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Abstract Most of local deep convections are initiated in a conditionally unstable environment. Thereby it is necessary to con-
sider the influence of a deep air layer to the air parcel that rises from the base level. Some questions related to conditional insta-
bility, such as the unstable energy and Convective Available Potential Energy (CAPE), are discussed from the perspective of
energy. In addition, the relationship between the moist static energy of a single surface station and the unstable energy in a con-
ditionally unstable environment is analyzed based on a case study using observational data. The main results are as follows. (1)
From the perspective of energy, the original definition of CAPE should be followed. That means CAPE is equal to the differ-
ence between positive and negative unstable energy. The lifting velocity in the lower level associated with the kinetic energy is
implicitly included in the formulation of original CAPE, which is helpful for forecasting severe convective weather, especially in
South China in the warm season. (2) The moist static energy remains constant when the air parcel is lifted from low to high
levels during both the dry adiabatic and moist adiabatic processes, which indicates that the variation of total energy is only relat-
ed to the variation of kinetic energy caused by external forcing. There exists no transformation from moist static energy to ki-
netic energy. (3) Temporal variation of the moist static energy at a single surface station indicates the variation of positive and
negative unstable energy, which is closely related to the calculation of unstable energy. Such temporal variations at various sta-
tions can make up for the weaknesses caused by coarse resolution of soundings and the deficiency of hourly data of positive and
negative unstable energy.

Key words Conditional instability, Unstable energy, CAPE, Moist static energy
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Fig.1 Schematic model of energy
transformation in T-Inp plot
(The air parcel is lifted from pa with a temperature
of Ta and a dew point temperature of Tga
and then saturates at pg. PA and NA mean
positive and negative unstable energy, respectively.
LCL, LFC and EL indicate the lifting condensation level,
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Fig.2 Observations on 8 July 2013 (a) infrared satellite image at 15:00 BT,

(b) observed hourly precipitation at 15:00 BT (unit: mm)., (¢) wind, geopotential height,
temperature (red) and dew point depression at 850 hPa at 08:00 BT and (d) the T-Inp at Wuzhou at 08:00 BT
(The Wuzhou station is denoted by the blue dot in figure (a) — (¢) )
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Fig.3 Same as Fig. 1, but the surface temperature
and dew point temperature increase to T 5 and T 4a
(The new variables are labeled with superscript.
The grey line indicates the original line in Fig. 1.
When the temperature increases to T 4 s
the environmental temperature profile between
pa and pc turn to be dry adiabatic
line due to the turbulent mixing. and the

profile above p¢ remains unchanged)
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IR R — 3. 2012 AFAb AT 7. 217 BN R A
], Jb 50 54511 ¥ 08 B} Ay PA = 954 J/kg, NA =
43 J/kg(FR 1. AR 2 I i Jy iR 1 B 28 Ak
AIVES] .21 H 1013 B {2 # IR EAE 47.5 C LU
b R RE T M T A v ) R L 3R K B (]
W ATERE R AL TP Be. 14 B2 R W] PA
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F1 20124F 7 H 21 At 54511 H848 vl i AH 5 A8 it Bl i 8] ) 22 1k
Table 1 Temporal variations of the parameters at the sounding station of Beijing (54511) on 21 July 2012

i 1) (b s ) Hi TR (O T % (O 1871 R (hPa) PA(J/kg) NA(J/kg)
08 28 24 1000 954 43
14 28 26 998 2090
20 24 24 995 0

F22 20124F 7 A 21 H b mt b e 0 sk AH 5 A% w5 B s R (4 A28 fk

Table 2 Temporal variations of the parameters on surface at the observation station of Beijing on 21 July 2012

W] CIE Rt EEECC)  HEFE A (C) {FHEhPa) B#HIEEZCC)

M R B A2 AL (O 1 h B /K & (mm)

08 28 24 1004
09 28 24 1004
10 28 25 1004
11 29 25 1003
12 29 24 1002
13 28 25 1001
14 26 25 1000
15 26 25 1000
16 26 25 997
17 25 24 990
18 24 24 985
19 24 23 990
20 24 24 992

47.2 / 0
47.2 0 0
47.7 0.5 0
48.8 1.1 0
48.3 -0.5 0
47.8 -0.5 1
45.8 -2.0 3
45.8 0 0.2
45.9 -0.1 3
44.5 -1.4 3
43.6 -0.9 5
43.0 -0.6 14
43.5 -0.5 51
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