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Radar-disdrometer comparison

K. Do Khac, F. Zanghi, and P. Tabary
Méteo France, Direction des Sgstes d'Observation, Trappes, France

Abstract. A THIES-CLIMA disdrometer has been installed or LPM, a disdrometer of the THIES-CLIMA company. In

in November 2003 in the vicinity o f the C-band Trappes second part, we explain how to use the disdrometer data to
(near Paris) radar of Bfeo France. 1-minute data repre- calibrate the Radar.

senting the number of particles detected per class diameter

and class fall speed have been continuously recorded since ) . )

then allowing the retrieval of the reflectivity and rain rate at 2 Presentation of Laser precipitation monitor or LPM

ground level. Also archived are the dominant particle typesThe disdrometer was installed on the same site as the C band

among 8 different types (rain, snow, graupel). In a ﬂrSt. part’radar since September 2003, in Trappes 20 km west of Paris.
the disdrometer performances have been assessed using vati-. : ) . )
is LPM consists of a laser beaming and the sensing area is

ous precipitating events (rain, snow, hail). The outputs of the

) . e . .45 cn?, the thickness of it is 0.75 mm.The principe of mea-
particle type identification were compared with two other mi- _~ ™ . N N .
suring is shown in Fig. 1. The principle of measurement is

crophysical sensors (PWD11 and PWD21) and the rain rate : : . :
. 4 e occultation of parallel beam of infrared light by falling
were compared to those measured with rain gauges. Overal ; ;
ydrometeors. As raindrops pass though the beam of ligh

the quality of the disdrometer was in agreement with PWDthey reduce the transmitted signal. The diameter of parti-

sensors. In a second part, the rain rate and reflectivity mea(—ile is calculted from the amplitude of the reduction and the

surements were compared to co-located radar measuremenis . . . )
) , : all speed is estimated from the duration of reduced signal.
for a number of rain events and analysed in terms of calibra-

tion biases and fluctuations of the Z-R relationship. T_he LPM data consist of the ”“”_‘ber of p_artlci:esper cla_ss
diameterD; and per class velocity;. D; in 20 categories

ranges in size from 0.125 mm to 7.0 mm, and the range of the

fall speed of drops range from 0.2 m/s to 10 m/s, the velocity

1 Introduction V; is distributed into 20 size intervals. The diameter is equiv-
olumetric diameter. The Thies software delivers each minute

The purpose of this work is to calibrate a conventional Ca message giving the type of precipitation (snow, rain, soft

band radar with a disdrometer. Radar calibration is donehail, hail as well as mixed precipitation), the spectrum distri-

at Méteo France by injecting in the receiver a signal with bution of particles 2820 couples of D;,V;) over the class

a high frequency signal generator. In this case, we controbining and the intensity of precipitation.

the amplitude and the frequency of injected signal. The re-

sults of the calibration are three numbers namely the tuned ) _

frequency, the gain and the offset. With that kind of proce-S Quality of velocity measurements

dure however we only calibrate the receiver and not all theWe utilize two empirical laws of fall speed from Atlas 1973,

components of the radar. Radar data are also compared 'ERtIas and Ulbrich 1984

rain gauge measurements on monthly basis but the compar- '

ison is rendered difficult by VPR effects and the drop size v (p) = 9.65— 10.3.-0-6D (1)
distribution or DSD fluctuations. With a disdrometer, the in-
put signal is DSD, and we can calibrate the entire radar sysV (D) = 3.866D%¢’ 2

tem. In a first part, we assess a “Laser precipitation monitor” ) ) ) )
whereV (D) is the fall velocity (m/s) and is the drop di-

Correspondence tdK. Do Khac ameter (mm). The first law fits well for diameters range from
(kim.dokhac@meteo.fr) 0.6 mm to 5.8 mm and the second law is used by diameters
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Marshall-Palmer, Ulbrich and lllingworth Laws vs Disdrometer measurements
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Diameter of drop in mm Fig. 3. Distributions for intensity of 1.6 mm/h and 6.3 mm/h.

Fig. 2. Comparison Thies with Atlas laws. Plots of speed fall vs

diameter. 4 The raindrop size spectra

. . Since 1948, Marshall Palmer suggested a simple exponential
range between 0.6 mm and 5mm. Fig. 2 displays the com-_, . S ]
; , , relationship with the concentration of drops by volume and
parison of Atlas's laws and LPM's data. We compare thesethe diameter of the drops and the intensity of the rain
two laws with disdrometer data of four rainy days during the P y '
winter: November 16, December 20 and 27 2003 and JanN(D) = Noe 7P (4)
uary 13 2004. For diameters under 3 mm, the 4 curves from
disdrometer data fit with the second law of Atlas. For the with

larger diameters, the curves of 27 December and 13 January

follows the first law, but there are fewer drops (less 15) so is/ = 4R ®)

not statically representative. But Ulbrich (1983) and llingworth and Blackman (1999)
In the two first classes of diameterd) (<0.375mm) , suggested more appropriate gamma functions :

we notice some particles with high velocity (>~10.00 m/s,

not shown in Fig 2), it doesnot fit with to Roger (1976) law, N(D) = NoD"e 7P (6)

whose estimate for very lower Reynolds number or particles
with diameterD <0.1 mm, the velocity V should have a sim- N (D) = cNo x D"e
ple linear relationship with a diametér.

—(3.674+u1)D/Dg (7)

We natice, in the case of intensity of 1.6 mm/h, that the dis-
V(D) = 8.5D. (3) tribution from Thies data fits the three gamma functions. But
the tilt of the slope is less important with a disdrometer than
where V(D) is the fall velocity (m/s) and D is the drop the other curves. We observe, in the case of 6.3 mm/h, av-
diameter (mm). So we could remove this 2 first classes oferage of intensity during 15 min, the LPM overestimates the
diameter for our study. concentration of big drops when diameters are over 3 mm.
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Fig. 4. Contribution of DSD for rain fall accumulation or I. Plots
of the evolution of | vs time from disdrometer measurements during
48 h. 5 plots represent B, rainfall accumulations, wherg, ( the ‘
blue plot) is rain fall accumulation from the Thies telegram, and the  “[[} |||
MY

other, is a rain fall accumulation from the DSD without (n-1)th

i i fal AW+ | |
first classes of diameters. e 1 ‘lw 4 N M M i |
(LTS A L
20 1| i AN | “'M i
5 Intensity of precipitation ol i
Every minute the disdrometer delivers a value of intensity of , | I
precipitation. The following formula is used by the manufac- 0 5 woo® 2 %
tUI’eI’ . Contribution of DSD in Z calculation, D => 1.75 mm
i=20 "Disdr‘ometeLS” e
I=pxm/6x ) DIN(D)AD, (8) .
i=1
with p is the density of hydrometeop. equals 1 for the rain, 40 ] i e
or a number between 0.05 et 0.4 for the snow. N PW w ‘ b }N .' “W
g 30 | } J | i i il
£ | 1
N(Dy)(mm®m ™) = n;/(v(D;) * S % T % AD;) 9 ™ | ‘J | “‘ Il mr‘ m v |
20 ‘

Wherev(D;) is the fall speed of a drop of diamet&, S is l ‘

the cross section area,is sampling time (60 s) and D; is ‘ ‘

the width of the ith category. Jm

We have looked at in an event of 15 and 16 Jan 2004, ‘ M“L {

where the referenced rain gauge recorded 5.2 mm during the

48 hours. The rain began to fall in Trappes after 6 pm the

15th, or the disdrometer recorded some precipitations befor&i9- 5. Contribution of DSD for reflectivity calculation. Plots of

the rain came, we think that the wind could swing the mastthe evolution of Z (dBZ) vs time from disdrometer measurgments

and made some false drop detections in clear weather. Thjge January 13 2004. The first plot uses all the classes ofdlameters,
. . . . the second uses the classes from the 5th category and the third uses

false detections appear in the two first classes of dlametersclasses from 9th cate

. . ; . gory.

so it is better not to use it for the calculation of the inten-

sity. We draw in the Fig. 4 , 5 plots represent,5rainfall

accumulations, wheré, (the first plot) is rain fall accumu-

lation from the Thies message, and the otheis a rain fall

accumulation from the DSD without (n-1)th first classes of

diameters. Without corrected value, the rain fall accumu-in 48 h), in that case, we have to remove 3 first classes. We

lation recorded by disdrometer was 7.8 mm, with computednoticed the same overestimated values for several cases. The

accumulation the sum is 7.1 mm, without the first class, theintensity computed by the Thies software overstimates the

sum is 6.2mm. To reach the referenced value (i.e. 5.2 mnreal value by more 40.
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Z versus time disdrometer and radar datas 30 Oct 2003
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Fig. 6. The two radar images display the ground clutter at the eleva- 2o
tion 0.4 and 9.0 degree, this images are from two scans at 6 degrees
per second, each picture represents an area of 80km by 80 km. ™ 1s

10

6 Reflectivity 5 L

0

The best way to compare radar and disdrometer data is to ° ® 10
use the reflectivity. In the case of C band radar, we could

use the Rayleigh approximation, so the reflectivity #&5:= , . ,
fc;x: N(D) * D6 % dD and the unit is mm3. Computation Fig. 7. Plots of Z (dBZ) vs time as found from disdrometer mea-

. . . . surement (solid line) and from C Band radar measurements (dash
of the reflectivity from disrometer data involves the simple |. .

. . . line) for three events of rain over Trappes on 30 Oct 2003, 13 Jan
summation over the drop size categories :

and 12 Mars 2004.

Hours

i=20
Z(mm®m=3) = 3 " DPN(D)AD; (10)
i=1

7 Contribution of DSD for reflectivity calculation

In the Sect. 4, we have seen that the two first classes of diam-
eter were noisy and so it is better not to use it for the study.

Here N (D;) is the distribution of drop diameters calculated We chose a long event of rain, about 15h the January 13,
by Egs. 9. 2004, and there are some peaks of reflectivities over 40 dBZ.
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Figure 5 displays the evolution of reflectivity during 24 h and
there is a value of it every minute. The 3 pictures representy
the same event, but for the nth picture (Fig 5) the 1st is ons *°
the top and the 3rd is on the bottom), in the calculatio pf
we don't use the 4(n-1)ith first class of diameters. Hgye
the reflectivity of the nth picture :

Z_disdrometer and Z_radar i

i=20

Zn= >

i=4(n—1)+1

DEN(D;)AD; (11)

We notice in the end of the day where there are very low
reflectivities, and in comparison of the two first images we &
conclude that the influence of the four first classrs affect only 0
the reflectivities under 10 dBZ. Hence the noise in the begin-
nig of the spectrum of diameters doesn’t disturb the compar-

erage difference between

ison between radar and disdrometer data. In the other side dfi9- 8. Pots of Zyi sy ometer —

the spectrum, we could say that the calculation of Z is very
sensitive with N(D) for the bigger diameté&r >3 mm.

8 Calibration
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Marshall-Palmer and Ulbrich Laws vs Disdrometer measurments
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ZRradar (ABZ) VS Z gudar for three
events of rain over Trappes on 30 Oct 2003, 13 Jan and 12 Mars
2004.

easy to install. Comparison with rain gauge reference show

that the disdrometer measures too much rain (over 40 pour-
The C band radar scans 8 different elevations in 3 cycles ofents), and it records rain in clear weather. The disdrometer
5 min with a constant speed rotation at 6 degrees per seconds, very sensitive of wind. The comparison with the radar re-

the next table sums up the scanned elevations :

flectivity reveals a stricking correlation but also a biais that

varies from episode to another. Perspective: Further studies

round number
cycleof5 1 2 3 4

1st cycle 9.0 15 36 04
2ndcycle 65 15 24 04
3thcycle 48 15 18 04

are needed of couse but results are promising. Three dis-
drometers will be deployed around the new Trappes polari-
metric radar to evaluate the feasevility of retrieving in real
time the Z-R relationship from polarimetric data.

We select the images from the elevation 9 degrees wher@ppendix A Classes of diameter

we found 2 pixels without ground clutter ( in Fig. 6) and
close to the disdrometer location at 2,3 km. The sampling for

this pixels is 15 min versus one minute in the case of LPM. class

diameter (mm)

width of interval in mm

We had to calculate a 15 min reflectivity from disdrometer 4
data, the value is simply the average of quarter of hour, this o
average was computed in unit iim®, then change dBZ 3
unit. 4
The Fig. 7 displays the evolution of Z of radar and dis- g5
drometer for three events of rain over Trappes on 30 Oct g
2003, 13 Jan and 12 Mars 2004, we notice for reflectivity 7
over 15dBZ, the two instruments are well agreement. In case g
two cases of 30 october 2003 and 12 Mars 2004, more theng
80 pourcentZgisdrometer > ZRradar @nd the mean difference 19
is around 3.5 dB (Mars 2004) and 2.7 dB (Oct 2003) (Fig. 8). 11
In the others events, not shown in this article, the difference 12

are around 3dB. The variations @f .4, and Zgisdrometer 13
are very well related. We only find a case, the 13 Jan 2004, 14
that the difference is very close around 1dB. 15
16

. 17

9 Conclusions 18
19

A thies clima was installed in September 2003 in Trappes on

the same as an operational C band radar. The instrument is20

> 0.125
> 0.250
> 0.375
> 0.500
> 0.750
> 1.000
> 1.250
> 1.500
> 1.750
> 2.000
> 2.500
> 3.000
> 3.500
> 4.000
> 4.500
> 5.000
> 5.500
> 6.000
> 6.500
> 7.000

0.125
0.125
0.125
0.250
0.250
0.250
0.250
0.250
0.250
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
0.500
00
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class fall speed (m/s) width of interval in m/s

1 > 0.000 0.200
2 >0.200 0.200
3 > 0.400 0.200 References
4 > 0.600 0.200 Atlas, D., Srivastavam, R. C., and Sekhon, R. S.: Doppler radar
S > 0.800 0.200 characteristics of precipitation at vertical incidence, Rev. Geoph.
6 > 1.000 0.400 Space Phys., 11, 1-35, 1973.
7 > 1.400 0.400 Gunn, R. and Kinzer, G. D.: the terminal velocity of fall for water
8 > 1.800 0.400 in stagnat air, J. Meteo., 6, 243-248, 1949.
9 > 2.200 0.400 lllingworth, A. J., Blackman, T. M., and Goddard, J.: Improved
10 > 2.600 0.400 rainfall estimates in convective storms using polarisation diver-
11 > 3.000 0.400 sity radar, Hydro. and Earth System Siences, 4, 1-9, 2000.
12 > 3.400 0.800 III|ngW0rt_h, A. J. and BIackman,_T. M.: The nee_‘d tp re_present raln-
13 > 4.200 0.800 drop size spectre_l as normalized gamma distributions for inter-
14 > 5.000 0.800 pretation of polarization radars observations, J. appl. Meteo., 41,
15 > 5.800 0.800 286-297, 2002, -

= Rogers, R. R. and Pé| R. J.: Radar measurment of drop size dis-
16 > 6.600 0.800 tribution, J. Atmos . Sci., 19, 503-506, 1967.
17 > 7.400 0.800 Marshall, J. S. and Palmer, W. M. K.: The distribution of raindrops
18 > 8.200 0.800 with size J. Meteor, 5, 165-166, 1948.
19 > 9.000 1.000 Thies Clima: Laser Precipitation Monitor Instruction for use :
20 > 10.00 10.000 5.4110.00.200 website http://www.thiesclima.com/disdrometer.

htm, 2003.
Ulbrich, C. W.: Natural variations in the analytical form of dropsize
distribution, J. Climate, Appll Meteor., 22, 1764-1775, 1983.



