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��x�kv ��yOv��Qi �x� Q�v R� xO�iDU� �� VQ�� �Ov�pOt

��Qy��QwB ��Q ��uw��yP Qk��

CavY w sra x�oWv�O u�Qta xOmWv�O �

�������� xtqa x�oWv�O Q�t� xwQo �

��yOv��Qi �x� Q�v Q� VQ�� �Ov�pOt �� ��DQt �D�k�kLD ��yD�r�ai Q�N� ��yr�U QO �xO�mJ
R� xv�RwQ w xv�y�t �xvq�U VQ�� ��yxO�O l�Uqm �Ov�pOt QO �CU� xOw� RmQtDt ��x�kv
�v�tR ��yt�o ��Q� �yWwQ u�� �t� �O�OQo�t xO�iDU� hmQ�t Q�HvR w Rv�mvH�Tm �� ��yWwQ
G��Dv �CU� R��v OQwt�yQ��oQ C�ar��t QO �re� xm ��Da�U� u� R� QDtm w xv�RwQ Ovv�t QDmJwm
C�mU���ut�v ��yrOt �yt�o �wv u�� ��Q� xm OyO�t u�Wv �tra ��y�UQQ� �OyO�tv ��U�vt
��x�kv Ov��Qi s�v x� ��yOv��Qi u�� ��wv� R� �m� xr�kt u�� QO �OvyO�t CUO� �QD� wr�t G��Dv
�v�tR ��yt�o QO VQ�� �Ov�pOt Qw�vt x� �r��DUt ��yTr�B �� C�mU���ut�v ��xWwN
xO�O VR�Q� u��r�Um R� Q�� xRwL QO VQ�� ��yxO�O x� Qw� Rt pOt TBU �OOQo�t �iQat lJwm
O�rwD �rta ��yOQ� Q�m QO pOt ���v�wD �xOW xO�O VR�Q� pOt R� xO�iDU� �� �yDv� QO �OwW�t

�OOQo�t xO�HvU xO�O

�r��DUt��yTr�B ��C�mU���ut�v Ov��Qi ���x�kv Ov��Qi �VQ�� �Ov�pOt ��O�rm��yxS�w

xtOkt �
�QDW�� �v�tR w ����i �oOvm �QB ��Q�O VQ�� ��tO w Q�N�D p��k R� �t�rk� ��yxO�O �� xU��kt QO
seQ�ra �OQ�o�t Q�Qk xar��t OQwt �iO�YD ��yOv��Qi CQwY x� ���r�e p�rO u�ty x� w OW���t
w OOaDt ��y�oS� w �CU� xDiQo s�Hv� ��v��aD CQwY x� VQ�� �Ov�rOt CyH QO xm ���yWqD
Q�Qk xO�iDU� OQwt R�v �SwrwQO�y p��Ut pL QO xm �VQ�� O�rwD QO QFwt �wH xDN�vW�v ���a�
�QU p�rLD QO OvtWRQ� Q�R�� l� u�wva x� �iO�YD ��yrOt xm CU� xOW �Hwt �OvQ�o�t
u�v�t�� x� u�wD�t �iO�YD ��yrOt R� xO�iDU� �� �u�� Q� xwqa �OvwW xDiQo Q�m x� VQ�� �v�tR
�u�yH pODat j��vt QO �Ci�� CUO �� 	��vt ��ysDU�U OQw�Q� QO �DOt R�QO w pw�k p��k
Ci��yQ l� R� xO�iDU� �� u�wD�t w OW���tv QiY Q�O�kt ��Q�O xv�y�t VQ�� �v�tR �QU Q�O�kt
pFt QDtm �v�tR ��yt�o QO �t� ���� Owtv �Ov�pOt �Q �yv� ��	� ARMA pOt p�Ft ��Q�� �DvU
��yDi��yQ x� w �lWN ��yxQwO OwHw� xOw� QiY Q�O�kt ��Q�O �qwtat �v�tR ��y� QU �xv�RwQ

�R�UpOt ��Q� �Qo�O
�� Deterministically
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QD w lWN ��yxQwO �	
QD ��yxQwO VQ�� Q�O�kt 	� RwD ��

xaH�Qt ��� w ��� x� u�wD�t QDtm �v�tR ��yt�o �� �DL w xv�RwQ VQ�� �R�UpOt QO �CU� R��v
CU� xDiQo s�Hv� Q� R �wv wO R� xO�iDU� �� VQ�� �R�UpOt �rm Qw� x� �OQwt u�� QO �Owtv

pYivt �v�tR �QU ��yrOt ��hr�
�yrOt �wv u�� R� CU� �Ca�U �� RwQ� pYivt �v�tR s�o ��Q�O �v�tR �QU xm�OQ�wt QO
pOt l� pw� �xrLQt QO �OQ�o�t s�Hv� xrLQt wO QO �R�UpOt OQ�wt u�� QO �OwW�t xO�iDU�
R� swO �xrLQt QO w xOW xDiQo Q�m x� QD w lWN ��yxQwO ��yxDWQ VR�Q� ��Q� hmQ�t Q�HvR
��yrOt �xw�W u�� QO �OOQo�t xO�iDU� QD ��yRwQ VQ�� Q�Okt u���D ��Q� �r�tDL� ��ya� RwD
OQ� Q�m �R�UpOt CyH hmQ�t �rwvQ� pOt w ���hmQ�t �xOW O�OHD ��yrOt �����hmQ�t Q�HvR

�OvQ�O
��x�kv Ov��Qi ��yrOt ���

�Ovm�t XNWt �Q lWN w QD ��yxQwO s�kDUtQ�e xm � VQ�� ��yOt�W�B ��Q� �yrOt u��
u���D QD ��yxQwO �� x���Q QO �Q VQ�� �iO�YD Q�O�kt R�v w xDUH xQy� xDUw�B u�tR pOt l� R�
OvQ�o�t Q�Qk xO�iDU� OQwt VQ�� �Ov�pOt QO xm ��x�kv Ov��Qi ��yrOt xrtH R� �Ov��tv�t

����� OQm xQ�W� Q� R OQ�wt x� u�wD�t
�O�iU �xiwv uU�wB Ov��Qi ��

��r��DUt ��yTr�B �� uU�wB Ov��Qi ��
�O�iU �xiwv C�mU���ut�v Ov��Qi ��

�R� OvDQ��a OQ� s�v u�wD�t xv�tR u�� QO xm �Qo�O ��yrOt
������r��DUt ��yTr�B �� T� wr��CrDQ�� Ov��Qi ��

���� w ��� ���� ��r��DUt ��yTr�B �� C�mU���ut�v Ov��Qi ��

��yTr�B �� �� w O�iU �xiwv �� xJ �C�mU���ut�v ��yrOt OyO�t u�Wv xOW s�Hv� C�ar��t
�OvDUy �yv� �� wN x� pk�OL OvW��v VQ�� ��yrOt Qo�O R� QDy� Qo � ��r��DUt

CyH xm ��r��DUt ��yTr�B �� C�mU���ut�v pOt R� Q� R p�qO x� xar��t u�� QO �t
�s�vm�t xO�iDU� �s�t�v�t NSRP �Qv� Q�YDN�

pOt ��yQDt�Q�B QDxO�U Q�UiD Ea�� u�� w CU� �ak�w �m� R�i Q�DN�U ��Q�O pOt u�� ��	
�OOQo�t

�atHD hrDNt Kw�U QO xOW �Q�oxR�Ov� VQ�� �N� Q�D ��yxQ�t� �iL x� QHvt pOt u�� ���
�OOQo�t q�� x� �Da�U

�� Poisson white noise process �� Poisson rectangular pulses process �� Neyman�
Scott white noise process �� Bartlet�Lewis rectangular pulses process �� Neyman�
Scott rectangular pulses process
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x� QHvt OwN �x� wv x� u�� w (CU� QDt�Q�B GvB �ki OQw�Q� x� R��v pOt u�� R� xO�iDU� s�ovy ��

�OOQo�t �yQDt�Q�B OQw�Q� x� �w� Qt C��U�Lt uOW QDxO�U

�r��DUt ��yTr�B �� C�mU���ut�v Ov��Qi �

xtOkt �
�
C�mU� w ut�v �xr�Uw� Ov��Qi u�� �OW���t C�mU���ut�v Ov��Qi syt ��x�kv ��yOv��Qi R� �m�
uU�wB Ov��Qi l� �xr�Uw� Or�w ��yOt�W�B R� xawtHt l� Ov��Qi u�� QO �O�OQo �iQat ����

��Q� C xm� wLv� Ovm�t O�rwD OvRQi �C ��iO�YD �O�OaD Or�w Qy TBU �OwW�t O�rwD uoty
jkLD fPc� c � 	��� 
� � � �g p�tDL� 	� RwD l� �� j���t 	� RwD sy w pkDUt Qw� x� Or�w Qy
	��D �� 	� RwD sy w pkDUt �iO�YD ��yQ�eDt �u�W��yOr�w x� C�Uv u�OvRQi C�akwt �O����t

�OvW���t F ��� 	� RwD
u�wva CLD Ov��Qi u�� �xOW KqY� �xNUv l� R� �	��� a� u�Q�mty w ��QD����R�wo� QOwQ
QO �s�t�v�t NSRP Ov��Qi �Qv� TB u�� R� xm ���r��DUt ��yTr�B �� C�mU���ut�v Ov��Qi
���� RQ� CyH u�Qo�O w u�W�� �UwD �v�w�Qi ��yWqD u� R� TB �OvOQm xO�iDU� VQ�� �Ov�rOt
��yrOt R� �	��� R� p�k �D xm CU� QmP x� sRq �CU� xOW xDiQo Q�m x� pOt u�� �U� w

�O�OQo�t xO�iDU� VQ�� ��yxO�O p�rLD QO �hmQ�t Q�HvR pOt Ovv�t �Qo�O

pOt ��y�oS�w w h� QaD �
�

�OW���t �v�tR C�mU���ut�v Ov��Qi R� �Y�N Cr�L NSRP pOt s�Dio �q�k xm Qw�v�ty
Qy x� �OvyO�t MQ � MQv �� uU�wB Ov��Qi l� j���t ��yOr�w� ��yv�iw� ��O�t �pOt u�� j���t
�wkw R� u�v�t�� CyH �CU� ��DQt �OvRQi� �	pwrU ��O�t �C ��iO�YD �O�OaD �u�iw� ��O�t
�� uU�wB 	� RwD ��Q�O C � 	 s�vm�t ZQi u�iw� ��O�t Qy R� TB VQ�� pwrU l� pk�OL
	� RwD 
 QDt�Q�B �� ���tv Qw� x� u�iw� ��O�t �D pwrU ��O�t Qy xrY�i �CU� � � 	 u�ov��t
Tr�B ��sw�OD Tr�B ��vyB �CU� ��DQt �r��DUt Tr�B l� pwrU ��O�t Qy �� �OOQo�t
ZQi �OwW�t xO�O u�Wv L �� w Ovm�t XNWt �Q VQ�� Qy u�tR COt xm OwW�t xO�t�v
X �� w xO�t�v Tr�B ��COW �Q Tr�B ��iDQ� �CU� 
 QDt�Q�B �� ���tv 	� RwD ��Q�O L OwW�t
	� RwD R� xm OwW�t ZQi w Ovm�t XNWt �Q u�tR OL�w QO VQ�� u�R�t X �s�yO�t u�Wv
�� Rodriguez�Iturbe �� Neyman�Scott rectangular pulses process 	� storm
origins �
� cell origin ��� duration ��� intensity
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�R� OvDQ��a �yv� ��yOL�w w pOt u�� ��yQDt�Q�B �OvrkDUt Qo�Om� R� ��yrwrU �x�rm QO �q�� QO
��� ��Ca�U �UL Q��Q�Wi sm ��yxy�H �O��t u�� u�tR u�ov��t


�� � �Ca�U �UL Q��Q�Wi sm �xy�H ��O�t R� Oa� VQ�� pwrU ��O�tQ��Dv� u�tR u�ov��t


 � �Ca�U �UL Q��pwrU sw�OD u�ov��t

��� � �Ca�U Q� QDt�r�t �UL Q��pwrU COW u�ov��t

� �xy�H Qy QO VQ�� ��yrwrU O�OaD u�ov��t
u� QO p�ai ��yrwrU �xty ��yDOW �wtHt �� Q��Q� u�tR R� x�Lr Qy QO VQ�� pm COW
w t u�tR QO NSRP pOt �xr�Uw� xOW xO�O VQ�� pm COW Y �t� Qo � ��	 pmW� CU� u�tR

x�ov� �OW�� t� u u�tR QO ��O�t �� �rwrU ��Q� t u�tR QO VQ�� COW Xt�u�u�

Y �t� �

Z �

	
Xt�u�u�dN�t � u�

u� QO xm

dN�t� u� �

�
	 QO �rwrU �O�t Qo � t� u OW��
� CQwYv�� Q�e QO

w
Xt�u�u� �

�
X e�� p�tDL� ��
� 	� e�� p�tDL� ��

�atHD �v�tR �QU l� �rm Qw� x� �OvQ�O OwHw ���atHD CQwY x� VQ�� ��yxO�O �qwtat
p�Ft u�wva x� �OW���t Ca�U h pw� x� �v�tR pY�wi QO VQ�� pm �xOvyO u�Wv �Da�U h
l� w CU� RwQ Qy QO �Da�U VQ�� Q�O�kt 	tH �xOvvm XNWt xv�RwQ VQ�� �v�tR �QU l�
uOQm 	tH �� CU� umtt xm OyO�t u�Wv �Q x�t Qy QO VQ�� Q�O�kt xv�y�t VQ�� �v�tR �QU
��y�oS� w x� R��v pOt ��yQDt�Q�B OQw�Q� CyH u��Q��v� �O�� CUO� x�t Qy QO xv�RwQ VQ�� Q�O�kt
h pw� x� �v�tR xrY�i u�t�i QO �atHD VQ�� COW Y

�h�
i s�vm ZQi �CU� pOt �atHD

CQwYv�� QO �OW��
Y

�h�
i �

Z h

�i���h
Y �t�dt

�fY �h�
i 
 i � 	��� � � �g �v�tR �QU �OW�� xOW �Q�oxR�Ov� Ca�U �UL Q� h Qo � u��Q��v�

�v�tR �QU �Qv� xYqN Qw� x� xm CU� Ca�U��h K�U QO xDU� 	tH VQ�� �v�tR �QU l�
�s�t�v�t �Da�U h

��� aggregated
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x��Q� �OvQ�o�t Q�Qk xO�iDU� OQwt pOt ��yQDt�Q�B OQw�Q� QO xm ��Q pOt syt �oS� w OvJ lv��
CQwY x� �	��� a� u�Q�mty w �QD���R�wo� QOwQ �xr�Uw� pOt swO �x�DQt ��y�oS� w �s�vm�t

�CU� xOt� CUO� Q� R

��h� � E�Y h
i � � h�E�C�E�X��
 u�ov��t �	�

��h� � var�Y h
i � Tv�� Q�w ���

� �
���
h� 	 � e��h�f��CE�X�� �E�C� � C���
X
���
� � 
��g

���
h� 	 � e�
h�E�C� � C���
X
����
� � 
��

�k � 	 ��Q� w

��h� k� � CovfY �h�
i � Y

�h�
i�kg Tv�� Q�wwmwD� �
�

� �
���	� e��h�e���k���h

f�CE�X�� �
	
�E�C� � C���

X
���
� � 
��g
���	� e�
h��e�
�k���hE�C� � C���

X�f�
�
� � 
��g

��h� k� � ��Y
�h�
i � Y

�h�
i�k� � ��h� k����h� �oDU�ty OwN �� Q� �
�

�s� Q�O q�� ���wQ QO

�C � E�C� � ��E�C��C� � ���	� �X � E�X� � ��	� E�X�� � ���	
��yRwQ C�Uv R� OvDQ��a OvQ�o Q�Qk xO�iDU� OQwt pOt VR�Q� QO CU� umtt xm Qo�O �oS� w xU
lWN R�v u� R� p�k RwQ xm ��QW x�lWN ��yRwQC�Uv ���h� � P �Y

�h�
i � � � �lWN

��QW x� QD ��yRwQ C�Uv w �DD�h� � P �Y
�h�
i�� � � jY �h�

i � � � p�kDv� p�tDL� �� OW��
xm �WW �h� � P �Y

�h�
i�� � � jY �h�

i � � � p�kDv� p�tDL� �� OW�� QD R�v u� R� p�k RwQ xm
�Ov�xOt� CUO� Q� R CQwY x� �	��	 b� ��C� wCQB wm �xr�Uw�

�DD�h� � ���h����h� ���
�WW �h� � f	� ���h� � ���h�g�	� ��h� ���

��h� � exp

�
�h� �
���� � 	���f	� exp�	� � � �� � 	�e�
h�g

��

Z �

	
�	� ph�t��dt

�
���

��� Copertwait
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u� QO xm

ph�t� � fe�
�t�h� � 	� �
e�
t � 
e��t���
 � 
�g
�expf��� � 	�
�
e�
t � 
e��t���
 � 
�

��� � 	�e�
t � �� � 	�e�
�t�h�g

R� Q�� �xRwL QO VQ�� �v�tR �QU x� NSRP pOt VR�Q� 	
u��r�Um

�R� OvDQ��a xm OQ�O OwHw VQ�� u�R�t �Q�oxR�Ov� CyH x�oDU�� GvB u��r�Um R� Q�� �xRwL QO
lrt� Qw� ��� p�Jl�rw ��
 xrm ��
 qm�RQO ��� xOovU ��	

xO�iDU� OQwt ��yxO�O �OwW�t C�F xv�RwQ CQwY x� �yy�oDU�� u�� R� l� Qy QO VQ�� u�R�t
Qw� QyW QN� �D 	

� x�t Qyt pw� R� xm CU� xv�RwQ VQ�� �v�tR �QU GvB pt�W xar��t u�� QO
�QU l� x� R��v �t Q�v OQwt p�rLD QO xm���Hv� R� �Ov�xO�OQo C�F �yy�oDU�� u�� QO 	
�� x�t
Qy uRw �CiQo Q�Qk xO�iDU� OQwt w x�U�Lt �v�tR �QU GvB u�� �vRw u�ov��t �CU� �v�tR
�QU xm CU� �y�oDU�� VWwB CLD �xk�vt CL�Ut �� �U�vDt u�ov��t u�� QO �v�tR �QU
R� �yy�oDU�� VWwB CLD �xk�vt u��aD CyH �CU�xOW C�F x�oDU�� u� QO x�w� Qt �v�tR
XNWt ��yy�oDU�� pY�w �w�N hYvt Owta VwQ u�� �� j���t �OW xO�iDU� uU�D VwQ
x�U�Lt �yv� ��yDL�Ut �j��vt u��aD R� TB �CU�yv� VWwB CLD �xOwOLt ��yRQt �xOvvm

�Ot� CUO� Q� R G��Dv w O�OQo

S� � 		��	� S� � ��
� S� � ����� S� � 	��	�� S� � ����


w p�Jl�rw �xrm �qm�RQO �xOovU ��yDL�Ut ��DQD x� S� w S� �S� �S� �S� u� QO xm
��� CU� Q��Q� R�v xRwL pm CL�Ut �OvW���t lrt� Qw�

S � S� � S� � S� � S� � S� � �����
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