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Satellite Measurement Precision Parameter
“NEDT”
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Numerical forecasts of weather and climate changes
depend on the availability of highly accurate satellite
observations and the effectiveness of assimilation of these
observations into numerical weather prediction (NWP)
and climate prediction models. Measurement precision
is a key parameter associated with observations and their
applications in NWP and climate studies.

Assuming that an Earth view was independently
measured N times at the wavelength 4 and the measured
values are denoted as {yle =12L ,N } , the measurement
precision (0,) is defined as the standard deviation of

sampled values, i.e.,

1 . obs m
04_\/N—112:‘(yf*‘ IR j

PR 1 N
obs obs
where Vi 72%,& is the mean.

(1)

i=1 .. .
The values of measurement precision for different
channels are required input for satellite data assimilation.
For example, in a variational satellite data assimilation

ana

system, the minimum solution (x™ ) of the following cost

function is sought:

T =3 (x=x,) B (= x) 42 (- ™) O+ F) (1) -y (2)

where X, is the background state variable vector; B is the
background error covariance matrix; y** includes satellite
observations from various channels; O is the observation
error covariance matrix with the measurement precisions
0,21 as its diagonal elements; H(X) represents a forward
radiative transfer model (RTM) which calculates the
radiance at the top of the atmosphere for a given set of
input parameters which include the atmospheric state
variables x; and F is the RTM error covariance matrix.

in (2) is obtained through

ana

The minimum solution x
an iterative procedure ' and satisfies the following
inequality:

Jx")<J(x), Wx in the neighborhood of x,.  (3)

Therefore, the accurate quantification of measurement
precision directly affects the accuracy of the analysis (x™).

The measurement precision of any satellite
“NEDT” ,

which stands for Noise Equivalent Delta Temperature.

instrument is often provided by the so-called

For example, the Advanced Microwave Sounding
Unit-A (AMSU-A) on the NOAA series of polar-
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orbiting environmental satellites (POES) provides 15-
channels radiance measurements. AMSU-A1 module
uses two antenna-radiometer systems (Al-1 and Al1-2)
and provides twelve channels in the 50 to 60GHz
oxygen band for profiling the atmospheric temperature
information from the Earth’s surface to about 42km (or
2hPa), three channels at 23.8GHz, 31.4GHz and 89.5GHz
for characterizing the surface and atmospheric features
such as surface emissivity, atmospheric cloud and water
vapor. When NOAA AMSU-A radiance data is delivered
to users, a set of channel-dependent NEDT values is also
provided to users (see Table 1*). Then what is NEDT?
How is the value of NEDT determined?

Table 1 Specified NEDT of AMSU-A

Channel 1-2 3 4-9

10-11 12 13 14

NEDT (K) 030 040 025 0.40 0.60 1.20 0.50

In fact, NEDT describes the precision of measured
radiances by satellite instruments. Its value is determined
as follows: First, at the end of each scan line, a Platinum
Resistant Temperature (PRT) thermometer measures a
temperature of calibration target (e.g. blackbody) and the
satellite antenna simultaneously records a raw radiometric
count at a specified wavelength 4 from the measuring target
or simply called field-of-view (FOV) count, ijlwi , where
the subscript i represents the i" scan line, and the subscript
J represents the j" swath. In each orbit, satellite antenna
scans through the FOV target many times, say a total
of N scan lines (i.e.,cjr-(,l;,v,l, i=1,2, -+, N). Typically, the
FOV target counts over every five scan lines are averaged

5(i—1)+5
raw

to obtain a stable (smooth) count ..z :kzsx(zi;nﬂc"“
i=1,2, -+, N/5). The standard deviation of the count
sample {cjM }, O, ; » is then calculated (the subscript

“j” is omitted in O, ; for simplicity). Using a two-
point calibration equation, the standard deviation of count
( 0., ) is then converted into the standard deviation of
satellite-measured radiance (O ,). Specifically, the two-

point calibration equation can be written as

- c..,—C -
_ i, A c,A

Ri,i,l - Rc,/{ = Rw,l - Rc,a (4)
Cor—Cy

where R, is the radiance at wavelength A corresponding
to cosmic background temperature, R, is the radiance
at wavelength A corresponding to the blackbody target
of temperature T,, c,,, is the blackbody warm count,
¢, is the cosmic background count, ¢, ; is the earth

scene count, and the over-bar represents average of the

corresponding variable over scan lines on which the
standard deviation is being calculated. Based on (4), one
obtains

;0’(,4 (5)

Cua = Cea
NEDT; is defined as the temperature at which a
blackbody in thermal equilibrium with its surroundings
would have to emit at the intensity of radiation O, at
wavelength 4. In other words, NEDT), is the brightness

temperature corresponding to radiance O, and its value

can finally be derived using Planck’s function *":

2he?
= FE (ehc/(K,,ANEDTA) - (6)

0,

where ¢=2.998 X 10° (unit: mes™) is the speed of light,
h=6.626X107* (unit: Js) is Plank’s constant, and
Kp=1.381X 10 (unit: JoK'") is Boltzmann’s constant.

The value of NEDT, for each satellite instrument is
determined based on the data from the prelaunch tests for
that instrument. Theoretically speaking, NEDT would
vary with the temperature of the scene being observed and
would be different for different channels. When a single
value of NEDT is provided, such as Microwave Sounding
Unit (MSU) on early NOAA polar-orbiting satellites, it
means that such differences are rather small.

The importance of obtaining measurement precision
for data users can never be emphasized enough. Tarantola
wrote in his book the following: “Ideally, the supplier of
the apparatus should provide a statistical analysis of the
errors of the instrument (if he does not, we should not
pay for it!).” However, the data suppliers may deliver
free data, the users may use the data with no concern of
its errors, or the users are willing to pay for the data that
do not come with error statistics. With the rapid advances
in satellite observations, it is hoped that all data users
be concerned with data errors and have a quantitative

knowledge of measurement precision.
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