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1 Introduzione 

�$#���"� ,�� (�+"� �--#A/���/��  ",� �#A	"��A� �"(�����/A�  ",�

�A,,"	�)"��A� ���6�,"�  ",,A� ��#"��A�  �� �"++���� +$,� /"#+���"� ��!�,��� ;�

")"#+�� ,�� �"!"++��4�  �� /"#�(�!�#"� $��  �/"#+A� �)-�"	A�  �� -�#�"�  ",�

)��"#��,"� ��+!�/A� "#�/���"� �,,��#"�,�%%�%�A�"� ",,��!������A-"#�1����

-�#��!A,�#"�� +�� ;� �� �/� $���� ,�� -A++�6�,��4�  �� $��,�%%�#"� -�#�"�  "��

+" �)"����-"#�,��#�<$�,�(�!�%�A�"� ",�,��A#�,"���##"��!A� ",,��-#A/��!��� ��

�"++���� !A)-#"+A� �#�� ,�� (A!"�  ",� �A##"��"� F�!"�A� "� ,�� (A!"�  ",�

�A##"��"� ��,/�#$+A�� #"�,�%%�� A� $�� #�-�+!�)"��A� -#A�"��A�  �� $���

6�##�"#��+A((A,��1�

�,�-#"+"��"�+�$ �A�#�-A#���,"����,�+��!A� A��"�-"#�,�� "�"#)���%�A�"�

 ",� !,�)��)"�"A�)�#��A� "�� ��� -�#��!A,�#"��  ",� !,�)��A� A+A�)" �A� "�

 ",,"� !�#���"#�+��!3"�  ",�)A�A� A� A+A� -"#� "/"���� "+�#")�� �"!"++�#�"�

-"#��,� �)"�+�A��)"��A� ",�!����A�#�-�+!�)"��A�-#A�"��A1�

���  "���	,�A�� �,� -#"+"��"� ",�6A#��A� ;� A#	���%%��A� !A)"� +"	$"=� �,�

!�-��A,A�B�#�-A#���,"�(A���� ����(A#)�%�A���$��,�%%��"��",,��+�"+$#�� ",,A�

+�$ �A>� �,�!�-��A,A�&�(A#��+!"�$���+���"��!�� "+!#�%�A�"� ",�-�#�		�A����

A		"��A>��,�!�-��A,A�*�(A#��+!"�,"��� �!�%�A���+$,,"�/�#��%�A��� ",�,�/",,A�

 ",� )�#">� �,� !�-��A,A� 2�  "+!#�/"� ,"� !�#���"#�+��!3"�  ",,"� !A##"����  ��

)�!#A!�#!A,�%�A�"� !3"� ���"#"++��A� �,� -�#�		�A>� �",� !�-��A,A� .� ;�

 "+!#���A��,�!,�)��A� A+A��,�,�#	A� ",�-�#�		�A>��",�!�-��A,A�9�/"�	A�A�

 "�"#)����"� ,"� !�#���"#�+��!3"�  ",� )A�A� A� A+A� �,� ,�#	A� -"#� "/"����

"+�#")�>��",�!�-��A,A�7�;� �,,$+�#���� ,��-"#+�+�"�%�� ",�)A�A�A� A+A���

,�#	A� +A-#�� -#"(�++��"� +A	,�"�  �� �,�"%%��  8A� �>� ��(��"� �,� !�-��A,A� 0�

#�-A#����,!$�"�!A�+� "#�%�A���!A�!,$+�/"1�
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2 Fonti di informazione 

�,� -#"+"��"� +�$ �A� ;� +���A� #" ���A� +$,,�� 6�+"�  ",,"� ��(A#)�%�A���

 "+$��"� �,,"�(A���� ��+"	$��A�#�-A#���"1����-�#��!A,�#"��,"���(A#)�%�A���

!�#�A	#�(�!3"��"!"++�#�"�-"#�,��+�"+$#�� ",�-#"+"��"�+�$ �A�+A�A�+���"�

�!<$�+��"� �,,"�+"	$"����!�#�"=�

•  ��#��� F�$��!��  ",,8�+���$�A� � #A	#�(�!A�  ",,�� ��#���� ��,���#"�

���,����� ?��� ��-A� ��,�%%A� �� �A!!",,�� �A��!�@� �+!�,�� D=DCCCCC��

BCC9�>�

•  ?��#���  ",,�� +"#�"� ���"#��%�A��,"� A� ��#� �" ��"##��"A� A� ��!��A�

�!!� "���,"@� ��"�A/��� D07B�� ��� +!�,�� D=BB2CCCC� -$66,�!����

 �,,8�+���$�A�� #A	#�(�!A� ",,����#���>�

•  ?��#���  ",,�� +"#�"� ���"#��%�A��,"� A� ��#� �" ��"##��"A� A� ��!��A�

�#�"���,"@� ��"�A/��� D00.�� ��� +!�,�� D=BB2CCCC� -$66,�!����

 �,,8�+���$�A�� #A	#�(�!A� ",,����#���1�

�A� +�$ �A�  ",� !,�)��)"�"A)�#��A� ;� +���A� #" ���A� +$,,�� 6�+"�  ",,"�

+"	$"������(A#)�%�A��=�

•  ����� )�#"A	#�(�!�� #�,"/����  �,,�� +��%�A�"�  �� �"++����  ",,�� �"�"�

��#"A	#�(�!��F�%�A��,"� ",,8�+���$�A��$-"#�A#"�-"#�,���#A�"%�A�"�"�

,����!"#!���)6�"���,">�

•  ��,���"�  ",,"� !A##"���� +$-"#(�!��,��  "�� )�#�� ���,������ �+���$�A�

� #A	#�(�!A� ",,����#�����D07B>�

•  ��,���"� ",,"��-��		"����,���"���F���D002>�

•  ����� A� �)"�#�!�� #�!�/����  �,� )A ",,A� ,8�$#A-"��� �"��#"� (A#�

�" �$):���	"�5"��3"#�'A#"!�+�+�����5'�>�
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•  ����� A� �)"�#�!�� #�,"/����  �,,�� 6A��  �� �"�#�#A�  ",,�� �"�"�

�� �)"�#�!��F�%�A��,"� ",,8�+���$�A��$-"#�A#"�-"#�,���#A�"%�A�"�"�

,����!"#!���)6�"���,"1�

��(��"��+��+A�A�$��,�%%������ ����6���)"�#�!��(A#����� ���������1#1,1��A++���

 �,,��  ����� !3"� -"#� !A��A�  �� �$#A,��B� �1�1-1�� 3�� "(("��$��A� �� #�,�"/��

+A��A!A+����"��)"+�� ����#%A�"��-#�,"�BCDB� �#�)��"��"!�A,A	����$,��:

�"�)1�
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3 Descrizione del paraggio 

�,��#���A� �� ,��A#�,"���##"��!A�A		"��A� ",�-#"+"��"�+�$ �A��!A)-#"+A�

�#�� ,�� (A!"�  ",� �A##"��"� F�!"�A� "� ,�� (A!"�  ",� �A##"��"� ��,/�#$+A�� ;�

-A+�A� �,,8���"#�A�  ",,8�#"�� (�+�A	#�(�!�� !A)-#"+�� �#�� ��-A� ��,�%%A� "�

��-A��",A#A�� ,$�	A� ,�� !A+���FA# � ",,����!�,��1� ��,"� $���4� (�+�A	#�(�!��

3�� $�� A#�"���)"��A�)" �A� �",,��  �#"%�A�"� 9CCF� "� #�!� "� -"#� ���"#A�

�",,��-#A/��!��� ���"++���1�

�

'�	$#��&1D� �A#A	#�(���  ",� ,��A#�,"� ��##"��!A� A		"��A�  ",� -#"+"��"�
+�$ �A1�

�

�,� �#���A�  �� ,��A#�,"� ��� A		"��A� ;� !�#���"#�%%��A�  �� $��� ","/����

-#"+"�%�� ���#A-�!�� !A�� ��+" ��)"���� �6�����/�� "� +�#$��$#"� /��#�"� ��

#� A++A� ",,��-A#%�A�"�����/�� ",,��+-��		��1�
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���"++A�+A�A�-#"+"���� �)-A#������ ("�A)"��� �� "	#� A� "�"#)������

/"#A+�)�,)"��"�  �� ���"#/"���� ���#A-�!�� !3"� 3���A�  "�"#)����A� $��

+�	��(�!���/A��##"�#�)"��A� ",,��,��"�� ��!A+��1�

�$�	A� �,� �#���A�  �� !A+��� #�+$,���A� -#"+"����  �/"#+"� A-"#"�  ��

-#A�"%�A�"�  ",� ,��A#�,"� !3"�� �$���/���� �A�� +A�A� +���"� #"�,�%%��"� ���

$�8A���!��  �� $����#�"�4��  "�"#)���� A� <$�� �� (A#��� +!A)-"�+�� �,,��

 ���)�!�� ",�,��A#�,"1�

��(������ �� �$)"#A+�� ���"#/"���� ,A!�,�%%����  �� -#A�"%�A�"� �-"��",,���

6�##�"#"�")"#+"���!3"�����"�#�-A ��D��#�,"/�6�,��,$�	A�,��!A+����3���A�

�,�"#��A� ,�� ���$#�,"�  "#�/��  "�� +" �)"����  "�"#)���� A� �)-A#������

�##"�#�)"���� ",,��,��"�� ��#�/��+A��A(,$��A��,,"�+�"++"�A-"#"1�

�,� �#���A�  �� !A+��� #�+$,��� ���"#"++��A�  �,,"� (A!��  "�� �A##"���� F�!"�A��

��#�!!�A,A���"������A!$%%�#A����"�#�����-A��#��"���,/�#$+A1�

�"!A� A�<$���A��� �!��A� �,,8@��,���"� ",,"��-��		"����,���"@�" ��A�

 �,��F���",�D002� �'�	$#��&1B��� ,�� +-��		��� +A))"#+�� ",� ,��A#�,"� ���

A		"��A� #�+$,��� !�#���"#�%%���� �,,��-#"+"�%�� �� +�66�"� !A��-"� "�%"�

 ",�-#A(�,A� ",,8A# ��"� ",�B12E1�
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'�	$#��&1B� ��#�,!�A�  ",,8��,���"�  ",,"� �-��		"� ���,����� #",���/A� �,�
�#���A� ��!A+���A		"��A� ",�-#"+"��"�+�$ �AA���F���D002��

�
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4 Analisi delle variazioni del livello del mare 

�8���,�+��  ",,"� /�#��%�A���  ",� ,�/",,A� )" �A�  ",� )�#"� ;�  ��

(A� �)"���,"� �)-A#���%�� ��� (����  ",,�� #"�,�%%�%�A�"�  �� $�8A-"#��  ��

 �("+��  ",,"� !A+�"1� �"��"� /�#��%�A���� ��(������ -A++A�A� ��(,$"�%�#"� ,��

+!",���  ",,"�  �/"#+"� ��-A,A	�"�  �� ���"#/"��A�  �� #"�,�%%�#"1� ���

-�#��!A,�#"�� ,�� /�#��%�A�"�  ",,�� -#A(A� ��4� ,A!�,"� ��(,$"�%�� ��� )A A�

+�	��(�!���/A�,��)"!!���!�� ",�)A�A�A� A+A��!�$+�� A�!A� �%�A���-�F�A�

)"�A�	#�/A+"1�

�#"+!�� "� A� ���)A "+��� �+,�/",,���)-$��6�,����/�#��%�A���+��	�A��,��

 ",,��  "�+��4�  ",� )�#"� "� �� ("�A)"���  �� "$+����+)A�� +�!$#�)"��"�

�#�+!$#�6�,�� -"#� �,� -�#�		�A� ��� "+�)"�� ,"� "+!$#+�A���  �� ,�/",,A�  ",,��

+$-"#(�!�"�)�#����-A++A�A�"++"#"�-#��!�-�,)"��"��)-$���"��,,��)�#"���

+��� �+�#A�A)�!�� !3"�)"�"A#A,A	�!��� "� �,� +A-#�,%A� �� A��A�  �,,8�%�A�"�

 ",�)A�A�A� A+A1���� +"	$��A�+�� #�-A#���A� ,"�+��)"� �� "��"�/�#��%�A���

 ",�,�/",,A�)" �A�)�#��A�-"#��,�-�#�		�A����+-"!�"1�

4.1 Effetto della marea astronomica 

���)�#"���+�#A�A)�!��� A/$���-#��!�-�,)"��"��,,8�%�A�"�"+"#!������

 �,�!�)-A�	#�/���%�A��,"� ",�+A,"�"� ",,��,$���+$,,"�)�++"�A!"���!3"��

3���",,8�#"�� ���"+�)"�$���� �)"��A�!A�� $"�)�++�)��"� $"�)���)��

 $#���"� ,��	�A#������ �� !$��$��)�++�)A�" �$��)���)A� ���	"�"#"�-�F�

�!!"��$����#�+-"��A��,,8�,�#A1��

�8"+�)"�  ",,"� !A)-A�"���� �#)A��!3"�  ",,�� )�#"�� �+�#A�A)�!�� ;�

+���A� !A� A��A� +$,,�� 6�+"�  "��  ���� #"	�+�#����  �,,�� +��%�A�"�
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5 Caratteristiche del moto ondoso al largo 

5.1 Generalità 
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5.2 Fetch geografici ed efficaci 
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5.3 Analisi del clima ondoso al largo della costa t irrenica 

determinato dal modello ondametrico ECMWF  
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5.4 Analisi sul contenuto energetico del moto ondos o al 

largo della costa tirrenica  
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6 Previsione del moto ondoso per eventi estremi al 

largo 

6.1 Generalità 
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6.2 Analisi degli eventi estremi sulla base dei dat i del modello 

ECMWF 

6.2.1 Serie dei valori estremi di altezze d’onda  
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� σ C�BBB� C�&9C� C�B*&� C�B&C� C�D7B� C�BDC� C�B2C� C�B7C�

5"�6$,,� �� C�7C0� C�&7.� C�*B*� C�&9B� B�*DD� B�&9C� D�&C.� D�C2C�
� �� C�7*9� C�*0*� C�&&7� C�*C*� C�9B2� C�079� D�DC7� C�920�
� B� B�&C7� D�B7B� D�.27� B�BCB� D�DC7� D�BC7� D�.2&� D�B0B�

�

��� #�-A#���A� ��� �--"� �!"� �� ,"� ",�6A#�%�A��� "(("��$��"� -"#�

,8�--,�!�%�A�"�  ",� �"+��  �� �"�#+A�� �,,"�  �+�#�6$%�A���  �� -#A6�6�,��4�

#�!�/��"� �",� -#"+"��"� -�#�	#�(A� �/" "#"�  �,,�� ��6",,�� �1�� �,,���������

��6",,�� �1WW����� " � ��� �--"� �!"� �� �,� !A�(#A��A� 	#�(�!A�  ",,�� +"#�"�

 ",,"� (#"<$"�%"� A++"#/��"� !A�� ,"�  �+�#�6$%�A��� �"A#�!3"� A��"�$�"�

�/" "#"� �,,��'�	$#���1D��,,��'�	$#���1B*�1�

�� #�+$,�����  ",,8�--,�!�%�A�"�  ",� �"+�� χ2� �,,"�  �+�#�6$%�A��� ��� "+�)"�

+A�A� +����� +���"��%%���� �",,�� ��6",,�� .1*� ��� !$�� -"#� A	���  �#"%�A�"�  ��

-#A/"��"�%�� ",�)A�A�A� A+A�"�-"#�A	��� �+�#�6$%�A�"�� A������;�+���A�

#�-A#���A��,�/�,A#"� ",�χ2 !�,!A,��A1�

�
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��6",,��.1*� ��+$,�����  ",� �"+��  �� �"�#+A�� �,,"�  �+�#�6$%�A���  ��
-#A6�6�,��4� -"#� "/"���� "+�#")�� � A����"� �+A�A�
"/� "�%�������/�,A#�� ",�χ2 !�,!A,��A���("#�A#����<$",,A�
�"A#�!A� ����"#"��A�!A�� ,�/",,A� ��+�	��(�!���/��4�C1C2�
"����!A#+�/A�!A��,�/",,A� ��+�	��(�!���/��4�C1CC2�1�

���F��!"������
�������������#��$����������E���F���������

�AB� ����AB� ��AB� ����AB� ���AB� �����AB� ���AB� �����AB�

%"�!�E� 2.00 18.80 1.70 6.00 22.63 20.21 25.27 26.74 

&�������E�� 1.20 13.60 1.33 6.80 26.90 37.44 40.34 30.07 

'��!"EE� 1.20 14.80 1.70 2.80 16.45 19.05 36.47 23.78 

�

��� +!",���  ",,"�  �+�#�6$%�A���  �� -#A6�6�,��4�  �� � A���#"� ;� +�����

!A� A����+$,,��6�+"� "�� #�+$,����� ",� �"+�� ��� ����)"��A�"� ���!�+A� ��

$	$�,"�"+��A�+","%�A��� A�<$",,��!3"�(A#��+!"���/�,A#�� ���,�"%%�� 8A� ��

-�F�","/���1�

6.2.4 Valutazione dell’altezza d’onda al largo per fissati tempi di 

ritorno 

�"#� <$���A� ����"�"� �,,��  "�"#)���%�A�"�  ",,8�,�"%%��  8A� ��  ��

-#A	"��A�Q���"++��/�"�"�+","%�A��������!A##�+-A� "�%�� ��$��-#"(�++��A�

-"#�A A� ��#��A#�A��#1���(�����,8�,�"%%�� 8A� ��+�	��(�!���/�� ��-#A	"��A�+��

-$L� #�!�/�#"�$���/A,��� !3"� +��� "(������ ,8���"�+��4� �� !�)-�A��)"��A�

λS��$)"#A�  ��  ���� "+�#")��N��$)"#A�  �� �����  �� A++"#/�%�A�"�� "� +���

+�����!�,!A,���� ,�� (#"<$"�%���++A!������,�-"#�A A� ��#��A#�A�-#"(�++��A�

!A)"=� ( )�ND' λ1−= 1��

��A,�#"��;��"!"++�#�A��++A!��#"���A	����,�"%%�� 8A� ��!A+H�#�!�/����

$�� -"#�A A� )" �A� "� $�� -"#�A A�  �� -�!!A1� ��� -�#��!A,�#"� ;� -A++�6�,"�

"+-#�)"#"��,�-"#�A A�)" �A�"��,�-"#�A A� ��-�!!A����($�%�A�"� ",,8�,�"%%��

 8A� ��)" ����"�,"�#",�%�A��� ��+"	$��A�#�-A#���"���A!!A�����BCCC�=�
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��,,����6",,��.12��,,����6",,��.1DB�+A�A�#�-A#���"�,"��,�"%%"� 8A� ��

+�	��(�!���/"� /�,$���"� -"#�  �/"#+�� �")-��  �� #��A#�A� -"#� A	�$���  ",,"�

+"#�"�!A�+� "#���1�

���#�!A# ��!3"��,��$)"#A� ������� ��A++"#/�%�A�"�;�-�#����D7�����1�

��6",,��.12� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%��CCF1�
(��	����C�  ��	�C� (��	�C� (#�	�C�

B� 1,62 4,2 5,4 
2� 1,91 4,6 5,9 
DC� 2,10 4,8 6,2 
BC� 2,29 5,0 6,4 
*C� 2,48 5,2 6,7 
2C� 2,54 5,3 6,8 
DCC� 2,73 5,5 7,0 

�

��6",,��.1.� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%��BB12CF1�
(��	����C�  ��	�C� (��	�C� (#�	�C�

B� 1,06 3,4 4,4 
2� 1,37 3,9 5,0 
DC� 1,58 4,2 5,3 
BC� 1,78 4,4 5,7 
*C� 1,98 4,7 6,0 
2C� 2,04 4,7 6,1 
DCC� 2,23 4,9 6,3 

�

��6",,��.19� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%��*2CF1�
(��	����C�  ��	�C� (��	�C� (#�	�C�

B� 0,77 2,9 3,7 
2� 0,93 3,2 4,1 
DC� 1,03 3,4 4,3 
BC� 1,14 3,5 4,5 
*C� 1,24 3,7 4,7 
2C� 1,27 3,7 4,8 
DCC� 1,37 3,9 5,0 

�
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��6",,��.17� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%��.912CF1�
(��	����C�  ��	�C� (��	�C� (#�	�C�

B� 0,79 2,9 3,8 
2� 0,93 3,2 4,1 
DC� 1,02 3,4 4,3 
BC� 1,12 3,5 4,5 
*C� 1,21 3,7 4, 7 
2C� 1,24 3,7 4,7 
DCC� 1,34 3,8 4,9 

�

��6",,��.10� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%��B9CCF1�
(��	����C�  ��	�C� (��	�C� (#�	�C�

B� 3,74 6,4 8,2 
2� 4,29 6,9 8,8 
DC� 4,70 7,2 9,2 
BC� 5,09 7,5 9,6 
*C� 5,48 7,8 9,9 
2C� 5,61 7,8 10,1 
DCC� 5,99 8,1 10,4 

�

��6",,��.1DC� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%��B0B12CF1�
(��	����C�  ��	�C� (��	�C� (#�	�C�

B� 4,23 6,8 8,7 
2� 4,86 7,3 9,4 
DC� 5,32 7,6 9,8 
BC� 5,77 8,0 10,2 
*C� 6,20 8,2 10,6 
2C� 6,34 8,3 10,7 
DCC� 6,76 8,6 11,0 

�

��6",,��.1DD� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%��&D2CF1�
(��	����C�  ��	�C� (��	�C� (#�	�C�

B� 3,0 5,6 7,4 
2� 3,5 6,2 7,9 
DC� 3,8 6,5 8,3 
BC� 4,2 6,7 8,7 
*C� 4,5 7,0 9,0 
2C� 4,6 7,1 9,1 
DCC� 4,9 7,4 9,4 

�
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��6",,��.1DB� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%��&&912CF1�
(��	����C�  ��	�C� (��	�C� (#�	�C�

B� 2,24 5,0 6,4 
2� 2,69 5,4 7,0 
DC� 3,01 5,7 7,4 
BC� 3,31 6,0 7,7 
*C� 3,60 6,3 8,1 
2C� 3,69 6,4 8,2 
DCC� 3,97 6,6 8,5 

�

6.3 Analisi degli eventi estremi sulla base dei dat i rilevati dalla 

boa ondametrica di Cetraro 

�,� (��"�  �� (A#��#"� $,�"#�A#�� ��(A#)�%�A��� +$	,�� "/"���� "+�#")��� +A�A�

+����� -#"+�� ��� !A�+� "#�%�A�"���!3"� ��  ���� A� �)"�#�!�� #"	�+�#����  �,,��

6A�� ���"�#�#A� ",,���"�"��� �)"�#�!��F�%�A��,"1�

��(������ !A)"� ;� -A++�6�,"� #�,"/�#"�  �,,�� '�	$#�� .1D�� -"#� �� +"��A#��

!�#���"#�%%����  �,� )�		�A#"� !A��"�$�A� "�"#	"��!A� �B9CCF�� B0BCF� "�

&D2CF����!3"��� ���� ",,��6A�� ���"�#�#A�#�+$,���A�#�--#"+"�����/��-"#�

�,�-�#�		�A����"+�)"1�

6.3.1 Serie dei valori estremi di altezze d’onda  

�A,"� A�  "�"#)���#"� ,8A� ��  �� -#A	"��A�� A++��� ,8A� �� #�+-"��A� �,,��

<$�,"� �)"�+�A��#"�,"�A-"#"�(A#��""�A�/"#�(�!�#"�,8�	���%�A�"� ",�)A�A�

A� A+A��6�+A	���"(("��$�#"�$�8���,�+��!A+�  "������,$�	A��"#)��"� "	,��

"/"����"+�#")�1�

��� ���,A	��� �� <$���A� (���A� -"#� ��  ���� ���5'��  �,,�� +"#�"�  "��  ����

A#�	���#��� +A�A� +���"� #�!�/��"� ,"� +"#�"�  ",,"� �,�"%%"� )�++�)"�  ",,"�

)�#"		���"�-"#�(�++��"�!,�++�� �� �#"%�A�"� ��-#A/"��"�%�1���,��!,�++�� ��

-#A/"��"�%��3���A�$�8�)-�"%%�� ��BB12C�"�+A�A�+���"�!"��#��"��",,"�

 �#"%�A���B9CCF��B0B12CF�"�&D2CF1���,,��'�	$#��.1DC��,,��'�	$#��.1DB�

+A�A� #�-A#���"� -"#� !��+!$�A�  "�� +"��A#�� !A�+� "#���� ,"� +"#�"�  ",,"�
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�,�"%%"�+�	��(�!���/"�)�++�)"� ",,"�)�#"		��#"� "�"#)����"�+$,,��6�+"�

 "�� ����A� �)"�#�!��#�,"/���� �,,��6A�� ���"�#�#A1��

V� �)-A#����"� "/� "�%��#"� !3"� ,8���,�+��  ��  "���	,�A�  "��  ���� (A#�����

 �,,�� 6A��  �� �"�#�#A� 3�� )"++A� ��� ,$!"� �,� (���A� !3"� ,"� ��(A#)�%�A���

#",���/"��,,�� �#"%�A�"� ��-#A/"��"�%�� ",�)A�A�A� A+A��A�� #�+$,���A�

+")-#"� �((� �6�,�� ��� <$���A� ;� +���A� A++"#/���� $��� �A�"/A,"�

��!A�	#$"�%���#��,"� �/"#+"�)�+$#�%�A���#�,"/��"� �,,��6A��� ����"#/�,,��

�")-A#�,��  �� !�#!��&C�)��$��� ,8$��� �,,8�,�#�1� �"#� ��,"� #�	�A�"�;� +�����

-#",�)���#)"��"�"(("��$����$���-#A!" $#��-"#�,�� "�"#)���%�A�"� ",,"�

+��	A,"�  �#"%�A���  �� -#A-�	�%�A�"�  ",,"� �,�"%%"�  8A� �� �++A!���"� ��

!��+!$��  ��A�  ",,�� +"#�"� +$,,�� 6�+"�  ",,"� ��(A#)�%�A��� (A#���"�  �,�

)A ",,A� A� �)"�#�!A�  ",,8���5'� ��� $�� -$��A� -#A++�)A� �,,�� 6A��  ��

�"�#�#A1�

Jan00 Jul02 Jan05 Jul07 Jan10
0

1

2

3

4

5

6

7

8

data

H
s 

[m
]

Direzione-270°N

�

'�	$#��.1DC� �,�"%%"�  8A� �� +�	��(�!���/�� )�++�)"�  ",,"� )�#"		���"�
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'�	$#��.1DB� �,�"%%"�  8A� �� +�	��(�!���/�� )�++�)"�  ",,"� )�#"		���"�
 "�"#)����"��,�,�#	A� ",�-�#�		�A����"+�)"=� �#"%�A�"� ��
-#A/"��"�%��&D2CF1�

�

�A�!3U�,��+"#�"� "�� ������ �+-A+�%�A�"�!A-#"�$���#!A� ���")-A�-�#����
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,�#	A� �A�� ;� +���A� #��"�$�A� A--A#�$�A� $��,�%%�#"� ,�� +"#�"�  "��)�++�)��

���$�,�1� ��!3"� ��� <$"+�A� !�+A�� ��(������ ;� +���A� #��"�$�A� -�F� !A##"��A�

$��,�%%�#"� ,��+"#�"� "	,�� "/"����"+�#")���,� �� +A-#�� �� (�++��"� +A	,�"� ��

�,�"%%�� 8A� �1� ��� -�#��!A,�#"� +A�A� +���"� +!",�"� ,"� +A	,�"� #�-A#���"� ���

��6",,��.1D&1�

��6",,��.1D&� ��,A#��  �� +A	,���  �� �,�"%%��  8A� �� +�	��(�!���/��
$��,�%%����-"#� ,�� "�"#)���%�A�"� ",,"� �+�#�6$%�A�"�
 ��"/"����"+�#")�1�
����������

	ABC�

DEF������������������E���

	�C�

B9C� B12�
B0B12� B1C�
&D2� D1C�

�

��� ��6",,�� .1D*� #�-A#��� -"#� A	�$���  ",,"� !,�++�� !A�+� "#��"� ,�� +"#�"�

 ",,"� �,�"%%"�  8A� �� +�	��(�!���/"� $��,�%%��"� -"#� ,A� +�$ �A�  "	,�� "/"����

"+�#")��A# ����"����)A A� "!#"+!"��"1�
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��6",,��.1D*� �"#�"�  ",,"� �,�"%%"�  8A� �� +�	��(�!���/"� $��,�%%����
-"#�,8���,�+�� "	,��"/"����"+�#")�1�
B�  ��	�C�

� ���AB� �����AB� ���AB�

D� 9�BC� 2�9*� &�7.�
B� .�B7� 2�*2� &�BD�
&� 2�7.� *�2*� &�CC�
*� 2�.B� *�&*� B�0&�
2� 2�.B� *�B&� B�&0�
.� 2�2.� *�BC� B�&7�
9� 2�2.� *�D*� B�&D�
7� *�.&� &�9D� B�C.�
0� *�2C� &�29� D�0.�
DC� *�*2� &�29� D�0D�
DD� *�*2� &�&2� D�0D�
DB� *�D.� &�B0� D�7*�
D&� *�D.� &�BB� D�7&�
D*� *�DD� B�00� D�7C�
D2� *�C.� B�0*� D�92�
D.� *�C2� B�0&� D�9&�
D9� *�C2� B�0D� D�9B�
D7� *�CC� B�7*� D�9C�
D0� *�CC� B�7&� D�.2�
BC� &�02� B�99� D�.*�
BD� &�0*� B�9*� D�.C�
BB� &�0&� B�9C� D�27�
B&� &�0&� B�9C� D�22�
B*� &�7.� B�.2� D�22�
B2� &�92� B�.D� D�2*�
B.� &�92� B�.C� :�
B9� &�9C� B�2.� :�
B7� &�.9� B�*0� :�
B0� &�*7� B�*0� :�
&C� &�*7� B�**� :�
&D� &�*.� B�&7� :�
&B� &�*2� B�&D� :�
&&� &�BD� B�B*� :�
&*� &�D*� B�B&� :�
&2� &�DB� B�BB� :�
&.� &�DC� B�BB� :�
&9� &�C9� B�BD� :�
&7� &�C9� B�BD� :�
&0� &�C9� B�D0� :�
*C� &�C.� B�D7� :�
*D� &�C2� B�D9� :�
*B� &�C*� B�D.� :�
*&� B�00� B�D2� :�
**� B�00� B�D2� :�
*2� B�09� B�D&� :�
*.� B�02� B�D&� :�



 
47

B�  ��	�C�

� ���AB� �����AB� ���AB�

*9� B�0&� B�DD� :�
*7� B�0B� B�C0� :�
*0� B�0C� B�C7� :�
2C� B�70� B�C9� :�
2D� B�77� B�CC� :�
2B� B�79� D�07� :�
2&� B�72� D�09� :�
2*� B�7*� D�0.� :�
22� B�99� D�02� :�
2.� B�9&� D�0*� :�
29� B�9&� D�0&� :�
27� B�9&� D�0B� :�
20� B�.7� D�0C� :�
.C� B�.7� D�72� :�
.D� B�.7� D�7*� :�
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6.3.2 Distribuzioni di probabilità delle onde estre me utilizzate 

��!3"� -"#� ��  ���� A� �)"�#�!�� �!<$�+����  �,,�� 6A��  �� �"�#�#A�� -"#�

A	�$���  ",,"� +"#�"� ��� "+�)"�� A++��� -"#� ,"�  �/"#+"�  �#"%�A���� +�� ;�

/"#�(�!��A� ,8� ����)"��A�  ��  �/"#+"�  �+�#�6$%�A���  �� -#A6�6�,��4�

$+$�,)"��"��)-�"	��"�-"#�,8���,�+�� ��"/"����"+�#")�1����-�#��!A,�#"��+��

+A�A�$��,�%%��"�,�� �+�#�6$%�A�"� ���$)6",��,�� �+�#�6$%�A�"��A	�A#)�,"�

"�,�� �+�#�6$%�A�"� ��5"�6$,,>���<$"+�8$,��)�� �+�#�6$%�A�"�;�+���A�(���A�

�++$)"#"��,,8"+-A�"��"� ",,��/�#��6�,"�#� A����<$���#A� �/"#+��/�,A#�1�

���  "(�����/��� +A�A� +���"� �--,�!��"� �#"�  �/"#+"�  �+�#�6$%�A���  ��

-#A6�6�,��4�� ,�� !$�� 6A��4�  �� � ����)"��A� ;� +����� -A�� /"#�(�!���� +$,,��
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� ����)"��A�+A�A�<$",,"�#�-A#���"��",�	�4�!����A�-�#�	#�(A�.1B1B1�

6.3.3 Individuazione dei parametri delle distribuzi oni di probabilità  

�����6",,��.1D2�#�-A#�����/�,A#�� "��-�#�)"�#�� ",,"� �+�#�6$%�A��� "��
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��6",,��.1D.� ��+$,�����  ",� �"+��  �� �"�#+A�� �,,"�  �+�#�6$%�A���  ��
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A� A+A�
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6.3.4 Valutazione dell’altezza d’onda al largo per fissati tempi di 

ritorno 
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7 Trasformazione del moto ondoso da largo a riva 

7.1 Generalità 

F"��!�-��A,��-#"!" "����+A�A�+�����/�,$����� �,�!,�)��A� A+A�)" �A��,�
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 ",,8A-"#��  �� -#A�"%�A�"� �,� -�" "�� ;� -"#L� �"!"++�#�A�  "�"#)���#"� ,"�
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7.2 Caratteristiche del modello numerico CMS-Wave 
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+A�A� $	$�,�� ��� �)-�"%%�� "� !3"� ,8"�"#	��� #�(,"++�� ;� -�#�� � � $���  ����

(#�%�A�"� ",,8"�"#	��� ",,8A� �� ��!� "��"1� �,�)A ",,A� ���"+�)"�!�,!A,��

��,"� "�"#	��� #�(,"++��  �,,�� !A+��� "�  �,,"� +�#$��$#"� ��� "++�� -#"+"����

�,,8���"#�A� ",,��-#A!" $#�� �� !�,!A,A� ",,�� �+�#�6$%�A�"� ",,�� "�+��4�

 ���%�A�"�A� A+�� �(A#Y�# � #"(,"!��A��1��8���!3"�-A++�6�,"�!�,!A,�#"� ,��

#�(,"++�A�"� A/$����,�(A� A��!A)"�-"#�"+")-�A�<$",,��!3"�+��/"#�(�!��� �

$���!"#��� �+���%�� �,,��+-��		���A� �,�(#��	�(,$������#�)��"�$��)"�A A�

 ��!�,!A,A���#��#A+A��6�!BY�# �#"(,"!��A��1�M$"+�A�)"�A A�!�$+��-"#L�

$�� �A�"/A,"� �$)"��A�  "�� �")-��  �� !�,!A,A�� !3"� -A++A�A� �##�/�#"� ��

#�  A--��#+�1�

��� +�)$,�%�A�"�  ",� (#��	�)"��A�  ",,8A� �� !�$+��A�  �,,�� +$��

���"#�%�A�"�!A���,�(A� �,"�;�"++"�%��,"��"��)A ",,�� 8A� ��!A+��"#�1�F",�

!A �!"�  �� !�,!A,A� ���:5�/"� ,��  �++�-�%�A�"�  �� "�"#	���  A/$��� �,�

(#��	�)"��A�-$L�"++"#"�+��)�����#�)��"�<$���#A�-A++�6�,��(A#)$,�%�A��=�
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���� (A#)$,�� ",��A ��"+�"+�� �"P�"� " ��A �� (A#)$,���A��� +/�,$--����

 ����B���"���,1��D070����������!3"�"+�"+�������Z"+�D09B�������������Z"+�"�

T"�+"���D097�����/���3�Y,��"�K�#6O��BCCB�1�M$"+�"� (A#)$,"�-A++A�A�

"++"#"�  �/�+"� ���  $"� 	"�"#�!3"� !��"	A#�"1� ��� -#�)�� !,�++"�  ��

(A#)$,�%�A���3��!A)"�+!A-A�<$",,A� ��+�)$,�#"�,8"�"#	��� �++�-���� �,�

(#��	�)"��A� �#A�!�� A� ,�� !A ��  ",,��  �+�#�6$%�A�"�  �� ��O,"�	3�

 ",,8�,�"%%��  8A� �� +$,,�� 6�+"�  �� $��  "�"#)����A� !#��"#�A�  ��

(#��	�)"��A1��"�(A#)$,�%�A���"+�"+"� ���A ��"���!3"��--�#�"�	A�A���

��,"� !,�++"1� ��� +"!A� �� !��"	A#���  �� (A#)$,"� $+��A� ,8���,A	���  �� $��

)A ",,A�� �A� "�-"#�A �!3"�#"	A,�#���6A#"���,�(��"� ��+��)�#"�,8"�"#	���

�A��,"� �++�-���� �,�(#��	�)"��A������Z"+�"�T��++"��D097�1��"�(A#)$,"�

 �� ����Z"+� "� T��++"�� "�  �� �3�Y,�� "� K�#6O� �--�#�"�	A�A� �� <$"+���

!,�++"1�

�,�)A ",,A����"+�)"�-$L�!A�+� "#�#"���!3"�,8"(("��A� ",�/"��A�+$,,��

+$-"#(�!�"� ,�6"#�1� �8"/A,$%�A�"�  ",,"� A� "� +$� $�A� +-"!!3�A� �!<$"A�

)A,�A�"+�"+A�;����(������!�$+��A����)A A�+A+���%��,"� �,,�����"#�%�A�"�

 ",� /"��A� !A�� ,"� A� "1� �,� #�+$,���A� ;� $�� !�)-A�  8A� "� �A�� ,��"�#��

A��"�$�A� �,,8"<$�,�6#�A� ",,��(A#%���"�,"	�����,�/"��A�� �,�(#��	�)"��A�

 ",,"�A� "����(�+"� ��	"�"#�%�A�"��Y3��"!�--��	��"� �,,��!#"+!���� ",,"�

A� "�+�"++"1�F",�)A ",,A����:5�/"��,�-#A!"++A� ��?Y3��"!�--��	@�"�,��

(A#%���"�,"	�����,�/"��A�/"�	A�A��"�$������!A�+� "#�%�A�"��#�)��"� $"�

�"#)�����		�$���/�=�$�A� �++�-���"�" �$�A�+A#	"��"� ��"�"#	��1�

�"#� <$���A� !A�!"#�"� ,�� +��)��  ",,�� �#�+)�++�A�"�  ",,"� A� "� ���

!A##�+-A� "�%��  �� +�#$��$#"� -#"+"���� ,$�	A� ,�� !A+���� �,� -#"+"��"�

)A ",,A� $��,�%%��  ",,"� (A#)$,"� -�$��A+�A� +")-,�!�1� ��� -�#��!A,�#"�� !A��

#�("#�)"��A� �� (#��	�(,$���� 	�,,"		������ #�	� ��� �,� !A"((�!�"��"�  ��

�#�+)�++�A�"� Kt� �-�#�� �,� #�--A#�A� �#�� ,8�,�"%%��  8A� �� �#�+)"++�� ��

�"#	A� ",,8A-"#��"�,8�,�"%%�� ",,8A� ����!� "��"��/�"�"�!�,!A,��A��#�)��"�

,�� (A#)$,�� ���,���!�� +/�,$--����  �� ��!�	�A� �D02&���  "#�/���"�  �,,��

�"A#��� ����AB"+��,�-#�)A�A# ��"� ���--#A++�)�%�A�"=�
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��� �#�+)�++�A�"� ",,"�A� "�+A-#��$���+�#$��$#��A�$�� (#��	�(,$���� ��

	"������;�!�$+����-#��!�-�,)"��"� �,,A�+�#�)�%%A� ",,��)�++�� 8�!<$��

!3"� �#�!�)�� �,�  �� ,��  ",,�� +�#$��$#�� +�"++�1�M$�� ��� �,� #�--A#�A� �#�� ,��

<$A���  ",,�� !�)��  ",,�� +�#$��$#�� "� ,8�,�"%%��  8A� �� ��!� "��"�

#�--#"+"���� �,� -#��!�-�,"� -�#�)"�#A� !3"� 	A/"#��� ,�� �#�+)�++�A�"�

 ",,8A� �1� �,�)A ",,A����:5�/"�!�,!A,�� �,� ��++A� �� �#�!�)�%�A�"��,� ��

+A-#��  �� $�� (#��	�(,$���� /"#��!�,"� 6�+�� A+�� +$,,�� "+-#"++�A�"�

+/�,$--���� ���A ���D072�=�
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 A/"� hc� ;� ,�� <$A���  ",,�� !#"+���  ",,�� +�#$��$#���)�+$#���� #�+-"��A� �,�

,�/",,A� ��<$�"�"��Hi�;�,8�,�"%%�� 8A� ����!� "��"1���,"�"<$�%�A�"�#�+$,���

/�,� ��-"#�+�#$��$#"�")"#+"��hc���C�1�F",�!�+A� �� (#��	�(,$����!A+���$����

 ��  �	3"� �� 	"������� ��� )��"#��,"� ,�-� "A� A� ��� !�,!"+�#$%%A�� �,�

!A"((�!�"��"�  �� �#�+)�++�A�"� ;� ��/"!"� "+-#"++A�  �,,�� +"	$"��"�
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�

7.3 Dominio di calcolo 

���"	#�� A��� ���� �+-A��6�,�� "+$���� �,,��!�#�A	#�(�����$��!��"� �,,"�

��/A,"�  ",� -#A	"��A� -#",�)���#"� "�  "(�����/A� (A#���"� �� !3�� +!#�/"�  ��

������ �1#1,1�� +A�A� +���"� #�!A+�#$��"� ,"� 6���)"�#�"�  �� !�,!A,A� +$� $��

 A)���A� �� )�	,��� <$� #���1� ��� #�+A,$%�A�"� +-�%��,"�  ",,�� 	#�	,���  ��

!�,!A,A�� �,� -�F� -A++�6�,"� +A,� �,"� �,,8A#�"���)"��A�  ",,�� +�#$��$#�� ���
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!3"�,8�++"� ",,"��+!�++"�(A#)��$����	A,A� ��9CC�#�+-"��A��,,�� �#"%�A�"�
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7.4 Condizioni al contorno 

���-#A-�	�%�A�"� ",,"�!A� �%�A��� ��)A�A�A� A+A�;�+�����"(("��$����

+�)$,�� A�"� ,8���"#A� +-"��#A� ��� �"#)����  ��  �#"%�A�"� "� (#"<$"�%���

$��,�%%�� A� A� "�  �#"%�A��,�� �##"	A,�#��� 	"�"#��"�  �� $�� �--A+��A�

�--,�!���/A�  ",� ���:5�/"1� �"#� A	��� A� ��  �� #�("#�)"��A� ;� +���A�
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'�	$#��91&� �#�	,��� -A,�#"�  �#"%�A�":(#"<$"�%�� !A��"�"��"� $��
"+")-�A� �� �+�#�6$%�A�"�T�F�5��� ",,8"�"#	���+-"��#�,"�
 ",,8A� �1�

�",���/�)"��"� �,,8A#�"���%�A�"�� ;� +����� �)-A+��� $��� /�#��6�,��4�  ��

!�#!��\D2C�#�+-"��A��,,�� �#"%�A�"�-#��!�-�,"� ��-#A/"��"�%�1�

���� #",�%�A�"� ��� /�,A#��  �� -"#�A A�  �� -�!!A� �-�  ",,"� (A#%�����

!A�+� "#��"��+A�A�+������++$���� "��!A##�+-A� "����/�,A#�� ",�-�#�)"�#A�

��))�� "�  ",,8"+-A�"��"� n�  ",� !A+"�A� �",,�� (A#)$,��  ",,A� +-"��#A�

T�F�5����#�+-"���/�)"��"�-�#����&1&�"�*�-"#�/�,A#�� ���-]DC+�"�*�"�7�

-"#��-RDC+1��

��+$,���A--A#�$�A�"/� "�%��#"�!3"��#�--#"+"���� A�,8���"#A�+-"��#A��

,"� +�)$,�%�A��� �"�	A�A� !A��A� ��!3"�  �� !A)-A�"���� +-"��#�,��

!�#���"#�%%��"� ��,$�	3"%%"� 8A� ��"� �#"%�A����A��$��(A#)���-"#�!$���,�

#�+$,���A� A((#"� ,8��(A#)�%�A�"� -�F� !A)-,"���  �+-A��6�,"�  �� $�8$��!��
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7.5 Caratteristiche del clima ondoso medio sottocost a 

�"#� A	��� !,�++"�  �� -#A/"��"�%�� "� -"#� A	��� �")-A�  �� #��A#�A�

!A�+� "#��A�� )" ����"� �,� )A ",,A� ���:5�/"�� -A++A�A� "++"#"�

 "�"#)������ ��� �$���� �� -$����  ",�  A)���A�  �� !�,!A,A� ,"� !�#���"#�+��!3"�

 ",,8�	���%�A�"� A� A+��� ��� �"#)����  �� �,�"%%�� +�	��(�!���/��� -"#�A A�  ��

-�!!A� "�  �#"%�A�"�  �� -#A/"��"�%��  ",,"� A� "1� ��� -�#��!A,�#"�� ��,��

!�#���"#�+��!3"�+A�A�+���"� "�"#)����"��"��+"��-$������ �!�����",,���

�

'�	$#�� 91B� "� �� /�,A#�� A��"�$��� +A�A�)A+�#����  �,,�� ��6",,�� 91D� �,,��

��6",,��912�"�+���"��%%����	#�(�!�)"��"� �,,��'�	$#��91*��,,��'�	$#��9171�

�
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��6",,��91D� �"#!"��$�,"� "/"���� -"#� !,�++"�  �� �,�"%%��  8A� ��
+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  ��
-#A/"��"�%��  "�"#)����"� �",� -$��A� D� �-#A(A� ��4�
BC�)�1�

Dir 
[°N] 

Hs [m] 

 0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-5.0 5.0-6.0 

0 0.30 0.22 0.08 0.06 0.01 - - - -  
10 0.46 0.21 0.05 0.02 - - - - -  
20 0.23 0.06 0.01 0.01 - - - - -  
30 0.52 0.12 0.02 0.01 - - - - -  
40 - 0.08 0.02 - - - - - -  
50 - - - - - - - - -  
60 - - - - - - - - -  
70 - - - - - - - - -  
80 - - - - - - - - -  
90 - - - - - - - - -  

100 - - - - - - - - -  
110 - - - - - - - - -  
120 - - - - - - - - -  
130 - - - - - - - - -  
140 - - - - - - - - -  
150 - - - - - - - - -  
160 - - - - - - - - -  
170 - - - - - - - - -  
180 - - - - - - - - -  
190 - - - - - - - - -  
200 - - - - - - - - -  
210 - - - - - - - - -  
220 - - - - - - - - -  
230 - - - - - - - - -  
240 - - - - - - - - -  
250 - - - - - - - - -  
260 - - - - - - - - -  
270 - - - - - - - - -  
280 - - - - - - - - -  
290 - - - - - - - - -  
300 - - - - - - - - -  
310 - - - - - - - - -  
320 23.66 - - - - - - - -  
330 41.09 4.91 0.45 0.07 - - - - -  
340 7.31 2.33 0.34 0.13 0.02 0.00 - - -  
350 1.41 0.70 0.35 0.07 0.01 - - - -  

0-360 74.98 8.63 1.32 0.37 0.04 0.00 - - - - 

�
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H<0.5 m

0.5<H<1.0 m
1.0<H<1.5 m

1.5<H<2.0 m

2.0<H<2.5 m

2.5<H<3.0 m
3.0<H<3.5 m

3.5<H<4.0 m

�

'�	$#��91*� �"#!"��$�,"�  "	,�� "/"���� -"#� !,�++"�  �� �,�"%%��  8A� ��
+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  �� -#A/"��"�%��
 "�"#)����"��",�-$��A�D��-#A(A� ��4�BC�)��
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��6",,��91B� �"#!"��$�,"� "/"���� -"#� !,�++"�  �� �,�"%%��  8A� ��
+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  ��
-#A/"��"�%��  "�"#)����"� �",� -$��A� B� �-#A(A� ��4�
BC�)�1�

Dir 
[°N] 

Hs [m] 

 0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-5.0 5.0-6.0 

0 0.54 0.36 0.04 0.02 0.01 - - - -  
10 0.22 0.07 0.01 - - - - - -  
20 0.23 0.06 0.02 0.01 - - - - -  
30 0.52 0.20 0.03 - - - - - -  
40 - - - - - - - - -  
50 - - - - - - - - -  
60 - - - - - - - - -  
70 - - - - - - - - -  
80 - - - - - - - - -  
90 - - - - - - - - -  

100 - - - - - - - - -  
110 - - - - - - - - -  
120 - - - - - - - - -  
130 - - - - - - - - -  
140 - - - - - - - - -  
150 - - - - - - - - -  
160 - - - - - - - - -  
170 - - - - - - - - -  
180 - - - - - - - - -  
190 - - - - - - - - -  
200 - - - - - - - - -  
210 - - - - - - - - -  
220 - - - - - - - - -  
230 - - - - - - - - -  
240 - - - - - - - - -  
250 - - - - - - - - -  
260 - - - - - - - - -  
270 - - - - - - - - -  
280 - - - - - - - - -  
290 - - - - - - - - -  
300 - - - - - - - - -  
310 34.24 8.08 2.14 0.40 0.01 - - - -  
320 16.11 8.46 1.18 0.38 0.22 0.04 - - -  
330 7.31 0.73 0.58 0.34 0.09 0.01 0.00 - -  
340 0.90 0.41 0.20 0.07 0.06 - - - -  
350 0.52 0.29 0.16 0.08 0.01 - - - -  

0-360 60.57 18.65 4.37 1.30 0.40 0.06 0.00 - - - 

�
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0.5<H<1.0 m
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3.0<H<3.5 m
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�

'�	$#��912� �"#!"��$�,"�  "	,�� "/"���� -"#� !,�++"�  �� �,�"%%��  8A� ��
+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  �� -#A/"��"�%��
 "�"#)����"��",�-$��A�B��-#A(A� ��4�BC�)��
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��6",,��91&� �"#!"��$�,"� "/"���� -"#� !,�++"�  �� �,�"%%��  8A� ��
+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  ��
-#A/"��"�%��  "�"#)����"� �",� -$��A� &� �-#A(A� ��4�
BC�)�1�

Dir 
[°N] 

Hs [m] 

 0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-5.0 5.0-6.0 

0 0.24 0.14 0.04 0.02 0.01 - - - -  
10 0.22 0.07 0.01 - - - - - -  
20 0.44 0.10 0.02 0.01 - - - - -  
30 0.31 0.16 0.03 - - - - - -  
40 - - - - - - - - -  
50 - - - - - - - - -  
60 - - - - - - - - -  
70 - - - - - - - - -  
80 - - - - - - - - -  
90 - - - - - - - - -  

100 - - - - - - - - -  
110 - - - - - - - - -  
120 - - - - - - - - -  
130 - - - - - - - - -  
140 - - - - - - - - -  
150 - - - - - - - - -  
160 - - - - - - - - -  
170 - - - - - - - - -  
180 - - - - - - - - -  
190 - - - - - - - - -  
200 - - - - - - - - -  
210 - - - - - - - - -  
220 - - - - - - - - -  
230 - - - - - - - - -  
240 - - - - - - - - -  
250 - - - - - - - - -  
260 - - - - - - - - -  
270 - - - - - - - - -  
280 - - - - - - - - -  
290 - - - - - - - - -  
300 23.14 16.79 3.70 0.79 0.19 0.01 - - -  
310 16.11 6.17 2.22 0.47 0.41 0.10 0.05 0.02 -  
320 5.12 1.03 0.30 0.19 0.08 0.04 0.01 - -  
330 2.18 0.73 0.28 0.09 0.06 0.02 0.00 - -  
340 0.90 0.41 0.28 0.09 0.05 0.01 - - -  
350 0.81 0.51 0.08 0.06 0.01 - - - -  

0-360 49.47 26.10 6.97 1.71 0.81 0.19 0.07 0.02 - - 

�
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  10   20   30%

30
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0

64.1%

H<0.5 m

0.5<H<1.0 m
1.0<H<1.5 m

1.5<H<2.0 m

2.0<H<2.5 m

2.5<H<3.0 m
3.0<H<3.5 m

3.5<H<4.0 m
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+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  �� -#A/"��"�%��
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��6",,��91*� �"#!"��$�,"� "/"���� -"#� !,�++"�  �� �,�"%%��  8A� ��
+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  ��
-#A/"��"�%�� "�"#)����"��",�-$��A�*��-#A(A� ��4�.�
)�1�

Dir 
[°N] 

Hs [m] 

 0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-5.0 5.0-6.0 

0 0.30 0.36 0.14 0.01 - - - - -  
10 0.46 0.07 0.03 - - - - - -  
20 0.23 0.10 0.02 - - - - - -  
30 0.52 0.18 - - - - - - -  
40 - - - - - - - - -  
50 - - - - - - - - -  
60 - - - - - - - - -  
70 - - - - - - - - -  
80 - - - - - - - - -  
90 - - - - - - - - -  

100 - - - - - - - - -  
110 - - - - - - - - -  
120 - - - - - - - - -  
130 - - - - - - - - -  
140 - - - - - - - - -  
150 - - - - - - - - -  
160 - - - - - - - - -  
170 - - - - - - - - -  
180 - - - - - - - - -  
190 - - - - - - - - -  
200 - - - - - - - - -  
210 - - - - - - - - -  
220 - - - - - - - - -  
230 - - - - - - - - -  
240 - - - - - - - - -  
250 - - - - - - - - -  
260 - - - - - - - - -  
270 - - - - - - - - -  
280 - - - - - - - - -  
290 - - - - - - - - -  
300 - - - - - - - - -  
310 - - - - - - - - -  
320 8.78 - - - - - - - -  
330 56.54 3.62 0.10 - - - - - -  
340 8.33 2.03 0.69 0.21 0.01 0.00 - - -  
350 1.41 0.90 0.23 0.06 0.01 - - - -  

0-360 76.57 7.26 1.21 0.28 0.02 0.00 - - - - 

�
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  5   10%

30

210

60

240

90270

120

300

150

330

180

0

91.2%

H<0.5 m

0.5<H<1.0 m
1.0<H<1.5 m

1.5<H<2.0 m

2.0<H<2.5 m

2.5<H<3.0 m
3.0<H<3.5 m

3.5<H<4.0 m

�

'�	$#��919� �"#!"��$�,"�  "	,�� "/"���� -"#� !,�++"�  �� �,�"%%��  8A� ��
+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  �� -#A/"��"�%��
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��6",,��912� �"#!"��$�,"� "/"���� -"#� !,�++"�  �� �,�"%%��  8A� ��
+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  ��
-#A/"��"�%�� "�"#)����"��",�-$��A�2��-#A(A� ��4�.�
)�1�

Dir 
[°N] 

Hs [m] 

 0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-5.0 5.0-6.0 

0 0.24 0.14 0.04 0.02 - - - - -  
10 0.22 0.07 0.03 - - - - - -  
20 0.44 0.12 0.02 - - - - - -  
30 0.31 0.16 - - - - - - -  
40 - - - - - - - - -  
50 - - - - - - - - -  
60 - - - - - - - - -  
70 - - - - - - - - -  
80 - - - - - - - - -  
90 - - - - - - - - -  

100 - - - - - - - - -  
110 - - - - - - - - -  
120 - - - - - - - - -  
130 - - - - - - - - -  
140 - - - - - - - - -  
150 - - - - - - - - -  
160 - - - - - - - - -  
170 - - - - - - - - -  
180 - - - - - - - - -  
190 - - - - - - - - -  
200 - - - - - - - - -  
210 - - - - - - - - -  
220 - - - - - - - - -  
230 - - - - - - - - -  
240 - - - - - - - - -  
250 - - - - - - - - -  
260 - - - - - - - - -  
270 - - - - - - - - -  
280 - - - - - - - - -  
290 - - - - - - - - -  
300 - - - - - - - - -  
310 35.46 3.33 - - - - - - -  
320 16.11 12.32 2.37 0.29 0.11 0.01 - - -  
330 7.31 1.75 0.86 0.23 0.11 0.06 0.00 - -  
340 0.90 0.41 0.28 0.14 0.01 - - - -  
350 0.81 0.51 0.08 0.08 - - - - -  

0-360 61.79 18.82 3.69 0.75 0.23 0.07 0.00 - - - 

�
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0

76.5%

H<0.5 m

0.5<H<1.0 m
1.0<H<1.5 m

1.5<H<2.0 m

2.0<H<2.5 m

2.5<H<3.0 m
3.0<H<3.5 m

3.5<H<4.0 m

�

'�	$#��917� �"#!"��$�,"�  "	,�� "/"���� -"#� !,�++"�  �� �,�"%%��  8A� ��
+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  �� -#A/"��"�%��
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��6",,��91.� �"#!"��$�,"� "/"���� -"#� !,�++"�  �� �,�"%%��  8A� ��
+�	��(�!���/�� "� -"#� !,�++"�  ��  �#"%�A�"�  ��
-#A/"��"�%�� "�"#)����"��",�-$��A�.��-#A(A� ��4�.�
)�1�

Dir 
[°N] 

Hs [m] 

 0-0.5 0.5-1.0 1.0-1.5 1.5-2.0 2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-5.0 5.0-6.0 

0 0.24 0.14 0.06 - - - - - -  
10 0.22 0.14 0.01 - - - - - -  
20 0.44 0.14 - - - - - - -  
30 0.31 0.08 - - - - - - -  
40 - - - - - - - - -  
50 - - - - - - - - -  
60 - - - - - - - - -  
70 - - - - - - - - -  
80 - - - - - - - - -  
90 - - - - - - - - -  

100 - - - - - - - - -  
110 - - - - - - - - -  
120 - - - - - - - - -  
130 - - - - - - - - -  
140 - - - - - - - - -  
150 - - - - - - - - -  
160 - - - - - - - - -  
170 - - - - - - - - -  
180 - - - - - - - - -  
190 - - - - - - - - -  
200 - - - - - - - - -  
210 - - - - - - - - -  
220 - - - - - - - - -  
230 - - - - - - - - -  
240 - - - - - - - - -  
250 - - - - - - - - -  
260 - - - - - - - - -  
270 - - - - - - - - -  
280 - - - - - - - - -  
290 - - - - - - - - -  
300 28.89 9.90 1.70 - - - - - -  
310 16.11 9.25 1.89 1.12 0.33 0.04 0.04 - -  
320 5.12 1.03 1.03 0.32 0.06 0.07 0.03 0.02 -  
330 2.18 0.73 0.48 0.16 0.13 0.01 0.00 - -  
340 0.90 0.70 0.08 0.03 - - - - -  
350 0.81 0.22 0.08 0.09 - - - - -  

0-360 55.23 22.33 5.33 1.71 0.52 0.13 0.07 0.02 - - 

�
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0

69.9%

H<0.5 m

0.5<H<1.0 m
1.0<H<1.5 m

1.5<H<2.0 m

2.0<H<2.5 m

2.5<H<3.0 m
3.0<H<3.5 m

3.5<H<4.0 m
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 "�"#)����"��",�-$��A�.��-#A(A� ��4�.�)��
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7.1 Analisi sul contenuto energetico del moto ondos o 

sottocosta  

E��,�%%�� A� ,�� )" "+�)�� -#A!" $#��  "+!#����� �,� -�#�	#�(A� 21*� +��

+A�A�  "�"#)����"� ,"�  �+�#�6$%�A���  ",,8"�"#	���  ",� )A�A� A� A+A�

+A��A!A+����"��+"��-$������ �!�����",,���
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7.2 Previsione del moto ondoso per eventi estremi s ottocosta 

E��,�%%�� A� ,�� )" "+�)�� -#A!" $#��  "+!#����� �,� -�#�	#�(A� 21*� +��

+A�A�  "�"#)����"� ,"� !�#���"#�+��!3"�  ",� )A�A� A� A+A� �"�� +"�� -$����
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-#A/"��"�%�� ",�)A�A� A� A+A� !A�+� "#��"� �� ,�#	A1���,,�� ��6",,�� 919�

�,,����6",,��91.C�+A�A�#�-A#���"��-"#�!��+!$��� ",,"�!A� �%�A��� ��)A�A�

A� A+A� �,� ,�#	A� �� �/� $��"� �,� -�#�	#�(A� .1B1*�� ,"� �,�"%%"�  8A� ��� ��

-"#�A �� ��-�!!A�"�,"� �#"%�A��� ��-#A/"��"�%��+A��A!A+������!��+!$�A� "��
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'�	$#��91B1�
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��6",,��919� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=� ��#"%�A�"�  �� -#A/"��"�%�� �,� ,�#	A� CCF� A�
�$��A�D1�

(��	����C�  ��	�C� (#�	�C� ����	ABC�

B� D12B� 21*� &1B�
2� D199� .1D� &1C�
DC� D10*� .1D� B10�
BC� B1DB� .1D� B10�
*C� B1B9� .10� B19�
2C� B1B.� .10� B1.�
DCC� B1*&� .10� B12�

�
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��6",,��917� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=� ��#"%�A�"�  �� -#A/"��"�%�� �,� ,�#	A� CCF� A�
�$��A�B1�

(��	����C�  ��	�C� (#�	�C� ����	ABC�

B� D12.� 21*� &201*�
2� D17B� .1D� &2710�
DC� B1CC� .1D� &2719�
BC� B1D7� .1D� &2712�
*C� B1&&� .10� &271C�
2C� B1&B� .10� &2910�
DCC� B1*0� .10� &291.�

�

��6",,��910� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=� ��#"%�A�"�  �� -#A/"��"�%�� �,� ,�#	A� CCF� A�
�$��A�&1�

(��	����C�  ��	�C� (#�	�C� ����	ABC�

B� D129� 21*� &2717�
2� D17*� .1D� &271&�
DC� B1CB� .1D� &271C�
BC� B1BC� .1D� &2910�
*C� B1&.� .10� &291*�
2C� B1&2� .10� &291&�
DCC� B12B� .10� &291C�

�

��6",,��91DC� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=� ��#"%�A�"�  �� -#A/"��"�%�� �,� ,�#	A� CCF� A�
�$��A�*1�

(��	����C�  ��	�C� (#�	�C� ����	ABC�

B� D1&9� 21*� &201*�
2� D1.D� .1D� &2719�
DC� D199� .1D� &271&�
BC� D10*� .1D� &271D�
*C� B1DD� .10� &2919�
2C� B1DD� .10� &2912�
DCC� B1B7� .10� &291&�

�
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��6",,��91DD� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=� ��#"%�A�"�  �� -#A/"��"�%�� �,� ,�#	A� CCF� A�
�$��A�21�

(��	����C�  ��	�C� (#�	�C� ����	ABC�

B� D1*&� 21*� &221.�
2� D1.0� .1D� &2*19�
DC� D17.� .1D� &2*1B�
BC� B1C&� .1D� &2*1C�
*C� B1BD� .10� &2&1*�
2C� B1BD� .10� &2&1D�
DCC� B1&7� .10� &2B10�

�

��6",,��91DB� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=� ��#"%�A�"�  �� -#A/"��"�%�� �,� ,�#	A� CCF� A�
�$��A�.1�

(��	����C�  ��	�C� (#�	�C� ����	ABC�

B� D1*B� 21*� &2D10�
2� D1.7� .1D� &2C12�
DC� D172� .1D� &*017�
BC� B1C&� .1D� &*01*�
*C� B1BC� .10� &*71.�
2C� B1BC� .10� &*71B�
DCC� B1&7� .10� &*917�

�

��6",,��91D&� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%���,�,�#	A�BB12CF�A�
�$��A�D1�

(��	����C�  ��	�C� (#�	�C� ����	ABC�

B� D1C0� *1*� D019�
2� D1&9� *10� D01*�
DC� D122� 21*� D01B�
BC� D19&� 21*� D717�
*C� D170� .1D� D71&�
2C� D177� .1D� D71B�
DCC� B1C.� .1D� D71C�

�
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��6",,��91D*� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%���,�,�#	A�BB12CF�A�
�$��A�B1�

(��	����C�  ��	�C� (#�	�C� ����	ABC�

B� D1C7� *1*� D712�
2� D1&2� *10� D910�
DC� D12&� 21*� D91*�
BC� D19C� 21*� D.17�
*C� D17.� .1D� D.1C�
2C� D172� .1D� D210�
DCC� B1CB� .1D� D212�

�

��6",,��91D2� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%���,�,�#	A�BB12CF�A�
�$��A�&1�

(��	����C�  ��	�C� (#�	�C� ����	ABC�

B� D1C9� *1*� D91.�
2� D1&*� *10� D91D�
DC� D12B� 21*� D.1.�
BC� D1.0� 21*� D.1D�
*C� D172� .1D� D21*�
2C� D17*� .1D� D21B�
DCC� B1CD� .1D� D*10�
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��6",,��91D.� ��,$��%�A�"� ",,8�,�"%%�� 8A� ��-"#�(�++�����")-�� ��
#��A#�A=���#"%�A�"� ��-#A/"��"�%���,�,�#	A�BB12CF�A�
�$��A�*1�

(��	����C�  ��	�C� (#�	�C� ����	ABC�

B� C109� *1*� D*1&�
2� D1D0� *10� DB1C�
DC� D1&2� 21*� DC17�
BC� D12C� 21*� 019�
*C� D1.2� .1D� 71*�
2C� D1.2� .1D� 71B�
DCC� D17D� .1D� 917�
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8 Individuazione del numero di giorni sopra soglia 
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9 Sintesi dei risultati e conclusioni 
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 ��-#A6�6�,��4��A	�A#)�,"�-"#�,�� �#"%�A�"�&D2CF�A�
��������5'�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� C�C.9� C�C.9� D�2&� *�D&� :� *�D&�
B� C�C.9� C�D&&� D�.7� *�D&� 7�CC� &�.B�
&� C�C.9� C�BCC� D�7C� *�D&� DD�CC� DD�*D�
*� C�C.9� C�B.9� D�0C� *�D&� 7�CC� &�.B�
2� C�C.9� C�&&&� B�CC� *�D&� 0�CC� 2�9&�
.� C�C.9� C�*CC� B�C0� *�D&� B�CC� D�DC�
9� C�C.9� C�*.9� B�D7� *�D&� B�CC� D�DC�
7� C�C.9� C�2&&� B�B9� *�D&� 9�CC� D�00�
0� C�C.9� C�.CC� B�&9� *�D&� *�CC� C�CC�
DC� C�C.9� C�..9� B�*7� *�D&� &�CC� C�&D�
DD� C�C.9� C�9&&� B�.C� *�D&� *�CC� C�CC�
DB� C�C.9� C�7CC� B�9*� *�D&� B�CC� D�DC�
D&� C�C.9� C�7.9� B�0*� *�D&� &�CC� C�&D�
D*� C�C.9� C�0&&� &�B*� *�D&� 2�CC� C�D7�
D2� C�C.9� D�CCC� � *�D&� 0�CC� 2�9&�
� � � � � 3�� *C�&*�
� � � � � 3F

�� BD�C&�

�
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��6",,���1WW�� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4� ��5"�6$,,� -"#� ,�� �#"%�A�"�&D2CF�A�
��������5'�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� C�C.9� C�C.9� D�2&� *�D&� :� *�D&�
B� C�C.9� C�D&&� D�.2� *�D&� 2�CC� C�D7�
&� C�C.9� C�BCC� D�92� *�D&� DB�CC� D*�09�
*� C�C.9� C�B.9� D�72� *�D&� 7�CC� &�.B�
2� C�C.9� C�&&&� D�02� *�D&� .�CC� C�7*�
.� C�C.9� C�*CC� B�C*� *�D&� 2�CC� C�D7�
9� C�C.9� C�*.9� B�D*� *�D&� &�CC� C�&D�
7� C�C.9� C�2&&� B�B2� *�D&� 9�CC� D�00�
0� C�C.9� C�.CC� B�&.� *�D&� 2�CC� C�D7�
DC� C�C.9� C�..9� B�*7� *�D&� &�CC� C�&D�
DD� C�C.9� C�9&&� B�.B� *�D&� .�CC� C�7*�
DB� C�C.9� C�7CC� B�97� *�D&� :� *�D&�
D&� C�C.9� C�7.9� &�CC� *�D&� &�CC� C�&D�
D*� C�C.9� C�0&&� &�&&� *�D&� 7�CC� &�.B�
D2� C�C.9� D�CCC� � *�D&� .�CC� C�7*�
� � � � � 3�� &.�*9�
� � � � � 3F

�� D0�.7�

�

�

�

��6",,���1WW��� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4� ���$)6",�-"#� ,�� �#"%�A�"�&&912CF�
A���������5'�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� C�DCC� C�DCC� D�D2� 2�*C� :� 2�*C�
B� C�DCC� C�BCC� D�&C� 2�*C� DB�CC� 7�C9�
&� C�DCC� C�&CC� D�*&� 2�*C� 0�CC� B�*C�
*� C�DCC� C�*CC� D�2*� 2�*C� 9�CC� C�*9�
2� C�DCC� C�2CC� D�..� 2�*C� *�CC� C�&.�
.� C�DCC� C�.CC� D�90� 2�*C� B�CC� B�D*�
9� C�DCC� C�9CC� D�0*� 2�*C� 2�CC� C�C&�
7� C�DCC� C�7CC� B�D*� 2�*C� D�CC� &�20�
0� C�DCC� C�0CC� B�*.� 2�*C� DC�CC� &�0B�
DC� C�DCC� D�CCC� � 2�*C� *�CC� C�&.�
� � � � � 3�� B.�9*�
� � � � � 3F

�� D*�C9�

�
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��6",,���1WW���� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4��A	�A#)�,"�-"#�,�� �#"%�A�"�&&912CF�
A���������5'�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� C�DCC� C�DCC� D�D9� 2�*C� :� 2�*C�
B� C�DCC� C�BCC� D�&&� 2�*C� DB�CC� 7�C9�
&� C�DCC� C�&CC� D�*2� 2�*C� DB�CC� 7�C9�
*� C�DCC� C�*CC� D�29� 2�*C� 2�CC� C�C&�
2� C�DCC� C�2CC� D�.7� 2�*C� &�CC� D�C9�
.� C�DCC� C�.CC� D�7C� 2�*C� &�CC� D�C9�
9� C�DCC� C�9CC� D�02� 2�*C� *�CC� C�&.�
7� C�DCC� C�7CC� B�D&� 2�*C� D�CC� &�20�
0� C�DCC� C�0CC� B�*D� 2�*C� 0�CC� B�*C�
DC� C�DCC� D�CCC� � 2�*C� 2�CC� C�C&�
� � � � � 3�� &C�C9�
� � � � � 3F

�� D*�C9�

�

��6",,���1WW��� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4� ��5"�6$,,�-"#�,�� �#"%�A�"�&&912CF�A�
��������5'�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� C�DCC� C�DCC� D�D7� 2�*C� :� C�DCC�
B� C�DCC� C�BCC� D�B0� 2�*C� DD�CC� C�DCC�
&� C�DCC� C�&CC� D�&0� 2�*C� .�CC� C�DCC�
*� C�DCC� C�*CC� D�2C� 2�*C� DC�CC� C�DCC�
2� C�DCC� C�2CC� D�.B� 2�*C� 2�CC� C�DCC�
.� C�DCC� C�.CC� D�9.� 2�*C� D�CC� C�DCC�
9� C�DCC� C�9CC� D�0&� 2�*C� .�CC� C�DCC�
7� C�DCC� C�7CC� B�D2� 2�*C� B�CC� C�DCC�
0� C�DCC� C�0CC� B�2C� 2�*C� 0�CC� C�DCC�
DC� C�DCC� D�CCC� � 2�*C� *�CC� C�DCC�
� � � � � 3�� B&�97�
� � � � � 3F

�� DB�20�

�
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��6",,���1WW�� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4� ���$)6",�-"#� ,�� �#"%�A�"�B9CCF�A�
 ����6A�� ���"�#�#A�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� 0,071 0,071 2,33 5,07 - 5,07 
B� 0,071 0,143 2,56 5,07 3,00 0,85 
&� 0,071 0,214 2,75 5,07 13,00 12,40 
*� 0,071 0,286 2,91 5,07 7,00 0,73 
2� 0,071 0,357 3,06 5,07 9,00 3,04 
.� 0,071 0,429 3,22 5,07 7,00 0,73 
9� 0,071 0,500 3,37 5,07 - 5,07 
7� 0,071 0,571 3,54 5,07 4,00 0,23 
0� 0,071 0,643 3,73 5,07 2,00 1,86 
DC� 0,071 0,714 3,94 5,07 6,00 0,17 
DD� 0,071 0,786 4,20 5,07 9,00 3,04 
DB� 0,071 0,857 4,55 5,07 3,00 0,85 
D&� 0,071 0,929 5,13 5,07 1,00 3,27 
D*� 0,071 1,000  5,07 7,00 0,73 
� � � � � 3�� 38,04 
� � � � � 3F

�� 19,68 

�

��6",,���1WW��� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4��A	�A#)�,"�-"#�,�� �#"%�A�"�B9CCF�A�
 ����6A�� ���"�#�#A�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� 0,071 0,071 2,36 5,07 - 5,07 
B� 0,071 0,143 2,61 5,07 8,00 1,69 
&� 0,071 0,214 2,80 5,07 9,00 3,04 
*� 0,071 0,286 2,97 5,07 10,00 4,79 
2� 0,071 0,357 3,12 5,07 10,00 4,79 
.� 0,071 0,429 3,27 5,07 2,00 1,86 
9� 0,071 0,500 3,42 5,07 - 5,07 
7� 0,071 0,571 3,58 5,07 4,00 0,23 
0� 0,071 0,643 3,75 5,07 4,00 0,23 
DC� 0,071 0,714 3,95 5,07 5,00 0,00 
DD� 0,071 0,786 4,18 5,07 8,00 1,69 
DB� 0,071 0,857 4,48 5,07 2,00 1,86 
D&� 0,071 0,929 4,95 5,07 2,00 1,86 
D*� 0,071 1,000  5,07 7,00 0,73 
� � � � � 3�� 32,92 
� � � � � 3F

�� 19,68 

�
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��6",,���1WW���� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4� ��5"�6$,,� -"#� ,�� �#"%�A�"�B9CCF�A�
 ����6A�� ���"�#�#A�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� 0,071 0,071 2,49 5,07 - 5,07 
B� 0,071 0,143 2,61 5,07 8,00 1,69 
&� 0,071 0,214 2,73 5,07 8,00 1,69 
*� 0,071 0,286 2,85 5,07 3,00 0,85 
2� 0,071 0,357 2,98 5,07 8,00 1,69 
.� 0,071 0,429 3,12 5,07 10,00 4,79 
9� 0,071 0,500 3,28 5,07 2,00 1,86 
7� 0,071 0,571 3,45 5,07 1,00 3,27 
0� 0,071 0,643 3,64 5,07 3,00 0,85 
DC� 0,071 0,714 3,88 5,07 5,00 0,00 
DD� 0,071 0,786 4,17 5,07 12,00 9,47 
DB� 0,071 0,857 4,56 5,07 3,00 0,85 
D&� 0,071 0,929 5,21 5,07 1,00 3,27 
D*� 0,071 1,000  5,07 7,00 0,73 
� � � � � 3�� 36,07 
� � � � � 3F

�� 18,31 

�

��6",,���1WW����� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4� ���$)6",�-"#� ,�� �#"%�A�"�B0B12CF�
A� ����6A�� ���"�#�#A�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� 0,100 0,100 1,88 5,10 - 5,10 
B� 0,100 0,200 2,13 5,10 7,00 0,71 
&� 0,100 0,300 2,32 5,10 13,00 12,24 
*� 0,100 0,400 2,51 5,10 4,00 0,24 
2� 0,100 0,500 2,70 5,10 6,00 0,16 
.� 0,100 0,600 2,91 5,10 5,00 0,00 
9� 0,100 0,700 3,16 5,10 3,00 0,86 
7� 0,100 0,800 3,48 5,10 3,00 0,86 
0� 0,100 0,900 3,99 5,10 3,00 0,86 
DC� 0,100 1,000  5,10 7,00 0,71 
� � � � � 3�� 21,75 
� � � � � 3F

�� 14,07 

�
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��6",,���1WW�W� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4��A	�A#)�,"�-"#�,�� �#"%�A�"�B0B12CF�
A� ����6A�� ���"�#�#A�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� 0,100 0,100 1,94 5,10 - 5,10 
B� 0,100 0,200 2,19 5,10 13,00 12,24 
&� 0,100 0,300 2,38 5,10 8,00 1,65 
*� 0,100 0,400 2,56 5,10 4,00 0,24 
2� 0,100 0,500 2,74 5,10 6,00 0,16 
.� 0,100 0,600 2,93 5,10 5,00 0,00 
9� 0,100 0,700 3,15 5,10 2,00 1,88 
7� 0,100 0,800 3,43 5,10 3,00 0,86 
0� 0,100 0,900 3,86 5,10 3,00 0,86 
DC� 0,100 1,000  5,10 7,00 0,71 
� � � � � 3�� 23,71 
� � � � � 3F

�� 14,07 

�

��6",,���1WWW� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4� ��5"�6$,,�-"#�,�� �#"%�A�"�B0B12CF�A�
 ����6A�� ���"�#�#A�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� 0,100 0,100 2,00 5,10 1,00 3,30 
B� 0,100 0,200 2,13 5,10 6,00 0,16 
&� 0,100 0,300 2,27 5,10 12,00 9,34 
*� 0,100 0,400 2,43 5,10 2,00 1,88 
2� 0,100 0,500 2,61 5,10 6,00 0,16 
.� 0,100 0,600 2,82 5,10 5,00 0,00 
9� 0,100 0,700 3,08 5,10 6,00 0,16 
7� 0,100 0,800 3,43 5,10 3,00 0,86 
0� 0,100 0,900 4,02 5,10 3,00 0,86 
DC� 0,100 1,000  5,10 7,00 0,71 
� � � � � 3�� 17,43 
� � � � � 3F

�� 12,59 

�

��6",,���1WWW�� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4� ���$)6",�-"#� ,�� �#"%�A�"�&D2CF�A�
 ����6A�� ���"�#�#A�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� 0,200 0,200 1,56 5,00 3,00 0,80 
B� 0,200 0,400 1,83 5,00 10,00 5,00 
&� 0,200 0,600 2,10 5,00 5,00 0,00 
*� 0,200 0,800 2,49 5,00 3,00 0,80 
2� 0,200 1,000  5,00 4,00 0,20 
� � � � � 3�� 6,80 
� � � � � 3F

�� 5,99 

�
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��6",,���1WWW��� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4��A	�A#)�,"�-"#�,�� �#"%�A�"�&D2CF�A�
 ����6A�� ���"�#�#A�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� 0,200 0,200 1,60 5,00 5,00 0,00 
B� 0,200 0,400 1,86 5,00 9,00 3,20 
&� 0,200 0,600 2,12 5,00 4,00 0,20 
*� 0,200 0,800 2,46 5,00 3,00 0,80 
2� 0,200 1,000  5,00 4,00 0,20 
� � � � � 3�� 4,40 
� � � � � 3F

�� 5,99 

�

��6",,���1WWW���� �--,�!�%�A�"� ",� �"+�� �� �"�#+A���,,�� �+�#�6$%�A�"�
 ��-#A6�6�,��4� ��5"�6$,,� -"#� ,�� �#"%�A�"�&D2CF�A�
 ����6A�� ���"�#�#A�

*� +,� ,� -� BF� B.� /B.0BF1
�2BF�

D� 0,200 0,200 1,57 5,00 3,00 0,80 
B� 0,200 0,400 1,77 5,00 8,00 1,80 
&� 0,200 0,600 2,03 5,00 6,00 0,20 
*� 0,200 0,800 2,45 5,00 4,00 0,20 
2� 0,200 1,000  5,00 4,00 0,20 
� � � � � 3�� 3,20 
� � � � � 3F

�� 3,84 

�

�
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Appendice B 
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'�	$#���1D� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A��,�� �+�#�6$%�A�"� ���$)6",�-"#�,��!,�++"� �� �#"%�A�"�
CCF�:���������5'�

�

'�	$#���1B� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A�� ,��  �+�#�6$%�A�"� �A	�A#)�,"� -"#� ,�� !,�++"�  ��
 �#"%�A�"�CCF�:���������5'�
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'�	$#���1&� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A��,�� �+�#�6$%�A�"� ��5"�6$,,�-"#�,��!,�++"� �� �#"%�A�"�
CCF�:���������5'�

�

'�	$#���1*� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A��,�� �+�#�6$%�A�"� ���$)6",�-"#�,��!,�++"� �� �#"%�A�"�
BB12CF�:���������5'�
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�

'�	$#���12� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A�� ,��  �+�#�6$%�A�"� �A	�A#)�,"� -"#� ,�� !,�++"�  ��
 �#"%�A�"�BB12CF�:���������5'�

�

'�	$#���1.� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A��,�� �+�#�6$%�A�"� ��5"�6$,,�-"#�,��!,�++"� �� �#"%�A�"�
BB12CF�:���������5'�
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�

'�	$#���19� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A��,�� �+�#�6$%�A�"� ���$)6",�-"#�,��!,�++"� �� �#"%�A�"�
*2CF�:���������5'�

�

'�	$#���17� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A�� ,��  �+�#�6$%�A�"� �A	�A#)�,"� -"#� ,�� !,�++"�  ��
 �#"%�A�"�*2CF�:���������5'�
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�

'�	$#���10� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A��,�� �+�#�6$%�A�"� ��5"�6$,,�-"#�,��!,�++"� �� �#"%�A�"�
*2CF�:���������5'�

�

'�	$#���1DC� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A��,�� �+�#�6$%�A�"� ���$)6",�-"#�,��!,�++"� �� �#"%�A�"�
.912CF�:���������5'�
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�

'�	$#���1DD� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
!A�� ,��  �+�#�6$%�A�"� �A	�A#)�,"� -"#� ,�� !,�++"�  ��
 �#"%�A�"�.912CF�:���������5'�

�

'�	$#���1DB� �A�(#A��A� 	#�(�!A�  ",,�� +"#�"�  ",,"� (#"<$"�%"� A++"#/��"�
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