537 %5 5 NI Vol. 37, No. 5
201349 H Chinese Journal of Atmospheric Sciences Sept. 2013

Fids, B, ML, . 2013, M RTHIX & TR AUKAZARIE R S B IROCRMTITT [J]. RAFRHE, 37 (5): 983-993, doi:10.3878/j.issn.1006-9895.
2012.12098. Yan Lei, Yin Yan, Yang Shaozhong, et al. 2013. Characteristics of atmospheric ice nuclei and its relationship to aerosols in winter in Nanjing [J].

Chinese Journal of Atmospheric Sciences (in Chinese), 37 (5): 983-993.

AR XEERFKRFIERES[BEK
REBIIR

= 1 1 2 4 g 3 3] 3
W& R#E MABET S OKE

1 I RUE B LR R R E AT GEE T A A0 %, Rt 210044

2 HEAG BT R P E S5 2 S B TR %, E5T 100081

3 BIRUE S LRERZ D ARG R B A AT IR, F AL 210044

 ZFE 20114 11 715 H~12 7 2 B EE R X i oK S R EAT T RPN, 27E 0 T
VKAZHSE VR IE L S SR IRRL IR B RO R . SRR WALIERE T, 8 —20°C, JKEEEAEEN 1%, R
X PKAZIE Niw 79 0.352 L7, 15 0.01~10 pm T RER FE LLEA R 4 X 1078 PRSI SO, IRk,

VKRR R o 25T B N VKA #054 WH SR DE BRVE F o  EEOR T) A B0 e s M X kA RS i R B, A 4R ) 1) (A5
YA B KA DA A B IR R e B SR A PR AL B X A A ok o AR IR e e, IXRT RS Tk A
BACRE T BRIV AR REIR B . AWK S A FRAR B AR IR AR ST R I, RS SR IR A AR TR
UK S, RSO 2 T iR T, R KT 0.5 pm S BB L Nos—10 wn SEFRI TS UKIZ IR FE 1)

2L /N W
XEER U AW BESEEREE BT e E
NEHS 1006-9895(2013)05-0983-11 hESES P40l XHEkFRTES A

doi:10.3878/j.issn.1006-9895.2012.12098

Characteristics of Atmospheric Ice Nuclei and Its Relationship
to Aerosols in Winter in Nanjing

YANG Lei', YIN Yan', YANG Shaozhong?, SU Hang’, and JIANG Hui’

1 Key Laboratory for Meteorological Disasters of Ministry of Education, Nanjing University of Information Science & Technology, Nanjing
210044

2 Key Laboratory of Cloud Physics and Weather Modification of the China Meteorological Administration, Chinese Academy of Meteorological
Sciences, Beijing 100081

3 Key Laboratory for Atmospheric Physics and Environment of China Meteorological Administration, Nanjing University of Information Science
& Technology, Nanjing 210044

Abstract Simultaneous surface measurements of ice nuclei (IN) and aerosols in Nanjing from November 15 to
December 2, 2011, are presented to investigate the characteristics of the IN concentration and the relationship between IN
and aerosols. The results show that the mean concentration of IN (Nyy) observed during the campaign was 0.352 L™ at the

activation temperature (7,) of —20°C, and the supersaturation with respect to water (S,,) equals 1%; the ratio of the IN to
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aerosol concentrations in the size range of 0.01—10 pm was 4X 10 %, The IN concentration would be high at low

temperatures and high humidities. An obvious scavenging effect of fog and precipitation on IN was observed. A

comparison of IN in different air masses showed that the concentration of IN and aerosols in an air mass that originated

from a polluted area to the east was the highest, but the ratio of IN to aerosols was the highest when the air mass

originated to the northwest, which might be because of the high ice-nucleating ability of dust particles. The correlation

coefficient between IN and aerosols in different size ranges showed that IN with larger particle surface concentrations was

much more highly correlated with aerosols. The ice nuclei empirical equation considering 7, and the aerosol number

concentration (Nos_19 um) Was obtained.

Keywords Ice nuclei, Aerosol, Condensation freezing and deposition, Static diffusion chamber
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The statistics of supersaturation in the static
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Fig. 1 The frequency of supersaturation in the static diffusion chamber (7, is the activate temperature, Sy, is the supersaturation with respect to water, ; is the

supersaturation with respect to ice)
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Fig. 2 The characteristics of ice nuclei (IN) concentration: (a) The comparison of IN concentration (N) under S,=1% and Si=10% at 7,=—20°C; (b) the
frequency distribution of N (7,=—20°C, Sy=1%); (c) the relationship of Ny and 7, (Sy=1%)
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Fig. 4 The relation of aerosol and air mass: (a) The classification of air mass trajectories; (b) aerosol size spectra of number concentration in different air

masses (D, is the diameter of aerosol)
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Table 3 The comparison of properties of the air masses over Nanjing

Cluster1 Cluster2 Cluster3 Cluster4 Cluster5

FRIAH F A b7 [liE gz HALA
H 11 7 15~16 H 11 A 26~28 H 12H2H 11 23 H 2A1H
AHRHGE 62.31% 69.97% 58.60% 58.98% 62.67%
HEECC) 16.21 14.63 3.25 8.96 3.40
A IHE0.01~10 pum, cm ™) 28501.82 22932.38 11832.12 9938.73 6455.64
AU (0.01~0.5 pm, cm™) 28430.09 22714.32 11783.66 9846.74 6441.76
AR E0.5~10 pm, cm™) 78.33 237.97 51.75 100.92 14.89
Neen(em™) 19436.74 19727.05 — 10198.94 —
Nn (LT 0.39 0.56 0.27 0.35 0.22
Nix/No.o1-10 um X 10° 1.36 2.45 2.25 3.48 3.41
Nin/Nos 10 um X 10° 4.95 2.36 5.15 3.43 14.74

Chou et al., 2011). XJLLER 3 ARSI HIXS MoK ik
JEFH, Cluster2 S HH Mn e % (0.56 L), X2
Hi Cluster2 H' Nos—10 um 3¢ 135 BT o (HR AR
M N o BT SO IR B L A9 o v 1 <0 T 2
Clusterd, X[ g2 HTHILAAHSHYE, B2
O UE TV AR IR VKA AZ A 8 ) 9 T
HALFE SR (Klein et al.,, 2010; Kulkarni and
Dobbie, 2010; Broadley et al., 2012), [Ktixsbybp
AR RE S N T PR AR A oKk AR IR
JEHILEA . Clusterl FiT Cluster2 3 i 4= J7 )< 141,
b Cluster] 55l i 7 a6 B — 30, i 25 ROKE T
b DXCHE TS RORE P ik BIDU0I £, B 9555 (2010)
Ji 4w CHI X B 5 XU B 2 S LS R )
bb3 2 Ik 3, AR T AN MIHIA],  Cluster] F
Cluster2 AN A 8 iy W B2 (1) OIS IR == 5t 46

o M HOKRZIR B R FE R ey, 3K B0 N 2 HEJR)
VIS R s B MUK AZ R B, 3E T s i 2148 = i
Fio gL, SRR IR A B S B
IR IIUKAIRZAGRE J) 5 AER BT/ B b X S
IR 22 A3 3 i, BRI IEAN g 78 23 B A [0
TG AT A RN 22 13 0 SL UK AR AZ AL e 0T (1) %2
M o
34 SEBERSKEZHXE

T B AEAN[R] 27 F W IT T AN RDRLAR B OB IR
UKIZI TR, AR 2 73 s A OOREAR I R I 2
ST UKAIAZAL (Stith et al., 2009; DeMott et al.,
2010; Chou et al., 2011). Whitby (1978) 5 T
VEIRORL 1 = MBS SRR (Aitken), Ki
12/ 0.05 pm; B (accumulation mode), Fif
FRAE 0.05~2 pm Z[i); MR T4 (coarse particle
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mode), Fif2 KT 2 um. 53%b, DeMottetal. (2010)
R R KT 0.5 pm IR E UK, <
W5 UKAZ I B 2 18] pR OB O FR4, AT 2011
SR A WAV 2 27 3 I ORI 50 R IR
YE N UKIZ RV = 13 m (Eidhammer et al., 2010;
Ardon-Dryer, et al., 2012) . ASCARHi Whitby (1978)
(1 =R LL K DeMott et al. (2010) [
SR I IR A R RLAR B, 3R 4 4 HUKIZ IR B
5N [RDRE A% B3 T T 50 e 88 A R 3 T B R 1)
Pearson fHCHREL R. VKAZU S 5 IR IR AR
FEAH R R BB = TROREE, 1K RN DA R AL I 2
RAEAES IR, RIS I UK AR AZ AL BE T Y
HHRMMEFF AR . 74h, VKAZIRE 550K
FEAR IR A SGME B iy, KRAR TR IRAE Ve w it
Rt bk B AR .

F 4 ARRBRRAKESKIZHE Pearson X R E]
Table 4 The Pearson correlation coefficient of IN and

aerosol

ANFPRAE TR SRR BEIADC R R (m)
001~ 005~ 2~ 001~ 05~ 001~
005 2 10 05 10 10

SIBIRBOR I S UKAZ KR 008 041 058 027 055 028
AR TR SO 013 057 051 054 057 057

P HB X A I R A T T NRAR BE (0.01~
0.5 um), KRRBL (0.5~10 pm) “TIEIREEAAX

T RER 0.6%, B KL RS E UK,
R KR IR AR, DRI A BRI R~ R/
FEF X UKARR B DTk e X ABRIAE Niw 1T Noo1-0.5 ume
No.s~10 um MU A KPR LM 5

NIN :k1N0.01~0.5 um +k2No.5N10 um +C 5 (3)
EAI (3) P [ BR LA Nins 152
100%= k1No,01~0,5 um +k2N0A5~10pm+C X100% , (4)

NIN
T A 2L (4) aT LS BIAS R /NRE X6 IN DTk o
EAFE] Nin F Noor~05 um~ No.s—10 um HIZEEE 20 XK
Ny =020+ 2.693X10° Ny, g +0.001X Ny 1o
(5)
Z s A A S S B UE (P AH OC R EUA 2 0.538.
LT Noot—~o0s ym X7 Niv STERINACH 4.87%,
No.s~10 um X Nin DTHRIE 2] 74.68%, PN B S ok
IFAZ 100%, i FREOTTE. Kk, ]
B 0.5~10 pm P B IR FE Iz /N T-0.01~
0.5 um FIAR B, (HI2 KRR B IO UK %
R DTEREE ok W
Kl 5 NFE—25~—10°C WEEVERI AN, Bk
0.25°C HATUKIZ BIN LS, I 2445 BUAN R A0 I
T, ¥, Nw%5 0.5~10 pm LA B IR BOR |
Nos—10 um Z TR EOU R B R o TG BRI,
Nin 5 Nos—10 um AHSHEBS (B 5), 1X 5 DeMott
etal. (2010) MZ5I0—3. PRI IR B LK
T AR FEERT UKAZ AR 1) 3% i [m) A T[] I %

10° ey ——— ———— ==
F 0-25°C ¢ -22.5°C +-20°C 0-17.5°C x-15°Cy-12.5°C A -10°C ]
102 i — -25°Cfitline ——-20°C fit line — -15°C fit line i
F| T=—25°C 3
~ 1 T N=0.398xN 2% |
L0 E R 0772)\”““ e 3
b=t ; cali 1) S lN=0.0559><N2:i?0Nn ;
-3 [ * ¢ * : p2 i
g 10 T4 4 Adj. R"=0.3613
g 3 e L 3
g F L i D$+Fi adlt 3
8 L n + AAMIE + ]
Z 10"k o+ e S T=—15°C 4
X, X IN-0.00655XN 0
L v Adj. R*=0.230 .
107 3 A 4 AAXV A =
E Na A A ]
- A :
Sl L M | L MR | L A
10
10! 102 103

Aerosol (0.5~10 um) number concentration (cm '3)

5 AFRESE T UKIHE SIS (0.5~10 um) Z A MAHHE (Adj R 9IS IEHIE RED

Fig. 5 IN number concentrations as a function of aerosol number concentration (0.5~ 10 pm) at different temperatures (Adj R* is the adjusted coefficient of

determination)
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Nos—10um B Ty (BB R AN
NIN = 284 X 1075 (_7; )2'39 N70'06><Ta*04644 ’ (6)

6 X HH UK AZ XA A 95 o 2 4% DA B e &5 1R &5
o 25 G T AR IKIZZ R AR, XL
NI 5 18 T AR DY Z 0 UKAZ R P R 5 Wi o 3
LR FEAS R 2856 28 SR T S8 5 SR A A 5 &R
B, HEARIRE LR A~ G, AT
A LLREX B2 06 2 UM, DUERT IR
YRR N DA S R v 25 B K o

R5 IKHREZEAREBLE CKEGRESM: L SERK
BOREBAGL: em™)
Table 5

equations ( the units of ice nuclei and aerosol concentrations

The summary of IN concentration empirical

are L™ and em™, respectively)

YT RBH JifEE R AdiR

T, Ny =0.0001exp(—0.4158XT,) 0916 0.837

Noot-05um Nos-10um Ny =0.20+2.693X10° Ny o5,y 0538 0.263
+0.001% Nys 10 m

Nosctoum To Niy =2.84x107° (=T )" N2%%064 0,928 0.857

E: Adj R ABIEWE REL Adj R ITEHEE 0~1 2 (8], AdjR*BEE
T, [ R AT

4 it

A A B I R A e XA IR A DL 2
&Y B s = WIS 5019 BB k% DLt 4
REERIRIE, S5 IEdE, 2554307 T 0K
R PERFIE S AL SR I A G, #3387 LU R 45
)L/lﬁ\:

(D VAR —20°C, /K M E Sw=1%
FAER, VKRR P 0352 L, HRAWIKR
W CRiRJEEA 0.01~10 pm) LA ALY A
4.0X107°%, WM, WK, KIKEBZ,
55 FI B ARG 488 KA I (103 B 2> 5 BUKAZ IR FE 1)
Wb

(2) X EEAS RIS HA0) e 5t b X KA 1) 56 i #3
AL, FET AR AR Z R ORAR T ORI
T 0.5 pm) PEOZRE P UK s . TEd
SR OKAZ A R SR BE R L B, IX 0] BB
1 PR X A UKAR AR A e ) B v R
WU o X by Y 5 RN LI A R) 25 S 30
Sk 75 X A A P oA P B vy, X R TR
DA NS Bl A B S B 2 InvKkAZ iR 1%

(3) EREXS LA AT AN [FRL AR B I 5 Uk 2

] ARG, RV 5 BRI A PR A T AR
IRPEARSCIE TR, JF HAAR KT 0.5 pum 1RO
UKAZ A DTk S K o G e 0L 45 2035 AU AR T
0.5 pm "I RAOAR BEIL RS UKAZ IR B 2 0 28 3

AR FE T2 LA R X &2, i AT 1S
SIS R L IR O I R AR S S I oAk, I HLAS
B T UK R BOR 2086 2 5o AEREASCAA
FEAE R A DA S R R IR, A s A
A1) 55K R (0 00 3 it B 7 23 AT 9 R s 5 0K
B IBIIR R 38N, T R AL oy
IIHT, ARSOTEARE 7870 U WA R RS R I R DK A
ACRE ST, FRIEAS Rl DA R RS e 1R UK AT A%
WREI VA 0L

BUgt T S L RS I SR R A R T R DL R
4 47 TR R I B K
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