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Data assimilation improves sea ice forecasts

* Most important 4
parameters are: b

e Concentration (SIC),

3
T

* Thickness (SIT),
e Snow depth (SND)
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Small scale ice thickness variability

Ridge keels
Currents

Pressure ridge formation

* Non-Gaussian thickness
distribution result of
different thermodynamic
and dynamic processes

* |ce thickness distribution
governs ice strength

g(h)

f(w) gdivvy )
\ \

| \h h [~ h
Thermodynamics Divergence Deformation

Processes that alter the thickness distribution

Thorndike et al., 1975; Flato & Hibler, 1995; Hopkins, 1998; etc
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Upward Looking Sonar (ULS)/
Ice Profiling Sonar (IPS)

 Observation of sea ice draft

Moored ULS

Sea
level 1 !

r Fow CMI-ULS, measuring:
= - acoustic pulse travel time
v - 'echo amplitude'
- hydrostatic pressure

- temperature
- tilt

Mooring line,
other instruments optional

Rothrock & Wensnahan, 2007 Strass & Fahrbach, 1998

_— Sea floor



Laser and radar altimetry

 Observation of sea freeboard

Principle: F = hy, - Dyeor hyoge- Ah /(

Ah: Qcean dynamic topography ~ #~ " A
A
laser
A
Al & 4/&/
FLL S Snow ~ o
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Ny lce - Tl
! NI Sea Surface (A h)
~ " lee [ T i
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Water -
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Spreen et al., 2006



EM thickness sounding

Primary magnetic field
------------- = Secondary magnetic field

Laser altimeter

Transmitter coil Receiver coil




Ground EM and Magnaprobe

* |ce and Snow thickness!
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EM31 and Magnaprobe
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BW=bandwidth

Ultra-wide band FMCW radar &7 p

* Frequency-modulated,
continuous wave radar
(FMCW)

* Detects reflections from top
and bottom of snow

* Suffers from data processing
(Fourier methods) artefacts
(e.g. sidelobes)
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Different in-situ and airborne methods

Laser altimeter Penetrating radar

Radar altimeter

o | |1
Electromagnetic
induction
................................................................ Snow
A
Snow thickness i Snow | H 7;2 ieboar d
N | — freehoard
_Freeboard | V I | N R o Water
A level
Sea-ice .
draft Seaice
Sea-ice l
thickness
Y  J \ J A J

Y

Upward-looking sonar

Haas, 2017



Scales and uncertainties (e.g. ice

thickness)

Uncertainty

A

Submarine ULS

Moored ULS
Buoys/IMBs

I <hourly

monthly

yearly

I >yearly

>

Spatial coverage / representativeness (log)



Sea Ice Thickness CDR

Submarines Moorings, Airborne and Coastal Number of Observations
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B U Oys "'A) Arctic B) Antarctic
* Drift (& Deformatlon?)
* Ice growth and e Lot
temperature MRy Mg ) AR
* SNOW A2 &2 e e
e Arctic and Antarctic Tl QALY
Buoy Programs IABP, B Uy
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e Data transmitted to
GTS
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CRREL ice mass balance buoy IMB AWI’s snow thickness buoy compared to model

SNOWPACK and 2014S12 snow thickness
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http://imb-crrel-dartmouth.org/imb.crrel http://www.meereisportal.de
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Arctic Ocean sea ice and snow
thickness variability and change
observed by in-situ measurements

QAGU PUBLICATIONS

Geophysical Research Letters

RESEARCH LETTER Ice and Snow Thickness Variability and Change

10.1002/2017GL075434

in the High Arctic Ocean Observed by In
Key Points: Situ Measurements

« Snow and ice thickness and northern
exent of multyear ice were obseved  Christian Haas'2 ("), Justin Beckers®3 (), Josh King® (), Arvids Silis*, Julienne Stroeve® (),
inApril 2017 with unique in situ

measurements Jeremy Wilkinson®, Bemice Notenboom’, Axel Schweiger® (), and Stefan Hendricks" ()




® 2017
2017 2Degrees
g X 2014

CryoVEx 2017 52

/| CryoSat track
: Arctic Arc 2007

* |ce and snow thickness
measurements at 12 sites
visited by Twin Otter

 Complemented by snow
thickness data from
2Degrees ski expedition
(North Pole)

* Compared to previous
CryoVEx data and ski
expedition in 2007

 Compared to CryoSat and
climatology
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Results (Total, snow+ice thickness)
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Latitude (°N)
* Old ice zone successfully traversed into FYI in the north

* MYl up to 3.7 (mean) and 2.9 (mode) meters thick
* FY| less than 1.8 m thick (mode)
* Includes 0.3920.06 m of snow



Snow thickness variability (and change?)

84 86 88 90 88
0 8 I I 1 1 1
: [ [ ® B A 2017 Mean
P I T I IEPEE 2017 Linear fits
é 06— 1| | I I I ® - 2007 Mean and lin. fit|.
? ' | —— —— W99 Climatology
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 Large site-to-site variability

 Over MYI: 1 cm agreement with Warren 99 climatology
(0.39+0.06 m)

* Thinner snow in 2007



Ice thickness variability and change

® A 2017 Mean
----- Linear fit
O A 2017 Mode
{) 2014 Mode
O 2011 Mode
O 2004 Mode
—— |ITRP 2000-2012
= |TRP 2017
-8= CS-2, AWI
CS-2, UCL

Total ice thickness (m)

Ice bridge |SZ
1 I i I | |
83 84 85 86 87 88

| FYl zone

Latitude (°N)

 Modal thickness similar to 2011, 2014;
0.75 m less than in 2004
* Northward gradient similar to Lindsay&Schweiger ITRP
* Good agreement with trend corrected ITPR (-0.58 m/decade)
* Reasonable agreement with gridded NRT CryoSat products



Airborne and satellite freeboard

comparison
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Airborne sea ice observatory
> 200 ft

« AEM, laser
scanner, and snow i
radar all on one -aSErSCannCTi
Snow Radar =
platform s
e Systematic, long- =
range surveys in = EM-Bird
key regions of the - /1
. Topography = y
Arctic _—SnowDepth === 1
lce + Snow

|
Thickness

S. Hendricks, AWI



Light and biomass

ROV and buoy
measurements of
spectral light
transmittance;

* Sampling of
biomass and
primary
productivity

Incoming

Irradiance
L-arm operation

. computer Melt

Incoming
Irradiance

Ice Cores,

Under-ice i Under-ice
Sea Water Irradiance irh Radiance

‘| Under-ice Irradiance !
T { ROV
L-Arm Deployment i
Spatial Coverage: 1-2 m ROV Deployment

Spatial Coverage: 10 - 500 m

p ' " Scanning sonar
% e 4! Micron (Tritech)
USBL position |
Micronav (Tritech) 4
i
(=

Ramses ARC-VIS (320-950 nm, Trios)

| s Y
Multibeam sonar for - Irradiance
DT101 (Imagenex) Ramses ACC-VIS (320-950 nm, Trios) 3

Tiger Shark (Imenco)

pH . 2 > Altimeter
18 PH (Seabird) j PAS00 (Tritech) \|

HD zoom camera

igation camera

OtBowtech)

Nitrate

SUNA (Satlantic)

Attenuation -«

Viper (360-750 nm, Trios)

CTD

GP-CTD (Seabird)

Lights Fluorometer

g)goy(?ei? @ LED-K-3200 (Bowtech) Eco Triplet (Wetlabs)

M. Nicolaus, C. Katlein, B. Lange



& Multidisciplinary drifting Observatary.
“for the Study of Arctic Climate

- SCIENCE PLAN ‘N

S oA

Drift Expedition

k- ..
x o

A major international research initiative under IASC e

I Nov
| Oct 5=

to improve the representation of Arctic processes in &S
climate & ecosystem models vay S8
2019 - 2020

March 2016

Central Observatory

» Ship based

» Sea ice stations

» Process scale
observations

<5km

Distributed Network

» Sea ice stations visited by helicopter
+ UAV, gliders

* Process & regional model
» Model grid cell <50 km

Large-scale linkages

« Collaborating research vessels (Academic
Tryoshnikav, Xue Long, Oden...)

» Aircraft (Polar 5,6)

= Arctic buoys, satellites

- Data assimilation studies

> Arctic regional & global models > 1000 km




e Autonomous drifting buoys
L

* Key issues are f .
* Regional and temporal scope
, . Intercomparabﬂ|ty/Representat|veness
_ ¢ Real- tlrne avallabmty °




