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General Overview

This dataset description document provides infoiondor the CDS dataset
cesar_tara_measurements_lal_t00_v1.0.

TARA is the TU Delft transportable atmospheric nataat is located at the remote
sensing site of the Cabauw Experimental Site fan@¥pheric Research (CESAR).
TARA is a polarimetric S-band (3.298 GHz, horizdfvertical polarisations) FMCW
radar developed at Delft University of Technolo@gside the main beam with po-
larimetric measurement capabilities, TARA has tffsat beams at vertical polarisa-
tion pointing with an offset of 15deg with respézxtthe main beam. Its antennas are
pointing at a fixed elevation of usually 45deg &d&g (main beam) providing time-
height indicators with an observation range of &t a range resolution of usually
30 m. The radar transmits linear frequency moddlateeeps alternately at horizontal
and vertical polarisation for the main beam, anddr frequency modulated sweeps at
vertical polarisation for the two offset beams. Haekscattered signal is received by
a one-channel receiver either from the main beasrizbntal or vertical polarisation)
or by one of the two offset beams.

Figurel: TARA (right) at the remote sensing site at Cabanext to the KNMI 35GHz vertically
pointing cloud radar (left).

The central frequency of 3.298 GHz combined withs#éve receivers with a good

dynamic range and the possibility to adjust the groef the transmitted signal, permit
TARA to monitor echoes from refractive index vaoats (due to atmospheric

changes in temperature and humidity), ice particléthin ice and mixed-phase

clouds, and rain. Thanks to Doppler measurementiseothree beams, the horizontal
wind speed and direction, and the vertical Dopptdocity can be estimated at high
temporal and spatial resolution.

This dataset contains thiene-height indicators of the main beam reflectivity (dBZ),
the estimatethorizontal wind speed and direction, and thevertical Doppler velocity.
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Deployment Locations and History

TARA is a transportable radar system usually latattthe CESAR remote sensing
site (as depicted on Figure 1).

April 2000 TARA is operational
Summer 2007 TARA at COPS measurement campaigrk(fdaest, Germany)
2011 Upgrade of TARA's control and processing unit

January 2012 TARA is operational again with stdtéhe-art real-time data
processing and real-time estimation of the 3D Wieldl

Aug-Nov 2012 TARA at HYMEX campaign (near Montpelli France)
November 2012 TARA back at CESAR



Near-Real-Time Data Plots

Near-real-time data plots of TARA measurementshmafound online at:
http://ftp.tudelft.nl/TUDelft/irctr-rse/tara/

TARA's near-real-time plots are updated every nmenut



Data Description and Examples

Figure 2 shows time-height indicators for one d291@, June 18) of TARA meas-
urements. Shown are all the parameters that aredsito the CESAR database, i.e. the
main beam reflectivity (Figure 2a), and the estedaB8D winds (Figure 2b-d). The
main beam reflectivity in linear units (nfrm*) is proportional to the backscattered

and received power. Using empirically derived ZeRations, the rain rate might be
directly inferred from the reflectivity.
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Figure 2: Example of a TARA measurement (time-height indicsit
The dataset contains the time-height indicatorallyswith a time resolution of about

3s and a height resolution of approximately 30mirregular intervals, data might be
missing which usually indicates that TARA was n@&asuring.

Data File Contents

Table 1 summarises the dimensions, global attrifyuiaad variables contained in the
dataset. Additional information about the dimensiand variables can also be found
directly in the dataset within the correspondimgs andcomment attributes.



Table 1. Data file contents.

Dimensions Description
scalar dimension used for scalar variables
time time dimension
range_hin range bin dimension (count)

measurement interval

indicates how often a TARA measurement was stopp
and restarted, possibly with a change in the measent
specifications (resolution, sensitivity, elevatite.)

range_# interval

main beam slant range (m) per measurement interval

height_# interval

height axis (m) per measurement interval

Attributes

Description

global attributes

as specified by [2]

Primary variables

Description

equivalent_reflectivity_factor

the main beam equivalent reflectivity factor atihontal
polarisationZ, (dBZ)

vertical velocity

estimated vertical mean Doppler velocity () s

horizontal_wind_speed

estimated horizontal wind speed () s

horizontal_wind_direction

estimated horizontal wind direction (degree measkure
clockwise from the Geographic North Pole)

Secondary variables

Description

contains a copy of the dataset metadata, for nmboe- i

iso_dataset X
- mation refer to [2]
contains a copy of the product metadata, for nfica-
product X
mation refer to [2]
station details contains metadata describing station details,

for more information refer to [2]

radar_sensitivity

tx_attenuation

At 100% sensitivity, the radar is able to detedtoss
due to atmospheric refractive index variations,and
mixed-phase clouds and precipitation. Sensitivalues
below 100% are a result of the optimisation of rdmar
dynamic range for the measurement of precipitadiach
strong cloud echoes. The radar sensitivity is tyeae-
lated to <tx_attenuation>.

measurement_intervals

indicating which range / height dimension is taused at
a specific acquisition time

range_resolution

the resolution along slant range (m)

height_resolution

height resolution (m)

radiation_wavelength

TARA'’s wavelength (m)

frequency_excursion

frequency excursion of the transmitted linear cliip)

sweep_time

sweep time of the transmitted linear chirp (ms)

NDop

number of sweeps that are averaged for the caicnlat
the Doppler spectra

elevation_main_beam

elevation of TARA'’s main beam (degree from ground

longitude, latitude, altitude

TARA's position




Primary Variables and Expected Uncertainty

The main beam equivalent reflectivity factor at ihontal polarisationequiva-
lent_reflectivity_factor in the logarithmic unitdBZ, i.e. normalised with respect to
1 mnf-m*. To illustrate this, one spherical raindrop witdiameter of 1 mm per cu-
bic metre would produce a reflectivity of 0 dBZ.

The expected measurement uncertainty of the refigcts +1 dB over the receiver

dynamic range. In this context, the uncertaintyldigs the probable maximum devia-
tion of the measured value from the true value iwitlh 95% confidence interval. It
must be stressed that further aspects may deteeritima quality of the reflectivity

measurements. Those are outlined in the chaptdn“Qaality”.

The estimated 3D winds rely on the homogeneityhefrhnedium sensed by TARA’s
three beams. Therefore, in case of a fast evolmegeorological event (convective
situations), especially the estimated horizontaldwelocity might show some non-
physical variations. In those situations, the hmrtal wind should be averaged with a
time window of about 10min.

In case of small horizontal wind velocities (< 1si), the estimation of the horizontal
wind direction can be erroneous.

Quicklook

The CESAR database quicklook shows the main bed#ectigity as a time-height
indicator for the full day. An example is showrFigure 3.

TARA_measurements_and_wind_retrievals_20120607.nc
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Figure 3: Example of a quicklook.

Time intervals where TARA is not measuring are geeyut. Vertical dotted black
lines indicate when TARA was stopped and restaitedwhen the measurement in-
terval changed and possibly also the measuremeatifisptions (sensitivity,
range/height resolutions, antenna elevation etc.).



Data Quality

The raw data streams of TARA are processed intmaa-by the radar control com-
puter. Clutter is suppressed as good as possillleoaly meteorological echoes are
retained in the data. Data quality flags are atrtftenent not provided by this data
processing. Thus, users of this dataset must beeawfathe following issues that
might deteriorate the measurements.

Receiver Saturation

When the received echo exceeds the dynamic rangfeeaadar receiver, saturation
occurs. TARA is equipped with an attenuator to cedilne transmitted power in these
cases. However, this attenuator is controlled midnubhus, the data might include
receiver saturation effects that due to the nadfiee FMCW radar results in a smear-
ing effect in range. The 3D wind retrievals miglet éffected by strong receiver satu-
ration.
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Figure 4: The effect of receiver saturation on reflectivitgasurements from 5:00-7:00UTC.

Figure 4 shows receiver saturation from 5:00-7:0QUVisible by the weak echoes at
heights above 10km, whereas the precipitation hedckud extends only up to 9km.
At around 7:00UTC, the radar was stopped and testavith a dynamic range opti-
mised for the measurement of precipitation (lowansmit power and therefore lower
sensitivity). The echoes due to saturation at tieighove 10km disappear. But due to
the lower sensitivity, also parts of the cloud modonger detectable by TARA.



Instrument Details

Detailed Description
For a detailed description of TARA, the readerierred to [i] and [ii].

The synchronisation of the system is provided IBPs5 timing unit. This GPS timing
unit is also used to provide an accurate time stuiC) for the processed data.



Specifications
Table2: Specifications of TARA.

Parameter Value

latitude 51.96794 deg North

longitude 4.92935 deg East

height above sea-level 0 m asl.
solid-state amplifiers, modulation

transmitter achieved by a direct digital
synthesiser
linear horizontal, linear vertical for

polarisation on transmit the main beam, linear vertical for
the offset beams

frequency modulation on transmit sawtooth

receiver one channel receiver

15 km in standard mode (depending

maximum range e
on the measurement specifications)

cross-polarisation isolation <-30dB
Par ameter Symbol Value
central frequency fe 3.298 GHz

frequency excursion, the correspondi Y ¢

range resolution is c/(&f) arbitrary, usually 5 MHz

sweep time AT arbitrary, usually 0.5ms
transmitted power P maximum 36W
antenna half-power beamwidth, Tx 6 2.1°

antenna half-power beamwidth, Rx | 6; 2.1°
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Theory of Operation

TARA employs the frequency-modulated continuous evaadar principle, i.e. the
radars is transmitting and receiving at the same.tiThe frequency of transmitted
signal is sawtooth modulated. The backscatteredreceived echo is shifted in fre-
guency with respect to the transmitted signal. Tigguency shift, called the beat fre-
qguency, is directly related to the range of theoech

The beat frequency is evaluated by mixing the tratted signal with the received

signal. Subsequently, a Fourier analysis is peréafrto separate the contributions
from different range bins. The radar equation fistributed targets is then applied to
calculate the reflectivity of each range bin.

Calibration

Before each measurement, a noise measurementeis {alansmitter switched off),
and the received noise power is compared to theretieally expected noise power.
The radar constant is adjusted each time suchdhatved noise power and expected
noise power are the same.

Operation and Maintenance

More information about the operation and the maiatee of TARA are available as
internal documentation at TU Delft.
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Glossary and Acronyms

CDS CESAR database system

CESAR Cabauw experimental site for atmosphericarese

DDD dataset description document

DDS direct digital synthesizer

FMCW frequency-modulated continuous-wave

GPS global positioning system

IRCTR International Research Centre for Telecomwations and Radar of
the Delft University of Technology

MDD metadata description document

S-band electromagnetic frequency band from 2 GHzGHz

TARA transportable atmospheric radar
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