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ESTIMATION OF THE CONTROL PARAMETERS
AND FORECASTING THE BEHAVIOR

OF CELLULAR FAULT MODELS

I�V�Kuznetsov� I�M�Rotwain� N�M�Kolesnikova� I�V� Lomovskoy

International Institute of Earthquake Prediction Theory
and Mathematical Geophysics� Russian Academy of Sciences� Moscow

We study two�dimensional cellular models imitating simple linear fault� The en�
ergy 2ow into lattice cells from outside takes place at a rate� that can be dif�
ferent for each cell� and leads to ruptures in some cells$ part of energy released
dissipates� the remaining is redistributed among the surrounding cells� The rup�
tured cells form clusters which make up a synthetic catalog of events� We study
a possibility to estimate� or reconstruct� control parameters of the model (dissi�
pation� energy 2ow rates� and the initial energy states of each cell) from a part
of a catalog� Solution of such inverse problem allows us to forecast about +,-
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of all clusters for several cellular models (including non�Abelian ones with SOC)� When
dissipation coe3cient is estimated� the performance of the prediction is primarily a4ected
by the accuracy of the energy 2ow rates estimation for the cells that are the 5rst to be
ruptured in the clusters (the epicenters)� Depending on dissipation and on the scatter of
the energy 2ow rates� the limiting occupancy of the lattice by epicenters varies between
/�//0- and 0//- of total cells number in the system� The occupancy can determine the
catalog size� that is necessary for the initial learning� required for the subsequent good
forecast performance�
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��(��!� 
�����&�"�(�� (�(��"� NZ � K������& Z1T�2 � Z1Te2 ���
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���) � �.�� ��!���� b ����+
��
��(����� 6�!�" ����
�") �.�� ��!���� .��0�!� ������&�"�(�� ����

�! ! �#���,� ��� ���� ��
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f���� ���� ���g) ���� h�1�2 ; ���) h�1�2 ; ���) h�1�2 ; ���) � (!���(��
��#��!� /���.�� � /�� &��$!� V ; f��?� ��
� ��
g� 6�.#� ����
 �#���,�
�(�����.� ���"��� (�(��&��� &���! (����� f���� ��?� ���g) ���� &��$!� � �
	 .����� ������+(&�



�������
���� � ��� ������
����
�� �������� �! ���������� �
�

 	���! "# $�������%� G(�� � ��(���" ���,�((� �����$ ����(&
&��$!� �) �� &��$!� � ������� �� ��� !���� /���.�� ��� � (�(��"� ���
��$#�� � (�(��&��� f���� ���� ���g� Y��$!� �) 	 #����� ������+(&) � �(��
�����$ ����(& &��$!� �) �� &��$!� � � 	 ������%� �� !����� /���.�� �
(�(��"� ������#�� � (�(��&��� f���� ���� ���g) � ��(�� ������ &��$!� 	 8
� (�(��&��� f���� ���� ���g) �� ��" � 
�!��������(& #����$ ��(���$ ����
,�((� J���) �� (��"� ������#��) ���#(������� �(� �������� ������(�
���#�����& /���.�� � #����" ��(���" ���,�((�) ��� /��" ��#���!����
(�(��&��� &���! ����# ���#�" � ��(���$ ���,�(( � ��� ����#� �
 ��.��

t ; � ��� ��� ��� �(��#��� (�(��&��� �
"�"��� t ; �

D��? D ��
 D ��
 ��#��! /���.�� �
���
t ; � ��� ��? ��� (�(��&��� ����# ��(���"

���,�((�" � "�"��� t ; �

3������� ������(���#�����& /���.�� � ��(���" ���,�((�7

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

D��? D ��
 D ��

t ; � ��� ��? ��?

��� ��� ���

5��!) ��
���(�"� �� ���&#!� ���("���� &���! � ��(���" ���,�((�)
!��(���� ��
��!�%� � �� �� "�"���� ���"��� � (�#����� �� �� &��$!�)
"���� ���+ ���'��(& � ��
��� ���&#!���
 	���! A& $
��������%� :�� ��� �� �(��#��� #�����) ��� � �

"�#��� >�7

t ; � ��� ��? ���
��� ��� ��� ��� ��� ���

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

D��? D ��
 D ��
 D��? D ��
 D ��

t ; � ��� ��? ��
 ��� ��
 ��?

��� ��� ��
 ��� ��? ��?
��� ��� ��?

3 "�"��� t ; �) � 
���(�"�(�� �� ���&#!� ���("����) "���� �����

����+(& !��(���) (�(��&'�$ ���� �
 #��� ��������� &���!) ���� �

�#��$�



�
� ������� � ��������
�����

�� ������
���	

"� �.�(�. � %%&#� �!���' �!' ( ��!� ��

��(("����" "�#��+ >�) (�(��&'�%) !�! � � :��������� �) �
 ����
&���! �� ��*��!� ��� D ; ��
1K ; ���2� :�(�+ V ; f���� ��<�� ���g) � �
"�"��� t� ; � �(��#��� (�(��&��� &���! H1�2 ; f���� ���� ���g� 6�.#� ���
��
 ��? �#���, �(�����.� ���"���) � "�"��� t� ; ��?) &��$!� �) 	 ���#��
� (�(��&��� � � #����� ������+(&� ��(("����" #�� (��"� ������#��7
#�& ���("���� (���� ������� 1(����$ >2 � #�& ���("���� �� !���� !
,����� 1(����$ L27

t� ; � ��� ��� ���
D��? D ��
 D ��?

t� ; ��? ��� ��? ���

����� " 
����� '
��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ���
��� ��� ��� ��� ��� ���

t� ; ��
 ��� ��? ���
��� ��� ���

D��? D ��
 D ��

t� ; ��� ��� ��? ���

��� ��� ���

=����� > � L �� ������%�(& �� (�(��&��&" (�(��"� #� � ��(��
��(���� ���,�((���

3 (����� > 1���("��� (���� �������2 � !��#�" �
 !��(����� &��$!�
� �������� �#�� !���� ��(�� �� ������9 &��$!� 	 8 #� �� ������) �
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