*
ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

4000110477/14/NL/FF/If Technical Support for the 2014 SMOSice Campaign in SE Svalbard

SIVO[s20E 8 Final Report

Alfred-Wegener-Institut

Stefan Hendricks
Daniel Steinhage
Veit Helm

Gerit Birnbaum

DTU Space

Niels Skou
Steen Savstrup Kristensen
Sten Schmidl Sgbjeerg

Norwegian Polar Institute

Sebastian Gerland
Gunnar Spreen
Marius Bratrein
Jennifer King

Universitat Hamburg
Lars Kaleschke

ﬁ HELMHOLTZ

| ASSOCIATION



Project: Technical Support for the 2014 SMOSice Campaign in SE Svalbard
ESA Contract Number: 4000110477/14/NL/FF/If

Final Report, 2015

Authors
S. Hendricks?, D. Steinhage?, V. Helm?!, G. Birnbaum?, N. Skou?, S. S. Kristensen?,
S. S. Sgbjeerg?, S. Gerland®, G. Spreen®, M. Bratrein®, J. King?, L Kaleschke*

1 Alfred Wegener Institute, Bremerhaven, Germany
2 Technical University of Denmark, Danish National Space Center, Copenhagen, Denmark
3 Norwegian Polar Institute, Tromsoe, Norway

4 Universitat Hamburg, Hamburg, Germany

Contact

Stefan Hendricks

Alfred Wegener Institute fur Polar und Meeresforschung
Bussestr. 24, 27570 Bremerhaven

Germany

+49 471 4831 1874

Stefan.Hendricks@awi.de



mailto:Stefan.Hendricks@awi.de

DISTRIBUTION LIST

Name Organization Issue Date
Téania Casal ESA

Stefan Hendricks AWI

Lars Kaleschke Universitdt Hamburg

Gunnar Spreen NPI

Sebastian Gerland NPI

Niels Skou DTU-Space

Steen Savstrup Kristensen DTU-Space

Jan Balling DTU-Space

Sten Schmidl Sgbjeerg DTU-Space

DOCUMENT CONTROL DATA

Issue Revision  Date Description

1 0 2015/05/18 Submitted version



Table of Contents

N B

)10 T0 (8 [d1T0] o 6
CaMPAIGN OVEIVIEW ...t e e e e ettt e s e e e e e e e e ettt a s e e eaeeeeattt e s aeaaeeesssasnaaaaaeaaeeennnes 8
2.1 Polar-5 INStrUMENTALION ......uuiiiiiiiie e e e e e e et e e e e e st e e e e ebaneaeens 13
EMIRAD ..ottt ettt ettt e e et e e e et e e et e e e e e a e e e et e et e r e e arr s 13
YT o Lol g Lo = 1Yo £ Tor= 1 oL = PO 14
] gT0 1 A == (o £ SRR 14
Radiation and Surface teMPEratUre...........ooeuuiiiiiii e 14
Aerial Photography........coouiiiiiii e e 15
2.2 Helicopter EM-Bird .........ooooiiiiiiii 15
Data ProCESSING STEPS ...ciiiiiiiiiiiiiiiiii ittt 16
TR R V11 72N I 16
Calibration theory and ProCEAUIE ..............uuuuuimuiiiiiiii bbb neeeennee 16
INtErNal CaliDratioN .......iee et aaas 19
External calibration, MiCroWwave CabBIES..........ooui et aens 21
External calibration, antenna SYSIEM .........ooeuiiiiiii i 22
Attitude parameter determination and COITECHIONS ...........ceeeiieeiiiiviiiiicie e, 24
Statistical RFI analysis and mMitigation ...................ueueemiiimmiiiiiiii e 25
D= = W] 0] (=T | 2= 4 [o ] o B PP P PP PP PPPPPPPPPPPP 28
Mitigation of special on-board CW type RF ... 28
Data validation using internal ACL and WiNg WaQS .......cccvvvriiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeee 31
Liquid Nitrogen calibrations .............coiiiiiiiiiiice e 32
Presentation of delivered data St .........ooovveiiiiiiiii e 32
3.2 AIrDOIMNE LASEr SCANNEN ....cvieiei ettt e e e e et e e e 37
Instrument MOUNLING POSITION ....eevuieiii e e e e e e e e e e e eees 37
Ellipsoidal surface Neight............oouuniiiiii e 38
Sea Surface Height Classification ............ccooiiiiiiiiiiici e 38
Tyl o (=TT o0 F= 1 (o [ 40
TR T o To VLV = = o - | G 43
RUNWAY CaliDIration ......uueeiee e e e e et e e e e e e e e aeeana e eeees 43
SEA ICE EXAMPIE .ot e e a e e e e e aaaane 45
3.4 AITDOME EM ..o 46
3.5 Auxiliary AIrCraft SENSOIS ....ccccuiiiieieis e e e e e eaaaa 50
QIR S U g = (ot (=T g g o L] = 1L = 50
R Lo [ (o] g IS 1= FoY0] £ T 50
Aerial PROtOGrapiy ......coooiiiii e 50



4 Preliminary RESUILS ........o i e e e e e 51
4.1  ALS and SMOS thiCKNESS .....iieeeeieeiiiiiis ettt s s e e e e e e et ea s e e e aeeeeeane 51
4.2  ALS and EMIRAD thiCKNESS.......ccoieiiiiii e e e e eaaees 53
4.3 EMIRAD and SMOS brightness temperaturesS...........ccevvvvvuriiieiiieeeeeeeiiiiieas e e eeeeennnns 56

T U | 01 10T o PSSP 57

6 ACKNOWIEUGEIMENTS ...ttt 57

A =1 =1 1= o o = RPN 58

T B T = W [ 01 VZ=T 1 (o ] Y/ SRS 60
o TN R B 7 1 = U] 11 [ L] = PSPPI 60
8.2  EMIRAD ... 60

D= = 0] 1 - 61
o TR T - LT g Tox= T o L= PP UPPPPTRSPPPIN 62
SWALN FIlES.. o e e e e e aaaaaaane 62
Y0111V (=P 63
RESAMPIEA TALA .......ceiiiiiiiiiiiiiiiii e 63
8.4 KT A 64
S TR T = - Vo 10 4 =1 (= PN 64
8.6  EM-BIrQ....cccoiiiiiiiieee 65
T A = o= I N F- Vo [T [ g = To T 65

9 EMIRAD Instrument validation flights ... 66
9.1 Instrument validation flight, Svalbard...............ccooiiiiii i, 66
S I \\F-\V T = i [0 g [ o = - LRSS 68

10 ALS Freeboard Profil@S ... 69

L1 FlE INVENTOIY ...ttt 80
11.1 Flight ID 20140323 0L ....cciiieeeee oot 80
11.2 Flight ID 20140324 01 .....ccoieeeeeiieee ettt e e et s s e e e e e e e et e e e e e e e e eeeenennnns 81
11.3 Flight ID 20140326 0L ....cccieeeeeeeeeeeeeeeee et 82
11.4 Flight ID 20140326 02.....cccccieee e 83



1 Introduction

The ESA SMOSice study (Contract number: 4000101476/10/NL/CT) has demonstrated for
the first time the potential to retrieve sea ice thickness from SMOS data. It was therefore the
aim of the 2014 SMOSice campaign to improve the SMOS sea-ice thickness retrieval
algorithm by assembling a comprehensive data set of high resolution L-Band radiometer
data, auxiliary sea ice conditions and sea-ice thickness validation data. The surveys were
centered on newly formed thin sea ice regimes in the Barents Sea south-east of the Svalbard
in spring 2014.

The objectives for the analysis of the campaign data are the assessment of biases and
uncertainties of the low resolution L-Band brightness temperatures of SMOS with high
resolution information and the validation and optimization of sea-ice thickness retrieval
algorithms with coincident direct measurements of sea-ice thickness. It was therefore the
goal of the SMOSice 2014 field campaign to collect the following datasets:

1. High resolution, polarized L-Band brightness temperatures at different incident angles
to assess spatial variability

2. Estimations of snow-depth to estimate the effect of the snow layer on brightness
temperatures

3. Independent sea-ice thickness measurements for the validation of retrieval
algorithms.

4. Auxiliary datasets as input for retrieval algorithms and characterization of surface
properties (surface temperature, longwave and shortwave radiative fluxes and
freeboard/surface roughness)

To obtain coincident datasets of these parameters, two sensor platforms were used. The
pol ar r esear c4 0a iofAlfreddMedenerfstituteaoperated from the airport in
Longyearbyen, Spitsbergen and a helicopter surveyed the sea ice from the Norwegian
research vessel Lance. The voyage of RV Lance was funded and organized by the
University of Hamburg in the framework of the German Ice Route Optimization Project (IRO-
2), led by the Hamburg Ship Model Basin (HSVA) and funded by the German Federal
Ministry for Economic Affairs and Energy (BMWi).

The combination and coordination of the two sensor platforms at different flight levels
allowed the acquisition of a unique datasets consisting of coincident measurements of all
relevant parameters for thin-ice thickness retrieval with SMOS. Polar-5 was equipped with
EMIRAD-2, an airborne L-Band radiometer from DTU-Space, a radar system dedicated for
snow depth estimation, a linear-swath type laser scanner, infrared pyrometer to estimate sea
ice surface temperatures and radiation sensors. The helicopter towed an EM-Bird, operated
by personnel of the Norwegian Polar Institute (NPI), to measure the sum of ice and snow
thickness.



The data qualities of the collected datasets were checked and with the exception of the
radar, geophysical data products were generated from all sensors as described in this report.
The preliminary analysis of the campaign data allowed the analysis of the skill of L-Band sea-
ice thickness retrieval by investigating

1 the variability of sea-ice thickness at high resolution with collocated aircraft EMIRAD
radiometer data and sea-ice thickness estimated from laser scanner freeboard

1 the regional distribution at 100 km scale by using SMOS radiometer data and sea-ice
thickness data from the EM-Bird

1 potential biases between EMIRAD-2 and SMOS radiometer data

The purpose of this document is therefore description of the data processing steps that have
led to the preliminary data analysis and the listing of the final data products that have been
generated from the SMOSice 2014 campaign data. The documented is built on the Data
Acquisition Report, but gives redundant information where necessary for the benefit of the
reader.

The content of the document is therefore structured in the following parts:
1. Brief overview of the field campaign
2. Description of instrumentation
3. Data processing and validation
4. Preliminary Analysis of EMIRAD, SMOS and ALS data
5. Technical data description of final products
6. Summary

The appendix contains over a listing of the files of the final data delivery as well as overview
maps of the ALS freeboard data.



2 Campaign Overview

Figure 1: Left: Polar-5 research aircraft at the airport in Longyearbyen, Spitsbergen, Right: RV Lance with
Survey Helicopter

The following tables and figures give a short overview of the
1 sensor inventory of the research platforms (Table 1, Paragraphs 2.1 and 2.2)
1 the timeline of the surveys and their naming conventions (Table 2)
1 the location of the surveys (Figure 2 - Figure 6)

For a full description please refer to the data acquisition report (Hendricks et al., 2014)

Table 1: Overview of observables during the 2014 SMOSice field campaign

Platform Sensor Observable

Polar-5 EMIRAD-2 L-Band brightness temperatures
9 horizontal and vertical polarizations
1 Nadir and higher incidence angles

Lance Helicopter Airborne EM (EM-Bird) Sea-Ice Thickness
Polar-5 Airborne Laserscanner Freeboard, Surface Roughness
Polar-5 Airborne Snow Radar Snow Depth
(experimental, no geophysical product)
Polar-5 KT19 Surface Temperature
Polar-5 Pyrgeometer/Pyranometer Up/Downwelling longwave/shortwave radiation
Polar-5 Photo Camera Visual impression of sea-ice conditions
Lance Ship EM Sea-lce Thickness (data courtesy of IRO-2

project, L. Kaleschke)




Table 2: Activities of 2014 SMOSice field campaign

Date Activity Flight Objective Flight ID

17.03.2014 Start of RV Lance cruise

19.03.2014 Helicopter Science Flight Science Flight 20149319 _f1

20.03.2014 Helicopter Science Flight Science Flight 20149320 _f2
Helicopter Science Flight Science Flight 20149320_f3

21.03.2014 LYR Team Arrival

22.03.2014 Polar-5 Integration
Helicopter Science Flight Science Flight 20140322 _f4
Helicopter Science Flight Science Flight 20140322_f5

23.03.2014 Polar-5 Science Flight Instrument verification 20140323_01
Helicopter Science Flight Science Flight 20140323_f6

24.03.2014 Polar-5 Science Flight Polar-57 Helicopter 20140324 _01
Helicopter Science Flight Helicopter i Polar-5 20140324_f7

25.03.2014 Weather Day

26.03.2014 Polar-5 Science Flight Polar-51 Helicopter 20140326_01
Helicopter Science Flight Helicopter i Polar-5 20140326_f8
Polar-5 Science Flight CryoSat-2 Track 20140326_02

27.03.2014 Weather Day

28.03.2014 LYR Team Departure

29.03.2014 End of RV Lance Cruise
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Figure 2: Waypoints and flight track of survey 20140323_01

SMOSice2014 - 2014/03/24 - Science Mission - Lance Helicopter #1
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Figure 3: Waypoints and flight track of survey 20140324_01
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Figure 4: Waypoints and flight track of survey 20140326_01

SMOSice2014 - 2014/03/26 - Science Mission - CryoSat-2 #1
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Figure 5: Waypoints and flight track of survey 20140326_02
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Figure 6: Overview of all helicopter AEM sea-ice thickness surveys
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