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FEFEEUEFTA KR A P R TIR R

2 MERE A e E A S R E 08 - H58
FEAIE A HRHY » (E or ] R 3t Rl R B R S ek
EIA e A REE I, - A H AR an i HAER
FBFEINBIRTIZE » 3 A R te i 2 KRR A
HRRZ R - IRIB S A REFE MU BE 2 45851 - {1
S B R e EUR R E E B A R R RS - A
STETRENTIN ~ BSCHOTEM ~ AR K
DUSRHIhIE - Fe 2k S EF R R 2 BB R
HERZERATAR Y » H2AZER N~ BRER L
T+ BEFFRIAE IR BITER 40054 KE
JYHIREAHAE (Supercell ) H7EIEHIGREA: - iEL0E
RAEPAR BRI ARG (A5 IP RN - BEgR)
BB e K R FE B8 B ( Kessler 1992, Doswell

2001) - [H#th 2 S fe e R A& A F L B Fe AT 42
Ji » HGRE K BRI AR AN & 2 FEFEE, - 2=
& 3, J5 2 7 fy " BE & LB | ( Tornado  alley,
Bluestein 1999) » 8 5y " BEFERATED | - DA
FEARHE L FEFE N S » FEFEM S 3Lk
RHET 7 Wb $E E (gust fronts ) SCRERE - iR
TR ATRERIITT » B AR 2 BEYE RS Ryt
KHEFEFEE, (Supercell tornado ) ( Wakimoto and
Wilson 1989 ) - BRiE KA Zy % A FEFE RS » FEFE
sEFNZ FUET (A$EE) BERZIEIRAET A AR E
AFEfE . - B R R 2 Ry KRR R A
(non-supercell tornado ) » HHHEE Kz K/ NETESHE A

ArREdEE 55 BN - HARmAtESE - EEH
o[ 22324 » Wakimoto and Wilson (1989) 5%
IR RERE e (i 2550 Ry i SRR P IS AL TR Y
EEREEE - REESE T ER7KERY)Z R
AREGEA L/ NEGE - HREZ ETHRR
& BN IER Gk - BRERE Z ML
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&

g F=+ABE =R

o S N TR R TP RCREFEE - JRRER
HeTRE P JE B 2SS - (HEA R RIS S e
DRI 2828 2 AEARELIE R S B AR FEEZ - HAl
FIEF RGBT 2 A 2 R - SCHREE
By S M RE P 2 A O ERIR S N R4S T RE R I —
2% 40 Verification of the Origins of Rotation
in Tornadoes Experiment ( VORTEX-1) 1994-1995
(Rasmussen et al. 1994 ) , VORTEX-2 2009-2010
(' VORTEX-2
http://www.eol.ucar.edu/dir _off/OFAP info/
longterm/edo VORTEX2.pdf ) &k -

experimental design overview

FEYE HU 35 AR TERENY b - HIGIE R REREYE
(landspout ) » E#E1E/K (Fg) LRIRE Fo/KEEdE
(waterspout ) » /KEEFEH/ M FEFEEE AN - K8

PR AE S ~ MEAR B E EIR 40 AL 58 -
RN A SR AR AT RE S R - B m 3
A HEFE R B KREFEHT R RIS - BRI A PA—
Piatam » AChig ke T RERe ) EiEREER (k&
FEYE) MOKEEYE @ B BEFERVERIR Al 0 R =081 ¢
FBZ RABREEREERENDES B R E
(ANSLERELR ) Fi%k 2 BHmA B R —
F HHFR AR FUATAT4%4Y 50~100 2 B - ¥EA I 2 4%
ARHRS Hag A E Pl - iR B RGARE 1~2 /N
I > R RAEIE AT E S (SR e ($1EL5R 2004;
Liu and Chang 2007 ) - #&ZE ks H AL mEpiiE
AR AR ERVRRE R - BORAYPER
JE, ~ R SRR RSB ARG THER - ERE
SHEAE AR RN DA B R B 2 AR KU
RlE - EERAEREI AN - SR ER &
W EEFEHE (Holle and Majer 1980; Nilton and
Bluestein 2000; Simpson et al 1986, 1991;
Wakimoto and Wilson 1989 ) » —EHF L] 18 %17
LRGSR RETE MY - HE e
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HEY - GBS SR IR L 4~6 F R
HEPIs = BAAE PR A S 1A B RSt AT Y
gL o BRI B AR o R SR AR

25 [S4HEEE (Liu and Chang 2007) - iSHH¥ES
TRREAYEEET S BRI FrR ARIBITSE © S50

I RRIRR LR EIEE - 2SR ENE
b SPUKRERE R 0 BB saFLE ~ T EBH(E
/K P i R M 0 EEES SR IR
RSB 15 552 0 55 A R ] P 2 R 0 8 7 7 B BE
¥ - HIKRESE | BRI TR L N T
M2 AR ERI 3 A0 17 S5 B ik 2 B2 PN RT
FTHIEZEAHL (Golden 1974a,b, 1977; Simpson et
al. 1986; Wakimoto and Lew 1993 ) ZE4: /K FEH&0Y
HEEE A 34 AEE AR S - HiEE
EE2LIRPFYI (Brady and Szoke 1989) 55 =4
HIR RS R et e 2L - IS JRERS
T Al ZE e B 5 T DATRGE - 51140 1992 4F 8
A 24 HZrEs AT 2B ke B N E ke 13
HIFEREE ( Wakimoto and Black 1993 ) » 1F & &r;
Ry 282 K 1977 47 H 25 HEEITREER
BE S e S | S HVRE B (TR 1977) > fH3CH
A R IR AEPE MEAREREE S - E— 8 251
WA BTRER > 1ezH (197747 H25 H)
e - G R/INBERRRZIRE - ERE)
Jiz 0 L YIRS 1B AR AT IR G T LU
HIEFEFRE - (BTG E RS2 -

G S AR B PRI RN = H SRR E
HYSEE > SFAEAEZEBUR A 8 S A e
BAL > A DR PGP o (HAE 1961~1993
FEfA] R 2 — S SRR EE R ZE ] (BR 1995 + 5
2001) - HAr 1971 £ 4 HEA e - Rt
ZREFERPTE RSB R B E - B E
9,500 BT 51977 &£ 7 B 25 HE R IEREZE S
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FEHE - b 2 H AR S AR - TIE R
BUR S |34 FEFE I\ ] SERyZE B > FEE 1982 45 A 2
H Z B I 45 R fo R 8] 79 B R4 200 T2
BRI 55H 1993 5 6 A 5 NN G RIGHIFER
JE&\ > 3R 5 N2 R B e - E] 49 B - 2007
4 H 18 iz R AE & T4 S S AR AR A
REAVREFEIE - FEFEEISF 44Y 40 77 5 H MRS I REY
40 LN H > BIEEEARFHER IR A BB SRR
#1l (Liuand Chang 2007) - {788 RaRATH K sl
MG IO(ERISE - LR EA 65 [EZ K Gk
SRR AR R - B (1996) B E
40 FEEEPI9EELIR 1.8 F 2 EEHNE - H
=z PGSR - SR R
JFH - EE SRR AR | R
BeaEt B ERE e B A E R g > TR
b FTREREA B S ARYBUNEIA(E 2 - FribE LRERe
JES > BB A 2 42 /KFESE » Liu and
Chang (2007) 45T 1998-2005 FEfe (‘ELFEAE H
FIHEHRSE) [HEEUR - B4 3~4 (E(E
FEHABINE] > B {ERT PTRE(RAL - FEZ B AR
B BRAH TARAY M B R P AV #RR S B
Z @i at thowe By 58 # > Liu (2010) & ¥ 4¢ &t
1998~2010 £ E&7E M5 55 A4 FEFE(E R > EehiEErY
A 55 K HEFEIF 4261 5HMF 6
{EFTEERyZE Rl B B DIPE FE s (&R -
EHER R R - HIURAE ~ 3 (8
1) > BFfEIRIEL 5~7 A3 15~18 e ([8 2)
BUN/KHEfeHY S L B PRI R R SAUA R -

BEHNRERHISCH S R RRH IR - B
ZHZGHE R ERRCHE - BENAREKE
ZAEZE S ERTRC S, - AR AR A
BIRAZBTE » BT REFEHY A AR B I
R (S RE e 2 K/ N B FE R RSO AT 38
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BEFSERA S T /E 2010 42 8 H 16 HAEHE
FRMTAREl 250 /KRERE IR R - FIHRA
I & £ fi7 ( Photogrammetry ) ( Holle 1986;
Kassander and Sims 1957 ) & A 0] 18/KFEP5# 0] 58
ZBE - AR CEE E SRR K ERe
HITP B BE SR 2 R AH A » St 2 DERTRIK
FEFGHBUR AGNIVEZ - FrAEIRYERE ~ (82
IOERELTIART T 75 R A4S SRR 56 — R =8

= LA PR LaA
&8 Rl RsSEmiE T -

—~ EEREHEEBAAEE

AWFESHT 2010 52 8 H 16 HHNE AR R
T 2 KREfe(EZE - FIRSHEIRRIE - ek
TEERRGKRE S AN GBI 2 KRR
5 - FFI RS BN E 2 B R E R
HERRS BRI - e BRAHE A FoR K e fe B
mss L TRIR(OA ~ D708 R DR Bl 52 YR
H - BIRDRISERIR R _LoKHE e Bl H AL
B - MRS B R B L AT IR R B
ST ER EE R B E Ry 2 B R AT RKBEFE R ]
AR EARREATRIR R (7 > BIRRKRERE (L B
DA B 22 [BR_E DAIERETK e fery S B EL R SR A
Bk -

N I AR SR BRI PIRG B IR L B
Z5&5(mapping) il (% > BUS Bt EHFL AL - 24

(fafEEEHE) IR ERE Rz - [HEYE0
el - R RIEROE ([EEMER) W&
HERE - HSRYIHIITRERAK - A2 KEERE
B F AT FATEEERAE 22~29 mm 2 g8 s ry i -
EPKBEFERYAT R - (BRI e R 2R
TAEBLKFEFERIIRA - B AFECA
# B Kassander and Sims ( 1957 ) FI|FH ®RA4H 1% FH Y

Bl F e

B R 121

Ze h BEAH R A AEEE 1.3 S92 R BR AR REE
HIEEfEe - STREEENUERSE - fHlEERA
TEML T AT U TR TSR 1~40 SLIEIRESEAYir
B HESEREELRE 500 HIRLIR » SRR
T FHRAE BT 7E EHYSORR » 2 1R BRAH TR A
BEZEFN R RE R RAS T AR K E
TEAr (Fujita 1981; Kingsmill and Wakimoto 1991;
Wakimoto and Liu 1998; Wakimoto et al. 2000;
Wakimoto et al. 2003 ) » A HINEAHTANET 7T 2%
Holle (1986) HYSZRR - {i FIMRAH M A Z B AR
98 R SERESTHI K P4R ~ A Z SRR RREE R
FRAN (82 IR/ KR/ANFs 35 mm) - BIARHY
B2 R AR fal—REH IR AP AR AT RAR $ A
REEFLEZIA - HRR EAEA R
HETTA AT - RUSRR AR BRI R 5L
FHEREG o BIITAERERGAE - ERE
FIR - BRI EEEE IR R - RRG 2 R
& RURR YIRS 2 R/NRBERES FRRE > Z
HIEYSCRRIE R LT AT e fe AT e o - RE a2
BRI ERF IR R I - RS 2R
BEREEFEZ G A (H14 Kingsmill and
Wakimoto 1991 &) -

AW FE 2 KREVE 3 A5 Ry 8 H 16 Hith 5y
18 B/ (LA Z o3 i el o A T AR iy ]
UTC)  {EE T E R r %0 LR fIE R ILTT
[ XE R A B 2l — ZF /K BE 76 HR P B B DR AR R
Fio FERERYTARR B AL R ERAE 121 & 48 53 30.95
Fh~JE4% 24 & 26 43 37.01 #b-1EE T EHARES
K REFEIERERRIELLY 15 NHEAA HEK
EHTAR - R R ECR KRR U
B2 UK - SRR 30 38 - 1A 7KHEFERYIR
F 3t 30 58 S E R A 10:04:20 UTC Z 10:22:17
UTC > P94 36 —5R (R—) - WA ZfHEH
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K 2010-08-16 /KFEFE IR A Bff] ~ (1A ~ J5firAs ~ BEAER B

=+ % =3k

WAGS  BRIUTC) (e A ERkm)  EEm)
6517 10:04:20 2.05 77.14 13.09 44.2
6518 10:04:29 2.04 76.97 13.09 41.6
6519 10:05:15 2.02 75.92 13.28 52.7
6523 10:06:42 2.07 74.09 13.66 59.2
6524 10:08:09 2.00 72.74 13.56 53.6
6527 10:10:04 1.99 70.48 13.91 24.0
6528 10:10:47 2.03 69.90 13.67 23.2
6530 10:11:02 2.02 69.59 13.80 234
6532 10:12:21 1.97 68.25 14.02 18.7
6533 10:12:29 1.97 68.12 14.02 18.7
6535 10:12:55 1.95 67.67 14.04 21.4
6536 10:13:04 1.91 67.52 14.06 18.7
6537 10:13:50 1.86 65.90 15.21 18.8
6538 10:14:12 1.83 65.55 15.41 17.6
6539 10:14:29 1.84 65.28 15.60 19.2
6541 10:15:01 1.83 64.96 15.30 22.6
6543 10:15:32 1.80 64.47 15.47 28.0
6544 10:15:52 1.78 64.14 15.61 25.6
6546 10:16:17 1.78 63.78 15.88 26.1
6548 10:16:39 1.75 63.49 16.09 26.4
6549 10:16:59 1.76 63.21 16.22 37.3
6550 10:17:33 1.74 62.79 16.62 38.3
6551 10:17:54 1.80 62.63 17.14 37.1
6552 10:18:03 1.78 62.50 17.10 37.0
6553 10:18:41 1.75 62.10 17.76 37.5
6555 10:19:30 1.70 61.52 17.98 49.9
6557 10:19:52 1.67 61.41 18.11 41.3
6558 10:20:02 1.67 61.24 18.15 47.4
6559 10:20:49 1.63 60.73 18.57 36.6
6562 10:22:17 1.58 59.63 18.46 22.8
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F Canon EOS 500D EALFHEFERD 17~50 mm  J;
12 mm $505 » {FFH 2 FEFE (Focal Length) ~ &
AR R R Z AT s b
( Exchangeable image file format » Exif) » JLAH#%
% H Complementary Metal-Oxide-Semiconductor
(CMOS ) 22.2x14.8 mm [E3¢Toi: » B> 2
(HETR IR AT ) Ky 4752x3168 » FEFEFRIE
1.6 fELIHAT Ry 35 mm A R WE - Exif SCEREYEF
M4 BRIEME 2 SRS ERIIFRIES - AR EE
Z I B R T N R AL (B 3a) » &
G R T (EAMER 2 (A &5 fir s (R =) B
HEERBURMAAYEZELE 0.1 FERIA - M7z
FALTA 0.1 ERIRSEMEAE - BT 2 4 RIS
FEAEE/NBORE— {7 - B EERET - BT A
HEESOSZMUE  dEeRNEH T AR
493 [ - B R EATERRA TR 2 2FE -

By B TR S R RO - BB DR F
EBE R B EEAOERIR STHALE - HitEA
BHUKBEBIINER 2 (1B - I ERSEReRR
R ICRE R TELRA EROSEgELE - K
LRIV EA SN CE XA i
UBEEZ EE LBy ARS8 2%
B RER R _FOKEERSALE > (A KA AL A BRI ET K
5 > HH/KEESEE (funnel cloud tube ) WYHIFYTT
fir fE 7 B R AR R m R AS7K e e < B (A1
3b) o HGEREZ FAETEEEE R (Pixels)
SCERFEARE - DULER R BBl - ZKSEER Ry 4752
ERERE Ky 78.83 mm - AIKAGAE R KR A
&k 59.12 J& - BIEEAr R AR 5.3727x10°
& > B DUKEEREFTTERIALESY 15 km & - LA
FHET 1.4 m- i /KHEFS R FIG 2R IE AR SR
FERTAE 3 {EHGZE LA BRI BE 2 SR 72(E 4 m DAY »
R R W G20 B AVEEEETE - AIERER
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B - KEEHE Z EAC/R ] S AL -

= EESH
L izBR R

PRETAE 2~ &iEREs -8 H 16 H 1200 UTC
HE R RE ([E 4a) BUR—FRORH RN &L
CIRT - WEB R E R P8 - QBN EIE
WA - 2t S BRNE R B E RN
Bt DAG S5 < Fe JEURs =+ 1T 850 hPa Jz 500 hPa
ZRAmE ([ 4b K 4c) BURGEANRIEES
HIBATTHEE 2 Y > REEEIREIR 40 2 R0
ZEHNH] B Z FEER RS A R &G %R - 1200
UTC fEERERZE BRI (8 5) - Sl&fE@ (M
~1000 hPa) WXEGEGPEE, > 1000 hPa~925 hPa £y15
ERETE - DRSS R A E - RER ZMHEN
SRRy ~343.5 K > 850hPa D78 5@ikR7 » {HAHE (I
BN ([ S REHNET - BEFRoRZEH
SRR - B EiE RERARE - K
TR EDRRE S I - TR
TR ) 925 hPa-800 hPa [ A5 R FTE » BRI
B BB Z 2T - IR s T R LRV & T
sesE =% (Lifting Condensation Level, LCL) 5
£ 924.32 hPa (=800 m) - [HS N Al B ER
_‘,%" o
2. EER

PR RREHEREHARRER S & E

( Multi-functional Transport Satellite - MTSAT2 )
&kl #7222 T BE( Satellite sub-point )i 7> 0°N,
145°E > &9/ NI —KBUIIEDRL - w1 ROesEE
ZZE[EfRIESY 1 A BERE KRB HFE
HF (AIAMRFFE A HE IR E » SUREA ) -
6 58 H 16 H 0832 UTC ~ 1001 UTC &3/ \iF
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3a SERENERRR SR Z(MA KT AteEEs - A BRirERSas -

3b BANEAZRER - ALERS R/ i - OGRS 2 RZME R - ABUER
SA& > gEERKEERZBORE - 8EREE~KEEZE K -
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R KGENE(MNA - T ABsREA S REAE R

M & EE A B C D E F G
ERagE(TA 1.5  -0.1 -0.1 0.0 0.2 1.3 0.8
LR GE 2 = oy A AQ 7 AQ N AT D AL T AN & A2 A AL 1
WL 3% /J AL 3 47.0 40.4 4/.4 40./ 44,0 40.4 4.1
IR ETE A 1.56 -0.04 -0.05 0.06 020 129 0.90
WHEEEEJTAIA  49.3 4833 4732 4684 4460 4331 45.00
2 0] HEEE - KRGS AR ARSI RAE - (Rt /K BEHE & A= RS o A ZE S 4= BL i B R
E[EERE o F I R BRI e ET IE Fema i BT E Y B R - KEER IR I

(PREZEG 1994) > Z & A B RSHRAS R R0 E
FESRSELAMHEERASE - B 6 & ASTHEL KR
ZEREME (HEERE) - B RES SR Z
B ERTE Z B E 4 2 LR -m FE S T [ 7]
JLte®) - R EEBURIL IR BT

SR - HE (2006) WHFEERERKIERERZ
WA~ SR KR EE BRI B E

& R EBEIFR N 2 KRRt A2 £:4t( Golden
1974a, 1977 ) > FERLEREE A AR 2L KRESE » 1RA A
RELHTR (R~ EOKEE (40 + 25 2006) -

3. BEERKERRE DT

TKFEFE BRI AR - BRSO R ALK
FEFEHIEE (BRI ) WA R EHESRZE (Golden
1974a, b; Wakimoto and Lew 1993 ) ZETH S/ 3~4
NEAEAZRERFRENIEA KRR - H/KEERE
HNEREBARZH AR HFEEEEAR
F o LHATT AR BIEEL S Bk (BRI
Te~10 A7) RREE KL 500 2
R B RS B PR KREYE - INLEE A E
EERRRBIIER R LS EFE - FEEHHE
FREMNT/KEESE - (B 7] F DABREIRASE 2 28 e DA

BEEEEEEE LY 65 N H - DIE B RE R 1
FERCEERE P REQY Ry 1.1 N EE -

MBI R R (R—) & ANEHEIRR AHT
RIS AR 1004 ~ 1012 K 1019 UTC %
=BT AGHRAR - 18 7 ~ 18 8 KelE O J5ih =R
B 0.5~ 1.4 ~ 2.4 J 3.4 57 [AIR7 Ko A% i 238
J& - AR 1) 2R AR S SRS B R AR A 2 77
& o S ERFR ([ 7a~d) BUREGREDR AL
424 F 3.4 5 REERES (@ 7e~h) BURE
&g ([E 7e) AHABZ RS SRS - 55 (@5

([E 8a~d) FIBEDRATINA 1.4 f 2.4 & - (K)Z

(&l 8e) Zig&H & H g 2 fEEk (& 8h) &2
B - 58 = (s ([ 9a~d) fg@[E] Alfir
A1 0.5 R 1.4 & - (HEg & S RauH HERT—(E
BRI IRGT 2 BES - bR = (R 2 [ER 5 3%
R A SRR IELR B St R AT g - B R s [E ]
TR - IS =R - AR SRRV EDE T
R RKE - HESGTEREEZESS R EE
RS TS ~ BERE - FIRGIHYEISY -

FIFA4RYE 6519 ~ 6532 K 6553 (F—) H=
(E BT 2 T B A T B IR R 2 A

it
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RCTP “BMF
oUTC Aug ™ 2019
ANALYSI

2010-08-16 1200 UTC surface
o ——

\\
g,
\

To ‘3 thii)
77 }J s
& - |
au/,' 30 4 O . - A
ASAS RCT e ¥ s -
161200UTC, A 2010 w e l@
SURFACE ANALYS| ,J[ A () Gk , A

4a 201048 H 16 H 1200 UTC #hEI A RIE - ME4R RS (RS 4 hPa) » BUESAR K ARSY BIRRE
WSsms!F25mste

2010-08-16

T g

4b 201048 H 16 H 1200 UTC 850 hPa K3aEl - M B4R s ([EEER 30 gpm) » IR B Seofer (]
R 3°C) » EMEAAR RCEAR Y HIFORE#E S ms R 2.5 ms™ -
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4c  [E][E] 4b 0 {HEs 500 hPa °

2010-08-16 1200 UTC 46699 Sounding

600 [ ) 500
3169 |700 700
p
4
2044 |800 800
1524 |850 850
3
3
792 |925
104 {1000 . 1000
e S o $ & 8

5 201048 H 16 H 1200 UTC fE#EZE[E - fHRER EEELR - HEEGRBREEES a2 HBFEE
MHEMWR (BRETFRRZEHEMRES LR - IR TR IRZEEE N RES S - EUESIE R PR
Syl REE S ms! K 2.5ms™
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(a)2010-08-16 0832 UTC VIS

KA

6 201048 H 16 H(a)0832 ~ (b)0901 - (c)0932 J¢(d)1001 UTC w] Ryefr 2 EE - A (iR~ E S /KIEE Z

BE - HOESIERZAERTEZY

/}ﬁm‘ffﬁ'

& (DRI

fAET

/ﬂtﬁffﬁ'
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(2)2010-08-16 1006:01 UTC 0.5 deg DZ (b)2010-08-16 1006:30 UTC 1.4 deg DZ
T

70

70

65t

60}

551

50}

L L L L 45 L L L L
15 20 25 30 35 40 15 20 25 30 35 40
CT T T | T e 1]
-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
7 201048 A 16 H 1004 UTC fEiF 2 I AHRHATA()0.5 & ~ (b) 1.4 [ ~ (c) 2.4 [ Fe(d) 3.4 JE[EIRE (HAL -

dBZ)- [ e~f [FfE a~d {H RS A 2RI - FEAREh AL /N B [RGB R FEA R it » JNARFEEE R 10 A F -
g BINIEAIE > AB BEDEHIEIILE
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0 (e)2010-08-16 1006:01 UTC 0.5 deg VE

.
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20,(8)2010-08-16 1013:31 UTC 0.5 deg DZ 70, (2)2010-08-16 1014:00 UTC 1.4 deg DZ

65r 1 65t

60} { 60}
55| { 55}

50t 1 50t

15 20 25 30 35 205 20 25 30 35 40

-10-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

8 [FlE 7> {27 1012 UTC - [ e BEFTHFERE AL AREALE -



0 (e)2010-08-16 1013:31 UTC 0.5 deg VE
— - - -
i

25

[ N N Y |
87 6-5-4-3-2-1012342567 8 9

8 (40
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(a)2010-08-16 1020:59 UTC 0.5 deg DZ (b)2010-08-16 1021:28 UTC 1.4 deg DZ

f

70

70

651 1 65}

60} { eo}
55} 1 85p,

501 1 50}

n L L L 45 1 " n L
15 20 25 30 35 40 15 20 25 30 35 40

-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

9 [GE 7> {HA 1019 UTC -
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70

()2010-08-16 1020:59 UTC 0.5 deg VE 20 (f)2010-08-16 1021:28 UTC 1.4 deg VE
1

45

I5 20 25 30 35 20 5 20 25 30 35 40
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Analyses of YiLLan NanAo waterspout

Ching-Hwang Liu' Pei-Min Tsai’

' Department of Atmospheric Sciences, Chinese Culture University

>YiLan County, NanAo Elementary School

(manuscript received 12 January 2011 ; in final form 30 March 2011)

ABSTRACT

A waterspout observed on 16 August 2010 near YiLan NanAo is presented. A sequence of waterspout
pictures combining with the Hua-Lain radar data were used to study the waterspout development and its
parent cloud. The photogrammetry technique was applied to compute the elevation and azimuthal angles of
the waterspout. Using the radar echo, the distance from the photo site to the parent cloud was computed.
Accordingly, the size and height of the waterspout were obtained. Result has shown close relationship
between the waterspout development and the growth of its parent cloud. The funnel cloud was formed during
the cumulus developing stage and then intensified as a fully developed waterspout while the parent cloud
reached it mature stage. Subsequently the waterspout dissipated while the parent cloud was dissipating. The
track of the waterspout followed it parent cloud at the beginning stage. However, the track deviated to the
right of the patent cloud at the later stage. A hypothesis of this deviation was due to the downdraft occupying
larger the sub-cloud area of the cumulus cloud pushing the updraft core to the periphery area that resulted in
the waterspout deviated its track. This is the first detail waterspout study in Taiwan area using very limited
available data. The results will advance our understanding of the relationship between a developing

waterspout and its parent cloud which may benefit to the weather forecast.

Key Words: waterspout, tornado, funnel cloud, photogrammetry, cumulus convection, downdraft
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