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[bookmark: _Toc380760572]INTRODUCTION
[bookmark: _Toc380760573]Scope
This document provides an overall summary of airborne and ground campaign activities occurring in the Arctic during spring and summer 2014. These activities provide direct support to the ESA CryoSat‑2 and SMOS missions and the NASA IceBridge suborbital mission. The document summarises the context for the campaigns, the schedule of activities at satellite, airborne and ground level, provides details on campaign participants and includes information on the design of field experiments.
[bookmark: _Toc380760574]Reference Documents
[bookmark: _Ref183493243][R1]	CryoSat Mission Requirements Document, CS-RS-UCL-SY-0001, Issue 1, 21 September 1999, Centre for Polar Observation & Modelling, Department of Space & Climate Physics, University College London, UK
[bookmark: _Ref183493389][R2]	CryoSat Mission and Data Description, CS-RP-ESA-SY-0059, Issue 3, 2 Jan 2007, ESTEC, The Netherlands
[bookmark: _Ref183493403][bookmark: _Ref185152618][R3]	CryoSat Calibration and Validation Concept (CCVC), CS-PL-UCL-SY-0004, Issue 1, 14 November 2001, Centre for Polar Observation & Modelling, Department of Space & Climate Physics, University College London, UK
[bookmark: _Toc380760575]Acronyms and Abbreviations
	ALS
	Airborne Laser Scanner (AWI)

	AO
	Announcement of Opportunity

	ASIRAS
	Airborne Synthetic Aperture and Interferometric Radar Altimeter System

	ATM
	Airborne Topographic Mapper (NASA)

	AVHRR
	Advanced Very High Resolution Radiometer (NOAA)

	AWI
	Alfred Wegner Institute

	AWS
	Automatic Weather Station

	CCVC
	CryoSat Calibration and Validation Concept

	CIP
	Campaign Implementation Plan

	CNES
	Centre National d'Études Spatiales

	CR
	Corner Reflector

	CReSIS
	Center for Remote Sensing of Ice Sheets

	CUT
	CryoSat User Tool

	CVRT
	Calibration, Validation and Retrieval Team

	DTU
	Danmarks Tekniske Universitet (Danish Technical University)

	EM
	Electromagnetic

	EOLi-SA
	Earth Observation Link – Stand-alone

	EOPI
	Earth Observation Principal Investigator

	ESA
	European Space Agency

	ESRIN
	ESA Centre for Earth Observation (ESA)

	ESTEC
	European Space Research and Technology Centre (ESA)

	FBR
	Full Bit Rate

	FDM
	Fast Delivery Ocean product (SIRAL)

	FMCW
	Frequency Modulated Continuous-wave radar

	FOS
	Flight Operations Segment

	FYI
	First-year Ice

	GDR
	Geophysical Data Record

	GPR
	Ground Penetrating Radar

	GPS / DGPS
	Global Positioning System / Differential Global Positioning System

	HAM
	High Altitude Mode (ASIRAS)

	ICESat
	Ice, Cloud and Land Elevation Satellite (NASA)

	INS
	Inertial Navigation System

	LAM
	Low Altitude Mode (ASIRAS)

	LRM
	Low-resolution Mode (SIRAL)

	LSS
	Last Summer Surface

	LTA
	Long-term Archiving

	LVIS
	Laser Vegetation Imaging Sensor (NASA)

	MCoRDS
	Multichannel Coherent Radar Depth Sounder (CReSIS)

	MDD
	Mission and Data Description

	MODIS
	Moderate Resolution Imaging Spectroradiometer (NASA)

	MURM
	Mission and User Requirements Management

	MYI
	Multi-year Ice

	NASA
	National Aeronautics and Space Administration

	NOAA
	National Oceanic and Atmospheric Administration

	NPI
	Norwegian Polar Institute

	NRT
	Near-real time

	PDS / PDGS
	Payload Data Segment / Payload Data Ground Segment

	PI
	Principal Investigator

	RSAC
	Remote Sensing Applications Consultants Ltd

	SARIn
	SAR-Interferometric Mode (SIRAL)

	SIRAL
	Synthetic Aperture Interferometric Radar Altimeter (CryoSat-2)

	VHB
	Very High Bandwidth



[bookmark: _Toc380760576]BACKGROUND
[bookmark: _Toc380760577]Context
The Earth Explorer satellites of the European Space Agency’s (ESA) Living Planet Programme are missions focussed on specific Earth system issues and are selected through open, scientific competition.
CryoSat‑2 is an ESA Earth Explorer satellite that provides measurements of ice thickness fluctuations in the Earth’s land and marine ice fields to the wider scientific and applications community. The measurements are of particular importance for the testing and verification of mesoscale and regional numerical models that include cryospheric components, and for improving the understanding of present changes in global sea level. The wider community requires measurements that need no further processing for their application and which are supported by estimates of their uncertainty.
ESA has supported extensive pre-launch validation campaigns by providing simultaneous overflights of surface experiments performed by CVRT members in Greenland, Canada, Svalbard and the Arctic Ocean in 2003, 2005, 2006, 2007 and 2008. These experiments were coordinated by the CVRT to ensure optimal use of the aircraft and maximise the value of data. ESA is coordinating further campaigns aimed at the validation and calibration of CryoSat‑2 data products. A large programme was carried out in 2011 and 2012 and will be continued in 2014. Collectively, these activities are known as CryoVEx (CryoSat-2 Validation Experiment).
Launched on 2 November 2009, SMOS is the second Earth Explorer Opportunity mission to be developed as part of ESA's Living Planet Programme. As well as demonstrating the use of the new radiometer, the data acquired from this mission will contribute to furthering our knowledge of the Earth's water cycle. The data acquired from the SMOS mission will lead to better weather and extreme-event forecasting, and contribute to seasonal-climate forecasting. As a secondary objective, SMOS will also provide observations over regions of snow and ice, contributing to studies of the cryosphere.
A novel instrument was developed that is capable of observing both soil moisture and ocean salinity by capturing images of emitted microwave radiation around the frequency of 1.4GHz (L-band). SMOS carries the first ever polar-orbiting, space-borne, 2-D interferometric radiometer.
The SMOS science objectives are to:
globally monitor surface soil moisture over land surfaces;
globally monitor surface salinity over the oceans; and
improve the characterisation of ice and snow covered surfaces.
Operation IceBridge is a six-year NASA mission to help scientists bridge the gap in polar observations between NASA's Ice, Cloud and Land Elevation Satellite (ICESat) - in orbit since 2003 but inoperative since 2009 - and ICESat-2, planned for launch in 2016. It will yield a yearly, multi-instrument, three-dimensional view of the rapidly changing Arctic and Antarctic ice sheets, ice shelves and sea ice to secure a continuous, cross-calibrated series of observations between these two satellite missions.
ESA and NASA are collaborating to ensure that the activities of IceBridge and CryoVEx are coordinated to maximise synergies and scientific and technical returns.
[bookmark: _Toc380760578]OBJECTIVES
[bookmark: _Toc380760579]CryoVEx
A full description of the CryoSat-2 mission objectives is provided in the CryoSat Mission Requirements document [R1]. The scientific requirements demand that CryoSat-2 measures variations in the thickness of perennial sea and land ice fields to the limit allowed by natural variability (see Table 3.1). The measurements provided by CryoSat-2 will have associated with them a level of measurement uncertainty. This uncertainty arises from:
imperfections in the measurement system, leading to errors in the level 1b data (note that the data processing levels for CryoSat-2 are described in the CryoSat Mission and Data Description document [R2]);
imperfections in, or lack of knowledge of the geophysical assumptions used to transform the level 1b data to level 2 and higher.
The first of these sources of uncertainty is the subject of calibration, while the second is the subject of validation.
	Requirement
	Sea Ice
105 km2
	Ice Sheets
104 km2
	Ice Sheets
1.4×107 km2

	Minimum Latitude
	50°
	72°
	63°

	System Measurement Accuracy
	1.6 cm/yr
	3.3 cm/yr
	0.7 cm/yr

	Performance
	1.2 cm/yr
	2.7 cm/yr
	3.3 cm/yr
	0.12 cm/yr

	Mode
	SAR
	LRM
	SARIn
	SARIn/LRM


[bookmark: _Ref186015081][bookmark: _Toc380760686]Table 3.1 CryoSat-2 mission requirements
A comprehensive evaluation of the contributions to these uncertainties and the potential methods available to estimate them is given in the CCVC document [R3]. It is shown that to verify the mission requirements it is necessary to determine the covariance of the level 1b and level 2 errors, and that this places considerable demands on the nature and quantity of the independent measurements used to verify the uncertainties. The document [R3] is effectively the source of requirements for calibration and validation, as well as a summary of means available to satisfy these requirements.
The overall objective of all CryoSat-2 validation activities is thus to assess and quantify uncertainty in the CryoSat-2 measurements of sea ice thickness and land ice thickness change. The principal means for carrying out this program will be through dedicated, independent, ground-based and airborne campaigns along with detailed investigations of retrieval methods applied to the satellite measurements.
In Table 3.2 the validation requirements are listed as a function of the source of error in the CryoSat-2 products. The requirements for land and sea ice validation are subdivided and a reference to the appropriate chapter in the CCVC is given for each source. In terms of the planning of validation campaigns, the requirements listed in Table 3.2 have a number of important implications, which need to be addressed in the validation plan.


	Error Source
	CCVC Chapter
	Required measurements for validation

	Land Ice
	
	

	1)
	Snowfall fluctuation
	3.2
	Ice core observations

	
	
	
	Reappraisal of existing accumulation records

	
	
	
	Shallow firn radar measurements

	
	
	
	Improved ablation modelling

	2)
	Near surface density
	3.3
	Improved modelling using in situ forcings

	
	
	
	Densification time-series

	3)
	Retrieval error – time‑varying penetration
	3.4.2 3.4.3
	Comparison with airborne or ICESat laser measurements

	
	
	
	Detailed investigation of time-variant 13.8Ghz volume scattering using airborne laser/radar systems

	
	
	
	In situ transponder measurements

	4)
	Retrieval error – atmospheric refraction error
	3.4.2
	Model investigations of expected contribution

	Sea Ice
	
	

	5)
	Snow loading
	4.2
	In situ measurements

	
	
	
	Reappraisal of existing snow depth records

	
	
	
	Very narrow beam firn radar measurements

	6)
	Ice Density
	4.3
	Helicopter electromagnetic thickness and freeboard measurements

	
	
	
	Sea ice coring

	7)
	Preferential sampling
	4.1 
4.5
	Coincident laser altimetry and imagery

	
	
	
	Coincident CryoSat-2 measurements and imagery

	8)
	Freeboard error – geometric & penetration errors
	4.4.2 4.4.3
	Comparison with airborne or ICESat laser measurements

	
	
	
	Detailed investigation of time-variant 13.8Ghz volume scattering using airborne laser/radar systems

	9)
	Freeboard error – 
ocean tide error
	4.4.1 4.4.2
	Direct measurement from CryoSat-2 satellite data

	10)
	Freeboard error – 
ocean geoid error
	4.4.1 4.4.2
	Comparison with CHAMP and GRACE satellite measurements

	
	
	
	Comparison with ground survey

	11)
	Freeboard error – 
ocean variability error
	4.4.1 4.4.2
	Direct measurement from CryoSat-2 satellite data

	12)
	Freeboard error – atmospheric refraction error
	4.4.1 4.4.2
	Model investigations of expected contribution


[bookmark: _Ref183493447][bookmark: _Toc380760687] Table 3.2 CryoSat-2 validation requirements with related chapters in CCVC document
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[bookmark: _Toc380760622]Figure 3.1 Graphical representation of sources of error
key sources highlighted in blue
[bookmark: _Toc380760580]Operation IceBridge
Operation IceBridge is using instrumented aircraft to bridge the observational gap between ICESat and ICESat-2, thus providing a 17-year time series of ice sheet and sea ice elevation data together with CryoSat-2. In addition to laser altimetry, IceBridge is flying a comprehensive and sophisticated suite of instruments to yield a three-dimensional view of the Arctic and Antarctic ice sheets, ice shelves, and sea ice.
The objectives for exploitation of these observations are:
to measure and understand current changes in ice thickness;
to incorporate them into predictive models of changing ice cover;
to improve and enhance the ICESat data set, the developing CryoSat-2 data set and the planned ICESat-2 data set.
[bookmark: _Toc380760581]SMOS Ice
To be completed...
[bookmark: _Toc380760582]Overview
[bookmark: _Toc380760583]List of Participants
	Name
	Affiliation
	Site
	Role
	Campaign

	Bublitz, Anne
	YorkU
	
	C-JKB
	CryoVEx

	Casey, Alec
	YorkU
	
	C-JKB
	CryoVEx

	Forsberg, Rene
	DTU Space
	
	TF-POF
	CryoVEx

	Hvidegaard, Sine Munk
	DTU Space
	
	TF-POF
	CryoVEx

	Nielsen, Emil 
	DTU Space
	
	TF-POF
	CryoVEx

	Sørensen, Louise Sandberg
	DTU Space
	
	TF-POF
	CryoVEx

	Simonsen, Sebastian
	DTU Space
	
	TF-POF
	CryoVEx

	Lentz, Harald
	RST
	
	ASIRAS
	CryoVEx

	Richter-Menge, Jacqueline
	CRREL
	Beaufort Sea
	Sea Ice
	CryoVEx

	Elder, Bruce
	CRREL
	Beaufort Sea
	Sea Ice
	CryoVEx

	Heimstra, Chris
	CRREL
	Beaufort Sea
	Sea Ice
	CryoVEx

	Haas, Christian
	YorkU
	Lincoln Sea
	Sea Ice
	CryoVEx

	Beckers, Justin
	UAlberta
	Lincoln Sea
	Sea Ice
	CryoVEx

	Shilland, Ewen
	UCL
	Lincoln Sea
	Sea Ice
	CryoVEx

	Armitage, Tom
	UCL
	Lincoln Sea
	Sea Ice
	CryoVEx

	Tilling, Rachel
	UCL
	Lincoln Sea
	Sea Ice
	CryoVEx

	Cornelissen, Marc
	Cold Facts
	Lincoln Sea
	Logistics
	CryoVEx

	Nyquist, Petter
	PN Productions
	Lincoln Sea
	Logistics
	CryoVEx

	Hagen, Jon Ove
	Uoslo
	Austfonna, Svalbard
	Land Ice
	CryoVEx

	Langley, Kirsty
	Uoslo
	Austfonna, Svalbard
	Land Ice
	CryoVEx

	Uoslo3
	Uoslo
	Austfonna, Svalbard
	Land Ice
	CryoVEx

	Burgess, David
	GSC
	Devon Island
	Land Ice
	CryoVEx

	Demuth, Michael
	GSC
	Devon Island
	
	CryoVEx

	Sharp, Martin
	Ualberta
	Devon Island
	Land Ice
	CryoVEx

	Morris, Liz
	SPRI
	EGIG Line
	
	CryoVEx

	de la Peña, Santiago
	Uedinburgh
	EGIG Line
	
	CryoVEx

	Nienow, Pete
	Uedinburgh
	EGIG Line
	
	CryoVEx

	Haapala, Jari
	FMI
	Fram Strait/Svalbard
	
	CryoVEx

	Rinne, Eero
	FMI
	Fram Strait/Svalbard
	Sea Ice
	CryoVEx

	Gerland, Sebastian
	NPI
	Fram Strait/Svalbard
	Sea Ice
	CryoVEx

	Wagner, Thomas
	NASA
	
	
	IceBridge

	Jezek, Ken
	OSU
	
	
	IceBridge

	Zhen, Yang
	JPL
	
	NASA G-III
	IceBridge

	McGrath, John
	NASA DFRC
	
	NASA G-III
	IceBridge

	Moes, Tim
	NASA DFRC
	
	NASA G-III
	IceBridge

	Beckley, Matt
	NASA
	
	NASA HU-25C
	IceBridge

	Wusk, Mike
	NASA
	
	NASA HU-25C
	IceBridge

	Hofton, Michelle
	UMD
	
	NASA HU-25C
	IceBridge

	Martin, Seelye
	Uwashington
	
	NASA HU-25C
	IceBridge

	Hansen, Christy
	NASA
	
	NASA P-3B
	IceBridge

	McKee, Rick
	NASA
	
	NASA P-3B
	IceBridge

	Sonntag, John
	NASA
	
	NASA P-3B
	IceBridge

	Studinger, Michael
	NASA
	
	NASA P-3B
	IceBridge

	Hensley, Scott
	JPL
	
	UAVSAR
	IceBridge

	Lou, Yunling
	JPL
	
	UAVSAR
	IceBridge

	Howell, Stephen
	Ecanada
	
	
	Nansen Sound

	Derksen, Chris
	Ecanada
	
	
	Nansen Sound

	Gourmelen, Noel
	Uedinburgh
	
	Land Ice
	Petermann Glacier

	Hogg, Anna
	Uleeds
	
	Land Ice
	Petermann Glacier

	Shepherd, Andrew
	Uleeds
	
	Land Ice
	Petermann Glacier

	Spreen, Gunnar
	NPI
	
	
	SMOS Ice

	Kaleschke, Lars
	Uhamburg
	
	
	SMOS Ice

	Savstrup Kristensen,Steen
	DTU Space
	
	EMIRAD-2
	SMOS Ice

	Finkenzeller, Heinz
	AWI
	
	Polar-5
	SMOS Ice

	Hendricks, Stefan
	AWI
	
	Polar-5
	SMOS Ice

	Steinage, Daniel
	AWI
	
	Polar-5
	SMOS Ice


[bookmark: _Toc380760584]

Summary of campaigns, sites and Pis
	Campaign
	Site
	PI

	CryoVEx
	Beaufort Sea
	Richter-Menge

	CryoVEx
	Lincoln Sea
	Haas

	CryoVEx
	Fram Strait/Svalbard
	Gerland

	CryoVEx
	Austfonna, Svalbard
	Hagen

	CryoVEx
	Devon Island
	Sharp/Burgess

	CryoVEx
	EGIG Line, Greenland
	Morris/Nienow

	Operation IceBridge
	
	Studinger

	SMOS Ice
	Beaufort Sea
	Haas

	SMOS Ice
	Barents Sea
	Steinhagen

	CryoVEx/OIB
	Eureka Sound
	Howell

	CryoTop
	Petermann Glacier
	Shepherd

	GeoSAR
	Penny Strait
	Haas


[bookmark: _Toc380760688]Table 4.1 Summary of campaigns, sites and Pis


[bookmark: _Toc380760585]Location of the campaign activities
Figure 4.1 shows the approximate locations of the PI-led activities described in the rest of this document. Where activities extend over a very large area, a general, central point is indicated.
[image: ]
[bookmark: _Ref185234964][bookmark: _Toc380760623]Figure 4.1 Approximate location of campaign activities
[bookmark: _Toc380760586]Schedule
The campaign activities in 2014 are concentrated between mid-March and mid-May (see Figure 4.2). All activities, and in particular the flight schedules of the aircraft involved in the campaign, are subject to weather conditions and the plan is flexible to account for this.
	[image: ]
	[bookmark: _Ref368043657][bookmark: _Toc360637612][bookmark: _Toc380760624]Figure 4.2 Overview schedule for Arctic Campaigns 2014


[bookmark: _Toc380760587]CAMPAIGN RESOURCES
[bookmark: _Toc380760588]Aircraft
[bookmark: _Ref317695709]Airport codes
	Airport
	IATA airport code

	Akureyri, Iceland
	AEY

	Alert, Canada
	YLT

	Bremerhaven, Germany
	BRV

	Constable Pynt, Greenland
	CNP

	Danmarkshavn, Greenland
	DMH

	Eureka, Canada
	YEU

	Ilulissat, Greenland
	JAV

	Inuvik, Canada
	YEV

	Kangerlussuaq, Greenland
	SFJ

	Longyearbyen, Svalbard
	LYR

	Muskoka, Canada
	YQA

	Pond Inlet, Canada
	YIO

	Qaanaaq, Greenland
	NAQ

	Resolute Bay, Canada
	YRB

	Sachs Harbour, Canada
	YSY

	Station Nord, Greenland
	NOR (not off. IATA)

	Thule Air Base, Greenland
	THU

	Tuktoyaktuk, Canada
	YUB

	Upernavik, Greenland
	JUV


[bookmark: _Toc380760689]Table 5.1 IATA airport codes
Norlandair Twin Otter
A De Havilland Canada DHC-6-300 Twin Otter (TF-POF) with wheels and skis will be chartered from Norlandair, Iceland (which bought it from Air Greenland in 2011), by DTU Space from 17 March 2014 to 16 May 2014. The aircraft is based at Akureyri, Iceland (AEY).
The Twin Otter is suitable for a short take-off and landing site (required runway ~200m) and has a maximum range of 1,500km (6 hours’ flying) with airspeeds up to 250km/h.
The Twin Otter is adapted to fly ASIRAS, a laser scanner and APL’s D2P radar altimeter (see Figure 5.2), but can alternatively accommodate POLARIS, DTU’s P-band radar equipment. Differential GPS and inertial systems provide positioning accuracies to within 10-40cm and 0.05 degrees (depending on atmospheric conditions). A nadir-looking digital camera is also mounted on the aircraft, providing continuous images which can be correlated with other data to provide a record of the flight line.
[image: TwinOtter]
[bookmark: _Toc380760625]Figure 5.1 Norlandair Twin Otter (TF-POF)
[image: Pof_asiras_3]
[bookmark: _Ref187831457][bookmark: _Toc380760626]Figure 5.2 TF-POF instrument configuration
[image: Antenne] [image: Scanner_etc]
[bookmark: _Toc380760627]Figure 5.3 ASIRAS antenna (left) and laser scanner (right) mounted on TF-POF
The aircraft carries 5 personnel (2 pilots, a mechanic and 2 scientists).
In 2014, TF-POF will perform two tours of Greenland/Canada/Svalbard to conduct flights in coordination with CryoSat-2 overpasses and other campaign activities at all CryoVEx sites (see Table 5.2 and Figure 5.4). For this purpose, the aircraft will be configured to carry ASIRAS and a laser scanner, the same instrumentation that was flown in 2006, 2008, 2011 and 2012.
[image: ]
[bookmark: _Ref275164411][bookmark: _Toc380760628]Figure 5.4 Sites to be visited by Norlandair Twin Otter, Spring 2014
blue: 1st tour, predominantly sea ice activities (clockwise route), including long CryoSat-2 underflights in N Greenland; green: 2nd tour, predominantly land ice activities (anti-clockwise route)
The following personnel are involved in Norlandair Twin Otter operations:	Comment by Tania Gil Duarte Casal: Rene, please check if names are correct
	Name
	Institution

	Forsberg, Rene (RF)
	DTU Space 

	Hvidegaard, Sine Munk (SMH)
	DTU Space

	Nielsen, Emil (EN)
	DTU Space

	Lentz, Harald
	RST – ASIRAS contact 

	Sørensen, Louise Sandberg (SLSS)
	DTU Space

	Simonsen, Sebastian
	DTU Space


Flight team:
Iridium phone +8816 4145 2025
Rene Forsberg:
office +45 4525 9719
mobile +45 2540 2775

Sine M. Hvidegaard
office +45 4525 9772
mobile +45 2683 3431

	Date
	Airport
	Aircraft activity

	
	
	First tour (sea ice)
	

	March
	15
	AEY
	Installation

	
	16
	AEY
	Installation

	
	17
	AEY-JAV
	Test flight, transit

	
	18
	JAV-JUV-YRB
	Transit

	
	19
	YRB-YUB
	Transit/ferry

	
	20
	YUB
	Beaufort Sea flights (refuel at YSY)

	
	21
	YUB
	Beaufort Sea flights

	
	22
	YUB
	Spare

	
	23
	YUB-YRB
	Transit

	
	24
	YRB
	Standby

	
	25
	YRB-YEU-YLT
	Transit/ferry

	
	26
	YLT
	Alert flights

	
	27
	YLT
	Alert flights

	
	28
	YLT-Station Nord
	Transit/ferry, camp overflight

	
	29
	Station Nord
	Station Nord flights

	
	30
	Station Nord
	Spare

	
	31
	Station Nord-DMH
	Station Nord flights, transit/ferry

	April
	1
	DMH-CNP-AEY
	Transit

	
	2
	AEY
	Unmount

	
	
	Second tour (land ice)
	

	
	22
	AEY
	Installation

	
	23
	AEY-CNP-DMH-LYR
	Transit, including Fram Strait flights

	
	24
	LYR
	Fram Strait flights

	
	25
	LYR
	Austfonna/Fram Strait flights

	
	26
	LYR
	Austfonna/Fram Strait flights

	
	27
	LYR
	Austfonna/Fram Strait flights

	
	28
	LYR
	Austfonna/Fram Strait flights

	
	29
	LYR-Station Nord-THU
	Transit, CryoSat-2 partial underflight

	
	30
	THU
	Devon Island flights (land on skis at camp to refuel)

	May
	1
	THU
	Devon Island flights (land on skis at camp to refuel)

	
	2
	THU-JAV
	Transit, EGIG Line flights

	
	3
	
	EGIG Line flights

	
	4
	
	Spare

	
	5
	JAV-CNP-AEY
	Transit

	
	6
	AEY
	Unmount


[bookmark: _Ref275935045][bookmark: _Toc380760690]Table 5.2 Complete schedule of TF-POF charter, Spring 2014
see list of airport codes, §5.1.1 UPDATE ACCODING TO NEW TABLE
Borek Basler (C-JKB)
A Basler BT-67 (DC-3) with wheels, C-JKB, will be chartered from Kenn Borek Air Limited (KBAL, Calgary, Canada) by York University from 15 March to 2 April 2014. The aircraft has a maximum range of 2,200km (8 hours’ flying) with a cruising speed of 270km/h. It has a maximum passenger and cargo payload of >4 tons, and room for >1000 cubic feet of cargo.
C-JKB is adapted to fly the EM Bird. A nadir-looking camera will obtain continuous photography of ice conditions along the flight track.
During CryoVEx 2014, C-JKB will perform ice and snow thickness surveys in the areas of the Beaufort Sea and Lincoln Sea ice camps, when she will carry 3 personnel (2 pilots and 1 engineer), and 2 scientists. The aircraft will also be used to transport personnel and cargo between Inuvik and Alert and back to Resolute Bay or further (Table 5.4).
[image: ]
[bookmark: _Toc380760629]Figure 5.5 Basler BT-67 (DC-3)
Kenn Borek Air Limited Basler BT-67 (C-JKB) at Inuvik airport with EM bird installed for ice thickness surveying during BREA2013 (Photo: C. Haas)
	Maximum payload
	8,500lbs

	Endurance for ferry
	2,300nm

	Number of passengers
	18

	Min./max. cruising speed
	130/250 knots

	Take off/landing speed
	130 knots


[bookmark: _Toc380760691]Table 5.3 C-JKB mission performance data
	Date
	Airport
	Aircraft activity

	March
	15
	YEV
	SMOS Ice flights

	
	16
	YEV
	SMOS Ice flights

	
	17
	YEV
	SMOS Ice flights

	
	18
	YEV
	SMOS Ice flights

	
	19
	YEV-YUB
	SMOS Ice flights, transit

	
	20
	YUB
	Beaufort Sea flights (refuel at YSY)

	
	21
	YUB
	Beaufort Sea flights

	
	22
	YUB-YEV
	Spare, transit

	
	23
	YEV-YSY-YRB
	Transit/ferry

	
	24
	YRB-NAQ-Station Nord
	Transit/ferry

	
	25
	Station Nord-YLT
	Transit/ferry

	
	26
	YLT
	Alert flights

	
	27
	YLT
	Alert flights

	
	28
	YLT-Station Nord
	Transit/ferry, camp overflight

	
	29
	Station Nord
	Station Nord flights

	
	30
	Station Nord
	Spare

	
	31
	Station Nord
	Station Nord flights

	April
	1
	Station Nord
	Spare

	
	2
	Station Nord-NAQ-YRB
	Transit/ferry

	
	3
	
	

	
	4
	
	

	
	5
	
	

	
	6
	
	GeoSAR

	
	7
	
	GeoSAR


[bookmark: _Ref380660649][bookmark: _Toc380760692]Table 5.4 Complete schedule of C-JKB charter, Spring 2014
see list of airport codes, §5.1.1


The following personnel are involved in the Basler operations:
	Name
	Institution

	Haas, Christian (CH)
	York University 

	Bublitz, Anne (AB)
	York University

	Casey, Alec (AC)
	York University/University of Alberta


Flight team:
Iridium phone +8816 TBD
Christian Haas:
office +1 416 736 2100 ext 77705
mobile +1 647 713 0587
KBAL Twin Otter
A De Havilland Canada DHC-6-300 Twin Otter with skis will be chartered from Kenn Borek Air Limited (KBAL, Calgary, Canada) by York University from 25 March to 7 April 2013. The Twin Otter is suitable for short take-off and landings (STOL) on unprepared sea ice sites (required runway ~200m). It has a maximum range of 1,500km (6 hours’ flying) with airspeeds up to 250km/h.
During CryoVEx 2014, the KBAL Twin Otter will be used to establish ice camps north of Greenland, by transporting cargo and personnel to unprepared landing sites on carefully chosen ice floes (Table 5.6). Due to the aircraft’s limited payload, two flights will be required for each camp, one for camp equipment and operators, and one for scientific equipment and scientists. Overnight, the Twin Otter will return to airstrips on land while measurements are being performed at the ice camps. The KBAL Twin Otter will be chartered from Resolute Bay.
[image: ]
[bookmark: _Toc380760630]Figure 5.6 KBAL Twin Otter after a ski-landing on an ice floe during CryoVEx 2011
(Photo: C. Haas)
	Maximum payload
	3,500lbs

	Endurance for ferry
	750nm

	Number of passengers
	18

	Min./max. cruising speed
	120/160 knots

	Take off/landing speed
	100 knots


[bookmark: _Toc380760693]Table 5.5 Twin Otter mission performance data
	Date
	Airport
	Aircraft activity

	
	24
	YRB-YLT-Station Nord
	Ferry

	
	25
	Station Nord
	Camp deployment

	
	26
	Station Nord
	Camp support, corner reflector deployment

	
	27
	Station Nord
	Standby

	
	28
	Station Nord
	Camp support

	
	29
	Station Nord
	Camp support

	
	30
	Station Nord
	Spare

	
	31
	Station Nord
	Camp removal

	April
	1
	Station Nord
	Camp removal

	
	2


	Station Nord-NAQ-YRB


	Ferry




[bookmark: _Ref380661745][bookmark: _Toc380760694]Table 5.6 Complete schedule of KBAL Twin Otter charter, Spring 2014
see list of airport codes, §5.1.1
The following personnel are involved in the KBAL Twin Otter operations:
	Name
	Institution

	Haas, Christian (CH)
	York University

	Justin Beckers (JB)
	University of Alberta

	Marc Cornelissen (MC)
	Cold Facts


Flight team:
Iridium phone +8816 TBD
Christian Haas:
office +1 416 736 2100 xt 77705
mobile +1 467 713 0587
Marc Cornelissen:
office and mobile +31 65 513 8592
NASA P-3B
The Lockheed Martin P-3B aircraft (N426NA), based at Wallops Flight Facility, Virginia, USA, is ideally suited for low altitude heavy lift airborne science missions. The NASA P-3B has a long history of supporting cryosphere studies, and due to the long range of the aircraft, it is able to support ice sheet studies in both the Arctic and Antarctic polar regions from bases at more temperate latitudes.
	Flight duration
	 8hrs

	Payload
	 ≤ 16,700lbs

	Altitude
	 28,000 feet

	Airspeed
	 330 knots

	Range
	 ≤ 3,800 nautical miles


[bookmark: _Toc380760695]Table 5.7 Lockheed Martin P-3B mission performance data
From 2009 to 2016, the NASA P-3B will take part in Operation IceBridge.
[image: Description: ECF_P-3B_inflight_photos.png]
[bookmark: _Ref275178172][bookmark: _Toc380760631]Figure 5.7 CReSIS Radar Sensors on board NASA P-3B (N426NA)
The NASA P-3B generally operates in the Arctic, covering Greenland and the Arctic Ocean. In 2012 it will be active with a complete instrument suite from mid-March to late-May (weekends excluded) according to the schedule outlined in Table 5.8. A total of 300 flight hours will be available for science, divided into separate missions.
	From
	To
	Base

	12 March 2012
	4 April 2012
	Thule Air Base 
(including ~5-day relocation to Fairbanks)

	5 April 2012
	2 May 2012
	Kangerlussuaq

	3 May 2012
	25 May 2012
	Thule Air Base


[bookmark: _Ref282436658][bookmark: _Toc380760696]Table 5.8 Outline schedule of NASA P-3B (N426NA), Spring 2014
During 2014, four flights planned over sea ice near Alert, all from Thule Air Base, are of interest for coordination with CryoVEx activities in the same area. These are detailed in §7.
Operations from Thule cannot overlap with Operations Boxtop (Alert CFS resupply) or Northern Falcon (Station Nord resupply).
The following personnel are involved in NASA P-3B operations:
	Name
	Institution

	Studinger, Michael
	NASA – IceBridge Project Scientist

	Hansen, Christy 
	NASA – IceBridge Project Manager

	Martin, Seelye 
	NASA – Acting IceBridge PM

	Sonntag, John
	NASA – Instrument Team Lead


Flight team:
on-board Iridium satellite telephone (only monitored during flights) +8816 2144 9240
first dial +1 480 768 2500 (US phone number), then follow the prompts
Michael Studinger during the campaign:
michael.studinger@nasa.gov
IceBridge project mobile phone +1 240 460 7534 (only during field deployments)
John Sonntag during the campaign:
john.g.sonntag@nasa.gov
mobile +1 571 212 0972
[image: ]
[bookmark: _Ref285716448][bookmark: _Toc380760632]Figure 5.8 NASA P-3B (N426NA) draft mission plans for 2014
NASA HU-25C
The Dassault Falcon HU-25C is a modified business jet that has served as a search and rescue platform for the US Coast Guard since the 1980's. NASA is pressing it into service to provide a medium altitude, medium range platform for remote sensing instruments development and satellite support.
Payload accommodations include a nadir camera port, large side looking search window ports, side looking radar hard points, and a drop hatch.
[image: ]
	Useful Payload
	3,000lbs

	Gross Take-off Weight
	32,000lbs

	Max Altitude
	42,000 feet

	Air Speed
	430 knots

	Range
	1,900Nmi

	Power
	350 amps DC, 47 amps AC


[bookmark: _Toc380760697]Table 5.9 NASA Dassault Falcon HU-25C and its mission performance data
The NASA HU-25C will be fitted with the LVIS airborne laser altimeter for participation in the Operation IceBridge campaign. Normally based at NASA’s Langley Research Centre, the HU-25C will be active from mid-April to mid-May according to the schedule outlined in Table 5.10.
	From
	To
	Base

	20 April 2012
	1 May 2012
	Thule Air Base


[bookmark: _Ref318726417][bookmark: _Toc380760698]Table 5.10 Outline schedule of NASA HU-25C, Spring 2014
The following personnel are involved in NASA HU-25C operations:
	Name
	Institution

	Studinger, Michael
	NASA – IceBridge Project Scientist

	Wusk, Mike
	NASA – HU-25C Mission Manager

	Martin, Seelye 
	NASA – Acting IceBridge PM, HU-25C Mission Scientist

	Hofton, Michelle
	University of Maryland

	Beckley, Matt
	NASA


[image: ]
[bookmark: _Toc380760633]Figure 5.9 NASA HU-25C draft mission plans for 2014
NASA G-III
The NASA Grumman Gulfstream III (83-0502 cn 389) has been fitted with a centreline pylon to allow it to carry the UAVSAR pod. The modified G-III C-20A provides a platform to test and evaluate this new radar. As a Multi-Role Cooperative Research Platform, the heavily instrumented twin-turbofan aircraft provides long-term capability for efficient testing of subsonic flight experiments for NASA, the U.S. Air Force, other government agencies, academia, and private industry. The aircraft is operated by NASA Dryden Flight Research Center from Edwards AFB, CA.
[image: ]
	Operating altitude
	45,000 feet (max)

	Mach
	0.85M (max)

	Speed
	Mach 0.85 – top speed; Mach 0.75 – for maximum range

	Load factor
	69,700 (full fuel 8 passengers/cargo and 3 aircrew)

	Range/Duration
	3,400nm/5hr (nominal); up to 7hr (0.82M @ 37K)

	Engine
	Two Rolls-Royce Spey 511-8 turbofan engines

	Engine thrust
	11,400lb (5,170kg) each


[bookmark: _Toc380760699]Table 5.11 NASA Grumman Gulfstream III and its mission performance data
NASA Dryden's G-III is equipped with a self-contained on-board Data Collection and Processing System (DCAPS), which enables processing, distributing, displaying and archiving aircraft flight data and experimental data in real time. In addition, it features a video collection and distribution system and satellite communications systems.
See www.nasa.gov/centers/dryden/aircraft/G-III_UAVSAR/index.html for more information.
The NASA G-III will conduct flights in Iceland during the period 1-12 June 2012. A total of 7 days’ data acquisition are foreseen, with down time every 4th day. The aircraft will return to Iceland for a second deployment in winter 2013.
The following personnel are involved in NASA G-III operations:
	Name
	Institution

	McGrath, John
	NASA DFRC – G-III Project Manager

	Moes, Tim
	NASA DFRC – G-III Project Manager (Iceland deployment)

	Hensley, Scott
	JPL – UAVSAR Chief Scientist

	Lou, Yunling
	JPL – UAVSAR Project Manager

	Zhen, Yang
	JPL


Tim Moes:
office +1 661 276 3054
mobile +1 661 510 8696


Deployment of airborne resources by site
	Campaign/ Site
	TF-POF
	C-JKB
	KBAL Twin Otter
	NASA 
P3-B
	NASA 
HU-25C
	NASA 
G-III
	NPI h’copter

	
	ASIRAS
Laser scanner
	EM Bird
Radiometers
	Logistics and landings on sea ice
	CReSIS 
ATM
	LVIS
	UAVSAR
	EM Bird

	CryoVEx: Beaufort Sea
	
	
	
	
	
	
	

	CryoVEx: Lincoln Sea
	
	
	
	
	
	
	

	CryoVEx: Fram Strait/Svalbard
	
	
	
	
	
	
	

	CryoVEx: Austfonna
	
	
	
	
	
	
	

	CryoVEx: Devon Island
	
	
	
	
	
	
	

	CryoVEx: 
EGIG Line
	
	
	
	
	
	
	

	Operation IceBridge
	
	
	
	
	
	
	

	SMOS Ice: 
Barents Sea
	
	
	
	
	
	
	

	SMOS Ice:
Beaufort Sea
	
	
	
	
	
	
	

	GeoSAR
	
	
	
	
	
	
	

	Eureka Sound
	
	
	
	
	
	
	

	Petermann Glacier
	
	
	
	
	
	
	


[bookmark: _Toc380760700]Table 5.12 Deployment of airborne resources by site


Consolidated aircraft operations schedules
	Date
	TF-POF
	C-JKB
	KBAL Twin Otter
	NASA P-3B
	NASA HU-25C
	
	

	March
	12
	
	
	
	
	
	
	

	
	13
	
	
	
	
	
	
	

	
	14
	
	
	
	
	
	
	

	
	15
	Installation
	SMOS Ice
	
	
	
	
	

	
	16
	Installation
	SMOS Ice
	
	
	
	
	

	
	17
	AEY-JAV
	SMOS Ice
	
	
	
	
	

	
	18
	JAV-JUV-YRB
	SMOS Ice
	
	
	
	
	

	
	19
	YRB-YUB
	SMOS Ice, YEV-YUB
	
	
	
	
	

	
	20
	Beaufort Sea
	Beaufort Sea
	
	
	
	
	

	
	21
	Beaufort Sea
	Beaufort Sea
	
	
	
	
	

	
	22
	Spare
	YUB-YEV
	
	
	
	
	

	
	23
	YUB-YRB
	YEV-YSY-YRB
	
	
	
	
	

	
	24
	Standby
	YRB-NAQ-Station Nord
	YRB-YLT-StationNord
	
	
	
	

	
	25
	YRB-YEU-YLT
	Station Nord-YLT
	Station Nord
	
	
	
	

	
	26
	Alert
	Alert
	Station Nord
	
	
	
	

	
	27
	Alert
	Alert
	Station Nord
	
	
	
	

	
	28
	YLT-Station Nord
	YLT-Station Nord
	Station Nord
	
	
	
	

	
	29
	Station Nord
	Station Nord
	Station Nord
	
	
	
	

	
	30
	Spare
	Spare
	Station Nord
	
	
	
	

	
	31
	Station Nord-DMH
	Station Nord
	Station Nord
	
	
	
	

	April
	1
	DMH-CNP-AEY
	Spare
	Station Nord
	
	
	
	

	
	2
	Unmount
	Station Nord-NAQ-YRB
	Station Nord-NAQ-YRB
	
	
	
	

	
	3
	
	
	
	
	
	
	

	
	4
	
	
	
	
	
	
	

	
	5
	
	
	
	
	
	
	

	
	6
	
	GeoSAR
	
	
	
	
	

	
	7
	
	GeoSAR
	
	
	
	
	

	
	8
	
	
	
	
	
	
	

	
	9
	
	
	
	
	
	
	

	
	10
	
	
	
	
	
	
	

	
	11
	
	
	
	
	
	
	

	
	12
	
	
	
	
	
	
	

	
	13
	
	
	
	
	
	
	

	
	14
	
	
	
	
	
	
	

	
	15
	
	
	
	
	
	
	

	
	16
	
	
	
	
	
	
	

	
	17
	
	
	
	
	
	
	

	
	18
	
	
	
	
	
	
	

	
	19
	
	
	
	
	
	
	

	
	20
	
	
	
	
	
	
	

	
	21
	
	
	
	
	
	
	

	
	22
	Installation
	
	
	
	
	
	

	
	23
	AEY-CNP-DMH-Fram Strait-LYR
	
	
	
	
	
	

	
	24
	Fram Strait
	
	
	
	
	
	

	
	25
	Austfonna/Fram Strait
	
	
	
	
	
	

	
	26
	Austfonna/Fram Strait
	
	
	
	
	
	

	
	27
	Austfonna/Fram Strait
	
	
	
	
	
	

	
	28
	Austfonna/Fram Strait
	
	
	
	
	
	

	
	29
	LYR-Station Nord-THU
	
	
	
	
	
	

	
	30
	Devon Island
	
	
	
	
	
	

	May
	1
	Devon Island
	
	
	
	
	
	

	
	2
	THU-JAV, EGIG Line
	
	
	
	
	
	

	
	3
	EGIG Line
	
	
	
	
	
	

	
	4
	Spare
	
	
	
	
	
	

	
	5
	JAV-CNP-AEY
	
	
	
	
	
	

	
	6
	Unmount
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	Key:

	
	
	
	
	
	
	
	
	CryoVEx

	
	
	
	
	
	
	
	
	IceBridge

	
	
	
	
	
	
	
	
	SMOS Ice

	
	
	
	
	
	
	
	
	CryoSat-2

	
	
	
	
	
	
	
	
	overpass

	
	
	
	
	
	
	
	
	targeted

	
	
	
	
	
	
	
	
	


[bookmark: _Toc380760701]Table 5.13 Consolidated aircraft operations schedules	Comment by Sine Munk Hvidegaard: Update accoding to new table


Consolidated aircraft flight plan
Map


[bookmark: _Toc380760589]Airborne instruments
ASIRAS
Within the frame of the CryoSat mission, ESA has developed an airborne proxy for the ‘SIRAL’ radar altimeter on CryoSat‑2. The Airborne Synthetic Aperture and Interferometric Radar Altimeter System (ASIRAS) has been integrated into an airborne platform and operates with simultaneous laser altimetry and optical imagery to provide detailed information on the interaction of the radar echo with land- and sea-ice surfaces.
ASIRAS was built by Radar Systemtechnik (RST) of Switzerland with the support of the Alfred Wegner Institute (AWI) and Optimare for implementation and operation on an aircraft.
The instrument can be flown at altitudes of 300m to 7km with a typical recording time of 5 hours. It is fully supported with onboard differential GPS and an inertial navigation system (INS) providing high-precision navigation and aircraft attitude (pitch and roll) data.
The ASIRAS instrument operates with a centre frequency of 13.5 GHz with a bandwidth of of 100MHz to 1GHz. The pulse transmit/receive antenna half power beam widths are 10° along track and 2.5° across track, resulting in a beam limited footprint of 50×5m for flight altitudes of 1100m above any surface. The instrument is designed with two modes of operation. High altitude mode (HAM) operates at altitudes above ~1000 m as phase coherent pulse-width limited radar with interferometric capability with optional manual or on-board (automatic) surface tracking. At lower altitudes a new mode was built into the system in 2005. The low altitude mode (LAM) operates as a FMCW at operationally programmable ranges of altitudes between 0 and 1200m (tested between 300-1000m). LAM does not include interferometric capability, nor does it allow surface tracking. An updated LAM mode (LAM-A) with reduced data volume was verified in 2007. A side-effect of LAM-A is that the ASIRAS to surface range may not vary more than 20m (t.b.c.) and is therefore suited only to surfaces with minimal topography (open water and sea ice). In 2011, new software was implemented.
Further information concerning the performance of the ASIRAS radar and its data may be found at:
ftp.cryosat.esa.int
Username:	cryo-calvalao
Password:	cryo_validation
Directory:	from_estec/Documents/

	[image: ASIRAS_Modes_All]
	[image: multiple_reflection_horizons_elev]MY FY

 [image: corner_reflectors]


[bookmark: _Toc380760634]Figure 5.10 ASIRAS operation
(left) ASIRAS operating modes; (top right) ASIRAS waveforms over multi-year (MY) and first year (FY) sea ice; (bottom right) ASIRAS waveforms over corner reflectors (arrows) on sea ice
[bookmark: _Ref185915075][bookmark: _Ref187638317]EM sensors
EM sensor systems manufactured by Ferra Dynamics, known as EM Birds, are owned and operated by AWI, NPI and York University. The airborne sensors provide independent precise measurements of actual sea ice thickness using the principle of electromagnetic induction sounding (see Figure 5.11). The sensor is suspended beneath an aircraft or helicopter at heights of between 10-20m above the ice surface (see Figure 5.13). Total (ice plus snow) thickness data is collected every 3-4m with an accuracy of ±10cm over level ice. The EM Bird also includes a laser altimeter to measure the distance to the ice surface, which provides additional information about surface roughness and pressure ridge statistics.
[image: ]
[bookmark: _Ref367883430][bookmark: _Toc380760635]Figure 5.11 EM Bird operation
[image: ]
[bookmark: _Toc380760636]Figure 5.12 Operation of the EM Bird with the Polar-5
(inside red circle; Photo: C. Haas)
[image: Description: P1000332] [image: ]
[bookmark: _Ref187229428][bookmark: _Toc380760637]Figure 5.13 Helicopter-borne EM Bird
A helicopter-borne system (sometimes called HEM Bird) has a typical range of 300 nautical miles and typically flies at a speed of approximately 100km/h.


0. Microwave radiometers	Comment by chaas: to be provided by Chris Derksen / EC

Laser scanners
The DTU Space laser scanner is a near-infrared laser altimeter with a scan angle of ±30° corresponding to a swath width of 300-500m at a flight altitude of 300-500m. The footprint at 300m is 0.75×1.00m. The normal data rate is 8 kHz, giving 208 measurements across track and 1.5-2.0m line spacing. The laser scanner measurements are combined with differential GPS and inertial navigation system observations and nadir looking photography. The estimated accuracy is ±2cm in addition to any error from the GPS position.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The Airborne Topographic Mapper (ATM) is a scanning laser altimeter developed and used by NASA for observing the Earth's topography for several scientific applications, foremost of which is the measurement of changing Arctic and Antarctic icecaps and glaciers. For the purposes of Operation IceBridge in Spring 2014, it will be installed on the NASA P-3B aircraft, N426NA. The instrument operates at an altitude between 400 and 800m (1,500ft) above ground level, and measures topography to an accuracy of 10-20cm. The ATM platform incorporates GPS (global positioning system) receivers and inertial navigation system (INS) attitude sensors.
[image: ] [image: Description: p3slide2.jpg]
[bookmark: _Toc380760638]Figure 5.14 NASA ATM and schematic of operation (repeat pass)
[image: Description: cryosatATMunderflight042020.jpg]
[bookmark: _Toc380760639]Figure 5.15 ATM data acquired on the first CryoSat-2 underflight
NASA's Laser Vegetation Imaging Sensor (LVIS, a.k.a. the Land, Vegetation, and Ice Sensor), is an airborne laser altimeter designed to quickly and extensively map surface topography as well as the relative heights of other reflecting surfaces within the laser footprint. LVIS is capable of operating from 500 m to 10 km above ground level with footprint sizes from 1 to 60m. Laser footprints can be randomly spaced within the 7° telescope field-of-view, constrained only by the operating frequency of the ND:YAG Q-switched laser (500Hz). A significant innovation of the LVIS altimeter is that all ranging, waveform recording, and range gating are performed using a single digitiser, clock base, and detector. The surface height distribution of all reflecting surfaces within the laser footprint can be determined, for example, tree height and ground elevation. The LVIS, which also includes data from an integrated inertial navigation system (INS) and global positioning system (GPS), is designed, developed and operated by the Laser Remote Sensing Laboratory, at Goddard Space Flight Center. The instrument is typically flown on board a NASA DC‑8 aircraft but, for the purposes of Operation IceBridge in Spring 2014, it will be installed on a NASA Falcon HU-25C.
[image: ] [image: LVIS]
[bookmark: _Toc380760640]Figure 5.16 NASA LVIS and example of data
UAVSAR
The radar for the UAV platform is a compact pod-mounted polarimetric L-band radar for repeat-pass observations.
[image: ]
[bookmark: _Toc360637631][bookmark: _Toc380760641]Figure 5.17 UAVSAR pod mounted beneath the NASA G-III
	Frequency
	L-band

	Bandwidth
	80MHz

	Range Resolution
	1.8m

	Polarisation
	Full Quad-Polarisation

	Raw ADC Bits
	12 baseline

	Waveform
	Nominal Chirp/Abritrary Waveform

	Antenna Dimensions
	0.5m range × 1.5m azimuth

	Azimuth Steering
	> ±20°

	Power
	> 2.0kW

	Polarisation Isolation
	< -20dB


[bookmark: _Toc360637603][bookmark: _Toc380760702]Table 5.14 Key UAVSAR instrument parameters
The antenna is a dual-polarisation corporate-fed planar phased-array with 2 × 12 T/R modules and phase shifters for electronic beam steering from radar pulse-to-pulse. The peak transmit power for each T/R module is 100W and the combined power of the 24 T/R modules is approximately 2.0kW. Typical efficiency for L-band solid state amplifiers (SSPAs) is 40%.
The dual-channel digital receiver employs two high-speed analogue-to-digital converters (ADCs) capable of handling down-converted L-band signals. Filtering is performed by a combination of analogue and digital filters implemented on field-programmable gate arrays (FPGAs). Radar data is recorded onto a 1.2TB raid array along with associated metrology and radar telemetry information. The system includes the flexibility to operate both in interferometric and multi-frequency configurations, even if the timing and bandwidth between the two frequencies are asynchronous.
The antenna supports an elevation “monopulse” mode whereby the signals from the top and bottom half of the antenna can be recorded separately.
The UAVSAR swath width is 10-15km wide.
CReSIS radars
NASA’s P-3B, N426NA, has a suite of four radar instruments for snow and ice thickness measurements with an operating range of 190MHz to 15GHz (see Table 5.15). The suite is operated by the Center for Remote Sensing of Ice Sheets (CReSIS) at the University of Kansas.
With a total of 15 receive elements in the antenna, distributed across the wingspan of the P-3, the Multichannel Coherent Radar Depth Sounder (MCoRDS) is the largest external structure ever flown on a P-3. It has the sensitivity required to sound the deepest parts of fast-flowing glaciers.



	Instrument
	Measurements
	Frequency (Bandwidth)

	MCoRDS
	Ice Thickness
Bed Characteristics
Bed Imaging
Internal Layering
	195MHz (30MHz)

	Accumulation
	Internal Layering
	750MHz (300MHz)

	Snow Radar
	Snow Cover
Internal Layering
Topography
	4.5GHz (4GHz)

	Ku-Band
	Snow Cover
Topography
	14GHz (4GHz)


[bookmark: _Ref275178164][bookmark: _Toc380760703]Table 5.15 CReSIS Radar Sensors on board NASA P-3B (N426NA)


[bookmark: _Toc380760590]Ground-based measurement equipment
Ground Penetrating Radar
Snow radars are Ground Penetrating Radars (GPR) with high enough frequency and resolution to see the annual layer.
Geological Survey of Canada GPR, 13GHz	Comment by Tania Gil Duarte Casal: Insert the updates from validation plan (TC)
University of Oslo / NPI GPR, 800MHz and/or 500MHz
[image: TDUNSE_AUSTFONNA_17]
[bookmark: _Toc380760642]Figure 5.18 Sledge-mounted GPR (Austfonna, University of Oslo)
[image: ASF_snow_2007]
[bookmark: _Toc380760643]Figure 5.19 Snow depth derived from a sledge-mounted 800MHz GPR, Austfonna, 2007
[image: Description: DSCF1303] [image: Description: egig38s10_12]
[bookmark: _Toc380760644]Figure 5.20 UCL VHB snow radar
EM
The Geonics EM31 is a commercially available ground conductivity meter which can be used to rapidly and accurately measure the total (snow plus ice) thickness of sea ice. It operates with a signal frequency of 9.8kHz and has transmitting and receiving coils spaced 3.66m apart, which can be operated in vertical or horizontal dipole mode. Sea ice thickness measurements are usually performed in the horizontal dipole mode (HDM), and ice thickness results from a simple, logarithmic relationship with the measured apparent conductivity, which can be applied once the conductivity of the seawater is known. The EM31 can be mounted on a sled (see Figure 5.21) and can obtain continuous measurements while moving.
During all CryoVEx sea ice validation activities, EM31s will be used to provide upscaling from spase drill-hole measurements to larger spatial scales obtained by airborne measurements, where the drill-hole measurements will be used for calibration. This procedure will provide more representative data on the ice thickness distribution of a certain floe than could be obtained by drill-hole measurements alone, and is therefore ideal for comparison with the airborne surveys. Snow thickness data will be obtained at each measurement location using a snow stake.
[image: ]
[bookmark: _Ref283126557][bookmark: _Toc380760645]Figure 5.21 Typical set-up for ground-based EM ice thickness surveys
showing an EM31 mounted on a pulka sled and a coincident measurement of snow thickness using a snow stake
An EM31 owned by NPI will be used on fast ice in Inglefieldbukta, Storfjorden. A further instrument owned by York University will also be used.
DGPS
Height measurement accuracy is expected to be better than 5cm using kinematic GPS and with post processing of measurements from fixed point and roving GPS.
There is a requirement for DGPS observation of the corner reflector (CR) sites to be used for post-processing of airborne data. Observations of CRs should last at least 2hrs. The CR sites should also be positioned on site with an accuracy of approximately 5 m and the position carefully relayed to the airborne teams.
[bookmark: _Toc380760591]Data resources
IceBridge flight planning tool
A web-based map server at icebridge.sr.unh.edu/icebridge/grn (maintained by Mark Fahnestock and Tom Milliman) will be populated with IceBridge mission plans as these are refined.
The real strength of the tool is that it can be used to visualise planned missions in relation to geophysical parameters such as ice thickness, sea ice thickness, etc. and also previous IceBridge flights.
The blog off the main page of the web site (icebridge.sr.unh.edu) has more information about the tool.
As many flight plans as possible from all campaigns in this document will also be included in the tool. Files of flight lines (in virtually any format), together with a description, should be sent to Tom Milliman, who will upload them.
Contact:
Tom Milliman (thomas.milliman@unh.edu), +1 603 862 4494
Mark Fahnestock (fahnestock@gi.alaska.edu)
IceBridge snow depth and sea ice thickness product
A new snow depth and sea ice thickness product along IceBridge flights over the Arctic Ocean is now available from NSIDC at nsidc.org/data/idcsi2.html or through the IceBridge data portal at nsidc.org/icebridge/portal. The product contains several geophysical parameters derived from laser altimeter, snow radar and digital aerial photography measurements.
[bookmark: _Toc380760592]CRYOVEX
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	Proposal ID
	PI
	Institution

	
	Jackie Richter-Menge
	CRREL

	1241
	Christian Haas
	York University


Objectives
	CryoSat-2 error sources to be addressed (see Table 3.2)

	
	
	
	
	
	
	
	
	
	
	
	


The objectives of the activities in the Beaufort Sea are the same as the objectives in the Lincoln Sea (§6.2.1), however, with a focus on generally different ice conditions. Here, there is predominantly first-year ice and mixed first-year/multiyear ice, with smaller floes, very variable conditions and unclear regional gradients.
The Beaufort Sea activities will take advantage of an ice camp operated by the Office of Naval Research (ONR) Marginal Ice Zone project (MIZ). This camp will be established for a period of 7-10 days between 15 and 23 March 2014. This provides an ideal opportunity and enough time to perform the same measurements as in the Lincoln Sea in the region around the ice camp. From the ice camp, two or three remote “satellite” sites will also be visited for a few hours, providing further opportunities for CryoVEx measurements.
Six CryoVEx representatives have been invited to participate in the ice camp, at full cost-recovery. Costs will be covered through a NASA grant in support of Icebridge validation, which relies on the same measurements as CryoVEx. Near the end of the ice camp operation, TF-POF and C-JKB will overfly the measurement sites marked by drifting buoys and corner reflectors and will then bring the CryoVEx team to Alert via Resolute Bay.
Operations will be staged out of Tuktoyaktuk. A ski-equipped Twin Otter will establish an ice runway and will transport all cargo and personnel over a period of several days. The location of suitable ice will likely require that flights from Tuktoyaktuk land at Sachs Harbor for refuelling during every camp visit/overflight.
Overview of measurement activities
The same measurements will be performed as in the Lincoln Sea, mostly by the same team (§6.2.2).
Measurements will be conducted at four main sites, at 71.5°N (~200nm from Inuvik), 72.5°N, 73.5°N, and 74.5°N (~400nm from Inuvik), as illustrated in Figure 6.1.
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[bookmark: _Ref380681061][bookmark: _Toc380760646]Figure 6.1 Arrangement of ONR ice camps in the Beaufort Sea
Camp 2 is the main camp
Airborne measurements
	Platform
	Instruments

	C-JKB
	EM Bird and Bird Provision
Digital Photo Camera
Slewable Video Camera
Basic Data Acquisition System

	TF-POF
	ASIRAS, DTU Space laser scanner

	NASA P-3B N426NA
	ATM, CReSIS Radar Sensors

	Twin Otter
	Logistics and landing on ice

	BAS Twin Otter
	Riegl laser scanner?

	Bell 212 helicopter(s)
	Logistics and serving “satellite” sites in vicinity of main ice camp


TF-POF will conduct overflights of the ONR camp with ASIRAS from 20 to 22 March 2014. C-JKB will conduct overflights with an EM Bird on the same days. At the end of the camp, both aircraft will ferry personnel and equipment via Resolute Bay to Alert/Station Nord.
Overflights will be coordinated with OIB.
Survey flights may need to refuel at Sachs Harbor en route from Tuktoyaktuk base, especially to reach the northernmost camp. For this purpose, and to refuel C-JKB during evacuation to Resolute Bay on 23 March, there are 40 drums of fuel owned by Christian Haas.
Fuel will need to be brought into Tuktoyaktuk by road.


In situ measurements
	Platform
	Instruments

	Ground-based equipment
	Corner reflectors
GPS beacons
Snow radar
Ground EM
Rotating surveying laser
Thermometers
Snow depth stakes
Snow density kit
Drilling equipment


Six CryoVEx personnel will join the ONR camp from 13 to 22 March 2014. The ice camp will be located at approximately 73°N, 135°W. Three other measurement sites (arrays) will be surveyed nearby.
Measurements will be made as in the Lincoln Sea (§6.2.4).
Satellite data
See §6.2.5.
	Satellite
	Instrument
	Mode
	Track
	Date

	CryoSat-2
	SIRAL
	
	
	15-25 March 2014

	Radarsat-2
	SAR
	Wide swath
Quad-pol
	
	

	TerraSAR-X
	SAR
	Stripmode
Quadpol
	
	


Provisional schedules
The Beaufort Sea part of the overall CryoVEx Sea Ice programme is presented in Table 6.1.
	Date
	TF-POF
	C-JKB
	Lodging

	
	12
	
	
	Sachs Harbor / Inuvik
[Ice team]

	
	13
	
	
	

	
	14
	
	
	

	March
	15
	
	
	

	
	16
	
	
	

	
	17
	AEY-JAV
	
	Ilulissat

	
	18
	JAV-JUV-YRB
[SMH, EN]
	
	Resolute Bay
3+3

	
	19
	YRB-YUB
[SMH, EN]
	YEV-YUB
[AB, AC, RF]
	Tuktoyaktuk (Inuvik)

	
	20
	Beaufort Sea
	Beaufort Sea
	

	
	21
	Beaufort Sea
	Beaufort Sea
	

	
	22
	Spare
	YUB-YEV
[AB, AC]
	

	
	23
	YUB-YRB
	YEV-YSY-YRB
[AB, AC, CH, JB, BE, CHe]
	Resolute Bay
[MD, EN, MC, PN]
10


[bookmark: _Ref380740888][bookmark: _Toc380760704]Table 6.1 Summary of aircraft and personnel movements to and from Beaufort Sea
see list of airport codes, §5.1.1
Operations will be organised as below:
	12 March (Day 0)
	Ice team arrives at Inuvik

	Days 1-9
	Travel to and from ice camp, measurements at ice camp and satellite sites

	15 March (Day 3)
	C-JKB arrives at Inuvik

	Days 4-7
	SMOS Ice flights (C-JKB)

	19 March (Day 7)
	TF-POF and C-JKB arrive at Tuktoyaktuk

	Days 8-9
	TF-POF and C-JKB overflights

	22 March (Day 10)
	Spare flight day
C-JKB returns to Inuvik

	23 March (Day 11)
	C-JKB leaves Inuvik with ice team
TF-POF leaves Tuktoyaktuk


Participants
	Name
	Institution

	Haas, Christian (CH)
	York University

	Beckers, Justin (JB)
	University of Alberta

	Elder, Bruce (BE)
	Cold Regions Research and Engineering Laboratory (US Army Corps of Engineers)

	Heimstra, Chris (CHe)
	Cold Regions Research and Engineering Laboratory (US Army Corps of Engineers)

	Bublitz, Anne (AB)
	York University

	Casey, Alec (AC)
	

	Forsberg, Rene (RF)
	DTU Space 

	Hvidegaard, Sine Munk (SMH)
	DTU Space

	Nielsen, Emil (EN)
	DTU Space


ONR activities are organised by Laurence (Larry) Joireman, University of Washington:
1013 NE 40th Street, Box 355640, Seattle, WA 98105-6698
office +1 206 543 1363
mobile +1 206 619 1551
larryj@apl.washington.edu
Christian Haas during the campaign:
Iridium phone +8816 2346 5650
mobile +1 647 713 0587


[bookmark: _Toc380760594]Sea Ice: Lincoln Sea
	Proposal ID
	PI
	Institution

	1241
	Christian Haas
	York University


[bookmark: _Ref367710819]Objectives
	CryoSat-2 error sources to be addressed (see Table 3.2)

	Sea Ice

	5
	Snow loading
	

	6
	Ice Density
	

	7
	Preferential sampling
	

	8
	Freeboard error - Geometric & penetration errors
	

	9
	Freeboard error - Ocean Tide Error
	

	10
	Freeboard error - Ocean Geoid error
	

	11
	Freeboard error - Ocean variability error
	

	12
	Freeboard error - atmospheric refraction error
	


The objective of the activity is to address the following uncertainties:
ice thickness distribution / surface roughness;
error covariance;
isostacy;
snow penetration;
preferential sampling.
CryoVEx activities address the different components of the sea ice thickness profile, i.e. ice thickness, snow thickness, ice freeboard, and snow surface elevation, which are sensed differently by the different sensors. EM sounding is the only method that obtains direct ice thickness estimates, and is therefore essential for the validation of CryoSat-2 thickness retrievals, which are derived from freeboard measurements and assumptions of the isostatic balance, for which the densities of snow and ice need to be known. However, obtained thicknesses represent total sea ice thickness, i.e. ice plus snow thickness. Therefore, differences between EM and CryoSat-2 thickness retrievals are expected and will be resolved by additional snow thickness measurements using the combination of airborne laser and radar altimetry, ground penetrating radar, and in-situ snow thickness profiling.
Experiments to be carried out in Spring 2014 are:
Penetration – radar and snow pit studies over FY and MY ice;
Snow surveys – spatial distribution of snow depth and density/stratification to address covariance;
Ridges – detailed surveys (i.e. drilling across a ridge for thickness + snow depth) to relate CryoSat measurements to EM and airborne altimetry;
Independent ice thickness measurements on regional scales for large scale validation of CryoSat data, covering different ice types and ice regimes (see also §6.1 Sea Ice: Beaufort Sea).
ASIRAS will be used to validate CryoSat-2 freeboard measurements, and to address questions about the origin of the radar returns, which may result from a scattering level above the snow-ice interface. Analysis of ASIRAS/ALS/EM co-variance will provide information on penetration and, if differences are observed, can also point to density differences or errors in the ASIRAS retracking or datation.
Corner reflectors (CRs) are a key tool, both as a vertical reference and also to identify datation errors. It is essential that in-situ data is collected carefully in their vicinity to properly relate CR return waveforms to the properties of the surrounding snow.
[bookmark: _Ref288136076]Overview of measurement activities
Three validation sites will be established in the Lincoln Sea between Greenland and the North Pole along a suitable CryoSat-2 ground track across various multiyear and first-year ice regimes with strong regional thickness gradients (see Figure 6.2). The sites must be reachable from both Alert and Station Nord, but will be established and supplied from Station Nord. The exact location of test sites will be determined by available opportunities to safely land a Twin Otter aircraft, and according to snow conditions and ice regime, but should be within ~1km of the satellite ground track if possible (see Figure 6.3). Additional information from preceding Operation IceBridge flights (snow thickness radar quicklooks), as well as from satellite radar sensors will also be taken into account. In any case, selected sites should be representative of ice conditions at the closest point on the satellite ground track and in the wider region, and cover a range of sea ice thicknesses (including multi- and first-year ice).
[image: ]
[bookmark: _Ref283109152][bookmark: _Toc289785239][bookmark: _Toc380760648]Figure 6.3 Outline of planned experimental configuration
in-situ sites and aircraft tracks co-aligned with a CryoSat-2 overpass; along-track positions may be adjusted according to snow conditions
Over a 7/8-day period, a ground team will stay at validation sites to conduct intensive in-situ measurements of snow and ice properties coincident with aircraft overflights (and at some point the CryoSat-2 overpass). The 100-mile camp (C1) will be established first. Then, a suitable site with contrasting conditions (in terms of ice type, snow thickness) for the 200-mile camp (C2) will be sought to the north, along a common future CryoSat-2 ground track. Multi-day measurements will be conducted at C1 and C2 (C2 first), to increase the number and spatial coverage of measurements and to include more observables. An optional third site (C3), located further north, will be visited on one day from the northern ice camp if possible to extend the regional coverage of measurements. The timing of the campaign is chosen to ensure air and snow temperatures of less than -10°C.
Camps will accommodate a team of six science staff and two polar exploration support staff, who will look after logistics and provide additional manpower during measurement activities (Figure 6.4).
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[bookmark: _Ref283109823][bookmark: _Toc289785238][bookmark: _Toc380760647]Figure 6.2 Approximate planned validation site locations (courtesy Marc Cornelissen)	Comment by Tim Pearson: C2 should be on same ground track as C1
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[bookmark: _Ref367892904][bookmark: _Toc380760649]Figure 6.4 Ice camp operation and logisitcs (courtesy Marc Cornelissen)
Permission is required to conduct research in Nunavut Territory: this will be obtained by York University and Environment Canada.	Comment by Sine Munk Hvidegaard: Permissions from Greenland authorities are obtained by DTU Space and the involved aircraft operators.
Locating validation sites
A key goal of the activities is to overfly the ground sites and corner reflectors as exactly as possible with ASIRAS, the EM Bird and other airborne instruments, and to revisit them for ground work. This task is complicated by the fact that the ice drifts in response to winds and currents. Although there is some skill in the prediction of ice drift from weather forecasts, uncertainties are large due to an unknown impact of currents on ice drift, and because accurate weather forecasts are difficult to obtain for the study region.
Each validation site will be equipped with two CRs set up approximately 1 km apart, aligned with a best guess of the direction of ice motion (see Figure 6.5). CRs will be paired with GPS beacons (SVP-B drifter buoys) which will transmit their locations and some other information at 15-minute intervals.
The data can be accessed in real time at the following website:
https://asset.joubeh.com
user: CRYOVEX
password: CRYOSAT (N.B. capital letters!)
From here, data can be forwarded by email or Iridium text message: contact Christian Haas directly to be added to the recipients list (please don’t make changes yourself on the website).
Transmission of the GPS data via Iridium text message to the flight crew on board N426NA will enable waypoints to be adjusted based on actual ice drift.
On the ice, each CR will also be marked by a 5×5m fabric sheet (either orange or black) lying flat on the snow, and coloured bin bags filled with snow, to serve as visual aids for the pilots when they are overflying the site.
[image: Description: CR_set_up.eps]
[bookmark: _Ref288137055][bookmark: _Toc289785240][bookmark: _Toc380760650]Figure 6.5 Validation site CR set up: a) side view; b) plan view
The dashed line in b) represents an overflight of the site, extended by 5km before and after
[bookmark: _Ref318383049]Airborne measurements
	Platform
	Instruments

	C-JKB
	EM Bird and Bird Provision
Digital Photo Camera
Slewable Video Camera
Basic Data Acquisition System

	TF-POF
	ASIRAS, DTU Space Laser Scanner

	Kenn Borek Twin Otter
	Ice camps, field teams and ground-based equipment

	NASA P-3B N426NA
	ATM, CReSIS Radar Sensors


All activities will take place between 25 March 2014 and 2 April 2014.
From 25 March until 28 March, C-JKB and TF-POF will be based at CFS Alert. Aviation fuel will be requested from the US Air Force for airborne activities out of Alert.
From 29 March until 2 April, C-JKB and TF-POF will be based at Station Nord.
An Operation IceBridge flight will be modified to coordinate with C-JKB, TF‑POF, and a CryoSat-2 overpass. Final details will be agreed between Mark Drinkwater (Malcolm Davidson) and Michael Studinger in the field.
In case of a schedule shift that results in an overlap with Operation Boxtop at CFS Alert (5-27 April 2014), Eureka could be used as an alternative base.	Comment by Sine Munk Hvidegaard: Delete this
Ice camps
The Kenn Borek Twin Otter will operate from Station Nord from 24 March until 2 April to establish and supply ice camps.
Two ice camps will be established on drift ice to maximise time on the ice, and to use as a base for a short station (C3) further out, to realise measurements along regional gradients (Figure 6.6).


From these camps, the following flights will be conducted:
One flight to establish 2 corner reflector sites at future ice camp locations (5 hrs);
Two flights to establish northern site (Camp 2; 5 hrs);
One flight to northernmost site visited for one day (C3; 5 hrs + 3 hrs)
One flight to relocate camp from northern site to southern site (Camp 1; 5 hrs + 3 hrs)
Two flights to remove southern site (Camp 1; 3 hrs).
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[bookmark: _Ref360700424][bookmark: _Toc380760651]Figure 6.6 Aircraft operations from Alert/Station Nord
A fuel dump will be established in northern Greenland for Twin Otters en route to camps from Station Nord.
C-JKB
C-JKB carrying an EM Bird and Airborne Passive Microwave Radiometers will make flights over the sea ice and ice camps directly from Alert and Station Nord (see Figure 6.7).
CryoSat-2 ground tracks will be followed between 82°N and 86°N; the end points of these underflights are given in Table 6.2.	Comment by chaas: Depends on actual overflights
Flight operations will be planned according to the following priorities:
1) 2-3 simultaneous flights of C-JKB, TF-POF and the NASA P-3B, coincident with CryoSat‑2 overpasses;
2) Additional flights around Alert/Station Nord along other CryoSat-2 tracks.


	Date	Comment by chaas: Need to be updated with 2014 information
	Asc/Desc
	
	Longitude
	Latitude
	UTC Time

	29 March 2012
	D
	Start @ 86°N
	307.8690
	85.5967
	11:33:29

	
	
	End @ 82°N
	295.3240
	82.2053
	11:34:29

	
	A
	Start @ 82°N
	297.6020
	82.1219
	21:25:39

	
	
	End @ 86°N
	285.4000
	85.5199
	21:26:39

	31 March 2012
	D
	Start @ 86°N
	308.3400
	85.7856
	11:30:59

	
	
	End @ 82°N
	294.8830
	82.4116
	11:31:59

	
	A
	Start @ 82°N
	295.9360
	82.4970
	21:23:19

	
	
	End @ 86°N
	285.7210
	85.3279
	21:24:09

	2 April 2012
	D
	Start @ 86°N
	308.9340
	85.9719
	11:28:29

	
	
	End @ 82°N
	293.2320
	82.0360
	11:29:39

	
	A
	Start @ 82°N
	295.5040
	82.2911
	21:20:49

	
	
	End @ 86°N
	285.9470
	85.1344
	21:21:39


[bookmark: _Ref319488961][bookmark: _Toc380760705]Table 6.2 Provisional end point coordinates for CryoSat-2 ground tracks to be underflown
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[bookmark: _Ref273114512][bookmark: _Toc380760652]Figure 6.7 Proposed C-JKB flight lines from Alert
flight lines will be adjusted to match CryoSat-2 overpasses, and will take into account actual ice conditions
NASA P-3B (N426NA)	Comment by Tania Gil Duarte Casal: For Michael to comment
Of the mission plans defined for the NASA P-3B in the vicinity of Alert, four are suitable for modification to coordinate with CryoVEx flight teams (see Figure 6.8): one will be selected by Michael Studinger and Malcolm Davidson from the field as appropriate.
1) Sea Ice – Zigzag West / Thule
This mission is similar to the 20110318 mission, but that flight had to be shortened significantly for operational reasons on the day it was flown. This version is intended to sample thick multi-year ice immediately north of Ellesmere Island, and the gradient to thinner ice toward the pole. In addition to Level 1 requirements 4.1.1.A.3a and b, it addresses sea ice level 1 baseline requirement 4.1.1.A.3c by sampling thick multi-year ice immediately north of Ellesmere Island and the poleward gradient towards thinner ice.
2) Sea Ice – Zigzag East / Thule
This mission is identical to the 20110326 flight. It is intended to sample the thick multi-year ice near the Greenland coast as well as the gradient to thinner ice closer to the pole. It also samples ICESat track 0414. In addition to Level 1 Requirements 4.1.1.A.3a and b, the mission addresses sea ice level 1 baseline requirement 4.1.1.A.3c by sampling thick multi-year ice near the northern coast of Greenland and the poleward gradient towards thinner ice.
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[bookmark: _Ref318381659][bookmark: _Toc380760653]Figure 6.8 Planned Operation IceBridge flight lines in the vicinity of Alert
3) Sea Ice - Fram Gateway / Thule
This mission is identical to the 20110328 Fram Gateway mission. In addition to Level 1 Requirements 4.1.1.A.3a and b, it addresses sea ice level 1 baseline requirement 4.1.1.A.3c by sampling ice at the top of Nares Strait crossing the Lincoln Sea ice arch (if present) and sea ice north of Fram Strait. Also included in this flight plan is a line extending across the Gakkel Ridge, for collection of gravimetric data that will provide vital geoid information.
4) Sea Ice – North Pole Transect / Thule
This is a new mission, designed to sample sea ice far from the coastal areas, in areas which have been undersampled in previous Operation IceBridge campaigns.
Hitting the Corner Reflectors
Based on the calculation of predicted CR locations (see §6.2.2), N426NA will make a low-speed pass in a straight line over the area at an altitude of 500 feet in an attempt to visually locate validation sites. Once spotted, the flight crew will mark the locations of CRs using on-board GPS, then climb to 1,500 feet and turn (6-8 minute delay) to make 3-4 survey overflights of the precise locations. N426NA should aim to fly in a straight line for approximately 5 km either side of the CRs to provide a longer coincident track to compare with data collected by TF-POF (see Figure 6.5b).
The use of omni-directional CRs on either side of the survey line, to help guide N426NA to the main CRs, is being investigated by NASA.
[image: Description: coordinate_system_57A043_fig2.tif]
[bookmark: _Ref288059265][bookmark: _Toc289785242][bookmark: _Toc380760654]Figure 6.9 Corner reflector radar acquisition geometry
showing the range to the CR and surface (aircraft flight direction is into the page). The range measured to the CR and ground are rCR and rG respectively. The range that would be measured to the CR if it was at the antenna baseline is rCR-Z. The coordinates (x,y,z) are at the point on the surface at the antenna baseline, and the coordinates (xCR,yCR,zCR) are at the apex of the CR. The radar is at the origin. The x and y coordinates are in the across track and along track directions, respectively, and the z coordinates are measured from the altitude of the radar altimeter. (After Willatt et al. 2011)
In order for the CRs to be distinguishable from snow and ice surfaces in the radar return, N426NA must overfly at a maximum horizontal distance of 25m from the CR. A coordinate system is established where the x-axis is in the across-track direction, the y-axis is in the along-track direction and the z-axis is vertical (see Figure 6.9). Assuming a speed of 250 knots, or ~130ms-1, a radar shot is taken every 0.64m in the y-direction. The flight altitude is assumed to be 1,500ft (457.2m), the snow depth 0.5m, and the CR apex a height of 1m above the snow surface. The x- and y-offsets will determine the apparent range of the CR in the radar return echo, as Figure 6.10, calculated for different x-offsets and assuming a y-offset of 0.64m (which should be the maximum possible value), shows. At an x-offset of 30m, the CR and air/snow interface will appear only 1cm apart in the radar return echo. At an x-offset of 25m, the CR would appear at a range 32cm closer than the air/snow interface. Given the range resolution of 3.3cm in air, the two should be therefore easily distinguishable at x-offsets of 25m or less.
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[bookmark: _Ref288060225][bookmark: _Toc289785243][bookmark: _Toc380760655]Figure 6.10 Apparent corner reflector range as seen in the radar return echo
rCR is the range to the CR, rG snow is the range to the air/snow interface and rG ice is the range to the snow/ice interface (see Figure 6.9). At an x-offset of approximately 30m, the CR and air/snow interface appear at the same range in the radar return: to avoid this ambiguity, the x-offset should be no more than 25m.
Post flight, NASA will provide the ground team at Alert with the aircraft track so that in-situ measurements can be conducted close to where N426NA surveyed. If possible the Alert field team should have this information within ~12 hours of the overflight.
TF-POF will make multiple passes of each validation site with ASIRAS at an altitude of  1000-1500 ft to ensure proper coverage.
Collision avoidance
TF-POF, C-JKB and the NASA P-3B will probably be operating on the same day. Pilots should communicate with each other to avoid the risk of a collision.
[bookmark: _Ref279417996]In situ measurements
	Platform
	Instruments

	Ground-based equipment
	Corner reflectors
GPS beacons
Snow radar Ku-band/800MHz (lighter)
Ground EM
Rotating surveying laser
Thermometers
Snow depth stakes
Snow density kit
Drilling equipment


A ground team of six people will fly in the Kenn Borek Twin Otter to validation sites previously identified and marked with corner reflectors and GPS beacons. The same baseline set of measurements specified in Table 6.3 will be made at sites C1 and C2, time permitting; measurements at C3 may be a subset of these.
	Line survey
10m intervals; several parallel lines spaced 5-10m apart
	snow depth
snow density
air-snow-ice temperature
ground EM
snow freeboard measured by rotating laser

	Line survey
100m intervals
	snow radar survey
snow pits (see Appendix 2)
drill holes (ice thickness/freeboard/draft)

	Lead survey
	freeboard measurements next to leads

	Grid survey
15×15m around CR (i.e. ASIRAS across track footprint*), 0.5-1m spacing (depending on time)
	snow depth at each grid point
~5 snow pits at selected locations in grid
snow radar surveys at snow pits
rotating laser over grid area
thermistor string


*N.B. This assumes that ASIRAS overflies the CR; the aircraft GPS and the buoy GPS need to be cross-calibrated so that the area closest to the CR, sampled by ASIRAS, can be surveyed.
[bookmark: _Ref283110169][bookmark: _Toc289785264][bookmark: _Toc380760706]Table 6.3 Summary of line and grid surveys of various snow and ice properties
to be conducted around the CRs at the three validation sites
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[bookmark: _Ref283111386][bookmark: _Ref283111381][bookmark: _Toc289785244][bookmark: _Toc380760656]Figure 6.11 Outline of the layout of ground measurements
conducted at different spatial resolutions and geometries: over a fine scale 15×15m grid and along a 1km line, as described in Table 6.3; two CRs will be deployed at each site but only one may be surveyed, depending on the time available and data concerning the accuracy of the overflights.	Comment by Tim Pearson: Discrepancy: figure shows 30m
[image: ] [image: ]
[bookmark: _Toc289785245][bookmark: _Toc380760657]Figure 6.12 In-situ ice and snow thickness / properties measurement
All measurements will be aligned around the corner reflector in the centre of a grid and on a line survey, as shown in Figure 6.11.
On each visit to a validation site, in situ measurements will follow a fixed routine, commencing after the associated ASIRAS overflight. For a team of six scientists, this will be as follows:
	Hour
	Grid Survey
(orange CR)
	Line Survey
	Grid Survey
(black CR)
	Other

	1
	4 pax set up grid
	2 pax set up line between CRs, tape for 1000m, flags every 100m (carry EM and snow depth measurer)
	
	

	2
	1 pax snow depth (help with snow radar when finished)
3 pax snow radar and snow pits
	
	2 pax set up grid
	

	3
	2 pax finish snow pits
	2 pax snow radar every 100m
	2 pax snow depth
	

	4
	
	2 pax snow radar every 100m
	1 pax snow depth
3 pax snow radar and snow pits
	

	5
	
	2 pax drilling (time allowing), collect equipment
	4 finish snow radar and snow pits
	collect equipment


[bookmark: _Ref367711357]A buoy deployed in 2011 is still transmitting from ~40°W,close to the proposed site of C1.
[bookmark: _Ref380764393]Satellite data
The goal of the ASIRAS and EM overflights is to sample prominent ice thickness gradients and ice fields of different ages and properties. This goal can best be achieved by consulting SAR imagery, which provides information on the spatial distribution and location of different ice types and surface roughness features and regimes, during flight planning. SAR images will also be used to check the representativeness of planned and actual validation sites. In addition, by identifying similar radar signatures and patterns, SAR imagery will be used to extrapolate the results of the airborne and ground-based measurements to wider regions to allow more frequent comparisons with other CryoSat-2 and IceBridge overpasses. For these tasks, both real-time and archive data will be required.
For CryoVEx 2014, Radarsat-2 and TerraSAR-X wide swath or quad-pol imagery will be used for these tasks. Acquisition planning must be performed up to three weeks before the campaign. Radarsat-2 acquisition and near-real-time delivery should be arranged with MDA or other data providers.
In turn, the wealth of collected airborne data will provide a unique opportunity to advance the development of algorithms for retrievals of sea ice properties from SAR data. Therefore, acquisition is requested of as many satellite data as possible over the study region, from as many of the present SAR missions and in as many polarisation modes and resolutions as possible.
[image: ]· Alert

[bookmark: _Ref283115137][bookmark: _Toc380760658]Figure 6.13 CryoSat-2 predicted orbit tracks, 28 March – 5 April 2012
similar orbit configurations can be expcted during CryoVEx 2014.
	Satellite
	Instrument
	Mode
	Track
	Date

	CryoSat-2
	SIRAL
	
	
	

	Radarsat-2
	SAR
	Wide swath
Quad-pol
	
	

	TerraSAR-X
	SAR
	Stripmode
Quadpol
	
	


Provisional schedules
Possible validation site locations will be studied during early March using data from CryoSat-2, Radarsat-2, MetOp ASCAT and early data from Operation IceBridge.
The Lincoln Sea part of the overall CryoVEx Sea Ice programme is presented in Table 6.4. Aircraft operations from Alert are constrained to the period 25-28 March 2014, for which preliminary permission has been obtained from the logistics managers of the Canadian Forces. No access has been granted during the annual resupply mission at Alert, Operation Boxtop.
Figure 6.13 shows the CryoSat-2 overpasses during April 2011: these will be configured similarly in 2014. CryoSat-2 passes close to Alert every two days. In particular, the ascending tracks (between 14:00 and 15:00 UTC) are likely to provide the optimum timing for co-incidence with ground measurements and a reasonable flying time. ASIRAS overflights will be scheduled to take place as soon as possible after the CRs are deployed.


	Date
	TF-POF
	C-JKB
	KBAL Twin Otter
	Lodging

	March
	23
	
	YEV-YSY-YRB
[AB, AC, CH, JB, BE, CHe]
	
	Resolute Bay
[MD, EN, MC, PN]
10

	
	24
	YRB
	YRB-NAQ
[AB, AC, CH, JB, BE, CHe, EN]
NAQ-Station Nord
[AB, AC, CH, JB, BE, CHe, EN, TA, RT, ES]
	YRB-YLT-StationNord
[MC, PN]
	Resolute Bay
Station Nord
12 + 6

	
	25
	YRB-YEU-YLT
[RF, SMH, MD]
	Station Nord-YLT
[AB, AC]
	Station Nord
[camp deployment]
	Alert
5 + 6

	
	26
	Alert
	Alert
	Station Nord
[CR deployment]
	-

	
	27
	Alert
	Alert
	Station Nord
	-

	
	28
	YLT-Station Nord
	YLT-Station Nord
	Station Nord
	Station Nord
14+9

	
	29
	Station Nord
	Station Nord
	Station Nord
	-

	
	30
	Spare
	Spare
	Spare
	-

	
	31
	Station Nord-DMH
[EN,SMH,MD]
	Station Nord
	Station Nord
[camp removal]
	Danmarkshavn
Nord

	April
	1
	DMH-CNP-AEY
	Spare
	Station Nord
[camp removal]
	Akureyri
Station Nord

	
	2
	Unmount
	Station Nord-NAQ-YRB
[AB, AC, CH, JB, BE, CHe, TA, RT, ES, RF]
	Station Nord-NAQ-YRB
[MC, PN]
	Resolute Bay
9+6


[bookmark: _Ref380678285][bookmark: _Toc380760707]Table 6.4 Summary of aircraft and personnel movements to and from Alert/Station Nord
see list of airport codes, §5.1.1	Comment by Sine Munk Hvidegaard: Update schedule accoding to last issues from RF
The (UCL) field team will rendezvous with supplies at Qaanaaq before 24 March 2014 and undergo some field training there.


Operations at ice camps will be organised as below (refer to Figure 6.6):
	Date
	Alert
	Station Nord

	24 March (Day 0)
	
	KBAL Twin Otter arrives

	Day 1 
	TF-POF and C-JKB arrives
	Establish 100 and 200 mile camp runways

	Day 2
	ASIRAS, OIB, EM Bird overflights (once CRs established)
	Man 200 mile camp; establish CRs

	Day 3
	ASIRAS, OIB, EM Bird overflights
	Visit 300 mile camp for snow and ice measurements (no CRs)
[bring own fuel and refuel at 200 mile camp]

	Day 4
	TF-POF and C-JKB move to Station Nord
overflight en route
	Stay at 200 mile camp

	Day 5
	
	ASIRAS, OIB, EM Bird overflights
Stay at 200 mile camp [weather days]

	Day 6
	
	Spare

	Day 7
	
	ASIRAS, OIB, EM Bird overflights
TF-POF leaves
Remove 200 mile camp

	Day 8
	
	Spare flight day
Remove 100 mile camp

	2 April (Day 9)
	
	C-JKB and KBAL Twin Otter leave


Marc Cornellison may ski back to land from C2 after evacuation of all personnel and equipment.


Participants
	Name
	Institution

	Haas, Christian (CH)
	York University

	Beckers, Justin (JB)
	University of Alberta

	Elder, Bruce (BE)
	Cold Regions Research and Engineering Laboratory (US Army Corps of Engineers)

	Heimstra, Chris (CHe)
	Cold Regions Research and Engineering Laboratory (US Army Corps of Engineers)

	Shilland, Ewen (ES)
	University College London

	Armitage, Tom (TA)
	University College London

	Tilling, Rachel (RT)
	University College London

	Bublitz, Anne (AB)
	York University

	Casey, Alec (AC)
	York University

	Cornelissen, Marc (MC)
	Cold Facts

	Nyquist, Petter (PN)
	

	Forsberg, Rene (RF)
	DTU Space 

	Hvidegaard, Sine Munk (SMH)
	DTU Space

	Nielsen, Emil (EN)
	DTU Space

	Drinkwater, Mark (MD)
	ESA


Email access at Alert is very limited and may not be possible on a daily basis.
Christian Haas during the campaign:
Iridium phone +8816 2346 5650
mobile +1 647 713 0587
Contact could also be made via:
Alert Field Logistics Manager, Jim Milne
Environment Canada Logistics Manager, Kevin Anderson (kevin.anderson@ec.gc.ca)
Malcolm Davidson during the campaign:
Iridium phone +8816 4145 2025
Iridium will serve exclusively for coordination, which cannot be arranged by email from Alert
Michael Studinger during the campaign:
michael.studinger@nasa.gov
IceBridge project mobile phone +1 240 460 7534 (only during field deployments)
C-JKB flight team:
Iridium phone +8816 TBC
NASA P-3B flight team:
on-board Iridium satellite telephone (only monitored during flights) +8816 2144 9240
first dial +1 480 768 2500 (US phone number), then follow the prompts
[bookmark: _Toc289785189][bookmark: _Toc380760595]Sea Ice: Fram Strait/Svalbard
	Proposal ID
	PI
	Institution

	4513
	Sebastian Gerland
	Norwegian Polar Institute


Validation purpose
	CryoSat-2 error sources to be addressed (see Table 3.2)

	
	
	
	
	5
	6
	7
	8
	
	
	
	


In this activity, CryoSat-2 ice thickness data will be compared with helicopter-borne EM Bird transects, supplemented by in situ measurements of snow and ice thickness, freeboard and relevant snow and ice physical properties (snow and ice density, snow stratigraphy), obtained during ship cruises in waters around Svalbard. Measurements during intensive field campaigns will also focus on the determination of sub-footprint scale variability of thickness and direct comparison of laser, electromagnetic (EM) and in situ data with respect to CryoSat-2 data.
The main goals of the activity are:
contributions to sea ice thickness cal/val with HEM Bird and in situ measurements over different ice types;
quantification of the role of snow and ice properties;
assessment of regional spatial ice thickness gradients, calculation of local and regional thickness distributions.
Overview of measurement activities
The main research area for the activity is the sea ice-covered area north and northwest of Svalbard (‘Fram Strait’ is perhaps a misnomer, derived from earlier versions of the CryoSat Validation Plan).
The most relevant experiments contributing to CryoVEx 2014 are:
detailed in situ snow and ice properties surveys (especially snow and ice density and snow thickness);
detailed sea ice thickness surveys, performed from a helicopter (EM Bird) and from the sea ice surface (EM Bird and drillings).
Three cruises of the RV Lance are planned in 2014.
A cruise in early 2014 will visit the marginal ice zone north of Svalbard to test systems and ship infrastructure etc. for a freeze in planned for 2015. There will also be opportunities for science.
From 15 to 30 March 2014, RV Lance will conduct a cruise in partnership with the University of Hamburg and AWI in the western Barents Sea (see §9).
In August/September 2014, the RV Lance will make her annual cruise in the western Fram Strait, which could give additional support to CryoSat-2 calibration and validation. Coinciding with the beginning of refreezing, the cruise encounters a mixture of drifting MYI and FYI, fast ice and melt ponds ice with little or no snow. Experiments will involve helicopter transects, in situ measurements and upward looking sonar (ULS) on moorings.
In addition, a survey will be made by helicopter in Storfjorden, Svalbard, an area known for relatively large amounts of snow and zero or negative freeboard. Here, a simultaneous surface study into snow and ice thickness, snow and ice properties and IMB will be conducted at Inglefieldbukta. Activities could be coordinated with the SMOS Ice campaign.
[image: ]
[bookmark: _Toc289785247][bookmark: _Toc380760659]Figure 6.14 Location of CryoVEx 2014 activities around Svalbard
Airborne measurements
	Platform
	Instruments

	Helicopter
	EM Bird, snow radar, stereo camera system

	TF-POF
	ASIRAS, DTU Space laser scanner


TF-POF could overfly RV Lance north of Svalbard from Station Nord in early April and/or from Longyearbyen in late April. A ‘mowing the lawn’ pattern will be surveyed, together with a long transect.
Ice thickness surveys with EM from a ship-based helicopter are planned along CryoSat-2 ground tracks. These can only be conducted once there is sufficient daylight. In order to collect information on ice drift during overflights, it is planned to deploy GPS equipped drifters in the area of investigation.
Helicopter surveys of Storfjorden will be based out of Longyearbyen.


In situ measurements
	Platform
	Instruments

	Drifting ice stations
	EM31
GPS
Ice coring equipment
Snow sounding and sampling equipment

	RV Lance
	EM31 (boom)
Video
Ice observations
KT-19 CTD
ADCP
Multi weather sensors
Measurement of ship’s propulsion and power consumption
Wave and Surface Current Monitoring System (WaMoS II)


Ice stations will be conducted, with in situ work carried out in parallel with airborne measurements. The following measurements are planned.
· Snow and ice density: Snow and ice density are highly relevant for the determination of the hydrostatic stage of the ice floe. Densities will be measured on each ice station in snow pits (see Appendix 2) and from ice cores. Hourly snow density will be measured in high temporal resolution experiments during overflights/overpasses. Snow densities are measured in snow pits with a half-litre tube and a spring balance. Ice density is measured daily by weighing 7cm core pieces.
· Snow and ice thickness: These data will be collected along lines with classic methods (drilling, stake sounding and freeboard measurement) and with ground electromagnetics (EM31). Snow thickness data will be collected in larger amounts, in order to calculate the snow thickness distribution for a region, and to identify modal and mean snow thicknesses. This activity continues work carried out during CryoSat-2 pre-launch calibration and validation fieldwork.
· Ice observations: Regular ice observations from the ship’s bridge are planned every 3 hours, using NPI’s ice observation scheme. Photographs will be taken in 3 directions (port, starboard, ahead). RV Lance has an IceCam permanently installed.
FMI can contribute to this activity by making detailed snow and ice density and freeboard measurements and providing an EM31 instrument and five beacons for tracking of ice motion.
A field party will be based at Inglefieldbukta to make ground measurements in Storfjorden.
Satellite data
Acquisition of high resolution SAR products from Radarsat is anticipated under related projects in which NPI is already involved. Some ice ground truth data will be made available in exchange for these products, which will be used to extend local findings spatially around ice stations and to quantify ice drift.


	Satellite
	Instrument
	Mode
	Track
	Date

	CryoSat-2
	SIRAL
	
	
	

	Radarsat
	
	
	
	


Provisional schedules
The timing of the first RV Lance cruise of 2014, either during dark and cold winter conditions in January and February 2014, or in reasonable light, but still cold conditions in March and early April 2014, will determine whether helicopter work can be conducted (only in the latter period) and whether coordination with TF-POF is possible.
Annual cruises to the Fram Strait in September are planned for several years to come.
	Activity
	Schedule
	Helicopter work
	Surface work
	Ice drift rate
	Ice type/ Snow cover
	Temp. conditions
	Primary contact

	RV Lance cruise, NPI ICE
	1-2 weeks in Jan-Apr
	Only in Mar/Apr
	Yes
	Medium to low
	FYI/ medium
	cold
	G. Spreen, H. Steen (NPI)

	RV Lance cruise, University of Hamburg
	Second half of Mar
	Yes
	No, but ship-based and potential link to Storfjorden work
	Medium to low
	FYI/ medium
	cold
	L. Kaleschke (Univ. Hamburg), D. Steinhage (AWI)

	RV Lance cruise, NPI Fram Strait
	3 weeks Aug/Sep
	Yes
	Yes
	Medium to high
	MYI and FYI/ none to thin
	medium
	G. Spreen, P. Dodd (NPI)

	Storfjorden work
	Mar-May; 2-3 day trips from Longyearbyen
	Yes
	Yes, at Inglefieldbukta
	Low to none
	FYI and fast ice/ thick
	cold
	G. Spreen, S. Gerland (NPI)


[bookmark: _Toc380760708]Table 6.5 Summary of activities in Fram Strait/Svalbard
Participants
	Name
	Institution

	Gerland, Sebastian
	Norwegian Polar Institute

	Brandt, Ola
	Norwegian Polar Institute

	Granskog, Mats
	Norwegian Polar Institute

	Goodwin, Harvey
	Norwegian Polar Institute

	Hansen, Edmond
	Norwegian Polar Institute

	Renner, Angelika
	Norwegian Polar Institute

	Tronstad, Stein
	Norwegian Polar Institute

	Haapala, Jari
	Finnish Meteorological Institute

	Rinne, Eero
	Finnish Meteorological Institute




[bookmark: _Toc380760596]Land Ice: Austfonna
	Proposal ID
	PI
	Institution

	1277
	Jon Ove Hagen
Jack Kohler
	University of Oslo
Norwegian Polar Institute


[image: ][image: Nordaustlandet_Cryosat][image: ]
Objectives
	CryoSat-2 error sources to be addressed (see Table 3.2)

	1
	2
	3
	
	
	
	
	
	
	
	
	


Austfonna (centred at 79.5°N, 25°E; elevation 0-800m a.s.l.) is the largest ice cap in Svalbard (8,200km2) and the most suitable for CryoSat-2 validation activities.
The overall objective of the activity is to measure spatial variations in geometry, near-surface density, snow pack layering and snowfall fluctuations over the ice cap. The validation exercise will include:
elevation changes along profiles across the ice cap;
temporal changes in snow surface caused by densification and snowfall;
complex topography that potentially affects the recovered elevation when the sensor is in interferometric mode.
CryoSat-2 data will be validated by obtaining accurate ground-based measurements of snowpack properties relevant to electromagnetic scattering and monitoring elevation changes due to snowfall fluctuations and snow/firn densification processes.
The priorities for activities in 2014 are:
1. to assess the accuracy of surface elevations derived from CryoSat-2 L2 data;
2. to assess the extent to which elevation changes in the ice reflect actual changes in ice mass;
3. to assess the potential for CryoSat-2 data to be used for mapping snow accumulation over ice caps;
4. to relate CryoSat-2 waveforms to surface and near-surface conditions on the ice cap.
Continued measurements are required to maintain long-term thickness change experiments that were set up in 2004.
Overview of measurement activities
Measurements will be obtained along annual transects crossing Austfonna from west to east and from north to south, and additionally along two CryoSat-2 ground tracks. A detailed measurement program will also be carried out at the summit.
Airborne measurements
	Platform
	Instruments

	TF-POF
	ASIRAS, DTU Space laser scanner


TF-POF will arrive on Svalbard on 22/23 April 2014 for overflights on 25-28 April 2014. The aircraft is due to leave Svalbard on 29 April 2012.
ASIRAS measurements will be made along the two identified CryoSat-2 tracks (see Figure 6.17), even if the overpasses themselves will occur several days later. An exact waypoint list for the lines will be provided directly to the TF-POF crew closer to the campaign.
In situ measurements
	Platform
	Instruments

	Ground-based equipment
	Corner reflectors
DGPS
GPR (800MHz)
Automatic Weather Stations (AWS)
Thermistor strings
Ablation stakes
GPR (Ku-band)


[image: ]
[bookmark: _Toc380760660]Figure 6.15 Annual GPS/GPR survey lines on Austfonna and location of AWSs (stars)
The field team will be made up of 4-5 scientists.
In Spring 2014, ground-profiles of GPR/GPS measurements will be made along the usual transects and beneath two CryoSat-2 overpasses (see Figure 6.17). Ground-based radar (800MHz) will be used to measure snow thickness and facies data.
Density data will be derived from snow pits (see Appendix 2).
Surface roughness may also be measured.
Corner reflectors will be positioned in groups (3 and 2) across planned flight tracks, to increase the likelihood of at least one falling within the imaged swath.
A Ku-band GPR will be available to test a concept for year-round mobile and stationary measurements of backscatter surface and layer development. The device is small and light, with a 13.6GHz centre frequency and 1GHz bandwidth (Figure 6.16).
[image: field_setup]
[bookmark: _Ref367959718][bookmark: _Toc380760661]Figure 6.16 Ku-band GPR
	Measurement Technique
	Properties to be Measured

	Static and kinematic DGPS
	Surface elevation validation, large scale surface roughness

	800Mhz GPR along validation transects
	Snow thickness distribution, density layer variation

	Snow pits to previous summer surface, digital photography
	Accumulation and near surface density validation, snow density, grain size, grain type, layer identification

	Stakes along profiles (×20)
	Surface mass balance (Summer, Winter, and net)

	Corner reflectors (×5)
	ASIRAS and CryoSat-2 elevation calibration

	Automatic weather station (AWS) (×3)
	Snow depth, solar radiation, wind speed, air temperature

	Temperature loggers
	Surface temperature/lapse rates


Satellite data
No CryoSat-2 orbits will pass over the previously established ground control lines (tracks 472 and 797) during the 2014 field period (see Figure 6.17). However, during the period 3-10 May 2012, orbits will pass along similar tracks, and these will be targeted for ground measurements and ASIRAS acquisitions.


	Satellite
	Instrument
	Mode
	Track
	Date

	CryoSat-2
	SIRAL
	
	
	


suitable Cryosat-2 lines
(also investigated in 2011)






[bookmark: _Ref275937653][bookmark: _Toc380760662]Figure 6.17 Predicted CryoSat-2 orbits over Austfonna Ice Cap
April/May 2012. Annual GPS/GPR survey lines (ground control lines) shown in blue. Provisional locations of corner reflectors are marked. Additional ground-based GPS/GPR lines and ASIRAS lines are marked in bold red and green.
Provisional schedules
Field work will take place during a period of 3 weeks, from 22 April 2014 to 15 May 2014. The period is critically constrained by Easter and Constitution Day.
Participants
	Name
	Institution

	Langley, Kirsty
	University of Oslo

	Eiken, Trond 
	University of Oslo 

	Dunse, Thorben
	University of Oslo

	Tårand Aasen, Anna
	Norwegian Polar Institute

	Gjerland, Audun
	Norwegian Polar Institute

	Hagen, Jon Ove
	University of Oslo (not in field)


Ground team:
Iridium Satellite telephones +8816 4144 5009 and +8816 4144 5010
[bookmark: _Toc380760597]
Land Ice: Devon Island	Comment by Tim Pearson: No input from Canadians yet
	Proposal ID
	PI
	Institution

	1257
	David Burgess
Michael Demuth
	Geological Survey of Canada

	1290
	Martin Sharp
	University of Alberta


Objectives
	CryoSat-2 error sources to be addressed (see Table 3.2)

	1
	2
	3
	
	
	
	
	
	
	
	
	


The priorities for activities in 2014 are:
1) to assess the accuracy of surface elevations derived from CryoSat-2 L2 data;
2) to assess the potential for CryoSat-2 data to be used for mapping snow accumulation over ice caps across the Queen Elizabeth Islands;
3) to relate CryoSat-2 waveforms to surface and near-surface conditions on the ice cap.
Continued measurements along the original CryoSat cal/val transect (ASIRAS Line 623) are required to maintain long-term thickness change experiments that were set up in 2004.
Overview of measurement activities
Validation activities are concentrated on the Devon Ice Cap, which occupies the easternmost third of Devon Island. Primary field sites are situated at approximate elevations of 1,800m (site 1, percolation zone), 1,500m (site 2, wet snow zone), 1,200m (site 3, superimposed ice zone), and 650m (site 4, ablation zone). The main base camp is situated at site 1 (Summit Camp, 75.33988°N, 82.67631°W). The four main study sites are located along the original North-South ASIRAS Line 623 validation transect/flight track that was established in 2004. Additional flight tracks are to include the East-West ASIRAS Line 450 (established in 2006) and the CryoSat-2 orbit paths predicted for 22 April and 3 May 2012 (see Figure 6.18).
For the verification of the ASIRAS signal along the Devon transect, accurate retrieval of Level 2 information, i.e. surface elevations and last summer surface (LSS), is required. In addition, end of winter snow pack variability will be quantified along the transect, in terms of thickness, density and mass.
GPR measurements are planned at the time of overflights.
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[bookmark: _Ref275271678][bookmark: _Toc380760663]Figure 6.18 Location of sites on the Devon Ice Cap
Note that there is an offset between the main transect (ASIRAS Line 623, based on reference orbit Track 12 of the original CryoSat mission) and CryoSat-2 ground tracks: since the main transect is well established with some permanent equipment, it cannot be moved and the closest CryoSat-2 overpasses, in time and space, during the period of the campaign, have been selected as a best compromise (see Figure 6.20). The 3 May overpass intersects the main transect close to site 1; the 22 April overpass is offset to the west of the main transect. Measurements that use portable equipment can be made along the CryoSat-2 ground tracks; however, those using permanently installed instruments will necessarily be made in their usual positions.


Airborne measurements
	Platform
	Instruments

	TF-POF
	ASIRAS, DTU Space laser scanner

	NASA P-3B N426NA
	ATM, CReSIS Radar Sensors

	NASA HU-25C
	LVIS


TF-POF will overfly Devon Island from a base at Thule. Overfights are scheduled for 30 April and 1 May 2014. The aircraft, equipped with skis, will need to land and refuel at Summit Camp.
In addition to the original CryoSat-2 transect (ASIRAS Line 623), an east-west line (ASIRAS Line 450) plus the 22 April and 3 May 2012 CryoSat-2 orbit paths will be flown.
Exact transect coordinates will be communicated to the TF-POF team in early April, but may be revised up to a few days before the overpass date. Good communications between aircraft and ground crew are therefore essential.
In situ measurements
	Platform
	Instruments

	Ground-based equipment
	Corner reflectors
Static and kinematic DGPS
1GHz and 500Mhz GPR
Automatic weather station (AWS)
HOBO temperature loggers
Crete transponder?


A set of 3 corner reflectors will be located near site 1, at the intersection of the main transect and ASIRAS Line 450:
	
	Latitude
	Longitude

	Centre Corner Reflector
	75.338255
	-82.677994


Of the two CryoSat-2 orbit paths, priority will be given to the 3 May transect: if the weather is good for airborne measurements and the satellite is operating normally, ground validation data will be collected along this transect only. Ground validation data will only be collected along the 22 April transect if either a) the 1 May line is not flown, or b) CryoSat-2 does not operate properly.
To address priority 1, static GPS (with an accuracy of ±2cm in z) will be used for measurements at 1km intervals along transects, and to locate the summit corner reflector. Kinematic GPS (with an accuracy of ~±5cm in z) will be used along the entire length (50km) of the main transect and, at each of the 4 main study sites, in a 50m grid pattern over several areas slightly larger than the CryoSat-2 footprint (300×1000m).
To address priority 2, the team will make use of shallow cores (1-5m), snow pits (see Appendix 2) or snow depth measurements (with a probe), GPR (500MHz and 1GHz), infrared photography (to determine grain size, precise layer identification) and a Ku-band scatterometer (and/or FMCW).


	Measurement Technique
	Properties to be Measured

	Static and kinematic DGPS
	Surface elevation validation, large scale surface roughness

	1GHz and 500Mhz GPR along validation transect(s)
	Density layer variation; also calibrates dielectric modelling

	Snow trenches to previous summer surface and up to 20m in length
	Accumulation and near surface density validation

	Digital (visible and IR) photography of snow pits and trenches
	Snow density, grain size , grain type, layer identification

	Ice cores of 3m depth:
Bulk density and electromagnetic measurements
	Visual stratigraphy and density profiles

	Stakes in nested arrays and along profiles
	Surface Mass balance (Summer, Winter, and net)

	Corner reflectors
	ASIRAS and CryoSat-2 elevation calibration

	Automatic weather station (AWS)
	Snow depth, solar radiation, wind speed, air temperature

	HOBO temperature loggers
	Surface temperature/lapse rates



[image: SA550231]
[bookmark: _Toc380760664]Figure 6.19 Sun halo over Summit Camp, Devon Ice Cap, Nunavut
Work on priority 3 requires knowledge of temporal and spatial variability in accumulation and meteorological conditions on the ice cap and how these will affect surface heights retrieved from CryoSat-2 data. To address this, the team will make use of automatic weather stations measuring snow depth, temperature, etc. (9 in total on Devon Island; 3 along the main transect), shallow cores (1-5m), snow pits or snow depth measurements (with a probe), GPR (500MHz and 1GHz), infrared photography (to determine grain size, precise layer identification) and a Ku-band scatterometer (and/or FMCW). Some validation measurements will be made along the northern extension of the transect (where maximum ASIRAS power returns were obtained in previous experiments).
Satellite data
CryoSat-2 overpasses on 22 April and 3 May 2012 have been selected for use in the campaign (see Figure 6.20). The coordinates of the ground tracks are derived from ESA’s predicted orbit file: since these become more accurate closer to the actual date of the overpass, they will be updated at the end of March 2014.
Satellite acquisitions from RADARSAT-2 (Fine Beam) and TerraSar-X (Tandem) have been requested for the approximate period of the CryoSat-2 and ASIRAS overflights. Spatial coverage of the auxiliary satellite data will include all three transects: ASIRAS Line 623 (original validation transect) and the 22 April and 3 May CryoSat-2 predicted orbit paths.
[image: ]22 April 2012
3 May 2012

[bookmark: _Ref275335916][bookmark: _Toc380760665]Figure 6.20 Predicted CryoSat-2 orbits over Devon Ice Cap, Nunavut, April-May 2012
	Satellite
	Instrument
	Mode
	Track
	Date

	CryoSat-2
	SIRAL
	
	
	

	RADARSAT-2
	
	Fine Beam
	
	early May 2014

	TerraSAR-X
	
	Tandem
	
	early May 2014


Any changes affecting the CryoSat-2 data acquisition plan (e.g. satellite failures) should be notified to the field crew directly via satellite phone or through the PCSP Base Manager in Resolute Bay. Knowledge of any changes would allow appropriate adjustments to be made to the field programme.
Provisional schedules
	16 April 2012
	UAlberta uplift from Resolute onto Devon Ice Cap

	26 April 2012
	GSC Uplift from Resolute onto Devon Ice Cap

	2/3 May 2012
	TF-POF overflights with ASIRAS/Laser scanner

	15 May 2012
	GSC Uplift from Devon to Resolute

	16 May 2012
	UAlberta Uplift from Devon to Resolute


Participants
	Name
	Institution

	Demuth, Michael
	Geological Survey of Canada

	Burgess, Dave
	Geological Survey of Canada

	van Wychen, Wes
	University of Ottawa

	de Jong, Tyler
	University of Ottawa

	Sharp, Martin
	University of Alberta

	Danielson, Brad
	University of Alberta

	Bezeau, Peter
	University of Alberta

	Gascon, Gabrielle
	University of Alberta

	Mortimer, Colleen
	University of Alberta

	Scriver, Ian
	University of Alberta


Field crew:
Iridium Satellite telephones +8816 2241 8726 (primary) and +8816 2241 8723 (secondary)
phones will be monitored between 07:00 and 09:00 Central Daylight Time (UTC-5), i.e. 12:00 to 14:00 UTC, for 3 days prior to each planned overflight.
HF radio and Iridium phones will be monitored throughout the duration of the overflight.
Contact at Resolute Bay – Polar Continental Shelf Program (PCSP):
Base Manager, tel: +1 867 252 3872
HF: SSB 4472.5 kHz Call Sign ‘26Resolute’
VHF: AM Airband 122.90 MHz (122.10 standby)
field crews have twice daily radio contact with the base manager at Resolute Bay.
High-level data analysis will be performed by a PhD or equivalent in radar remote sensing, beginning by 1 April 1 2012 at the latest.
[bookmark: _Ref184722472][bookmark: _Ref184467120]

[bookmark: _Toc380760598]Land Ice: EGIG Line
	Proposal ID
	PI
	Institution

	1268
	Elizabeth Morris
	Scott Polar Research Institute

	1278
	Peter Nienow
	University of Edinburgh


Objectives
	CryoSat-2 error sources to be addressed (see Table 3.2)

	1
	2
	3
	
	
	
	
	
	
	
	
	


The main objectives of the activity are:
to quantify errors in the retrieval of land ice elevation by the SIRAL instrument; and
to assess the extent to which elevation changes in the ice reflect actual changes in ice mass.
Whilst no ground truth data will be collected in 2014, ASIRAS data will overfly the transect and provide data for comparison with CryoSat-2.
Overview of measurement activities
The EGIG (l’Expedition Glacialogique Internationale au Groenland) Transect runs approximately East-West across the central part of Greenland, along latitude 70°N, and covers a wide variety of snow and ice regimes due to height variations along the transect (see Figure 6.21). It has been used for glaciological research since the 1950s.
In 2014, the existing radar and ground data archive will be augmented with airborne data covering the effects of the 2012 melt year and other recent phenomena.
[image: ][image: Description: C:\Users\emm36\Documents\Greenland-science\Morris-2008-Papers-in-Progress\EGIG-site-map.eps]
[bookmark: _Ref187819383][bookmark: _Toc289785231][bookmark: _Toc380760666]Figure 6.21 Plot of the EGIG Transect
Airborne measurements
	Platform
	Instruments

	TF-POF
	ASIRAS, DTU Space laser scanner

	NASA P-3B N426NA
	ATM, CReSIS Radar Sensors


TF-POF will conduct overflights of the transect on 2 and 3 May 2014.
Overflights will be made from a base in Ilulissat.
In situ measurements
There will be no in situ measurements in 2014.
Satellite data
	Satellite
	Instrument
	Mode
	Track
	Date

	CryoSat-2
	SIRAL
	
	
	


Provisional schedules

Participants
As in previous years, Liz Morris and Pete Nienow will continue to be involved with data analysis.
	Name
	Institution

	Morris, Liz
	Scott Polar Research Institute

	Nienow, Pete
	University of Edinburgh

	de la Peña, Santiago
	University of Edinburgh



[bookmark: _Ref317760748][bookmark: _Toc380760599]OPERATION ICEBRIDGE
	PI
	Institution

	Michael Studinger
	NASA


Objectives
Operation IceBridge will employ aircraft to monitor the most sensitive and critical areas of sea ice, ice sheets and glaciers during the gap in satellite coverage between the failure of ICESat-1, in 2009, and the launch of ICESat-2, planned for 2016. Sensitive and critical areas include coastal Greenland and especially its outlet glaciers, the sea ice of the Arctic and the southeast Alaskan glaciers. Data collected by IceBridge will improve our knowledge of the contribution of the Greenland ice sheet to sea level rise and will make fundamental contributions to the understanding of changes occurring in the extent and thickness of the polar sea ice cover. Given the societal importance of understanding changes in sea level rise and sea ice extent, IceBridge data will monitor and improve modelling efforts for sea ice, ice sheets and glaciers. IceBridge will also prepare for the future of airborne monitoring efforts of the cryosphere by adapting existing instruments for high altitude unmanned aerial systems such as the NASA Global Hawk.
The following are the major science objectives of Operation IceBridge in priority order:
1. Make airborne laser altimetry measurements over the ice sheets and sea ice to fill in the data gap between the failure of ICESat-1 in 2009 and the launch of ICESat-2 planned for 2016;
2. Link measurements made by ICESat, ICESat-2, and CryoSat-2 to allow their comparison and the production of a long-term, ice sheet altimetry record;
3. Use airborne altimetry and radar to monitor key, rapidly changing areas of ice, including sea ice, ice sheets and glaciers, in the Arctic to maintain a long term observation record, improve understanding of glacial dynamics, and augment predictive models of sea level rise and sea ice cover;
4. In conjunction with altimetry measurements, collect other remotely sensed data to improve predictive models of sea level rise and sea ice cover, especially the following:
Ice sheet and sea ice thickness, structure and extent;
Bed topography underlying land-based ice;
Bathymetry beneath floating ice shelves;
Snow accumulation and firn structure; and
Other geophysical constraints that will improve estimates of the geothermal and oceanic heat flux
5. Adapt existing instruments for airborne remote sensing of ice by high altitude unmanned aerial systems such as the NASA Global Hawk.
More project documentation, including NASA science requirements and priorities, is available at bprc.osu.edu/rsl/IST/index_files/PROJECTDOCUMENTS.htm, and information to support deployment decisions can be found at bprc.osu.edu/rsl/IST/index_files/deployment_data.htm.
More information about the project can be found at www.nasa.gov/icebridge.
Overview of measurement activities
NASA P-3B flights will be conducted out of Thule, Greenland, and Fairbanks, AK, between 12 March and 4 April (see Table 5.8). The following instrumentation will be deployed:
Airborne Topographic Mapper (ATM) – scanning laser altimeter (532nm);
Snow radar - ultra-wideband radar for snow depth retrieval (2-8GHz);
Digital Mapping System (DMS) – Digital Stereo Camera System;
Ku-band radar – wideband radar altimeter (13.5GHz);
Gravimeter;
Magnetometer.
IceBridge data is made available, with no period of exclusivity, from the National Snow and Ice Data Center (NSIDC, nsidc.org/data/icebridge).
Airborne measurements
	Platform
	Instruments

	NASA P-3B N426NA
	ATM, CReSIS Radar Sensors

	NASA HU-25C
	LVIS


A web-based map server at icebridge.sr.unh.edu/icebridge/grn (maintained by Mark Fahnestock and Tom Milliman) will be populated with IceBridge mission plans as these are refined. An overview map of draft mission plans is shown in Figure 5.8. As far as possible, NASA P-3B operations will be coordinated with other campaign activities to optimise the utility of the datasets. Table 7.1 shows those sea ice mission plans which present opportunities for coordination with CryoVEx.
	Mission
	Priority

	ZigZag West
	M

	ZigZag East
	H

	Fram Gateway
	M

	North Pole Transect
	H


[bookmark: _Ref318725953][bookmark: _Toc380760709]Table 7.1 Operation IceBridge missions over sea ice with potential for coordination
Michael Studinger and Jon Sonntag will make decisions on a daily basis as to which flight to attempt each day. These decisions will depend mainly on flight priorities, weather conditions, and particular flight requirements (e.g. coordination with a CryoSat-2 overflight).
For some mission plans, coordination with CryoSat-2 overpasses is critical; for others, it is an extra possibility. The general guidance for flight planning is to underfly CryoSat-2 whenever possible.
The NASA HU-25C will fly predominantly over land ice; however, some provisional sea ice mission plans are in preparation, in case an opportunity presents itself.
In situ measurements
None foreseen.
Satellite data
	Satellite
	Instrument
	Mode
	Track
	Date

	CryoSat-2
	SIRAL
	
	
	


Only critical CryoSat-2 overpasses are indicated above: for Devon Island because there are very few opportunities for coincidence; and for Alert because activities are coordinated between a larger number of teams.
Underflights during other missions will be planned where possible, given the coincidence of good weather and suitable CryoSat-2 overpasses.
It will help daily mission planning if ESA keeps Michael Studinger and Jon Sonntag informed about a) satellite unavailability and b) new updated orbits following satellite manoeuvres.
Provisional schedules
Operation IceBridge will take place from 12 March to 25 May 2012, with aircraft based at airports as indicated in Table 5.8 and Table 5.10. The window for sea ice flights is 13 March to 2 April 2012.
Participants
	Name
	Institution

	Studinger, Michael
	NASA

	Hansem, Christy
	NASA

	Sonntag, John
	NASA

	Jezek, Ken
	Ohio State University

	Wagner, Thomas
	NASA

	Martin, Seelye
	University of Washington


Concerning icebridge.sr.unh.edu/icebridge/grn:
Mark Fahnestock (fahnestock@gi.alaska.edu)
Tom Milliman (thomas.milliman@unh.edu), +1 603 862 4494
[bookmark: _Toc380760600]SMOS ICE
[bookmark: _Toc380760601]Beaufort Sea
	PI
	Institution

	Christian Haas
	York University


Objectives
SMOS ice thickness retrievals have been shown to be sensitive to ice less than 0.5 m thick (Kaleschke et al., 2010; 2012). Due to the large footprint of SMOS measurements of approximately 65 km, ice thickness retrievals can only be validated over large, homogeneous regions of thin ice. Such regions can be found leeward of the recurring coastal polynyas in the Beaufort Sea, where ice is permanently exported into the westward Beaufort Gyre. The objective of the SMOS Ice 2014 validation campaign is to obtain representative, large-scale airborne EM ice thickness information from these thin ice regions. Kaleschke et al. (2010) and Maass et al. (submitted) have demonstrated the ideal combination of SMOS thickness retrievals and AEM calibration and validation measurements.
Overview of measurement activities
Ice and snow thickness surveys for SMOS validation will be performed between 16 and 19 March 2014. These will be performed along long lines over the thin ice regions of the southern Beaufort Sea, offshore the Mackenzie Delta and west of Banks Island and the Amundsen Gulf. These regions are known for the occurrence of polynyas and vast areas of thin ice (Figure 8.1).
From 20 March 2014 onwards, flights will be dedicated to CryoVEx, and include overflights of the ONR ice camp in the Beaufort Sea. However, these flights will also pass over thin ice areas and can be used for SMOS validation on an opportunistic basis.



[image: ]
[image: ]
[bookmark: _Ref380744304][bookmark: _Toc380760667]Figure 8.1 RADARSAT images of the southern Beaufort Sea
showing thin ice regions off Banks Island and the Mackenzie Delta, and the regional distribution of first (dark) and multiyear ice (bright). Image acquired on 7 February 2014, Copyright CSA/MDA.
Airborne measurements
	Platform
	Instruments

	C-JKB
	EM Bird and Bird Provision
Digital Photo Camera
Slewable Video Camera
Basic Data Acquisition System

	TF-POF
	ASIRAS, DTU Space Laser Scanner

	BAS Twin Otter
	Riegl laser scanner?


Flight lines will be selected based on the most recent RADARSAT imagery and Canadian Ice Service ice charts (Figure 8.2). Actual SMOS quicklook products from https://icdc.zmaw.de/l3c_smos_sit.html?&L=1, provided by Lars Kalschke, will also be used. Flight plans will be made on a daily basis based on weather conditions in the respective regions (Figure 8.3).
Flight lines will follow CryoSat-2 ground tracks to enable investigation of the synergy between CryoSat-2 and SMOS. Several parallel lines will be flown over the regions of interest, 30km apart. Flights will be conducted between 16 and 19 March 2014, with additional opportunities during the CryoVEx campaign period from 20 to 22 March 2014. A toal of 10-12 hours’ flying time is possible.
TF-POF may also fly along the same survey lines with ASIRAS, either coincidently, or in the following days.
A BAS Twin Otter equipped with a laser scanner will also be located at Sachs Harbor to perform very low level flights. This may present a further opportunity for flight coordination.
[image: ]
[bookmark: _Ref380745547][bookmark: _Toc380760668]Figure 8.2 Canadian Ice Service ice chart of 10 February 2014
showing regions of thin and medium first year ice.
[image: ]
[bookmark: _Ref380745569][bookmark: _Toc380760669]Figure 8.3 SMOS ice thickness quicklook image of February 7, 2014
showing regions of thin ice in the study region.
From https://icdc.zmaw.de/l3c_smos_sit.html?&L=1
Satellite data
	Satellite
	Instrument
	Mode
	Track
	Date

	SMOS
	
	
	
	

	CryoSat-2
	
	
	
	


Provisional schedules
The Beaufort Sea part of the overall CryoVEx Sea Ice programme is presented in Table 6.4.
	Date
	C-JKB
	Lodging

	March
	15
	-YEV
[AB, AC]
	Inuvik

	
	16
	SMOS Ice
	

	
	17
	SMOS Ice
	

	
	18
	SMOS Ice
	

	
	19
	SMOS Ice, YEV-YUB
[AB, AC]
	

	
	20
	Beaufort Sea
	

	
	21
	Beaufort Sea
	

	
	22
	YUB-YEV
[AB, AC]
	


[bookmark: _Toc380760710]Table 8.1 Summary of aircraft and personnel movements to and from Beaufort Sea
see list of airport codes, §5.1.1
Participants
	Name
	Institution

	Haas, Christian (CH)
	York University 

	Bublitz, Anne (AB)
	York University

	Casey, Alec (AC)
	York University/University of Alberta


During the campaign, participants will reside in Capital Suites in Inuvik
tel +1 867 669 640
There will be no other telephone service in Inuvik. However, alternatively the Aklak Air/Kenn Borek office at the airport in Inuvik can be contacted:
+1 867 777 3555
Christian Haas:
office +1 416 736 2100 ext 77705
mobile +1 647 713 0587
References
Kaleschke, L., N. Maass, C. Haas, S. Hendricks, G. Heygster, and R. Tonboe (2010), A sea-ice thickness retrieval model for 1.4 GHz radiometry and application to airborne measurements over low salinity sea-ice, The Cryosphere, 4, 583 { 592, doi:10.5194/tc-4-583-2010.
Kaleschke, L., X. Tian-Kunze, N. Maass, M. Maekynen, and M. Drusch (2012), Sea ice thickness retrieval from SMOS brightness temperatures during the Arctic freeze-up period, Geophysical Research Letters, 39 (L05501), doi:10.129/2012GL050916.


[bookmark: _Toc380760602]Barents Sea
	PI
	Institution

	Daniel Steinage
	AWI


Objectives
Different retrieval algorithms for sea ice thickness from SMOS have been developed in the framework of the ESA funded SMOS Ice project. The main uncertainties for the thickness retrieval are: sea ice concentration, ice temperature and salinity, snow thickness and the thickness distribution function. So far, most airborne thickness measurements for validation purposes have been carried out over relatively thick ice with two exceptions: 1) EM-based measurements over a large, extensive Laptev Sea polynya (Thomas Krumpen, AWI, 2012) (Figure 8.4); 2) the NASA Operation IceBridge campaign encountered large areas of relatively thin ice in March 2013 (Figure 8.5). In order to improve and validate SMOS sea ice retrievals further, it is necessary to collect more data in the thickness range up to 1.5m for different ice concentrations in the marginal ice zone.
[image: ]
[bookmark: _Ref368388730][bookmark: _Toc380760670]Figure 8.4 Time series of SMOS thickness in the Laptev Sea polynya
compared to assimilation systems and EM measurements
[image: ]
[bookmark: _Ref368388741][bookmark: _Toc380760671]Figure 8.5 OIB flight tracks and synergy of SMOS and CryoSat-2 data
SMOS Ice will gather data over relatively thin ice in support of the validation and fine tuning of algorithms for the retrieval of sea ice thickness from SMOS observations.
Emphasis will be put on investigating the impact of ice concentrations on the retrieval; addressing the problem of snow thickness influence on retrieval is a secondary objective.
An additional objective will be to underfly CryoSat-2 with HEM Bird.
Overview of measurement activities
From 15 to 30 March 2014, RV Lance (NPI) will conduct a cruise in partnership with the University of Hamburg and AWI in the western Barents Sea to support development of the Ice Route Optimization (IRO-2) system, a sea ice forecast system for ship route optimisation funded by the German Ministry of Economics and Technology (BMWi). The cruise will involve measurements from the ship (EM and more), from the air (Polar-5 and helicopter) and using buoy drifters. These activities provide an opportunity for additional validation of SMOS sea ice thickness retrieval validation.
SMOS Ice campaign activities will take place 24-28 March 2014. Since the RV Lance cruise ends at Tromsø on 30 March, the ship will already be on its way south during this period, so the window for surveying suitable sea ice conditions is critically short. For maximum flexibility and to counteract the risk of bad weather that would prevent access from Longyearbyen, the helicopter should be based on the ship for the duration of the cruise. Polar-5 will only be available (from a base at Longyearbyen) towards the end of the cruise.
[image: ]
[bookmark: _Toc380760672]Figure 8.6 SMOS Ice region of interest in western Barents Sea
pink line: RV Lance indicative route Longyearbyen-Tromsø (northern target of Kvitoya not definite); campaign flights will ideally take place in the area with the densest ice drift buoys (green dots) around 78-79°N
Airborne measurements
	Platform
	Instruments

	Polar-5
	EMIRAD-2 L-band radar, snow radar KT-19, ALS, boundary layer meteorology instrumentation

	Helicopter
	EM Bird, snow radar, stereo camera system


For the SMOS Ice campaign, Polar-5 will be equipped with the EMIRAD-2 radiometer and a KT-19 snow radar. The Airborne Laser Scanner (ALS) will also be mounted.
The suite of instrumentation has varying requirements in terms of observation altitude (Table 8.2), so a number of overpasses are necessary to satisfy them all.
	Instrument
	Height restriction

	EMIRAD-2
		>1,000ft

	KT-19
		<1,500ft

	ALS VQ580
		351-3,000ft

	Snow radar
		<750ft

	Laser altimeter LD90 (long range)
		<9,000ft

	Laser altimeter LDM301 (high rep.)
		<600ft


[bookmark: _Ref368403101][bookmark: _Toc380760711]Table 8.2 Polar-5 instrumentation height restrictions
EMIRAD-2 specifications:
Fully polarimetric (i.e. 4 Stokes);
ΔT = 0.1K for 1 second integration;
RFI flagging by kurtosis and polarimetry;
2 antennae:
· one nadir pointing;
· one pointing at 45° incidence in Polar-5 (usually 40°);
Antennae are Potter horns (no sidelobes) with 38° and 31° HPBW;
Footprints around 450m from 2,000ft flight altitude;
Internal calibrations (no mapping) required regularly (every 10 minutes).
The side looking horn of EMIRAD-2, which points 100° from heading on the right side of the aircraft, must not see the Sun within a ±45° azimuth angle.
[image: ] [image: ]
[bookmark: _Toc380760673]Figure 8.7 EMIRAD-2 on Polar-5
left: inboard systems; right: side-looking horn antenna
The snow radar operates at 8-12GHz and as such there is a risk of interference with EMIRAD-2. This will be investigated during the test flight on 17 February 2014 in Bremerhaven.
Flights will be planned to make EMIRAD-2 measurements in tandem with ALS (both Polar-5), and snow radar measurements (Polar-5) in tandem with HEM Bird. The latter pairing is essential to derive sea ice thickness from the data.
Polar-5 will be based in Longyearbyen for the campaign, flying to the Barents Sea on each sortie. It can fly for up to 8 hours in most weather conditions (reduced for low-level flying), though low cloud and fog would prevent ALS operation and low-level passes for snow radar acquisitions.
A helicopter equipped with the HEM Bird will operate from RV Lance. In good conditions, it can reach up to 100km from the ship and fly for up to 2.5 hours. This activity is scheduled to start on 22 March 2014 but, if the helicopter is shipboard for the duration of the cruise, this date is flexible. The ship will be in constant motion during survey flights, presenting additional safety considerations. Low level HEM Bird flights have to be interrupted every 20 minutes for calibration, during which the aircraft hovers in position and rises to 400-500ft.
For Polar-5, long flight lines with fewer turns are preferred, but it is safer for the helicopter to stay close to the ship (in case of suddenly deteriorating weather) and avoid long stretches of open water. Whilst long tracks allow a greater variety of ice regimes to be surveyed, some compromise will be necessary for coordinated flights with the helicopter. Differential aircraft speeds must also be taken into account when planning coordinated flights.
It is not necessary to fly along a SMOS ground track, but by surveying a number of parallel flight lines in a 50-100×100km box, the area of one or two SMOS footprints could be characterised. If a suitable overpass coincides with the campaign, a CryoSat-2 track could also be incorporated into the flight plan for extra validation of its sea ice thickness product and, if time permits, regional ice thickness distribution could be surveyed with HEM Bird.
Polar-5 activities are scheduled as follows:
	17 February 2014
	SMOS Ice test and certification flight from BRV

	24 February 2014
	opportunity for 2nd test flight

	27‐28 February 2014
	customs

	1‐2 March 2014
	transit to LYR

	3‐22 March 2014
	LEAST flights (meteorological campaign)

	23 (&24) March 2014
	installation of EMIRAD‐2

	24/25‐28 March 2014
	SMOS Ice flights

	29‐30 March 2014
	transit to BRV

	31 March 2014
	SMOS Ice de‐installation

	1‐3 April 2014
	customs


Polar-5 will make 2 or 3 sorties over ~2 days; in total, 10-20 flight hours are foreseen. Flight plans can remain flexible until the day before; it may still be necessary to deviate helicopter flights at short notice if weather conditions are not optimum.
In situ measurements
	Platform
	Instruments

	RV Lance
	EM31 (boom)
Video
Ice observations
KT-19 CTD
ADCP
Multi weather sensors
Measurement of ship’s propulsion and power consumption
Wave and Surface Current Monitoring System (WaMoS II)

	Ice drift buoys (20)
	


Satellite data
	Satellite
	Instrument
	Mode
	Track
	Date

	SMOS
	
	
	
	

	CryoSat-2
	
	
	
	


Provisional schedules
Following satisfactory conclusion of EMIRAD-2 testing and certification, beginning 17 February 2014, campaign activities will commence on 24 March 2014, weather permitting. The last day available for flight activities is 28 March 2014.
Participants
	Name
	Institution

	Steinage, Daniel
	Alfred Wegner Institute

	Kaleschke, Lars
	University of Hamburg

	Savstrup Kristensen, Steen
	DTU Space

	Gerland, Sebastian
	Norwegian Polar Institute

	Spreen, Gunnar
	Norwegian Polar Institute

	Drusch, Matthias
	ESA


One dedicated NPI staff will be based on RV Lance, together with the helicopter crew.
Stefan Hendricks, Polar-5 Team Leader:
stefan.hendricks@awi.de
mobile +49 176 22 62 87 51
Polar-5 Iridium
+8816 414 42635
AWI on-site logistics manager
Heinz Finkenzeller
heinz.finkenzeller@awi.de
mobile +49 151 546 19 783

[bookmark: _Toc380760603][bookmark: _Ref368403410]GEOSAR
	PI
	Institution

	Christian Haas
	York University


Objectives
Overview of measurement activities
Due to the constraints of needing to survey a mix of first year and multiyear landfast ice within range of Thule AFB, the study will be located near Resolute Bay, Nunavut. Figure 9.1a shows the location of Resolute Bay and other relevant locations in Arctic Canada and Greenland. Figure 9.1b shows the detail around the suggested study area in Penny Strait, NW of Resolute Bay, where we expect to find the necessary ice conditions. The black square indicates the extent of the satellite image shown in Figure 9.3, which indicates the current ice conditions.
[image: ]
[bookmark: _Ref380755484][bookmark: _Toc380760674]Figure 9.1 Location of GeoSAR study area
a) Greenland and Northern Canada showing the locations of communities and airports relevant for this study. b) Zoomed in map showing the region around Penny Strait and Resolute Bay and the extent of the satellite SAR image shown in Figure 9.3
Airborne measurements
	Platform
	Instruments

	C-JKB
	EM Bird and Bird Provision
Digital Photo Camera
Slewable Video Camera
Basic Data Acquisition System

	FEDI G2
	GeoSAR

	Twin Otter
	Ice camps, field teams and ground-based equipment


GeoSAR is a single pass, wideband, dual frequency (X-band and P-band) interferometric mapping radar designed to map simultaneously both top vegetation canopies and the terrain beneath the canopy. This system was developed from 1998-2003 as a joint effort of NASA JPL and EarthData under sponsorship of DARPA and NGA. GeoSAR is owned, operated, maintained, and updated by Fugro EarthData for worldwide mapping applications. As the aircraft traverses along a flight line (Figure 9.2) the GeoSAR system collects simultaneously single-pass interferometric P-band and X-band data in swaths of 10–12km on each side of the aircraft.
[image: ]
[bookmark: _Ref380757697][bookmark: _Toc380760675]Figure 9.2 GeoSAR dual side acquisition geometry
GeoSAR employs a 160MHz transmission bandwidth at both P-band and X-band. P-band is notched depending on the local environment. P-band’s peak sidelobe roll off is approximately monotonic, reaching -30dB at t=0.1μs (~30m). The good ISLR performance of this impulse response coupled with relatively homogeneous scattering from the sea ice results in no visible range artifacts in the imagery.
For this campaign, the GeoSAR system will be mounted on a FEDI G2 aircraft operating out of Thule AFB. Flights will be made between 1 and 5 April 2014.
EM Bird measurements will be made on 6 and 7 April 2014 using C-JKB out of Resolute Bay.
The equipment for the ice camp will be deployed to the site by a Twin Otter from Resolute Bay, which will be a roundtrip of 3-4 hours. The number of flights will be determined by the number of people in the field team, with the number of snowmobiles being the most important factor. Conversely, the number of flights may limit the feasible size of the field team. If two snowmobiles can be transported at once, then a minimum of three flights would likely be required to deploy ice camp equipment and personnel. Allowing ground time for loading and offloading the aircraft, this is likely to be the maximum number of flights that can be relied upon to deploy the field camp in a single day with a single aircraft.
In situ measurements
	Platform
	Instruments

	Ground-based equipment
	“Kovacs” auger and electric drill
Ice corer, electric drill, ice saw
EM-31 and sled
Snow probe


To provide surface data for validating and interpreting the GeoSAR and AEM data, a 6-day field campaign utilizing a twin otter-deployed ice camp is proposed. The camp will be uased as a base from which to make detailed measurements at nearby sites representing different ice types. Having examined satellite radar imagery, a camp location is tentatively proposed in Figure 9.3, which also shows nominal locations of measurement sites. The precise camp and measurement site locations will depend upon ice conditions and will be subject to change based on analysis of subsequent imagery and any other available reconnaissance data. This is one advantage to conducting the field campaign after the airborne missions. The primary criteria for selecting the camp location will be field safety and access to an adequate variety of ice types.
In selecting measurement sites regions of both level and rough ice representing a range of ice thicknesses will be sought. The primary focus will be on multiyear (MY) ice and surface measurements will be attempted on the thickest and thinnest MY ice that can be found, as well as at intermediate thicknesses. Interpretation of the GeoSAR results will be simplest over level ice with minimal topography, but it will also be important to collect validation data in areas of rough ice to determine the effect of internal heterogeneity on the penetration of X- and P-band energy. Finally, the field team will also seek to collect to data to assess the limits of thickness measurement over first year (FY) ice by choosing measurements sites in areas of different FY ice thicknesses.
Table 9.1 lists the primary observations and measurements that will be performed at each site and the major equipment needed. This set of observations is designed to provide direct, independent means of measuring ice thickness, snow depth and surface elevation for calibration and validation of airborne EM and GeoSAR data products, while also providing more detailed information on sea ice properties to assist with interpretation of results. The collection and analysis of ice cores will be essential for decisive identification of MY and FY ice sites. It is anticipated that 2-3 measurement sites will be completed per day such that data will be collected at 8-12 sites in all. The EM-31 will also be in operation during transits between observation sites to collect additional information on the spatial variability of ice thickness within the GeoSAR footprint.
	Technique
	Measurements
	Major Equipment

	Ice drilling
	Direct thickness measurement
	“Kovacs” auger and electric drill

	Ice coring
	Temperature and salinity profiles; Photo-documentation of ice stratigraphy
	Ice corer, electric drill, ice saw

	Surface EM-31 survey
	Local scale ice thickness transect
	EM-31 and sled

	Snow depth survey
	Snow depth variability
	Snow probe


[bookmark: _Ref380756996][bookmark: _Toc380760712]Table 9.1 Field observations to be performed at each measurement site
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[bookmark: _Ref380756762][bookmark: _Toc380760676]Figure 9.3 RADARSAT SAR image acquired over Penny Straight
showing ice conditions as of mid December 2013. The yellow triangle indicates a potential camp location chosen for what appears to be level FY ice suitable for landing ski-equipped aircraft. The coloured boxes indicate nominal sampling site locations within one-day’s snow mobile based upon interpretation of the SAR imagery.
Satellite data
	Satellite
	Instrument
	Mode
	Track
	Date

	
	
	
	
	



Provisional schedules
Due to the non-availability of Thule AFB and Alert Station during Operation Boxtop, which commences on 6 April 2014, it will not be possible to obtain fully synchronous GeoSAR and EM-bird measurements. C-JKB will depart from Station Nord on 2 April 2014, with the possibility of making observations in the Resolute Bay area from 6 April 2014. However, since the FEDI G2 aircraft will need to be based in Thule AFB, the GeoSAR survey must take place before 6 April 2014. Furthermore, due to prior field commitments and the travel time to Resolute Bay, it will not be possible to conduct the surface-based observations until after the EM-bird flights. Due to the landfast nature of the target area and the cold temperatures that typically prevail in early April, significant changes are not expected to affect the sea ice in the study area over this time span.
Participants
	Name
	Institution

	Haas, Christian
	York University

	
	

	
	

	
	


Christian Haas during the campaign:
Iridium phone +8816 2346 5650
mobile +1 647 713 0587
[bookmark: _Toc380760604]EUREKA SOUND
	PI
	Institution

	Stephen Howell
	Environment Canada


Objectives
The Climate Research Division of Environment Canada are planning to deploy a field team to the Canadian Arctic in March/April 2014 with the objective of characterising snow properties on sea ice and ice thickness.
Field measurements of snow on sea ice and sea ice thickness are required for validation of new Environment Canada satellite-derived datasets for climate and numerical weather prediction applications.
The new satellite-derived datasets are related two major Environment Canada multi-year projects that are sponsored by the Canadian Space Agency:
1. Sea ice area flux within the Canadian Arctic from RADARSAT;
2. Improved retrievals of snow depth on sea ice and snow water equivalent over land for numerical prediction applications.
Overview of measurement activities
Eureka Sound is accessible from the Environment Canada station at Eureka (Figure 10.1). The area typically has smooth, first-year ice, which appeared to be in place in mid-September 2013.
Field measurements will be coordinated with IceBridge and CryoVEx flights, and so would make an-kind contribution to these campaigns. For Operation IceBridge, the site could be flown on a return leg to Thule from northern Ellesmere transects. The site is relatively close to Alert, from where CryoVEx overflights could be executed.
[image: ]
[bookmark: _Ref376959738][bookmark: _Toc380760677]Figure 10.1 Eureka Sound
Airborne measurements
	Platform
	Instruments

	NASA P-3B N426NA
	ATM, CReSIS Radar Sensors

	TF-POF
	ASIRAS, DTU Space laser scanner


TF-POF will be staging at Resolute Bay, with a standby day on 24 March 2014. This day could be used for a coordinated flight with OIB, along a line to be surveyed later by the field team.
In situ measurements
	Platform
	Instruments

	Ground-based equipment
	Magnaprobe
EM


The sampling strategy will comprise long transects, to cover as much linear distance as possible (Figure 10.2). The following measurements will be made:
snow depth transects (magnaprobe);
snow cores for bulk density/SWE;
snow pits for stratigraphy;
ice thickness and freeboard;
EM induction.
[image: ]
[bookmark: _Ref376959920][bookmark: _Toc380760678]Figure 10.2 Eureka Sound sampling strategy
Satellite data

	Satellite
	Instrument
	Mode
	Track
	Date

	
	
	
	
	



Provisional schedules
The window for field activities is between 25 March 2014 and 15 April 2014.
Participants
	Name
	Institution

	Howell, Stephen
	Environment Canada

	Derksen, Chris
	Environment Canada

	Haas, Christian
	York University



[bookmark: _Toc380760605]PETERMANN GLACIER
	PI
	Institution

	Andrew Shepherd
	University of Leeds


Objectives
This activity focusses on other uses of CryoSat-2 data, apart from its original mission objectives.
Two objectives can be addressed by a campaign at the Petermann Glacier in Spring 2014:
CryoSat-2 Swath Mode retrieval validation in parallel with the ESA CryoSat+ project, CryoTop (2013-2015);
Grounding line location (GLL) retrieval validation in parallel with ESA CryoSat+ project, GLITter (2013-2015).
Overview of measurement activities
Swath-mode retrieval validation involves acquisition of contemporaneous Lidar data (e.g. LVIS) and assessment of retrieval dependence on firn properties (e.g. volume/surface scattering).
GLL retrieval validation involves using frequent in situ observations of tidal flexure (e.g. GBSAR) as well as validating CryoSat-2 Swath-mode data at the grounding line.
The floating tongue of Petermann is approximately 25-30km wide and 70km long (Figure 11.1).
[image: D:\CryoVex\tsx_PG_aoiV2.png]
[bookmark: _Ref367954949][bookmark: _Toc380760679]Figure 11.1 Petermann Glacier tongue
Airborne measurements
	Platform
	Instruments

	TF-POF
	ASIRAS, DTU Space laser scanner

	NASA HU-25C
	LVIS


A subarea of the glacier will be surveyed using ASIRAS; this will be selected to be most relevant to the swath processing demonstration.
For GLL determination, observations of the glacier tongue must be repeated at different tidal states. To achieve this, the area will be overflown at the beginning and end of airborne sorties to the upper part of the glacier.
TF-POF flights can be conducted during the first tour, from Alert, and on the second tour, during transit between THU and Station Nord.
To install the ground-based interferometer, an airborne ferry will be required, probably by helicopter.
In situ measurements
	Platform
	Instruments

	Ground-based equipment
	Ground-based interferometer



[image: D:\CryoVex\groundradar_hr.jpg]
[bookmark: _Toc380760680]Figure 11.2 Ground-based interferometer
Satellite data

	Satellite
	Instrument
	Mode
	Track
	Date

	CryoSat-2
	SIRAL
	Wide swath
	
	



Provisional schedules

Participants
	Name
	Institution

	Shepherd, Andrew
	University of Leeds

	Hogg, Anna
	University of Leeds

	Gourmelen, Noel
	University of Edinburgh

	Nienow, Pete
	University of Edinburgh



[bookmark: _Toc380760606]SUPPORTING DATA
[bookmark: _Toc380760607]Sea Ice State Maps
These will be available from DMI.
[bookmark: _Toc380760608]CRYOSAT-2 DATA ACCESS
[bookmark: _Toc380760609]CroSat-2 products
	SIRAL Data Product
	Main Characteristics
	Data Volume

	L1b Full Bit Rate (FBR)
	Time-ordered, raw data consisting of complex individual echoes prior to the application of synthetic aperture, interferometric or accumulation processing.
	50 Gbytes/day

	L1b Multi looked 
Wave Form data
	Multi-looked echoes.
Waveform power data are averaged. SARIn data contains multi-looked phase.
Full engineering and geophysical corrections applied.
	2.5 Gbytes/day

	Level 2 GDR
	Consolidated products on orbit basis (GDR) containing LRM, SAR and SARIn.
These are time-ordered elevation values (of ice, ocean or land) and, in the case of sea ice, ice thickness.
	60 Mbytes/day

	Level 2 FDM
	Fast Delivery Ocean for oceanographic and meteorologist use.
	35 Mbytes/day


[bookmark: _Toc380760713]Table 13.1 Overview of CryoSat-2 products
[bookmark: _Toc380760610]Payload Data Ground Segment (PDGS)
The Payload Data Segment (PDS) is located in Kiruna Salmijärvi. The PDS is in charge of science data ingestion from the Flight Operations Segment (FOS) acquisition system and of level 0 and higher level products generation, archiving and distribution. Distribution activities comprise automatic distribution, systematic distribution and special distribution commands.
The Long-term Archiving (LTA) is located in Toulouse (CNES). The LTA is in charge of archiving all the CryoSat-2 data, received from the PDS and locally generated through re-processing, for up to 10 years after the start of routine operations, and to generate corresponding metadata and forward it to the Master Catalogue. It also allows on-request distribution of archived high level products to users.
The User Services (including MURM) are located in ESRIN. The User Services allow users to access and visualise information on the CryoSat-2 archived products through a catalogue function. The MURM’s main role is collecting and managing all the requirements for CryoSat-2 data acquisition and dissemination and presenting them in a Gantt chart or as a projection on a geographical map, the various timelines corresponding to satellite or ground segment activity.
[bookmark: _Toc380760611]Data access for cal/val users
Cal/val users have access to FBR data, other L1b data, L2 data and auxiliary data. Registration is via submission of a proposal to the EOPI Portal, which also serves as the principal point of contact between ESA and users throughout the course of the project (including regular report submission).
Following acceptance of a proposal, users will be automatically registered with User Services and the PDS, allowing automatic data delivery and the possibility to make specific data requests using the EOLi-SA catalogue browser.
[image: ]
[bookmark: _Toc380760681]Figure 13.1 Data distribution mechanisms for CryoSat-2 cal/val users
[image: EoliSa_Screenshot_CRYOSAT2.tiff]
[bookmark: _Toc380760682]Figure 13.2 Screenshot of the EOLi-SA catalogue browser
[bookmark: _Toc380760612]CryoSat-2 ground tracks
The following CryoSat-2 orbit files are provided to users to support data analysis, and planning and execution of airborne campaigns:
The Reference Orbit contains the orbit parameters for each planned orbit, plus the Orbit State Vectors (OSV) for each orbit for the duration of a complete CryoSat-2 orbit repetition cycle (369 days). It is used for planning the main CryoSat-2 instruments and it is generated at the beginning of every orbital repetition cycle around two months before current file expires. The Reference Orbit is suitable for planning long-term in-situ validation campaigns. At the Polar Regions, the ground track error is within 1km.
The Reference Ground Track contains the Reference Orbit expressed in latitude and longitude with 2 seconds, 10 seconds or 60 seconds sampling interval. At the Polar Regions, the ground track error is within 1km.
The FOS Predicted Orbit is a high accuracy orbit prediction generated closer to the time of the overpass. The file contains Orbit State Vectors (OSV). It is generated every day, and contains one OSV per orbit, located at (or very near to) the Ascending Node. This means that predicted OSVs for a given day are updated 30 times, with increasing accuracy. The coverage is for 30 days starting at the generation time. With respect to the Reference Orbit, the accuracy of the ground tracks is much higher. It can therefore be used to finalise flight lines during validation campaigns to maximise collocation with the satellite acquisition a few weeks in advance.
The ground tracks and the software to generate them can be found on the server:
FTP server: ftp://calval-pds.cryosat.esa.int
Username: ground
Password: tracks
[bookmark: _Toc380760613]CUT
The CryoSat User Tool (CUT) enables visualisation of CryoSat-2 products on a world map and interrogation of product headers. It also calculates and plots the footprint of CryoSat-2 products, for planning or data ordering purposes.
The software also acts as an FTP client for accessing CryoSat-2 products on remote servers.
The software is available from Earthnet Online (earth.esa.int).
[image: Description: CUT_Main.JPG]
[bookmark: _Toc380760683]Figure 13.3 CUT interface
[bookmark: _Toc380760614]Timescale
During the Science Phase, requested products are distributed to cal/val users in near-real time (NRT) using on-board orbit localisation. When precise orbit data is available (after 30 days), routine processing takes place at the PDS and products are distributed to all users.

[bookmark: _Toc380760615]DIRECTORY
[bookmark: _Toc380760616]PIs
	Name
	Organisation
	email
	telephone (office)
	telephone (mobile)
	Campaign

	Burgess, David
	GSC
	david.burgess@nrcan-rncan.gc.ca
	
	
	CryoVEx

	Demuth, Michael
	GSC
	mdemuth@nrcan.gc.ca
	
	
	CryoVEx

	Forsberg, Rene
	DTU Space
	rf@space.dtu.dk
	+45 4525 9719
	+45 2540 2775
	CryoVEx

	Gerland, Sebastian
	NPI
	sebastian.gerland@npolar.no
	+47 777 50 554
	
	CryoVEx

	Haapala, Jari
	FMI
	jari.haapala@fmi.fi
	
	
	CryoVEx

	Haas, Christian
	YorkU
	haasc@yorku.ca
	+1 416 736 2100 ext 77705
	+1 647 713 0587
	CryoVEx

	Hagen, Jon Ove
	UOslo
	j.o.m.hagen@geo.uio.no
	
	
	CryoVEx

	Hensley, Scott
	JPL
	sh@ampersand.jpl.nasa.gov
	
	
	IceBridge

	Howell, Stephen
	ECanada
	stephen.howell@ec.gc.ca
	
	
	Nansen Sound

	Morris, Liz
	SPRI
	emm36@cam.ac.uk
	
	
	CryoVEx

	Nienow, Pete
	UEdinburgh
	pnienow@geo.ed.ac.uk
	
	
	CryoVEx

	Richter-Menge, Jacqueline
	CRREL
	Jacqueline.A.Richter-Menge@usace.army.mil
	+1 603 646 4266
	
	CryoVEx

	Sharp, Martin
	UAlberta
	martin.sharp@ualberta.ca
	
	
	CryoVEx

	Shepherd, Andrew
	ULeeds
	a.shepherd@leeds.ac.uk
	
	
	Petermann Glacier

	Steinage, Daniel
	AWI
	daniel.steinhage@awi.de
	
	
	SMOS Ice

	Studinger, Michael
	NASA
	michael.studinger@nasa.gov
	+1 301 614 6908
	+1 240 460 7534
	IceBridge




[bookmark: _Toc380760617]Aircraft operators
	Name
	Aircraft/ Instrument
	Role
	email
	telephone (office)
	telephone (mobile)

	Lentz, Harald
	ASIRAS
	
	h.lentz@rst-group.biz
	
	

	Bublitz, Anne
	C-JKB
	EM Bird operator
	bublitz@yorku.ca
	
	

	Casey, Alec
	C-JKB
	
	jcasey@ualberta.ca
	
	

	Haas, Christian
	C-JKB
	
	haasc@yorku.ca
	+1 416 736 2100 ext 77705
	+1 647 713 0587

	Savstrup Kristensen, Steen
	EMIRAD-2
	
	ssk@space.dtu.dk
	
	

	Beckers, Justin
	KBAL Twin Otter
	
	
	
	

	Cornelissen, Marc
	KBAL Twin Otter
	
	marc@icentials.com
	+31 65 513 8592
	+31 65 513 8592

	McGrath, John
	NASA G-III
	Project Manager
	john.t.mcgrath@nasa.gov
	
	

	Moes, Tim
	NASA G-III
	Project Manager
	timothy.r.moes@nasa.gov
	+1 661 276 3054
	+1 661 510 8696

	Zhen, Yang
	NASA G-III
	
	yang.zheng@jpl.nasa.gov
	
	

	Beckley, Matt
	NASA HU-25C
	
	matthew.a.beckley@nasa.gov
	
	

	Hofton, Michelle
	NASA HU-25C
	
	mhofton@umd.edu
	
	

	Martin, Seelye
	NASA HU-25C
	Mission Scientist
	seelye@u.washington.edu
	
	

	Wusk, Mike
	NASA HU-25C
	Mission Manager
	michael.s.wusk@nasa.gov
	
	

	Hansen, Christy
	NASA P-3B
	
	christy.hansen-1@nasa.gov
	
	+1 571 212 0972

	McKee, Rick
	NASA P-3B
	Mission Manager
	richard.mckee@nasa.gov
	
	

	Sonntag, John
	NASA P-3B
	Instrument Team Leader
	john.g.sonntag@nasa.gov
	
	+1 571 212 0972

	Studinger, Michael
	NASA P-3B
	
	michael.studinger@nasa.gov
	+1 301 614 6908
	+1 240 460 7534

	Finkenzeller, Heinz
	Polar-5
	
	heinz.finkenzeller@awi.de
	
	+49 151 54619783

	Hendricks, Stefan
	Polar-5
	Team Leader
	stefan.hendricks@awi.de
	
	+49 176 22628751

	Steinage, Daniel
	Polar-5
	
	daniel.steinhage@awi.de
	
	

	Forsberg, Rene
	TF-POF
	
	rf@space.dtu.dk
	+45 4525 9719
	+45 2540 2775

	Hvidegaard, Sine Munk
	TF-POF
	
	smh@space.dtu.dk
	+45 4525 9772
	+45 2683 3431

	Nielsen, Emil
	TF-POF
	
	jemni@space.dtu.dk
	+45 4525 9750
	

	Sørensen, Louise Sandberg
	TF-POF
	
	slss@space.dtu.dk
	+45 4525 9714
	+45 5090 5212

	Simonsen, Sebastian
	TF-POF
	
	ssim@space.dtu.dk
	+45 4525 9774
	

	Hensley, Scott
	UAVSAR
	Chief Scientist
	sh@ampersand.jpl.nasa.gov
	
	

	Lou, Yunling
	UAVSAR
	Project Manager
	yunling.lou@jpl.nasa.gov
	
	


[bookmark: _Toc380760618]Other contacts
	Name
	Organisation
	email
	telephone (office)
	telephone (mobile)
	Campaign

	Armitage, Tom
	UCL
	t.armitage@ucl.ac.uk
	
	
	CryoVEx

	Beckers, Justin
	UAlberta
	
	
	
	CryoVEx

	Beckley, Matt
	NASA
	matthew.a.beckley@nasa.gov
	
	
	IceBridge

	Bublitz, Anne
	YorkU
	bublitz@yorku.ca
	
	
	CryoVEx

	Casey, Alec
	YorkU
	jcasey@ualberta.ca
	
	
	CryoVEx

	Cornelissen, Marc
	Cold Facts
	marc@icentials.com
	+31 65 513 8592
	+31 65 513 8592
	CryoVEx

	de la Peña, Santiago
	UEdinburgh
	
	
	
	CryoVEx

	Derksen, Chris
	ECanada
	chris.derksen@ec.gc.ca
	+1 416 739 5804
	
	Nansen Sound

	Drinkwater, Mark
	ESA-ESTEC
	mark.drinkwater@esa.int
	
	
	CryoVEx

	Elder, Bruce
	CRREL
	
	
	
	CryoVEx

	Finkenzeller, Heinz
	AWI
	heinz.finkenzeller@awi.de
	
	+49 151 54619783
	SMOS Ice

	Gourmelen, Noel
	UEdinburgh
	noel.gourmelen@ed.ac.uk
	+44 131 650 8164
	
	Petermann Glacier

	Hansen, Christy
	NASA
	christy.hansen-1@nasa.gov
	
	+1 571 212 0972
	IceBridge

	Heimstra, Chris
	CRREL
	
	
	
	CryoVEx

	Hendricks, Stefan
	AWI
	stefan.hendricks@awi.de
	
	+49 176 22628751
	SMOS Ice

	Hofton, Michelle
	UMD
	mhofton@umd.edu
	
	
	IceBridge

	Hogg, Anna
	ULeeds
	a.e.hogg11@leeds.ac.uk
	
	
	Petermann Glacier

	Hvidegaard, Sine Munk
	DTU Space
	smh@space.dtu.dk
	
	
	CryoVEx

	Jezek, Ken
	OSU
	jezek@frosty.rsl.ohio-state.edu
	
	
	IceBridge

	Kaleschke, Lars
	UHamburg
	lars@seaice.de
	
	
	SMOS Ice

	Langley, Kirsty
	UOslo
	kirstyl@geo.uio.no
	
	
	CryoVEx

	Lentz, Harald
	RST
	h.lentz@rst-group.biz
	
	
	CryoVEx

	Lou, Yunling
	JPL
	yunling.lou@jpl.nasa.gov
	
	
	IceBridge

	Martin, Seelye
	UWashington
	seelye@u.washington.edu
	
	
	IceBridge

	McGrath, John
	NASA DFRC
	john.t.mcgrath@nasa.gov
	
	
	IceBridge

	McKee, Rick
	NASA
	richard.mckee@nasa.gov
	
	
	IceBridge

	Moes, Tim
	NASA DFRC
	timothy.r.moes@nasa.gov
	+1 661 276 3054
	+1 661 510 8696
	IceBridge

	Nielsen, Emil
	DTU Space
	
	
	
	CryoVEx

	Nyquist, Petter
	PNProductions
	
	
	
	CryoVEx
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	Rinne, Eero
	FMI
	eero.rinne@fmi.fi
	
	
	CryoVEx

	Savstrup Kristensen, Steen
	DTU Space
	ssk@space.dtu.dk
	
	
	SMOS Ice

	Shilland, Ewen
	UCL
	e.shilland@ucl.ac.uk
	
	
	CryoVEx

	Sonntag, John
	NASA
	john.g.sonntag@nasa.gov
	
	+1 571 212 0972
	IceBridge

	Spreen, Gunnar
	NPI
	Gunnar.Spreen@npolar.no
	
	
	SMOS Ice

	Tilling, Rachel
	UCL
	rachel.tilling.12@ucl.ac.uk
	
	
	CryoVEx

	Wagner, Thomas
	NASA
	thomas.wagner@nasa.gov
	
	
	IceBridge

	Wusk, Mike
	NASA
	michael.s.wusk@nasa.gov
	
	
	IceBridge

	Zhen, Yang
	JPL
	yang.zheng@jpl.nasa.gov
	
	
	IceBridge


[bookmark: _Toc380760619]Iridium phone numbers
	Ground team / Aircraft
	Iridium 1
	Iridium 2

	Devon Island
	+8816 2241 8726
	+8816 2241 8723

	Lincoln Sea
	+8816 2346 5650
	

	Austfonna, Svalbard
	+8816 4144 5009
	+8816 4144 5010

	EGIG Line
	+8816 2144 0653
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[bookmark: _Toc380760620]
Co-located observations over sea ice
When obtaining co-located measurements over sea ice, the problem of sea ice drift, at rates of between 3 and 30cms-1 (i.e. up to 1km/h or 0.5 knots) must be addressed. The issue is that a straight flight track, of a satellite or an aircraft, traces an oblique path across the sea ice surface if it moves in a non-parallel direction below. For co-located observations from platforms moving at different speeds, use of identical headings would result in swaths of data across the sea ice surface with different orientations.
Two alternative methods have been identified to ensure that airborne sensors and CryoSat-2 instruments observe the same swath of sea ice:
· compute flight track headings as vectors that compensate for sea ice drift and the difference in velocity between the aircraft and satellite (see Figure 14.1);
· obtain a comprehensive set of observations, distributed in time and space, to be compared to spatially and temporally averaged CryoSat-2 measurements.
The feasibility of the second alternative is not in doubt, but is more demanding of resources than the first. The current baseline for the sea ice validation activities is therefore the first alternative; however, for this approach to be successful a number of conditions must be fulfilled:
1. the sea ice velocity must be uniform and constant in the sampled region during the measurement period;
2. the sea ice velocity must be predicted sufficiently in advance to compute flight tracks;
3. the starting point must lie on the CryoSat-2 ground track on the sea ice;
4. it must be logistically possible to plan flights and assemble the airborne platforms at the starting point;
5. the airborne platforms must fly with the planned heading and speed.
sea ice drift
CryoSat track
required aircraft heading
resultant path on sea ice surface

[bookmark: _Ref187637338][bookmark: _Toc380760684]Figure 14.1 Effect of sea ice drift on acquisition of co-located observations
[bookmark: _Ref276024620][bookmark: _Ref276024707][bookmark: _Toc380760621]
Ground-based measurement methodologies
1. Snow pits
Snow pack measurements should be undertaken in snow pits dug to at least 1m deep or down to the previous year’s layer. Snow layering in the snow pit walls should be mapped and samples taken to determine snow density, grain size and temperature. Samples should also be taken for chemical analysis to identify the presence of salts which might affect the dielectric properties of the surface.
The protocol for snow pit measurements is as follows:
1. The snow pit should be orientated so that the snow facies to be analysed is on the pit wall facing north (i.e. on the south side of the snow pit, to avoid direct illumination by the sun).
2. The pit should be dug at least to the firn layer (ie. snow surviving from the end of the previous ‘mass-balance year’) or to a depth of 1m – whichever is greater. The ‘pit face’ should be at least 1m across.
3. The ‘pit face’ must be cleaned (flattened) with a shovel (or snow saw) and then brushed using a brush with plastic bristles (a normal brush is ok if no water chemistry analyses will be performed) to reveal the individual stratigraphic layers.
4. The depth within the snow pack of each snow layer, and its thickness, should be measured using a tape measure or ruler at the mid-point of the ‘pit face’.
5. Each layer should then be tested for the following:
Crystal size/structure: a few snow crystals are sprinkled onto a water-proofed sheet of millimetre-scale graph paper and observed through a ×10 hand lens. The mean crystal size and type are recorded (LaChapelle’s “Field Guide to Snow Crystals” (1992), available from IGS, Cambridge is very good).
Density: using a tube of known length and diameter, a horizontal core of snow is withdrawn from each layer (avoiding compaction of the snow during the extraction) and weighed in a bag of known weight (either by spring balance or with another form of scale). The density is computed from the values of snow mass and volume. Larger tubes clearly provide a better average of the snow density; however, small tubes are necessary for measuring thin snow layers.
Hardness: the hardness of each layer should be tested by hand. The standard procedure is to gently push the following objects (in order) into each snow facies with a penetration force of about 50N and record when the snow layer fails (i.e. when an impression is made on the snow surface).[footnoteRef:1] [1:  ICSI International Snow Classification Manual, http://www.crrel.usace.army.mil/techpub/CRREL_Reports/reports/Seasonal_Snow.pdf] 

· Clenched fist
· 4 fingers
· 1 finger
· Pen (i.e. ~0.5cm diameter)
· Knife
Other observations: evidence of any dirt layers (windblown dust) or other distinctive physical characteristics should be recorded. In particular, the presence of ice lenses across the pit face should be noted and their total area relative to the snow face estimated. If there is any free water present in the snow pack (e.g. moist/saturated), this should also be noted.
6. At the end of sampling, it is advisable to check that information on all layers has been recorded, and particularly that the sum of layer thicknesses is equal to the total pit depth.
2. Coffee-can technique
The ‘coffee-can’ technique (Hamilton and Whillans, 2000) is used to make independent measurements of surface elevation change. It involves determining the difference between the long-term mean mass balance at each measurement site and the vertical velocity of markers embedded in the ice or firn. In the accumulation area, the long-term mean accumulation rate will be determined using shallow ice coring techniques. A 20m deep borehole is drilled and the density profile of the ice core measured. In situ 137Cs gamma spectrometry will be used to detect the depth of the 1963 ‘bomb layer’ in the borehole, allowing a mean accumulation rate since 1963 to be determined. This information will be supplemented by conducting Neutron Probe density profiling in the same hole. The accumulation velocity at each site is defined as the accumulation rate (Mgm-2a-1) divided by the density of the firn/ice at the level of the marker (Mgm-3).
To determine the vertical ice velocity at each site, 4 additional boreholes, respectively 4m, 8m, 12m and 16m deep, are drilled at each site. Density profiles are measured at each borehole. A steel marker attached to a non-stretchable steel cable is heated at the surface and lowered to the base of each borehole where it freezes into the ice. The upper end of the cable passes out through a section of pipe installed in the top of each hole. The pipe keeps the cable clear of snow accumulation and acts as a mount for a GPS antenna. With the cable under constant tension, the height of an annulus attached to the cable is determined relative to the pipe top on each visit. This allows calculation of the vertical velocity of the marker relative to the pipe top. The motion of the pipes is determined on each visit using precision differential GPS techniques. From these GPS measurements, the component of vertical velocity due to downslope flow can be determined (as the product of the horizontal velocity and the slope in the direction of flow). The net rate of ice thickness change at each site is equal to the sum of the accumulation velocity, the vertical velocity of the marker, and the downslope component of vertical velocity. The technique is reliable as long as the slope of the best-fit line to a plot of marker vertical velocity against the inverse of density for each site is approximately equal to the negative of the inverse of the accumulation rate at the site (Hamilton and Whillans, 2000).
The 'coffee-can' technique described above provides a direct means of measuring rates of densification at sites in the accumulation area, and their seasonal and inter-annual variability. If the vertical density profile in each borehole and the vertical velocity of each marker are known, then the vertical ice flux at the level of each marker can be calculated. The change in ice mass in the depth increment between markers is defined by the vertical divergence of ice flux between measurements taken at times t1 and t2. At t1, the mean density and mass of ice in a 1m2 column of ice separating 2 markers can be calculated from the density profile. Assuming no horizontal divergence, the ice mass in the column at t2 is equal to the sum of the mass at t1 and the change in mass over the measurement interval. If the two markers have different vertical velocities, the volume of the ice column separating the 2 markers changes over the measurement period. The mean density at t2 is then calculated as the mass of ice in the column at t2 divided by the volume of the column at t2. The rate of densification is the change in density divided by the period of measurement. The proposed experimental design provides some insight into the magnitude of short-term fluctuations in the rate of densification.
[image: coffee can rocket launcher CVR_schematic]
[bookmark: _Toc380760685]Figure 14.2 Typical coffee-can arrangement
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