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Chapter 3: Application of Empirical Mode Decomposition to 

Microtremor Data 

3.1 Microtremor – HHT Technique 

Data background 

Microtremor are seismic data produced by local noise and collected using a wide-band 

seismometer. Typically, seismic data is most useful when there is minimum noise 

because noise prohibits studying deep Earth structures, however, microtremor studies use 

noise as the source. Transient noise is one type of noise that contaminates microtremor 

data and requires removal. Placing a seismometer at a single location and collecting data 

for hours describes the microtremor data collection process. Recording and analyzing the 

coherent noise produced by natural and anthropomorphic sources provides the data for 

understanding the subsurface as applied to engineering such as structural design. These 

data provide valuable information regarding the local structure beneath and around  

survey sites. This particular microtremor data collection was part of a larger project to 

analyze the sediment thickness of Beijing, China’s central city. 

The city of Beijing sits on the alluvial fan with mountains circling from the west to north 

and onward to the east. Hundreds of meters of sediment cover bedrock where a series of 

faults underlie the city and surrounding communities, resulting in an earthquake hazard 

[Liu et al., 2015]. In fact, an historic magnitude 8 earthquake occurred just 70 km east of 

the city center (the 1679 Sanhe-Pinggu earthquake) [Liu et al., 2015]. When sediments 

exist over bedrock with seismically active faults, there often exists a concern about how 

structures react to ground motion. For example, a magnitude 8.1 earthquake rattled 

Mexico City on September 15, 1985 and the city suffered major damage [Liu et al., 
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2015]. This damage resulted from seismic energy resonating in the sediment-filled valley 

underneath Mexico City. The sediment layer of the valley had a natural frequency of 2.5 

Hertz and buildings with a height of 15 to 16 stories have similar resonance frequencies 

[Liu et al., 2015]. As the seismic energy traveled through the bedrock and into the 

sediment, the waves began to resonate between the bedrock and the surface, buildings 

started to crumble and the soil started to liquefy. Beijing is in a similar situation; even 

though the sediment composition is different the sediment thickness focuses the seismic 

energy in much the same way [Liu et al., 2015]. Microtremor data can be used to non-

intrusively determine the sediment thickness and is more economical than using a drill 

rig. 

To compute the sediment thickness from microtremor data, a common practice in 

microtremor data pre-processing is to exclude the transients by using an anti-triggering 

technique (which is opposite to the triggering approach of traditional seismic records) 

which uses the short-term average to long-term average (STA/LTA) ratio [Liu et al., 

2015]. The commonly used values in seismology are 1 second for STA and 25 seconds 

for LTA and typically generates a ratio between 0.2 and 4.0 [Liu et al., 2015]. This is the 

microtremor data selection criterion used in GEOPSY, a microtremor analysis software 

package [Bard et al., 2004]. 

While GEOPSY removes data contaminated with transients and local monochromic 

noise, the enhanced approach accomplishes the same effect but removes signals by 

eliminating certain IMFs. Unlike the anti-triggering method using the STA/LTA ratio to 

excluded transient portions, the data after HHT enhancement remains continuous. This 
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greatly improves the signal analysis by eliminating edge effects of the time series because 

the data remains continuous. 

3.2 Microtremor Data Analysis Enhancement 

The enhancement of microtremor data using HHT follows these three processes. The 

processes are: 

1. The elimination of the local transient signals through EMD analysis 

2. Identification and elimination of continuous monochromatic noise 

3. Application of the Hilbert-Huang spectrum to determine the H/V ratio 

Processing the microtremor data collected from the Beijing area demonstrated the 

aforementioned processing steps [Chen et al., 2008]. 

 

Elimination of Local Transients 

This processing step involves reducing the time series data into their IMFs using EMD 

then removing the IMF that contains the majority of the transient energy. Figure 3.1 

shows the IMFs of 1 minute of East-West component microtremor data. The top row 

represents the original microtremor data with each successive row showing the IMFs in 

sequence from 1 to 5. In this particular example, IMF1 and IMF2 are the predominant 

contributors in the EW components. In general, IMF1 always possesses the highest 

frequency content and is most likely associated with transient noise. By definition of the 

IMF, the IMF order is from highest to lowest frequency. 

To demonstrate that IMF1 is most likely associated with transient noise, the Fourier 

Transform was applied to the vertical component to analyze the frequency structure of 

the microtremor signal. The left column of Figure 3.2 shows the raw data, IMF1 and the 
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summation of the remaining IMFs for the vertical component from site OL-14. The right 

column shows the corresponding behavior of the left column in the frequency domain. In 

a comparison of the left column images to the original data, it is clear that IMF1 contains 

the dominant signals contained in the raw signal. The frequency analysis or the right 

column of plots, shows that IMF1 dominates the high frequency band above 10 Hz. 

Therefore, IMF1 originates locally and contains the transient noise. Usually, the high 

frequency constituents in the microtremor records are generated locally by transient noise 

sources that do not contain much useful geological or engineering information. 

Theoretical analysis has also indicated that noise within one wavelength of the site may 

be useless for microtremor analysis [Arai and Tokimatsu, 2004]. 

 

Figure 3.1: An example of the East-West component microtremor records and their IMFs 

from the 1st to the 5th mode after the empirical mode decomposition. 
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Figure 3.2: An example of the time domain record for the original vertical component, 

IMF1 and the signal with IMF1 removed (left column) and their corresponding amplitude 

spectra in frequency domain (right column). 

The EMD filtering technique was applied to microtremor data collected at OL-14 

(=40.006°, =116.450°, and h=40.5 m), a site near the Olympic Green and north of the 

center of Beijing. Since the site is located within the bustling city of Beijing, local 

transients heavily contaminate the signal, as shown in Figure 3.3. Using EMD and 

eliminating IMF1, the power of local transients is suppressed. Using signals without 

IMF1, a comparison between the STA/LTA ratio without IMF1 and the raw data shows a 

significant drop in the ratio at the time of the transients. Figure 3.4 shows the east-west 

component and this comparison with the overall reduction of the influence of the local 

transients on the STA/LTA ratio. For the first 30,000 data points, a reduction of the 

maximum STA/LTA ratio goes from 4.0 for the raw data to 2.94 after eliminating IMF1. 

Excluding IMF1 eliminated the seven peaks with the STA/LTA ratio exceeding 3.0. The 
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new data are continuous with transients removed or their influence to the ratio reduced. If 

using GEOPSY to process, the removal of the data creates a discontinuous dataset. 

Discontinuities are unfavorable for the remaining processing steps. 

 

Figure 3.3: The original 3-component microtremor data recorded at site OL-14; and same 

data with IMF1 removed using the EMD analysis. 
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Figure 3.4: The upper lines show the STA/LTA ratio and the lower lines show the signal 

amplitude with all the data (black line) and with IMF1 removed (red line). 

After removal of IMF1, the data processing continued as normal. As a comparison, the 

data was processed with the transients and the data with IMF1 removed. As shown in 

Figure 3.5, there is no clear H/V peak when using all of the data. In contrast, there is a 

clear peak, albeit broad, in the data with IMF1 removed. This is a clear improvement in 

the ability to analyze the data effectively. 
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Figure 3.5: The Fourier spectra and H/V results from the original 3-component 

microtremor data recorded at site OL-14; and same analysis with IMF1 removed using 

the EMD analysis. 

Elimination of Continuous Monochromatic Noise 

Like Fourier based analysis, EMD can be used to remove continuous frequencies such as 

monochromatic noise. Monochromatic noise has a limited frequency band and can 

generate false peaks in the H/V ratio analysis especially when the noise appears in the 

horizontal or vertical components. To eliminate these false peaks, the data is processed 

into IMFs and the IMFs that are dominated by the noise are removed. Some of the survey 

data collected in the Beijing survey contained this type of noise. An analysis of the noise 

shows that it has a frequency around 1.5 Hz in the horizontal component. An industrial 

park under construction was the known source of the noise [Liu et al., 2015]. 

Data collected at NW282 had a 1.5 Hz resonance in the EW component and this noise 

would adversely affect any H/V analysis (Figure 3.6). When breaking the data down into 
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their IMFs, the third IMF contains most of the 1.5 Hz noise. Therefore, this IMF was 

excluded, the remaining IMFs were summed together and processed using the H/V 

analysis steps. The H/V analysis done on the original data shows the monochromatic 

noise and a resonance peak at 1.5 Hz. Figure 3.7 shows the H/V analysis on the original 

data on the left and the H/V analysis on the data with the third IMF removed has 

improved and a resonance frequency at 1.2 Hz. 

 

Figure 3.6: The original 3-component data at site NW282 and after the elimination of the 

1.5Hz continuous wave (IMF3) in the horizontal components and IMF3 with additional 

transient in the vertical component. 
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Figure 3.7: The left side (a) shows the H/V result from the FFT algorithm using the 

original data from the NW282 site. The right side (b) shows the same analysis for data 

with IMF3 excluded. 

Improvement in the H/V Analysis 

As was seen in an earlier analysis of data using H/V analysis, the frequency band was 

broad which leads to the conclusion that there is low frequency resolution. This is typical 

with frequency analysis using Fourier transform analysis. The goal is to use the Hilbert-

Huang transform to increase the frequency resolution during H/V analysis and get sharper 

resonance peaks. 

For the data collected at OL-14, the Hilbert-Huang Spectrum (HHS) was computed for 

each component. Figures 3.8 to 3.10 show HHS for the East-West, North-South and 

Vertical components for all the data and with IMF1 removed, respectively. The time 

series (the top plot), the time-frequency-energy distribution image (the middle plot) and 

the summation of the energy by frequency (the left plot)when combined form the HHS. 
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The plot on the left can be interpreted as the Fourier spectrum. The sampling rate of the 

data is 50 Hz, however, the figures show only the first 10 Hz. The data above the 10 Hz 

range is inconsequential to the analysis so the upper range of the axis was set to 10 Hz. A 

notable feature between the original data and the data with IMF1 removed is the decrease 

in energy above 6 Hz. The time-frequency-energy distribution plots shows the amount of 

energy in each frequency for each block of time. For these plots, the original data show 

no coherence. After removing IMF1, the data is no longer saturated with noise and the 

plots start to show coherence. This is most noticeable in the vertical component where 

lines start to appear in the image plot. These lines show the connection between the 

changes in frequency and energy as a function of time. 

An objective of this processing is the removal of energy caused by transients. All of the 

original data plots show a large transient signal at about 1100 seconds. This transient has 

a lot of energy and is easily seen in the image as the values turn red as the frequency 

increases. Removing IMF1 removes nearly all the energy from this and other transients. 



 34 

 

 

Figure 3.8: HHS of the original East-West component data at OL14 and the HHS of the 

same component with IMF1 removed. 
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Figure 3.9: HHS of the original North-South component data at OL14 and the HHS of the 

same component with IMF1 removed. 
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Figure 3.10: HHS of the original vertical component data at OL14 and the HHS of the 

same component with IMF1 removed. 



 37 

Using the frequency data generated from the HHS analysis and processing it using the 

H/V analysis procedure shows a sharper peak resonance then the FFT analysis. Figure 

3.11 shows this result. Unlike the FFT analysis, the HHT’s instantaneous frequency 

calculation does not share energy with the higher frequencies. The sharper, more 

definitive peak improves the sediment thickness calculation. 

 

Figure 3.11: The H/V results from the FFT (dashed line) and the HHT (solid line) 

algorithms with the elimination of IMF1. 

From the comparison of the H/V results shown in Figure 3.11, we can see a sharper peak 

for the HHT-derived H/V ratio than for the FFT-derived ratio. Consequently, it implies a 

higher resolution in determining the fundamental resonance frequency, which is critical 

to infer sediment thickness with a better constraint [Parolai et al., 2002]. A borehole 

drilled as a water well in this area (=40.0167°, =116.35°), 8 km away from site OL14, 

revealed the thickness of the Quaternary overburden to be 92 m [Liu et al., 1989]. The 

sediment conditions are similar to an area near Cologne, Germany, therefore the 

frequency-sediment thickness relationship used by Parolai, et al. [2002]:  
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 h = 108 fr -1.551 (2.14) 

is suitable for correlation at the Beijing area site [Chen et al., 2008; Wang et al., 2008]. 

Using the HHT peak resonance of 1.2 Hz, the computed sediment thickness is 82 m. 

Using the FFT peak resonance of 1.6 Hz, the computed sediment thickness is 52 m. In 

general, the HHT result is more consistent with the depth to bedrock collected in a 

borehole 8 km away from OL14. In addition, sediment thickness inferred from 

microtremor H/V analysis at other sites with higher quality data are all in the same range 

[Chen et al. 2008]. 

Using EMD signal analysis techniques have greatly improved the results from 

microtremor data collected in the Beijing, China area. The source for microtremor data is 

ambient noise and by nature noise is nonlinear and non-stationary therefore Fourier based 

analysis would never full transform data in a truly meaningful way without adding 

spurious data. 

  


