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The Microphysical Processes and Macroscopic Conditions of
the Radiation Fog Droplet Spectrum Broadening

LI Zihua, LIU Duanyang, and YANG Jun

School of Atmospheric Physics s Nanjing University of Information Science & Technology . Nanjing 210044

Abstract In order to study the physical-chemical processes of fog in Nanjing, field observations were conducted in
Nanjing University of Information Science &. Technology during the winters of 2006 and 2007, when 27 fog cases
were acquired, including 22 cases of contiguous fog droplet spectrum data. According to the droplet spectrum distri-
bution the radiation fog could be divided into wide-spectrum one, which is all extremely dense fog with the maximum
diameter more than 40 ym , and narrow-spectrum one, most of which is dense fog with the maximum diameter less
than 22 um. During developing from dense fog to extremely dense fog, the radiation fog is characterized by the ex-
plosive deepening, whose nature is the fog droplet spectrum burst broadening, and the increase of number concen-
tration and LWC. The macroscopic condition and microphysical process of the fog droplet spectrum burst broadening
were detailedly analyzed in this paper, and the result shows that: the fog droplet spectrum burst broadening oc-
curred during the period of temperature rapid decline (Super-saturation increase). The weak cold advection or the

water evaporation from the wet surface after sunrise during the dense fog episode is apt to cause the burst broade-
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ning of the fog droplet spectrum. Early fog droplet spectrum broadening was mainly based on nucleation and conden-

sation, but coalescence and condensation during the late period. The droplet spectrum “widening” has the character-

istic of a ladder-type, but when the cooling rate and the degree of supersaturation are very large, the number of fog

drops in all bins could increase, and the maximum diameter could enlarge continuously. The turbulence not only

plays an important role in the vertical transmission of momentum, heat, and water vapor, but also is the important

condition for fog droplet collision broadening.

Key words radiation fog, fog droplet spectrum, broadening, Nanjing
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Fig. 1 Average droplet spectrum distribution of each radiation fog. n: fog droplet number concentration; D: diameter
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Fig. 3 The time evolution of radiation fog droplet spectrum (BST: Beijing Standard Time): (a) Broad spectrum; (b) narrow spectrum
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Table 3 Microphysical parameters before/after fog droplet spectrum broadening and the changes of wind speed, wind direction,

and temperature during the fog explosion

H 1 WRAERBE N/em™® LWC/g-m™®  D/pm  Dua/pm BEWLEE/m KUmZefl/) XA /m-s™1 AL

2007-12-11 07:30 JF4R 81.5 0. 00233 3. 44 11. 4 96 199—359 0. 64—0. 39 —1.1°C/26min
07:55 45 675 0.412 7.05 46. 5 15

2007-12-14 05:45 JF4R 50 0.0018 3. 44 9 176 229—>345 0.40—0. 39 —0.9°C/22min
06:07 4 510 0. 251 6. 57 39.5 15

2007-12-18 08:17 JF-4R 35.3 0. 000975 3.33 7 258 244—350 0.66—0.72 —0.5°C/25min
08:45 45 471 0.179 6.33 43 16

2007-12-19 01:40 JF-4R 12.9 0. 000275 3. 14 5 160 188—342 0. 28—0. 46 —1.5°C/12min
01:52 455 700 0.22 5.90 30. 5 16

2007-12-19 04:40 JF-4R 10.5 0. 00025 3.23 5 342 147—340 0.6~0.2 —1.2°C/20min
05:00 &k 459. 5 0. 187 5.72 46. 5 20

2007-12-19 2247 R 20. 4 0. 000475 3.25 7 182 156—>143 2.31—1.61 —0.5°C/23min
23:10 453 296. 1 0. 024 4. 14 30. 5 15

2007-12-23 01:41 F45 14 0. 00043 3.37 7 132 50—>50 0.2—>0 —0.7°C/11min
01: 52 253 580 0.0672 4. 84 30.5 20
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LWC: liquid water content; T temperature; I:

turbulence intensity; ou,v,w: standard deviation of wind speeds; Hi:

sensible heat flux;

TKE: mean turbulence kinetic energy; u : friction velocity; U: mean horizontal wind speed; z/L: stability parameter; E: vapor flux
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