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• Drought and heatwaves are
projected to be more frequent

• Observations at multiple times 
of the day are essential for 
understanding the diurnal cycles 
of plant water use and carbon 
uptake. 
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Emerging satellite observations for diurnal cycling of 
ecosystem processes 
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Orbiting Carbon Observatory-3 (OCO-3)

• Launched in May 2019

• Solar-induced fluorescence (SIF)

• Different times of day

• Between ~52°N and ~52°S 

• 1-2 km footprints 

• Also has a Snapshot Area Mode (SAM) 
https://www.jpl.nasa.gov





New generation geostationary satellites

• Although ECOSTRESS and OCO-3 have diurnal sampling capabilities, these 
samples are not continuous throughout the day for a given location. 

• Geostationary satellites carry sensors with high-frequency observation 
capability (10 to 15 minutes in full scan mode). 

• New generation geostationary satellites offer observations with 0.5 – 2 km
resolution

• With high temporal frequency and spectral features, these satellites are 
expected to improve diurnal monitoring of ecosystem processes



Himawari-8 GOES-R Series

• Launched in 2014

• Advanced Himawari Imager (AHI)

• 0.5-2 km resolution

• 10 min repeat cycle

https://www.goes-r.gov/mission/mission.html

• GOES-16 (2016) & GOES-17 (2018)

• Advanced Baseline Imager (ABI)

• 0.5-2 km resolution

• 10 m repeat cycle

https://himawari8.nict.go.jp





Geostationary Carbon Cycle Observatory 
(GeoCarb)

Source: NASA

• A NASA mission as early as 2022

• Measure CO2, methane, carbon monoxide, 

and SIF

• Geostationary orbit 

• Measure SIF over North and South America

• 5-10 km resolution



Tropospheric Emissions: Monitoring of Pollution (TEMPO) 

• Another NASA mission as early as 2022

• Geostationary orbit

• Mainly designed for monitoring air 
pollution

• Measure SIF in red and far-red 
wavelengths  

• North America with hourly frequency

• Spectral resolution is coarse (0.6 nm)

http://tempo.si.edu



Synergies

• Combination of ECOSTRESS and OCO-3 data can allow us to examine plant 
transpiration and photosynthesis simultaneously and their coupling.

• Synergistic combination of OCO-3 SIF and ECOSTRESS ET can provide a 
measure of WUE.

• Observations from ECOSTRESS and OCO-3 can also be synergistically used with 
data from geostationary satellites. 

• ECOSTRESS, OCO-3, and geostationary satellite data  also have anticipated 
synergies with those from the forthcoming missions. 

• These data can also be used in combination with data from polar-orbiting 
satellites and in-situ measurements. 
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Summary

• We envision that the emerging satellite observations will trigger numerous 
research efforts aimed at understanding how plant carbon uptake and water 
use vary over the course of the diurnal cycle. 

• Data from ECOSTRESS, OCO-3, geostationary satellites, and future missions 
with diurnal sampling capability are anticipated to be used both individually 
and synergistically. 

• These observations will likely revolutionize the study of plant functioning and
ecosystem processes to a certain extent.



New missions?

• Studies of diurnal cycling of ecosystem functioning will also be able to greatly 
benefit from new ideas for missions that can integrate the advantages of 
these existing and forthcoming platforms. 

• Ideally, such potential missions will be based on GEO platforms but will offer 
LST observations with fine resolutions equivalent to that of ECOSTRESS and 
observations of SIF with resolutions equivalent to that of OCO-3. 

• Still, the science and engineering communities must overcome current 
engineering limitations, costs and trade-offs associated with the high-
altitude geostationary orbits and the demand for high spatial, temporal and 
spectral resolution.



Ongoing and future work

• Assess diurnal variations of ecosystem WUE and responses to 
environmental factors for different vegetation types with ECOSTRESS and 
in-situ data

• Explore the possibility of including another instantaneous GPP dataset 
into the ECOSTRESS WUE product


