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ABSTRACT

In this study, the atmospheric transmittance of individual NOAA
AMSU microwave channels was computed into a 40-layer atmo-
spheric line-by-line FASCODE radiation model.  Long-term sound-
ing data from 1956 to 1991 collected over the Taiwan area was used
to construct a 40-layer standard atmospheric model for the island.  The
simulated transmittance was also used to establish a regression-based
fast-algorithm model to compute the atmospheric transmittance of
Taiwan and its surrounding areas for various purposes.  Despite the
fact that the lower atmospheric layers of channels 14-18 indicated
larger errors, the overall results revealed that the absolute value
difference between the AMSU pass band-averaged transmittances
computed through FASCODE and the test model was smaller than
0.01 and 0.001 in the oxygen and water vapor channels, respectively.

INTRODUCTION

Unlike visible and infrared channels, which can
only provide information above the cloud top, micro-
wave channels are capable of observing from the sur-
face to the top of the atmosphere.  This is made possible
by their capability of penetrating cloud layers, and their
special interaction with the soil and atmospheric
hydrometeors.  Consequently, the application of micro-
wave satellite remote sensing has become increasingly
crucial both in the analysis of the environment and
monitoring of severe weather conditions, especially
over the open ocean where traditional observational
data are scarce [1-4].  For example, the usage of satellite
microwave data can provide more insight in the moni-

toring of severe weather (such as mesoscale convective
systems and typhoons) which often occur around oceans,
but may cause serious damages when they approach
land [5, 6].  Therefore, the development and application
of microwave sensor data has gradually risen to be one
of the top researches in the oceanic/atmospheric field.
The launch of the Advanced Microwave Sounding Unit
(AMSU) mounted on the National Ocean and Atmo-
sphere Administration (NOAA) satellite in 1999, is the
latest step toward improving the understanding of the
atmospheric temperature/humidity profiles [1, 3, 7].
With its specifically-chosen channels (Table 1), AMSU’s
multiple-channel sounding data can be used to retrieve
the temperature and humidity profiles more accurately,
with better vertical and horizontal resolutions than its
predecessor [8, 9].  However, atmospheric transmit-
tance values related to the channels are required in
advance to perform the retrievals, which play a signifi-
cant role to efficiently and accurately compute the
retrieved results, especially when the so-called physical
retrieval methods are involved, which are becoming
increasingly popular, as they take into account micro-
wave radiative transfer computations for each retrieval
[10, 12].

It is possible to generate sets of accurate atmo-
spheric transmittances for such purposes, via line-by-
line radiation codes, when the computation time is not
a concern.  However, a faster model would be more
useful for the intensity analysis or numerical models of
the atmosphere.  In order to shorten the computation
time, such applications must be computationally effi-
cient so that simplification is necessary.  In other words,
the line-by-line computation is not a viable method if it
is used routinely.  Instead, a fast transmittance paramet-
ric model is generally employed.  To utilize such a
method, it is required to compute a set of line-by-line
results that cover a wide range of atmospheric conditions.
Next, these results are used to produce the coefficients
needed within a fast model.  For example, McMillin and
Fleming [11, 12] used a 2nd-order temperature polyno-
mial to relate the atmospheric transmittance values and
the standard atmospheric conditions for constant mix-
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ing ratio gases, Later improvements regarding the vari-
able mixing ratio gases, or consideration of the main
gases involved were subsequently proposed [13-15].

In this study, a transmittance computation algo-
rithm based upon a regression computation, with the
aim to quickly and accurately complete calculations
regarding the application of Taiwan AMSU data is
proposed.  In addition, the practicality of the faster
algorithm was evaluated through comparisons with the
original line-by-line transmittance computations.

DATA  AND  METHODOLOGY

Data

In this study, we developed a fast transmittance
computation algorithm for the microwave sounding
region.  The AMSU channels were tested to verify the
results.  The AMSU, mounted on NOAA-15 and NOAA-
16 satellites, consists of three parts: AMSU-A1, AMSU-
A2 and AMSU-B.  The first two provide 15 channels
(23.8~89.0 GHz), mainly for retrieving the atmospheric
temperature profile from the surface to 2hPa, at a 45km
ground resolution in-nadir.  The latter provides 5 chan-
nels (89.0~190 GHz) mainly for retrieving the water
vapor profile from the surface up to 200hPa, at a 15km

resolution [1, 7] (see also Fig. 1).
Radiosonde data collected from 1956 to 1991

around Taiwan were processed by a necessary error-
checking process, and used as the Taiwan standard
atmosphere (TSA).  In addition, 40 radiosonde data,
obtained between 1993 to 1995 were picked to compute
the individual transmittance from different layers to the

Table 1.  Specifications of the AMSU Channels; F1 stands for 57290.334 MHz (from [9])

Channel Passband center Passband Required
number frequencies (Mhz) widths (Mhz) sensitivity (K)

AMSU-A1
1 23800 ± 72.5 2 × 125 0.3
2 31400 ± 50 2 × 80 0.3

AMSU-A2
3 50300 ± 50 2 × 80 0.4
4 52800 ± 105 2 × 190 0.25
5 53596 ± 115 2 × 170 0.25
6 54400 ± 105 2 × 190 0.25
7 54940 ± 105 2 × 190 0.25
8 55500 ± 87.5 2 × 155 0.25
9 57290 ± 87.5 2 × 155 0.25
10 57290 ± 217 2 × 78 0.4
11 F1 ± 322 ± 48 4 × 36 0.4
12 F1 ± 322 ± 22 4 × 16 0.6
13 F1 ± 322 ± 10 4 × 8 0.8
14 F1 ± 322 ± 4.5 4 × 3 1.2
15 89000 ± 1000 2 × 1000 0.5

AMSU-B
16 89000 ± 900 2 × 1000 1.0
17 150000 ± 900 2 × 1000 1.0
18 183310 ± 1000 2 × 500 1.1
19 183310 ± 3000 2 × 1000 1.0
20 183310 ± 7000 2 × 2000 1.2

Fig. 1. The transmittances of oxygen, water vapor and the atmosphere in
the microwave region which computed by FASCODE3P model
and HITRAN92 database [16,17].
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top of the atmosphere.  The radiation computation code,
FASCODE, was employed to perform the computations.
To cover different weather conditions, 40 cases were
selected, including different months from January to
December [16].  Various types of weather phenomena,
such as clear or rainy skies, heavy rainfall, typhoons,
cold fronts... etc, were selected as input patterns.

Methodology

To compute the atmospheric transmittance for sat-
ellite observation, a line-by-line model gives the most
accurate approximation [11],

   τ i(P, θ) = dvH i(v) exp [–
Z(P)

∞ ΣK L(v, Z)

   C L(Z) ρ(Z) dZ secθ] (1)

where τi is the atmospheric transmittance, P is the
atmospheric pressure, θ is the satellite zenith angle, v is
the frequency, H is the response function, i is the
channel number, Hi(v), Z is the height, KL is the absorber
coefficient of line L, CL is the mixing ratio of the
absorbing gases, and ρ is the air density.

However, a line-by-line model requires a tremen-
dous amount of computational time, and is not appropri-
ate for real time retrievals.  Instead, we used FASCODE
3P to compute the transmittance in a line-by-line mode,
under various weather conditions.  A quick regression
method was found to compute the transmittance for
routine operational retrievals.

By employing the most reasonable monochrome
assumption for the microwave region, the transmittance
can be computed by [16],

τv = τvFτvWτvO (2)

where τvF, τvW, τvO are the transmittances of the constant
mixing ratio gases, the water vapor, and the other gases,
respectively.  In general cases, the combined effects
should be taken into account.  Due to the fact that the
absorbing lines for water vapor and oxygen are well
separated in the AMSU channels, we can take advantage
of the monochrome assumption in our computation.
The vertical transmittance between the height of P1 to
P2 was computed by [16],

<τ(P1, P2)> = exp{− (α + βV + γL)} (3)

where <τ> is the mean transmittance, α, β and γ  are the
optical depths of oxygen, water vapor and liquid water,
respectively.  V and L are the water vapor and liquid
water content, respectively.

As mentioned previously, the transmittance of the

water vapor and oxygen can be individually computed
for AMSU regions.  The term α can be expanded with a
3rd-order polynomial,

α = c1 + c2q + c3q2 + c4q3 (4)

and q = (Tcli/<T>) − 1

where c1, c2, c3, c4 are the regression coefficients, < > is
the mean value operator, Tcli is the long-term tempera-
ture mean from 1956 to 1991 based upon actual obser-
vations in Taiwan, and <T> is the mean temperature
between the layers P1 to P2.  Similarly, β was expanded
by the same process, as well as the water vapor pressure,
which is combined together under the following form,

β = d1 + d2q + d3q2 + d4q3 + d5 <PH2O> (5)

where d1 to d5 are the regression coefficients, and
<PH2O> is the mean pressure between the layers P1 to P2.

Also, the α and β values both can be computed by
a radiation model simulation based upon the following,

α(or β) = ln(<τo(0, P1)> / <τo(0, P2)>) (6)

The α  and β  values were computed by the
FASCODE model, with a 40-layer paralleled-stratified
atmosphere (Table 2).  The 40 previously mentioned
sounding data sets from the AMSU’s 20 channels were
the input data where we established their regression
relationships with the temperature and humidity values.
Finally, a fast transmittance computation algorithm for
the atmosphere of Taiwan and its neighboring areas was
obtained (Fig. 2).

SIMULATION  RESULTS  AND  APPLICATION

Fig. 2.  Flowchart of the fast model.
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Basically, the computation results from a line-by-
line model are capable of providing extremely accurate
atmospheric transmittance values, where its result may
be used for verification purposes.  However, the method
is generally considered too slow for such physical re-
trieval methods.  Therefore, in order to be more useful,
a parametric-simplification fast model is constructed.
The transmittance computation result produced from
the fast model is then compared with the line-by-line
model to evaluate its accuracy.

After establishing the fast regression algorithm,
we can estimate the vertical atmospheric transmittance
related to the AMSU’s channels, between an arbitrary
pressure layer with the top of the atmosphere (satellite).
The fast model is used to compute the atmospheric
transmittance at 20 AMSU channels from each of the
forty pressure levels to the top of the atmosphere (0.1 to
1000 hPa, see also Fig. 2 and Table 2).  In this study, the
verification process is mainly done by comparing the
different responses of oxygen and water vapor effects
within the entire vertical profiles (e.g. from the surface
to the top of the atmosphere in a nadir viewing angle).
We compared the transmittance computed by our fast

model and by the FASCODE line-by-line mode to evalu-
ate our model’s accuracy.  For each AMSU channel, we
computed separately the oxygen and water vapor trans-
mittance of the atmosphere for the 40 radiosondes se-
lected under different weather conditions from 1993 to
1995 by our fast model and the FASCODE3P model.
Due to the fact that their consistency is what concerns us
the most, the absolute transmittance accuracy is of little
importance.  Therefore, the correlation relationship is
instead used to evaluate our fast model’s practicality.
Generally speaking, the results revealed that the oxygen
transmittance of the AMSU channels 10 to 14 had
higher errors near the surface.  However, such errors
would not significantly influence the various retrieval
applications, because the weighting functions of these
channels were above 500mb.

For other channels and other layers, the errors
were all smaller than 0.01.  For the water vapor channel,
the errors were even smaller than 0.001.  The transmit-
tances of oxygen and water vapor, from the AMSU
channels, are shown in Figs. 3 and 4, respectively.  The
results indicate that the accuracy is satisfactory.  Slightly
higher errors exist for channels 14 to 18, especially in

Fig. 3. A comparison of the transmittances for the oxygen component calculated by our fast regression model (x-axis) and FASCODE3P model (y-axis), for
the AMSU’s channels.  The numbers appearing in the upper left corner of each channel are their correlation coefficients.

Table 2.  The 40-layer standard atmosphere used in this study; units are in hPa

Level  P Level  P Level  P Level  P Level  P

 1 0.1 9 5.0 17 60 25 250 33 620
 2 0.2 10 7.0 18 70 26 300 34 670
 3 0.5 11 10 19 85 27 350 35 700
 4 1.0 12 15 20 100 28 400 36 780
 5 1.5 13 20 21 115 29 430 37 850
 6 2.0 14 25 22 135 30 475 38 920
 7 3.0 15 30 23 150 31 500 39 950
 8 4.0 16 50 24 200 32 570 40 1000
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the upper layers, probably caused by the effect of the
earth’s magnetic field, which we did not take into
account in our model.  For the water vapor influence,
there was a rather high correlation (≅1.0).  In addition,
we also used the correlation coefficients to compare the
transmittance computed from our fast model to one
derived from the fast model constructed from the algo-

rithm purposed by Rosenkranz [16].  The results showed
our model had a higher level of accuracy, especially in
the transmittance computation for the oxygen absorbing
effect.  In addition, a more apparent difference can be
seen for the water vapor transmittance in AMSU chan-
nels 11 and 12 (see also Table 3).  Overall, the fast
model developed in this study reveals a higher precision

Fig. 4.  Same as Fig. 3, except for the water vapor component.

Table 3. Comparison of the oxygen and water vapor transmittance computed by our fast model and the fast model used Rosenkranz
algorithm [17]

AMSU Our fast model Rosenkranz fast model
channel oxygen water vapor oxygen water vapor

1 0.998 0.999 0.913 0.993
2 0.995 0.999 0.995 0.994
3 0.932 0.999 0.932 0.996
4 0.773 0.999 0.444 0.996
5 0.942 0.999 0.748 0.996
6 0.921 0.999 0.700 0.996
7 0.856 0.999 0.566 0.996
8 0.835 0.999 0.247 0.996
9 0.920 0.998 0.862 0.994
10 0.934 0.998 0.854 0.994
11 0.950 0.998 0.834 0.834
12 0.909 0.998 0.782 0.782
13 0.830 0.999 0.660 0.994
14 0.650 0.998 0.519 0.994
15 0.900 0.999 0.820 0.996
16 0.902 0.999 0.823 0.996
17 0.995 0.999 0.920 0.996
18 0.579 0.991 0.622 0.999
19 0.999 0.974 0.920 0.994
20 0.977 0.993 0.885 0.994
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than other relevant models, and it also demonstrates its
applicability.

CONCLUDING  REMARKS

Basically, the McMillin-Fleming approach was
employed to calculate faster, but at the same time, retain
its accuracy.  In our approximation, the accuracy of the
line-by-line computation was kept, but was more effi-
ciently computed.  Generally speaking, this is useful for
the processing of relevant remotely sensed data in the
microwave region, especially for AMSU temperature/
humidity profile retrieving.  However, more efforts to
improve the transmittance accuracy is encouraged.  For
example, the addition of the earth’s magnetic field
effects may likely increase the accuracy for the upper
atmospheric layers, making the model more applicable
for most tropospheric sounding research, even for strato-
spheric layers.

In addition, the correctness of this “faster model”
is closely dependent on the accuracy of the line-by-line
radiation code and absorbing line database, which the
fast regression approximation relies on.  Although
FASCODE can provide enough reliability for most
applications, more investigations and further verifica-
tions should be conducted.  Surely, more observational
data is still required to determine the complex relation-
ships of the transmittance with oxygen and water vapor,
or other even smaller mixing ratio absorbing gases.
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