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Research on the Z-R relationship of mixed convective—stratiform clouds in Xi’ an area
WANG Jin'?, YUE Zhiguo', HE Wenbin®, DAI Changming’, PAN Liujie*, LIU Hui*, ZHANG Lei’

(1. Center of Weather Modification of Shaanxi Province, Xi’ an 710016; 2. College of Atmospheric Sciences, Lanzhou University 730000;
3. Shaanxi Meteorological Bureau, Xi’ an 710016; 4. Shaanxi Meteorological Observatory, Xi’ an 710016)

Abstract: Based on the raindrop spectrum data observed in Xi 'an, Shaanxi Province from 2013 to 2014, and combined with the observation
data of the weather radar, the mean raindrop distribution, the microphysical characteristic quantity and Z-R relationship of 43 precipitation
events of the mixed convective—siratiform clouds were statistically analyzed. The results show that the mean raindrop spectrum of the precipi—
tation display a single peak, and the fitting of the Gamma distribution to the large precipitation particles is obviously better than that of the
M-P distribution. The drop size corresponding to the peak value of raindrop number concentration and having the greatest contribution to
rainfall intensity appeared at less than 1 mm in diameter in the raindrop spectrum. A Z-R relationship Z=168R'* has been established by the
least square method for the mixed convective—stratiform clouds in Xi'an area. When the echo intensity calculated from raindrop spectrum data
is less than (greater than) 30 dBz, the radar observation can overestimate the echo intensity. With echo intensity decreasing, the radar echo in—
tensity is obviously overestimated (underestimated). A S—grade revised scheme for the radar echo is proposed. The Z—R relationship Z=
168R'* was used to estimate the rainfall during the precipitation events of the mixed convective—stratiform clouds in Xi'an area. The estimat—
ed amount of precipitation is closer to the actually measured rainfall. The relative error of the estimated rainfall was reduced from 51.3% to
25.4%.
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Table 1 Main specifications of Parsivel.
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RN 54 em’
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R +5%(WAS IR £20% (15 Z5FEK)

2120 A s A I B 0.1 mm, it
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Table 2 Survey of raindrop spectrum data of 43 precipitation events from 2013 to 2014.

SR Jsyis
L EKm ki B Wk, mokEw Kok B S
FE A (L) WDy PYP (L) ML A
/mm /mm
1 2013/5/5 16:52—17:53 0.99 62 || 23 2014/6/13 09:43—13:54 7.07 252
2 2013/5/17 09:01—22:45 1431 825 | 24 2014/6/19 07:54—13:07 5.38 314
3 2013/5/24 05:24—10:25 2.67 302 |25 2014/6/24—6/25 24 H 19:15—25 H 00:50 3.61 336
4 2013/5/25 05:13—17:00 31.05 708 | 26 2014/6/28—6/29 28 H 17:16—29 H 02:26 3.78 551
5 2013/6/8—6/9 8 H 17:45—9 H 18:08  54.31 1464 | 27 2014/7/3 04:29—06:23 2.84 115
6 2013/7/2 08:55—14:22 12.43 328 || 28 2014/7/10 12:51—20:21 6.24 451
7 2013/7/4 09:00—17:47 1333 528 | 29 2014/ 8/7 11:24—15:19 8.17 236
8 2013/7/17—7/18 17 H10:03—18 H 12:51 24.15 1543 30 2014/ 8/8 13:18—16:57 5.58 220
9 2013/7/22 08:38—15:56 12.5 439 | 31 2014/8/30 09:20—21:39 3276 740
10 2013/8/8 02:12—07:58 4.78 347 | 32 2014/9/1 02:39—13:39 18.58 661
11 2013/8/28 10:39—15:16 6.7 278 || 33 2014/9/7 03:52—14:35 15.87 644
12 2013/9/4 01:18—04:39 1.08 202 | 34 2014/9/8—9/9 8H 15:56—9 H 17:46 61.43 1551
13 2013/9/8 05:51—09:02 2.07 192 | 35 2014/9/10 03:14—21:55 2955 1123
14 2013/9/19 02:31—07:21 9.15 291 | 36 2014/9/11 16:17—23:57 27.07 461
15 2013/9/23 00:05—10:44 3.69 640 || 37 2014/9/13 12:22—18:47 6.66 386
16 2013/10/14 08:48—14:35 9.23 348 || 38 2014/9/14 09:07—17:47 19.39 521
17 2013/10/16 01:09—12:12 7.17 664 | 39 2014/9/15 01:44—21:50 19.81 1207
18 2013/10/30—10/31 30 H 12:26—31 H03:49 10.28 924 | 40 2014/9/23 10:03—12:21 3.71 139
19 2014/5/10 01:03—20:04 39.62 1142 | 41 2014/9/27 13:42—19:49 3.82 368
20 2014/5/13 09:14—15:39 4.64 386 || 42 2014/10/1 02:25—08:50 8.1 386
21 2014/5/19 02:21—06:17 1.74 237 || 43 2014/10/20 09:54—16:60 7.49 427
22 2014/5/23—5/24 23 H 08:06—24 H 00:10  20.1 965
3 Parsivel NEFNIEHIERESITEXT
Table 3 Statistical results of precipitation biases by Parsivel and automatic weather station.
P TR B AOE] o it BEE BRI
R Parsivel EFsipa Parsivel EFsipa R EX 4 R Parsivel EFsipi Parsivel ERSIDAE S = EX 4
1 0.08 0.08 0.04 0.06 0.05 0.57 | 23 0.09 0.10 0.12 0.14 0.05 0.95
2 0.09 0.09 0.05 0.07 0.05 0.75 | 24 0.08 0.09 0.12 0.14 0.05 0.94
3 0.07 0.08 0.06 0.07 0.04 0.80 || 25 0.08 0.08 0.12 0.14 0.04 0.95
4 0.19 0.20 0.18 0.20 0.05 0.97 | 26 0.08 0.08 0.12 0.13 0.04 0.94
5 0.19 0.20 0.26 0.30 0.07 0.98 || 27 0.08 0.09 0.12 0.13 0.05 0.94
6 0.12 0.12 0.10 0.11 0.04 0.93 | 28 0.09 0.09 0.12 0.13 0.05 0.94
7 0.14 0.14 0.12 0.13 0.04 0.95 | 29 0.10 0.10 0.13 0.15 0.05 0.95
8 0.08 0.08 0.10 0.12 0.05 0.93 || 30 0.09 0.10 0.12 0.14 0.05 0.95
9 0.09 0.10 0.13 0.14 0.05 0.95 | 31 0.16 0.18 0.21 0.24 0.06 0.97
10 0.07 0.08 0.10 0.12 0.04 0.93 | 32 0.12 0.13 0.20 0.22 0.05 0.97
11 0.09 0.09 0.11 0.12 0.05 0.93 | 33 0.11 0.11 0.13 0.15 0.05 0.94
12 0.07 0.07 0.10 0.11 0.04 0.92 | 34 0.20 0.20 0.19 0.21 0.05 0.98
13 0.07 0.08 0.10 0.11 0.05 0.92 || 35 0.12 0.13 0.19 0.20 0.04 0.98
14 0.09 0.10 0.10 0.12 0.05 0.93 | 36 0.13 0.13 0.22 0.22 0.04 0.98
15 0.06 0.06 0.09 0.10 0.04 0.90 || 37 0.06 0.06 0.07 0.08 0.04 0.87
16 0.08 0.09 0.13 0.15 0.05 0.95 | 38 0.10 0.10 0.13 0.13 0.04 0.95
17 0.07 0.07 0.09 0.10 0.04 0.90 | 39 0.08 0.09 0.08 0.09 0.05 0.86
18 0.08 0.08 0.08 0.10 0.05 0.89 || 40 0.09 0.09 0.09 0.10 0.05 0.88
19 0.16 0.16 0.15 0.16 0.05 0.95 | 41 0.07 0.07 0.07 0.08 0.05 0.84
20 0.15 0.15 0.15 0.16 0.05 0.96 || 42 0.09 0.09 0.08 0.09 0.05 0.84
21 0.14 0.14 0.15 0.17 0.05 0.96 | 43 0.08 0.08 0.07 0.08 0.05 0.83
22 0.10 0.11 0.14 0.16 0.05 0.96

LB 0.5 1505 IR AR MM 2 A [R50 A7 ml $R 0.5 BEMIAY XK J5 180 AT 9 s -2 it xeh iy =0 mT
XL 2 A (A A A RO 7 2 X Z 1 Z, BORE DAREARER 5 18 SRS Parsivel 5 50RHR T /KO8
REBWFR BRI Hr. RImRAPRILER 0 B ARz
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Table 4 The correlation coefficient between Parsivel raindrop

estimated and radar observed reflectivity.

_ . N J Az il
ENERFE MR AHRREL AR
0.5°11 41 JERT 0.60 3689
1.5°41 A JEPapEt 0.37 2885
0.5 JKF9 A 0.60 4179
15 KF9 O 0.40 3364

2 FHRIEFHE R W R EHE S

2.1 FHWEIL S R IEBSE

FIFH M=P 4345 il Gamma 23 %} 43 IRFUZ IR A =
RE7K B ST AT R 33 o3 AT HEA TG 45 21 T AH RN I R E
ZH(E D, WETHTE S, BUZRA 2B
T IR AR LU AT 22, g UGN, S (1 25 RRT
TG TETE I 0.31 ~ 4.75 mm, B0 A M 46 m™,
HPLE A2 0.44 mm Ak

{1 M=P 4345 F1 Gamma 43455 43 B34 B2 TR A
5 T T AR B AR R 1 S5, M=P 2 1 13 S5k
No=111, A=2.11; Gamma 43 4ii () 3% 2 5 No=1 027, A=
4.07 ,u=1.62, Gamma 73 4ii fh £k 0] 25 . M—-P 434 X
TR T T 0L B SF E AR X 1R 25 R 269% , 1 TN T ELAR A
0.31 ~ 1.63 mm Z [W LG 84T, PR R ZE N 19%),
HAKT 1.63 mm UG8, M XTIR 2R 581%.

10°

o DSD
10? 4 ————M-PDSD
Gamma DSD

10'
10° 4

m”mm™')

104

R

1074

N(Iv)/

1074

10"

0 1 2 3 4 5 6 7 8
HA%/mm

Bl 1 43 YR FK S-SR TR 5 53 A B M=P 93 Aii il Gama 53 Aii
BTG, P HE S S 2341 (DSD), MRy M—P 35 734
(M-P DSD),@;?)%%J Gammaﬁ%ﬁ‘?ﬁ( Gamma DSD)

Fig. 1 Observed mean raindrop spectrum distribution and M=P and
Gamma distribution fittingfor 43 precipitation processes, The box shows
the observed mean drop size distribution (DSD), thedashed
line M=P drop size distribution(M—P DSD) and the solid

line Gamma drop size distribution(Gamma DSD)
Gamma 43415 XF S 0 W 355 33 0045 7 ~F- 20 RH X1 25 Ry
24% , HAZAE0.31 ~ 2.38 mm Z|f] , Gamma 43 X}/ VR T+
PIEARGF AR 220 R 9% , AR K T 2.38 mm,
Gamma 73 LA AT IR 2E R 63% ., X TAAEKR
BT BIFZIR A 25, Gamma 3 A1 A 517 A0 1A 30 K i 44
2 S E SR R S S O

R T VHE R K R P EREAE | 1) RRR 3 R0 )
W TSI R, RSANMTBRBPZRES

R5 20132014 E B3RP ERE=HEKRIESE FLHE

Table 5 Average values of microphysical parameters of the 43 precipitation events from 2013 to 2014.

Fr ok e [iOEEH TR EIRBURERE T s B i [FEEEH ookt HIARGPRET
/m™ /(mm-h™")  /(g-m™) /(mm®+ m™) /m™ /(mm- h™) /(g m”) /(mm®+ m™)

1 125 0.86 0.24 162 23 137 1.69 0.47 522.9
2 410 0.94 0.26 68.3 24 188 1.05 0.29 113.6
3 100 1.07 0.30 70.5 25 261 0.80 0.22 44.5
4 391 2.84 0.79 390.6 26 86 0.80 0.22 56.1
5 454 243 0.68 210.7 27 195 1.51 0.42 368.5
6 160 2.28 0.43 301.5 28 252 0.85 0.24 65.5
7 365 1.57 0.44 119 29 457 0.94 0.26 23

8 158 1.09 0.30 103.7 30 396 0.74 0.15 21.8
9 183 1.92 0.53 1934 31 365 2.65 0.74 334.6
10 114 0.93 0.26 69 32 192 1.71 0.48 123.1
11 194 1.02 0.28 66.3 33 659 1.81 0.50 84.4
12 38 0.30 0.08 29.6 34 611 2.47 0.69 188.5
14 229 2.06 0.57 419.8 35 203 1.87 0.52 87.5
13 92 0.68 0.19 74 36 318 0.82 0.23 46.6
15 477 0.43 0.12 28.4 37 461 1.09 0.30 66.9
16 402 1.66 0.46 136.9 38 478 1.44 0.40 47
17 131 0.54 0.15 36.5 39 498 1.65 0.50 56
18 120 0.39 0.11 20.5 40 253 1.64 0.45 196.5
19 396 1.94 0.54 213.8 41 1083 1.24 0.34 35.5
20 81 0.80 0.22 120 42 196 1.26 0.35 210
21 103 0.73 0.20 50.5 43 738 0.89 0.25 26.4
22 265 1.66 0.46 105.6
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ok B e/ IMAL, 138 m™s
2.2 ZWMiEEZ IR T

2 4 2013—2014 4E 43 IRFUZ IR A = K i 4%
4 AR R X T S0 R R R R P DR o
SHERO~1Tmm 1 ~2mm.2~3 mm A3 mml) |4
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Fig.2 Contribution to the total raindrop number and precipitation
intensity of raindrops with different sizes derived

from the 43 precipitation events.
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Fig.3 Variations of physical parameters (a) number concentration, (b) water content with rain intensity.
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Table 7 Statistics of the difference between doppler weather radar

observed and Parsivel estimated echo intensities.
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