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2 Département ITI, Telecom Bretagne, Institut TELECOM, CS 83818 - 29238 Brest Cedex 3 - France

Email: riadh.abdelfattah@supcom.rnu.tn and ziad.belhadj@supcom.rnu.tn

Commission TC VII

KEY WORDS: InSAR, Atmospheric effects, Interferograms, Signal delay.

ABSTRACT:

In this paper we discuss influence of the rain rate on SAR interferograms. Calculations of the path delay for different rain rate intensities
was made by considering a physical model for the rain drops and applying the Rayleigh approximation. The calculations do not include
estimations of the delay due to the melting layer of precipitations and due to the precipitating cloud above the melting layer since they
could be neglected. On simulated examples of interferograms considering perfectly flat areas, we show that there is a strong increase
in a propagation delay associated with rain rate and that, the rain can induce a considerable propagation delay of several centimeters.

1 INTRODUCTION: INTERFEROMETRY AND
ATMOSPHERIC EFFECTS

ERS1 and ERS2 provide 2D measurements of the earth surface
with a high resolution of 4×20 m. The phase value of every
resolution cell is defined as a superposition of the term which
corresponds to the geometric distance, a term which corresponds
to propagation effects, ψprop, and the term which represents the
scattering within the resolution cell. By creating an interfero-
gram, effectively the phases corresponding to two measurements
are subtracted from each other and if objects within resolution
cells did not move and did not change from one acquisition to
the other, the differential phase is mainly defined by the propaga-
tion effects and the difference in observation geometries. Further-
more, if a reference elevation model is available one can remove
the topographic phase component. The remaining phase would
fully be determined by the propagation through the ionosphere,
∆ψiono, and atmosphere, ∆ψatm (Zebker et al., 1994):

∆ψprop = ∆ψiono + ∆ψatm
= ∆ψiono + (∆ψhydr + ∆ψwet + ∆ψliquid)

.

(1)
Indeed, the atmospheric component in its turn depends on hydro-
static part, propagation through the dry atmosphere, wet delay,
propagation through water vapor and liquid part, caused by prop-
agation through volume filled with liquid droplets.

The hydrostatic and ionospheric parts are dominating the delay
signal, but they hardly vary over the interferogram and may easily
be removed from the rest of the signal. The wet part, caused
by propagation throw a volume filled with liquid particles, have
a stochastic spatial behavior and therefore it is more difficult to
compensate for them (Moissev et al., 2002).

In this paper we will discuss influence of rain on the atmospheric
phase delay. Calculations of the path delay for different rain rate
intensities was made by considering a physical model for the rain
drops and applying the Rayleight approximation. Then in order
to illustrate our study, some interferograms were generated and
discussed.

2 SIMULATED SIGNAL DELAY INDUCED BY THE
RAIN DROPS

2.1 The physical model

For radar applications there is a great agreement that raindrops
can be well approximated by oblate spheroids (Nelson and Gokhale,
1972) characterized by their axis ratio e. In the literature, a great
number of theoretically derived relations between the axis ratio
and the equivolume sphere diameterD were derived (Imai, 1950)
(Spilhaus, 1948). Most of these relations are describing the equi-
librium shape (shape of the rain drop in absence of perturbation).
However, the derived axis ratio from a linear fit to the wind-tunnel
data of Pruppacher and Beard (Pruppacher and Beard, 1970) rep-
resents a very useful one:

e = 1.03− 0.062×D. (2)

The Drop Size Distribution (DSD) represents the number of par-
ticles that have the same equivalent diameter and noted N(D)
located in a volume of 1m3. Based on extensive measurements,
Marshall and Palmer proposed a single-parameter negative expo-
nential relation in (Marshall and Palmer, 1948):

N(D) = 8000× exp(− ∧D), (3)

where the spherical equivalent diameter D is in mm and ∧ is the
parameter of the exponential distribution function which can be
related to the rain rate throw the following equation:

∧ = 4.1/R0.21, (4)

where R is given in mm/hr.

An other important physical parameter for the rain drops is their
complex dielectric constant since it is related to transmission, ab-
sorbtion and backscattering phenomenons. It depends principally
in the exiting wavelength (water activity) and the temperature.
Evaluated for a wavelength of 5.6 cm (which corresponds to the
ERS1/2 wavelength) and at 10◦c the dielectrical constant can be
approximated by (Marshall and Palmer, 1948):

ε ' 70 + 30i (5)
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where i =
√
−1.

2.2 Phase delay computing

It was shown in (Oguchi, 1983) that for the case of coherent prop-
agation in rain the propagation phase delay, δ in mm/km, can be
calculated as:

δ = 10−3 2π

k2

∫
Re(f(D))N(D)dD, (6)

where k is the wave number (corresponding to a wavelength of 56
mm for the case of ERS1/2) and f(D) is the forward scattering
amplitude in mm and N(D) is in mm−1m−3.

In this case f(D) can be evaluated using Rayleigh approximation
(Bringi and Chandrasekar, 2001). The scattered amplitude for h-
polarized incidence wave can be then calculated as:

f(D) =
k2

24
D3(ε− 1)Λ, (7)

where ε is the relative permittivity of water and Λ is given by:

Λ =
1

1 + λ1(e− 1)
, (8)

where

λ = 1−λ2
2

and λ2 = 1+f2

f2
(1− 1

f
tan−1(f)) , (9)

where
f = e−2 − 1. (10)

As we can conclude the expression of Re(f(D)) is very com-
plicated and cannot be used directly for deriving an analytical
expression for the phase delay related to the rain. Thus more
suitable expressions are needed.

In order to overcome this problem, we have simulated the for-
ward scattering amplitude for D ranges between 1 and 8 mm. we
have fixed the temperature at 10oc and the wavelength at 5.6 cm.
In these conditions, the value of ε can be approximated by 70 +
30j. Then, for a given value ofD, the corresponding axis ratio e is
computed using equation 2. Then, f(D) is computed using equa-
tions 3 and 5-11. From the resulting curve of the real part we can
derive a powerless relation between Re(f(D)) and D that have
the forme αDβ . Coefficients α and β are estimated by the non
linear regression algorithm. For our simulation α = 3.7× 10−4

and β = 3.02. Figure 1 shows the good agreement between the
Rayleigh approximation and the powerless one.

After replacing Re(f(D)) by its powerless expression and per-
forming some simple mathematical manipulations equation 6 be-
comes:

δ = 8λ2α∧−β

2π

∫
Dβ exp(−D)dD

= 8λ2α∧−β

2π
Γ(β)

, (11)

where Γ(·) is the gamma function.

Finally a simple expression relating the phase delay to the rain
rate can be derived using equation 4 as:

δ =
8λ2α4.1−βR0.21β

2π
Γ(β). (12)

The path delay for different rain intensities were calculated. It
should be noted that raindrop diameter is usually truncated at 8

Figure 1: Fitting Rayleigh approximation to a powerless one.

mm, since particles with a larger diameter are unstable. In Figure
2 the result of these calculations is given. It can be seen that
for high rain intensities the path delay can be as high as several
centimeters.

Figure 2: Path delay as a function of the rain rate.

3 SIMULATED INTERFEROGRAMS

Our simulation for this work consists in generating two interfero-
grams for a perfectly flat area. The first one was generated with-
out taking into consideration any rain effects and the second one
takes into a consideration a layer of rain that covers the imaged
area. Figure 3 and 4 show the considered computation geometry.

3.1 Computing geometry

In figure 3, −→B designates the baseline vector, θ the incidence
angle, T the radar swath and r1 and r2 are ranges between a
fixed point in the imaged area and the position of the radar for
the first and the second acquisition respectively. In the absence of
rain ∆ψprop depends only in r1 and r2 (Abdelfattah and Nicolas,
2002):

∆ψprop =
4π

λ
(r2 − r1). (13)

Thus, rain free interferogram can be directly generated using r1
and r2. If we consider the configuration of figure 3 and after
performing some geometrical manipulations we can deduce that:

r1 =
√
x2 + y2 +H2

r2 =
√

(x−Bx)2 + (y −By)2 + (H +Bz)2
(14)
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for

x ∈ [H tan(θ)− T
2
, H tan(θ) + T

2
]

y ∈ [−T
2
, T

2
]

Now, let consider the configuration with the presence of a rain
layer of figure 4. h designates the hight of the rain layer and r1r
and r2r are ranges between a fixed point in the imaged area and
the intersection points of r1 and r2 with the top of the rain layer
respectively. r1r and r2r corresponds exactly to the path crossed
by the radar signal throw the rain medium. Also, r1r and r2r
can be computed using some simple geometrical manipulations.
Here we avoided to give expressions of r1r and r2r for reasons
of clarity. Let R1 and R2 the rain rates corresponding to the first
and the second acquisition respectively. The phase difference due
to propagation throw the rain is then :

∆ψprop−r = r2r × δ(R2)− r1r × δ(R1). (15)

and the total phase difference, from which the rain contaminated
interferogram is computed, is:

∆ψ = ∆ψprop + ∆ψprop−r. (16)

It should be noted that these calculations do not include estima-
tions of the delay due to the melting layer of precipitations and
due to the precipitating cloud above the melting layer. However,
we expect that contribution of the melting layer is rather limited
since it occupies the limited height range (usually in the order of
few hundred meters). The precipitating cloud on the other hand
can have a rather large height range, but due to the fact that the
relative permittivity of ice is much smaller than the one of wa-
ter the contribution of the precipitating cloud to the signal delay
would be negligible.

3.2 Interferograms generation and discussion

In order to simulate interferograms we have fixed the configura-
tion parameters to be equal to the ERS 1/2 radar ones. Table 1
shows their values.

Parameter Simulation value
H 785 Km
θ 23◦

λ 56 mm
T 10 Km
−→
B [10 10 100]m
Pixel Resolution 50×50m
h 10 Km

Table 1: simulation parameters

Note that the rain was considered to be uniform, with the same
rain rate, for the hole area. Figure 5 shows resulting phase de-
lay (in cm) for different rain rates. From these results, we can
conclude that there is a strong increase in a propagation delay as-
sociated with rain rate and that, the rain can induce a considerable
propagation delay of several centimeters. Also we can verify by
these results that the rain induced phase delay presents very small
variation between the nearest and the most far point in the imaged
area. Therefor, in these conditions, the rain induced phase delay
can be considered as constant all over the imaged zone. Thus
its effect on the interferogram will be a simple translation of the
fringes. This fact is clear in figure 6 which shows the rain-free
and some rain-contaminated interferograms. As expected, inter-
ferograms for the area, considered to be perfectly flat, consists
in a succession of parallel fringes. The amount of the fringes

Figure 3: Geometry used for Insar computations for a flat area in
the absence of rain.

transition can be deduced by dividing the rain induced delay by
λ/2. For example, light rain with 5mm/hr induce a transition
of approximately half a fringe. We can easily verify this result
by comparing the rain-free and the rain-contaminated interfero-
grams.

4 CONCLUSION

In this paper we discussed the influence of the rain rate on SAR
interferograms. Calculations of the path delay for different rain
rate intensities was made by considering a physical model for the
rain drops and applying the Rayleight approximation. The calcu-
lations do not include estimations of the delay due to the melting
layer of precipitations and due to the precipitating cloud above the
melting layer since they could be neglected. Simulated examples
of interferograms considering perfectly flat areas were generated
and showed that there is a strong increase in a propagation delay
associated with rain rate and that, the rain can induce a consider-
able propagation delay of several centimeters causing translation
of interferogram’s fringes.
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(a) (b)

(c) (d)

Figure 5: Rain induced signal delay (in cm) for a rain rate of(a)5
mm/h (b) 50 mm/h (c) 100 mm/h (d) 200 mm/h.

(a) (b)

(c) (d)

Figure 6: Resulting interferograms (a) rain free (b) 5 mm/h (c) 50
mm/h (d) 100 mm/h.
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