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SUMMARY:

Analysis of climatic eventsmay encompassextremevalue analysis as well as the
durationof theevents(alsoreferredto as``runs'') andtheir timing.Thisstudylooksat
the duration of continuouslywet and dry episodesin termsof monthlyvaluesand the
time interval betweeneacheventfrom global climatemodels.Theanalysisis applied
both to monthly observational precipitation records as well as the results from
empirical downscaling of monthly precipitation.

The analysissuggeststhat long-lasting wet runs tend to have longer duration than
correspondingdry runs.Thereare no clear trendsin either theduration of theseruns
or in the time interval betweeneach event.The timing of the long-lasting runs is
clusteredin time, possiblyexhibiting a fractal structure.The timing of theseevents
does not follow a Poisson distribution. 

Returnvaluesfor extremeeventswere estimatedthough fits to General Pareto and
GeneralExtremeValue distribution. The extremevalue analysisfor the downscaled
resultssuggeststhat the return valuesmay increasein the future at somebut not all
locations in Norway.
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� � Vd÷$a6��/ ��û.c¨]¸c�Z\e�,.ØhcfÜ�Ù",�Ù g
ZUghÙ"Ú�e·�y]¸]¤�1cf[hghÙ"]¼ZUg^cfi�ÛsØ^Ú�]íghû.cMÚdc.[^cfØhã�cfi¤Z\e.i¸i.Ú�áAe.[^Ü�Z\Ý"cfiYZ\e�Ú�]¼Z\Ý"Ù"c�[8ÛyÚ�Ø8g^û�c¨cfe-ghÙ"Ø^cMV1ùvú�Ø^e.û.Ú�Ý g
Ø^cfÜfÚ�Ø^i�[�/)��û.cWe�Ø^[vg¨ØhÚ�áF[^û�Ú�áA[Mghû.c=Údc.[^cfØhã�cfi60�����0
2Q���¼Ü�Ý"Ù"]¼ZUghÚ�Ý"Ú�ß�Ù"Ü�Z\Ý1]¸c�Z\e.[���Z\e.itg^û�c`[hc�ÜfÚ�e.i¾Z\e�itg^û.Ù"ØhitØ^Ú�áA[¨[^û�Ú�áQg^û�cfc.Ù Z\[MÙ"e

g^û.c=Z\e.Ú�]¼Z\Ý W¸ÛsÚ�Øbg^û�c=cfe�g^Ù"ØhcIØ^cfÜfÚ�Ø^i$/.XAÚ�áA[gbU2Q�Nß�Ù ã�c¯ghû.coÚdc.[hc�Øvã�cfitZ\e.iª]¸Ú i.cfÝ çui�c�ØhÙ ã�cfiª[vg
Z\e.i.Z\Ø^iti.c�ã Ù ZUg^Ù"Ú�e�/
h-Z\e i�cSc j·Z\Ø � ,�Ø j·ZfW h�_.e h�_.Ý � _.ß � cf, è Ü�g �AÚ�ã Ö¨cfÜè c.[�/"0�����0
2Q���¸ÜfÝ"Ù"]t/ 3�� ��� 3 0 ��0 3�3 ��0 0���� 0�0�ü 0���ü 0�ý�� 0���� ü��è c.[�/�Z\e.Ú�]¼Z\Ý W � çr� çrü � çrý çv3 � 0
b ç�� ç�� ç^0 �jtÚ i�c�Ý1Z\e.Ú�]¼Z\Ý W � 0�ü çr� çrü 3 ç�� ç�� ç�� � 0 ý ç
0è c.[�/)�-g^i ã�/ b�ü b.0 b�ý b�� b�� b�� ��� 3\� �Jb 3�� 3\ü ���jtÚ i�c�Ý+�-g^i ã�/ b�� ýJb b�ý ý�� ý�� ý�ü ý�� ý�ü bdb ��3 ��� b�ü

h .7�%\!,/6~;�, * ,/8U;�,58:TQ;l9<;/.QP * T�9),/x@O!] * , ö+s S�O!�-,/6<;>=�8@1 .!1^O!� h:Y�*iM%M%h 8:.Q;l,/O�P%3 Y Ä Z .�,B3/9%�G;l;/6%O!3/,/.Q34,/6 * � ö+s S�O!�-,/6<;
Oic�P)9%3 * ,58kO#� L 1

0l� * � *!hkY ;/8:;NO!c�3/.7,/9%35� M .Q3/8:O)P%; * �GP (+*!h 9<.Q;4T * �Rf'.jT * 3/358k.�P[O#9),l9<;/8:�%\[;�, * �GP * 3�P[.7mK,/35.7S�. (�*ih 9%. * � *ih:Y ;/8U;
=�\#.7�%.Q3 *!h .7mK,/35.7S�. (+*!h 9<.rP)8U;�,/358kf%9%,/8:O!� $ ��``k $ O!3�\!.Q�%.73 *ih £ * 35.�,5O�P)8U;�,/358kf%9%,/8:O!� $ ��£ ÆrL�$)Z 6%.735.r;�, * �<P * 35P�P)8:;�,/358kx
f%9),58kO#�>c�9%�<T�,58kO#�<; * 3/.�²%,/,/.�P>,/O�,/6<.N.7S M 8:3/8UT *!h P * , * c�O!3�,56%.N.�mK,/3 *iM O hU* ,58kO#��O!c M 3/O#f * f%8 h 8�,58k.�;71ide6%.l��£ Æ¶* � *ih:Y ;/8U;
8:�a,/6%8U;�;�,59<P Y 9<;/.QP * ,56%35.Q;/6%O h P (�*ih 9%.N, *!¡ .Q� * ;�,56%.  #tXM .73�T�.7�-,58 h .!1Kde6%8U;_T�6%O#8:T7.Nc�O!3_,/6%35.Q;/6%O h P�S *+Y �<Oi, *!hkZe*+Y ;
f'. *iM<M 3/O M 358 * ,/. $%* �<PRT * � h . * Pz,5O *aM O-O#3N²%,�1'`gm-,53/.QS�. (�*ih 9%. * � *ih:Y ;/8U;NT * � *!h ;/Oaf'.jS * P).j9<;�8:�%\���``k Z 6%8UT�6
²%,�;e,/6%.�O#f<;�.Q3 ( .QP[S * m)8kS�9%S�S�O!�-,/6 hkY�M 3/.�T�8 M 8�, * ,58kO#��8:��. * T�6 Y . * 3X= ö Oic ö�s S�O!�-,/6G; L ,/O * ��``k P%8:;�,/358kf<9),/8:O!�
1
���>,/6%8U;g;�,/9<P Y!$ ,56%.N.�mK,/35.7S�. (�*ih 9%. * � *ih:Y ;/8U;n6 * ;nf'.7.Q�>S * P).e,/O�,56%.NS�O!�-,/6 h:Y�* �%O!S *!h 8:.Q;wc�O!3n,56%. Z 6%O h . Y . * 3 * �<P
P)OK.Q;r�%O!,B,53/. * ,r,/6%.�;/. * ;/O!�G;BP)8k]^.735.7�-, h:Y c�3/O#S O!�%. * �%O!,/6%.Q3Q1ude6%8U;rS�. * �G;l,56 * ,r,/6<.�;/. * ;�O#�<; Z 8k,/6},/6<.�6%8:\!6<.Q;�,
(�* 358 * �<T�.r8:��,56%. M 35.QT78 M 8k, * ,/8:O!��,/.Q�<P�,/O�P)O#S>8:� * ,/.r,/6%. * � *ih:Y ;�8U;Q1

l m §l©��on���©

de6%35.7. ö+s x|S>O#�-,/6<;nT�O#�-,/8:�-9<O!9<; hkY�Z .7, M .Q3/8:O)P%;�6 *+( .efG.Q.7��O!f<;/.73 ( .�P * ,`p �Sq 35�%6%O h ,g8:� ö��! ¤>=�®�8k\#9%3/. s#L�$¢ö� !tK�4* �<P
öQ #" ÀG1�de6%.�;�.�. ( .7�-,5;�P)8UPj�<Oi,gT�O#8k�<T78:P%. Z 8k,/6>6%8:\!6 ö+s x|S�O!�-,/62359%�%�<8k�%\ *+( .Q3 * \!. (�*!h 9%.�;e=ÛP * 3 ¡ \#3/. Y T79%3 ( . L 1�Ã4.7�GT�. $
6%8:\!6�S>. * �)x|.�m%T7.Q;5; (�*ih 9%.�;�6 *+( .lf'.7.Q�zP%9%.r,/O�;�. ( .73 *ih ;/6%O!3/,�f%9%, ( .73 Y�Z .7,N; M . h:h ; $ f%3/O ¡ .Q��9 M P)3 Y S�O#�#,56<;Q1Kde6<.
T�9<Sj9 hU* ,58 ( .4;�9%S = Y . h:h O Z T79%3 ( . L P)OK.�;��
b ,_8:�<P)8UT * ,/.N,56 * ,�,/6%.Q3/.N6 * ;gf'.7.Q� * � Y�h O!�<\ix@,/.735S ,53/.Q�<Pa8:��,/6%.46<8:;�,/O#3/8UT *!h
M 35.QT78 M 8k, * ,/8:O!�
1wde6%.735.�8U; *ih ;�OR�<O�T h . * 32,/35.7�<P�8:��,/6%.�,/8:S>8:�%\�O!ce,/6%. Z .�,2. M 8U;�O)P).�; $ 6%O Z . ( .Q3 $ ,/6<.�O)T7T�9<3/35.7�<T7.
Oic s ¿ � S�O#�#,56<;B6 *+( . * � *iM%M . * 3 * �<T�.jOic_T h 9<;�,/.Q3/8:�%\�O#34c�3 * T�, *ih ;�,53/9GT�,/9<3/.28:��,58kS�.#1'de6%8U; ¡ 8:�<P~Oic_T h 9<;�,/.Q3/8:�%\�O#3
c�3 * T�, *ih
*!M%M . * 3 * �<T7.B8U;NT�O#S�S>O#�[,5O *ih:h ,/6%. M 3/.�T�8 M 8�, * ,58kO#��35.QT7O!3�P%;71

±lO!�%.4O!c^,/6%.4O#f<;/.73 ( .QP�P)3 Y 359%�<;B=�f Lgh:* ;�,5.QP h O!�%\#.73�,56 * � " S�O#�#,56<;Q1#de6%.4f<8 * ;�8k��,/6%.lP%9%3 * ,/8:O!�>c�O!3_,/6%. Z .7,
* �GPRP)3 Y . ( .7�-,5;l8:; *iM%MG* 35.7�-, h:Y �<Oi,BP)9<.2,/O[3/. h:* ,/8 ( . h:Y[h O Z öQ #"¢ö ¿  !t T h 8kS * ,/O h O!\#8:T *ih S�. * � (�*ih 9%.Q; $ c�35O!S Z 6%8UT�6
,/6<. * �%O!S *!h 8:.Q;B6 *+( .�fG.Q.7��P).�²G�%.QP¢=Ûd * f h . s!L 1ude6%.Q3/.>8U;��%OzT h . * 3 h O#�%\ix@,/.Q3/S ,53/.Q�<P~8:��,56%.�O)T7T�9<3/35.7�<T7.jO!c_,/6<.
P)3 Y . M 8:;/O)P).Q;Q1

®�8:\!9%35.�¤�;/6%O Z ;�,/6<.[; * S�. * � *!hkY ;/8:;rc�O#3 &K¡��'r*!¡ 1�04\ * 8:� $ ,/6<.735.�8:;j�%O�T h . * 3X,/35.7�GP�8k��,56%. Z .�,jO#3jP)3 Y O)T�x
T�9<3/35.7�<T7.Q;Q1<de6%.2358U;�.X8:��,/6%.�T�9%S�9 h:* ,/8 ( .j;/9%S = Y . h:h O Z T�9%3 ( . L ,/O Ze* 3�P%;�,/6<.2.7�<PR,/6%.235.QT7O!3�P[8:�<P)8UT * ,/.�; * 35.QT7.7�-,
,/35.7�GP2,5O Z�* 35P%;�S�O!35. M 35.QT�8 M 8k, * ,/8:O!�
1ide6%.Q3/. Ze* ; * 3/. h:* ,/8 ( . hkY P)3 Y2M .7358kO)P>8:�j,56%.NfG.Q\!8:�%�%8:�%\XOicG,/6%.NO#f<;/.73 (+* ,/8:O!� *!h
M .7358kO)Pu1

®�8:\!9%35.Q;vÀ�¿ � ;/6%O Z ,/6<._; * S�. * � *!hkY ;/8:;
c�O!3 &K( 8 hU* �<P $ Ã *!h P%.7� $+Æ 9<�<P).73 hU* �<P%;5P *!h .Q� $ ± * SaP *ih ;/.78UP $Q* �<PXdv35O!Sa; q
35.Q; M .�T�,/8 ( . hkY 1ude6%.735.�8:;r�%ORT h . * 3r,/35.7�<P}8k�},/6<.>O)TQT�9%353/.Q�<T�.�;l8:� * � Y Oic�,/6%.�;�.�35.QT7O!3�P%;71^de6%.aT�9<Sj9 hU* ,58 ( .>;/9%Sa; $
6%O Z . ( .73 $%M O#8k�-,4,5O[S�O!35. M 35.QT78 M 8k, * ,/8:O!�R,5O Z�* 35P<;�,/6%.�.7�<PR8:� *!hkh Oic�,/6<.Q;/.j;�.Q3/8:.Q;Q1Gde6<. M . *i¡ ;l8k��,56%. ö+s x|S>O#�-,/6
359%�%�%8:�%\ *+( .73 * \!.�;uP)O4\#.7�%.Q3 *!hkh:Y �%O!,�T7O!8:�<T�8UP). Z 8k,/6 ö+s x|S�O!�-,/6XT�O#�-,/8:�-9<O!9<;v6%8k\#62O!3 h O Z�M 35.QT78 M 8k, * ,/8:O!� * �%O!S *ih 8:.Q;Q1
����,/6%.�;�.e35.QT�O#35P<; $ ,/6%.Q3/. * 35.e;�O#S>. Z .�,�. ( .7�-,5;w,/6 * , * 35.�T7O!S�S�O!��c�O!3�;�O#S�.�O!c<,/6<.e;�, * ,/8:O!�<;Q1�de6%. öQ #" À ö+s x|S>O#�-,/6
Z .�,g; M . h:h T * �>fG.N;/.7.7��8:��f'Oi,56sp �Sq 3/�<6%O h , * �<P>Ã *!h P).Q� $ f%9),g�<O!�%.eOicG,/6%.NO!,/6%.Q35;Q1ide6%.Q3/.e8U; *ih ;�O * T * ;/.�c�O!3 Z 6%8UT�6
,/6<.X,/8:S�8k�%\[8:;B; h 8k\#6-, h:Y P)8k]'.Q3/.Q�-, ä p �Sq 3/�%6<O h ,�= ö� !t-�!L�$ Ã *ih P).7��= öQ !t#"#L 1%�|,l8U;48:S M O!3/, * �-,N,/O��%O!,/.X,56 * ,tp �Sq 3/�<6%O h ,
* �GPzÃ *ih P).7� * 35.XT h O#;/.r,/Oa. * T�6�O!,/6%.Q3Q1%0 M<* 3/,Nc�35O!S°,56%.Q;/.�, Z O�. ( .7�-,�; $ ,56%.735.X8:;e�<O ö�s x|S�O!�-,/6�. M 8U;/OKP%.X8k��S�O!35.
,/6 * ��O!�%.X;�, * ,/8:O!�z3/.�T�O!3�Pu1)de6%8U;e²<�<P%8k�%\�;/9%\#\!.Q;�,5;�,56 * ,N,56%.Q;/.�. M 8U;�O)P).�; * 35. h O)T *!h 1

0l� * � *!hkY ;/8:;�O!c (+* 3/8 * �GT�.aOice,56%.[.QS M 8k358:T *ih P%O Z �<;/T *ih 8k�<\�;�9%\#\!.�;�,�;�\!.7�<.73 *ih:hkY 6%8k\#6�; ¡ 8 hkh =Ûd * f h .[¤ L 1wde6<.
h O Z .�;�,vu � x (+*!h 9<.Q; Z .735.rO#f), * 8k�<.QPzP)9%358k�%\a; M 358k�%\ * �<P�;�9%S�S�.73�1

®�8:\!9%35.Q;  ¿ ö À[;/6%O Z ,/6<.>P)O Z �G;/T *ih .QPR;5T�.7� * 358kO-;lT�O#3/35.Q; M O!�<P)8:�%\a,5O[,56%. h O)T * ,/8:O!�<;r;/6%O Z ��8:�}®�8k\#9%35.Q; s ¿ � 1
de6%.Q3/.28U;B�%Oa,/.Q�<P).Q�<T Y Oic�,56%. Z .�,B. M 8U;�O)P).�; hU* ;�,/8:�%\ h O!�%\#.73l,/6 * ��,/6%.�P)3 Y . ( .7�-,�;48:�R,/6%.�;�.�;/T7.7� * 3/8:O#;Q1%���Rc * T�, $
;/O!S�.eOic',/6%.4P)3 Y 359%�<; * , &K¡��'r*i¡ =�®w8:\!9<3/. öQt-L�* �<P &K( 8 h:* �<P�=�®�8k\#9%3/. ö�ö�LwhU* ;�,�c�O#3 ö�s S�O!�-,/6G; Z 6%.735. * ;�,/6%. h O!�%\#.Q;�,
Z .�,N; M . h:h ; hU* ;�, " x|S>O#�-,/6<;Q1)de6%. h O!�<\>P)3 Y . ( .7�-,5; * , &)¡Q�'r*!¡�* �<P &K( 8 hU* �GP *!M%M . * 3�,/O�f'.rS�O#3/.Bc�3/.��-9%.7�-,�,/O Ze* 3�P%;
,/6<.X.7�<P�O!cw,56%.2;/T7.7� * 3/8:O $ 6<O Z . ( .73 $ ,/6%.Q3/. * 3/.��%O�T h . * 3e,/35.7�GP%;71G0 M O-;�8k,/8 ( .2; h O M .X8:�z,/6%.�T�9%S�9 h:* ,/8 ( .X;/9%S * �<P
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� � Vd÷$a ý�/ �Aû�cYcf[hghÙ"]¼ZUg^cfi?,.Ø^Ú�,)Ú�Øvg^Ù"Ú�e Ú\Û¨ã\Z\Ø^Ù Z\e.Üfc&�Bw@x·Ù"e#y��=ghû�ZUg¸ghû.cti.Ú�áMe�[^Ü�Z\Ý"Ù"e.ß�]¸Ú i.cfÝ"[�Ü�Z\e?Ø^cf,.ØhÚ i._�Ü�c�/ � Z\Ý"Ùzc.Ø
ZUghÙ"Ú�e
,�cfØhÙ"Ú i$Õ�0�������2 ��������/

]¸Ú�e-ghû V1ùhú�Øhe.û.Ú�Ý g � þ�ù�ÿZ\þ �-ã Ù"Ý Z\e.i �¨Z\Ý"i�c�e Ö¨_.e.i.cfØhÝ Z\e.i.[^i.Z\Ý"c�e �MZ\]¸i�Z\Ý"[^cfÙ"i �+Ø^Ú�]¸[^ú
h�Z\e _�Z\ØvW 3\ý 3\� 3�� 3%b ü�� ü�� ü�3
i�c
c.Ø^_�Z\ØvW ��� ��� ü�3 3 0 3�3 ü�� 3\�j·Z\Ø^Ü
û ��ý ��3 ü�� ü�� 3%b üJb ��0
� ,.ØhÙ"Ý ��3 ü ��� �Jb ��3 ��� 3��j·Z�W ��� ý�� ��3 3 0 ��� ��3 3�3h�_.e.c ��� ý�� 3\� bdb �Jb ��� b�ü
h�_.Ý W ��� ��� ��3 b�� b�� ��� ��ü
� _.ß�_�[hg ��� 0�ü �Jb ��ý b�� ��� 3\�
� cf,�ghc�]fc)c�Ø �Jb ýJb 3 0 ��ü 3�� ü�ý ���è Ü�g^Údc)cfØ �Jb ý�� 3\ü ��� üJb ü�0 3 0�MÚ�ã�c�]fc)c�Ø ��� ��� ü�0 3�� 3\ý 3\� ü��
Ö¨cfÜfc�]fc)c�Ø ��ü �Jb 3�� ü�� ü�ý 3\ü 3\ü

ö�s x@S�O#�#,56[359%�%�%8:�%\aS�. * �z;/9%\#\!.Q;�,e8k�<T73/. * ;/.QP�3 * 8k�%c *ih:h ,/O Ze* 3�P%;�,/6%.�.7�GPu1
®�8:\!9%35.Q; öQ" ¿ s#s ;�6<O Z (+* 3/8:O!9G;r;�, * ,/8U;�,58:TQ; * ;5;�O)T�8 * ,5.QP Z 8k,/6},/6<.�P%3 Y�* �<P Z .�,2; M . hkh ;71u£ * �%. h = *-L ;/6%O Z ;B,/6<.

O!fG;�.Q3 ( .QP * �<P�P%O Z �<;/T *ih .QP�35.QT7O!3�P%;Q1�£ * �%. h ;�=Ûf L�* �GP =ÛT L \!8 ( .[,/6%.zc�35.Q�-9%.7�GT Y O!c Z .7, * �<P�P)3 Y . ( .Q�-,5; Z 8�,56
35.Q; M .�T�,g,5OX,/6%.Q8k3eP)9%3 * ,58kO#�
1!de6%.r;�6<O!3/,/.73�; M . h:h ; * 35.NS�O!35.Nc�3/.��-9%.7�-,g,56 * ��,56%. h O!�%\#.73_; M . h:h ; $#* ;g.�m M .QT�,/.QP * �<P�8:�
* \#3/.Q.7S�.7�-, Z 8k,/6j,/6%.�35.Q;/9 h ,�;v8:��®�8:\!9%35.Q; s ¿ ö ÀG17���2\#.7�%.Q3 *!h�$ ,/6%.eP)O Z �<;5T *!h .�PX;/T7.7� * 3/8:O#;v.�m)6%8:f%8k,n;/8kS�8 h:* 3vc�35.Q�-9%.Q�<T Y
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