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Abstract The Ice Nuclei (IN) were observed in Nanjing from May to August 2011 using a 5 L mixing cloud chamber
and a static diffusion cloud chamber, and the characteristics of different ice nuclei concentrations were examined. The
results show that during the observation period, the mean concentration of total ice nuclei measured by the 5 L mixing
cloud chamber was 20.11 L™, the concentration of IN under high water vapor conditions (5% calculated supersaturation
with respect to water) and low water vapor conditions (5% calculated supersaturation with respect to ice) measured by the
static diffusion cloud chamber was 0.928 L™ and 0.291 L™, respectively. The IN under favorite conditions had a diurnal
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variation. The daytime concentration of IN was larger than that at night and peaked in the afternoon, which indicates that

atmospheric IN is significantly influenced by turbulence intensity, human activities, and industrial pollution. The

scavenging effect of precipitation on IN was obvious, and the concentration of IN increased during the typhoon system.

The IN levels in the Nanjing area increased with decreasing temperatures and increasing humidity. The back trajectory

model showed that the concentration of ice nuclei in the air mass from the northeast marine region was highest, and that

the number of ice nuclei in different air masses decreased with decreasing activation temperature. A case analysis

focused on the relationship between IN and PM, (the particulate matter with diameter less than or equal to 1 pm)

produced by biomass burning suggested that the product of the combustion may contribute to IN.

Keywords Atmospheric ice nuclei, Mixing cloud chamber, Static diffusion cold chamber
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AU N 500 m, VS R BOZE IR TR AR )
—RACK I B 2] (A6t ) 02:00), R H

R WTI BT 36 h JG BT 095, R
o A5 i L 4 R DL SE BRI 9 SCRe L 4 3
K. FEBNF ARG H, POl ah sis B
P 500 Ko RIS HYSPLIT B AN RS
BEAT B BIL R

FIRMS (Fire Information for Resource Manag-
ement System) [f] Web Fire Mapper M3 Chttp:/
firefly.geog.umd.edu/firemap/[2012-2-16]) $EHL K A
P R B S LR AR K B KO TR
TE KN AL kAR & Terra A1 Aqua /21 MODIS
(Moderate Resolution Imaging Spectroradiometer),
MODIS /& NASA [f] EOS R4 A1) F ML
v, PRIERRF R iR 1 I HAT 36 Atikil
W, SrALE 0.4~14 um JHEVEHl. MODIS K7 i
(0 B3k J B T T SRR B o SR B T
BT L I GEVHRFE I 10 40 R0 (AR A
SR (LS, 2007). Louis etal. (2003) $2iH
B KOSERIE, RZERN N R+ 03 22— %)
—HRL

3 R X KA K B A

3.0 IKAZIRE R B T4 R S E R 2 R b
KA 2 2= 1Ak s, R A
S ERAL SRR AT T AN ) o P 2 3 0 S UE B
REREFI T L L PEUKAZIRER N (FE 2
25, 1965), 1 2 /K RHKAZ AT I B s B AE
R, 20000, % 2 45 5~8 HUKIIKES:
T, FARTHBIX 5 H VKA S Tl 3 AN Aoy, X
P 6~8 HNMZE, BN BT BR 7 H
Wi, B S8 6~8 HRUKEIRIEILT 5 AHh. T=
—20°C, 5 L BA 8 2 S I BT AT Az AL vk %
WREETFEIE A 20112 ML, #05 Hlis = A HERAE
JEMEAF RN SL AT SH 44 T UKAZ I B 1341 A
0.291 AN/L 1 0.928 AN/L. B KA N, K%
WREEBH R IIN, B2 R UAIRZAL B UK, R
KRS R DB VKRR B () 2R 35 o [ 0] B
PR 2 S I UK AZ TR P8 22 S R B, 5 0 S =
132U I UKAZ b7 TR B2 SO0 1) S VKA R 2 11 L 481
TAE, TR SO & R 2 R K TR
f: %, 5 LIRAHEEF B ITE AL
UKEZIEAT I, I H A IRAE 782 /KA R UKAH
Ak, I #s =0 LA = = KRS, W
WA I UKAR BAZ AL A A B 4 VR a5 A% Ak Tk
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AL SR A 58—, IRAE P Rl =
FEHENEARART, 5 LRGN S ETRIK
SEAE T S Pr 2 4 IS, WY s %
A R R PR AE BB RS, RO S AR
AP ZSE: =, PIMIKEZZERIRZRNRE R A
[Fil 2 G B A UKAZ IR JBE (R 2 AR

#z2 AREAMKZREZRBSGITEX L (B4 AL (SL
AIRAREH, SH ATHKREMS

Table 2 Comparison of statistics of daily atmospheric ice
nuclei (IN) concentrations in different months (units: L)
(SL means low moisture condition, SH means high moisture

condition)

T=—20°C T,=—20°C T=—20°C
PATRAEH LB SL OBk SH VKR

BRI P N 2 N R T/ N = 2 N O = NI © 21
Geiti m M| m M Mm fH Mm M

5)] 34282 43522 25493 0351 0.711 0.067 1.052 1.544 0.500
6 H 27698 39.844 16287 0235 0400 0.067 1.062 1492 0.667
75 8663 15043 3.516 0339 0497 0245 0.833 1.196 0.663
81 9806 17964 5211 0225 0.617 0.051 0.764 1233 0.303
BOEEIME 20012 — — 0291 — — 0928 — —

X 3N T H WA X A FERME R G =
EFR RIS T,=—20°C I BT Az ML vk
WRE, R HLIX VKA i T b BRI 7 4 20 AL 60 4
AR &5 R, AHSEAET 20t 90 A FHEZ LR
MO PKAZ IR, IR DR A B IR T AR R, bRt Hl X
FAMEAGIR T UK R BEAE 20 AL 60 AEARE] 90
SEARIE 30 AR SPIHEIN T 29 15 7%, Jbnt i X vk
TR AR IR B RS QIERO6EE, 2002).
TiAb, B DX KR AR AR T T A T e U
S WAL EE A HIX GRS R 3415
m), FEAREA TIHEBGE 3, SR, ’
HHB X UK A% 3 A T 7 A3 3 H DX B R ko 3R
HE IR M DX K AZ R P R A

®3 BATE (—20°0) KIZRE WML R L
Table 3 Comparison of concentration of IN in mixing
cloud chamber (7,=—20°C)

mEE LT

POMIB IR MR B (L) RIE YL E=PUN
TR 1964 4E 4~5 H 2 5.8 (FE2#PREE, 1965)
b 1963 4E3~4 A 334 18 (U K6 A 2 3

1964)
b 19954E3~4 A 334 789  (UFAOLEE, 2002)
FEEEE 2001 4E 8 A 3.05 313 (BBHAE, 2003)
HUETEEE 2003 45 10 H 3.05 474 (FEEE, 2006)
Mt 2011 4E5~8 A 5.0 20.1 AL

3.2 KAZIRE HRRTL

KAVKALZ B ABES AT 5200, B T R 4 1k
Gb, BEAKLL R B RORARHKAZ IR S .
4 4 MR E (—10°C. —15°C. —20°C L},
—25°C) FRWKELRERZE HZ1k, 4 AN
UK B A — S8 H RS AR REE, X 5
KAEE (2002) 1 FH RS = = AE AL RO 2518 — 3K,
AN [F) L 5 DK A A 5 A8 A 5 D A e 1 A Y L AT
Ko

KlS (a-i) Zkiz. AEEFE DK PM, i
TRBE I H B AR A 50 o W 1) 3022 VK 7R B T
o AR RN Z G X ERE AR A an e, A S HA
TR KRR T 10 mm RS UKAZ K M, B S
(f) Pt 4 KK ERT 10 mm FIREKERE, 4>
W7 H20H,8 H2H, 8 H10 HF 8 H 11 Ho.
G55 5 Camc) 23 IR EE 4 YRISIK TFAATRT 24 h FEE
KA LT 24 h UKAZ P39 AR AE, 4 IR K I R S
VKR P YW B o Giil 4 B KI5 1E)G 24 h Y
=—20°C JIT BUZMLEIDKAZ R B34 5.496
AL, XK 2 W 7. 8 AN UK Ik E, RILFE
K UKKZ TS BRI e 8 H 6 H X 52 “3%
17 G R, &5 (g) RIEG KRR T
T RGE R K, 2 H I T K 2.829
m/s, SIKIZIRETE 6 H LG, T,=—20°C LUK
W N 17.964 AN/L, IXAHAERH & KL FE 4 S 3k
AR DI T
33 KK EERR T

KAV AR )5, KAUKRZ IR
(1) H AR ACREAEAE AT LI ) 22 vk HE LT A v

104 T T T T T T T T T T T
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Fig. 4 Interdiurnal variation of the concentrations of IN at different

activate temperatures from 26 July to 16 August
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Fig. 5 The interdiurnal variation of ice nuclei concentrations, atmospheric parameters, and PM, (Particulate Matter with diameter less than or equal to 1 um)

mass concentration: (a) 7,=—20°C total IN; (b) IN with 7,=—20°C and low water vapor; (c) IN with 7,=—20°C and high water vapor; (d) humidity; (e)

temperature; (f) precipitation; (g) wind speed; (h) wind direction; (i) PM; mass concentration

KA BEAGE RS rT BAse YUk e, &
JROKAZ IR S H AR IEAN I 2, PRI AR T A vk A%
R AR AR AR h 2l e FRK IR R, AF IS B R
B UKAZ IR H AR R AIE S A R o AP RA S
VKRR P — LB R 60 4, WS IR0 NS,
FEFEJHE W, WEJEH: 23.80~28.15°C, #f
SR EEJE . 47.2%~88.5%, KIHIEMHE: 0.426~
4.170 m/s.

il 6 (a) MR 4 KDL, WEUFR TR

WRE R T, 78 B 28 I Bk R R B ik 31 4 K de ey
fle &R N —J5 B RKimii i & 7E R, i
A 338 HL ) RORE VR B KRS B R UK R B
Bows n—orm NEES) . @A RERS
(Schaefer, 1968) LUK TMVi54: (Telford, 1960) it
FSC A R M T KA R FE R I o 0T Uiz #E o
Rl iER AL, B 6 (a) AT, —25°C
UKAZ AR AREAE S5 A B Ak, TR BE T UK A TR
PR IR Sy, LRI AR AR AR S
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104 T 10*
B @ - R ®)
|| & —15°C ki 3 BIRIVKAZ IR BE
= 10°+ A —20°C vk k% = 107+ -o- Al A
z ¥ —25°C Uk 3
~ 102+ T 102
g =
X 10'+ X 10't
% =
10°L o o — " — 10°L
— 5 — &g
10-1 . I R 1 . 1 . 10-1 . L . L . I N 1 .
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Fig. 6 (a) Daily variation of the average concentration of ice nuclei under favorite conditions; (b) the comparison of ice nuclei concentrations in the daytime

and at night under favorite conditions

KAHERDA AR R FEZ R Hoh,
Kl 6 (b) S~ [ R FIR A UKk R AL IR 1 06 R A7
rEER.

4 BEFRXSTARMBEARREIREKZREX L (AL
Table 4 The comparison of IN concentration (L) at different

temperatures during different periods under favorite

conditions
—10°C ¥k —15°C K —20°C ¥k —25°C ¥k
T T TS TS
4 (08:00~11:00) 0.22 1.31 8.66 63.21
T (14:00~17:00) 0.28 1.80 20.29 514.49
# ) (20:00~23:00) 0.24 1.44 9.08 60.11
R (02:00~05:00) 0.25 1.38 8.59 56.84

34 KSRKZEFRLERENXR
RV A FSE Pt it 58 1) B AR S 45 2508 0 (Pru-
ppacher and Klett, 1997):
N=Nge", (3)
(3) FRM UKL A L L VA 21 (KRR B
—EER . Krh, T, RNV IE I PR (°C),
N REBRLAAEFR N LA IKEZEL (AL, No b
ZH, Horp Ny AR BE R 0°C IS0 Y. ROk A% K
—b ATERTEAAAR 22T UKL B B2 B i &2
ANTR) 272 3 30 T B A W LA K = R ) T A 2
TANRSAF T ORI Bt v HIE A 50 a5, 1K 428
5o N AP VF Z BT, B n 584 stk = 4Ev4
“EEREES (FLLVBNEE, 1990, 4k [ X Ak IR i
T BRI — a8 (Yin et al, 20000, LA
JUEERE . WRF ( Weather Research and Forecast
ModeD) 1 Morrison = ¥ BE 2404k 77 % (Morrison
etal., 20050, H TARDA AN [F] AL KAZ e L

U BETE RS AT, IS E] 50 B A BAZ AL
VKA L RAEAS FZK AT DA UK AT T
I, T T EG 23 B AN 5] AR ALK AR FERRAIE

Kl 7 (a—c) 25 T Rt IX KR FE Sl 2
RFR, JFH ST ANGI R R &5 PG
P AN AS TR 27 25 45 30 1 DK T — UL i 22 56
Ko B 7 Ca) hgh B4 R0k ) b B etz AL
VKA FE DL SR e 2 00 A G, BT (b) Ak
ARS8 SH AT SL A5 3L B UkAZ I BEWL e vt
8, IMAT AR 2 RO B i b — AL
a3 JLFR A% AL R UK A% W BE (Fletcher, 1962;
Cooper, 1980; Meyers et al.,1992; DeMott et al., 2003;
Ardon-Dryer et al., 2011). {E—13.92°C i}, Faiih
XS OKEZIR BEL 0 1 AN/L, S TANERE S SH AT SL
TEOL T UKAZ G ATE A 1AL BTG I (035 Ak i 5 433l
N —20.78°C LA J—23.03°C. &7 (b) TNk
WLE, e I VAN R A A UK A B v TR v A
JEAA, XA UKV FE M A VR I A OKAH A
RETT ol T A EWFFTE AL A —20°C I UK
B SE, —20°C I UKAZ S g0 FE A T b i A 2%
PERFEAR, KFIEE 7 (b) —20°C IUKAZHK
Fil e Ko

K7 (o) BASR 5 45 AN A UZ MLk AZ ik
il BEE, JF HOEE T A A KR R P R TS
FUEER . KT LCIE N ARG = s S5 R, Bt
DA [ % AT B2 DR AZ R B 180/ T A6 R0 i T
X, IXHIHSC T as R SRR G = E M
W UKAZ IR BE 75T Cooper, Meyers LN Ardon-
Dryer 4R, KRR NG = EBHUN S 4
R, i A 2 DO W FTR  A L)
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(a) = Observations T " (b) —* SH _—A—I(\:/Ieyers ()
—~ 3L itti E = 5 | =< Cooper
0 ' 10 lj)li;e?dTvalues - E —-SL E 10 —0— Fletcher
b=t N=0.0049 ¢~ F 3 [ —— Ardon-Dryer
o 102 L /I/ - 10% i Beiiing, 2002 //3
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(5]
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Fig. 7 The relationship of activate temperature and IN concentrations: (a) The effect of 7, on total ice nuclei, n is the number of sample, R’ is the square of

correlation coefficient of the fitting formula; (b) the effect of 7, on IN under different water vapor conditions; (c) the comparison with other previous results

F5 KZRE—REESHLAKXEIL (T, HRE)
Table 5 The comparison of different parameterization equations of ice nuclei
WIE TS 2 TR JAZAL SR
Fletcher N =107 Xexp(-0.6XT,) —27°C~0°C BEE L R RG (Fletcher, 1962)
Cooper N =0.005X exp(-0.304XT,) —40°C~0°C R kLIRS (Cooper, 1980)
Meyers N =0.06Xexp(-0.262XT,) T<—2°C efiRgs (Meyers et al., 1992)
Ardon-Dryer N =3X107 Xexp(-0.66XT,) —26°C~—19°C  FHEERE; (Ardon-Dryer et al., 2011)
Beijing, 1964 N =2.54X10" X exp(-0.389 X T,) —30°C~—15°C WM, BEESVRGE. Befiligid. By GIEARIERIF 228, 1964)
Beijing, 2002 N =0.034 X exp(-0.395XT,) —30°C~—15°C  Wtte. BREURE:. BEfilidgh . RiEvRe; GliEkt5, 2002)
Qinghai, 2003 N =0.015Xexp(-0.36 XT,) —30°C~—15°C  BtE. BEEhIRS:. BfliRgs . RIS, (Z=H %, 2003)
Nuist N =0.0049 X exp(~0.388 X T, ) —25°C~—10°C BB, BELiRL:. HAlRLE . RIS A
N =0.0014 X exp(—0.316XT,) —25°C~—10°C  BiME. BEAGVRGE. Heflikay
N =3X10"°Xexp(-0.522XT,) —25°C~—10°C  BME. Fefimifiss

HYE T, Wi T —20°C W, REG=ZEIKZRIERT
Fletcher XLl &E A UL St 45 R SRR, IX W] fig
A2 IR A UK AZ AS 2 (1) D 3 R 0 ) b o KA ke i 22
FEIE e S, VLA R SRR L I KR )
A2 ML LA S 00 3000 b o5 R 0] 1) A i) 18 2 385 ) ok i
WEEZE 72 6
3.5 SEMIBESKEGRERXER

H T IRAS RS RIS K UKAZ 5, A
HYSPLIT Ji [i) 28 A o 08 0] 349 1) <, (A1 Sk gk 47
BEAL, [ I A SR 28 23 A 0y e s 347 4y
. B8 (a) 25 HIMIN A 500 m P A, S
W5y 3 2. MR HER T LIERE R 25 135, g
MR, L 36 B B2 2%, RHARE], 2R S0
ZAs 55328, At ], 2t 10 KBk

AR 4 B0 ) 32U A BT S TR 2 /T 1.5 h
MZJG 1.5 h WOKEORESE TP, JES5 R
RSF IV 4328, KA — s 5o o PRIk AZ R B 43 A
Gl AR 8 (b)), F 6 AL F UK
WG, XTEE 6 MK 8 1541, 7EE s HiE1k

WL, W UK B B, 7 R A0k
WREE /N B TE IR E RS, =R H 0K
WPEZE D o TERAR BTG (T,=—25°C)
i, PER AT KRR B T RS . =R
Z i AR (T,=—10°C RAI—15°C) Iukizik
FEZE SR, AR BOOREAR () I 25 o 784
VK#Z (DeMott et al., 2003; Stith et al., 2009), [t 3
FA M KRR SR 2 el pe e 80 T,
VKAZ R B 25 SRR I IR IR o — 2R A AE 2R it W
B AT 52 1) Jey MR SR ) 52 S 30 =R A A
RIS 2 R8N, IR T, FIUKAZ IR S 2 75
N WA BT UKIZ IR BE R, LRI T Re . 2R
—, WA B R 24 h, 7R
AL i U AR B e (RH,,=T78.0%),
RPN G S KRR S, R ARG
B2 (100 e A 3 K 8 - 308 A O
Kz, dbmidgm T A kR B,
WS IR AR S Bl 5 AU REA ML IR &, AL
A ARG P A I T T Sl 7 P e, 33 g 4
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IR ICUKAHZALRE )] (Tervahattu et al., 2002);
5 WA AT AE N UK A%, Burrows et
al. (2012) $HMF CIARBRMIFIEM AL
I FIFER AT DLAR KA, XSS i AR O I )
UKAH A% e 1 SR . YRR DL AL DG,
2, FREREIR A Y SR UK AR RZ AL e ) DL AR
2 A A B ok R v KR A% B8 ) 19 R A A T —
2T

*6 ARISEAMTKZREGRIHER L (BhL: /D)
Table 6 The comparison of descriptive statistics of ice
nuclei concentration in different air masses (units: L)

VKAZ IR S Gait i

WAL B SERRE PR VANAC Y Pk
W 2RA (AN (AN (ML) i 2
—10°C 1 0.168 0.118 0.15 0.160
2 0.240 0.191 0.15 0.139

3 0.405 0.442 0.55 0.231

—15°C 1 1.033 0.941 0.75 0.543
2 1.483 1.277 1.00 0.675

3 2.259 2378 225 1.080

—20°C 1 7.706 8.224 7.52 3.249
2 9.646 8.647 8.75 4.116

3 13.055 13.179 13.75 5273

—25°C 1 69.380 59.373 62.5 49.705
2 66.185 54.601 50.0 34.964

3 78.682 76.553 68.75 31.084

Ve HEREEAREANEAL AT U IR B T e 8 [P s), b T
o (R BT I ERAR FEE 5 AR B0 P A RN A A T KA IR B
=& VR IVAIT

3.6 PM, 1 hn3d kA% 20 894N G143 4

2011 £ 7 73 25 H~7 H 31 HaE 1 FH-62-
C14 RGELN AWM PM, FTEKE (ug/m®). K
5 () W7 H29 HEAPM, SN BT HALH,
BRI EIE ) 110 pg/m®, 7 25 H~7 A28 H
PM, TR M A 61 ug/m’. 9 (a) Hl (b)
g7 H28 H (UTC) A17 H29 H (UTC)
BRI S A, B9 (o) Al (d) il 7 A
28+ 29 H 06:00 Ml 5 _F2% 3 AN (32 m, 500 m,
1000 m) 24 h JG 5. 7 x5 7 H 28 H
F129 H 5 LiBAM A=W RFKAZIRE . XF
Eb o fgsn, 7 H 28 H (UTC) m 5t JHlidk i
B, 7 F 28 H 06:00 ML A2 3 A i B2 AR
K HF AP R J7 , FEATHL O PM, iR
BAK, M H T,=—20°C T BUAZHLHIVKEZ 3k 5
M58 ANL: 7 H29 H (UTC) T atHX 455 7 [i)
P Je Bl ki W R 217 H 28 H (UTC),

7 H 29 H 06:00 MLl 125 3 A s il ak | T
K7, B 5 (h) £ 29 H 4K M IE 458 1)
IEr, AR B R - Wik 2 X, 23
PM, 3400, 24 H T,=—20°C B i HLHIvKAZ -2
WREN 15.043 AN/Lo 5KEKRSE (2012) F5 H g 5Tt
DX FEFFAE e Yo RS PMyy BAA PM, 1/PM, 3 T-3E
RS, Bk, 7 H 29 HE R s PM,
DL A 15 22 K SR WIZ H B m ) PMy A2 TR
YRE = IR, B I PM 6 N R 2 KR Al 3 19
PM; XK A — 2 Tk, & 7 i H SL R
A I S UKAZ IR P LUAE R I, AN TS i
N 29 HUKKZHRE KT 28 HUKAZIKE 2 %, PM, 1
IR OKAZ [ 5 0 5K o AN [ 2% 38 i ik (A A
VR 1 A0 6 75 50 B 2B ) R A S e v
AR LA AN W5 1 5 A6 R T4 X R IR
HIvKAHRZALBE )1 (Diehl et al., 2006; Prenni et al.,
2009). Linetal. (2006) fiH AEPBRE ™ W2l
W~ IR, RN A KA A E UK AL, DRI X
SR RN PIAS A Tl

Fz7 2011-07-28 5 20110729 By 5 L iBSE ZEWMK
AR E X EE
Table 7 The comparison of ice nuclei concentrations in
5-L mixing cloud chamber on 28 Jul 2011 and 29 Jul 2011

7 H 28 Hik#% 7 H 29 Huk#%

ik WP WREFIME 29 H5 28 H
At (ML) (ML) UKAZ R % P
—10°C 0.125 0.284 2.268
—15°C 0.802 2.005 2.498
—20°C 5.718 15.043 2.631
—25°C 44.086 123.864 2.81

4 g

ARIAFH S LIRA R == LLF T s %[
I RS IRE, g ES% 585 A4
B A S PM JBTEE IR S 2R G 0 T UKAZIR BEARFAIE, 13
FILLF 4518

(1) R HB X IE AL RS ) —20°C 1), S LIRS
B2 S B BT A R AZ AL R UK R BE AR 31 20.112
AL, JERERAE G &L E Y s S48 211 m K
GRS WK AR 5%) AR/KIA
I == W IKIE BRI N 5%) 4&4F Tk
WREAY 9k 0.928 AN/L 1 0.291 AL, T =EW
MPKAAZHU] . RS DA S AN 22 7 55 R 32 3
B 2 2 I DKAZ IR FE AR 228K o i Ml DX KA
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