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Zhu & Newell (1998) concluded in a 3-year ECMWF model diagnostic study:
1) 95% of meridional water vapor flux occurs in narrow plumes in <10% of zonal circumference.
2) There are typically 3-5 of these narrow plumes within a hemisphere at any one moment.
3) They coined the term “atmospheric river” (AR) to reflect the narrow character of plumes.
4) ARs constitute the moisture component of an extratropical cyclone’s warm conveyor belt.
5) ARs are very important from a global water cycle perspective.
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Low-level jet (LLJ) airborne P-3
observing strategy used in CALJET (1998)

and PACJET (2001)

Offshore Structure Diagnosed with Aircraft and Satellite
Observations



Observational studies by Ralph et al. (2004, 2005, 2006) extend model results:
1) Long, narrow plumes of IWV >2 cm measured by SSM/I satellites considered proxies for ARs.
2) These plumes (darker green) are typically situated near the leading edge of polar cold fronts.
3) P-3 aircraft documented strong water vapor flux in a narrow (400 km-wide) AR; See section AA’.
4) Airborne data also showed 75% of the vapor flux was below 2.5 km MSL in vicinity of LLJ.
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Why do landfalling ARs create heavy rain?

Atmospheric River

low-level jet

moist neutral

75%
of
flux

� CALJET and PACJET field
experiments used the NOAA
P-3 aircraft to profile ARs

� Composite sounding located
500 km off CA coast in atmos.
river & pre-cold-frontal LLJ

� LLJ directed toward coast and
situated at 1 km MSL

� Most (75%) of pre-cold-frontal
along-river moisture flux is
below 2.5 km MSL

� Moist neutral stratification
below 2.8 km MSL, hence no
resistance to orographic lifting

� Overlapping set of conditions
conducive to orographic rain
enhancement in coastal mtns

Ralph et al. (2005), MWR
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ARs crossing the Baja Peninsula

• Motivation
– Provide a follow-up to the work of Dettinger et

al. (2011), which assessed the influence of ARs on
western U.S. precipitation, but did not consider
ARs crossing the Baja Peninsula

• Method
– If an AR is present for ~24 h along the North

American west coast from 24–52.5°N,
precipitation on that day and the next are
attributed to the AR.

– The “AR fraction” is the fraction of total
cool-season (Nov – Apr) precipitation
attributed to ARs

– Includes Baja Peninsula

Neiman et al.
(2008)

Dettinger et al.
(2011)

addition by Rutz
and Steenburgh (2012)

52.5°N

24.0°N

32.5°N

Rutz, J. J. and Steenburgh, W. J. (2012), Quantifying the role of atmospheric rivers in the
interior western United States. Atmos. Sci. Lett., 13: 257–261. doi: 10.1002/asl.392



Cool-season “AR fraction” (a) without and (b) with ARs crossing the Baja Peninsula in the CPC gridded
precipitation analysis during water years 1998–2008. (c) (b) - (a).

ARs crossing the Baja Peninsula

a) b) c)
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+�/��-���
� /JG;68:�L6I:G�A:K:A

� /D>A�BD>HIJG:



 6A36I:G��
�T"6GAN�/I6GIU�;>:A9�86BE6><C
�����#:7GJ6GN�����

�3,,!07��.302%17�.&��!027��!+/(

������#0)//1��%-2%0�&.0� %12%0-� %!2(%0�!-$� !2%0��620%,%1

4G�KF�����

@E:?<J�F=�I8@E S

JFD<�;IFL>?K

I<C@<=

3?@J�!1�@E:I<8J<;�GI<:@G@K8K@FE
KF
;8K<

=IFD�����KF�����F=�EFID8C�@E�����;8PJ

@E�B<P�-FIK?<IE�#8C@=FIE@8�N8K<IJ?<;J�

9LK�ILEF==�N8J�DLK<;�;L<�KF�;IP�JF@CJ�


 6A36I:G���>H�6���N:6G�EGD<G6B��;GDB����������	�EGDEDH:9

ID�;D8JH�DC�3:HI� D6HI�EG:8>E>I6I>DC�EGD8:HH:H�6C9�=DL�6

8=6C<>C<�8A>B6I:�L>AA�6;;:8I�I=:B
��&I�>H�A:9�7N�1 /!�/8G>EEH

L>I=�E6GIC:GH�;GDB�!3.�� " ��+,����+�/���!,"�6C9�DI=:GH


//*�&�H6I:AA>I:�D7H:GK6I>DCH�D;�L6I:G�K6EDG�DC���#:7������� DJGI:HN�$
�3>8@��+,��	

1LJJ@8E�1@M<ITJ�?@>?<JK

=CFN�@E�����P<8I

&C@>?K�8I<8�=FI�-.!!TJ�'
)5�8@I:I8=K�FE���&<9�����

'F8C��;<M<CFG@E>�!1�=C@>?K�D<K?F;�KF�J8DGC<�8

U=IFEK8C�N8M<V��K?8K�:8E�:8LJ<�8E�!1�KF�JK8CC�FM<I

FE<�8I<8�8K�C8E;=8CC�	'
)5�/)��#?I@J &8@I8CC S

-.!!��,@JJ@FE�2:@<EK@JKJ��,8IKP�18CG? S 2:I@GGJ�

1P8E 2G8:BD8E S 23#


(8N8@@




�  ���

�0.4)$%��
12 �%-2307�5!2%0�#7#+%�1#)%-#%��2%#(-.+.'7�!-$�.320%!#(�2.�13//.02�%&&%#2)4%�/.+)#)%1�!-$

/0!#2)#%1�2(!2�!$$0%11�2(%�),/!#21�.&�%620%,%�5%!2(%0�!-$�5!2%0�%4%-21�.-�2(%�%-4)0.-,%-2��/%./+%�!-$

2(%�%#.-.,7�.&� %12%0-��.02(��,%0)#!

����

�%4.+32).-)8%�2(%�/(71)#!+�3-$%012!-$)-'��."1%04!2).-1��5%!2(%0�/0%$)#2).-1�!-$�#+),!2%�/0.*%#2).-1�.&

%620%,%�%4%-21�)-� %12%0-��.02(��,%0)#!��)-#+3$)-'�!2,.1/(%0)#�0)4%01�!-$�2(%��.02(��,%0)#!-�13,,%0

,.-1..-�!1�5%++�!1�2(%)0�),/!#21�.-�&+..$1��$0.3'(21��(7$0./.5%0��%#.1712%,1�!-$�2(%�%#.-.,7

�IBDHE=:G>8

.>K:GH

�;6AA�6C9�L>CI:G	

/DJI=L:HI

*DCHDDC

�HJBB:G���;6AA	

$G:6I�-A6>CH�!::E

 DCK:8I>DC

�HEG>C<�6C9�HJBB:G	

/EG>C<��#GDCI

.6C<:�1EHADE:

�G6>C�HCDL	

#<EK<I�=FI�6<JK<IE�6<8K?<I���68K<I�%OKI<D<J

3=:G:� 1 �/6C�!>:<D�/8G>EEH�&CHI
�,8:6CD<G6E=N

)6�'DAA6�� 6A>;DGC>6

3=:C� /I6GI � ����

3=D� !G
�#
�*
�.6AE=��!>G:8IDG	

!G
�!6C� 6N6C

!G
�*>@:�!:II>C<:G

���DI=:G�HI6;;�DG�6;;>A>6I:H

������ ��� !�!"!������������������#



3?8EB

PFL�



�68@JE�HA>9:H



58C@;8K@FE�F=�!1�&FI<:8JKJ S 1<JLCKJ�)DGC@:8K@FEJ

6?@C<�FM<I8CC�F::LII<E:<�N<CC�=FI<:8JK�FLK�KF����;8PJ��C8E;=8CC�@J�C<JJ�N<CC

GI<;@:K<;�8E;�K?<�CF:8K@FE�@J�JL9A<:K�KF�J@>E@=@:8EK�<IIFIJ��<JG<:@8CCP�8K

CFE><I�C<8;J

• "GGDGH�>C�AD86I>DC�>C8G:6H:�ID�DK:G

����@B�6I����96N�A:69

• "GGDGH�>C�����96N�;DG:86HIH

8DBE6G67A:�L>I=�8JGG:CI�=JGG>86C:

IG68@�:GGDGH

• *D9:A�G:HDAJI>DC�6�@:N�;68IDG

• ,F;<CJ�GIFM@;<�LJ<=LC�?<8;J
LG�=FI�!1�@DG8:K�8E;�)65�:FEK<EK��9LK

CF:8K@FE�?@>?CP�LE:<IK8@E

• +F:8K@FE�LE:<IK8@EKP�?@>?C@>?KJ�C@D@K8K@FEJ�@E�89@C@KP�KF�GI<;@:K

<OKI<D<�GI<:@G@K8K@FE�8E;�=CFF;@E>

• )DGIFM<D<EKJ�@E�GI<;@:K@FEJ�:C<8ICP�;<J@I89C<

1,2�%IIFI�@E�&FI<:8JK�!1

+8E;=8CC�+F:8K@FE

#GDB�3>8@�:I�6A
������

�3:6
�6C9�#DG:86HI>C<	



.M<IM@<N�F=�2:@<EK@=@:�&@E;@E>J�=IFD�8�$<:8;<�F=�1<J<8I:?
�
	���)-4%12%$�.4%0�
	�7%!01���%$%0!+���2!2%���.#!+�

389C<�����.M<IM@<N�F=�=@E;@E>J�=IFD����P<8IJ�F=�8KDFJG?<I@:�I@M<I�I<J<8I:?

!1J�:8EW 0L8EK@K8K@M<�I<JLCKJ &FID8C�I<=<I<E:<

#8LJ<�?<8MP�I8@E ����D;� 6A>;DGC>6SH�=:6K>:HI�����96N�G6>C�:K:CIH�6G:�;GDB��.H .6AE=�:I�6A
�����

&@CC�I<J<IMF@IJ �������D;�CDGI=:GC� 6A>;DGC>6�G6>C�6C9�HCDL !:II>C<:G�:I�6A
�����

"LJK�;IFL>?KJ ����D;�9GDJ<=IH�>C�CDGI=:GC� 6A>;DGC>6�:C9:9�L>I=�6C��. !:II>C<:G�����

(<CG�=@J? ����D;�4DAD��NE6HH�>CJC96I>DCH�D;�;>H=:G>:H�:8D
�H><C>;>86C8: #ADGH=:>B���!:II
����

#8LJ<�=CFF;J �����;DG�@:N�8D6HI6A�L6I:GH=:9H��6C9�B6CN�>C� :CIG6A�26AA:N	 .6AE=�:I�6A
�����

"I<8B�C<M<<J ����D;� :CIG6A�26AA:N�A:K::�7G:6@H�L:G:��.�G:A6I:9 #ADGH=:>B���!:II
����

#8K8JKIFG?<J T�.@/IDGBU�;ADD9�H8:C6G>D�;DJC9��������>AA>DC�>BE68I�>C� � -DGI:G�:I�6A
�����

#8E�9<�DFE@KFI<; />BEA:���8DBEA:M�IDDAH�86C�=:AE��:
<
��G696G��6>G8G6;I��H6I:AA>I: 3=>I:�:I�6A
�����

/8IKCP�GI<;@:K89C<  6C�7:�H::C����96NH�6=:69��A6C9;6AA�EDH>I>DC�:GGDG�>H�A6G<: 3>8@�:I�6A
�����

/8IKCP�GI<;@:K89C< ,;�����.�HIDGBH�I=6I�86JH:9���>C�D;�G6>C����L:G:�EG:9>8I:9 .6AE=�:I�6A
�����



�������������
�
��
���
��
���
	�
�����
���
���������
����
�

1/$/�DG<6C>O:9�6�A6G<:�I:6B�D;�:ME:GIH


��B:I:DGDAD<N�I:6B�L6H�;DGB:9�6C9�7J>AI

6�EA6JH>7A:�E=NH>86A�H8:C6G>D
���68@�ID�

768@�:MIG:B:��.�:K:CIH��BDHIAN�76H:9�DC

68IJ6A������6C9������HIDGBH	�HIGJ8@�DK:G

67DJI���L::@H�
�� DCH>9:GH�I=:��������

;ADD9H�6H�6C�:M6BEA:


0=: B:I:DGDAD<>86A�H8:C6G>D�L6H�I=:C

<>K:C�ID�;DAADL�DC�<GDJEH�D;�:ME:GIH�>C

96B6<:�6HH:HHB:CI�6C9�:8DCDB>8

9>HGJEI>DC�:HI>B6I>DC�6C9�=6H�7:8DB:

I=:�76H>H�;DG�:B:G<:C8N�EG:E6G:9C:HH

:M:G8>H:H


$<KK@E><I <K�8C�������	-8KLI8C�(8Q8I;J


/IFA<:K<;�;8D8><�8E;

<:FEFD@:�CFJJ<J�<O:<<;

�����"



#8C68K<I ��2:@<E:<�6?@K<�/8G<I
����8DCIG>7JIDGH�����+DK��������� EE	



%*0�3:HI�>CCDK6I>DCH�L:G:�@:N�:A:B:CIH�>C

+,��SH�G6E>9�G:HEDCH:�ID�6�;ADD9�G>H@�8G>H>H

• 1/� "�L6H��8DCH>9:G>C<�I6@>C<
DK:G�DE:G6I>DC�D;�6�96B�>C
36H=>C<IDC�/I6I:�9JG>C<�6
G:8:CI�HIDGB


• 1H>C<�I=:�%*0��.,�6I�I=:
8D6HI�6C9�+3/�;DG:86HIH�
1/� "�H6L�I=:�768@�:9<:�D;
I=:��.�L6H�8DB>C<�6H=DG:�6C9
I=JH�=:6KN�G6>C�L6H�67DJI�ID
:C9��HD�I=:N�9>9�CDI�I6@:�DK:G
DE:G6I>DC�;GDB�I=:�AD86A�L6I:G
6<:C8N


• /:: G:8:CI ?DJGC6A�6GI>8A:�7N
3=>I:�:I�6A
��#:7GJ6GN������
�JAA:I>C�D;�I=:��B:G>86C
*:I:DGDAD<>86A�/D8>:IN	
�
�����������
��


�����
�	
�
������


