
Amundsen Sea Polynya International Research Expedition (ASPIRE) 

This project brings together experienced US and Swedish investigators (trace metal and 
c
p
arbon  chemists,  phytopla

m
h
o
y
st
sic
  p
a
ro
l  o
d
ceanographers)  t

n
o
k
 
t
in
on
v
 
e
p
st
h
ig
ysio
ate
l
 
o
c
g
lim
ist
a
s, 
te
m
  c
ic
o
ro
nt
b
ro
ia
ls 
l  a
o
n
n
d
  c
 
a
zo
rb
o
o
p
n
la
 
n
u
k
p
t
t
o
a
n
k
 
e
e
  b
co
y
l
 
o
o
g
n
ist
e 
s, 
of 
a
t
n
h
d
e
 
 

p
bl
ro
oo
d
m
uc
 
t
a
iv
n
e 
u
A
ct
n
iv
ta
e
rc
  e
t
c
ic
o
 
sy
po
st
ly
e
n
m
y
s 
a 
in
pe
 
r 
th
m
e 
2,
A
  a
n
n
t
d
arc
  e
t
x
ic.  The  Amundse

d  greater  interannual  variability 
h
th
ib
a
it
n
s 
  t
h
h
ig
e 
h
b
e
e
r 
tt
c
e
h
r
lo
n
ro
  S
p
e
h
a
y
 
l
P
l 
o
l
l
e
y
v
n
e
y
l
a
s 
 
d
is 
urin
the
g
 
 
m
pe
o
a
st
k 
 

e
fo
c
c
o
i 
sy
fo
st
r 
e
e
m
n
. 
e
 
rg
Po
y
l
 
y
a
n
n
y
d
a
 
s, 
m
o
at
r 
e
re
ria
c
l
u
 
rrin
tran

g
sfe
 are
r  b
as 
et
o
w
f 
e
se
en
a
 
so
th
n
e
a
  a
ll
t
y
m
 o
o
pen w

‐
a
st
t
u
er 
die
su
d
rro
  R
u
o
n
ss 
de
Sea  Polynya 

deep  sea.    These  polar  ecosystems  a
sphere,  polar  surface

d
 
 
o
b
c
y
e
 
a
ic
n
e
, 
, 
a
a
n
re
d 
 

re
bio
g
g
io
e
n
o
s 
ch
sin
em
c
ic
e 
a
t
l
h
 
e
c
ir 
ycl
e
in
xt
g
e
. 
n
 
t
P
  is 
oly
e
n
x
y
p
a
e
s 
cte
m
d
a
 
y
re
 
 
b
c
e
h
 
a
th
ra
e
c
  k
te
e
rize
y  to

d
 
 
u
b
n
y
d
 
e
h
rst
igh
a
 
n
p
d
ro
in
d
g
u
  t
c
h
tiv
e 
it
fu
y
t
 
u
and  intense 

reductions or gro
to  increase with  anthropogenic warming

re
.   
 
R
o
e
f 
g
p
io
o
n
la
a
r 
l 

t
lo
o
n
 c
g
lim
  tim
at
e
e
 
‐se
se
n
rie
sit
s 
iv
w
e
t
 g
h
l
 
o
in
b
 
a
se
l c
a
y
‐ic
cl
e
e
 
s 
o
su
ve
c
r 
h
the past decade have been extensive and are coupled 

present‐day  indica
o
t
f 
io
m
n
e
  fo
asu
r 
re
w
m
ha
e
t
n
  c
ts, 
on
t
t
h
 as ENS

ro
is 
ls 
re
o
g
r 
io
O and the

“fo
na
rc
l 
e
a
s
n
”
d
  t
 
 S
in
o
t
u
e
t
ra
he
n
rn
nu
 A
a
n
l 
n
v
u
a
l
ria
ar 
b
M
il
o
it
d
y
e
 
. 
is 
 Without a 

their  sensitivity  to  future  change.    Variability  in  the  pro
he
d
se
uc
 
t
c
iv
rit
it
ic
y
a
  o
l 
f 
p
A
o
n
la
t
r 
arc
ec
t
o
ic
sy
  p
st
ol
e
o
m
ur 
s 
b
a
e
n
st
d
 
 

t
h
h
ig
o
h for reasons we do not currently understand. 

ynyas  is 

Oce
u
a
g
n
h
, 
t
p
 
a
to
rt
 d
ic
e
u
t
l
e
a
rm
rly
in
 in
e
 
 
c
p
o
h
n
y
ju
to
n
p
c
l
t
a
io
n
n
k
 
t
w
on
it
 
h
c
 
o
m
m
ix
m
e
u
d
n
‐l
it
ay
y
e
 st
Th
ru
e
c
 su
tu
p
re
p
 
l
a
y
n
 of trace metals such as iron is 

question  is  whether  regional  or  interannual  varia
r d
b
e
il
p
it
th
y 
 c
is 
on
d
t
d
ro
 p
ls 
ro
o
d
n
u
 l
c
ig
tio
ht
n
 l
 
im
in 
it
th
at
e
io
 S
n
o
. 
u
 A
th
 k
e
e
rn
y 
 

a
se
n
n
d
sit
  ca
iv
rb
e 
o
fa
n
c
 
t
fl
o
u
rs, 
x  in
an
 
d
th
 w
e 
h
fu
e
t
t
u
h
re
er 
. 
w
U
e
n
 
d
ca
e
n
rst
 e
a
x
n
p
d
e
in
ct 
g
c
 
l
c
im
rit
a
ic
te
a
‐
l
se
  fe
n
e
sitiv

riven  b

dba
e
c
 
k
sh
s 
ift
be
s 
tw
in
y 
 e
th
c
e
o
se
sy
 
st
tw
em
o 
 fu
clim
nct
ate‐

marine biosphere becomes increasingly urgent as we project rates of ch
e
a
e
n
n
g
 
e
c
 in
lim
to
a
 
t
t
e
h
 
e
a
 fu
nd
t
 
u
t
ion 

re
he
. 
 
  

acco
W
rd
e
in
  h
g
y
 t
p
o
o
 c
t
l
h
im
esize
ate 

 
fo
th
rc
a
in
t 
g
1
, 
)
2
 
)
so

iro
 ph
u
y
rc
to
es 
pla
o
n
f 
k
iro
ton
n
 c
 
o
t
m
o 
m
th
u
e
n
 
it
A
y
m
 st
u
ru
nd
c
se
tu
n
re
 
 
Sea  Polynya  will  vary 

dep
n
t
 
h
su
  w
pp
il
l
l
y
  d
  a
e
n
p
d
e
 
n
m
d
ix
  o
e
n
d
 
‐
p
la
h
y
y
e
t
r 
op
d
l
e
a
p
n
t
k
h
t
s, 
on
3
 
)
p
 
h
th
y
e
sio
  e
l
ffic
ogy
ie
 
n
a
c
n
y
d
 
 
o
c
f 
o
t
m
he
m
 b
u
io
nit
lo
y
g
 
ic
w
a
il
l
l
 
 
p
sh
u
ift
mp
 w
 o
it
f 
h
c
 c
a
h
rb
an
o
g
n
in
  to
g
 
 

g
to
ra
  t
zin
he 
g
d
, 
e
a
e
n
p
d
 
 
w
ba
il
c
l
t
 
e
v
ria
ary
l 
 
re
in
m
te
in
ra
e
n
ra
nu
liza
ally
tio
  a
n
c
, 
co
an
rd
d
in
 4
g
)
 
 t
t
h
o
e
  c
 net flux of carbon

st
 
ru
fro
c
m
tu
 
re
th
, 
e 
zooplank

limate  and micronutrient  fo
a
rc
tm
in
o
g
sp
.   
h
t
e
o
re
n 
 

v
b
isit
iog
e
e
d
oc
 it
h
 
e
b
m
rie
ic
fl
a
y
l 
 
c
in
yc
 
l
2
in
0
g
0
 
7
o
. 
f 
 
t
T
h
h
e
e
 A
 p
m
la
u
n
n
n
d
e
se
d 
n
NBP/
 was 

Oden
entire

 c
l
ru
y 
ise
unk
s 
n
fo
o
r 
w
2010
n unt

‐
il
11
 m
 a
e
ffo
mb
rd
ers of this te

T

 an importa
a
h
m
e 
 

p
an
o
d
o
 
rl
u
y
n
  st
iq
u
u
d
e
ie
  o
d
p
 
p
re
Oden

o
g
rt
io
u
n
n

’s
 
it
o
y
f 
 
t
t
h
o
e
 
 
in
A
v
n
e
ta
st
rc
ig
t
at

nt 

icebreaker with   capabilities.   O
ic
u
, 
e 
a
c
c
l
c
im
essib
ate
l
‐
e
se
  d
n
u
sit
rin
iv
g
e
 
 
p
b
e
io
ak
g
 
e
b
o
l
c
o
h
o
e
m
m
 
ic
pe
a
rio
l  c
d
y
s 
cling  in  this 

r proposed plans include linking our resu
o
l
n
t
l
s 
y
fo
  b
r 
y 
t
a
h
n
e
 
 

Amundsen  Sea  to  existing  data  synthesis  and modeling  efforts  for  the  Palmer  LTER  and 
Ross Sea. 
 


