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Z-R Relation of Heavy Rainfall

Yoshiharu SHIOTSUKI, Kazuya SHIBASAKI, Mitsuo KOZUE and Sotoyuki HIRATA

Abstract
Routine meteorological radar service adopts Z=200R"¢ relation in converting Z (radar reflectivity

factor) to R (rainfall intensity). The relation is obtained as the average form of various rains, and is fit

for long lasting weak rain. Z is calculated by the rain drop size distribution (Np) in rain cloud. The

spectrum form of Np shows remarkable change in each individual storm. It is known that great error of

R between the radar and the actual is often seen in cases of convectively developed rain systems. This

paper discusses the Z-R relation of heavy rain. We are scarse of Np spectrum of heavy rain because its

observation chance is quite few. The Np estimation method!® by 10 minute rainfall data is used for

reconstructing the heavy rain Np. The heavy rainfall data of Nagasaki event are analyzed. The recon-

structed Np is characterized by the abundant population of diameter 2-4 mm raindrops. This is quite

similar to the heavy rain Np observed actually'® in Kyushu. Heavy rain Np of Nagasaki event makes Z =

1537R"°. The radar can estimate only half of rainfall amount with Z=200R " setting.
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Rain Gauge

Fig.1 Cloud model consists of 3 mother raindop

groups.

Rt curve

T

Fig.2 Rt curve consists of 3 inherent lines. Lines
1-3 are considered to correspond to rain-

drop groups 1-3 of Fig. 1, respectively.
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Fig.3 Reconstructed Np distribution of 1800 and 1810 at Nagasaki marine observatory, Jul 23, 1982.
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Fig.4 Np distribution of 1920 and 1930, samely as Fig. 3.
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R10,RR log ZZ
mm/hr mm°6/m"3
300 Illlllllllll]lIlIT']|II|I|||IIllllllllllllllllll]l|||ll||f||]l 7
B | s
ore) i
O  0° 0
200 | oo Q0000000000 o .
o o © 5
0000000 00 ——
o © — a4
100 | .
_ “ ' ‘“‘ ' i
.nlll” l “' ﬂln sl 1] H" ﬂh
o ! ! 1 T I } 2
1710 1810 1910 2010 2110 2210 2310 10 110 210 310

Fig. 6 10 minute change of R10, RR and ZZ at Nagasaki marine observatory during a rainfall from
1700, Jul. 23 to 0310 Jul. 24. R10 (thick line) is the observed 10 minute rainfall amount in mm/
hr. RR (thin line) is the maximum 1 minute rainfall amount (mm/hr) calculated by Talbot

curve which is determined out of last 6 ten minute rainfall data. ZZ (circle) is the radar

reflectivity factor calculated by the recontructed Np distribution of rain RR.
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Fig.7 Z-R relation plots of (RR, ZZ) obtained in Fig.6. They make Z=767R"?? relation with
correlation coefficint r=0.9883. Z=200R"¢ (M.P) and Z=360R*® (developed convective rain
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Table 1 Estimated Z-R relations of 88 points in Kyushu of which rainfall duration is longer than 3 hours in
Nagasaki event. Rain is most severe at No.1-No.16 points. <R> indicates the average RR in each
rain. r is the correlation coefficient of Z-R relation. M.P(%) is the relative error of the radar rain
estimation when Z=200R"¢ is used instead of each point Z-R relation. Negative value of M.P (%)
means that the radar rain is underestimated.

[’ 8RR U B 19824 7AH

B4 | No # A Bt - B % N B B | <R> |data r M. P (%)
EWl| 1| B 23 1710-0330 [ 63 767 [ 1.22 { 103.7| 41 |0.9883 | -25.8
2| Ak (ZEEE) |23 1650-0020 | 46 [ 1092 {1.13 | 110.4| 18 |0.9730 | -28.9
3| KEF 28 1700-2130 | 28 | 768 |1.24 | 118.1| 11 |[0.9508 |-21.7
| BilE 23 1650-0000 | 44 | 1802 {1.04 | 163.6 | 26 |0.9707 [ ~-385.1
5 | =M 23 1710-2230 | 33 | 1083 |1.14 | 186.7 | 18 |[0.9894 |-39.0
6 | A HBHT IR 23 1710-2350 | 41 | 1929 {1.03 | 180.5| 22 |0.9739|-37.0
1| BiGHT RS 23 1710-2350 | 41 | 2050 |1.00{ 106.0| 28 |0.9698 | -27.4
3| ESERMEEHIK | 23 1730-0020 | 42 | 1540 | 1.07 | 168.9 | 31 [0.9572 | -36.6
9 | ZE R K 23 1720-0020 | 43 | 3069 |0.94 | 124.7| 34 |0.8694|-24.4
10 | SRARHY %35 23 1730-0020 | 42 |2413]0.98 | 148.0| 23 |0.9273|-31.7
11 | SRERIEBE R 23 1730-0020 | 42 | 1757 |1.06 | 123.7| 28 |0.9432|-23.9
12 | SRR/ | 23 1720-0020 | 43 | 1362 (1.10 | 115.8| 29 |0.9093|-25.1
13 | BEFFERRERIX | 23 1730-0020 | 42 792 [1.21 ] 119.2] 32 |0.9783(-28.6
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17 ¥F 23 1350-1840 | 30 | 905(1.19| 86.3 16 {0.9735(-22.3
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20 | KK 23 1700-0130 | 52 802 {1.22] 78.4 27 [0.9798 | -18.0
21 | BATH 23 1440-1840 | 25 [1129 [1.12| 79.6 13 |0.9800|-25.5
22 | %W 23 1740-0520 | 71 | 579 |1.31] 73.9 36 |0.9753)-12.8
23| B 23 1900-0540 | 65 | 896 |1.17| 59.2 29 |0.9728 | -16.5
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25 | R 23 1510-2110 | 37 | 259 [1.53 | 69.6 18 |0.9682 1.9
26 | AFRE 23 1710-0610 | 79 [ 428 {1.40 [ 59.8 50 |0.9508 |- 4.9
- AR ARG 23 1750-2330 | 35 | 552 [1.31( 41.2 14 10.9472 |- 4.8
28 | % 23 1710-2240 | 34 | 244 [1.53 | 60.4 14 ]0.9253 |- 4.1
29| 8F/ 23 1740-2310 | 34 | 448 [1.36| 49.3 18 |0.9611 |- 8.5
30 | fnzH 23 1500-1850 | 24 [ 1367 [1.10| 63.3 14 ]0.9925[-15.2
31 | #EHL 24 0440-0840 | 25 | 290 [ 1.47 | 59.0 11 ]0.9750 |- 9.5
32| ZHE 23 1750-0050 | 43 | 1928 | 1.03 | 74.4 23 | 0.9006 | -11.6
33 | BE A 23 1800-2330 | 34 {1068 {1.15| 39.8 19 |0.7999 2.1
34 | w1 oK 24 0350-0830 | 29 | 825{1.18 | 83.9 15 ]0.9896 - 5.9
35 | LK 23 1510-1850 | 23 | 515(1.32| 51.8 14 ]0.9985|-13.8
36 | EBLAK 23 1720-2250 | 34 | 300 |1.50 | 45.7 18 | 0.8756 3.1
37 | R#ELAK 23 1640-2100 | 27 | 435(1.36| 60.8 15 [o0.9511 | -12.3
38 | 4 23 1720-2330 | 38 | 688 [1.26| 46.0 20 |0.9244 |- 4.4
39 | K 23 1510-1850 | 23 [ 1316 ]1.14] 62.1 10 ]0.9935 |- 9.9
40 | A 23 1510-1850 | 23 | 791 |1.22| 47.2 12 |0.9903 | -11.1
1| &R 23 2010-0840 | 76 | 952 [ 1.17| 51.2 48 | 0.9696 | -10.4
42 | KIN% 23 1510-1910 | 25 |1006|1.17| 53.7 14 {0.9918 |- 9.5
13 | BB 23 1710-2250 | 35 | 500 {1.36| 51.9 21 |0.9016 |- 0.8
YRR VR 28 1510-2110 | 87 | 962 [1.17| 55.6 24 |0.9886|-15.3
45 | RE 23 1540-2250 | 44 | 618 |1.28 | 55.3 23 |0.9647 |- 9.2
46 | TR 23 1510-1900 | 24 | 605 [1.30 [ 65.3 16 §0.9836 | -11.2
47 | kE 23 1720-2310 | 36 | 754 |1.25( 55.7 16 10.9358 |- 4.7
48 | #1 . 23 1640-2120 | 29 |[1247 [1.09 | 64.7 10 ]0.9934 [ -18.5
49 | IR 23 1510-1940 | 28 [1082 [1.17| 32.9 15 |0.9700 7.4
50 | AR % 23 2310-0840 | 58 | 691 [1.27| 38.0 36 |0.9631 0.0
51 | #il 23 1510-1920 | 26 | 649 |1.30| 38.0 15 ]0.9758 2.9
52 | #l 24 0030-0800 | 46 | 562 |1.32 ] 45.9 25 [0.9687 - 8.5
53 | HZH 24 0410-0810 | 25 59 | 1.77(102.8 12 |0.9105 | -23.1
54 | BEBE 24 0310-0900 | 36 [1991 [1.00 [ 43.8 23 ]0.9504 1.4
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W | No 1 Bt - Bl N B B | <R> | data r M. P(%)
MEA |55 | A& 23 2230-0600 [ 46 | 1007 |1.16| 50.2 29 |0.9622 (- 8.6
56 | AR 24 0820-2010 | 72 | 699 [1.26 | 41.9 44 |o0.9618 - 3.0

57 | 2 24 1220-1550 | 22 662 |1.29| 55.5 13 |0.8965)- 1.8

58 | A 23 2040-0340 | 43 | 882(1.20| 38.2 21 ]0.9845|- 6.0

59 | faI &KL 24 0800-1520 | 45 [1105{1.14 | 53.7 18 |0.9407 |- 7.8

60 | Pu &l 24 1640-2100 | 27 516 | 1.34 | 38.0 11 ]0.9833[- 1.6

61 | Bt 24 0330-0900 | 34 699 | 1.26 | 66.9 19 [0.9570 | -11.2

62 | BI/NE 24 0500-0930 | 28 | 2746 {0.94 | 79.7 14 |0.8527|-16.8

63 | %tk 24 0050-0740 | 42 | 735 (1.23| 49.2 29 |0.9719 | -10.0

64 | FIRERII 24 0830-1350 | 33 493 [ 1.34] 72.4 11 |0.9286 | -13. 8

65 | = 23 1940-0430 [ 54 | 1026 | 1.19 ] 59.0 23 [0.9427{- 2.7

66 [ = 24 1420-1850 | 28 235 11.53 ] 52.4 13 |0.9491 |- 7.5

67 | L 24 1120-1650 [ 34 | 841 ]1.22| 47.7 12 |0.9474 |- 3.5

68 | Ak 23 2110-0300 | 36 | 1399 (1.10| 79.5 20 |0.9724 | -14.6

69 | A 24 1210-1740 | 34 [1003[1.18| 45.3 14 |0.8984 0.5

70 | AR 24 1530-2040 | 32 553 11.29] 79.8 20 [0.9922(-21.9

11| E 24 1640-2050 | 26 943 | 1.19 | 51.1 17 | 0.9715 |- 5.2

12 | Hil 23 2200-0250 | 30 |1185)1.14| 52.9 20 |0.9518 |- 8.4

13 | EA 24 1620-2200 | 85 [1028 {1.16 | 64.4 16 |0.9677 | -14.6

14 | BE 24 1350-1950 [ 37 | 1176 |1.13| 42.7 13 10.9539 |- 1.6

75 | &b 24 0820-1740 [ 57 | 1027 |1.16| 59.9 39 10.9228|-11.0

76 | M/ &l 24 1210-1700 | 80 629 [1.27] 39.1 18 |0.9192 |- 3.8

77 | B 24 0430-0800 { 22 | 1070 |1.18| 34.0 10 ]0.9769 - 4.8

78 | &Il 23 1610-0940 | 106 | 1441 | 1.08 | 44.4 43 10.9755 |~ 1.8

79 | BLaz 24 0410-1030 | 39 | 670 | 1.28 | 44.7 24 [0.9587 {- 0.4

0| &/ 24 0540-0930 | 24 2293 |1.00| 59.7 14 10.9103 |- 1.9
K45 | 81 | BEHEE 24 0400-0920 | 33 766 | 1.27 | 52.1 18 | 0.9647 1.3
82 | Rfd 24 1120-1420 | 19 210 | 1.63 | 32.3 13 ]0.9336 | 21.7

83| rH 24 0630-1450 | 51 1497 1.08| 42.0 24 ]0.8702 4.1
ER | 84 | FLFEBIL 23 1750-0110 | 45 | 1220 [1.11} 33.5 20 |0.9283 4.0
85 | LT8R 24 0410-0950 | 50 580 | 1.31 | 40.4 28 10.9824]- 2.5

86 | HXK 24 0400-0910 | 32 606 ]1.31 | 44.4 16 | 0.9618 0.1

87 | |E L 24 0510-0900 | 24 660 | 1.28 | 34.7 15 | 0.9545 2.4

88 | #)II 23 1810-0240 | 52 793 [1.23 | 34.8 27 |0.8913 3.3

Table 2 Average Z-R relation for cases in Table 1.

M N B B | <R> |data r M. P(%)

r—2 88 | 3478 985 ]1.22 60.6 [ 1831 | 0.9508 | -10.7

r—2Z No. 1 ~ No.15 16 672 | 1537 | 1.10 | 132.8 ) 422]0.9454 [ -28.9

r—2Z No.17 ~ No. 88 72 | 2806 | 862 [ 1.25 54.2 | 1469 [ 0. 9561 | - 6.7

1.25) £ %e~72, 72 M.P(%)13-6.7% T3 Y @/ 5. BUTIRLZ2 & ) ICABRRS 17z Z A 10°mm®/m?
FHIiTH B, 88y — ANFEH (B, B) 1 (985, ThH-728 &, M. P TI3 RIFH200mm/hr L HEXN
1.22), ¥ M.P(%)13-10.7% T# - 72, Fig. 8 13f% DK L, BABRTIZ400mm/hr LIE X BHEI LS.

M B L LA -7 No. 1 ~No.16mETH16H 5D Z-R M.Pty bTEREIEIBEEDEFEME % 3,
BIRERLZDDOTH S, KIZIIM.P D Z=200R D
MR EHRKIMHREN H AR SL&KE R
No. 8 BHER TN Z=1540R* DR (2) &R L T
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Fig.8 Heavy rain Z-R lines for No.l to No.16 points of Table 1.
(1) Z=200R"® is for M.P relation. (2) Z=1540R""" is for the heavy rain case at No.8. When

the observed Z is 10° mm®/m?3, M.P relation estimates the radar rain only half of the estimated

by No.8 relation.
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