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Abstract

Information Science and Technology, including the measurements of visibility, raindrop spectrum, fog, and aerosol

Comprehensive observations of fog were conducted during winter 2007 in Nanjing University of

spectrums. Salient synoptic-scale features were identified using conventional meteorological observations and NCEP
reanalyses. We studied the synoptic situation and macro—micro evolutionary characteristics of six precipitation fog
events that occurred in Nanjing during December 2007. The results show that (1) The six events were all mainly
controlled by the synoptic system and were in the form of fog compared with light rain. The minimum visibility in
these events was more than 250 m. In addition, the precipitation fog mostly occurred under the influence of an easterly
airstream, and generally weak precipitation occurred first, when the air was close to saturation. An invasion of cold air
from the north and vapor condensation finally caused the formation of precipitation fog. (2) An inversion layer was
always present near the surface before most precipitation fogs, and the temperament different between 2m and the
surface changed from positive to negative as inversion layer disappeared during fogs. However, the observation of
inversions below 900 hPa was difficult. Altocumulus (Ac) and Altostratus (As) or Stratocumulus (Sc) and
Fractonimbus (Fn) ccurred in the middle and lower layer before precipitation fogs, while the height of low clouds was
0.3-2.5 km. During these processes, the layer below 600 hPa was nearly saturated, most events occurred with Fn, and
the height of low clouds markedly decreased. After the fog, the nearly saturated layer may still have been present. In
addition, there was significant wind shear near 900 hPa before precipitation fogs. (3) The number and concentration of
larger and smaller fog droplets increased markedly in the early stages of precipitation fog formation. Aitken mode
particles are more efficiently scavenged through nucleation by precipitation fogs in Nanjing, and the reduction in
Aitken particles is closely related to wind direction and speed. Because of the influence of a stronger north wind, the

concentration of aerosol particles decreased significantly.
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Fig. 3 Visibility, relative humidity, wind speed, temperature, and vapor pressure (E) variation with time in the six precipitation fog cases
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Fig. 5 Wind vector as a function of height and time during the precipitation fog: (a) Casel, (b) Case2, (c) Case3, (d) Case5 and Case6



56

PN S

Chinese Journal of Atmospheric Sciences

39 %
Vol. 39

Diameter/um

Diameter/mm  Diameter/um

Diameter/um

2007-12-16

|1 YR
20:00

00:00
2007-12-17

|
04:00

Diameter/mm  Diameter/um

00:00
2007-12-22

04:00

08:00

—1
—2

12:00

16:00

20:00 3

Beijing time

Beijing time

g 4

=

5 2

Q

z 0

[a) —2

1

g_ | ) 0

E 10+ i [Ny ARERIT]

k51 —1

£ -2

8 1 | .,
10¢ ‘

E 1

5 0

5] —1

: o

A L i 1l L —3
04:00 08:00 12:00 16:00 20:00
2007-12-27

Beijing time

6 VAR T CEDL FEEE (PO MR CRD BERTEFEEE: (a) 16 H 16:00~17 H 12:00; (b) 22 H 00:00~20:00; (¢) 27 H 04:00~
20:00. ACHFBKL ISR I AR Ign, n B —RIIECRE, BAA0 em” pm s MRIEIAEAN mT mm™!

Fig. 6 Evolutions of aerosol particle number size (top), fog drops spectrum (middle), and rain drops spectrum (bottom): (a) 1600 BJT 16 Dec—1200 BJT 17
Dec, (b) 0000 BJT-2000 BJT 22 Dec, (c) 0400 BJIT-2000 BJT 27 Dec. Shadings of aerosol particle number size and fog drops spectrum are Ig n, n is the

number concentration in every bin, units: cm > um™"; unit of rain drop spectrum are m > mm_ "

Case6 [ HaHALBIEREL T (Lu et al., 2013), T
VA E A 0~1, TR, il JF A A= IR ROk .
SERWORW RS ME WM T AN 0.0, S5mik
S EAHEZER (Luetal, 2013).

ghEA B 1 TR SR BE I TR AR AT LR I, Case3
TEZHT 4 h giAA 59Kk Az, (RS ok T
BRI A W B, YRR /N> eSS
HILE, ARSIk B Wod >, AR
AN, UNTTHECE BRI, BHRIBEKER., X5
Flossmann et al. (1985) A AAZAL L FE 2 S it
HRGE MU — 8. SAh, XIFFREE (1992)
FHERVRARA S A Y, 3 b 2 B K HP (0 ek 5

KT P WKL . Cased LA FFEK, bl
B W R RSy 3 S VAR S B B85 A TN 1A
RRWME#EE L, HP 22 H 08:00, S kiZ
ShFIRETH R, BoKMZEHEE T4 CaseS [
MFEEFANE, 07 4 h /W EA, Wi/,
SRR IR RN B2, HIZENIREER
J&, SBIRL TR AT T R, EgRE KL G,
ST AR, SRR TIREGIT N, B
R UG RRA B, B AR BE DR 55 o

IR S U R A AT LUK B 55 TE BT R
G H T DU 2R AR 32 AR IR AR T 50 1 R4k
RMEMIRTBEA : Case3 KUl ydb G, P3G 2.1



1 FTHEOESE: 2007 4 12 HE RN RE2 L OS5 s ARt
No. 1 YU Huaying et al. Evolution of the Macro- and Microphysical Properties of Precipitation Fog in December 2007 in ... 57

ms ', BORFIRHA 0.42 mmh'; Cased XA Ky dbX,
SEERGE 3 ms ', KNSR 2.66 mmh s Case 5
ZAEK, KK 2.1 ms™, B, hkn] WA
L B0 FEE R /R 55 R ) XU 25 DDA O, A
W7 () Z- A6 77 ) A 75 G, T DAEPASE A3 95 [ /KR
SO R, CaseS R ORI B ek R R 2
95, Cased Mok N, RN LEEKMILRAE-T,
IR B Uk D R i B 2 . PTBL, RIS %
AR R AR F 22 2 RS R (R 50,
4, 2009),

6 it

(1) FH 2007 4F 12 7SR Z i 28
ZRARGMW GG, LA 3oy 3, 1 B G RE
FERT 250 mo RAJEHRAFIAN, (HHbTI AR AL T
BRI 2 IR ARSI T, X 2k
KA, WM, B3k AL 58
WA, KIREBES, ZIEMN. TEM 25 KB B
REDLEAFAED B, 52 M, KGHE R /INAITTT i)
WA, Ui R 55 B TE RS R A R
KAEY]. RN, WERHESZEE . KR
LR o

(2) tH NCEP ZEM M R I, W55 KA i U b
FEZ A, WEEET Tn— Tt HIEF A7,
TR 2K o (M IARZ U4 900 hPa LAR,
SRR R, DEWERE, WEEIEYL
WA . WS R AETTHAA Ac 8L As, [RIIAELE Sc
8 Fn, Bamdh 100 WEEFEF, 600 hPa LLF
HRMFNE, 2440 Fn, RamEHE T WS
i S5 3 M T R R A A T BEAEAE . 0°C R AE
700~850 hPa [H], 7 & iy . FY 55 8 Ry H i 32 2
AN, Y ROE R DAL R 32, 7E 900 hPa
e FEE P 38 A B Sk (R R D) AR

(3) ZFIERAIIA, KR RN kL1 B0 B 1)
AU IEIN . P 5T A 2R R S5k RO A IRORE 1
THER, FEREEEETERR AT R . AR
JRERE B0 B (1) ekt 55 I ] 8T X3 2 DI AH G
TERCRIAE RWE TR, A ks - e B W] s 92>

Sk (References)

Byers H R. 1959. General Meteorology [M]. New York: McGraw-Hill, 481.
Donaldson N R, Stewart R E. 1993. Fog induced by mixed-phase

precipitation [J]. Atmos. Res., 29 (1-2): 9-25.

LG, S5, S, 45 2007, FUE L — R BERIK S RN A2
iR AT ], WA, 26 (4): 881-889. Deng Xuejiao, Wu Dui,
Tang Haohua, et al. 2007. Analyses on boundary layer structure of a
frontal heavy fog process in Nanling mountain area [J]. Plateau
Meteorology (in Chinese), 26 (4): 881-889.

Flossmann A I, Hall W D, Pruppacher H R. 1985. A theoretical study of the
wet removal of atmospheric pollutants. Part I: The redistribution of
aerosol particles captured through nucleation and impaction scavenging
by growing cloud drops [J]. J. Atmos. Sci., 42 (6): 583-606.

George J J. 1940a. Fog: Its causes and forecasting with special reference to
eastern and southern United States (I) [J]. Bull. Amer. Meteor. Soc., 21:
135-148.

George J J. 1940b. Fog: Its causes and forecasting with special reference to
eastern and southern United States (II) [J]. Bull. Amer. Meteor. Soc., 21:
261-269.

George J J. 1940c. Fog: Its causes and forecasting with special reference to
eastern and southern United States (III) [J]. Bull. Amer. Meteor. Soc., 21:
285-291.

Gultepe I, Tardif R, Michaelides S C, et al. 2007. Fog research: A review of
past achievements and future perspectives [J]. Pure. Appl. Geophys., 164
(6-7): 1121-1159.

FRDH, M, BEIESE. 2009. B utILRBATE KA IR BRI R RHE
5T [7]. SAxS5IRESAESY, 14 (5): 523-530. Kang Hanging, Zhu Bin,
Fan Shuxian. 2009. Size distributions and wet scavening properties of
winter aerosol particles in north suburb of Nanjing [J]. Climatic and
Environmental Research (in Chinese), 14(5): 523-530.

g, HWEE, . 20100 W% SHELERTIRERMT ] K
B, 34 (4): 843-852.  Analysis of meteorological elements in
rain/snow-mixed fogs [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 34(4): 843-852.

P, 2011, A TR S B WOR RS R IMLIET 5T [D]. #E 51 &
TR 22478 3. Liu Duanyang. 2011. Study on the winter fog
physical structures and evolution characteristics in Nanjing [D]. Ph. D.
dissertation (in Chinese), Nanjing University of Information Science and
Technology.

XFFR, WA, THEZ, 8. 1992, LUR 2l B UM BUERSL 7).
IREERL 243, 12 (3):1590-1596.  Liu Qijun, Hu Zhijin, Ding Guoan,
et al. 1992. Numerical simulation on the aerosol scavenging of stratiform
clouds [J]. Acta Scientiae Circumstantiae (in Chinese), 12(3): 1590-1596.

XUVE)I, moR, XU, 2. 2010, BEAKILGON KOG REOH e WAL
s 0] MHAZR, 21 (4): 433441, Liu Xichuan, Gao Taichang,
Liu Lei, et al. 2010. Influences of precipitation on atmospheric extinction
coefficient and visibility [J]. Journal of Applied Meteorological Science
(in Chinese), 21(4): 433-441.

Lu C S, Liu Y G Niu S J, et al. 2013. Examination of microphysical
relationships and corresponding microphysical processes in warm fogs [J].
Acta Meteor. Sinica, 27 (6): 832-848.

dE, AR, A, 2010, BOKX % P RELES ALK (1],
KARIFE2AR, 33 (6): 731-737. Meng Lei, Zhou Qiyue, Niu Shengjie,
et al. 2010. Effect of rainfall on parameterization of fog visibility [J].
Transactions of Atmospheric Sciences (in Chinese), 33(6): 731-737.



N W 39 %

58 Chinese Journal of Atmospheric Sciences

Vol. 39

NiuSJ,LuCS, Yu HY, et al. 2010. Fog research in China: An overview[J].
Adv. Atmos. Sci., 27 (3): 639-662.

Petterssen S. 1969. Introduction to Meteorology (3rd ed.) [M]. New York:
McGraw-Hill, 333.

Bk, i, HIRTT, 45 2008. B RUALRE AR RIRL AR 3 AT RFAIL
[J]. HEREERI2, 28 (1): 18-22.  Qian Ling, Yin Yan, Tong Yaoqing,
et al. 2008. Characteristics of size distributions of atmospheric fine
particles in the north suburban area of Nanjing [J]. China Environmental
Science (in Chinese), 28 (1): 18-22.

Stewart R E. 1992. Precipitation types in the transition region of winter
storms [J]. Bull. Amer. Meteor. Soc., 73: 287-296.

Stewart R E, Yiu D T. 1993. Distributions of precipitation and associated
parameters across precipitation type transitions over southern Ontario [J].
Atmos. Res., 29 (3—4): 153-178.

Stewart R E, Yiu D T, Chung K K, et al. 1995. Weather conditions
associated with the passage of precipitation type transition regions over
eastern Newfoundland [J]. Atmos. Ocean, 33 (1): 25-53.

Tardif R, Rasmussen R M. 2007. Event-based climatology and typology of
fog in the New York city region [J]. J. Appl. Meteor. Climatol., 46 (8):
1141-1168.

Tardif R, Rasmussen R M. 2008. Process-oriented analysis of environmental
conditions associated with precipitation fog events in the New York City
region [J]. J. Appl. Meteor. Climatol., 47 (6): 1681-1703.

Tardif R, Rasmussen R M. 2010. Evaporation of non-equilibrium raindrops

as a fog formation mechanism [J]. J. Atmos. Sci., 67 (2): 345-364.

Westcott N E, Kristovich D A R. 2009. A climatology and case study of
continental cold season dense fog associated with low clouds [J]. Journal
of Applied Meteorology and Climatology, 48 (11): 2201-2214.

o, RBER ARME, FF 2000, ZAIEE (M) dbat AR HEEE. Wu
Dui, Wu Xiaojing, Zhu Xiaoxiang, et al. 2009. Fog and Hhazy (in
Chinese)[M]. Beijing: China Meteorological Press.

TP, 2011, 7 gl A B AE LRI S5 R IE S LB BT 9T (D).
B RS B DR ORI L% 0 3. Yan Mingliang. 2011. The
Characteristics and numberical simulations of heavy fog along Nanjing to
Shanghai expressway [D]. Ph. D. dissertation (in Chinese), Nanjing
University of Information Science and Technology.

FESCE, XUsRBH, WS, 4%, 2010. R HTHLIK Y S5 T A HL A R REAE
[]. <%, 36 (10): 29-36. Yan Wenlian, Liu Duanyang, Pu Meijuan, et
al. 2010. Formation and structures characteristics of precipitation fog in
Nanjing [J]. Meteorological Monthly (in Chinese), 36 (10): 29-36.

T, 2013, A5 BRI 55 O IEAT 25 K AL 22 41 20 FOWIIAE 52 [D].
oA fE B TR R L2 718 3. Yue Yanyu. 2013. Study on
microphysical characteristics and fog water chemical composition of sea
fog in spring of South China Sea [D]. Ph. D. dissertation (in Chinese),
Nanjing University of Information Science and Technology.

HEAGR. 2007, MBIIASUPITE [M]. dest REHRAE. China
Meteorological Bureau. 2007. The Ground Meteorological Observation

Specification (in Chinese) [M]. Beijing: China Meteorological Press.



