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Abstract:

Accurate calibration is needed for Quantitative application of space-borne passive microwave radiometers. In this

paper, the surface target which can be taken as the calibration reference target are studied, and the emission model was devel-
oped for the emissivity computation for these targets. It is found that in dense covered forest area, for 19-89GHz frequencies,
microwave radiation brightness temperature can be calculated with an accuracy of 1K. For the frequency channel as low as 6 and
10 GHz, the desert area such as sahara can be taken as reference calibration target. And the established model accuracy in desert

area is within 2K by using the NCEP reanalysis dataset as input.
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1 INTRODUCTION

Accurate calibration is needed for Quantitative application
of space-borne passive microwave radiometer. Accurate cali-
bration of a radiometer can be done by two methods: one is to
carry out two-point calibration by using on-orbit blackbody and
cold sky observation, which is the major on-orbit calibration
method used for a space-borne microwave radiometer Tatnall &
Jarrett, 1997 The advantage of this method is that calibration
can be performed for each scan line. Since the accuracy of
on-orbit two-point calibration can be affected by instrument
gain drift and the radiation entered from the antenna side-lobe,
the on-orbit cross-calibration of microwave radiometer by using
the stable ground targets become a very important way for the
accuracy validation of radiometer calibration accuracy (EOS
technique report, 2002; Wentz et al., 1997; Hollinger et al.,
1990).

Cross calibration by using ground targets requires the selec-
tion of two kinds of targets on the earth surface: targets with
higher brightness temperature, like forest and desert, and those
with lower- temperature microwave target like ocean surface.
For previous one, tropical jungle and desert are most often used
as calibration target, and the cross-calibration can be carried out
in two stages (ESTEC technique report, 2004):

(1) Ground area is selected by using existing passive mi-
crowave radiometer data, the surface characteristics in these
areas can be get from radiative transfer model simulation, and a
specific model can be developed for the computation of surface
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emissivity in the selected area;

(2) In the on-orbit operating stage, the surface brightness
temperature can be calculated by using the model derived in the
first stage, and the value can be compared to the satellite ob-
servations, the correction for satellite measurements can be
performed according to the comparison results.

In this paper, surface emissivity models for frequency from
6 to 89GHz in Amazon forest and Sahara Desert area are de-
rived by using SSM/I data and numerical weather forecast
analysis field NCEP data, the model accuracy are also evalu-
ated.

2 EMISSIVITY MODEL FOR FOREST AREA

The model selected for clear-sky atmosphere absorption is
Liebe atmospheric absorption model (Liebe et al., 1989, 1993).
Liebe model requires atmospheric temperature and humidity
profiles as model inputs. For the selected calibration area, the
data sources for obtaining these parameters include radiosonde
data and data from numerical weather forecast model(NCEP
and ECMWF). Surface microwave radiation in dense vegeta-
tion covered area can be expressed by the following formula ,
without consideration of vegetation scattering (Brown & Ruf,
2005):

Tozapy(1:6.9) _[1+ r(f.6, p)](l 1 jx

L(f,0) )\~ L(f,0) "
_ _1s(f.,6,p)
« a(f)]Tw[l o ]Ts
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where 6 denotes ground incidence angle, f is observation fre-
quency, p is polarization state, 7(f, 8, p) is emissivity of interac-
tion between soil and vegetation layer, L(f, 8) is vegetation
layer attenuation factor, a(f) is single scattering albedo of vege-
tation layer, T, is physical temperature of vegetation layer and
Ts physical temperature of underlying surface. In the area with
dense vegetation coverage, when frequency is larger than
10GHz, the attenuation factor of vegetation layer is very big
and the transmittance is almost 0. Then except for direct radia-
tion of vegetation layer, the main contribution of other items in
Eq.(1) can be ignored. Under these circumstances, Eq.(1) can
be simplified into
TBcanopy( f)=QA-a(f)T, 2
According to Eq.(2), microwave brightness temperature
from vegetation layer is only relates to frequency and physical
temperature. Therefore if atmospheric condition is known, mi-
crowave radiative brightness temperature of vegetation layer
can be obtained through accurate computation by the radiative
transfer model expressed by the following formula (Brown &
Ruf, 2005):

To(f.0) = (- a(f)Te (D=0 L TW(f g)+

af) | L [T 2)cosraez fe (0 @
2 ann

where TE‘;p stands for upward atmosphere radiative brightness

temperature while TBDN stands for downward atmosphere

radiative brightness temperature. The first item in the right of
the formula denotes the surface radiation through atmospheric
attenuation, the second stands for the upward atmospheric ra-
diation and the third is the downward atmosphere radiation
reflected by the surface and accepted by the sensor through the
atmospheric attenuation.

Calculation of microwave brightness temperature of dense
vegetation layer by Eq.(3) requires determination of single
scattering albedo «(f). Brown & Ruf (2005) found that in 18—

40GHz fequencies, a(f) shows linear correlation with frequency,
and in their study, a linear model was developed and used for
calculation of 19—36GHz microwave brightness temperature

in Amazon area. Results show that the model computation re-
sults is quite consistent with SSM/I observations. In Ruf’s study,
there is no considering for 85GHz channel. In our study,
through RTM model simulation it is found that in 18—40GHz

frequencies, showed positive correlation with frequency, which
is in agreement with the previous study; for frequency higher
than 40GHz, the single scattering albedo is decrease with in-
creased frequency. As a result, in Amazon area, the Eq.(3) can
be modified as a non-linear model, and therefore a(f ) can be
expressed as a secondary function of frequency:

a(f)=ag+af+a,f? (4

After determination of T,, atmospheric radiative brightness
temperature and transmittance parameters, a(f) expressed in

Eq.(4) is inserted into Eq.(3). Parameter ai in Eq.(4) is derived
from multivariable regression model of Levenberg-Marquart
iteration algorithm, which can be expressed as following:

4 .
min 3" [ (T, a,a3,8) -y 5)
j:
where f stands for the equation expressed in Eq.(3) for compu-
tation of brightness temperature radiative transfer, y9 observa-

tional brightness temperature of 19—85GHz SSM/I. The pa-

rameter a derived from regression model is shown in Table 1.
And the model computation error is showed in Table 2.

Table 1 Value of parameter a derived from regression model

Parameter EN a, a,

Regression value 0.0095926 0.0018535 —1.7589¢e 005

Table 2 Statistical comparison of model computed brightness
temperature and SSM/I observation in 10—89 frequencies

Frequency SSM/I observa- co'\rﬁoii d Mean devia- RMS
IGHz tion/K P tion/K error/K
value
19 284.3+1 284.7 -0.4 0.08
23 283.5%1 283.0 0.5 0.08
36 280.1+1 280.3 0.2 0.08
85 284.2+1 284.3 0.1 0.1

3 EMISSIVITY MODEL FOR DESERT AREA

For bare surface as Sahara Desert, microwave radiative
brightness temperature can be expressed by the following for-
mula:

Ta(f,0) = (1-RY) Tee (%0 L 780 1 RE.TDN . g7r(F)sectd

(6)
where T stands for surface temperature, RS effective surface

emissivity, 7 (f) optical thickness and @ incidence angle of
ground. In this project we employed a parameter model for
calculation of effective surface emissivity (Shi et al., 2005).
This model is derived from high-accuracy radiation transfer
model for bare surface and expressed as follows:

RS:Qp(f)'rq+(l_Qp(f))‘rp (7)
where Q, is roughness parameter of surface in p-polarization
status and a function of observation frequency f; R, is Fresnel
reflection factor and a function of surface dielectric constant
and incidence angle. Thus we can parameterize Q, from the
observational brightness temperature value by microwave ra-
diometer with known calibration accuracy and surface value to
obtain an empirical expression of Q,(f). Then in actual calibra-
tion the top-of-atmosphere radiation brightness temperature in
the interesting frequencies and observation area of incidence
angle can be obtained in condition of Q, parameters and meas-
ured surface parameters (surface temperature and soil moisture)



YANG Hu et al.: On-orbit calibration of spaceborne microwave radiometer by using stable surface target 981

as well as atmospheric profiles data are known.

After the surface parameters (physical temperature and soil
moisture), and atmospheric radiation contribution are known,
the surface effective reflectivity can be determined from Eq.(5),
and then Q(f) term can be determined from Eq.(6), by regres-
sion analysis, the relationship between Q and frequencies can
be expressed by the following formula:

Q(f)=a,- f* ®)
where, a; and a, are model parameters and f observed fre-
quency.

Parameter a; in Eq.(8) is derived from multivariable regres-
sion model of Levenberg-Marquart iteration algorithm, and are
shown in Table 3. The model error is shown in Table 4.

Table 3 Parameters value derived from regression model

Parameter a a,
V-polarization -0.1774 -1.0413
H-polarization 0.2277 0.1375

Table 4  Statistical comparison of model computed brightness
temperature and SSM/I observation in 6 and 10Ghz frequencies
in Sahara area

Mean deviation Standard deviation

6H 1.26 0.16
6V 131 0.20
10H 0.85 0.16
1ov 131 0.16

It is clear from the statistical results that for V-pol and H-pol,
the mean deviation of top-of-atmosphere brightness tempera-
ture and observed brightness temperature in 6GHz and 10GHz
frequencies computed by model are both within 2K. In this
study, model parameters are obtained by matching descending
data with NCEP UTCO0O grid data in the calibration area and by
regression using 2m above air temperature as surface tempera-
ture. As AMSR-E descending-orbit data go through the Equator
at 1:30 (local time), which corresponds to the universal time of
23:30 in the Sahara calibration area chosen. Mismatching of
observed data with NCEP data in time will result in some
error, which is also one of the sources of model computed er-
rors. Moreover, The effective surface temperature is different
from the air temperature 2m above surface due to surface ther-
mal capacity, which also affects model computation accuracy.

4 ANALYSIS AND CONCLUSION

In this study, the surface emissive characteristics in Amazon
forest and Sahara desert were studied for 19—89GHz channels

by using DMSPF13-SSM/I data and NCEP data. For future
on-orbit space-borne microwave radiometer calibration, these

two area can be used as the reference ground target, and the
following conclusions can be derived according to the study
results:

1) In 19—40GH?z frequencies the single scattering albedo in

dense covered forest area is positively related to frequency.
When observational frequency is greater than 40GHz, the sin-
gle scattering albedo will decrease and emission of vegetation
layer will increase. The relationship between scattering albedo
and frequency can be modeled as a non-linear equation;

2) Analysis of the time series variation in surface Ocm tem-
perature and brightness temperature has found that the time
series variation of both is in good agreement and Ocm surface
temperature in NCEP may be regarded as physical temperature
of the vegetation layer for computation of brightness tempera-
ture;

3) In this study it is assumed that there is no polarization
characteristic in the Amazon area. In fact V- and H-polarization
difference <1K still occurs on the surface of the study area,
which will introduce some error to the model accuracy.
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(Brown & Ruf, 2005):
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, 0
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