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Abstract

OrbEnv is a tool developed for ESA missions to provide realistic and less enveloping albedo coefficient
and Earth temperature range for an orbit using data measured by satellites. The tool is able to treat the
most common orbit types (LEO, SSO, HEO, MEO...) and is able to calculate impinging albedo and Earth
fluxes for several basic geometries and several time steps. Data comes from the CERES instrument on
NASA’s Terra satellite and covers more than 6 years of measurement.
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Why develop such a tool ?

OrbEnv tool development was initiated by several facts:

1. Thermal analyses of spacecraft in low Earth orbit rely on thermal environment 
parameters coming from various standards, not always in accordance

2. Such environmental parameters are generally expected to cover the worst hot/ 
cold cases for thermal analysis and design.

4. For more than a decade, extensive and 
continuous measurements of Earth radiated
and reflected flux have been performed by spaceborne instruments 

(CERES) and data are available.

TERRA (Credit: NASA)

AQUA (Credit: NASA)

Illustration of available Earth radiant energy data (Credit: CERES/NASA)

3. Environmental parameters are sometimes assumed regardless 
- the orbit definition, 
- the season, 
- the time constant of the spacecraft 

(or of local parts exposed to the external 
environment…
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Objectives of OrbEnv tool

OrbEnv activity and tool development objectives:

1. Understanding CERES data (albedo, IR flux) and compare them with existing 
standards

2. Find a method to use CERES data and determine albedo / IR flux depending on:
- the orbit definition, 
- the season, 
- the time constant of the spacecraft 

(or of local parts exposed to the external environment.

3. Develop a tool to determine albedo / IR flux for any Earth orbit with several 
options:

- basic geometry of the spacecraft (plane, sphere, cube)
- time step
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Winter 
solstice

Summer 
solstice

Spring 
equinox

Autumn 
equinox

Earth Infra-Red equivalent temperature depending 
on season and latitude (NASA CERES measured data) 

Earth Infra-Red equivalent temperature depending on season and latitude (NASA 
CERES measured data) 

Earth 
temperature 
in K
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Albedo coefficient depending on season and 
latitude (NASA CERES measured data) 

Winter 
solstice

Summer 
solstice

Spring 
equinox

Autumn 
equinox

Albedo depending on season and latitude (NASA CERES measured data) 

Earth 
temperature 
in K
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Earth observation data

Albedo IR

From the CERES instrument on NASA’s Terra satellite
Inclination 98.2°
Data taken at 10:30 am LT
5 years of data: 2007-2011

Real data was obtained for every day during the period of interest. Given as a map with 1 degree by
1 degree grid points. The planetary IR emission is given in W/m2. The same features can be seen in both
maps, for example clouds tend to be more reflective than land so have a higher albedo, but are colder so
have lower thermal IR emission.

29th European Space Thermal Analysis Workshop 3–4 November 2015



OrbEnv — A tool for Albedo/Earth Infra-Red environment parameter determination 25

OrbEnv | 03/11/15 | Slide  7/31

ESA UNCLASSIFIED – For Internal Use

Weather

Animation of 10 days albedo data

The movement of cloud features can be seen in this 10 day period. The lack of sunlight at the pole
due to the northern hemisphere winter can be also be seen.
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Save the attachment to disk or (double) click on the picture to run the movie.
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Model: Spacecraft orbit

Single orbit overlaid on map data

Separation of data points is 1 minute in this case
• Two examples of ground visibility 25 minutes apart:

The flux received at each point of the orbit varies according the features visible at each instant. In
one of these two examples the spacecraft is over the coast of Brazil and sees mainly low albedo ocean
and forest, but later is over ocean with lots of cloud cover and thus a much higher average albedo.
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Model: Missing data

Gaps in data due to outages or ground tracks not overlapping…

Data is filled from the average for the relevant month

Where there is missing data the average value for the month is used. If a time period outside the data
range is requested then the date can be be mapped around into the range, or average values can also be
used.

29th European Space Thermal Analysis Workshop 3–4 November 2015



OrbEnv — A tool for Albedo/Earth Infra-Red environment parameter determination 29

OrbEnv | 03/11/15 | Slide  10/31

ESA UNCLASSIFIED – For Internal Use

Model: Best data

Next day Current day Previous day

Nearest data point (in time) may have been taken on another day

Continuous map covering 3 days
• Integration limits shifted depending on time of day

and spacecraft position

The data is taken by the satellite in a sun-synchronous orbit by building up ground tracks that have
an equator crossing at 10:30 am local time. When integrating over the area visible to the satellite the data
for the grid point should therefore be the one taken closest to 10:30 am local time even if it was taken on
the previous or next calendar day according to UTC.
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Model: Diurnal cycle

Example: 1:30 pm (for an average March day)

Ratio of modelled heat to morning observation

Spacecraft observes each location once per day
• Diurnal cycle for heating must be modelled

The data is provided as a single value for each day, but thermal IR emission has a strong variation
during the day which must be allowed for. This also depends on location; ocean sees little variation due
to the large thermal inertia of water, while desert sees a much bigger cycle. Also some areas experience
different cycles due to cloud cover changes, e.g. clouds tend to form over rainforests in the afternoon,
reducing IR emission. To estimate this cycle, data was processed that shows how IR emission varies
during the day for each grid point, by each month of the year. So for example we can say that on a
typical March day the IR emission from a grid point in the Sahara is 5% greater at 1:30 pm than at 11:30
am when the satellite data was taken. This is combined with the satellite data for that day to provide an
estimate of the emission at any time during the day in question.
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Model: Grid

Iterate over longitude - latitude grid

At every grid point calculate:
Distance: Spacecraft - Grid

and angles:
1) Grid Normal - Position
2) Grid Normal - Sun
3) Position - Axis

Performs integration over sunlit area visible
to face on spacecraft

Sum albedo flux and IR flux for two cases:
1) Uniform sphere
2) CERES data

At every grid square on the map the contribution to the flux received at the spacecraft location is
calculated if the spacecraft is visible (the angle between the grid point normal and the grid-to-spacecraft
vector is < 90 deg). Both albedo and IR fluxes are calculated for each face on the spacecraft. In addition
the flux is calculated for two cases:

1. If the Earth had a uniform value for albedo/IR

2. With the real, varying albedo/IR values measured by satellite.
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Model: Example output

Flux at spacecraft position:
1) Uniform albedo (0.3)
2) Actual albedo data

Compare to infer “effective albedo”:

• A weighted average over the 
area visible to the spacecraft

The sunlit portion of one orbit is shown. The albedo flux (in units of the solar constant) at the spacecraft
position is shown for two cases:

1. Earth has a uniform albedo value of 0.3

2. An actual flux with albedo varying according to satellite measurements for the relevant day.

By comparing the two we can calculate an effective albedo value at each point - a uniform value for the
earth that would produce the same heating as predicted using the varying albedo data. For example if the
predicted (actual) flux at the spacecraft position is higher than the calculation for the uniform (0.3) case
then we can infer that the effective albedo at that moment must have been proportionally greater than
0.3. It can be seen that on this orbit the effective albedo during the orbit is around 0.3 on average, with
some variation between 0.2 and 0.4 due to the features the spacecraft passes over.
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Program: Orbits

Front end written in Python, user interface in wxPython (platform 
independent)

Ability to specify orbit:
• Simple circular
• Keplerian elements
• Import from file

Select sun-synchronous 
orbit

Select spacecraft geometry

Select spacecraft 
orientation

A front end for the model has been written to make it easy for engineers to set up and study cases
of interest. The orbit can be specified in several ways, or imported from a file (e.g. output from STK).
The spacecraft geometry and orientation (earth/velocity/sun/polar/ecliptic) can also be specified.
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Program: Simulation

Back end calculations performed in Fortran

Specify duration of interest:
• By time
• By number of orbits

Simulation time step

Fully multi-threaded:
~300 orbits / min

The model calculations are implemented in Fortran for speed. The simulation can be completed in
under an hour on a reasonably powerful computer, so does not have a significant impact on workflow.

29th European Space Thermal Analysis Workshop 3–4 November 2015



OrbEnv — A tool for Albedo/Earth Infra-Red environment parameter determination 35

OrbEnv | 03/11/15 | Slide  16/31

ESA UNCLASSIFIED – For Internal Use

Program: Output

Averaging timescales:
• 5 min - 90 min
• Orbit

Explore data with orbit overlaid

Plot results in different ways: 1) Incident power to spacecraft
2) Effective Earth parameters

The results can be explored graphically or exported to file for further study.
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Thermal environment

Environment hypotheses vary
between satellites…

• What is the reason for these choices?
• Is it possible to find some evidence to support them?

Or alternatively: Make recommendations for future missions

• Calculate worst cases from orbit with real albedo data
• Use those values as hot and cold case in thermal modelling tools 

Albedo: Cold Case Hot Case

Normal 0.20 0.40

“Low polar” 0.16 0.34

“Polar sso” 0.25 0.35

The issue has been raised lately of why certain values for Earth’s thermal environment are used; why
the chosen values are not consistent, and what justifies the choices. Earth’s albedo is approximately 0.3
when averaged over the entire globe, so values of 0.2 - 0.4 are common choices for the cold and hot
cases. But for example, in the case of some polar spacecraft, flying over areas with greater albedo on
average, we see lower values are chosen, why?

Instead the model that has been developed can be used to combine spacecraft orbits with real Earth
observation data to estimate the range of environment variables that would have been experienced in
reality. This can provide evidence to support the choice of values for thermal modelling.
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Orbits

Altitude = 420 km
Period   = 92.8 min
Eccentricity = 0

Inclination:
1) “ISS”: 51.6°
2) “Polar”: 87.4°

Model: 5 years of orbits -> 28326 revolutions
Drifting ascending node – samples all possible orientations

Two orbits have been chosen for comparative purposes; one orbit similar to the ISS, and one with the
same altitude but in a polar orbit. Five years are modelled, providing a large number of revolutions to
give a large statistical sample.
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ISS - albedo

Range: 0.189 - 0.403

Mean = 0.278

Average over one orbit:
“Effective albedo” for that orbit
assuming Earth had a uniform albedo

The data can be averaged over different timescales, here an average over one orbit is calculated. This
shows what uniform value of albedo the earth would have needed for the spacecraft to receive the same
energy over one orbit as it does in the case when actual albedo data is used. For the ISS orbit a range of
0.2 - 0.4 appears sensible for the extreme cases. There are appear to be two peaks of albedo per year.
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Polar - albedo

Range: 0.236 – 0.505
(Cf: 0.14  – 0.36)

Mean = 0.346

In the polar case the effective albedo range observed is much higher, the ranges assumed for polar
spacecraft earlier does not appear to be appropriate. The distribution also appears to be somewhat
bimodal.
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ISS - IR

Range: 249.3 - 259.5 K

Mean = 254.9 K

The same calculations can be done for thermal IR emission in the ISS case. There is only one peak
per year.
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Polar - IR

Range: 245.1 - 255.5 K

Mean = 250.1 K

Polar orbit, IR.
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MetOp-A

Sun-synchronous orbit

• Altitude 817 km
• Inclination 98.7°
• MLTAN 21:30 hrs

Launched 2006

(ESA)

MetOp-A has an orbit typical of sun-synchronous earth observation satellites. It was launched in 2006
so here the real spacecraft position data for the period 2007-2011 could be imported into the simulation.
This allows us to observe the actual features/weather the spacecraft flew over.
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MetOp-A - albedo

Albedo range 0.24 - 0.41

The range of effective albedo averaged over one orbit is observed to vary between 0.24 and 0.41. We can
see that the normal range of 0.2 - 0.4 would perhaps be a little too conservative in the cold case.
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MetOp-A - IR

Temperature range 246 - 256 K

For IR emission the effective surface temperature varies between 246 and 256 K.
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Timescale averaging

• Can also output values 
averaged over different 
timescales

• Useful to examine effect on 
smaller components with 
low heat capacity

The results so far have shown effective surface parameters when averaged over a single orbit. The model
can also output the instantaneous albedo/IR heating received by the spacecraft, and perform averaging
over different timescales.
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Timescale variation

Timescale is important…

• Need to choose appropriate 
hot and cold cases matched 
to system size

• Per orbit averaging in this 
case had range 245 - 255 K

• Range changes greatly 
over small timescales!

It can be seen that the variations are much greater when averaged over smaller timescales.
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Solar Constant

Kopp G & Lean J, 2011, “A new, lower value of total solar irradiance:
Evidence and climate significance”,
Geophysical Research Letters, Vol 38 L01706

Old value: 1366 W/m2 - too high due to instrument design

(Kopp)

(Kopp)

In addition to albedo and planetary IR, the other major parameter of the orbital thermal environment
is direct solar heating. In recent years the value of solar ”constant” has been questioned due to new
measurements. The commonly employed, old values of solar irradiance appear to be in error due to
scattering and diffraction internal to the instruments used.
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SORCE - TSI

New value: 1361 W/m2

Solar cycle : +1 W/m2 (faculae)
-4 W/m2 (sunspots)

(SOHO)

The Total Irradiance Monitor on NASA’s SOlar Radiation and Climate Experiment satellite measures the
Total Solar Irradiance much more accurately and gives a new lower figure. This value is now accepted
by climate scientists and is recommended in the latest report from the United Nations Intergovernmental
Panel on Climate Change.
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New TSI value

Uncertainties:
± 0.5 W/m2 (measurement)
± 0.05 W/m2 (solar variation)

Earth orbit:
1 AU: 1361 W/m2

Perihelion: 1407 W/m2

Aphelion: 1316 W/m2

Extra margin: 1 W/m2

Recommendation: Hot case: 1410 W/m2

Average: 1361 W/m2

Cold case: 1310 W/m2

When taking into account Earth’s orbit, the solar cycle, and the uncertainties, then new values of solar
heating for hot and cold cases are recommended for a spacecraft in orbit around the Earth.
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End

Thank you!

Questions?

http://www.kuu.org.uk/orbenv/
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