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Campaign Overview

Aircraft Polar 6 (C - GHGF)
Campaign Identifier P6-265 IceBird Winter 2026
Route Inuvik – Cambridge Bay – Station Nord – Longyearbyen
Duration March 16 – April 29, 2026
Survey hours 54.7
Science Luisa Wagner (chief scientist, AWI), Thomas Krumpen (scientist, AWI),

Richard Kelly (scientist, University of Waterloo, only Canada), Arttu Jutila
(scientist, FMI)

Science observers Sara Fleury (CNRS, LEGOS; only Longyearbyen), Lu Zhou (University
Utrecht; only Longyearbyen)

Crew Nicholas Muller (captain), Zachary Collins (1st officer), Daryl Onofre (engi-
neer)

Instrumentation EM Bird, ALS, MACS, UWBM, CryoSAR

Figure 1: Group picture in Cambridge Bay. From left to right: Daryl, Arttu, Luisa, Richard, Nick, Zachary,
Thomas.
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1 Objectives

IceBird Winter 2026 is part of the long-term IceBird airborne observation programme of the Alfred We-
gener Institute (AWI), which aims to monitor the variability and change of Arctic sea ice and its snow
cover across the Arctic Ocean. Building on a heritage of airborne sea-ice observations dating back
to 2004, the programme provides one of the longest and most comprehensive records of direct sea-
ice thickness measurements in the Arctic. Through the combination of electromagnetic, laser, radar,
optical, and atmospheric sensors, IceBird delivers coincident observations of sea-ice thickness, snow
depth, surface elevation, and roughness at high spatial resolution. These measurements are essential
for quantifying long-term trends and natural variability in the Arctic sea-ice system, improving our under-
standing of Arctic climate change, and providing reference data for the development and validation of
remote-sensing products.

The main objectives of the IceBird Winter 2026 campaign were:

• To continue the long-term IceBird observations of sea-ice thickness, snow depth, and surface
properties in the Canadian Arctic and the Arctic Ocean north of Greenland.

• To support the validation and calibration of satellite-derived snow and sea-ice products (Sentinel-3,
CryoSat-2, ICESat-2, CRISTAL, and other Earth Observation Missions)

• To contribute airborne observations to the Copernicus Expansion Mission Sea Ice Experiment
(CEMSIE) and associated international research activities

• To advance the application of CryoSAR observations for measuring snow depth, snow water equiv-
alent (SWE), and radar backscatter over sea ice, and terrestrial snow surfaces.

• To study penetration depth and polarimetric and frequency-dependent backscatter properties with
the ultra-wideband snow radar system

2 Campaign overview

2.1 Instrumentation

The Airborne Laser Scanner (ALS) is a RIEGL VQ-580 laser scanning system designed for high-
resolution topographic mapping from airborne platforms. It operates at a wavelength of 1064 nm and
combines a high pulse repetition rate with a wide scan angle, enabling the acquisition of dense three-
dimensional point clouds over large areas. Depending on flight altitude and acquisition settings, point
densities of several points per square metre and spatial resolutions on the decimetre scale can be
achieved. The resulting elevation measurements are used to derive surface topography, roughness, and
morphological characteristics of snow and sea-ice surfaces.

The Airborne Electromagnetic (AEM) Bird is a towed sensor system operated beneath the aircraft,
typically at an altitude of approximately 15 m above the ice surface. The system measures the distance
to the ice–water interface by exploiting the strong contrast in electrical conductivity between sea ice and
seawater. A laser altimeter, mounted within the AEM Bird, simultaneously determines the distance to
the snow/ice surface. The total snow plus ice thickness is derived from the difference between these two
measurements. Over level sea ice, the method achieves an accuracy of approximately ±0.1 m.

The UWBM Snow Radar is an airborne ultra-wideband (UWB) frequency-modulated continuous-
wave (FMCW) radar system developed by the Center for Remote Sensing of Ice Sheets (CReSIS) at the
University of Kansas. Operating over a frequency range of 2–18 GHz, the system provides centimetre-
scale range resolution, allowing the separation of closely spaced near-surface scattering horizons and
the analysis of frequency-dependent scattering behaviour. Its full-polarimetric capabilities further en-
hance the ability to investigate snow properties and scattering mechanisms.

The CryoSAR is an airborne synthetic aperture radar (SAR) system from the University of Water-
loo for cryospheric remote sensing applications. The system operates with Ku- and L-band polarimet-
ric radar configurations, enabling observations of snow and ice properties across different penetration
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depths and scattering regimes. Objectives include the analysis and retrieval of radar backscatter, snow
thickness, and snow water equivalent over land, sea ice, and glacier ice surfaces.

The Modular Aerial Camera System (MACS) is an airborne camera system developed by the Ger-
man Aerospace Center (DLR) for high-resolution optical remote sensing applications. It operates with
visible, near-infrared, and thermal infrared spectral channels and provides high spatial resolution im-
agery for the analysis of surface morphology, snow distribution, and sea-ice surface classification. The
system supports photogrammetric processing and orthomosaic generation based on overlapping image
acquisitions.

In addition to the main scientific instruments, basic meteorological sensors (BMET) were operated
continuously. A KT19 radiation thermometer was also used.

2.2 Mission profiles

Three major mission profiles exist for measuring with different sensor constellations (see fig. 2). All have
a target speed of 120knts.

The low mission sea ice profile is flown at 200–240 ft above sea ice, which is the only altitude range
at which the EM bird can be operated. In general, MACS, ALS, and UWBM are operated simultaneously.
At this altitude, MACS is typically operated with an exposure time of 0.1 ms and a frequency of 5 Hz,
resulting in 72% image overlap. For the ALS, this altitude yields a point density of approximately 35 pts
m�2 and a swath width of about 70 m. The UWBM footprint at this altitude is approximately 2.6 m in
the cross-track direction and 1 m in the along-track direction. To avoid saturation, 10-dB dampeners are
inserted at the radar transmitter when flown on low altitudes. CryoSAR is only experimentally operated.

The high mission profile is typically flown at 1500 ft and, in some cases, at 1800 ft. All sensors
except the EM bird can be operated at this altitude. Under these conditions, the ALS achieves a point
density of approximately 2 pts m�2. MACS requires a longer exposure time of 1 ms and a lower acqui-
sition frequency of 1 Hz, resulting in more than 80% image overlap. The UWBM footprint increases to
approximately 7.2 m in the cross-track direction and 5.1 m in the along-track direction. The CryoSAR
can also be operated during the high-altitude mission profile. To acquire data over the same target area
as the other sensors, the CryoSAR flight track must be laterally offset, as CryoSAR is a right-looking
system, whereas all other sensors operate in nadir-viewing geometry.

This high-mission profile is used over land for terrestrial snow and glacier study areas and in few
cases over sea ice. This can be necessary, for example, if conditions do not allow EM bird operations.

The CryoSAR mission profile is flown at 5000 ft and is used exclusively for CryoSAR measure-
ments. Often, a track is flown on lower altitude in one direction and at 5000ft in the direction back. Again
flight tracks have to be offset for the same target area. The CryoSAR swath width is about 2500m.

Figure 2: Flight mission profiles and respective sensor footprints.
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2.3 Flight planning

Flight planning involves balancing scientific objectives against logistical constraints and prevailing weather
conditions. While a coarse route plan was developed before the campaign based on optimal flight tracks
from a scientific perspective, the actual flight plans were typically prepared on the evening before each
flight, once reliable weather information became available.

The main source of weather information was standard forecasting services such as Windy, which
integrates several numerical weather prediction models (e.g. ECMWF, GFS, and ICON) and provides
visualisation of meteorological parameters relevant to flight operations, including wind fields, cloud cover
at different altitudes, and icing conditions. A particular advantage is the ability to evaluate forecast
conditions directly along a planned flight trajectory. In addition to the scientific planning, the aircraft
pilots assessed aviation weather forecasts and, when necessary, consulted local weather services at
the respective stations.

For further support, near-real-time sea-ice information, including sea-ice concentration, drift fore-
casts, and Sentinel-1 imagery, was provided through the IcySea platform developed by Drift+Noise Po-
lar Services. This information was used to fine-tune flight tracks, for example to ensure that specific ice
zones or leads were covered. Modifications to the flight plan could become necessary during a mission,
primarily in response to changing weather conditions (e.g. increasing winds or cloud cover) or when ice
conditions differed from expectations.

2.4 Campaign Route

An overview of the campaign route is provided in fig. 3 and described in the following. A logbook of all
conducted survey flights can be found in section 3 with table 1 summarising all survey and ferry flight
days.

The installation of all sensors in the aircraft was carried out in Muskoka, north of Toronto, under the
leadership of Daniel Steinhage and Cristina Sans Col from the AWI hangar team. Extensive ground
testing, troubleshooting, and a test flight on 25 March were conducted to ensure the proper functioning
of all instruments, all of which proved successful.

The transit to the first campaign base, Inuvik, took place via Thompson and Yellowknife on 30 March.
Following a weather-related delay of one day, the final leg from Yellowknife to Inuvik was completed on 1
April with the scientific team on board. During the seven-day stay in Inuvik, four successful survey flights
were conducted.

On 9 April, the campaign continued with the transit to Cambridge Bay. The evening was used for
coordination meetings with collaborators of the CEMSIE project, which IceBird joined at this base of the
campaign. Six days were spent at this base, five of which were used for flight operations.

The transit from Cambridge Bay to Station Nord took two days and included an overnight stay in
Eureka from 15 to 16 April. The stay at Station Nord was characterised by persistently unstable weather
conditions, including extensive cloud cover over the ocean north of Greenland and strong winds. In
addition, weather conditions at Station Nord itself are known to change rapidly, resulting in highly un-
certain landing conditions. Consequently, even exploratory flights aimed at assessing conditions over
the ocean could not be carried out. Despite daily re-evaluation of the situation, conditions remained too
unfavourable for any survey flights to take place.

As a result, the transit from Station Nord to Longyearbyen was brought forward by one day. This
decision was made both because no survey flights could be conducted and because it was uncertain
whether weather conditions would permit the transit on the originally planned date. In Svalbard, weather
conditions during the first few days remained challenging, with strong winds and low cloud cover. How-
ever, conditions improved towards the end of the stay, allowing the final phase of the campaign to
proceed under more favourable circumstances.
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