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ÓjÖ<ÑXÉjÊÆzàjÊÆ�ÌÌ{ÐÒØjÆ,Ù�É6Ë<Æ�Ô Ì�×MÌXÆzÆ)>~É�Ï<à"ÓjÏÁËON�É>Æ�ÓjÏÁÓjËÁËÁÐ Ï #QP=R=R ×;ScÓ�Ø>Ð Æ�Ìz×;DªÆ�Ù^Õ?ÆzÊÑXÉ�Ï�ÓjÏJËODnÆzÑXÊ{ÖÁÜzÜPÆ�Ô8Ô Ð #QP=R=RUT â
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ÓjÜzÜzÖ<Ê{ÓjÜPÇ(Ë<ÉMÆ�Ì�ËÁÆzÛiÆ�ÏJË�É�Ï(Ñ:<Æ�ÜzÖ<Ê{ÊÆ�ÏwÑ[Û?É�ÌÐÒÑÐ É�Ï#Ð ÏvÑ:<Æ�ÌXÑÓ�ÑXÆqÌÛJÓjÜPÆ]G_^BÓ�É�ÓjÏÁË`>ªÉ�Ï<à #QP=P[Z Ó6×ªÓjÏÁËvÑ:<Æ
ÊÆ�6IÆzÊ{Æ�ÏÁÜPÆ�ÌBÑ:ÁÆzÊÆ�Ð Ï T â3^BÓ�É�ÓjÏÁËa>~É�Ï<à7G #QP=P=b Ó T ÛÁÊÉjÛ?É�ÌXÆ�Ë�ÑXÉ"ÜPÉ�ÏÁÌÑXÊ{ÖÁÜPÑ0ÛÁÊÆ�ËÁÐ ÜPÑÐ ØjÆ¬Ð ÏMÑXÆzÊØ�ÓjÔ8Ì.ÖÁÌ{Ð Ï<à/ÜPÉ�ÏÁËÁÐÒÞ
ÑÐÒÉ�ÏÁÓjÔdcMÖJÓjÏwÑÐ Ô Æ�ÌXGCÛ?ÆzÊ{ÜPÆ�ÏMÑÐ ÔÒÆ�Ì T 6CÉjÊ±Ï<É�ÏÁÔ Ð8Ï<Æ�Ó�ÊªÑÐ8Ù�Æ
ÌXÆzÊ{ÐÒÆ�ÌzâeV,É�È0ÆzØjÆzÊ�×MÐ ÏMÑXÆzÊØ�ÓjÔ>ÛÁÊÆ�ËÁÐ ÜPÑXÉjÊLÌnÌÉ[ÜPÉ�ÏJÌXÑXÊ{ÖÁÜPÑXÆ�Ë
Ó�ÊÆTÏ<ÉjÑ¾ÓjÔÒÈ)Ó�Ç6Ì¬Ó�ÛJÛÁÊÉjÛÁÊ{Ð8Ó�ÑXÆcÈB:<Æ�ÏüÑ:<Æ�ÛÁÊ{Æ�ËÁÐ ÜPÑÐÒØjÆ/ËÁÐ8ÌXÑXÊ{ÐÒÕJÖÁÑÐÒÉ�ÏÁÌBÓ�Ê{ÆTÓjÌXÇ6ÙqÙ�ÆzÑXÊ{Ð Ü[ÉjÊcÙ^ÖJÔÒÑÐ¥Þ´Ù�É6ËÁÓjÔêâ
8,ÌXÇ6ÙqÙ�ÆzÑXÊLÐ Ü.ËJÐ ÌXÑXÊ{ÐÒÕ_Ö<ÑÐÒÉ�ÏÁÌf:JÓ�ØjÆ
Õ?ÆzÆ�Ï"È¬Ð Ë<Æ�ÔÒÇ/ÖJÌXÆ�ËGÐ ÏGÙ�É>ËÁÆ�Ô Ð Ï<à,Æ�ÜPÉ�Ï<É�ÙqÐ Ü)ÓjÜPÑÐÒØ6ÐÒÑÐÒÆ�Ì?Ghg0Ê�iÓjÏÁÏ�iÓjÌºÓjÏÁË2S,Æ
j ÉMÉ�Ð kµÆzÊ #QP=P=l ×?ÓjÏJËAÑ:<Æ^ÊÆ�6IÆzÊ{Æ�ÏÁÜPÆ�Ì¬Ñ:ÁÆzÊÆ�Ð Ï T â�mÁÖ<Ê{Ñ:<ÆzÊ�×JÌ�njÆzÈ0Æ�ËvÛÁÊÆ�ËÁÐ8ÜPÑÐÒØjÆTËÁÐ ÌÑXÊ{ÐÒÕJÖ<ÑÐ É�ÏÁÌ.Ù�Ó�ÇAÉ6ÜzÜzÖ<Ê,Ð8Ï
Ù^ÖÁÔ ÑÐ¥Þ´ÌXÑXÆzÛ(Ó=:<Æ�ÓjË(ÛÁÊÆ�ËÁÐ8ÜPÑÐÒÉ�Ï�ÆzØjÆ�Ï(Ñ:ÁÉ�Ö<àU:vÑ:<ÆGÆzÊÊÉjÊ{Ì[Ð Ï#Ñ:<Æ�Ù�É6Ë<Æ�Ô Ì):ÁÓ�ØjÆ�ÌXÇ6ÙqÙ�ÆzÑXÊ{Ð8Ü^ËÁÐ8ÌXÑXÊ{ÐÒÕJÖÁÑÐÒÉ�ÏÁÌzâ
N�ÖÁÔ ÑÐ¥Þ´Ù�É6ËÁÓjÔ±Ûo:ÁÆ�Ï<É�Ù�Æ�ÏÁÓ�É=6IÑXÆ�Ï�Ð ÏJËÁÐ ÜzÓ�ÑXÆ]ÙqÉ>Ë<Æ�Ô0ÖÁÏÁÜPÆzÊ{ÑÓjÐ ÏwÑ�ÇjâY>?:<Æ-ÖÁÏÁÜPÆzÊÑÓjÐ8ÏwÑ�Ç ÙqÓ�ÇsÕ?Æ�ÜzÓjÖÁÌÆ�ËsÕ>Ç
6CÓjÜPÑXÉjÊ{ÌªÕ?ÆzÇjÉ�ÏÁË/Ñ:ÁÆBØ�Ó�Ê{Ð Ó�ÕJÔÒÆ�Ì~ÌXÛ?Æ�ÜzÐqpÁÆ�Ë/Ð Ï/Ñ:<Æ±ÛÁÊÆ�ËJÐ ÜPÑÐÒÉ�ÏaârG�s6ÆzÆWt l ÕiÆ�Ô É�Èu6CÉjÊªÌÉ�Ù�ÆBÆPá<ÓjÙ�ÛJÔÒÆ�Ì�â T 5µÏ/ÉjÊ{Ë<ÆzÊ
ÑXÉ]ÜPÉjÛ?ÆTÈ¬Ð Ñ:üÑ:<Æ/Û?É�ÌÌÐ ÕJÔÒÆ�Ì�njÆzÈ¬Ï<Æ�Ì{Ì,ÓjÏÁË#Ù^ÖJÔÒÑÐ¥Þ´Ù�É6ËÁÓjÔ ÐÒÑ�Ç�É=6ºÑ:<Æ^ÖÁÏÁË<ÆzÊ{Ô Ç>Ð ÏÁà"ÛJÊÆ�ËÁÐ ÜPÑÐÒØjÆ/ËJÐ ÌXÑXÊ{ÐÒÕ_Ö<ÑÐÒÉ�Ïa×
È.ÆcÛÁÊÉjÛ?É�ÌXÆ,ÑXÉ"ÖÁÌÆ,Ó7G\ÜPÉ�ÏÁËÁÐÒÑÐÒÉ�ÏJÓjÔ T ÙqÐ8ÏÁÐ Ù"ÖÁÙ ØjÉ�Ô ÖÁÙ�Æ[ÌXÆzÑz×6ÈW:ÁÐ8Ü!:qÈ0Æ[ÜzÓjÔ ÔJÑ:ÁÆOv"w�xzyC{z|h}h|~xzyC�z� �0�2|_y'|��2�d�
� xz���d�0IE�+��I!{z|hw�}�xz�BG~N]�¬Þ:ÛJÊÆ�ËÁÐ ÜPÑXÉjÊ T ×6ÓjÙ�É�Ï<à^ÓjÔ Ô6Ñ:<Æ¬ÜzÓjÏÁËJÐ ËÁÓ�ÑXÆ¾ÊÆzà�Ð É�ÏÁÌ±Ð Ï�Ó�à�Ð ØjÆ�Ï�ÜzÔ ÓjÌÌBGIQJ�K�J.Ð ÏwÑXÆzÊ{Ø�ÓjÔ Ì T â
>?:<ÆWN]�¬Þ:ÛÁÊ{Æ�ËÁÐ ÜPÑXÉjÊ.ËÁÆzÛiÆ�ÏJËÁÌ¹É�ÏqÑ:<ÆcÜzÖ<ÊÊÆ�ÏMÑ±Û?É�ÌÐÒÑÐ É�Ï�Ð Ï�Ñ:<Æ¬ÌÑÓ�ÑXÆ,ÌXÛJÓjÜPÆjâ�5�ÑE6CÉjÊ{ÙqÌ.Ó�ÊÆzà�ÐÒÉ�Ï�ÈW:<ÆzÊÆ
Ñ:<Æ
ÛÁÊÆ�ËÁÐ ÜPÑÐ ØjÆ,ËÁÐ ÌÑXÊ{ÐÒÕJÖ<ÑÐ É�Ï
:ÁÓjÌX:ÁÐÒàU:<Æ�ÌXÑ0ÙqÓjÌÌ)ÜPÉ�ÏÁÜPÆ�ÏMÑXÊ{Ó�ÑÐÒÉ�Ïa×ÁÐ8Ï�Ñ:<Æ[ÌXÆ�ÏÁÌÆ,Ñ:ÁÓ�Ñ)ÐÒÑX:ÁÓjÌ)ÙqÐ ÏÁÐ8ÙqÓjÔ'�ÀÆzÕ?Æ�ÌXà�ÖÁÆ
Ù�Æ�ÓjÌÖ<ÊÆ�ÓjÙ�É�Ï<à(ÓjÔ Ô±Ñ:ÁÆ]ÌXÆzÑÌGÐ ÏsÓ�à�ÐÒØjÆ�ÏyÜzÔ ÓjÌÌ^È¬ÐÒÑ: Ñ:<Æ]ÏÁÉ�ÙqÐ ÏÁÓjÔ.ÜPÉ�ØjÆzÊ{Ó�àjÆüÛÁÊ{ÉjÕJÓ�ÕJÐ Ô Ð Ñ´ÇjâH�BÌXÛ?Æ�ÜzÐ ÓjÔ8ÔÒÇj×
Ñ:<Æ0N��,Þ:ÛÁÊÆ�ËÁÐ8ÜPÑXÉjÊcÉ=60ÓjÔ ÔnÑ:<ÆGÛÁÊÆ�ËÁÐ8ÜPÑÐÒØjÆ"Ð8ÏwÑXÆzÊØ�ÓjÔ ÌcÐ ÌcÑ:<ÆGÉ�Ï<ÆGÈ¬ÐÒÑ:#Ñ:<Æ�Ì:<ÉjÊÑXÆ�ÌÑ[Ô Æ�Ï<àjÑ:aâ@5µÏ�6CÓjÜPÑz×aÑ:<Æ
N��,Þ:ÛÁÊÆ�ËÁÐ8ÜPÑXÉjÊ�:ÁÓjÌ^Ñ:<Æ�Óz6IÉjÊÆ�ÙqÆ�ÏwÑÐÒÉ�ÏÁÆ�ËsÛJÊÉjÛ?ÆzÊÑÐÒÆ�Ì/ÓjÙ�É�ÏÁàF�z���ÀÑ:<Æ�ÌXÆzÑÌ"È¬ÐÒÑ: Ñ:<Æ]Ï<É�Ù�Ð ÏÁÓjÔBÜPÉ	ØjÆzÊ{Ó�àjÆ
ÛÁÊÉjÕJÓ�ÕJÐ8Ô ÐÒÑ´Çj×iÛÁÊÉ	Ø>Ð8Ë<Æ�ËvÑ:<ÆqÙ�É6Ë<Æ�Ô¹Ð Ù�ÛJÔ Ð Æ�ËAÕ>Ç�Ñ:<ÆGà�ÐÒØjÆ�Ï*ÜzÔ8ÓjÌÌ�Ð Ì[ÜPÉjÊÊÆ�ÜPÑzâ�G�s>ÆzÆGÑ:<ÆqËÁÐ8ÌÜzÖÁÌÌÐ É�ÏAÕ?Æ�ÔÒÉ�È
S,Æ�p_ÏÁÐÒÑÐÒÉ�Ï l â l Ð ÏYt l â l â T mÁÉjÊ/Ó�ÌÇ>ÙqÙqÆzÑXÊ{Ð ÜTÓjÏJËvÖJÏÁÐ Ù�É6ËÁÓjÔaÛÁÊ{Æ�ËÁÐ ÜPÑÐÒØjÆ"ËÁÐ ÌXÑXÊ{Ð ÕJÖ<ÑÐÒÉ�Ïa×_ÓjÏ`N]�,Þ:ÛÁÊÆ�ËÁÐ ÜPÑXÉjÊ
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(a) Three-step ahead predictive density
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(b) Predictive density of Y(t) given Y(t-1)=0
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(b) MV-predictor with two intervals
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(c) Coverage probabilities
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(d) Recommended predictor
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(a) Hourly river flow data
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(b) Hourly rainfall data
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Flow at (t-1)-th time
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(c) Flow against flow at lag 1
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Rainfall in (t-2)-th hour
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(d) Rainfall against flow at lag 2
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Rainfall in (t-1)-th hour

F
lo

w
 a

t t
-t

h 
ho

ur

0 1 2 3 4

0

50

100

150

200

(e) Rainfall against flow at lag 1
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(f) Rainfall against flow at lag 0
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