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ABSTRACT

Using a microwave radiative transfer model, atmospheric sounding profiles, satellite brightness tem-
peratures, and some surface observed measurements under cloud-free conditions, surface emissivities at
the frequencies of TRMM/TMI (Tropical Rainfall Measuring Mission Microwave Imager) at Shouxian
in HUBEX (Huaihe River Basin Energy and Water Cyele Experiment) are retrieved. Compared to the
microwave surface emissivities with changing conditions of the surface, it is found that the microwave emis-
sivities have some sensitive variability with the conditions of the surface, and the variability is reasonable.
In the calculation, the surface sir temperatures are assumed to equal the surface skin temperatures, and
only the emissivity at Shouxian is calculated; the calculation of the emissivities over the region of HUBEX
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needs more measurements.
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1. Introduction

Microwave radiometric land surface properties play
an important role in many microwave remote sensing
methods, including surface characterization, soil mois-
ture estimation, and retrievals of atmospheric temper-
ature, water vapor, cloud liquid water, and rainfall
over land (Jones and Vonder Haar, 1997). In most of
the atmospheric studies, simulations using microwave
radiative transfer models are required. The emissivi-
ties of different surface types ave large and highly vari-
able, so accurate knowledge of microwave land surface
emissivities will improve the precision of atmospheric
microwave remote sensing.

Ground-based, aircraft, and satellite radiometers
have been used to measure the emissivities of differ-
ent surfaces at different frequencies and polarizations.
Jones and Vonder Haar (1990) used the high sensitiv-
ity of the 85 GHz channels of Special Sensor Microwave
Imager (SSM/1) to retrieve the cloud liquid water over
the central United States. Tn order to minimize the
effects of the surface emissivity variability, they es-
timated the surface emissivity under clear-sky con-
ditions using coincident measurements from S$SM/I,
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the surface skin temperature retrieved from the Visi-
ble (VIS) and Infrared (IR) Spin Scan Radiometer in
geosynchronous otbit, and measurements of the atmo-
spheric temperature and water vapor profiles from in
situ sounding {Jones and Vonder Haar, 1997).

Recent work by Jones and Vonder Haar (1997)
is an improvement over the previous method (Jones
and Vonder Haar, 1990), including a surface skin tem-
perature retrieval and a dynamic cloud discrimination
method, in addition {0 an explicit atmospheric correc-
tion based on in situ atmospheric sounding. To cal-
culate the atmospheric attenuation effects, microwave
satellite data, infrared satellite data, and in situ at-
mospheric sounding data were used. Prigent et al.
(1997, 1998, 1999) have done much work on estimat-
ing microwave land surface emissivities from SSM/I
cbservations. Visible and infrared satellite observa-
tions were used to isclate the cloud-free 55M/1 pixels.
Then, the cloud-free atmospheric contribution was cal-
culated from an estimate of the local atmospheric tem-
perature and humidity profiles. The surface skin tem-
perature wag derived from IR, observations. Finally,
the surface emissivity was calculated by the integrated
radiative transfer equation for a hon-scattering plane-
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parallel atmosphere.

The method used here is based on the above meth-
ods, but the emissivity is not calculated in the same
way. The microwave surface emissivities are simulated
with VDISORT (Vector Discrete Ordinate Radiative
Transfer) (Weng, 1992). Moreover, the microwave sur-
face emissivity is set to 0 and 1 respectively, and then
the simulated microwave brightness temperatures, the
observed microwave brightness temperatures, and the
land surface temperatures, are used to calculate the
microwave surface emissivities.

2. VDISORT model and data

The model VDISORT is used to simulate the
brightness temperature of the TRMM/TMI. First a
method to discretize the integer-differential vector ra-
diative transfer equation including both solar and ther-
mal radiation is established. Then, a complete solution
and boundary conditicns in the context of the discrete
ordinate method are constructed. VDISORT is able to
compute the polarized radiative transfer under various
atmospheric conditions. In this study, the land surface
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emissivity and atmospheric sounding profiles are used
as input in order to simulate the brightness temper-
ature at the top of the atmosphere under cloud-free
conditions.

The TRMM satcllite was jointly developed by
NASDA and NASA and launched from NASDA's
Tanegashima Space Center on November 1997 into a
near circular, non-sun-synchronous orbit of approxi-
mately 350 km altitude with an inclination of 35 de-
grees and a period of 91.5 minutes (15.7 orbits per
day). TRMM is an earth observation satellite making
global measurements of the tropical and sub-tropical
rainfall. The instruments include microwave and vis-
ible infrared sensors, and the first spaceborne rain
radar. Its orbit ranges between 35° north and 35°
south of the equator, TMI aboard TRMM is provided
by NASA, and operates in a conical scan mode, with
a constant ground surface incidence angle of 52.76°
The scan angle of the TMI antenna is 130° producing
a swath width of 758.5 km. The detailed TMI char-
acteristics are shown in Table 1 {(Kummerow et al.,
19983).

Table 1. TRMM/TMI Instrument Characteristics
Channel Number 1,2 3.4 5 6,7 8,9
Center Frequency (GHz) 10.65 19.35 21.3 37.0 85.5
Polarization V,H V,H v V,H V,H
Effective Field of View {km x km) 63%x37 3018 23%18 16x9 Tx5

In this study the TMI data in conjunction with
HUBEX observations from June to July 1998 are used.
First, we chase an area of latitude between 32.5°N and
32.6°N, and longitude between 116.7°E and 116.8°E.
The atmospheric conditions taken from Fuyang station
(32.93°N, 115.83°E) are assumed to be horizontally
constant within the TMI pixels covering the HUBEX
region, while the synoptic observations from Shoux-
ian station (32.55°N, 116.78°E) are used. Then we
assigned the average value of brightness temperatures
in this area as the brightness temperature at Shouxian
station.

Observational measurements from six stations in-
clude cloud information, high-resolution upper air
sounding data observed at Fuyang station in HUBEX.
Because our study was focused on Shouxian, we only
used the high-resolation upper air sounding data ob-
served at Fuyang. The time resolution is 10 seconds
at Fuyang, and the observation took about one hour.
During 1-10 June and 23-31 July 1998, there were only
two observations {0000, 1200 UT'C} per day for mea-
surements of the high-resolution atmospheric sounding

profiles. From 11 June to 22 July, there were four ob-
servations (0000, 0600, 1200, 2000 UTC) per day of
this type. The sounding profiles contain the pressure,
altitnde, temperature, dew-point temperature, relative
humidity, wind direction, and wind velocity. We used
the Goff-Gratch formuia to convert the dew-point tem-
perature measurements to mixing ratios, which is one
input of the VDISORT model, For the simulation, we
chose the sounding profiles observed within about one
hour of the TMI pass over Shouxian.

In this study, only cloud-free cases are considered,
and this was checked from observational data. There
are 24 surface observations at Shouxian station in
HUBEX, including the surface air temperature and
cloud information, etc. At the same time, we unsed
the surface air temperatures as estimates of surface
skin temperatures needed as input for the VDISORT
model.

3. Method to determine the microwave surface
emissivities

Felde and Pickle (1995) ealculated the surface emis-
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sivity g, at 91 GHz and 150 GHz under cloud-{ree con-
ditions as

=(TB - c1c2 — ca)/ (2T — c103), (1)

with TB the brightness temperature observed by
the satellite sensor, Ty the surface skin temperature,
and ¢p,c9, and ¢z denoting the downwelling atmo-
spheric emission, net atmospheric transmissivity, and
upwelling atmospheric emission respectively, Param-
eters, ¢q,c2, and c3 were calculated with the Eyre
SSM/T?2 simulation model, which was given the at-
mospheric profile, path zenith angle, and microwave
frequency. In this study, we set £,=0 and £,=1 respec-
tively. With the atmospheric sounding profiles and the
observed surface air temperature, we can determine
(Liou, 1980},

L,(0) =¢,By (Ta)ru(ps, 0)+
]‘ B, [T(p)]c?'ru(p 0)

+(1 = £,)[70(Ds: O)]2

B,[T()] 67(2,0)
[h@m] o @

+(1 —Eu)[Tv(psao)l Bu(Tspace): (2)

where L,(0) is the upward radiance observed by the
satellite at pressure p = 0,v, is the [requency, e,
is the surface emissivity at the frequency v, B(T) is
the Planck function for a temperature T,7(p,,0) is
the atmospheric transmittance for the whole atmo-
spheric layer, T, is the surface skin temperature, pg
is the surface pressure, and Typace 18 the cosmic emis-
sion temperature (about 2.7 K). The four terms on
the right-hand side of (2} are the surface term, the
direct upward atmospheric emission, the downward
atmospheric emission reflected from the surface, and
the cosmic radiation reflected from the surface, respec-
tively, Based ou (2), we can caleulate the surface emis-
sivity ¢,
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Based on (2), if the surface emissivity £, is set to 0,

dr.(p, 0)

- [Tv(ps,O)F dp
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we get
mm@ﬂ%ﬁ@

0
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p2
+ [7'1;(2751 ] B space) (4)
If the surface emissivity £, is set to 1, we get

£(0) = By(T)7(ps, 0)

O7u(p,0
+ [ e e, o)
and ihen (3) is easily denoted as
ev = [Lu(0) = LL(O)/[L5(0) = Ly(0)].  (6)
In the microwawe2 region, the Rayleigh-Jeans approxi-
malion B, = 2'002}6 T, is used for TMI, where v is the

microwave frequency, B is the blackbody brightness, &
is the Boltzmann constant, ¢ is the speed of light, and
T is the absolute temperature. With the Rayleigh-
Jeans formula, we can calculate &, by

&y = [T5(0) - THO/ITY(0) - T,0)], (D)
where T,{0) is the brightness temperature observed
by TMI, T(0) is the simulated brightness tempera-
ture with g, = 0 by the VDISORT model, T}'{0) is
the simulated brightness temperature with e,=1 by
the VDISORT model. Then with (7}, we can gei the
microwave surface ermissivities. Quantities T} (0) and
T(0) can be determined from the known atmospheric
profile only: the microwave surface emissivity is not
needed.

4. Simulation

In otrder to check the accuracy of the method, we
chose in situ data of 0800 LST 11 July for the simula-
tion. The surface emissivity was varied from 0.5 to 1.0,
and then we calculated the brightness temperatures
with VDISORT. The retrieved microwave emissivities
were calculated by the simulated brightness tempera-
tures together with the simulated brightness temper-
atures when £, = 0 and £, = 1. Then the assumed
emissivities and retrieved emissivities were compared
as shown in Fig. 1, and the retrieved emissivities were
compared to the assumed emissivities in Fig, 2. Here
we only present results for the frequencies 10 GHz and
85 GHz, the results for the other frequencies being sim-
flar. As we see from Fig. 1, the theoretical accuracy
of the retrieval method is very high. The difference
between the retrieved surface emissivity and the as-
sumed surface emissivity is below 0.0005 (10, 19 and
37 GHz), 0.0013 (85 GHz] for all considered cases (0.5
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Fig. 1. The difference between the retrieved surface
emissivity and the assumed surface emissivity versus the
assumed emissivity.

1.00

+ 10 GHz
¢ B85 GHz

0.90

0.80

0.70

0.60

Retrieved Surfoce Emissivity €,

0.50
0.50

060 0.70 0.80 0.90
Assumed Surface Emissivity €,

1.00

Fig. 2. The retrieved surface emissivity versus the as-
sumed surface emissivity.

< gy <1.0), hence this method is able to determine
the surface emissivity.

5. Surface emissivities results and discussion

According to this retrieval method, the retrieved
surface emissivities are shown in Table 2. Unfortu-
nately, there are no actual observed surface emissivi-
ties to check the results of procedure. In order to check
the accuracy of the method, we calculated the surface
emissivity polarization differences at 10, 19, 37, and 85
GHz. Figure 3 shows that the surface emissivity po-
larization differences (s, b), the vertical polarization
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emissivity (e}, and the precipitation (d) change with
time. We find that the variances of the polarization
differences at 10, 19, and 37 GHz have similar trends,
and their variances are small. In contrast, the polar-
ization differences at 85 GHz show a high variance.
The lower frequencies (10, 19 GHz) of TMI have large
transmissivity; they can reflect information about the
surface. Microwave observations have been shown to
be valuable for delineating & flooded area (Choudhury,
1989), and the surface emissivity polarization differ-
ence has been found to be a good visual indicator of
the surface wetness (Jones and Vonder Haar, 1997).
Because of the differences in the dielectric properties
of water as compared with soil and vegetation and the
flatness of standing water surfaces, at microwave fre-
quencies, open water and flooding decrease the emis-
sivities in both polarizations and increase the polariza-
tion differences, especially at lower frequencies (Pri-
gent et al., 1998). Because there are no direct mea-
surements of surface emissivities at Shouxian, it is dif-
ficult to verify the retrieved surface emissivities. In
this paper, instead, comparisons of the variations of
the surface emissivities and surface characteristics are
used to verify the retrieved surface emissivities.

11-17 June (Day 11-17) This period was in the
earlier stage of the breaking of Meiyu, From 2100 LST
11 June to 2000 LST 12 June, the precipitation was
about 16.7 mm, and the precipitation of the following
8 hours was near 0.0 mm. The retrieved surface emis-
sivities (10 and 19 GHz) on 13, and 14, June were low
and ranged from about 0.79 to 0.82; the emissivities
on 16 June were about 0.83. At the same time, the po-
larizativn differences of 10, 19, and 37 GHz werc large
and about 0.15. This response was due to the wet-
land caused by the precipitation. From 13 to 17 June,
there was no precipitation. The wetland became dry,
and then the emissivities (10 and 19 Ghz) inereased to
about 0.83 and 0.84. However, the emissivity polariza-
tion differences of 10 and 18 GHz decreased to about
0.13 and 0.10.

18-28 June (Day 18-28) This period was still
in the earlier stage of the breaking of Melyu, There
were only two precipitation events of about 0.2 mm in
this period, one on 18 June and the other on 25 June.
The retrieved surface emissivities (10 and 19 GHz) on
22 June were about 0.84. The retrieved surface emis-
sivities (10 and 19 GHz) on 28 June ranged from about
0.86 to 0.90. The trend of the emissivities in this pe-
riod is increasing. At the same time, the trend of the
surface emissivity polarization difference is decressing,
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29 June—5 July (Day 29-35) This period was
still one part of Meiyu, especially the period from 29
June to 3 July, which was the main period of Meiyu.
The precipitation in this period was about 300 mm,
and the land was wet. So the surface emissivities
should be lower and the surface craissivity polariza-
tion differences should be larger, which is confirmed in
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Fig. 3. The retrieved surface emissivities (10 and 19
GHz) on 5 July were about 0.81, and the emissivity po-
larization differences of 10 and 19 GHz were increased
to about 0.13.

6-12 July (Day 36—42) There was no precipi-
tation in this period; the wetland dried successively
more and more.
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Fable 2. The Results of the Microwave Surface Emissivities at Shouxian in HUBEX

Case Time 10v 10h Al0 19v 15h Al9 21v 37V 37h A3T 85v 85h L85

i 6142055 0.8051 0.6566 0.1485 0.8058 0.8656 0.1429 0.8080 0.8118 0.6645 0.1473 0.8414 0.6292 0.2122
2 6141042 0.8168 0.6737 0.1431 0.8095 0.6832 0.1263 0.8127 0.8275 0.7070 012056 0,B737 0.7117 0.1820
3 6142120 0.8110 0.6615 0.1495 0.7913 0.6480 0.1433 0.7967 0.8091 0.6617 0.1474 0.8168 0.6217 0.1951
4 6161854 0.8290 0.6901 0.1299 0.8416 0.7400 0.1016 0.8533 0.8696 0.7904 0.0792 0.8827 0.8023 0.0804
3 6221042 0.8409 0.7159 0.1250 0.8309 0.7125 0.1184 0.8341 0.8417 0.7277 0.1140 0.8497 0.6982 0.1515
6 §281227 0.8629 0.7424 0.1205 0.8793 0.7778 0.1015 0.8911 0.9076 0.8332 0.0744 0.9686 0.9140 0.0546
T 8981405 D0.8651 0.7566 0.1085 0.8947 0.8079 0.0865 0.9061 0.9129 0.8510 0.0819 0.9580 0.8040 0.0640
8 7050849 0.8156 0.6781 0.1375 0.8082 0.6833 0.1249 0.8153 0.8259 (0.7116 0.1143 0.8235 0.6854 0.1381
q 7110623 0.8516 0.7637 0.0879 0.8438 0.7673 0.0765 0.8433 0.87i6 0.7952 00764 0.8478 0.7894 0.0584
10 7110800 0.8611 0.7666 0.0045 0.8354 0.7315 0.1039 0.8245 0.8481 0.7420 0.1052 0.8512 0.6638 0.1874
11 7110937 0.8620 0.7607 00023 (.8400 0.7460 0.1030 (.8409 0.8614 0.7708 0.0806 0.8696 0.7341 01355
12 7120647 0.8588 0.7707 0.0881 0.8384 0.7438 0.0946 0.8316 0.8663 0.7786 0.0877 0.8830 0.7067 0.1763
13 7130712 0.8752 07840 0.0012 0.8476 0.7546 0.0930 0.8537 0.8661 (.7812 0.0849 QR776 0.7589 0.1187
14 7190309 0.8698 (.7880 0,008 0.8527 0.7614 0.0913 0.8473 0.8461 0.75256 0.0936 0.8071 0.6596 0.1475
15 7200156 D.R758 0.7046 0.0812 0.8774 0.9979 0.0795 0.3684 0.8762 08014 0.0748 0.3557 0.7984 00573
16 7210044 0.8822 0,8081 0.0741 08802 0.8127 0.0675 0.8770 0.8897 0.8407 0.0490 0.8648 0.7955 0.0693
17 7210221 0.8810 0.8066 €.0744 0.8552 07784 0.0768 0.8509 0.8649 ©.7812 0.0837 0.8152 0.6988 0.1154
18 7230133 0.8895 0.8130 0.0766 0.8534 0.7771 0.0763 0.8559 0.8601 0.7619 0.0982 0.8742 0.7277 0.1465
19 7262219 0.9008 0.8316 0.0692 0.8938 0.8273 0.0665 0.9034 (.9011 0.8369 0.0642 0.93256 0.8079 0.1246

The format of the time is MDDHHMM (Beijing Time), and A imeans the difference between the vertical polarized
emissivity and the horizontally polarized emissivity, v and h mean vertical and horizontal polarization respectively.

The retrieved surface emissivities (10 and 19 GHz) in-
creased and the emissivity polarization differences (10,

19 and 37 GHz) decreased to less than 0.10.

1327 July (Day 43-57) The main precipitation
events in this period occurred on 16 and 17 July, and
the total precipitation was about 33 mm. On 23 July
the precipitation was about 1.1 mim, so from 18 to 27
July, the period can be regarded as a dry period, and
the land surface became more and more dry. Compar-
ing Figs. 3 a and ¢, the correspondence between the
surface emissivities and the variations in surface char-
acteristics is obvious. The moisture of the land soil
decreased, then the surface emissivities increased and
the emissivity polarization difference decreased.

Based on the above analysis, the correspondence
between the surface emissivities and the variations in
the surface characteristics verifies that the calculated
emissivities are reasonable and the method of calcu-
lating the emissivity is also reasonable.

6. Conchision
Combining the atmospheric sounding profiles, the

brightness temperatures at the top of the atmosphere
observed by TMI, and some surface-observed mes-

surements under cloud-free conditions, microwave sur-
Tace emissivities are estimated from TMI observations,
The microwave surface emissivities are calculated at
Shouxian for June and July 1998. In this method, we
use the surface air temperatures as the surface skin
temperatures. This hypothesis will lead to some er-
rors in the retrieval. Jones and Vonder Haar (1997)
and Prigent et al. (1997, 1998, 1999) calculated the
surface skin temperature with the help of the visible
and infrared satellite observations. The surface obser-
vations ol the surface temperature are usually taken
only fours times per day, thus it is difficult 1o get the
in situ surface temperatures at the times of the satellite
observations. So estimating the surface skin tempera-
ture from the infrared satellite data can improve the
precision of the calculated surface emissivity. Some
methods to determine the land surface temperature
from infrared satellite data have been discussed in the
past (Sobrino et al., 1991; Kerr et al., 1992; Crago et
al., 1895; Wan and Dozier, 1996; Pozo Vazquez et al.,
1997). In our future research, a surface skin temper-
ature retrieval algorithm will be first used to obtain
accurate land skin temperatures. Then, we can obtain
the land microwave surface emissivities. In particular,
using infrared satellite data, the spatial land surface
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temperature can be calculated. Based on the caleu-
lated distribution of the surface skin temperature, the
surface emissivities in the region can be calculated us-
ing the method given here.

This paper calculates the emissivities in Shouxian
for two months, with changes of the weather situation
and the precipitation during the period, and compares
the relation between the surface emissivities and the
surface wetness. The variations of the surface emis-
sivities and the emissivity polarization difference are
found to ohey the same rule as pointed out by Jones
and Vonder Haar (1997) and Prigent et al. (1997,
1998). As they sald, the microwave surface emissiv-
ity polarization difference can be a good qualitative
indicator of the surface wetness.
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