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On a Relation of Structure and Movement of Thunderstorms
as Revealed by Radar, 1II

By
Tsuruhei Yagi

National Research Center for Disaster Prevention, Japan

Abstract

Thunderstorm echoes in summer, 1973 through 1975 in the northern Kanto district
were analvzed in relation to their iso-echo structures and directions of migration.

Among many thunderstorm echoes in the periad of observation, 128 analyzed ones
had a diameter of more than 10 km, and several iso-echo levels of radar reflectivity in
each ol these could be measured. Storm movements were determined from [requent
sequential tracings of echoes. Computation over periods of less than 45 minutes were
considered unacceptable, and most computations were [or longer periods. The atmos-
pheric mean flow used in the comparisons was the vector mean in the cloud layer of
900 to 300 mb winds with 50 mb intervals at or near the time of each echo.

About two thirds of the storm echoes moved right of the atmospheric mean flow,
one third migrated toward the left and some traveled with almost no deviation. On
the other hand more than 80 percent ol the storm echoes showed a characteristic
biased distribution of radar reflectivity at the right or left side on a direction of echo
movement, The observed devialing motions from the mean wind could be related to
these biased iso-echo patterns in such a manner that the migration of thunderstorm
echoes tends to deviate toward the flank of higher radar reflectivity gradient [rom the
atmospheric mean flow. Namely, right-moving storms had a relatively strong radar
reflectivity in the right-hand portion of the echoes, left-moving storms had it at the
left side of the echoes and non-deviating storms had no biased reflectivity distribution.
The above-mentioned rule held at the rate of 77 percent.

It is considered that the thunderstorms propagated toward the region of active
convection which was revealed as a relatively strong reflectivity by radar, with the

results of their total deviating motions from the atmospheric mean flow,
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Table 1 Iso-echo patterns, echo movement and its deviation from atmospheric mean flow
in 1974,
i Echo Movement Mean Wind -y
bate Tame L/R Direction Speed Velocity Dewiataon

J8T deg km/h deg km/h (h) deg

1974
June, 12 1830-2000 C 193 16 254  45(21) -61
25 1500-1629 L 245 30 242 55(15) 3
1500-1629 R 283 18 o 41
1600-1703 R 295 19 i 53
July, 21 1130-1300 R 76 22 25 29(09-15) 51
1429-1607 R 76 24 31 28(15) 45
29 1600-1700 R 258 19 250 19(09-21) 8
30 1405-1530 R 271 21 242 19(15) 29
1800-1930 R 294 21 244 16(15-21) 50
1910-2012 R 295 16 247 12(21) 48
31 1400-1500 R 311 14 283 18(15) 28
Aug., 1 1235-1350 R 327 12 333 18(09-15) -6
1700-1805 L 324 27 342 21(15-21) -18
2 1315-1430 L 340 12 12 23(15) -32
1415-1525 R 59 11 " 47
1500-1615 R 82 13 " 70
1515-1635 C 12 16 " 0
1930-2050 R 8 11 23 21(21) -15
2045-2130 C 357 13 " -26
3 1600-1715 R 19 10 2 12(15) 17
1622-1800 R 42 10 11 14(15-21) 31
4 1538-1647 R 303 6 327 12(15) -24
1930-2030 C 313 14 320 11(21) -7
5 1320-1500 R 342 12 316 13(09-21) 26
1415-1515 C 340 12 i 24
6 1930-2130 R 264 12 258 12(21) 6
2030-2246 R 264 19 e 6
2215-2342 R 262 23 " 4
7 1434-1537 R 307 13 238 32(15) 69
1542-1722 R 303 30 1 65
1645-1745 R 313 30 244 34(15-21) 69
1700-1815 R 309 42 " 65
1717-1817 G 305 29 " 61
1730-1831 R 302 42 L 58
1838-1936 L 257 28 " 13
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DIRECTION of ECHO MOVEMENT
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Fig. 1 Direction ol echo movement vs. direction of 900-300 mb
atmospheric mean flow in 1974 ; blacked circles correspond
to echoes which had a relatively strong radar rellectivity
in right-hand portion of the echoes, triangles correspond
to echoes which had no biased iso-echo structures, and
white circles correspond to echoes which had echo-core
at left side of the echoes.
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Table 2 Iso-echo patierns, eche movement and its deviation from atmospheric mean flow
in 1975.
i Echo Movement Mean Wind P—
Date Time L/R Direction Speed Velocity Devigticn

JST deg km/h deg km/h (h) deg

L1975
May, 25 |1345-1545| R 358 10 254 32(15) 104
1515-1615 R 356 19 " 102
1715-1815 L 299 17 266 33(15-21) 33
26 1405-1520 R 321 23 265 36(09-21) 56
1445-1545 L 299 17 L 34
1600-1730 L 301 22 & 36
1730-1845 R 11 14 " 106
1700-1845 R 338 15 1" 73
27 1245-1415 R 310 19 271 48(09-15) 39
1245-1430 L 264 19 B -7
1422-1500 R 293 27 282 51(15) 11
1721-1825 L 291 28 280 46(15-21) 11
June, 2 2030-2145 L 266 17 274 29(21) -8
2030-2130 L 269 19 b -5
2045-2200 L 232 23 18 -42
2245-2357 R 271 26 261 30(21-03) 10
2301-0030 R 280 21 o 19
3 1200-1300 R 297 18 268 29(09-15) p4)
1315-1515 R 300 15 267 - 33(15) 33
9 1445-1645 R 246 17 234 58(09-21) 12
1815-1915 R 2472 27 £ 8
1830-2000| R 252 28 237 53(21) 15
2045-2200 R 246 27 " 9
2100-2215 C 242 27 " 5
12 1730-1945 R 258 18 234 57(15-21) 24
1645-1815" R 276 18 " 42
1715-1831 C 236 11 " 2
1800-1900 R 272 13 " 38
27 1215-1315 R 306 19 255 59(09-15) 51
1300-1400 L 270 24 " 15
1530-1657 L 236 21 263 52(15-21) -27
1600-1657 L 231 22 n -32
1615-1715 R 274 22 n 11
1615-1715 R 271 22 A 8
1630-1739 L 248 15 " -15
1656-1800 L 241 16 L -22
1755-1925 C 268 23 I 5
1705-1805 L 220 19 " -43
1730-1845 C 266 22 t 3
1715-1830 L 233 25 1 -30
1845-2015 R 276 26 = 13
1945-2045 R 283 24 b 20
2000-2115 L 223 23 261 54(21) -38
July, 21 1257-1400 R 344 25 3 33(09-21) -19
1316-1419 I 317 25 " =46
Aug., 5 |1825-1925| L 256 27 269 27(15-21)|  -13
1815-1930 L 253 28 - -16
2000-2047 R 288 25 L 19
2055-2155 L. 256 32 275 24(21) =19
2120-2220 R 318 19 ™ 43
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atmospheric mean flow in 1975,

Direction of echo movement vs. direction of 900-300 mb
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