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How to measure rainfall ? 

(+ a need to dvp a theoretical representation at the  same time !)

Rain gauge
Weather radars

Disdrometers
1D

2D 3D

(From operational to research tools) 



How do they work ?
PWS100 (Campbell Scientific)

Parsivel 2 (OTT)

What do they measure and how to relate it to releva nt 
physical quantities?

Data analysis

Examples of applications
Example of optical limitations
Small scale rainfall variability
Retrieving radar properties

Outline



PWS 100 (Campbell Scientific)

Hardware configuration

Estimation of v and d for a liquid hydrometeor

Estimation of v and d for a solid hydrometeor

Distribution of size and velocity

Particle classification

References:
- PWS100 User’s manual
- PWS100 Leaflet (http://www.campbellsci.co.uk)
- Ellis R A et al, 2006, New Laser Technology to Determine Present Weather Parameters, 

Meas. Sci. Technol., 17 1715-1722



Temperature 
and relative 

humidity probe

Transmitter Detector A

Detector B

Digital 
processor

Hardware configuration
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The signal reaches detector A 
slightly before detector B :

Estimation of v and d for a liquid hydrometeor

Time delay between the two detectors

Refraction through a spherical drop : 



Laser beam made of 4 sheets :

Periodic signal 
(∆tA=∆tB) received by 

both detectors
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Periodic signal

Estimation of v and d for a liquid hydrometeor
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Estimation of  ∆tA=∆tB and ∆tAB

Signal A:

Cross 
correlation:

Estimation of v and d for a liquid hydrometeor



What about non-spherical drops ?

The authors (Ellis et al., 2006) of the paper basic ally assume that it is a 
good approximation to interpret the measured diamet er as the equivalent 

diameter of a spherical particle. I will simply quo te their justification: 

“It is noted that as the drop becomes more oblate ( they discuss a classical 
formula for shapes by Beard and Chuang, 1987) the o ptical power of the 
surfaces becomes greater but their separation also increases and this 

reduces the total power of the lens. For small devi ations from spherical 
these two effects almost compensate for each other. ”

Estimation of v and d for a liquid hydrometeor



Distribution of size and velocity
34 classes of size 34 classes of velocity

At each time step : 
a 34 x 34 matrix 

with the number or 
particles for each 

class



Particle classification

Nine possible types: 

- Drizzle
- Freezing
- Drizzle, 
- Rain, 
- Freezing rain, 
- Snow grains, 
- Snowflakes, 
- Ice pellets, 
- Hail 
- Graupel

The parameters used in the 
analysis are: 

- Size
- Velocity
- Ratio of signal peak height to 
signal pedestal height
- Temperature
- Relative humidity
- Wet bulb temperature

Fuzzy logic 
algorithm:∏=

p
tpt ss ,

Score for given 
particle type (t)

Score for each 
parameter (p) for 
a particle type (t)
(from reference 

tables)

When a particle is detected: 
- The parameters are estimated
- St is computed for each type
- The particle is affected the type for which 

it has the greatest score



Parsivel 2 (OTT)

Hardware configuration

Estimation of v and d for a liquid hydrometeor

Distribution of size and velocity

Particle classification (same principle as 
PWS100)

References:
- Parsivel2 User’s manual
- Loffler-Mang, M. and J. Joss, An Optical Disdrometer for Measuring Size and Velocity of 
Hydrometeors. Journal of Atmospheric and Oceanic Technology, 2000. 17(2): p. 130-139.
- Battaglia, A., et al., PARSIVEL Snow Observations: A Critical Assessment. Journal of 
Atmospheric and Oceanic Technology, 2010. 27(2): p. 333-344.PWS100 



Transmitter
Detector

Digital 
processor

Hardware configuration



Estimation of v and d for a liquid hydrometeor
Received signal

Hydrometeor falls 
through the 
sampling area : 

� Laser beam 
partially occluded

Warning : actually 
discrete measures ! 

Battaglia et al., 2010



Estimation of v and d for a liquid hydrometeor

Horizontally oriented oblate spheroid
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Axis ratio : 

Equivolumic diameter : 

Relation between axis ratio and 
equivolumic diameter: 

� All geometrical features 
related to PAR

eqD

PAR
eqD

Battaglia et al., 2010

Axis ratio model for Parsivel: 

Assumptions on the oblateness of falling rain drops



Small drops ( D < 1 mm) are spherical, but biggers one are more elli ptical 
(due to air friction) 

Axis ratio = vertical / horizontal

Thurai et al. 2007 

Estimation of v and d for a liquid hydrometeor

Assumptions on the oblateness of falling rain drops



Estimation of v and d for a liquid hydrometeor

How to compute the size ?

Fmax = maximum shadowed area
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Estimation of v and d for a liquid hydrometeor
How to compute the velocity ?
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Height in the vertical 
direction

Laser beam width

Duration over which 
the signal is 

affected

Assumption on drop shapes : 

Estimation of ∆t : 

Duration during which the intensity 
of the occlusion is greater than 

half of the maximum one



Drop size distribution and physical quantities

N(D) in mm -1.m-3 N(D)dD is number of drops with 
D<Diam.<D+dD per unit volume 

Interpretation of DSD (Jameson, A.R. 
and A.B. Kostinski, 1998): 

- Computed for few min � reflects physical 
processes at stake (coalescence, collision, 
break-up)

- Computed over events or more � a formal 
relationship

DeNDN Λ−= 0)(

DeDNDN Λ−= µ
0)(

- Exponential: 

- Gamma distribution : 
(a dependency between µ (shape 

parameter) and Λ (slope)))

Two standard forms :

(Marshall-Palmer 1948)



Rainfall depth during dt

dt
R =

Rainfall depth during dt =
Volume
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N(D) and rain rate
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Hence we have: 

With N(D) in mm-1m-3, v(D) is m.s-1, D in m dD in mm and R in m.s-1

With N(D) in mm-1m-3, v(D) is m.s-1, D in mm dD in mm and R in mm.h-1

N(D) and rain rate

With more standard unit : 



Terminal fall velocity of raindrops

N(D) and rain rate



∫ 






= max

min

3

9 2
)(

3
4

10
1 D

Dwl dD
D

DNπρρ

∫
+
−

= max

min

)()(

1
1

10
,;

2

2
5

64

,

D

D vhBvh dDDDN

m

m
Z σ

π

λ 







=

v

h
dr Z

Z
Z 10log10

[ ]∫ −= max

min

)()()(Re
1800 D

D vvhhdp dDDNDSDSK
π

λ

ρl (g.m -3) (Liquid water content) 

With ρl in kg.m-3, N(D) in mm-1m-3, v(D) 
is m.s-1, D in m dD in mm

- Kdp

complex refractive index of water

24 Sept 2013, Ardèche, 
EPFL-LTE data 

N(D) and other physical quantities

Radar parameters: 

- Horizontal and vertical reflectivity: 

(in cm2) backscattering cross session at 
horizontal and vertical polarization

radar wavelength (cm)

The real part of the forward scattering amplitude at horizontal/vertical polarization (Mishchenko et al., 1996) 



Data retrieved from measurements

Over each time step ∆t

For each time step ∆t the number n i,j of drops per class of diameter Di (with 
extend ∆Di) and velocity vj (with extend ∆Dj). 

The sensing area of the disdrometers is S. Some authors suggest to take into account an 
effective sampling area which varies with size: 
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Where L and W are respectively the length and width of the sensing area.

Snapshot of output message from Parsivel 2
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How to compute N(D)?

N(Di) ∆Di is the sum of the contribution of all the drop in c lass i observed during  ∆t. 

Remark: if vj not available as for JW disdrometers, it is possible to use a standard model

Data retrieved from measurements

N(Di) ∆ Di = nb of drops of in the class i per unit volume
The contribution to this by an individual drop is :  
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Method 1: with the computed DSD

With N(D) in mm-1m-3, v(D) is m.s-1, D in mm dD in mm and R in mm.h-1

Data retrieved from measurements

How to compute R ?

Method 2: directly from the spectrum

velocity affected to all the particle of size Di. 



Measures from the roof of the ENPC building

OTT Parsivel2

(occulted light)
(Available since October 2013)

Campbell Scientific PWS100
(scattered light)

(Available since March 2013)

Installed with the help of 
S. Botton team (ENSG)

+ rain gauge 
+ radar data
(C-band, Trappes, 
Météo-France) 



Data analysis

Scilab script : 
disdro_data_analysis_student.sci

1) Implement both methods of computing a 
rain rate for the PWS100 and the 
Parsivel 2

2) Compare the obtained results (various 
methods and the two devices)



Radar

Total cumulative depth : 
PWS vs. Pars 1 and Pars 2 vs. rain gauge: 

PWS =  145 mm
Pars1 =  93 mm
Pars2 =  94 mm

Rain gauge =  99 mm

Measures from the roof of the ENPC building

Illustration for a typical event





Effects of large (>2mm) drops 

PWS100 seems to overestimate them

When great influence on rain rate � great differences 

When small influence � lower differences between devices

Measures from the roof of the ENPC building



Correction for drop oblatness

Drop oblateness poorly taken into account in the PWS 100 software

� Suggestion of a correction : 

� Measurements 
are comparable

� Better agreement 
of PWS100 with rain 
gauges

� PWS100 (less 
noisy than Parsivel) 
can now be used for 
ground validation



Parsivel 2 overestimation of small drops

Visible on N(D) and also on size/velocity maps :

Also during the whole event :

Measures from the roof of the ENPC building



Non homogeneity of the laser beam

Example of measurement issues

Study carry out with 
Thies disdrometer
(functioning similar to 
Parsivel2) 

More or less occluded light according to 
the position of the drop in the laser beam

It propagates to rain rate estimation with differen ces of 10 to 25 % found

Frasson, R.P.d.M., L.K. da Cunha, and W.F. Krajewski, Assessment of the Thies optical disdrometer
performance. Atmospheric Research, 2011. 101(1-2): p. 237-255.



Testing the Z-R relationship

For each station : 

Jaffrain, J. and A. Berne, Influence of the Subgrid Variability 
of the Raindrop Size Distribution on Radar Rainfall 
Estimators. Journal of Applied Meteorology and Climatology, 
2012. 51(4): p. 780-785.



Validation of a Universal Multifractal 
downscaling process with the help a dense 

network of disdrometers or rain gauges 

Coll. with Alexis Berne EPFL Campus (Switzerland)

16 PARSIVEL® disdrometres, 1 min

Aggregation to 
1km x 5 min

Downscaling (stochastically 
continuing the underlying UM 

cascade process)

Generation of the output of 2187 x 
2187 virtual point measurements with 

observation scale of 46 cm x 1 min

Coll. with A. Schellart, Bradford U. Campus (UK)

8 x 2  rain gauges, 0.2 mm
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Based on the assumption that 
rain is generated through a 

cascade process

Multifractal fields

Codimension
function

Scaling moment 
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Theoretical framework

Universal Multifractals



Results for 6 June 2009 in Lausane

16 disdrometers measurements + uncertainty range (75 % and 95% quantile)

Validation of a Universal Multifractal 
downscaling process with the help a dense 

network of disdrometers or rain gauges. 

Gires, A., et al., Influence of small scale rainfall variability on standard comparison tools between radar 
and rain gauge data. Atmospheric Research, 2014. 138(0): p. 125-138.




