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Abstract The Northeast region of China is one of the favorable regions for tornadoes. In order to improve the understanding of
the environment favorable for tornado within the Northeast region of China, the environmental elements of the 13 tornadoes of
this region which occurred in the past decade are investigated, and the physical processes that dominate the change of the envi-
ronmental condition are investigated. The study is based on the conventional data, Automatic weather station (AWS) data,
satellite data and numerical model analysis data. The environmental characteristics of Northeast China tornadoes are as follows.
(1) Tornadoes occurred around the northeast cold vortex, directly affected by the sub-scale short-wave trough at the south part
of cold vortex, and often occurred in the trough or behind the forward tilt trough. (2) Compared with tornadoes occurred at
summer over the Yangtze-Huaihe river basin and South China, the lapse rate is greater for Northeast China tornadoes, with the
temperature difference between 700 hPa and 500 hPa being 20 — 22 C, and the difference between 850 hPa and 500 hPa being
30—33 C. (3) The low level moisture is often not significant with the moist depth thin, the surface dew point as low as 13 C,
the moisture layer often less than 1. 5 km, and the dew point at 850 hPa often below 8 C. And (4) the low-level are and middle
troposphere jet are strong, 850 — 925 hPa wind speed is 16 — 20 m/s, 500 hPa wind speed is 20 — 25 m/s, and the middle level
jet is usually accompanied by dry downdraft. Therefore, the low and deep vertical wind shear are strong, the low-level wind

shear is about 12, 0X 10 *s™ ', and the deep vertical wind shear is greater than 4.0 X 10 *s7!

. Convective storms which pro-
duce tornadoes are usually triggered by the boundary convergence line, in which the temperature difference near the conver-
gence line is not obvious, but the dew point difference is distinct. Thats to say, northeast China tornadoes are mainly triggered
by strong dryline and its associated convergence. Tornadoes usually occur around evening, and the environmental conditions at
the morning usually are not favorable for tornadoes, with the environmental parameters changing significantly a few hours be-
fore tornadoes occur. The 500 hPa jet and the low-level strong jet are crucial environmental conditions to Northeast China tor-
nadoes. With the strengthening of 500 hPa northwestly air flow, it transports the high lapse rate layer to its east,and overlaps
to the low level moisture area. The low level jet transports warm moisture air, which humidifies the atmosphere significantly
and enhances the temperature lapse rate. The tornado positions are usually in the dry section at morning as shown by the 08:00
sounding data, which are away from low level moist tongue about 100 km at its northwestern side, whereas tornadoes mostly
occur near the moist tongue around evening as a result of the moist-air advection northwest and the middle level high lapse rate

air advection eastward from the Da-xing’an-ling Mountain.
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Fig.1 Distribution of the Northeast China tornadoes

(topography shaded, unit; m)
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Table 1 List of the Northeast China tornado cases

i A1) G KA KA I ] ER
1 20020630 P 52 7 1 22 A B 4 A 18 i F2
2 20050522 3T T B U T 12 i} 30 4 F2
3 20050610 TR B 2 R S 16 I} 05 4% F3
4 20050715 AEHL2 17 i} 03 4% F3
5 20050716 SRR T4 ] 21 W 30 43323 1} F1; F2
6 20070808 ERNcisi 20 A 50 43 F2
7 20080523 AT 19 I 20 4% F2
8 20080917 REJpiEES 19 #f 30 4 F1
9 20090716 NEFBIRS 17 wf F1
10 20100515 SRR 17 Hf 30 43 F2
11 20120612 L NEE 16 i 15 43 F1
12 20130730 PN 55 7l 13 22 2 A R R L 17 B} 20 43 F1-F2
13 20050810 T8N 16 it F0 - F1

3 ARAL eI B RRIE

3.1 HWERSESF
AR EFHILFHEAEELRRT T (A
2) HEEW RS ARG T 1R 52 R
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PV A % BRE 3T 140 168 A ook 20 28 v IR BE AL 1/ 100

%2 ARAude A KRS R e b HORRAE ORUEE i B R oy J2 A0 X I
Table 2 The influencing systems of the Northeast China tornadoes and their chqracterislics
(scale, vorticity and RH at the middle level)

A o RS WEQOTSTH  REO 500 hPa A 4f
500 hPa 850 hPa 500 hPa 850 hPa 500 hPa 850 hPa  BEE(T— Ty
20020630 ¥e 1 IR ) WAL, TR 12 12 11 7 22%(16)
20050522 B IR BT 12 WAE&.TH 12 6 9 9 8%(23)
20050610 Y A HT AR L PE L SR AL, T4 R 8 12 5 18%(17)
20050715 V& I8 JI BT T AR A R R (s B A = 12 10 12 5 14%(20)
20050716 W J5 HB L A 7Y 2 WL ARALR RS 20, T4 - 12 - 7 14%2D)
20070808 VR v PR AR T 0 TR AR AR RS SR 20 20 12 6 2%(39)
20080523 VR I TR I WAL, TL IR 18 15 11 5 6%(27)
20080917 oRibi mE%. T4 14 15 8 6 4%(31)
20090716 V2 13 5 R T A& TS 12 15 5 1% (42)
20100515 R Wi fh BER. TS 10 10 10 7 1%(38)
20120612 ¥R 0 FRGAR L b As WAL, TXR 15 15 13 5 13%(20)
20130730 & JR v (19 ¥4 1 I 0 T A T 55 A L. i 10 - 10 - 1% (41
20050810 il 5 A1 LA 388 Jic 5 0 i ik ‘jzzfvﬁn‘qw.h 8 - 12 - i

T B R G R AR V4 1) K RUBE CRLAE L B 5

VRN R RGP0 R R R SR E S B3 T NCEP B8,
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20070808

B2 RAuTe s kA B B GH 5
s & AEm (R Db B K% & ARG 500 hPa KUK L (BRsego M/ B & MLk aw/—),
850 hPa fif & £k (£ fa— X — X)) G {8 = f bric Jo 4 & 4 )
Fig.2 Circulation background of Northeast China tornadoes
(Infrad satellate image at the time when tornadoes occur, the wind barb, trough (brown solid line) and
jet/significant stream (bule = /—) at 500 hPa, convergence line at 850 hPa (red —X—X) ,

and the green inverted triangle sign for the torando location of genesis)
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14 158 1 6 3 A R RE — R T 8042 3 1000 J/kg
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500 hPajid 2% (ATys) i % K F 20°C,500—700 hPa
JERE Ry 2. 6—2. 7 km, A2 T PR 55 IR B B DOR N
7.4—7.6C /km; 850—500 hPa i} 2 (ATs) K F
30°C, Craven % (2004) 25 i i 35 H & 25 b &5 M 98
JZE 1) 500—700 hPa My B H % v — /DT
7.5C/km, P EH N 6.9C /km(FE 4), BILAT W, %
A6 4 e A I X L )2 IR 2 KR R K
t 2 4 ZRdb F2 UL E g e 4 SR 58 6 A AU R 5
Craven & (200D AT ERBE VA Y. HFE 3 N
HiuTE A B 6 R A AL B (fRf B CAPEsfc),
M3 4 3¢ 8 b A5 20 55 X i A 2407 fig (Craven, et al,
2004) J R A JE XA A BE (MLCAPE) . i Filg
JERE ARV BE = BE T B S 16 0 R BB 52 KR
M B @, CAPEsfc 5§ MLCAPE {4 2 %W &, Lk
2005 4F 7 H 15 H %5 A ], CAPEsfc #2200 J/kg,
M MLCAPE £y 1300 J/kg. FF LSk BRI &
A5 XA R fE B 38 I B R AR )Z KA S i
1% HLV 2 AH 4T % 3, 850 hPa 825 K £ 7F 12°C LU
TLF2 UL b k& 850 hPa &% A5 & K1H K
13CL MR 7.4°C (3 3),1fi Grams % (2012) 4t it
1 35 [ 448 A4~ F2 258 Je. 45 850 hPa #8 55 {H (50 %
6D K 13°C 75 % A BIFE 11C LA B, Bk 5
Grams % (2012) () Ge 145 R AH L, A< b 850 hPa 7K
RE ARG, SEhr B Z KRS EMA & 5K
PL_E B KA T B K i (PW)O FE 30 mm LR L BR
LT E ARG, AR e B KA BRI
45 mm I (R 3), MRS L 20CLLIF.8 4
F2 9% UL b 19 58 Jp 45 °F- 249 b 11 8% 05 Ry 17, 1°C L i 36
] 5 e A Hb I G 18, 8°C (Grams, et
al, 2012), 2010 4E 5 [ 15 H B gL 44k F2 %
A A I T TR BE A 12°C SR ) R B
WF 2% )2 A7 7 87 50 B T R AIR 1Y) 02 B 87 A
TR Ik 1 2 T v 2 D A 1 2 R R AR b O 1 ) 5 Y
NFEFE R SRR 20 BB AN T 8 g/kg RJE
JERE . ARAC e B )2 R RE (ZE 1.5 km
DR, HRZ P B AR (27 12 g/kg LT,
2010 45 5 H 15 H LL 8 g/kg Ay I3 {8 iy 1% )2 J5 £ X
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55,2009 A F T AR AE . Li ERTE L RAU
S BRI A O IR LR R BARE
XA AL RE T A . A8 AR T — BRI S R A A
i 2 3 P T 4 SR R BOE R

#3 HESHK

Table 3 The environmental parameters for the cases of tornado

ATss ATe ﬁ‘ifﬁ?ﬁ XA w &)z Wz =S 8(6)e/ke SOl FIfE 850 hPa a7t

OIS ) o) AdnRE A " R R JREE HE WE #\A KkE BA *zizﬁéﬁ
J/kg)  U/ke) (1073571107 ?s™ ) (km)  (g/kg) (km)  (C)  (mm) (C) EEm

20020630 23 29 2100 110 A 6 4.6 0.8 12 1.2(2.00 16  20—25 12 700
20050522 20 30 900 0 7 11 3.5 0.4 8.5 0.41.0) 13 1015 -1 400
20050610 21 31 2000 138 H 7.8 3.8 1.5 10.5 1.5(2.1) 18  20—25 2 1000
20050715 19 34 2200 252 A 12.5 6.8 1.0 12.5 1.3(2.00 22  30—35 6 1000
20050716 21 33 2800 272 H 13 7.0 1.4 16 2.2(2.8) 24 45-50 13 600
20070808 14 22 300 7 5 13.2 3.8 2.2 10.5 2.2(3.4) 19 4045 11 500
20080523 21 30 850 100 H 16.9 5.6 2.4 8.5 1.8(2.4) 13 2025 10 1400
20080917 23 33 1000 300 A 13.6 3.9 1.0 11 1.41.4 17 25-30 6 700
20090716 20 34 2500 176 A 17.1 5.4 1.0 14 1.6(2.8) 21  40—45 10 800
20100515 20 32 800 100 5 14.3 5.4 1.3 7.5 0.3(1.7) 12 1520 6 1000
20120612 19 29 1300 50 55 5.8 2.8 1.1 8.5 1.1(1.5) 15 2530 700
20130730 22 - 1600 16 H 4.4 2.9 1.7 9.5 2.1(2.9 15 2530 - 1500
20050810 15 24 700 40 7 7.35 1.75 3.5 12.5 3.5(4.5) 24  55-60 15 300

T AT K 2 3 T NCEP/NCAR 1° X 1752 i 20 M7 8 R 58, oAby H i el 1T IE R 5

F4 F2HULEEEESHTE

Table 4 The comparison of the environmental parameters for the significant tornadoes between China an the U. S.

700 — 500 hPa y (14 b 3 A R R IR2 D) 28 ¥4H RIZ V) A By fE
Il CC/km) B /ke) (1073s71H) (1073571
Rk 7.4-7.6 1500 (CAPEsfc) 11.8 4.4
EqGhES 6.9 1500—1700 (MLCAPE) 11.5 3.9

R EW BB S8 S % Craven % (2004) ,
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KRG EEETEIFR(E D, BEE
AT LA N R T AR B AR AL 183 R S K
RN 2 (R 5, MWHLTH#F S F U2 KRN 8
FHIMAEZR AL e 26 A1) b L B i L LT BT A R A
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Table 5 The changes in the environmental parameters from 08:00 to 20:00 BT for the cases of tornado

NP ‘500 hPa ‘700 hPa ‘850 hPa iﬂj[ﬁ] 925 b}’a 850 th 500 hPa
R CCH WECC) WECC) T4CC) TaCC) TaCC) KGHE (m/s)

20020630 0 -2 +3 12—>16 - 12—>13 8—>18
20050522 -3 -3 -2 12—13 Jc Jc 18—19
20050610 +1 +1 +2 16—19 Jc 9—>2 12—>22
20050715 +3 +2 +6 18—>22 18—>22 -5—>6 1727
20050716 -1 -4 -1 19—>24 19—>24 1—-13 1729
20070808 -2 -3 -5 Jc 19—17 15—11 16—25
20080523 0 +4 +6 713 712 0—10 19—->27
20080917 0 +3 +5 8—>17 - 116 14—>22
20090716 -1 -2 - 19—>21 716 -1->10 1727
20100515 -4 1 5 10—12 9—>8 5—>6 16—>23
20120612 +1 +2 +3 13—15 8—10 4—>5 -
20130730 0 -1 +6 12—>15 - - 717
20050810 +2 +2 +1 22—24 J g 18—10

1 AR AU AIG 168 38 5 R ¥ 0 I T Ml 55 4R v
H O&TE 500 hPa B i9¥% 25 A& 8. M 500 hPa 748
WHEGES AUAE 3BT —2C L FiY B ER%
R T R R G T = e ) =R e 7 e B s S G N W 3
HFEIOARENHFZ— ANESERE WA
& B FHE KZERE A0 251 %A BB .
EEM A 3C B EFRE. 1M 850 hPa AR F W (£
5) )2 4 IR B3 WO BRI B R IR 502 1
A X,
3.2.3 ARJZIKIRIE AL 43 Bt

B F AR b e 6 1 B8 2 R IR L AR 2 K R4 AT
FH 925 hPa # s b8 & . H & 3a—d A 0L,
925 hPa% Fe ] b A7 76 M P 2 I o 10 DX A7 5 0 ot B A
UATE AP B Gl TN S = e | ¢
ik 35 e, & 3a.b.d.f EEKELE 08 I
925 hPa R &l i X (LR 5240 P, 3xX 598 7 7Y

g6, T HA JMA 20 km X 20 km 5 43 3
FEBIUMH TR F A3 A BOREELR 43 B 2008 4 5 5 23 H
RRITHE F2 R EARFKIREE ., LF ks
b TET B IR 13°C L R AR AT R K i 20—25 mm, 7K
TR 25 AR AE & R B . di 18] 6a AT L,
14 [ 925 hPa I X & 08 W} & 35 4t i I W A 74 5% .
M8 g/kgii[EFE . W AL 35 3—4 D 4idh, H KR
T EWIN. BB R AN 12 g/kg. BEK
Az VY i 00 b B R 3 g/ ke Bl E 2 S IR
R, 20 BB 4L 14 B B% R #5187 6 AR AR 4TS 2
.6 hdbfit 1 A2E, G K AE AL TER & . {7
F e 45 & A TG R U AR o0 3R 12 g/kgs Z AR
O 5V XX LG 2 T Lz 14 i) I 354
5. M8 g/kg Xk FFNEH 6 h 25t 150 km.,
10 g/ kgl & 71 Ji 21 4% e A6 ff iE 25 35 5 A~ 46 B (&
6c) ;08— 1402 & 5 74 J& (8g/ kg Vi 11 14 B 245
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3 eI LG T
(a. 200547 H 15 H,b. 200547 H 16 H,c. 2008 45 H 23 H.d. 2008 49 H 17 H.,e. 200947 H 16 H .,
f. 2010 48 5 7 15 H s B =M R m e B kB R 0 5 8 (5248 08 I 700—500 hPa i 25 20 C £
1925 hPa 2 22k . 8 U0 PR A BT AR, S . C L oAt 3 20 B34 5 Gt B SY 7R 925 hPa iR IX
B ST G BUE AR R G 3R 700500 hPa R 22 K (H X . (8 A G5 CFFRic . 3. C
W m” FIR 500 hPa 2T . JK 6w  — \— X — X "4 5l IR 925 hPa 2 B & Lk
G 2k (4 850 hPa 445 4T 35 W N 850 hPa 4&-& 2k . AL 3RR))

Fig. 3 Composite analysis map for the cases of tornado (a. 15 July 2005, b. 16 July 2005, c. 23 May 2008,
d. 17 September 2008, e. 16 July 2009, f. 15 May 2010; the black inverted triangle sign for the tornado location
of genesis, orange and green solid lines are "AT75" (20C) that stands for the temperature difference between
700 and 500 hPa, and moist tongue at 925 hPa at 08:00 BT (black digit sign is for the dew point, unit; C).
Other analyses are all for those at 20:00 BT, green shade is moist tongue. green dashed line is dew point

contoured every 2°C, orange shade sigh is for the high lapse rate area, orange dashed line is "AT7;" contoured
every 2C, blue "="is 500 hPa jet, gray "= ,—and— X —X" are 925 hPa jet, significant streamline

and convergence line (if 850 hPa convergence line is significant then it is drawn with red color))
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NG G AR (8 ¢/kg RVARKL 4 &) . fid 1—2 ¢/kg B F LA M L. h T8 XA L
MR B A (B 6e.d) L 30T W E IR L8 g/kg VYR, RALFJE B A AR B AL T 08
12 FE W 75 T 850 hPa = R IXJREJE L 08 A B3 925 hPa R B iR X kMl JJL & F Kk (& 3a—d)
BRSSO IMA BERE 925 hPa i PO LR BT XN IR HE T 08 I i e 2 R0 Bk o0 7 T 45
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AT, (C)
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Bl 4 201045 H 15 H 14 i (a) F1 20 i (b)47°N 3 B 1 i
CBASE 7K AU L B m/s 5 ML I 2R D R £ s HLSE 2R D 700 hPa 5 500 hPa i 2% . B4 . C .
Horh ()t BB (4D AR R 14 B (20 ) 5 20 6 40 248 Dy 3l L 2 L B3 . 10~ 1 Pa/s)
Fig. 4 Vertical cross section along 47°N on 15 May 2010 at 14:00 (a) and 20.00 BT (b)
(shaded area is for the horizontal wind speed (m/s) more than 12 m/s, the black thick dashed

line is the trough. thick solid line is 700 — 500 hPa temperature difference ('C),black (red) line is for that
at 14:00 (20:00) BT in Figd4a, and red thin isoline is for the vertical velocity contoured at 2X 10~ 'Pa/s intervals)
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5 20104 5 H 15 H 08 B} (4 J14 B (K g2 Fl 20 Bf (524 47°N
1000850 hPa JX\i 7 1] 25
Fig.5 Vertical wind shear between 1000 and 850 hPa along 47°N at 08:00
(dot line) » 14:00 (long dashed line) and 20:00 BT (solid line) 15 May 2010
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AE 8 H 10 H K AE7E R b B AR Hh i A B 5 1 7K
19 55 Je 4 AN R T b R AR b e A5 A L TR R e, R
AR Y9 AL 35 ) B 2 e A 1) i e I B T D oy
R JE B AR /N AR 2 AR P s HAR R TR R
KA AT R 7K D 55—60 mm, B2 R4 T i i
P AT A ELG 3 A K7 AR B I B A
XERZ R TE R IR A T2 R R RSN TR

B~ O

115 120 125 130 135°E

El 6 2008 45 H 23 H 14 B} (a) 1 20 B (b)925 hPa H i (g/ke) LA K 20 B2 & 3 B 5 i () &
123°—128°E - ¥ 1y 24 1) 1 1 51 11 (o) Rl 42°—48°N -2 i 25 i) e 1 35 18 (D
CRASIR LRI 6 h L, L0900 F0 e 8 & AR (ab) BB R R0R 12 h i B (e d))
Fig. 6 Specific humidity on 925 hPa at 14:00 BT (a) and 20:00 BT (b) 23 May 2008, and the moisture

tongue vertical cross section at 20:00 BT (shaded), and, the longitude-height plot averaged over from

123°E to 128°E (c), and the latitude-height plot averaged over from 42°E to 48°E (d)

(black solid line is for the specific humidity six hour before, dot line is for the specific humidity twelve

hours before, and, purple red dot denotes the location of tornado of genesis)
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gler, et al, 1993; Markowski,et al, 2010), T£1E
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P 1 28 4 TR I J T i TR A 2T A 2 v 4
8 ZH TR T Lk i e T AR AR . 13 IR IX P
BFAL T RGLIW IR S Fm AL T HG . )
AU ARAS o HL PG I A Sl 5 A B DX AR
HAET AR AR R 4 R i B2 XA TR X 7Y
AT DX . 13 I 45 3 2 % A il I B T (] 8a A
@HEZO UIOL T 1 H P BN S BN L TR AL T
BT GE AR A 8 B L) L UM BT AL T T
XUPG. 5 TERAES. 2T A5 km B
W7 & BB AT R 5 AOE A — B
Bl A2 (B 8a B (S Ah) Rl AL T T 4R
MR IX N . 30 min J& £ B2 2 W i AR A9 07 L
T HBMEAE(E 8a A&  BHIZH =
i Tl A AR — RS . 1314 I T L
249 2 A v XL o B AR e s A D P XL e X

7 ME T &
(a. 201045 H 15 H 14 Bf,b. 2008 45 H 23 H 17 B} ,c. 2002 4 6 H 30 H 17 H},
d. 2005 4F 5 A 22 A 11 i A = o e 4 & A it oo 0 TR — X — X7
53 AR T TR A 2k RO S 1000 m M S 3 4L,
21 (230 B0 Sy 1l T R B (5 0D L B ©)
Fig. 7 Surface dryline analysis
(a. 14:00 BT 15 May 2010, b. 17:00 BT 23 May 2008, c. 17:00 BT 30 July 2002, d. 11:00 BT 22 May 2005;

the black inverted triangle sign is for the tornado location of genesis, "t 31° "and

"— X —X" indicate surface dryline and convergence line, black soild line is 1000 m topographic

height, and red and green digits are surface temperature and dew point, respectively, unit; C)
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K8 2010 4F 5 H 15 H B4 & A& Fi b 1 2% H 3 ks 0
(a. 13 0F, b. 14 B, c. 150, d. 16 BF; PR R Al BESLL AW, A C,
() i S R AT B KL & LN BN E R B R RALE
(bye d) il S 2 O e 4 MR AL B L T4
i 0 i £ R 8 T 7 L, 68 = AT O R R AR D
Fig. 8 Surface automatic weather station observations before the tornadoes occur on 15 May 2010

(a. 13:00, b. 14:00, c. 15:00, d. 16:00 BT; dew pint are shaded in color, black solid is isotherms

contoured at 2°C intervals, blue solid thick line sign is for the location where the cumulus thin line begins,

dashed line is for the location where the cumulus line development 30 min later in (a), and blue solid

thick line sign is for the tornaoto location in (b), (¢), (d), black thick dot line is dryline, orange thick

dot line is front, and green triangle sign is for the tornado location of genesis)
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