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Density:       2.5 g/ccm
S-velocity: 1.5 km/s

Layer 1: P-velocity: 3.0 km/s

P-velocity: 3.637 km/s 
S-velocity: 1.900 km/s

Slowness-averaged:
P-velocity: 3.762 km/s
S-velocity: 2.011 km/s

Velocity-averaged:
P-velocity: 4.000 km/s
S-velocity: 2.25 km/s

Voigt-averaged: 
P-velocity: 4.135 km/s
S-velocity: 2.379 km/s

Density:       2.6 g/ccm

Layaer thickness: 10 m

Layer 2: P-velocity: 5.0 km/s
S-velocity: 3.0 km/s

Original periodic medium:

Isotropic replacement media:

Legend:

Reuss-averaged: (equal vertical
velocities of Backus averaged medium)

P-velocity (km/s)
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1) Vertical P-velocity (Backus 20 m)
2) Horizontal P-velocity (Backus 20 m)
3) P-velocity from Voigt smoothing (20 m)
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P-velocity: 3.0 km/s
S-velocity: 1.5 km/s
Density:      2.5 g/ccm

Thin layer 2:

Shotposition: x = 0.5 km
z = 0.425 km

Geophones:  x = 1.15 + (i-1) x 0.0125km (i = 1, 2,.., 57)

Properties Original medium

Top layer:

Middle layer:

P-velocity: 5.0 km/s
S-velocity: 3.0 km/s 
Density:     2.6 g/ccm

Thin layer 1:
(10 m thick)

(10 m thick)

Bottom layer: S-velocity: 1.85 km/s
Density: 2.3 g/ccm

P-velocity: 3.2 km/s

Inclination: 0.0 deg

Density:      2.55 g/ccm

P-velocity: 1.5 km/s
S-velocity: 0.0 km/s
Density: 1.0 g/ccm

TI replacement medium

Vert. P-velocity: 3.637 km/s
Vert. S-velocity: 1.900 km/s

Epsilon:       0.142
Delta:         -0.0624 
Gamma:       0.284
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P-velocity: 1.5 km/s
S-velocity: 0.0 km/s
Density: 1.0 g/ccm

P-velocity: 3.0 km/s
S-velocity: 1.5 km/s
Density:      2.5 g/ccm

Thin layer 2:

Shotposition: x = 0.5 km
z = 0.425 km

Geophones:  x = 1.15 + (i-1) x 0.0125km (i = 1, 2,.., 57)

Properties Original medium

Top layer:

Middle layer:

P-velocity: 5.0 km/s
S-velocity: 3.0 km/s 
Density:     2.6 g/ccm

Thin layer 1:

Bottom layer: S-velocity: 1.85 km/s
Density: 2.3 g/ccm

P-velocity: 3.2 km/s

Density:      2.55 g/ccm

Generation of effective medium: Assumed same effective medium as in horizontal case, except
for the inclination angle, which is set to 10 degrees, equal to the layer dip of the original medium.

Periodic layering, each of 10 m vertical thickness.
Inclination: 10 deg

Inclination: 10 deg

Original medium has layers of slightly different values at gridpoints due to interpolation and 
discretation.

TI replacement medium

Epsilon:       0.142
Delta:        - 0.0624 
Gamma:       0.284

Vert. P-velocity: 3.637 km/s
Vert. S-velocity: 1.900 km/s
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Reuss replacement mediumb)

Thinlayered modela)

Reuss isotropic wavefront

Voigt isotropic wavefront

� � � � �  ! " # $ % & ' ( ) * + , - * . / , 0 - + 1 ' 2 3 ( 4 5 / 5 6 0 , 6 5 3 ( ' 6 7 5 8 * * ( 9 5 / ( : 5 6 / 5 ) 3 ( ; 5 2
0 5 ' - 0 , 6 5 3 < 8 * 1 ' : ( = > ? @ A ( 9 5 3 5 - B



� � � � � � � � � � � � 	 
 � � �  � �  � � � � � � 	 � �

Voigt replacement mediuma)

b) Average slowness
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Voigt isotropic wavefront

Transverse isotropic modelb)
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Wavelet:  Ricker zero phase 30 hz 
Medium: Isotropic thin-layered medium
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0.2 s

x 250 x 250
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Wavelet:  Ricker zero phase 30 hz 
Medium: Backus averaged TI medium

x 250 x 250

x 1 x 1

� � � � � � � � � � � � � �  ! � � "  # � !  " � $ % & & � � ! ' ( ) " * � + � , - � � . " / � 0 � 1 ( � ! ( " � " 1 � 2 �
1 ) � ! � � ) 1 ) � 3 4 � � ( 0 " , �  � 2 1  � 5 � �  ! # 1 ) � 0 �  � ' * ) " 0 �  ! 5 � 0 �



� � � � � � � � � � � � 	 
 � � �  � �  � � � � � � 	 � �

(km)

x

x
x

x

Transverse isotropic replacement medium

30 hz ricker zero phase wavelet through:

x

Reuss averaged replacement medium

Voigt averaged replacement medium

Slowness averaged replacement medium

Isotropic thin-layered medium

W1

W2

0.1 s

0.2 s

� � � � � � � � � � � � � �  ! " # $ � % � & ' " ! ( ) * ' # � ) $ & � " ' + ) , - . / & " ) 0 1 ) % 2 3 ' + " � 1 4 + ' + )
' + # % 5 * ! 3 ) " ) 6 ! % 6 ' + ) ( ! " # � 1 $ " )  * ! 2 ) � ) % ' � � 6 ) * $ 7

8 + ) 9 : ; 5 * # % ) $ & " � � ' + ) ' + # % 5 * ! 3 ) " ) 6 � � 6 ) * ! % 6 ' + ) & � 1 " ( ) " $ # � % $ � & 1  5
$ 2 ! * ) 6 � ) 6 # ! ! " )  * � ' ' ) 6 ' � 4 ) ' + ) " # % < 4 1 " ) , 7 = > 7 ? % � " 6 ) " ' � 6 # $ 2 ) " % ' + )
# % 6 # ( # 6 1 ! * 2 1 " ( ) $ @ ! � � " ) 6 ) ' ! # * ) 6  * � ' � & ' + " ) ) � & ' + ) 2 1 " ( ) $ @ ' � 4 ) ' + ) " A # ' +
2 � " " ) $  � % 6 # % 4 * # % ) $ & " � � ' + ) B - - . / � � 6 ) * * # % 4 @ # $ 4 # ( ) % # % < 4 1 " ) , 7 , - 7 ? %

' + ) $ ) < 4 1 " ) $ # ' # $ $ ) ) % ' + ! ' & � " ' + ) , - . / $ # � 1 * ! ' # � % $ @ ' + ) ' # � ) 5 2 1 " ( ) & " � �
' + ) ' + # % 5 * ! 3 ) " ) 6 � � 6 ) * 2 � # % 2 # 6 ) $ ' + ) C ) $ ' A # ' + ' + ) 2 1 " ( ) & " � � ' + ) D ! 2 E 1 $
! ( ) " ! 4 ) 6 ' " ! % $ ( ) " $ ) # $ � ' " �  # 2 � � 6 ) * 7 F 1 " ' + ) " � � " ) @ ' + ) $ ) ' A � 2 1 " ( ) $ + ! ( ) !

4 � � 6 < ' A # ' + ' + ) 2 1 " ( ) & " � � ' + ) G ) 1 $ $ ! ( ) " ! 4 ) 6 # $ � ' " �  # 2 � ) 6 # 1 � & � " ' + )
( ) " ' # 2 ! * * 3  " �  ! 4 ! ' # % 4 A ! ( ) $ ! % 6 ' + ) 3 !   " � ! 2 + ' + ) " ) $ 1 * ' $ & " � � $ # � 1 * ! ' # � %
# % ' + ) $ * � A % ) $ $ ! ( ) " ! 4 ) 6 " )  * ! 2 ) � ) % ' � ) 6 # 1 � & � " ' + ) � 1 ' ) " � � $ ' " ) 2 ) # ( ) " $ 7
H * * ' + ) $ ) � C $ ) " ( ! ' # � % $ ! 4 " ) ) A # ' + ' + ) � C $ ) " ( ! ' # � % $ & " � � ' + ) $ % !  $ + � ' $ ) ! " * # ) "
# % ' + # $ 2 + !  ' ) " 7

I J K L M N O P Q R S T U V W X Y Y Z [
\ ] ^ _ ` a b c d e f g h e i j k e l m n o p q q r s s t u v w x y z { | } ~ � � � � � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � � � � � � � � � � �     � � � ¡ ¢ � � � � � � ¢ � � � ¡ £ ¤ ¥ ¤ ¦ § ¨ © ª « ¬  ® ¯ ° ± ² ³ ± ´ ° µ
¶ · ´ ¸ ¹ º » ¼ ½ ¾ ¿ ¸ ¿ ¼ ¾ À Á Â Ã Ä Å Æ Ç È É Ê Ë Ì Í Î Ï É Ð Ñ Ò Ó Ô Ó Õ Ö × Ø Ù Ù Ú Û Ü Ý Þ ß à á â ã ä å å ß æ ç



� � � � � � � � � 	 
 � �  � � � � � � � � � � � � � � � �

� � � �  ! " # $ % & ' ( � $ )  � * � � ) + " , - . / 0 1 2 3 / 4 4 5 2 6 7 8 9 : ; < = > ? @ A B C D E F D E G H I J K L F C F M
N B M F J ? O P Q R S T U V S Q W X V Q Y X P U Z V T X [ Q \ X ] ^ _ ` a b c d ^ e f g h i j k l m n o m n k l p q r s o t o u v

m n o w x y z { | x } ~ � x � ~ � x � � � � ~ | � � � � ~ | | x } ~ � x � ~ � � � � ~ � | � � � � � � � � � � } � � ~
| { y � x � � � � � { � � � � ~ | ~ � � x � � � � � � � � ~ � � � � � | � x � | � � � | x | � � � � � � � � � ~ � � � �
| � x � | � � � | � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � � �   ¡ ¡ ¢ £ � ¤ ¥ � � � � � � ¦ � � ¦ ¤ § ¤ � ¨
� � § � � � � � § � � � � � � � � ¨ © ¤ ª � � � « ¬ � « � ©  � � � � � � � � � � � ¦ � � ¦ ¤ § ¤ � � � § � � � � � § � � � �® ¤ ¯ ° � � ¤ ¥ � � ¤ § � « ¤ � « � � � ¤ ¥ � � ¤ § � � © � � � � � � � ¦ � ¯ ¤ © � « ¬ � « � © � ±

² ³ ´ µ ¶ · ¸ ¹ ³ º » ¼ ´ · ¸ ³ ½ ¾ µ ¶ ¿ À ¿ ½ ¿ ´ ¼ µ ¿ Á ¸ ½ ¼ » ¸ ¶ ³ µ ¸ ¼ ´ ¿ ¹ ³ ½ µ ³ Â ´ ¿ Á ¾ ¼ ½ Á µ ¶ ¿ ³ Â µ Ã
¿ ´ º ³ ¸ µ ¹ ³ ½ µ ³ Â ´ ¸ ¾ º ¼ ´ Ä · ½ À µ ¶ ¿ Å ´ ¸ µ Æ Ç È É Ê Ë É Ì È Í Ç Î Ï Ð Ñ Í Ç Î Ò Ð Ó È Ð Ó Ç È È Ò Î Ô È Õ Ö

É Ç È × Õ Î Ð Ð È Ô Ð Î Ø È Ð Ó È Ç Ù Ï Î Ï È Ú Ø Û Ç È Ü Ý Ó È Þ Î Ç Ç È Ö × Î Ï Ô Ù Ï Ø Ô Ù Ö × Õ É ß Ù Ö × Ç Î Ì Ù Ô È Ô Í Î Ç
Ð Ó È à á â ã Ö È Ù Ö Ò Î Ø Ç É Ò Ö Ñ É Ï Ô Ð Ó È Ð Ë Î Ç È Ö Û Õ Ð Ù Ï Ø × É Ï È Õ Ö É Ç È Ô Ù Ö × Õ É ß È Ô Ù Ï Ú Ø ä

Û Ç È à Ü å æ Ü Ý Ó Ù Ö Ú Ø Û Ç È Ì È Ç Ù Ú È Ö Ð Ó É Ð Í Î Ç Ð Ó È à á â ã Ë É Ì È Ñ Ù Ï Ì Î Õ Ì Ù Ï Ø Ð Ó È Õ É Ç Ø È Ö Ð
ç è é ä Ç É Ð Ù Î Ñ Ð Ó È ê É Þ Ê Û Ö É Ì È Ç É Ø È Ô Ò Î Ô È Õ Ó É Ö Ð Ó È Æ È Ð Ð È Ç Ú Ð Ë Ù Ð Ó Ð Ó È Ð Ó Ù Ï ä Õ É ß È Ç È Ô

Ò È Ô Ù Û Ò Í Î Ç Ð Ó È Ô Ù Ç È Þ Õ ß Ð Ç É Ï Ö Ò Ù Ð Ð È Ô ë ä Ë É Ì È Ñ Ë Ó Ù Õ È Í Î Ç Ð Ó È ì á á â ã Ò Î Ô È Õ Ñ Ë Ù Ð Ó
É Ö Ò É Õ Õ È Ç ç è é ä Ç É Ð Ù Î Ñ Ð Ó È Ö Õ Î Ë Ï È Ö Ö É Ì È Ç É Ø È Ô Ò È Ô Ù Û Ò Ó É Ö Ð Ó È Æ È Ð Ð È Ç Ú Ð Ü

í î ï ð ñ ò ó ô õ ö ÷ ø ù ú û ü ý þ ú ù ÿ � � � � � � � � � � � � � 	 � � � 
 � � � � �  � � � � � � � 
 � � � �

 � � � � � � 
 � � 
 � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 �

 � � � � � � � � � � � � � � �  ! " # $ % & �  ! � ' ( ) ( * � + ' , ( ' ) - . + � ) / � ' 0 , ,  . ,  , + � 1 , !

2 + - ) � ' ( ) 3 * � 1 ( -  (  1 / , ' * - 4  , ' ' � 5 , + � . , ! ) - ! , * # 6 7 8 9 : ; < = > < 9 ? > @ A B C D
E F G H E I E F E J K H L I M N H O L P N F Q Q H R H O S T F R N U H U J H V W N M X Y U U I E H O S L P F L L P N Z [ [
\ ] T F R N K N L V C O U H U L U C D C O N U H M N K C ^ N F P N F M C D F O M ^ N P H O M L P N V N O L Q F K E F G H _
E I E F E J K H L I M N K C ^ N ` V D X a S I Q N b X c c ` H O U J N V L H O S L P N L Q F V N U H O L P N L T C S H R N O

a S I Q N U V C Q Q N U J C O M H O S L C L P N R N Q L H V F K K d J Q C J F S F L H O S T F R N U S H R N U F O N U L H E F L N
C D L P N L H E N M N K F d e f g h i j k l m n o j i p q r s t m m u v w x y s l z { | } } ~ � � } � � � � � � � � � � �
� ~ } � } � ~ � � � { � � � � � � � } | � } � � { { � | � } � � � � � } ~ � � { { � � � | � � � � } ~ � � � � � � � ~ � � | } �
} � � } � ~ � � { � � � � � � � � � } � � � � � � � { � � � | � � { � � � � { ~ � � ~ � � } � � } � � � � � � � � } ~ � � �

� ~ � � { � � � � | � � � � � } � � } } � � � � ~ � � � � � � � � � � � � | � } � � � � � � � � � � � ~ � } � � � � | � � � �
� ~ } ~ | � � { � ~ � � { | � � � � � � ~ � � � � � � � ~ � � ~ � ~ � { � � | } � � � | � } � � } � ~ � � { � � � � � � � � � } � �
� | � | � � � � | � � � � � � � { � � � | � � { � � } ~ � } � � � � � | � � � | } } � � � � � � { } | � } � � � � � { { � � � � { �
{ � � � � ~ � � � � } � � � } � � � } } � ~ � � } � � } | � � � � � ~ � � { � � � � } � � � � | � � � { � � � � � � � � � } | |
{ � � � � � � ~ � � � � { { � ~ � } � � � � � } ~ � { � | � � { | � } | | { � � � � } ~ � � � } � � � ~ � } � � � ~ � � { � } ~ | � �
� � ~ � � � � � | � � � � � � � � | } � � � � � } � � ~ � � � � � } � � � � � | � � � � � � � | � � � � } � | � � { � � ~ | � �

} � � } � � � � � � � � � � � � | � } � � | � � � � � � } ~ | � } � � } } � � � � � � { � } � | � | � { ~ � � � { � } � � � � { �
{ ~ � � � � � � � ~ � } � � } � ~ � � { � � � � � � � � � ~ � � ~ � � ~ � � � � � } } � � � } � � } | � } � � � � � } ~ � � { { �

} � � � � { { ~ � � � � � � � ~ � } � � � � � � � | � � { � � { � | | � � � � � � � � � � � � � � { � ~ � � } � � � �   ¡
� � � � { � } �

¢ | � � | � � � � ~ � � } � � � � � ~ � � { } ~ � � � | � } � � £ � �   ¡ � � � � � � | � } � � � ~ � � { � } ~ | � �
~ � } � � } � ~ � � { � � � � � � � } � � ¤ � � ¥ � � � � � � � � � � � � � } � � � { | � � � � � � � � � � � � � � | � � { �

} � � � � � � � � � � � � � � | � } � � } � � � � � ~ � � { � } ~ | � � � � � � { | } } � � ~ � � � � � � � � � ¦ § ¨ © ª « ¬  ª ®



� � � � � � � � � � � 	 
 � �  � � � � � � � � � � � � � �

Backus TI replacement medium Slowness averaged mediumLayered medium

b) Wavefronts from 100 hz Ricker zero phase wavelet

a) Wavefronts from 30 hz Ricker zero phase wavelet

Color of wavefront refers to the specified intermediate medium of the model:
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Wavelet:  Ricker zero phase 100 hz 
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(km)

100 hz ricker zero phase wavelet through:

Isotropic thin-layered medium

Transverse isotropic replacement medium

W1

W2

0.1 s

0.2 s
Slowness averaged replacement medium
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30 hz ricker zero phase wavelet through:

x

x

Isotropic thin-layered medium

Transverse isotropic replacement medium

100 hz ricker zero phase wavelet through:

Isotropic thin-layered medium

Transverse isotropic replacement medium

x Slowness averaged replacement medium Slowness averaged replacement medium
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a) Isotropic medium dipping 10 degrees

b) Snapshot from (a) with overlay (red contours) from equivalent horizontally layered model
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a) 10 degrees dipping TI medium overlaid with blue contours from original dipping medium

b) Horizontally oriented TI medium overlaid with blue contours from original dipping medium
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The basic interpolation model: from well data and correlation lines to the regular grid
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(2): Horizontal displacement x(x)

Interpolated f(s(x)) with df/ds = constant
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Function values along horizon:
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