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Analysis of the Characteristics and Forecast Difficulties of
Typhoons in Western North Pacific in 2016
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Abstract: The characteristics of typhoons in western North Pacific in 2016 are analyzed by using the best-
track data, the CMA operational forecast data and ECMWF NWP and EPS products. The results show
that no typhoon formed in the first half year but many were seen in the midsummer and autumn. This phe-
nomenon was related to the conversion from El Nifio to L.a Nifia of the eastern equatorial Pacific SST. In
some cases, the TC track forecast errors for long lead-time are extremely large, which attributes to the
large spread of EPS. To improve the TC track forecasting skill, the regularity of systematic bias of numer-

1

ical models could be found. The TC intensity forecast error for 24 h is larger than 5 m « s', which is un-

'. Almost no im-

usual for the past decade. For individual cases, the extreme errors are 20— 26 m * s
provement in the TC intensity forecast skill over the recent decades. The main reason is the lack of reliable
objective intensity forecasting technique. The qualitative analysis of the intensity change is not enough in
the operation. So, it is urgent to establish a quantitative and fine forecast method on TC intensity to im-
prove the TC forecast skill.
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x EZKAREFES T EW A (41575063 Fil 41675044) T[] %% Bl
2017 462 1 8 HUkHss 2017 4E 8 1 5 HIIE EFd
F—AEE AL EEF A KBS AT Email: gaosz(@cma. gov. cn



AR AL A 2016 AR P I8 K9 & U S A A 9940 AfE 5 20 A7 285

5l

hfll

B W By BRI AR v T b A A R T R Ok Y
— iR Z A AU I 8 € 2R T LI A R R X L 2 A
IR 00 45 5 2 R AR 45 T 2 il ) 1D N il i 35 ™
TN GO TR A I 7 4 2K 2 B b d i L
M RARK T Z— (BRI AT —3, 1979 BRI 75 45
2012) . RERBELAH 80 N A K G WAL KT
EJDJSE 3 AR R 78 9 A DX A i G P A R T
B T A 2 B WA B 22 1 DI, AR (1949 —
2015 4, FIAD 2y 27 A A di 2k 6 REEUW =02
— o TR Ml AR BRI R Bl AR B R PP L T A X
A IR B R 22 85w A v A PG b T T B B (4 3R AL
H3 B W R E R E R Z— . G K3
AR ARG KA U PR Z A%

WRIBE 75 A0 T — 0 (1979 MR KA BIE 32 11 7
AU RV 6 R — R I A% o R S B AR 2 T L 4
th B G & Bl R AR 2 48 /A BAE F A2 0 A2 1
Z AR MY 29, BRS04
T RN G5 A8 A2 A o IR B 2 i B Y 28 1) B B R T AR
FAE XS G RIS S A AR B, (H,
— NNy IREE ST AR R W B Kz g ) A
¥, Chan and Gray(1982) 1 Dong and Neumann
(1986)1f 18 1 A [a) ¥ 5§ A [a] i 32 0 5 J35 742 Ak AN [+
T 10 % 1 LA B AS [6] )2 YO0 6 RS 2l 1Y 52 Wil i % B
B S BE FEAR 5 0 Ui )2 TP R 5 1 AU B i 22 D
RIS ZE B E R 51 S IR & XEs sh 51 2 HOR
I AR R A & AR B 3G O e AR iy 2
UM F 2 T B XS B % AR 5 0 i 2 e 2 LIS 2
5 15 0 A D 22 R G 4, 200 1)

[ & 4> BRB0(E T 4% (numerical weather predic-
tion, NWP) # . F14E & Fi ik R 4 (ensemble predic-
tion system, EPS) ) & J& 1 ¥ it RE 1 10 4% &5 . 45 5
A EPS 7 B & XU 42 17 1E J7 i (typhoon
track ensemble correction, TYTEC) (Qi et al,
2014 ;8% A7 0% %, 2014; Dong and Zhang, 2016) {4
TEARFIR T o RS G 1 R A PR 22 B
/N AR TUAROKE & T HA IR IT MR EKS 6
WUE S G . RS L 2 = AR B XU AR T
KA B R E R R R BUAROK O — ERCR W
WA .24 h R EWARIR2E A FAE4~5 m e s
() AR A /P B Jg 45, 2016)

2016 4FJ& . RR B G KU AR TR K P 2R
NG, 24 ~ 120 h 4R 08 22 B2 2015 44 Pr 1
K id 25 5 FF R 1R 28 FL L, 2016 4F 24~48 h
P 1R 22 s i /N fEUE 72~120 h B AR R s 5 B A
GITFISE EIR S 5 WUE AR PO 9 T R B
WAL 3. R 25 e R BL G 32 2 3R B 1K I 25
TR TR L B XU 49 o S0 ] £ 56 B2 T4 A Sl 15 K
f14 2% W i X AR

ASCHI 19492016 4F b [E AR & M
BEARGORE 2016 4R SR G G XU AR 5 BE S I T3
R ECMWE 52 i % {6 99141 11 46 & W4l &8 48 7
fi s 3T T 2016 AR P JE KT B KU Bl 32 R
fIE R 2016 4F & XU A2 RT3 E TR A9 B AE 250 A
AT REAFE Y IR LUH S 2R ok 5 Xl 55 T 4 42 43—
E B AISIP

1 2016 4R PYAL K- 5 K3h sh 4 ik

1.1 BREDHES

L1 AmEim )y, B2

2016 AFRE PR R 26 B RER. 5
HAE(1949—2015 4FFEHDO B 27. 0 N R D 1
A CERFEFE) (B 1) g g 8 A6 Xk )E E R E
WY B il B BB R AR (7.0 MW Z 1A (B 1b)
B 3N 30,806, B TR AR 25. 9%,
1.1.2 EFFRER, BANE R ERKE

HAER 1—6 A AEVE L K3 — A & WA
BB Ry AT A R AN 10 A4S L B, 0 1965
16 HA 10 NG RA K, 1971 4 16 HA 11
A RUAE B 3 AF 19 A BRI Ol S 3 E I 2 % LA
s 2016 AFREE 1—6 H A —A & KA A 2),
XA IEAEVTACR P RS A W, P s B AT 1973
1998 4EH) 1—6 HIA B XA . FRFERAE
W E A B KA A B A g HER 3 7 L1973 4R 7
H1THAR T S E D6 X Wilda, 1998 48 7 H
9 HAR 74405 G X Nichole, 2016 419 5 4>
& X A% (Nepartak) F 7 A 3 H A, A 1949 4
Dok A AR i A A XK
1.1.3 ARHBEEY . KFWZMR2

AT B RS LT . 2016 48 B 1 BT A
B EREE HRFE T 2 A7 AR i 0T 2 A AR RS R
SRR AR AN 2ZA 1A, 5 1973 A1 1998 441



286 A

% 5 44 %

o (1973 45T 24 24 A& KA L. 1998 45 244X
A 144G RAERD 2016 4FFE R RARAE £ 5 26
A GH L BR 7R 12 5 E ARS8 11 A A
BOECHR LU AR 0 AW 22, 3R B T 43 WY I 1Y Bk 2R A
Z B B TP RRE (] 2)
1.1.4 &R %,.5B8&R Y

2016 4E BRI 26 M E XL HHEAER 27 PMHEA
R s me Al b Hodr 12 388 1 A K0 . =
FHAN 10,6 4>, (5 BB 46, 200, B B M TR
AR 39. 400 (& 3)  Hir, & KB 22 35 f 5 i 38 35 51
75 me s YRR R 1601 5 5 KA %E. 1622
56 WU E FI 1626 5 5 KUK 3H , L0 {E 5 B2 43 ) hy
72.68 f1 62 mes ',
11,5 B ME5%EARE, A& d

2016 AEFEHY 8 A& XU 11 W AE T B 0 1 6 Bl
SEH BB B R 35.2 m o+ s L, B MR T AR Y
31.8mes ', MHE 3.4 m-s ', WMWERHAEEFAN
3 USRS — YRR il If 1) 5 B2, 4 41 8 il 6 [ 5 LA -
PIG B EE N 39.3 m s ' VECHAEN 32.3 m e s !
PR 7.0 mo« st 23 o) e AN [ A 5 8 A5 L T AR
B, J5 3 Il KR G, B i B SR R R
AN = DA A SR SRk (SE SR o (S RN R
Fuefili a7 4 A G R 8T BB A UECR 50% (3
D). 84Nl 5 X4 8 7 A 2 g 8 LA A 1) A B T U
BB I 3 AR AR AR B 3 AN BT AR 2 A
BBl v e ATV 5 A S A LA B K R R R
LA B KBl 2 A AR B Bl 5 U R R —
1.1.6 FKEE ,ERRAR, REKX

2016 4R JE A 9 A& KL e 7 [ 3 1 1 R0
W DX MR L) AR LTV AR VHTIL L B LT
7 NI G N NN w0 3 D N e e I L I 2% 2 N
MZ AR G R, BT 100 mm Rh E A REK
P ) AR AR TV B DL LR )T
T 0 M X 2 B B T 250 mm DL R FEK. 2
“JRAA R R, AR N H LA N R ik 250 ~
427 mm, BB G R AR ET b X B FUN &
A 400~600 mm, f£% 5 7y L 600 mm; 52 “HLBE”
S o T T I VG P RN AL S A5 AR 43 Hb X RN & A 500
~990 mm, Ifi & A& . B VL. B Y )R H ik 1000 ~
1083 mm ;5% “ B8 22 387 50, Wi VL & 5 Hb W 6 3k
508 mm, 5 /5 L . 5 A BE AR 55 JR) HL W A 600 ~
857 mm; 52l 0.7 52 W o W VLR N SO B Ry Ml 8
i 814 mm, HIEH 2 K F 1Lt 1100 mm,

2016 FEEZ A Wz, Wil . 8. &K
FVPEHE (KD M T 12 %L 0 BRI, 3
W B AR AR )R BT
12~14 G AWt X, JRy Hb ml 56 17 9al 17 UL |,
JE VIR 2 R I AT 63,1 mo« s AR R B IR O XL 5
T3 A0 A A2 TRAR R R 7 R e L ) AR R
73 49.8 F152.9 m « s " AYBEI KR, HAE G50
15 F1 16 2. w] WL, 2016 4 B2 22 1 0 B 1 A i R KL
KA X —F w5 85 bl & WU 9 9 4 s e — B0 .

BAZ 2016 AF FEE Bl 6 KURY B 2 B 45 TR [ Al
S IR FL 9 XU W SR A0 IR AR s s 8 T
JR D N LR S G R Y ][ S= 31115 D)
IR 571 B 32 KN H 5 % 43 i 7E 350 T3 LA
b RAARR R FE T SR BN H ik £, R 105
N EZZ TR R KRR 287 5
BRI B 45 R k316, 5 {400, iR JLEL A
MG (R 2),

1.2 #BEREERERBHNXR

2016 4F 1—5 H JF 3 h AR K OF- 7 18 I 5 2 D
s BOR AN 3 LG G M0 i A e 8 5 8 0 /1N S AELATS
SRORFE IERESF- LR e v 4 — E 4k 45 5 LRI R,
VOOV T 45 O 2 4F - 38 (B 4) L R JE T8 R 1 R
VG I BB BE A /N o XA A — M T 2R 38 7Y ROP PR IR
S ER U E T S 55 2 R U B X I 9 55 L AN )
F PR & KA B 3 AT RE A b2 45 7 R OF 7
HRE RS MO EERNZ —, HBEES
0 AT I 2R JE i A M DIl 55 A i, B 1951
EROR B BT 14 WE /R JE i 3 1 G i ] 1
201632 HHEFR LK, 2017), FKATHAE T A
S A R A B O R BLLARIT A 13 A B R e i 4G
HAE 1—6 A B H 135 & KA 8 B /N
ZAEI - U 3 i i 5 R B R JE
RS B4R (1973 ,1983 FI 1998 4F) 5 2016 4F
—FE B AR LT A R A bR 1983 AE A
BRAERTF 6 H 25 H AN, A 2 Wi A 6 KE K
HIAFRAE 7 1973 027 H 1 HRFI 1998 4F )& 7 A
9 H.2016 4EHEIE 7 H 3 H . ABHE T8 4EME 4 H R
AR HI A 28 H) . Frid.2016 4F 546 XA R
) S 5 B T RE 5 2016 48 BF 18 3R T JK JB V5 1Y 45
A K,

J 57~ 20N fif $4 A7 1 I BT S P — i 2 7
KFHEERNE KB XIK, M 2016 4F 6 H Y 500 hPa



el AR AL A 2016 AR P I8 K9 & U S A A 9940 AfE 5 20 A7 287

100 110 120 130 140 150 160 170°E

Bl 1 2016 4R P5 LR 4 A R Ca) 8 Bl 3 15 A XL (b)
Fig. 1 Typhoon tracks of all typhoons (a) and those landing in China (b)
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Fig. 2 Comparision of monthly formation
numbers of typhoons in western North Pacific
in 2016 and the average numbers

in the past 67 years
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Fig. 3 Comparision of the typhoon

intensity in 2016 and the average

intensity in the past 67 years
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Table 1 List of the typhoons landing in China in 2016
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Table 2 List of typhoon-induced disaster situation in China in 2016
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Fig.4 Time-longitude section of monthly mean of equatorial SSTs (a) and

equatorial SST anomalies (b) (unit: C) from January to December 2016
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anomaly (colored shadow) in June (a) and August (b) 2016
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Fig.8 Comprehensive track forecasts of “Nepartak” at 08:00 BT 5 July (a) and “Meari” at 08.:00 BT
3 November (b) 2016 and available EPS and NWP products (thin clored lines; members of EPS,

thick red line; mean track, thick white line; deterministic track, thick green line; TYTEC) ;

(¢) tracks and forecasts of ‘Nepartak’ during 3 to 10 July (red lines: observed tracks,
black digits: location at 08:00 BT; white lines: forecast tracks at 02:00 BT and 08.:00 BT 5 July;

blue lines: forecast tracks at other times on 5 July 2016)
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Fig. 9 ECMWF 500 hPa geopotential height and 200 hPa stream
at (2) 120 h 20:00 BT 4 July, (b) 000 h 20:00 BT 9 July 2016

(shaded: wind speed =25 m « s~ ', interval; 5 m + s~ ! in 200 hPa)
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