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Abstract

To establish the sea sarface tewperature estimation
scheme for the upcoming advanced remote sensor, the
quasi-analy tical solution of the approximated radialive
transfer equation is derived. In this method, at first, the
radiative transfer equation which express the radiative
transfer process of the radiant energy radiated from the
sea surface to the satellite is approximated into the non-
linear equation. To solve the simmltaneons approximated
radiative transfer equation at each channel, the con-
strained non-hnear optimization technique is adopted.
To define the coeflicients of the approximated radiative
transfer equation and the constraints, the satellite de-
tected radiance and the tolal transmittance are com-
puted from the 1350 kinds of sinnlated atmosphere /
surface models via radiative transfer code. The verifica-
tion from the simulated data show the sufficient resnlt.

1 INTRODUCTION

The sea surface temperainre is one of the most important
paratpeters for the envirommental science sneh as mele-
orology, oceanography, and so on. The present status of
the sea surface temperature estimation based on the re.
gression analysis between the satellite observed data and
the in-situ observation data [1]. For the npcoming ad-
vanced remate sensors which have multiple (up to 3 chan-
nels) spectral channels in the therwal infrared spectrum,
the tegression aalysis has no advautage to iraprove the
estimation acenracy hecause the correlation between the
spectral channels s large [2).

To make an acenrate estivuation from the umltiple
channel sensor data. the quasi-anadstic method which
solve the radiative transfer equation is proposed. o solve
the radiative transfer equation, at first, the approxitua-
tton of the radiative transfer equation at each channel is
made. To solve the simnltaneons approximated radiative
transfer equation, the constramted non-linear optimiza-
tiow is adopted. Based on the simulated attosphere /
surface condition, the coefficients of the approximated
radiative transfer equation and the constraints are (e
fined and the verification of this method is conducted.

2 APPROXIMATION OF THE
RADIATIVE TRANSFER
EQUATION

2.1 Radiative Transfer Equation in
Thermal IR Spectrum

Under the clear and negligible solar radiation and the

scattering effect, the satellite detected spectral radiance

at wavenumber ¢ I, in the case of blackbody surface can
be expressed by the following eguation [2].

L = Bl Tdr(1,0,Z,0) (1)

where Ble. T], 7(1,2.20,8), T and Ti:) are speciral
Planck function at temperature I spectral transmit-
tance from altitnde 23 to 23 at observation zenith angle
(0 means nadic) 8 at wavenurber iv, surface temperature
and air tempetatinre at z, respectively. The dotected ra-
diance at each spectral channel: I, can be written in the
weighted average of the notmalized response fanctinn:
@i(1r) of each spectral chanuel and the 7, as follows.

L= [ Lo, (2)
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where vy, and vy are lower and npper heundary of the
sponse at each spectral ehannel. respectively. Sea sue-
face temperature can be estimated as the solution of
these equation, however, it is diffienlt because there are
so much unknown paraeters such as air temperature /
absorbar amonnt profile, snrface temperature and so on.

2.2 Assumptions

2.2.1 Spectral averaging of the Planck function
and transmittance

Instead of the spectral averaging of the radiance, the
spectral averaging of Planck [unction and transmittance
at cach spectral channel are adopted [3).
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Thus. the channel-wise radiative transfer equalion are
established.
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2.2.2  Assamption for the atmosplheric radiation

To compnte the atwospheric radiation tern (the integra-
tion 1=y in the radiative transfer equation), it is neces-
sary 1o know vhe atimospheric profile. For the sea sur{ace
estimation, the almospleric radiation is the noise term,
so it 1s convenient to simplify the atmospheric radiation
term as follows [1]
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The term Iy, 15 vamed the representative atmospheric
radiation.

On the basis of the spectral dependence of the atino-
spheric radiation, the representative atmospheric radia-
tion ut ench channel: 7, is assumed to he the linear {une-
tion of that at the certain channel: T, '
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where € and €y are the regression coeflicients

2.2.3  Assumption for the total transmittance

Tor the earth snrfaee ohservation, the small atmospherie
extinction spectrnn (atmospheric window spectrum) is
selected. and in this spectrnm. the water vapor can be
the dominate absorler 2] In the compntation of the
total transmittance at each channel: () is assumed
ta he the expanential function of ouly the precipitable
wateru (total water vapor amonnt).

MY = 0. 2.6) (8)
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where ¢'s are the regression coeflicients.

2.3 Approximated Radiative Transfer
Equation

To adapt the previons assumptions. the approximated
raciative transfer cquation can he established.

/r = I??r[-‘l“','rx({” + “ - T,(())]]"‘,( Iul-) ( L)

In this equation. there are 3 unknown variables. surface
tetiperature: Tg. precipiable wateriw and the represeu-
tative atmospheric radiation at the certain channel:f,,.
and this cquation can he solved in the case of 3 spectra)
channels daa.

3 SOLUTION OF
THE RADIATIVE TRANS-
FER EQUATION

3.1 Non-linear Optimization

To solve the simultaneons approximated radialive trans-
{or equation, the non-linear optimization is adopted. As
the cost fanction:J, the square surn of the diffetence be-
tween observed and calculated radiance are selected.

J = }_: |Iin“ . l;'x:.n;!'!. (11)

Lhe solution minimizes this cost function.

3.2 Constraints

To avoid the converge into the undesirable solution such
as negative temperatnre or precipitable water, the upper
and lower boundacy of cach nnknown gariable are defined
from nwmerical simulation. Thus this problem hecomes
the constrainted noun-linear optinization (ierative cow-
prtation).

4 VERIFICATION

4.1 Target Sensor

Too verify the above scheme, OCTS (Ocean Color
and Temperature Seanner) onboard ADEOS (ADvanced
FEarth Observation System) wiil be lannched at 1996 by
NASDA / Japan is selected as the target sensor. OCTS
has 3 channels in 8.5 - 12.5 [jan).  The specification of
OCTS thermal TR channels are in Table 5.

4.2 Definition of the Regression Coef-
ficients

The regression coelficients are defined from the numerical
sinmlation nnder the 1350 kinds of atmosphere | surface
condition.

4.2.1 Atmosphere / surface condition

Simmlated condition is based on the Standard model
catalogned in LOWTRAN 7 which is the radiative trans-
fer computation codde developed by US AIR FORCE
GROPHYSICAL LAB. [4].

Fundamental conditions: Tropic, widlatitnde snin-
mer [ winter, Subarciic summer [ winter, 1976 US
standard.

Surface temperature: 10, £3, £6 [K]

Relative humidity: x1.0. x}.1, x1.2, x0).0, x0.8 (0-10
ki)

Air temperatnre: £0, £3 (K] (0-10 k)

observation angle: (1, 30, 60 [deg )



4.2.2 Computation schenie of several values

Precipitable water Precipitable water is eompnbed
from ench wde L .

Satellite detected Radiance At first the satellite de-
teeted spectral radiance: 1, is computed by LOWTRAN
©and after, the satellite detected radiance at each chan-
wels Joas computed.

Transamittance From the precipitable water, the total
transmmittance: 7,0 15 computed.

Represeutative stmaspheric radiation The repre-
sentative atinospheric radiation at’ cach channel [, s
rompnted as bljows

1, = li = Billslntt) (1)
)

Spectral dependence nf the representative atmo-
spherie radiation Iu this case, the representative atino-
spheric radiation at channels 10 and 12 is the fnetion of
that of channel 11 {10.3 - 11.4 [rm]): I,;y. Regression
cocflicients Each regression coefficients are defined from
linear / non-lincar least sqnare method (5].

4.3 RMS Error of the Approximated
Radiative Transfer Equation

Table 5 shows the RMS ertror hetween computed radi-
ance from LOWTRAN 7 and the approximated radia-
tive transfer equation in the brightness temperature unit.
All of the RMS error is comnparable with the NEAT, this
show the acenracy of the approximated radiative transfer
eynation is sufficient.

4.4 Definition of the Initial Values and
the Conshnints

Similar as the coefficient definition, the initial valnes and
the constraints of the nuknown variables are defined {rom
the simulated condition.. The initial valnes are defined
from the regression analysis hetween the model value and
the observer) radiance, rspecially o the case of sea surface
temperature, this method is called the SPLIT WINDOW
METHOD (1] [2]. 1t is noticed that in actual case, they
hage to he defined from the observed data which con-
tain the observation noise. So in this case, the Gaussian
noise which standard deviation is the NEAT are added
to the observed brightness temperature and in some case,
this values is converted into the observed radiance. The
following formulae are established and the superscript *
show the ininal value.

T: = VOMTRy, + 243(TBy — Thyy) (13)
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The BMS error between the witia) vadne and the model
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is relatively large so it 1s expexted- that the precipitable
water estimation accuracy hecomes worse.

4.5 Sea Surface Temperature Estima-
tion

Also sen surface temperature estimation s eondneted
based on the sitnulated condition nnd wnise contaminated
satellite detected radiance. As the non-linear optimiza-
tion algorithm, the quasi-Newton method is used [5].
Tn Table 5, the resolts of sea surface temperature and
the precipitable water are shown and in Figure | and
2, the comparison between the model and estimated val-
nes of sea surface temperature and precipitable water are
shown. These results are tmproved from the initial val-
wes even the approximation ervor of the radiative trans-
fer equation is effected. Furthermore, this method can
involve the other knowlsdge such as the meteorolugical
ohservation data in terms of the constraints, so in snch
condition, the estimation accuracy 18 supposed to be im-
proved.

5 CONCLUSION

The previous results lead the following conclusions. To
solve the approximated radiative transfer equation by
the constrainted non-linear optimization, it is expected
that the estimated aceuracy will be impeoved. And this
method has the potential to involve the other knowledge
to make more accurate estimation.
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Table 1: Specification of the OCTS TIR channels.

_7_(,"11. ,_\ I(-"ngl‘fh"['um] NLA T [I\]

10 875 - 8.80 015
(TR TR TR 0.15
120 14125 0 020

Table 2: RMS error of the approximated RTE.

Cl | RMS (K]
10 | 2.00e-01
{1l | 7.87e-08

| 12 1 18301

Table 3. RMS error_of initial values.
[ undbl(‘ 1 ~RMS
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