
Time-Varying Models for Extreme Values

Gabriel Huerta

Department of Mathematics and Statistics, University of New Mexico, Albuquerque, U.S.A.������������	�
��
��	��������
��������� , ����� ���
��	��������
��������������������������	
Bruno Sansó
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Summary. We propose a new approach for modeling extreme values that are measured in time and space. First
we assume that the observations follow a Generalized Extreme Value (GEV) distribution for which the location,
scale or shape parameters define the space-time structure. The temporal component is defined through a Dy-
namic Linear Model (DLM) or state space representation that allows to estimate the trend or seasonality of the
data in time. The spatial element is imposed through the evolution matrix of the DLM where we adopt a process
convolution form. We show how to produce temporal and spatial estimates of our model via customized Markov
Chain Monte Carlo (MCMC) simulation. We illustrate our methodology with extreme values of ozone levels pro-
duced daily in the metropolitan area of Mexico City and with rainfall extremes measured at the Caribbean coast
of Venezuela.
Some key words: Spatio-temporal process, Extreme values, GEV distribution, Process convolutions, MCMC,
ozone levels.

1. Introduction&('�)+*-,/. 0
1325460725,98:0;*50
1�,<0�*>=61�0�*50
)?250�.@,<)BAC,9D�EF150HGJIK46,/LM4NLO'#151�0�*5=+'#)F.6*P2�'H.6Q�,<R9ST8:Q�U ,<8VQV'�WX'�Y
'#)607L
'�)FL
0
)?251MQ�2�,<'#)F*Z ,9)[=F=68]\7'�^#0
1725460@Q�1�0�QN'�W`_a0�1�L
0�.b,9)c_d0OU ,9L
'e&(,<2fSeWg'�1h254F0H=!0
1�,<' .iG�j�j#k�lfm�k#k#m ndoP4F,9*h=6R9'�2V*-EFD�D�0�*f2M*J2�4FQ�2h254F01MQ�)F. '#8qp+EFLr2�EFQ�2�,<'#)F*sLO'�EFR9.at!0:*-E6=!0
1�,98h=!'#*50�.dIK,u2�4BQv.60�LO1�0�Q#*-,9)6D:2�150�)F.�nsoP460hw?EFQ�)?25,<x+L
Q�25,9'�)a'�W�*-EFLM4BQV251�0
)+.a,9*y 0�SzWg'�1X25460K^�Q�R9,/.6Q�2�,<'#)h'�W!,98:=+'#1-2MQ�)?2{0
)|^|,<1�'�)F8h0�)?2�Q�R =!'�R9,/LOS;.60�LO,/*5,<'#)F*
n}oP4603Q�)FQ�R9S *-,/*}'�W�Q~25,98h0>*50
1�,90�*�'�W�8VQ�U ,987E68^�Q�R9E60�*s*5EFLM4eQ�*`25460:'#)60;,9)eAC,9D�EF150TG;I�'�EFR9.Bt+0:)FQ�25E61MQ�R9R9S@L�Q�1�15,90�.N'�E 2st|SNLO'#)F*5,9. 0�15,9)6DH)6'�) l�*-2�Q�2�,<'#)FQ�1�S@=61�'|L
0�*�*-0�*IK,<254T25,98:0z^�Q�15S|,9)6D:=FQ�1MQ�8:0
250
1M*�n}oP46,/*K,/*�25460sWg' L
EF*K'�W}254F,9*K=+Q�=!0
1�n{� E6=6=!'#*50s254FQ�2��6,9)aQ�.6. ,<25,9'�)H25':2�460J.6Q�2�Q:Q�2K'�)F0*5=+0�LO,<x+LJR9' L
Q�2�,<'#)��!I(0J4+Q�^�07.6Q�2�Q]Q�^�Q�,<R/Q�t6R90JQ�2~)60
,9D�4|t!'�1�,<)FDVR<' L
Q�25,9'�)F*�n3oP460;,<)6Wg'�1�8:Q�25,9'�)@Wg1�'�8�25460�*-0h.6Q�2MQ]L
Q�)dt!0=!'?'#R<0�.a2�'�D�0
25460�1~25'T'�t 2MQ�,9)BQ]D#R<'#tFQ�R{. 0�*5L
15,9= 2�,<'#)d'�WX2�460:t+0�4FQ�^|,<'#1`'�W�8VQ�U ,98:QH'�^�0�1`QH150�D�,9'�)�nz��)N2546,/*s=FQ�=+0�1���I�0IK,9R<RX*546'�I�4F'�I�25460:2�,<8:0
l$^�Q�1�S|,<)FDH8:' . 0
R/*z. 0�^�0
R9'�=!0�.dWg'�1z'#)60:R<' L
Q�25,9'�)�L
Q�)�t!0h)+Q�25EF1�Q�R<R9Sd0OU|2�0
)F. 0�.d2�'@,<)FL
R<E+. 0VQ*5=FQ�2�,9Q�R�LO'�8:=!'�)60�)?2�noP460�251MQ�. ,<25,9'�)FQ�R?Q�=6=61�'#Q#LM4sWg'�1C25460PQ�)FQ�R<S *5,9*�'�WF0
U|251�0
8:0�^�Q�R9E60�*�,/*}tFQ�*50�.z'#)z254F0(EF*50�'�W6254F0P�~0�)60
1MQ�R9,<Y�0�.J�XU|251�0
8:0� Q�R9E60 Z �s� � \P.6,9*-251�,<tFE 25,9'�)�nXoP4F,9*P,/*KD�,9^�0�)Ht|S
� Z�� \X��0
U =V�3���$G(���V� � ���� �K�����5�5 ¡ ¢ Z G�\

IK460�150:�£,9*JQTR9' L
Q�2�,<'#)B=+Q�1MQ�8:0O2�0
1�� � ,/*JQ@*�L
Q�R90:=FQ�1MQ�8:0
250
1JQ�)F.B�H,/*JQ@*-4+Q�=!0V=FQ�1MQ�8:0O2�0
1�nVoP460H�¤*5,<D#)�.60
)6'�250�*254F07=!'#*5,u2�,<^#0z=FQ�1523'�W�2�460;Q�15D#E68:0
)?2�nKoP46,/*3. ,/*-251�,<t6E625,9'�)a0
)+LO'�8:=FQ#*5*50�*K25460hA61�¥0�LM460
2 Z �v¦§k?\r�!¨B0�,<tFE6R<R Z �v©§k#\KQ�)F.�~E68;t+0�R Z ��ª«k?\sW�Q�8:,9R<,90�*�nN¬�LOR90�Q�1hQ�L�LO'�EF)#2;'�WP25460T*f2MQ�2�,9*-25,/L
Q�R�8:' . 0
R9,<)FDdWg'�1;0OU|251�0
8:0]^�Q�R<E60�*7E+*-,9)6Da2�460T�s� �. ,/*f2�15,9t6E 2�,<'#)H,/*�=61�0�*50
)?250�.],9)@&('�R90�* Z m�k�kFG�\On}­3)F. 0
1�2�460zQ�*�*-E68:= 2�,<'#)v'�WC,9)F. 0
=!0
)+. 0
)FL
0��6L
'�)F. ,<25,9'�)+Q�R�'�)H�{® � Q�)F.]� �254F0`R9, y 0
R9,<4F'?' .v'�WCQh*5Q�8:=6R<0`'�W�8VQ�U|,98VQ6� *�Q�S � � ®
¯
¯�¯O® ��° ,/*(1�0�Q#. ,9R<SVQ�^�Q�,9R9Q�t6R90>Wg1�'�8 Z G�\rnXoP4|EF*��|Q;±PQ�S�0�*5,/Q�)]Q�)+Q�R9S|*5,/*L
Q�)bt+0TL
Q�151�,<0�.�'�E 2ht?S�,98h=!'#*5,9)6DNQa=61�,9'�17. ,/*-251�,<t6E625,9'�)�'#)b�{® � Q�)+.e�dQ�*J,9)c&('�R90�*;Q�)F.bo}Q�IK) Z G�j�j#²#\rnN�sQ�0O2MQ�)Q�)+.@�~1�,9D�'�R90O2525' Z m�k�k�³?\�=6150�*-0�)?2KQ:8:' . 0�R�IK,u2�4d. S|)FQ�8:,/L
Q�R<R9S]^�Q�1�S|,<)6Dh=FQ�1�Q�8h0
250�1�*�Wg'#1P25460JQ�)FQ�R9S *-,/*P'�W�0OU|251�0
8:0�*P'�WQ]EF)6,<^�Q�15,/Q�2�0z25,98:0h*50
1�,<0�*
n~oP460
,91~8h' . 0�RC,9)FL
R<EF.60�*~. S|)FQ�8:,/L7LM4FQ�)6D�0�*KWg'�1s*�L
Q�R90�´�*-4+Q�=!0z=FQ�1MQ�8:0O2�0
1M*3Q�)F.d*50�w?E60
)?2�,9Q�RE6=�.6Q�2�,<)FDVIK,u2�4dµ>¶�·r¸$¹�ºO»<¼z½�¹¾»¿¸�¼O·MÀ�t6E 2>2�460
1�0s,9*P)F']*-=FQ#LO0s'�1K*5=FQ�L
0Ol$25,98:0s*-251�EFLO25E61�0�n¬>)@Q�R<250�15)+Q�25,9^�0~Q�=6=F15'?Q�LM4V2�'h8:' . 0�R<,9)6Dh0OU|251�0
8:0z.6Q�2MQ7,/*(254FQ�2>'�WCL
'�)F*5,/. 0
1�,<)FD72�460z. ,9*-251�,9t6E 25,9'�)T'�WC0OU6LO0�0�.6Q�)FLO0�*'�^�0�1{Qs46,<D#4h25461�0�*546'�R/.�n�ÁX,/L y Q�)F.6* Z G�j|Â�Ã�\C'#t 2�Q�,<)60�.;254603�~0�)60
1MQ�R9,<Y�0�.hÁ{Q�1�0O2�'~Ä`,9*-251�,9t6E 25,9'�)��#IK46,9R/*f2�Á�,9L y Q�)+.6* Z G�j?Â|G�\



2 G. Huerta and B. Sansó
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Fig. 1. Daily maxima of ozone concentration at station Merced in Mexico City from 1990 to 2002.
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Fig. 2. Daily maxima of ozone concentration at Merced from 1990 to 2002, posterior means for ( ��� , � � ) and 90%
posterior probability interval for � �
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Fig. 8. RAMA stations, kernel and interpolation grid positions. The stations are denoted with a three letters code. The
kernel centers are denoted with ��� . The grid points correspond to the locations used to obtain the values shown in
Figure 11. The continuous line corresponds to the boundaries of Mexico City.
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Fig. 9. Daily maxima for 1999 (dots) and posterior estimate of the �	� 
 � quantile of the GEV distribution at each time
point. (continuous line). The quantile is based in a leave-one-out analysis. The chosen stations correspond to locations
in the NE, NW, SE and SW respectively, as shown in Figure 8.
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Fig. 10.
� � diagnostics for four of the stations using the posterior predictions based on leaving one station out at a time.
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Fig. 11. Posterior estimate of the �	� 
 quantile of the space-time GEV distribution for a 
 � � 
 � resolution grid. Dots
correspond to the locations of the stations. The boundary of Mexico City is shown as a reference. The contour lines
correspond to fixed ozone levels in ppm.
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