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Comparative Study of the Cause of Rainfall and Its Forecast Biases
of Two Cold Vortex Rainfall Events in North China
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Abstract: By using the conventional observation, and the radiosonde, satellite, radar, wind profile,
NCEP-FNL analysis data as well as the data of three deterministic global forecast systems, causes of rain-
fall and forecast biases of two cold vortex rainfall events in 2017 over North China are comparatively stu-
died. The results show that the event that occurred on 22 June 2017 is characterized by persistent and
steady rainfall with weak rainfall intensity and lower convective height. The rainfall echo is of convective-
stratiform mixed type. However, the rainfall on 6 July is short-time severe rainfall and the height of con-
vective echo top is very high. The background conditions are quite different between these two cases. For
the 22 June event, cold vortex is at its mature stage and subtropical high is far south. Moreover, a warm
section convection occurred on the previous day, and its cold pool is quite strong, leading to the release of
convective energy, thus the convective energy and water vapor are normal for the first case. Comparatively, for

the second case the cold vortex is at its developing phase and subtropical high is located more northward.
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The interaction between low and middle latitude atmospheres is remarkable, bringing a plenty of energy
and water vapor. During the severe rainfall periods for both cases in Beijing, the features of mesoscale con-
vective system (MCS), triggering mechanism and building of convective energy have significant diffe-
rences. For the first case, meso-y MCSs are the main rainfall systems which developed in the stratiform
cloud. Easterly wind not only supplies the lifting condition but also brings the warm and wet flow, wor-
king together with the upper-level dry and cold air intrusion, which finally causes the re-building of ener-
gy. However, for the second case, MCSs are featured by the well-developed meso-f8 systems and the train-
echo pattern is quite clear. The increase of energy is due to warm and wet flow transported by southerly
low-level jet. The low-level jet and the cyclonic shear, accompanied by the appropriate terrain are the main
triggering of the MCS. As regard to the precipitation forecast of models, biases are completely different for
these two cold vortex rainfall cases. For the matured cold vortex case, because of much stronger forecasted
dynamic conditions and the grid-scale rainfall, the rainfall is over-forecast. Instead, for the developing cold

vortex one, model underestimates the convergence of warm shear and its convective rainfall, which results

in the under-forecast rainfall.
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