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Abstract— Method for water vapor profile retrievals by means of
minimizing difference between estimated and actual brightness
temperatures derived from AIRS data and radiative transfer
model is proposed. Initial value is determined by linearized
radiative transfer equation. It is found that this initial value
determination method makes improvement of estimation
accuracy together with reducing convergence time.
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I.  INTRODUCTION

Air-temperature and water vapor profiles are used to be
estimated with Infrared Sounder data [1]. One of the problems
on retrieving vertical profiles is its retrieving accuracy. In
particular, estimation accuracy of air-temperature and water
vapor at tropopause altitude is not good enough because there
are gradient changes of air-temperature and water vapor profile
in the tropopause so that observed radiance at the specific
channels are not changed for the altitude.

In order to estimate air-temperature and water vapor, least
square based method is typically used. In the process, Root
Mean Square: RMS difference between observed radiance and
calculated radiance with the designated physical parameters are
minimized. Then the designated physical parameters including
air-temperature and water vapor at the minimum RMS
difference are solutions.

Typically, Newton-Raphson method which gives one of
local minima is used for minimization of RMS difference.
Newton-Raphson needs first and second order derivatives,
Jacobean and Hessian at around the current solution. It is not
easy to formularize these derivatives analytically. The proposed
method is based on Levenberg Marquardt: LM of non-linear
least square method. It uses numerically calculated first and
second order derivatives instead of analytical based derivatives.
Namely, these derivatives can be calculated with radiative
transfer model based radiance calculations. At around the
current solution in the solution space, directional derivatives
are calculated with the radiative transfer model.

The proposed method is validated for air-temperature and
water vapor profile retrievals with Infrared: IR sounder data

derived from Atmospheric Infrared Sounder:/AIRS onboard
AQUA satellite [2]-[7]. A comparison of retrieving accuracy
between Newton-Raphson method and the proposed method
based on LM method [8] is made in order to demonstrate an
effectiveness of the proposed method in terms of estimation
accuracy in particular for the altitude of tropopause [9]. Global
Data Assimilation System: GDAS data of assimilation model
derived 1 degree mesh data is used as truth data of air-
temperature and water vapor profiles. The experimental data
show that the proposed method is superior to the conventional
Newton-Raphson method.

The following section describes proposed method for water
vapor profile retrievals followed by experiments. Then finally,
conclusion and some discussions are described.

Il. PROPOSED METHOD

A. Radiative Transfer Equation
Radiative transfer equation is expressed with equation (1).

Rv=ﬂﬂﬂx%)ﬁEBvﬁ&»Kxﬂm )

where vdenotes wave number (cm-1), and

Rv: at sensor brightness temperature

(I0)v : brightness temperature of ground surface
T v (20):

B{T(z)}v: Planckian function of air temperature at the
altitude of z

total column atmospheric transmittance

Kv(z): atmospheric transmittance at the altitude of z

This equation (1) can be linearized as follows,
R =BK @)

where the number of unknown variables and the number of
given equations are same. Therefore, it can be solved relatively
easily. This solution from linear inversion provides initial value
of the steepest descent method. Without this initial value,
steepest descent method falls in one of local minima easily.
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B. Water Vapor Profile Retrival Method

For instance, it can be solved based on steepest descent
method as shown in equation (3)

oR
R—Ro=a(q—qo) 3)

Also, it is possible to estimate water vapor profile to
minimize the following covariance matrix of error,

g=x,+(ATS;'A+ S )" ATSH(R-R,) 4)
where
X, - Designated variable matrix

X : Variable matrix for estimation

A: Jacobian Matrix

S, : Covariance matrix for measurement error

R : Observed brightness temperature

R, : Estimated brightness temperature

Covariance matrix can be defined as equation (5).
S =5(Xi —%; )(Xj _)A(j)T (%)

Jacobian Matrix can be expressed in equation (6).
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C. Steepest Descent Method (Non-linear optimization method)
Steepest descent method can be represented in equation (7).

O =041+ Gy )

where

qy : estimated value at the iteration number k
g : updating vector

o : step width
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Estimated value can be updated with the direction of g and
with step size of a. Then estimation process is converged at one
of local minima, not global optimum solution. This learning or
updating process can be illustrated as shown in Figure 1. Initial
value is derived from the linear inversion, K=B-1R.

Initial Values ( 9)
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Figure 1. Process flow of steepest descent method
I1l.  EXPERIMENTS

A. AIRS Channels Used for Estimation of Water Vapor
Profile

AIRS channels used for estimation of water vapor profile
and the corresponding wave numbers are shown in Table 1.

TABLE I AIRS CHANNELS USED FOR ESTIMATION OF WATER VAPOR

PROFILE AND THE CORRESPONDING WAVE NUMBERS
Wave Number | 1478 | 1483 [ 1508 | 1514 | 1519 | 1541 | 1544 | 1558 | 1585

AIRS channel 1684 | 1692 (1731 | 1740 | 1748 | 1761 | 1765 | 1786 | 1824

B. AIRS Data Used

AIRS data of Mexican gulf (Latitude: 20 degree North,
Longitude: 92 degree West) which is acquired at 18:00 on
November 16 in 2002 is used. Intensive study area is shown in
Figure 2. Level 1B brightness temperature is shown in Figure
3. On the other hands, MODTRAN of radiative transfer code is
used for estimation of at sensor brightness temperature. Mid.
Latitude Winter of atmospheric model is assumed. Also carbon
dioxide mixing ratio and total column water vapor as well as
ozone is set at default values.

C. Weighting Function and Brightness Temperature

One of the examples of at sensor brightness temperature of
AIRS (Water vapor absorption channels of the wave number
ranges from 1460 to 1620 cm-1) is shown in Figure 4.
Weighting function which corresponds to the water vapor
absorption channels of wave number are shown in Figure 5.
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Figure 2. Intensive study areas (Mexican gulf)
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Figure 3. AIRS Level 1B of brightness temperature image
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Figure 4. One of the examples of at sensor brightness temperature of AIRS
(Water vapor absorption channels of the wave number ranges from 1460 to
1620 cm-1)
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Figure 5. Weighting functions which correspond to the water vapor
absorption channels of wave number

D. Procedure for Water Vapor Profile Retrievals

Based on the process flow which is shown in Figure 6,
water vapor profile is retrieved. First, AIRS channels, wave
numbers have to be determined. Then proposed method is
applied to the AIRS data as well as MODTRAN derived at
sensor brightness temperature.

Select Wave Number

v
Proposed
Method ~ EmEP> Get closer to ToA brightness

Temperature of AIRS channel

v

Water vapor profile retrieval

Figure 6.  Process flow for water vapor profile retrievals

In this process, initial value of the steepest descent method
is given by the brightness temperature derived from linearized
inversion. Minimizing the difference between estimated and
actual AIRS brightness temperature, water vapor profile is
retrieved. Figure 7 shows the difference of brightness
temperature between the estimated Top of the Atmosphere:
ToA brightness temperature for each AIRS channel of the
corresponding wave number for retrieving water vapor profile
and actual AIRS data derived brightness temperature at the
convergence. The residual error is quite small Convergence
condition is set at residual error in below 1x10-8.

E. Retrieved Water Vapor Profile Based on the Proposed
Method

Retrieved water vapor profile by using the proposed
method is shown in Figure 8. AIRS data used for the
experiments is acquired on November 16 2002. Also,
atmospheric model used for MODTRAN is Mid. Latitude
Winter. Therefore, initial value of steepest descent method is
close to the water vapor profile of Mid. Latitude Winter of
atmospheric model.
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Then the solution is updated to minimize the difference
between AIRS derived brightness temperature and estimated
ToA brightness temperature derived from MODTRAN.

Initial value is set by the calculated result from the
linearized inversion, K=B-1R. The initial value is much closer
to the default value of Mid. Latitude Winter model of
MODTRAN. Therefore, it seems that the convergence stage of
solution seems like a global optimum solution not one of local
minima. If the initial value is set with random number, then
convergence stage of solution looks like one of local minima,
not global optimum solution. It took much longer time in this
case while retrieval accuracy is not so good.
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Figure 7. Examples of brightness temperature profile retrievals for the

assigned AIRS channels, wave numbers
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Figure 8. Retrieved relative humidity, water vapor profile and comparison to
the default relative humidity profiles for atmospheric model of Mid. Latitude
winter, and summer as well as tropic atmosphere

IV. CONCLUSION

Method for water vapor profile retrievals by means of
minimizing difference between estimated and actual brightness
temperatures derived from AIRS data and radiative transfer
model is proposed. Initial value is determined by linearized
radiative transfer equation.
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It is found that this initial value determination method
makes improvement of estimation accuracy together with
reducing convergence time.

Initial value is set by the calculated result from the
linearized inversion, K=B-1R. The initial value is much closer
to the default value of Mid. Latitude Winter model of
MODTRAN. Therefore, it seems that the convergence stage of
solution seems like a global optimum solution not one of local
minima. If the initial value is set with random number, then
convergence stage of solution looks like one of local minima,
not global optimum solution. It took much longer time in this
case while retrieval accuracy is not so good
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