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Snow depth on Antarctic sea ice

from autonomous measurements
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Snow Rules !
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Direct impacts

 Thermodynamics

* Energy and mass budget
 Remote sensing signatures
* Fresh water budgets

Indirect effects

« Sea ice thickness measurements

» Total thickness measurements (EM
techniques)

» Interpretation of surface conditions

 Model and remote sensing
validation and development

Need for better snow depth and
properties data

ice

Superimposed .2

ice formation

Internal ice layers
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Challenges for Seasonality Q AN/

Arctic Antarctic

= Combining various campaigns = No climatology
at different times for snow = ASPeCt data set contains snow I
climatology (Warren et al., 1999) depth information

= Few multi-seasonal studies, = Snow depth product from
€.g., SHEBA, Tara, N-ICE, passive microwave data
NP-stations (Markus & Cavalieri, 1998)

Essential need for time series data

Seasonal change of (snow) surface properties on Arctic sea ice during Tara in 2007.

18 May 2007 25 Jul 2007 28 Aug 2007



Snow Buoy

Parameters

* 4 x snow depth (variability & reliability)

 Air temperature, body (snow/ice) temperature

 Barometric Pressure
 GPS, as all autonomous units
« Data transmission: Iridium
« Data provision into GTS
« Power supply (batteries > 1 year)
 Now: Version 3 (development since 2012)

Distance to Surface | Max Botix, Sonar MB7092 |1 ¢ 7/ hour

Air Temparature YSI, 44032 0.5°C 7/ hour
Surface Temperature |YSI, 44032 0.5°C 20/ hour
Barometric Pressure Vaisala, PTB 110 1 mbar 20 / hour
Data transfer Iridium 9602 SBD every 3 hours
GPS Position Jupiter 32xLP 10m every 3 hours
| _ module & antenna _

Power Supply Lithium battery (15V) 7 / hour
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Data Example 2014512

* Weddell Sea drift
from Jan 2014 to Feb 2016 (> 2 years)

Air/ Body

temperature
[C]
o

Air pressure

1.8

Snow depth (sensor 1 2 34)

1050~

[hPa]
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meereisportal.de Buoy data @ 2014512 (300234060543780)
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17.01.2014 18:32 - 02.02.2016 22:02 (747 days)
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Data Portal and Archive QYAVAY /)

http://data.seaiceportal.de

meereisportal de Ootnoh | Abowt o | Contaat | mgrsssum A‘"“ am
* Pr— Piease ind the live data and all metadata of depioyment of all active buoys in the tabie below, But note that those data ane raw cata
_ Name Last Latitude  Last Longitude Active Photo Live Plot  LastProfile Live Map Live Data
2014514 sas2 3164 01.04.14 Downicad Download Downlocad Downicad
f ScalceKnowledge  SealceMonitoring  SealceModelling  SealceExpedition  DataPortal 2015822 70.78 426 01.03.15 Downlosd Downiosd D oad
2015823 8144 9.08 20.04.15 Download Download Download
2014525 7137 -156,53 2609.14 Downicad Download Downicad  Downicad
2015827 81.19 2049 230415 Download Downicad  Downicad
2015528 8166 1060 18.04.15 Download Downicad Downlcad
2015C1 80.32 16.80 270115 Download  Downicad
2015C2 80.95 18.94 19.01.15 Download  Downlcad
2015C3 81.41 247 20.04.15 Downlcad  Downicad
Sea oo In Te polar regons of the Arctic and Antarctic covers approximately saven percent of our planet, Whaere is Polarstern?
which Is bigger han e 1otal area of Europe. These seven percent have a refatvely large impact on global 2015C4 8112 16.14 14.01.15 Download  Downicad
cimate. Sea ice is particularty driving heat and freshwater exchange of the polar cceans and therefore plays 2015C8 B0.65 17.98 01.02.18 Downicad Downicad
2 key role in the earth's chmate system. Structure, volume and spatial exdent of sea ice are highly 2015C7 81 an 20.04.18 Downicad Downicad
afferentianed and vanatie. As @ result of these physical Characteristics, Sea ice has great effects on the
oGy BUGOM Of T arPYs SUMHcH. Sea 100 i highly complex, ut 81 1ha Same tiew & is Cartainly 0ne of the 2014714 65.08 2198 260814 Downicad Download Downlcad Downlcad Downlcad
most ineresting and influential manerals on our planet. ASAEONAll, 504 108 I8 81 especially fascinaing ) .
habitat that |s essential for the ecosysiem of the polar regions. Past Buoys

Please find the data and all metadata of all buoys that stopped ransmission in the table below. In addiion, links 10 final data are given.

de is an intiative of the

Ittt fr Umnweltptrysi

Camate intative (REKLIM), the Afred Wegener - . Name Last Latitude Last Longitude Active Photo Plot Map Data
Instiut, Helmnokz Centre for polar and marine Jﬂ} = -

- 0o with o U ol@ L Y L — 201383 8654 -2.45 09.04.13-13,06.13 (65 days) Downioad Downkiad Downkoad Downioad @)
(Instite for eavironmental phrysics). Bs sim is 1o ress 'h‘ Alied-Wegensninsist 201384 7137 15653  09.04.13-28.06.13 (80 days) Downkad Downksd Downlosd  Downlosd
gather al important and up-o-date Information - ‘
connected 1o e subject of sea ice. The portal Is ff | _ | 2014813 7931 am 30.03.14 - 20.07.14 (112 days) Downkoad Downkoad Download Downicad @)
ollaring comprehensive background informetion, K — f 2014815 87.47 5548  20.08.14 - 31.12.14 (124 days) Download Downkoad Download — Download

PANGAEA®

Data Publisher for Earth & Environmental Science

» Buoy tracks and data (daily)
= Meta data and deployment info
= Active and past buoys
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Antarctic Drift Pathes

AW/

meereisportal.de Snow Buoys
seaiceportal.de
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Lifetime Statistics

QI

2015842
2015841
2016S40
2015839
2016S38
2016837

201381

Arctic
Antarctic

! e G:13b S50 130 !
G:103 S:103 T_:A1OG

G:203 S:203 T:203

w— G152 §:50 T:52

G:154 S:146 T:153

G335 S

G:231 $:231 T:231

3:204 S:204 T:204

G:155 S:15T:155

G:54 S:53 T:54
w— (46 S:44 T.46

- G117 S:116 T:17

G:335 S:335 T:335

G:70S:70 T:70

— G251 S:51 T:51
Gi1m S TN

G317 S
G218 S:218 T:218

G:192 S:183 T:183

- G:158:15T:15
— (G:42 S:31 T:42

G:124 S:1123 T:124

G:623 S:92 T:623

G:112 S:1108 T:112

G:746 S:745 T:746

(G:488 S:488 T:.488

G:604 S:584 T:604

G:180 S:176 T:180

G:64S:29 T:64

G:69 S:69 T:69
G:94 S:25 T:94
G:104 S:90 T:104

Longest time series at Neumayer (> 1000 days)

G:77 F:77 T:77

| |

|

| | | |

0 v v |

Jan 13 Jul 13

Status 18 Apr 2016

Jan 14 Jul 14

Jan 15

Jul 15 Jan_ 16 Jul 16 Jan 1_7
Green = 10 units currently reporting

g HELMMHOLTZ
ASSOCIATION



Comparison to Neumayer lll Station AN/

Air temperature (°C)

)

Barometric pressure (hPa
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Weddell Sea S

T ';:;,;;;' - Buoy Ice zi(m) fb(m) zs(m)
2014S9 FYl 1.05 0.08 0.08
2014810 FYI 132 012 0.3
2014811 FYl 161 029 0.29
2014812 FYl 165 013 0.3
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= S9and S11 (Pair 1)
= S10 and S12 (Pair 2)
= All deployments Jan/Feb 2014

201459
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Animated Drift

s 201459
s 2014510 |
—2014511 |
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Pair 1 = Close Pair (North) QANV/

1.5
AR VIR G ety o y
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Snow depth in m
o
= o
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- 02114 03/14 04/14 0514 06/14 07/14 0814 09/14 10/14 1114 12/14 0115 02115 03115 04/15 0515 06/15 07115 08/15 0915
29.01.2014 17:00 - 02.10.2015 20:03 (612 days)

* Spring 2014
* S11: Accumulation 60 cm in spring 2014
* S9: Constant in spring

« Summer 2014/15
* S11: Some compaction (melt): ~10 cm
« S9: Significant compaction (melt) by 20 cm

 Annual budget (Feb 2014 to Feb 2015)
*«S11: + 90 cm
«S9: +20cm -~ N
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Pair 2 = Distant Pair (South) QAN
N e —

1.25

1

Snow depth in m
o 9
(4] (4]

0.25 |-

. | 1 | ; | i |
" 0314 0514 07114 09114 = 11114 01115 0315 0515  07/15 0915  11/15  01/16 0316
13.01.2014 18:00 - 13.04.2016 23:01 (822 days)

Spring 2014 Spring 2015
Consistent increase of Little change

20 to 35 cm

Summer 2014/15 Summer 2015/16

No compaction /melt Strong melt at ice edge
S12: Summer increase Temporary compaction
of 15 cm and melt

Annual budget 2014/15 Annual budget 2015/16
Increase by 75 cm Increase by 50 cm
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Seasonality (Drift + Neumayer) QANV/

3 . 201459
. 2014510 o
. 2014811 Summer ,melt* s s ?
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01113 0313 0513 07/13 0913 11/13 01/14 03/14 0514 07/14 09114 11/14 01/15 03115 05/15 0715 09/15 11115 01/16 0316 05/16
01.01.2013 00:00 - 01.05.2016 00:00 (1216 days)

Seasonal snow depth evolution

= Annual accumulation 20 to 90 cm
= Event driven, partly long times of constant snow depth
= No consistent summer decrease (melt)

= Annual variability at Neumayer:
Decrease in summer 2014 & 2016, but not in 2015
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All Antarctic Buoys

AW/
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Summary & Outlook

Snow buoys advance seasonal understanding of snow
cover on sea ice and contribute to distributed networks

Weddell Sea net accumulation of 20 to 90 cm
= No summer melt in southern Weddell Sea
= No complete snow melt in any data set
= Strong melt along ice edge

Additional results from Arctic buoys
= Air temperature effects: warm winter 2015/16
* |mpacts on sea ice thickness / mass balance

Variability on different temporal and regional scales
=> More time series needed to develop full seasonality

Further needs
= Joined analyses with satellite and model results

» Community effort of deployments and analysis




