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Abstract Spectral width of cloud droplet spectra is crucial to the parameterization of cloud optical depth, assessment of
indirect aerosol effect, and the formation of precipitation in numerical simulation. Based on aircraft observations of cloud
microphysics in stratocumulus on 19 July 2008, during the Physics of Stratocumulus Top (POST) field campaign, the
vertical distribution of microphysical properties and cloud droplet spectra were analyzed, as were the cloud microphysical

processes. Results showed that spectral width of cloud droplet spectra was basically larger near the cloud base, which is
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due to aerosol nucleation. Spectral width decreased as height increased in the middle layer of the cloud, which was caused

by condensational growth. The increase in spectral width near the cloud top was caused by entrainment-mixing processes.

The increase in vertical velocity in the adiabatic cloud increased cloud droplet number concentration by promoting the

activation of cloud condensation nuclei (CCN), increased cloud droplet size, and led to the decrease in spectral width by

promoting condensational growth. This ultimately led to the negative correlation between spectral width and cloud droplet

number concentration as well as cloud droplet size. The decrease in vertical velocity caused by entrainment-mixing

processes in cloud holes decreased cloud droplet number concentration and cloud droplet size and increased spectral width

by promoting the evaporation of cloud droplets. This was enhanced by the decrease in the adiabatic fraction. Based on

these observations, it is recommended that the parameterization of the spectral width of cloud droplet spectra takes into

account vertical velocity, cloud droplet number concentration, cloud droplet size, adiabatic fraction, etc.

Keywords Spectral width of cloud droplet spectra, Marine stratocumulus, Microphysics, Aircraft observation
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Table 1 Average values of microphysical properties of stratocumulus from different sources (Figures in parentheses are the

standard deviations of the corresponding properties)

Ko FEFE ZR—ZT/m  ZHEORE/m”  fkEem” PEERum O BEUE B2/ um
POST20080719CifF:Sc) 3 226~478 249.58(91.27) 0.22(0.11) 5.27(0.97) 0.31(0.10)  1.55(0.35)
4 254~478 253.46(107.11) 0.24(0.16) 5.24(1.01) 0.35(0.12)  1.74(0.46)
5 215~477 280.00(97.91) 0.25(0.15) 5.29(1.22) 0.30(0.12)  1.47(0.45)
6 197~457 316.61(108.90) 0.29(0.17) 5.43(1.18) 0.29(0.12)  1.47(0.50)
7 134~409 274.79(121.51) 0.26(0.17) 5.19(1.23) 0.32(0.15)  1.49(0.50)
8 179~433 286.72(107.92) 0.25(0.17) 5.08(1.31) 0.30(0.12)  1.39(0.34)
9 152~417 305.97(122.23) 0.24(0.16) 4.80(1.16) 0.33(0.14)  1.48(0.51)
Lu etal., 2007 CH¥Se) Cloud 2 315~555 228(57) 0.09(0.05) 0.35(0.04)  1.56(0.22)
Cloud 5A 222~667 401(90) 0.36(0.08) 0.25(0.02)  1.69(0.21)
Cloud 8 193~570 118(32) 0.37(0.08) 0.28(0.05)  1.91(0.39)
Cloud 10 300~685 43(10) 0.09(0.02) 0.40(0.03)  2.85(0.43)
Cloud 13 101~450 136(48) 0.13(0.08) 0.33(0.05)  2.21(0.31)
Cloud 14A 67~364 183(31) 0.37(0.03) 0.33(0.02)  2.14(0.26)
Cloud 16 100~366 479(24) 0.30(0.04) 0.30(0.02)  1.91(0.27)
K IE FE%E, 2018 PSc) 600~2500 624.4 1.06 5.56
Miles et al., 2000 HiTNE 74(45) 0.18(0.14) 7.1(1.7) 5.8(2.0)
Kz 288(159) 0.19(0.21) 4.1(1.9) 3.1(1.2)
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mean-volume radius, and (f) standard deviation of cloud droplet spectra along leg 4
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WIE B /A 5 Wang etal. (2009) 7T HHEEER 3.3 @BARTIZIENAHIIIESHE
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2011), 3 B FE B RS /N 20 K = g KA R,
2 RBESE K R IR T3 5040, I =
REEAEER Mg R4, WMFECT =i e
H198 /N (Liu et al., 2006; Peng et al., 2007). Yum
and Hudson (2005) 7E 7 FH 4 Fiviik o 3 K A5 Uit 52
o TE I SE T R, R4S E CON S AfEHT,
I FLEE I3 R S B s W EOR B R3S K DL K =
98 FE AU/, Luetal. (2012) 78000 %k

EEFZIBRHERAZNZAARYEETHE (REF ) WEALERZHFHE, " FEAAZBHFHE)

Table 2 Average values of microphysical properties in adiabatic clouds and cloud holes along each leg (the figures in front of

the “|” represent the values in adiabatic clouds, and the figures after the “|” represent the values in cloud holes)

BEFRFS WK em”  EkEgm® FEERAm R Eum U PREZE/um  EEGEE/ms !
3 308.03]203.78 0.30(0.17 5.64/5.33 6.02|5.85 0.26(0.32 1.42]1.68 0.19]-0.15
4 307.68[225.84 0.34/0.18 5.65/5.35 6.18]5.90 0.30[0.35 1.64]1.78 —0.03]-0.17
5 346.73|230.09 0.34/0.19 5.81]5.26 6.09/5.89 0.23]0.34 1.28|1.68 0.43/0.14
6 348.87|308.57 0.34/0.25 5.59|5.45 6.01|5.87 0.26(0.27 1.40/1.45 0.09(0.03
7 331.21|276.80 0.36/0.23 5.85/5.15 6.28|5.63 0.26/0.31 1.42|1.47 —0.06]-0.05
8 340.55|276.69 0.36/0.23 5.84|5.34 6.18/5.73 0.24(0.28 1.34(1.42 —0.12|-0.13
9 370.60[293.03 0.35/0.19 5.58/14.73 6.02|5.25 0.26(0.35 1.40/1.58 0.16/0.03

®3 AARHEFZHRPHYEE AHORXRY INAZHERE (Bf:om”), whEHEE (Bf:ms'), dAE
ME, XABKRREE (L/L, LMLZAARVEHIBRNZFEKE ) RP “‘New’ REZBHEREMEREEZRE
KEH, HMRTAEBRML; " RRZBEXRBERETIS%H EE R

Table 3 Correlation coefficients between microphysical properties along different legs. [N, represents cloud droplet number
concentration (cm_3), w represents vertical velocity (m s_'), d represents cloud droplet spectral width, and X represents the
adiabatic fraction (L/L,, L, and L, are observed and adiabatic cloud liquid water content, respectively). “N—w” represents the
correlation coefficient between cloud droplet number concentration and vertical velocity. “*” indicates that the correlation
failed the 95% significance test]

B AHE RE (Lt ) AR R (TR
EHFETFS
Ne—w d-w d—N, d-ry Ne—w d-w d—N, d-ry N—X d-X
3 0.33 -0.07* —-0.69 —-0.40 0.13 —-0.31 -0.35 -0.43 0.79 -0.23
4 0.43 -0.39 -0.75 -0.55 0.20 -0.30 -0.45 —-0.49 0.76 —0.46
5 0.21 -0.07* —-0.61 -0.39 0.46 -0.36 -0.78 -0.37 0.66 -0.73
6 0.58 -0.33 -0.70 -0.39 0.47 -0.05* —-0.52 -0.23 0.68 —-0.66
7 0.45 -0.37 -0.90 -0.34 0.51 -0.27 -0.81 —-0.61 0.62 -0.71
8 0.28 -0.36 —-0.46 -0.59 0.37 -0.59 -0.63 —-0.61 0.65 -0.74
9 0.36 -0.30 -0.89 -0.37 0.16 —-0.06* —0.68 -0.44 0.66 -0.62
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Fig. 10 Correlations between (a) cloud droplet number concentration and vertical velocity, (b) relative dispersion and vertical velocity, (c) relative

dispersion and cloud droplet number concentration, (d) relative dispersion and mean-volume radius in adiabatic clouds and cloud holes along leg 7.

Blue dots represent adiabatic clouds, red dots represent cloud holes, and percentage represents the ratio of the number of samples in adiabatic clouds or

cloud holes to that along the whole leg
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Fig. 11 Correlations between (a) cloud droplet number concentration and adiabatic fraction (L/L,), and (b) relative dispersion and adiabatic fraction

(L/L,) in cloud holes along leg 7. L and L, are observed and adiabatic cloud liquid water content, respectively. The percentage represents the ratio of the

number of samples in cloud holes to that along the whole leg
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