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Numerical Computation of Convective Temperature and Its Application

in the Forecasting of Convective Clouds
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Abstract: Convective temperature (T.) can be utilized to estimate the likelihood of local thermal convection
and convective cloud (CC). However, its application in operational cloud forecasting is restricted to some
extent due to the limited sounding time and certain preconditions. Addressing this problem, we propose a
numerical computation scheme of T., as well as an idea for CC forecast on the basis of model-forecasted
sounding. Firstly, T, at each forecasting time can be calculated by using dew point temperature at 2 m
height, surface pressure, and temperature on pressure levels from numerical weather prediction (NWP)
model. Then, an index of thermal convection (I, ), which is defined as the difference between temperature
at 2 m height (T, ,) and T., can be easily got as T, is usually provided by NWP operational models. If I,
meets certain threshold value, CC will be predicted to occur. In this study, this idea is successfully used to
explain the false negative prediction of CC in Shandong on 27 April 2020. Besides, I, has been quasi-oper-
ationally applied in the forecast of CC since May 2020, and it performs quite well in predicting both the
thermal cumulus on the land and the wintertime cold airflow-induced low-level cloud over the sea. In order

to forecast the occurrence of thermal convective cloud, we suggest that emphasis be paid on the condition
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analysis of thermal convection, rather than that of dynamical lifting or water vapor. In addition, the influ-

ences of a couple of special atmospheric profile scenarios, both of which are characterized by the existence

of temperature inversion, on the computing of T, are discussed, and the corresponding solutions are given.

Key words: convective temperature, numerical computation, convective cloud, forecast, numerical weather

prediction product, cumulus humilis
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Fig.1 Schematic diagram of the convective temperature
[ Thick black line is stratification curve, solid lines (4, ,
0>) and dashed lines (Qe1 s Ose2)
denote dry and moist adiabat curves, respectively,
green solid line is iso-saturation specific humidity
curve, the same below; Ty is surface dew point temperature,
Ty is surface temperature, and T. is convective temperature;
0 is potential temperature, 0. is pseudo-equivalent
potential temperature, and g, denotes saturation specific humidity;
LCL and CCL mean lifting condensation level and
convective condensation level, respectively; the red-filled area
shows positive unstable area when the surface temperature

rises from Ty to T., while Ty remains unchanged ]
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Fig. 2 Schematic diagrams of T. in two special scenarios characterized

by the existence of temperature inversion

(a) the situation with the iso-saturation specific humidity curve corresponding to surface dew

point temperature crossing a temperature inversion zone, (b) another situation with the

iso-saturation specific humidity curve corresponding to surface dew point temperature

. . . S
not crossing the temperature inversion zone above CCL

(In Fig. 2a, the light, medium and dark red-filled areas denote the positive unstable energy area with the surface

temperature at Ty, T'., T., respectively; and the lighter color area is included in its darker

one; in Fig. 2b, the blue and red areas denote the negative and positive unstable energy area, respectively, when the

. / . ’ . .
surface temperature rises to T .; the surface temperature rises from T, to T . and T., while T4 remains unchanged)
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Note: The results of Scheme Mh are taken as the true values in the calculation of errors.
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Fig.3 Box plot of computational errors of T,

(a) error, (b) absolute error

(The horizontal axis denotes the difference between two computational schemes;

black and purple numbers are the median and outlier values, respectively)
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Fig. 4 ERAS5-derived synoptic charts at (a) 500 hPa and (b) 850 hPa isobaric level at 11:00 BT 27 April 2020

[Blue and red contours show geopotential height (unit: dagpm) and temperature (unit; C), respectively;

green-filled area denotes relative humidity; blue dots in Fig. 4b show the sounding stations

which are used to verify the computational precision of T.]
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Fig. 5 FY-4A color images on 27 April 2020
(a) 10:30 BT, (b) 12:00 BT, (c) 13:30 BT, (d) 14:30 BT, (e) 15:30 BT. (f) 16.:30 BT
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