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( A )  P R O J E C T  O V E R V I E W  & G O A L S

This  p ro jec t  a im ed  at u n d e r s t a n d in g  how na tu ra l  
low-frequency  modes  of  Pacif ic var iab i l i t y  will 
r e s p o n d  to  a n th ropoge n ic  c l imate  change.  Recent  
work  by the  Pis  has  shown t h a t  decada l  c l imate  
v a r i a b i l i t y  of  t h e  P a c i f i c  is  o n l y  p a r t i a l l y  
ex p la in ed  by the  Pacif ic Decada l  Osc i l l a t ion  
(PDO). A b e t t e r  r e p r e s e n t a t i o n  of the  Pacific 
decada l  c l imate  dynamics  m us t  inc lude  the  Nor th  
P a c i f i c  Gyre  O s c i l l a t i o n  ( N P G O ) ,  w h i c h  is 
a s s o c i a t e d  w i t h  b a s i n -  a n d  r e g i o n a l - s c a l e  
c h a n g e s  i n  o c e a n  c i r c u l a t i o n ,  s e a - s u r f a c e  
t e m p e ra t u re s ,  and  ecosys tem t ran s i t io n s .  The El 
Nino S o u th e rn  Osc i l l a t ion  (ENSO) dr ives  an 
i m p o r t a n t  f rac t ion  of  bo th  the  PDO and  NPGO 
variab i l i ty .  While  the  canonica l  e a s t e rn  Pacif ic 
warm ing  (EPW) El Nino dr ives  a PDO response ,  
new evidence  suggests  t h a t  the  non -canon ica l  
c e n t r a l  Pacif ic  w a r m i n g  (CPW) El Nino  (or  
‘M odok i ’) is dynamica l ly  l in ked  to  the  NPGO. 
The IPCC ARq cl imate  model  p ro jec t ions  suggest  
t h a t  the  f requency  of  CPW El Nino event s  will 
i n c r e a s e  i n  r e s p o n s e  t o  c l i m a t e  c h a n g e ,  
suggest ing  th a t  the  NPGO vari ance  will increase  
at the  expense  of the  PDO. In the  p ro p o se d  
r esea rch ,  we examine  the  dynamica l  r e l a t ionsh ip  
be tw een  these  modes  of low-frequency  Pacif ic 
c l imate  va r i ab i l i t y  and  a n th ropoge n ic  c l imate  
change  in b o th  obse rva t ions  an d  cl imate  models .

T h e  f i r s t  r e s e a r c h  g o a l  of th is  p roposa l  is to 
assess  how the  dynamics  and  s ta t is t ic s  of the  
E P W / P D O  a n d  C P W / N P G O  m o d e s  a r e  
r e p r e s e n t e d  in the  IPCC ARq and  AR5 coupled  
c l imate  models  du r ing  the  2 0 th  century,  an d  how 
these  dynamics  and  s ta t is t ic s  are p ro je c te d  to 
evo lve  u n d e r  c o n t i n u e d  g r e e n h o u s e  fo rc in g  
du r in g  the  21st cen tury .

T h e  s e c o n d  r e s e a r c h  g o a l  of th is  p roposa l  is 
t o  i d e n t i f y  a n d  q u a n t i f y  t h e  s t a t i s t i c a l

s ignif icance of  any  an th ro p o g e n ic  changes  in 
CPW/NPGO va r iance  wi th  r e s p e c t  to n a tu r a l  
var iabi l i ty ,  an d  iden t i fy  the  specif ic  dynamics  
r espons ib le  for  the  C P W /NPGO’s response  to 
c l imate  change.

This p ro jec t  b ro u g h t  t o g e th e r  a diverse  g roup  of 
c l imate  sc ien t i s t s  t h a t  p u r s u e  these  r e sea rch  
goa ls  u s ing  a wide  r a n g e  of  m e t h o d o lo g i e s  
des igned  to  iso la te ,  quan t i fy  and  d iagnose  the  
e f f e c t s  of  a n t h r o p o g e n i c  f o rc in g  on  Pac if ic  
decada l  c l imate  var iab i l i ty .  These  m ethodolog ies  
i nc lude  (a) l in ea r  inver se  s ta t is t ic a l  t ec hn iques  
t o  e x a m i n e  t h e  IPCC m o d e l s  (Di  L o r e n z o ,  
A n d e r s o n ,  S c h n e i d e r ) ,  (b)  a n n u a l l y - r e s o l v e d  
m ul t i -p roxy  c l imate  r ec o n s t ru c t io n s  over  the  las t  
3 0 0  years  to  examine  the  range  of decada l  and  
secu la r  va r i a t ions  of the  c l imate  modes  (Cobb, Di 
Lorenzo) ,  and  (c) t a r g e te d  coup led  c l imate  model  
e x pe r im e n t s  to  iso la te  specif ic  m e c ha n ism s  of 
t he  low-frequency  m o d e s ’ r e sponse s  to  c l imate  
change  (Vimont ,  Alexander) .

O v e r a l l ,  i m p r o v e d  u n d e r s t a n d i n g  o f  t h e  
h is to r ica l ,  c u r r e n t ,  and  fu tu re  evo lu t ion of  the  
NPGO a n d  PDO w i l l  p r o v i d e  s i g n i f i c a n t l y  
e n h a n c e d  p r e d i c t a b i l i t y  o f  d e c a d a l - s c a l e  
va r i a t i o n s  t h a t  in f luence  global  w e a th e r  and  
c l imate  p a t t e rn s ,  as well  as m ar ine  ecosystems .

( B )  H Y P O T H E S E S  A N D  F R A M E W O R K

I n  o r d e r  t o  a n a l y z e  t h e  d e c a d a l  c l i m a t e  
va r iab i l i t y  in  the  IPCC models  we deve lo ped  a 
set  of  hypo theses  or  f r a m ew ork  for  di agnos ing  
the  cl imate  va r iab i l i t y  of  the  models  over  the  
Pacif ic  secto r .

A syn thes ized  u n d e r s t a n d in g  of the  hypo theses  
u n d e r l y i n g  t h e  m e c h a n i c s  o f  P a c i f i c  low -  
f re que nc y  va r iab i l i t y  an d  the  l inks be tw een  the
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Schematic fo r  Pacific Climate Variability
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Figure 1: Framework of Pacific Climate Variability. This schem atic  shows the links between the ocean and 
a tm ospheric  modes of low-frequency va r iab i l i ty  in the  Pacif ic  (see section Fram ework o f P a c ific  C lim ate  
V ariab ility  for a deta iled descrip t ion).

o c e a n / a t m o s p h e r i c  m odes  of  t h e  Pacif ic  are 
p r e s e n t e d  in the  schem a t ic  of Figure l. In  th is  
s c h e m a t i c  t h e r e  a r e  tw o  s e t s  of  d o m i n a n t  
dynamics  -- the  E PW /PDO ( red  pa th )  and  CPW/ 
NPGO (blue  p a th ) ,  which are phys ica l ly  l inked  
a nd  con n e c t e d  th r o u g h  the  ENSO sys tem  in the  
t rop ics .  Both the  PDO an d  NPGO are to f i r s t  
o rd e r  the  ocean ic  expres s ions  of the  a tm o sp h e r ic  
f o r c i n g  a s s o c i a t e d  w i t h  t h e  AL a n d  NPO 
variabi l i ty ,  respect ive ly,  and  th e re fo re  in te g ra t e  
the  low -f requency  v a r i a t ions  of  the  EPW and 
CPW th r o u g h  a tm o s p h e r i c  t e l e co n n e c t io n s  f rom 
EPW —>AL—>PDO [Alexander ,  1992; A lexander  et 

a l . ,  2 0 0 2 ;  N e w m a n  e t  a l . ,  2 0 0 3 ]  a n d  

CPW—>NPO—>NPGO [Di Lorenzo  et  al., 2010] .  A 

l ink  also exis ts  f rom the  ex t r a - t ro p i c s  back  to 
t h e  t r o p i c s  t h r o u g h  t h e  S F M  b y  w h i c h  
N PO—>CPW/EPW [Vimont  e t  al., 2003 ;  A nde r son  

et  al., 2003 ] ,  giving r ise  to  the  p o t e n t i a l  for  a 
f eedback  be tw e en  t rop ic s  an d  e x t r a - t rop ic s  a long 

the  p a t h  N PO—>CPW—>NPO. While  the  AL and

page

NPO a t m o s p h e r i c  f o r c i n g s  h a v e  m a x i m u m  
load ing  in  the  cen t ra l  an d  e a s t e rn  N or th  Pacific,  
t h e i r  fo rc ing  also d r ives  p r o m i n e n t  d e c ad a l  
v a r i a t i o n s  i n  t h e  w e s t e r n  N o r t h  P a c i f i c .  
Specif ically , the  ocean ic  a d ju s t m e n t  to  the  SSHa 
a n o m a l i e s  of  t h e  A L /P D O  a n d  N P O / N P G O  
ra d ia te  Rossby  waves t h a t  p r o p a g a te  in to  the  
w e s t e rn  bo u n d a ry .  The a rr ival  of  the  AL/PDO 
SSHa is a s soc ia ted  wi th  changes  in  the  axis of 
the  KOE [Miller  an d  Schne ide r ,  2 0 0 0 ;  Qiu et 
al., 2007] ,  while  the  a rr ival  of  the  NPO/NPGO 
SSHa m odu la te s  v a r i a t ions  in the  speed  of the  
KOE [Cebal los e t  al., 2 0 0 9 ] .  These  two modes  of 
KOE va r iab i l i t y  -  the  KOE m er id iona l  mode  
(shi f t  in  axis) an d  the  KOE Zonal  mode (change  
in  speed)  -  have been  shown to c a p tu re  the  f i r s t  
two d o m in a n t  m odes  of va r iab i l i t y  of  SSHa in 
the  KOE [Taguchi  e t  al., 2007] .
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( C )  E X E C U T I V E  S U M M A R Y

T h e  P O D X  p r o j e c t  c o n t r i b u t e d  t o  21 p e e r -  
r e v i e w  p u b l i c a t i o n s .  B e l o w  i s  a n  e x e c u t i v e  
s u m m a r y  f o r  t h e  f i n d i n g s  r e l a t e d  t o  g o a l s  
# 1 a n d  # 2 .

1) C lim ate  m ode ls  used  in the CMIP5 show  
im p o r ta n t  de fic ienc ies  in re p re se n tin g  the  
d y n a m ic s  o f  c l im a te  v a r ia b i l i ty  o f  the Pacific  
Ocean. M o s t  n o ta b ly  the connec t ion  be tw een  
the  trop ics  (e.g. EN SO ) a n d  the e x tra - tro p ic  
(e.g. PDO, NPGO). In  the e x tra - tro p ic s  the  
d y n a m i c s  o f  th e  PD O a r e  s t a t i s t i c a l l y  
c o n s is te n t  w i th  o b s e rv a t io n s  a n d  do n o t  
s h o w  a n y  s i g n i f i c a n t  c h a n g e  in  f u t u r e  
c lim a te .  In  c o n tra s t  the d y n a m ic s  o f  NPGO  
a r e  n o t  w e l l  r e p r o d u c e d . T h i s  m i s s -  
r e p re se n ta t io n  m a y  be cr it ica l  f o r  accura te  
p re d ic t io n s  o f  the Pacific  Ocean response  to 
c lim a te  change. The NPGO d y n a m ic s  are  
l in ked  to the c en tra l  Pacific  El N in o , a n d  
ev idence  su g g e s t  th a t  the  var iance  o f  the  
NPGO a n d  the CPW  are increas ing  w i th  
c lim a te  change. F u tu re  s tu d ie s  w il l  have  to 
(1) exp lore  in f u r t h e r  d e ta i l  the  d y n a m ic s  
th a t  e nerg ize  the CPW /NPG O s y s te m  in the  
co n te x t  o f  a v a r y in g  m e a n  s ta te  (e.g. c lim a te  
c h a n g e ), a n d  (2 )  b e t t e r  u n d e r s t a n d  the  
n a t u r e  o f  t h e  t r o p i c a l / e x t r a - t r o p i c a l  
te leconnec t ion  d y n a m ic s  in c l im a te  m odels .

2) Using s im p l i f ie d  s ta t i s t ic a l  m ode ls  a n d  p r o x y  
re co n s tru c t io n  o f  p a s t  c l im a te  v a r ia b i l i ty  we  
f i n d  ev idence  th a t  the v a r ia n ce  o f  E l N in o  in 
the  21st c e n tu ry  is in c r e a s in g . In  p a r t i c u la r , 
our  f in d in g s  su g g e s t  th a t  the  CPW /NPGO  
s y s te m  w ill  be e n e rg ize d  as g loba l  su r face  
te m p e ra tu r e  co n tin u e  to rise. The d y n a m ic s  
u n d e r l y i n g  t h e s e  c h a n g e s  a r e  l i k e l y  
c onnec ted  to the so ca lled  M er id io n a l  M odes  
(M M ). These m odes  are  c h a ra c te r ize d  by

p o s i t i v e  th e r m o d y n a m ic s  f e e d b a c k  be tw een  
the  ocean a n d  a tm o sp h e re  in tro p ica l  basin  
th a t  lead  to a m p l i f ic a t io n  o f  sea  su r face  
te m p e ra tu r e  an o m a lies .  These M M  have  been  
sh o w n  to be o p t im a l  exc i ta t io n  p a t te r n s  f o r  
both  the EP a n d  CP ENSO. F u tu re  s tu d ie s  
w ill  have  to exp lore  c l im a te  m ode l  reso lve  
th e  M M  d y n a m ic s  a n d  u n d e r s ta n d  th e ir  
s e n s i t iv i t y  to changes  in m ea n  s ta te  a n d  
c h a n g e s  in  the  s ta t i s t i c s  o f  a tm o s p h e r ic  
s to c h a s t ic  v a r ia b i l i ty  in the e x tra - tro p ics .  
B oth  o f  these  tw o  fa c to r s  in fluence  the M M  
a n d  its im p a c t  on Pacific  c l im a te  v a r ia b i l i t y .

( D )  R E P O R T  o f  F I N D I N G S

We n o w  r e p o r t  o n  i n d i v i d u a l  s c i e n t i f i c  
f i n d i n g s  t h a t  f o r m  t h e  b a s i s  f o r  o u r  
s u m m a r y  s t a t e m e n t s .

The P is  c o n tr ib u t io n s  are  l is ted  in each ta sk  a n d  
t h e  y e a r  o f  p u b l i c a t i o n  i s  r e p o r t e d  i n  
p a r e n th e s is .  The f in d in g s  are  l is ted  in reverse  
ch ro n o lo g ica l  order .

O p t i m a l  g r o w t h  o f  C e n t r a l  a n d  East  
P a c i f i c  ENSO e v e n t s

by Vimont ,  D. J . ,  M. A. Alexander ,  and  M. 
N ew m an  (2014)

Cent ra l  Pacif ic (CP)- type and  E a s te rn  Pacif ic  
(EP)- type  El Nino and  the  S o u th e rn  Osc i l l a t ion 
(ENSO) e ve n ts  are  i n v e s t ig a t e d  u s ing  l in e a r  
inver se  model ing .  Opt imal  in i t ia l  cond i t ions  and  
g rowth  ra te s  for  CP or  EP ENSO events  are  
i den t i f i ed  expl ic i t ly  us ing  a CP or  EP ENSO 
n o r m .  T h e  d o m i n a n t  d i f f e r e n c e  i n  i n i t i a l  
cond i t ions  t h a t  l ead  to  CP an d  EP ENSO events  
is the  role of  the  second  em pi r ica l  o r thogona l  
f u nc t ion  of  t ro p ica l  sea su rface  t e m p e r a t u r e ,  
which r e p r e s e n t s  the  Pacif ic  M er id io na l  Mode
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(PMM).  Opt imal  ini t ia l  cond i t ions  for  CP-type 
ENSO events  inc lude  w arm  SST anom al ie s  in  the  
c en t ra l  sub t rop ica l  Pacif ic  (a c h a ra c te r i s t i c  of 
the  PMM) while  op t im al  in i t ia l  cond i t ions  for  
EP-type  ENSO even ts  are  focused  in  the  e a s t e rn  
e q u a t o r i a l  Pacif ic  a n d  S o u t h e r n  H e m is p h e r e  
s u b t r o p i c s  a l o n g  a b o u t  25  d e g r e e s  S. 
T h e r m o c l i n e  a n o m a l i e s  d i f f e r  i n  i n i t i a l  
s t r u c tu r e s  a nd  in  t h e i r  in f luence  on SST for  CP 
a nd  EP events .  Resul ts  po in t  to d i f f e ren t  ro les  of 
the  PMM an d  t h e r m o c l in e  v a r i a t i o n s  in  the  
evo lu t ion  of  CP and  EP ENSO events .

O r i g i n  o f  D e c a d a l - S c a l e ,  E a s t w a r d -  
P r o p a g a t i n g  H e a t  C o n t e n t  A n o m a l i e s  in 
t h e  N o r t h  Pa c i f i c

by Taguchi ,  B., and  N. Schne id e r  (2014)

U pper  ocean  hea t  c o n te n t  (OHC) is at  the  h e a r t  
of n a tu r a l  c l imate  va r iab i l i t y  on i n t e r a n n u a l - t o -  
decada l  t im e  scales,  p rov id ing  cl imate  m em ory  
a nd  the  source  of decada l  p r ed i c t i o n  skill .  In the  
m id l a t i tu d e  N or th  Pacif ic  Ocean,  OHC signa ls  
a r e  o f t e n  f o u n d  to  p r o p a g a t e  e a s t w a r d  as 
o pposed  to  the  f re q u e n t ly  obse rved  w es tw ard  
p r o p a g a t i o n  of  s ea  s u r f a c e  h e i g h t ,  a n o t h e r  
va r i ab le  t h a t  r e p r e s e n t s  the  oc ean  subsu r face  
s ta te .  This  d i ch o to m y  is inves t iga ted  us ing  a 
150-yr coup led  GCM in te g ra t io n .  S im ula ted  OHC 
s i g n a l s  a r e  d i s t i n g u i s h e d  in  t e r m s  o f  tw o  
p r o c e s s e s  t h a t  c a n  s u p p o r t  e a s t w a r d  
p r o p a g a t i o n :  h i g h e r  b a r o c l i n i c  R ossby  wave 
(RW) modes  t h a t  are  a s soc ia ted  wi th  dens i ty  
p e r t u r b a t io n ,  and  sp ic iness  anom al ie s  due  to 
d e n s i ty -c o m p e n s a t e d  t e m p e r a t u r e  an d  sa l in i ty  
anomal ie s .  The ana lysi s  h e re in  suggest s  a un ique  
role  of the  K urosh io -Oyash io  Ex tens ion  (KOE) 
r eg ion  as an or igin of  the  sp ic iness  and  h igher  
m o d e  RW s i g n a l s .  W i n d - f o r c e d ,  w e s t w a r d -  
p ro p ag a t in g  equ iva len t  b a ro t r o p ic  RWs cause  
m er id iona l  sh if t s  of  the  suba rc t ic  f ron t  in  the

K O E  r e g i o n .  T h e  a s s o c i a t e d  a n o m a l o u s  
c i r c u l a t i o n  c r o s s e s  m e a n  t e m p e r a t u r e  a n d  
s a l i n i t y  g r a d i e n t s  a n d  t h e r e b y  g e n e r a t e s  
s p i c i n e s s  a n o m a l i e s .  T h e s e  a n o m a l i e s  a r e  
advec ted  ea s tw a rd  by the  m ean  c u r r e n t s ,  while 
the  as soc ia ted  su rface  t e m p e r a t u r e  anom al ie s  
a re  d a m p e d  by  a i r - s e a  h e a t  e x c h a n g e .  The  
accom pany in g  su rface  buoyancy  flux gene ra te s  
h ig h e r  ba roc l in ic ,  e a s t w a r d -p r o p a g a t i n g  RWs. 
T h e  r e s u l t s  s u g g e s t  t h a t  t h e  l a r g e  OHC 
va r iab i l i t y  in the  w e s te rn  b o u n d a r y  c u r r e n t s  and  
th e i r  ex tens ions  is a s soc ia te d  wi th  the  sp ic iness  
g ra d i e n t s  and  axial  va r iab i l i t y  of ocean ic  f ron ts .

I n c r e a s i n g  v a r i a n c e  in N o r t h  Pa c i f i c  
c l i m a t e  r e l a t e s  t o  u n p r e c e d e n t e d  
e c o s y s t e m  v a r i a b i l i t y  o f f  C a l i f o r n i a

b y  S y d e m a n ,  W. J . ,  J .  A. S a n t o r a ,  S. A. 
T hom pson ,  B. Marinovic ,  a nd  E. Di Lorenzo
(2013)

Changes in  va r iance  are i n f r e q u e n t ly  ex a m in ed  
in  c l i m a t e  c h a n g e  e c o lo g y .  We t e s t e d  t h e  
h y p o t h e s i s  t h a t  r e c e n t  h i g h  v a r i a b i l i t y  in  
d e m o g ra p h ic  a t t r ib u t e s  of sa lm on  and  seab i rds  
off Cal i fornia  is r e l a te d  to  inc reas ing  va r i ab i l i t y  
in  r e m o t e ,  l a rg e - s c a le  fo rc ing  in  t h e  N o r th  
Pacif ic  ope ra t ing  th r o u g h  changes  in  local food 
w e bs .  L i n e a r ,  i n d i r e c t  n u m e r i c a l  r e s p o n s e s  
be tw e en  kr il l  ( p r im a r i ly  Thysanoessa  sp in i fera )  
an d  juven i le  rockf ish a b u n d a n c e  (ca tch  p e r  un i t  
effor t  (CPUE)) exp la ined  >80% of the  recen t  
v a r iab i l i t y  in the  d e m o g r a p h y  of  these  pe lagic  
p r e d a to r s .  We fo u n d  no r e l a t i o n s h ip s  be tw een  
kr i l l  and  reg iona l  upwel l ing,  t h o u g h  a s t r ong  
c onne c t ion  to  the  N or th  Pacif ic  Gyre Osc i l l a t ion 
(NPG O) i n d e x  was  e s t a b l i s h e d .  V a r i a n c e  in  
NPGO a nd  r e l a t e d  cen t ra l  Pacif ic  warm ing  index 
in c r e a s e d  a f te r  1985, w he re as  va r iance  in the  
canonica l  ENSO a nd  Pacif ic  Decadal  Osc i l l a t ion 
d id  no t  change.  A n th ropogen ic  global  warm ing
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or  n a tu r a l  c l imate  va r iab i l i t y  may  exp la in recen t  
i n te ns i f ic a t ion  of  the  NPGO a nd  i ts  inc reas ing  
e c o l o g i c a l  s i g n i f i c a n c e .  A s s e s s i n g  n o n -  
s t a t i o n a r i t y  i n  a t m o s p h e r i c - e n v i r o n m e n t a l  
i n te r a c t io n s  an d  p lac ing g r ea t e r  e m pha s i s  on 
do c u m e n t in g  changes  in va r iance  of  bio -phys ica l  
s y s t e m s  w i l l  e n a b l e  i n s i g h t  i n t o  c o m p l e x  
c l im a te -m a r in e  ecosys tem dynamics .

D e c a d a l  R e s p o n s e  o f  t h e  K u r o s h i o  
E x t e n s i o n  Je t  t o  R o s s b y  W a ve s :  
O b s e r v a t i o n  a n d  T h i n - J e t  T h e o r y

by Sasaki ,  Y. N., S. Minobe,  and  N. Schne ide r

(2013)

Th is  s tu d y  e x a m in e s  i n t e r a n n u a l  to  d e cada l  
va r iab i l i t y  of the  Kuroshio  Ex tens ion  (KE) je t  
us ing  sa te l l i te  a l t im e te r  o b se rva t ions  f rom  1993 
to  2 0 1 0 .  The  l e a d i n g  e m p i r i c a l  o r t h o g o n a l  
func t ion  (EOF) mode  of sea level  va r iab i l i t y  in 
the  KE reg ion  r e p r e s e n t s  the  m er id iona l  sh if t  of 
the  KE jet ,  fo l lowed by i ts  s t r e n g th  changes  wi th  
a few m o n th  lag. This  shif t  of the  KE j e t  lags  
a tm o s p h e r i c  f lu c tua t ions  over  the  e a s t e rn  Nor th  
Pacif ic  by abou t  t h r e e  years .  Broad sea level 
anom al ie s  (SLAs) emerge  in  the  e a s t e rn  Nor th  
Pacif ic  3-4 years  befo re  the  u p s t r e a m  KB je t  
shif t ,  a nd  p ro p a g a te  w e s tw a rd  along the  KE je t  
axis.  In  t h e  course  of  the  p r o p a g a t io n ,  the  
m er id iona l  scale  of the  SLAs g radua l ly  na rrows ,  
a nd  t h e i r  am p l i t u d e  increases .  This  w es tw ard  
p r o p a g a t io n  of SLAs wi th  a speed  of  abou t  5 cm 
s ( — 1) is a t t r i b u t e d  to  the  w e s tw a rd  p r o p a g a t io n  
of the  m er id iona l  sh if t  of  the  je t ,  c o n s i s t e n t  wi th  
the  t h in - j e t  theory ,  whose  im p o r t a n c e  has  been  
su g g e s t e d  by p r e v io u s  n u m e r i c a l  s tud ie s .  In 
add i t io n ,  the  w e s tw a rd -p ro p ag a t in g  s igna ls  t e n d  
to  c o n s e r v e  t h e i r  q u a s i g e o s t r o p h i c  p o t e n t i a l  
v o r t i c i t y  a n o m a l y ,  w h i c h  m a y  e x p l a i n  t h e  
c h a r a c t e r i s t i c  c h a n g e s  o f  SLAs d u r i n g  t h e  
p r o p a g a t i o n .  Af te r  t h e  w e s t w a r d - p r o p a g a t i n g

signals  of  posi t ive  (negat ive)  SLAs reach  at the  
e a s t  c o a s t  of  J a p a n ,  t h e  u p s t r e a m  KB j e t  
s t r e n g t h e n s  ( w e a k e n s )  a s s o c i a t e d  w i t h  t h e  
s t r e n g th  changes  of the  n o r t h e r n  and  s o u th e r n  
rec i rc u la t ion  gyres .  In te res t ing ly ,  th is  s t r e n g th  
change  of  the  KE j e t  p ro p a g a te s  e a s tw a r d  wi th  a 
s p e e d  o f  a b o u t  6 cm s ( -1),  s u g g e s t i n g  an  
i m p o r t a n c e  of advec t ion  by the  c u r r e n t .

E s t i m a t i n g  C e n t r a l  E q u a t o r i a l  Pa c i f i c  
SST V a r i a b i l i t y  o v e r  t h e  Pa s t  
M i l l e n n i u m .  Part  II: R e c o n s t r u c t i o n s  
a n d  I m p l i c a t i o n s

by Emile-Geay,  J . ,  K. M. Cobb,  M. E. Mann,  and  
A. T. W i t t e n b e rg  (2013)

R e d u c in g  th e  u n c e r t a i n t i e s  s u r r o u n d i n g  the  
i m p a c t s  o f  a n t h r o p o g e n i c  c l i m a t e  c h a n g e  
r e q u i r e s  v e t t i n g  g e n e r a l  c i r c u l a t i o n  m o d e l s  
(GCMs) aga in s t  long reco rds  of  p a s t  n a tu r a l  
c l i m a t e  v a r i a b i l i t y .  T h i s  i s  p a r t i c u l a r l y  
cha l l eng ing  in  the  t rop ica l  Pacif ic  Ocean,  where  
sho r t ,  spa rse  i n s t r u m e n ta l  d a ta  p rec lude  GCM 
v a l ida t ion  on m u l t idecada l  to cen te n n ia l  t im e  
scales.  This  tw o - p a r t  p a p e r  d e m o n s t r a t e s  the  
app l i ca t ion  of  two s ta t is t ic a l  m e thodo log ie s  to  a 
n e tw o rk  of  a ccu ra te ly  d a t e d  t ro p i c a l  c l imate  
r eco rds  to  r e c o n s t ru c t  sea sur face  t e m p e r a t u r e  
(SST) va r iab i l i t y  in  the  Nino-3.4 r eg ion over  the  
p a s t  m il lenn ium .  While  Pa r t  I d e sc r ibed  the  
m e t h o d s  a n d  e s t a b l i s h e d  t h e i r  v a l i d i t y  an d  
l i m i t a t i o n s ,  t h i s  p a p e r  p r e s e n t s  s e v e r a l  
r e c o n s t r u c t i o n s  of  N i n o - 3 .4 ,  a n a ly z e s  t h e i r  
s ens i t iv i ty  to p ro c e d u r a l  choices  and  i n p u t  da ta ,  
a n d  c o m p a r e s  t h e m  to c l im a te  fo rc ing  t im e  
se r ie s  an d  p rev ious ly  p u b l i s h e d  t rop ica l  Pacif ic  
SST r e c o n s t ru c t io n s .  The r e c o n s t ru c t io n s  he re in  
show r em a rk a b ly  s im i la r  behav io r  at  decada l  to 
m u l t idecada l  scales,  bu t  diverge m arke d ly  on 
cen te n n ia l  scales.  The am p l i t u d e  of  c e n te nn ia l  
v a r iab i l i t y  in  each  r e c o n s t ru c t io n  scales  wi th  the
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m ag n i tu d e  of the  A. D. 1860-1995 t r e n d  in the  
t a rg e t  da ta s e t ' s  N ino-3 .4  index,  wi th  Ex tended  
R e c o n s t ru c te d  SST, ve rs ion  3 (ERSSTvs)  > the  
Second Hadley  Cen t re  SST d a t a s e t  (HadSST2) > 
Kaplan  SST; these  d i sc repanc ies  c o n s t i tu t e  a 
m ajo r  source  of  u n c e r t a i n t y  in  r ec o n s t ru c t in g  
p r e i n s t r u m e n t a l  N i n o - 3 . 4  S S T .  D e s p i t e  
in ev i t a b l e  v a r i a n ce  losses ,  t h e  r e c o n s t r u c t e d  
m u l t idecada l  va r iab i l i t y  exceeds t h a t  s im u la t e d  
by a s t a t e -o f - t h e -a r t  GCM (forced  a nd  un forced)  
over  the  pa s t  m il lenn ium ,  while  r e c o n s t ru c te d  
c e n t e n n i a l  v a r i a b i l i t y  is i n c o m p a t i b l e  w i t h  
c o n s t a n t  b o u n d a r y  c o n d i t i o n s .  W a v e l e t  
coherence  ana lysi s  revea ls  a r o b u s t  an t ip h a s in g  
b e tw e e n  so la r  fo rc ing  a n d  N ino-3 .4  SST on 
b i ce n ten n ia l  t im e  scales ,  bu t  no t  on s h o r t e r  t ime  
scales.  I m p l ica t ions  for  GCM r e p r e s e n t a t i o n s  of 
the  t ro p ica l  Pacif ic  c l imate  r e sponse  to  rad ia t ive  
forcing  are t h e n  d iscussed.

E s t i m a t i n g  C e n t r a l  E q u a t o r i a l  Pa c i f i c  
SST V a r i a b i l i t y  o v e r  t h e  P a s t  
M i l l e n n i u m .  Part  I: M e t h o d o l o g y  a n d  
V a l i d a t i o n

by Emile-Geay,  J . ,  K. M. Cobb, M. E. M ann ,  and  
A. T. W i t te nbe rg  (2013)

C ons t ra in ing  the  l ow -f requency  (LF) b e ha v io r  of 
g e n e r a l  c i r c u l a t i o n  m o d e l s  (GCMs) r e q u i r e s  
r e l i a b l e  o b s e r v a t i o n a l  e s t i m a t e s  o f  LF 
v a r i a b i l i t y .  T h i s  t w o - p a r t  p a p e r  p r e s e n t s  
m u l t i p r o x y  r e c o n s t r u c t i o n s  of  N i n o - 3 .4  sea  
sur face  t e m p e r a t u r e  over  the  las t  m i l lenn ium , 
apply ing two t e c h n iq u e s  [ compos i te  plus  scale 
(C P S )  a n d  h y b r i d  r e g u l a r i z e d  e x p e c t a t i o n  
m a x i m i z a t i o n  (RegEM) t r u n c a t e d  to t a l  l e a s t  
s qua re s  (TTLS)] to a n e tw o rk  of t rop ical ,  h igh-  
r e s o lu t io n  proxy  records .  This  f i r s t  p a r t  p r e s e n t s  
the  d a ta  an d  m e t h o d o lo g y  be fo re  eva lua t ing  
t h e i r  p r e d i c t i v e  sk i l l  u s in g  f r o z e n  n e t w o r k  
analysi s  (ENA) a nd  p s e u d o p ro x y  expe r im e n t s .

The ENA r esu l t s  suggest  t h a t  abou t  ha lf  of the  
Nino-3 .4  va r iance  can be r e c o n s t ru c t e d  back  to 
A. D. 1000,  b u t  they  show l i t t le  LF skill  du r in g  
c e r t a i n  i n t e r v a l s .  M o r e  v a r i a n c e  c a n  be  
r e c o n s t ru c t e d  in the  i n t e r a n n u a l  b a n d  where  
cl imate  s ignal s  are  s t ronge s t ,  bu t  th is  b a n d  is 
affec ted  by da t ing  u n c e r t a in t i e s  (which  are  not  
f o r m a l l y  a d d r e s s e d  h e r e ) .  The  CPS r e l i a b ly  
e s t i m a t e s  i n t e r a n n u a l  v a r i a b i l i t y ,  w h i l e  LF 
f lu c tua t ions  are more  fai th fu l ly  r e c o n s t ru c te d  
wi th  RegEM, albei t  w i th  inev i tab le  va r iance  loss.  
T h e  R e g E M  a p p r o a c h  i s  a l s o  t e s t e d  o n  
r e p r e s e n t a t i v e  p s e u d o p r o x y  n e tw o rk s  d e r ive d  
f ro m  two m i l l e n n i u m - lo n g  i n t e g r a t i o n s  of  a 
coup led  GCM. The p s e u d o p ro x y  s tudy  confi rms  
t h a t  r ec o n s t ru c t io n  skill  is s ign i f ican t  in  bo th  
t he  i n t e r a n n u a l  an d  LF bands ,  p ro v id e d  th a t  
suf f ic ien t  va r iance  is exh ib i ted  in  the  ta rge t  
N i n o - 3 . 4  i n d e x .  I t  a lso  s u g g e s t s  t h a t  ENA 
severe ly  u n d e r e s t im a t e s  LF skill,  even when  LF 
v a r i a b i l i t y  i s  s t r o n g ,  r e s u l t i n g  i n  o v e r l y  
p e s s i m i s t i c  p e r f o r m a n c e  a s s e s s m e n t s .  T h e  
c e n t e n n i a l - s c a l e  v a r i a n c e  of  t h e  h i s t o r i c a l  
Nino-3 .4  index  fal ls som e w here  be tw een  the  two 
model  s im ula t ions ,  suggest ing  t h a t  the  ne tw ork  
an d  m ethodo logy  p r e s e n t e d  he re  would  be able 
to  c a p tu re  the  l eading  LF v a r i a t ions  in  Nino-3.4 
for  m u c h  of  t h e  p a s t  m i l l e n n iu m ,  w i th  the  
caveat s  n o t e d  above.

S y n t h e s i s  o f  Pa c i f i c  O c e a n  C l i m a t e  a n d  
E c o s y s t e m  D y n a m i c s

by Di Lorenzo,  E., e t  al. (2013)

T h e  g o a l  o f  t h e  P a c i f i c  O c e a n  B o u n d a r y  
Ecosys tem and  Climate S tudy  (POBEX) was to 
d iagnose  the  l a rge -sca le  c l im a te  c on t ro l s  on 
reg iona l  t r a n s p o r t  dynamics  and  lower t ro p h ic  
m ar ine  ecosys tem  va r iab i l i t y  in Pacif ic  Ocean 
b o u n d a r y  sys tem s .  An i n t e r n a t i o n a l  t e a m  of 
c o l l a bo ra to r s  s h a re d  o b se rva t iona l  and  eddy-
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reso lv ing  model ing  da ta  se ts  co l lected  in the  
N o r th e a s t  Pacif ic,  i nc lud ing  the  Gulf of Alaska 
(GOA) and  the  Cal i fo rn ia  C u r ren t  System (CCS), 
the  H u m b o l d t  or  Pe ru -C h il e  C u r r e n t  Sys tem 
(PCCS), a nd  the  K urosh io -O yash io  Ex tens ion  
(KOE) region.  POBEX inves t iga to r s  fo u n d  t h a t  a 
d o m i n a n t  f r a c t i o n  of  d e c a d a l  v a r i a b i l i t y  in  
b a s in -  an d  reg io n a l - s ca l e  sa l in i ty ,  n u t r i e n t s ,  
ch lorophyl l ,  and  zoop lank ton  taxa  is exp la ined  
by a newly d i scovered  p a t t e r n  of ocean-c l im a te  
v a r i a b i l i t y  d u b b e d  t h e  N o r t h  P a c i f i c  Gyre  
O sc i l l a t ion  (NPGO) a n d  th e  Pacif ic  Decada l  
Osc i l l a t ion  (PDO). NPGO dynam ics  are  d r iven  by 
a tm o s p h e r i c  va r iab i l i t y  in  the  N or th  Pacif ic  and  
c a p tu re  the  decada l  exp res s ion  of  Cent ra l  Pacif ic 
El Ninos in the  e x t ra t rop ic s ,  m uch  as the  PDO 
c a p tu r e s  the  low -f requency  e xpres s ion  of  ea s t e rn  
Pacif ic  El Ninos.  By com bin ing  h in d ca s t s  of 
eddy-reso lv ing  ocean  models  over  the  pe r iod  
1950 -2 0 0 8  wi th  model  passive t r a c e r s  and  lo n g ­
t e r m  o b s e r v a t i o n s  ( e . g . ,  C a l C O F I ,  L i n e - P ,  
N ew port  H y drog raph ic  Line,  Odate  Col lect ion) ,  
POBEX showed  t h a t  the  PDO an d  the  NPGO 
combine  to  con tro l  low - f requency  upwell ing  and  
a lo n g s h o re  t r a n s p o r t  d y na m ic s  in  t h e  N or th  
Pacif ic  sector ,  while  the  e a s t e rn  Pacif ic  El Nino 
d o m i n a t e s  i n  t h e  S o u t h  P a c i f i c .  A l t h o u g h  
d i f fe ren t  c l imate  modes  have d i f fe ren t  reg iona l  
e xpress io ns ,  changes  in ver t i ca l  t r a n s p o r t  (e.g.,  
upwel l ing)  were fo u n d  to  exp la in the  d o m in a n t  
n u t r i e n t  a nd  p h y to p la n k to n  va r iab i l i t y  in  the  
CCS,  GOA, a n d  P C C S ,  w h i l e  c h a n g e s  i n  
a l o n g s h o r e  t r a n s p o r t  f o r c e d  m u c h  o f  t h e  
o b s e r v e d  l o n g - t e r m  c h a n g e  in  z o o p l a n k t o n  
species  c o m pos i t ion  in the  KOE as well  as in  the  
n o r t h e r n  an d  s o u th e r n  CCS. In c o n t r a s t ,  c ro s s ­
s h e l f  t r a n s p o r t  d y n a m i c s  w e r e  l i n k e d  to  
m esosca le  eddy  activi ty,  d r iven  by regiona l- sca le  
d y n a m i c s  t h a t  a r e  l a r g e l y  d e c o u p l e d  f r o m  
v a r i a t i o n s  a s s o c i a t e d  w i t h  t h e  l a r g e - s c a l e  
c l imate  modes.  P re l im in a ry  f ind ings  suggest  t h a t  
m esosca le  edd ie s  p lay a key role in  of fshore

t r a n s p o r t  of z o op la nk ton  an d  im p a c t  the  life 
cycles of  h igher  t ro p h ic  levels (e.g.,  f ish)  in  the  
CCS, PCCS, and  GOA. Looking fo rw ard ,  POBEX 
r e s u l t s  m ay  gu id e  t h e  d e v e l o p m e n t  of  new  
m o d e l i n g  a n d  o b s e r v a t i o n a l  s t r a t e g i e s  t o  
e s t a b l i s h  m e c h a n i s t i c  l i n k s  a m o n g  c l i m a t e  
f o r c i n g ,  m e s o s c a l e  c i r c u l a t i o n ,  a n d  m a r i n e  
p o p u l a t io n  dynamics .

H i g h l y  V a r i a b l e  El N i n o - S o u t h e r n  
O s c i l l a t i o n  T h r o u g h o u t  t h e  H o l o c e n e

by Cobb, K. M., N. W estpha l ,  H. R. Sayani ,  J .  T. 
W atson ,  E. Di Lorenzo,  H. Cheng,  R. L. Edwards ,  
an d  C. D. Char les  (2013)

The El N in o -S o u th e rn  Osc i l l a t ion  (ENSO) dr ives  
large changes  in  global  c l imate  p a t t e r n s  f rom 
year  to  year ,  yet  i ts  s ens i t iv i ty  to c o n t in u e d  
a n th r o p o g e n ic  g ree n h o u se  forcing  is unc e r t a in .  
We a n a ly z e d  foss i l  co ra l  r e c o n s t r u c t i o n s  of 
ENSO s p a n n in g  the  pa s t  7 0 0 0  years  f rom the  
N o r t h e r n  Line I s l ands ,  loca ted  in  the  c e n te r  of 
ac t ion  for  ENSO. The cora ls  d o c u m e n t  highly 
va r i ab le  ENSO activi ty , wi th  no ev idence  for  a 
sy s tem at ic  t r e n d  in  ENSO vari ance ,  which  is 
c o n t r a ry  to  some models  t h a t  exh ib i t  a re sponse  
to  in so l a t i o n  forcing  over  th i s  same  pe r iod .  
T w e n t i e t h - c e n t u r y  E N S O  v a r i a n c e  i s  
s ign i f ican t ly  h igher  t h a n  average fossil  coral  
ENSO va r iance  bu t  is no t  u n p r e c e d e n te d .  Our 
r e su l t s  suggest  t h a t  forced  changes  in  ENSO, 
w h e t h e r  n a t u r a l  o r  a n t h r o p o g e n i c ,  m a y  be  
diff icul t  to  de tec t  aga in s t  a b a c k g ro u n d  of large 
i n t e r n a l  var iabi l i ty .

T r i g g e r i n g  o f  El N i n o  o n s e t  t h r o u g h  
t r a d e  w i n d - i n d u c e d  c h a r g i n g  o f  t h e  
e q u a t o r i a l  Pa c i f i c

by Anderson ,  B. T., R. C. Perez,  an d  A. Karspeck

(2013)
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Sea su r f a c e  t e m p e r a t u r e  v a r i a t i o n s  over  the  
e q u a to r ia l  Pacif ic  a s soc ia ted  wi th  the  El N ino /  
S o u th e rn  Osc i l l a t ion (ENSO) p ro d u ce  changes  in 
c l i m a t e s  a c r o s s  t h e  g lobe .  H e r e  we r e p o r t  
evidence  f rom  obse rva t iona l ly  c o n s t r a in e d  ocean  
d a ta  for  the  in i t i a t io n  of  w arm  ENSO even ts  (El 
N inos )  r e s u l t i n g  f ro m  s u b s u r f a c e  e q u a t o r i a l  
P a c i f i c  h e a t  c o n t e n t  i n c r e a s e s  r e l a t e d  t o  
t r o p i c a l / e x t r a t r o p i c a l  sea level  p r e s s u r e  (SEP) 
changes  over  the  Nor th  Pacif ic.  We hypothes ize  
t h a t  the  inc rease  in  he a t  c o n te n t  is a r e s p o n s e  to 
S L P -gene ra ted  v a r i a t ions  in  the  N or th  Pacif ic 
t r a d e  winds,  which  we t e r m  t r a d e  w ind  charg ing  
of the  e q u a to r ia l  Pacif ic.  E x p e r im en t s  using a 
h ig h - r e so lu t io n  num er ica l  ocean  model  veri fy 
t h a t  the  charg ing  of s ubsu r face  hea t  co n te n t  
a long the  e qua to r ia l  Pacif ic  can be i n d u ce d  by 
S L P - g e n e r a t e d  t r a d e  w i n d  v a r i a t i o n s .  
F u r th e r m o r e ,  analysi s  of  the  n u m er i ca l  model  
r e su l t s  and  h i s to r ica l  o b se rva t ions  ind ica te s  t h a t  
t h e  t r a d e  w i n d - i n d u c e d  o c e a n  h e a t  c o n t e n t  
i nc reases  are suf f ic ient ly  large  to  in i t i a t e  the  
o n s e t  o f  El  N i n o  e v e n t s ,  w h i c h  m a t u r e  
a p p rox im a te ly  12 m o n th s  a f te r  the  t r a d e  wind  
forcing  i tself .

E x t r a t r o p i c a l  f o r c i n g  o f  El N i n o -  
S o u t h e r n  O s c i l l a t i o n  a s y m m e t r y

by Anderson ,  B. T., J .  C. Fu r tado ,  K. M. Cobb, 
a nd  E. Di Lorenzo (2013)

B o r e a l  w i n t e r  n e a r - s u r f a c e  a t m o s p h e r i c  
c i r cu la t ions  over  the  H aw ai ian  reg ion  are  known 
to in f luence  the  s ta t e  of the  t ro p ica l  Pacif ic  and  
in i t i a t e  the  d e v e lopm en t  of El N ino -S o u th e rn  
Osc i l l a t ion  (ENSO) events .  Here  we show th a t  
these  same  p reced ing  n e a r - s u r f a ce  c ir cu la t io ns  
have an  a dd i t iona l  in f luence  on the  long i tud ina l  
p o s i t i o n  of  t h e  r e s u l t a n t  E N S O - r e l a t e d  sea 
surface  t e m p e r a t u r e s  (SSTs) as well,  w i th  warm  
(cold)  events  sy s tem at ica l ly  sh if ted  to  the  east

( w e s t )  o f  t h e  t y p i c a l  SST a n o m a l i e s .  I n  
in f luenc ing  th is  pos i t ion in g ,  these  a tm o sp h e r ic  
c i r cu la t ions  in  t u r n  mod ify the  ne a r -  and  far-  
f ie ld  c l imate  r e s p o n s e s  to these  SSTs such th a t  
du r ing  w a rm  even ts ,  the  typ ica l  EN SO-re la ted  
r e s p o n s e s  e a s t  ( w e s t )  of  t h e  d a t e l i n e  a r e  
g e n e r a l l y  e n h a n c e d  ( r e d u c e d ) ; c o n v e r s e l y ,  
du r ing  cold events ,  the  typical  EN SO-re la ted  
res p o n s e s  are genera l ly  r ed u c e d  ( enha nc e d ) .  The 
f a c t  t h a t  t h e  e x t r a t r o p i c a l  a t m o s p h e r i c  
c i r cu la t ions  in  qu e s t io n  in f luence  the  a sym m etry  
of ENSO e x t rem es  wi th  a 12 m o n th  lead  t ime 
ca r r ie s  i m p o r t a n t  im p l ic a t ions  for  p r ed ic t ing  the  
soc ioeconomic  i m p a c ts  of  these  events .

A n a l y s i s  o f  t h e  A t l a n t i c  M e r i d i o n a l  
M o d e  U s i n g  Li near  I n v e r s e  M o d e l i n g :  
S e a s o n a l i t y  a n d  R e g i o n a l  I n f l u e n c e s

by Vimont ,  D. J .  (2012)

P r e d ic t a b i l i t y  an d  v a r i a b i l i t y  of  t h e  t rop ica l  
A t lan t ic  M erid iona l  Mode (AMM) is i nves t iga ted  
us ing  l ine a r  inverse  model ing  (LIM). Analysis  of 
the  LIM us ing  an "energy" n o r m  iden t i f ie s  two 
o p t i m a l  s t r u c t u r e s  t h a t  e x p e r i e n c e  s o m e  
t r a n s i e n t  g r o w t h ,  on e  r e l a t e d  t o  El N in o -  
S o u th e rn  Osc i l l a t ion  (ENSO) and  the  o th e r  to 
t h e  A t l a n t i c  m u l t i d e c a d a l  o s c i l l a t i o n ( A M O ) /  
AMM p a t t e rn s .  Analysis  of the  LIM us ing an 
AM M -norm  iden t i f ie s  an "AMM optim al"  wi th  
s im i la r  s t r u c tu r e  to the  second  energy  op t im a  
( O P T 2 ) .  B o th  t h e  A M M - o p t i m a l  a n d  OPT2 
exhib i t  two b a n d s  of SST anom al ie s  in  the  mid-  
to  h ig h - l a t i tu d e  At lan t ic .  The AM M -optimal  also 
c o n t a i n s  som e  e l e m e n t s  of  t h e  f i r s t  e n e rg y  
o p t i m a l  ( E N S O ) ,  i n d i c a t i n g  t h a t  t h e  LIM 
c a p tu re s  the  we l l -known r e l a t i o n s h ip  be tw een  
ENSO and  the  AMM. Seasona l  co r r e la t io n s  of 
LIM p red ic t i o n s  wi th  the  obse rved  AMM show 
e n h a n c e d  AMM p r e d i c t a b i l i t y  d u r i n g  b o r e a l  
sp r ing  an d  for  l ong- lead  ( a r o u n d  11-15 m on ths )
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fo recas t s  in i t ia l iz ed  a ro u n d  Sep tem ber .  Regional  
LI Ms w e r e  c o n s t r u c t e d  t o  d e t e r m i n e  t h e  
in f luence  of  t ro p ica l  Pacif ic  an d  m id - to  high-  
l a t i t u d e  At lan t ic  SST on the  AMM. Analysis  of 
the  reg iona l  LIMs in d ic a te s  t h a t  the  t rop ica l  
Pacif ic  is r e spons ib le  for  the  AMM p r e d ic ta b i l i ty  
du r ing  bo rea l  spr ing .  Mid-to  h ig h - l a t i tu d e  SST 
anom al ie s  c o n t r ib u te  to  bo rea l  s u m m e r  and  fall 
AMM pred ic tab i l i ty ,  an d  are  r e spons ib le  for  the  
e n h a n c e d  p red i c ta b i l i ty  f rom  Se p tem b e r  in i t i a l  
c ond i t ions .  Analysis  of  the  empi r ica l  no rm a l  
modes  of  the  full  LIM confi rms  these  physical  
r e l a t i o n s h i p s .  R e s u l t s  i n d i c a t e  a p o t e n t i a l l y  
i m p o r t a n t  role  for  m id - to  h ig h - l a t i tu d e  At lan t ic  
SST anom al ie s  in  gene ra t ing  AMM (an d  t rop ica l  
A t lan t ic  SST) va r i a t i ons ,  t h o u g h  i t  is no t  c lear  
w h e th e r  those  anom al ie s  p rov ide  any  soc ietal ly  
usefu l  p red ic t ive  skill.

L i n k a g e s  b e t w e e n  t h e  N o r t h  Pa c i f i c  
O s c i l l a t i o n  a n d  c e n t r a l  t r o p i c a l  Pa c i f i c  
SSTs  at  l o w  f r e q u e n c i e s

by Fu r tado ,  J .  C., E. Di Lorenzo,  B. T. Ande rson ,  
a nd  N. Schne ide r  (2012)

The Nor th  Pacif ic  Osc i l l a t ion (NPO) recen t ly  
( r e - ) e m e r g e d  i n  t h e  l i t e r a t u r e  a s  a k e y  
a t m o s p h e r i c  m o d e  in  N o r t h e r n  H e m i s p h e r e  
c l im a te  v a r i a b i l i ty ,  e s pec ia l ly  in  t h e  Pacif ic  
sector .  Defined  as a dipo le  of  sea level  p r e s s u re  
(SLP) be tw een ,  roughly,  Alaska and  Hawaii ,  the  
NPO is c o n n e c t e d  wi th  d o w n s t r e a m  w e a th e r  
c ond i t ions  over  N or th  America,  se rves  as the  
a tm o s p h e r i c  fo rcing p a t t e r n  of  the  Nor th  Pacif ic 
Gyre Osc i l l a t ion (NPGO),  and  is a po t en t ia l  
m e c h a n i s m  l ink ing  e x t r a t r o p i c a l  a tm o s p h e r i c  
v a r i a b i l i t y  to  El Nio even ts  in  t h e  t rop ic a l  
Pacific.  This  p a p e r  exp lo res  f u r t h e r  the  forcing 
dynamics  of  the  NPO and,  in pa r t i cu l a r ,  t h a t  of 
i ts  ind iv idua l  poles .  Using o bse rva t iona l  da ta  
a n d  e x p e r i m e n t s  w i th  a s im p le  a t m o s p h e r i c

genera l  c i r cu la t ion  model  (AGCM), we i l lu s t r a t e  
t h a t  the  s o u th e r n  pole of  the  NPO (i.e. ,  the  one 
n e a r  Hawaii)  c o n ta in s  s ign i f ican t  power  at  low 
f requenc ie s  (7-10 years ) ,  while  the  n o r t h e r n  pole 
(i.e. ,  t h e  one  ne a r  Alaska)  has  no d o m in a n t  
f requenc ie s .  W hen  examin in g  the  low-f requency  
c o n te n t  of  the  NPO an d  i ts  poles  separa te ly ,  we 
d iscover  t h a t  low- f requency  v a r i a t ions  (per iods  
> 7 y e a r s )  o f  t h e  N P O  ( p a r t i c u l a r l y  i t s  
s u b t r o p i c a l  n o d e )  a r e  i n t i m a t e l y  t i e d  t o  
v a r i a b i l i t y  in  c e n t r a l  e q u a t o r i a l  Pac if ic  sea  
su rface  t e m p e r a t u r e s  (SSTs) assoc ia te d  wi th  the  
El N io -M o d o k i /C e n t r a l  Pacif ic  W arm ing  (CPW) 
p h e n o m e n o n .  T h i s  r e s u l t  s u g g e s t s  t h a t  
f lu c tua t ions  in s ub t rop ica l  N or th  Pacif ic  SLP are  
i m p o r t a n t  to  m o n i to r  for  Pacif ic  low- f requency  
cl imate  change.  Using the  s imple  AGCM, we also 
i l l u s t r a t e  t h a t  v a r i a b i l i t y  in  c e n t r a l  t r op ic a l  
Pacif ic  SSTs d r ives  a s ign i f ican t  f r a c t ion  of 
v a r iab i l i t y  of the  s o u th e r n  node  of the  NPO. 
Taken  toge the r ,  the  resu l t s  h igh l igh t  i m p o r t a n t  
l inks be tw een  seco n d a ry  modes  (i.e. ,  CPW-NPO- 
NPGO) in Pacif ic  decada l  va r iabi l i ty ,  akin to 
a l r eady  e s ta b l i s h e d  r e l a t i o n s h ip s  be tw e en  the  
p r im a r y  m odes  of Pacif ic  c l imate  va r iab i l i t y  (i.e.,  
c anon ica l  El Nio, the  A leu t i an  Low, and  the  
Pacif ic  Decada l  Osci l la t ion) .

T e s t i n g  f o r  t h e  P o s s i b l e  I n f l u e n c e  o f  
U n k n o w n  C l i m a t e  F o r c i n g s  u p o n  G l o b a l  
T e m p e r a t u r e  I n c r e a s e s  f r o m  1 9 5 0  to  
2000

by Anderson ,  B. T., J .  R. Knight ,  M. A. Ringer,  
J . -H .  Yoon,  an d  A. Cherchi  (2012)

Global- scale  va r i a t ions  in  the  cl imate  sys tem 
over  the  la s t  ha lf  of  the  t w e n t i e th  century,  
inc lud in g  lo n g - t e rm  inc re ase s  in  g loba l -m ean  
n e a r - s u r f a ce  t e m p e r a t u r e s ,  are co n s i s t en t  with 
c o n c u r r e n t  h u m a n - i n d u c e d  e m i s s i o n s  o f  
rad ia t ive ly  act ive gases  and  aeroso ls .  However ,
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such  cons i s t ency  does  no t  p rec lude  the  poss ib le  
i n f lu e n c e  of  o t h e r  fo rc ing  agen ts ,  i n c lu d in g  
i n t e r n a l  m o d e s  o f  c l i m a t e  v a r i a b i l i t y  o r  
u n a c c o u n t e d  for  aerosol  effects .  To t e s t  w h e th e r  
o t h e r  u n k n o w n  f o r c i n g  a g e n t s  m a y  h a v e  
c o n t r i b u t e d  to  m u l t idecada l  i nc reases  in global-  
m ean  n e a r - s u r f a ce  t e m p e r a t u r e s  f rom  1950 to 
2 0 0 0 .  d a ta  p e r t a in i n g  to  obse rved  changes  in 
g l o b a l - s c a l e  s e a  s u r f a c e  t e m p e r a t u r e s  a n d  
o b s e r v e d  c h a n g e s  i n  r a d i a t i v e l y  a c t i v e  
a tm o s p h e r i c  c o n s t i tu e n t s  are i n c o r p o r a t e d  in to  
n u m e r i c a l  g l o b a l  c l i m a t e  m o d e l s .  R e s u l t s  
ind ic a te  t h a t  the  r ad ia t ive  forcing n e e d e d  to 
p ro d u ce  the  obse rved  lo n g - t e rm  t r e n d s  in  sea 
su r f a c e  t e m p e r a t u r e s - a n d  g l o b a l - m e a n  n e a r ­
surface  t e m p e r a t u r e s - i s  p ro v id e d  p r e d o m i n a n t ly  
by k now n  c hanges  in  g r e e n h o u s e  gases  and  
aeroso ls .  F u r th e r ,  re su l t s  ind ica te  t h a t  less  t h a n  
10% of  the  l o n g - t e r m  h i s to r i c a l  i n c r e a s e  in 
g loba l -m ean  n e a r - s u r f a ce  t e m p e r a t u r e s  over  the  
las t  ha lf  of  the  tw e n t i e th  c e n tu ry  could  have 
been  the  r e s u l t  of  i n te r n a l  c l imate  va r iabi l i ty .  In 
add i t io n ,  they  ind ica te  t h a t  less  t h a n  25% of the  
to ta l  r ad ia t ive  forcing n e e d ed  to  p ro d u ce  the  
obse rved  lo n g - t e rm  t r e n d  in  g loba l -m ean  n e a r ­
surface  t e m p e r a t u r e s  could have been  p rov ided  
by  c h a n g e s  i n  n e t  r a d i a t i v e  f o r c i n g  f r o m  
u n k n o w n  sources  ( e i the r  pos i t ive  or  negat ive) .  
These  resu l ts ,  which are de r ived  f rom s imple 
en e rg y  b a la n c e  r e q u i r e m e n t s ,  e m p h a s i z e  the  
i m p o r t a n t  role h u m a n s  have pl ayed  in  modifying 
the  global c l imate  over  the  l as t  ha lf  of  the  
t w e n t i e th  century.

I n t e n s i f i c a t i o n  o f  s e a s o n a l  e x t r e m e s  
g i v e n  a 2 d e g r e e s  C g l o b a l  w a r m i n g  
t a r g e t

by Anderson ,  B. T. (2012)

C u r r e n t  i n t e r n a t i o n a l  e f f o r t s  t o  r e d u c e  
g re e n h o u s e  gas  e m is s io n s  a n d  l im i t  h u m a n -

in d u c e d  g loba l -m ean  n e a r - s u r f a ce  t e m p e r a t u r e  
inc reases  to  2A degrees  C, re la t ive  to  the  p r e ­
in d u s t r i a l  era ,  are  i n t e n d e d  to  avoid poss ib ly 
s ign i f ican t  an d  d a n g e ro u s  im p a c ts  to  physical ,  
b i o l o g i c a l ,  a n d  s o c i o - e c o n o m i c  s y s t e m s .  
H ow ever ,  i t  is u n k n o w n  ho w  t h e s e  v a r i o u s  
sys tem s  will  r e s p o n d  to  such  a t e m p e r a t u r e  
inc re ase  because  t h e i r  r e l evan t  spa t i a l  scales  are  
m u c h  d i f f e r e n t  t h a n  t h o s e  r e p r e s e n t e d  by  
n u m er i ca l  global  c l imate  m ode l s - the  s t a n d a r d  
tool  for  c l imate  change  s tud ies .  This  def ic iency  
can  be a d d re s s e d  by us ing  h ig h e r - r e s o lu t io n  
r e g i o n a l  c l i m a t e  m o d e l s ,  b u t  a t  g r e a t  
c o m p u ta t io n a l  expense .  The r e s e a rc h  p r e s e n t e d  
he re  seeks to  d e te r m in e  how a 2A degrees  C 
g loba l -m ean  t e m p e r a t u r e  inc rease  migh t  change  
the  f requency  of s easona l  t e m p e r a t u r e  ex tr emes ,  
b o th  in  the  U n i t ed  States  and  a ro u n d  the  globe,  
w i t h o u t  n e c e s s a r i l y  r e s o r t i n g  t o  t h e s e  
c o m p u t a t i o n  a l l y - in tens ive  model  e x p e r im e n t s .  
Resu l t s  in d ic a te  t h a t  in  m a n y  lo ca t io n s  the  
reg iona l  t e m p e r a t u r e  i nc reases  t h a t  accom pany  a 
2 A d e g r e e s  C i n c r e a s e  i n  g l o b a l  m e a n  
t e m p e r a t u r e s  are s ign i f ican t ly  la rge r  t h a n  the  
i n t e r a n n u a l - t o - d e c a d a l  v a r i a t ions  in  seasona l -  
m ea n  t e m p e r a t u r e s ;  in  these  loca t ions  a 2A 
degrees  C global  m ea n  t e m p e r a t u r e  inc rease  
r e s u l t s  in  s e a s o n a l - m e a n  t e m p e r a t u r e s  t h a t  
c o n s i s t e n t ly  exceed  the  m os t  e x t r e m e  values  
e xpe r ienced  du r ing  the  second  ha lf  of  the  20 th  
Century.  F u r th e r ,  r e su l t s  i nd ica te  t h a t  m any  
t r o p i c a l  r e g i o n s ,  d e s p i t e  h a v i n g  r e l a t i v e l y  
m o d es t  overal l  t e m p e r a t u r e  increases ,  will have 
the  most  s u b s ta n t i a l  inc rease  in n u m b e r  of  hot  
ex t rem es .  These  resu l t s  h igh l igh t  t h a t  ex t rem es  
ve ry  well could  become the  no rm ,  even given the  
2A degrees  C t e m p e r a t u r e  inc rease  t a rge t .

page 12 of 19



DE-SC0005597 - PODX FINAL Report 2 0 1 0 -2 0 1 4

D e c a d a l  S h i f t s  o f  t h e  K u r o s h i o  
E x t e n s i o n  Jet:  A p p l i c a t i o n  o f  T h i n - j e t  
T h e o r y

by Sasaki,  Y. N., and  N. Schne ide r  (2011)

M er id io na l  sh if ts  of  the  Kuroshio  Ex tens ion  (KE) 
j e t  on decada l  t im e  scales  are ex a m in ed  us ing a 
i 9 6 0  2 0 0 4  h i n d c a s t  s im u l a t io n  of  an eddy-  
reso lv ing  ocean  genera l  c i r cu la t ion  mode l  for  the  
E a r th  S im u la to r  (OFES).  The l ead ing  mode  of 
t h e  s im u l a t e d  KE r e p r e s e n t s  t h e  m e r id io n a l  
sh if t s  of the  j e t  on decada l  t im e  scales  wi th  the  
l a r g e s t  s o u t h w a r d  s h i f t  in  t h e  e a r l y  1980s  
a s s o c i a t e d  w i th  t h e  c l im a te  r eg im e  s h i f t  in 
1976/77,  a r e s u l t  c o n f i rm e d  wi th  sub s u r f a ce  
t e m p e r a t u r e  obse rva t ions .  The m er id iona l  sh if ts  
o r ig ina te  eas t  of the  da te  l ine an d  p r opaga te  
w e s tw a rd  along the  m ean  j e t  axis,  a t r a j ec to ry  
i n c o n s i s t e n t  wi th  the  t r a d i t i o n a l ly  u se d  l in ea r  
l o n e  R o s s b y  w a v e s  l i n e a r i z e d  in  C a r t e s i a n  
c o o r d i n a t e s ,  a l t h o u g h  t h e  p h a s e  s p e e d  is 
com pa rab le  to t h a t  in  the  t r a d i t i o n a l  f ram ework .  
The zonal  scale of these  w e s tw a rd  p r o p a g a t io n  
s ignal s  is abou t  4 0 0 0  km and  m uch  l a m e r  t h a n  
t h e i r  m e r i d i o n a l  s c a l e .  To u n d e r s t a n d  t h e  
m e c h a n i s m  for  the  w e s tw a rd  p r o p a g a t io n  of  the  
KE j e t  shif ts ,  the  a u th o r s  cons ide r  the  l im it  of a 
t h in  je t .  This  dynam ic  f ra m ew o rk  desc r ibes  the  
t e m p o r a l  evo lu t ion  of  the  loca t ion  of a sh a rp  
p o te n t i a l  vor t i c i ty  f ro n t  u n d e r  the  a s su m p t io n  
t h a t  v a r i a t ions  along the  j e t  are  smal l  c o m p a red  
to  v a r i a t i o n s  n o r m a l  to  t h e  j e t  in  n a t u r a l  
coo rd in a te s  an d  is well  s u i t e d  to  the  s t rong  je t  
a nd  p o te n t i a l  vo r t i c i ty  g ra d i e n t s  of  the  K E. For  
scal ing  a p p ro p r i a t e  to  the  decada l  a d ju s tm e n t s  
in  t h e  KE, t h e  t h i n - j e t  m o d e l  s u c c e s s f u l l y  
r e p r o d u c e s  t h e  w e s t w a r d  p r o p a g a t i o n s  a n d  
decada l  shi f t s  of the  j e t  l a t i t u d e  s im u la t e d  in 
OFES. These  r e su l t s  give a phys ica l  bas is  for  the  
p red i c t i o n  of  decada l  va r iab i l i t y  in  the  K E.

D e c a d a l - S c a l e  SST a n d  S a l i n i t y  
V a r i a t i o n s  in t h e  C e n t r a l  T r o p i c a l  
Paci f i c :  S i g n a t u r e s  o f  N a t u r a l  a n d  
A n t h r o p o g e n i c  C l i m a t e  C h a n g e

by Nurha t i ,  I. S., K. M. Cobb,  a nd  E. Di Lorenzo  
(2011)

Accurate  p ro je c t ions  of fu tu re  t e m p e r a t u r e  and  
p r e c ip i t a t i o n  p a t t e r n s  in  m any  reg ions  of  the  
w o r ld  d e p e n d  on  q u a n t i f y in g  a n t h r o p o g e n i c  
s ig n a tu re s  in  t ro p ica l  Pacif ic  c l imate  aga in s t  i ts  
r ich  b a c k g ro u n d  of n a tu r a l  va r iab i l i ty .  However ,  
t he  de te c t ion  of  a n th r o p o g e n ic  s ig n a tu re s  in  the  
r eg ion  is h a m p e r e d  by the  lack of c on t inuous ,  
cen tu ry - long  i n s t r u m e n ta l  c l imate  r ecords .  This  
s t u d y  p r e s e n t s  c o r a l - b a s e d  s e a  s u r f a c e  
t e m p e r a t u r e  (SST) and  sa l in i ty  p roxy  records  
f rom  P a lm yra  I s l a n d  in  the  c e n t r a l  t rop ica l  
Pacif ic  over  the  t w e n t i e th  cen tu ry ,  b a s e d  on 
cora l  s t r o n t i u m / c a l c i u m  and  the  oxygen iso top ic  
c o m p o s i t i o n  of  s e a w a t e r  ( d e l t a ( i S ) O ( S W ) ) ,  
respect ive ly.  On in t e r a n n u a l  t im e  scales ,  the  S r /  
Ca-based  SST rec o rd  ca p tu re s  b o th  e a s t e rn  and  
cen t ra l  Pacif ic warm ing  "flavors" of  El Nino-  
S o u th e rn  Osc i l l a t ion  (ENSO) va r i ab i l i t y  (R =
0.65  and  0.67,  respect ive ly) .  On decada l  t im e  
scales,  the  SST proxy  r eco rd  is h ighly  co r r e la t ed  
to  the  Nor th  Pacif ic  gyre osc i l la t ion  (NPGO) (R 
= - 0 .8 5 ) ,  r e f l e c t i n g  s t r o n g  d y n a m i c a l  l inks  
be tw e en  the  cen t ra l  Pacif ic warm ing  mode and  
e x t r a t r o p i c a l  d e c a d a l  c l i m a t e  v a r i a b i l i t y .  
Decada l- sca le  sa l in i ty  v a r i a t ions  im p l ie d  by the  
c o r a l - b a s e d  d e l t a ( 1 8 )  0  ( S W )  r e c o r d  a r e  
s ign i f ican t ly  c o r r e la t ed  wi th  the  Pacif ic  decada l  
osc i l la t ion  (PDO) (R = 0.54) .  The sa l in i ty  proxy 
r eco rd  is d o m in a t e d  by an u n p r e c e d e n te d  t r e n d  
to w a rd  l igh te r  d e l t a ( t 8 ) 0 (SW) values  s ince the  
m i d - t w e n t i e t h  c e n t u r y ,  i m p l y i n g  t h a t  a 
s ign i f ican t  f r e she n ing  has  t a k e n  place  in the  
reg ion ,  in l ine wi th  cl imate  model  p ro jec t ions  
showing e n h a n c e d  hydrolog ical  p a t t e r n s  u n d e r
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g r ee nhouse  forcing.  Taken  toge the r ,  the  new 
coral  r eco rds  suggest  t h a t  low- f requency  SST 
a nd  sa l in i ty  v a r i a t ions  in  the  c en t ra l  t rop ica l  
P a c i f i c  a re  c o n t r o l l e d  by  d i f f e r e n t  s e t s  of  
dynamics  and  t h a t  r ecen t  hydrolog ical  t r e n d s  in 
th is  r eg ion may be r e l a t e d  to  a n th ro p o g e n ic  
c l imate  change.

G e n e r a t i o n  o f  D e c a d a l  A n o m a l i e s  in 
t h e  T h e r m o c l i n e

by  K i lpa t r ic k ,  T., N. S c h n e id e r ,  a n d  E. Di 
Lorenzo (2011)

T h e  g e n e r a t i o n  of  v a r i a n c e  b y  a n o m a l o u s  
advect ion  of  a passive  t r a c e r  in  the  th e rm o c l in e  
is inves t ig a t ed  us ing  the  example  of  dens i ty -  
c o m p e n s a t e d  t e m p e r a t u r e  a n d  s a l i n i t y  
a n o m a l i e s ,  or  s p i c i n e s s .  A c o u p l e d  M a rk o v  
model  is deve lo ped  in  which  wind  s t r e s s  curl  
forces  the  la rge -sca le  ba roc l in ic  ocean  p re s s u re  
t h a t  in  t u r n  con tro l s  the  a n om a lous  geos troph ic  
advect ion  of  spic iness .  The "double  in teg ra t ion"  
of  w h i t e  n o i se  a t m o s p h e r i c  fo rc ing  by th i s  
M arkov model  re su l t s  in a f r e que nc y  (omega)  
s p e c t r u m  of la rge -sca le  sp ic iness  p ro p o r t i o n a l  to 
o m e g a ( - 4 ) ,  so t h a t  s p i c i n e s s  v a r i a b i l i t y  is 
c o n c e n t r a t e d  at  low  f r e q u e n c i e s .  An e d d y -  
p e r m i t t i n g  r e g i o n a l  m o d e l  h i n d c a s t  of  t h e  
n o r th e a s t  Pacif ic  (1950-2007)  confi rms  t h a t  t ime  
se r ie s  of la rge -sca le  sp ic iness  va r i ab i l i ty  are 
excep t io na l ly  sm oo th ,  wi th  f r e que nc y  spec t ra  
p r o p o r t i o n a l  t o  o m e g a ( - 4 )  f o r  f r e q u e n c i e s  
g rea t e r  t h a n  0.2 cpy. At s h o r t e r  spa t i a l  scales  
(wave leng ths  less  t h a n  s im i la r  to  5 0 0  km),  the  
sp ic iness  f r e que nc y  s p e c t r u m  is w h i t e n e d  by 
m e s o s c a l e  e d d i e s ,  b u t  t h i s  e d d y - f o r c e d  
v a r i a b i l i t y  c a n  be f i l t e r e d  o u t  by  s p a t i a l l y  
a v e r a g i n g .  L a r g e - s c a l e  a n d  l o n g - t e r m  
m e a s u r e m e n t s  a r e  n e e d e d  t o  o b s e r v e  t h e  
va r iance  of sp ic iness  or  any  o th e r  passive  t r a c e r

s u b j e c t  t o  a n o m a l o u s  a d v e c t i o n  i n  t h e  
t he rm oc l ine .

N o r t h  Pa c i f i c  D e c a d a l  V a r i a b i l i t y  a n d  
C l i m a t e  C h a n g e  in t h e  IPCC A R 4  
M o d e l s

by Fu r tado ,  J .  C., E. Di Lorenzo,  N. Schneider ,  
an d  N. A. Bond (2011)

The two l ead ing  m odes  of  N or th  Pacif ic  sea 
su rface  t e m p e r a t u r e  (SST) an d  sea level  p r e s s u re  
(SLP),  as well  as t h e i r  conne c t ions  to  t rop ica l  
v a r i a b i l i t y ,  a re  e x p lo r e d  in  t h e  24 c o u p le d  
cl imate  models  u se d  in  the  In te r g o v e r n m e n ta l  
P a n e l  o n  C l i m a t e  C h a n g e  ( I P C C )  F o u r t h  
A s s e s s m e n t  R e p o r t  (AR4) to  e v a lu a te  N o r th  
Pacif ic  decada l  va r iab i l i t y  (NPDV) in  the  pas t  
[ tw e n t i e t h  cen tu ry ;  c l im a te  of  the  tw e n t i e th  
c e n tu ry  (20C3M) scenar io]  an d  fu tu re  [ twenty-  
f i r s t  c e n t u r y ;  S p e c ia l  R e p o r t  on  E m i s s i o n s  
Scenarios  (SRES) AtB scenar io ]  c l imate .  Resul ts  
i nd ica te  t h a t  the  two d o m in a n t  modes  of  Nor th  
Pacif ic  ocean ic  va r iabi l i ty ,  the  Pacif ic  decada l  
osci l la t ion  (PDO) and  the  Nor th  Pacif ic  Gyre 
Osc i l l a t ion (NPGO),  do no t  exh ib i t  s igni f icant  
c h a n g e s  i n  t h e i r  s p a t i a l  a n d  t e m p o r a l  
c h a r a c t e r i s t i c s  u n d e r  g r e e n h o u s e  w a r m i n g .  
However ,  the  ab i l i ty  of  the  models  to  c a p tu re  the  
dy n a m ic s  a s s o c i a te d  w i th  the  l ead ing  N o r th  
Pacif ic  ocean ic  m odes ,  inc lud in g  t h e i r  l ink to  the  
c o r r e s p o n d in g  a tm o s p h e r i c  forc ing p a t t e r n s  and  
to  t r o p i c a l  v a r i a b i l i t y ,  is q u e s t i o n a b l e .  The 
t e m p o r a l  an d  spa t i a l  s ta t i s t i c s  of  the  Nor th  
P a c i f i c  O c e a n  m o d e s  e x h i b i t  s i g n i f i c a n t  
d i s c r e p a n c i e s  f r o m  o b s e r v a t i o n s  i n  t h e i r  
t w e n t i e th - c e n t u r y  cl imate ,  m os t  vis ibly for  the  
s econd  mode ,  which has  s ign i f ican t ly  more  low- 
f re que nc y  power  and  h igher  va r iance  t h a n  in 
obse rva t ions .  The dynam ica l  coupl ing be tw een  
the  Nor th  Pacif ic Ocean an d  a tm o s p h e re  modes  
ev id en t  in  the  o bse rva t ions  is ve ry  s t rong  in the
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models  for  the  f i r s t  a tm o s p h e re -o c e a n  coup led  
mode,  which  r e p r e s e n t s  covari ab i l i t y  of the  PDO 
p a t t e r n  wi th  the  A leu t i an  low (AL). However ,  the  
l ink  for  the  second  a tm o s p h e re -o c e a n  coup led  
mode,  descr ib in g  covari ab i l i t y  of  an  NPGO-like 
SST p a t t e r n  wi th  the  Nor th  Pacif ic  Osc i l l a t ion  
(NPO), is no t  as c lear ly  r ep ro d u c e d ,  wi th  some  
models  showing  no r e l a t i o n s h ip  be tw e en  the  
two. Exp lo r ing  the  t ro p ica l  Pac if ic -Nor th  Pacif ic 
t e l e co n n e c t io n s  revea ls  m ore  is sues  wi th  the  
m o d e l s .  In  c o n t r a s t  w i t h  o b s e r v a t i o n s ,  t h e  
a tm o s p h e r i c  t e l e co n n e c t io n  exc i ted by the  El 
N in o -S o u th e rn  Osc i l l a t ion in the  models  does 
no t  p ro je c t  s t rong ly  on the  AL-PDO coupled  
mode because  of the  d i sp l a c em e n t  of  the  c en te r  
of ac t ion  of  the  AL in m os t  models .  Moreover ,  
m os t  m ode l s  fai l  to  show  th e  o b s e rv a t io n a l  
c o n n e c t i o n  b e tw e e n  El Nino  M o d o k i - c e n t r a l  
Pacif ic  w a r m in g  an d  NPO v a r i a b i l i t y  in  the  
N o r t h  P a c i f i c .  I n  f a c t ,  t h e  a t m o s p h e r i c  
t e l e co n n e c t io n s  assoc ia te d  wi th  El Nino Modoki  
in  some  models  have a s ign i f ican t  p r o je c t ion  on, 
a nd  excite  the  AL-PDO coup led  mode  in s tead .  
Because of the  know n l inks be tw e en  t rop ica l  
Pacif ic va r i ab i l i ty  and  NPDV, these  ana lyses  
d e m o n s t r a t e  t h a t  focus on the  N or th  Pacif ic  
va r iab i l i t y  of c l imate  models  in  i so la t ion  f rom 
t r o p i c a l  d y n a m i c s  is  l i k e l y  t o  l e a d  t o  an  
i ncom ple te  view, an d  in a d e q u a te  p red ic t ion ,  of 
NPDV.

T r a n s i e n t  G r o w t h  o f  
T h e r m o d y n a m i c a l l y  C o u p l e d  M o d e s

by Vimont ,  D. J .  (2010)

The  dy n a m ic s  of  t h e r m o d y n a m i c a l l y  c oup le d  
d i s tu r b a n c e s  in  the  t rop ic s  t h a t  be a r  a s t r ong  
r e s e m b l a n c e  to  o b s e r v e d  m e r i d i o n a l  m o d e  
va r i a t i o n s  are  in v e s t ig a t e d  us ing two s imple  
l ine a r  coup led  models .  Both mode ls  involve an 
ocean  e q u a t io n  coup led  to  the  a tm o s p h e re  via

the  l inea r i zed  effect  of  zonal  wind  v a r i a t ions  on 
the  su rface  bu lk  l a t e n t  he a t  flux.  The two models  
differ  in  t h e i r  a tm o s p h e r i c  co m p o n e n t s ,  which 
cons is t  of  (i) a G i l l -M atsuno  s tyle model  of  the  
free  t ro p o s p h e re  in  which  a tm o s p h e r i c  hea t ing  is 
p a r a m e t e r i z e d  to  be l in ea r ly  p r o p o r t io n a l  to  sea 
su rface  t e m p e r a t u r e  an d  (ii) a r educ e d -g ra v i ty  
model  of  the  t ro p ica l  b o u n d a r y  layer  in  which 
SST anom al ie s  a re  assoc ia te d  wi th  h yd ros ta t i c  
p r e s s u r e  p e r t u r b a t io n s  t h r o u g h o u t  the  b o u n d a r y  
l a y e r .  B o th  a t m o s p h e r i c  m o d e l s  fo l l o w  th e  
s t a n d a r d  s h a l l o w - w a t e r  e q u a t i o n s  o n  a n  
e q u a t o r i a l  b e t a  p l a n e .  G r o w t h  r a t e s  a n d  
p r o p a g a t i o n  o f  c o u p l e d  d i s t u r b a n c e s  a r e  
ca lcu la ted  and  d iag n o s e d  via e igenana lys i s  of  the  
l in e a r  models  and  s ingu la r  va lue  de c om pos i t ion  
of the  Green 's  func t ion  for  each  model .  I t  is 
f o u n d  t h a t  the  e igenvec to rs  of e i the r  model  are  
all d a m pe d ,  no t  o r thogona l ,  a nd  no t  p a r t i cu l a r ly  
m ean ingfu l  in  u n d e r s t a n d in g  obse rved  t rop ica l  
coup led  va r iabi l i ty .  The n o n n o r m a l i t y  of  the  
sys tem, however ,  leads  to  t r a n s i e n t  g rowth  over 
a t im e  p e r io d  of  abou t  t o o  days (based  on the  
c h o i c e  of  p a r a m e t e r s  i n  t h i s  s t u d y ) .  T h e  
i d e a l i z e d  i n i t i a l  a n d  f i n a l  c o n d i t i o n s  t h a t  
e x p e r i e n c e  t h i s  t r a n s i e n t  g r o w t h  r e s e m b l e  
obse rved  t ro p ica l  m er id iona l  mode  va r i a t ions  
a n d  t e n d  t o  p r o p a g a t e  e q u a t o r w a r d  a n d  
w es tw a rd  in  acco rd  wi th  f ind ings  f rom  prev ious  
t heo re t i c a l  a nd  model ing  s tud ies .  I n s t a n t a n e o u s  
g rowth  r a te s  and  p r o p a g a t io n  c ha ra c te r i s t i c s  of 
idea l ized  t r a n s i e n t  d i s tu r b a n c e s  are d iagnosed  
via the  l inea r i zed  a tm o s p h e r i c  po t en t ia l  vor t ic i ty  
e q u a t io n  an d  via p r o p a g a t io n  c ha ra c te r i s t i c s  of 
a t m o s p h e r i c  e q u a t o r i a l  R o s s b y  w a v e s .  
C o n s t ra in t s  on the  po lew ard  e x ten t  of ini t ia l  
cond i t ions  or  im p o s e d  s teady  forcing t h a t  can 
l ead  to  t rop ica l  m er id iona l  mode v a r i a t ions  are  
i den t i f i ed  t h r o u g h  analysi s  of the  s teady  coup led  
e qua t ions .  Three  c o n s t r a in t s  l im it  the  po lew ard  
e x te n t  of  fo rc ing t h a t  can g e n e ra te  t ro p i c a l  
m e r id io n a l  mode  v a r i a t ions :  (i) a dynam ica l
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c o n s t r a in t  im p o s e d  by the  d a m p in g  ra te  of  the  
t e m p e r a t u r e  eq u a t io n  as well  as the  p r o p a g a t io n  
speed  of the  mode  along i ts  wave cha rac te r is t ic ;  
(ii) a c o n s t r a in t  im p o s e d  by the  e ff ec t iveness  of 
zona l  w in d  v a r i a t i o n s  in  g e n e r a t i n g  su r f a c e  
l a t e n t  he a t  flux anomal ie s ;  an d  (iii) t he  surface  
m o is tu re  convergence,  which l im its  the  po lew ard  
e x ten t  a nd  s t r e n g th  of ocean  to  a tm o s p h e re  
coup l ing.

O b s e r v a t i o n a l  e v i d e n c e  f or  
p r o p a g a t i o n  o f  d e c a d a l  a n o m a l i e s  in 
t h e  N o r t h  Pa c i f i c

by Sasaki,  Y. N., N. Schne ide r ,  N. Maximenko,  
a nd  K. L e b e d e v (2010)

The p r o p a g a t io n  of  d e n s i ty -c o m p e n s a t e d  ( w a r m /  
sa l ty  or  coo l / f r e sh )  sp ic iness  anom al ie s  in  the  
N or th  Pacif ic t h e rm o c l in e  is i nves t iga ted  using 
Argo pro f i les  for  the  p e r io d  2 0 0 1 - 2 0 0 8 .  A coo l /  
f re sh  sp ic iness  a nom a ly  on 25 < s igm a ( the ta )  < 
25.5 kg m(-3)  i sopycna ls  a ppear s  in  the  e a s t e rn  
s ub t rop ica l  N or th  Pacif ic  a t  120 degrees  W-150 
degrees  W in 2 0 0 3 - 2 0 0 4  wi th  a s a l in i ty  a nom aly  
of abou t  -0.15 PSS-78.  This  sp ic iness  a nom aly  
m ig r a t e s  s o u t h w e s t w a r d ,  a n d  a r r ives  in  the  
w e s te rn  t rop ica l  N or th  Pacif ic  a t  145 degrees  
E-175 d e g re e s  W in 2 0 0 8  w i th  the  s a l in i ty  
a nom a ly  dec reas in g  to abou t  -0 .0 4 3  PSS-78. Two 
w a r m / s a l t y  anom al ie s  are obse rved  to p r opaga te  
a long the  same  p a t h  f rom 2 0 0 3  to  2005 ,  and  
a f te r  2005 .  The p r o p a g a t io n  p a t h  an d  speed  of 
t h e  a n o m a l i e s  a re  in  good  a g r e e m e n t  w i th  
advect ion  by the  m ean  geos t roph ic  c u r r e n t .  In 
the  course  of p ro p ag a t io n ,  the  anom al ie s  are 
d i f f u s e d  a n d  are  s u b je c t  to  h ig h  f r e q u e n c y  
in jec t ion  of  sp ic iness  anomal ie s ,  especial ly  in 
the  e a s t e rn  s ub t rop ica l  N or th  Pacific.  Ci ta t ion:  
Sasaki,  Y. N., N. Schne ide r ,  N. Maximenko,  and  
K. Lebedev (2010) ,  O bserva t iona l  ev idence  for  
p r o p a g a t io n  of decada l  sp ic iness  anom al ie s  in

th e  N o r t h  Pacif ic ,  Geophys .  Res.  Le t t . ,  37, 
L07708,  d o i : i o . t 0 2  9 / 2  0 t o G L o 4 2 7 i 6 .

C e n t r a l  Pa c i f i c  El N i n o  a n d  d e c a d a l  
c l i m a t e  c h a n g e  in t h e  N o r t h  Pa c i f i c  
O c e a n

by Di Lorenzo,  E., K. M. Cobb, J .  C. Fu r tado ,  N. 
Schne ide r ,  B. T. Ande rson ,  A. Bracco,  M. A. 
Alexander ,  and  D. J .  V im ont  (2010)

D e c a d a l  f l u c t u a t i o n s  o f  t h e  o c e a n  a n d  
a t m o s p h e r e  o v e r  t h e  N o r t h  P a c i f i c  O c e a n  
s ign i f ican t ly  affect the  w e a th e r  and  cl imate  of 
N or th  America  an d  Eurasia .  They also cause 
t r a n s i t i o n s  be tw een  d i ff e ren t  s ta t e s  of m ar ine  
ecosys tems  across  the  Pacif ic  O cean ( t -3 ) .  An 
i m p o r t a n t  f r a c t i o n  o f  N o r t h  P a c i f i c  l o w -  
f r e q u e n c y  v a r i a b i l i ty  is l inke d  to  the  N or th  
Pacif ic  Gyre Osc i l l a t ion(4) ,  a c l imate  p a t t e r n  
as soc ia ted  wi th  decada l  f lu c tu a t io n s  of the  ocean  
c i r c u la t io n .  Decada l  v a r i a t i o n s  in  t h e  N or th  
Pacif ic  Gyre Osc i l l a t ion are c h a ra c te r iz e d  by a 
p a t t e r n  of  sea su rface  t e m p e r a t u r e  anom al ie s  
t h a t  re sem ble  the  cen t ra l  Pacif ic  El Nino,  a 
d o m in a n t  mode  of  i n t e r a n n u a l  va r i ab i l i t y  with 
f a r - r e a c h i n g  e f f e c t s  o n  g l o b a l  c l i m a t e  
p a t t e r n s ( 5 - 7 ) .  H e re  we use  an e n s e m b l e  of 
s im u la t io n s  wi th  a coup led  o c e a n - a tm o s p h e r e  
model  to  show t h a t  the  sea sur face  t e m p e r a t u r e  
a n o m a l ie s  a s so c i a te d  w i th  c e n t r a l  Pacif ic  El 
N i n o  f o r c e  c h a n g e s  i n  t h e  e x t r a - t r o p i c a l  
a tm o s p h e r i c  c i r cu la t ion .  These  changes  in  t u r n  
dr ive  t h e  d e c ad a l  f l u c t u a t io n s  of  the  N o r th  
Pac if ic  Gyre O sc i l l a t i o n .  Given t h a t  c e n t r a l  
Pac if ic  El N ino  e v e n t s  c o u ld  b e c o m e  m o re  
f r e q u e n t  wi th  i nc reas ing  levels  of g r ee nhouse  
gases  in the  a tm o s p h e re (S ) ,  we in fe r  t h a t  the  
N o r th  Pacif ic  Gyre O sc i l l a t ion  m ay  p lay  an 
i nc reas ing ly  i m p o r t a n t  role in shap in g  Pacif ic 
c l imate  an d  m ar ine  ecosys tems  in  the  twenty -  
f i r s t  cen tury .
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PODX W e b s i t e As p a r t  o f  o u r  o u t r e a c h  ac t iv i t i es  a nd  i n te r n a l  
m a n a g e m e n t  of  the  pro jec t  we have deve loped  a 
p r o j e c t  w e b s i t e  ( h t t p : / / w w w . p o d x . o r g ). Th is

< > ED podx .o rg

Pacific Ocean Decadal Climate Change Study

A B O U T PODX PUBLICATIONS VIDEO TALKS

ocean 0  
•v o

Chan<£

A B O U T  P O D X :  T h i s  r e s e a r c h  a i m s  a t  u n d e r s t a n d i n g  t h e  d y n a m i c s  c o n t r o l l i n g  d e c a d a l  v a r i a b i l i t y  i n t h e  Pa c i f i c  O c e a n  a n d  

i t s  i n t e r a c t i o n s  w i t h  g l o b a l - s c a l e  c l i m a t e  c h a n g e .  T h e  f i r s t  g o a l  i s  t o  a s s e s s  h o w  t h e  d y n a m i c s  a n d  s t a t i s t i c s  o f  t h e  El N i n o  

S o u t h e r n  O s c i l l a t i o n  a n d  t h e  m o d e s  o f  Pa c i f i c  d e c a d a l  v a r i a b i l i t y  a r e  r e p r e s e n t e d  in g l o b a l  c l i m a t e  m o d e l s  u s e d  in t h e  

I PCC.  T h e  s e c o n d  g o a l  i s  t o  q u a n t i f y  h o w  d e c a d a l  d y n a m i c s  a r e  p r o j e c t e d  t o  c h a n g e  u n d e r  c o n t i n u e d  g r e e n h o u s e  f o r c i n g ,  

a n d  d e t e r m i n e  t h e i r  s i g n i f i c a n c e  i n  t h e  c o n t e x t  o f  p a l e o - p r o x y  r e c o n s t r u c t i o n  o f  l o n g - t e r m  c l i m a t e .

F

PODX 2010-2014
P is :  E. Di  L o r e n z o ,  K. C o b b ,  N.  S c h n e i d e r ,  B. T.  A n d e r s o n  & D.  V i m o n t  

N O A A  C o -P Is :  M.  A l e x a n d e r  a n d  M a t t  N e w m a n

@ 2014 Copyright Emanuele Di Lorenzo

Central Pacific El Nifio and decadal clim ate change 
in the North Pacific Ocean

i :  ------o — --------------- j   o j

1. ^ 7 /n  | For information e-mail: podx@oces.us

PODX Sponsored by &  
Department o f Energy f?f

Last updated December 15,2014 \

C e n t r a l  P a c if ic  El N in o  in f lu e n c e s  d e c a d a l  

v a r i a b i l i t y  in  t h e  N o r t h  P a c if ic  [ p d f  ]

Di Lorenzo e t a I., 2010, Nature Geoscience

P a le o - p r o x y  s u g g e s t  t h a t  E N S O  v a r i a n c e  

is  in c r e a s i n g  u n d e r  c l i m a t e  c h a n g e  [

PDF ]

Cobb e t al., 2013, Science

page 17 of 19



DE-SC0005597 - PODX FINAL Report 2 0 1 0 -2 0 1 4

websi te  is i n t e n d e d  to  be a l ive up  to  da te  
re fe rence  p o in t  fo r  the  PODX act ivi t ies  and  
f indings.

The webs i te  has  a lso an “O u t r ea c h  & Videos” 
sec t ion  where  we have p o s te d  in t r o d u c to r y  and  
a d v a n c e d  sc ience  v ideos  a long  w i th  all  t h e  
p r e s e n t a t i o n  t h a t  PODX Pis  have given at  bo th  
na t io n a l  an d  in t e r n a t io n a l  confe rences .
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