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Characteristics analysis and synoptic classification of short-duration
heavy rainfall in Jinan urban area
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Abstract The characteristics of scopes, intensities, yearly and monthly variation in short-duration heavy
rainfalls were analyzed by using the hourly precipitation data of automatic weather stations in Jinan and
Licheng district and the conventional high-level and surface observation data from 2007 to 2015. The
short-time heavy rainfalls were classified into six types, including shear-line, cold-front, upper-trough,
cold-vortex, typhoon-periphery and non-system types, according to the synoptic environment and the
influence systems. Key environmental parameters of short-time heavy rainfalls were also discussed. The
results show that there was a close correlation between the scopes and intensity of short-duration heavy
rainfalls, and short-duration rainfalls occurred most frequently from mid-July to mid-August. The shear-
line type heavy rainfalls occurred t with large scope and strong intensity, while the cold-front type one
could cause severe precipitation in July and August . Different types of short-time rainfalls could be
classified by the surface dew point, 850 hPa 6., CAPE, and warm cloud thickness. Combined with the

box-plots and thresholds of environment parameters in different scopes and types of precipitation, the

se ?

synoptic classification could provide valuable reference for the short-duration heavy rainfall forecasting in
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Table 1  Occurrence frequencies for different scopes and

different intensities of short-duration heavy rainfalls
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Fig.1 Monthly distribution ratio of short-duration heavy
rainfalls from 2007 to 2015
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Fig.2  Annual variation in the percentages of large-scope and
high-intensity short-duration heavy rainfalls from 2007
to 2015
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Fig.3 Hourly occurrence frequencies of short-duration heavy
rainfalls from 2007 to 2015

08-14#}

BRI —50 (14—20 i) St e o) H B
Je i [ K AN BE (P 4) RS [R] S AR A7 AE —



12 oK

EE

537 &

FERY 25 5. BR 2007 1 2013 A4, H A AR 0 7E 7
JE—FER ) 3 R A B R 2 T O Al e B, R S 2
2010.2011,2014 A1 2015 48 5 8] 7 — 2k L I,
2007 F1 2013 4F By J B 5 B K N 22 % T J5 2P i — R
J=(02—08 1), P ibd A 2 R 58 A K ) 2 A2 AN 58 4

AT X A5 o
161 m o814
14 | H 14200
[ 20-¥K H 028}
1o | H02-08iH

—
o
T

FisF 58 oA K U Rk
oo

bl

0
2007 2008 2009 2010 2011 2012 2013 2014 2015
A4y

4 2007—2015 4F4E I 5 [ R OB AR H AL fE

Fig.4 Hourly variation of the occurrence frequency for short-

duration heavy rainfalls from 2007 to 2015
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Fig. 5  Scatter plot of main synoptic patterns for short-
duration heavy rainfalls from 2007 to 2015
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Table 3 Thresholds of key environmental parameters in different scopes short-duration heavy rainfalls
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Jey b 19~31 2~26 35~92 0~1 700 0~420 1 800~5 400
X Juf 20~28 10~26 48~90 0~2 300 0~320 3 000~5 300
KILH 22~28 14~28 52~93 0~3 200 0~180 2 800~5 200
x4 AEEBGHBEKXERESSHE
Table 4 Thresholds of the key environmental parameters in different types short-duration heavy rainfalls
Fem ATgs/ C Ty, € 850 hPa 6,./ C CAPE/ (J-kg™") CIN/(J-kg™") %z 2% /m
YIAR £ 19~30 2~28 43~92 0~3 200 0~310 2 300~4 800
et e 2 19~31 5~27 35~88 0~2 700 0~560 2200~4 800
E XA 7 21~31 2~26 42~78 0~3 200 0~340 2 200~4 300
iR 21~33 13~24 47~71 0~1 500 0~240 2 100~4 400
A XA Y 22~26 20~26 54~78 0~700 0~100 3 400~4 900
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