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Abstract In this paper, the authors discussed a record heavy snowfall event that occurred in North China in November
of 2009. The conventional and unconventional data including satellite images and Doppler radar and automatic weather
station (AWS) observations were utilized. The related physical quantities including the frontogenesis function, the kinetic
energy budget and moisture flux were computed and the formation mechanism for the heavy snowfall was investigated.
Major conclusions are as follows: (1) The returning flow accompanied with disturbances intensified the moisture
transport and horizontal convergence in North China. The “inverted trough” to the south of the cold high pressure in the
lower troposphere also played an important role in the formation of the heavy snowfall. (2) Radar data revealed clearly
that a convergence zone maintained stably to the southwest of Shijiazhuang City, where convective cloud clusters
developed continuously and directly led to the formation of heavy snowfall. (3) In the 7-Inp diagrams of sounding data at
Taiyuan and Xingtai, the frontal zone with the inversion layer could be seen clearly, which was favorable for the

accumulation of unstable energy. However, the “warm nose” did not exist, which explains why only the snowfall occurred
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and there existed no freezing rain. (4) Based on the above discussions, a conceptual model for North China heavy

snowfall was proposed.

Keywords Record heavy snowfall, Return flow, Mesoscale system, Doppler radar, North China

1 3l

il

H 20 2l 70 ALK, A6 BRI/ S 1)
P, HITER, HERWHAERFNZARE.
TEB S RIRAUFRARMT R, BFERKERTRL
WD, FERIVI S R A KAIANET A A . 2009 4
11 A1 H, dEstHIl e 1987 LIk F P .
113 10~12 H, — K= E s S 2ea R HS
3 M DX H TR 2 B R A, 8 40 DX o L
T, b, I PE. R A AR R AR LA 60
EaEbRAE, b, SO SR R K Ak 3
93.5 mm, RMFREZIEF] 55 cm. (PG HRHLIX
(R K B I 25 mm, EFHRESE 3~40 cm,
T AR KA K o

T ] 273 00 3 A R A 2R KRR CAlaS
— LR SY X JLHERT DAY (2005) Kong and Zhao
(20100 BFFTME— RIS IR &, 251K
PBR AR EM AR, (AAE KR B3 BRI,
KA . PV A TEE (2008), X LA A
i (2008). PMEEFTRIDHE (2008) ST
ST DUID 7KW PRI 5 | 1) v S5 i B2 1R 74 8 RS g
AT T TR &2 “Hilie” P a i =5 OKR K
Fo [FHARFERKEFERD, 5 REH A
[7] 2

AR, IR BRI RS AR, XAl
BRAL S AR IR IE B TAROR 5 . BRARELAE (2008)
X 2005 4F 12 SRS RIRA . RIBHUHIEEAT T 4
M, FRH T RS R EE ORI 0], 5
FREEPA AR CEBE 1K) _ETHZ B0 T B 5 1) ey o 3 s Ay
FEREM AHIX 5 Ak N B B = 58 BOR BIANA] .

FEEN P EENKERTIRGR, LD
A2, R IABATT 2 553 e Rz dnadt iy
1< (Huo et al., 1995; Ulbrich et al., 2001; Pearce et
al., 2001), fEHA, [F5 2500 KR H A AL
R OtHadimm, mEE) KU RSEA
¢ (Ninomiya, 1991),

TR ARl Al s R S T R R AR, JER
IRICAW R 0T, AT REE DA A B 5 R SR AN o PG

17 (2005). PARESAIEHE (2008). B4 SEHERI P&
A (2008) A5ESCH R E FE I R IR B0 B 5 1 R
AR ZE R, TS5 EE H IS IR IR KA.
b 1 5 55 R A5 DUR AR DL el R A 2 ik
Bl A P8, X k. (1) Flk2E
EMIARASAIE, DAS SR BRI A7 (2005) Al
Ba 5 T R BAE (2008) SCHRRARIRRZER? (2)
IR R TR RS, SRR, wmES
RGP R E RS, (LB ERES (2002)
YHRERRZERAAE? ) (3) XIRBET RS, BX
A TTIR? A BEAGRIE A, AR
FHIN S VKIERS? (B LRI LE (2008).
PN HE R JEE (2008) 3CH R A 4 AT AT A
72 )

2 FRFTE

N I3 MR T S AR G S T RERR A, A
SCRCER B T 2 AU BERE, 048 B R g
BETERL, s aw A st ik, SR BANE
2C ML Ah 2 B BOKERIES, Br— R i #d A I 2
AR A i TR LA R RS e 7 i A5 o TR0
WA, TR T 2 55 8] AR SR AL o A 3t
T A1 LU S ¥ et s T D00 ) i 4 [ R G
PRl 1 JF R E I8 00 XUSR 2 7 il R 52 i < X
FRIIF 25 3528 o T 6 /NI R i SRR IR AL 4 S % A
TR T XA o ROBEXR R G oAl T 235
IR AR B 7 s 7 2R S XA B 5 S D) AR
2, LARTRERIM A R G5 . WA T ahe s, L
TR R A 1) R VS TR B B T
O B A R A TR T AR T KGR R R A
IR SRUE e S R T sE i R 1
TMERATERLLL T i KB A SR 5% A2 b
ST RIS FEA b, SR I T SRR R T Y B

B,
3 ARREMARERMERXRSRL

SR H 20 20 70 ALK, BB IX (Y=



6 1 LR, — IR AL S B R I e AT AT
No. 6 LI Jin et al. Analysis of a Record Heavy Snowfall Event in North China 685

Sk IS, AR EA A AR AR B S I AR B AR
o ATHILERRARAL, FUILJRP, Al RE S
RN L, 2009 R 11 H 1 H, JbniRg
B 1A HMI T (Li et al., 20100, [A4E 11 /)
10~12 HAEA KT I T Al sk 2y, s,
P i kA, 15, R 2009 4FEREE WA 4 H )
KAFEAEET 581, IWiZE 11 H 10 H 00 B ()
WAL, RAD [ 200 hPa F1500 hPa (& 1) |
Bl ), BOVKRKR Y — A —F 8, B AR5
i, PRI AL T ) A X b, B TR
i T R IR PSR N o — A S A Y
FePREPGES, 1A BIR)E, e (200 hPa
H1 500 hPa) S REAHRT R, Mizklid, AW/

50N 2%
40N
30N{
20N

10N A

EQl o , Ny
60E  70E  80E  90E  100E 110E  120E

e T B, Hoh — AN BN AR B IR
e HIFVAS AR AR, DRI AR AR 5 T A R
) i AT IR A i e GRSV B RAF, 2005), 10
eI RIS KA SR, LR A
VERE . Mo b (20, S8l Dy U il
F AL R AR A A X 32 b v [, e v T
A R Tl 0 B i K KD K VTS (R AR W St 5 24
i, B AE R IRR AT OGE. Friffe
AEFFRR TR D AR X N, il 5
Wy e, DU AR ARIR ARG I, H 51 R K
KA WP S P X AR S L &, &
AR TP IR I K . ASCETERS], APER
Mo DX i AT MBI R A e, S 3

50N -

40N -

30N

20N -

10N 77

ViDL o e

EQ BN
90E 100E 110E 120E

60E 70E 80E

K1 2009 4F 11 A 10 H 00 i (a) 200 hPa £ (b) 500 hPa Ay 4wy (S62k, Hifi: dagpm) FUlLEY) (migk, Bfi: °C)
Fig. 1 Geopotential height (solid lines, units: dagpm) and temperature (dashed lines, units: °C) at (a) 200 hPa and (b) 500 hPa at 0000 UTC 10 November 2009

mm

10

25

95E 100E 105E 110E

115E 120E 125E

B2 2009 4F 11 H 9 H 18 Wi sy (SEek, Bfr: hPad. WSl RZ, Hi. °C, HUEZN 0°C 4. 6 MRE/KE (FI, #fi: mm)

Fig.2 Surface pressure (solid lines, units: hPa), temperature (dashed lines, units: °C), and 6-hour accumulative precipitation (shaded, units: mm) at 1800 UTC

9 November 2009. The bold dashed lines represent the 0°C isotherm



S

N
686 Climatic and Environmental Research

22 %
Vol. 22

L1 PG 55 YT L e Ak 1 S s iV RO A R T
T R RGTAR AR POE W R, AR T8
T

IR R K RIS 25 00 A1, ARMEAR T . BRI o0
TP FE: 10 H 00~18 I A5 — ANt e (& 3),
L v 2 ARG I K R K X g dbsE 1R, L
SRR K, 11~12 Fo S AR, B
KGR, AR . Wdb. i
DXy VTRE S RS L, (HEE SN, ASOE AR 4)
Mo — AR, T BRI, W DURET L g
R SRR AT KR — P BEKIX, BRI O 2
ARG AR oA, BN 10 H 06 B % 18 B Fae
bFl, CEEIRT . XIEGS5E 4 FAHFER 6 /)
I 5 35 (WA X A AR G R N R R o I8 0] DA
£, 10 H 06 I Al 18 B4 5K 6 /N B K AR L
T 20 mm, XHSIAR T EHRERLON.

4 ERRSESHPREZRGERZTRIRN

=3
&
=
S
i
|

B A o BRI R RGBT

4N+

30N

100E 110E

K, ZHRRNERSSBRAX, BEBEMEZ. K
IR TR, BT E FERW, X
HESRIIKIRETRE ), AR IIETHE
A KIRE R G R AT, AT REIEAEE R
EEY
41 PREZHHEESEST

KT R R RR NN SEN, K
SO AP PR EE, Kz 2C HILLAh = B ATK Y E
BT 53 HT, Wi R TR K R R IR 515
AR, JE A R SRR X R T R G KV
R T BEIIB AR .

ahb K (ED SRR, 9 H 22 5,
P R B s A I = B (B “1l
[LPZi M. 33 s w NI [ RSP NI 2 QIR ESPN i
HEN &R, aREIET-50°C, =i KE
HEHE 23 I IFUG 25 Ao A 2L R B, JFgkat
RY WAL, =0 G S 4 £, 10 H
9 INFFUR RS 10 I 5IHA 2z A1, R R 7 1)
nll BN “Bh =) it maigmiR
W4k, mAcd RREAS T, mEipEE
HERI, VU ATV, [0 Ak B AES . 12 B

40N -

30N

100E 110E

10 20 mm

3 2009 4F 11 10 H (a) 06 If. (b) 12 1 6 MIFERKE (152, Bz mm). S0 0°C £, T FI S 73R m RIEAA K
Fig. 3 Six-hour accumulative precipitation (shaded, units: mm) on 10 November 2009: (a) 0600 UTC, (b) 1200 UTC. The solid lines represents 0°C isotherm,

T and S represent Taiyuan and Shijiazhuang, respectively

£
£ |
E I
K] )
s ‘
o R N
g |
o |
o | I
1800 0000 0600 1200 1800 0000 0600 1200 1800 0000 0600
9 Nov 10 Nov 11 Nov 12 Nov
Time (UTC)

Kl 4 2009 4F 11 5 10~12 H L8 AT K ETTHY 6 NSRBI K &

Fig. 4 Six-hour accumulative precipitation (units: mm) during 10-12 November 2009 on Shijiazhuang City, Hebei Province



6 1 LR, — IR AL S B R I e AT AT
No. 6 LI Jin et al. Analysis of a Record Heavy Snowfall Event in North China 687

DU, =il fa SR Sk, 21 i, C2)
JbPaEs. FIRASA SR 3 1 B K B R4 A R AR K
PRAHIET, DI e 25 R AT B BB

KBNS (6~7 fokiliE) (KRG Refg R
SRR K EEAS, 9 H 22 I, H4rsh 2Kl
25 FA AR O R — AN 5 K YR T Ll v o
FE b R 8, s — AT i, db—
s 10 H 10 B, BT — 2 RKEE X,
CALTF R AT, AR IRKEH, g b
XA G AT B S e R R R . 10 H 10 B LA
Ji» S5 N KR A, SO s et
KR BRG] 12 1, KEBEREE, &
FRREMX, 10 H 19 B, KX R R T 53
WAL, 21 B, KEKEXZ ST
42 HREBELKSBREFIELRESHN

7 JEHE TG PEAE (2005) ., B % f T4
(2008) . M JLMESE (2002) . X R0 P g A
(2008). FhEEAEAX LM (2008) L&, H,
X2 RIERGAMT o0, AR geR R, 5
Z W T R RERG T, 17 A8 3C (1) 5 %
T, HRE RGN AR ZN, NS5 47 .
TEIRXTT Ty, 2 8 ik 2 — R R A ) T

A Aok 2 B d A AR R E T2 AT,
EHTREE RSOV EHIE L, R W

g

KA, BEIEEmES, HE R g IR
24 FMAE B (BRI 4, 2003; £ 4R 554, 2006).
N T RN TR IR AL RS, A TEM T4 T
B K b A7 2 E LA 38 km AL AR (38.20°N,
114.41°E) 1)H— AR E 8L, WIHAE RO %,
PRI Iy IR S Pl 0 [Pl 38t T s 5 FH 7 08 7 i
AT T 25600 e I, SRR s Wil Fas 3~
6 km, —ZHUNVERIR, 2 km LR EEAN ALK, R
AT 10ms ', 2~3 km AP, KU ARIR,
Fxxms 5ah, MshvEr 77 80 km Aify, UREH
AR YERE; BROK Rl (a8 B 5 i E 20 dBZ DA I,
HULMAF] 30~50 dBZ, IX7E AR R R D L
(170 [RT9R T00 s S8 R 20 B 8] 8y 3~6 km, /Nl JE
15 7~8 km; 9 [ 21 Iy, Ju5PHEG 100 km AbF1 23
18 4%, WUBGPERE 30 km &b, 0 ik 8 km, 3
B IX — I AR 23 2 (IS D

MALE SR (gD Eaf L, 10 H AR
KB IR, [Flg iy LA S oy, 2 ARI—7h M
A, K2y 200 km, 5REHZLRFRE 20 dBZ UL L,
WS Va7 A 30 dBZ [ al e B i, 9F
R A K MMy, fTUAES]: 9 H 22 K,
DUl PR AT (e B ok, LRI s, ik F] 40
dBZ; 23 i} 30 4 (K 5), [Hlykhnss, okl
SRIEIE 55 dBZ, ZJaumPlEEE AR 10 H
O1~12 I, sk (1 7 me 5 ) LA /N s [ g A

K5 2009 ¢ 11 A 9 H 23 I 30 43 (¥ 2% 8 A 414 S
Fig. 5 Composite reflectivity of Doppler radar at 2330 UTC 9 November 2009



o HF R O OB R 22 %
688 Climatic and Environmental Research Vol. 22

s ARIEBE LA K LRI, , (R R,
07~10 HIA 4 AN/ A4 10 H 23 B RLE, R
IS ARAE, M T, o X R i AR I R
ALK AT 10 H 00~ 18 If A7 5 FE IR B 5 ik fe it
(B4, RO BEIMFRE

Bl 6 gh T 15O A% 1) 805 20 AT 1 3 22
fE: EAFKILVR 7, 70~100 km &b, —448 44k
Yekr, IR EBSE 24 N, T ERSGREE,
AU R R A S LTHES), XIRATREERT
FIUARFLEME RN . nTLAEE 10 H 06 I FF 4,
DL VEHE 60~70 km kb HE G 2k, AMEA R FR 5
I H A RGO BJE—EAERE,  JF A 205 1)
AR A (B 6b), F 18 W2 JaFFanmsy (K
6¢). I E IR 7N H I 4540 G o0 M IR 35 (1) HY
WA EE, E AR S JERERT L7 R R AR b
FFE—H RS X (B3 R 4 R
WG FR o AGIXAETE BRI RO R G e LA R R <
AR GRUOBEMESS, 2002) vk WLE,
43 INRATESRANR. HERES L

T 2001 4512 A7 H, BIERSG1E0 /N
TRK” GRIEMES, 2002) KACEE 32 (1wt
oy AR TORE, DRI IR 40 R AR i R R = R
NI Tl AR 210528 /N B M T 1 375050 4
i, MBI T ARG A (B T, RIS
KRR A NG ) R HOE AR A
T AE e e AVY, B4 A SRR R b R AR s i 4 1,
FOACRRE A TSI T R4 e i B (1 A b i X
e K BRI IX 33X 5 LAt b [X [ — A5 7
LBl 2 Ak (Schumacher et al., 2008). 5% Hi[X ]
AESAWIR B Y #, 2B —IRAE 00~02
i, AR AR 1 b RS, Hu TS
IR RS04 L, 80T 2.5 hPa; 55 —IKAE 10~
14 i, ARSI E b3, AR T
1T 5 hPa. IENAZE RS, 1612 N, — MR/
0224 1032.5 hPa ¥/ i F 2 Tl b P g 3, e/
S RHAT R 0], AT — 4k DI AR LR, 1%
DIAR L KR 5618 IR G EAH N, e 7g 1
e EAERNE, XAUIARL IR S PG hl
A, AL TR ZR AL . X RIS A
— KA PR R A, T AR R ) O A aE
Ay, WMERE I, 7R R AL A D) AR 2
i RHX, ZMRELERTBIRE. NRE
WK, APISEREINRIES, B 0°C £&

Fl—4°C 2. 10 HEREIER, WAL
AHAE 0°C LLF (K] 7a—d), 08 I 2 J5——4°C )
AL ORANEIFAAZ T (B 7ed, 12 i
FAXE YR (B 7D, WE AN KA
BOEWNAT I, BAbm A, R L
FAFBFI AL S (] 7. h).

4.4 ERBEEMITRABERIER

It R RIS AT e A K A 7 2
DK 3L AR Ao AR A O 280 2R
[ RS 477, Crisp and Lewis (1992) ©5|H
HE AT IO E: RIS (The northeast
wind is the forefather of rain) JRFEITILIEH X 2R,
WIS, IR R E 8. T A6 3E S aF
WL R [AR RS (return flow), CFFE T hnas i
W, I, SERRWE Rl 2k 85
(RO, [Pl 2 1 B R T IA 2 kme 4RI <
M BfE E, 78 F— S BRERETER “ =% K
BT 45, JFaI RIS . XKW, o EEIET
R AR A, PP AR b A e . AR
1M, XA, Rl A 0 G AR T 2 (R
MM HTETL . HLFA R RS, ARG RR R T 2%
o, 00— HeE A, IR R /N G RHESE, 2002),
JE R IR R o

TR, BEE TR I, N EH I
W2 oA s A . 2001 4F 12 H 7 Habst—
YN, JLF SRR m M . B ERESE (2002)
CO IR BT R BEAT T 208, A X IR b 5 it
FJE TR WM RRR AR, MIER 325 K54
RIET R EININAIUE ST 7 SA S AN B B A (b AU
B, MHILT “HugEH LS.

ARSCIH I 2% ) T IA ) RUR 2 e i (IR H
N T ) BRI SRR . 10 Hiss B, AR
SRR BN ARAEA, X5 EGA G, KPR %
P FXRE NS, BILE R AR . =
2SR X, L 10 m s HR K
In) B v S U2 Ry W, 0 S VA P, RT BAYE
EE: 00 BFRTAE, fE 2 km DUR, RG] bl s B 30
¥, AHBIAER, AREA AR DT A Rs
N, H B NBEERL. 03 B, 2.5 km PAE AR
Ko LU R ARIER, Z G —HdERe, HEDAMN
2.5 km 455 F 3 km, ULHHA A SAEZ D N0, BN
i B SR AT A I A b S 2 2% . 04 B2 i
AT VTR, 04 I8 LUG &8 PR .



6 1 PR IR ACR AL S B S A ) 7 T 5
No. 6 LI Jin et al. Analysis of a Record Heavy Snowfall Event in North China 689

6 2009411 10 H (a) 06 B (b) 11 Bf. (c) 18 BIHisREIA (38.20°N, 114.41°E) [ARHE . & by o I LR IRFE S L7 E
Fig. 6 The radial velocity from Xinle Radar (38.20°N, 114.41°E) at (a) 0600 UTC, (b) 1100 UTC, (c) 1800 UTC on 10 November 2009. In Figs. b and c, the

bold black lines represent the convergence lines
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