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Abstract

It has been established by past studies that the variability of Z-R relationships (Z=aRP) is related to different characteristics of raindrop size distribution (DSD). A new and simple micro-physical
method based on the DSD formulation normalized by drop number concentration (Nt in m~) and drop mean diameter (Dm in mm) is proposed to explain the variation of the coefficient a and
exponent b. This method doesn’t take any assumption of analytical function on DSD. The exponent b is determined by the correlation between log(Nt) and log(Dm), multiplied by the ratio of the

standard deviation of log(Nt) to the standard deviation of log(Dm). The coefficient a depends on value of b, mean log(Nt) and mean log(Dm). Please see the equations (8) and (9). nan.yu@meteo.fr
introduction _ Method Micro-physical interpretations
The gamma distribution with three parameters proposed Based on the scaled DSD expression (3), one can obtain the Because the standard deviations in (8) are always > 0, the sign of Q is only determined by the correlation between log(Nt) and
by Ulbrich (1983) expression of Z and R by integration as log(Dm). If the correlation[log(Nt),log(Dm)] > 0, b should be 1.0 < b < 1.63. This range corresponds to common situations found
N(D)=N,D"exp(—AD) () . . o o . . In many radar-gauges comparisons. If log(Nt) and log(Dm) are totally independent, b is equal to 1.63. This may be so-called
Z:fo N(D)D dD:NtDmJ.O g(x)x’dx=N,D, G, (4) “climatological” situation when we mix long-term DSDs observations to get a climatological Z-R relationship. If the
IS considered as a good approximation for describing the correlation[log(Nt),log(Dm)] < 0, b should be > 1.63 for -3.67< Q <0; or b < 1.0 for Q < -3.67. More specifically, we have
natural DSD. However, we can’t explain the variation in Z- R=7.123x 1()—3f°oN(D)D3-67dD:7,123x1()‘3th;°;;67 G,oi (5
R relationships by the three parameters because 1) they 0 | Situation Conditions on Nt and Dm Value of Q b a
are not physically meaningful; 2) they have some where G, and G, _, are two constants, independent to the 1 Drops number-controlled STDHIog(Nt)] >> STD[log(Dm)] ~ + infinitive or 4 log(a) is proportional to 2.33xavgglog(Dm)) and
statistical dependencies among them. For example, one DSD variation. The power-law Z-R relationship with the two situation Correlation[log(Nt), log(Dm)] Z0 - infinitive ' independent to log(Nt
can easily get a Z-R relationship from (1) as parameters a and b can be write as 2 Number-size proportional Nt = k x Dm with k>0 1 15 log(a) is proportional to -0.5 x avg(log(Nt)) + 0.5 x
10°  T(u+7) _ situation (ZPHI) ' avg(log(Dm))
Z=| 7123 1 (u+4.67) LVIR. @ 0g1Z=logioa+blogy R. ® 3 Drops size-controlled STD[log(Nt)] << STD[log(Dm)] 0 163 log(a) Is proportional to -0.63 x avg(log(Nt)) and
. n Intensity (R] . A Replacing the Z and R by the expressions (4) and (5) yields situation ' Independent to log(Dm)

u € raln Intensity can be well related Lo the a linear relationship between Nt and Dm as 4 Number-size independent - log(a) Is proportional to -0.63 x avg(log(Nt)) and
parameter (A) by a power law relationship so the linear ; ( | situation ; Correlation[log(Nt), log(Dm)] = 0 0 1.63 9@)isp Fndependent to Iog(Dng)( 9]
relationship (2) is totally artificial. The representation of _3.67b—6 Fla,b,Ge,Gaer) 5 Number-size inverse Nt=k / Dm with k>0 log(a) is proportional to -0.87 x avg(log(Nt)) - 0.86 X
the DSD by a scaled distribution has been wild Y 10g10 Nt_ 1—b lOgloDm-l- 1—b (") situation (|||ingworth et al. 2004) -1 1.87 g( ) Prop avg(k)g.(Dm)) g( g( )) .

investigated since the 2000s. One (or two) physically with

meaningful variable(s) is (are) used to describe the whole . _ _
variation of DSDs. For example, Testud et al. (2001) F(a,b,Ge,Gr)=10g19a ~10g10 Gs+blogy7.123x 10 “+blog,y Gasr (8 Application on the observed DSD data

proposed an expression of the normalization of the DSD as If a, b, G. _ and G_are considered as parameters which are
3-67 ° 12-month DSD data (15278 1-min DSDs) collected by a Parsivel in the south of France during the OHMCV (Boudevillain et al.

N(D):%g(x) with X:D£ 3) independent to the Nt and Dm (or Z and R), the values of a 2014) is used to illustrate the correlation of log(Nt) and log(Dm), the distribution of log(Nt), the distribution of log(Dm=M4/M3),
m m and b can be estimated from the linear regression on (7) as the distribution of G, _ and the distribution of G..
where Nt = concentration of raindrops in (m>), Dm = 367bh—6 . o[log,, N,] ot B et | | | | |
. \ . =C0rrelatlon[10 N 10 D ] glO t :Q histogram of log10(Nt) histogram of log10(Dm) histogram of G(3.67) histogram of G(6)
mean drops diameter in (mm) and g(x) is the general 1-b 10N 6> 10810 Pnl 5T D ] (8) S — - - - S S ~—1 Correlation[log(Nt),log(Dm)] = -0.079
scaled distribution. Under this conception, Steiner et al. ST E Bl B . N : STD[log(Nt)] = 0.394
(2004) concluded 3 conceptual situations: 1) a linear Z-R logoa=(1—b)logi, N, —(3.67 b—6)logio D, +10g1o Ge+2.147 b—blog;, Gy (9) o - E B ] - o _ : STAD[lﬁg(%\rm = (z).gig
PR | N 1 o0 2 20 vgllog(Nt)] = 2.
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relationship with b=1 for the drops number-controlled

ituati Dm | tant); 2) b=1.63 for the d 1Zze- . :
situation (Dm Is constant); 2) o bjl.gogzr&tzhee correlation between log(Nt) and log(Dm), the ratio of
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controlled situation (Nt is constant); 3) . L oo 000 -
Nt/Dm = constant. In this study, the micro-physical STD[log(Nt)] to STD[log(Dm)]. It IS mdependent to absolute ¥ - .
interpretation Of Steiner et al (2004) W||| be extended to 3 x::a:s O(;f bNta\alg(:ag[)erg I;)rg(eN;OQaTdCIQIQS([a)n(]j)epligsvsevoer; tll'jlti 0.00 0.20 |og$[ﬂnm} 0.60 0.8 06 1 14 I(;;a;;n:;mz 33 36 89 03 02 -0.1 (D3|asz1|n:;2w;;: 04 05 06 0.1 02 03 Ea;:m:);g;; 08 09 1 0.1 02 03 Easn:ln’[(:v;; 08 09 |
general flratmdework and new conceptual Z-R situations will relationship’ with the averaged log(Nt) and Io.g(Dm) in ('9) is Even if the Parsivel can have a large error in Nt measurement, a good Z-R relationship (z=233R*%*) |s obtained from (8) and (9)
= completed. complicated, depending on b. with Nt and Dm. A direct linear regression on log(Z) — log(R) yields a very similar Z-R relationship (z=241R*¢*). The study of
estimation of a and b from (8) and (9) based on dual-pol radar measurements and numerical simulations is ongoing.
Conclusions The equation (8) is plotted in the following figure with the
new variable Q defined in (8). - - -
A new interpretation of the variation of Z-R relationship is exbdnent b in the Z-R relationship () h . P ' Interpretatlon of the 69 Z-I‘Elathl‘IShlpS reported by Battan (1973)
proposed. It can well explain the Z-R relationships under the 60 L NG el .varcljatlonb © " IS us;:a y a sensitive to avg(log(Nt))
“number-controlled”, “size-controlled” and “number-size : 2 - &Xpiaine y the SUle] pis ’ = —— For the 69 Z-R relationships reported by Battan (left panel), the
‘ 69 Z-R | h e
‘ooortional” DSDs. It completes  “the  number-size w0 5 + parameter p of the gamma < 19| T relationships | . - variation of a seems to be related to the value of b. When b -> 1, the
Prop ' npie . . | ~ distribution (1). The presented £ reported by Battan o i variation of a is small. This corresponds to the “drops number-
d ” {a ” ] B p = * | = . .
independent” and “number-size inverse” situations and 20 | " graph based on (8) is the same £ 7§ o, £ controlled situation” and a depends on the averaged log(Dm); When
ives a simple relationship (8) to determine the exponent b | i . R D R e £ b -> 1.63, the variation of a is large. This corresponds to the “drops
g P P P 0 h | f h d | : . : i : . .
without consideration of the shape parameter of the e ——— as the plot of Smith an SN TR e o size-controlled situation” or “number-size independent situation” and
gamma distribution. This interpretation suggests that b 29 q - L(r:‘ajewslél (1I9%'3) whh_o V\_/rohrkec:: on S N X, . a depends on the averaged log(Nt).
' . . . | [ e y - b relationship. Therefore o 2 . _ _ _ . _
should be strongly related to the dominant micro-physical 40  the gffect of O can bpe the same = | s g constrainedb An illustration of a and b constrained by (9) is illustrated (right panel)
process of rain because it is related to the correlation and | 3and4 . . . | 1 - 2 by (9) with G_ _=0.5 and G =0.66. b ranges from 1.0 to 1.75. The
as p to explain the variation of b. 10 S °

variation of Nt and Dm. The coefficient a can be determined > 0_,0' o4 o8 12 1s 20 214_ prefactor of Z—K relationship, a o pmmmh-@ relationship. a Iogigggt) IS rargldorPIy Iselecéeg betweeono7 -Odzo ggd 2.8. The
from Nt and Dm only if the b is correctly identified. b a sensitive to avg(log(Dm)) 0g m) is randomly selected between -0.07 and 0.07.
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