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Data Format Documentation

Instrument: Micro rain radar 2" generation (MRR2), MC3E Field Campaign

The MRR2 data set is contained within daily compressed tar archives. The daily
archive is named with the following convention,

mrr_mc3e_[latitude_longitude] [date].tar.gz

where [latitude_longitude]=geographic location of instrument
(e.g., N363442.07_W0972640.90 is North 36°34°42.07” and West
97°26'40.90”)
[date] = YYYYmmDD (e.g., 20110422)

and consists of ASCII formatted files containing measurements of the received
spectral power and parameters derived from the measurements.

During MC3E the MRRZ2 was located adjacent to the NOAA S-band and UHF
profilers and Parsivel at the SGP Central Facility.

The following files are contained within the tar archive:

e “raw: (i.e., raw data or raw spectrum) raw mean spectral power received by
the radar over 10 seconds for each height step

e *pro: (i.e., processed or instantaneous data) spectral reflectivity corrected
for noise and attenuation, drop size distribution, spectral drop density,
fall velocity, attenuation, radar reflectivity, and integral rainfall
parameters (e.g., rain rate, liquid water content) derived from one raw
spectrum (methods described in Peters et al. 2005 and Peters et al.
2010)

e *ave: (i.e., averaged data) contains the same parameters as the processed
data derived except from multiple raw spectra integrated over 60
seconds

Format of each file in MRR data set:
Level 0: raw spectrum data (*.raw)
Format: ASCII

Format of each line:
SEE APPENDIX
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Level 1: processed or instantaneous data (*.pro)
Format: ASCII

Format of each line:
SEE APPENDIX

Level 2: averaged data (*.ave)
Format: ASCII

Format of each line:
SEE APPENDIX

References:
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APPENDIX

The pages included in this Appendix are taken from the MRR-2 User Manual
(METEK GmbH 2008) with expressed written consent of METEK GmbH.

METEK GmbH, 2008: MRR-2 Micro rain radar User Manual. METEK GmbH,
Elmshorn, Germany, 46 pp.
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6.3 Instantaneous and averaged data

6.3.1 Format description

Instantaneous and averaged data are archived in two separate directory struc-
tures (see chapter 7.1.2 Data Recording on page 40). Optional recording of so
called raw data, which represent the unprocessed measuring data of the
MRR-2, is only useful for special purposes.

The data format is human readable ASCII text. Each data set consists of one
line. The order of the data lines and the used identifiers are listed below:

Identifier | Meaning Unit Remark

MRR Header Line n.A.

H Height m

TF Transfer Function dimensionless

Fnn Spectral Reflectivities dB 10-log ?,, with ?,,in m”

nn from min(h) to max(h) 3

Dnn Drop Size mm Center of size class
Nnn Spectral Drop Densities m>mm’ N(Dnn) °
PIA Path Integrated Attenuation| dB
.. nn=max(h)
Z Radar Reflectivity dBZ 10 log(z'm:min(h) N(D,, )Dfn)

nn from min(h) to max(h)

z Attenuated Radar Reflec-| dBZ Z-PIA
tivity

RR Rain Rate mm h’

LWC Liquid Water Contents gm?

w Fall Velocity ms”

) See MRR-Physical Basics for details.

The measured data are displayed in lines following the header. For each
measured variable there is one line starting with a 3-character identifier of the
variable. Each line represents a profile of this variable, i.e. a function versus
height. Each data entry is 7 characters wide. Height is running from left to right

® See MRR-Physical Basics for details.
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in increments according to the chosen height resolution of the MRR. Invalid or
not calculable values are coded as 7 consecutive space characters. Space
characters-at the end of a line are omitted in order to save disk space. So
lines can have different lengths although representing the same number of
height steps.

MRR - Header Line

Entries common to instantaneous and averaged data:

The header line marks the beginning of a data set. It starts with the identifying
string "MRR", a space character and a date/time stamp.

The date/time stamp consists of 12 digits (format YYMMDDhhmmss), a

single space character and the name of the time zone. This name starts with
the string ,UTC" and is optionally followed by an offset value (format thh or
thhss).

The end of the header line shows a data quality parameter consisting of the
identifying string “MDQ”, a single space character and a 3digit number be-
tween 0 and 100. It is the percentage of valid spectra collected during the av-
eraging interval. Spectra can be invalid due to saturation of the AD converter —
caused either by extreme precipitation or by some interference.

Entries only in averaged data:

Averaging time in seconds (“AVE”), height resolution in meters (“STP”), height
of the ground level above sea level in meters (“ASL”), sampling rate (“SMP”)
of the RADAR signal in the time domain (unit: Hz), parameters for the auto-
matic noise level adjustment (“NF0” and “NF1” without unit), version number of
the MRR Service (“SVS”), version number of the MRR firmware (“DVS”), serial
number of the MRR (“DSN”) and the calibration constant (“CC”).

Each of the parameters in the header line starts with a delimiting space cha-
racter, the 3-character identifier as shown above in the parentheses and a
field of 6 characters for the numerical value (except of the serial number,
which can consist of up to 10 numeric characters between 0 and 9).
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Example (Each entry of the header line is shown in a separate line of the ta-

Micro Rain Radar MRR-2

ble) :

MRR*090612040200 The header line dates from June 12", 2009, 4:02 AM, UTC.
UTC

AVE****60 Averaging time is 60 seconds.

STP****35 Height resolution is 35 meters.

ASL***147 The radar is sited 147 meters above sea level.
SMP*12563 Sampling rate is 125,000 Hz.

NFO*1.000 Noise level 0 set to 1.000 (used only in older versions).
NF1%0.000 Noise level 1 set to 0.000 (used only in older versions).
SVS*5.20 Version number of the MRR Service is 5.20.

DVS*5.10 Version number of the MRR firmware is 5.10.
DSN*020704 Serial number of the MRR is 020704.

CC*2066000 Calibration constant is 2066000.

MDQ*100 Percentage of valid spectra is 100.

H - Height

Argument of the following data profiles corresponding to the settings de-
scribed in chapter 6.2.3, page 20, and chapter 6.2.4, page 23. The units are
meters above the radar system.

TF - Transfer Function

To each height step a value of the Transfer Function is assigned by which raw
data are divided.

Fnn with nn from 0 to 63 - FFT Spectra

Each line represents a profile of spectral reflectivity corresponding to the spec-
tral bin nn. As Fnn is corrected for the receiver noise floor negative values can
occur, if the signal to noise ratio is low. These entries cannot be presented in
the logarithmic domain and are replaced by space characters.

Dnn with nn from min(h) to max(h) - Drop Sizes

The drop size is described by the diameter of an equivolumic sphere. The
spectral bins of drop numbers are of variable width in the size domain (in con-
trast with spectral bins in the frequency- and velocity-domain). In addition, the
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widths of the size bins are slightly height dependent. Therefore the assign-
ment of frequency-bin-index nn to diameter D is listed explicitly for each bin
and height. The center of each size class is displayed.

Nnn with nn from min(h) to max(h) - Spectral Drop Densities

With the knowledge of the frequency of the Doppler-shift the calculation of the
corresponding drop fall velocity is possible (equation 1.4.3.2 in MRR Physical
Basics). Thus each FFT-line stands for a drop size interval. Chapter 2 in the
Physical Basics shows how to derive from the received spectral power the
number of drops for this drop size class, and finally — by divison through the
variable class width — the spectral drop densities.

Only a sub-set of all 64 spectral bins is considered for the calculation. The
lower (min(h)) and upper limit (max(h)) depends on the height as described in
MRR Physical Basics (Fig. 7).

In case of negative values of Fnn negative drop number densities are calcu-
lated. Although they have no physical meaning they are retained in order to
avoid statistical biases.

PIA - Path Integrated Attenuation "

The two-way Path integrated attenuation by rain drops is calculated as de-
scribed in chapter 3.2 MRR-Physical Basis and is used for correction of Nnn,
Z, RR and LWC.

z - Attenuated Radar Reflectivity?®

z is the radar reflectivity factor (see chapter 3.1 MRR-Physical Basics) without
attenuation correction

Z - Radar Reflectivityz)
Z is the radar reflectivity factor (see chapter 3.1 MRR-Physical Basics)

RR - Rain Rate”
RR is the rain rate (see chapter 3.3 MRR-Physical Basics)
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LWC - Liquid Water Content?®
LWC is the liquid water content (see equation 3.2.1 MRR-Physical Basics)

2 In case of low signal to noise ratio negative values can occur. Although they
have no physical meaning they are retained in order to avoid statistical biases.

W - Fall Velocity

W is the characteristic falling velocity.

(First Moment of the Doppler spectrum, see chapter 3.4 MRR-Physical Ba-
sics).

The width of velocity-bins can be derived from the maximum number of height
steps, the sampling rate (as shown in the header line) and the wave length of
the RADAR signal. 32 height steps and 64 lines per step are calculated. For a
sampling frequency of 125 kHz and a transmit frequency of 24.15 GHz, the
resolution of the fall velocity can be calculated as:

125kHz 1 299700 km/s
2 32-64 2-24GHz

=0.1905 m/s
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METEK Micro Rain Radar MRR-2 37

6.4 Raw data

6.4.1 Format Description

Each data block in a raw data file begins with a header line which contains
the date, the time and the time zone of the following data block. This line is
preceded by the letter T and a colon (T means time). The format of the
date/time stamp is YYMMDDhhmmss, which means year, month, day, hour,
minute and second with 2 digits each. Date, time and time zone are separated
by a space character. The header line is supplemented with the version num-
ber of the MRR firmware (following the identifier DVS), the serial number ( of
the MRR (following the identifier DSN), the calibration constant of the MRR
(following the identifier CC) and the percentage of valid spectra (following the
identifier MDQ).

The next data lines contains the measuring heights. It begins with the capital
letter M, a colon, the small letter h, two space characters, and an equals sign
(M means measured value, h means height). The following numbers (9 digits
decimal each) represent the measuring heights in meters.

The height line is followed by the line of the transfer function. It starts with the
capital character M, a colon, the capital letters T and F and one space charac-
ter. The rest of that line represents the values of the transfer function for each
height step ( 9 digits decimal each).

The line of the transfer function is followed by 64 data lines. Each one starts
with the capital character M, a colon, the small letter f, and a 2-digit number of
the spectra line (0 to 63). The rest of these lines represent the received spec-
tral signal power in engineering units for each height step (9 digits decimal
each).

The raw spectra include the receiver noise floor.
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