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Abstract:

Based on the theory of the relief effects on passive microwave radiation, we think that it is necessary to do the

experiments in the field by observing the different topographic landscapes we design and compare the data we observe with the
simulations of relief effects modeled by AIEM. The result shows there are 10-15 K bias of brightness temperatures affected by
the tilted angles between flat terrain and mountainous terrain. When the frequencies are less than 10 GHZ, the relief effects of
terrain elevation becomes weakening. Therefore, we certified that microwave polarization paths and directions have obviously
changed due to the surface geometrical property, such as shape and the orientation of hills.

Key words: relief effects, passive microwave radiation, experiment, AIEM

CLC number: TP701/TP721.1

Document code:

A

Citation format: Li X X, Zhang L X, Jiang L M, Zhao S J and Zhao T J. 2011. Simulation and measurement of relief effects on passive
mictowave radiation. Journal of Remote Sensing, 15(1): 100-110

1 INTRODUCTION

The signal of a microwave radiometer observing a land
surface from space is composed of surface and atmospheric
contributions, both of which depend on the relief (Matzler et al.,
2000). Hillslope-scale topography influences microwave brigh-
tness temperatures in a way that produces bias at coarser scales.
In a previous study using digital elevation models (DEM), it is
found that the modeled brightness temperatures in areas of
variable topography can be several kelvins different more than
a corresponding flat surface (Kerr, et al., 2003). Talone, et al.
(2007) used a 30 m DEM and a 100m land cover map to derive
inputs to the SMOS RTM, in which the DEM is used to
incorporate topographic effects on shadowing and local
incidence angles. Furthermore, Mialon, et al., (2008) discussed
relief effects-in the context of the SMOS mission and developed
a criterion to identify SMOS 4 K accuracy. The works of
Sandells, et al., and Matzler, et al., (2000) are notable because
they include the effects of topographic slope on the geometry of
observation. Recently, Alejandro et al., (2009) demonstrated the
effect of topographic variability, and topography significantly
affects the spatial distribution of modeled brightness
temperature. Guo (2009) developed topographic correction of
microwave radiation model based on AMSR-E, only existing
about 2 K brightness temperature bias. In these studies, relief

Received: 2010-03-12; Accepted: 2010-07-17

effects are considered quite significant for microwave radiation
on land, but are devoid of experiment validating.

Accordingly, the objectives of this paper are twofold: (1) Field-
data-supported selection and verification of an appropriate
physically based surface emission model; (2) the generation of
comprehensive relief factors in microwave radiation transmis-
sion. A description of the physical theory underlying modeling
microwave radiation emission on terrain follows in Section 2.
Section 3 demonstrates that topographic effects simulation.
Then we present an overview of the field experiments
conducted to clarify the effects of terrain in Section 3. We
present the comparison between the model simulation and
field-data in Section 4. Finally, Conclusions arise from our
experiments and simulations.

2 MODELING MICROWAVE RADIATION ON
TOPOGRAPHY

Relief effects on microwave radiation are composed of four
factors, which are topographic elevation, slope angle, aspect,
and terrain shadow. As the factors of relief effects, they have
their corresponding influence on the path through the atmo-
sphere, the observed angle, the polarized orientation and a total
brightness temperature of observed footprint, respectively. Any
one of the relief effect factors would alter the brightness
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temperature observed by a microwave radiometer or the
effective emission. To investigate the potential of passive
microwave for observing topography, it is essential to build the
relief landscape based on the vehicular microwave radiometer
observation. This paper reports on the study supported by the
field data and seeks to improve our understanding of relief
effects on the microwave radiation at microwave frequencies.

Brightness temperatures obtained from the field experiment
are converted to apparent (effective) emissivity by using the
simple relationship.

Th=eTs (1)
where e is the emissivity, Ts is the physical temperature of the
surface, Tb is brightness temperature. When we consider relief
effects, microwave radiation transmission on topography can be
described as:

Tbtop = F(el’ o, SR,Sun vh’Tb,hills )X i1 X TSy (2)

where Th,, is brightness temperature on topography, eg,, is land
emission on flat, Tsq, is land physical temperature on flat, F(6,
@, Srsuns H, Thyys) is the function of relief factors, contained
local incident angles 6, polarization rotation angles ¢, shadow
factors Sg sy, elevation h, and co-hill brightness temperature
Tb s

3 SIMULATION ANALYSES

Before the relief experiment, it is important to simulate the
impact of topographic factors on microwave radiation features.
Among the physically based models, the advanced integral
equation model (AIEM) has a much wider application range of
surface roughness conditions than that of conventional models
(Shi, et al., 2002). Used AIEM describing surface emission,
relief factors are input to the relief emission calculation, which
model relief effects on microwave radiation. Among relief
factors surface elevation can be ignored when the observed
frequencies are less than 10 GHz, so that our study selects C
band (6.925 GHz) and X band (10.25 GHz). Except elevation,
for a sloping surface, local incident angles that the observing
satellite makes with the reference location is a function of the
local topographic slope and aspect. Here hill slopes and aspects
are input to AIEM by using the flowing relationships (Matzler,
et al., 2000):

cosf = cosarcos & +sinarsincos(p — f) 3)

where 8, is the local incident angle transformed from the global
to the local plane of incidence, a is the tilt angle, & is the
observation angle with respect to the surface normal, ¢ is the
azimuth angle of the observed view, f§ is the aspect of tilted
surface.

Simultaneously, the aspects of tilted surface will alter
polarized direction according the earth reference frame, called
“polarization rotation”. Furthermore the linear polarization is
rotated by an angle ¢, given by

sing =sin(¢— B)sina/sin§ 4)
The emissivity Ey(6) and Ey(6) in rolling terrain can be

represented:
Ey(8) = Ev(8)cos® 9+ Ey(8)sin’ ¢
Ey(6) = Ey(§)sin® - Eyy(§)cos

Parameters in the relief effects model need to input, such as

®)

the soil volumetric moisture is about 25%, surface correlation
length is 100 cm and root mean square height is 0.5 cm, observed
angle is 55°, and the observed frequency is 6.925 GHz.

Tilted surface unconcerned with polarization rotation
manifests the microwave radiation character related on hill
slopes. Fig.1(a) describes the relationship between surface
emission and local incident angles affected by hill slopes only.
It can be seen that there are some obvious differences between
horizontal polarization and vertical polarization while slopes
are less than 40°. This result plays a basic role on the
experiment so that all relief landscape we built over 40°. When
it is concerned with polarization rotation, the microwave
radiation of tilted surface becomes more complex. Fig.1(b)
shows the change of the surface emission with the polarization
rotation angles. It is a symmetry curve at ¢=0° for both
polarizations. Thus it can be seen that the polarization rotation
is formed under positive-negative angles, so the terrain shape
generates multi-aspect angles in the relief landscape is more
important than the rotation.
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Fig. I Simulation of local incident angle impact on surface emission
at 6.925 GHz frequency by AIEM
(a) without polarization rotation; (b} with polarization rotation

Shadow effects are depicted as shadow area weighted
brightness temperature sums (Matzler, ez al., 2000). Terrain
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shadow refers to two kinds, one is the shadow of the sun
direction, and the other is invisible area due to radiometer
observing. These shadows and non-shaded area constitute
together the whole view of observing footprint which can be
represented shaded facets and non-shaded ones. It will be our
follow-up study in the future.

4 EXPERIMENT

To research relief effects more in-depth on surface emission
at the microwave frequency, we design a controlled field
experiment. The field site is in the Field Test Site of Baoding in
Hebei province. The target footprint is 4 m x 4 m and is set out

miniature hills such that they are simulated landform landscape.
We level the surface as best as we can put up hills first. Then
we pile two kinds of hills in different surface configuration
using shovels and the wooden batten. To regulate the moisture
content of hills, we carried local soil from the same source. To
observe brightness temperatures, we use a truck-mounted
microwave radiation (TMMR). The TMMR configuration
comprised a six-channel that covers the frequency ranges of
6.925 GHz, 10.65 GHz, 18.7 GHz, 23.8 GHz, 36.5 GHz, and
89 GHz at both vertical and horizontal polarizations. Soil
moisture measurement is done by can samples. From the can
sample, we additionally obtain the bulk density of the soil. Soil
surface temperature is measured by the infrared temperature
sensor. Fig. 2 shows the relief observation setup.

To argue relief effects on microwave radiation, we designed
a controlled field experiment based on twofold: (1) the size of
miniature hills; (2) the shape of miniature hills. All of hills are
not higher than 2 m and also far less than the height of TMMR,
so that can be prone to the observation. Keeping hills visible
completely, we also regulate the observed area of hills by their
height. Considering diversification of hill slopes, prismy hills
are piled by fluvo-aquic soil, and their shape insure the
observed surface area in a certain direction of view without
polarization rotation. Prismy hills is built in different slopes (0°,
10°, 20°, 30°). When dealing with the variational aspects at
each observed facet, we put up conical hills so that it can obtain
surface emission under the impact of polarization rotation. Fig.
3 shows the several hills we build at different slope angles.
Table 1 shows the various settings and conditions of targets. Fig.
4 exhibits a series of relief landscape views we project.

Fig.2 Setup of the field experiment

Fig.3 Four views of relief landscape
(a) The conoid hill; (b) Surface of hills; (c) Prismy hill and conoid hill
observed by the truck-mounted microwave radiometer; (d) observed prismy
hill

© M i

Fig.4 Views of relief landscape of different slopes: 30°, 21°, 10°, and
0° prismy hills
(a) 30°; (b) 21°; (c) 10°%; (d) 0°

Table 1 Experiment Conditions

Soil sandy Soil clay
content

Observable Soil Soil Soil
quantity type moisture temperature content

Value fluvo-aquic soil  12.8% viv  15.8C  51.7% viv 82% viv

In summary, the observation steps are given as follows.

Step 1  Set up flat field on footprint

Step2 Observe flat field

Step 3 Take soil samples

Step 4 Set up prismy hills in different slopes, but in accor-
dant size

Step 5

(1) Observe brightness temperature

(2) Take temperature measurement

(3) Take soil sample

Step 6 Observe conical hills

(1) Observe brightness temperature

Observe prismy hills
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(2) Take temperature measurement

(3) Take soil sample

Step 7 Repeat step 5 and step 6 for different desired slope
conditions.

Step 8 Collect soil and close down (TMMR)

5 RESULTS AND DISCUSSION

Brightness temperatures obtained from the field experiment
were converted to effective emissivity by using Eq.(1) in
Section 2. The Dobson model (Dobson, et al., 1985) is the
dielectric models used in theoretical calculations of the
dielectric constant.

To achieve simplicity the following conventions are
followed in representing the employed microwave radiation
features: (1) the surface emissivity obtained from the

experiment are abbreviated as Ey_obs and Ejy_obs; (2) the

effective emissivity computed by relief simulation based on
AIEM are predigested as Evagpm and Eyamwm; (3) H or V
indicates the polarization of the channel with H being
horizontally polarized and V being vertically polarized.

Fig.5 shows a comparison of observation and simulation
data for prismy hills and flat field at 6.925 GHz. The
observation of the overall trend between emissivity and local
incident angle is consistent with the simulation. The simulated
model generally underestimates the values for both polariza-
tions. V polarization has a better agreement than H polarization.
For H polarization, we note an apparent disagreement between
the data sets at lower slopes (or higher local incident angles).
The degree of discrepancy increases with increasing local
incident angles. We conclude that it is not suitable for the
applications at lower slope terrain in the present simulation
based on AIEM. At the mean time, we know the discrepancy
between V and H polarization where the slope is less than 40°
is mainly resulted by much lower slopes of tiled surface (<20°).
However, we find that when we rectified surface roughness
condition the disagreement between the simulation and the
observation is obsolete. Fig. 6 shows the comparison between
simulation and observation after inputting roughness para-
meters (rms height is 1 cm, correlation length is 10 cm). The
triangles represent adjusted results at lower slopes.
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Fig.5 Results of observed data compared with simulation at C band
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Fig. 6 Comparison of observed data and simulation after roughness
regulation at C band

Surface topography also results in a rotation of the linear
polarization by a polarization rotation angle. Polarimetric ratios
are more indicative of geometric or shape properties of the
target, rather than dielectric or local illumination conditions.
Ratios are calculated using temperature units for radiometry
(Woodhouse, 2006). The ratio of vertical to horizontal signal, 7
is given by

r= T—V 6)
Ty

Ty and Ty were obtained from observing prismy hills and
conic hills. Fig. 7 demonstrates that for conic hill, polarimetric
ratio R(H, V) varies obviously according to polarization rotation
angles. But for prismy hill conversely, there is smaller degree of
change in R(H, V). Because microwave radiation of observed
facets transformed under their multi orientation with aspects of
conic hills from 0° to 360°, by contrast, prismy hills only with
one orientation observed. It can be seen polarization rotation is
affected by shape property; many kinds of terrain shape have
various polarization; the aspect change can cause polarization
rotation, therefore, shape is also one of the relief factors.
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While observing at band X (>10GHz), Fig. 8 shows the
lower accuracy of the comparison between the field data and
the simulation than that at band C. Affected by atmosphere, it
should be considered elevated surface affects emission at band
X. We also deem that the atmosphere effects for elevation can
be eliminated at band C.
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Fig. 8 Results of observed data compared with simulation at band X

6 CONCLUSIONS

Topographic effects on microwave radiation play a
significant role in modeling hill slope-scale brightness tempera-
tures. Local incident angle and polarization rotation associated
with topography both are relief variation in modeled hillslope-
scale brightness temperatures. Previous studies have reported
that the topographic contrasts in the surface states that control
emission of microwave radiation based on modeling. In this
study the topographic modeling combined with field experi-
ment in order to discuss relief effects on the basis of
measurement.

Results grounded on field experiments indicate hillslope and
higher slope angles result in both small-scale variability in
surface states and a wide range of local incident angles. Spatial
heterogeneity in the surface states affects the spatial distribution
of hillslope-scale brightness temperatures. Our field experiment
and model validation confirms that AIEM can be used to
simulate surface emission reasonably well under roughness
conditions in mountainous area. The simulation is significantly
improved if the effects of rough surface are incorporated into
the model in the case of small angles.

The geometric property of land surface affects microwave
polarizations which is denoted by polarized ratio R(H, V). By
comparing distinct shape property of piled hills, we found that
topographic shape can transfer microwave polarization, coming
into polarization rotation angles. Therefore, the shape property
in topography is one of the relief factors, like local incident
angles.

At 6.925 GHz, a transparent atmosphere for topography
makes elevation ignored in relief effects by comparing with the
observation at 10.25 GHz. We demonstrate that not all of
microwave frequencies can be the atmospheric window.

According to our study, there is about 10—15 K brightness

temperature bias, for v polarization the relief effects become
smaller and smaller with the augmentof slopes; for h
polarization, inversely with the slope change. However, we still
have problem with the error between the observation and the
topographic simulation at h polarizations, which need further
research.

Due to the limitations in our field experiment setup, it is
recommended that more field or laboratory experiments with
truly topographic be conducted to conclusively validate the
significance of the relief effect. Our future experiment will
consider topographic shadowing and whether atmospheric
effects can be ignored at lower frequency as those considered in
this paper.
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