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Abstract
A new X-band Doppler miniradar, the CURIE radar (Canopy Urban Research on Interactions and Exchanges),
mainly adapted to low Atmospheric Boundary Layer ABL sounding has been developed at LATMOS (Laboratoire Atmosphères, Milieux, Observations Spatiales) formerly CETP (Centre d’étude des Environnements
Terrestre et Planétaires). After a brief description of the measurement conditions in a turbulent atmosphere,
the main characteristics of the new sensor are presented. As an example, we compare CURIE vertical velocity
f uctuations with UHF observations to show the vertical velocity measurement validity. As a prospective area
of application in clear air, we focus on a f rst observation of vertical velocity variance which is supposed to
be related to entrainment across the inversion layer. As our objective is to study low boundary layers during
different atmospheric conditions and since the radar works in the presence of precipitation (as all X-band
radar do), we also show vertical rain soundings in the lower part of the ABL and illustrate our f ndings with
results demonstrating comparable ref ectivity and precipitation rates as estimated with a disdrometer and with
a rain gauge.
Zusammenfassung
Ein neues X-Band-Dopppler-Miniradar, das sog. CURIE-Radar (Canopy Urban Research on Interactions
and Exchanges) wurde am LATMOS (Laboratoire Atmospheres, Milieux, Observations Spatiales), früher
CETP (Centre d’étude des Environnements Terrestre et Planétaires) entwickelt. Es ist hauptsächlich für die
Anwendung in der unteren atmosphärischen Grenzschicht vorgesehen. Nach kurzer Beschreibung der Messbedingungen in der turbulenten Atmosphäre wurden die wesentlichen Charakteristika des neuen Systems
päsentiert. Es wurden als Beispiel mit CURIE gemessene Vertikalgeschwindigkeitsf uktuationen mit UHFBeobachtungen verglichen, um die Qualität der Methode aufzuzeigen. Unter clear-air-Bedingungen konzentrieren wir uns auf die Beobachtung der Varianz der Vertikalgeschwindigkeit, von der angenommen wird,
dass sie ein Ausdruck für den Entrainment-Prozess in der Inversionsschicht ist. Bei der Untersuchung der unteren atmosphärischen Grenzschicht während unterschiedlicher atmosphärischer Bedingungen, konnten wir
auch vertikale Regenechos im unteren Teil der ABL registrieren, da das CURIE (wie alle Radars) auch bei
Niederschlägen arbeitet. Es wurden unseren Ergebnissen vergleichbare Ref exions- und Niederschlagsraten,
die mit Disdrometern und Regenmessern erhalten wurden, gegenübergestellt.

1 Introduction
Knowledge of air dynamics in the lower atmosphere is
necessary for several kinds of investigations especially
with the requirement for a f ne spatial vertical resolution
close to 20 m in the f rst 500 m of the ABL and with
a f rst level of observation as low as possible to have
at least a measurement in the surface layer. For example, pollution studies have to be connected to the UBL
(Urban Boundary Layer) and take into account the exchange processes at the top of the city itself which concerns particularly the city canopy. This zone can in principle be covered by Sodar and Lidar measurements but:
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– Sodar is not very eff cient in extremely noisy environments present in some urban areas such as the
edges of highways. Furthermore, Sodar noise itself
does not seem to be socially accepted by city inhabitants. However as shown by L ITTLE (1972), acoustic
ref ectivity (for Sodar) is larger than electromagnetic
ref ectivity (for radar) in the ABL, but this superiority does not outweigh the presence of large acoustic
noise;
– Lidar may be unable to work correctly in very low
atmospheric layers in case of too many particles and
intense low level fogs. Above typically 300 m height,
ST Radar (UHF, VHF) and Lidar are indisputably
privileged instruments.
These considerations account for an interest to develop an instrument equivalent to Sodar but not sensitive
to ambient acoustic noise and without any acoustic noise
generation. For that purpose, we have developed a new
0941-2948/2009/0377 $ 4.50
c Gebrüder Borntraeger, Berlin, Stuttgart 2009
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Table 1: Description of scientif c prototype of CURIE
Characteristic
Power
Frequency
Pulse width: – Biphase mode
– Coded mode
(Spano code)
Repetition period
Spatial resolution
Antenna Gain
Aperture

Value
70 W
9.42 Ghz
150 ns
Codes length 4, 8, 16
binary elements
0.6 µs to 4.8 µs
22.5 m
40 dBi
1.9◦

X-band Radar CURIE for Urban Canopy Research and
study of Interactions and Exchanges.
X-band was chosen because small antennas can be
used, which is convenient in an urban conf guration. The
possibility to develop a low power, less expensive radar
using a solid state transmitter system was another reason. VHF and UHF radar working in clear air are based
in principle on Bragg scattering in the inertial subrange
of small scale turbulence if turbulence is rising in the atmospheric boundary layer, see for example TATARSKII
(1961) and OTTERSTEN (1969). However, an important
question was the feasibility of clear air Bragg scattering for centimeter wavelengths in the inertial subrange,
since centimeter waves are close to the dissipation range.
Several observations (for acoustic waves) using for example 6 kHz up to 20 kHz corresponding (for Bragg
scattering) to a turbulence wavelength λT urb between
0.8 cm and 2.5 cm, have shown convincing turbulent responses since high frequency minisodars have been used
for turbulence studies, see for example C OULTER and
M ARTIN (1986) and W EILL et al. (1986).
For centimeter electromagnetic waves, Bragg sounding must be also possible, since for passive scalar like
temperature, humidity and also radio index f uctuations,
the lower scale limit of the inertial subrange (the Kolmogorov scale) in the low boundary layer, is close to
one mm, see H ILL (1989) and G IBSON (1991). The Kolmogorov length scale is indeed (ν 3 /ε)0.25 where ν is
the kinematic viscosity and ε the turbulent dissipation
rate, see K ALLISTRATOVA (1959) and M ONIN (1962).
As an example, with an air kinematic viscosity close to
1.5 10−5 m2 s−1 at 20◦ C and a turbulent dissipation rate
between 5.0 10−5 and 6.25 10−3 m2 s−3 at 50 m corresponding to typical friction velocities in the low boundary layer between 0.1 m s−1 and 0.5 m s−1 , one obtains
a Kolmogorov scale between 0.9 mm and 2.9 mm.
CURIE observations in clear air have shown that this
assumption was relevant, but it does not take into account the possible cases of low turbulence levels in
which the Kolmogorov dissipation scale can increase up
to centimeters. During these cases the CURIE signal can
be drastically reduced by viscous damping, near the dissipation range of turbulence following G OSSARD et al.
(1984).

Meteorol. Z., 18, 2009

Another important point is the minimum of turbulence
to be detected. To be very sensitive to turbulence in the
ABL, CURIE ref ectivity, in term of Cn2 , the refractive
index structure parameter, should be at least of 10−16
m−2/3 , see N EFF and C OULTER (1986).
The use of radar for precipitation analysis is of course
not innovative and Doppler radar at vertical incidence
and high power radar have already been used since
more than thirty years, see ATLAS et al. (1973). Vertically pointing, low power, very small radar specif cally
adapted for rain observations as K-band Micro Rain
Radar (MMR), L ÖFFLER -M ANG et al. (1999) and P E TERS et al. (2002) are now routinely utilized. It has to
be also noted that low power, solid state X-band radar
has been also used in the recent past in the USA for
different atmospheric uses, as done by B LUESTEIN and
U NRUH (1989) to compute wind spectra in tornadoes
and for studying other phenomena and that an X-band
radar network CASA (Collaborative Adaptive Sensing
of the Atmosphere) is also used in central Oklahoma for
monitoring and studying tornadoes and severe thunderstorms. CURIE was designed at f rst for clear air studies,
but its ability to complement clear air observations with
precipitation observations warrants to be analyzed. It is
indeed usual in boundary layer studies to look at clear
air conditions, but the boundary layer just before, during
and after rain remains an important topic for the physics
of atmospheric boundary layer.
In this paper, after the CURIE radar and data processing description in section 2, we present several observations of CURIE in section 3. The subsection 3.1 is devoted to low clear air ABL and subsection 3.2 concerns
a few results during precipitation. Some conclusions and
perspectives of CURIE use are f nally presented.

2 Radar description and data
processing
Figure 1 shows a picture of CURIE on the top of the
measurement shelter at SIRTA (Site Instrumental de
Recherche par Télédétection Atmosphérique).
CURIE is a pulse coded X-band Radar. The description of this radar is summed up in Table 1. An offset
antenna is used to minimize the effects of secondary
beams and ground clutter (f xed echoes). The orientation of this antenna is piloted by an azimuth and elevation positioning system. The received signal is amplif ed, down-converted, f ltered and then sampled at the
intermediate frequency of 60 MHz.
Signal generation (pulse modulation), digital reception, coherent integration and decoding are programmed
in a FPGA (Field Programmable Gate Array). Radial
Doppler velocity averages are then processed to provide reliable measurements from an altitude of nearly
40 m (to be improved) above ground level and its maximum range corresponding to 720 m. As a matter of fact,
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locity and the variances are estimated. The method is
applied for clear air or for precipitation.
The number of spectra in an hour depends on the chosen mode, on the repetition period and on the number
of coherent integrations. Generally we get one spectrum
every 3 seconds.
Due to different kinds of backscatter mechanisms associated with turbulence or with rain drops two types of
ref ectivity are used:
– In the presence of turbulence (Bragg scattering):
η = 0.38Cn2 λ−1/3

(2.1)

where η (m−1 ) is radar ref ectivity and Cn2 (m−2/3 )
is the refractive index structure function.
– In the presence of hydrometeors (Rayleigh scattering); see BATTAN, (1973) :
η=

π 5 |K|2
Z
λ4

(2.2)

where |K|2 is a function of the complex index of
refraction (depending on the electric properties of
water) and Z is the radar ref ectivity factor.
Figure 1: Picture of the CURIE offset antenna at the top a shelter at
the SIRTA site (Ecole Polytechnique Palaiseau, France). The antenna
is f xed to a positioning system at the left of the picture.

the maximum range can be lower depending on the chosen coded mode.
Here we use the Spano codes, i.e. the technique of
pulse compression to improve signal to noise ratio, see
S PANO and G HEBREBRHAN (1996).
The Radar processes 4096 FFT points and the number
of coherent integrations can vary to respond to signals
received from clear air or from precipitation. In clear
air, the number generally is in accordance with 300 integrations which correspond to a dwell time between
0.225 m s and 1.485 m s, which is considered to be
small compared to the coherence time of turbulence, see
K ELLERER and T OKOVININ (2007). In the ABL, coherence time is in the range between typically 10 m s and
100 m s.
During precipitation, i.e., due to the high ref ectivity
signal, coherent integrations are not necessary. CURIE
data are then analyzed using Matlab where Doppler
spectra are averaged and smoothed to discriminate and
to eliminate noise errors. The used procedures are the
following:
After averaging and smoothing the spectra, we remove
the ground clutters (in our case, they are very f ne) and
we f t a Lorentzian function that models the ground clutter (showing the same amplitude and same width at half
height).
Then, spectra are modeled and f tted with a Gaussian
function from which the spectral power, the Doppler ve-

Note that mixed cases can also occur when turbulence and precipitation Doppler spectra appear; these
can not necessarily be well separated. Other possible
mechanisms of scattering for example Mie scattering
when scatters are equal or larger than the radar wavelength, are not considered here.

3 Observations
3.1 CURIE observations in clear air
3.1.1 Clear air ref ectivity observations
CURIE Radar is located inside SIRTA (an experimental
site located at Ecole Polytechnique, Palaiseau (France)
which is dedicated to atmospheric observations with
ground based remote sensing techniques (Sodar, Lidar,
Radar and radiometers) and local meteorological observations), see http://sirta.ipsl.polytechnique.fr. Measurements were performed mainly during 3 periods in 2007;
since July 10, 2008, CURIE works continuously. The
f rst period is between March 21 and April 15, 2007, the
second period in May (∼10 days) and the last period is
during September (2 days). Raw primary data were processed and stored, using Labview, in one hour f les. Using the positioning system, CURIE can point automatically along different directions (elevation and azimuth),
but as only two days in September were available considering this horizontal wind conf guration, we present
only representative results corresponding to a vertically
pointing antenna beam conf guration.
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Figure 2: Response of CURIE in clear air at an altitude of 130 m, (a) Received Power P in dBm as a function of time, (b) Equivalent Cn2 (x
10−15 m−2/3 ) as a function of time; SIRTA on March 31, 2007; local time.

Figure 3: Estimation of the “equivalent” entrainment as a function of time on March 29, 2007 at SIRTA, at the level of the inversion level
(m2 s−3 ); local time.

Different parameters (power spectrum, Doppler velocity, standard deviation of the Doppler velocity, estimations of refractive index structure function) are calculated.
Figure 2 shows the response of CURIE in clear air.
Data were collected on March 31, 2007, at 9 am (local
time) at an altitude of 130 m. In (a) we plot the power
spectrum as a function of time. The signal remains relatively stationary up to the last 10 minutes, where the
power increases rapidly due to the initiation of precipitation. In (b), an “apparent” refractive index structure
function Cn2 was computed using equation (2.1). This
term of “apparent ref ectivity” is used since CURIE is

not calibrated, but CURIE ref ectivity is however known
at better than 3 dB, taking into account the radar equation, the antenna beam eff ciency and the radar signal
processing algorithm. In the last 10 minutes, due to the
different scattering mechanisms, Cn2 is indeed not estimated. The order of magnitude of the “apparent” Cn2
is found to be larger than 10−16 m−2/3 which is the
minimum of turbulence measurable by CURIE. Using
radiosounding close to the SIRTA, comparisons with
Cn2 were undertaken. A factor two was found between
CURIE and the radiosonde data. Though comparisons of
Cn2 from radar and estimations from radiosounding have
been published in literature and have shown good agree-
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ment, see as an example R AO et al. (2001), the comparisons cannot be used to calibrate radar but only to give
qualitative comparisons. Indeed:
4/3

Cn2 = a2 AL0 M 2 ,

(3.1)

TATARSAKII (1971) where a2 is a constant without dimension generally taken as 2.8 but known with an uncertainty of 25 %, and:
A = K/Km (1 − Ri )

(3.2)

A is a function depending on the eddy diffusion coeff cients for radio index K and momentum Km and Ri
is the Richardson number. A is supposed to be close to
one but is rather uncertain, especially upon the surface
layer. An uncertainty of 50 % on A and more can be
considered due to other diff culties to compute precisely
the Richardson number.
L0 is the outer scale of turbulence and can be parameterized as a function of the local mean wind speed,
height of observation and stability. Uncertainty on L0
can be as large as the spectral peak relative to the outer
scale and, corresponding to the initiation of the turbulence cascade, actually is often large, see H ANNA
(1968).
M depends on temperature, potential temperature,
humidity, pressure and respective potential temperature and humidity gradients. An uncertainty larger than
100 % is also possible, particularly due to the computation of the vertical gradients. It is important to remark
that parameterizations used to compute the eddy coeff cients are only well established in the surface layer,
using Monin-Obukhov similarity, see B USINGER et al.
(1971) and S TULL (1988)
It has also to be noted that the presence of bugs which
can enhance the ref ectivity, see C AMPISTRON (1975),
was not obvious in the early spring and turbulent echoes
were observed during clear winter convective situations,
when bugs are supposed to be absent or scarce.
3.1.2

A tentative procedure to determine
entrainment f ux across inversion layers

It is well known that boundary layer evolution is determined by dynamics of exchange across inversion layers
and is related to the entrainment f uxes. BALL (1960)
quoted by T ENNEKES (1973) suggested that entrainment f ux was related to vertical kinetic energy across
the inversion layer, mainly associated with buoyancy
effects. This concept was used with Sodar; see D U BOSCLARD (1980), FAIRALL (1984) and W EILL and
L EHMANN (1990). A rough estimate of entrainment f ux
Qi was proposed:
3
σw
(3.3)
h
where A was close to 1.4, see W EILL et al. (1980), (here
we use this value) and h is the height of the inversion determined from radar maximum clear air ref ectivity.

Qi = −A
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The vertical velocity variance across the inversion
layer must take into account momentum production
across the wind shear transition and buoyancy related to
negative heat f uxes at the inversion layer transition. As
wind shear has not been estimated, we cannot transform
(3.3) into entrainment f ux. Therefore (3.3) cannot be reduced to the virtual sensible heat f ux since generally
wind shear does not vanish at the inversion layer, and
the entrainment which is estimated here is the “equivalent entrainment” which can occur in the absence of
wind shear at the inversion level. In case of cloud initiation, it has to be noted that virtual temperature is used
due to humid air entrainment across the boundary layer.
This mechanism is responsible for cloud formation; see
M ATHIEU et al. (2004).
Figure 3 shows estimates of the ”equivalent” entrainment f uxes from (5), just before precipitation, with data
collected on March 29, 2007, local time. Of course,
these raw estimations of entrainment f uxes must be validated and compared to cloud parameterization and modeling with different mechanisms as suggested in M ATH IEU et al. (2004) as bulk Richardson number. Comparisons with surface f uxes should also to be carried out.
In addition, dry and humid buoyancy components due
to sensible and latent heat f uxes, respectively, must be
taken into account. Note that Figure 3 represents just a
quantity which is supposed to be proportional to entrainment and the constant A has to be determined precisely,
performing different experiments during which stable
layer height, virtual potential temperature prof les, wind
shear, and entrainment f uxes have to be determined. The
peak located at around 2 hours is associated with low
values of the inversion layer height; this observation is
not new and has already been obtained with Sodar, see
D UBOSCLARD (1980). This kind of phenomenon occurs
often in the presence of gravity waves and oscillations
associated with the inversion layers, see E YMARD and
W EILL (1979) and W EILL et al. (1987).
3.1.3 Comparison of vertical velocity f uctuations
with UHF radar
The UHF radar Deg rewind PCL1300 is used by EDF
(Electricité De France) to study the wind prof les and is
located in SIRTA near CURIE radar. Its peak power is
4 kW, and it broadcasts at a frequency close to 1.238
GHz, (λ = 24 cm). The Radar antenna is made out
of f ve panels necessary for the formation of the f ve
beams (one vertical and four oblique beams). The four
oblique antenna beams are tilted 17◦ from the vertical.
Each panel consists of a network composed of eight
antennas. The radar antenna is usually surrounded by
a fence designed to reduce ground clutter from f xed
objects close by (trees, buildings). It detects the radial
Doppler velocity within a volume resolution that has an
aperture of 8.5◦ . It provides reliable measurements from
an altitude of about 85 m above ground level, which has
been proved in campaign measurement in Lannemezan
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Figure 4: Comparison of vertical velocity f uctuations W (m/s) as a function of time on March 30, 2007 at SIRTA, between CURIE and
UHF radar; local time.

Figure 5: Comparison of ref ectivity (dBZ) between CURIE at 60 m and the LATMOS disdrometer, as a function of time (local time) during
precipitation on August 22, 2008 at SIRTA.

(South West of France), and its maximum range, that
depends on the intensity of the echoes from the atmosphere, is about 1500 to 2000 m. Note that the signal
received has been reduced using an isolating switch in
the receiver.
Data coming from this UHF radar are stored in 5
minute f les, but each f le from this radar corresponds to
moving averages (averages on 30 minutes delayed every
5 minutes).
Figure 4 shows a comparison of vertical velocity between CURIE and the UHF radar, after elimination of a
low frequency negative mean tendency associated with
each radar and of same order of magnitude. In this Figure, we plot CURIE vertical velocities f uctuations (in
dashed line) and UHF radar f uctuations as a function
of time (local time) at an altitude of 200 m. These data
were collected on March 30, 2007. The black circles correspond to cases where UHF data were not validated. We
can observe a good correspondence between these two
f uctuations. This relatively good correlation seems to
be systematic at least for concomitant observations but
mean tendencies have to be analyzed and understood.

3.2 CURIE measurement during precipitation
CURIE as an X-band radar with high resolution is very
useful to determine precipitation parameters in the lower
part of the ABL, especially on sites where rain gauge

measurements exist which is a good way to determine
the rain estimates precisely. CURIE cannot be compared
to high power radars that are used for synoptic meteorology and dynamics of precipitation, however, due to
its small maximum range (720 m) and its resolution
(22.5 m) it is adapted to analyze rain inf uence on the
low boundary layer. To calculate the rainfall rate R, the
amount of water through a horizontal section of surface
unity during a time interval, we use Z-R relationship (Z
is the radar ref ectivity factor). The most widely used ZR relationship is the Marshall-Palmer relationship, see
M ARSHALL and PALMER (1948):
Z = 200R1.6

(3.4)

This formula is available for stratiform precipitation
which was observed during our experiment, but many
other relationships available for stratiform precipitation
have been proposed in literature. In case of convective
precipitation or mixed cases with alternating stratiform
and convective precipitation (with temporary large negative vertical velocities), the application of the MarshallPalmer relationship would lead to erroneous estimations
of precipitation rates, see ATLAS et al. (1973).
Z was computed from the relationship between Z and
η, equation (2.2), in the conditions of the approximation of Rayleigh scattering. However, cases can occur
during which Rayleigh conditions are not satisf ed, cor-
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Figure 6: Comparison of Rainfall Rate R (mm/h) between CURIE at 60 m, the LATMOS disdrometer, and the rain gauge as a function of
time (local precipitation) during precipitation at SIRTA on August 22, 2008.

responding to Mie scattering (particle diameters/radar
wavelength equal or larger than one) or mixed cases in
the presence of turbulence and rain drops when simultaneously Bragg and Rayleigh scattering are suspected to
occur and Doppler spectra are diff cult to interpret, see
G OSSARD (1988).
We here present only a case of stratiform precipitation which represents what was observed during several
months at SIRTA. Accordingly, here it can be supposed
that the Rayleigh conditions are fulf lled.
It has to be noted that Z is relative to the volume of
the gate scanned by radar. The unit of Z is mm6 m−3 . In
our study we use a disdrometer developed in LATMOS,
which is an optical instrument (infrared LED used) for
measuring all types of precipitation. It enables to record
the number, the size and the velocity of raindrops hitting
the surface of the disdrometer (100 cm2 ), allowing for
the direct calculation of the ref ectivity, the rainfall rate,
the drop size distribution and so on. For more information about the disdrometer see D ELAHAYE et al. (2006).
Z is related to the number of precipitation drops N (D),
e.g. BATTAN (1973), as:
D
Zmax

N (D)D 6 dD

(3.5)

N (D)D 3 [V (D) − w]dD

(3.6)

Z=

Dmin

R can be computed using:
R=

D
Zmax
Dmin

D is the diameter of the raindrop; V (D) is the velocity
of the raindrop; w is the vertical upward component of
the wind velocity (w = 0 for ground based measurements).
It has to be noted that X-band attenuation inside precipitation events can be large and must be corrected,
see W EXLER and ATLAS (1963) and E CCLES and
M UELLER (1971). In the case of low stratiform precipitation for a path close to 200 m at 100 m height, as
considered in this study, it is negligible considering a
ref ectivity uncertainty smaller than 3 dB. As an example for a rain rate between 1 mm/h and 100 mm/h and a

mean atmospheric temperature of 18◦ C it is found to be
between 0.0012 dB and 0.34 dB.
Figure 5 shows a comparison between CURIE and
the LATMOS disdrometer data which were collected on
August 22, 2008, at the SIRTA site at Palaiseau. The
CURIE antenna was vertically pointing. We plotted the
CURIE response in a dotted line and the disdrometer response in a continuous line. We have chosen the third
gate (∼60 m) from the radar results, at a height where
far f eld conditions begin to be satisf ed. Ref ectivity is
calculated in dBZ. The results of the disdrometer and
the radar measurements show a very good agreement.
The maximum difference is in the order of 3 dBZ which
is in the range of radar ref ectivity uncertainty, but can
be also explained from the fact that the radar measurement refers to an observed volume, whereas the local
measurement refers to a surface.The absence of rain is
observed simultaneously from the radar and the surface
rain measurement.
In Figure 6, we also show a comparison between
CURIE, the LATMOS disdrometer and a classical rain
gauge (on the site) in terms of the rainfall rate R at the
same date and the same place. Here we use equation
(3.4) to compute R from CURIE, and a direct calculation is made from the disdrometer and the rain gauge
(rain gauge measurements are relative to one hour). The
disdrometer can be considered as a “ground truth” for
precipitation measurements and as a means for radar calibration, see W ILLIAMS et al. (2005) and D ELAHAYE et
al. (2006), but the nature of the two signals are different. Before any calibration of CURIE for a measurement
of the precipitation rate, we need to use a Z-R relationship corresponding to the type of precipitation as well
as to compare separately the evolution of the precipitation event and the measurement results, respectively. We
observe an agreement between the results which prove
once more that CURIE can be used as an instrument to
calculate the parameters of the respective precipitation
event. Here the maximum difference between the results
of CURIE and the disdrometer is on the order of 3 mm/h
due to the same reason as with respect to the ref ectivity.
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4 Conclusion
CURIE is a prototype which needs improvement, and its
validation is ongoing. It appears to be well suited to “urban micrometeorology”. Data collected with this small
radar during precipitation events were also very encouraging since the precipitation rate in the low boundary layer part as estimated from the vertically pointing
CURIE radar corresponds very well to the precipitation
rate as measured with a disdrometer. The disdrometer
is a useful instrument for precipitation radar calibration; see M CFARQUHAR and L IST (1993). This radar
has been designed for low atmospheric boundary layer
prof ling. In this paper, we have only presented f rst interesting observations in clear air and in precipitation:
– Turbulence observation in the boundary layer, Cn2
evaluation f uctuations. This observation shows that
the sensitivity of CURIE is as expected, but systematic comparisons during different atmospheric conditions with independent estimations remain fundamental to understand if the turbulence response corresponds to inertial turbulence.
Particularly for Cn2 estimations, comparisons have already been undertaken using radiosounding, but if
measured Cn2 does not generally differ by a factor
2 from CURIE estimates, we cannot consider this
a real calibration method. According to literature,
the validation of parameterizations with respect to
the atmospheric surface layer has to meet higher requirements, since the eddy coeff cients and the external scale of turbulence are not measured but only
estimated. Systematic comparisons with other clear
air radar systems as done by L OTHON et al. (2002)
would give a good indication on the Cn2 validity and
representativeness, but the best method would be the
use of systematic comparisons of Cn2 measurements
using airborne measurements or a tethered balloon
borne microwave refractometer, see G JESSING et al.
(1973). An interesting perspective for calibration and
analysis would be using a boundary layer virtual
radar simulator as done by S CIPION et al. (2008) using an LES (Large Eddy Simulation). This justif es:
– undertaking a dedicated Boundary Layer f eld experiment to initiate external atmospheric parameters
for the model forcing.
– incorporating a typical CURIE radar signal (taking
into account of all the radar processes and parameters) in the LES and to compute as an output the
boundary layer parameters.
– comparing output parameters as Cn2 to the CURIE
output for validation.
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– A preliminary evaluation of a dynamic parameter related to entrainment across a stable layer just before
cloud evolution toward precipitation has been undertaken.
More work has to be carried out to determine the
consistency of this parameter to infer buoyancy f ux
across the inversion layer as done with Sodar by
D UBOSCLARD (1980).
This type of analysis is necessary since we have to
take into account that CURIE can be applied to clear
air physics as well as to precipitation physics in the
ABL.
– A comparison of vertical velocity f uctuations with
UHF Radar.
It shows good agreement with the measured variables, but going further into scatter mechanisms at
different wavelengths is necessary to explain the differences.
– Comparisons of the precipitation rate as obtained
with CURIE and with a disdrometer.
The relevant comparisons between precipitation rates
justify the use of CURIE for urban hydrology when rain
gauges are diff cult to be used due particularly to building effects. CURIE can also document the modif cation
of the boundary layer due to precipitation in case of
drops evaporation or condensation in the low ABL.
Combining precipitation measurements from the radar
and external measurements from disdrometers could
also help in the radar calibration, but it requires systematic disdrometer measurements and has to be based
on the hypothesis that disdrometer ref ectivity estimates
correspond to a ground truth. This is probably not always the case considering differences from radar ref ectivity which gives information on an observed volume
whereas disdrometers measure the local precipitation on
a surface.
Different works are in progress to validate extensively
the instrument:
– Systematic validation of CURIE during different
ABL conditions and particularly horizontal wind
measurement.
– Precipitation analysis.
– Discrimination of turbulence in the presence of precipitation.
We have only described a few examples for the results as obtained with a vertically pointing antenna, but
in the future the orientation capabilities of CURIE will
be used for horizontal wind prof ling. For that purpose,
real time processing will be improved using fast response relevant operational algorithms since real time
data processing is not operational. While CURIE is designed for the application in urban micrometeorology,
CURIE has also some potential to be used in the MABL
(Marine Boundary Layer).
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