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Study on the relationship between vertical velocity of
wind profiler and rainfall; A case in Jinan

QIU Can, WANG Dongcheng, LI Juan, CAO Jie, DONG Xuguang
(Shandong Provincial Climate Centre, Jinan 250031, China)

Abstract Based on the vertical velocity data of wind profiler and the minute level precipitation data of
AWS in 2014, the relationship between the vertical velocity and the ground rainfall is discussed by using
the polynomial nonlinear fitting method. The minute level data of both vertical velocity and precipitation of
rainfall events shows that the vertical velocity threshold is a good clue for rainfall start, end time and
rainfall intensity. The results show that vertical velocity can reflect the falling velocity characteristics of
the raindrops. According to the analysis on each layer, the goodness-of-fit of the rainfall and the vertical
velocity regression equation at the height of 700 m is the most stable, and the other layers have different
goodness-of-fit in each season. Although the value of the vertical velocity cannot predict rainfall intensity
quantitatively, it can be used as an obvious indication for the fluctuation of rainfall intensity through the
entire process. The vertical velocity at 700 m level is the most stable indicator for rainfall forecast. The
indication of vertical velocity for precipitation can be used for early warning and nowcasting of severe
weather, such as heavy rain, hail, snowfall. The vertical velocity threshold is determined by the
precipitation phase, temperature, humidity, turbulence and so on. But it is not the only indicator.
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Table 2 Seasonal and annual rainfall and vertical velocity polynomial regression fitting results in 2014
i /m or R Rijusea FEAH(n)
280 Y=-0.004 97X*+0. 040 62X>-0. 012 95X>-0. 013 87X+0. 004 984 0.4212 0.419 6 1455
700 Y=-0.003 321X*+0. 028 51X°+0. 002 93X>-0. 014 89X+0. 003 685 0.420 9 0.4193 1 443
e 1420 Y=-0.004 184X*+0. 031 45X°+0. 001 156X>-0. 030 89X+0. 004 511 0.392 1 0.390 5 1 460
2 980 Y=-0.009 174X*+0. 068 19X>-0. 009 432X>-0. 019 63X+0. 005 131 0.487 4 0.485 8 1 306
280 Y=0.000 112 1X*+0. 001 196X>+0. 021 16X>+0. 011 48X+0. 000 250 4 0.267 2 0.2659 2 201
g 700 Y=-0. 004 702X*+0. 082 71X*-0. 267 3X>+0. 130 1X+0. 026 14 0.378 0 0.376 8 2 206
1420 Y=-0.003 754X*+0. 068 42X>-0. 233 1X>+0. 130 7X+0. 021 73 0.336 9 0.3357 2 206
2 980 Y=-0.002 22X*+0. 042 99X>-0. 149X>+0. 126 5X+0. 007 073 0.244 2 0.242 8 2197
280 Y=-0. 000 026 8X*+0. 004 013X>+0. 012 91X>+0. 010 59X-0. 000 717 2 0.568 7 0.567 8 2 071
" 700 Y=-0.000 155 7X*+0. 003 287X>+0. 018 59X +0. 048 12X+0. 005 331 0.590 7 0.589 9 2072
- 1 420 Y=0.003 253X*-0. 031 31X>+0. 085 36X>+0. 075 66X—-0. 002 801 0.387 3 0.386 1 2 094
2 980 Y=0.001 133X*-0.001 311X3-0. 037 84X>+0. 173 5X+0. 003 362 0.348 9 0.3473 1 698
280 Y=0.041 44X*+0. 004 037X°-0. 019 17X>-0. 000 059 57X+0.000 4133  0.614 7 0.6115 483
P 700 Y=-0. 026 12X*+0. 058 47X>+0. 036 78X>-0. 009 507X-0. 001 191 0.520 3 0.516 2 472
1420 Y=-0. 002 233X*+0. 037 53X>+0. 026 66X>-0. 011 3X-0. 000 675 5 0.494 1 0.488 9 391
2 980 Y=-0.022 1X*+0. 056 66X>+0. 022 581X>-0. 010 31X-0. 001 185 0.2459 0.205 6 80
280 Y=0.003 225X*-0. 076 1X*+0. 044 06X>+0. 024 5X-0. 005 537 0.3354 0.3350 6 210
700 Y=-0.000 661 1X*+0.020 53X°-0. 042 71X*+0. 035 48X+0. 009 468 0.369 5 0.365 5 6 193
e 1420 Y=-0.001 061X*+0. 023 86X>-0. 066 51X>+0. 071 43X+0. 009 251 0.304 7 0.304 2 6 151
2 980 Y=-0.000 483 7X*+0. 015 95X>-0. 055 85X>+0. 111 6X+0. 004 926 0.2389 0.238 3 5281
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Table 3 Precipitation start (=1.0 m » s™') and end (<1.0

m +s™') time of a spring rainfall indicated by vertical

velocity and ground record
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280 m 2130 1142
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Table 4 Precipitation start (= 1.0m +s™') and end (< 1.0

m =+ s”') time of a summer rainfall indicated by

vertical velocity and ground record (Process 1)

[R5 MERITTER (5 H) MERIZEH (5 H)
280 m 06:48 08:36
700 m 06:48 08:36
1420 m 06:48 08:36
2980 m 06:42 08:36
M 07:48 09:18

3.3 MEHEMIESN

2014 49 J1 16—17 H , ZAILHE v e A A8 28
SR, LRl DX 0 1) A8 3 T A8 o 5 ) ) 4
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Table 5 Precipitation start (= 1.0m +s™') and end (<1.0
m-+ s') time of a summer rainfall indicated by

vertical velocity and ground record (Process 2)

o B FEmIIFR (5 H) RERISS R (S H)
280 m 09:30 10:06

700 m 09:30 10:12
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Fig.6 Relationship of 6-min vertical velocity and precipitation variation during a summer rainfall
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Fig.7  The height-time cross section of hourly vertical

velocity (units:m + s™') of a autumn rainfall
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Table 6 Precipitation start (=1.0m - s™') and end (<1.0m

- s7') time of an autumn rainfall indicated by vertical

velocity and ground record

mER FERR T 4R (16 H) FERSSHR (17 H)
280 m 05:30 17:36

700 m 05.54 15.54
1420 m 0506 17:30
2980 m 04.54 16:54
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Table 7 Precipitation start (=1.0m - s™') and end (<1.0 m

- s™") time of a winter rainfall indicated by vertical

velocity and ground record
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