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An Empirical Model for Television Frequency
Interference Correction of AMSR2 Data
Over Ocean Near the U.S. and Europe

Xiaoxu Tian and Xiaolei Zou

Abstract—Television (TV) radio frequency interference (TFI)
signals are found in the Advanced Microwave Scanning Radiome-
ter 2 (AMSR2) observations of those channels with their fre-
quencies centered at 18.7- or 10.65-GHz frequencies over coastal
regions near the U.S. and Europe, respectively. When TV signals
are reflected off the ocean surface and get into AMSR2 field of
views, the AMSR2-measured radiance contains not only infor-
mation of natural emission from Earth’s surface but also the
reflected TV signals. If not detected and corrected, TFI introduces
errors into the geophysical retrieval products. The occurrence
and intensity of TFI are determined by the angle between the
observation beam vector and the reflected TV signal vector (i.e.,
TFI glint angle) and the background TV signal intensity. In this
paper, an empirical model is developed to quantitatively calculate
the contribution of TFI signals to AMSR2 observations based on
TFI glint angle and TV signal intensity. This empirical model is
then applied to AMSR2 K-band channels over North America and
X-band channels over Europe. It is shown that the annual mean
bias for the TFI-affected observations of the 18.7-GHz channel
at horizontal (vertical) polarization reduces from a value of more
than 5 K (2 K) to about −0.5 K (0.5) after TFI correction over the
coastal ocean near North America. The annual mean bias for the
TFI-affected observations of the 10.65-GHz channel at horizontal
(vertical) polarization reduces from a value of about 2.5 K to about
−0.7 K (0.5 K) after TFI correction over the coastal ocean near
Europe. False maxima in AMSR2-retrieved cloud liquid water
path and dry anomalies in AMSR2-retrieved total precipitable wa-
ter near the coastal regions are also eliminated after incorporating
the TFI correction.

Index Terms—Advanced Microwave Scanning Radiometer
2 (AMSR2), K-band, television frequency interference (TFI),
X-band.

I. INTRODUCTION

THE Advanced Microwave Scanning Radiometer 2
(AMSR2) is onboard the Global Change Observation

Mission—Water 1 (GCOM-W1) satellite, which was success-
fully launched onto a sun-synchronous orbit at an altitude of
705 km on May 17, 2012. As the successor of AMSR-E carried
by Aqua satellite, AMSR2 inherited all AMSR-E’s channels
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from 6.925 to 89.0 GHz, and it has an additional pair of dual-
polarized channels with center frequencies at 7.3 GHz [1].
The purpose of adding the 7.3-GHz channels is for mitigating
radio frequency interference (RFI). Other passive microwave
conical-scanning radiometer instruments similar to AMSR-E
include the WindSat radiometer onboard the Coriolis satellite
and the Microwave Radiation Imager onboard the FY3B and
FY3C satellites. The 6.926 (C-band), 10.65 (X-band), and
18.7 (K-band) channels of these instruments can be applied for
retrievals of geophysical variables over both ocean [2] and land
[3]–[5]. However, these low-frequency channels are located in
unprotected bands and are exposed to signals from ground-
based and/or space-based military or commercial active sensors
[6]–[8].

Over ocean, the primary source of interference is the geo-
stationary TV satellites that transmit TV signals at frequencies
that are within the bandwidth of radiometer channels [9], [10].
The ocean surface has a relatively higher reflectivity compared
with that of the land surface due to a high permittivity of
seawater. When the TV signals transmitted by the geostationary
satellite reach the sea surface, a portion of the signals could
be reflected back toward space. When a radiometer’s antenna
happens to be facing the reflected signal, these reflected TV
signals will be mixed with the natural radiation emitted by
the Earth surface (Fig. 1). The interferences of the radiance
measurements from the meteorological satellite radiometric
instruments with TV signals reflected off the ocean surface are
known as television frequency interferences (TFIs). In Europe,
over five TV satellites are operating at X-bands that overlap
with the AMSR2 10.65-GHz channels. Over North America,
the DirecTV satellite groups operate at frequencies close to the
K-band channels of radiometers [11], [12]. The occurrence of
TFI, if not detected and corrected, would introduce erroneous
information into radiance observations and then to AMSR2-
retrieved geophysical products, such as total precipitable water
(TPW), liquid water path (LWP), sea surface wind (SSW), and
sea surface temperatures (SSTs) [12]–[14].

Numerous previous studies had attempted to identify the
TFI among observations in order to minimize the detrimen-
tal impacts of TFI on meteorological satellite observations.
Li et al. [15] proposed a regression method to predict the
TFI-free brightness temperature for the interfered channels with
the aid of other channels. The accuracies of such regression-
predicted brightness temperature are promising. However,
derivations of the regression coefficients require observation
data from a long time period (e.g., six months in [15]).
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Fig. 1. Radio signal intensity (unit: dBW) from DirecTV-11 located at
102.8◦ W and Eutelsat 13B at 13.5◦ E (color shading) (http://www.satbeams.
com/footprints?beam=6219), as well as a schematic illustration of the reflection
of TV signals (black arrow) off the ocean surface, an Earth emission into the
AMSR2 field of view (red arrow), and the glint angle (α). The locations of two
geostationary satellites over the U.S. (DirecTV-11 and DirecTV-12) and five
geostationary satellites over Europe (Hispasat 1E, Eutelsat West 7A, Thor 6,
Hot Bird 13B, and Astra 2E) located above the equator are indicated by a
schematic satellite image.

Adams et al. [9] developed an algorithm to detect the inter-
ference based on the goodness-of-fit between the modeled and
measured brightness temperatures, which is essentially chi-
square probability. Reference [19] pointed out an existence of
TFI signals at K band over land that could be reflected by
snow surfaces based on the maximum differences of brightness
temperature measurements between 19 and 22 GHz at the
same polarization over a winter month period. In this paper, an
empirical model is developed for evaluating the occurrence and
intensity of TFI over ocean. This model is based on the same
principle that was used by Yang and Weng [16] for mitigation
of lunar contamination in the Advanced Technology Microwave
Sensor (ATMS) observations. A quantitative determination of
TFI contribution to an AMSR2 observation can be derived
given the TFI glint angle, which is defined as the angle be-
tween the direction that the radiometer’s antenna faces and the
direction of the reflected TV signal, latitude, longitude, sensor
zenith, and sensor azimuth angles of the AMSR2 observation
as well as the background TV signal intensity of each relevant
geostationary TV satellite that could be affecting the area of
interest. The calculation of TFI correction using this empirical
model does not involve any AMSR2 radiance observations, as
did the earlier methods.

This paper is organized as follows. The AMSR2 data charac-
teristics are described in Section II. A detailed description of the
TFI correction model is given in Section III. The numerical re-
sults from the TFI correction model are discussed in Section IV.
Section V provides the summary and concludes.

II. AMSR2 CHANNEL CHARACTERISTICS AND

GEOPHYSICAL RETRIEVAL PRODUCTS

AMSR2 is the only instrument onboard the Global Change
Observing Mission—Water satellite, which was successfully

TABLE I
AMSR2 INSTRUMENT CHARACTERISTICS

launched on May 17, 2012, onto a sun-synchronous orbit at
705-km altitude. It is the successor of the Advanced Microwave
Scanning Radiometer—EOS (AMSR-E), which ceased to oper-
ate on October 4, 2011. AMSR2 retains the same conical scan
feature as AMSR-E with a constant local zenith angle of 55◦.
Its swath width is 1450 km. AMSR2 has a total of 14 dual-
polarized channels with 7 center frequencies located at 6.925,
7.3, 10.65, 18.7, 23.8, 36.5, and 89.0 GHz. Compared with
AMSR-E, the two 7.3-GHz channels are newly added for a
more effective detection and mitigation of RFI signals over
land. The bandwidth, beamwidth, along-track and across-track
sizes of an instantaneous field of view (IFOV), noise equivalent
differential temperature (NEDT), and sampling interval are
provided in Table I.

Over ocean, the TFI-contaminated channels include those at
10.65 GHz over Europe and 18.7 GHz over North America.
Along with the 36.5-GHz channels, the AMSR2 radiance obser-
vations at the 10.65-GHz channels are used for retrieving SSWs
[14]. Combined with the 6.925-GHz channels, the AMSR2
radiance observations at the 10.65-GHz channels are also
used for generating SST products [14]. The AMSR2 channels
at 18.7 GHz are used for retrieval of both cloud LWP and
TPW [13].

III. EMPIRICAL MODEL FOR TFI CORRECTION

A. Empirical Model for TFI Correction Over the U.S.

TFI is caused by the ocean-reflected TV energy enter-
ing AMSR2’s antenna. Physically, it is similar to a lunar
contamination in ATMS observations caused by the lunar
radiation entering into the ATMS antenna. Yang and Weng
[16] found that the brightness temperature increment from
the lunar contamination could be expressed as a function of
the antenna response function, solid angle of the moon, and
microwave radiance of the moon disk. The solid angle and
microwave radiance of the moon disk together determine the
amplitude. The antenna response within the mean beam range
can be accurately simulated by a 1-D Gaussian function [18].
An empirical model similar to a lunar correction model is
developed for TFI correction. It is based on the fact that the
antenna response to either of the reflected TV energy is, in
principle, the same process as lunar contamination. Over the
U.S., there are two geostationary TV satellites: DirecTV-11
and DirecTV-12. DirecTV-12 is located at 102.8◦ W, and
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DirecTV-11 is located at 99.2◦ W. The change of the brightness
temperature at 18.7 GHz (∆T TFI

b,18p) is

∆T TFI,phy
b,18p = ΩTV11,p exp

(
−α2

TV11

2σ2
TV11

)

+ ΩTV12,p exp

(
−α2

TV12

2σ2
TV12

)
(1)

where p denotes either vertical or horizontal polarization;
ΩTV11,p andΩTV12,p are the background TFI intensities related
to the TV signal strengths of DirecTV-11 and DirecTV-12
and have the same physical unit as the brightness tempera-
tures, respectively; σTV11 and σTV12 are the 3-dB beamwidths
of the AMSR2 antenna to the TV signals from DirecTV-11
and DirecTV-12, respectively, and quantify the sensitivity of
AMSR2 to the signals from a specific TV satellite; and
αTV11 and αTV12 are the AMSR2 glint angles with respect to
DirecTV-11 and DirecTV-12, respectively, and represent the an-
gle between the reflect TV signal vectors and the AMSR2 Earth
scene vector. The unknown parameters ΩTV11,p, ΩTV12,p,
αTV11, and αTV12 in (1) are to be determined using AMSR2
data in 2014.

Since at a fixed location, ΩTV11,p and ΩTV12,p are invariant
with time. Therefore, the antenna pattern parameters (σTV11

and σTV12,p) can be first determined at two fixed locations. TFI
occurs at small glint angles. In order to better fit the values of
the antenna pattern parameters σTV11 and σTV12, it is desirable
to have enough data at small glint angles. In one hand, the
geostationary satellites are fixed in space with respect to the
Earth. The spatial distribution of the incident angle of a TV
satellite does not vary with time. On the other hand, being
a conical scanner, AMSR2 has a fixed incident angle 55◦ at
the Earth surface. A necessary but not sufficient condition for
AMSR2 glint angle to be small is that the AMSR2 pixels
are located at a place where the incident angle of the geosta-
tionary satellite is close to 55◦. Fig. 2(a) shows the incident
angle field of DirecTV-11 (θTV11, black curve) and that of
DirecTV-12 (θTV12, purple curve). The data within grid boxes
A and B that are close to the 55◦ incident angle contour lines
in a one-year period of 2014 were selected for determining
the 3-dB beamwidth of the AMSR2 antenna to the TV signals
from DirecTV-11 and DirecTV-12. The TV signal intensities
(dBW) of DirecTV-11 and DirecTV-12 over water areas over
and around the U.S. are provided in Fig. 2(b) and (c). These
data are obtained from a publicly available website.1

Due to a close distance between DirecTV-11 and
DirecTV-12, the differences of the AMSR2 glint angles with
respect to two TV satellites are less than 5◦. In order to isolate
the effect from one satellite to the other satellite as much as
possible, a further selection is made to the data in grid boxes A
and B to satisfy the following requirements: 1) the differences
of the glint angles between DirecTV-11 and DirecTV-12 (i.e.,
αTV11 − αTV12 ≤ −3.5) are less than 3.5◦; 2) the SSW speed
is less than 6 m s−1; 3) the LWP is less than 0.5 kg m−2; and
4) the glint angles are smaller than 25◦. Once the two data sets
are selected, one for DirecTV-11 and the other for DirecTV-12,

1http://www.satbeams.com/footprints?beam=6219.

Fig. 2. (a) Spatial distributions of the incident angles (unit: degrees) of
DirecTV-11 (θTV11, black curve) and DirecTV-12 (θTV12, purple curve)
satellites and the differences between the two incident angles (θTV12 −
θTV11, color shading). TV signal intensity (unit: dBW) of (b) DirecTV-11 and
(c) DirecTV-12. The sizes of grid boxes A and B are [39◦ N–40◦ N, 126◦ W–
125◦ W] and [44◦ N–45◦ N, 126◦ W–125◦ W], respectively.

the change of the brightness temperature at 18.7 GHz (∆T TFI
b,18p)

can be written separately for each of the two satellites

∆T TFITV11,phy
b,18p =ΩTV11,18p exp

(
− α2

TV11

2σ2
TV11

)

∆T TFITV12,phy
b,18p =ΩTV12,18p exp

(
− α2

TV12

2σ2
TV12

)
. (2)

Taking a logarithmic operation of (2) gives the following
relationships among the TFI correction terms, the glint angles,
and the 3-dB beamwidth of the AMSR2 antenna:

ln
(
∆T TFITV11,phy

b,18p

)
= ln(ΩTV11,18p)−

1

2σ2
TV11

α2
TV11 (3a)

ln
(
∆T TFITV12,phy

b,18p

)
= ln(ΩTV12,18p)−

1

2σ2
TV12

α2
TV12. (3b)
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In other words, ln(∆T TFI,TV11
b,18p ) is a linear function of the glint

angle α2
TV11, and the 3-dB beamwidth of the AMSR2 antenna

σ2
TV11 is simply the inverse slope of this linear fitting. The

same is true for DirecTV-12. The values of α2
TV11 and α2

TV12
are finally obtained by minimizing the following cost functions:

J
(
σ2

TV11

)
=

∑

i

(
ln
(
∆T TFITV11,phy

b,18p

)
−ln

(
∆T TFI,reg

b,18p

))2

i

(4a)

J
(
σ2

TV12

)
=

∑

i

(
ln
(
∆T TFITV12,phy

b,18p

)
−ln

(
∆T TFI,reg

b,18p

))2

i

(4b)

where i represents data points, ∆T TFI,reg
b,18p = T obs

b,18p − T reg
b,18p.

T obs
b,18p represents the AMSR2 actual observations at the

18.7-GHz channels. T reg
b,18p is the TFI-free brightness

temperature at 18.7 GHz predicted with sufficient accuracy
using observations at other channels [15]. Outliers with
T obs

b,18p − T reg
b,18p < 3 K are removed from the linear fitting.

Li et al. [15] argued that the portion of the natural radiation of
a TFI channel, i.e., the TFI-free brightness temperature, can be
predicted with sufficient accuracy using observations at other
channels due to high channel correlations. Specifically, the
TFI-free brightness temperature at the 18.7-GHz channels can
be predicted according to

T reg
b,18p = a0 +

∑

i

aiTb,i +
∑

i

biT
2
b,i + c1 ln(290 − Tb,23v)

+ c2 ln(290 − Tb,23h) (5)

where the subscript “p” can be either vertical or horizontal
polarization. Tb,i includes brightness temperature at channels
at 6.925, 10.65, and 36.5 GHz of both polarizations. Channels
at 18.7, 23.8, and 89.0 GHz are not involved in (5). ai, bi, and
ci are the regression coefficients to be determined. For each
month, the observations over the entire globe were collected
to train the coefficients, excluding those over land, coastlines,
and sea ice and those where TFI glint angles are smaller than
30◦. Over Europe, a similar regression model is developed to
predict the TFI-free brightness temperatures at the 10.65-GHz
channels, for which the left-hand side of (5) becomes T reg

b,10p
and Tb,18p becomes the predictors in both the second and third
terms at the right-hand side of (5). The regression coefficients
are given in Table II. The regression errors are unbiased and
have small standard deviations (e.g., ≤1.2 K) [15].

Fig. 3 provides two scatter plots of the natural logarithm of
model differences (i.e., ln(T obs

b,18h − T reg
b,18h)) versus the squared

AMSR2 glint angles α2
TV11 [Fig. 3(a)] and α2

TV12 [Fig. 3(b)].
It is shown that ln(T obs

b,18h − T reg
b,18h) varies linearly with glint

angles. The slopes of the regression lines in Fig. 5 are 1.242×
10−2 and 0.527× 10−2, which give the following values of the
3-dB beamwidth of the AMSR2 antenna to the TV signals from
DirecTV-11 and DirecTV-12: σTV11 = 6.345◦ and σTV12 =
9.734◦. A larger value of the 3-dB beamwidth implies more
probable TFI occurrences.

TABLE II
REGRESSION COEFFICIENTS FOR MODEL PREDICTION OF

BRIGHTNESS TEMPERATURE

Fig. 3. Scatter plots of ln(T obs
b,18h − T reg

b,18h) versus squared glint angle (α2)

with respect to DirecTV-11 (α2
TV11, left panel) and DirecTV-12 (α2

TV11, right
panel) for TFI-affected data in 2014 within two 1◦ × 1◦ boxes [see boxes A
and B in Fig. 2(a)] in clear-sky conditions. The linear regression line is also
indicated.

Once the unknown parameters αTV11 and αTV12 are deter-
mined, the background TFI intensity due to the TV signals of
DirecTV-11 and DirecTV-12, ΩTV11,18p and ΩTV12,18p, can
then be determined using AMSR2 data in 2014. It is pointed
out that both background TFI intensities (i.e., ΩTV11,18p and
ΩTV12,18p) have a linear relationship to ∆T TFITV11,phy

b,18p . To
obtain a spatial distribution of any of ΩTV11,18p and ΩTV12,18p,
the area over the U.S. and its coastal areas (15◦ N–70◦ N,
140◦ W–50◦ W) is divided into 0.25◦ × 0.25◦ grid boxes. The
field of ΩTV11,18p and ΩTV12,18p within each grid box can be
generated by minimizing the following cost function:

J(ΩTV11,18p,ΩTV12,18p)=
∑

i

(
∆T TFI,phy

b,18p −∆T TFI,reg
b,18p

)2

i

(6)

with all TFI-affected AMSR2 observations in 2014 in the grid
box, where TFI data are defined by T obs

b,18p − T reg
b,18p > 3 K.

The spatial distributions of the data count of the TFI pixels
within each 0.25◦ × 0.25◦ grid box for all of the data in
2014 and the TFI intensity field for the 18.7-GHz channel at
horizontal polarization from DirecTV-12 (ΩTV12,18h), which is
obtained by minimizing (6), are presented in Fig. 4(a) and (b),
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Fig. 4. Spatial distributions of (a) the data count of the TFI-affected
AMSR2 pixels and (b) the TFI intensity for the 18.7-GHz channel at horizontal
polarization from DirecTV-12 (ΩTV12,18h , unit: K) derived from the empirical
model for TFI correction.

respectively. Fig. 4(b) can be compared with Fig. 2(c) to find
out that the characteristic spatial variations of the TFI intensity
of ΩTV12,18h, being the strongest in the coastal areas of Miami
and weaker in the West Coast of the U.S. [Fig. 4(b)], are
consistent with those of the TV signal intensity of DirecTV-12
[Fig. 2(c)].

B. Empirical Model for TFI Correction Over Europe

Around Europe, the AMSR2 dual-polarized X-band channels
at 10.65 GHz could have TFI from Hispasat 1E, Eutelsat
West 7A, and Thor 6, and Hot Bird 13B, Astra 2E, and
Thor 6 satellites (Table III and Fig. 1). The spatial distributions
of the incident angles of these five European TV satellites are
provided in Fig. 5. At a fixed location, the AMSR2 X-band
channels could be interfered with the ocean-reflected TV
signals from multiple TV satellites varying from one to five
and of different strengths. Different TV satellites have different
focusing areas. Fig. 6 shows the TV signal intensity of Hispasat
1E, Eutelsat West 7A, Thor 6, Hot Bird 13B, and Astra 2E. It is
shown that Astra 2E transmits signals mainly to a limited area
surrounding the U.K., Hot Bird 13B covers a much broader area
of Greater Europe, and Thor 6 focuses to high latitudes.

The TFI correction model over Europe is similar to that
described in Section III-A. When selecting TFI data samples
for determining the 3-dB beamwidth parameter (σ) of the five
European TV satellites, each TV satellite’s focusing area needs
to be taken into consideration. For example, the TFI given rise
by Astra 2E will occur in a limited area surrounding the U.K.
Therefore, considering the distributions of both the incident

TABLE III
INTERFERING GEOSTATIONARY TV SATELLITES

Fig. 5. Spatial distributions of the incident angles (unit: degrees) of
(a) Hispasat 1E, Eutelsat West 7A, and Thor 6 and (b) Hot Bird 13B, Astra 2E,
and Thor 6. The sizes of grid boxes A–E are [44◦ N–45◦ N, 3◦ W–2◦ W]
for Hispasat 1E, [32◦ N–33◦ N, 33◦ E–33◦ E] for Eutelsat West 7A, [54◦ N–
55◦ N, 4◦ E–5◦ E] for Thor 6, [42◦ N–43◦ N, 7◦ E–8◦ E] for Hot Bird 13B,
and [50◦ N–51◦ N, 8◦ W–7◦ W] for Astra 2E.
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Fig. 6. (a)–(e) TV signal intensities (unit: dBW) of Hispasat 1E, Eutelsat West 7A, Thor 6, Hot Bird 13B, and Astra 2E. Spatial distributions of the data count of
the TFI-contaminated observations at a 10.65-GHz channel within a 0.25◦ × 0.25◦ grid box in 2014.

angles (Fig. 5) and the TV signal intensities [Fig. 6(a)–(e)],
the geographical locations selected for determining the antenna
pattern parameter of the five satellites (σi, i = 1, 2, . . . , 5) are
shown in Fig. 5. All TFI-affected AMSR2 observations in 2014
that fall into each of the five boxes are extracted to calculate the
3-dB beamwidth parameters. The values of the 3-dB beamwidth
of the AMSR2 antenna to the TV signals are the following:
5.631 for Hispasat 1E, 6.172 for Eutelsat West 7A, 6.898 for
Thor 6, 9.068 for Hot Bird 13B, and 5.308 for Astra 2E.

Once the AMSR2 antenna’s 3-dB beamwidths to the re-
flected TV signals of the five European satellites are obtained,
the background TFI intensities (Ωi,10p, i = 1, 2, . . . , 5) can be
obtained by minimizing the following cost function:

J(Ω1,10p,Ω2,10p, . . . ,Ω5,10p)=
∑

i

(
∆T TFI,phy

b,10p −∆T TFI,reg
b,10p

)2
i

(7)

where i represents the TFI data points within each 0.25◦ ×
0.25◦ grid box. The total number of TFI-affected data in each
0.25◦ × 0.25◦ grid box during 2014 is shown in Fig. 6(f). It is
shown that TFI occurs most frequently over the North Sea area
between U.K. and Norway due to the fact that this is an area
that is covered with strong TV signals from three different TV
satellites: Thor 6, Hot Bird 13B, and Astra 2E.

IV. APPLICATIONS OF THE TWO EMPIRICAL MODELS

FOR AMSR2 TFI CORRECTION

A. Impacts on AMSR2 18.7 GHz Over the U.S.

The amount of natural radiation in AMSR2 observed bright-
ness temperatures at K-band channels over interfered pixels
is concealed by the reflected TV signals. An example is
given in Fig. 7, which shows the AMSR2 observed brightness
temperature [T obs

b,18h; Fig. 7(a)], the regression-model-predicted
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Fig. 7. (a) AMSR2 observed and (b) regression-model-predicted brightness temperatures (unit: K) of the 18.7-GHz channel at horizontal polarization. (c) TFI
correction (unit: K). (d) Differences of brightness temperatures between AMSR2 observations with TFI correction term incorporated and the regression model
simulation of 18.7 GHz at horizontal polarization on January 4, 2014.

brightness temperatures [T reg
b,18h; Fig. 7(b)] of the 18.7-GHz

channel at horizontal polarization, the TFI correction calculated
by the empirical model (1) [∆T TFI,phy

b,18h ; Fig. 7(c)], and the
differences of the brightness temperatures between AMSR2
observations with TFI correction term incorporated and the
regression model simulation [(T obs

b,18h −∆T TFI,phy
b,18h ) − T reg

b,18h;
Fig. 7(d)] of the descending node on January 4, 2014. Over an
area located at the West Coast of the U.S. in the east half of
the AMSR2 swath and another area located at the west cost of
Miami in the west half of the AMSR2 swath, the TFI raises
the observed brightness temperatures by more than 30 K. After
TFI correction, the differences between AMSR2 observations
and regression model simulations are no more than ±4 K. How
much impacts does the TFI correction have on geophysical
retrieval products involving 18.7-GHz channels?

LWP and TPW can be retrieved with multiple microwave
window channels, so that the absorptions of the atmosphere and
the emission of the surface can be removed. The LWP and TPW
can be retrieved either with brightness temperature observations
at the 18.7- and 23.8-GHz channels or with those at the 36.5-
and 23.8-GHz channels, shown by the following equations:

LWP18 =A01µ [ln(Ts − Tb,18) − A11 ln(Ts − Tb,23) − A21]
(8a)

LWP36 =A02µ [ln(Ts − Tb,36) − A12 ln(Ts − Tb,23) − A22]
(8b)

TPW18 =B01µ [ln(Ts − Tb,18) − B11 ln(Ts − Tb,23) − B21]
(8c)

TPW36 =B02µ [ln(Ts − Tb,36) − B12 ln(Ts − Tb,23) − B22]
(8d)

where Aij and Bij (i = 0, 1, 2, i = 1, 2) are coefficients and µ
is . . ..

At any locations, the same geophysical variable retrieved
with observations at either frequency channels is expected to
have similar variations. However, the 18.7-GHz channels are
subject to TFI, and the 36.5-GHz channels are free of TFI. As
a consequence, the retrieval products of both LWP and TPW
from the 18.7-GHz channels could have errors in the presence
of TFI signals. The impact of TFI correction derived from
the empirical model can be evaluated by comparing the same
variable retrieved with K-band brightness temperatures before
and after the correction with that retrieved from the 36.6-GHz
channels. Fig. 8 shows the spatial distributions of the TPW
retrieved from AMSR2 brightness temperature observations
at 36.5 GHz [TPW36.5; Fig. 8(a)], the TPW retrieved from
AMSR2 brightness temperature observations using 18.7-GHz
(TPW18.7) channels without [Fig. 8(b)] and with [Fig. 8(c)] TFI
correction, and the TPW differences (TPW36.5 − TPW18.7)
between 36.5-GHz retrieval and 18.7-GHz retrieval without
[Fig. 8(d)] and with [Fig. 8(e)] TFI correction incorporated
using the descending data on January 4, 2014. It is shown



TIAN AND ZOU: EMPIRICAL MODEL FOR TFI CORRECTION OF AMSR2 DATA OVER OCEAN 3863

Fig. 8. Spatial distributions of (a) TPW (unit: kg m−2) retrieved from AMSR2 brightness temperature observations of 36.5 GHz (TPW36.5), (b) and (c) TPW
retrieved from AMSR2 brightness temperature observations of 18.7 GHz (TPW18.7) channels, and (d) and (e) TPW differences between retrievals from the two
different frequencies (TPW36.5 − TPW18.7) without (left panels) and with (right panels) TFI correction on January 4, 2014.

that, over the coastal areas with TFI [Fig. 7(c)], the TPW
retrieved from 18.7 GHz is more than 20 kg m−2, smaller than
that with TFI correction or retrieved from TFI-free channels
at 36.5 GHz [Fig. 8(d)]. The differences of TPWs between
36.5-GHz retrieval and 18.7-GHz retrieval with TFI correction
or over areas without TFI are usually less than ±4 kg m−2. The
impacts of TFI on LWP retrieval are also significant (Fig. 9).
The TFI signals cause a false amount of LWP for more than
0.5 kg m−2. The differences of LWPs between 36.5-GHz re-
trieval and 18.7-GHz retrieval are usually less than ±4 kg m−2

over areas without TFI. The differences of LWPs between
36.5-GHz retrieval and 18.7-GHz retrieval with TFI correction
or over TFI-free areas are larger over areas with larger LWP.

Monthly variations of biases are calculated from the dif-
ferences between AMSR2 observed and regression-model-
predicted brightness temperatures of the 18.7-GHz channel at
horizontal and vertical polarizations for all clear-sky data in
2014 with the AMSR2 glint angle being less than or equal to
30◦ before and after TFI correction calculated by the empirical
models developed in this study. The percentage number of the
TFI-affected AMSR2 pixels in each month of 2014 is also
given in Fig. 10. It is shown that there is about 3% of TFI-
affected data with glint angle α ≤ 30◦. The monthly mean
differences between AMSR2 observations without TFI correc-
tion and regression-model-predicted brightness temperature of
the 18.7-GHz channel at horizontal polarization vary from 5.5
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Fig. 9. Same as Fig. 8 except for LWP (unit: kg m−2).

to 6.5 K in 2014. After TFI correction, the monthly mean
differences of the 18.7-GHz channel at horizontal polarization
are significantly reduced in magnitude, with its values varying
between −0.25 K and −0.7 K. The TFI-introduced biases for
the 18.7-GHz channel at vertical polarization are around 1.5 K,
which is smaller than at the horizontal polarization. After TFI
correction, the monthly biases of the 18.7-GHz channel at ver-
tical polarization are reduced to between −0.1 K and −0.3 K.

As illustrated in Fig. 1, TFI arising from geostationary
satellite TV signals’ being picked up by AMSR2 will travel
through the entire atmosphere twice. Thus, TFI is subject to
atmospheric attenuations. Since the reflection of the TV signals
occurs at the ocean surface, the amount of reflected microwave
signals will be influenced by the surface roughness. Under
windy circumstances, the ocean surface can become rougher
than the calm ocean surface. Fig. 11 shows the differences

between the TFI intensities yielded by the regression method
and the modeled TFI intensities with respect to the SSWs and
TPW. It seems that the TFI model will slightly overestimate
the interference intensity when either SSW or TPW is high if
the surface roughness and/or atmospheric attenuations are not
considered as the case for the current model. The neglect of
surface roughness and atmospheric attenuation might be the
reason for the slight negative biases in the monthly mean of
differences between TFI intensities from the regression method
and those from the model shown in Fig. 10.

B. Impacts on AMSR2 10.65 GHz Over Europe

Over Europe, the impacts of TFI correction using the es-
tablished empirical model on AMSR2 10.65-GHz channels are
also significant and positive. As mentioned previously, there are
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Fig. 10. Monthly variations of biases (unit: K) calculated from the differences
between AMSR2 observed and regression-model-predicted brightness temper-
atures (unit: K) of the 18.7-GHz channel at horizontal (top panel) and vertical
(bottom panel) polarizations for global clear-sky data in 2014 with the AMSR2
glint angle being less than or equal to 30◦ before (dashed bar) and after (solid
bar) TFI correction. The percentage number (unit: %) of TFI-affected AMSR2
pixels in each month of 2014 is indicated by the black curve.

Fig. 11. Scatter plot of T obs
b,18h − T reg

b,18h with respect to the surface wind speed
and TPW. Data are selected within the geographical range of [39◦ N–41◦ N,
127◦ W–125◦ W] in January and February 2014. The glint angles with respect
to DirecTV-12 are between 8◦ and 10◦. The red circles and red lines are the
mean and error bar at the 2.5 (left panel) and 5 (right panel) intervals.

five TV satellites that could introduce TFI to these two X-band
channels depending on the locations of the AMSR2 pixels, the
TV signal intensities of the five TV satellites [Fig. 6(a)–(e)], and
the AMSR2 glint angles with respect to the five TV satellites.
An example is provided to show the AMSR2 glint angles with
respect to the five TV satellites over Europe (i.e., Hispasat 1E,
Eutelsat West 7A, Thor 6, Hot Bird 13B, and Astra 2E) for
the descending node on March 2, 2014 [Fig. 12(a)–(e)]. Due
to the different geographical locations of the five TV satellites
(see Table III), the AMSR2 glint angles with respect to the five
TV satellites over Europe are significantly different. With the
same AMSR2 observation geometry and the given TV signal
intensities of the five TV satellites [Fig. 6(a)–(e)], the TFI cor-
rection calculated from the empirical model [Fig. 12(f)] seems
to capture the TFI reasonably well. This is further confirmed
by a comparison of results of TFI correction calculated from

Fig. 12. (a)–(e) AMSR2 glint angles (unit: degrees) with respect to the five TV
satellites over Europe (i.e., Hispasat 1E, Eutelsat West 7A, Thor 6, Hot Bird
13B, and Astra 2E) and (f) TFI correction (unit: K) as a combined TFI impacts
from all five European satellites for the descending node on March 2, 2014.

Fig. 13. (a) AMSR2 observed and (b) regression-model-predicted brightness
temperatures (unit: K) of the 10.65-GHz channel at horizontal polarization on
March 2, 2014. (c) Differences between (b) and (a).

the empirical model in Fig. 12(f) with the differences between
AMSR2 observations [Fig. 13(a)] and the model-predicted
brightness temperatures using a regression equation for the
10.65-GHz channel at horizontal polarization [i.e., similar
to (5); Fig. 13(c)] on March 2, 2014.

A statistical evaluation of an overall performance of the
empirical models for TFI correction at X-bands is provided in
Fig. 14. There are about 10% of TFI-affected data with glint
angle α ≤ 30◦. Similar to the results in Fig. 10 for the K-band
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Fig. 14. Same as Fig. 10 except at the 10.65-GHz channels.

channels over the U.S., the presence of TFI introduces positive
biases to the X-band channels over Europe, and the remaining
biases are negative after TFI correction. The monthly biases are
around 2.5 K and 1.2 K for the 10.65-GHz channels at horizon-
tal and vertical polarizations, respectively. After TFI correction,
these biases are reduced to about −0.5 K and −0.3 K.

V. SUMMARY AND CONCLUSION

In the presence of TFI, the amount of natural radiation
emitted by the Earth surface is concealed by the energy from
the reflected TV signals. The TFI detection prevents erroneous
geophysical retrieval products from being produced by dis-
carding the TFI-affected AMSR2 data. This study aims not
only to detect the occurrence of TFI but also to correct the
TFI so that these TFI-affected data can be made useful for
geophysical variable retrieval. The occurrence of TFI from
a particular TV satellite depends on the glint angle and the
background TV signal intensity at the AMSR2 observation
location. The contribution of the reflected TV signals to an
AMSR2 observation at a specific channel can be calculated
by an empirical model developed in this research given the
AMSR2 glint angle with respect to those TV satellites that can
have an effect to the AMSR2 pixel location. The glint angles
can be accurately assessed with the instrument’s observation
geometry. This empirical model can predict the features of
oceanic TFI that enable the AMSR2 observations from the
natural radiation recovered even at the TV interfered locations.
It is shown that positive biases in AMSR2 data are significantly
reduced after TFI correction. The TFI-induced errors in the
geophysical retrieval products can be considerably reduced
over the TFI-contaminated regions so that variations of the
retrieval variables are consistent with the vicinity regions. The
background TV signal intensity field, once determined, is fixed
for future applications as long as the same geostationary TV

satellites are functioning. It is worth emphasizing that the
TFI-correction model proposed in this study does not rely
on any radiance observations, which was not the case in all
previous studies.

It is pointed out that the effects of surface roughness induced
by SSW as well as atmospheric attenuations by water vapor on
reflected TV signals are not considered in the empirical model
that was developed and tested in this study. Neglect of these two
factors results in small negative biases of this TFI correction
model. Further investigations on accounting quantitatively for
the effects of surface roughness and atmospheric attenuation
will be carried out in a follow-on study.
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