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Abstract

This presentation aims at recreating a link between real Earth Albedo and Earth IR Flux measurement
(by CERES instruments) and Earth environment assumptions used for Earth orbiting spacecraft thermal
analysis. It will compare the common Earth albedo and Earth Infrared flux hypotheses (coming from
the standards, and past or current projects) with the real measured Earth radiated energy. From such
comparison, one can assess if the current hypotheses cover properly the reality or how to quantify the
margin potentially contained in these usual assumptions. As an ultimate goal, this presentation will open
the discussion whether the usual hypotheses need to be updated.
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Introduction

=~ what is the link between albedo/Earth
temperature assumptions and the reality
(clouds, continents, oceans...) ?

» The reasons of such an approach...
- curiosity...
- variations of assumptions found on

projects thermal analysis, standards < who’s right ? Who’s wrong ?
(ECSS, NASA...), handbooks...
= Is there hidden margin ?

track of their origin difficult to find ‘ o

19 0.6 sensitivity) 2**

recent Earth observations have = with an increased accuracy

been providing invaluable data and a continuous improved
about Earth radiated energy Earth surface coverage
measured from Space

> NASA’'s CERES (Clouds and Earth Radiant Energy System) experiment
- Terra (1999..)
- Aqua (2002..)

- Suomi NPP (2011..) & How do standards correlate with real values ?

- Do standards need to be updated ?
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Overview of CERES Albedo and Earth IR data

> CERES data Spring Equinox (21/03/2011)

Measured albedo Measured Earth IR flux
from top of the atmosphere (and equivalent temperature)
from top of the atmosphere
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Overview of CERES Albedo and Earth IR data: albedo

» CERES albedo data

No albedo
measurement for
the Northern high
latitude regions in
Winter
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lack of full Earth

coverage from

CERES

instrument some

days or short non

Longitude operational
periods

Example of daily data for albedo for the entire Earth surface
for a random day in Winter
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Overview of CERES Albedo and Earth IR data: albedo

» CERES Infra-Red flux data

Latitude

lack of full Earth
coverage from
CERES
instrument some
200 E days or short non
Longitude operational
periods

Example of daily data for Infra-Red for the entire Earth
surface for a random day in Winter
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1st step: Average monthly albedo and Earth IR flux: albedo

» 5 years of data (from 01/01/2007 to 31/12/2011)

» Repeatability from a year to another can be checked

. | Ave.
over
2009
0.59
0.55
0.48
0.42
0.36
0.30
0.25
0.22
0.24
0.22
0.22
0.23
0.28
0.36
0.44
0.57
0.68
0.69
0.31

Data published:
Ref. : Earth Albedo and Earth IR Temperature definition based on CERES measurements (ESA-TECMTT-TN-001975)
6/23

= Il bm SR = 4 ] ™=

I

=111l - D i == B0 10 T =2 2R om I+

31 European Space Thermal Analysis Workshop 24-25 October 2017



A proposition for updating the environmental standards using real Earth Albedo and Earth IR
24 Flux for Spacecraft Thermal Analysis

ep: Average O albedo and Ea R albedo ]

Spring
equinox

-« Winter
"~ solstice

Summer
solstice

Autumn
equinox
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1st step: Average monthly albedo and Earth IR flux: Earth temperature ﬁ\i\\\&i\&

» 5 years of data (from 01/01/2007 to 31/12/2011)

» Repeatability from a year to another can be checked

Ref. : Earth Albedo and Earth IR Temperature definition based on CERES measurements (ESA-TECMTT-TN-001975)
8/23
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1st step: Average monthly albedo and Earth IR flux: Earth temperature &\&
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2nd step: Effective albedo / Effective Earth IR flux

Effective albedo = perceived albedo from Earth orbit
Earth IR flux Earth IR flux

But first, what’s the Earth field of view from orbit ?

800 km circular orbit

Orbit track on ground Earth hemisphere

cular orbit witha1° x1° grid

gookm cir
—
Farth surface Maximum field of view
of Earth from the §/C

I e e

Earth field of view from a spacecraft on a 800 km Low Earth circular orbit
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2nd step: Effective albedo / Effective Earth IR flux

» From CERES data... to effective albedo

Real albedo as viewed

from a spacecraft in Effective albedo
low Earth : - as viewed from

a spacecraft
in low Earth
orbit

spacecraft B it {1 m  spacecraft

field of view

of the Earth
from the
spacecraft

Ilustration of effective albedo at any instant as perceived by an Earth orbiting spacecraft
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Calculating effective albedo / effective Earth temperature

= How is the instantaneous received albedo flux calculated ?

It takes into account:
- the spacecraft position and attitude on its orbit,

- the view factor between spacecraft surface and
each visible pixel of daily CERES albedo grid

- the Sun illumination (or not) of the pixel

- the albedo value of the pixel

— Il kS = 4 I == T IIIl S S = @IS EEAER = ¥

31 European Space Thermal Analysis Workshop 24-25 October 2017



A proposition for updating the environmental standards using real Earth Albedo and Earth IR
Flux for Spacecraft Thermal Analysis 27

- \\\\&K\\\“\\K
Average effective albedo / Earth temperature \&

= Average effective albedo / Earth temperature are obtained by superposing orbit successive
fields of views on CERES daily albedo maps / Earth IR flux maps

bl
-7

Example of a
SSO orbit
superposed on
albedo CERES
map on a random
Spring day
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constant
albedo
07 setat
05 0.3

y i eal data
Example of a b (CERES)
SSO orbit ‘ ‘
d \ albedo fi
Supel’posed on | ‘ w“ * assumingux
albedo CERES ' 4 | constant
| albedo of

map on a random [ | alo
Spring day ‘ ‘ ‘ o e A

Calculated

Albedoflux (W/mz2)

1 orbit: 100 min 14/23
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Average orbital effective albedo and Earth IR flux for various orbits

dcesa

= Synthesis of average effective albedo / Earth temperature over an orbit for several LEO orbits

Altitude

Range of
average albedo
over 1 orbit

Inclination

Range of
average Earth
temperature
over 1 orbit

06:00

246 K — 256 K

12:00

246 K — 256 K

18:00

246 K — 256 K

20:00

246 K — 256 K

21:00

246 K — 256 K

22:00

246 K — 256 K

ISS

drifting

250 K — 260 K

Tropical

drifting

253 K—-264 K

Equatorial

drifting

253 K — 260 K
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Statistical distribution of average orbital albedo and Earth temperature
over an orbit for several LEO orbits

Sun-synchronous orbit
Inclination 98.6°
800 km, LTAN 22:00

Albedo

Range: 0.25 - 0.40
Mean: 0.31

Earth
temperature

Range: 246—256 K
Mean: 250 K
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ISS orbit
Inclination 51.6°
400 km

Equatorial orbit
Inclination 6°
800 km

Range: 0.16 - 0.34
Mean: 0.23

Range: 0.15 - 0.31
Mean: 0.24

Range: 250—260 K
Mean: 255 K
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Range: 253—260 K
Mean: 259 K
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Average orbital albedo vs seasons

Voriotionof pveroge
Eorth olbedq perceived

frnm Snnre

Inclination 98.6°
800 km, LTAN 22:00
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Average orbital Earth temperature vs seasons

™ e 2 e DOt Cr o

1 year ‘Winters(mammum Sunflux)

Inclination 98.6°
800 km, LTAN 22:00
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Any correlation between average orbital albedo and average orbital \\\KK
Earth temperature values ? \&&

Recommended
orbital albedo range HOT CASE: usually, we
for thermal analysis cumulate
& max albedo

& max Earth temperature

Recommended
orbital Earth
temperature

range for
thermal
analysis

Average orbital Earth temperature

COLD CASE: usually, we

022 024026 028 030 032 034 036 038 040 042

Sun—synchronoug Average orbitalalbedo Cumu_late

orbit min albedo

Inclination 98.6° min Earth temperature
800 km LTAN Plot of simultaneous average orbital effective albedo and

22:00 average orbital effective Earth temperature (for a same orbit)
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Average effective albedo / Earth temperature over shorter period than J
an orbit \\\\\ esa

= What’s the quickest possible change of effective albedo / effective Earth temperature ?

South Pole North Pole
« Instantaneaus
The spacecraft Effective
flies over an 1 albedo
extremely low
albedo region

t=o0:
full FoV with
“low albedo
region
Average
t=5 min:
1> FoV with
“low albedo +
> FoV with
“high albedo
region”

t=10 min:

full FoV with
“high albedo i albedo region

region

Example of the evolution in time of instantaneous
effective albedo and average effective albedo over various
periods for a SSO orbit, 800 km, LTAN 18:00 (date:
01/01/2007) (no eclipse) (using real measured data)

20/23
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Variation of short term average albedo / Earth temperature values

North Pole South Pole

Distribution of average effective albedo over a period of
15 min for a SSO orbit, 800 km, LTAN 18:00 (using real
measured data from 2007 to 2011 (CERES mission))

Worst case profile of the evolution of average
effective albedo over various periods for an SSO
orbit, 800 km, LTAN 18:00

= Already used
Ref. : Definition of Earth thermal environment for TIRI (Thermal
Infra-Red Instrument) mission (ESA-TECMTT-TN-004247)
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Conclusion

clear link between real observations and assumptions used for spacecraft thermal analysis.

provide useful and realistic inputs to simulate Earth environment, including finding worst cases of thermal
conditions changes, which are mainly needed for temperature stability of sensitive instrument or
radiators.

Type of Range of average
Recommended albedo orbit Altitude  Inclination Range of average Earth

and Earth temperature albedo over 1 orbit temperature over
over an orbit for the
main LEO orbits:

» Future activities: developing the tool with a more statistical approach covering a larger range of orbits

» Proposing standard update for albedo and IR Earth temperature
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Questions...

Contact: romain.peyrou-lauga@esa.int
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