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Sea ice is declining!
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Extent (Mkm?2)
(@)

NS

NSIDC

1980 1990 2000 2010

Sea ice is declining!

Physlcal
Oceanographer

NCAR
Apr 9, 2018




Michael Steele
¥ Polar Science Centg
niversity of Washir

NCAR
Apr 9, 2018

Steele et al. (GRL, 2008)

2.5

1.5

0.5 Anomaly of Summer = JAS

25 B Sea Surface Temperature (°C)
(relative to 1982-2007 mean)

-1.5

-2.5

2006 5 ™
r

Most of this is local solar inpu

Steele et al. (JGR, 2010)

daily NOAA OISST
(satellite + some in situ obs)
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Steele & Dickinson (2016)

8 10 12°C

SST: dOISST (AVHRR only) July/Aug Mostly warm
Ice edge: 15% concentration (NASA Team1)
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~ 3 times warmer!
\

Extent (Mkm?2)
(*2)

1980 1990 2000 2010 2014

SST: dOISST (AVHRR only)
Ice edge: 15% concentration (NASA Team1)

2 3 4

More recently

5°C

Steele & Dickinson (2016)

NCAR
Apr 9, 2018

\

+1.02°
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Steele & Dickinson (2016)

+1.02°C

Ice retreat /) warm SST
if it’s in Aug!

2 4 0 4 2 3 4 5%

SST: dOISST (AVHRR only)
Ice edge: 15% concentration (NASA Team1)
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“Ice edge loitering"
Steele & Ermold (JGR, 2015)
Explanation?

Off-ice winds +

warm SSTs

B 2012
July 8

Daily ice edée
2012
Mar 13 - Sep 23

2 4 0 1234°5 $ST (°C)

02 03 04 05 0.75

ice conc. gl —
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~barometer port Upper Temperature of the polar Oceans

submergence
water line ’/ “——<— Iridium, GPS

4 )
diaj::ter electronics
salt switch”" S onuies - Surface: SLP, SST, GPS, Iridium ...[anemometer]
SST

» Cable: 12-16 x T (£0.1° C),3xP (£ 1dbar) ..[S]

e\

25,5, 7.5, 10, ;
15, 20, 25, 30, 35 « 60 m (basin) or 25 m (shelves)

60 m 40, 50, 60 m depth

E: thermistors: = 0.1° C

Euphotic Zone

pressure: = 1 dbar
20, 40 m, 60 m depth

v

Ballast

TN\

Google “uptempo arctic”
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§ The UpTempO buoy

,ubmwmmw Upper Temperature of the polar Oceans

water line “——<— Iridium, GPS

A

’ 6”
diameter

salt switch”” 4
SST7 'strength member

electronics
batteries

- Surface: SLP, SST, GPS, Iridium ...[anemometer]

- Cable: 12-16 X T (£ 0.1° C),3x P (= 1dbar) ..[5]

25,575, 10,
15, 20, 25, 30, 35
60 m 40, 50, 60 m depth

thermistors: + 0.1° C
[ « 60 m (basin) or 25 m (shelves)

pressure: = 1dbar JJ * Deploy: in ice or water by ship, ice camp, air

20, 40 m, 60 m dept

Euphotic Zone

v

Ballast

Google “uptempo arctic”
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Upper Temperature of the polar Oceans

OSTIA SST
Aug 13, 2012

78

sea ice
Buoy: Aug-Oct

Alaska

-165 -160 -155 -150 -145 -140 -135 -130 -125 -120

_'1 ?—1

SST(‘C)

SST validation: OISST, CMC, GMPE overall best

i+l

Castro et al. (Rem. Sens. Environ., 2016)
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What about salinity?
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Trend in upper ocean "freshwater" = |Sdz Aor 5, 2015

(2005 =2008) ~0m

e Strong regional trends

Beaufort Gyre freshening

(ice melt, PacWater, rivers )

A
SPA (cm yr)
Freshwater content change (m yr')

|
i
o

Morison et al. (Nature, 2012)
..from satellite observations/!
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SRR Trend in upper ocean "freshwater" = [Sdz
(2005 =2008) ~0m
« Strong regional trends

Beaufort Gyre freshening
(|ce melt, PacWater, rivers )

el e———— T T
W uid FW
[solid FW
! [6SS ICE wwie
more ocean freshwater =———>

"Ice is melting into the ocean.”
... only part of the story...

Aug12

16
Aug03 Augl4 Aug0S Aug06 Aug07 Augl8 Augl9 Augld  Aug!t

year

Krishfield et al. (JGR, 2014)
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NCAR

Trend in upper ocean "freshwater" = |Sdz Aor 5, 2015
(2005 =2008) ~250m

5 Strong regional trends
4 Beaufort Gyre freshening

(ice melt, PacWater, rivers )

vo v

4 J
""‘;‘f‘-‘t [ k ')/',

o
SPA (cm yr)
Freshwater content change (m yr')

\ | AT ' [;';‘:-.‘ :.\"‘; %
’ ‘ 23\ z ._,:-{'/ A ' - \‘ | 5
. e T 7 SALINIFYING 1
Nl Biisian (/0N
) S0 e ges -

|
i
o

Ocean circulation changes

Morison et al. (Nature, 2012)
Proshutinsky et al. (JGR, 2009)
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SPA (cm yr)
Freshwater content change (m yr')

NCAR

Trend in upper ocean "freshwater" = [Sdz bors, 2018
(20052008)

~250 m

e Strong regional trends

Beaufort Gyre freshening
(ice melt, PacWater, rivers )

...some leakage

Curry et al. (JPO, 2014),
de Steur et al. (GRL, 2015)
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SRR Trend in upper ocean "freshwater" = [Sdz Ao 0. 2016

(2005 =2008) ~0m

10

. * Strong regional trends

Beaufort Gyre freshening

'IQO)

(ice melt, PacWater, rivers )

X ,.‘v‘."é:.n

——NlN", :

" .'\
ot S
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(e » ' 5 "
7
e v o \
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<A a Lomo 's.,n.'./ 1/
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NS
p—y

...some leakage

Curry et al. (JPO, 2014),
de Steur et al. (GRL, 2015)

_le
N

Eddy leakage:
e.g., Manucharyan & Spall (GRL, 2016)

3 o
SPA (cm yr)
Freshwater content change (m yr')

|
i
o
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NCAR

Trend in upper ocean "freshwater" = |Sdz Aor 5, 2015

(2005 »2008) “20m

1

|
i
o

o
SPA (cm yr)
Freshwater content change (m yr')

. Strong regional trends
Beaufort Gyre freshening

(ice melt, PacWater, rivers )

e Overall? hnmmm...

...small freshening...

Rabe et al. (GRL, 2014)
Haine et al. (Global & Plan. Ch., 2019)

Peralta-Ferriz & Woodgate. (PiO, 2015)
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long-term...

NCAR

Trend in upper ocean "freshwater" = |Sdz Aor 5, 2015

(2005 2008) “20m

...small freshening...
Rabe et al. (GRL, 2014)
Haine et al. (Global & Plan. Ch., 2015)

Peralta-Ferriz & Woodgate. (PiO, 2015)

SPA (cm yr)
Freshwater content change (m yr')

transient...
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Spreen et al. (GRL, 2011)

Sea ice motion |

Surface wind k
sy .

e

Trends (1992-2009) Oct-May

jrm_

-1 -08 -06 -04 -02 0O 02 04 06 08 1 _3

m/s/decade cmls/decade
<1m/s over 20 years up to 6 cm/s over 20 years
..eh.. .yowza..

More KE -> ocean?
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More KE -> ocean?

0.08 1 + +
mean: 0.064 N/im?

0.06 A

O OB5 Wi N W sibeesmopsos fnsones M B

0.045 4 s ':'—*0:0024' N/n\zfc:iec-ade sosogmp :0:()06 N/lY;\%/th%l:é](?e“ -

?=0.47:
0.041= H

e o
=043

1980 1990

year

2000 2010

PIOMAS: incr stress

Py L — . (TG N S S g |

...faster ice

NCAR
Apr 9, 2018

Matrtin et al. (JGR, 2014)
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0.08 1 + +
mean: 0.064 N/im? : : : :

0.064F "\ R T

PIOMAS: incr stress

Pap | L. 0 S S T

...faster ice

0.045 4 s '::0.1)04} N/n\zfc:iecade' sosogmp :0:006 th;\a/ma(:a(‘:]e“ -
?=0.47: : i rP=043 : :

0.04
0.08

mean: 0.059 N/m?

" 0.07- CICE: decr stress Martin et al. (JPO, 2016)

...faster ice,
but thinner & smoother
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0.08

Ernean: O:.064 N/tin2 3 : : :

0.06 A

0.055

0.05

0.045 4 s ':'—*0:0024' N/n\zfc:iec-ade"'; sosogmp :0:()06 N/lY;\%/th%l:é](?e“ -
?=0.47: : i =043 : :

0.04
0.08

mean: 0.059 N/m?

0.07" CICE: decr stress

0.06

0.05

s =—0.002 N/m~“/decade s =—0.004 N/m~/de

r°=0.34 ~=0.30

0.04 - i :
2000 2

Ocean surface stress (N/m?) Ocean surface stress (N/m?)

But:
Model ice-ocn boundary layer sucks

Cole et al. (Elementa, 2017)

1980 1990
year
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e So...is the ocean moving faster?  =*¢

Geostrophic current (in situ obs)
(2008-2011)

. i >
) )
/ G 70cm
: >:~ -'.‘.I L.L !
"\.. \ -7 = 2% \
N ' ¢ \
\ . 1 ' \

r P o
I\, 7y Al <
2 T

Dynamic height
(rel. to 400 m)

120W
_et A
'

Beaufort Gyre: Yup!

(Elsewhere: ??1)

VA McPhee (GRL, 2012)
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Beaufort Gyre: Yup!

Dynamic height
(rel. to 400 m) (Elsewhere: ??1)
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23 McPhee (GRL, 2012)
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—=anas Surface currents (ug,, + Ugy) vt

difficult | | easy-ish

Uye, Often ignored
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Satellite altimeters =»
ocean surface height =

ugeo
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Satellite altimeters =»
ocean surface height =

ugeo

74 Centre for
*a Y Polar Observation A revolution in
%~ and Modelling : :
c_:pom Natural Environment Research Council ArCtIC thSlcal Oceanography

CPOM->Dynamic Topography

Public data download (2003-2014)
Monthly, 100 km resolution ...but endangered

. Tom Armitage
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Geostrophic circulation

NCAR
Apr 9, 2018

N <)

3-2014 Aug-Oct |-

\ J -’ ! \\

/ {\\
.

0.02

Ll
..
0.04 ¥ i
surface current and ice velocity (m/s)

Meneghello et al. (JPO, 2018)
(also Armitage et al., The Cryosph., 2017)
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m=nazl - Geostrophic circulation
E 7 —ussia\—' 3 60
1 50 % of time
' (2011-2015)

40
ugeo > Uice
30
20

10

Dewey et al. (GRL, 2018)
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mannan @Geostrophic circulation
60
1 50 % of time
| (2011-2015)
- g > Uice

The ocean is
10| driving the ice!!
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(2009-2014)

0.5m?s”

P S,

Strong convergence
all around

NCAR

Surface currents IZOmudz

Zhong et al. (JGR, 2017)
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m=ms) Surface currents [ udz
Zhong et al. (JGR, 2017)

(2009-2014) €5

Strong convergence
all around

So different!
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Ug, + Uy, Zhong et al. (JGR, 2017)
(sat. obs)
R Ugy + Ugeo

.0._*/"/_\‘6‘

400 m deptr\ /
convergence,

downwelling
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ug, only

- Ledh RPN

(sat. obs)

A

NCAR

Ekman pumping WEk Apr 9, 2018

Zhong et al. (JGR, 2017)

geo

uEk + l"geo

» Storage of freshwater in the Gyre
* Nutrient sink for productivity
¢ Etc.
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Ug + U Zhong et al. (JGR, 2017)

geo

(sat obs)

uEk + ugeo
) 2 {PIOMAS model)
N. Chukchldownwellmg underestimated! 0
A e
1650 W  1&n%w \35°\N
Wek (Cm day 1)

Chukchi downwelling > central BGyre downwelling!
* Injection of Pacific waters into the Arctic Ocean

e.g., Timmermans et al. (2017)
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Ug + U Zhong et al. (JGR, 2017)

geo

(sat. obs)

uEk + ugeo
\ ) (PIOMAS model)
N. Chukch| downwellmg underestimated! 0
= 7 ot
A e
1650 W 1znow \35°\N
Wek (Cm day1)

* Chukchi downwelling > central BGyre downwelling!
* Injection of Pacific waters into the Arctic Ocean

Stabilization of Gyre “spin up”
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G ool Topix of the Future

Ocean mixing:

* Will subsurface heat melt ice, warm the atmos?

Freshwater:
» Will a freshening Arctic affect the global circulation?
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~“Cool Topix of the Future .-

Ocean mixing:

» Will subsurface heat melt ice, warm the atmos?

Freshwater:
» Will a freshening Arctic affect the global circulation?

Ocean circulation:

« Just speed changes, or direction, too?

Thank Y.ou
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Also... is there more ocean mixing? 1

Survey Averaged Diffusivity Values between 150 - 400 m

‘4 Blue - Summer

[ Black - Spring

+ Circle - Central/Eastern Arctic XCP
" Up Triangle - Beaufort XCP 1
- Down Triangle - BGEP MMP Ppﬁozon ]

NPEO 2007
-5t NPEO .
[ MIZEX 1983 2008 NPEO |
' NPEO
[ 2010 ‘

MMP Spring 2008

{POLARSTERN 1987

Guthrie et al. (JGR, 2013)

| Y
-6- ;AIWEX ** ? ?*

MMP 2007-2010
/ A 1

1983 1987 © 2007 2010 2012

Amerasian Basin: Nope!

 incr surface stress but also incr stratification!
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Also... is there more ocean mixing? 1

Survey Averaged Diffusivity Values between 150 - 400 m

‘4 Blue - Summer

[ Black - Spring

+ Circle - Central/Eastern Arctic XCP
" Up Triangle - Beaufort XCP 1
- Down Triangle - BGEP MMP Ppﬁozon ]

NPEO 2007
-5t NPEO .
[ MIZEX 1983 2008 NPEO |
» LOUIS 2007 2012 1
' NPEO
[ 2010 ‘

MMP Spring 2008

{POLARSTERN 1987

Guthrie et al. (JGR, 2013)

| Y
-6- ;AIWEX ** ? ?*

MMP 2007-2010
/ A 1

1983 1987 © 2007 2010 2012

Amerasian Basin: Nope!

 incr surface stress but also incr stratification!

A new genre of Arctic ocean mixing study: “Guthrie, but...”
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Also... is there more ocean mixing? 1

Survey Averaged Diffusivity Values between 150 - 400 m

‘4 Blue - Summer

[ Black - Spring

+ Circle - Central/Eastern Arctic XCP
- Up Triangle - Beaufort XCP 1
. Down Triangle - BGEP MMP %NPEO 2011 1

%POLARSTERN 1987

— ’ NPEO 2007
~ -5t NPEO >
é F MIZEX 1983 GG 2008 NPEO ]
v | - }201 2

=il | MMP Spring 2008 2010 ‘

>
i 1t ¢
6} pwex Guthrie et al. (JGR, 2013)

MMP 2007-2010

/ y A 1
1983 1987 “ 2007 2010 2012

Amerasian Basin: Nope!

 incr surface stress but also incr stratification!

Eurasian Basin: Yup (maybe) Polyakov et al. (Science, 2017)
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Anomaly of Summer = JAS
Sea Surface Temperature (°C)

(relative to 1982-2007 mean)

So what?

*ecosystems

2006 % ™
r

*air-sea fluxes
*sub-surface T, layers (the “NSTM”)

*ice-albedo feedback




