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Abstract. This article presents a new cloud radar calibra-
tion methodology using solid reference reflectors mounted
on masts, developed during two field experiments held in
2018 and 2019 at the Site Instrumental de Recherche par
Télédétection Atmosphérique (SIRTA) atmospheric observa-
tory, located in Palaiseau, France, in the framework of the
Aerosol Clouds Trace gases Research InfraStructure version
2 (ACTRIS-2) research and innovation program.

The experimental setup includes 10 and 20 cm triangular
trihedral targets installed at the top of 10 and 20 m masts, re-
spectively. The 10 cm target is mounted on a pan-tilt motor at
the top of the 10 m mast to precisely align its boresight with
the radar beam. Sources of calibration bias and uncertainty
are identified and quantified. Specifically, this work assesses
the impact of receiver compression, temperature variations
inside the radar, frequency-dependent losses in the receiver’s
intermediate frequency (IF), clutter and experimental setup
misalignment. Setup misalignment is a source of bias, previ-
ously undocumented in the literature, that can have an impact
of the order of tenths of a decibel in calibration retrievals of
W-band radars.

A detailed analysis enabled the quantification of the im-
portance of each uncertainty source to the final cloud radar
calibration uncertainty. The dominant uncertainty source
comes from the uncharacterized reference target which
reached 2dB. Additionally, the analysis revealed that our
20 m mast setup with an approximate alignment approach is
preferred to the 10 m mast setup with the motor-driven align-
ment system. The calibration uncertainty associated with

signal-to-clutter ratio of the former is 10 times smaller than
for the latter.

Following the proposed methodology, it is possible to re-
duce the added contribution from all uncertainty terms, ex-
cluding the target characterization, down to 0.4 dB. There-
fore, this procedure should enable the achievement of cali-
bration uncertainties under 1 dB when characterized reflec-
tors are available.

Cloud radar calibration results are found to be repeat-
able when comparing results from a total of 18 independent
tests. Once calibrated, the cloud radar provides valid reflec-
tivity values when sampling midtropospheric clouds. Thus,
we conclude that the method is repeatable and robust, and
that the uncertainties are precisely characterized. The method
can be implemented under different configurations as long as
the proposed principles are respected. It could be extended
to reference reflectors held by other lifting devices such as
tethered balloons or unmanned aerial vehicles.

1 Introduction

Clouds remain, to this day, one of the major sources of un-
certainty in future climate predictions (Boucher et al., 2013;
Mpyhre et al., 2013; Miilmenstiddt and Feingold, 2018). This
arises partly from the wide range of scales involved in cloud
systems, where a knowledge of cloud microphysics, partic-
ularly cloud-aerosol interactions, is critical for predicting
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large-scale phenomena such as cloud radiative forcing or pre-
cipitation.

To address this and other related issues, the Aerosol
Clouds Trace gases Research InfraStructure (ACTRIS) is es-
tablishing a state-of-the-art ground-based observation net-
work (Pappalardo, 2018). Within this organization, the Cen-
tre for Cloud Remote Sensing (CCRES) is in charge of creat-
ing and defining calibration and quality assurance protocols
for the observation of cloud properties across the complete
network.

One of the key instruments for cloud remote sensing sta-
tions is cloud radar. Cloud radars enable retrievals of several
relevant parameters for cloud research including, but not lim-
ited to, liquid water and ice content profiles, cloud bound-
aries, cloud fraction, precipitation rate and turbulence (Fox
and Illingworth, 1997; Hogan et al., 2001; Wersted et al.,
2017; Dupont et al., 2018; Haynes et al., 2009). Additionally,
recent studies revealed the potential of cloud radars to sup-
port a better understanding of fog processes (Dupont et al.,
2012; Boers et al., 2013; Wersted et al., 2019).

Howeyver, calibration remains a crucial factor in the relia-
bility of radar-retrieved data (Ewald et al., 2019). Systematic
differences of 2 dB have already been observed, for example,
between the satellite-based radar CloudSat and the Linden-
berg microwave radar (MIRA) (Protat et al., 2009). This is a
very important issue since calibration errors as small as 1 dB
would already introduce uncertainties in liquid water and ice
content retrievals of the order of 15 %—20 % (Fox and Illing-
worth, 1997; Ewald et al., 2019).

Since the objective of the CCRES is to guarantee a net-
work of high-quality observations, it is essential to develop
standardized and repeatable calibration methods for its in-
strumental network.

This paper presents an absolute calibration method for
W-band radars. It has been developed based on results
from two experimental calibration campaigns performed at
the Site Instrumental de Recherche par Télédétection At-
mosphérique (SIRTA) atmospheric observatory located in
Palaiseau, France (Haeffelin et al., 2005). The SIRTA obser-
vatory hosts part of the ACTRIS CCRES infrastructure. For
the experiments, we used a BASTA mini W-band frequency-
modulated continuous wave (FMCW) radar with scanning
capabilities (Delanoég et al., 2016). Nevertheless, the princi-
ples, procedures and limitations presented here should be ap-
plicable for any radar with similar characteristics, even when
operating in another frequency band.

The method consists of an end-to-end calibration ap-
proach, which consists of retrieving the radar calibration co-
efficient by sampling the power reflected from a reference re-
flector mounted on top of a mast (Chandrasekar et al., 2015).
A detailed analysis of uncertainty and bias sources is per-
formed, with the objective of determining how to improve
the experiment to reach a calibration uncertainty lower than
1 dB. This low uncertainty in the calibration would not only
be useful for high-quality retrievals but would also enable the
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use of the radar as a reliable reference for calibration transfer
to other ground- or space-based cloud radars (Bergada et al.,
2001; Protat et al., 2011; Ewald et al., 2019).

The article is structured as follows: Sect. 2 presents the
equations and theoretical considerations involved in the cal-
ibration exercise. Section 3 shows the experimental setup,
complemented by Sect. 4 in which the experimental proce-
dure and data treatment are presented. Section 5 presents an
analysis of the sources of uncertainty and bias involved in
our calibration experiment. Section 6 presents the final cali-
bration results, the uncertainty budget and an analysis of the
variability in the calibration bias correction, followed by the
conclusions.

2 Equations used in radar calibration

The absolute calibration of a radar consists of determining
the radar cross section (RCS) calibration term Cr and the
radar equivalent reflectivity calibration term Cz. They en-
able the calculation of radar cross section I'(r) (RCS) or
radar equivalent reflectivity Z., respectively, from the power
backscattered by a punctual or distributed target towards the
radar (Bringi and Chandrasekar, 2001).

Equation (2a) presents an expression for the RCS cali-
bration term Cp (T, Fy) of a FMCW radar as a function of
its internal parameters. The deduction of this expression is
shown in the Supplement. G and G, are the maximum gains
of the transmitting and receiving antennas, respectively, and
are unitless. X is the wavelength of the carrier wave in meters,
and py is the power emitted by the radar in milliwatts.

The gain of solid-state components changes with varia-
tions in their temperature. Thus, we make this dependence
explicit in the receiver loss budget L (7, Fy) and in the trans-
mitter loss budget L{(T). Loss budgets are the product of all
losses divided by the gain terms at the end of the receiver or
emitter chain and are unitless.

Additionally, a range dependence is included in L. (7, Fy)
to account for variations in the receiver’s intermediate fre-
quency (IF) loss for different beat frequency Fy, values. The
beat frequency in FMCW radars is proportional to the dis-
tance between the instrument and the backscattering element
(Delanog et al., 2016). Thus, changes in the IF loss for dif-
ferent beat frequencies introduce a range-dependent bias. For
the 12.5 m resolution mode used in this calibration exercise,
Fy, ranges between 168 and 180 MHz and can be related to
(in meters) using Eq. (1).

r =500 (Fp — 168 [MHz]). (1)

In theory, Cr (T, Fy) can be calculated by characterizing
the gains and losses of every component inside the radar sys-
tem and adding them. This can be very challenging, depend-
ing on the complexity of the radar hardware and the avail-
able radio frequency analysis equipment. In addition, with
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this procedure it is not possible to quantify losses due to in-
teractions between different components, especially changes
in antenna alignment or radome degradation (Anagnostou
et al., 2001). This motivates the implementation of an end-
to-end calibration, which consists of the characterization of
the complete radar system at once by using a reference re-
flector and Eq. (2b).

L(T)L(T, Fy)(4r)?
cr<T,Fb>=101ogm( e Az; )
tYr t

['(r)=Cr(T, Fy) + 2Ly (r) +40log;o(r) + P:(r). (2b)

Equation (2b) links the calibration term Cr (T, Fy) to the
RCS I'(r) of a target at a distance r. I'(r) is expressed in
units of decibels per square meter (dBsm), Ly (r) is the atmo-
spheric attenuation between the object and the radar in deci-
bels (dB), which can be calculated using a millimeter-wave
attenuation model (e.g., Liebe, 1989). P.(r) is the power
received from the target in decibel milliwatts (dBm), and
Cr(T, F) is the RCS calibration term in dB(m 2mW~1).
The dB(m~2mW ) unit is the abbreviation of decibels ref-
erenced as 1 m~2 mW~!. The units in the RCS calibration
term compensate the radar power units, guaranteeing the re-
trieval of physical RCS values. The explicit temperature and
range dependency of the calibration term has the function of
compensating gain changes in P;(r) introduced by tempera-
ture effects and variations in the IF loss with distance.

This principle can be used in an end-to-end calibration by
installing a target with a known RCS T’y at a known distance
ro and sampling the power P;(rg) reflected back to calculate
Cr(T, Fy). However, some additional considerations must be
made to perform this retrieval.

In Eq. (2a), we state that the calibration value has a tem-
perature and a range dependency. Experimental results indi-
cate that the temperature dependency of Cr (7T, Fy) can be
approximated by a linear relationship, as shown in Eq. (3).
Here 7 is the temperature dependency term in dB°C~!, T
the internal radar temperature in °C and Tj is a reference
temperature value in degrees Celsius. More details about the
temperature correction can be found in Sect. 5.4.

The range dependence of Cr (T, Fy) is treated indepen-
dently by defining a IF loss-correction function, fir(Fy), in
decibels. This function is introduced to compensate for rel-
ative loss variations at different IF frequencies. The IF loss-
correction function is studied in Sect. 5.5.

From the aforementioned observations, we divide
Cr(T, Fp) into three components, as shown in Eq. (3).
This separation consists of a constant calibration coefficient
CIQ, in dB(m~2mW™!), and the two correction functions
n(T — Tp) and fip(Fp).

(2a)

Cr(T, Fy) = CX+n(T — To) + fir(Fy). 3)

As fir(Fp) corrects for relative variations in receiver loss
with distance, we define fir(Fp) =0 at the IF frequency
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value Fp, which is associated to the reflector position rg
(linked by Eq. 1). Using this and Egs. (2b) and (3), we obtain
Egs. (4a) and (4b).

Cr(T, Fo) = C2 + n(T — Tp) (4a)
Cr(T, Fy) =T'g —40log(rg) — 2Ly (ro) — Pr(ro). (4b)

Equation (4a) shows how the calibration term Cr (T, Fp)
at position ry is related to the calibration coefficient C 19 and
the temperature correction n(7T — Tp). Meanwhile, Eq. (4b)
indicates how experimental P;(rp) measurements can be as-
sociated with a Cr (T, Fp) value, using in situ information
to calculate 2L4(rp). Then, using Eq. (4a), we can com-
pute C IQ by subtracting the temperature correction function
n(T — Tp). This temperature correction is derived indepen-
dently in Sect. 5.4. Knowing CIQ and the temperature cor-
rection, Cr (T, Fyp) is calculated by adding the IF correction
function, which is independently retrieved in Sect. 5.5.

Once Cr(T,Fy,) is known, we can calculate the
radar equivalent reflectivity calibration term Cz(T, Fp), in
dB(mm® m—> mW~!), with Eq. (5a) (Yau and Rogers, 1996).
This relationship assumes that the radar has two identical par-
allel antennas with a Gaussian-shaped main lobe. 6 is the an-
tenna beamwidth in radians, mdr is the radar distance reso-
lution in meters, and | K| = |(e—1)/(e:+2)] is the dielectric
factor. This factor is related to the relative complex permit-
tivity €, of the scattering particles and can be calculated, for
example, using the results of Meissner and Wentz (2004).

Cz(T, Fp) enables the calculation of the radar equivalent
reflectivity Z,, in decibels relative to Z (dBZ), of a distributed
target located at a distance r by using Eq. (5b). The dBZ
unit is usually used to express radar equivalent reflectivity in
logarithmic units and is related to the linear units by 1 dBZ =
10log;o(1 mm®m~3).

8In(2)A*10'8
02w K28y
Ze(r)= Cz(T, Fy) + 2Ly (r) +20log,o(r) + P:(r). (5b)

Cz(T, Fy) = 10log, ( ) +Cr(7T,r) (5a)

3 Experimental setup

Two calibration campaigns that lasted one month each were
performed in May—June of 2018 and March—April of 2019 at
the SIRTA observatory located in Palaiseau, France (Haeffe-
lin et al., 2005). The observatory has a 500 m long grass field
in an area free of buildings, trees or other sources of clut-
ter, making it well suited to the installation of our calibration
setup, as shown in Fig. 1.

The instrument used for the calibration experiments is a
BASTA mini radar. The BASTA mini is a 95 GHz FMCW
radar with scanning capabilities and two parallel Cassegrain
antennas (Delanog et al., 2016). The antennas are separated

Atmos. Meas. Tech., 13, 6853—-6875, 2020
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Figure 1. Experimental setup for 2018 and 2019 calibration experiments. (A) Scanning BASTA mini radar located on a reinforced platform
5m above the ground. (B) A 10m mast with a 10cm triangular trihedral target mounted on a pan-tilt motor with an angular resolution
and repeatability better than 0.1 °. This mast has microwave-absorbing material wrapped around it to reduce its radar cross section (RCS;
clutter). The 10 m mast was only installed in the 2019 calibration campaign. (C) A 20 m mast with a 20 cm triangular trihedral target. The
target aiming is fixed relative to the mast. This mast was used in both 2018 and 2019 calibration campaigns. Angular separation between the

masts is enough to sample both targets without mutual interference.

by 35 cm and have a Fraunhofer far-field distance of ~ 50 m,
with a Gaussian-shaped main lobe (verified experimentally
in Sect. 5.2). Transmitted power is fixed to 500 mW and is
under constant monitoring, using a diode with an uncertainty
of &~ 0.4 dB. The diode enables the monitoring of L(T) vari-
ations, yet our experiments have shown that 7 is a better indi-
cator for capturing the variability in Cr (T, Fy). This is likely
because internal temperature changes affect both L. (T, Fy)
and L{(T) simultaneously, and therefore, the information
provided by the diode is not sufficient for capturing the be-
havior of the whole system. The results of the temperature
dependency study for our radar are shown in Sect. 5.4.

This radar also includes hardware to enable the tuning
of the carrier wave frequency within a range of ~ 1 GHz,
centered at 95 GHz. During the experiments, we fixed the
BASTA mini base frequency at 95.64 GHz to avoid any in-
terference with the other two W-band radars operating in par-
allel at the same site.

Atmos. Meas. Tech., 13, 6853-6875, 2020

Our reference targets are two triangular trihedral reflec-
tors (also known as corner reflectors) composed of three or-
thogonal triangular conducting plates. Trihedral targets have
a large RCS for their size and a low angular variability in
RCS around their boresight (Atlas, 2002; Brock and Doerry,
2009; Chandrasekar et al., 2015). One reflector has a size
parameter of 10 cm, with a maximum theoretical RCS at our
radar operation frequency of 16.30 dBsm. The other is 20 cm,
with a maximum theoretical RCS of 28.34 dBsm (Brooker,
2006). These targets were mounted on top of masts B and
C in Fig. 1, respectively. Only mast C was used in the 2018
campaign, while both were used in 2019.

To align the system, first, we aim the radar towards the
approximate position of the target. Second, we aim the target
by slowly changing the pan-tilt angles in the motor on mast B
or axially rotating the tube of mast C to maximize the power
P;(ro) measured at the radar. Third, radar aiming is tuned
around the target position until the maximum reflected power

https://doi.org/10.5194/amt-13-6853-2020
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is found. Finally, we repeat the second step, after which we
have the system ready to sample P;(rp).

It must be mentioned that this procedure does not guar-
antee a perfect alignment. In fact, it is impossible to have
every element perfectly adjusted because of limits in the
radar scanner resolution or uncertainties introduced when in-
stalling each element. Sections 4 and 5.6 explain how we deal
with these limitations.

4 Methodology

This section describes the procedure followed when per-
forming calibration experiments using the setup described
in Sect. 3. The methodology has the objective of quanti-
fying and correcting, when possible, all sources of uncer-
tainty to enable a reliable estimation of the calibration terms
Cr(T, Fy) and Cz(T, Fyp).

A challenge we found when using targets mounted on
masts to estimate Cr(7, Fp) is that the value of the tar-
get RCS I'g may vary, depending on how components are
aligned. Our studies have shown that, for the feasible align-
ment accuracy we can obtain when installing our setup, this
effect is of the order of tenths of a decibel and therefore not
negligible. Additionally, we concluded that, if we leave this
uncertainty source uncorrected, we would introduce a bias in
the calibration result (see Sect. 5.6).

The flow chart of Fig. 2 illustrates the calibration proce-
dure. To quantify the bias introduced by alignment uncer-
tainty, we decided to divide each calibration experiment into
N iterations. Each iteration consists of a system realignment,
followed by sampling of the target signal P;(rg) for at least
1 h. Then, we select the data from the contiguous hour with
the lowest variability as the iteration result.

The period chosen to perform the sampling is impor-
tant because it will have an incidence on how stable the
calibration value is. To minimize uncertainty, it is recom-
mended that calibration iterations are performed when the
atmosphere is clear, there is no rain and wind speed is under
1 ms~!. However, these requirements may change, depend-
ing on how robust is each setup to atmospheric conditions.

FMCW radars have a discrete distance resolution. Con-
sequently, power measurements vs. distance are resolved in
finite discrete points usually named gates. Because of this
resolution limitation, the power received from a point target
is spread between the gates closer to its position (Doviak and
Zrni¢, 2006). This phenomena is known as spectral leakage.
To reduce leakage, BASTA mini uses a Hann time window
(Richardson, 1978; Delanoég et al., 2016).

To correctly assess the total reflected power, we set the
radar resolution to 12.5 m (chirp bandwidth of 12 MHz) and
its integration time to 0.5 s. This resolution is high enough to
accurately identify the reference reflector signal while avoid-
ing the introduction of additional clutter from the trees lo-
cated behind the mast (see Fig. 3).
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To calculate P:(r9), we add five gates, namely the target
gate plus two before and two after the target position. Adding
more contiguous gates increases the power value by less than
0.01 dB; thus, we conclude that these five gates concentrate
almost all the power reflected back from the target.

Then P;(rp) is corrected considering compression effects
and antenna overlap losses (Sect. 5.1 and 5.2). For each cor-
rected P.(rg) sample, we proceed to calculate a single C?
value with Eq. (4a) and the temperature correction function.
This single sample is defined as CIQX to differentiate it from
the final calibration coefficient CIQ of Eq. (3). Atmospheric
attenuation L, (r¢) is calculated using in situ atmospheric ob-
servations and the model published by Liebe (1989).

The target-effective RCS I'g is calculated using a theo-
retical RCS model, considering the beam incidence angle
on the target. Echo chamber measurements have shown that
real targets of RCS can be deviated from the theoretical
value, depending on the manufacturing precision. Our cor-
ner reflectors have an angular manufacturing precision bet-
ter than 0.1°; therefore, real RCS uncertainty with respect to
the model can be roughly estimated to be approximately 2 dB
(Garthwaite et al., 2015). Once an experimental characteriza-
tion of the target becomes available, it can be used to correct
any calibration bias and to reduce uncertainty by rectifying
the value of I'g used in the calculations.

We performed one calibration experiment with six itera-
tions during the 2018 campaign using the 20 m mast. In the
2019 campaign, we did two experiments, namely one with
10 iterations, using the 10 m mast, and another with two iter-
ations on the 20 m mast (Fig. 1).

The retrieval of the temperature dependency coefficient n
and the reference temperature Tj is done simultaneously with
the calibration coefficient experiment by extending the sam-
pling period beyond 1h when using the 20 m mast. This is
done to capture the temperature effect in the variability in
CIQS by capturing a larger part of the temperature daily cy-
cle. The results of this experiment can be seen in Sect. 5.4.
Likewise, the retrieval of the IF correction function fip(Fy)
is an independent experiment based on sampling noise with
the radar to obtain the IF amplification curve of the receiver.
The details of this experiment are in Sect. 5.5.

From each iteration, we obtain a distribution of resulting
CIQS values with a small spread introduced by second-order
effects. The average value of each iteration i is named CIQI.,
and its corresponding standard deviation is named o;. With
this information, we proceed to calculate the bias-corrected
calibration coefficient CIQ by using Eq. (6). A is the bias-
correction term. The method used to calculate A relies on
simulating the probability distribution of I'g for a given set
of uncertainties in the setup parameters. More detail can be
found in Sects. 5.6 and S3 in the Supplement.

1 & -
cl = NZC% —A. (6)
i=1
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Figure 2. Summary of a complete calibration process. Each calibration requires the repetition of system realignment and sampling steps
called iterations. During each iteration, we continuously sample the power reflected from the reference target position for 1h (power cor-
rections in Sect. 5.1). The retrieval of N iterations enables the estimation of the system bias due to misalignments in the setup (Sect. 5.6).
Temperature dependency is retrieved in an independent experiment (Sect. 5.4). Uncertainty introduced by clutter signals at the target location

is also included in the total uncertainty budget (Sect. 5.3).

Equations (7a) and (7b) show the uncertainties §Cr
and 8Cz associated with the estimation of Cr (T, Fp) and
Cz(T, Fyp), respectively.

or is the uncertainty term associated with the temperature
correction function n(T — Tp).

oy is the uncertainty term associated with the IF loss cor-
rection function fip(Fyp).

The term ) oiz comes from the averaging operation in the
estimation of CIQ ; (Eq. 6). Since the C1Qi terms are corrected
using the temperature correction function, the uncertainty of
the latter must be propagated as well; hence, the term o% /N
appears.

o is the uncertainty of the bias correction calculation. It
is calculated from the standard deviation o;. This procedure
is explained in Sect. S3.

oscr is the uncertainty introduced by clutter. Clutter is the
presence of unwanted echoes, which affect our reading of

Atmos. Meas. Tech., 13, 6853-6875, 2020

P:(rg), coming from reflections on other objects in the en-
vironment. The method of quantifying the uncertainty oscr
uses a parameter named signal-to-clutter ratio (SCR), which
is explained in detail in Sect. 5.3.

or, is the uncertainty of the reference target RCS. In this
work, we use a theoretical model to calculate the target-
effective RCS, which has an uncertainty of approximately
2 dB based on the manufacturing characteristics. The inclu-
sion of an experimental characterization of the target RCS
can improve the estimation of C 19 and §Cr by reducing this
uncertainty term.

ok is the uncertainty in the estimation of the backscat-
tering particles dielectric factor. Because our objective is to
calculate the calibration term of the radar, we reference this
value to | K| = 0.86, corresponding to pure water at 5 °C, and
neglect the 6x uncertainty term. However, the value of K
and its uncertainty ox must be considered when performing

https://doi.org/10.5194/amt-13-6853-2020
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Figure 3. Mean profiles of received power for experiment 5 in 2018, using the 20 m mast (a), and experiment 1 in 2019, using the 10 m
mast (b). Standard deviation at each gate is indicated with an error bar. The gates are integrated to calculate the reference reflector, and the
backscattered power P;(rg) is marked in orange. The secondary peak of panel (b), around 400 m, corresponds to reflections on trees behind

the 10 m mast.

radar retrievals (e.g., Sassen, 1987; Liebe et al., 1989; Gaus-
siat et al., 2003).

o4 is the uncertainty introduced in the estimation of 6 and
from parallax errors and deviations from a Gaussian beam
shape (Sekelsky and Clothiaux, 2002). For this work, we
make the assumption of parallel antennas with a Gaussian
beam shape; thus, we neglect this term. This problem is dis-
cussed more in depth in Sect. 5.2.

Since both ok and oa are neglected, we obtain §Cr ~
8Cz.

LR 5,07 0 2, 2, 2
(SCF(T,Fb)ZJNz;UI-+N+GIF+0T+USCR+0A+GFO (7a)

8Cz(T, Fy) =/8CE+ 0% +03. (7b)

5 Sources of uncertainty and bias in absolute
calibration with corner reflectors

In this section, we identify and quantify the uncertainty and
bias introduced by several terms in Eq. (2b). Following the
recommendations in the work of Chandrasekar et al. (2015),
we study the impact of receiver saturation, signal-to-clutter
ratio, antenna lobe shape and antenna overlap. Additionally,
we consider the impact of temperature fluctuations inside the

https://doi.org/10.5194/amt-13-6853-2020

radar box, loss changes with distance due to uneven amplifi-
cation at the receiver’s IF and the effects of imperfect align-
ment of the reference target.

5.1 Receiver compression

It is advisable to design calibration experiments which avoid
the appearance of compression effects. If this is not possi-
ble, compression must be considered in the data treatment so
that the retrieved calibration remains valid in the receiver lin-
ear regime, where it usually operates during cloud sampling
(Scolnik, 2000).

To study how these effects could affect our calibration, we
retrieved the radar receiver power transfer curve. Receiver
characterization was done by removing the radar antennas
and connecting the emitter end to the receiver input with two
attenuators in between. The first was a 40 dB fixed attenuator,
while the second was a tunable attenuator covering the range
between 50 and 1 dB of losses. The adjustable att