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TEMPO summary

ÅCurrently on-schedule and on-budget

Å System Requirements Review and Mission Definition Review in 

November 2013

Å KDP-B April 2014

ÅMost technical issues solved at the preliminary design level, following 

technical interchange meeting at Ball, April 2014

Å PDR on July 31, 2014

Å Now in Phase C (implementation): KDP-C April 10, 2015

Å Instrument CDR June 2015

Å Ground Systems CDR May 2016

Å Test Readiness Review August 2016

ÅSelect satellite host 2017+

Å TEMPO operating longitude and launch date are not known until after 

host selection

ÅInstrument delivery 08/2017 for launch 11/2018 or later, most 

likely in 2020 or 2021
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Hourly atmospheric pollution 

from geostationary Earth orbit

PI: Kelly Chance, Smithsonian Astrophysical Observatory

Instrument Development: Ball Aerospace

Project Management: NASA LaRC

Other Institutions: NASA GSFC, NOAA, EPA, NCAR, Harvard, UC 

Berkeley, St. Louis U, U Alabama Huntsville, U Iowa, RT Solutions, Carr 

Astronautics

International collaboration: Mexico, Canada, Cuba, Korea, UK,

ESA, Spain, Netherlands

Selected Nov. 2012 as NASAôs first Earth Venture Instrument

ÅNASA will arrange hosting on commercial geostationary 

communications satellite with launch expected NET 11/2018

Provides hourly daylight observations to capture rapidly varying 

emissions & chemistry important for air quality

ÅUV/visible grating spectrometer to measure key elements in 

tropospheric ozone and aerosol pollution

ÅDistinguishes boundary layer from free tropospheric & stratospheric 

ozone

Aligned with Earth Science Decadal Survey recommendations

ÅMakes many of the GEO-CAPE atmosphere measurements 

ÅResponds to the phased implementation recommendation of GEO-

CAPE mission design team

North American component of an international constellation for air quality observations
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TEMPO instrument concept

Å Measurement technique
- Imaging grating spectrometer measuring solar backscattered Earth radiance 

- Spectral band & resolution: 290-490 + 540-740 nm @ 0.6 nm FWHM, 0.2 nm 

sampling

- 2 2-D, 2k×1k, detectors image the full spectral range for each geospatial scene

Å Field of Regard (FOR) and duty cycle
- Mexico City/Yucatan, Cuba to the Canadian oil sands, Atlantic to Pacific

- Instrument slit aligned N/S and swept across the FOR in the E/W direction, 

producing a radiance map of Greater North America in one hour

Å Spatial resolution
- 2.1 km N/S × 4.7 km E/W native pixel resolution (9.8 km2)

- Co-add/cloud clear as needed for specific data products

Å Standard data products and sampling rates
- Most sampled hourly, including eXceL O3 (troposphere, PBL)

- NO2, H2CO, C2H2O2, SO2 sampled hourly (average results for Ó 3/day if needed)

- Nominal spatial resolution 8.4 km N/S × 4.7 km E/W at center of domain (can 

often measure 2.1 km N/S × 4.7 km E/W)

- Measurement requirements met up to 50o for SO2, 70o SZA for other products
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Baseline and threshold 

data products
Species/Products Required Precision Temporal Revisit

0-2 km O3

(Selected Scenes) 
Baseline only

10 ppbv 2 hour

Tropospheric O3 10 ppbv 1 hour

Total O3 3% 1 hour

Tropospheric NO2 1.0 × 1015 molecules cm-2 1 hour

Tropospheric H2CO 1.0 × 1016 molecules cm-2 3 hour

Tropospheric SO2 1.0 × 1016 molecules cm-2 3 hour

Tropospheric C2H2O2 4.0 × 1014 molecules cm-2 3 hour

Aerosol Optical Depth 0.10 1 hour

Å Minimal set of products sufficient for constraining air quality

Å Across Greater North America (GNA): 18ÁN to 58ÁN near 100ÁW, 67ÁW to 125ÁW near 

42ÁN

Å Data products at urban-regional spatial scales
ï Baseline Ò 60 km2 at center of Field Of Regard (FOR)

ï Threshold Ò 300 km2 at center of FOR

Å Temporal scales to resolve diurnal changes in pollutant distributions

Å Collected in cloud-free scenes 

Å Geolocation uncertainty of less than 4 km 

Å Mission duration, subject to instrument availability
ï Baseline 20 months

ï Threshold 12 months
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TEMPO mission concept

Å Geostationary orbit, operating on a commercial telecom satellite
o NASA will arrange launch and hosting services (per Earth Venture Instrument scope)

- 80-115o W acceptable latitude

- Specifying satellite environment, accommodation

o Hourly measurement and telemetry duty cycle for at least Ò70o SZA

Å TEMPO is low risk with significant space heritage
o We proposed SCIAMACHY in 1985, as suggested by the late Dr. Dieter Perner

o All proposed TEMPO measurements have been made from low Earth orbit satellite 

instruments to the required precisions by SAO and Science Team members

o All TEMPO launch algorithms are implementations of currently operational algorithms

- NASA TOMS-type O3

- SO2, NO2, H2CO, C2H2O2 from fitting with AMF-weighted cross sections

- Absorbing Aerosol Index, UV aerosol, Rotational Raman scattering cloud

- SAO eXceL profile/tropospheric/PBL O3 for selected geographic targets

Å Example higher-level products: Near-real-time pollution/AQ indices, UV index

Å TEMPO research products will greatly extend science and applications
o Example research products: BrO and IO from AMF-normalized cross sections; height-

resolved SO2; additional cloud/aerosol products; vegetation products; additional gases
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Geostationary orbit 

opportunities of  interest
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(typical)

Between 90 W and 110 W, there are nine 
owner operators of 30 satellites including 
older models still used in this location:

Direct TV Group (7)
AGS (5)
Intelsat (5)
Telesat (4)
Hughes Network Systems (3)
Echostar (2)
SkyTerra (2)
Inmarsat (1)
ICO Global Communications (1)

TEMPO can be located between 80 ï120 West



TEMPO hourly NO 2 sweep

N.B. special operations

give 10-minute resolution

for selected longitude

regions
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A day in the life

Figure 7. Nominal daily operations for TEMPO instrument.

October 13, 2016 9



Air quality 
requirements 
from the GEO-
CAPE Science 
Traceability 
Matrix
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Ultraviolet/
visible
species
(GOME,
TEMPO,
etc.)

Infrared
species
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Typical TEMPO -range spectra 

(from ESA GOME -1)
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Typical TEMPO -range spectra 

(from SCIAMACHY, 2002 -2012)
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LEO measurement capability
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A full, minimally-redundant, set of polluting 

gases, plus aerosols and clouds is now 

measured to very high precision from 

satellites. Ultraviolet and visible spectroscopy 

of backscattered radiation provides O3

(including profiles and tropospheric O3), NO2

(for NOx), H2CO and C2H2O2 (for VOCs), SO2, 

H2O, O2-O2, N2 and O2 Raman scattering, and 

halogen oxides (BrO, ClO, IO, OClO). Satellite 

spectrometers we planned since 1985 began 

making these measurements in 1995.
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