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Overview

Hydrosat is a U.S.-based Earth observation data provider, developing a satellite 

constellation that will provide spectrally diverse imagery in Visible (VIS), Near-
Infrared (NIR), and Long Wave Infrared (LWIR) spectral bands. Hydrosat’s 16-satellite 
constellation will provide daily global coverage at high spatial resolution. Hydrosat’s 
first pathfinder mission, VanZyl-1, is operational. VanZyl-2 will be operational in 2025.

Unique Capabilities:
• Daytime and nighttime thermal imaging

• Co-incident VNIR and thermal imaging

Hydrosat Use Cases:
Agriculture, Biodiversity, Weather Forecasting, Drought Monitoring, Thermal Anomaly 
Detection, Humanitarian Efforts, Urban Heat, Marine Heatwave Detection, Critical 
Infrastructure Monitoring, Space Weather, Port Monitoring, Wildfire, Forestry, Water 
Body Monitoring

Vicarious calibration methods for thermal sensors use mainly water as a calibration 

source due to its high known stable emissivity. The process is as follows:

• Retrieve co-incident ocean and great lakes buoy temperature

• Adjust buoy subsurface temperature to water skin temperature1 

• Estimate sensor reaching radiance using local weather data and radiative transfer 

modelling (including inversion layer adjustment2)

For validation over land, data from several uniform SURFRAD (surface radiation budget) 

network sites will be used to model surface temperature

• Convert SURFRAD upwelled and downwelling infrared irradiance to surface 

temperature for co-incident scenes

• Compare to Hydrosat Land Surface Temperature (LST) product

• Split Window algorithm used to calculate LST3

Due to limited cloud free overpasses of buoy and SURFRAD sites, cross calibration with 

Landsat-8 and 9 are used to inform trends.

Methods - LIRI
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Hydrosat Constellation
8 sats within 3-5 years

16 sats for global daily

2026 and Beyond

VanZyl-1 VanZyl-2

Mid 2025Operational

Requirements VanZyl-1 & 2 Pathfinders Future 16 Satellite Constellation

Orbit Type Sun synchronous Sun synchronous

Orbit Altitude 510 km 500 – 600 km

LTDN 10:30 (VZ-1)
13:00 (VZ-2)

13:00

Swath Width 70.5 km 150 km

Coverage +/- 60º latitude Global

Collection Capacity 2.3M km2 per day (VZ-1)
5.7M km2 per day (VZ-2)

12M km2 per day per satellite

Revisit (0° latitude) 45.7 days (nadir)
5.8 days (20° pointing)

Daily or better

Spatial Resolution
(GSD)

VNIR: 30 m
LWIR: 69 m

VNIR: 10 m
LWIR: 50 m

LST Error 2 K < 2 K

VNIR Spectral Bands 458 – 523 nm (Blue)

543 – 578 nm (Green)

650 – 680 nm (Red)

698 – 713 nm (Red Edge 1)

733 – 748 nm (Red Edge 2)

773 – 793 nm (Red Edge 3)

785 – 900 nm (NIR)

458 – 523 nm (Blue)

543 – 578 nm (Green)

650 – 680 nm (Red)

698 – 713 nm (Red Edge 1)

733 – 748 nm (Red Edge 2)

773 – 793 nm (Red Edge 3)

785 – 900 nm (NIR)

LWIR Spectral Bands 10.6 – 11.19 µm

11.5 – 12.51 µm

8.4 – 8.7 µm

10.6 – 11.19 µm

11.08 – 12.01 µm

Cloud top temperature can provide 

information on storm strength. Cloud 

height and temperature are 

correlated, so colder clouds (purple) 

are higher and potentially more 

convective.

Wildfire fronts are visible 

in thermal even when 

they are obscured by 

smoke in visible imagery.

Imagery ©2025 Hydrosat 

Imagery ©2025 Hydrosat, Japan Meteorological Agency 

In nighttime thermal imagery, heat 

signatures from activity are revealed. In 

this image, two of four cooling towers at 

Cattenom Nuclear Power Plant are 

active and emitting water vapor.

Imagery ©2025 Hydrosat, ESRI 

Imagery ©2025 Hydrosat, ESRI 

ATI
Higher

Lower

Apparent thermal inertia (ATI) can be derived from albedo, daytime 

temperature, and nighttime temperature. ATI can be used as a proxy for 

surface soil dryness and particle size, providing information for 

trafficability and rotorcraft landing risk. Red areas would be higher risk 

for rotorcraft landing, for example.

VNIR 

 The Visible to Near-Infrared 
Imaging (VIRI) multispectral sensor 
underwent absolute radiometric 
calibration pre-launch. 
 
 VIRI’s spectral band similarity to 
Sentinel-2 facilitates robust validation 
methodologies using cross-calibration 
of near-coincident scenes.

LWIR 

 The calibration of the primary 
instrument, a Longwave Infrared Imaging 
(LIRI) system, is achieved via an onboard 
blackbody source. Due to data rate 
constraints the application of a two-point 
Non-Uniformity Correction (NUC) and time-
delay-integration (TDI) occurs on orbit5, prior 
to ground-based radiometric calibration.  
 
 Water buoys and near-coincident Landsat 
collects are used to validate the calibration.

Applications of Thermal Data

Applications of Thermal Data

Validation of the pre-launch calibration of the VIRI sensor is needed for detecting any 

changes that occurred during launch and monitoring drift during the lifetime of the 

sensor. Three methods are used:

• Pseudo Invariant Calibration Sites (PICS) are used to compare VIRI to well calibrated 

VNIR sensors with similar spectral bands.

• The Radiometric Calibration Network (RADCALNET) provides spectral top-of-

atmosphere reflectances to aid with radiometric calibration and validation. 

• Cross-calibration with well calibrated sensors that have near-coincident collects 

(within minutes) 

Due to the platform revisit rate, cloud cover and lack of coincident collects, the only 

validation source available so far has been near-coincident Sentinel-2 and VIRI data. 

Cloud free scenes that collect within 10 minutes of one another was compared.  

Methods - VIRI

Salton Sea, USA, May 7, 2025          

VanZyl-1 Color and Thermal (LWIR)
Imagery ©2025 Hydrosat 

Delano, USA, May 2, 2025          

VanZyl-1 Color and Temperature Vegetation Dryness Index Imagery ©2025 Hydrosat 

Temperature Vegetation Dryness Index (TVDI) is an 

indicator used to assess soil moisture conditions and 

vegetation water stress. It combines land surface 

temperature (LST) and the Normalized Difference 

Vegetation Index (NDVI).

TVDI
Dry

Wet

Preliminary Results - VIRI

Uniform point selection
• Per band comparison of VIRI to Sentinel 2 for 

near-coincident collects (< 10 min apart). 
• Sentinel reflectance was adjusted with a 

spectral band adjustment factor to align VIRI 
and Sentinel bands.

• Each point in the plot represents an 5x5 area 
around a selected pixel (selected for 
uniformity) and range of land cover types

• Error bars show the variability in the selected 
area

NOTE – these are not over PICS sites

Full scene comparison
• NIR band comparison
• Fine tuning of instrument calibration 

is ongoing – awaiting RADCALNET site 
overpasses and PICS site near-
coincident collects

Preliminary Results - LIRI

Very warm desert scenes also 
show good comparison to the 
Landsat “truth”. 
Note, clouds moved in between 
the collects.

Vegetation Metrics

Imagery ©2025 Hydrosat 

Lachlan Valley, Australia, March 6, 2025   

VanZyl-1 Color, Surface Temperature (LWIR), Evapotranspiration

Comparison of near-coincident data 
with Landsat 9 TIRS2 bands show 
good correlation with the LIRI bands. 
Note, the 25-minute time difference 
between these collects can 
significantly impact the surface 
temperature. 

The analysis results shown above were not used for calibration updates – just to inform trends.
Calibration is ongoing.

Thermal infrared data is used to derive Land Surface Temperature (LST), which 

enables estimation of evapotranspiration to guide the timing and amount of 

irrigation for improved water use efficiency in agriculture.

Daily high-resolution land surface temperature to 

help manage Earth’s most valuable resource: 

WATER
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