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Stability analysis of microwave emissivity in Simao Yunnan
using SSM/I data
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Abstract: The Microwave Temperature Sounder, the Microwave Humidity Sounder and the Microwave Radiation Imager
were flown on the new-generation polar satellite FY-3A in China. The microwave sensors’ calibration after launch is a critical
problem. Using the SSM/I data, and the surface and raob observations, the stability of microwave emissivity in Simao Yunnan is
analyzed based on the microwave modeling in this article. The results show that its vegetation situation is very good, and the
surface microwave emissivity is stable. The surface microwave emissivity has weak season-to-season variation in law of sines
('the changing range is less than 0.02 ). It also has very small year-to-year difference, which can be corrected by modeling based

on the surface and raob observations.
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1 INTRODUCTION

The Microwave Temperature Sounder, the Microwave Hu-
midity Sounder and the Microwave Radiation Imager were
flown on the new-generation polar satellite FY-3A in China
since May 2008. These microwave data may be used to retrieve
the vertical structures of atmospheric temperature and humidity,
cloud parameters, rain rate and the surface hydrometeorological
parameters, etc. However, the excessive radiation observing
error will not only make the retrieved products useless, but also
affect the quantificational applications, especially the numerical
model application. It is critical to make sure that the microwave
data is accurate enough (Ulaby et al., 1981).

Before launch, the microwave sensor’s calibration parame-
ters were obtained via laboratory and vacuum calibration proc-
esses. As the difference of space environment from surface and
the aging of instrument components, the microwave radiome-
ter’s characteristic will change, which will result in calibration
error. There are ordinarily two ways to calibrate the micro-
wave sensors after launch: the cross calibration (relative cali-
bration) and field calibration (absolute calibration). The cross
calibration uses the observation of similar microwave radiome-
ter on board other satellites at the same time and same location.
The absolute calibration is carried out by observing the surface
target with known microwave characteristic, and comparing the
observed and modeled satellite brightness temperature. Abso-
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lute calibration is also the primary aim of establishing the mi-
crowave calibration field. Many scholars studied the related
issues and got some achievements (Wenz, 1997; Colton & Poe,
1999; Prigent et al., 2000; Eric et al., 2003; Earth Observation
Research and Application Center, 2004; Wessel et al., 2008).

By widely examining the microwave remote sensing data,
we found the best steady area of emissivity in China is in
Simao, Yunnan. Based on microwave radiation transfer model
analysis, the article further reviewed and analyzed quantifica-
tionally the microwave emissivity stability in Simao by use of
DMSP SSM/I (Special Sensor Microwave/lmage) (Wenz, 1997)
data and the corresponding surface and raob data (Hollinger,
1990).

2 MODEL AND DATA

The article uses microwave radiation transfer model to ana-
lyze the stability of surface microwave emissivity in Simao in a
long time. Given the surface and atmospheric parameters which
are the input of the model, we could compute the microwave
radiation and brightness temperature at a given surface emissiv-
ity. The retrieved surface microwave emissivity is got by
changing the surface emissivity until the brightness temperature
of modeled and satellite-observed are equal.

Long-time matched data is needed for the stability analysis
of emissivity characteristics. The sounding time of raob data is
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0 and 12GMT, which is no more than 1 hour difference com-
pared to DMSP F-13 time of flying over Simao, Yunnan. The
SSM/I is a seven- channel passive microwave radiometer oper-
ating at four frequencies (19.35, 22.235, 37.0, and 85.5 GHz)
and dual-polarization (except at 22.235 GHz which is
V-polarization only) (Hollinger, 1990). For convenient the
seven channels are noted as 19V, 19H, 22V, 37V, 37H, 85V and
85H. Table 1 gives the frequency, polarization, calibration ac-
curacy and resolution of SSM/I. It shows that the calibration
accuracy of SSM/I is very high (all channels are below 1K).

The F-13 SSM/I data was projected in 25km Ease-grid for-
mat. We picked up all the SSM/I observed data within 1°x1°
range of Lincang, Simao, screened out the raining pixels, and
averaged the pixels without rain as the matched satellite
brightness temperature.

During the modeling of microwave radiation transfer, the
atmospheric absorption is computed using the method of Phil
Rosencranz to compute the absorption coefficient of Oxygen

Table 1 The frequency, wavelength, polarization, and effective
(3dB) spatial resolution for SSM/I

and water vapor, and then compute the atmospheric transmis-
sion based on temperature, pressure, humidity and some ex-
perimental coefficients. Because the surface characteristic of
Simao is similar to tropical rain forest, it is reasonable to as-
sume that the surface is isotropic Lambertine. The model
VDISORT (Vector Discrete Ordination Radiative Transfer) is
used for microwave radiation transfer modeling (Weng, 1992).

Based on the surface and raob data of 2003 and 2004, the
emissivity is obtained when the brightness temperatures of
modeled and satellite observed are equal, which is used to
evaluate the stability of emissivity in and between a year. The
surface temperature used is the 2m air temperature. The model-
ing of SSM/I ascending and descending brightness tempera-
tures uses the observed atmospheric temperature and humidity
profile at 122GMT and 00GMT.

3 THE ANNUAL VARIATION OF SIMAO MICR-
OWAVE EMISSIVITY

The emissivity of Simao, Yunnan is computed in 2003 and

frequency Wavelength _ Polariz- Caz(l;);it_lon F(XJlgpnrént Fcéartgsr;nt 2004. We showed here the result of 2004 to investigate its an-
IGHz /mm ation racy/K Jkm km nual variation. Fig. 1 to 3 are the emissivity of SSM/I seven
19.35 155 Vv 0.45 69 43 channels using the above matched data. Fig. 4 draws the day
19.35 155 H 0.42 69 43 rain amount and the emissivity of channel 19V in one figure to
92,235 13.0 v 0.73 50 10 show the p055|ble_ effect of rain to emissivity. _
Before analyzing the above curves, we need to pay attention
37.05 8.1 \% 0.37 37 28 . .
to the following two main error sources:
37.05 8.1 H 0.38 37 29 . . - -
(1) The screening algorithm of SSM/I to eliminate raining
8550 33 v 069 15 13 pixels is very accurate, but it has some difficulty to screen out
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Fig. 2 The emissivity variation of channels 37V and 37H in 2004
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cloudy pixels as it is penetration to cloud. So we used the
cloudy data observed by meteorological station to help screen
out the cloud.

(2) The Ocm surface temperature observed by the meteorolo-
gical station of Simao, Yunnan can not represent the Ocm sur-
face temperature of the total pixel area. As the resolution of
microwave pixel is from several to several decade kilometers,
one-point observation of surface temperature can not represent
the average temperature of total pixel area. So we chose the 2m
air temperature to represent the temperature of the pixel.

From Fig. 1 to 4, it is shown that:

(1) As can be seen from Fig. 1 to 3, the emissivity of
19.35GHz is 0.95—0.96, 22.235GHz 0.94—0.96, 37.0GHz

0.92—0.94, 85.5GHz 0.91—0.96. The emissivity of SSM/I’s 4

frequencies are all high and over 0.9 except 85.5GHz with a
few pixels under 0.9.

(2) As can be seen from Fig. 4, there are a lot of rain from
April to September in Simao, Yunnan in 2004. During this pe-
riod, the emissivity of most-sensitive-surface channel 19V is
randomly distributed and not affected very much by the surface
humidity, which means that the vegetation cover rate is very
high and not affected by precipitation very much.

(3) The emissivity of 7 channels shows weak law of sine.
The emissivity is highest in winter (from December to January),
and lowest in Summer (from August to September).

(4) The emissivity variation range of 85.5GHz is larger than
other frequencies. The reason is that the screening algorithm of
SSM/I could not eliminate the cloudy and weak rain pixels
which will affect the radiation of 85.5GHz.

To eliminate other affecting components such as weather,

wind speed, and the random error of microwave instrument
itself, the matched data was removed if daily rain amount is
bigger than 5mm or wind speed is larger than 0.8m/s. Then the
other matched data was averaged in 101 days (before and after
50 days). The averaged results are shown in Fig. 5to 7.

The results of Fig. 5 to 7 are obtained after screening out the
data of day rain amount bigger than 5mm or wind speed larger
than 0.8m/s, which eliminate the errors caused by the represen-
tative of surface and raob data in the model. As can be seen
from Fig. 5 to 7, the emissivity is very close to the averaged
emissivity. The averaged emissivity may represent the climatic
background emissivity of Simao, Yunnan. It can be seen that
they have small weak law of sine, but the variation extent is
very small (lower than 0.02), and change very slowly, which
shows indirectly that the vegetation cover situation of Simao is
stable.

Fig. 8 shows the difference of averaged and modeled emis-
sivity at 4 vertical polarization channels at hour 12 in 2004. The
emissivity difference is converted to brightness temperature
difference as in Fig. 9. Fig. 8 shows that most emissivity dif-
ference is below 0.01, except that there are a few pixels of 85V
reaching 0.017. Fig. 9 shows that the errors are within 2K by
substituting averaged emissivity with actual ones, except that
one point is 2.025K on 85V.

4 THE MICROWAVE EMISSIVITY DIFFERENCE
BETWEEN YEARS IN SIMAO

For comparison of emissivity variation between years, we
draw the averaged emissivity of 2003 and 2004 in one map in
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Fig. 10 to 12. Because H polarization and V polarization is very
similar, only the V polarization maps are given.

As can be seen from Fig. 10 to 12, the emissivity of 2003
and 2004 shows some difference (max difference is 0.008) from

January to mid-April, but is very close at other time. The emis-
sivity of 2004 is higher than 2003, which indicates that the
surface vegetation condition of 2004 is better than 2003.

In order to more intuitively review the emissivity variation

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig. 8 The difference of emissivity and averaged emissivity at hour 12 of 2004
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Fig. 9 The difference of modeling brightness temperature using averaged emissivity and SSM/I brightness temperature at hour 12 of 2004
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Fig. 12 Averaged emissivity in 2003 and 2004, emissivity in 2004 of channel 85V

between years, we linearly interpolated the averaged emissivity
of 2003. Then we use the interpolated emissivity of 2003 and
surface and raob data of 2004 to model brightness temperature

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

of 2004, and compute the difference of this brightness tem-
perature and satellite observed 2004 ones. The results are
shown in Fig. 13 to 15. From these figures we can see that if we
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Fig. 13 Brightness temperature difference of channels 19V, 19H and 22V between the SSM/I observed brightness temperature and the
modeling brightness temperature of 2004 using emissivity of 2003
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Fig. 14 Brightness temperature difference of channel 37V and 37H GHz between the SSM/I observed brightness temperature and the
modeling brightness temperature of 2004 using emissivity of 2003
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Fig. 15 Brightness temperature difference of channel 85V and 85H between the SSM/I observed brightness temperature and the
modeling brightness temperature of 2004 using emissivity of 2003

use the linearly interpolated averaged emissivity of last year to
compute the brightness temperature of this year at the same
time, the difference of modeled and satellite observed bright-
ness temperature is mostly under 2K.

5 CONCLUSIONS

Base on the microwave radiation transfer model, this study
used SSM/I data of 2003 and 2004, surface and raob data from
meteorological station, quantificationally analyzed the micro-
wave emissivity variation in a year and between years. It was
clear from the results that as a whole, the surface vegetation
coverage of Simao is very good, the surface microwave emis-
sivity is very stable. The emissivity shows weak law of sine

(the variation extent is small than 0.02), and small variation
between years from January to April (max emissivity difference
is about 0.008). This can be corrected based on the surface and
raob data modeling.

The vegetation coverage is higher, the microwave emissivity
is higher, and vice versa. Although the vegetation coverage is
very high, it changes a little with season and year. So the mi-
crowave emissivity in Simao changes a little, too. It is possible
to track the microwave emissivity variation using the method of
this study for the Fy-3 on-orbit calibration.

The above study establishes some kind of base for FY-3A
on-orbit calibration. The on-going FY-3A on-orbit work put
more surface observing instrument in Simao. So we will get
more accurate surface observation and the result of this study
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will also be more accurate.
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