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NTNU SmallSat lab has launched two 6U CubeSats

with hyperspectral cameras, the HYPSO-1 and -2. The

satellites can image 3 – 20 locations per day.

The images below show false-color composites of

hyperspectral captures taken by the HYPSO-1

satellite, highlighting areas rich in Chl-a.

The European Space Agency (ESA)

monitors the Earth with the Sentinel

constellation of satellites. Sentinel-2 and –3

record images with 13 and 30 spectral

bands, respectively. Spectral imaging

reveals:

• The effect of primary production

(photosynthesis) on climate modelling

• Response of ecosystems to climate

change:

o Harmful Algal blooms

o Borealization

o Thaw/freeze cycling

This research was funded by the Research Council of Norway and industry partners through the projects 

HYPSCI (325961) and System-of-systems (2748738).

Why is remote sensing of the 

Arctic critical?
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Algal bloom on Svalbard west-coast  

captured by HYPSO-1 in 2022. 

Spectral imaging in the Arctic 

Today: Sentinel

Hyperspectral remote sensing

The HYPSO hyperspectral constellation Radio-Frequency remote sensing

The Arctic Ocean plays a key role in

regulating Earth’s climate. Sea ice and

marine ecosystems influence global carbon

cycles and temperature balance. Despite the

harsh conditions with low temperatures and

limited sunlight, the Arctic is full of activity.

Hyperspectral remote sensing helps us

monitor these processes by providing insights

into water quality and ecosystem health.

Unlike multispectral imaging, hyperspectral

imaging captures a continuous range of

wavelengths. Enabling more advanced types

of analyses and increasing versatility. This

can help reveal how Arctic ecosystems are

adapting to climate change and

support better environmental monitoring.

Integrating Hyperspectral imaging with 

simulations

Optical remote sensing during the 

Polar night?

Solar irradiance at noon decreases by a

factor of 10-6 relative to summer [4].

Option 1: Bigger pixels and apertures,

longer exposure times, fewer bands?

- Would result in poor ground sample

distance, or very large cameras

- Technologies like single photon

avalanche diode arrays or black silicon may

be enablers

Option 2: Smaller ground sampling

distance to see artificial lights

- Feasible, demonstrated with EnMap

hyperspectral satellite (over Los Vegas) [5]

- Can only see locations of artificial lights,

not sufficient for environmental

monitoring

Option 3: Thermal (Long Wave Infrared)

- Thermal radiation from earth at 250 K

peaks at about 12 μm, in the long-wave

infrared

- LWIR on MODIS satellite can detect gas

plumes, sea ice surface temperature [3]

- Hyperspectral LWIR microbolometer

detectors available for drones

Radio-frequency (RF) signals are not

obstructed by clouds. Active sensors as

synthetic aperture radar (SAR) can

measure ice extent but struggles more with

thickness. To complement the active

systems, using the “free” energy from

GNSS-reflections (GNSS-R) can be a low-

cost alternative. Small and relatively cheap

satellites in low-Earth-orbit (LEO) can

measure sea ice, wave height and ocean

currents. An advanced hypothesis is that

small satellites with high-gain antennas

also can observe ships.

Updating Ocean Model Simulation (e.g. SINMOD)

with satellite data is effective in improving the

knowledge of Ocean water conditions. This

approach was tested in spring of 2024 [1], where

Hyperspectral data and USV ground data were

assimilated in SINMOD to follow algae blooms in

the Frohavet area.

Source [2] Source [1]

Several water parameters can be observed:

• chlorophyll-a (chl-a),

• colored dissolved organic matter (CDOM)

• Phytoplankton community composition (PCC)
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