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Abstract Aerosols impose great influences on cloud microphysical properties and climate change
by acting as cloud condensation nuclei (CCN). The properties of vertical distribution, size
distribution and source regions of aerosols, as well as their transition relationships with CCN and
cloud droplet number concentration are investigated using nine flights of aircraft measurements
under clear and cloudy conditions in Shanxi, Central Northern China. Results indicate that the
structure of atmospheric boundary inversion layer has an important impact on the vertical
distributions of aerosols and CCN. The size distributions under different weather conditions are
similar in the upper atmospheric layers but quite different in the lower layers. There is a high
positive linear correlation between aerosol number concentrations and CCN number
concentrations in vertical at 0.3% supersaturation. A linear regression of y=1.3x-616.3 is
established between cloud droplet number concentrations and aerosol number concentrations near
the cumulus cloud bases with a correlation coefficient of 0.96, and the conversion rate from
aerosol number concentrations to cloud droplet number concentrations was about 47%. A good
linear regression of y=1.6x-473.8 is also found between CCN number concentrations and cloud
droplet number concentrations near the cumulus cloud bases with a correlation coefficient of 0.96
at 0.3% supersaturation, and the conversion rate is about 69%.

Keywords Aerosol, Cloud condensation nuclei (CCN), Cloud droplet number concentration,

Aircraft measurements, Central Northern China
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Fig. 1. Experimental area for aircraft measurements in Northern China. (The rectangular area denotes the aircraft
flight region)
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Fig.2 .Vertical distributions of (a) Na, (b) ED, (c) temperature and relative humidity for that with atmospheric
inversion condition. (Green, red and blue refer to 3 August 2013, 4 August 2013 and 12 August 2013, respectively.

Solid lines are temperature, dash lines are relative humidity.)
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Fig.3. As in Fig. 2 but for that without atmospheric inversion (Cyan, blue and pink refer to 30 August 2013, 11
August 2014 and 12 August 2014, respectively.)
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Table 1 Statistical summary of N, at different heights in each flight.

b= I 1] Bk (em®) Bk (em™) BoksE (em®)
PRI CGEHHED (HbT-1500m) (1500m-3000m) (3000m LA E)




FEME BOKE FEME BOKE TEME RKE

UM ) 20130803 2926 4257 647 972 331 538
20130804 3099 4416 603 1324 558 947
20130812 3542 5541 1173 2663 930 1626
P 3189 4738 807 1653 606 1037

JCI i 20130830 689 785 690 1271 142 490
20140811 1522 1725 512 1110 544 761
20140812 2318 3158 1431 2026 705 1116
T 1509 1889 877 1469 463 789
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Table 2 Statistical summary of ED at different heights in each flight.
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T =N T4 =N T4 S ONEN
U 20130803 0.4 0.45 0.43 0.76 0.69 0.86
J= A 20130804 0.39 0.46 0.44 0.74 0.45 0.88
A=
i 20130812 0.3 0.35 0.38 0.62 0.45 0.93
S 0.36 0.42 0.42 0.71 0.53 0.89
b 20130830 0.43 0.53 0.34 05 0.29 0.46
J=% 20140811 0.57 0.71 0.4 0.68 0.35 0.47
e
i 20140812 0.35 0.45 0.3 0.35 0.31 0.39
S 0.45 0.56 0.35 0.51 0.32 0.44
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Fig. 4 Averaged vertical distributions of N¢cy at 0.3%SS (a) with atmospheric inversion condition (b) without
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Table 3 Statistical summary of Nccy at 0.3% supersaturation at different heights in each case

)i HbTAI-1500m 1500m-3000m 3000m UL |




EE! Neen (cm™) Neen (cm™) Neen (cm™)

Mean Max Mean Max Mean Max

Jub 20130803 1682 2161 425 537 387 467
=H

NV 20130804 2046 2771 390 699 368 400
UL}

20130812 2249 3038 1015 2121 670 819

Mean 1992 2656 610 1119 475 562

Ul S 20130830 515 722 403 573 124 383
=

NV 20140812 1866 2931 1000 1198 596 789
pUIN}

Mean 1190 1826 701 885 360 586
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Fig. 6. Aerosol particle size distributions at different levels.
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Fig. 7. Averaged aerosol particle size distributions at different levels.
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Table 4. Statistical properties for the correlation coefficient values between CCN number concentration,

N, and ED
H 2013-08-03 2013-08-04 2013-08-12 2013-08-30 2014-08-12
WE BB R? 0.91 0.96 0.8 0.82 0.89
T BE AR (um) 0.51 0.45 0.37 0.35 0.32
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Fig. 9. Relationship between CCN/CN and ED during the fight on August 3, 2013.
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