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AR ZTEZEZL , RRBAXFRARY,
LIRS 27 S VIR
% B 2001—2013 5 50 AN 3%

geayrl AR A M RE, E YRR, LAY
L, BRkEBERKRAATEGEFS

KEA RS T EIF AR KERAL, RS

BY I A 4R, — AR R AR AT
nﬂﬂ-ﬁﬂ/—\%‘ié%ak@ﬁ;ﬁt/f&km'fa% "ﬁxﬁgﬁ/’f*rﬁﬁ”
m%mwﬂ&a&&é EAR MK T RRGRESR, ARERAREZN — &

KA R A TETAR | RER

A A 2011—2013 4 “P B RATHL I 64 6] 4TI | ok
A, \7]‘)?7/7]47&1‘5“7}(/{1%3?”/\717 HauRfm A g2 EFHME,
EIHEFH SN TR EAREHFAE, EREAN R
KEAEFH #ﬁ/ﬁ.‘?%ﬁ‘é’]%f]“lﬁﬁ Kbk TH®BE,
BRI AL T AR AR K kK R AE 1—2 AR w | &

R FH
R
A Wk K R0 KM R | R AL
1 hy B kB R ALK RN
o VKA BG BRI A — AR TR

ﬁfr]‘%{& ’LE’- z?frﬂ‘mo /7]47]‘471:\1?5\5 F]']):/,u_f}%lzbb%kk iivﬁﬂlﬂnixﬂ%kb
?rs‘ul‘o
WEA TR EEZARWARNMFN, &R R ARK(ERSE,2011), 7ELFREKE %
WUBY 5 A 2 9/\?16[151?55!%%%@31 R 5T KR R AR AR BEK B AF 55 of, R RN e 55 L5 | VR TR AR R K E

SEQCE RS (RS ,2008) o & RFEAK LI (.
ik W B KOk 55 22 A0 20 B E‘ﬂmxﬁ 2= RE
U 3] A= A W 7 22 4 BN, 2008 AR ) K A 7E T [ RS
T3 B TR 5 KR K R ) S AR SRR T
B K B 5w (B RE M T BE, 2008 1 & R A,
2010; 2 #8455, 2010 5 X 8 45,2011 55K 491 % ,2012)
H1 AN 7] 4 25 B K 18 T AL AN [R) , 76 b 1T L
JEREIE 0 CHE, Al HE 7= A2 KB R TN R B BN
FRIR A K o X B2 (14 [ K ] RE7E 7K
1~ 100 km [ 5 [ W LLAS 8] (9 58 B2 [A) B s B
(Stewart,1992) , [ /K & G ], B K AH A AR ),

1T VB Z o8 (e A R S5, 20105 1 42 55, 20105
o 4, 20105 5K ) 58, 2012 ; Reeves et al., 2014)
EXT PKOREL B 7K 18 BIF 98 R % 4 >, 2 202 TR o ook B
IR — 5 Jry LV 5 AR S N R R, S B80S B o DX
AT LI F1 43 B ( Gibson and Stewart,2007) . 7KL
B O A b S XE R AL, A IOk R B SRR B
SEXE LAV BR o |1 PAORL R R AR 18 B 3 A A
[F) , BT LA ORE R 7K R R T 25 PE BE & 2 o VOB P Bl VR

T DU 2 Of B g A T o 2 b UL 3 DOk
B, B 2S£ A 1% Wi ( Hanesiak and Stewart, 1995) |, iX
B2 AT L e A fE R . A, pIORE AT 3

SRR A, A R K H g, 45.2016. % [F OB R 7K R AR WM R AR e 723 B [ 3] R AUR 222541 ,39(3) :349-360.
Li J,Guo X L,Sheng R F,et al.2016.Statistical analysis of observed properties of ice-pellet precipitation in China[ J].Trans Atmos Sci,

39(3) :349-360.doi: 10. 13878/j.cnki.dqkxxb.20130427001. (in Chinese) .
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TET P % oK 2K A%, T 46 32 B HL 3% #0170 /Y 56 T ( De-
partment of Transportation ; Federal Aviation Adminis-
tration , 2005 ; Transport Canada,2007) ,

C A WFFE R, vORL R KA P ™ A= L), —Fh
S22 M E AR LR (AL Bk S vk A BILAR ), BRI
PFEELH A LR 5 h K R RE R
(RP“%—m—% ") W&k . 18 b2 /YUK &2 B
BCVK R B ARG, T v 2 b e A B 2 A o mk, EA
IRz W% 2 05 B R 45, BLkoR B 5% 2 3t T
(Huffman and Norman, 1988 ; Hanesiak and Stewart,
1995 ; Rauber et al.,2000) , 5 — Fh & B8 7 ML, Bp
RATE A TR R IKEZE . TEs IS Bk
PAERTE LR, 2SO BB W, SR )E PR
ZEJ vKOkE )G 7% 3] #b 1 ( Kajikawa et al., 2000 ; Bern-
stein,2000) ,,

VKORE I 7K — 8 & A6 7 b TR BE BR AR T 0 C Yy 3%
1% (Cortinas et al.,2004) (HIREF ST 0 CHA —F
It #1] ( Roberts and Stewart,2008) , vk 7 [ K 19 £
Sy 8] Lo &R, UKORL K P BE [ = ( Cortinas et
al.,2004) ., Cortinas et al.(2004 )3\ & 3 E 1 ¥ICkE [
K 3% LA 8% TR AL S 3, Roberts and Stewart ( 2008)
8 2385 2R 2 738 I DR A piORE LR AR BIL R o5 25

F [ 5C T VICKEL K K 1Y BIF 5T 8D, — BE 5 X
W VLA P AN ) 2R LU b DX ORE R SRR R AE AT
IIHT, R BLVOR T B BAE & B4R L 12 H iR %,
7 L pRORE a] 75 1 AT 1) ¥ AT o I A A R v
2R IEERIRGRAEN, RS CTUT X
HNTAET 3 m/s I 25 5 1 i okORE (TE 35,2011 5 &
HEAE,2012) o BB (2012) TA O 3 [ vKokE L il
AL S T, ] IR pRORE IR SR8 2 TOT e JE 38 3t o T O
TR, PIORE R AR B2 J2 58 B2 5 J32 2 /N T R F K
oo TEATFI I, VR WA AKORE 3 7K 77 A2 B 1 = T i
JE I 2 5 R R B LA il TG AR X R AR AE B
WA,

20 T i R AORE [ K R AR RHLE L LA
S VOB R S U K I IR B R . A
FIH 2011—2013 45 1 [ia] 4 [ B AT BL 3 B8 — /)N i
SN R R S N TR IE R URIE B ST 7 SURIINAS
A pKORE K AR M R AE AT 0 e fF 2001—
2013 4F L7 Mo 1o WL -5 4% 25 B0} kA7 DR B, X L
e 1 VKORE 5 R T Y 2 BRI, R W AR
FAE VOB R 1 7 v i 28 A R AR R A7 20 A, L3R
Xof VAR R AT DA TE N PAORE B3 7K R A0 T4 HE %6
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1 FRIFTE
L1 ##

b TETRRAE BT BEORE & 2011—2013 45 11 |] 36 [
202 LI 2 455 T3 A WA AT WL (/)N 1) B2
ANV QRS 7 SRR/ TIE SR Z7BURI b i}
T T 7R o LI Rk Y AR RO 3 ) R R =S A7
A A5 MH/T 4016-2007 ( Hp [ R i =5 ] = 8 47
B HIR 24 2, 2007 ) B KL E Y W00 A4S 25 it
A7 WL 0 Ao LI B A O RE | R TR XL
o) W KRR EER . R R AB I I %
AT VIORE [ 7K KA W RE SR — A URORE I 3K SR o
FETTA 605 A I U AY PIORE R K (b 49 AN Uk
BRSO ) UL i %

SR A VE 22 TR HIL A LI 3, {EL 2 3 26 A 47 W
D3l ASCRAE 3 AN — e A RSl o e BE A T
KAWL SAT H 2 WL kY 50 Al i, B 4%
JrEDL 1.2 45, 2001—2013 4 % [ A1 37 & /)N i
AT RIS B kL >k BT 38 [ [ 58 A B Al v o
(National Climatic Data Center, NCDC) , 23 % ¥l
K 2 (00 WA 12 Wt FUmE, T [F]) f LR
25 WL R o B AR A5 TR A A v S5 I T R A
R g B R R BRSO R R RS
B X i/ X3 S5 L o
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Fig.1 Locations of surface observation stations ( gray cir-
cles) and soundings sites ( black stars) used in

this study

1.2 7k

TE VIR 8 WL 52 RE Hh 7 AR AR 22 b TR B = T
0 CryWLMIe s, 78 32 Broul il et i rp 25 6 vk
E/INUKETHEA TR, B b TR UL DU 3 SR 9 2 KO, S PR
] e f& /MK ( Cortinas et al. ,2004) , K I, 75 21
FE— b HE K X A3 UKORL AT /N K 85 . Cortinas et al.
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(2004 ) F11 Roberts and Stewart (2008 ) 3% & B /N F
FT 4 CHENXAr BIE . A A SCEE g3t & 3, IR
R T 4 Cwf, vkokn th B L i b Bk (O
4.17%) . B, Wik ] 4 “CHE R X 53 vOoR: /N K
MR fE . O 8 J5 A5 3 575 A IR Ok (CH v AL 45 46
AN I ORI AR R WL ) WE I 3 5%

TE X e 43 B VKORL 5 VR R KA X80 A R ALE I
VEH] 2011—2013 4R (A AT 3 a S8R IC kALY (2
176 AL ) WL ECHE o 4 5 F il /5 22 ) R AT L 4R
55— 1 PR AU /N IR LI B R

RUR R ORI AR5 5 ) 1) 8 3 58 1132 22 /Y
IR LI ¢ 4445 21 ( Cortinas et al.,2004) . W14 2 K
DICREL 8 W0 0 412 45, UL D00 ) B e 1 b, SR DORE R
SR 2 W AR UKORL B 3 2 1] 310 1 b
SA R AR S I 1) Sy B AT BE AR RN ], R 22 AN T 1
ho FETF FIRSE SC: AL 75 5 L 08 IF 09 ) F0
L1 B 0800 380 POk, IR BE 3 I IA S 08 B 09 B it
— L VORI AR X A PIORL I AR A A5 £ I A Dy
2 hy 11 B2 55 A — A vkoRn i 78, XA~ VORI B8R 19 +F
ZEWFE) 2 1 h, 3%l 08 I 09 W1 11 Wit 3 4
I UCHY LI . Cortinas (2000) fF 58 £ B, th T UK R K
U AN SRR SRR I A 7 1 RS 2 A7 Ho At 2R
PR 7K, 38 T Tva) B I [i) A 2 f 25 B8 O3 A RRALE
I ZATH 224 W PKRLR o

TEFEABL DR LT, Hds 5 9F 1 25 43 4 (Ro-
berts and Stewart,2008 ),y /b iR 22 , 3 G0 B A it
R ERi 0P A G N e R A S U Y S SR (E R T N
8 e /AMA B YE R R S G TR A5 .

TE T & IR LR FIER, BIBRAH AR R
R0 )30 SR B AN A B I sk (AN A2 Ak A
IS SERE R SR BT -50 C R R A2 R R
{E5F) o

BT UL v fefE P 6 2 T BRI BT K B A I T
B Ay i B

PR ABRAE BT F b 2 1) T Ry ) EE A% —
AIBEES . 2555 (2010) FFFE R, 3 [ R Rl 4 2= 19
PR2 - IR BE B 72 300 hPa A2 35 km, A,
it EO0F PR A TORE A L T BTORE EAT A3 A DT G, fof R A
BERLRE LA M T H B L R AU B R T R
Bio ML AE 00 B 5 12 i WL 3 75/ sl oORE i
PEE 55 b 8T 14 K P BE B/ T 35 K {4 A B 20 7
R ol GORLEA T o0 A 2 LR AR (1 AR LS BR A, 0K
FEEE 20 38 km) o BB A R A a0 A a1
JIE7Rs o 4% IR UL C 5 A 3 99 A UKL AT 138 AR

MRS LR .

TEVK VR R A o, = T ey 2 R R 3 T 21
PRI o WA T 2 J2 8 B R = T ey B i R 2R
A, w2 T B 0 5 22 R DL R A
(B ,2012) , Poore et al. (1995) AR P& A 6] 19 1R
JE R A [8] B il 2 B #1322 £ 47 FI 7. Rauber et al.
(2000) ¥ = TisE A il 8 i 22 KT 3 CLJF HIE
JER T 1000 m i 55 — i B2 Jl B0 55 0 I 2
(2010) LA 84% fy AR XTI B2, HJEFE KT 1 000 m fF
s TUH AR Al 388 3o % L JL A R 25 5088 4 B = 1
25 R B 7 1 R B LA 84 % F AH X IR AR VE )
5 I E L B8 A, MOAS SCR T T 125 A = T
=

KHULT ZHORFIE R E B RE: 1) & T
R 2) BRI 3) R R i I 5 4) % )2 i IR R
FE;S) Ve R 6) R 2 B 7) BF 5 Al b 2 8L
(EMP) ;8) 1 55 % 4% % %k ( EFP) ( Robbins and Corti-
nas,2002)

W )20 LARERT 0 C IFHERERDRT
100 m, [f] 3, ¥% 2@ SCHIR AR T 0 °C,JF HE &
£/ KF 100 m(Roberts and Stewart,2008) ,

EMP #1 EFP {31500 °F .

]EIWP:f(T_TO)dz; (1)

IEFP:f(TO—TO)dzO (2)

Hrp :EMP #1 EFP 73351 37 LA g B2 g 90 AL Bp 10, 3
JEREL S T 0 CHKT 0 CHSHESET 0 CTHY
%5 {4 FR 4y T FR ( Robbins and Cortinas,2002)
2 KRLIPEIK RS RIHHE
2.1 TGt

2 2 2011—2013 4F 3 [B vk KL 5 ok Wi B 7K K
AT BO B, DL T vKORE 55 R TR AR RSk
N B] b f 0 A X L. il I8 2 AT L A 2011—
2013 A I fa], 8 E RHR 43 Hh DXCAR & AR 2 vKoR [ K R
o BARVICKLAN R T R TR A 2L WL HE AR, 1B
VKCRL 55 TR T A 4R 1 29 00 A R AE A B R i 22 00
BRI R A, F VOB R A A Ja B T,
R U UKORL I 43 A LR RN 8 43 A R AR o X 2 3 T
SR GEBEP (2012) WG R M. KRR R
A& TP A3 AT AE T 2 RE BT i R VL PR i X
(d BB 76.79% ) o KM BUIN (RS B R = AN HHXT
fo R B DX, I LA 5 S b DX ) ARF S B[] A A X 4R
K, KAk 10 h,
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Fig.2 The (a,b)annual events and (c,d)median durations of (a,

to 2013

FEFBMN BT R B S5 VORI AR X = A X, 5
VICREL I 457 25 I [8] 54 XA BB 0T 0 o (B 7 Bt
AT R T 2 PR AE R 8 A B X, OB B R 22
i [ — A A i o T A ) I S S48 R 78 A 2 BH A8 SR vORL
KA BB, A vKORE H BB R 22 B () AT 3K 5 h
PAb o PRORE P AR 1 38 U BORI 4R 22 ) 8] 1 AH OC R BCH
0.39, 55 G . B VKORL Y 2R TR HL R 2L
() (%) A G AN B, TR VIORL D e IX, HA5 22 I (] 4l ] g
B,

) ) Pl & 2 mT DL piORE B 43 A 5 26 B A 3R R B
WHRR . TEEMETBRA KRR EL . W&
25 BE 1 b, vRORE R A A AR AR IS o, A v 25 R L IX
S BTN e E TR AR X R ) AT X, R
B A A AC L AR b 0 P4 0 DX (AN 42, 465 i 45 3 [X)
TRAA VR R TR

IORE R SRR 25 B[] XoF oAk 38 AR B S H ™ A= 1 1
FR-AHEENEWMAER, % 1.2 WA AR
B KL 1 R 22 I (8] 4 A an &1 3 s, B 3 AL,
PAYR PIORL R At B2 1 R e i ) be A e, A — 2 DL B
FREEMFAl /N T 1 h(152 1%, /5 67.86% ) , RZEHEA
k2 h( 196 3K, i 87.50% ) , Jf 5 48 BOid 3
D TR L 4 h A 9 (AR F 5%) , FFLk iy
Bt 6 h fIA 2 IR (RE 2% ), X ELpKR R S HF
2 I [8) i) 4R A 5 Cortinas et al. (2004) F1 Roberts and

352

c¢)ice pellet events and (b,d) freezing rain events, from 2011

Stewart (2008 ) [1) Bff 57 45 S B A K, R4 WOk R
SR R) P A (AR RR e R L S h 19 f 4
B (5 1.79% ) o £ 2011—2013 45 i) W8 0 21 11 7K ki
gl A i ik 10.5 h(K P ,2011 41 H 19 H 12
ff 30 43—23 B} 00 43 ) . —MAGE O T, oKL K A4
Sz I ) 5 J ), OB [ I 21 M T AR PR El Ak R & R
UG F A XTI B AN R RE 2 i (] A K, vkobr K 2R
R, AT ™ B AR UK, 45 W ) Al AR A8 T A4 ok
WEMIE R
160 q
140 1
1201
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80 1
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201
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T L 0N
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FREEIT ] /h
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Fig.3 Duration of ice pellet events( units:h)
2 b DX UKORE [ K AR T B R AT ISR 1 BiR o wl

UL, F I KoRLAE 1—2 A W BCH W, 45 R 5 IR
(2011) A& rp 282 (2012) 23 M7 i VLA N A AR 7L
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F1 KHWREASH(RENBESNMXAS HFEE FEMEL)
Table 1 Monthly distribution of ice pellet events( western regions include Southwest China, Xinjiang and Northwest China)
A6y E| jieatd] R [ i e AR At R [LE]4

1 107 0 31 17 6 0 52 0 1 0
2 325 0 10 0 34 32 241 3 5 0
3 39 0 0 2 4 6 20 6 1 0
4 44 0 0 0 0 7 17 2 17 1
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
11 11 0 0 0 1 4 1 5 0 0
12 49 0 4 2 15 4 20 4 0 0

U5 JRy M AR — B, H VORI A A= A 7E 3R [ 4 3 X
ZIE 225 b i o FEAE T ROV p M DX AE 1 H i
L, TE A R KO 2 H e I, AR IR 3 A i
O FEAe L X 4 ) fecw Do pKoRLAE R o
i X R 2, T DL R GE T4 R 2 H ko
RATH W

[e) IS, PKCORE B 7K R A0 45 PR A2 AR AR K, 2011 4§
T 150 ANEFYR, 2012 4E45 109 A4NEFIK, 2013 4E
WA 316 A~F . 2013 4 (1 5 2 248 A i sk LA
St 8 1 —4F (Sun et al.,2014) , 7 2013 4E & 2=
AR A 2011—2013 4% 1 ] koObE & A= e 2 1 — 4
(4R 244 DEFRBYIL s, 5 B8 77.2%) o 7]
UL A B S 5 S OB R A A B AR Ak AR B

B ASE 30T b 1T 3R R 0 AR B T I T
Rk K R B B K AH A 1 T BE ) (% AP 48, 2013)
B 11 B PKORL IR A ) T I R AR 43 43 A
B4 Fins o VKRR £ K& A 76 T T B -4~ 4 CHE
(k549 f4i], 5 95.5% ) , Horfr 0~3 “CYE B # WL (h
401 i, f5 69.7%) ,7E 1 C % A= W3R 5 K (O 123
W, il 21.4%) , KK FHETFHRELRERT 0T
(A J22 B, A 2R A 58 A Ak, 45 RAVKORL I T8 X e ¢
R V% B M TE , BT LA vKORL W] DL 7E Ml TE R BE = T 0 C
WL S A ORE I M T IR B A A M XA B Y X
o M IXAE 0 CH FA S A (22 i, &
48.9%) , iR X AE -3 Co A5 &k (N 17 4],
17 28.3% ) , i AR b X 76— 11 ~ 3 C i [l #5 7= A 1
UORER S

R -5~2 CH A S KB KA (A

527 4,5 91.8%) , 7E 0 C B d5c 45 5 th LUK KL (A
161 7],/ 28.1%) . R EFE M 2576 0~3 T4 S
RAEVRRBLR T (A 496 fil, i 86.4%) , 76 1 C i} i
By MBLUKRL (A 181 4], & 31.5%) o Al WL i BLvK
KR AU 15— BB o B iR 3 MR 5 R
ZE B R B H B A M DX 22 5

357 - RJE
0] e R
g 25'
x|
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:i—
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0 P \ R g
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Fig.4 Distribution of temperature, dew-point temperature

and depression of dew point associated with ice

pellet events(units: % )

H B RORE KA KU 3 AT AN 3% 2 IR o Hh K 2
AL PRORE R R AR I B R AE 2~7.9 m/s [
4716, 5 BB 81.9%  KETE 4~5.9 m/s
LA LE ] B K, Ol 208 ], Y 36. 2%, KU R T 10
m/s PLEJE R vORL A 8 4, 5 1. 4% o B sE A v
T X H B IORE I ) 2 KGR 24 2~3.9 m/s, 1B
[ B GE TR /1N o DXHETE A X1 ) 22 531 A 2
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R2 HIKARSER S R E KR

Table 2 Distribution of wind occurrence and speeds associated with ice pellet events

R/ (m - s7") 2 (632 e P e e IR FAt # b (LB
0~1.9 58 0 7 5 18 4 15 7 2 0
2~3.9 159 0 18 12 34 10 78 7 0 0
4~5.9 208 0 19 4 8 21 142 2 11 1
6~7.9 104 0 1 0 0 8 87 3 s 0
8~9.9 38 0 0 0 0 8 25 1 4 0
10 LA I 8 0 0 0 0 2 4 0 2 0

C Sl T B0 € A N W R DR W [ P e
hE o BRARACHL X LLTE XA 32 Ah, H At b DX ] 9 X
I 22 Bl A K

Gk LUK R KA A PERER (R 3) o
3RO, VORL R A PERE RIS SR 2L, —
[ A 555 (d45%) (i 34% ) 50 o HoAl R
SO (i 33% ) o PKORE Y B0 I — AR 2D £ B R
WA 2% ) , O T AF BERE S 2 B AH XS E B 5 s
(5 17%) , Cortinas et al. (2004) W} 5¥ & [# F1 i &
KB KORL R ARRAE B & B, kORE A B B =5 % A2 19 L
BIER (37% ) o ARSCEHIR S HA W] B 2250, £UA
[F] A A5 A T OB R AR AR YRR A — 3 22 57
F3 HIAKHMERRSHERBRSMEESE S (H

TRt R EBEMRASAR, FEIXSILG R

BER BT 100%)

Table 3  Frequency distribution of concurrent weather phe-
nomena observations ( columns may not add up to
100% because more than one type of weather phe-
nomenon can be reported)

B VAR KA R Y R R %
KAIAL
A VR
] 34
% 2 10
LEE 45 51
= 2 17
THAL RS 33 30

2.2 EHASEWHE

KA T 235 F8) S 1R ) ke o b T 1) e 7K AE 2 R
HWEE, Al A E AR A X s i AR A IO R
T H 15 AR X 18 B 45 #4 ( Robbins and Cortinas,
2002) , Xf 2001—2013 442 |6 50 > #8235 uh ) Bk
KR T A9 R AT G, S 99 A uicko Fin 138 4
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HWIRA 0. 2% Roberts and Stewart (2008) [
O3 ZETT I LA 3 B B A5 A0 AN () A R A Al ) D
3 2%, 5 Roberts and Stewart(2008) 43 15 A X 51|
S U RE 45 0 A g Ve R AT AR R R 1 A
VTIPS (G Sb) IR R E B S 3 3k
(e 5¢)

TE 45 DX IORL R VR RN 1Y) 08 LR P A5 i g it an 3R
4 fron . AR 4 A WA T L A5 O e — B —
BT (SRR PLED) A1E ST IR
IR 22 88 WK (64% ) , T ik FvIfs 0 B JE J 11
ORI AL Z Oy 20 I (20% ) o FIREESS H  “4%”
(BERE AL BN &0 T 8 B0 T IR B 2 R 48 IR
(35% ) , 13X M 15 00 T B LAY UK kL 88 2 38 IR
(38%) , %R 5 Roberts and Stewart(2008) [y 2%
ROHEW LA —R—% " 4588 £, i 68% ; vkhi LA
“YRTEEH R T, & T3%) KA. KT UKL Y B UHL
Hil 4R R (2012) 45 RA — MR, 77
Az R A S R AT B A AR B A T — R B X
B 43 AR F2 3l AN [R] , A S B 19 S AL 3% 1Y) Hl 1 0L
T, R U (2012 ) 346 5 1) 2 i 1D 00 00 3, O HL VL P
A T i SR 2 5 IR A SCHY B P ) 2 % B 2
TR ZE R R X 73, BRI (2012) A5 R 2 T = T
5 10 CL M B g 3

FEARZ AR Z I BE—%7 Ml —%——
7R EE S5 H R S PR R B BR[O TR X
T EEZE R G0 T B UOR i 22, O 41 IR (41% ) o
TR AR B S5 H T (IRJE R JZ ), =5 WP S Aok
KL, OB T2 I 22 A iR 2, il T J2 T8
55, vKORL 2 REER 43 Bl Ak , (LT3 g LA VKoK i T8 X i 44 e
R T . PR RS R 2 AR
VKRR A BT IR BE 7 T 0 C o XL IE & 2.1 5,
KR R A= Bsf 1l T I 5 3 1 0 °C A AR IR L 3] Ay D AT

R T AE VY T b DX B R R 2 T KR AE A AR R
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By studying the characteristics of ice pellets, it is possible to understand freezing weather more comprehen-
sively.Such research also contributes to freezing-weather warning and forecasting capabilities. However, due to a
lack of observational data,among other concerns and reasons,there has been little relevant research on ice parti-

cles in China.Accordingly,in the present study,a comprehensive analysis of the characteristics of the spatiotempo-

359



ALHEFIR 20164467 H39% H3MW

ral distribution and duration of ice-pellet precipitation, along with associated ground-level meteorological
variables, was conducted using data from hourly or half-hourly surface observations and special observations of
Chinese civil airports during the years 2011—2013. By matching the airport ground observations from airports
with radiosonde data during the study period, the characteristics of the vertical atmospheric environment were ana-
lyzed.

It was found that latitude had a very important influence on the distribution of ice pellets.Ice pellets were
mostly distributed in midlatitude areas,including the lower reaches of the Yellow River and the middle and lower
reaches of the Yangtze River.There was no substantial correlation between the occurrence and duration of ice pel-
lets.Events may last for a relatively long time where ice-pellet precipitation is rare.Ice-pellet precipitation occurred
most often from January to February,and regional differences were found to exist.Ice pellets occurred frequently
in January in southern and southwestern regions;and in February in midlatitudes.In the northeast,the peak month
for ice pellets was April,while it was March in the north.

The duration of a single ice-pellet event was relatively short—mostly less than 2 hours.In the observation da-
ta,the number of single ice-pellet events that lasted less than 2 hours was 196, which was 87.50% of the total;
Meanwhile , the number that lasted less than 1 hour was 152, which was 67. 86% of the total.In addition, the num-
ber of single ice-pellet events that lasted more than 2 hours decreased exponentially ; the number lasting more than
4 hours was 9 (less than 5% of the total) ;the number lasting more than 6 hours was only 2 (less than 2% of the
total ) .

Ice pellets mostly occurred within the surface temperature range of —4 C to 4 C.Therein, their occurrence
was most common at 0—3 C and within that range , most often at 1 C.Ice pellets often occurred at the dew-point
temperature within the range of —5 C to 2 C and most often at the dew-point temperature of 0 C.When the range
of the depression of dew point dropped to 0—3 C , conditions were highly conducive to the occurrence of ice pel-
lets;and when the depression was 1 C they occurred most frequently.

Ice-pellet precipitation in China is often mixed with mist(45% in total) ,rain (34% in total ), and seldom
with snow (only 2% in total) .However, freezing rain in China is often mixed with snow (17% of the total).The
weather phenomenon of ice pellets in China is significantly different from that in the USA and Canada,in which
the proportion of snow (37% ) is significantly different.In China,ice-pellet precipitation is mostly caused by the
melting mechanism and the warm-rain mechanism.Ice pellets can form if there is only partial melting of snow or
ice pellets in the lower weak melting layer,allowing precipitation to eventually fall to the ground in the form of
ice pellets.Overall, the melting parameter of ice pellets is less than that for freezing rain, while the freezing param-
eter of ice pellets is more than that for freezing rain.The temperature decreases, while pressure increases, before
the occurrence of ice pellets.The wind speed changes were found to be small throughout ice-pellet events,and ac-
companied by nearly saturated conditions before and after the event.The evolution of precipitation types during

ice-pellet events was found to be variable and complex.
ice pellet;sounding data;meteorological conditions;formation mechanism ; China
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