . Derived from Sorrell et al (1971,73). SH,Z : PSD for ground motion. Sp : PSD 
for pressure. c: wind speed. μ: shear modulus. λ: Lame parameter.
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Fig 2. Dots represent TA stations with normalized calculated shear modulus. Underlying map is 
normalized USGS global Vs 30 Model (Vs is squared before normalization). Blue region represents 
higher Vs and blue dots represent higher calculated shear modulus at stations.

(Vs max=900m/s, Vs min=98m/s; μ max=6.66e9Pa, μ min=3.01e7Pa;)

Daily variation patterns for normalized vertical ground motion, 
pressure, temperature and wind speed are shown in figure 3. 
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