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Tablel SeismicityStatisticsof TaiwanAreafrom2007t02016

MagYear 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 | Average
7=M 0 0 0 0 0 0 0 0 0 0 0.0
6=M<7 2 0 4 2 0 3 4 1 4 4 2.4
5=M<6 16 19 21 32 15 21 19 22 26 27 21.8
4=M<5| 149 166 184 133 147 150 152 138 208 172 159.9
3=M<4| 1,568 1,513 1,583 1,253 1,347 1,102 1,183 1,068 1,386 1376 1,337.9
2=M<3| 8,065 8,461 9,220 8,814 8,505 7,109 8,458 7,478 9,670 8734 | 8,451.4
1=M<2| 6,446 7,870 9,029 12,496 | 11,333 | 18,769 | 27,590 | 21,309 | 26,095 | 28716 |16,965.3
M<1 175 376 318 543 448 4,219 8,104 6,747 7,448 9885 | 3,826.3
Total 16,421 | 18,405 | 20,359 | 23,273 | 21,795 | 31,373 | 45,510 | 36,763 | 44,837 | 48914 | 30,765
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(Lin et al. 2000) -

Fig.1. Intensity map of the 02/06/2016 Meinong earthquake. The star denotes theepicenter,

while the black triangles represent the locations of seismic network in Taiwan region.

The black lines indicate active faults (Lin et al. 2000).
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Fig. 2. The spatial distribution of seismic events occurred in 2016. The epicenters

aredenoted by circles that scaled by magnitude. Different colors represent

differentdepth ranges.
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Fig. 3.The relation between the seismic number and magnitude in 2016 around theTaiwan

area. The top panel is the plot of cumulated number of seismic eventwith respect to

local magnitude. The red line indicate best fitting with Mc=1.6.The bottom panel

shows the distribution of local magnitude. In this case, the Mcis 1.6. The solid line is

the best regression of data in the gray area (1.6(Mc) ~ 5.0). The calculated samples
are the earthquake within the range of 119° E~123" E, 21° N~26" N, and shallower

than 40 km.
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Fig. 4.Annual cumulated number of seismic events from 1973 to 2016, which

weredetected by the Central Weather Bureau Seismic Network, Taiwan.
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Fig. 7. The top panel shows the seismicity in Meinong area, southern Taiwan. Gray stars
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events occurred between February 5-18, 2016. The bottom figureshows the seismic

cross section along AB profile. The color indicates the origindate of earthquakes

occurred between February 5-18, 2016. Beach ball representsthe focal mechanism
of the 20160206 earthquake solved by the first motions.
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(=) 20160512 HEHE

2 JLEF 2016425 H 12H 11851755 > fEEL R
BB S A 6.1 HYEEE A ROME(
[@9) - EIRFRESINE - WIEHARIE R
U PE 30 B R e AL AT TR AV R B 2 =X R
F o FEBIEE T —FIINEREEE) 0 5
LR R S 2RI [ 0 BRIV EE S
AETAE 15 NEDIRA -

Fo THRETE BN RR > BMBRA T X
E RV R AR B EL R B 4 A7 AT 5 3w (1E9) -
T RENEBIFHH F EETE - RIRE £
b BIEEERNIONE - HE L
PEHh & B3R - mT Ao B &L o > B 5k
RN R EE R L3028 B BB E B H %
A BB R SE R BB SR I L BROS B B EE
AR SRS - AR R R A S A o 2 A st
R (Tsai etal., 1977)  S5— & 73 2B E O E
RSN BB IEE) - H A 4 fI S

B 48 i RE Y i 7R A B (e.g. Sibuet et al,,
1998) - ifii BLHEFRAVEL I 5 15 > 49 Ry Eg b
 PERFIEEL 20160512 M EEHYRL JI 5 [FAH
Lh o MERBRY ARG > 2H RGN - ShEd
Gl R T 2 B LR IR Y A R - A
2201605127 JFHY A ~ 72 A il 14
EAEREE 73 AT > FRAMIHEMA 20160512 HhEEHY
i PR L 4 Y R Y HR R A R - 1T 20160512
HWREERENIT » #EEEEY RS -
BE L &R ETES) 0 FEERE
A6 ER 6y S8 LU S B 2T (8 9) o IE Bk A K
20160512 HIFE & AL i > IS8Rl AE
FEES 7 g L1 55 B 2T Y A S PR RSE B 1R -
T 3872 (1994-2016) Y 75 40 #% of t AT S5 7R
b 3 Y 3 R R AV RE S AR (18] 10) > E
—XEREMEEEHERE 2012 F
H 4-6 HRE -



121.6°E 121.8°E 122.0°E 122.2°E 122.4°E M

25.0°N

24.8°N

24.6°N

100

24 4°N
150

300

Topo.[m]
0

f@— [j -:08

-1000

Depth[km]

Profile width=10[km]+2
30 T T T T

0 10 20 30 40 50
Distance[km]

9. | [ A e s 1t 2 O AT [ O 0 2 5 BB P om 25 SR (1994~20 164 ) - H

it BA S Y 2 55 B B P R 20 1647 HY St = T E) 52 201605 123 75 {17 B B RE TR AR - T

& Ry s COBSRAVILE 7347 > AR 3 > REEPRESRHE - SEE0N
I EE R R20164F FT 48 AR YIRS o JRRMEBK 52016051 23 5= Y ¥ Bl it = 7= TS A -

Fig. 9. The top panel shows the seismicity in the offshore of eastern Taiwan. Gray stars and

circles are events occurred from 1994 to 2016. Other color stars and circlesare

events occurred in 2016. The bottom figure shows the seismic cross sectionalong

CD profile. The color indicates the range of hypocenters in 2016. Beachball

represents the focal mechanism of the 20160512 earthquake solved by thefirst
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2016 Seismic Activity in the Taiwan area

Hsin-Chieh Pu, Chun-Ta Chiu, Mei-Yi Ho Seismological

Center, Central Weather Bureau, Taiwan

ABSTRACT

In 2016, there were 48,914 local and regional earthquakes located beneath theTaiwan area
by the Central Weather Bureau. On basis of these observation, this reportwould investigate not
only the three strong earthquake (ML > 6) sequences, but alsospatial variation of seismic
activity in 2016 in Taiwan. In terms of strong earthquake,the earliest event with ML 6.6 was
occurred in the Meinong, southern Taiwan on February 6, 2016 (named EQ. 20160206). This
earthquake induced not only a serious disaster but also lots of discussions about the rupturing
mechanism. Depending on thespatial characteristic of the aftershocks, the Meinong earthquake
might be composed of multiple asperities. This earthquake was the rupture of the fault, which
located at thelower crustal and might not be associated with the active faults recognized on
surface.The second strong earthquake with ML 6.1 was occurred in the Ilan offshore area on
May 12, 2016 (named EQ. 20160512). According to the activity of aftershocks andfocal
mechanism of main shock, we suggest that this earthquake were the result of theback-arc
spreading. However, the activity of the slip structure generated the EQ. 20160512 is lower than
the surrounding spreading structure beneath the Guishandao.The third strong earthquake with
ML 6.2 was occurred in nearby the Ludao on October6, 2016 (named EQ. 20161006). The the
source location and focal mechanism weresimilar between EQ. 20161006 and the ML 6.3 strong
earthquake on February 14, 2015. For this reason, we suggest that both strong earthquakes
nearby the Ludao weregenerated by the same structure. This structure might be the activity of
the southernportion of the Longitudinal Valley fault. In terms of the spatial characteristics of
seismicactivity in 2016, we calculated and discussed the variation of seismic b-value and
Z-value. Here, we found that the high b-value were solved at the northern part of theCentral
Range, county of Nantou, and Yushan region. The source area of abovementioned strong
earthquakes was the low b-value. High Z values were also found atthe source area of previous
strong events. Conversely, low Z values were concentratedat the Hsinchu-Taichung and
Hualien-Taitung areas. Within these areas, historicalstrong events were recorded and low
seismic activity were detected recently. Therefore,these areas should be paid attention for the

following felt earthquake.

Key words: 20160206 Meinong earthquake, 20160512 Ilan earthquake, 20161006 Ludao

earthquake, b-value, z value
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Fig 1. The 2012Jan-2016Dec correlation map is between observation T2m and model forecast with

lead one month. The TCWB2T2~TCWBIT1 ~NMME and NMMET(top to bottom) were used. The

value is how much percent of grid points over whole domain with 95% significant correlation

coefficient.
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Fig 2. The grid point (159°W, 0.5°N) T2m time series of observation (ERA interim) and TCWB2T2

forecast with lead one month. The period is 2012 Jan to 2016 Dec and black-solid line is

observation and blue dot line is TCWB2T2. The value of map is correlation coefficient between

observation and TCWB2T2.
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The 2012Jan-2016Dec Gerrity Skill Score (GSS) spatial map is between observation
T2m and model forecast with lead one month. The TCWB2T2 - TCWBI1T1 - NMME and
NMMET (top to bottom) were used. The value is how much percent of grid points over

whole domain with GSS value greater than 0.1.
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PCP Gerrity Skill Score (GPCP & TCWB2T2)
(Lead:0-month, ini:2012Jan-2016Dec) (44.4%; L:34.6%,0:48.0%)
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Fig 4. Same as Fig3, but it’s GSS spatial map of precipitation.
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Fig 5. The T2m (top) and precipitation (bottom) scatter plot of percentage with GSS value

greater than 0.1 over whole domain. The X axis is lead month and Y axis is percentage.
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Fig 6. The time series of T2m pattern correlation over AF ~ 10 ~ WP ~ EP ~ AO (top to bottom) regions.
The models are NMME - NMMET - TCWB2T2 - TCWBIT1 -~ CMCl-CanCM3 -
CMC2-CanCM4 ~ COLA-RSMAS-CCSM4 ~ GFDL-CM2p1-aer04 - GFDL-CM2p5-FLORBO1

and NCEP-CFSv2. The X axis is initial month and Y axis is correlation coefficient.
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Fig 7. Same as Fig6, but it’s time series of precipitation pattern correlation.
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Evaluation the Forecast Skill of CWB Climate Forecast
System in the 2012-2016

Ching-Tenglee andJyh-Wen Hwu

Research and Development Center, Central Weather Bureau, Taiwan

Abstract

This paper evaluates the forecast skill of the second version two-tier (TCWB2T?2) and first-generation
one-tier model (TCWBI1T1) in the CWB climate forecast system based on WMO standard procedure. The
anomaly correlation coefficient and the three-category skill score (Gerrity Skill Score; GSS) are used as
analysis metrics to evaluate the predictability of the model. The results show that the anomaly correlation
coefficient of temperature forecast has a maximum value of 0.97 over central equatorial Pacific in both
forecast systems. However, this highest coefficient only indicates that the model can capture temperature
tendency with time, not a forecast skill. Since the three-category probabilistic forecast are provided in the
CWB’ s operational forecast product, here we use the GSS skill score to be a reference index to present
the model forecast skill. The GSS of these two climate models in CWB show the highest skill score in
theequatorial Pacific region, and the skill patterns are consistent with the other climate models in the
NMME, which indicates that the CWB climate models have forecast skill compared to the NMME models.
The use of the multi-model ensemble mean (NMME plus CWB models) can slightly improve the

temperature and precipitation forecast.

Keywords : skill score, climate simulation, global climate forecast system
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Figure 1. (a) The original Doppler velocity field at 1.1-degree elevation of Typhoon Lekima observed
by the Ishigaki Island radar, Japan, at 1405 UTC, August 8, 2019. (b) The dealiased
Doppler velocity field using the VDVD method.
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Figure 2. The 3 kilometers wind field (wind speed) of the data assimilation experiment at 0600
UTC on July 29, 2017. Assimilated with (a) No observation data (NODA), (b) radar
reflectivity field only (MREF + NO), (c) radar reflectivity and Doppler velocity fields
(MREF + VR), and (d) radar reflectivity and dual Doppler retrieved wind fields
(MREF+UV). The 5-hour forecast (for 1100 UTC on July 29, 2017) of the wind field
(wind speed) at 5 kilometers initiated with (¢) no observation data (NODA), and (f)
reflectivity and dual Doppler retrieved wind fields (MREF+UV) were assimilated. The
typhoon symbol indicates the Typhoon center location observed by the CWB at 1100



UTC on July 29, 2017.
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Figure 3. The root mean square error from 0600 UTC to 1100 UTC of the 5-hour wind forecast
from Typhoon Nesat on July 29, 2017. The forecasts include full (FULL) or no (COLD)

update cycle. Two approaches include assimilation of radar reflectivity and Doppler

velocity fields (MREF+VR), and assimilation of radar reflectivity and dual Doppler

wind fields (MREF+UV) 2 schemes.
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Figure 4. (a) Conceptual diagram of the data assimilation strategy. (b) The rainfall observation

(middle), and the 0-6 hour precipitation forecasts with three-dimensional variation
assimilation (left) and Hybrid 3DEnVAR (right) for model initiated at 05 UTC (top),
18UTC on June 2 (middle), and 02 UTC on June 3 (bottom), 2017, respectively. (c)
Verification of quantitative precipitation forecast in 49 cases (one per hour).
Assimilation schemes include three-dimensional variation (3DVAR), both wind and
moisture fields applied Hybrid 3DEnVAR and both BECs equal 85% (HYvrHYzh), wind
field applied Hybrid 3DEnVAR but moisture fields applied 3DVAR (HYvr3Dzh), and
scheme HUvrHYzh which similar to scheme HYvrHYzh excepts 100% was applied for
the BEC of the wind field.
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Figure 5. The (a) threat scores (TS), (b)biases (BS), (¢) probability of detection (POD) scores of the 7

hours accumulated rainfall forecasts of with (wRadar) and without (w/o Radar) radar data

assimilation for Typhoon Fongwong and Typhoon Soudelor. (d) The threat scores of the

7-hour accumulated rainfall forecasts in southwestern Taiwan with (ORG + TPRR) and

without (ORG) TPRR radar data be included in the data assimilation.
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Figure 6. The average track prediction errors of the 15-km grid TWRF2.1 and TWRF2.2
models for 81 cases of seven Northwest Pacific typhoons in 2017. Different data
assimilation schemes of 3DVAR (TWRF22 LBC15) and Hybrid WRF 3DEnVAR were
tested. Different range of the large scale field blending of 5, 15, or 30 grid points
(TWRF22, TWRF22 HY LBC, TWRF22 HY LBC30) were also examined. (b) The
observed (OBS) and the 72 hours center surface pressure forecast for Typhoon Hato

(2007) from models TWRF2.1, TWRF2.2 and TWRF2.2 _oml (see text).
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of the 3-km WRF model, for the period from May 20 to June 20, 2017. Forecasts were

initiated at 08 LST.
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Figure 9. Five major areas (A to E) of the typhoon center location of the remote typhoon heavy

rainfall in Taiwan area obtained from the 15 years observation from 2000 to 2014.
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heavy rainfall in southern Taiwan.



Achievement of the Integrated Study on the Improvement
of the Taiwan Typhoon Forecast Technique in Year 2019

Tien-Chiang Yeh'  Cheng-Shang Lee®  Pao-Liang Chang'
Jing-Shan Hong ' Ling-Feng Hsiao! ~ Chin-Tzu Fong' Der-Song Chen'

!Central Weather Bureau

*National Taiwan University

ABSTRACT

Typhoon is the weather system that causes the most severe disaster losses
in Taiwan. Improving the ability of typhoon forecasting operations to reduce
disaster losses is listed as a key research topic at this stage of disaster
prevention research. This integrated study on the improvement of the Taiwan
typhoon forecast technique sets the overall goal of improving the radar, satellite
observation and diagnostic analysis of typhoons, improving numerical weather
forecasting models, strengthening the application of ensemble forecasting,
developing rainfall forecasting techniques, and establishing conceptual models
to strengthen typhoon forecasting capabilities in Taiwan Area.

Studies were conducted through five topics: 1. Operational application
research of disaster prevention rainfall radar and neighboring country radar in
typhoon wind field inversion. 2. 0-6 hour typhoon quantitative precipitation
forecast: Development of variation and ensemble radar data assimilation
methods. 3. Enhance research on typhoon heavy rain forecast in Taiwan by
using unconventional observation data. 4. Enhance data assimilation and
improve numerical model and apply object verification technology to improve
typhoon forecast. And 5. Research on typhoon invasion Taiwan with special
characteristics.

Results developed by this research include the wind speed correction
method of radar observation data, the radar data assimilation for the WRF
model, the improvement of the TWRF model, the establishment of TWRF
operational environment to apply FV3GFS as the initial and boundary
conditions, and the hybrid WRF 3DEnVAR data assimilation method of



combining three-dimensional variation and LETKEF all have been applied to the
typhoon forecast operation of the Central Weather Bureau. The study also
obtained the main patterns of remote typhoon rainfall in Taiwan. It is
understood that the mechanism of its occurrence is mainly related to the
environmental flow field and the terrain of Taiwan. The typhoon structure itself
seems to affect only the area where convection occurs. These can be used for
reference of practical operational forecast.
Keywords: typhoon, typhoon track forecast, wind and rain forecast, ensemble
forecast, numerical weather prediction model, radar data processing,

data assimilation, quantitative rainfall, remote precipitation.
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Fig. 1. The best track of Typhoon NESAT(1709).
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Table 1. The best-track positions, intensity and movement of Typhoon NESAT(1709).

.. - ful | BE) 2] %k@;ﬁ coa
. wry | w0 ‘ R | Bk
WIUTO) | U | g | R | e | TET ) TR | 104,
(hPa) | (degree) | (Km/Hr) (km) (km)
(m/s) | (m/s)
2017072506 13.0 129.5 | 1002 15 23 N MR R R
2017072512 13.5 128.5 1002 297 20 15 23 B RBR
2017072518 14.5 128.0 | 1002 334 20 15 23 BN AR R
2017072600 15.0 128.0 | 1002 297 20 15 23 AR R
2017072606 16.2 1282 | 998 9 22 18 25 80
2017072612 16.6 127.7 | 995 310 11 20 28 80
2017072618 17.2 127.6 995 351 11 20 28 100
2017072700 17.4 127.6 | 990 360 3 23 30 120
2017072706 18.0 127.5 985 351 11 25 33 120
2017072712 18.6 1272 | 985 335 12 25 32 120
2017072718 19.3 126.5 985 317 18 25 32 100
2017072800 20.1 125.8 980 321 19 30 38 150 50
2017072803 20.4 125.5 980 317 15 30 38 150 50
2017072806 20.7 125.1 980 309 17 30 38 150 50
2017072809 21.0 124.6 | 980 303 20 30 38 150 50
2017072812 21.2 1243 970 306 12 33 43 180 60
2017072815 21.6 124.0 | 970 325 18 33 43 180 60
2017072818 21.8 123.6 | 965 298 15 35 45 180 60
2017072821 22.0 123.4 960 317 10 38 48 180 60
2017072900 | 22.3 1233 960 343 11 38 48 180 60
2017072903 227 123.0 | 960 325 18 38 48 180 60
2017072906 | 23.3 122.8 | 960 343 23 38 48 180 60
2017072909 24.0 122.6 | 955 345 27 40 50 180 60
2017072912 24.5 121.7 955 301 35 40 50 180 60
2017072915 24.8 120.7 | 955 288 35 40 50 180 60
2017072918 25.1 120.3 960 310 17 38 48 180 60
2017072921 25.4 119.8 | 965 304 20 35 45 180 60
2017073000 | 25.7 119.3 970 307 20 33 43 150 50
2017073003 25.8 118.5 | 980 275 27 28 35 150
2017073006 | 25.9 117.9 | 990 280 20 20 28 120
2017073012 | 26.0 | 117.0 | 992 277 15 15 23 B AR
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Fig. 2. The best track of typhoon HAITANG(1710).

1% 24 /NEFEFSEEERLIHERFLL 16
O BN 7 S 29 8% R e v A 2 R AT
BTN - BV E R EET 29 H
0300UTC (1100TST) {4 B4aHE A= &5
EEEEHD 5 0330UTC(1130TST) RS HE
FHF AR -2 5 © 0630UTC(1430TST)
DN EEARPZIPN k-5

29 H 0900UTC(1700TST) J& ¥4 /&
d0a S 2 H B R R 7 &Y 120 A B 2 A b
RIS 77 RS 8 o TR E I e E IR
EHAEGHANZ RRBE > APORKFE
PR Fy 40m/s ;5 [E]— B4R SRS 10 HRES
JE& e ol 7 52 (HAITANG) 0 i Y G 22 S 7
74 540 AR ZFH F - RE/UHNE
G JEL G DL /NI 27 B8 35 4 B g ol
SR AE IE AR B0 22 2 e R R R
PNy - X[E R AR 10 5708 5 i B
(HAITANG)E 1 #)8 e FReEEH - /5
2 ol R A R S R W 2 O e

W 12 JE 75 Be B oo R 29 H
1110UTC(1910TST)/E 45 H Bl ok S R e »
EREZFEAEILAERE > R 29 H
1430UTC (2230TST)ZE A5 H & ZE 77 B B 4T
3 A6 A 29 H 2220UTC(30 H 0620TST)
F R tH PR T AR -

30 H 0000UTC(0800TST)JE ¥ i 52
JE 2 7RIS By 4/ > [B] H 0300UTC(1100TST)
J& 7 e B Hh 0 i 7 S FR PR L e T (1 2 ) e
b _F Rk 55 R S G, - AR 48 (=) P AL PR RS
17 R FUHHE 5 e H 2 8 e 3t K340
MBH Z B EC#ER - BIR 30 H
0330UTC(1130TST)fif 3 JE /b e ol & -
BT E 10 9585 (HAITANG) G

EPE EReE SRS 8 H -

ot IR R m #t B E VD e L 2 AT
g Re R 2 # 0 U8 BFE EREEEE 16
o LHHAR LS 57 /NEF (SRR RE
B o wE e R AT BRI B R TR
BEE 2 FR T HBEAER 2 fs -



*2. Je

-+

/

DGR

5 B AT AT B R B B -
Table 2. Warnings issued by CWB for Typhoon NESAT(1709).
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Fig. 3. The seven-day (25 to 31 Jul. 2017) mean sea surface temperature.
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Fig. 4. The 500 hPa geopotential height with observation and satellite visible imagery at (a) 0000
UTC 26, (b) 0000 UTC 27, (c) 0000 UTC 28, (d) 0000 UTC 29, (e) 0000 UTC 30 July 2017.
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Fig. 5. The surface observation and radar reflection mosaic imagery at (a)1200UTC 28, (b)1800UTC
28, (¢)0000UTC 29, (d)0600 UTC 29, (e)1200UTC 29, (f)1800UTC 29, (g)0000UTC 30,
(h)0600 UTC 30,(i)1200UTC 30,(j)1800UTC 30 July 2017.
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Table 3. The meteorological elements summary of CWB stations during Typhoon NESAT passage.
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Table 4. The daily and accumulated rainfalls of CWB stations during Typhoon NESAT(1709)

passage.
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Fig. 6a.The accumulated rainfall in Taiwan area during Typhoon NESAT passage from 2716UTC to

2816UTC July 2017.
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Fig. 6b.The accumulated rainfall in Taiwan area during Typhoon NESAT passage from 2816UTC to
2916UTC July 2017.
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Fig. 6¢.The accumulated rainfall in Taiwan area during Typhoon NESAT passage from 2916UTC to
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Table 5. Statistics for CWB on Typhoon NESAT(1709).

TRACK : POSITION ERRORS(KM)

: LAT LONG  WIND : : : . : :
| DTG :NO. - N ) (m/s) 1224 36 48 72 9 120
2017072506 © 1 13.0 1295 = 15
22017072512 2 13.5 128.5 15
2017072518 - 3 14.5 128.0 15
2017072600 : 4 15.0 128.0 15
2017072606 © 5 16.2 128.2 18 69 - 98 128 218 365 756 -
12017072612 ° 6 16.6 127.7 200 56 49 136 251 @ 484 é
12017072618 . 7 17.2 127.6 20 48 - 11 24 33 234
2017072700 . 8 17.4 127.6 23 24 64 0 69 49 232
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2017072800 : 12 20.1 125.8 30 11 41 137 195
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2017072806 - 14 20.7 125.1 30 11 91 . 158 . 224
2017072809 : 15 21.0 124.6 30 21 - 143 - 161
2017072812 © 16 21.2 124.3 33 43 139 185
2017072815 - 17 21.6 124.0 33 65 113 161
2017072818 - 18 21.8 . 1236 35 85 123 171
2017072821 19 = 22.0 . 1234 . 38 82 115 '
2017072900 : 20 : 223 . 1233 38 0 94 150 °
12017072903 : 21 - 227 - 123.0 38 1 105 - 134
22017072906 - 22 - 233 . 1228 38 . 82 - 156 -
2017072909 © 23 240 - 1226 40 112 ¢ f
12017072912 24 245 121.7 40 77
2017072915 - 25 - 248 1207 = 40 40
2017072918 26 - 25.1 1203 38 77
2017072921 ° 27 - 254 - 1198 35
2017073000 : 28 257 1193 33
2017073003 : 29 25.8 118.5 28
2017073006 - 30 25.9 117.9 20
2017073012 © 31 26.0 117.0 15
AVERAGE 52 88 120 170 331 756
# CASES 22 18 14 10 5 1 0
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Table 6a. The comparison of 24-hour mean forecast position errors(km) for Typhoon NESAT(1709).
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Table 6b. The comparison of 48-hour mean forecast position errors(km) for Typhoon NESAT(1709).
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Table 6¢. The comparison of 72-hour mean forecast position errors(km) for Typhoon NESAT(1709).
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Table 6d. The comparison of 96-hour mean forecast position errors(km) for Typhoon NESAT(1709).
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Report on Typhoon 1709 (NESAT) of 2017

Wei-Liang Chen

Weather Forecast Center, Central Weather Bureau, R.O.C.

ABSTRACT

Typhoon NESAT is the 9th tropical cyclone formed on the western North Pacific in 2015.
It was the first tropical cyclone for which the Central Weather Bureau (hereinafter referred to
as the CWB) issued tropical storm/typhoon warnings that year.

NESAT strengthened into a tropical storm when it located to eastnortheast of Manila,
Philippines, at 0600UTC July 26th. At the beginning , NESAT was steered by large
low-pressure area west of the typhoon, then moved to the northwest temporarily and turned to
the north afterward. After 0600UTC July 27th, NESAT was steered by the subtropical ridge
northeast of the typhoon, then turned to the northwest gradually and speed up., NESAT kept
strengthening and became a typhoon on 1200UTC July 28th. When the center of the Typhoon
NESAT moved to the southeast side of Yilan at 0900UTC July 29th, NESAT approached its
maximum intensity during its lifetime, The maximum average wind speed near the center was
40m/s, and then NESAT turned to Westnorthwestward and made landfall at the coastline of
Suao, Yilan at 1110UTC July 29th. Around 1430UTC at the same day, NESAT left Taiwan
from the vicinity of Zhunan, Miaoli. And it made landfall to Fujan near Mazu at 2220UTC.
After landing to Fujian, the typhoon weakened to a tropical storm and continued to weaken. 13
hours later, it was weakened to a tropical depression at 1200 UTC on the July 30th. The total
lifespan of NESAT was 4 days and 6 hours. The maximum intensity during its lifetime was
typhoon.

At 0030UTC July 28 , the CWB issued the first offshore typhoon warning of the Typhoon
NESAT. At 0630UTC in the same day, land typhoon warnings was issued. 0900UTC July 29th,
NESAT is located to southeast of Yilan, at the same time, the Tropical Storm HAITANG (1710)
was located on the southwest of the Eluanbi. The CWB pridicted the Tropical Storm
HAITANG would threaten the southern and southeastern Taiwan, and issued the first land

typhoon warning of Tropical Storm HAITANG at 0930UTC July 29. At the 0330UTC July 30th,



CWRB released the typhoon warning of NESAT, but continued to issue the No.8 land warning of
Tropical Storm HAITANG. According to statistics, the CWB issued 2 reports of offshore
typhoon warning and 16 reports of land typhoon warning for NESAT. The warning period
lasted for 57 hours (including the report of release typhoon warning).

Typhoon NESAT and Tropical Storm HAITANG affected Taiwan successively (July 28 to
30, 14:00), the accumulated rainfall of Jiadong, Pingtong reached 607 mm, and the
accumulated rainfall of Taiping Mountain, Yilan reached 478 mm. In addition, around the
Typhoon NESAT landed in Suao, Yilan, the maximum gusts measured by the Suao and Yilan
meteorological stations affiliated to the CWB were above 51m/s, Keelung ~ Taipei were above
41.5m/s and Pengliiayu was above 37.0m/s, Hualien and Xinwu also measured the gusts above
32.7m/s. The Hsinchu weather station detected the Similarly Chinook wind at 15:01 TST on
July 28th. The temperature rises to 35.7 ° C, while the relative humidity is 52%, the wind
direction is from the east(80°), and the wind speed is 2.5 m / s.

Verification results of storm track show that the 24hr, 48hr, 72hr and 96hr errors of
CWB’s official forecast were 88 km, 170 km, 331 km and 756 km respectively.
Keywords: Typhoon NESAT, Tropical Storm HAITANG
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Fig 1. The best track of typhoon Maria.
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Fig 2. The DOTSTAR observation of Typhoon Maria at 925hPa on 10th July.
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Table 1. The besttrack positions, intensity and movement of Typhoon Maria.

S| e e HULRIER | TS BT | RSB KB AL

(UTC) ! ] (hPa) degree | Kmhr |pggmms| fEm/s | 30kts km | 50kts km
2018-07-03 00Z 10] 1475 10001- - 15 23 - -
2018-07-03 067 10.5) 1475 1002 0 9 15 23 -
2018-07-03 127 11.5 147 1002 334 21 15 23 -
2018-07-03 18Z 11]  146.5 1002 224 13 15 23 -
2018-07-04 00Z 11.5] 146.5 1002 0 9 15 23 -
2018-07-04 06Z 12 146 1002 316 13 15 23 - -
2018-07-04 127 12.5] 1455 998 316 13 18 25 100 -
2018-07-04 187 13.5 145 995 334 21 23 30 120 -
2018-07-05 00Z 14.1]  144.1 995 302 21 23 30 120 -
2018-07-05 06Z 14.6] 1434 988 311 14 28 35 150 50
2018-07-05 127 14.8] 142.7 980 285 15 30 38 150 50
2018-07-05 187 154 1424 965 342 12 35 45 150 50
2018-07-06 00Z 16 142 940 327 13 45 55 200 70
2018-07-06 06Z 16.5] 141.6 925 323 12 51 63 200 70
2018-07-06 127 16.7] 1413 925 305 6 51 63 200 70
2018-07-06 187 16.9 141 925 327 7 51 63 200 70
2018-07-07 00Z 17.1] 1408 925 285 7 51 63 200 70
2018-07-07 06Z 17.5] 140.6 925 347 8 51 63 200 70
2018-07-07 127 1791 1404 925 335 8 51 63 200 70
2018-07-07 18Z 18.4] 139.7 925 307 15 51 63 200 70
2018-07-08 00Z 19| 138.9 920 308 18 53 65 250 100
2018-07-08 06Z 19.8] 137.7 915 305 26 55 65 280 100
2018-07-08 127 20.5] 136.5 915 302 25 55 65 280 100
2018-07-08 187 21| 135.1 915 291 26 55 68 280 100
2018-07-09 00Z 21.7] 1335 915 295 31 55 68 280 100
2018-07-09 06Z 2241 1319 915 291 31 55 68 280 100
2018-07-09 097 22,6 131.3 915 290 33 55 68 280 100
2018-07-09 127 2291 1303 915 306 25 55 68 280 100
2018-07-09 157 23.11  129.5 920 278 28 53 65 280 100
2018-07-09 167 2321 129.2 920 290 33 53 65 280 100
2018-07-09 177 23.3 129 920 299 23 53 65 280 100
2018-07-09 187 234 128.8 920 290 33 53 65 280 100
2018-07-09 197 23.6] 1284 920 306 38 53 65 280 100
2018-07-09 207 23.6] 128.1 920 270 31 53 65 280 100
2018-07-09 217 2371 1279 920 299 23 53 65 280 100
2018-07-09 227 2371 127.7 920 270 20 53 65 280 100
2018-07-09 237 23.8] 127.5 920 299 23 53 65 280 100
2018-07-10 00Z 239 127.2 920 290 33 53 65 280 100




2018-07-09 00Z 21.7[ 1335 915 295 31 55 68 280 100
2018-07-09 062 224] 1319 915 291 31 55 68 280 100
2018-07-09 092 226 1313 915 290 33 55 68 280 100
2018-07-09 127 229] 1303 915 306 25 55 68 280 100
2018-07-09 1572 23.1) 1295 920 278 28 53 05 280 100
2018-07-09 16Z 232] 1292 920 290 33 53 065 280 100
2018-07-09 172 233 129 920 299 23 53 65 280 100
2018-07-09 1872 234] 12838 920 290 33 53 065 280 100
2018-07-09 192 23.6] 1284 920 306 38 53 05 280 100
2018-07-09 20Z 23.6] 128.1 920 270 31 53 05 280 100
2018-07-09 217 237 1279 920 299 23 53 65 280 100
2018-07-09 227 23.7( 1277 920 270 20 53 65 280 100
2018-07-09 237 23.8] 1275 920 299 23 53 65 280 100
2018-07-10 00Z 239 1272 920 290 33 53 65 280 100
2018-07-10 01Z 24.11 1269 920 306 38 53 65 280 100
2018-07-10 027 243 126.6 920 306 38 53 65 280 100
2018-07-10 032 2441 126.3 920 290 32 53 65 280 100
2018-07-10 042 24.5 126 920 285 42 53 65 280 100
2018-07-10 052 245] 12538 920 290 32 53 05 280 100
2018-07-10 06Z 246 1256 920 299 23 53 05 280 100
2018-07-10 072 248] 1253 920 270 10 53 065 280 100
2018-07-10 082 249] 1251 920 290 32 53 05 280 100
2018-07-10 092 25| 1248 930 299 23 48 58 280 100
2018-07-10 10Z 25.1) 1245 930 299 23 48 58 280 100
2018-07-10 117 25.1) 1243 930 290 32 48 58 280 100
2018-07-10 127Z 252] 1241 930 299 23 48 58 280 100
2018-07-10 13Z 253] 1238 930 290 32 48 58 280 100
2018-07-10 147 254] 1235 930 299 23 48 58 280 100
2018-07-10 15Z 25.6] 1232 930 290 32 48 58 280 100
2018-07-10 16Z 25.7 123 930 307 37 48 58 280 100
2018-07-10 177 259] 1227 930 299 46 48 58 280 100
2018-07-10 187 202 1222 930 299 46 48 58 280 100
2018-07-10 197 203 1218 930 299 46 48 58 280 100
2018-07-10 20Z 203 1214 930 270 40 48 58 280 100
2018-07-10 217 263 121 930 270 30 48 58 280 100
2018-07-10 227 203 120.8 930 270 30 48 58 280 100
2018-07-10 232 26.3] 1205 930 270 40 48 58 280 100
2018-07-11 00Z 26.4] 1203 940 286 41 45 55 220 80
2018-07-11 017 204) 1199 940 290 32 45 55 220 80
2018-07-11 027 26.3] 119.5 940 270 40 45 55 220 80
2018-07-11 032 26.3] 119.1 965 250 32 35 45 200 80
2018-07-11 04Z 26.3] 1189 965 270 40 35 45 200 80
2018-07-11 05Z 26.6) 1187 965 299 46 35 45 200 80
2018-07-11 06Z 265 1184 975 270 20 30 38 120 50
2018-07-11 127 27.1 117 990 279 25 23 30 100
2018-07-11 187 27.5] 1155 998 308 21 15 23
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Table 2. Warnings issued by CWB for Typhoon Maria(2018).
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Table 3. Typhoon fixes for Typhoon Maria by the Satellite Center of CWB.

FERHIQUTC) i (it SEfir FRIUTC)  HLfirE [ (it SEfL

SE/H/H e | e T Cl | il | AE/F/H &y | & T Cl | R
2018/7/412:00] 12.5[145.5] 2.5 25 5 2018/71/913:00] 23| 130 5 6 1
2018/7/418:00] 13.5[ 145 3 3 5 2018/7/9 14:00]  23[129.7 5 6 1
2018/7/421:00]  14[144.7 3 3 5 2018/7/9 15:00{ 23.1[{129.5 5 6 1
2018/7/500:00] 14.1{ 144 3 3 3 2018/7/9 16:00] 23.2{129.2 5 6 1
2018/7/503:00{ 14.3[143.7] 3.5] 3.5 3 2018/7/9 17:00] 23.3[ 128 5 6 1
2018/7/5 06:00{ 14.6[143.5] 3.5 3.5 5 2018/7/9 18:00] 23.4[ 128.7 5 6 1
2018/7/509:00] 14.7(142.8 4 4 5 2018/7/9 19:00] 23.6[ 128.4 5 6 1
2018/7/512:00] 14.8{142.6 4 4 5 2018/1/9 21:00{ 23.7(127.9 5 6 1
2018/7/515:00{ 15.1{142.6] 4.5 4.5 3 2018/1/9 22:00] 23.7(127.6 5 6 1
2018/7/518:00] 15.4{142.4 5 5 3 2018/7/10 00:00{ 23.9] 127.2 5] 55 1
2018/7/5 20:50| 15.7{142.2 6 6 3 2018/7/10 01:00{ 24.1] 126.9 5] 55 1
2018/7/5 22:59] 15.7(142.2 6 6 3 2018/7/10 02:00] 24.3]| 126.6 5] 55 1
2018/7/6 00:00] 16 142 6 6 1 2018/7/10 03:00] 24.4) 1264] 45| 5.5 1
2018/7/6 03:00] 16.2{ 141.7 7 7 1 2018/7/10 04:00] 24.4] 126] 45| 5.5 1
2018/7/6 06:00] 16.6{ 141.6 7 7 1 2018/7/10 05:00] 24.5)125.7) 45| 5.5 1
2018/7/6 09:00] 16.5{141.4 7 7 1 2018/7/10 06:00] 24.6] 125.4 51 55 1
2018/7/6 12:00] 16.6[ 141.3 7 7 1 2018/7/10 07:00] 24.8) 125.3 51 55 1
2018/7/6 15:00] 16.8[ 141.2[ 6.5 7 3 2018/7/10 08:00] 24.8] 125.1 5] 55 1
2018/7/6 18:00[ 16.9[ 141 6] 6.5 3 2018/7/10 09:00] 24.9] 124.8 5 5 1
2018/7/6 21:00] 16.9]140.8 6] 6.5 3 2018/7/10 10:00] 25.1) 124.5 5 5 1
2018/7/700:00{ 17.2[140.8] 5.5 6.5 3 2018/7/10 11:00] 25.1) 124.3 5 5 1
2018/7/103:00] 17.4[140.8] 5.5 6.5 3 2018/7/10 12:00] 25.2)124.1] 4.5 5 1
2018/1/706:00] 17.6{140.7 6 6 3 2018/7/10 13:00[ 25.3|123.8) 4.5 5 1
2018/7/7 09:00] 17.7[ 140.6 6 6 3 2018/7/10 14:00] 25.4]123.5] 4.5 5 1
2018/7/712:00] 17.9{140.4 6 6 3 2018/7/10 15:00] 25.6]123.2) 4.5 5 1
2018/7/7 15:00] 18.1{ 140.2 6 6 3 2018/7/10 16:00] 25.7] 123] 4.5 5 1
2018/7/7118:00] 18.4{139.7 6 6 3 2018/7/10 17:00] 26| 122.6] 4.5 5 1
2018/7/7121:00{ 18.7(139.3 6 6 1 2018/7/10 18:00] 26.2) 122.2 4] 4.5 1
2018/7/8 00:00[ 19 138.9] 6.5 6.5 1 2018/7/10 19:00] 26.3] 121.8 4] 45 1
2018/7/8 03:00] 19.4[138.4] 6.5 6.5 1 2018/7/10 20:00] 26.3|121.4 4 45 1
2018/1/8 06:00{ 19.8[137.7 7 7 1 2018/7/1021:00] 26.3] 121 4 45 1
2018/7/8 09:00{ 20.1{137.2 7 7 1 2018/7/10 22:00{ 26.3] 120.7 4 45 1
2018/7/8 12:00] 20.5[136.5 7 7 1 2018/7/10 23:00 26.3| 120.4 4 45 1
2018/7/8 15:00] 20.8{135.7 7 7 1 2018/7/11 00:00f 26.3| 120] 45| 4.5 1
2018/7/8 18:00f 21.1f 135 7 7 1 2018/7/11 01:00] 26.4] 119.7] 45| 4.5 1
2018/7/8 21:00] 21.4[ 1344 7 7 1 2018/7/11 02:00] 26.4] 119.2] 45| 4.5 3
2018/1/9 00:00f 21.7{ 133.5 7 7 1 2018/7/11 03:00] 26.4| 118.9 4 45 5
2018/7/9 03:00{ 22[132.7] 6.5 7 1 2018/7/11 04:00] 26.4) 118.7 4 4 5
2018/7/9 06:00] 22.3[131.9 6 7 1 2018/7/11 05:00] 26.4] 118.5 4 4 5
2018/7/9 07:00] 22.4[{131.7 6 7 1 2018/7/11 06:00] 26.3] 118.3 4 4 5
2018/1/9 08:00{ 22.5[131.5 6 7 1 2018/7/11 09:00] 26.6| 117.2 3] 35 5
2018/7/9 09:00{ 22.6[131.3 6 7 1 2018/7/11 12:00] 26.8] 116.7 3 3 5
2018/7/910:00{ 22.7( 130] 5.5 6.5 1 2018/7/11 15:00] 27.2] 116] 2.5 3 3
2018/71/910:01f 22.7( 131] 5.5| 6.5 1 2018/7/11 18:00] 27.5| 1154 2 2 3
2018/7/9 11:00] 22.8[130.7 5.5 6.5 1
2018/1/9 12:00] 22.9{130.3 5 6 1
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Fig3. Ocean Heat Content (OHC) chart on 4 July(data from CIRA).
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Fig4. Himawari wind shear(kts, data from CIMSS) on 4 July. The orange arrow is the location
of the tropical depression.
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Fig5. The satellite daily imagesfrom 00 UTC 6July(a, b) to 00 UTC 9 July(g, h). The data are
from HimawarilR(a, c, ¢, g) and VIS(b, d, f, h) respectively.
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Fig6. The time series of the minimum pressure and maximum wind speed of Typhoon Maria.
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Table 4. The meteorological elements summary of CWB stations during Typhoon Maria

warning period

Wk | Wehe | WERESE | ASRATHEE R (mm) | B AHFR(mm) RAFE RAEE RAHE RAEE WAVNE | AR AR EE
2 i (hPay* (m/s) g 24 R (mm) | 1 2NEFFg#(mm) | 6/ R E (mm) | 3/MEFE 8 (mm) Fig(mm) (m/s)
636.2 3.9 75 2.5 715 715 50.5 7 205 179
267550 | ELl — 2018-07-09 14:30:00~ o 2018-07-10 ; .
2018/7/1102:25 109:59 IR 10000 | 2018777100830 | 20507 100:30 100:30 7/1102:00 | 2018/7/1019:41
7556 5 68.5 6 8.5 68.5 53 365 155 14
467530 | FTEW — ; 2018-07-09 14:30:00~ 2018-07-10 018-07-10 - o ) o
2018/7/1102:55 71102201 IR Toooo | 40007 e 018/7/1101:30 | 2018/7/1101:30 | 2018/7/11 02:00 | 2018/7/11 01°51
889 53 5] 385 3 6 545 2 175 123
467650 | ELHE _ 2018-07-09 14:30:00~ 2018-07-10 — . o
2018/7/1102:34 10402 T 300 Toooo | A0SO 18/7/1022:30 | 2018/7/1101:30 | 2018/7/11 04:00 103:57
896.2 179 2285 162 24 1255 1005 395 351
" 07 -
4069101 BE | 2018711 02:59 1oz | 201EOT08 143000 100:00 | 2018/7/10 09:30 7/1020:30 | 2018/7/1023:30 102:30 | 2018/7/11 03:00 102:31
92056 59 307.6 167.9 3063 2768 192 102 385 206
466930\ MFBE | 2018711 03:01 | 20181711 0617 2018070 1300~ | 2018/7/11 00:00 | 2018/7/1009:30 | 2018/7/1019:30 | 2018/7/10 22:30 | 2018/7/1022:30 | 2018/7/11 03:00 | 2018/7/11 00:53
9574 354 187 1635 187 175 141 1155 9 52
466950 \ B 15 7mi 0135 | 20187711 0aon | 2180709143000~ [o0107 0y 0500 | 20180710 5057105130 | 07-1102:3000 | 2018/7/11 03:30 | 2018/7/11 06:00 | 2018/7/1 04:01
07-1114:30:00 1030:00
9594 207 0 08 0 0 0 0 0 312
467620 | P - 2018-07-09 14:30.00~ 2018-07-09 2018-07-09 2018-07-09 2018-07-09 2018-07-09
2018/7/11 0139 | 2018/7/1023:28 07-1114:30:00 100001 Tiaz000 14:30:00 1430:00 14:30:00 15:00-00 10039
9%62.4 206 915 915 915 915 815 555 2% 362
467990 | ®ill . 2018-07-09 14:30.00~ 2016-07-10 p
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Fig. 7. The accumulated rainfall in Taiwan during Typhoon Maria’s passage on (a)10 Jul.(b)11
Jul.(c)10 and 11 Jul. 2018.
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%= 5.
Table 5.

BRI HEEY 7 B 10 HE 11 HX B RBILHNREN RHERE -
The daily and accumulated rainfall of CWB stations from 10thto 11th July 2018.

ZHWE (2K)

I 0H iH RiER &
S 23.5 163.5 187
b 22.5 71.5 94
=i 29.4 343 63.7
A 31 34 65
gt 87 162 249
(MR 139.7 167.9 307.6
%RIK 23 79.5 102.5
=it 34.8 71.6 106.4
= 5 16 21
T 14 36 50
2 8 33.5 41.5
KR T 5 5
HHE 24.5 38.5 63
BT ERLL 4.5 64 68.5
Eil 9 62.5 71.5
i Te 0.2 6 6.2
EdiE 0 0 0
= 0 0 0
{tik 0 2.5 2.5
D@2 0 0 0
25 0 0 0
K 0 1.5 1.5
(SRS 0 0 0
[l 0 0.8 0.8
B 0 0 0
HES 0 0 0
O 21 86 107
oA 0 0 0
FETH 91.5 91.5

* TRFEME
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Table 6.The daily and accumulated rainfall of automatic raingauge stations ranking topl5from
10th to 11th July 2018.
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* 7. 8 SRIESH no e R S THEAR A (CWBIA ST ~ BABLFLER G (TE) - PGTW:Hii &
e JE\ i L (R EE ) » RITD: H AR SR EE ~ JUNEZ B SR S TH) Z 24 /N
TR AL B 2= Pk -

Table 7. The comparison of 24-hour forecast position errors (km) for Typhoon Maria.

CWB BABI PGTW RITD JUNE
16 48
CWB 48 0
16 48 16 42
BABJ 42 -6 42 0
16 48 16 42 16 48
PGTW 48 0 48 6 48 0
16 48 16 42 16 48 16 49
RITD 49 1 49 7 49 1 49 0
16 48 16 42 16 48 16 49 16 49
JUNE 49 1 49 7 49 1 49 0 49 0
v Al B
A C D
AZFTRXHTY TR R AH IR0
BEIRXi F HE R 2= (km)
CFIR Y b R ER 2 (km)
DFER YUl FER 7/ ALL X TR 7 A AR

> x iy

* 8. % 8 SREGF e S THERIE(CWBIAT ~ BABLFULURE G (TR ~ PGTW:Hi&
Jig JL B i PO (R TT) ~ RITD: H AR SR EE ~ JUNE: B4R S THER) 2 48 /N
PR B a2 EEk -

Table 8. The comparison of 48-hour forecast position errors (km) for Typhoon Maria.

CWB BABJ PGTW RITD JUNE
16] 118
CWB 118 0
16; 118 16 103
PGTW 103 -15 103 0
16 118 16; 103 16 99

RITD 99 -19 99 -4 99 0
16; 118 16; 103 16 99 16; 100
BABJ 100 -18: 100 -3i 100 1 100 0

16; 118 16; 103 16 99 16: 100 16; 101
JUNE 101 -17: 101 -2; 101 101 101 0

[\=)
—_
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* 9. 5 8 HRIEGH] noe /R B THEAE A (CWBIAST ~ BABLFLER G (T E) - PGTW:Hii &

e e 5 g U0 (R E T) ~ RITD: H AR S BE ~ JUNE: 50
TR AL B 22 PR -

bt

SR

FEHR) 2 72 /NEE

Table 9. The comparison of 72-hour forecast position errors (km) for Typhoon Maria.

CWB

PGTW

RITD

BABJ

JUNE

CWB BABI PGTW RITD JUNE
12| 169
169 0
12{ 169 12¢ 155
155 -14: 155 0
121 169 12; 155 12: 158
158 -11 158 3i 158 0
12{ 169 12¢ 155 12; 158 12: 170
170 1 170 15 170 12; 170 0
12{ 169 12¢ 155 12; 158 12: 170 12: 188
188 19; 188 33; 188 30{ 188 18 188 0
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Report on Typhoon 201808 ( Maria) of 2018

Hsin-Hua Chang,

Weather Forecast Center Central Weather Bureau

ABSTRACT

Maria, the 8th typhoon formed over the western North Pacific in 2018, was the first one
that issued warning by CWB in 2018. Typhoon Maria originated in the sea near Guam at
12UTC, 4th July, and moved north-westward along the southern edge of the subtropical high.
After 9th July, Maria weakened when it moved to a low OHC area, which was an unfavorable
factor for the typhoon development, and invaded Taiwan with the moderate intensity. On
11thJuly, Maria made landfall on Mainland China; therefore it weakened rapidly and
turnedinto a tropical depression at 18UTC, 11thJuly 2018.

During the period of Maria’sattack, strong winds and heavy rain are brought to North and
central of Taiwan, Ilan county and Mazu. At 5 a.m. 11th July, the CWB issued the Destructive
Wind of Typhoon Real Time Message, which covered Mazu area, for the first time. The
maximum accumulated rainfall amount was 307.6mm atZhuzihu, the peak gust was 52m/s at
Pengchiayu.

The 24/48/72 hour mean errors of the track forecast by the Central Weather Bureau
are48/118/169km, respectively.
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