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Abstract

Due to the low spatial resolution of sea surface temperature (T) retrieval by real aperture microwave radiometers,
in this study, an iterative retrieval method that minimizes the differences between brightness temperature (T})
measured and modeled was used to retrieve sea surface temperature with a one-dimensional synthetic aperture
microwave radiometer, temporarily named 1D-SAMR. Regarding the configuration of the radiometer, an angular
resolution of 0.43° was reached by theoretical calculation. Experiments on sea surface temperature retrieval were
carried out with ideal parameters; the results show that the main factors affecting the retrieval accuracy of sea
surface temperature are the accuracy of radiometer calibration and the precision of auxiliary geophysical
parameters. In the case of no auxiliary parameter errors, the greatest error in retrieved sea surface temperature is
obtained at low T scene (i.e., 0.710 6 K for the incidence angle of 35° under the radiometer calibration accuracy of
0.5 K). While errors on auxiliary parameters are assumed to follow a Gaussian distribution, the greatest error on
retrieved sea surface temperature was 1.330 5 K at an incidence angle of 65° in poorly known sea surface wind
speed (W) (the error on Wof 1.0 m/s) over high W scene, for the radiometer calibration accuracy of 0.5 K.
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1 Introduction

Sea surface temperature (T;) is one of the most important
geophysical parameters in marine scientific research that dir-
ectly affects the heat, momentum, and water vapor exchange
between the atmosphere and the ocean (Curry et al., 2004). It is
also an important parameter that determines the hydrological
cycle and the energy cycle at the sea-air interface, affects the
global surface energy balance, and plays an important role in
global ocean and climate research (Reynolds et al., 2002).

Two methods of satellite remote sensing of sea surface tem-
perature include infrared remote sensing and microwave remote
sensing (Guan and Kawamura, 2003). The technology of infrared
remote sensing is mature, and the spatial resolution of infrared
remote sensing is high. However, limited by the characteristics of
infrared electromagnetic waves, infrared remote sensing is
greatly affected by the atmospheric environment, and it cannot
effectively detect targets under the conditions of heavy water va-
por content, cloud cover, and precipitation (Chelton and Wentz,
2005). Since the wavelength of microwaves is much larger than
the particle size of air molecules and aerosols in atmosphere, mi-
crowave remote sensing is capable of all-weather, all-day, unin-
terrupted sea surface temperature detection (Ulaby et al., 1981;
Chelton and Wentz, 2005; Mitzler, 2006).

Microwave radiometers are highly sensitive instruments that

utilize passive microwave remote sensing. Real aperture mi-
crowave radiometers mainly adopt the mechanical scanning
method to obtain brightness temperature images (Ulaby et al.,
1981). Limited by the physical antenna aperture, the spatial res-
olution of real aperture microwave radiometers is usually low.
For example, the real aperture microwave radiometer, AMSR, has
a field-of-view approximately 76 kmx 44 km in the channel of
6.925 GHz (Wentz and Meissner, 2000).

In view of the low spatial resolution of real aperture mi-
crowave radiometers, the aperture synthesis approach was pro-
posed, which is similar in principle to earth rotation synthesis
employed in radio astronomy (Schanda, 1979). Synthetic aper-
ture microwave radiometers use a thin array of small aperture
antennas instead of a large real aperture antenna (Ruf et al.,
1988). In synthetic aperture radiometers, the complex correla-
tion of the output voltage from pairs of antennas is measured at
many different baselines. Each baseline yields a sample point in
the Fourier transform of the brightness temperature map of the
scene, and the scene itself is reconstructed after all of the meas-
urements have been made by inverting the sampled transform
(Le Vine et al., 1990).

The first synthetic aperture microwave radiometer, named
MIRAS, in orbit is a two-dimensional microwave imaging ra-
diometer that uses aperture synthesis and is mounted on SMOS
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satellite. Its antenna array adopts a Y sparse array structure con-
sisting of three arms, and a high spatial resolution of salinity re-
mote sensing was successfully achieved through the two-dimen-
sional synthetic aperture system (Kerr et al., 2001; Font et al.,
2010; Zine et al., 2008). However, due to the complexity of two-di-
mensional synthetic aperture systems, it has brought great diffi-
culties to the calibration of radiometers, which is not conducive
to the retrieval of sea surface salinity. In contrast, one-dimen-
sional synthetic aperture microwave radiometers have the ad-
vantages of both synthetic aperture microwave radiometers and
real aperture microwave radiometers, and the systematic com-
plexity is greatly reduced, thus it is easy to achieve high precision
and high spatial resolution detection (Le Vine et al., 1990). ES-
TAR, operating at the L-band, is the first one-dimensional syn-
thetic aperture microwave radiometer flown on an aircraft. It ad-
opts the real aperture along track, and the synthetic aperture
cross-track dimension, by which an angular resolution of 7° is ob-
tained, and a large number of airborne imaging and application
tests are able to be carried out (Le Vine et al., 2001, 1994).

In order to retrieve sea surface temperature by one-dimen-
sional synthetic aperture microwave radiometers from space, an
instrument prototype, temporarily named 1D-SAMR, was de-
signed by Huazhong University of Science and Technology, an
operate at the C-band. In this paper, we use the prototype to
carry out sea surface temperature retrieval experiments to
provide technical support for the development of spaceborne
one-dimensional synthetic aperture microwave radiometers. In
view of the two main factors affecting the accuracy of retrieved
sea surface temperature, the calibration precision of the 1D-
SAMR instrument and the noise of auxiliary geophysical para-
meters, a series of simulation experiments of sea surface temper-
ature retrieval were conducted.

The rest of this paper is organized as follows. Section 2 intro-
duces the principle of synthetic aperture imaging and presents
the partial parameters of 1D-SAMR. The proposed retrieval al-
gorithm and the forward model adopted by 1D-SAMR are de-
scribed in Section 3. We present the experimental results and dis-
cussion of sea surface temperature retrieval in Section 4. The
conclusions are drawn in Section 5.

2 Description of 1D-SAMR

As compared to real aperture radiometers, in which bright-
ness temperature (1) maps are obtained by a mechanical scan
of alarge antenna, in synthetic aperture radiometers, a T map is
reconstructed through inverting the sampled transform. A syn-
thetic aperture radiometer measures all of the coherent products
of the output voltage from pairs of antennas, which are called vis-
ibility function. According to Corbella et al., (2004), the samples
of the visibility function are given by:

q(f, 7/) - Trecapq %

VP4 (Umn, Un) = ! // Tg
mn ’ \/ngng/hr,]zgl v1-— {2 — 7]2
£y Umng + Umn
Fpm(év 7/) ' Pzn(Q ﬂ)rmn <7f70’7> X
eXp[_jzn(umné:"F Umn”)}dé’dﬂv (1)

where Vi (U, Umn) is the visibility function of array elements m
and n at p and q polarization, Qn and Q, are the solid angle of
the antennas, T8"(&, ) is the brightness temperature of the
scene, Trec is the physical temperature of the receiver, dpy = 1 if
p =q and dp; = 0if p # q, Ep(&,n) and Fyn(&, ) are the normal-
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ized antenna voltage patterns, and 7mn(—(Umné + Vnmnn) /fo) is the
fringe-washing function. (Wmn, Umn) = (Xn — Xm, Yo — Ym)/ Ao is
the baseline that depends on the antenna position (Ao = ¢/fo, fois
the center frequency of the receivers) and (&, #) = (sinf cos ¢,
sin 0 sin ¢) is the direction cosines with # being the zenith angle
and ¢ being the azimuth angle.

In the 1D-SAMR instrument, the small antennas are arranged
for a linear array of 55 elements. For this configuration, the
baseline can be represented by Umn = (Xn — Xm) /Ao and Umn = 0.
Considering the higher sensitivity of T to T at the C-band, the
antennas adopt 6.9 GHz, operating in the vertically and horizont-
ally polarized modes. The partial parameters of 1D-SAMR are
shown in Table 1.

Table 1. Parameters of the one-dimensional synthetic aperture
radiometer, 1D-SAMR

Parameters Values

Frequency 6.9 GHz

Bandwidth 200 MHz

Polarization modes vertical and horizontal
polarization

Integral time 0.5s

Number of antenna elements 55

Minimum spacing of antenna elements 0.73X

Angle range of field of view -43° to 43°

Angle resolution 0.43°

Size of parabolic cylindrical antenna 12mx 10 m

Spatial resolution along the swath 5km

For the configuration of 1D-SAMR, we define the smallest
wavelength spacing between any antenna elements as dy = 0.73,
then the maximum distance between any two antenna elements
is dx max = 183d). The angular resolution is an important para-
meter as it is used to judge a radiometer performance, which de-
termines the minimum angular distance between two point
sources that can be resolved. According to Lim (2009), the angu-
lar resolution is given by Af ~ 1/d max, which provides an angu-
lar resolution of 1D-SAMR is approximately 0.43°. The parabolic
cylindrical antenna has a size of 12 mx10 m.

In order to satisfy the science requirements, we consider the
configurations foreseen for 1D-SAMR are that the antenna plane
is tilted by approximately 30° and the satellite altitude is approx-
imately 900 km. In these configurations, we can calculate the in-
cidence angles of 1D-SAMR on earth range from 35° to 65°, and
the radiometric spatial resolution along the swath can be calcu-

lated from Ax ~ I.Z%H , which provides the resolution along the

swath is approximately 5 km, where A is the wavelength, H is the
satellite altitude, and D is the size of parabolic cylindrical an-
tenna.

3 Methodology
3.1 Forward model of sea surface emission
According to Meissner and Wentz (2012), the brightness tem-

perature received by 1D-SAMR at the top of atmosphere can be
expressed as:

Typ =Ty +7-Ep-Ts + 7 - Tpq, 2

Teo = Rp . (TBD +7- Tcold) + TB,scat,p: (3)
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where Ts is sea surface temperature, Tsu and Tsp are the up-
welling and downwelling atmospheric brightness temperatures,
respectively, and Tcoud is the effective cold space temperature.
While Tcold has a small influence on microwave remote sensing, it
is usually assumed to be a fixed value of 2.7 K. E, denotes the
total sea surface emissivity, R, = 1 — E, is the sea surface re-
flectivity, and 7 is the atmospheric transmittance. Ts o is the
downwelling sky radiation that is scattered from the ocean sur-
face. 7 - Tp scar,p accounts for the atmospheric path length correc-
tion in the downwelling scattered sky radiation. Subscript p is the
polarized mode, p = v, h.

According to Meissner and Wentz, (2012), the emissivity Ej, in
Eq. (2) has three components:

E, = Eyp + AEwp + AE, , 4)

where Ep p, is the specular ocean surface emissivity, which de-
pends on frequency f, incidence angle 0k, sea surface temperat-
ure Ts, and salinity S and is related to the complex dielectric con-
stant of sea water ¢. A fit for ¢ is provided in Meissner and Wentz
(2004) based on modeling the frequency dependence through
the double Debye relaxation law. AEy,, is the isotropic wind-in-
duced emissivity, and it depends on sea surface wind speed W.
AE, , is the four Stokes parameters of the sea surface wind direc-
tion signal, which contains the dependence on wind direction ¢
relative to the azimuthal look.

The computation of the atmospheric parameters 7, Tgy, and
Tgp uses atmospheric profiles for atmospheric temperature T,
pressure P, moisture pv, and liquid cloud water density pz, and
scales both pv and pr by the values of the total columnar integ-
rals V and L, respectively (Wentz and Meissner, 2016). We com-
puted the atmospheric parameters 7, Tsy, and Tsp with P. Rosen-
kranz’s PWR model, which itself is based on Rosenkranz (1999);
Liebe et al.( 1992) and Schwartz (1998).

3.2 Method of sea surface temperature retrieval

As shown in Fig. 1, the iterative process to retrieve sea surface
temperature from the 1D-SAMR measurements requires com-
parison of the measured and modeled Ts. The modeled Ts is
computed by the forward model described in the previous para-
graphs, and the measured 75 can be simulated by adding noise to

initial parameters

!

forward model

mod nOiSe meas
Tyod TS,

{

cost function

N

sea surface
temperature
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adjust P,

Fig. 1. Diagram of the iterative process to retrieve sea surface
temperature.

the modeled Ts. During the iterative process, we take the meth-
od of minimizing the differences between the modeled 73 and
the measured T3 until the threshold value is reached to retrieve
sea surface temperature. The retrieval method can be expressed
as:

N d12 M 2
2 (TR — To'l [P; — Py

=3 2 Y ®)

— o, i Op

n=1 Bn i=1 i0
where N is the number of measurements available for retrieval at
the same incidence angle in v and / polarization. For 1D-SAMR,
N = 2 at all incidence angles. 73" is the measured T at incid-
ence angle g n, T55° is the modeled T, and 0%, | is the vari-
ance of noise added to the modeled 7. M is the number of para-
meters retrieved, and Py is the a priori estimate of the P; with a

priori variance o3,

4 Results and discussion

4.1 Data

The brightness temperature received by 1D-SAMR at the top
of the atmosphere is affected by frequency f, incidence angle
014, salinity of seawater S, sea surface temperature Ts, sea sur-
face wind speed W, sea surface relative wind direction ¢, atmo-
spheric water vapor content V, and cloud liquid water content L.
According to the configurations of 1D-SAMR, the radiometer’s
field-of-view can be divided into 367 pixels, and the incidence
angles of the pixels vary from 35° to 65°. We assume that there is a
homogeneous observation scene containing 10 000 x 367 grid
points, each of which has a set of geophysical parameter values
containing frequency, incidence angle, salinity, sea surface tem-
perature, sea surface wind speed, sea surface relative wind direc-
tion, atmospheric vapor content, and cloud liquid water content.
We assume that 1D-SAMR sweeps evenly over the scene, and the
pixels of the radiometer’s field-of-view correspond to every row
of the grid points. For this assumption, the radiometer can per-
form 10 000 observations over the scene, and the incidence angle
has the same value on the grid points of each column.

4.2 Experiment results

In general, three major problems make the 1D-SAMR de-
termination of sea surface temperature a real challenge: (1) the
calibration accuracy of the instrument, (2) the precision of auxili-
ary geophysical parameters, and (3) the accuracy of the forward
model of the sea surface emissivity to be used. For convenience,
we assume that the forward model is accurate. Retrievals are per-
formed for the forward models over five homogeneous scenes
shown in Table 2. To improve the reliability of error statistics, we
compute the root-mean-square (RMS) error:

N,
1 — 2
J— ., — Pt
9=y § (Pix — Pj™)7, (6)

& k=1

where 0; is the RMS error of P;, N is the number of grid points of
the retrieval zone, P/ is the true value of P;, and P;  is the re-
trieved value of the grid point k. For these tests, Ny = 10 000 at
every incidence angle.

4.2.1 Influence of the calibration accuracy on retrieved results
We compute the modeled 75 for the forward model over five
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homogeneous scenes shown in Table 2. At present, there is no
one-dimensional synthetic aperture microwave radiometer oper-
ating in orbit in the world, we can’t get the measured T3, so the
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noise of 0.25, 0.50, and 0.75 K is added to the modeled T3, re-
spectively, to simulate the measured Ts. The retrieval results are
shown in Table 3.

Table 2. Geophysical parameter values for the five homogeneous scenes used in the retrievals

Scene S T¢/K W/m-s! 0/(°) V/mm L/mm
Reference 35 293 10 45 30 0.1
High T 35 303 10 45 30 0.1
Low T 35 283 10 45 30 0.1
High W 35 293 15 45 30 0.1
Low W 35 293 7 45 30 0.1

Table 3. The RMS error of retrieved sea surface temperature at different incidence angles under different calibration accuracies

Scene Calibration accuracy Opia = 35° Oppa = 40° Oppa = 45° Opa = 50° Opia = 55° Opp = 60° Opyp = 65°
Reference 0.25K 0.3095K 0.3036 K 0.2953 K 0.283 9K 0.269 0K 0.2502K 0.228 0K
0.50 K 0.6185K 0.606 8 K 0.590 1K 0.5673 K 0.5375K 0.5002K 0.455 6 K

0.75K 0.9265K 0.9090K 0.884 0K 0.8499K 0.8053 K 0.7494K 0.6828 K

High T 0.25K 0.286 5K 0.2814K 0.2742K 0.2643K 0.2514K 0.2351K 0.2157K
0.50 K 0.5729K 0.562 8K 0.548 3K 0.528 5K 0.5027K 0.4702K 0.4314K

0.75K 0.859 3K 0.844 0K 0.8223 K 0.7926 K 0.7538 K 0.7051K 0.6470K

Low T 0.25K 0.3558K 0.3481K 0.3371K 0.3221K 0.3025K 0.2782K 0.2493K
0.50K 0.7106 K 0.6953 K 0.6733 K 0.643 4K 0.604 4K 0.5558 K 0.498 2K

0.75K 1.063 7K 1.0408K 1.008 0K 0.963 2 K 0.905 0 K 0.8324K 0.746 3K

High W 0.25K 0.2979K 0.2927K 0.2854K 0.2754K 0.2622K 0.2455K 0.2252K
0.50K 0.5953 K 0.5849K 0.5703 K 0.5503 K 0.5241K 0.490 8K 0.450 1 K

0.75K 0.8918K 0.876 3K 0.8544K 0.8245K 0.7853K 0.7354K 0.6746 K

Low W 0.25K 0.3141K 0.3080K 0.2991K 0.2871K 0.2714K 0.2518K 0.228 7K
0.50K 0.627 7K 0.6154K 0.597 8 K 0.5737K 0.5424 K 0.503 3K 0.4571K

0.75K 0.9402K 0.921 8K 0.8955K 0.8595K 0.8125K 0.7541K 0.6850K

Figure 2 shows the RMS error of retrieved sea surface temper-
ature (T;) at different incidence angles under different calibra-
tion accuracies. It can be observed that the greatest error on re-
trieved sea surface temperature is obtained at low T, while the
smallest error on retrieved sea surface temperature is obtained at
high T, resulting from the low sensitivity of T to T at low Tg. For
example, the RMS error of retrieved sea surface temperature un-
der the calibration accuracy of 0.25 K is 0.302 5, 0.269 0, and 0.251
4 Kwhen Ty is 283, 293, and 303 K, respectively, for the incidence
angle of 55°.

From Fig. 2, it can also be observed that the RMS error on re-
trieved sea surface temperature decreases at the edge of the
swath that covers the larger incidence angles, the reason for

which is that the sensitivity of Ty to T is greater at larger incid-
ence angles. In all three configurations, with the increasing of
noise on Ty, the RMS error of retrieved sea surface temperature
increases gradually. For instance, the error in the noise of 0.75 K
(0.647 0-1.063 7 K) is greater than in the noise of 0.25 K (0.215 7-
0.355 8 K).

4.2.2 Influence of the noise of auxiliary parameters on retrieved
results

In the previous sections, we examined the corresponding

statistics of the retrievals without auxiliary parameter errors.

However, it is unrealistic to assume that auxiliary parameters

perfectly known. Consequently, we tested the statistical behavior

0.36 0.80 1.1
b -o- reference c
0.34 075 L —— high T
“low T, 10 |
0.32 0.70 -=—high IV
y v ——low W v
£ 030 %065 ¢ % 09
5 028 5 0.60 5
g g S 08
0.26 0.55 | .
R~ e reference |~ P -o- reference
0.24 | o high 7§ 0.50 L —o— high T
——low 7, 0.7 F =lowT,
0.22 | = high ¥ 0.45 ¥ —= high
—+—low W - low W
020 1 1 1 1 1 0.40 1 1 1 1 1 06 1 1 1 1 1
35 40 45 50 55 60 65 35 40 45 50 55 60 65 35 40 45 50 55 60 65

Incidence angle/(°)

Incidence angle/(°)

Incidence angle/(°)

Fig. 2. The variation of RMS error of retrieved sea surface temperature with the forward model, for various levels of noise. a.
Approximately 0.25 K, b. approximately 0.50 K, and c. approximately 0.75 K on T, with the incidence angle under five homogeneous

scenes (Table 2).



Ai Weihua et al. Acta Oceanol. Sin., 2020, Vol. 39, No. 5, P. 115-122

of the retrievals in different retrieval condition configurations,
which are shown in Table 4. Errors on auxiliary parameters are
assumed to follow a Gaussian distribution with the standard de-
viation op,. The second column of Table 4 is the priori estimate of
the sea surface temperature T, which is 286.7 K, this value is
based on Nation Centers for Environment Prediction (NCEP) Cli-
mate Forecast System Reanalysis sea surface temperature data in

119

2015 which is 6-hourly Products at 1.0 degree horizontal resolu-
tion. The third column of Table 4 is the standard deviation of the
statistical results, which is 11.9 K. In the rest of this section, we
present the results obtained with the forward model for the calib-
ration accuracy of 0.50 K on T measured. The calibration accur-
acy of 0.25 K and 0.75 K have also been examined, and the results
follow the same trends as those of 0.50 K

Table 4. Retrieval conditions tested over the five homogeneous scenes

Retrieval conditions Prior values P; Uncertainties oy, Noise on auxiliary parameters
Nominal Pr, =286.7K or; =11.9K ow =0.5m-s!, o0, =20°, ov =0.5 mm, ¢; =0.01 mm
w perfectly/poorly known nominal nominal ow =0 m-s1/1.0 m-s! all other o: nominal
» perfectly/poorly known nominal nominal o, =0°/40°, all other o: nominal
v perfectly/poorly known nominal nominal ov =0 mm/1.0 mm, all other o: nominal
L perfectly/poorly known nominal nominal o, =0 mm/0.02 mm, all other o: nominal

Table 5 gives the RMS errors of retrieved Ts for the reference
scene specified in Table 2 under the retrieval configurations in
Table 4. The smallest error (0.630 6 K at incidence angle of 35°
and 0.484 6 K at incidence angle of 65°) on retrieved sea surface
temperature is obtained for perfectly known W, while the

greatest error is observed for poorly known W. This means that
the error of wind speed has the greatest influence on the retrieval
of sea surface temperature. By contrast, the retrieved Ts error is
only weakly sensitive to the ¢, V, and L error because the sensit-
ivity of Tg to ¢, V, and L is lower than to W for the reference scene.

Table 5. The RMS errors of sea surface temperature retrieval for the reference scene specified in Table 2 under the retrieval

configurations (Table 4)

Retrieval conditions Opia = 35° Opa = 40° Opa = 45° Oga = 50° Opp = 55° Opa = 60° Ogp = 65°
Nominal 1.0295K 1.0152K 0.9891K 0.9409K 0.8673K 0.7718K 0.666 6 K

Ow 0m/s 0.6306 K 0.6208 K 0.606 3K 0.5856 K 0.558 0K 0.523 7K 0.4846 K
1.0m/s 1.740 0K 1.716 6 K 1.6692K 1.5770K 1.4312K 1.2397K 1.0259K

o, 0° 1.029 8K 1.0156K 0.9896 K 0.9416 K 0.868 3K 0.7726 K 0.6653 K
40° 1.0304K 1.0181K 0.9950K 0.9511K 0.8828K 0.7941K 0.696 8K

oy 0 mm 1.0295K 1.0152K 0.9891K 0.940 8K 0.867 1K 0.7715K 0.666 1 K
1.0 mm 1.0303K 1.016 2K 0.9902K 0.9422K 0.868 9 K 0.7739K 0.669 1K

o, 0 mm 1.0225K 1.0075K 0.9804K 0.9309K 0.8555K 0.7579K 0.650 1K
0.02 mm 1.050 7K 1.038 7K 1.0155K 0.9711K 0.902 6 K 0.8134K 0.7152K

Figure 3 presents the RMS error of retrieved sea surface tem-
perature over the five homogeneous scenes under nominal re-
trieval conditions. The greatest error (1.271 8 K at the incidence
angle of 35° and 0.813 5 K at the incidence angle of 65°) on re-

-o- reference
—-high T
1.2 -4low 7,
4 —e—high W
- low W
1.1
i 1.0
g
5 0.9
2]
=
0.8
0.7
0.6 +
O'S 1 1 1 1 1

35 40 45 50 55 60 65

Incidence angle/(°)

Fig. 3. The RMS error of retrieved sea surface temperature at dif-
ferent incidence angles over the five homogeneous scenes under
nominal retrieval conditions (Table 4).

trieved sea surface temperature is obtained at high W, and the er-
ror of retrieved sea surface temperature is greater than that in the
case of no auxiliary parameter errors, shown in Fig. 2b; this result
emphasizes the large dependence of the retrieved Ts error to the
errors on auxiliary parameters.

Figures 4a and b show the retrieved sea surface temperature
errors obtained in the high Ts condition. It is clear that the
greatest error of retrieved sea surface temperature is obtained at
the wind speed error of 1.0 m/s (1.669 2 K at the incidence angle
of 35°), resulting from the high sensitivity of 75 to W at high Ts,
which will cause a large brightness temperature error. It is inter-
esting to note that the retrieved sea surface temperature errors in
the case of poorly known L are slightly greater than those ob-
tained in the conditions of poorly known ¢ and V, but the errors
are far less than those of the condition of poorly known W. In the
conditions of the low Ts scene shown in Figs 4c and d, the results
follow the same trends as those of a high Ts scene. The greatest
error of retrieved T is also obtained at the wind speed error of 1.0 m/s,
which is approximately 1.957 6 K at the incidence angle of 35°.
Compared with the condition of high Ts scene, the greatest error
obtained at the wind speed error of 1.0 m/s is significantly in-
creased at the low s scene, due to the lower T3 sensitivity to Ts at
lower Ts.The errors on retrieved sea surface temperature range
from 1.330 5 K at 65° to 2.289 3 K at 35° in poorly known W under
the high W scene (Fig. 4f), and the reason is that there is greater
Tg sensitivity to W at higher W. In comparison with the scene of
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high and low Ts, the errors of retrieved Ts in poorly known W
have a remarkable increase for the high W scene. It should be
noted that the retrieved sea surface temperature errors in the
case of poorly known ¢ are slightly greater than those obtained in
the conditions of poorly known V and L for the high W scene
(Fig. 4e), which is different from the high and low Ts scene. Figures 4g
and h show the statistics of the low W scene, in which the results
follow the same trends as those of the high and low Ts scene, but
the errors of retrieved sea surface temperature are the smallest
over all four retrieval configurations.

Figure 5a show the RMS errors of retrieved sea surface tem-
perature obtained in the high Ts condition (Table 2) under nom-
inal retrieval conditions (Table 4). It is clear that the greatest er-
ror of retrieved sea surface temperature is obtained at the wind
speed of 15 m/s (1.197 9 K at the incidence angle of 35°), and the
minimal error of retrieved sea surface temperature is obtained at
the wind speed of 0.5 m/s (0.456 1 K at the incidence angle of
65°). We can observe that the larger the incidence angle, the
more accurate the result on retrieved sea surface temperature
when the wind speed is constant. When the incidence angle is
constant, and the wind speed ranges from 0.5 m/s to 15 m/s, the
smaller the wind speed, the more accurate the retrieved result,
but there is the opposite result occurs when the wind speed
ranges from 15 m/s to 20 m/s. Figure 5b show the RMS error of
retrieved sea surface temperature obtained in the low Ts condi-
tion (Table 2) under nominal retrieval conditions (Table 4), the
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results follow the same trends as those of a high T5s scene, but the
error obtained is significantly increased at the low Ts scene, due
to the lower T sensitivity to T at lower Ts.

5 Conclusions

In this paper, a one-dimensional synthetic aperture mi-
crowave radiometer prototype, 1D-SAMR, is described to im-
prove the spatial resolution of remote sensing of sea surface tem-
perature. A radiometer detection frequency (with dual polarimet-
ric mode) of 6.9 GHz was adopted, which is sensitive to sea sur-
face temperature. We considered the configurations foreseen for
1D-SAMR are that the satellite orbital height is 900 km, the an-
tenna plane is tilted by approximately 30°, and the incidence
angles of 1D-SAMR on the ground range from 35° to 65°. For the
1D-SAMR instrument, the angular resolution of 0.43° can be ob-
tained by theoretical calculation. The parabolic cylindrical an-
tenna has a size of 12 mx10 m, and the spatial resolution along
the swath is approximately 5 km.

In order to evaluate the surface temperature retrieval accur-
acy of 1D-SAMR, a set of idealized experiments of sea surface
temperature retrieval was carried out based on the 1D-SAMR
prototype, using an iterative retrieval approach. We studied two
factors that affect the accuracy of sea surface temperature retriev-
al, including the radiometer calibration accuracy and the auxili-
ary geophysical parameters precision. In the case of no auxiliary
parameter errors, it can be observed that the greatest error on re-
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and the low T scene (b) under nominal retrieval conditions (Table 4).

trieved sea surface temperature is obtained at low Ts (i.e., the
RMS error is 0.710 6 K for the incidence angle of 35° under the ra-
diometer calibration accuracy of 0.5 K), while the smallest error
on retrieved sea surface temperature is obtained at high Ts, due
to the higher sensitivity of 75 to Ts at high 7Ts. In addition, it can
also be observed that the RMS error on retrieved sea surface tem-

perature decreases with the incidence angle increase and the cal-
ibration accuracy improve. In the more realistic case, errors on
auxiliary parameters are assumed to follow a Gaussian distribu-
tion. It is concluded that there is a large dependence of the re-
trieved Ts error on the errors on auxiliary parameters, and wind
speed is the main sea surface signal contaminating the sea sur-
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face temperature retrieval. The greatest error on retrieved sea
surface temperature was 2.289 3 K at an incidence angle of 35° in
poorly known W (i.e., the error on Wis 1.0 m/s) over the high W
scene for the radiometer calibration accuracy of 0.5 K. However,
the dependence of the retrieved Ts error to the errors on ¢, V,
and L is very weak.

Therefore, in order to obtain high spatial resolution and high
precision sea surface temperature data, it is necessary to im-
prove the calibration accuracy of one-dimensional synthetic
aperture microwave radiometers better than 0.5 K. In addition, it
is necessary to improve the precision of auxiliary geophysical
parameters, especially to ensure that the error of W is less than
0.5m/s.
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