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NASA Earth Science Missions through 2023

• Extended:
• Terra (2021), Aqua (2022), Aura (2022), GPM (2022), CloudSat (2018), 

CALIPSO (2022), OSTM/Jason-2 (2022), SORCE (2018), Landsat-7 (2022)

• Primary:
• S-NPP (2022), Landsat-8 (2022), OCO-2 (2022), SMAP (2022), GRACE-FO 

(2023), CYGNSS (2019), DSCOVR (2019)  

• Implementation:
• ICESat-2 (2018), TEMPO (2018), OMPS-Limb (2019), SWOT (2021), Landsat-9 

(2020), NISAR (2021), MIAI (2021), Sentinel 6A/B (2022/2025) 

• Pre-Fomulation:
• TROPICS (12) (2021), PACE (2021), GeoCARB (2021), PREFIRE (2) (TBD) 

• International Space Station (ISS):
• TSIS-1 (2018), SAGE-III (2020), LIS (2020), ECOSTRESS (2019); OCO-3 (2018), 

GEDI (2018); CLARREO Pathfinder (2020), EMIT (TBD)

• In-Space Validation of Earth Science Technologies (InVEST):
• CubeSats
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• InVEST program sponsored by NASA’s Earth Science Technology Office (ESTO) 
to provide opportunities to test and demonstrate new technologies in space 
via CubeSats (as risk reduction for science missions)

• InVEST CubeSats launched or awaiting for launch:

HARP
UMBC

Launch: 2018

Wide FOV Rainbow 

Polarimeter

Demonstrate 2-4 km wide 

FOV hyperangular

polarimeter for cloud & 

aerosol characterization

MiRaTA
MIT / MIT-LL

Launched: July 

2017

3 Frequency Radiometer 

and GPSRO

Validate new microwave 

radiometer and GPSRO 

technology for all-weather 

sounding

RainCube
Jet Propulsion Lab

Launched: May 2018

Precipitation Radar

Validate a new architecture for 

Ka-band radars on CubeSat 

platform and an ultra-compact 

deployable Ka-band antenna

CubeRRT
Ohio State University

Launched: May 

2018

Radiometer RFI

Demonstrate wideband RFI 

mitigating backend 

technologies vital for future 

space-borne microwave 

radiometers

CIRiS
Ball Aerospace

Launch: 2018

Infrared Radiometer

Validate an uncooled imaging 

infrared radiometer designed 

for high radiometric 

performance from LEO

CubeSats in NASA’s In-Space Validation of 

Earth Science Technologies (InVEST) Program
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CubeSats in NASA’s In-Space Validation of 

Earth Science Technologies (InVEST) Program

6-3U CubeSats with scanning microwave radiometers to study the 

development of tropical cyclones

Time-Resolved Observations of Precipitation 
structure and storm Intensity with a Constellation 
of Smallsats (TROPICS)

MiRaTA
MIT / MIT-LL

Launched: July 2017

3 Frequency Radiometer and GPSRO

Validate new microwave radiometer and 

GPSRO technology for all-weather sounding

Temporal Experiment for Storms and Tropical 
Systems Technology (TEMPEST)

TEMPEST-D
Colorado State University

Launched: May 2018

5 Frequency mm-Wave Radiometer

Technology demonstrator measuring 

the transition of clouds to precipitation

5-6U CubeSats each with a 5 channel Mm-wave radiometer
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ECOSTRESS

Mission type: Class C, ISS

Goals: 

• Identify critical thresholds of water use and water stress in key climate-

sensitive biomes.

• Detect the timing, location, and predictive factors leading to plant water 

uptake decline and/or cessation over the diurnal cycle

• Measure agricultural water consumptive use over the contiguous 

United States (CONUS) at spatiotemporal scales applicable to improve 

drought estimation accuracy

Instrument Details:

• Thermal infrared radiometer

• Cross-track whisk broom scanner

• Spatial resolution: 38 m x 57 m (nadir) pixels

• Five thermal IR bands between 8.3 and 12.1 microns

• Noise equivalent delta temperature: ≤ 0.1 K

• Two COTS cryocoolers for 60 K focal plane

ECOsystem Spaceborne Thermal Radiometer Experiment 

on Space Station (PI: Simon Hook/JPL)

River Nile at night (July 9) Carr fire in California (July 23)

Launch:
June 29
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• Projected Launch Date: September 2022

• Main payload: OCI (Ocean Color Instrument)
- 1km spatial resolution, +/-57deg swath
- 2 day global coverage, +/-20deg tilt
- Hyperspectral from 340nm to 885nm
- 7 bands from 940nm to 2260nm
- Lunar calibration twice a month
- 2 bright solar diffusers
- 1 dim diffuser for linearity verification

• OCI PDR: May 2018

• OCI ETU testing: spring 2019

• OCI Flight Unit delivery: summer 2021

• Secondary payloads: 2 polarimeters for aerosol/cloud research 
- HARP2: multispectral, wide swath
- SPEXone: hyperspectral, narrow swath

PACE: Ocean Color Instrument
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CLARREO Pathfinder

• Demonstrate 
̶ On-orbit, high accuracy, SI-Traceable calibration

̶ Ability to transfer calibration to operational sensors
• Formulation, implementation, launch to ISS, and 

operation of a Reflected Solar (RS) Spectrometer
• Class D Mission with Nominal 1-year mission life 

• Additional 1 year science data analysis
• Instrument: LASP Hyper Spectral Imager for Climate 

Science (HySICS):

̶ Field of View (cross-track):  10°

̶ IFOV: 0.2°

̶ Wavelength Range: 350 ‒ 2300 nm
̶ Wavelength Resolution: 6 nm, constant, Nyquist

sampled

̶ Nominal frame rate: 15 Hz
• EPR: September, 2018
• PDR: February 2019
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NASA CAL/VAL Activities

• Pre-launch calibration and characterization
• For sensors developed for NASA ES mission and other agencies

• On-orbit calibration and validation
• MODIS, VIIRS, Landsat-8, OCO-2, …  

• Calibration inter-comparisons
• SNO, LEO-LEO, GEO-GEO, DCC, CEOS reference sites, …
• Collaboration with other agencies/organizations, including GSICS activities    

• RadCalNet and Landnet activities
• See Kurt’s presentations 

• Lunar calibration activities
• Including collaboration with other agencies
• The airborne LUnar Spectral Irradiance (air-LUSI) mission (2 successful flights) 

• Development and application of new calibration techniques and testing 
equipment

• Effort to address future demands and challenges 
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VIIRS Calibration: DNB

S-NPP DNB: 08:35:00, 07/13/2018
(North America)

N20 DNB: 07:44:45, 07/13/2018
(North America)

Before stray light correction
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