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Abstract  Long-time cross correlation of ambient noise has been proved as a powerful tool to extract Green’s function 
between two receivers. The study of composition of ambient noise is important for a better understanding of this method. 
Previous studies confirm that ambient noise in the long period (3 s and longer) mostly consists of surface wave, and 0.25−2.5 
s noise consists more of body waves. In this paper, we perform cross correlation processing at much higher frequency (30−70 
Hz) using ambient noise recorded by a small aperture array. No surface waves emerge from noise correlation function (NCF), 
but weak P waves emerge. The absence of surface wave in NCF is not due to high attenuation since surface waves are strong 
from active source, therefore probably the high ambient noise mostly consists of body wave and lacks surface wave. Origin 
of such high frequency body waves in ambient noise remains to be studied. 
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1 Introduction  

Extraction of empirical Green’s function from 
long-time cross correlation of ambient noise is a rapidly 
emerging field in recent seismology research. It is 
shown that the cross-correlation of the ambient noise 
field will yield the Green’s function between the two 
receivers, as if one of the receivers acts as an impulse 
source (Weaver and Lobkis, 2001, 2004; Derode et al., 
2003; Snieder, 2004; Larose et al., 2005). Application of 
this method to large amount of continuous digital seis-
mic records provides us a new approach for imaging the 
Earth. Surface wave tomography using Green’s function 
calculated from ambient noise has been used to study 
the crust and upper mantle structure within the Earth, 
from local scales to continental scales (Sabra et al., 2005; 
Shapiro et al., 2005; Yao et al., 2006; Lin et al., 2007; 
Yang et al., 2007; Bensen et al., 2008; Zheng et al., 
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2008). Some authors claim that the whole process of 
cross correlation between two receivers is repeatable, 
thus providing us a tool to monitor temporal variation of 
seismic wave velocity of the medium by tracking the 
time shift of the Green’s function. Such technique has 
been used to monitoring velocity change in fault zones 
and volcanoes (Brenguier et al., 2008a, b; Duputel et al., 
2009; Xu and Song, 2009). 

When receivers are widely separated, the coherent 
propagation noise must have sufficient amplitude to be 
recorded by both receivers. Fundamental surface wave 
has dominated the Green’s function obtained from cross 
correlation of ambient noise due to its low attenuation as 
well as geometrical spreading. Wapenaar (2004) claimed 
that both surface wave and body wave can be retrieved 
by cross correlation. This is confirmed by recent studies 
which demonstrate the presence of P wave in noise cor-
relation functions (NCFs) (Roux et al., 2005; Draganov 
et al., 2007; Landès et al., 2010). Zhan et al. (2010) re-
ported that Moho post-critical body waves (SmS and its 
multiples) can be retrieved from NCF in the period band 
of 1−5 s, they also recognized that SmS can be retrieved 
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only for stable continents where Moho is flat. Therefore, 
body waves from NCF are still relatively rare cases, and 
this demands for more studies of body waves from am-
bient noises. 

A better understanding of the composition and ori-
gin of ambient noise is important to improve the accu-
racy of noise based tomography and monitoring. It is 
well known that ambient noise is not flat in frequency 
domain. Two strong peaks of seismic noise are topically 
observed in the primary (around 15 s period) and sec-
ondary periods (around 7.5 s period). The origin of pri-
mary and secondary microseisms has not been well un-
derstood; the primary microseism is believed to be re-
lated to direct forcing of strong oceanic waves (Hassel-
mann, 1963). The secondary microseism is generated by 
the nonlinear interaction between two primary waves 
with the same frequency and opposite direction 
(Longuet-Higgins, 1950). The exact source location of 
secondary microseism is still under debate (Rhie and 
Romanowicz, 2006; Stehly et al., 2006; Kedar et al., 
2008; Yang and Ritzwoller, 2008). At longer period, 
seismic noise with period above 100 s is observed and 
named as Earth hum, which is believed to be related to 
the ocean infragravity wave (Rhie and Romanowicz, 
2004, 2006). It is well accepted that in classic micro-
seism band 5−20 s seismic noise filed predominantly 
consists of fundamental mode of Rayleigh and Love 
waves. In short period, the body wave plays an impor-
tant role because in such a period high-mode surface 
wave rapidly attenuates with distance. Koper et al. 
(2010) made a global survey of noise field in 0.25−2.5 s 
and found that body waves, such as Lg, P waves, con-
stitute most of ambient noise at these periods.  

Most of previous studies consider ambient noise 
with frequency below 5 Hz, partly due to the large dis-
tance between stations they used. In this paper, we 
demonstrate the result of long-time cross correlation in 
high frequency (>10 Hz), using three weeks long re-
cords from a small aperture array deployed in Sichuan 
province of China. Our result shows that weak P wave 
instead of surface wave shows up in the NCFs, indicat-
ing that probably the high frequency noise mostly con-
sists of body wave and lacks surface wave.  

2 Data set 
After Wenchuan MS8.0 earthquake we deployed a 

small aperture array at the northeast edge of the main 
fault. The array consists of eight receivers, each of which 

uses Guralp 40T as sensor and GPS synchronized Reftek 
130B as data acquisition system. These receivers were 
deployed as a cross with inter-receiver distance about 
80−100 m (Figure 1). All these receivers started acquisi-
tion from June 6 2008 to June 29 2008 with sampling 
frequency 500 Hz. The three weeks high sampling rate 
continuous records provided us a good opportunity to 
study the property of high frequency ambient noise cross 
correlation with sufficient short inter-receiver distance. 

Furthermore, to monitor the state of stress in this 
area, we also conducted an active source experiment 
during this period. We used an electric hammer as seis-
mic source to monitor the velocity change, which is 
shown as filled square in Figure 1. A receiver which is 
labeled O is placed just near the active source to record 
the near-source signal. The body wave and surface wave 
excited by this active source were well recorded by all 
these receivers, which thus makes it possible to perform 
further comparison and phase identification of noise 
cross correlation functions. Moreover, a surface wave 
inversion by refraction common mid-point imaging was 
performed, which provided us a primary understanding 
of subsurface velocity structure (Huang et al., 2009). 

 

Figure 1 Position and layout of the small aperture array used 
in this study. Small cross indicates the array’s position with 
respect to Longmenshan fault. 

3 Data processing and results 
The vertical components of records were used to 

obtain the cross correlation function. We prepared daily 
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records for each receiver, and then removed the instru-
ment response. The strong signal excited by active 
source was recorded by these receivers. In order to re-
duce the contamination by these signals, we set the am-
plitude of records to zero when our active source was 
working. Since the active source only worked during the 
first ten minutes of each hour, this does not affect the 
whole ambient noise records used for later cross correla-
tion processing. 

For our experiment was conducted after Wenchuan 
MS8.0 earthquake, many aftershocks were recorded by 

these receivers. Following Bensen et al. (2007), we used 
one-bit method to normalize each record in time domain 
then equalized the noise spectrum from 2 s to 100 Hz. 

Figure 2 displays the spectrum of station A1 before 
and after one bit normalization are applied. Spectral 
peaks are kept after the normalization process, and only 
the relative strengths of spectra peaks (around 10−20 Hz, 
and 30−70 Hz) are different before and after the nor-
malization. Since there is a peak between 30 Hz and 70 
Hz, it is probable that the energy in this frequency band 
leads to emergence of coherent arrivals on NCFs. 

 

Figure 2 Normalized spectrum of noise records at receiver A1. (a) Power spectrum of noise before time domain one bit 
clip. (b) Power spectrum of noise after one bit clip. (c) Power spectrum of noise after one bit clip and 2 s to 100 Hz 
spectrum whitening. Each spectrum is normalized by its maximum. 

We applied frequency whitening after one bit nor-
malization in order to broaden the frequency band in the 
cross correlation function. After time normalization and 
spectrum whitening, we calculated the cross correlation 
functions between receiver O and other receivers day by 
day, and then stacked them together to correspond to 
longer time series. The same procedure was performed 
for receivers A4 and B1 which are located on the edge of 
each line in the array cross.  

The stacked NCFs band passed from 30 Hz to 70 
Hz are plotted as black traces in Figure 3, arranged in 
increasing inter-receiver distance. The labels on the left 
of the figure indicate the receiver pairs against which the 
NCF is calculated. The records of P wave excited by the 
active source are overlaid as red traces. Those NCFs 
whose inter-receiver distances are almost same are not 
shown to avoid overlapping traces. According to Huang 
et al. (2009), the surface wave velocity in this area is 
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about 300 m/s, which is plotted as green dashed lines in 
Figure 3. There seems to be no strong surface wave sig-
nals along this line in the NCFs. Also, we estimate the 
apparent velocity of P wave using the P wave records of 
active source, and the velocity is close to 2 km/s (blue 
dashed line). Along the blue line, we can see some sig-
nals in most NCFs, which may be weak P waves ex-
tracted from cross correlation of ambient noise. The 
slope of 2 km/s does not fit the data perfect, which may 
be caused by the path effects of receiver pairs, since not 
all the receiver pairs we used are in the same direction. 
Our result shows weak P wave emerges in the NCFs 
without obvious surface waves. This indicates, at least 
in frequency 30−70 Hz, the noise field consists of more 
body waves and less surface waves. 

 

Figure 3 Noise correlation functions from cross correlation 
of vertical component of each receiver. NCFs are shown as 
black waveforms with respect to inter-receiver distance together 
with P wave excited by active source shown as red waveforms, 
both are filtered from 30 Hz to 70 Hz. Labels indicating receiver 
pair used for each cross correlation are shown on the left above 
each NCF waveform, the active source and receiver pairs are 
also labeled on the right above each red waveform. Waves 
propagating with apparent velocity 2 km/s and 300 m/s are 
plotted as blue dashed line and green dashed line separately. 

4 Discussion and conclusions 
Reconstruction of Green’s function from ambient 

noise cross correlation has been extensively studied re-
cently, and the inter-station distance of these works vary 
from several kilometers to thousands of kilometers. 
Green’s function retrieved from long distance mostly 
consists of low frequency signals since high frequency 
noise attenuates quickly with distance. Our experiment 
provides a good opportunity for studying high frequency 
noise correlation. But as shown in Figure 3, there exists 
large amplitude signals around zero lag in the NCFs. 
This may due to the short inter-station distance of our 
array. The receivers are extremely close that the largest 
distance is shorter than 500 m. The local noises, such as 
wind flow, human activity, micro vibration, caused by 
local earthquakes, remain coherent at these receivers. 
After long-time cross correlation, these signals show up 
around the zero lag. The shift time from zero increases 
with distance without obvious constant apparent velocity. 
These strong signals have a broad spectrum varying 
from 10 Hz to 80 Hz, indicating complex origins of 
noise contributed to these signals. 

Surface wave signals are absent in our NCFs al-
though clear surface wave excited by our active source 
can be observed at these receivers. Instead, weak P 
waves can be observed in NCFs. For receiver pairs 
whose distance is larger than 150 m, P wave signal is 
easy to identify. But for those pairs whose distances are 
shorter than 100 m, this signal is not obvious. As men-
tioned above, there exist large amplitude signals around 
zero lag. For short-distance pair, the travel time of P 
wave is small, so the P wave may be buried in these 
strong signals. Considering the existence of high fre-
quency surface wave excited by the active source, the 
absence of surface wave in NCFs is not due to attenua-
tion. The possible explanation may be in such high fre-
quency, the noise field consists more of body waves 
while lacks surface waves. 

Extracting body waves from noise cross correlation 
remains challenging, as well as locating source of body 
waves in ambient noise. Landès et al. (2010) studied the 
P waves from noise cross correlation in secondary mi-
croseism band and suggested these P waves were com-
posed of teleseismic P waves. The source is related to 
oceanic waves located in deep part of ocean or in the 
near-coastal regions or both. Similar results are obtained 
by Koper et al. (2010). The P wave obtained by Landès 
et al. (2010) has near vertical incidence and high appar-
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ent velocity larger than 10 km/s. The weak P wave ob-
served in our result has a much lower apparent velocity 
and higher frequency, the origin of this P wave needs 
further research. 

In this paper, long time ambient noise cross corre-
lation was performed using records from a small aper-
ture array. For the frequencies from 30 Hz to 70 Hz, 
there are no obvious surface waves in the NCFs, sug-
gesting absence of surface wave in high-frequency noise 
field. Weak P waves are observed instead, which indi-
cates high frequency noise filed may consist more of 
body waves and lack surface waves.  

Generation mechanism of the peaks (Figure 2) be-
tween 10−20 Hz and 30−70 Hz are not known yet. 
Bonnefoy-Claudet et al. (2006) attributed high fre-
quency noise (>10 Hz) to culture origin, but Berger et al. 
(1988) observed spectral peak from 30 Hz to 70 Hz in 
noise field at Kazakhstan which is sparsely populated 
and tectonically stable as well as far from coasts. Berger 
et al. (1988) claimed these high frequency noises were 
generated by natural source such as wind. They also 
found that local site amplification and exposed terrain 
can lead to much stronger noise. The Ningqiang array is 
situated on soft sediments in a valley, and the surround-
ing mountains may serve as exposed terrain coupling 
wind motion into ground motion. 

Young et al. (1996) proposed that wind- generated 
noise is broadband (10−60 Hz), and culture-generated 
noise is much weaker in this band. Therefore the peaks 
in the range of 40−70 Hz we observed in the Ningqiang 
array are probably generated by interaction between the 
mountains and wind. But why body wave component is 
preferentially excited by the wind-topography interac-
tion is not well understood yet, and the origin of body 
wave remains to be studied. 
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