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1 Introduction

1.1 Context and summary

This report documents the data collected by the EPFL-LTE network of disdrometers.
The network of 16 disdrometers has been deployed over EPFL campus in Lausanne,
Switzerland, for about 16 months from March 2009 to July 2010.

The next section (1.2) is presenting the disdrometer used to build this network
while Section 1.3 describes the EPFL_2009-2010 campaign during which the data
have been collected. Sections 2 and 3 document the access to the data set and
the �le format, respectively. The two types of data �les available are described in
Sections 4 and 5. Finally, a summary of the available R [R Development Core Team,
2011] functions related to the network is presented in Section 6.

The reader is kindly invited to pay attention to the paragraph `Citation' in
Section 7 which presents the citation policy when using this data set.

1.2 Parsivel rationale

Parsivel (manufactured by OTT Hydromet, Germany) is an optical disdrometer with
a horizontal laser beam of 54 cm2 providing DSD measurements as well as informa-
tion about quantities derived from the DSD (for example the rain rate R and the
radar re�ectivity factor Z) and information about the type of precipitation. Fig-
ure 1 presents Parsivel disdrometer (1st generation) for illustration. When a particle

Figure 1: A picture of the 1st generation of Parsivel optical disdrometer (from Jaf-
frain et al. [2011]).

crosses the laser beam, the attenuation in the received voltage and the time for the
particle to leave the beam are used to estimate the equivolumetric drop diameter
D and the terminal fall speed v of the drop. The particle diameter is calculated
from the maximum shadowed area which is related to the maximum output voltage
attenuation, assuming the shape of the particle is known. Because drops larger than
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1 mm are not spherical, the calculation of the equivolumetric diameter is based on
di�erent axis ratio (vertical/horizontal axis) relationships. Drops smaller than 1 mm
are assumed to be spherical (axis ratio = 1) contrary to particles with a diameter
larger than 5 mm for which the axis ratio is set to 0.7. For drops between 1 and
5 mm, the axis ratio varies linearly from 1 to 0.7. Parsivel retrieval rationale is de-
scribed in details in Battaglia et al. [2010]. The estimated size and fall speed of the
particles are stored in a 32 × 32 matrix corresponding to 32 non-equidistant classes
of diameter (from 0 to 25 mm) and 32 non-equidistant classes of fall speed (from 0
to 22.4 m s-1). All drops in a given class are assigned the values corresponding to the
center of the size and velocity classes. Due to their low signal-to-noise ratio, the �rst
two classes of diameter (0.062 and 0.187 mm) are always empty. Therefore, sampled
diameters start at the lower bound of the third class, i.e., 0.25 mm. According to
Lö�er-Mang and Joss [2000] and Battaglia et al. [2010], taking into account margin
fallers (i.e., particles partly detected), the e�ective sampling area of Parsivel can be
estimated as a function of drop diameter:

Seff (Di) = L×
(
W − Di

2

)
(1)

where L and W are respectively the length (180 mm) and the width (30 mm)
of the laser beam and Di is the center of the ith diameter class. For calculation of
drops concentration from raw spectrum (i.e., drop counts), the e�ective sampling
area Seff should be used.

1.3 The campaign

This section provides useful information concerning the data collected during the
EPFL-2009-2010 campaign. The reader is referred to Ja�rain et al. [2011] for further
information on the network architecture and data acquisition.

1.3.1 Data collection

The data have been collected during a 16-month �eld campaign (from March 2009
to June 2010) that corresponds to the period for which all the network (16 stations)
was collecting data. As the stations have not been all deployed at the same time,
additional data are available before March 2009 and after June 2010. Table 1 below
summarizes the operational period for each station of the network.
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Table 1: Period during which each station was collecting data .
Station ID From [UTC] To [UTC]

10 2008-12-15 12:26:00 2010-09-28 23:59:30
11 2008-12-15 12:26:00 2010-09-28 23:59:30
12 2008-12-15 12:26:00 2010-09-28 23:59:30
13 2008-12-15 12:26:00 2010-09-23 13:28:00
20 2008-12-18 14:13:00 2010-09-17 10:49:00
21 2008-12-18 14:13:00 2010-09-17 10:49:00
22 2008-12-18 14:13:00 2010-09-17 10:49:00
23 2009-02-25 15:19:00 2010-07-09 23:47:00
30 2009-03-20 14:36:00 2010-09-26 23:59:30
31 2009-03-23 14:44:00 2010-09-26 23:59:30
32 2009-03-23 14:44:00 2010-09-26 23:59:30
33 2009-03-20 14:36:00 2010-09-26 23:59:30
40 2008-12-12 16:06:00 2010-09-29 23:59:30
41 2008-12-12 16:06:00 2010-07-07 23:59:30
42 2008-12-12 16:06:00 2010-07-07 23:59:30
43 2008-11-26 09:14:00 2010-09-17 23:59:30

1.3.2 Sampling resolution

When this campaign was initiated, the network was sampling at a 20-s temporal
resolution. Due to technical limitation when the GPRS component was implemented
on the network, the sampling resolution was changed to 30 s. This technical upgrade,
that happens the 30th of July 2009, should be taken into account (only) if the reader
is working with raw data �les (�les at the original temporal resolution as provided
by Parsivel, see Section 3 for further details).
Independently of the instrument considered, the temporal resolution of raw data

�les is:

• 20 s: up to the 29th of July 2009, 23:59:40 [UTC].

• 30 s: from the 30th of July 2009, 00:00:00 [UTC].

1.3.3 Spatial distribution

During this campaign, the 16 disdrometers have been deployed over EPFL campus
in Lausanne, Switzerland. To avoid human disturbances, the instruments have been
installed on the roofs of EPFL buildings, far enough from the edges in order to
prevent from possible wind disturbances induced by the edges. Table 2 hereafter
provides the geographic coordinates of the 16 stations of the network. Two types of
coordinates are available:

• WGS84 : Conventional geographic coordinates in the WGS84 system express
in decimal degrees.

• MN03 : Swiss coordinates with the origin in Bern (E=600000 m, N=200000 m).
The coordinates are expressed in m.
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The geographic coordinates have been measured with a Garmin GPS (model Dakota
20) in the WGS84 system and then converted into Swiss coordinates using the online
NAVREF projection tool provided by the Swiss institute for topography (see http:
//www.swisstopo.admin.ch/internet/swisstopo/fr/home/apps/calc/navref.html).
It should be noted that the altitude is supposed constant (400 m) for all the stations.

Table 2: Geographic coordinates of the instruments during the EPFL 2009-2010
campaign.
Station ID WGS84 Lat [N o] WGS84 Lon [E o] MN03 East [m] MN03 North [m]

10 46.520500 6.565200 532977 152507
11 46.520433 6.562833 532795 152502
12 46.521900 6.565183 532977 152663
13 46.521267 6.566767 533098 152591
20 46.519800 6.570500 533383 152425
21 46.519583 6.572317 533522 152399
22 46.521200 6.572583 533544 152579
23 46.520533 6.571100 533429 152506
30 46.518333 6.563933 532877 152267
31 46.519650 6.563900 532876 152414
32 46.518700 6.562733 532785 152309
33 46.517633 6.564583 532926 152189
40 46.521017 6.569733 533325 152561
41 46.519500 6.567883 533181 152394
42 46.520600 6.567850 533180 152516
43 46.521400 6.567867 533182 152605

1.4 List of precipitation events

A list of precipitation events that have been collected during this 16-month campaign
is provided with the data. However, it should be noted that this list of precipitation
events (.ods or .xls) has been generated automatically from the disdrometer data
in order to help the user to select and identify rainfall events. It is indicative and
based on the following conditions:

• The minimum duration of a precipitation event is 15 min.

• The minimum rain amount collected during the event should be larger or equal
to 1 mm.

• Two consecutive precipitation events should be separated by a dry period of
at least 15 min.

• The starting and ending time provided in the list is not the �rst and last wet
time step. The provided timing take into account a surrounding period of
10 min (start=1st time step wet - 10 min, end=last time step wet + 10 min)
in order to be sure to catch the whole precipitation event.
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• Station(s) with more than 20% of missing measurements are considered as not
providing data for the considered event.

The �le containing this list is named 'Precip_Events_Network_2009-2010 '. The
columns present the characteristics and statistics associated with each precipitation
event (1 event per line), and are organized as follow:

1. Evt #: identi�cation number of the event.

2. Stations : a cross indicates that the associated station has collected data (less
than 20% of missing measurements) during the considered event. On the other
hand, a grey background indicates more than 20% of missing measurements.

3. Peak mean R: peak rain rate [mm h-1] averaged over the network (available
stations).

4. Mean amount : averaged rain amount collected over the network.

5. Max R: maximum peak rain rate recorded by a single station.

6. Sta Max R: station ID that has recorded the maximum peak rain rate.

7. Max Ra: maximum rain amount recorded by a single station during the event.

8. Sta Max Ra: station ID that has recorded the maximum rain amount.

9. Predominant precip type: predominant type of precipitation recorded during
the event. The associated % gives the percentage of measurements that were
of this type of precipitation.

2 Data �le access

The data are accessible through a NASA server at ftp://gpm.nsstc.nasa.gov/

gpm_validation/related_projects/epfl/:

• The directory �Library" contains the R routines detailed in Section 6.

• The directory �Data" contains the DSD date described in Section 4 and 5.

• The directory �Doc" contains the documentation associated with the data set.

3 Data �le architecture

3.1 Types of �le

Two types of �le are available for this campaign:

• Raw data: these are the original data �les as provided by Parsivel according
to our set up. The sampling resolution depends of the period of interest (20
or 30 s, see Section 1.3.2 for further details). This type of �le is presented in
details in Section 4.
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• Filtered volumic DSD : it corresponds to data �les created from the original
ones (raw data) providing the volumic DSD [m-3 mm-1] with a preliminary
�ltering process. The sampling resolution is 60 s. Further information is
provided in Section 5.

3.2 File compression

In order to share these data and to ease �le transfer, all the data �les have been
compressed using GZip. The associated �le extension is '.gz '. More info is available
at http://www.gzip.org/. It is a multi-platform �le compressor. Nevertheless,
additional �le compressors manage '.gz ' format (such as WinRar for instance).

3.3 File nomenclature

Independently of the type of �le, the data set consists of daily data �les with mea-
surements collected from 00:00:00 [UTC] of the day of interest to the last time step
before midnight of the next day (for instance, 23:59:30 at a 30-s temporal resolution).

The �les are organized according to the station identi�cation numbers (2 digits
number) and the collecting date in the format Year (4 digits), month (2 digits)
and day (2 digits). File names are starting with the pre�x ("DSDraw-") for raw
DSD �les and the pre�x ("DSD�lt-") for �ltered DSD �les. For example, the �le
'DSDraw-10_ascii_20110115.dat ' corresponds to the raw data collected by station
10 for the 15th (15 ) of January (01 ) 2011 (2011 ) from 00:00:00 [UTC] to the last
time step before midnight of the next day (for instance, 23:59:30 at a 30-s temporal
resolution).

3.4 File format

After the decompression process, the �le has the extension '.dat ' for raw data �les
and '.txt ' for volumic DSD �les. Both types of �le correspond to data in ascii format.
Each measurement corresponds to a new line in which each measured parameter is
provided between quotation marks ("). The di�erent parameters are separated by
commas. No header is present for raw data �les (the �rst line corresponds to the
�rst measurement) contrary to DSD�lt- �les.

3.5 Summary

Table 3: Caracteristics of each type of �le.
Raw data Filtered DSD

Compressed (.gz ) yes yes
File name pre�x �DSDraw-" �DSD�lt-"
File name base "ID_ascii_YYYYMMDD" "ID_ascii_YYYYMMDD"
File extension .dat .txt

Header No Yes
Temporal resolution 20 or 30 s 60 s
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Table 3 legend:

ID: station identi�cation number (2 digits)

YYYY: Year at a 4 digits format

MM: Month at a 2 digits format

DD: Day at a 2 digits format

4 Raw data

This section presents all the parameters available in the raw data (i.e., directly
provided by the instrument according to our setup) collected by EPFL-LTE
Parsivels. The �les are provided at the original temporal resolution (20 or 30 s). All
the di�erent parameters are summarized in the table below.

Table 4: List of parameters available in EPFL-LTE Parsivel data.
Position Parameter Format Units

01 Date and Time YYYY-MM-DD hh:mm:ss UTC
02 Record number - -
03 Logger temperature - oC
04 Logger voltage - V
05 Parsivel rain rate - mm h-1

06 Parsivel rain amount - mm
07 Precipitation code 4680 - -
08 Precipitation code 4677 - -
09 Parsivel radar re�ectivity - dBZ
10 Visibility in the precipitation - m
11 Laser amplitude - -
12 Number of particles detected - -
13 Parsivel temperature - oC
14 Parsivel heating current - A
15 Parsivel voltage - V
16 Parsivel status - -
17 Absolute amount - ?
18 Transmit time - -
19 Field N Vector of 32 values m-3 mm-1

20 Field v Vector of 32 values ?
21 Raw data Vector of 1024 values -
22 Communication error - -

4.1 Parsivel precipitation codes (parameters # 07-08)

Parsivel classi�es precipitation according to 8 types. The classi�cation is based
on a velocity-diameter relationships (see Lö�er-Mang and Joss [2000] for details).
Appendix A presents the list of the di�erent precipitation codes.
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4.2 Parsivel status (parameter # 16)

Parsivel disdrometer provides at each measurements a code (parameter # 16) that
evaluate the quality of the measurement according to the status of the optics. Fig-
ure 2 presents the di�erent status of the sensor as provided by the manufacturer.

Figure 2: Parsivel status as provided by the manufacturer (p. 36 of the manual).

4.3 Field N (parameter # 19)

Parsivel disdrometer is providing a large number of parameters related to the rain-
drop size distribution (denoted hereafter DSD). One of these corresponding to line
90 in the data telegram, is called Field N. It corresponds to the logarithm (base
10) of the concentration of drops according to the 32 Parsivel diameter classes.
Consequently, the associated units are [m-3 mm-1]. This logarithm conversion was
implemented by the manufacturer in order to reduce the size of data �les generated
by Parsivel (drop concentration values can be very high). The following conversion
is required to back-transformed Parsivel outputs into a concentration of raindrops:

NFieldN(D) = 10FieldNParsivel (2)

The default value provided by Parsivel when no drops are recorded in the diame-
ter class of interest is -9.999 corresponding to a concentration of drops near zero
(10-9.999).

4.4 Field V (parameter # 20)

Parsivel disdrometer is as well providing a parameter called Field V corresponding
to the line 91 of the data telegram. It is still not clear what this parameter is. It
is supposed to be a weighted terminal fall speed according to each drop diameter
classes.
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4.5 Raw spectrum (parameter # 21)

A clear advantage of Parsivel disdrometer is the possible access to the DSD raw
data in the line 93 of the telegram. It corresponds to the 32×32 drop counts (=1024
values) and is consequently unit-less. It has to be noticed that the 1024 values are
ordered according to the diameter classes. In other words, the �rst 32 values corre-
spond to the 32 drop diameters and the �rst fall velocity. Similarly, the 33rd value
corresponds to the the number of drops with a diameter D = D1 and a fall speed
V = V2.

The 32 diameter and velocity classes are presented in Appendix B and
C respectively.

5 "DSD�lt-" �les

5.1 File format

To distinguish this type of �les from the raw data ones, the associated �le names are
starting with a pre�x (DSD�lt-). The remaining part of the �le name is similar to
the raw data �les and consists of (in this order): the 2-digit identi�cation number
of the station, "_ascii_", the date of the data �le with the format YYYYMMDD,
and the extension ".txt" (uncompressed data, see Section 3).

Contrary to the raw data �les, these �les have a 1-line header that
must be taken into account when reading the data. For consistency, the
temporal resolution of these �les is 60-s (trade-o� between 20 s and 30-s temporal
resolution) for the whole campaign.

5.2 Precipitation indicator

As shown in Section 4.1, Parsivel provides a precipitation code divided into 8 types.
While this classi�cation is not convenient when re-sampling data to larger temporal
resolutions (the sum or mean of precipitation codes does not have any physical sense),
it is important to keep such information as solid and liquid precipitation have been
collected by the network during this campaign. Consequently, a parameter denoted
'precipitation indicator ' summarizes this information in the processed data �les.

The precipitation indicator (denoted pi hereafter) can have the following values:

• NA: no measurement available (no data from this station).

• -1 : no rain recorded (dry period).

• 0 : all the 20-s or 30-s time steps used to estimate this 60-s measurement are
associated with liquid rain.

• 1 : all the 20-s or 30-s time steps used to estimate this measurement have
recorded solid precipitation.
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• 0<pi<1 : percentage of solid precipitation in this measurement (for instance,
ri=0.33 means that 33% of the original time steps are associated with solid
precipitation).

• -2 : a few drops have been collected (corresponding to drizzle) but Parsivel
has �ltered them. In other words, the instrument has calculated a zero rain
rate value with a few drops in the raw DSD spectrum (parameter #21). As
Parsivel is associating the original raw data measurement to a precipitation
type equal to zero (no rain), no information on precipitation type is available.

5.3 Filtered volumic DSD

In the DSD raw data (parameter #21), Parsivel provides all the detected particles.
To identify and remove suspicious measurements (due to splashing, multiple drops at
a time, margin fallers, insects, spiders, ...), a �lter based on drop velocity-diameter
relationship, similar to the one used by Kruger and Krajewski [2002] and Thurai and
Bringi [2005], is applied to the raw Parsivel measurements (32×32 drop counts). The
drop velocity model is taken from Beard [1977].

Using a data set collected during a 15-month experiment involving collocated
Parsivels and tipping-bucket rain gauges [see Ja�rain and Berne, 2011], the tolerance
around this model is set to 60% when comparing rain amount data from the two
types of instruments. Finally, only drops satisfying the equation:

| v(D)meas − v(D)Beard |≤ 0.6 v(D)Beard (3)

are considered, where v(D)meas is the velocity mesured by Parsivel and v(D)Beard

is the velocity for a drop of diameter D according to Beard's model. Such �lter
removes about 25% of the total number of particles detected (but only a few % of
the total rain amount).

Using this �ltered 32×32 drop counts, the volume drop concentration is calcu-
lated (expressed in [m-3 mm-1]). It has to be noted that the e�ective sampling area
(see Eq.1) is used to calculate the volume drop concentration.

6 Library of R functions

This section describes the di�erent functions provided in the R library (�le 'Library_Rcran-
Switzerland_EPFL.R'). The functions are listed alphabetically hereafter.

get.network_coordinates

The function `get.network_coordinates ' provides the coordinates (WGS84 and MN03,
see Section 1.3.3) of each station of the network. The parameters available as input
are:

• id_station: a single value or a vector with the ID of the station(s) of interest
(e.g., 10, 11 12, . . . ).
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• all : optional logical argument (default=FALSE). If set up to 'TRUE', the
function return the coordinates of all the 16 stations of the network.

The output is a matrix with one line per station and 6 columns that give:

1. The station ID.

2. WGS84 Latitude [N o].

3. WGS84 Longitude [E o].

4. Altitude [m].

5. MN03 East Swiss coordinates [m].

6. MN03 North Swiss coordinates [m].

get.network_station_distance

This function returns the distance [m] between two stations of the network. Two
parameters need to be provided as input: id_station1 and id_station2 that give
the ID (2 digits) of the stations of interest.

Parsivel_classes

This function groups the useful information concerning Parsivel DSD measurements.
These values have been implemented according to OTT-Parsivel manual (p. 43 and
44).

No input is required for this function. The output is a list with di�erent objects:

• class_size: a vector of 32 values corresponding to the center of Parsivel diam-
eter classes [mm].

• class_speed : a vector of 32 values corresponding to the center of Parsivel
velocity classes [m s-1].

• class_size_spread : a vector of 32 values corresponding to the spread of Par-
sivel diameter classes [mm].

uncertainty_Parsiv

The `uncertainty_Parsiv ' function provides the sampling uncertainty values asso-
ciated with Parsivel measurements. The reader is referred to Ja�rain and Berne
[2011] for more-in-depth information on the method. It has to be noticed that this
function does not calculated uncertainty values but rather provide the uncertainty
values according to the magnitude of the quantity of interest and the temporal sam-
pling resolution.

The di�erent inputs to specify are:
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• vect : a vector of values recorded by Parsivel for which the user want to have
the associated uncertainty values. The values provided should have the
same units than the parameter speci�ed in the `var_type' parameter.

• var_type: a character vector with the name of the variable of interest. The
di�erent variables available as well as there respective acronyms and units are:

� �Nt�: total concentration of drops [m-3]

� �D0�: median-volume drop diameter [mm]

� �Dmw�: mass-weighted drop diameter [mm]

� �R�: rain rate [mm h-1]

� �Z�: radar re�ectivity [dBZ]

� �Zdr�: di�erential re�ectivity [dBZ]

� �ah�: speci�c attenuation at horizontal polarization[dB km-1]

� �kdp�: speci�c di�erential phase [o km-1]

• dt : temporal resolution of the vector values [s]. The temporal resolution should
be between 20 and 3600 s (i.e., 1h). This function is automatically in-
terpolating uncertainty values using least squared method if the re-
quested temporal resolution is di�erent from the one presented in
Ja�rain and Berne [2011].

• freq : optional (default=9.4), radar frequency [GHz] to consider for radar quan-
tities (i.e., Z, Zdr, ah and kdp). The available values are: 9.4, 5.6 and 2.8 for
X-, C- and S-band respectively.

• �ll.na: optional (default=FALSE), logical parameter specifying if NA uncer-
tainty values (usually for large magnitude classes) should be replaced by the
calculated uncertainty value of the closest class. This is only available for Nt,
R, Zh and kdp because they exhibit a similar pattern with the highest un-
certainty values observed for high temporal resolutions and small magnitude
classes. As for these parameters the uncertainty is decreasing for large mag-
nitudes and longer time steps, the NA values associated with larger classes of
magnitude can be set to the last available value of uncertainty (i.e., value as-
sociated with the closest class of magnitude at the same temporal resolution).

The output is a matrix with two columns that respectively contain:

1. vector of relative uncertainty values [between 0 and 1, with 1 being 100% of
uncertainty]

2. vector of absolute uncertainty values [units corresponding to the parameter
of interest]. This vector is calculated by multiplying the input vector to the
vector of relative uncertainty values.

14



7 Additional information

Instrument information

Please see Lö�er-Mang and Joss [2000] and Battaglia et al. [2010] for further details
on Parsivel rationale.

Additional information on EPFL-LTE network of disdrometer

Please see Ja�rain et al. [2011] for technical information concerning EPFL-LTE
network of disdros and the associated 16-month campaign.

Sampling uncertainty associated with Parsivel measurements

Please see Ja�rain and Berne [2011].

Citation

Please refer to Ja�rain et al. [2011] if you use the data and to Ja�rain and Berne
[2011] if you use the uncertainty values.
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