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Television Frequency Interference in AMSR2
K-Band Measurements Over

Reflective Surfaces
Xiaoxu Tian and Xiaolei Zou

Abstract—The Advanced Microwave Scanning Radiometer 2
(AMSR2) measurements at K-band channels are used for snow
retrieval. However, television (TV) signals transmitted from
DirecTV satellites at the K-band, if reflected by snow surfaces,
could enter the antenna of AMSR2 to introduce errors in AMSR2
snow products. This letter investigates TV frequency interference
(TFI) in AMSR2 K-band measurements over areas of land covered
with snow. Since a necessary condition for TFI over land to
occur is for AMSR2 measurements to have small glint angles,
a principal component analysis algorithm constrained by TFI
glint angles for TFI detection is thus developed in this letter.
Using AMSR2 observations in January 2014, it is shown that TFI
signals exist along the two 55◦ incident angle curves of DirecTV-11
and DirecTV-12, which are located around 44◦ N over the
North American continent.

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

I. INTRODUCTION

THE Advanced Microwave Scanning Radiometer 2
(AMSR2) is the only remote sensing instrument onboard

the Global Change Observation Mission—Water 1 (GCOM-W1)
satellite, which was successfully launched onto a sun-
synchronous orbit at an altitude of 700 km on May 18, 2012. It
crosses the equator at 1:30 P.M. of local time [1]–[4]. AMSR2 is
the successor of the AMSR-E onboard the Aqua satellite, which
stopped its operation in October 2011. AMSR2 inherited all
12 channels of AMSR-E and added two new C-band channels
at 7.3 GHz. It is well known that a number of channels in
microwave imagers, such as 6.925 (C-band) and 10.65 GHz
(X-band) of AMSR2, suffer from radio-frequency interfer-
ence (RFI) from active sensors over densely populated cities
[5]–[10]. The RFI sources primarily consist of radars, radio
communication devices, traffic control monitors, etc. Over
oceans, the reflected television (TV) signals from geostation-
ary satellites cause TV interference (TFI) in microwave radi-
ance observations [11]–[13]. In Europe, the TFI are found in
X-band channels because the TV signals in the region are
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transmitted at X-band frequencies. Over coastal ocean areas of
North America, TFI mainly exists in imager observations
at K-band channels since the TV signal sources transmitted
by DirecTV-11 and DirecTV-12 are around a frequency of
18.7 GHz.

McKague et al. [14] investigated the possible interference by
TV signals to observations of WindSat, AMSR-E, and SSMI.
The accumulated maximum spectral differences between ob-
servations of channels at 18.7 GHz and those at 23.8 GHz
showed that K-band channel observations over land are likely
to be interfered by TV signals reflected from snow surfaces.
Zou et al. [12] pointed out that, the TFI glint angle, i.e., the
angle between the line-of-sight vector and the reflected TV
signal vector, is a necessary condition for the interference to
occur. This letter develops a TFI detection algorithm based on
principal component analysis (PCA) with TFI glint angles as
the constraint. Since TFI is caused by reflected TV signals, it
is not correlated with natural emission from a snow-covered
land surface. Based on this characteristic, the PCA can isolate
the TFI from the observations even when obscured by snow.
Numerical results are made with AMSR2 L1B observation data.

II. AMSR2 CHARACTERISTICS

AMSR2 is a conical scanning microwave imager with a
constant local incident angle of 55◦. Compared with its prede-
cessor AMSR-E, the diameter of the antenna is increased from
1.6 to 2 m for AMSR2 to make measurements at higher spatial
resolutions than AMSR-E. AMSR2 has in total 14 channels,
with their center frequencies located at the following seven
different frequencies: 6.925, 7.3, 10.65, 18.7, 23.8, 36.5, and
89 GHz. Each frequency has two channels measuring radiation
at horizontally and vertically polarized states. Except for two
channels at 7.3 GHz, the other 12 channels are inherited from
AMSR-E. The purpose of adding two new channels is for
RFI mitigation of observations at C-band. The swath width
of AMSR2 is 1450 km. Each scan cycle has 486 Earth-scene
field of views (FOVs) in 89-GHz channels and 243 FOVs in
lower frequency channels. GCOM-W1 orbits the Earth about
14 times a day. This allows AMSR2 onboard GCOM-W1 to
scan a majority part of the Earth twice daily. The GCOM-W1
satellite has a 16-day repeating cycle. The spatial resolution of
instantaneous FOV (IFOV) at different channels, the sampling
interval, and the beamwidths can be found in Table I.

III. TFI DETECTION ALGORITHM

The U.S. is fully covered with TV signals at K-band fre-
quencies from both DirecTV-11 at 99.2◦ W and DirecTV-12
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TABLE I
AMSR2 INSTRUMENT CHARACTERISTICS

Fig. 1. (a) Schematic illustration of a potential occurrence of TFI over land,
showing the AMSR2-retrieved snow depth (in centimeters, shaded in color)
on January 5, 2014, and the coverage of DirecTV-12 with its signal intensity
indicated in purple (55 dbW), light purple (52 dbW), and black contours
(< 52 dbW) at 3-dbW interval. The symbol α represents the angle between a
reflected TV signal vector (upward arrow in black) and AMSR2’s scene vector
(upward arrow in red). (b) Spatial distribution of α.

at 102.8◦ W. TV signals could be reflected and interfere with
AMSR2 beam cones. Therefore, when AMSR2 is scanning the
Earth’s atmosphere to measure imager radiances over land in
the U.S., it is possible that the TV signals reflected by snow

Fig. 2. Scatter plot of spectral difference distributions of brightness tempera-
tures at horizontal polarizations of 18.7- and 23.8-GHz channels with respect
to the TFI glint angles within the range in this figure on January 5, 2014. Data
from the two swaths in this figure are colored in blue [east swath in the box of
Fig. 1(b)] and red [west swath in the box of Fig. 1(b)], respectively.

surfaces can enter the antenna, which is similar to TFI over
ocean [12], [13]. Fig. 1 provides a schematic illustration of a
potential occurrence of TFI over land. It shows the AMSR2-
retrieved snow depth on January 5, 2014, the coverage of
DirecTV-12 with its signal intensity indicated [see Fig. 1(a)],
and the angle between a reflected TV signal vector [see α,
Fig. 1(b)] and AMSR2’s scene vector. It is noticed that the
DirecTV-12 signal intensity is strongest near the east coast.
The signal intensity distribution from DirecTV-11 is similar
to that of DirecTV-12 [13]. The symbol α refers to TFI glint
angle. The smaller the TFI glint angle is, the more probable it
is that the radiance observation can be interfered. Therefore,
a small TFI glint angle is a necessary condition for TFI to
occur. In addition to the glint angle, snow can also increase the
spectral differences between low and high frequencies. Impacts
of snow on radiative emission can only be detected at channels
with frequencies greater than 20 GHz, which was the main
principle for retrieving snow of a reasonable depth. The signal
at 36.5 GHz can penetrate a shallow layer of snow. Therefore, a
combination of 23.8 and 89 GHz channels can be applied to
retrieve shallow snow depth to avoid the sensitivity of snow
retrieval to shallow snow [15], [16].

If TV signals are reflected over snow surfaces and enter
the antenna of AMSR2, the brightness temperatures at K-band
channels (18.7 GHz) measured by AMSR2 would be warmer
than those from natural radiation, whereas the brightness tem-
peratures at 23.8-GHz channels are not affected by TFI. Fig. 2
shows the scatter plot of the same spectral difference with re-
spect to TFI glint angles. It evidently indicates that the spectral
difference values are abnormally high only when TFI glint
angles are acute enough for the interference to enter AMSR2’s
antenna.
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Fig. 3. Spectral difference (in kelvin) distributions of brightness temperatures
at horizontal polarizations between 18.7- and 23.8-GHz channels (18.7 minus
23.8, shaded in color) and TFI glint angles (contoured for values less than 25◦)
on (a) January 5 and (b) August 17, 2014. Observations for AMSR2 pixels with
land fractions being less than 90% are excluded to avoid lake effects on spectral
differences.

The geographical distributions of differences of brightness-
temperature observations at the horizontally polarized state
between 18.7 GHz and those of 23.8 GHz on a winter snowing
day (January 5) and a summer day (August 17) in 2014 are
shown in Fig. 2. Since this paper focus on TFI over land,
observations for AMSR2 pixels with land fractions being less
than 90% are excluded in Fig. 3 to avoid lake effects on spectral
differences, which can be significant in summer. The AMSR2
on these two days have the same swath distributions since the
AMSR2’s swath repeating time is 16 days. The TFI glint angle
fields with respect to the geostationary TV satellites are also the
same on January 5 and August 17, 2014. In Fig. 2(a), the two
largest spectral differences of brightness-temperature observa-
tions between 18.7 GHz and those of 23.8 GHz are found west
of Lake Michigan and the great plains of the U.S., where the
TFI glint angles are small. These two areas are populated with
snow [see Fig. 1(a)]. However, such large spectral differences
of brightness-temperature observations between 18.7 GHz and
23.8 GHz are not found west of Lake Michigan and the great
plains of the U.S. in the summer [see Fig. 2(b)], although the
TFI glint angles are also small. It can thus be inferred that the
K-band observations with snow coverage on January 5, 2014
could be TFI-contaminated in the aforementioned two areas.
Compared with snow depth distribution shown in Fig. 1(a), it
seems that the spectral differences between 18.7 and 23.8 GHz
are positive and large over areas with large snow depth, which

is expected due to larger scattering effects of snow at higher
frequencies. However, the area characterized by the largest
spectral differences between 18.7 and 23.8 GHz west of Lake
Michigan has small snow depth. In other words, the TFI occur-
rence would increase the brightness temperatures of 18.7-GHz
channels, and snow scattering would decrease the brightness
temperatures at 23.8 GHz more significantly than at 18.7 GHz.
Both TFI occurrence and snow reflection could increase the
spectral differences between 18.7-GHz channels and 23.8-GHz
channels. It is thus difficult to distinguish the effects of snow
from the effects of TFI by simply examining the spectral
differences between two different frequencies.

In order to isolate TFI from natural radiation over land
with snow coverage, a spectral difference index vector
IndexTFI−18H is firstly defined for detecting TFI at 18.7 GHz
at horizontal polarization. It consists of five spectral differences
as its components

IndexTFI−18H =

⎛

⎜⎜⎜⎜⎝

Tb,18H − Tb,23H

Tb,10H − Tb,36H

Tb,10V − Tb,36V

Tb,23H − Tb,89H

Tb,23V − Tb,89V

⎞

⎟⎟⎟⎟⎠

5×1

(1)

where IndexTFI−18H denotes the spectral difference index vec-
tor for 18.7-GHz H-Pol channel. All five components of the
vector IndexTFI−18H are related to Earth-surface-type informa-
tion, such as snow, but TFI only exists in the first component of
the vector. A data matrix is constructed from IndexTFI−18H as
follows:

A5×N = (Index18H,1 Index18H,2 · · · Index18H,N)5×N (2)

where N is the total number of observation pixels over land
with TFI glint angles less than 25◦. The TFI glint angle thresh-
old is set to 25◦ to ensure that all interfered observations are
included (see Fig. 2). The covariance matrix R5×5 can be given
by R5×5 = AAT . The eigenvalues and eigenvectors of the co-
variance matrix can then be obtained by solving the following:

Rei = λiei (3)

where λi is the ith eigenvalue and ei = [e1,i, e2,i, . . . , e5,i]
is the ith principal component (PC) mode of R5×5. The ith
eigenvalue λi quantifies the ith greatest variance contribution
of the ith PC mode in the total variance of the data matrix A.
A set of PC coefficients ui can be derived by projecting the
original data matrix A onto the orthogonal space spanned by
the eigenvectors ei

⎛

⎜⎜⎜⎝

u1

u2
...

u5

⎞

⎟⎟⎟⎠
= ET A. (4)

The original data matrix defined in (3) can be exactly
reconstructed with the PC coefficients and PC modes in the
following:

A =
5∑

i=1

Ai, where Ai = eiui (5)
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Fig. 4. Five PC modes (or eigenvectors) calculated in the PCA of spectral-
difference distributions of brightness temperatures at horizontal polarizations of
18.7- and 23.8-GHz channels for the swath passing through 110 W in Fig. 2(a).

in (5) where Ai is the ith component accounting for the ith
greatest variance in the original data matrix. Fig. 4 gives the
eigenvectors yielded in the PCA for the data matrix composed
with vectors defined in (1). It is noticed that the first component
of the fifth eigenvector, i.e., IA5

18H = (Tb,18H − Tb,23H)A5 , has
the greatest value, reflecting a presence of TFI in the first com-
ponent of the fifth eigenvector. Therefore, a new TFI intensity
index over land with snow coverage is finally defined as

ITFI−18H,snow = (Tb,18H − Tb,23H)A5 . (6)

IV. NUMERICAL RESULTS

The spatial distribution of ITFI−18H,snow for the AMSR2
observations in a typical snowing winter day is shown in Fig. 5.
The large values of ITFI−18H,snow are found only over areas
of west of Lake Michigan, the great plain with snow cover-
age, and small TFI glint angles. Other areas with large spec-
tral differences of brightness temperatures between 18.7 GHz
and 23.8 GHz shown in Fig. 3 are characterized with low
TFI intensities. The TFI affected AMSR2 observations over
snow surfaces are identified by the glint-angle constrained PCA
algorithm.

The TFI glint angles are determined by both the differences
of zenith and azimuth angles between the reflected TV signal
vectors from the geostationary satellite and the Earth scene
vectors of AMSR2. AMSR2 is a conical scanner with a fixed
local incident angle of 55◦. The angles of reflected TV signals
are the same as those of the TV signals from DirecTV satellites.
While the TV signal sources, i.e., the geostationary DirecTV
satellites, are fixed with respect to the Earth, the incident angles
for TV signals vary with respect to geographical locations. Only
when the incident angles of TV signal vectors are close to 55◦

that the TFI glint angles approach zero. The TFI of AMSR2
observations would be most likely take place when TFI glint
angles approach zero. To confirm this, we show in Fig. 6 a

Fig. 5. TFI signal intensity (K) detected with PCA method and TFI glint angles
(contoured for values less than 25◦) on (a) January 5, and (b) August 17, 2014.

monthly distribution of the maximum TFI intensity in January
2014. The 55◦ incident angle of TV signals from DirecTV-11
and DirecTV-12 are indicated by the dashed and solid black
curves, respectively. Within the one-month period, TFI over
land by snow reflection is found in a latitudinal band following
the two 55◦ incident angle curves of DirecTV-11 and Direct-12,
extending from west to east coasts. The largest TFI is found
near the east coast, where the intensity of TV signals is the
strongest [see Fig. 1(a)].

V. SUMMARY AND CONCLUSIONS

Observations of microwave imagers at K-band channels,
such as AMSR2, are of significant values for snow and ice
retrievals. Before these imager observations are applied for
geophysical product retrievals, the TFI affected observations
have to be identified and removed. Otherwise, erroneous in-
formation in AMSR2 observations associated with TFI sig-
nals can be introduced into retrieval products. TFI at K-band
channels over ocean was investigated by numerous previous
studies. Since the reflectivity of snow is greater than that of
bare land, TV signals from TV geostationary satellites can
also be reflected back to space and enter the antenna of
microwave radiometers. This letter investigated the K-band
channel TFI over land with snow coverage and developed a
PCA-based algorithm with TFI glint angles as a constraint.
Over North America, TFI signals only exist at K-band chan-
nels and bring no correlations with other channels at differ-
ent frequencies. The natural emissions measured at different
frequencies are correlated—even under snowy conditions. A
new PCA method is developed for TFI detection over snow-
covered land.

Small angles between the reflected TV signal vectors and
Earth scene vectors of radiometers are necessary conditions for
TFI. The conical scan feature of AMSR2 determines that most
TFI would occur over areas where the incident angles of TV
signals from the geostationary satellites are close to the incident
angles of AMSR2. The monthly maximum TFI distribution
results from the proposed PCA detection algorithm confirmed
this theoretical expectation. All TFI throughout the month are
confined within the areas near the 55◦ incident angle curves of
DirecTV-11 and DirecTV-12.
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Fig. 6. Maximum TFI intensity (K) distribution in 1◦ × 1◦ grid boxes for all the data in January of 2014 (shaded). The 55◦ incident angle lines of DirecTV-11
and Direct-12 are indicated by the dashed and solid black curves, respectively.
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