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3- Gregory 
4- riparian 
5- li 
6- yao 
7- Fuller 
8- Bartholdy 
9- Jorge 
10- Greenbaum 
11- Goswami 
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12- Hooke 
13- Kummu 
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14- Orthophoto 
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�(�� ]/H( ���/W��'����-./(� , *5��!(�	 $4C ��(� $4C [.
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7<	�[4%.!��C Y�(� �. �g/;/��/# z!S�C ��9 )*��+�,� M/2 )*��+�,� �.�s �A�/. 
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-��):(���9/�:#�;�� (��<��� ��=*� �9 >��?���$ (��<��� 

-�� )@(���9@�A��<��� ��=*� �9 (��<��� �7���$ ��=*� � (5?��� B4 (9 ���C� �9 (

15- wamdring gravel bed river 
16- Anabranching 
17- Braided 
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7R	 Y�(� �.�IJK ��3!3f�/��$��/3�# ,�!,�#/S�7# A��& �# *��+�,� ��� A�X�=
*.�9�9��7# M/2 �� ���. *��+�,� �!$�,� �3!D�� �� *0;�H# ��/# ��X��AutoCAD 

��$L�4G��!�(� $4C .*.�9 , �&�^ ��4<#�9��*��+�,� +�V�L�*. �(� $�/. ���/2!*&
+�. ���A�J# # �3�� A�X�*.�9 =�9��. *. �L� 'NZZ(� �5# ��(� $4W3 *.�;� =��. d

� \�1H���*�3!#/S� ���. $4C !l	�0;�H# $�,� �A�J# ��P5U# �3��. *& ��5E���4<# =
*.�9�9���� �� *5CD�� �� 4�� ��X��ARCMAP�(�%C ��*.�9 ��4<# , �(� $4C �9���4��># 

�(� $4C u��U5(� �5# *. .M,49 )�(A�J#�3!*.�9 7# M/2 �� $4C �9�*��+�,� �
(�#�G�# A�E� �� F��43� .

A�J#�3��. *& ��5E�# =�*.�9 A�X�9��*5C�� �� A�J# �. 4���3��4� ��y� *& �$4
M�<5���t. )��G4����4��># '+�y )�4� ,�A4C *(�� ,� $4��7# M/2 �� �$�/. *��+�,� �4��

 
18- Translation 
19- neck cutoff 
20- rotation 
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)�)�)t,��(*.�9�9��7#�+�. �� �� *��+�,� ��$L�. # A�E� �3�43�.
K�	L)�(#��� 1M�� N�� � O�P5Q�(9�L ��4<��� �7�L>��?���$ (�� 

RSTU�RRS �RT�U�RST 
��P5U# *.�9 A�J# �9�� �&�^ �/� ��P5U#�9 *.�9 A�J# �� �&�^ �/� 

M/2 ��K 
*V��� 

)m( �.�G4� M�<5�� M/2 ��K 
*V��� 

)m( �.�G4� M�<5�� 
r� �llm r� ���l �� * ���lm �l ���l ��� *
�� �llm l� ���l �� * ���lm �� ���l ll� *
�� �llm �� ���l �lt * rr�mlm �� �l�l m� *
�� �llm lt ���l �� * ���mlm l� ���l r� *
lt �lm �� �r�l ��t * r��llm � ���l �l� *

���llm ��t�l �m *
�r�llm rm�m�l m� *
��mlm l����l r� *
r�mlm �t���l �� *

RSTU�RRS �RT�U�RST 
��P5U# �9 *.�9 A�J# �� �&�^ �/� ��P5U#�9 *.�9 A�J# �� �&�^ �/� 

M/2 ��K 
*V��� 

)m( �.�G4� M�<5�� M/2 ��K 
*V��� 

)m( �.�G4� M�<5�� 

� l�lm rt ���l m� * �tl�lm lt ���l lt *
�� l�lm  ���l ��l * �tl�lm  ���l ��� *
�m l�lm �� ���l �t * r�lrlm l ���l ��t *
� llm r� ���l m� * lll�lm �� ���l �rm *
�� ��lm �� ll�l ��l * ��l�lm �� ���l � *
l ��lm � �l�l �� * tl�lm �l ���l ��� *
�� ��lm �t �l�l ��m * ��llm r� ���l ��� *
�t ��lm � �r�l �� * l���lm �� �l�l �ml *
r ��lm � �r�l �� * ����lm ll �l�l �r� *
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�� ��lm �l �r�l �l� * ����lm �� �r�l �t� *
� ��lm �� �r�l �� * t��lm l �r�l � *
r ��lm �� ���l ��� * ����lm �t ���l �l� *
�� ��lm l ���l �r * ���lm lr ���l �tm *
� ��lm �� �r�l �� * l���lm � �m�l l�t *
r ��lm �� ���l ��� * ����lm �r �m�l �lt *
�� ��lm l ���l �r * ���lm �t �m�l �l� *
�t ��lm l� ���l �� * r��tlm l �m�l ��m *
ll ��lm � �m�l �rr * l�tlm l� �m�l ��t *
rr ��lm �� �m�l �r * lm�mlm r� �m�l ��� *
l� �tlm lr �m�l mt * ���mlm rt �m�l �� *
�m �tlm lr �m�l �l * ���mlm r� �m�l l�t *
� �tlm r� �m�l �t� * ����lm �r �m�l �� *
�� �mlm rm �m�l l� * ����lm �r �m�l ��� *
�� ��lm r� �m�l �l * �l�rlm �� �m�l ��� *
� ��lm � �m�l ��r * �l�rlm � �m�l ml *
m ��lm �m �m�l ��� * ���llm l� ���l ��t *

dJC �� *& �/H��W3O��# $4�M�( �� �/C��NO. �4��># u/# ��R	�� ���R	�� L� �5E
># u/# M�( �� �4�����N� , �(� �C�� �/+ =��(�� ��JVWK L� �	 nK�. *& �(� '��	X

�(� $4C u/# *VS A4C .M�( ����O�*.�9 �9��*. �"%# F/%9 �W( *. �4��># 4%.�W& 
��4� ��"��. $4�G4���7# *& �(� $4C nK�. , �(� $4C *��+�,� M�WC �W(�4S ��W�

S�. v,�5# dJC *. *��+�,��4��W. 7# *��+�,� ,�$L�	 ��!�. �� ��W�4.� �/S,�4� =�$4
��C���. �� z!���(�� ]/H( ��"�E�L �(� $��& [3��� ���. *��+�,� ��!���<5(� ��A�J#
49��(�� �� �/+ �57. 4��(� $��� '.
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-�� )/J(���9 �� �$	7�9 �	7	� N�2�S�\-�� )��(���9 �� �$	7�9 �	7	� N�2�]

$��� *. *9/	 �.�3!. $4C u��U5(� ��5E�# =�*.�9 A�X�9��2 �� ��9��# ,�M�( 
���l���lt$L�. *. p/.�# $��WC ��	�#�. *& 4C�.��5E�*.�9 ��4<# =�9��*��+�,� 
�� �# �5# $L�. �� *& 4C�.l�(� $4C *��+�,� |y �W( �� �G4��. ��"�� nK�. , $��� �� .

2 ���M�( �3!��lt �	 ��t���. X��5E�# =�*.�9 A�X�9��$L�. �� ��9��# ,�3!�
�	��(� $�/. *.�/2!*&$��WC $L�. �*��+�,� ll�*.�9 �5# � *. �"%# , $4C �9���"
4���. $4�G4��(� $4C *��+�,� |y �W( �� .2 ���M�( ��t� �	 ��t�#�*.�9 A�X
�9��*. *��+�,� ;����#L *V��� d�	�0;�H# $�,� ,� [& �+�V�L� 	 , $�/1� ����L ������!

7# ���� *��+�,� ���(� $4E� ��" .7# \�1H����3�!9/# ��. �/!��=�	�0;�H# $�,� �
��� A�E�#� 	 A�X��2 �� �&�^ , ������=m*. M�( # �/2�-����W7S �� =�3!{V5U# 
. *��+�,��=��	��(� $�/. �5# .

�� L��V�� d� 	��4C �����3 $L�. 4!(�#�G *��+�,� �(���. �# F��xWK *. A�/	
.� )*��+�,� [&�L���<# )�����. �!�g/;/��/# , *��� �C�� ��./(!��& $��C� *<H%# .�.

�L�. Y�(���34!#���4�$L�4�� ,G��!M�( �� *��+�,� xWK ��(�#�G *��+�,� )��� F�
$L�.�3!���� �(���. !xWK ��&�4^ �# �5# �( �/S, A�#L �� *& 4C�.�, F_ .���3!

��`; Q�*�!5^�� *. � 2������C *��+�,� , $4C �z��. �� DL�! 	��7# ������ �/+ �.
.� �. $,_K���C )�� z�*W��573/&���3/&, �*�!(�#�G *@/^ ��/9, , �(���. �� F�
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*%J�� *2,�U#�3!C �. �L o�./(� ��/# *& ���# M�<5�� *��+�,� *. �� �$4C nK�. 4%3�
*& �(� ./(� ��/# ��4<#�. *��+�,� �(���. �� �/9/# ���q L� �5E��4C�. *��+�,� dW^ .

��<#���. �!, A�#L *��+�,� *& $4C nK�. d./& , M,��G 4^ �� *��� �C�� ��./(� 
��. DL� ��4S!�(�� �. , 4C�. *5C�4� �� �/+ �57. '�� dW^ :�� �� �/+ A�/	 �5E�=
4%& ��./(�� ,�7# =?%& {& D4K nK�. *;�$4C *��+�,� �W7S �� *��+�,� ,�3!
�� �(���.��!7. xWK ��5W& ��!$L�. *. �17� �3!�����(� �(� =.%& {& D4K��.

L {& ��. *. *9/	�.� , *��+�,� ���L�0@, *��+�,� *& �(� $4C nK�. ���, �.�B �
�����4!5^�� *. , 4C�. *5C�4� � 	��7# ��43� �.

�. �/S,�G4��3!*.�9 , A�,��� �9���3!L�7# ���C�� *��+�,� ��.� L� ��3!, A�,��� 
��C *& �(� �H( �� *��+�,� �&�^���. �� z! 	��# [3��� A�,��� ����4%&$L�. �#��3!

�������� *��+�,� �(� =!+ xWK �V�.��5E!4%573 .��/2 , �C� L� *��+�,� �/1K�
7# A�/.��9 *. �(���. �� �� *��� �C�� ��/# *��+�,� *& �(� $4C nK�. *��+�,� �

*5C��G� ��/# ,��� �� *��+�,� , 4%& dW^ �/+ �. �� *���X��. ���� �(� =��5E!��. �� !
4C�. *5C�� �/+ �57. �R^ .$L�. ���3!����( �/S, A�#L �� �(� =�7# �� F6 F_�, �

# �&�^ �/+ M���&�( �/S, A�#L �� z<� , 4%&�F_�3!L �EG�. $�,� �. �*& �(� ��
#���C 4��/	� 2 z�����W3 *. 4C�. *5C�� ��$L�. �VK =�3!�������� *��+�,� �(� =!

�(�����%& '! 	 , 4%573 ��# �4��># '+�y , M�<5�� 4^ �� *��+�,� ������y� , 4C�.
4��*.�9 $4�9���3!W� A�,��� �4�/C .�<.��!M���& �3!�. , *&,�5# �G4��3!1(� d0� �
��( �C� �� $4C ��"�._�,� �. *& !JKI�3!�/3 ��,$��/3�#�!� ]/@, *. �f$4
#�� �/C�0S�, =�# ��1B� *. �� �� 	 *& 4��(���� ����$L�. �� $4C ��"�3!L� �(���. 

*5C�G�3!7. A/%&�	 �,� �4C ���$L�. L� �	4�3!�����(� $�/. �(� =.

*.�9 �. $,_K�9�� 	 *��+�,� ��/-;� ���!� *��+�,� �	 X?B�L ����!�.�X�� ��H( '
�(����(� *5C�� '. 	��/-;� �!/-;� L� *��+�,� !��"# Q	 ���3/-;� *. !��"# 4%y ��

� nK�.��(�� �H( ��"�E�.��5E!�(� $4C .$L�.�,�/-;� L� *��+�,� !�4��# !M�( �� 
��lt41	 �/-;� *. d!� *��+�,� �;,��G �57. �. A�}��(� $4C ./-;�!��"# �. *��+�,� !
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3 *.� [�*5(/ $L�. ���2 �� ���M�( =. *0(/	 �3��5E!��$L�. , �(� $��& �4�3!l)r,
�� *��+�,� �/-;� L� X!�4��># !M�( �� ��lt41	 �/-;� *. d!G�/7��$4C 4�� .��=
 	����"# 'U� nK�. /-;� ���!#L �H( �. *��+�,� ��X�� , =�*��+�,� �57. ��K '

��� �� *& �(� $4C���X�� *. �"%#��(�� �H( '��(� $4C '.

� *. *9/	 �.�4� �/S, *J%��. $4�G4�*.�9 )M�<5�� )�9��*(��,� )*��+�,� �4��># '+�y )
)�4��># A4C�/S, *.�9 , =E;,� �9�����G�� �.� =5C�� DXV57# *��+�,� �L��(� �� �/S,

.���3!��*�`; Q�!.� ��4<# *. �17� ��. �#�-���nK�. =��C *& �(� $4C���. z!
� �/S,�4� =�$4�� �37# M/2 �(�#�G *��+�,� ��L ��40	 *. F���/C [3��� �� .(��.�
*��+�,�$�S *��+�,� )��# *��+�,� )�,6L�� *��+�,� 4%��# A�5(� !�3/(...*��+�,� ���( ,!�3 

����. o(�%# A�J# F�U5�� �/�%# *. �-!(��. � 	��*��+�,� ����!d1S � �,�C L��=
<`	�(�#�G *��+�,� ��%	 *& ��� A�E� x����� F�! 	��*.�9 ����9��� *. M���& ��4C =

5^ , �(� $�/.�A�/%K *. �,6L�� *��+�,� �J�*��+�,� L� �3!Wh�� �2 �� A�5(� �TaM�( 
3 *5C�G�� 	 *�/G��7# ���!�(� *5C�4� .(�#�G *��+�,��$L�. �� F��3!�/+ �(���. 

����!/-;� !*��+�,� �3!��"# �. !� [3 *. �G , *5(/�/7��L� *& �(� =�� ����/P+
*��+,� �/��(� [& xWK �. �405# !��"# =5C�� �3 .!�5#,�4�3 $�-57�� ��#6 �� F6,� 

# *& ��� A�E� *0;�H# ��/# *<H%# �(���.�-���.� =���� =�$�-57���. o0J# �5# ��B�*
*. *9/	 �. *& �(���C�g/;/�/# z�J�, *<H%# ��C *��+�,� [& xWK���. �� z!, M�<5�� 

*.�9�9��# [3��� *��+�,� �%}W3 4%&�� ��#6 =�3 $�-57��5#,�4!*V��� �� *& ��y d� 
aT&��5#/V!# *& ��� A�E� �(� *5��G ���S $4C F�U5�� $�,4`# L� �-���.� =�Ta*;�( 

$�-57�� =���T*���B �. o0J# �5# �#*�`; Q�� �.� ��4<# �#� 4C�.M�( �� F_�( !�!�3 
7. A�(/� , *%#�� {V5U#�L �����!*. �(� *5C�� �/2!L� *& �ZZ��B �. o0J# �5# ��	 *

�ZZ�5# ��B �. o0J#���<# *�.� ����( Q� 5# F_��� L� , �(� $�/. ��V�� d�*.�9 �9��
L�(�#�G *��+�,� ����( *. �17� F����+�,� �*�3!=5C�� A�5(� �.�!�3*�`; Q�� !�

�(� $�/. A�,��� �� 5# .dJC)��(*�`; Q�� �.� ����<# ���/W�!���<# ,�.� ��#�-����� =
� ���# A�E� ��y d� $�-57�43�.
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�5��2 �� *& ��� A�E� c�M�( ���N �	 ��NO���-./(� ]/H( ��4<# !d& �� $4C 
7#�*��+�,� �T/�TO# , ��5J3 ��(�� ]/H( A�X�'�*5���Nb ��4<# �(� $�/. ��5J3 

�(���;� *. '��9 *.�9 d��� �� *��+�,� �4��># M�<5�� ,��(� $�/. A�,��� $�,� =.�.
V� Y�(��A/G�3!(�	 �. $4C [��5E��(�� ��4<# =��(� $�/. *��+�,� |y d^�( �� '

;� *&�*.�9 A6 d�9��Y/S M�<5�� , *��+�,� �3!�(� *��+�,� |y �W( *. �4��># .����"
Y/S�3!49�=E;,� �/S, , 4)*.�9�9�����G�� �*��+�,� (���� L� X��X�� d��^�7# '

�(�� ]/H(�E��(� .

7R	 Y�(��.�IJK ��3!�/3 ��$��/3�# ,�!2 �� �M�( ���N �	��NOY/S �3!
49�. 4��5E!� |y �W( �� ��. *��+�,� , �(� $4C ��"�!49 �57. �� ���<5(� �1�	 , 4��
��C�49 z��(�� �� �/+ ���<5(� d`# 4�7# , �(� $��� '�49 ��4!��. �� !F�U5�� �/+ 

W3 *. �(� $��&�;� =�# d��W5# |y �W( *. *��+�,� �RG A�/	�@��� , �(� $4C d�
49�4!� :�2 L� , �(� $��,6�� �/+ o^�P	 *. |y �W( �� �� ��(�� �W( �� �-

@��� *��+�,��4S�W��(� *5C��G �9 *. �(� $�/. *��+�,� �57. *& �� �	 .$L�.�3!N)T)a 
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