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NASA Science Mission Directorate (SMD) Top-Level 

Goals

• Astrophysics: Discovering the Secrets of the Universe

• Planetary Sciences: Searching for Life in the Solar 
System and Beyond & Understanding Our Solar System 
and It’s Components

• Earth Science and Heliophysics: Safeguarding and 
Improving Life on Earth 

NASA Terrestrial Ecology Program: Background



Satellite Technology Has Transformed Human Society 

Over the Last Few Decades

1) Communications

2) Navigation

3) Surveillance

4) Weather Forecasting

5) Environmental and/or Ecosystem Monitoring

NASA Terrestrial Ecology Program:  Background



NASA’s Earth Science Division
Research Flight

Applied Sciences Technology

NASA Terrestrial Ecology Program
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CALIPSO >2022

CYGNSS (8) 2020

PACE 2022
TEMPO 

2022

MAIA 2022

TROPICS (6) 2020NISAR 2022

LANDSAT-9 2020 SENTINEL-6A/B 2020, 2025

SWOT 

2021

GEOCARB 2022

ICESAT-2 2021

OCO-2 >2022

CLOUDSAT 2021

AQUA >2022

LANDSAT 7 (USGS) ~2022

SUOMI NPP (NOAA) >2022

GRACE-FO (2) 2023

SMAP >2022

GPM >2022

TERRA >2021

AURA >2022

NISTAR, EPIC (DSCOVR/NOAA) 2020

SORCE 2020

OSTM/JASON 2 (NOAA) >2022

09.10.19

NASA EARTH FLEET
OPERATING & FUTURE THROUGH 2023

(PRE) FORMULATION

IMPLEMENTATON

PRIMARY OPS

EXTENDED OPS

ISS INSTRUMENTS

EMIT 2021

CLARREO-PF 2020

GEDI 2020

SAGE III 2020

OCO-3 2022

TSIS-1 2023

ECOSTRESS 2020

LIS 2020

INVEST/CUBESATS

RAVAN 2016

RainCube 2018

CSIM 2018

CubeRRT 2018

TEMPEST-D 2018

CIRiS 2019

HARP 2019

CTIM*

HyTI*

SNoOPI*

NACHOS*

* Launch date TBD

PREFIRE (2) 2022

LANDSAT 8 (USGS) 

>2022

GLIMR ~2026

TSIS-2 2020

JPSS-2, 3 & 4  INSTRUMENTS

OMPS-Limb

NASA Terrestrial Ecology Program:  Space Assets
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INTERNATIONAL SPACE STATION
EARTH SCIENCE OPERATING MISSIONS

ELC-

2 AM

S

ESP-

3 ELC-

4
Columbus 

EF
JEMEF

ELC-1

ELC-

3

External Logistics Carriers: ELC-1, ELC-2, ELC-3

External Stowage Platforms: ESP-3

Alpha Magnetic Spectrometer

Columbus External Payload Facility

Kibo External Payload Facility

SAGE III (2020) OCO-3 (2022) 

GEDI (2020)

ECOSTRESS (2020)
LIS (2020)

CLARREO-PF 

(2020)

TSIS-1 (2023)
EMIT (2021)

(PRE) FORMULATION

IMPLEMENTATON

PRIMARY OPS

EXTENDED OPS09.10.19

NASA Terrestrial Ecology Program: ISS



How are ecosystems changing in 

response to environmental change 

and human actions?

How will they change in the future?

How do changes to ecosystems impact 

the other components of the Earth 

system?

How can carbon cycle and ecosystem 

science improve our capacity for 

mitigation and adaption to 

environmental change?

Carbon Cycle & Ecosystems Focus Area 

Terrestrial Ecology is the largest program in the Research & Analysis section of

NASA’s Earth Science Division

NASA Terrestrial Ecology Program



NASA Terrestrial Ecology’s Approach to Research

TE Program’s approach to investigating global ecosystems and the 
carbon cycle is broad-based, emphasizing NASA’s unique capabilities 
and strengths.  NASA Terrestrial Ecology research:

❑ Focuses on utilizing existing satellite data and developing new capabilities for space-based 
global observations of carbon stocks, primary productivity, vegetation composition, 
physiology, phenology, successional processes, biodiversity, and the biophysics of remote 
sensing these phenomena.

❑ Uses spatial information from remote sensing data to scale up site-based measurements to 
regional and global scales

❑ Analyzes time series remote sensing data records to document and understand variability 
and changes over time in ecosystems and carbon cycling

❑ Conducts calibration/validation of satellite data; algorithm development; field campaigns; 
process investigations; and data analysis/integration/assimilation

❑ Develops and exercises advanced, quantitative carbon and ecosystems models, data 
assimilation models, and coupled land-ocean-atmosphere models

❑ Cooperates with NASA Applied Sciences to transition innovative uses and practical benefits 
of NASA Earth science data, scientific knowledge, and technology 

❑ Cooperates with ESTO to advance the development and demonstration of                  
technologies that enable improved future capability for the nation

NASA Terrestrial Ecology Program



NASA Terrestrial Ecology’s Approach to Research

NASA Terrestrial Ecology’s Raison d’Être :

❑Use airborne and space-based remote sensing to advance 
our understanding of terrestrial ecology at regional to 
global scales.

❑Conduct the fundamental ecological research needed to 
help NASA develop the next generation of airborne and 
satellite sensors for advancing terrestrial ecology.

❑ Interact with stakeholders and develop applications so that 
science results can be used to obtain societal benefits.

❑Get ahead of the curve (scientifically).

NASA Terrestrial Ecology Program



NASA Terrestrial Ecology  Approach to Research

Terrestrial Ecology Elements:

❑ Phenology
❑ Vegetation structure
❑ Ecosystem services
❑ Nutrient and biogeochemical cycling
❑ Productivity
❑ Stress
❑ Disturbance and extreme events
❑ Drought impacts and feedbacks
❑ Permafrost dynamics
❑ Disease outbreaks
❑ Ecosystem physiology
❑ Mapping ecosystem properties
❑ Modeling and data assimilation

NASA Terrestrial Ecology Program



The View From HQ: Solicitations

• ABoVE Airborne Campaigns – 2017, 2018 & 2019

• ABoVE Phases 1 and 2

• Carbon Monitoring System (CMS) 

• Carbon Cycle Science

• Terra-Aqua-SNPP (Land) 

• Surface Topography and Vegetation (ST&V) Incubator

• New Investigator Program

• NESSF Graduate Fellowships 2019

• Earth Venture Instrument 5/6 (EVI-5/6)

• Earth Venture Suborbital 

• GEDI Science Team 

• ICESat-2 Science Team

• NISAR, OCO-2/3, ICESat-2 Science Teams

NASA Terrestrial Ecology Program



The View From HQ-TE: Airborne Instrument Assets

• LVIS – waveform lidar

• AVIRIS / HyTES

• L-Band Radar (UAVSAR)

• P-Band Radar

• G-LiHT

NASA Terrestrial Ecology Program – Airborne Assets

The View From HQ-TE: Airborne Campaigns

• ABoVE Airborne Campaigns – 2017, 2018 & 2019

• G-LiHT in Alaska

• GEDI Cal-Val Airborne Campaigns 

• NISAR Cal-Val Airborne Campaigns 

• AFRISAR (NASA/ESA) Airborne Campaigns 

• French Guiana Airborne Campaigns ???



• Science-driven, PI-led, competitively selected, cost- and schedule-

constrained, regularly solicited – Venture-Class was a high-priority 

Decadal Survey Recommendation

• Complement the systematic missions, provide flexibility to 

accommodate scientific advances and new implementation 

approaches

4 “Strands”

EVS (Suborbital)             EVM (Missions)            EVI  (Instruments)            EVC (Continuity)
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NASA Terrestrial Ecology Program – Earth Venture Program



Earth Venture Suborbital 3 Delta-X

Mississippi River Delta



A New Era of Ecosystem Observation from 
the ISS
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OCO-3

ECOSTRESS GEDI

HISUI



EVI-5: Geostationary Littoral Imaging and Monitoring Radiometer (GLIMR)
GLIMR observes coastal waters that provide critical 
economic and ecosystem services that are 
increasingly pressured by population growth and a 
changing climate. 

GLIMR fills this need using a hyperspectral ocean 
color radiometer capable of delivery high-
frequency, high spatial and spectral resolution data 
from geostationary orbit. 

GLIMR will address fundamental science:

How do physical processes that vary at timescales 
from hours to days impact the rates and fluxes of 
materials within and between aquatic coastal 
ecosystems?

How do fluxes and rates within and between 
aquatic coastal ecosystems affect the formation, 
magnitude and trajectory of phytoplankton 
(including HABs) that impact ecosystem and 
human health? Slide 16



EVM: Why GeoCarb???
• Atmospheric Concentrations of Carbon Gases 

are a combination of fluxes at the surface and 
the motions of the atmosphere. Resolving 
terrestrial fluxes requires observations that are 
spatially and temporally dense.

• Low Earth Orbiting satellites can have long 
revisit times and large gaps in coverage. 

• Weather affects ecosystems on the time scale 
of days to weeks, meaning that polar orbiters 
may miss ecosystem transitions and hence fail 
to connect with biogenic processes. Connecting 
to processes is essential for crucial Earth System 
Model improvements.

Anthropogenic sources are 
concentrated in small areas relative 
to natural processes, which makes 
them even harder to detect and 
differentiate from biogenic 
emissions with current observing 
systems.

NASA Terrestrial Ecology Program – Earth Venture Missions



The View From HQ-TE: 

Supporting Interagency and International Initiatives

• Interagency Arctic Research Policy Committee (IARPC)

• Global Change Research Program (GCRP)

• Satellite Needs Working Group (SNWG)

• Committee on Earth Observing Satellites (CEOS)

• Intergovernmental Panel on Climate Change (IPCC)

NASA Terrestrial Ecology Program – Interagency



Serving on NASA Peer Review Panels is 
your obligation to NASA and to our 

scientific community.

NASA Terrestrial Ecology Program – Peer Review




