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) Summary

Given the recent dramatic decreases in thickness and extent of Arctic sea ice, we ask if wind-driven stirring has become a dominant driver of Arctic mixed layer
depth (MLD) variability (compared with convection from sea- ice formation)? We investigate this using ~20,000 historical hydrographic observations from 1979-2012
and output from the coupled ice-ocean-atmosphere model CCSM4. We quantify Arctic MLD seasonality, and consider predictions for future variability in Arctic MLDs.

p2) Observations £§) Observational climatology

We use over 20,000 hydrographic profiles We quantify the seasonality of Arctic MLDs in 6 regions, finding that
(CTD and xCTD, not ITP) from 1979-2012, winter MLDs are ~50 m deeper in the eastern Arctic (Eurasian Basin, Barents
from ice-covered and ice-free regions. Sea) than in the western Arctic (Chukchi Sea, Southeastern Beaufort Sea, and
s We consider 6 different regions (Fig. 1) Canada Basin) (Fig. 2). Summer-to-winter changes in MLD vary from ~ 20-30
Lo & based on water masses characteristics and m in the western Arctic, to ~50-70 m in eastern Arctic (Fig. 3). The associated
fh © ol fochwater sources. seasonal sea-ice growth/melt varies from ~1.3 m in the western Arctic to ~0.8
Cg m in the eastern Arctic?.

Our Canada Basin results are in good agreement with MLD esti-

mates from lce-Tethered Profiler (ITP) data'*.

MLD is estimated using a density thresh-
old method with Ap=0.1kg/m?, which is
within the range of previous estimates of

Arctic MLD!-%,

c) Canada Basin
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Depth (m) (color-coded by region).

18 Wind-MLD relationship

Data show deeper MLDs in ice-free regions when the wind is stronger
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(Fig. 4). This relation is consistent through all regions. s IR e U™ RN Y 7 2 = YR
SRR W 57, 2R B AR T TR o 22 G AN R} (B E ch PE0 B ER b N ([ &
Chukchi Sea Makarov Basin jg S RN o Gl e X AV L L IR
Summer (JJASO) Winter (NDJFMAM) Summer (JJASO) Winter (NDJFMAM) = ol R xR R o A PR : n : I R N i T
‘ 0 0 100 O 0 _ 0 100 E : 60 x oo ¢
8 : Q -50p BTN T N 150 e
-10 ~10 8 o 170 5 ' '90,\ S ool B E | B0 g 1T %, 7 B
= 8.8 180 = —207 —207| o o r 180 ¥ S T S S RPN e B e I R R
£ _ 00 0%8 o o o = £ . ° ~ -70 00 - g e e e e B L i
=20 20 SN X {70 5 p= - 170 5 80 ol icecovered | Lot fi o 0T icecovered 7]
5 3 30 o 5 g 160 © S —40| —40 r 160 & 90 TR e free X o C T icefree
= o + ‘ ‘ ‘ ‘ ; ; ; ; . . e . . . . . . . X9, . , o, . . . . . . .
_05\_40 40 = ig@ §60 o f}gé O T T T T A s o N D T T E M AM I T AsonND Xy FEMAMI I As onNoD
° o 8% S £ O B s T = - E ER B R =
g 50 : ~50 508 305 g Fo o ¢ 0 ¢ (SR T =N =S SH S PR L B e =
= . B o 20 g 807 —80 | N 5 20 — E B i s o Ol A DI = E: R IR I p—2
60 . 60 054054 10 m:—0.240.30 m:0.54+0.55 10 MLD (m) 3 5 10 15 20 25 30 35 40 ____45 50 o iy ] S Y = o
: : . Co10s . I — g 2R =
-70 m:~0.46+0.08 _ MO20001 |4 : : : : 0 _100= 0.93+0.68 M0 100 . : . M0.24+0.35 0 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 & i S S I I S =
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 Depth (m) | N — a g I =
wind speed (m/s) wind speed (m/s) wind speed (m/s) wind speed (m/s) = : _—1 ;B E;E E;E E;E E;E E;E E;E g:irl: E ,
Southeastern Beaufort Sea Eurasian Basin . égf SEL Y ISR (Y N N (Y Y RN (Y N k U R 3?‘ #-n BRI
Summer (JJASO) . Winter (NDJFMAM) 100 ‘ . Summer (JJASO) . Winter (NDJFMAM) 100 FIG. 2. Seasonal cllmatology Of MLD D N I B L B R O S 3 O L R A L R
" o B 0% ade 080 o S Lo . .
10 I [0 _ by sl T ", 10 of Arctic MLD observations. : : : L
T . o0 & 5 = : o g FIG. 3. Monthly mean MLD in the 6 regions of Fig. 1, with histograms of
£ _ — 170 s s ° B 170 <
5 30 30 ko g B ? oo £ occurrence.
S 50 5 ] 50 £
g —40 40 10 & = 0 3
) S - ° B S
3 50 . 5o 0 g % 100 o 100 30 §
€ 60 ~60 : 20 : 4 20 =
10 m:—0.66+0.49 % m:3.70+1.30 10
_70Lm:=0.530.13 _m: 089133 | 0 o A  m:0.16+0.25 0 150 m:-0.8810.74 m:-049+082| . m:3.69+1.30 0
0 510 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
wind speed (m/s) wind speed (m/s) wind speed (m/s) wind speed (m/s)
Canada Basin Barents Sea
Summer (JJASO) Winter (NDJFMAM) Summer (JJASO) Winter (NDJFMAM)
‘ 0 0 100 — 0 T PR 100
90 o g% (m ~yeiey o, _90 °
—10} ~10{ = _
_ E: s o - Modeled and observed summer MLDs are in good agreement all
z—zo» -20} 170 § -100 170 g [5]
a 3] _20! 160 O 160 = ° o o
g0 50 0 g through the Arctic™. Modeled winter MLDs are deeper than observed MLDs in
°>J\—40 40t 40 § —-200 40 Y
© S c ° ° ° ) °
o ¢ 0| LN 0 ¢ most regions, except the Eurasian Basin (Fig. 5) and the Barents Sea. Pan-Arctic
T passaze mimen| | noss | [l | ENE o deled MLD climatology®™ is sh in Fig. 6
5[ M:—0.55%0.2: . m: 009+034| ° m:~0.30+0. m:-1.47x0. m:—1.60+1.06 m:—2.44+0.61 m:—0.24+1.68
MLETHEIE Y | S ————d ooty o] ol meaadiner ~ wosn| B, modele climatology®™ is shown in Fig. 6.
wind speed (m/s) wind speed (m/s) wind speed (m/s) wind speed (m/s)
FIG. 4. Observed MLD vs maximum wind speed in the 5 days preceeding the cast. Data points and linear Mean (solid lines) and standard deviation (shaded) of MLD climatology of observations (red) vs
. i ) . ’ model at observed locations (black), and model averaged in regions (gray) defined as in Fig. 1.
fits are color-coded according to SSM/I sea-ice concentrations: red (0-15% ice), orange-yellow (>15%) and Chukchi Sea Southeastern Beaufort Sea
white (>80%). Dashed lines mark the 95% confidence interval of the linear fit. 10] ol
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MLD drivers and future predictions

CCSM4 shows summer Arctic MLD variability is related to both sea ice 2@ e = @ Suncarddev. |
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melt and wind stirring. In the Canada Basin and at the ice edge, summer MLD are  Conadaasin EwosianBasin
strongly correlated with ice-melt, but north of the Canadian Archipelago and in 2 \/\/ o
O

the Southeastern Beaufort Sea, summer MLD are more strongly correlated with £
wind forcing (Fig. 7).

CCSM4 projections show MLD
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faII, but deepenlng (Flg. 8, blue) N tology of MLD in 4 regions. Colored dots indi- FIG. 6. Monthly mean Arctic MLD climatology ob-
the summer, as the ice disappea rslol cate regions as per Fig. 1. tained from CCSM4 for the period 1981-2000.

i y4) Conclusions
2'2 E September
i |E 1. Using hydrographic observations from 1979-2012 and CCSM4, we quantified
N Wlh l " cross-Arctic variability in MLD seasonality (Fig. 3).
1 - - - 55 . . .
| | 2000 205 2100 2000 2050 2100 2. Modeled summer MLDs are correlated with June to August total ice melt in
FIG. 7. Correlation between the August MLD with - piG, 8. CCSM4 future predictions of Arctic Ocean MLD by the hiah Arcti d atthe i d g Iated with J o A t surf
total Jun-Aug ice-melt (left), and with total Jun- month, Different runs are shown in colors, the mean is in € high Arctic ahd at the lce €dge, and correlated wi Une to AUgust surface

Aug surface stress (right). black. stress north of the Canadian Archipelago and in the Southeastern Beaufort Sea

(Fig. 7).
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