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Study on evolution characteristics of raindrop size distribution
during a trailing stratiform squall line
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Abstract Based on observations of Thies optical disdrometer and CINRAD/SA Doppler weather radar
data, the evolution characteristics of the raindrop size distribution and integral parameters at different
phases during a typical mid-latitude trailing stratiform squall line on 18 July 2017 are analyzed. The main
results are listed as below. 1) The echoes of mature squall line include convective zone, transition zone,
and trailing stratiform cloud zone. New convective zones are continuously generated in front of the
convective zone and are integrated into the main convective zone, where strong reflectivity factors appear

and multiple centers of great rainfall intensity are formed. 2) Crossing the convective zone, the

s B #A:2019-02-02; {&1T H#A:2019-04-10
EEWE : HEARR LG IE (41275044) 5 ILRE TEJRRHIFS H (20125dgx12)
EEE I ER, B O AR R LRI, FENHEZFRP ST, wangjun818@ sohu.com,



44

i

A

%

increase/decrease phase of rainfall intensity witnesses fewer/more small particles ( Diameter<1 mm) and
extra large particles ( Diameter>5 mm) as well as lower/higher raindrop concentration and reflectivity
factor. During the intensification/weakening phase of the squall line, the raindrop size distribution has
relatively large/small peak diameter (0.44 mm)/ (0. 19 mm) and there are more/fewer large ( Diameter
>3 mm)and extra large particles. 3) The three parameters of Gamma distribution in the raindrop size
distribution of convective zone, transition zone, and stratiform cloud—N,, w, and A, have obvious
stratified characteristics as rainfall intensity increase. Under the same rainfall intensity, the three
parameters of convective cloud and transition zone are larger than those of stratiform cloud; the A —u
relationship has consistency for different phases of the squall line and different types of precipitation, and
a quadratic polynomial can better fit the A —u relationship. 4) The distribution of normalized Ny, and D,
can be utilized to distinguish convective and stratiform cloud precipitation and a new equation of
separation line is provided; furthermore, the characteristics of the raindrop size distribution are obviously
different in the development and weakening phase of the squall line, which indicates the microphysical

mechanism of precipitation has changed during the process. Cold cloud processes have significant

%39 %

influence in the earlier phase, while warm cloud processes play a dominant role in the later phase.
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Fig.2 Composite reflectivity (a. 04:38 BST, b. 0612 BST, c. 06:42 BST, d. 06:59 BST, e. 07:46 BST, f. 08:04 BST,

g. 08:33 BST, h. 09:32 BST) of Jinan radar and height-time cross section ( colored, units; dBz) of radar reflectivity factor
of disdrometers located at Donge ( DE) and Shengju (SJ, Jinan)
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Temporal evolution of raindrop size distribution and integral parameters of the disdrometer located at DE on 18 July 2017

Fig.3

(a. raindrop size distribution and rainfall intensity, colored for raindrop number concentration N(D) , units: m™ - mm™",

cmm R RIZR A B
cmm™' ,ﬁ%:Do’ﬁfﬁ:mm)

-1

black solid line for rainfall intensity R, units; mm + h™"; b. raindrop concentration and reflectivity factor, solid line for

raindrop concentration Ny, units; m™, dashed line for reflectivity factor Z, units; dBz; c. intercept parameter log,, N, ,

slope parameter A, and form factor w, thin solid line for log,,/V,, units; m”

1

* « mm™"*, dotted line for A, units: mm™",

thick solid line for u; d. normalized intercept parameter log, N, and median volume diameter D, solid line for log,, N,

units; m~ + mm™", dashed line for D,, units; mm)
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Fig.4 The same as Fig.3, but for the disdrometer located at SJ, Jinan
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Table 1 ~ Characteristics of average raindrop size distribution at DE and SJ for different types of precipitation

Wk 2 s i) WE PR R/ (mm - h7') RS A/mm™ FRH T o BIESE N/ (m™ - mm™' ™)
DE-LE 07.09—07.12 3 4.7 3.06 0.52 2 063.8
DE-LC 07.13—07.23 11 65.3 1.22 -0.97 3125.5
DE-TC 07.24—07 .48 25 46. 1 1.26 -0.83 1 988.3
DE-TE 07.:49—07.52 4 5.9 2.56 -0.12 2262.5
DE-T 07.53—08:16 24 2.7 3.42 0.39 2577.2

DE-S 08.17—09.40 78 3.1 1.94 -0.35 423.5
SJ-LE 08:10—08.17 7 4.0 1.41 -1.73 664. 5
SJ-1.C 08.18—08.22 5 24.4 1.57 -1.17 3311.1
SJ-TC 08.23—08.:29 7 24. 6 1.33 -1.40 2 666. 2
SJ-TE 08.30—08 .46 17 6.9 3.71 0.96 6 052.9
SI-T 08.47—09.04 18 1.9 5.05 1.54 8 142.7
SJ-S 09.05—10.45 101 2.7 2.56 0.19 622.9
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Fig.5 Average raindrop size distribution (a. convective precipitation, b. stratiform cloud and transition zone)
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Fig.6  Scatter plot between R and w (a), A (b), and

logo,N, (c¢) (dot and star for DE and SJ,

respectively, solid dot for convective cloud data,

hollow dot for stratiform cloud data, semi-hollow dot

for transition zone data, thick solid line for the

fitting line of convective raindrop size distribution

parameter and R, dot-dash line for separation line

between convective cloud and stratiform cloud

precipitation )
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Fig.7 Scatter plot of A and u when R is greater than 0.5
mm - h™' (dashed line for fitting line by ZHANG et
al., dotted line for fitting line by WANG et al., solid
line for fitting line of the process on 18 July 2017)
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Fig.8 Scatter plot of log,, N, and D,( dot and star for DE
and SJ, respectively, solid dot for convective cloud
data, hollow dot for stratiform cloud data,
semi-hollow dot for transition zone data, thick solid
line for separation line between convective cloud and
stratiform cloud precipitation, dotted line for
separation line by BRINGI et al., dashed line for
distribution of stratiform by BRINGI et al., black
rectangle for distribution of maritime and continental
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THIERHIE . 2R 2 B9 28 BRI BORR R, R W
{1 8 JBE AR S [ 4 ) W 3 T AR A

5 #ig

FIF Thies 3 Ot F i 3% 1 00 I %% kL A0
CINRAD/SAZ38: 8y 85 IR LI G286}, 43 B 17— Ui
RIRELRAS 7] & J& i B W 1% 135 0 BH 43 5 50100 18 A8 oy
iE, VA S Gamma 540G 240 H—1k Gamma 3% 2%k
N F Do GETHRHIE , 4500 -

1) ARt R A2 s B Rl i 2 V) A8 S i), A
AR ORISR E RE AN T & BUARZ KR, SR ik
JER RS B AR A FIABE 55 . H ik Bt i
N S AR I HAT v 5 R e B TR R 4% 1) i 7R (]
PR XA AT 3o I XA B2 MR 2 X, R i
DAV AT i s A B I 21 260 il v, A5 0k
AT TR R R A SO R L O B A 2 TR
W o oI DX TR 55, J2 AR 2 [l i B AR AE 2 A 4K
SR 0 C 2500 .

2) 3 H 2R 6 A, TSR 0 o B A
B/NF 1 mm f/NREF A E AR KT 5 mm (945 FOkL
5, T R R 8 55 B B 2 1IN RS R R R KR

Fo PRI AE W 55 388 R R A 22 2 A1 A R i vk
TS S 23R PR T T 3 ik 559 e 2 6 v 1140 TR 7 R
JERB TR o AU TR TN 3 0k 55 B B A i 2
(KA ORI T, 30 5 MERFSEAS R Z AL .

1o U X TR 3 Fe A%, (HL I TR S A e (B B AR K
(0.63 mm) , J JA A8 Sy 3% . 53 4, 2o U X1
Gamma }& =S8 Ny A EARAR LI, 13X A2 )
T Y DX — A

PR JE NNk By B , R 33 o/ IR 1 e T
IR (0. 44 mm) , FEZ W RAFERRL T MTE
SR8 55 o B, TR 3 R /NRL T B (B B AR /N (0. 19
mm) GBI RRL T, LA RO T

3) X9 A U RN 2R 2 B 7K R 35 9 Gamma
=B8N, A A WL B 5 2 RRAE 4 5] 5 A
X AT P X K 1) Gamma 3% = S50 Ny w A L
2R = B K 1 2 800 B K, {3 TOKAY  and
SHORT"™ DA £5 th A3 - )2 4R 00 B e AN BB 43 B A
YA R B FZ AR 25 FK TN 5 o

TRZTA A DS A KR ELA KR
BB AR K R B A - 56 28 A /N 22 51, fhi
) FHA—B00 A KR

4) Z=R K507 s , R I Rt I X R K A 8
Wit A — SR HL K b 2R = B K B
W B X — k. 790, R AR LR B Z-
R CRFA 25, BB AR & R By B o i
TR AEE2E 5

5)1og, N, =D, V-1 [ oot i - )2 R A s A
BAFRFE, J5 & log, Ny = —1. 2Dy +5. 6 7] LI X}
Mo FER S KA IF K. M2k 4 B Be o i i 2
A KBt I 2 B K RHAE, 2 logy, N, M K —
S TS Y B R T LA BT 0 T R I
R 7K R RPALE , 3 158 BH L 482 Y3 A 3o R g /K R ) B
FLPLH KA AR A, BT =i B B W, 1S
WG 2 i Ak 3 AR

S Lk :

[1] SMULL B F, HOUZE R A JR. Dual-Doppler radar
analysis of a midlatitude squall line with a trailing region
of stratiform rain [ J].J Atmos Sci, 1987, 44 (15):
2128-2149.

[2] BIGGERSTAFF M I, HOUZE R A JR. Kinematic and
precipitation structure of the 10—11 June 1985 squall
line[ J].Mon Wea Rev,1991,119(12) :3034-3065.

[3] ATLAS D, ULBRICH C W, MARKS F D JR, et al.

Systematic variation of drop size and radar-rainfall



56

A

bl
B

e 539 &

[4]

(5]

[6]

[7]

(8]

(9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

relations[ J ].J Geophys Res,1999,104(D6) ;:6155-6169.
TOKAY A, SHORT D A.Evidence from tropical raindrop
spectra of the origin of rain from stratiform versus
convective clouds [ J ]. J Appl Meteor, 1996, 35 (3) .
355-371.

MAKI M, KEENAN T D, SASAKI Y, et al
Characteristics of the raindrop size distribution in tropical
continental squall lines observed in Darwin, Australia
[J].J Appl Meteor,2001,40(8) :1393-1412.

NZEUKOU A, SAUVAGEOT H, OCHOU A D, et al.
Raindrop size distribution and radar parameters at cape
verde[ J].J Appl Meteor,2004,43( 1) :90-105.

THURAI M, BRINGI V N, MAY P T.CPOL radar-
derived drop size distribution statistics of stratiform and
convective rain for two regimes in Darwin, Australia[J].
J Atmos Oceanic Technol ,2010,27(5) :932-942.
ZHANG H S, ZHANG Y, HE H R, et al.Comparison of
raindrop size distributions in a midlatitude continental
squall line during different stages as measured by parsivel
over East China [ J].J Appl Meteor Climatol, 2017,
56(7):2097-2111.

SAUVAGEOT H, KOFFI M. Multimodal raindrop size
distributions[ J ].J Atmos Sci, 2000,57(15) :2480-2492.
EAR WS T AR, 55— UML) R I 1
W58 (1] 35241 ,2016,74(3) :450-464.

WEN J , ZHAO K, HUANG H, et al. Evolution of
microphysical structure of a subtropical squall line
observed by a polarimetric radar and a disdrometer during
OPACC in eastern China [ J].J Geophys Res, 2017,
122(15) :8033-8050.

WALDVOGEL A.The N, jump of raindrop spectra[J].
J Atmos Sci, 1974,31(4) :1067-1078.

ULBRICH C W.Natural variations in the analytical form of
the raindrop size distribution[ J ]. J Climate Appl Meteor,
1983,22(10) :1764-1775.

CARACCIOLO C, PRODI F, BATTAGLIA A. et al.
Analysis of the moments and parameters of a gamma DSD
to infer precipitation properties: A convective stratiform
discrimination algorithm[ J].Atmos Res,2006,80(2/3) .
165-186.

YOU C H, LEE DI, KANG M Y, et al.Classification of
rain types using drop size distributions and polarimetric
radar; Case study of a 2014 flooding event in Korea[ J].
Atmos Res,2016,181:211-219.

WILLIS P T.Functional fits to some observed drop size
distributions and parameterization of rain [ J].J Atmos
Sci, 1984 ,41(9) :1648-1661.

LEE G W, ZAWADZKI I, SZYRMER W, et al. A

[18]

[20]

[26]

[33]

general approach to double-moment normalization of drop
size distributions [ J ]. J Appl Meteor, 2004, 43 (2) .
264-281.

BRINGI V N, CHANDRASEKAR V, HUBBERT ], et
al.Raindrop size distribution in different climatic regimes
from disdrometer and dual-polarized radar analysis[ J].
J Atmos Seci, 2003,60(2) :354-365.

BRINGI V N, WILLIAMS C R, THURAI M, et al.Using
dual-polarized radar and dual-frequency profiler for DSD
characterization; a case study from Darwin, Australia[ J].
J Atmos Oceanic Technol ,2009,26(10) :2107-2122.
WEN G , XIAO H, YANG H L, et al.Characteristics of
summer and winter precipitation over northern China[ J].
Atmos Res,2017,197:390-406.

MENG Z Y, YAN D C, ZHANG, Y J.General features of
squall lines in East China[J]. Mon Wea Rev, 2013,
141(5) :1629-1647.

FAR LR RBEXS I R S8 10 2% ) B B GE T HRHAE 43
Hrl )] MR G54, 2017,37(4) :25-33.

FRAMA , SAETE, (R — e b g o i KU 1 rp RUBE
FHESMT [T ] RSB, 2005,29(3) :453-464.
RAYE, AT M, 55428 I YT sR 0 I 9 F R
ZERAH B [T].A%,2008,34(12)
21-26.

LG BT AT, 45,2007 4R P RS 7. 187 K WY £F
SERLRARXS I R G TE [ ] AR # M, 2011,69(2)
263-276.

TR, FRAMAN, AT, 5 — U R B X I X R
KA BEmE 1 DU 28 8 R GO N ELR G
1] ERA % ,2011,30(4) :1067-1077.

SR I, E R, T RF. — UK 43 i o AR A X 3 T
B[P AR S B [T ] M P R 5 4, 2017, 37 (1)
98-103.

L, 5Kk , 255, 46,2015 47 8 J1 3 HILIZRPU Lk
AR A ROBE AR AIE 23 B [ ] 3 9 R 244, 2017,
37(2) :96-101.

el , EAEAY, 30, 45,2016 4 1L 7R — g XU
fith 5 B 5 XA R A A [ ] PR A A 4, 2018,
38(2) :67-75.

T3 I T, AL ). 2017 4F 8 J1 6 H AR Wi
BRI G B [T ] g P SR 5 4, 2018, 38 (2)
60-66.

TR IRV T DR A4 8 A6 A2 Jm M 5 X it X
S A [T ] eG4, 2018,38(4) 145-57.
PR, ISR B BE, 55 IR 26 E A R B L i 1z
SR S B o B [ )] R 22 4, 2018, 38 (4)
58-70.

DE MORAES FRASSON R P, DA CUNHA L K,



24

FARAF: — U R L I R b T A R AR A S 57

[34]

[36]

[37]

[38]

KRAJEWSKI W F. Assessment of the thies optical
disdrometer Res, 2011,
101(1/2) :237-255.

FRIEDRICH K, KALINA E A, MASTERS F J, et al.
Drop-Size distributions in thunderstorms measured by
optical disdrometers during VORTEX2 [ J ]. Mon Wea
Rev,2013,141(4) ; 1182-1203.

TESTUD J, OURY S, BLACK R A, et al.The concept of

¢

performance [ J ]. Atmos

“‘normalized” distribution to describe raindrop spectra; A
tool for cloud physics and cloud remote sensing[ J].J
Appl Meteor, 2001,40(6) :1118-1140.

THOMPSON E J, RUTLEDGE S A, DOLAN B, et al.
Drop size distributions and radar observations of
convective and stratiform rain over the equatorial Indian
and West Pacific Oceans[ J].J Atmos Sci,2015,72(11) :
4091-4125.

PARKER M D, JOHNSON R H.Organizational modes of
midlatitude mesoscale convective systems [ J]. Mon Wea
Rev,2000,128(10) :3413-3436.

ZHENG L L, SUN J H, ZHANG X L, et al
Organizational modes of mesoscale convective systems
over central East China [ J ]. Wea Forecasting, 2013,

28(5) :1081-1098.

[39]

[40]

[41]

[42]

[43]

[44]

ZHANG G F, VIVEKANANDAN J, BRANDES E A, et
al.The shape-slope relation in observed gamma raindrop
size distributions: statistical error or useful information?
[J].J Atmos Ocean Technol,2003,20(8) :1106-1119.
CHU Y H, SU C L. An investigation of the slope-shape
relation for gamma raindrop size distribution[ J].J Appl
Meteor Climatol ,2008,47(10) :2531-2544.

THURAI M, WILLIAMS C R, BRINGI V N.Examining
the correlations between drop size distribution parameters
using data from two side-by-side 2D-video disdrometers
[J].Atmos Res,2014,144.95-110.

FULTON R A, BREIDENBACH J P, SEO D J, et al.The
WSR-88D rainfall algorithm[ J]. Wea Forecasting, 1998,
13(2) :377-395.

UIJLENHOET R, STEINER M, SMITH J A.Variability of
raindrop

line and

(1. J

size distributions in a squall

implications for radar rainfall estimation

Hydrometeorol ,2003,4( 1) :43-61.

ULJLENHOET R, SMITH J A, STEINER M. The

microphysical ~structure of exireme precipitation as

inferred from ground-based raindrop spectra[ J].J Atmos

Sei,2003,60( 10) : 1220-1238.



