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Abstract Using the Met Office large eddy model (LEM), a series of boundary-layer convection and deep convection experiments
are performed to examine the characteristics of turbulence and deep convection triggering mechanism under different initial potential
temperature and specific humidity conditions over wet and dry surfaces. Model results indicate that the mixed layer is warmer and
drier over dry surface with a larger depth, and the opposite is true over wet surface. Because the surface sensible heat flux is more
efficient in the formation of thermal turbulence, turbulent mixing and entrainment are stronger over dry surface, making the water
vapor mixing ratio and equivalent potential temperature more uniform within the convective boundary layer (CBL) but a greater
negative disturbance at the top of the CBL. The convection structure is the same as the bubble-like convection with a horizontal net-
like structure over both wet and dry surfaces, but more vigorous over dry surface. The triggering of deep convection over different
surfaces varies dramatically with the initial atmospheric condition. With weak atmospheric inversion (0.15 K/(100 m)) in the 1 —3 km
layer, deep convection first occurs over dry surface, but the accompanied clouds are thinner than those over wet surface because of
the smaller convective available potential energy. Increasing the inversion intensity in the 1 —3 km to 0.55 K/(100 m) not only delays
the formation of clouds, but also decreases the cloud thickness. Only when combined with high initial specific humidity at the top of
the CBL, can deep convections occur, also first over dry surface, and the associated clouds are thicker as a result of a significant
cooling of the CBL top.

Key words Wet and dry surfaces, Initial thermal and humidity profiles, Characteristics of turbulence, Deep convection, Large

eddy simulation
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Table 1 Experiments for boundary-layer convection and deep convection cases initialized by different potential
temperature(6,, 6,)and specific humidity(q,, g,, ¢;)profiles over wet and dry surfaces

X T 01, 0149, 01q3 Ohq, 09, 0hq3
W (W) BW0,q, BW6,q, BW6,q3 BW6,q, BW6,q, BW6,q3
HFZEXTR(B) E
T5(D) BD0,q, BD0,q, BDY,q;3 BD0,q,; BDb,g, BD0,q;3
N HE (W) DW0,q, DW0,q, DW0,q3 DWob,q, DWob,q, DWo,q;
X (D) .
T5(D) DD0,q, DD0,q, DD0,q; DD0,q, DDb,q, DDb,q;

2 TR R AN G 6 A AUE B KT S0 B SRR ]
Table 2 Model domain, horizontal resolution and simulation period for boundary-layer convection
and deep convection cases

bop et UL IX 5k L IR R FEALIAK
BRI 10 kmx10 km 6 km 0.2 km 8h
PSSR 100 kmx100 km 10 km 2 km 12h

#£3 AFEELVERAIRCG, . 0,) 1Y iR 5

Table 3 Initial inversion intensity at different heights

R (km)
0—0.9 0.9—1 1-3 3-—5

b ALY

0, 0 4 K/(100 m) 0.15 K/(100 m) 0.65 K/(100 m)
0, 0 2 K/(100 m) 0.55 K/(100 m) 0.35 K/(100 m)
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Fig. 5 Vertical profiles of normalized horizontal velocity variance (a, d), vertical velocity variance (b, ¢) and virtual
potential temperature variance (c, f) over wet and dry surfaces after 6 h of integration under different initial

potential temperature and specific humidity conditions (a, b, c. 6y, d, e, f. 6,)
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