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Abstract Receiver functions (RFs) obtained using teleseismic wave records at a seismic station and synthetic

seismograms indicate that RF with a single teleseismic wave record is related to the selection of record section

and to the calculating parameters of the RF. The scatter noise contained in the seismogram also affects the

quality of RF. A new method for calculating receiver function, stacking and smoothing multi-seismic records in

a single station, is presented in this paper. The RF results using some records and some synthetic seismograms

with different noises indicate prominent mantle discontinuity and thus prove that the method is effective and

satisfied.
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1 Introduction

The teleseismic receiver function (RF) is a com-

mon method to study the buried depths of discon-

tinuities in crust and upper mantle (Ammon, 1991;

Langston, 1979; Liu et al., 1996; Lawrence and Shear-

er, 2006; Yang and Zhou, 2001). By using a station’s

three-component teleseismic records, RF is an effec-

tive method to obtain the information about crust and

upper mantle. Radial receiver function were used in

popular. Radial receiver function is deconvolution of ra-

dial record of a teleseismic seismogram to vertical. If the

noises in the teleseismic seismogram can be ignored, the

RF would retain more information of the Earth media,

and the instrument response and earthquake source in-

fluence would be gotten rid of effectively. Whereas if

the noises contained in the teleseismic seismogram can

not be ignored, the deconvolution of the radial record

to vertical would be instable and variant (Liu et al.,

1996).

The frequency domain deconvolution of the radial
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record to vertical for calculating RF is used universal.

To lower the influence of noise on RF and then get

stable RF, some methods were used in many studies

for investigating the discontinuities of crust and upper

mantle, one of which is appending “water level” and

Gauss filter (for example, Owens et al., 1984). The oth-

er methods can refer to Gurrola et al. (1995), Ligorria

and Ammon (1999), Li et al. (2000) and Liu et al.

(1996). The above-mentioned methods are effective for

focal depth no more than 100 km (in crust or upper

mantle) to study the discontinuities and crustal and

mantle velocity structure, while for focal depth more

than 100 km (especially discontinuities in mantle, like

410- or 660-discontinuities), the stability of RF needs

further discussion.

It is well known that the phases related to 410-

or 660-discontinuities are very weak, and these phases

are mixed with noise. Accidental, these phases can be

found in difficulty from the original seismogram. If noise

contained in the teleseismic wave can be omitted, the

phases of 410- or 660-discontinuities may be more clear-

ly in RF than those in the original seismogram. If the

noise contained in the teleseismic wave can not be omit-

ted, it is suspectable that the RF is response of Earth

media when incident seismic body waves pass through

from bottom.

By using Owens’ formula to calculate RF (Owens
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et al., 1984), we discuss the stability of the RFs and

the influence of the record data section, “water lev-

el” and noise contained in record on RFs respectively.

And we propose a new calculating method of RF, which

stack and smooth multi-seismic records at a single sta-

tion to obtain teleseismic receiver function (RFSSMS),

and get clear discontinuities, proving the new method

is effective.

2 Instability of RF

2.1 Influence of c on RF

To study the velocity structure of crust and upper

mantle, Owens et al. (1984) defined the RF as

rR(t) =

∫
R(ω)Z∗(ω)

ϕ(ω)
G(ω)eiωtdω (1)

where Z∗(ω) is the complex conjugate of Z(ω), φ(ω)=

max{|Z(ω)|2, ω·max[|Z(ω)|2]}, α is the width factor

of Gauss filter G(ω)=e−ω2/4α2

, c is “water level” for

avoiding computing instability when Z(ω) near zero. α

and c were gotten by trials and errors. Equation (1) is

used extensively in studying the discontinuities in crust

and mantle. Through RF computation with observed

records and synthetic seismograms, we consider that

α=1.5 is suitable. The Gauss filter with α=1.5 could

suppress high-frequency noise and retain the informa-

tion about discontinuities in crust and mantle. c is a

subjective parameter, and different values of c can lead

to different RFs. For discontinuities in crust and mantle

(depth no more than 100 km) and with seismogram of

satisfied signal to noise ratio, a suitable c can be found

by trials and errors. While for discontinuities in man-

tle (410- or 660-discontinuities, for example), especially

using the record section of 30–80 s after P phase, it is

difficult to find a suitable c and thus obtain a stable

RF. Therefore it is unsuitable using c parameter to in-

crease the stability of RF in the case of studying mantle

discontinuities.

2.2 Influence of data section selection of seis-

mogram on RF

The seismogram data used for RF must contain

the information about mantle discontinuities and not

include the information about direct S wave. For this

reason data section selection of seismogram must be

proceeded before calculating RF. Because the limita-

tion of Fourier transformation in formula (1), 2 048 or 4

096 data points may be used (corresponding to 102.4 s

or 204.8 s respectively when sampling rate is 50 points

per second). nb express the data number before direct

P wave. The RFs are calculated with nb=100, 110, 120,

· · · , 1 900, 2 000 separately, we find different values of nb

always result in different RFs, and the difference in RFs

is more obviously especially in the section of 30–90 s

after direct P wave (Figure 1, nb=100 to 300), which

may contain the information about velocity structure

and discontinuities of mantle. Because the stability of

RFs are dependent on the value of nb, even almost any

difference between two value of nb the RFs are different

obviously, the RFs using formula (1) are unstable.

3 Influence of noises on RF

The observed seismogram can be expressed as

R(t) = I(t) ∗ S(t) ∗ ER(t) +NR(t) +NmR(t)

Z(t) = I(t) ∗ S(t) ∗ EZ(t) +NZ(t) +NmZ(t)

Here, I(t), S(t) and ER(t) are responses of the instru-

ment, earthquake source and seismic wave propagating

media separately, ∗ stands for deconvolution, NmR(t)

and NmZ(t) are station background noises in R and Z

components, NR(t) and NZ(t) are scatter noises with

seismic wave in R and Z components. And we can write

seismogram in frequency domain,{
R(ω) = D(ω)ER(ω) +D(ω)nR(ω) +NmR(ω)

Z(ω) = D(ω)EZ(ω) +D(ω)nZ(ω) +NmZ(ω)
. (2)

We discuss the stability of RF under different noises

with synthetic seismograms. The synthetic seismograms

are made by the matrix method for seismic wave prop-

agation in stratified media (Kennett, 1983).

3.1 Synthetic RF with no noise

If noise do not exist in seismic records, we com-

pute the synthetic RFs with formula (1) using Iasp’91

model. When c=0–0.018, the RFs are the same, nb have

no effect on the RFs. Other models are used randomly

based on Iasp’91 model, the RFs are stable and unique

also.

3.2 Influence of white background noise in sta-

tion on RF

If the seismograms contain white background noise

in station and amplitude of direct P is larger than that

of the noise, the synthetic RFs are stable only when

c=0–0.018 and with different values of nb.

3.3 Influence of periodic low frequent Earth

pulsation on RF

We add harmonic waves with period of 3–10 s on

synthetic seismogram using Iasp’91 model, and calcu-

late the RFs. We find periodic low frequent Earth pul-

sation do not affect RFs if amplitude of direct P is larger
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Figure 1 Influence of data section selection of seismogram on RFs. (a) The R and Z components

in a seismogram in MDJ station. Earthquake occurrence date: 1994-05-02; epicenter location: 1.09◦S,
97.34◦E; magnitude: MS6.4; epicentral distance: 53.8

◦; epicentral azimuth: 221.29◦. (b) Different RFs

with different values of nb. For comparison the difference conveniently, these RFs are stacked together

(on bottom of the figure).
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than that of the noise.

3.4 Influence of scatter noise on RF

The observed seismogram contains scatter noise

produced by Earth unwell-distributed medium under

seismic station. The scatter noise is companied with

seismic signal, and it is difficult to be removed from

the seismic signal using filters. If we consider the single

scatter of direct P wave, AR and AZ are the amplitudes

of P coda wave in R and Z directions separately (Zhou,

1990),

AR = APRCRe
− ωt

2Q ,

AZ = APZCZe
− ωt

2Q .

Here ω is angular frequency, Q is medium quality fac-

tor, APR and APZ are the amplitudes of direct P wave

in R and Z directions respectively, CR and CZ are pro-

portional factors. We let ω=0.6 Hz, and Q=100. Then

nR(t) and nZ(t) could be

nR(t) = ARfR(t)

nZ(t) = AZfZ(t)

fR(t) and fZ(t) are white noise time sequences. The syn-

thetic seismogram superpose on these scatter noises, we

get hundreds of synthetic seismograms with coda noise,

and the RFs are calculated. When both CR and CZ are

greater than 0.4, the RFs are much different from the

RFs of no noise. It is obviously that NR(t) can affect

the result of RF when the amplitude of NR(t) reaches a

level. We can say in some way that the receiver function

can not be used in studying the mantle discontinuities

if the scatter effect is strong enough under the seismic

station.

4 Stacking and weighted smoo-

thing multi seismic-records at a

single station

The noise in seismic waves, especially the scat-

ter noise, can lead to different RFs although relevant

earthquake events occurred in the same region. We cal-

culate RFs using equation (1) for each of events, and

we find that the times of amplitude peaks in every RF

are different from each other obviously. Therefore, it is

not suitable to stack these RFs in time domain to get

relevant phases of discontinuities. But in frequency do-

main, the stacking technique can achieve good result.

In formula (1), the medium response in Z direction is

regarded as a δ function in frequency domain (Ammon,

1991; Langston, 1979), but the observed medium re-

sponse in Z direction is not a δ function because of ex-

isting jump phenomenon in amplitude-frequency curve

of Z direction. According to frequency spectrum theory,

smoothing these jumps appropriately can remove noise

effectively.

We consider N teleseismic records at a single sta-

tion, and these N telequakes are in the same region. If

we restrict the range of the region, the seismic paths

of N quakes are the same under the seismic station,

especially after P transform to S at a discontinuities in

mantle. We stack the N records in frequency domain at

R and Z directions separately, and smooth the stacked

result with five-point weighted smoothing technique,

the smoothing factor h(ω) is

h(ω) =
1

9
(1, 2, 3, 2, 1)

After the stacking and weighted smoothing, R(ω) and

Z(ω) would be replaced by R̃(t) and Z̃(t). The RF is

written as

rR(t) =

∫
R̃(ω)

Z̃(ω)
G(ω)eiωtdω

This method for RF is named stacking and smoothing

multi-seismic records (RFSSMS). Here, no “water lever”

c used.

5 Case study on MDJ and HIA

stations

When using RFSSMS to compute RF at a sin-

gle seismic station for exploring the velocity structure

under the station, the selection of teleseismic events is

important. The number and the location of the events

can affect the quality of RFs. Before calculating RFs

with actual seismic wave data, we selected and prepro-

cessed the seismic records. The principle of selection is

that the data length is long enough, the ratio of signal

to noise is high enough and P phase is clear in original

seismogram. We choose some records at MDJ station

and HIA station to test the effectiveness of RFSSMS.

Here, we choose more than five teleseismic records for

each station (Figures 2 and 3).

From Figures 2 and 3, the RFs obtained using RF-

SSMS have stable and obvious P410S and P660S phases

in RF curves.
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Figure 2 Using RFSSMS method to process the records of M1 group at MDJ station. (a) The

selected teleseismic records at MDJ station (M1 group); (b) ©1 –©5 are RFs using the single record with

different values of nb and stacked together, ©6 is the RF using RFSSMS with different values of nb and

stacked together.
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Figure 3 Using RFSSMS method to process the records of H1 group at HIA station. (a) The selected

teleseismic records at HIA station (H1 group); (b) ©1 –©5 are RFs using the single record with different

values of nb and stacked together, ©6 is the RF using RFSSMS with different values of nb and stacked

together.
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6 Conclusions

1) Through theoretical and actual RF calculation,

we get a stable RF in a single station after stacking

several records in R and Z directions separately in fre-

quency domain, and smoothing the stacked result with

five-point weighted smoothing technique. The RFSSMS

can effectively suppress the influence of noise on RF.

The RF using RFSSMS do not use ”water level” c and

thus avoid the subjectivity for RF, and relevant phases

of major discontinuities in mantle are prominent and

clear in the RFs. But the forms and arrival times of

these phases in RFs using formula (1) are not the same

with different calculating parameters.

2) For the number limitation of teleseismic records,

RFSSMS can not get rid of all noise effect, but if the

number of data is larger, the quality of RF would be

better. Whether the data is enough in a region plays a

important role in effectivity of RFSSMS.

3) The related phases for mantle discontinuities are

weak, and often mixed with other strong phases. We can

still not improve RFSSMS to distinguish all the phases

from seismic records.

Acknowledgements We are very grateful to

Prof. Huilan Zhou for her guidance throughout this

work. Comments by anonymous reviews and the as-

sociated editor have greatly helped in improving the

manuscript. The research was partly financially sup-

ported by Zhejiang Province Science and Technology

Project (No. 2008C23007).

References

Ammon C J (1991). The isolation of receiver effects from

teleseismic P waveforms. Bull Seismol Soc Am 81:

2 504–2 510.

Gurrola H, Baker G E and Minster J B (1995). Simultane-

ous time-domain deconvolution with application to the

computation of receiver functions. Geophys J Int 120:

537–543.

Kennett B L N (1983). Seismic Wave Propagation in Strat-

ified Media. Cambridge University Press, New York, 1–

339.

Langston C A (1979). Structure under Monunt Rainier,

Washington, inferred from teleseismic body waves. J

Geophys Res 84: 4 749–4 762.

Lawrence J F and Shearer P M (2006). A global study of

transition zone thickness using receiver functions. J Geo-

phys Res 111: 111–121.

Li X, Sobolev S V, Li X, Sobolev S V, Kind R, Yuan X

and Estabrook Ch (2000). A detailed receiver function

image of the upper mantle discontinuities in the Japan

subduction zone. EPSL 183: 527–541.

Ligorra J P and Ammon C J (1999). Iterative deconvolution

and receiver-function estimation. Bull Seismol Soc Am

89: 1 395–1 400.

Liu Q Y, Kind R and Li S (1996). Maximal likelihood es-

timation and nonlinear inversion of the complex receiv-

er function spectrum ratio. Acta Geophysica Sninca 39:

502–513 (in Chinese with English abstract).

Owens T J, Taylar S R and Zandt G (1984). Seismic evidence

for an ancient rift beneath the Cumberland Plateau Ten-

nessee: A detailed analysis of broadband teleseismic P

waveforms. J Geophys Res 89: 7 783–7 795.

Yang Y and Zhou H L (2001). Application of receiver func-

tion method to estimate the buried depths of disconti-

nuities in the upper mantle beneath China and adjacent

area. Acta Geophysica Sinica 44(6): 783–792 (in Chinese

with English abstract).

Zhou H L (1990). Geophysics for Earth Interior. Seismolog-

ical Press, Beijing, 218–231 (in Chinese).


	1 Introduction
	2 Instability of RF
	2.1 Influence of c on RF
	2.2 Influence of data section selection of seismogram on RF

	3 Influence of noises on RF
	3.1 Synthetic RF with no noise
	3.2 Influence of white background noise in station on RF
	3.3 Influence of periodic low frequent Earth pulsation on RF
	3.4 Influence of scatter noise on RF

	4 Stacking and weighted smoothing multi seismic-records at a single station
	5 Case study on MDJ and HIA stations
	6 Conclusions
	Acknowledgements
	References

