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Formation and Structure Characteristics of Precipitation Fog in Nanjing
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Abstract: In order to study the physical and chemical processes of Nanjing winter fog, reveal the relation-
ship between air pollution and the chemical structure of fog water and establish fog forecasting methods, a
comprehensive observation of fog during the winter of 2006 and 2007 was made in NUIST (Nanjing Uni-
versity of Information Science and Technology). Based on the obtained fog data and conventional meteoro-
logical observation data during 2006 to 2008 at Nanjing Meteorological Observatory, the synoptic situa-
tions and macro-microstructure characteristics of precipitation fog were analyzed. Results show that: The
weather situation when precipitation fog happened can be divided into 3 kinds: frontal surface pattern, pat-
tern under high pressure, and low pressure pattern with inverted trough; Invasion of weak cold air is an
important condition for the formation of precipitation fog; Another important condition is that a strong in-
version layer exists, namely the temperature is higher in upper of the boundary layer than it near the sur-
face; Rain enhancement or increasing surface wind speed, intrusion of the durative dry cold air are likely to
result in dissipation of precipitation fog, the nature of which is evaporation fog. Compared with other
types of fog, the number density, water content and average diameter of precipitation fog are smaller. Fog
droplet spectrum is very narrow, and its curve exponentially rapidly decreases.
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Tablel Fourteen precipitation fog processes from November to March next year during the year 2006 to 2008

W FAR/AECRHE RRZERE /b RIRREWE/m WE FRR/ED.HE fFEE/h RARRE WK

1 2006.12. 6 19 16 8 2008.11.23 12—13 2 800
2 2007.12.10 01:00—10,00* 9 394 9 2007. 3.2 06—08 3 800
2007.12.16 21.07—17 2007.12.11 19:21—23.10;
12.9 214 10 12 500
08:39, 09:39—10:56" 12.12 08:59—17.07"
4 2008.1.11 0810 3 100 11 2007.3.23183.24 01 8 400
5 2008.1.26 09—11 3 600 12 2006.2.5 13—17 5 700
2008.2.5 10—19; 2007.12. 22
6 15 400 13 i 8.7 328
2.522—2.6 02 02:0710:46"
7 2008.11.7 03 1 800 14 2007.12.27 09:25—14,36* 5.2 126
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% denotes the comprehensive observation of fog
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Fig. 1 Synoptic situations of 500 hPa (a) and 850 hPa (b) of

precipitation fog weather (at 20 BT 11 December, 2007)
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Fig.2 Three types of surface synoptic situations of precipitation fog weather

(a) frontal surface pattern, (b) pattern under high pressure, and (c¢) low pressure pattern with inverted trough
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Fig. 3 Changes of visibility and rainfall with time in precipitation fog weather
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(a) frontal surface pattern, and (b) pattern under high pressure-type
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Table 2 Microphysical parameters of winter precipitation fog in Nanjing(Each sample is an average of every 10 seconds)

L 1k ]/ o Bow g/ WK & 2= THHAE,  WHEHERZ  BKEAZ/  MERER/
£ H. HHEF A~ e em? gem? pm pm pm m
2007. 11. 26 SERE 2.73 0. 00007 3.356 3 5.728 589
03:09—11,37 30014 Fieni| 0.65~6. 43 0.0000011~0. 00035  3~4. 24 3 3~15 377~1000
2007.12. 11 ) FHME 3.66 5.85X107% 3.047 3 3.999 823
19:21-—23.10 187 Einid| 0.312~9.595  6.6X10 °~1.5X10"* 2.7~3.9 3 3~11 532~1000
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2007.12. 17 S 1.9 0. 000036 3.11 3 4.517 739
09:39—10.56 168 Fini| 0.21~4.025 0.000003~0. 00013 2.1~3.73 3 3~11 506~1000
2007.12.22 FHE 3.7 0. 000065 3.08 3 4.513 594
02:07—10.46 3120 Einid| 0.45~8.8 0. 0000066~0. 00028 2,7~3.5 3 3~11 328~1000
2007.12.27 o, -4 0.52 8.35X 10 5~06 2.6 3 2.98 666
09:25—14:36 T 0.025~1.78 3.6X1077~0.00008 0.3~3.67 3 3~9 426~1000




JE S 0« T KT 50 R 4 G i

%10
10 T T T T T T
! ——20074E1211H19:21—23:10
15 ——20074£127112H08:59—17:07 4
- - — 20074F12H16H21.07—12H17H08:39
E oL - 20074E1217H09:39—10: 56 ]
? TTEAL L 20074E12 H22H02:07—10.46
U 20074E12 H27H09:25—14.36
£ 0.01¢ ]
2
T IE-3 ¢ E
=
1E—4 ¢ ~ E
‘\\
1E=5 | | | i | | | |
4 6 8 10 12 14 16 18 20
D/ pm

6 2007 45 XL JU1 18] 7R 25 14 1 20 A
Fig. 6 The spectral distribution of several

precipitation fog processes in 2007

(12 7 27 H) s W % 1 V34 &K 8 KR#AE 10 ° g -
m PR KRG KR 0.001 gem (12 A 16 H),
B/MY 3.6X10 T g e m *(12 27 H); MAE W JE
F.16 H e RAE W 258 214 m, i SL A 3 T X
JUIK R Z5 aok v s R 1Y) 55 T B30 2 I oK & /2. T
W RS SEAE 10 pm 247 e R AT 15 pum P34
BB NHE) £ N 3 um BRI T % 0 B
JE K i RN Y AR 5 (R 00 I B B SF O A
FUUM AR AR £ . N 6 (35 4 A n] DL R
BB EEAIR T 400 m (Y JLIR 25 &8 B, H KO B
5 1 B E AR T A LA 5 o #E L R OR E K i
WA A . B 10" g, A b, 55 T B0 R
G H: TR B 1) 80 ) vy 2 3 8 T 25K e L B 2 1Y)
FERER. 55 %N RIGRA, Hll 4 a6 5
P T R (& 6)
5 K&

(1) T 5% i DX RKOR 2 )t RN 25 1) 5 75 25 500
hPa &b T4 Fi VG B A H T 2850 hPa 14 55 1
YIAS , i TR 32 S B T AL 8 e I ARG
B HE Y 3 Fhd I .

(2) M5 B AR RS, — KP4
fal Bk B 4 AT H B R R AR KL BB L FE 2 7E 400 m
P b5 Y R S0 oim s TG XU N O, v A ORI iR
A HB AT BE 3 S 25 T HL

(3) R AR 245 B iy i iR A A . B
NG)E FEARR G TIEMZ 2N % —
B S D MR E A S R B AR KU — e

0~3 m«s ' ZI[H]; 5 WA B I i A7 A . B
AR I AE A5 R G B B A2 AR B IR R Y
() TS5 B TE a7 it v 3L W7 2% 2 IR R
BEAS AL BEAS MR A B . T 25 1 AR JBRE O 2%
(5) TS W B BE & K BRI 5 A2 5 HoA
P 2JE 55 A1 FU AR BAIRAR 22 5 S5 I AR A L L3 oo A i £
JAE RO T

2% Uk

[1] Roach W T, Brown R, Caughey S J. et al. The physics of
radiation fog. Part I; A field study [J]. Quart J] R Meteor
Soc, 1976, 102(432);: 313-333.

[2] Pilie RJ, Mack E J, Kocmond W C, et al. The life cycle of
valley fog Part 1; Micrometeorological characteristics [J]. J
App Meteor, 1975, 14. 347-363.

[3] Jiusto] E, Lala Grieser ] G G. Radiation fog field programs.,
recent studies [J]. ASRC-SUNY, Publ. 1983, No. 869.

[4] Fuzzi S, Facchini M C et al. The Po Valley fog experiment
1989. An overview [ M]. Tellus Ser B-Chem Phys Meteorol,
1992, 44, 448-468.

[5] Ma C-J, Kasahara M, Tohno S. Application of polymeric wa-
ter absorbent film to the study of drop size-resolved fog sam-
ples[J]. Atmospheric Environment, 2003, 37. 3749-3756.

[6] Eugster W, Burkard R, Holwerda F, et al. Characteristics of
fog and fogwater fluxes in a Puerto Ricanelfin cloud forest
[J]. Agricultural and Forest Meteorology, 2006, 139: 288-
306.

[7] Fahey K M, Pandis SN, Jr J L C, et al. The influence of
size-dependent droplet composition on pollutant processing by
fogs[J]. Atmospheric Environment, 2005, 39: 4561-4574.

[8] Klemm O, Wrzesinsky T, Scheer C. Fog water flux at a can-
opy top: Direct measurement versus one-dimensional model
[J]. Atmospheric Environment, 2005, 39; 5375-5386.

(9] #i5e4e, RAEE, RMAL gkl 25 B Ak 4 vk i wF g [T ].
MR R FBEF R, 1995, 18(1): 114-118.

[10] #T4e, ot ERTAFFNDIAFRAELT] TL2%¥
i, 1994, 52 477-483.

[11] LiZ H, Zhang L. M, Zhang Q H. The physical structure of
the winter fog in Chongqing metropolitan area and its forma-
tion process [ J]. Acta Meteorol Sin, 1994, 8(3): 316-328.

[12] ZEyf4e, w@ Y, B, 5. 1996 B alELE 5 RIKE iy Al
SEMRAELT]. &R, 1999, 57(5) . 622-631.

[13] LiZH, Huang] P, Huang Y S, et al. Study on the physical
process of winter valley fog in Xishuangbanna region []].
Acta Meteorol Sin, 1999, 13(4) . 494-508.

[14] ek, VP4, BREE. Al X 25 55 1 T2 BRI o) 21



36 A % o536 %
ZERLT]. WEVEAAA. 1989, 11. 431-438. [26] HESEF. M. VP, % MR XERNBREE] &
[15] SpB4, ardis, R0, %, SR LY % 7 WO S5 4 BF 5% TR B 2009, 32(1) ¢ 115-120.
[A] 2EZYHEMATLEmRISBCELIC] at: A% [27] lrass, M. R/hat. . 2007 SEHI— RS R%E KA
AL, 1989, FEAHRL)]. A4, 2007, 33(9): 52-58.
[16] R3L. ATUr. BIE . B RIE L 0 2 BV 5 10 75 Bl (28] B&H, Hots. LA VEFLRENILEMHI] 4,
L5 A, S RE DL BE B ST ). R 2 4. 2007, 65(3): 406-414. 2006, 32(1):78-83.
(171 JEwfe. Jugat. R0 5. B IV 5 i Gl I 4 % i [29] E=, WEI, LD, % PERF-GRHREEKRFENL
A L. *mki#%&y 2002, 41(4): 92-96. WiAr ). %, 2009, 35(9) . 84-90.
(18] ML, 5k, A, 4. w0l — OB vk 55l F Y [30] http://en. wikipedia. org/wiki/Fog.
éﬁf’@ﬁa"rﬁ[]]. RS %, 2007, 26(4); 881-889. [31] Petterssen S. Introduction to Meteorology [ M. Third Edi-
[19] 1, B, AFEK. %, MEREREYIEIM] Jte. | tion, (McGraw-Hill Publ. Inc. , New York 1969) 333p.
S R, 2008. [32] Stewart, R E, Yiu D T, Chung K K, et al. Weather condi-
[20] EMELE, ™30, Rk, 2. MR AEEB R IEKY tions associated with the passage of precipitation type transi-
PUERAEBFSEL)]. @A, 2008, 27(5): 1111-1118, tion regions over Eastern Newfoundland[J]. Atmos Ocean,
(217 XUsibH . WEMGIE . B, 55, 2006 4F 12 H gt sl 4 RIK%E 1995, 33: 25-53.
T PG5 A BB R AE [T ). R 4R, 2009,67(1) : 147- [33] Donaldson N R, Stewart R E. Fog induced by mixed-phase
157. precipitation [J]. Atmos Res, 1993, 29. 9-25.
[22] SROGHE ., TMAR, E4k& .45, Jbat K5 i X 55 T8 i i i 5t [34] Tardif R, Rasmussen R M. Process-oriented analysis of envi-
EHREL]]. P ERE D ERRL 2, 2005, 35 ) . 73- ronmental conditions associated with precipitation fog events
83. in the New York City Region [ J]. Journal of Applied Meteor-
(23] Edl, skEFA. LR, % EHFHMXELFEFRDAEEH ology & Climatology, 2008, 47(6): 1681-1703.
B HLAs MU R X BERF SR ], db T RS2 40 CH R B RRD [35] Tardif R, Rasmussen R M. Evaporation of non-equilibrium
2006, 42 (1) 55-60. raindrops as a fog formation mechanism. American Meteoro-
[24] JLEME, Fik, FIEX, % —KFHENE 0D R ZHE logical Society[G]. doi:10.1175/2009]J AS3149. 1
K F5 K B FHRFIELT ). A4, 2009, 35(02): 19-28. [36] EM T, HFHE MY EIM] dbat: 2 H M,
[25] BEARMA, Jar, SR 3cde, 2. 2004 AE& FAEALF R4 K% K 1989.

S T]. K%, 2005, 31(12): 51-56.



