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Figure 1. Marmousi model with seawater profile of Munk.
This 1s used as true model in this research. The water

depth 1S 450, rorrrrrrrerrere e

Figure 2. Initial model which is made with real seawater
(top) and inversed model using the initial model with

real seawater profile (bottom);Case 1(Shallow case)

Figure 3. Initial model which is made with seawater of
constant value(top) and inversed model using the
initial model with seawater velocity of constant value

(bottom)§ Case 2 (Shallow case) ..............................

Figure 4. Seismogram of true model with seismogram of
the first case on both sides. The source is located at

2/3 point of the model. (Shallow case) «ww-reeeeerereeeess

Figure 5. Seismogram of True model with seismogram of
the second case on both sides. The source is located

at 2/3 point of the model. (Shallow case) :rereeeeereeeeees

Figure 6. Traveltime curve when the source is located at

2/3 point of the model; True model. (Shallow case) ---

Figure 7. Traveltime curve when the source is located at

2/3 point of the model; Case 1. (Shallow case) -+
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Figure 8. Traveltime curve when the source is located at

2/3 point of the model; Case 2. (Shallow case) ==

Figure 9. Difference of traveltime between true model and
Case 1(top) and difference of traveltime between true

model and Case 2(bottom). (Shallow case) --=-=--e-

Figure 10. Marmousi model with seawater profile of Munk.
This is used as true model in this research. The water

depth iS 1 500m ......................................................

Figure 11. Initial model which is made with real seawater
(top) and inversed model using the initial model with

real seawater profile (bottom);Case 1 (Deep case) -

Figure 12. Initial model which is made with seawater of
constant value (top) and inversed model using the
initial model with seawater velocity of constant value

(bOttOl’l’l); Case 2 (Deep Case) .................................

Figure 13. Seismogram of true model with seismogram of
the first case on both sides. The source is located at

2/3 point of the model. (Deep case) «=roreerererrreeeenes

Figure 14. Seismogram of True model with seismogram of
the second case on both sides. The source is located

at 2/3 point of the model. (Deep case) «:rorerererereeeese
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Figure 15. Traveltime curve when the source is located at

2/3 point of the model; True model. (Deep case) -+

Figure 16. Traveltime curve when the source is located at

2/3 point of the model; Case 1. (Deep case) -wreweeeeee

Figure 17. Traveltime curve when the source is located at

2/3 point of the model; Case 2. (Deep case) :wrweeeeee

Figure 18. Difference of traveltime between true model
and Case 1(top) and difference of traveltime between

true model and Case 2 (bottom). (Deep case) -
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Table 1. Differences between inversion results and real

model calculated using eq(13) in shallow water case.-*

Table 2. Differences between inversion results and real

model calculated using eq(13) in deep water case. -+
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Table 1. Differences between inversion results and real model
calculated using eq(13) in shallow water case
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Distance (km)

Figure 1. Marmousi model with seawater profile of Munk. This is
used as true model in this research. The water depth is 450m.
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Distance (km)
0 km/s

Distance (km)

Figure 2. Initial model which is made with real seawater (top) and
inversed model using the initial model with real seawater profile
(bottom); Case 1(Shallow case)
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Depth (km)

Distance (km)

Figure 3. Initial model which is made with seawater of constant value
(top) and inversed model using the initial model with seawater
velocity of constant value (bottom); Case 2 (Shallow case)
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Figure 9. Difference of traveltime between true model and Case
1 (top) and difference of traveltime between true model and Case
2 (bottom). (Shallow case)
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Case 1 92.1426
Case 2 119.7132

Table 2. Differences between inversion results and real model
calculated using eq(13) in deep water case
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Distance (km)

Depth (km)

Figure 10. Marmousi model with seawater profile of Munk. This is
used as true model in this research. The water depth is 1500m.
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Figure 11. Initial model which is made with real seawater (top) and
inversed model using the initial model with real seawater profile
(bottom); Case 1 (Deep case)
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Figure 12. Initial model which is made with seawater of constant
value (top) and inversed model using the initial model with seawater
velocity of constant value (bottom); Case 2 (Deep case)
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Figure 18. Difference of traveltime between true model and Case
1 (top) and difference of traveltime between true model and Case
2 (bottom). (Deep case)
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Abstract

Influence of sound speed in
water column on the frequency

domain full waveform inversion

Yeorang Yun
Department of Energy System Engineering
The Graduate School

Seoul National University

When doing the ocean exploration, seismic waves pass through
the water layer before reaching the stratum. Therefore, the
recorded seismic waves are affected by the attribute of the water
layer. However, when inversion is performed to obtain a velocity
model of the oceanic strata, in most cases, the elastic wave
velocity in the water layer is fixed to a constant value and
inversion is performed without consideration of the elastic wave

velocity in the water layer. This can distort the effect of the
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water layer that the seismic waves received and adversely affect

the inversion.

In this study, to verify the necessity for knowing the velocity of
seismic waves in the water layer when the inversion is
performed using ocean exploration data, it is assumed that the
velocity profile of Munk is the actual velocity of water layer.
Munk's profile is theoretically calculated seismic velocity in
seawater, using the temperature and salinity of the seawater,
which varies with depth. So the velocity profile of Munk is used
as the actual velocity of the seismic waves in the water layer.
Then the constant value and the actual velocity were used for
the elastic wave velocities in the water layer of the two initial
models. In order to compare the two methods, inversion was
performed with the initial model using two methods. The results
were compared using velocity model comparison, seismogram
comparison for the source at a specific location, comparison of
the travel time curves, and error comparison with the actual

model.

From the results, it is confirmed that the result of inversion is
better when the actual velocity is used as the elastic wave
velocity in the water layer than when the elastic wave velocity
in the water layer is determined using the constant value.

Looking at the inversion results first, Case 1 is closer to the

40

A &-tf) 8

'|'|'I



actual model. In particular, the quantitative error of the velocity
model is calculated as 110.4757 for Case 1, 116.4328 for Case
2 when the depth of water layer is 450m, and 92.1426 for Case
1 and 119.7132 for Case 2 when the depth of water layer is
1500m. It means that the error of Case 1 is respectively small
than Case 2 regardless of the thickness of water layer. Also, the
arrival time of the reflected wave observed in the seismogram
fits better in Case 1, and the noise in the latter time period of
Case 1 1s also more similar to the actual model. Finally, the
comparison of the traveltime curve shows that Case 1 is more

similar to the actual model.

In this way, when inversing ocean exploration data, it is
confirmed that if we know the seismic velocities in the water
layer, the quality of the inversion results are better. In the future,
oceanographic studies will be needed to obtain the profile which

can be used as the actual velocity of the water.

The synthetic data used in this experiment is the Marmousi

model.

Key word: Full waveform inversion, Water column, Ocean

exploration, Initial model, Munk profile.
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