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Analysis and Thinking on the Extremes of the 21 July 2012
Torrential Rain in Beijing

Part [|: Preliminary Causation Analysis and Thinking

SUN Jun CHEN Yun YANG Shunan DAI Kan CHEN Tao YAO Rong XU Jun

National Meteorological Centre, Beijing 10081

Abstract: This paper is the second part of “Analysis and thinking on the extremes of the 21 July 2012 tor-
rential rain in Beijing”. The first part of “Observation Analysis and Thinking” has analyzed the precipitati-
on features, water vapor conditions, environmental conditions, generation and development of the me-
soscale convective systems (MCSs) during the process of the severe torrential rain. As the second part of
the series studies, this paper mainly focused on the impact factors of the extreme rainfall, i. e. , precipitati-
on efficiency, water vapor, ascending motion and duration and so on, to explore the causes of the extreme
torrential rain by using various observation and model data that are often used in operations. The results
showed that this extreme severe rainfall event happened under a typical circulation pattern of North China
torrential rains. The interaction of high-level wind divergence with the low-level vortex and wind shear di-
rectly triggered the extreme rain event. The comparatively high relative humidity and thick humid layer,

low lifting condensation height and free convection height as well as the characteristcs of tropical torrential
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rains improved the precipitation efficiency of this severely heavy rain process. The extreme high water va-
por content (with the atmospheric precipitable water vapor getting to 60 —80 mm) and the abnormity of
associated physical quantity can be judged as the extreme severe precipitation event. The middle- and low-
level troposphere was instable conditionally, while the upper-level had the characteristics of humid neutral
stratification. With a medium CAPE value and convective instability enhanced by upper-level dry intru-
sion, the upward motion was intensified. MCS was generated and developed in the warm areas due to the
combined actions of vortex wind shear and the terrain in the North China region. The northward jump of
vortex and the backward propagation of MCS made the warm-area MCS more slowly eastward forming the
“train effect” and resulting in the long-lasting precipitation. Finally, this paper discussed the methods of
forecasting extremely severe rainfalls.

Key words: extreme torrential rain, rainfall intensity, duration of precipitation, whole atmospheric precipi-

table water, MCS, backward propagation, train effect, low vortex shear line
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Fig.1 The 200 hPa stream line (black),
jet axis (purple), jet-core (purple ellipse),
troughs on 500, 700, 850 hPa (brown),
588 dagpm isoline (blue), 850 hPa low
vortex and warm humid low-level jet (red) .,
and 24 h accumulated precipitation

(>25 mm is shaded) at 20 BT 21 July 2012
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Fig. 2 Sounding data at Beijing site

at 14 BT 21 July 2012
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Fig.3 (a) Temporal evolution of temperature and dew-point temperature of Beijing

from 08 BT 10 to 08 BT 28 July 2012 with 3 h time intervals,
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(b) Sea-level pressure (brown dot line), dew-point temperature (green line) ,

wind field, frontal convergent line (blue and red) at 14 BT 21 July 2012
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Fig. 4 Whole atmospheric precipitable water (interval: 10 mm) and 850 hPa wind
field at (a) 08, (b) 14, and (c¢) 20 BT 21 July 2012

(The pentagram showns the location of Beijing)
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Fig. 5 The 400 hPa relative humidity (20%
and 80% isolines) and FY-2E water
vapor imagery at 20 BT 21 July 2012

100 104 108 112 116 120 124°E
45°N

39

36

33

100 104 108 112 116 124°E

-15 —-10 =5 0 5

15 20 30 40 50

B 6 20124 7 H 21-—22 H 850 hPa i (1077 ', i) IR Lk
(a) 21 H 08 f, (b) 21 H 14 Wf, (¢) 21 H 20 if, (d 22 H 08 i}
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° s ') and stream line at

(a) 08 BT 21, (b) 14 BT 21, (c¢) 20 BT 21, and (d) 08 BT 22 July 2012
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Fig.7 The 925 hPa wind field

(black: analysis, red: intensive
observation) , shear line (brown
double line), vertical wind speed
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at 14 BT 21 July 2012, and temporal
evolution of low vortex from
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Fig. 8 The 925 hPa wind field (black: analysis, red: observation, blue: radar wind
profile product) overlying on terrains at (a) 08 BT and (b) 14 BT 21 July 2012
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Fig. 9 (a) FY2E infrared satellite image
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(b) Radar basic reflectivity (black arrows represent the generating location of “train effect”
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Fig. 10 Temporal evolution of 850 hPa
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from 08 BT 21 to 05 BT 22 July 2012
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Fig. 13

GFS model (a) atmospheric precipitable water (unit: mm), (b) 850 hPa moisture flux
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Fig. 14 Ensemble prediction of (a) EFI of 24 h accumulated precipitation,

(b) maximum precipitation (unit; mm) and (c) precipitation probability (unit: %)
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