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Outline

The Earth Radiation Imbalance (ERI)
Input Energy = Output Energy ?

Necessities for the flux measurement
— Absolute radiometric calibration

— Spatiotemporal sampling

—Angular sampling

OSSE study with MERRA data on spatiotemporal
sampling

Summary and future work



The ERI Problem
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Earth Radiation Imbalance (ERI) at the Top of
Atmosphere (TOA)

Difference between total input flux from Sun (TSI/4)
and total outgoing radiation (TOR) flux

ERI =TSI/4 - TOR

TSI = Total Solar Irradiance (SW from SORCE/TSIS)
TOR = (reflected SW sunlight) + (emitted LW IR)
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Earth Radiation Imbalance (ERI) Problem

e Hansen et al.
(2005)

0.85 W/m?

e Trenberth et al.

(2009)
0.9 W/m?

TOA Net (W/m?)

Trenberth et al. (2014)
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CERES
(Loeb et al, 2008)

Error budget (W m™~) :

TOA net flux (1.25 lat/long)

[Wielicki et al., 1996]

0.2-0.4 W/m?

?

4-5 W/m?
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Source of error Monthly Monthly Daily averaged
averaged averaged regional
global bias regional
Angular 0.9 1.2 %5
sampling
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Challenges

1. Inter-calibration and accuracy of total power
radiometers
— 0.3W/m?o0r0.1%
— Total power from broad bandwidth (0.1 nm —200 um)

2. Spatiotemporal sampling of Earth outgoing
radiation for flux measurements

— Large diurnal variations in reflected solar radiation due to
clouds

—  Fluxes from anisotropic radiations (e.g., variable surfaces
and clouds)

To be discussed further with OSSE from MERRA data _|




DSCOVR NIST Advanced Radiometer (NISTAR)
from L1

(Launch in Feb 2015 — Present)

. Distance: 1.48 x10°km
‘Earth FOV:  0.5”

147 995 274 km
SUN




DSCOVR Earth Image from L1
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Best view to capture the : P LA
reflected solar variability, o
but not enough to
determine the ERI

Pls: Joe Rice (NIST), Steven
Lorentz (L-1)

Wide FOV: 1
Accuracy: 0.1-1.5%

Band-dependent:

— Total (0.2-100 um)
— Solar (0.2-4 um)
— NIR (0.7-4 um)

— VIS (0.3-1um)
DSCOVR/EPIC



OSSE for L1 point

Best view to capture
most of the reflected
solar (SW) variability,
but not enough to
determine the net flux
(missing some LW)
accurately

Large variability in
reflected SW due to
clouds
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L1 Only

Truth
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L1+ 4 GEOs
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L1 + 4 GEOs + 2 Poles
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L1 + 4 GEOs + 2 Poles (Optimal)
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Summary

Constellation with accurate (<0.3 W/m?) wide-FOV
radiometers can potentially provide accurate ERI
measurements.

GEO and MEO orbits are preferred over LEO for fewer
satellites.

Coherent spatiotemporal samplings are needed from
the members of constellation.

The polar satellites, “N-Star” and “S-Star”, are critical
for reflected SW from snow/ice.

Further OSSE studies, using MISR, are needed to
evaluate effects of angular sampling.



