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Fig 1. The best track of typhoon MALAKAS.
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Table 1. Warnings issued by CWB for typhoon MALAKAS.
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Table 2. The best-track positions, intensity and movement of typhoon MALAKAS.

B | o | s | TR BHVE | BERE ] RO SR AT
(UTC) SR S (hPa) degree | Km/hr |##gE m/s|fEE m/s| 30kts km | 50kts km
091200 12.5 143.0 1004 15 23 - -
091212 13.5 140.5 1002 292 24 15 23 - -
091218 13.5 1394 998 270 20 18 25 120 -
091300 14.1 137.8 998 274 27 18 25 120 -
091306 14.6 136.8 988 301 25 23 30 120 -
091312 14.6 135.8 985 270 18 25 33 120 -
091318 15.0 134.7 982 297 20 28 35 120 -
091400 15.6 132.9 978 291 31 30 38 120 40
091406 15.8 132.1 965 275 19 35 45 120 40
091412 16.3 131.1 965 298 20 35 45 120 40
091418 16.7 130.0 965 291 21 35 45 120 40
091500 17.0 128.8 965 285 22 35 45 120 40
091506 17.6 127.8 965 302 21 35 45 120 40
091512 18.4 126.7 950 307 24 40 50 120 50
091515 18.7 126.2 950 302 20 40 50 120 50
091518 19.3 125.6 950 317 30 40 50 150 50
091521 19.8 125.1 950 317 25 40 50 150 50
091600 20.1 124.8 950 317 15 40 50 150 50
091603 20.6 124.3 950 317 25 40 50 150 50
091606 21.1 124.0 945 331 21 43 53 150 50
091609 21.5 123.7 945 325 18 43 53 150 50
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091612 22.0 123.4 945 331 21 43 53 150 50
091615 22.5 123.1 940 331 21 45 55 180 60
091618 22.9 123.1 940 360 14 45 55 180 60
091621 23.5 123.1 940 360 22 45 55 180 60
091700 24.1 123.0 940 351 22 45 55 180 60
091703 24.7 122.9 940 351 22 45 55 180 60
091706 25.2 122.7 940 340 19 45 55 180 60
091709 25.7 122.7 940 360 18 45 55 180 60
091712 25.9 122.7 940 42 5 45 55 180 60
091715 26.0 122.8 950 360 7 40 50 150 60
091718 26.1 122.9 950 42 5 40 50 150 60
091721 26.4 123.2 950 42 15 40 50 150 50
091800 26.8 123.5 950 34 17 40 50 150 50
091806 27.4 124.2 950 32 15 40 50 150 50
091812 28.0 125.1 950 60 19 40 50 150 50
091818 28.7 126.1 945 51 21 43 53 150 50
091900 29.3 127.1 945 55 19 43 53 150 50
091906 30.2 128.3 945 49 25 43 53 150 50
091912 30.7 129.7 945 67 24 43 53 150 50
091918 31.7 131.4 960 55 32 38 48 150 50
092000 32.9 133.6 965 57 41 35 45 150 50
092006 343 136.0 980 55 45 28 35 150

092012 34.7 138.1 1002 57 33 15 23

R 3. PREZFREKHEETOHEE 16 5EHE-RREZ L EME -

Table 3. Eye-fixes for Typhoon MALAKAS by the Satellite Center of CWB.

IRFfEI(UTC) TLrE SR AtET TEfL
HH ke | BE | EE T Cl | g%
911 2350 12.7 | 143.1 1.5 1.5 poor
912 0550 13.0 141.8 2.0 2.0 poor
912 1150 13.5 140.6 2.0 2.0 poor
912 1750 13.5 | 140.0 2.0 2.0 poor
912 2050 13.8 | 138.6 2.5 2.5 poor
912 2350 139 | 138.0 3.0 3.0 poor
913 0250 144 | 1374 3.0 3.0 poor
913 0550 14.7 | 136.8 3.5 3.5 poor
913 0850 14.6 | 136.5 3.5 3.5 poor
913 1150 14.6 | 136.1 3.5 3.5 poor
913 1450 147 | 1354 3.5 3.5 poor
913 1750 15.1 134.9 3.5 3.5 poor
913 2050 154 | 1342 3.5 3.5 poor
913 2350 154 | 1332 4.0 4.0 fair
914 0250 154 | 132.7 4.0 4.0 fair




914 0550 155 | 132.1 4.0 4.0 fair
914 0850 16.0 | 131.9 4.0 4.0 fair
914 1150 16.4 131.0 4.5 4.5 poor
914 1450 16.4 130.4 4.5 4.5 poor
914 1750 16.7 | 129.9 4.5 4.5 poor
914 1850 16.7 | 129.6 4.5 4.5 poor
914 2050 16.8 | 129.1 4.5 4.5 poor
914 2350 16.8 | 128.8 4.5 4.5 poor
915 0250 17.1 128.4 4.5 4.5 poor
915 0550 17.6 | 127.8 4.5 4.5 poor
915 0850 18.0 127.3 4.5 4.5 poor
915 1150 18.4 | 126.7 5.0 5.0 fair
915 1450 18.7 | 126.2 5.0 5.0 fair
915 1550 18.8 | 126.1 5.0 5.0 fair
915 1650 19.1 125.9 5.0 5.0 fair
915 1750 19.2 | 125.6 5.0 5.0 fair
915 1850 193 | 1254 5.0 5.0 fair
915 1950 19.5 | 1253 5.5 5.5 fair
915 2050 19.6 | 1253 5.5 5.5 fair
915 2150 19.8 | 125.0 5.5 5.5 fair
915 2250 | 20.0 | 1249 5.5 5.5 fair
915 2350 | 20.2 | 1247 5.5 5.5 fair
916 0050 | 20.3 124.6 5.5 5.5 fair
916 0150 | 20.4 | 1244 5.5 5.5 fair
916 0250 | 20.5 | 1243 5.5 5.5 fair
916 0350 | 20.7 | 124.2 5.5 5.5 good
916 0450 | 209 | 124.1 5.5 5.5 good
916 0550 | 21.0 | 124.0 5.5 5.5 good
916 0650 | 21.2 | 1239 5.5 5.5 good
916 0750 | 21.4 | 123.8 5.5 5.5 good
916 0850 | 21.5 | 1237 5.5 5.5 good
916 0950 | 21.7 | 123.6 5.5 5.5 good
916 1050 | 219 | 1235 5.5 5.5 good
916 1150 | 22.0 | 1234 6.0 6.0 good
916 1250 | 22.2 | 1233 6.0 6.0 good
916 1350 | 224 | 1232 6.0 6.0 good
916 1450 | 225 | 123.1 6.0 6.0 good




916 1550 | 22.6 | 123.0 6.0 6.0 good
916 1650 | 227 | 123.0 6.5 6.5 good
916 1750 | 23.0 | 123.1 6.5 6.5 good
916 1850 | 23.1 123.1 6.5 6.5 good
916 1950 | 233 123.1 6.0 6.5 good
916 2050 | 235 123.1 6.0 6.5 good
916 2150 | 23.7 | 123.1 5.5 6.0 good
916 2250 | 239 | 123.0 5.5 6.0 good
916 2350 | 24.1 123.0 5.5 6.0 fair
917 0050 | 243 123.0 5.0 6.0 fair
917 0150 | 245 122.9 4.5 5.5 fair
917 0250 | 24.7 | 1229 4.5 5.5 fair
917 0350 | 24.8 122.9 4.5 5.5 fair
917 0450 | 25.0 | 122.8 4.5 5.5 fair
917 0550 | 253 122.7 4.5 5.5 fair
917 0650 | 253 122.7 4.5 5.5 fair
917 0750 | 25.5 122.7 4.5 5.5 fair
917 0850 | 25.6 | 1228 4.5 5.0 fair
917 0950 | 25.6 | 122.8 4.5 5.0 fair
917 1050 | 25.7 | 122.8 4.5 5.0 fair
917 1150 | 25.8 122.8 4.0 5.0 fair
917 1250 | 25.8 122.8 4.0 5.0 fair
917 1350 | 259 122.7 4.0 5.0 fair
917 1450 | 26.1 122.6 4.0 5.0 fair
917 1550 | 26.1 122.6 4.0 4.5 fair
917 1650 | 26.1 122.6 4.0 4.5 fair
917 1750 | 26.1 122.8 4.0 4.5 fair
917 1850 | 262 | 1229 4.0 4.5 fair
917 1950 | 26.3 123.1 4.0 4.5 fair
917 2050 | 264 | 1232 4.0 4.5 fair
917 2150 | 26.6 | 1234 3.5 4.0 fair
917 2250 | 26.7 | 1234 3.5 4.0 fair
917 2350 | 26.8 123.5 3.5 4.0 fair
918 0250 | 27.1 123.7 3.5 4.0 fair
918 0550 | 27.4 | 124.1 3.5 4.0 fair
918 0850 | 27.7 | 124.6 3.5 4.0 fair
918 1150 28.0 | 125.1 4.0 4.5 good
918 1450 | 283 125.6 5.0 5.5 good
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918 1750 | 28.7 | 126.1 5.5 6.0 good
918 2050 | 29.0 | 126.7 5.5 6.0 good
918 2350 | 293 127.2 5.0 5.5 good
919 0250 | 29.7 | 127.7 5.0 5.5 good
919 0550 | 30.1 128.3 5.0 5.5 good
919 0850 | 30.5 | 129.1 4.5 5.0 good
919 1150 | 30.6 | 129.6 4.0 4.5 good
919 1450 | 31.0 | 1304 4.0 4.5 fair
919 1750 | 31.7 | 131.3 3.5 4.0 fair
919 2050 | 32.0 | 1322 3.5 4.0 poor
919 2350 | 32.8 | 1334 3.0 35 poor
920 0250 | 332 | 1343 3.0 3.5 poor
920 0550 | 343 1359 3.0 35 poor
920 0850 | 352 | 137.5 3.0 35 poor
920 1150 | 34.7 | 138.1 2.0 3.0 poor
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Fig 3. The variation of the minimum pressure and maximum wind speed of typhoon MALAKAS.
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Table 4. The meteorological elements summary of CWB stations during typhoon MALAKAS passage.
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(@) (b)

2016/9/18-2016/9/18 Precp(0BS) 2016/9/16-2016/9/18 Precp(0BS)

(c) (d)

6. FHEhREgEZEHAM 16 H 2 18 I H HRE Rif(a)~(c) » KAERE RiEd) -
Fig 6. Daily rainfalls map of Taiwan at (a)16 (b)17 (c)18 Sep 2016, and accumulated rainfalls

map (d) of Taiwan during typhoon MALAKAS passage.
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5. FE-REeJE == B & A Gk H PR & 48R = -
Table 5. The daily and accumulated rainfalls of CWB stations during typhoon MALAKAS passage.

ZHWEEK) S
ings 6 = I’ AR E
SR 9.5 102.5 11.0 123.0
g 0.4 62.0 12.1 74.5
B 18.7 18.2 0.1 37.0
A 1.3 65.5 0.0 66.8
g 1.0 230.5 62.5 294.0
(L 2.5 232.0 102.8 337.3
%K 1.5 60.0 55 67.0
=it 0.5 64.5 29.0 94.0
¥R 0.0 27.4 0.1 27.5
b 0.0 56.5 6.0 62.5
= 0.0 10.5 1.5 12.0
FEE 0.0 8.0 6.0 14.0
H HE 5.0 41.5 8.5 55.0
PRl E L 0.3 208.0 12.5 220.8
ELl 0.5 145.5 3.4 149.4
FiTe 0.0 10.0 25 12.5
=i 0.0 T 0.0 0.0
% X X X X
A 0.0 0.0 T 0.0
i 0.0 0.0 0.0 0.0
{tik 0.5 24.0 0.5 25.0
e T 5.4 33.8 39.2
= 0.0 0.5 64.5 65.0
K 0.0 0.0 1.0 1.0
= T 0.0 25 25
[l 1.0 0.2 23 3.5
AL 0.0 0.0 0.0 0.0
B 0.0 0.0 0.0 0.0
Tt T 70.5 17.5 88.0
4:F9 9.0 52.0 0.3 61.3
fogie! 0.0 3.6 0.0 3.6
13 15385 1.7 232 12.0 36.9

— 74—




2 6. FEE-REeEHM B BhnbHYAT 100 Bhf K& B -
Table 6. The auto rainfall stations record before100 during typhoon MALAKAS passage.

| Bk | e T FrEH,
1 310.00 paaiil COAC40 = ]
2 275.50 FRLES: CIM610 =
3 266.50 HiE COMS810 R4
4 265.50 raf-{73 CI1A9NO ¥k
5 247.00 Bt COMS530 e
6 242.50 & COA560 it
7 239.00 Sl C1D400 B4
7 239.00 PRk COA530 Wt
8 237.50 Z#FL COM820 e
9 234.50 iz COK240 Tk
10 233.50 BeE C1M390 EEK
11 220.50 2 COA550 ik
12 217.00 77 SEA C11470 EIfL R4
13 212.50 1% COA570 it
14 207.50 b avAlll| C1M480 R4
15 205.50 HeE C1IM620 R
16 203.50 KIEEER COA650 ¥k
17 197.50 K Cl11121 EETERA
17 197.50 e COD360 ¥l
18 195.50 HIES COMS830 X
18 195.50 KA CIM570 EEl
19 186.00 JEL B, C01090 EETERA
20 185.00 KR COA860 b )
21 179.00 yatid COA640 writi
22 177.50 [FIN COA580 b
23 174.50 LA COA890 ¥t
24 171.00 AN C1D640 WA
25 165.00 KFEIRE C1D420 T4
26 161.50 T C1E670 RESE
26 161.50 1 C1D410 HriTiA
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27 161.00 U Cl11131 EETERA
28 154.50 158 C0C460 MK
29 147.50 AT CI11101 [EaEite A
30 146.00 THAKT COH9A0 FEY R4
31 144.00 ¢ C11450 e
32 141.50 Bl C11440 R4
33 140.50 o C11201 FEHLEA
34 139.50 il C0C640 Mk i
35 133.50 =0 C0A931 b
36 133.00 A C11290 FE %
36 133.00 TEF COD550 WA
37 131.50 =% C01080 e
37 131.50 | COA710 it
38 129.50 [EES C1E480 B
39 128.00 KEF COA9CO =51
39 128.00 Gk =11 COAS870 ik
40 125.50 FEE COE430 SRR
40 125.50 g2 COE860 T EERA
41 124.50 i C11280 FE LA
42 122.50 FEYA CIM600 s
43 121.50 Bt COACAO it
44 120.50 Tl CO1110 EEHE A
45 120.00 K% C1U610 H %
45 120.00 Fioril COAH30 writm
46 114.00 gl COACS0 =2t
47 112.50 GUZIRIE C11510 [EiEie
48 111.50 Al COAG90 wribmi
48 111.50 = C1V170 ST
49 108.50 e CIE721 SRR
49 108.50 LS C11340 EEHE A
50 107.50 INITE C1H971 EEie
51 106.50 A C1U501 B
52 105.50 L COK 560 EhkiL
53 105.00 It C11070 EEHE A
54 104.00 pay COA9BO sl
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55 103.50 M CO0AD30 ik
56 101.50 JERA C1U580 =l
57 101.00 A COA9F0 =1t
58 99.50 == COA9I1 writmi
59 99.00 3 1 COU520 B RS
60 98.50 =l C0A940 it
61 97.50 1k COAHO00 ¥riemi
61 97.50 REILE C11140 ELEA
62 97.00 ik COA520 ik
63 96.50 % C1U670 H %
64 96.00 FER C11050 FE LA
64 96.00 NEE C1A730 Sl
65 95.00 Rl COA880 Hrdtm
66 94.50 ik COT9DO TE3dRA
67 93.00 FeE C0C670 BRIE
68 92.50 e C1U690 B RS
69 92.00 RS C1V160 =T
70 91.50 KHE COA9A0 =5 0)
71 91.00 —K C0G880 EZ S
71 91.00 KRR C11500 EaEie
72 90.00 Uk COA540 it
72 90.00 il CouU710 H R
72 90.00 gl COR100 [ B A
73 89.50 =ik COAC60 writm
74 89.00 J\E CIE701 FHSERA
75 88.50 Pk C0C480 MK
76 88.00 B COADS0 ik
77 87.50 K% C0C630 PR
77 87.50 T4 COADA40 it
77 87.50 +-hk COA9EQ =il
78 86.50 Btk C0G650 (L
78 86.50 g COD480 ¥4
78 86.50 L C1V200 =il
79 86.00 T COE820 R
80 84.50 AR C1F891 2
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@9 * 16 p 12LCT (b)9 * 16 p 17LCT

()9 * 16 p 20LCT ()9 * 17 p 00LCT

()9 * 17 p 08LCT (H9 * 17 p 12LCT
7.2016 429 A 16 F 12LCT Z 17 H 12LCT & a[a)E -

Fig 7. Radar reflectivity image at (a)1612LCT (b)1617LCT (c)1620LCT (d)1700LCT
(e)1708LCT ()1712LCT Sep. 2016.
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No.201616 MALAKAS 46692(Taipei) (mm) (hPa)
501015

T
coy | L 985
15 - 20
a4 | L 975
B | 107 965
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8. BEJLRGEERGAEE 2016 45 9 F 15 H 23 B5% 18 H 8 B(HUTHN RETRFH2
{LlE - P RSB ~ T R0l ~ Td RBEREENE -
Fig 8. Time series of weather elements at Taipei and Taitung station from 1523(LST) to

1808(LST) Sep. 2016.
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Hep RIS ERR

CWB — PR SR 5 B 7 i - RITD — HAZ ETHH -
PGTW — SEHI: el e o O 2 R P BABJ — 057 EERTHA -
JUNE— £ « 0K ~ 2B BN 4 5¢8) /)53 ENSEMBLE -

CwB PGTW RIJTD BABJ JUNE
33 61
CWB 61 0
27 68 29 79
PGTW 68 0 79 0
32 62 26 64 52 72
RITD 67 5 73 9 72 0
32 62 26 64 45 72 46 69
BABJ 69 7 71 7 69 -3 69 0
26 69 27 70 26 73 26 71 27 87
JUNE 82 13 87 17 82 9 82 11 87 0

A B

C D

A TR X B Y TR A EIAY R E

B R X il FFHIRITA L 24 /NFEIERAZ(KM)
CRRY il BT TTEAZ 24 /NIFFIERAZZ(KM)

D FoR X ShZ THETALE Y Bl FHEOT A HVRZE (KM)

9. FB¥FREE S EE TN AR 24 /N THERL B P RR 2 iR -
Table 7. 24-Hour Mean Forecast Position Error(km) of selective techniques for Typhoon MALAKAS
(1616).

— 80—



CwB PGTW RITD BABJ JUNE
25| 152
CwB 152 0
23 159 25 183
PGTW 173 14 183 0
22 157 22 170 22 176
RJTD 176 19 176 6 176 0
24 151 22 170 22 176 38 137
BABJ 135 -16 144 -26 144 -32 137 0
22 157 23 172 22 176 22 144 23 205
JUNE 200 43 205 33 200 24 200 56 205 0

&l 10. F&&-RmeJE 2 FETEM R 2 48 /N THER AL B PO 3E LG -
Table 8. 48-Hour Mean Forecast Position Error(km) of selective techniques for Typhoon MALAKAS
(1616).

CWB PGTW RITD BABJ JUNE
19| 221
CWB 221 0
19 221 21 314
PGTW 278 57 314 0
18 218 18 275 18 279
RITD 279 61 279 4 279 0
18 218 18 275 18 279 30 168
BABJ 162  -56 162 -113 162 -117 168 0
18 218 19 289 18 279 18 162 19 364
JUNE 349 131 364 75 349 70 349 187 364 0

11, - RmeE S EE TR RAEEZ 72 /NS TR (L B PR LRk -
Table 9. 72-Hour Mean Forecast Position Error(km) of selective techniques for Typhoon MALAKAS
(1616).
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Report on Typhoon 1616(MALAKAS) of 2016

Yu-Chin Hsu

Weather Forecast Center, Central Weather Bureau

ABSTRACT

MALAKAS, the 16th typhoon formed over the western North Pacific in 2016, was the third
one that influenced the Taiwan area. MALAKAS originated over the west-northwest of Guam
at 12UTC, 12 Sep 2016. As it moved west-northwestward, it intensified into a typhoon and
continued approaching Taiwan. MALAKAS moved toward Taiwan then moved north on 18UTC,
16 Sep 2016. It moved through Taiwan East Strait then moved northwestward toward Japan.
After that its intensity decayed and downgraded into a tropical depression at 12UTC on
September 20.

The 24hrs ~ 48hrs and 72hrs mean forecast position errors by Central Weather Bureau were
61km ~ 152km and 221km, respectively.

Key words: MALAKAS - moderate typhoon ~ typhoon path verification
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