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,l, Sea lc # ec"ne

NSIDC (March, 2016):
"Another record low for
Arctic sea ice max.
winter extent"
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Ice Retreat = Ocean Warming

Steele et al. (GRL, 2008)
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05| Anomaly of Summer = JAS

05 Sea Surface Temperature (°C)
(relative to 1982-2007 mean)
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SST: dOISST (AVHRR only)

Ice edge: 15% concentration (NASA Team1)
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Ice Retreat = Ocean Warming

Steele et al. (GRL, 2008)

2.5
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05| Anomaly of Summer = JAS

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

-1.5

2.5

Most of this is local solar inpu
Steele et al. JGR (2010)
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Aug/Sep SS_T anomalies Steele & Dickinson (JGR, 2016)

6 8 10 12°C

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

Mostly warm
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Aug/Sep SS_T anomalies Steele & Dickinson (JGR, 2016)

So what?

e ecosystems \
eair-sea fluxes
]
2 - *sub-surface T__, layers 10 12°C

SST: dOISST (AVHRR only) > ice edge “loitering”
Ice edge: 15% concentration (N/ eice-albedo fdbk
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d pressure: = 1 dbar
20, 40 m, 60 m depth

v

Ballast

NCEI- Silver Spring
Sep 26, 2016

Upper Temperature of the polar Oceans

« Surface: SLP, SST, GPS, Iridium

 Cable: 12-16 x T (£ 0.1

* 60 m (basin) or 25 m (shelves)

...[anemometer]

°C),3xP(£1dbar) ..[S
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SSEES The UpTempO buoy

Upper Temperature of the polar Oceans

[™~barometer port
submergence

water line )/ S——=— Iridium, GPS
A 1

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

diametor - slectronies * Cable: 12-16 x T (£0.1° C),3xP (= 1dbar) ..[S
salt switch~” batteries
ST 'sfrengfh member * 60 m (basin) or 25 m (shelves)
pthermistors: 017 C ¥« Deploy: in ice or water by ship, ice camp, air

o 15, 20, 25, 30, 35
S 60m 40,50, 60 m depth =—" o —
S . August, 201
o _—— —
s » pressure: =% 1 dbar —
W 20, 40 m, 60 m depth

v

Ballast
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Upper Temperature of the polar Oceans

[™~barometer port

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

Euphotic Zone

A

n

60 m

v

1 6 i
diameter

alt switch~”
SST ' strength member

Ballast

« Cable: 12-16 xT (£0.1° C), 3xP (£ 1dbar) ..[S

/ electronics

batteries

* 60 m (basin) or 25 m (shelves)

, thermistors: + 041° C
2.5,5,7.5, 10,
15, 20, 25, 30, 35
40, 50, 60 m depth =
March, 2011

 Deploy: in ice or water by ship, ice camp, air

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

Data =& GTS NSF, ONR
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Upper Temperature of the polar Oceans

[™~barometer port

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

Euphotic Zone

A

n

60 m

v

1 6 i
diameter

alt switch~”
SST ' strength member

Ballast

« Cable: 12-16 xT (£0.1° C), 3xP (£ 1dbar) ..[S

/ electronics

batteries

* 60 m (basin) or 25 m (shelves)

, thermistors: + 041° C
2.5,5,7.5, 10,
15, 20, 25, 30, 35
40, 50, 60 m depth =
March, 2011

 Deploy: in ice or water by ship, ice camp, air

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

Data = GTS NSF, ONR ..NOAA?
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Steele et al. JGR (2010)

Most of this is local solar inpu
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The "WARM " buoy irRadiance Measurements

V. Hill, B. Light, M. Steele

Thermistors
OCR

LICOR PAR
ECO

Licor PAR

€ Satlantic OCR 412, 443, 555nm
Wetlabs ECO, Chl, FDOM, bb532

7.5 m Thermistor

10 m . o ]
warming ~ solar + advection

15m

20m <€ upward-looking camera T PAR t reSIdua/

<€— Ballast, Pressure sensor

..& someto50m
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Ice retreat in the Beaufort Sea

Monthly mean
ice concentration
1979-2012

(passive uwave,
NASA Team /NSIDC)

0.4 06
ice concentration

CEI- Silver Spring
Sep 26, 2016
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Monthly mean
ice concentration
1979-2012

(passive uwave,
NASA Team /NSIDC)

Now let’s consider:
Ice retreat in the Beaufort Sea

CEI- Silver Spring
Sep 26, 2016

0.6
ice concentration
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0

02 04 06 08
ice concentration

Is it the Mackenzie River?

AR unef 2012

WMack. Delta

%

Mack. Delta

NCEI- Silver Spring
Sep 26, 2016

warmest water

(Nghiem et al., 2014)

Not at first...
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May | <

0 02 04 06
ice concentration

08 1.0

90°W

"not happening at the same time'

Asynchrony

thick ice advection
Into the West

NCEI- Silver Spring
Sep 26, 2016

PIOMAS

ice thickness

4 5m
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"not happening at the same time"

May

thick ice advection easterly winds =2
into the West thin ice in East

HE e
0 02 04 06 08 1.0
ice concentration

90°W

PIOMAS

s ice thickness
3 4 5m
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"not happening at the same time"

thick ice advection easterly winds =2
into the West thin ice in East

0 02 04 06 08 1.0
ice concentration

| PIOMAS
_ I ice thickness

3 4 5m

later melt in W earlier melt in E
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Vol 1979
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s (=]
g 0.6
g RN -
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A T

0 s
Mar Apr May Jun Jul Aug Sep

DOO = Date of Opening (initial stage of ice loss)
... last day when conc = < 0.8 before summer min.

- | | |
L

0 02 04 06
Ice conc.

DOR = Date of Retreat (final stage of ice loss)
... last day when conc = < 0.15 before summer min.
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Two stages of early season sea ice loss

04
Ice conc.

06

ice concentration

ice concentration

1 0 : — ————
~N"e 1979 | VY W 1993

06"

04+

02+

WM 199;\)\[ J’\q 1 I 2003 |
)
N
e

Mér A'prvlv‘lay' Jun :Julr ;\ug VSe'; }Mér AArprlMay JunA Ju Aug Sep

DOO = Date of Opening (initial stage of ice loss)
... last day when conc = < 0.8 before summer min.

DOR = Date of Retreat (final stage of ice loss)
... last day when conc = < 0.15 before summer min.

Iver Spring
26, 2016
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Late opening

90° W

May 1

Jun 1

Toward synchrony
"happening at the same time"

Date of Opening: 1979-2012

S Jul1 Aug! Sept

NCEI- Silver Spring
Sep 26, 2016
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"happening at the same time"

Date of Opening: 1979-2012

180° W

Late opening Earlier opening

AN

0
©
o
°
=2

May1 Jun1 Jul1 Aug? Sep1 3 2 1 0 1 2 dayslyr

East: early staying early
West: late getting earlier

=» increasing synchrony!

NCEI- Silver Spring
Sep 26, 2016
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Toward synchrony
"happening at the same time"

NCEI- Silver Spring
Sep 26, 2016

Late opening

DOO mean

A

Early opgehing

920° W

;‘V“
O\
Wi A\
/N S X
£ “J 5
T

Date of Opening: 1979-2012

180° W ) )
‘ Earlier opening

AN

DOO trend

= Q Al
B =
| ' -

-
May1 Jun1

T
Jult Aug1 Sep1

East: early staying early
West: late getting earlier

=» increasing synchrony!

2 dayslyr

W - E Beaufort dates

804 opening = -0.71 day/yr

* retreat =-0.24 daylyr

o
o

* *

d0days, « e T

days)

= 40
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"happening at the same time"

Date of Opening: 1979-2012

180° W
S Earlier opening JIE) W - E Beaufort dates

AN

Late opening

8

0, opening = -0.71 day/yr

DOO mean DOO trend _ gy retreat =-0.24 daylyr
, = i »
SN : © N s K
, N\ - . .
Eary opering s ANy Sw 4o.d%3./s**\'** -
/ - -\:‘2 N Y ° N % 20- ._;._ i :.“:-"?:*—'*;;_‘._.\_:_\__j t*zo |
. : : " % *x ¢ : [ J % «® *
O’ ; - * ) .

_20 1 I i I 1 1 I
1980 1990 2000 2010

920° W

R - = =
| ' -

May1 Jn1 Ju1 Aug! Sepi 2 daysiyr
ADOO: 40 = 20 days
East: early staying early
_ _ ADOO & ADOR both now ~ 20 days
West: late getting earlier
> increasing synchrony! shipping, marine mammals, etc.

=» The Northwest Passage!
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NUt of Washingion Toward sync hro ny
"happening at the same time"

..formerly: "Toward synchronicity’

Reviewer #1: Synchronicity = "a meaningful

NCEI- Silver Spring
Sep 26, 2016

coincidence”

Carl Jung, 1920s
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Detrended
interannual
variability:

Prediction

NCEI- Silver Spring
Sep 26, 2016

For each

1 m/s increase in spring easterly wind speed,

DOR is
1-2 weeks earlier in summer,

with a
2-3 month lead time.
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For each
Detrended 1 m/s increase in spring easterly wind speed,
interannual .
o DOR is
variability: 1-2 weeks earlier in summer,

with a
2-3 month lead time.

Works well in past few years!

(This year: need to consider meridional wind)
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Focus on:
Daily ice retreat
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g 04 I g
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DOO = Date of Opening (initial stage of ice loss)

DOR = Date of Retreat (final stage of ice loss)
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T

winter

NCEI- Silver Spring

Daily ice retreat Sep 26, 2016

Daily 15% ice concentration contour
= "ice edge”
SSM/I-SSMIS (NASA Team algorithm)

March 13 — September 23

”
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T

winter

NCEI- Silver Spring

Daily ice retreat Sep 26, 2016

Daily 15% ice concentration contour
= "ice edge”
SSM/I-SSMIS (NASA Team algorithm)

The "SIZ"
= Seasonal Ice Zone

= winter max to summer min

March 13 — September 23

”
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o Alaska
slow

"loitering”

NCEI- Silver Spring

Daily ice retreat Sep 26, 2016

Daily 15% ice concentration contour
= "ice edge”
SSM/I-SSMIS (NASA Team algorithm)

March 13 — September 23

”
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> - Alaska
slow

"loitering” |

NCEI- Silver Spring

Daily ice retreat Sep 26, 2016

Daily 15% ice concentration contour
= "ice edge”
SSM/I-SSMIS (NASA Team algorithm)

Other data sets:
« AMSR2 (3.25 km PMW)

* MASIE (NVSIDC multi-sensor)
* PIOMAS model (no assimilation)

March 13 — September 23

”
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# of days
4 6 8 10 Ty (days)  LhEice edge
loitered in a pixel
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AIR - sEA . ICE_University of Washington | Qua ntitative a na lySis Sep 26, 2016
y ...on the 25 km grid

Loitering ice edge:
< 8 km/day*
= 4 days in a 25 km pixel

*Ave ice speed 8-12 km/day

Spreen et al. (GRL, 2011)
Olason & Notz (JGR, 2014)

# of days
4 6 8 10 Ty (days) Lhe ice edge
loitered in a pixel
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Quantitative analysis
...on the 25 km grid

10 Trqs (days)

NCEI- Silver Spring
Sep 26, 2016

Loitering ice edge:
< 8 km/day*
= 4 days in a 25 km pixel

*Ave ice speed 8-12 km/day

Spreen et al. (GRL, 2011)
Olason & Notz (JGR, 2014)

# of days
the ice edge

loitered in a pixel



Michael Steele
Polar Science Center / APL

AIR - sEA . IcEUniversity of Washington

0.3 0.5 0.7

Space & Time Scales

. Russia
(5

Ne e c )

0.9 Loitering

Loitering covers
20-25% of the SIZ

Frequency F,,

1989-2013
SSMI/SSMIS

NCEI- Silver Spring
Sep 26, 2016
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Space & Time Scales
1989-2013
SSMI/SSMIS
06— e
= -
/@’ 0.8
0.4:
ER: / 0.6
= :
Wk
3 104
< 02
: 102
5 (N, = 5802
0" ' 0
5 10 15
T4+ (days)
03 05 07 09 Loitering 80% of loitering

Frequency F,,

events last 4-7 days

Loitering covers
20-25% of the SIZ

...Synoptic storms...
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Where does it loiter?

Winter ice max

@ warm SST fronts

WARM

Russia

| 2012
Mar 13- Sep 23

NCEI- Silver Spring
Sep 26, 2016
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Winter ice max

@ warm SST fronts

WARM

Russia

Mar 13- Sep 23 |

Within the SIZ

Where does it loiter?

in some places...why?

Russia

NCEI- Silver Spring
Sep 26, 2016

2012

Mar 13 - Sep 23

N. Baffin, E. Beaufort,
N. Chukchi, Laptev...
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Why does it loiter?

Winter ice max Within the SIZ Early ice retreat

. N7
arm SST fronts n some places...why? — —
@w ! P el early SST warming

WARM
V loitering

Alaska \ Russio

Russia

Russia

2012
Mar 13 - Sep 23

Mar 13- Sep 23

2 1 0 123475

SST (°C)
02 03 04 05 075 (satellite data:
iceconc.-mmry 1 NOAA Ol.v2
AVHRR)
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NCEI- Silver Spring
Sep 26, 2016

Why does it loiter?

Loitering:
wind + warm SST

Warm SST = 2.5°C above freezing
can melt ~ 35 cm/day
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Why does it loiter?

Loitering:
wind + warm SST

The retreat season

* Retreat
On-ice winds

 loitering
Off-ice winds + warm SST

 Advance
Off-ice winds + cold SST

Warm SST = 2.5°C above freezing
can melt ~ 35 cm/day
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Trends

ASIZ

1990 1995

2000
Year

20102012

NCEI- Silver Spring
Sep 26, 2016

The area of the SIZ
A, is increasing.
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Trends

I\SIZ

1990 1995

2000 2005 20102012

Year

1990 1995

2000 2005 2010 2012
Year

NCEI- Silver Spring
Sep 26, 2016

The area of the SIZ
A, is increasing.

...but the area of loitering
A,, is not!
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NCEI- Silver Spring

Why isn't A,, increasing? Sep 26, 2016

| late in the season
(August)

March 13 — September 23

rapid retreat,
cold SST,
off-ice winds = advance,

not loitering
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NCEI- Silver Spring

Why isn't A,, increasing? Sep 26, 2016

| late in the season
(August)

March 13 — September 23

rapid retreat,
cold SST,
off-ice winds =» advance,

not loitering

Hmmm... maybe we
should look into thisl!
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SST year-to-year




Michael Steele i i
Polar Science Center / APL NCEI- Silver Spring

kol ity o Wrshingion 2012: Why were SSTs not so warm? Sep 26, 2016

Steele & Dickinson (JGR, 2016)

12°C

ST: dOISST (AVHRR only)
Ice edge: 15% concentration (NASA Team1)
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LN o sonce coner 01 Seasonal 8ST warming Son 26, 2018

Aug/Sept SST = Sea Surface Temperature anomalies

i —

~ 3 times warmer! Steele & Dickinson (JGR, 2016)
| P /_::'. B .y

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



Aug/Sept SST = Sea Surface Temperature anomalies

Gl

~ 3 times warmer!
' s N

Extent (Mkm?2)

National Snow and Ice Data Center

2012* |

1980 1990 2000 2010 2014

(NOAAs dOISST=AVHRR +insitu)y 2 -1 0

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

NS o Scionce Center 1 4PL S |1SST . NCEI- Silver Spring
AIR - sEA . IcE University of Washington ea SO n a Wa r m I n g Sep 26, 2016

Steele & Dickinson (JGR, 2016)
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(NASA Team PMW 25 km) 1CE
Date of Opening

Date of Retreat

The “phenology” of SST warming

1982-2014

ice concentration

E. Beaufort + Laptev

NCEI- Silver Spring
Sep 26, 2016

—

0.6

0.2r

—SLIP —

1%,

b.

| 1
Apr I May Faun T Jul 1 Aug

Month

I Sep! Oct

Steele & Dickinson (JGR, 2016)
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(NASA Team PMW 25 km) ICE

Date of Opening

Date of Retreat

The “phenology” of SST warming

NCEI- Silver Spring

Sep 26, 2016
1982-2014 Steele & Dickinson (JGR, 2016)
E. Beaufort + Laptev
1 \I | | | I | b.
o 9500\
0.6 —sup— Seasonal Logs of Ice Period: 7 weeks!

ice concentration

0.2_ 0,
C 1 BN
Apr I'May Fgun T Jul T Aug T Sep! Oct
Month
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Steele & Dickinson (JGR, 2016)
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...even more in later DOR
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DOR vs. SSTmax
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DOR vs. SSTmax
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Early retreat =» warmer SSTmax

Also: variance, correlation
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DOR vs. SSTmax

1982-2014

Date of Retreat
, DOR | '
[ 1o &SR |

| May | Jun i Jul | Aug | }”Sep Oct

Early retreat =» warmer SSTmax

..but ONLY when DOR is near DOQII

Date of max Q,
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It’s about the timing of ice retreat

2007

' DOR

b. anomaly

' DOR

e}. anomaly

Early retreat “Early” retreat...but
DOR ~ DOQ DOR >> DOQ
(June/July) (Aug/Sep)

Warm SSTs Cold SSTs
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MIZ ~ Arctic Ocean!
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SST within the ice pack?

SST: August 15, 2007 dOISST
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SST: August 15, 2007 dOISST
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T Here, most of the Arctic Ocean SST > T;
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This is built into (most) L4 SSTs

...but how realistic is it?
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warm SST?

How warm?

How deep?

ice concentration < 100%

NCEI- Silver Spring
Sep 26, 2016

Wind, solar forcing?
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UpTempO Buoy Positions as of 09/07/2015
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UpTempO Buoy Positions as of 09/07/2015

Alaska : o Russia
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Alaska : = Russia
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e Similar for: ship CTD, AxCTD

 To do: gliders
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MIZ SST dOISST
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August 2012
65-90°N, 120-150°W

MIZ SST dOISST

for IC > 50%
SST(IC=100%) = -1.8°C

b', ¢' from regressions
("historical AVHRR + in situ obs")

30° longitude bands, monthly mean

NCEI- Silver Spring
Sep 26, 2016

Reynolds et al., J. Clim. 2007
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August 2012
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MIZ SST dOISST

August 2012
65-90°N, 120-150°W
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...too warm!

NCEI- Silver Spring
Sep 26, 2016

T i.i ':.:-': .l.:: T T T T T
il
‘:II :’,'!;55‘: ::2; -:. |
EIRE
H ! H ) :.’ 00|'='°c o
R - “ee -
o f'l.igig-i Wy
S P TE R R ]
: "risd"i.a:!iii?'g:'
adliibeliic it o grid values
s i!,:l-.. ]
E ; lE. nl.'.
o HTHTHHEE 1
sty .t st "simulated SSTs"
i “ ~ linear i
.. .. 7 |ii |i ae ..
: — — ||I| ]
. > s medlan
.- ——
/ !!"Ihl I|I||| gy
b o Ol I
it ol i |':.!!" !
lifytiti { - T
Il hlile | I

Too warm T,?

50 60 70 80

ice concentration (%)



AIR -

Michael :
Polar Scie

SEA . ICE_University

| ‘ ‘ T |
0 10 20 30 40 50 60 70 80 90 100
ice concentration (%)

0

-2

L4 SST vs IC Iintercomparison

T T L — \ 8°C
dOISST o\
2.5°C>T,
at 50% ice I\

0

-I

OSTIA

0.6°C> T,
at 50% ice

|

i

T

0 10 20 30 40 50 60 70 80 90 100

ice concentration (%)

Illl
_ M“
T

0 10 20 30 40 50 60 70 80 90 100

¥
i
.:. |‘|||"l'||| -----
aI |I|m|h |

|"|
nanI
Hlllllllllnmm | |

ice concentration (%)

NCElI- Silver Spring
Sep 26, 2016

August 2012
65-90°N, 120-150°W

1°C>T,
at 50% ice

S|




Michael Steele
N Polar Science Center / APL
A .

IR - sEA . IicE_University of Washington

Summary

The Arctic =» one big Seasonal Ice Zone!
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Summary

* The Arctic =» one big Seasonal Ice Zone!

* Endof summer 2016: It was one big

Marginal lce Zone!
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Summary

* The Arctic =» one big Seasonal Ice Zone!

* Endof summer 2016: It was one big

Marginal lce Zone!
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Summary

* The Arctic =» one big Seasonal Ice Zone!

* Endof summer 2016: It was one big

Marginal lce Zone!




