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Abstract. The Hydrology, Meteorology, and Complexity laboratory of École des Ponts ParisTech (hmco.enpc.fr) has made a

data set of
:::
high

:::::::::
resolution atmospheric measurements available

:
,
:::::
which

::
is

::
of

:::::::
interest

::
for

:::
the

:::::::::::
atmospheric

::::::
science

::::::::::
community. It

comes from a campaign carried outon a meteorological mast located on a wind farm
:
, in the framework of the RW-Turb project

(supported by the French National Research Agency – ANR-19-CE05-0022),
:::
on

:
a
:::::::::::::
meteorological

::::
mast

:::::::
installed

::
at

:
a
:::::
wind

::::
farm

::::::
located

::::::
approx.

::::
110

:::
km

:::::::::
South-East

::
of

:::::
Paris

::
in

::::::
France.

:::::
Three

:::::::
months

:::::::
covering

:::
the

::::::
spring

:::::
period

:::::
from

:::::::
1/3/2021

::
to

::::::::
1/6/2021

:::
are5

::::
made

::::::::
available. Six devices are used: two 3D sonic anemometers (manufactured by Thies), two mini meteorological stations

(manufactured by Thies), and two disdrometers (Parsivel2, manufactured by OTT). They are installed at two heights (approx.

45 m and 80 m), which enables to monitor potential effects of altitudewill be used. The temporal resolution is of 100 Hz

for the 3D sonic anemometers, 1 Hz for the meteorological stations and 30 s for the disdrometers. A multifractal analysis is

implemented to assess the effective resolution of the devices and it suggested that anemometers and stations are able to measure10

expected variability only down to 1 s and 16 s respectively. Link to the data set: https://doi.org/10.5281/zenodo.5801900 (Gires

et al., 2021)

1 Introduction

A limited number of studies have investigated the effect of rainfall on wind turbine
:::::::
turbines and they tend to indicate that it

is
:::::
rather significant. For example, Corrigan and Demiglio (1985) reported a power production decrease of 20 to 30% from an15

experiment
::::::::
conducted

::
in

::::
Ohio

::::::
(USA)

:
on a 38 m diameter two blade wind turbine, with a greater worsening with greater rain

rates. Walker and Wade (1986) slightly disputed those results for light rain (i.e. rain rate smaller than 8 mm.h−1). Indeed
::
In

:::
fact, on the contrary, they found an increase of few % for light rain and attributed it to modifications of blade roughness or

wind measurement issues. The significant decrease was later confirmed experimentally (Al et al., 1986) or
::
and

:
with multiphase

(volatile for air and liquid for rain) computational fluid dynamics (Cai et al., 2013; Cohan and Arastoopour, 2016).20

Understanding the effect of rainfall on wind power production is hence highly relevant. The Rainfall Wind Turbine or

Turbulence project (RW-Turb), which is supported by the French National Research Agency (ANR in French), actually aims

at contributing to the topic. The data presented in the paper was collected in the framework of this project. In order to properly

address the topic, two distinct aspects should be studied properly; first the rainfall effect on the energy resources and second the

rainfall effect on the conversion process of wind power to electric power by the wind turbine. Towards this, rainfall should not25
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only be understood, as commonly done, as a simple rain rate expressed in mm.h−1, but also by considering its full complexity

through the spatial and temporal variability of the drop size distribution (DSD). This data set
:::
The

::::
data

:::
set

:::::
shared

:
is especially

tailored for the first
:::
this

:
point. Indeed, both the wind energy and torque available to wind turbines are basically proportional

to powers of the instantaneous wind speed. As wind is neither constant nor uniform, taking into account its small scale spatio-

temporal fluctuations is crucial to properly quantify the integrals of these quantities especially given that the wind turbines are30

located in the atmospheric boundary layer
:
,
:::::
which

::
is

::
an

::::
area

:::
of

::::::::
increased

:::::::::
complexity

::::
due

::
to

:::
the

::::::::::
interactions

::::
with

:::
the

::::::
ground.

Improving turbulence understanding has been listed among the scientific challenges of this field in a recent joint paper by

leading academics of the field (van Kuik et al., 2016), for the European Academy of Wind Energy, EAWE). The intrinsic

intermittent nature of wind, i.e. the fact that its activity becomes located on smaller and smaller support as observation scale

decreases, makes it complex to analyse, notably requiring appropriate theoretical framework and high resolution measuring35

devices. An illustration of this can be found in Fitton et al. (2011, 2014) in which authors studied 3D wind data collected

from two different locations (Corsica and Germany) in a multifractal framework enabling to highlight the need to investigate

turbulence in a 3D framework so that the anisotropy between the horizontal and vertical wind components are
:
is

:
accounted

for. They also pointed out that such a scale invariant framework is needed to explain the power law fall-off for the probability

distribution of wind fluctuations and to account for the observed sporadic bursts, which are not treated in a standard Gaussian40

framework that strongly underestimates the extremes. Rainfall was not considered in such analysis, up to now.

Hence, given the numerous potential applications of combined high resolution rainfall and wind data, notably in the frame-

work of wind energy production, the Hydrology, Meteorology, and Complexity laboratory of École des Ponts ParisTech

(HM&Co-ENPC) considers
:::
that it is relevant to make

:::
the data available to the scientific community, from a 3-month

::::::::
(1/3/2021

:
-
::::::::
1/6/2021)

:
measurement campaign carried out on a meteorological mast operated by Boralex, a wind power producer. The45

campaign involves 6 devices: a 3D sonic anemometer, a disdrometer (which gives access to size and velocity of drops falling

through its sampling area) and a mini meteorological station located at roughly 78 m; the same setting is repeated at roughly

45 m. The devices’ functioning as well as the measurement campaign is presented in section 2. The corresponding database

and available tools are presented in section 3.

:::::
Before

::::::::::
proceeding

::::::
further,

:::
the

:::::::
purpose

::
of

:::
the

:::::
paper

::::::
should

::
be

:::::::
clarified

::
to

:::::
avoid

:::
any

::::::::::::::::
misunderstanding.

:
It
::
is

:
a
::::
data

:::::
paper

::::
that50

::::
aims

::
at

:::::::::
presenting,

::
in
:::::::

details,
:
a
::::
data

:::
set

:::::
made

::::::::
available

::
to

:::
the

::::::::::
community.

::
It

::::
does

:::
not

::::
aim

::
at

::::
fully

:::::::::
exploiting

:::
the

::::
data

:::
set

:::
for

:::::::
scientific

:::::::
studies;

:::
this

::::
will

::
be

::::
done

::
in
::::::
further

::::::::
dedicated

::::::
papers

:::
by

::
the

:::::::
authors

::
or

:::::::::
community

::::::::
members

:::::
using

::
it.

::::
The

:::
data

:::
set

::::
was

:::::::
collected

::
in
::

a
:::::::::
framework

::::::::
designed

:::
for

::::::::::
application

::
in

::::
wind

:::::::
energy,

:::
but

::::::::
potential

::::::::::
applications

::
of

::::
such

:::::
high

::::::::
resolution

:::::::
rainfall

:::
and

::::
wind

::::::::::::
measurement

::::::::
campaign

:::
are

:::::
much

:::::
wider.

::::
For

:::::::
example,

::::::::::::
understanding

:::::::
rainfall

::::::::
processes

::::::
remain

:
a
:::::
major

:::::::::
challenge

::
in

::
the

:::::
field

::
of

:::::::::
hydrology.

::::
The

::::
lack

::
of

:::::::
precise

:::::::::
space-time

:::::::::
distributed

:::::::::::
measurement

::
is
::::
one

::
of

:::
the

:::::::
greatest

:::::::
sources

::
of

::::::::::
uncertainty55

::
in

::::::::::
hydrological

:::::::::
modelling.

:::::::::
Improving

::::::::::::
understanding

::
of
:::::::

rainfall
:::::::
requires

::
an

:::::::
in-depth

::::::::::::
understanding

:::
of

::
its

::::::::::
relationship

::
to

:::::
wind

:::::::::
turbulence,

::::::
across

::::::
scales.

::::
This

:::::
could

:::::::
notably

::::
lead

::
to

:::
the

:::::::::::
development

:::
of

:::::
3D+1

::::::
model

:::
for

::::::
drops’

:::::::
location,

::::::
which

:::::
could

:::
be

::::
used

::
to

:::::::::
overcome

:::
the

:::::::::
simplistic

:::::::::
assumption

:::
of

::::::::::::
homogeneous

::::::::::
distribution

::::::
within

::
a

::::
radar

:::::
gate

::::
(see

:::::::::
Gires et al.

:
,
:::::
2016,

::::
and

::::::::
references

:::::::
therein

:::
for

::
an

::::::
initial

:::::::::
discussion

:::
on

:::
the

:::::
topic)

:::
or

::
to

:::::::
improve

:::::
wind

::::
drift

:::::::::
correction

:::::::
scheme

:::
for

:::::
radar

::::::::::
algorithms.

::::
Such

::::::::::::
developments

:::
will

:::::::
improve

:::::::::::
precipitation

:::::::::
estimation

::::
with

:::
the

::::
help

::
of

::::::
radars.60
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2 Data and methods

2.1 Location of the meteorological mast

The devices involved in this measurement campaign are installed on a meteorological mast located on a the wind farm of
::::
wind

::::
farm

::
at Pays d’Othe,

::::::
France. This wind farm is made of 9 wind turbines and is jointly operated by Boralex (https://www.boralex.com/our-

projects-and-sites/) and JP Énergie Environnement (https://pays-othe-89.parc-eolien-jpee.fr/). It is located in France,
:
at

:
roughly65

110 km South-East of Paris
:
, on the territory of the cities of Vaudeurs, Coulours, Les Sièges (see Fig. 1). Figure 2 displays a

zoomed map of the surroundings with an OpenStreetMap background. The meteorological mast is the star in the middle. The

nine wind turbines of the Pays d’Othe wind farm are aligned South-East of it and within a 4 km radius (black vertical crosses).

They are visible on the left picture
::
and

:::::
right

:::::::
pictures of Fig. 3. The five turbines of the Molinons wind farm in the North are

also visible within the 5 km radius (grey vertical crosses). It should also be noted that a small grove is located just South of70

the mast at roughly 160 m. A larger one is on the East at roughly 100 m. These groves are also visible on the middle picture of

Fig. 3.

Figure 4 displays the elevation around the meteorological mast. The data used is the IGN DBALTI 75M. It has a horizontal

resolution of 75 m and is provided by the National Institute of Geographic and Forest Information (IGN). The elevation of the

pixel where the mast is located is 230 m. Nearby the mast (i.e. within the 1 km radius), there is a small slope in the North-South75

direction, which is visible on the right picture of Fig. 3and from Fig. 4. There is also a small forest in the South at approx. 160

m and another one in the East at approx. 100 m. They can be seen on Fig. 2.

Figure 5 exhibits a picture of a meteorological mast along with the six devices installed on it. More precisely, at approx-

imately 78 m, a 3D sonic anemometer, a mini meteorological station and a disdrometer are installed. The same setting is

repeated at roughly 45 m. The precise elevation and offset from the mast of the six devices are indicated on near the corre-80

sponding zoomed pictures on Fig. 5. The two raspberry pi computer
:::::::::
computers, which are collecting data along with the 4G

box enabling to access data remotely
:
, are located in one of the boxes at roughly 10 m.

2.2 3D sonic anemometers and associated outputs

Two 3D sonic anemometers manufactured by ThiesCLIMA (ThiesCLIMA, 2013a) are used in this measurement campaign.

A 3D sonic anemometer is made of three pairs of transducers. Let us denote L as the distance between two transducers and85

uL as the wind velocity along the corresponding axis. The transducers can be either transmitters or receivers of a sound pulse,

and they constantly swap roles. It means that the device actually measures the travel time of a pulse of sound between the two

transducers in one way or the other. If these times are denoted as
::
by

:
t1 and t2, we have t1 = L=(c+uL) and t2 = L=(c�uL),

with c being the local speed of sound in the air. This
:
;
:::
this

:
yields:

uL =
L

2

�
1

t1
� 1

t2

�
(1)90
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Figure 1. Location of the Pays d’Othe wind farm in France, where the data presented in this paper is collected
:::
from

which does not depend on c. The wind velocity is assessed along the axis between each three pairsis assessed ,
:
enabling to

reconstruct 3D wind.

It is also possible to estimate c from:

c=
L

2

�
1

t1
+

1

t2

�
(2)

Since c mainly depends on the local temperature T , the latter can be derived using standard relationships assuming a dry air.95

This yield a virtual sonic temperature. Additional correction can be implemented to derive a corrected temperature accounting

for relative humidity and pressure (see ThiesCLIMA, 2013a for more details). Hence,
:
the 3D anemometers provide 3D wind

measurement along with an estimate of temperature. The sampling rate used in this campaign is of 100 Hz for these devices.

2.3 Meteorological station and associated outputs

Two mini meteorological stations manufactured by ThiesCLIMA (ThiesCLIMA, 2013b) are used in this measurement cam-100

paign. They give access to the most relevant meteorological parameters: wind velocity and direction, air temperature, relative

humidity, precipitation and brightness. The sampling rate used in this campaign is of 1 Hz for these devices.

The wind information is obtained thanks to a 2D sonic anemometer made of two pairs of transducers positioned perpendicu-

larly in relation to each other. See section 2.2 for more details on the functioning of such device. Built-in sensors are dedicated

to measurement of air temperature and relative humidity. The measurement of pressure relies on a micro-electro-mechanical105

system. The latter three are protected within a shelter. Precipitation intensity is estimated with the help of a mini Doppler radar.
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Figure 2.
::::
Map

::
of

:::
the

:::::::::::
surroundings

::
of

:::
the

::::::::::::
meteorological

::::
mast

:::::
used.

::::
The

:::::::::
background

:::
of

:::
the

::::
map

::
is
:::::

taken
::::
from

:::::::::::::
OpenStreetMap

::::::::::::::::::::::::
(https://www.openstreetmap.org/,

::
©

::::::::::::
OpenStreetMap

:::::::::
contributors

::::
2021.

:::::::::
Distributed

:::::
under

::
the

:::::
Open

:::
Data

::::::::
Commons

:::::
Open

:::::::
Database

::::::
License

::::::
(ODbL)

:::::
v1.0.).

:::::
Forest

::
are

::
in

:::::
green,

:::::
farms

::
are

::
in

::::
light

:::::
green,

:::::::
residential

:::::
areas

::
are

::
in

::::
grey,

::::
roads

:::
are

::
in

::::
white

:::::
(small

::::
ones)

::
or

:::::
orange

:::::::::
(highway).

Figure 3. Pictures of the Pays d’Othe wind farm. Left: picture of the wind farm taken from the wind turbine closest to the mast. Middle:

picture of the meteorological mast taken from the wind turbine closest to it. Right: picture of the mast (left of the picture) and the wind farm

(right of the picture) taken from the road just North of the mast. Pictures were taken by A. Gires.

The signal reflected back by the hydrometeor is analysed and a rain rate is derived
:::::
relying

:::
on

::::::
strong

::::::::::
assumptions

::
of

:::
the

:::::
DSD

:::::
shape

:::
and

:::
the

:::::::
relation

:::::::
between

::::
size

:::
and

:::::::
velocity

::
of

:::::
drops. Brightness is measured with the help of four photo sensors, whose

spectral sensitivity curve is tuned to
:::
the human eye’s sensitivity. In addition, there is a GPS sensor.
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Map of the surroundings of the meteorological mast used. The background of the map is taken from OpenStreetMap

(https://www.openstreetmap.org/, © OpenStreetMap contributors 2021. Distributed under the Open Data Commons Open Database License

(ODbL) v1.0.)

Figure 4. Elevation map arround
:::::
around

:
the Pay d’Othe wind farm.

:::
For

::
the

:::::::
elevation

::
in

::
m,

:::
the

:
IGN DBALTI 75M

:::::
product

:
is used.

2.4 Disdrometer and associated outputs110

Two OTT Parsivel2 disdrometers (OTT, 2014) are used in this measurement campaign.
::::
OTT

::
is

:::
the

:::::
name

::
of

:::
the

::::::::::::
manufacturer.

Such device gives access to the size and velocity of the drops passing through its sampling area. The data regarding disdrometer

is actually similar to the one already discussed in Gires et al. (2018). Hence, the interested reader is referred to this paper and

references therein for a detailed presentation of
:::
the devices and associated output. It will only be reminded here that the main

output of the disdrometer is actually a matrix with the number of drops recorded (ni;j) during the time step �t (30 s here)115

according to classes of equivolumic diameter (index i and defined by a centre Di and a width �Di expressed in mm) and fall

velocity (index j and defined by a centre vj and a width �vj expressed in m.s−1). From this matrix, it is possible to derive any

rainfall related quantity and notably:

– The rain rate R (in mm.h−1)

– The drop size distribution (DSD) N(D) (in m−3.mm−1) N(D)dD is the number of drops per unit volume (in m−3)120

with an equivolumic diameter between D and D+ dD (in mm). Given the binned nature of the disdrometer data, it is a

discrete DSD, denoted N(Di) that is actually computed. Many quantities relevant to researchers and practitioners can

actually simply be expressed as moments of the DSD.

The table for classes of diameter and velocity, the formulas for computing R and N(Di) as well as associated moments,

and the filters imposed can be found in Gires et al. (2018) and are therefore not repeated here. Disdrometers have been widely125

used to measure rainfall, and examples of measurements comparison between themselves and with rain gauges can be found in
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