Orbital and Sampling Strategies for Accurately Determining the Diurnal Cycle of
Upper-Air Temperature Using a Constellation of Small Satellites
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Correct satellite measurements of temperature for
changing local measurement times induced by orbital
drift.

Current knowledge of the diurnal cycle in the upper air is
quite limited by the lack of appropriate observations. In
order to retrieve information about the higher harmonics of
the diurnal cycle, more than 4 observations per day are
required.
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Trade-oﬀs:
Want fairly fast precession so that one can
measure an entire diurnal cycle in a month.

Choosing an Orbit
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Figure 1. Local equator crossing times (LECTs) for the MSU
and AMSU satellites. The local measurement time for all
locations drifts in the same way as the LECT but is oﬀset by
an amount that varies with latitude. Clearly, unless the
diurnal cycle in temperature is characterized and removed,
drifts in local measurement time will cause it to be aliased
into observed long-term changes.
For most locations on Earth, the ascending and descending
passes of the satellite are about 12 hours apart, and thus the
ﬁrst harmonic of the diurnal cycle largely cancels out. This
makes accurate determinination of the second harmonic
very important for diurnal drift adjustments.
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Three precessing satellites allow us to use a
3 or 4-harmonic ﬁt, which both come very
close to faithfully reproducing the
underlying diurnal cycle.

Performance for Correcting Drifting
Satellites.

As a metric describing performance as a
diurnal drift adjustment, we investigate the
change in temperature from 2 AM to 5 AM,
combined with the temperature from 2PM to
5PM (denoted by the red arrows in the ﬁgure
above right). This is a typical drift for an
“afternoon” satellite, and by combining AM
and PM times we mimic the eﬀect on a
monthly average constructed using both
ascending and descending passes.

Global Performance

Satellite and Fit Types

Percent
2:00-5:00
Diﬀerence (C) Error

2 Synch. , 2 Harm.

0.915

169%

2 Synch.,1 Prec, 2 Harm.

0.757

122%

2 Synch.,1 Prec, 3 Harm.

0.736

116%

2 Synch., 3 Prec, 2 Harm.

0.381

12%

2 Synch., 3 Prec, 4 Harm.

0.360

6%

Want a high (near polar) inclination angle
to get near-global coverage.
Want a high altitude so the satellites lasts
longer. (Small satellites decay more quickly
because of lower mass to area ratio.)

Over land, this is about 10 times better
than we can do by evaluating 15 years of
AMSU data.
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A good compromise might be a height of
740 km and an inclination of 74 degrees.
This orbit precesses to earlier local times at
a rate of about 12 minutes per day,
covering 6 hours in a month.
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Synthetic Brightness Temperatures with:
1. Known Underlying Diurnal Cycle
2. Similar Statistics
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TSLOW and A(t) are analyzed to ﬁnd their power spectra, which are then used to
construct synthetic time series for TSLOW and A(t) by ﬁltering time series of normally
distributed random numbers.
This analysis can be repeated for any location on Earth.
The construction of the synthetic time series can easily be repeated using diﬀerent
starting sets of random numbers, yielding diﬀerent random time series.
These can be sampled and analysed by whatever scheme is of interest.
Speciﬁcally, they can be sampled as a constellation of satellites would, and analysed to
retrieve the diurnal cycle.
We perform these samples using an orbit simulator, so gaps between the swaths and
the position of the measurement in the swath are accurately represented.
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Two precessing satellites improves the ﬁt,
but the performance is even better if there
are 3 precessing satellites (open circles,
triangles, and squares).

If a precessing satellite is added to the constellation, then more local times could be sampled
within a single month.
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In the plot above, the + and x symbols are individual samples made over 1 month by two
satellites. The vertical scatter is due to variations in the slowly varying parts of the temperature
and day to day variations in diurnal amplitude. The horizontal scatter is due to the point of
interest lying in diﬀerent locations in the satellite swath, e.g. east or west of the satellite
subtrack.
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Small satellites with state-of-the-art ultra-precise, compact
radiometers with low power consumption would be ideal for
this application.

Diurnal
Dominates

We decompose the time series into a sum of the seasonal
cycle, a slowly varying random component, and the diurnal
cycle modulated by a slowly varying random amplitude A(t).

Brightness Temperature (K)

In this poster, we show how the addition of a few additional
sounding instruments in rapidly precessing orbits to the
existing ﬂeet of satellites in sun-synchronous orbits can
accurately retrieve the ﬁrst several harmonics of the diurnal
cycle for nearly the entire globe.
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There have been several intensive radiosonde campaigns,
but these cover limited areas and limited time periods.
It is possible to discern some information about the diurnal
cycle from the existing system of satellites, but the orbital
conﬁguration can lead to calibration errors, and the seasonal
cycle being aliased into the retrieved diurnal cycle.

Example Location
38N, 111W
Western U.S.
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Three Precessing Satellites, Two Harmonic Fit
Temperature Anomaly (K)

Simulated MSU Channel 2 Brightness Temperature from CCM3 Atmospheric Model

Temperature Anomaly (K)

2.

To increase scientiﬁc understanding of energy ﬂow in
the atmosphere on a day to day scale and to diagnose
the representation of these ﬂows in general dirculation
models.

Temperature Anomaly (K)

1.

Current microwave temperature sounders are in sun synchronous orbits, so each satellite
makes an observation at two more or less constant local times. When we used data from two
satellites with diﬀerent crossing times, the ﬁrst harmonic is fairly well determined, but the
ﬁtted second harmonic is often too large, because the ﬁt is unconstrained in regions of local
times with no measurements.

In this section, we construct a realistic time series of satellite-measured brightness
temperature with a known underlying diurnal cycle. This will allow us to test diurnal
cycle retrieval techniques..

Simulated Brightness Temperature (K)

It is important to have a detailed understanding of the
diurnal cycle in upper air temperature for two reasons:

Determining the Diurnal Cycle From Satellite Observations

Generating a Synthetic Dataset to Test Orbit/Sampling Schemes

MSU Channel 2 Temperature (K)

Introduction and Motivation
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Adding a single precessing satellite (open
circles) improves the ﬁt considerably, but is
still not accurate anough to use to adjust
for drifting measurement times. It is
possible that part of the problem is the use
of a two harmonic ﬁt, which cannot
accurately represent the true diurnal cycle.
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However, when we add another harmonic
to the diurnal ﬁt, the ﬁt becomes worse,
because 6 measurements per day does not
adequately constrain three harmonics.
(A four hamonic ﬁt is even worse, yielding
nonsense).
So, we need more measurements....

2:00 to 5:00 Adjustment Error (K)

Proposed Mission
- 3 Microsats in precessing orbits. Would
likely need dedicated launch due to
uncommon inclination angle.
- High accuracy, high precision, low power
compact radiometer.
*High performance calibration targets
based on technology developed for the
Atacama Large Millimeter Array
(radiotelescope in Chile).
*Multiple calibration loads at diﬀerent
temperatures and noise injection to
fully characterize non-linearity on orbit.
- Mission would fully characterize the
diurnal cycle at MSU/AMSU channels
and serve as an intercalibration standard
for polar orbiting satellites.

Over the ocean, the diurnal cycle is much
smaller, but these measurements could
still lead to improvement and increased
understanding.

Precision Calibration Target
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