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Abstract. The influence of the deadtime correction on
raindrop size distribution parameters inferred from Joss-
Waldvogel disdrometer observations is investigated. The
parameters are estimated using a procedure to adjust self-
consistent analytical parameterizations to normalized empir-
ical raindrop size distributions. A case study for a squall
line system passing over the Goodwin Creek experimental
watershed in northern Mississippi (USA) is presented. The
data consist of a 2.5-hour time series of one-minute raindrop
size distributions collected with a Joss-Waldvogel disdrom-
eter. Application of the deadtime correction increased the
estimated rainfall accumulation for the event by almost 15%
(∼35 mm before vs.∼40 mm after correction), mainly due
to a nearly 35% increase of the peak rain rate during the
convective phase of the squall line (∼140 mm h−1 before
vs. ∼190 mm h−1 after correction). The exponents of the
Z − R relationships inferred using the normalization proce-
dure show a slight decrease for all storm phases (convection,
transition, stratiform), whereas the corresponding prefactors
increase for all but the transition phase (where the prefactor
decreases slightly).

1 Introduction

Several approaches towards normalizing raindrop size dis-
tributions have been proposed in the scientific literature (e.g.
Sekhon and Srivastava, 1971; Willis, 1984; Willis and Tattel-
man, 1989; Sempere Torres et al., 1994, 1998; Testud et al.,
2001; Illingworth and Blackman, 2002). The aim of normal-
izing (or “scaling”) raindrop size distributions is to collapse
many individual and highly variable empirical distributions
into (ideally) one single “general” (or “intrinsic”) distribu-
tion, which is typical for a particular type of rain or climatic
setting. This provides a statistically more robust manner to
adjust analytical parameterizations to raindrop size distribu-
tions than the traditional approach where a particular para-
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metric form is fitted to each empirical distribution separately
(e.g. Tokay and Short, 1996). An additional advantage of
normalizing raindrop size distributions is that it becomes eas-
ier to establish connections between the shape of raindrop
size distributions and the physical processes producing them
(Sempere Torres et al., 2000; Uijlenhoet et al., 2002a, b).
This will ultimately lead to improved rainfall retrieval algo-
rithms for ground-based and space-borne microwave remote
sensors (both active and passive).

In this paper, we focus on a scaling law formalism for
describing raindrop size distributions proposed by Sempere
Torres et al. (1994, 1998) and extended by Uijlenhoet (1999).
Many previously proposed parameterizations for the rain-
drop size distribution are special cases of this formulation,
notably that of Marshall and Palmer (1948). The advantages
of the scaling approach as compared to the previously men-
tioned normalization procedures are:

1. No a priori assumption is made with regard to the spe-
cific parametric form of the scaled spectrum (such as ex-
ponential, gamma, lognormal, etc.) – the form follows
from the data itself, after the normalization has been ap-
plied;

2. It naturally leads to the ubiquitous power law relation-
ships between rainfall integral variables (such as that
between the radar reflectivity factorZ and the rain rate
R);

3. It explicitly considers the issue of the internal con-
sistency of raindrop size distribution parameterizations
(e.g. Uijlenhoet and Stricker, 1999; Uijlenhoet, 2001).

We investigate the influence of the deadtime correction
(e.g. Waldvogel, 1975; Sauvageot and Lacaux, 1995) on the
parameters of the scaled spectra and the associated coeffi-
cients ofZ − R relationships inferred from Joss-Waldvogel
disdrometer observations. Although our investigation is lim-
ited to the case of a gamma parameterization for the scaled
distribution (comprising the exponential distribution as a spe-
cial case), the scaling law formalism is able to cope with any
desired parametric form.
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Fig. 1. Temporal evolution of (a) rain rate and (b) radar reflectivity
factor during three phases of 27 May 1997 squall line, derived from
one-minute Joss-Waldvogel disdrometer observations at Goodwin
Creek climate station (bold: with deadtime correction; thin: without
deadtime correction). ‘C’, ‘T’, and ‘S’ indicate convective, transi-
tion, and stratiform phases, respectively, dashed vertical lines their
boundaries (10:40 UTC, 11:25 UTC, and 12:25 UTC).

A case study is presented for Joss-Waldvogel disdrome-
ter observations of a squall line passing over a small water-
shed in northern Mississippi (USA). Because of its particu-
lar mesoscale structure, consisting of three different regions
with distinctly different microphysical regimes, namely ini-
tial convection, transition, and trailing stratiform precipita-
tion (Houze, 1977, 1997; Maki et al., 2001; Bringi et al.,
2002), the squall line represents an ideal model for analyz-
ing the variability of raindrop size distributions and associ-
ated uncertainties in radar rainfall retrieval algorithms. Anal-
yses of the same squall line event have been presented by
Steiner et al. (1999) and Uijlenhoet et al. (2002b). This pa-
per provides an extension of the latter through investigating
the influence of the disdrometer deadtime correction on the
inferred parameters of the scaled spectra and the associated
coefficients ofZ −R relationships.

2 Methodology

2.1 Data

The data selected for our analysis consist of a 2.5-hour
time series of one-minute raindrop size distributions col-
lected with a Joss-Waldvogel disdrometer (Joss and Waldvo-
gel, 1967) during a squall line that passed over the Goodwin
Creek experimental watershed (Steiner et al., 1999; Alonso
and Bingner, 2000) in northern Mississippi on 27 May 1997.
The disdrometer is located at the climate station in the cen-
ter of the 21.4 km2 watershed. The total rainfall accumula-
tion for the event as derived from the disdrometer observa-
tions (corrected for the deadtime problem to be discussed in
Sect. 3) exceeds 40 mm (32.5 mm during the leading con-
vective line, 2.5 mm during the transition zone, and 5.1 mm
during the trailing stratiform rainfall) and the peak rain rate
associated with the leading convective line approaches 190
mm h−1. Figure 1 shows the time traces of rain rate and radar
reflectivity as derived from the disdrometer observations dur-
ing the event. We only consider spectra associated with rain
rates exceeding 1 mm h−1. Additional details concerning
the measurement process and the associated data analysis are
provided by Steiner et al. (1999), Steiner and Smith (2000),
and Uijlenhoet et al. (2002b).

2.2 Scaling law formalism

According to the scaling law formalism (Sempere Torres et
al., 1994, 1998), raindrop size distributions depend both on
the raindrop diameter (D) and on the value of a so-called
reference variable (commonly taken to be the rain rateR),
following the parametric form

NV (D, R) = Rαg(R−βD) , (1)

where:NV (D,R) (mm−1 m−3) is the raindrop size distribu-
tion as a function of rain rateR (mm h−1), i.e. NV (D, R)dD
(m−3) is the mean (expected) number of raindrops with
(equivalent spherical) diameters betweenD and D + dD
(mm) present per unit volume of air;α andβ are (dimen-
sionless)scaling exponents; andg(x) is thegeneral raindrop
size distributionas a function of scaled raindrop diameter
x = R−βD, representing theequivalent(i.e. scaled) rain-
drop size distribution at a rain rate of 1 mm h−1 (Uijlenhoet,
1999). The values of the scaling exponents indicate whether
it is the variability of the raindrop sizes or the variability
of the raindrop concentration (or some combination thereof)
which controls the variability of the raindrop size distribu-
tion. In general, the closerβ is to zero, the more pronounced
is the relative contribution of number-controlled variability
(Uijlenhoet, 1999; Uijlenhoet et al., 2002a).

The radar reflectivity factorZ (mm6 m−3) is related to the
size distribution of the raindrops in the radar sample volume
according to

Z =
∫ ∞

0

D6NV (D,R)dD (2)
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(e.g. Battan, 1973). Substituting the scaling law for the rain-
drop size distribution (Eq. 1) into Eq. (2) leads to the power
law

Z = aRb, (3)

with

a =
∫ ∞

0

x6g(x)dx , (4)

and

b = α + 7β (5)

(Uijlenhoet, 1999, 2001). Hence, theprefactorof a power
law Z − R relationship is entirely determined by the shape
of the general raindrop size distribution (its 6th moment),
whereas a linear combination of the values of the scaling ex-
ponents completely determines the exponent of such a power
law Z −R relationship.

The rain rateR (in mm h−1) is defined in terms of the
raindrop size distribution according to

R = 6π × 10−4

∫ ∞

0

D3v(D)NV (D, R)dD , (6)

wherev(D) represents the functional relationship between
the raindrop terminal fall speed in still airv (m s−1) and the
equivalent spherical raindrop diameterD (mm). The only
functional form forv(D) that is consistent with power law
relationships between rainfall-related variables is the power
law

v(D) = cDγ . (7)

(Sempere Torres et al., 1994; Uijlenhoet, 1999, 2001). Typ-
ical values for the coefficients of this relationship arec =
3.778 (if v is expressed in m s−1 andD in mm) andγ = 0.67
(Atlas and Ulbrich, 1977).

Substituting Eqs. (1) and (7) into the definition ofR in
terms of the raindrop size distribution (Eq. 6) leads to the
self-consistency constraints

6π × 10−4c

∫ ∞

0

x3+γg(x)dx = 1 (8)

and

α + (4 + γ)β = 1 (9)

(Sempere Torres et al., 1994). Hence,g(x) must satisfy an
integral equation (which reduces its degrees of freedom by
one) and there is only one free scaling exponent. These self-
consistency constraints guarantee that substitution of the pa-
rameterization for the raindrop size distribution (Eq. 1) into
the defining expression forR (Eq. 6), leads toR = R.

It follows from Eq. (1) that, once the values ofα and
β have been estimated, the shape ofg(x) can be identi-
fied graphically by plotting scaled versions of the empirical
raindrop size distributionsR−αNV (D, R) versus the corre-
sponding scaled raindrop diametersx = R−βD (Sempere

Torres et al., 1994, 1998; Uijlenhoet, 1999). For the pur-
pose of this paper, consider a gamma parameterization for
the general raindrop size distribution,

g(x) = κxµ exp(−λx) , (10)

which forµ = 0 reduces to an exponential parameterization.
Substitution of Eq. (10) into (8) yields, for a given value of
the parameterµ, a power law relationship ofκ in terms ofλ,

κ =
[
6π × 10−4cΓ(4 + γ + µ)

]−1

λ4+γ+µ . (11)

This is an explicit form of the self-consistency constraint
on g(x) for the case of a gamma parameterization. For the
applied units, withc = 3.778 andγ = 0.67, Eq. (11) reduces
to κ = 9.50λ4.67 for the special case of an exponential pa-
rameterization forg(x)(µ = 0). Substituting Eq. (10) into
(1) yields

NV (D, R) = κRα−µβDµ exp(−λR−βD) . (12)

Equation (12) reduces to the classical gamma parameteri-
zation for the raindrop size distribution,

NV (D) = N0D
µ exp(−ΛD) (13)

(Ulbrich, 1983), ifN0 andΛ depend onR according to the
power laws

N0 = κRα−µβ (14)

and

Λ = λR−β . (15)

For the special case of an exponential parameterization
for the raindrop size distribution of the form initially pro-
posed by Marshall and Palmer (1948), i.e. Eq. (13) with
µ = 0, Eq. (14) reduces toN0 = κRα. Recall that the
self-consistency of Eq. (12) requires thatα andβ be related
to each other via Eq. (9), andκ andλ via Eq. (11).

Sempere Torres et al. (1994) have demonstrated that the
scaling exponentsα and β may be estimated as the inter-
cept and slope of a plot of the exponentsγm (of power laws
between the moments of orderm andR) versus the order
of the momentm + 1. To reduce the effect of instrumen-
tal (sampling) effects inherent in disdrometer measurements
(e.g. Joss and Waldvogel, 1969), the values of the scaling
exponents are estimated using moment orders between two
and six (2 ≤ m ≤ 6). To guarantee self-consistency, only
β is estimated in this manner. The constraint on the scal-
ing exponents (Eq. 9) is subsequently invoked to estimateα.
Finally, we employ a moment method developed by Uijlen-
hoet (1999) to estimate self-consistent values of the parame-
ters of the scaled raindrop size distributiong(x). Effectively,
this method uses the moments of orders4 + γ and 5 + γ
(with γ = 0.67) of g(x) to estimateλ and µ. This cor-
responds closely to the moment orders (i.e. central in the
range 0–6) that are commonly used to estimate the param-
eters of the gamma raindrop size distribution (e.g. Tokay
and Short, 1996; Ulbrich and Atlas, 1998). The correspond-
ing self-consistent value ofκ is subsequently estimated using
Eq. (11).
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Table 1. Rainfall accumulations and maximum rain rates for three phases of 27 May 1997 squall line and for entire event estimated with and
without deadtime correction

Storm phase Rainfall accumulation (mm) Maximum rainrate (mm h−1)
With correction Without correction With correction Without correction

Convective 32.5 27.7 186.3 138.6
Transition 2.5 2.4 6.7 6.4
Stratiform 5.1 5.0 8.1 7.9

Total 40.1 35.1 186.3 138.6

3 Results and discussion

Observations with the Joss-Waldvogel disdrometer are prone
to the so-called deadtime problem. This instrumental effect
is associated with a resonance (‘ringing’) of the styrofoam
cone of the disdrometer following the impact of a large drop.
This causes such a strong internal noise response that the sig-
nal due to any small drop arriving during the ensuing few
milliseconds – the ‘deadtime’ – is not detectable (e.g. Wald-
vogel, 1975; Sauvageot and Lacaux, 1995). Applying the
deadtime correction proposed by the manufacturer of the in-
strument (Distromet Ltd., Switzerland) has the effect of in-
creasing the numbers of small raindrops, mainly in those em-
pirical spectra where many large drops are present, i.e. at
high rain rates. Higher order moments of the raindrop size
distribution (such as rain rate and radar reflectivity), which
are less dependent on the numbers of small drops, are going
to be less affected than lower order moments (such as drop
concentration, mean diameter, and diameter standard devia-
tion). The correction is not perfect, however, because due to
its multiplicative nature it is not able to create drops in bins
where none have been detected.

Figure 1 shows that the effect of the deadtime correction
on rain rate and radar reflectivity is only appreciable for the
most intense part of the squall line (between 10:10 and 10:20
UTC). This is confirmed by Table 1, which quantifies the
effect of the deadtime correction on the rainfall accumula-
tions and maximum rain rates during the three phases of the
storm. Figure 2 shows the effect of the deadtime correction
on the time traces of raindrop concentration, mean diameter,
and diameter standard deviation. Application of the deadtime
correction leads to a doubling of the raindrop concentrations
during the convective phase of the squall line, while the ef-
fect remains appreciable during the transition and stratiform
phases (Fig. 2a). The net effect of the increased numbers of
small drops produced by the deadtime correction is to de-
crease the mean raindrop diameter, mainly during the most
intense part of the storm (Fig. 2b). The standard deviation
of the raindrop diameters is not as strongly affected by the
deadtime correction, although it displays a slight decrease
during the convective and stratiform phases of the squall line
(Fig. 2c).

In Fig. 3a the exponentsγm of power law relationships
between themth order moment of the empirical raindrop
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Fig. 2. Temporal evolution of (a) raindrop concentration, (b) mean
raindrop diameter, and (c) standard deviation of raindrop diame-
ters during three phases of 27 May 1997 squall line, derived from
one-minute Joss-Waldvogel disdrometer observations (bold: with
deadtime correction; thin: without deadtime correction).

size distributions (for0 ≤ m ≤ 6) and the reference vari-
ableR are plotted against the corresponding moment orders
m + 1 for the 38 convective spectra considered. As opposed
to the analysis for the same event presented by Uijlenhoet
et al. (2002b), the disdrometer deadtime correction (Wald-
vogel, 1975; Sauvageot and Lacaux, 1995) has been applied
here. The power law relationships have been adjusted using
linear regression on the logarithmic values, usinglog R as
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Fig. 3. Scaling analysis of raindrop size distributions (with dead-
time correction) collected during convective phase of 27 May 1997
squall line. (a) Estimation of scaling exponents(α, β) as intercept
and slope of plot of exponentsγm (of power laws withR) vs. order
of momentm + 1 for m ≥ 2 (error bars indicate 68% confidence
limits obtained using 1000 bootstrap samples). Corresponding val-
ues of exponentb (−) of Z − R relationship and of coefficient of
determinationr2 (−) of regression line (bold: with deadtime cor-
rection; thin: without deadtime correction) are indicated as well. (b)
Application of exponents to scale spectra and infer general raindrop
size distribution (dots) and adjustment of theoretical parameteriza-
tions forg(x) (bold: with deadtime correction; thin: without dead-
time correction), with corresponding parameter values, prefactors
a (−) of Z − R relationships, and coefficients of determinationr2

(−): exponential parameterization (dashed line) and gamma param-
eterization (solid line).

the independent variable. The error bars indicate 68% confi-
dence limits, estimated from 1000 bootstrap samples (Efron
and Tibshirani, 1993). According to the scaling law theory
(Sempere Torres et al., 1994), a plot like Fig. 3a should yield
a straight line with interceptα and slopeβ. The bold dashed
line indicates a linear regression betweenγm andm + 1 for
2 ≤ m ≤ 6. The straight-line behavior predicted by the scal-
ing law formalism holds reasonably well over a large part of
the range of moment orders from 0 to 6. This is confirmed

by the high value of the coefficient of determinationr2 (com-
puted as the square of the correlation coefficient betweenγm

andm + 1 for 2 ≤ m ≤ 6). As explained in Sect. 2, in
order to guarantee self-consistency, the value ofβ has been
determined as the slope of the dashed line in Fig. 3a and the
value ofα from the self-consistency constraint on the scaling
exponents (Eq. 9), although the difference with the intercept
of the dashed line is small. The indicated value ofb is the
exponent of the correspondingZ − R relationship implied
by the scaling law formalism (Eq. 5).

For comparison, the resulting linear regression without
disdrometer deadtime correction has been plotted in Fig. 3a
as well (thin dashed line). Apparently, the effect of apply-
ing the deadtime correction on the scaling exponents is to
increase the value ofα (the intercept of the regression line)
and to decrease the value ofβ (its slope). The net result is
a slight decrease of the inferred value of theZ − R expo-
nentb (Table 2). The result of applying the correction is that
lower order moments (which depend stronger on the num-
bers of small drops than higher order moments) are increased
at higher rain rates, whereas they remain largely unaffected
at lower rain rates (when less large drops are present). The
net effect is that the exponents of power law relationships
between lower order moments and rain rate tend to get in-
creased, which is exactly what we observe (Fig. 3a).

In Fig. 3b the inferred values for the scaling exponents
are used to identify the shape of the corresponding general
raindrop size distributiong(x). The scaling analysis is suc-
cessful in the sense that it eliminates a large part of the rain
rate-induced variability, as predicted by the scaling law for-
malism. The fact that not all dots fall perfectly on one single
curve indicates that one reference variable (in this case the
rain rateR) is apparently not able to explain all observed
variability. Two different analytical parameterizations have
been fitted to the empirical general raindrop size distribution
indicated by the dots: an exponential parameterization (bold
dashed line) and a gamma parameterization (bold solid line).
Equations (10) and (11) explain the meaning of the param-
eter values indicated in Fig. 3b (recall thatµ = 0 for the
exponential parameterization). The indicated values ofa are
the values for the prefactors of the correspondingZ − R re-
lationships implied by the scaling law formalism for the two
parameterizations (Eq. 4). Also shown are the correspond-
ing values of thecoefficient of determination(or model effi-
ciency) r2 (−), which indicates the fraction of the observed
variance explained by the model. For comparison, the result-
ing curve-fitswithoutdisdrometer deadtime correction have
been plotted in Fig. 3b as well (thin lines), although it should
be noted that the data points plotted in Fig. 3b are thosewith
deadtime correction. The effect of applying the deadtime
correction on the exponential adjustment to the empirical
g(x) is hardly discernable, whereas the gamma fit reflects a
slight increase in the numbers of small drops associated with
the correction. The net result is an increase of the inferred
values of theZ−R prefactora, both for the exponential and
for the gamma fit (Table 2).

Similar scaling analyses have been carried out for the tran-
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Table 2. Inferred values (with and without deadtime correction) of the following parameters for convective, transition, and stratiform phases
of 27 May 1997 squall line: scaling exponents (α, β) and corresponding exponentb of Z − R relationship; interceptκ, (semi-logarithmic)
slopeλ of exponential fit to general raindrop size distributiong(x), and corresponding prefactora of Z − R relationship; parametersκ, λ,
andµ of gamma parameterization for general raindrop size distributiong(x), and corresponding prefactora of Z −R relationship 

 

Convective phase (38 spectra) 
 Parameter With correction Without correction

α  308.0  186.0  
β  148.0  174.0  

General 

b  35.1  41.1  
κ  31076.4 ×  31047.5 ×  
λ  79.3  90.3  

Exponential 

a  308  287  
κ  41029.1 ×  41073.3 ×  
λ  69.4  66.5  
µ  12.1  11.2  

Gamma 

a  292  264  
Transition phase (45 spectra) 

 Parameter With correction Without correction
α  006.0−  061.0−  
β  215.0  227.0  

General 

b  50.1  53.1  
κ  41028.1 ×  41019.1 ×  
λ  68.4  61.4  

Exponential 

a  188  195  
κ  61043.1 ×  61040.2 ×  
λ  06.9  54.9  
µ  37.4  00.5  

Gamma 

a  164  169  
Stratiform phase (60 spectra) 

 Parameter With correction Without correction
α  281.0  199.0  
β  154.0  171.0  

General 

b  36.1  40.1  
κ  31098.1 ×  31009.2 ×  
λ  14.3  17.3  

Exponential 

a  476  464  
κ  31084.6 ×  31067.9 ×  
λ  33.4  65.4  
µ  78.1  17.2  

Gamma 

a  442  425  
 

sition (Fig. 4) and the stratiform (Fig. 5) phases of the squall
line system. These analyses reveal that the shapes of the
scaled spectra are wide and bent downward for small rain-
drop sizes in the leading convective line, narrow and slightly
bent upward in the transition zone, and wide and strongly
bent upward in the trailing stratiform rain. The dispersion
among the scaled spectra during the transition and stratiform
phases is significantly smaller than during the convective
phase. The exponents (b) of the resultingZ − R relation-
ships are roughly the same for the leading convective line
and the trailing stratiform rain (≈ 1.4) and slightly larger for
the transition region (≈ 1.5), with prefactors (a) increasing
in the order transition (≈ 200), convective (≈ 300), strati-
form (≈ 450). The effect of the deadtime correction on the
Z−R relationships inferred using the scaling law formalism
is a slight decrease of the exponents for all storm phases and
an increase of the prefactors for all but the transition phase

(where theZ−R prefactor decreases slightly). Table 2 sum-
marizes the inferred parameter values.

Figure 6 shows in detail the effect of the deadtime correc-
tion on the inferred values of the scaled raindrop diameter
x = D/Rβ and the corresponding values of the general rain-
drop size distribution functiong(x) = NV (D,R)/Rα for
each of the three phases of the squall line. The net effect of
the deadtime correction onx is the combined result of higher
values ofR (which tends to decreasex) and a lower value
of β (which tends to increasex if R > 1 mm h−1). Fig-
ure 6 shows that the data points (‘plus’-signs), particularly
during the convective and stratiform phases of the storm (top
left-hand and bottom left-hand panels, respectively), are lo-
catedabovethe diagonal line indicating 1:1 correspondence
between the uncorrected (‘raw’) and corrected values ofx.
Hence, application of the deadtime correction leads to in-
creased values of the scaled raindrop diameterx. Apparently,
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Fig. 4. Same as Fig. 3 for raindrop size distributions collected dur-
ing transition phase of 27 May 1997 squall line.

the influence ofβ onx is stronger than that ofR.
The net effect of the deadtime correction ong(x) is the

combined result of higher values ofNV (D, R) (which tends
to increaseg(x)), higher values ofR (which tends to de-
creaseg(x)), and a higher value ofα (which tends to de-
creaseg(x) if R > 1 mm h−1). Figure 6 shows that lower
values ofg(x) (corresponding to the tails of the distributions,
where the effect of increasedNV (D, R) is negligible) are de-
creased, whereas higher values ofg(x) (corresponding to the
small-size end of the spectra, where the effect of increased
NV (D,R) dominates) are increased, particularly during the
convective phase of the storm (top right-hand panel).

4 Conclusions

This work provides an extension of that presented by Uijlen-
hoet et al. (2002b). Its main conclusions can be summarized
as follows:

1. A procedure to adjust self-consistent analytical param-
eterizations to normalized empirical raindrop size dis-
tributions has been successfully applied to a 2.5-hour
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Fig. 5. Same as Fig. 3 for raindrop size distributions collected dur-
ing stratiform phase of 27 May 1997 squall line.

time series of Joss-Waldvogel disdrometer data for a
squall line system passing over the Goodwin Creek ex-
perimental watershed in northern Mississippi (USA).

2. Application of the deadtime correction increased the es-
timated rainfall accumulation for the event by almost
15% (∼35 mm before vs.∼40 mm after correction),
mainly due to a nearly 35% increase of the peak rain
rate during the convective phase of the squall line (∼140
mm h−1 before vs.∼190 mm h−1 after correction).

3. Application of the deadtime correction lead to a strong
increase of the raindrop concentrations, an appreciable
decrease of the mean raindrop diameters, and a slight
decrease of the standard deviations of the raindrop di-
ameters. The radar reflectivity factor was hardly af-
fected.

4. The effect of applying the deadtime correction on the
Z − R relationships inferred using the developed nor-
malization procedure showed a slight decrease of the
exponents for all storm phases and an increase of the
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Fig. 6. Comparison of scaled raindrop diametersx and correspond-
ing values of general raindrop size distributiong(x) with (‘cor-
rected’) and without deadtime correction (‘raw’) for three phases of
27 May 1997 squall line, derived from one-minute Joss-Waldvogel
disdrometer observations (diagonal lines indicate 1:1 correspon-
dence between uncorrected and corrected values).

prefactors for all but the transition phase (where the
Z −R prefactor decreased slightly).
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