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ABSTRACT:

Taiwan is surrounded by seas. In order to explore marine resource, to develop shipping business, and to dq marine
construction and planning, those all need a long-term sea meteorological database to depend on. Because of globgl climate
change, natural disasters such as floods, typhoons, earthquakes and tsunamis seem to happen frequently. The policy ¢f an early
warning system putting aside prevention and avoidance of coastal disasters has become one of governmental primary pxecutive
target.

Considering the safety of ships and seafarers in nearby waters around Taiwan, the protection of water environmgnts, the
promotion of near shore/near sea disaster prevention and rescue relating to sea meteorological forecast system anfl tsunami
rapid computation system, 10T has installed a Harbor Environment Information Office to support a website with proyiding
real-time marine meteorological information on screen to ensure the safety of maritime activities.

The objective of this project is to combine the essence of three pieces such as “Operational calibration and mairjtenance
of the marine meteorology automatic forecast simulation system”, “Constructing inundation map of commercial harbors pround
Taiwan under a geographic information system” and “Oceanographic simulation technique and operational function gystem”
into one piece. Supplying wind-waves, tides, currents and tsunamis’ information of major harbors and domestic shipping routes
to port authorizes and engineering units for references in keeping port business and coastal zone sustainable developt'lent. The
yearly planning of oceanographic simulation is to take Penghu Harbor area as a major object. Tsunami simulation took|harbors
located in central and southern part of Taiwan that inundation maps after tsunami striking were shown with Google Map. The
early warning system about crossing-river- bridge safety also discussed when a long-wave hit it from far away.

The project presented simulation and relative achievements of oceanographic and tsunamic operational system that were
shown by means of the Harbor Environment Information website to display. Those were applicable to Maritime and Port
Bureau, MOTC, harbor companies, and Water Resource Agency that were in charge of harbor’s business and the protection of
coastal areas as references. In addition, the simulation data such as wave, tide and current in the waters around Taiwgn and the
Penghu sea area can be applied to the blue highway of islands, providing the ship's immediate marine meteorology inf¢rmation
to ensure the safety navigation of the ship.
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(National Research Institute for Earth Science and Disaster Prevention
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Fladig 120 5 156 & > A %20 R149 B> i RFR LY (B
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sei n
Earthquake Hazards Program

* Eahiglises Significant Earthquakes - 2017
Latest Earthquakes Enter a year from 1900 to 2017

Earthquake Lists, Maps & Statistics po17 &

Search Earthquake Catalog —

Real-time Fex
What makes an earthquake "significant"?

Information by Region

63 32km NW of Kandrian, Papua New Guinea
ANSS ComCat Documentation "~ 2017-03-0522:47:53 UTC 3L1km

Errata for Latest Earthquakes
42km WSW of Anchor Point, Alaska

55

2017-03-02 02:11:30 UTC 78.6 km
Earthquakes
69 289km S of Ndoi Island, Fiji
Hazards 7 2017-02-2417:28:44 UTC 414.9km
Data & Products 21 14km W of Belfair, Washington
7 20170223 04:59:04 UTC 154 km
Learn
65 42km E of Padilla, Bolivia
o T 2017-02-2114:09:04 UTC 567.8 km
Monitoring
52km NW of San Antonio de los Cobres, Argentina
Research 6.3

2017-02-18 12:10:17 UTC 222.0km

B 2.35 £ ® USGS FH#H E
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Seismolog}-' Broadband Array in Taiwan for Seismology

Home

Introduction + Recent Taiwan Seismicity for Earthquakes with Mw=3.5

] +« Data release note :
Stations o Septermber 20. 1999 Chi-Chi. Taiwan Earthquake Sequence

Data Request @ BATS Station Response (simple version)
BATS CMTs
Waveform Display

* To cite the BATS NEW!

People « Taiwan Earthquake Science Information System (TESIS
Publications

Related Links ¢+ BATS.Based Focal Mechanisms at TECDC

Contact Us

* On-line BATS CMT catalog search

+ Subscribe to the BATS Quick CMT report

* @ E R

¢ Historic Taiwan CMT Solutions (1963-1995)

— ---NI-JMM\WW--WW--W—«»W S ——

Data Management Center
Institute of Earth Sciences, Academia Sinica

POB 1-55, Nankang, Taipei 11529, Taiwan

W 2.36 ¥ R L0 SR T B R BRI

Real-Time Computational Seismology earthquake report
RCS V1.0 (Latest update 201500100

Con 1 ros § o )

2017/03/10 16:48:56 Lat:24.83 Long:122.24 Depth: 14 Mw:39

Updated every 2 seconds
Home
11mn BEST FIT SOLUTION 2017/0313
About RCS a0 oo Lo (11000, 2000 ) 08:44:07 (UT)

Dwgtt 24
33

Report list

RCS=
RMT+ROS

Scientific
results

Related links

Contact
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2011-03-1117:51:23 0.004 2011-03-1118:02:23 0.051
2011-03-1117:52:23 0.005 2011-03-1118:03:23 0.06
2011-03-1117:53:23 0.007 2011-03-11 18:04:23 0.071
2011-03-1117:54:23 0.009 2011-03-11 18:05:23 0.083
2011-03-1117:55:23 0.012 2011-03-11 18:06:23 0.096
2011-03-1117:56:23 0.016 2011-03-11 18:07:23 0.11
2011-03-1117:57:23 0.02 2011-03-11 18:08:23 0.124
2011-03-1117:58:23 0.026 2011-03-1118:09:23 0.138
2011-03-1117:59:23 0.032 2011-03-1118:10:23 0.151
2011-03-1118:00:23 0.04 2011-03-1118:11:23 0.163
2011-03-1118:01:23 0.049 2011-03-1118:12:23 0.174
2011-03-1118:02:23 0.06 2011-03-1118:13:23 0.183
2011-03-1118:03:23 0.072 2011-03-1118:14:23 0.19
2011-03-1118:04:23 0.086 2011-03-1118:15:23 0.195
2011-03-1118:05:23 0.102 2011-03-1118:16:23 0.197
2011-03-11 18:06:23 0.119 2011-03-1118:17:23 0.197
2011-03-1118:07:23 0.137 2011-03-1118:18:23 0.194
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st ¢ BT R 2 i A SR AT
VA E(1,0)2- n FE# A (moment) 0 M,

M, =[f"E(f.0)df -do 6.1)

M FH E() A

E(f)=]E(f,0)do (6.2)

..........................................................................

. 1 1k B (significant wave height » H)
H, =4JE, =4,[M, CH e gan g b=M (6.3)

TR (T e T * -1 2308 T35
T,=M_,/M, (6.4)

:’iﬁp(Tmoz AR R - S FS o S AFS F SN

~
<
B

LT e A G
(6) = tan ™' (SF/CF) (6.6)

L mmm——
SF = [sin6-E(f,0)df -d6 | CF =[cos0-E(f,0)df -d0
C N EH(T)) o Ao AR E() 2 B i £ 4 B (bin) 2 7 i
R fp THRM R HEFY T
7=V, (6.8)
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BEEA RS IR ER LTS TR R Y
%R BERE (G R REGE B H) E -

FOMHC R SR R AT

MODE NONSTAtionary TWODimensional

SET NAUT

SET nor 0.0

CGRID REGular 119.0,22.8,0.0,1.48,1.4, 185,175 CIRcle 24,0.05, ,25

INPgrid BOTtom REGular 119.0, 22.8, 0.0, 195, 175, 0.008, 0.008 EXCeption
-10

INPgrid WInd REGular 117.5, 20.5, 0.0, 168, 180, 0.041667, 0.041667
NONSTATionary yyyymmd1.000000 1.0 HR  yyyymmd2.000000

BOUNdnest] NEST 'fname' CLOS
NUMeric ACCUR 0.02,0.02,0.02,98 NONSTat 1 0.1 DIRimpl 0.5,4
POINTS 'Penghubu' 119.552  23.728

SPECout '"Penghubu' SPEC2D ABSolute 'fname' OUTPUT yyyymmdl.000000
1.0 HR

TABLE  'Penghubu' head 'fname' time xp yp hs per dir rtp pdir
tm01 tm02 tps hswell wind dep OUTPUT yyyymmd1.000000 1.0

HR
et = e Ao b ik 3/
4 A 4
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A 4 A 4
o s 8 B
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1 0060 | 0149 | 0.090 | 0.114 | 0.200 | 0.204 | 0.210 | 0.390 [ 0.066 | 0.058 | 0.109 | 0.161
2 |0057 | 0052 [ 0034 [ 0.069 | 0.198 | 0.209 | 0.190 | 0.252 | 0.056 | 0.056 [ 0.114 | 0.143
3 [0055 | 0055 | 0.071 | 0.067 | 0.190 | 0.204 | 0.171 | 0.252 | 0.049 | 0.052 | 0.128 | 0.117
4 0067 | 0101 | 0.083 | 0.062 | 0.190 | 0.202 | 0.166 | 0.237 | 0.054 | 0.052 | 0.141 | —
5 [0069 | 0075 | 0.086 | 0.062 | 0.161 | 0.173 | 0.135 | 0.192 | 0.073 | 0.063 | 0.143 | 0.116
6 [0063 | 0061 | 0.056 | 0052 | 0.152 | 0.160 | 0.114 | 0.138 | 0.061 | 0.060 [ 0.161 | 0.104
7 [0073 ] 0076 | 0.074 | 0077 [ 0.194 | 0.211 | 0.176 | 0.208 | 0.089 [ 0.074 [ 0.178 | 0.128
8 | 0086 | 0.136 | 0.076 | 0.076 0203 | 0.143 | 0.275 | 0.081 | 0.109 | 0.181 | 0.161
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10 | 0059 | 0.227 [ 0081 | 0072 | — — | 0174 | 0521 [ 0091 | 0165 | 0131 [ —
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6 |0989 | 0990 [ 0.980 [ 0.984 | 0.992 | 0.992 [ 0.998 | 0.995 | 0.969 | 0.968 | 0.976 | 0.994
7 0985 | 0982 | 0.964 | 0.961 | 0.992 | 0.990 | 0.997 | 0.990 | 0.953 | 0.952 | 0.976 | 0.985
8 [0985 | 0954 | 0.952 | 0957 | — | 0.994 | 0.996 | 0.986 | 0.933 | 0.885 | 0.976 | 0.978
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L35 10987 | 0978 | 0954 | 0963 | 0.989 | 0.990 | 0.993 | 0.980 | 0.947 | 0.943 | 0.983 | 0.985
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13 2016/3/2(7.8) Indonesia Sumatra 0.21 0
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BERARHNENEE)ERBE P ALNAY BACHR R 0 Ir A
FPRLRFLRSHY  AdE eIl g2 A VI PR RAIA &
B0 B U R R AZ RE T E By &'Elié—”ﬁ BLALs b &
2k biap kR 2P R AGEH Ol G FC AGERE
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512 4 AARiTiAais2 javh 5 &k

AT ERT AR FL AU ENF L > LG 2
)gknb—? FTREAZ T @i*‘v %2 % (1781 & 2 1866+% )% % T (1721
£)o LA R 2 A5 (1867 £)5F Aph s U2 2 3 TE Rk
2 5 1986 £ f-ifjavdE F o RICEEPN FOEPIDIRE 2 a2 g
(5% & » 1999)- & %, ﬁ-%%ﬁf_wm 2 AR sz hwA kpirs T
AR A RE AR o BRAR AN A b A > JR B AR IR
I SN ENEY- S SR S SRR

‘*“#

A F FFovam g 2 S FH o bldeR A AR R AR
B~ A R U6 (landslide)t L # s kT PR AR R
i RBGE A S RATA S 2 hh B S ] ho ] 5.4 77 (55 % »2005)-
pefE R Al 2 /J/““:ﬂx'fj‘gé'mkﬁ‘“‘y Fho2 LT A FARFE E 3440k o
ArBAZ N EAFE PR By R 2R A P B S e o

(FR kiR : 8% > 2005)
W54 5.2 f 4 s ssldeiaha T



SR ILARS SRR }a%“ D B L G oA Ar S D kY
g A hd g (1721#) ~ 3 2(1781 & 2 18664#) ~ A4 (1867 & » 4
Bl 5.5)% % T (1661 )7 5 & B (G5 £ ~ 4223 > 1996) 11 T fE &5
B BT Al 2 3 (3 REE > 2006):

(1)16614 (;F"8in 17 & » P A& 14#)1 " 8/9p~2 1 15p % =
TP RAEREL £ AT AR E o R4

(2)1721& (B %= 59&)1" 5p 4 &
Paedrh (512021E) "T2& (BRI L4 E 0
A 1721& 1% 59 ). T B s R4 R BOF A BB B
(3)17814# (;F3cts 46 £)5 % H(4 7 24p-67 210)F %

FErANAE I RAE R kD RE IR R L w
SR EE A AH R AEH 5B GPSL R FIRI A
’ﬁﬁ' PR B LW MTE BT AL AL LHEL 7
ThE-F oS RRNE 3B A BB AR AT APl BE
&3 W Bdr(Kirby etal, 2005005 &7 - B Miadm g % | 0 (5B

%s—%i%;'—r B R p A ES A AebpE s H bk 4 30-404 P T F T

FELLE e daBaBeRETE i EERE > PR
Av BB TR F AR U HEERAET A -
T

A

l

3R ARz AR ¢ R
BB R kAP TG S
fl?./[f\}_ﬁli ‘Eﬁ';‘r’—jl\—?‘] SR

e 7\11;—= °

CE RN IS R N AT
j}_fl%]}lﬁ,}{i% —\.56\;}31-[ ~}§,
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Y
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4
2 %%’ » Ao b ‘/M;ﬁf’&‘i%}k‘ffﬁi« AR 5’(' 2 B4R R F st
?%i? T ﬁaﬁgi FINGDCz x A T FH AR T2 #F Fp o
% 1500~2015% £ § 2244 E it 0 A 4 520 HHEABEE - K
R ﬁ%%&(ML)G 8 CRBR TR ATEBAL 20 )
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B(RE > 1999) 4 527 ffs- X2 javh b"r’p20061226&m#
ERE R TR Y O.62z17}<fi%ﬂ"}i Lhimy RR I AERAE
2522 U grg S HRiEA RE AT HUH > R ,ﬂiﬂéo“tﬁ’%%

%*i%%%ﬁﬁ’ﬁﬁéiﬁﬁ%iﬁ{é*mé?i%iA

Z ‘:%(1977 E)z2. T p A p ;;i’"g I Ik E

;I;Jew:izr’;;*ﬁ KNz sedre ~E LjarpE 4 4 1771 # 4 7 24 p %
P8 (R F SN AIPAPI oL E S FPcRE S p
iW%*E)%iﬁémﬁﬁ%$%1P£5’%#&%éﬂiﬁﬁ
AT LFEL FESAe > 40 22024 s s A onahrd B R B
Ak - 0w ARG P MY P B BB aEvE - 2R E R
5144 E 80 N R BB RFIIIR L 2= A #% 12000 £ o

% 52 4 A % & 7~ 1500~2015 & 2_ /4R ¥ it

\

Tsunami Cause
Date Tsunami Source Location
Earth- Addl
quake | Vol- | Tsu

Year |Mo|Dy |Hr|Mn|Sec |Val|Code| Mag |cano|Info|Deposits|Country Name Latitude | Longitude
1661 1| 8 2 1 6.0 * TAIWAN | SOUTH CHINA SEA 23.000 120.100
1721 1 1 * * TAIWAN | TAINAN 23.000 120.200
1754 4 3 1 6.0 * TAIWAN |E. CHINA SEA 25.300 121.400
1782 5|22 2 1 7.0 * TAIWAN | TAIWAN STRAIT 24.500 120.500
1792 8| 9 2 1 6.0 * TAIWAN | TAINAN 23.600 120.500
1853| 10| 29 1 5] Vol | * TAIWAN | E. TAIWAN-RYUKY ISLANDS | 24.000 121.830
1882 12| 9 o} 1 6.2 * TAIWAN | SOUTH CHINA SEA 24.500 120.500
1903 9| 7 1 1 * * TAIWAN | TAIWAN

1917| 5| B|12| 19 4 1 5.8 * TAI'WAN | TAIWAN 23.200 121.600
1922 9| 1|19 16| 6.0 1 1 7.6 * TAIWAN | TAIWAN 24.500 122.000
1951| 10| 22| 5| 42] 1.0] 4 1 7.2 * TAIWAN | TAIWAN 23.800 121.700
1963| 2| 13| &8| 50| 4.5] 4 1 7.3 * TAIWAN | E. TAIWAN-RYUKY ISLANDS | 24.400 122.100
1966 3| 12|16| 31|21.8| 3 1 7.6 * TAIWAN | E. TAIWAN-RYUKYU ISLANDS | 24.100 122.600
1972 1|25 2| ©|23.2] 4 1 7.5 * TAIWAN | E. TAIWAN 22.500 122,300
1978| 7| 23|14| 42|36.9| 3 1 7.4 * TAIWAN | TAIWAN 22.282 121.512
1986 11| 14(21| 20|10.5| 4 1 7.8 * TAIWAN | TAIWAN 23.901 121.574
1990| 12| 12|19 50|(117.8] 4 1 6.3 * TAIWAN | TAIWAN 23.722 121.627
1994 5|24 4| 0Of42.1( 1 1 6.5 * TAIWAN | TAIWAN 23.959 122.448
1998| 5| 3|23| 30|21.9( 4 1 7.5 * TAIWAN | TAIWAN: SOUTHEAST OF 22.306 125.308
20011 12| 18] 4| 2|58.2] 4 1 6.8 * TAIWAN | TAIWAN 23.954 122,734
2002 3|31| 6| 52|50.4| 4 1 7.1 * TAIWAN | TAIWAN 24.279 122.179
2006 12| 26|12 26(21.4| 4 1 7.0 * TAIWAN | TAIWAN 21.799 120.547

7R kiR % B NGDC/WDS 2 Global Historical Tsunami Database.
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521 jvhigdf i SR hrpIEE

p 2004# m fiavmz2 (50 ARG R AREATE k2 X o R
R4S EG R ABIEE L (Tsunami Warning Systeni £ TWS) o
Ed g HEFUELY FEMADFL - LRI A BAEATHES -

¥ - PR B A RS
il A HK W o ?ﬁ“ﬁgﬁéf REG A SRR BB BT
5 3f & ¢ .« (Pacific Tsunami Warning Centegk
SHTE S G H o B AT H R
ﬂﬁﬂi%@%W{%%ﬁﬁaﬁﬁimﬁ@gmmﬁgﬁaw,w
- 2011# 3% 11p A p A7 22012 87 31p =EHF L= &
AR R ZECEERFEEATRLEBIRN TS V- BY AL
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FEEAS N2 2 A RERTHEES RRE RS GTELRS AR R
2 &g > - E 3] Marine Cable Hosted Observatory(MACHGH #-45
ABEE) 0 B Wi ¥ Bl4cB 5.5%77 o

&%3}1“‘"& F—:‘;'\'% & /4}%4* li‘gw? PR I I 54 ;.Ufi,ﬁ E,\bﬂ:ﬁi";
% (Broadband Sensor)+r i¢ 4|3 & i (Accelerometer) & v /& 4 3
(Pressure Gauge)rt + # 5 3% % o
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BB M EE S RS AR BfRTa 4 ARd 2
AN o R IE D BN enfEdrae A kA o Ak E A BT
MEAL-Ms- ez az fEapa) o S adismes thn A
1 fpz bR (ray)E - AR S - AR AT R 2 8 FIRG

» PR s B E MR REAIT R BA R o

ZaaEoRE o BN AL 2 g R R BAFSE LB o TR
Bk Renhv A Fl-p B Bl RGBS LD Sk R RE A kS
e E R A I E A TR P E A 2 iR e Bl
O & = J i SR S SN - F S S R A N e RER L
o davRoRE A NS o Flp ek R B3R E R S FE R Y
FONLZ A RO e R R F AT Y (Murty, 1979) » P 4
kel i s is ol R e BRI R B g T o RS S
(IR & i S “% P MmN A L 4 > 4§ R = AR
R &ood A NTFE o - AR AR T dp S B 0 A A
S =T R B

AP EHEFEIRNE? E S ASRE I RE FEGEE DD
COrnell Multigrid COupled Tsunami modeI(COMCGE);“ T3 1 & H
2 (%, 2011; &, 2012) B2 47 S fliad s T AR
A g IpAE FERE BAa AL AL A RS WA

B

=

Wﬁ?Vréwidfﬁ#;*;aﬂmﬂw#m%%ﬁﬁcvwéﬁ°éiii
Y AR RTASLERLT > AP R 5 T ABL R0
% *

m COMCOT #-3% 20 £ A~ 3B % #_% -k * & %2 (shallow water
equationsy d & 7 f < ¥ > > psp a2 (Liu % 4, 1998) 3 4
ST iRtk o LRT] 14k 2 F EFERY a3 1993-2002 # it
3 COMCOT 1.6 %% E pF R P 5 2003-2007; & #7:71 COMCOT 1.75%
%}*/%'E%‘Fé"‘ﬂ 200853 1= - COMCOT 1652 1.7 % 2 B2 fi ~ B &

3 85 (Xia-ming Wang} L % B & a o APy Bigw 4
COWIH16%;é@_HﬁcmmMRL‘.ﬁwg’%4%*dv

5-11



F 16 L % 5 nch(netedf); 178 B4 * COMCOT L1.75% (Mt 22 1, 2012;
%, 2013)e

% 7 COMCOT ficzvz ¢t » p & L # %~ & & TUNAMI(Tohoku
University Numerical Analysis Model for Investigation of tsunamgg)®
. PsE 1991 42 en TIME (Tsunami Inundation Modeling Exchange)
R ¥ oiEm s 22 K 5 NOAA  MOST (Method Of Splitting
Tsunami) #-54 % 5 7 > @& #* —ﬁ Wz AARARRAN K> /2% 0
SRR 2haE 2 8ok ﬁiﬂ B

n+P+Q =0 (5.2.1)
P+(P2j +(PQJ +gHn, - fQ+7H =0 (5.2.2)
H ), H J,

Aot 2T pd hG 28k o HL2RE P2 QA
T 4
&’ X N

\\\?{r

HEXEYF ez g o gsES v R SRS YA B
RXEY D RINEEES o

fm k= f2 % b > Boussinesq®r #2584 H.- fo el ¥k Rl d
a1 2EE2 KR a6 fz(nonhydrostatic dlspersmmf@ o & Boussinesqg*
A2 G RO S B 0 F R R S ES R R
4off (20077t - — Sk i@ * 3N 5 vk @ :}éq‘y‘%&m e R T EEET ﬁp L
Pl Fl @R T - fE ARG R ANL A F 0 R iFA e e R
ﬂq‘#‘f i# * Boussinesq® £V g & F < o

I b o~ R et 0 Synolakis & Skjelbreia(1993) & 7 4+ *
FORBITWAR K REHNT UL A LA RE AT 8 2
Bg ~ b agAeY apl g g e dd ARG U el
gAY o 2R ORRATR AR AT KO F AL o s i fLeoim
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@ ¥ Boussinesq® A2ty £ € & E %’z S U AP Gl i2
EWE U EE e AL LR i ,T,Luwz;»ﬁid:
Y T @u,d%“@%ﬁﬂﬁwﬁwj’ﬂﬁww'fﬂm@”’M%
HMERE o TR ke AT 2Rk AR e AT AR J
B 2 R R A ® F MR R e SRS R R 6ok
BAP POl > T B & BRT 2k AR -

¥- 25 WAoR%2 FEs 4- BEL Y E ;@wﬁﬁj;uga
SRS %ﬂr'\ WY oV ESREZF E RN R TRRE AL #
{iﬁiéiﬁﬁﬁﬂﬁﬁwiﬁﬁQ¢ﬁ%§,ﬁ AL G o

‘ﬂ

Falr Rt e g B Az AN p

A I S L ffﬁ

COMCOT #iE f  F0 4253 3 Fortran 38 » #;% ¢ # i53%
d8TA ST AL ca L BB E R B Bty o 2 H U4
D22 R AR IR T o gt T 7|2 ek

(1)i * 5 e e fe ffu(multi—grid nested systeny) & » ¥ iF4F g & T AL

2 L E R B

“VF-?T
QF B+ 5 Rm  ER@E T IRRAD EBE S RPY
(B)F &35 ®id > R F AL 2 2 E o

(4)i¢ * £ B2 (leap-frog)r 7 T L A = 2 k f2 ¥ -k > 42 3¢ (shallow
water equation)

(B 7 A= dpik )2 % 58 1 (Bldes B~ i3 R 4 1 gt sy
’}i\i ?ﬁlﬁi) o

e BT 2R R AENT AT S
¢, 1 [op (5.2.4)
ot Rcosg {aw 09 (COS¢Q)}
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P gh o

—— f
ot Rcos¢ oy Q (5.2.5)
1 9 { h® a{ ) (P) ) ( jH
= — Ccosp —
Rcosp 0| R cog ot |dy ¢
a&.p@%.y fP
ot Rd¢ (5.2.6)

ZQ;{BRI;%;{OHPJ a¢(cos¢ JH

TR )R AR AR NS R AR P T AR BE
A RER TS RAF B EAUTM2) (N> E)R T 0N &
Ao EL - =l d (5.2450 2 (5.26K 2 P Qo Pk d %

435 TIBERIFE- VO MTEI ARG RN

+eosp ¢(°°$’ ;ﬂ
204 o (5.2.7)
S¢a¢{ s¢a¢(co$’a¢jﬂ
gh3 0° Z 1 OZZ
+3R“co§¢{awza¢/( osf ¢] cos ¢{ o ¢( 0§¢6¢/2JH

COMCOT *© 1 % 45 3¢ %;T M 3+ Bt ;= (staggered explicit leap-frog
scheme}k g2 s dd i -k > 258 > 1% 5 - PFR 2 WH T EZ2 pd £ 5
ks g ek G a s nel2 Baz pd L5 k=

°¢_ oh [o%¢

ot* R’cos¢| oy’

gh* 0° Z g 0 o
3R“ cos ¢ oy’ 3?“ cog 6¢

Zn+1/2 Pn+1/2 Qn+1/2
i a[,e. ),L a @ﬁ,f? DI F 20 B N2 ggﬁ ‘;;12-%_1:‘_—'7}; fj‘—f{’.\g} 7 e i

BEAME AR TR R Lok A bR R R Al
B AFEMBAB AP EL LA AR AH L o {7 FLE L
7 B e gs(staggered) 3 k3t y o FOUR S L 2 A lic B AR T
4c®] 5.6 #ro1 - COMCOT # * ¢ & £ &% » F|p COMCOT £ 5 = 1§
i rr it 2 0 ((AX)2 ,(Ay)2 , (At)2 )engt %732 £ (truncation error)
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H34c 7~ % (Liu et al., 1998)

Pn+1 o Pn n+1_/2 _ _n_+1/2
i+1/2, i+1/2) + H i+1,] 1) =0 (528)
At AX
n+l n n+l/2 _ »>n+1/2
Q.,j+1/z_Q|,j+1/2+gH bt S - (5.2.9)
At Ay

n+l/2 n-1/2 n n n n
Zi,j _Zi,j + Pi+1/2] P i-1/2 +Q' ,j+1/2_Q| j-1/2_
At AX Ay

0

(5.2.10)

FAT AR R o OERF LR R F g AINEEEY 2 2L
AR AR AN T LT A4 VA 7 2 (Liu et al., 1994)

%+aj +a£:0
ot odx oy

(5.2.11)
6P+0(Pj (PQj+gH o¢ -fQ+rH =0
ot 0X ay 0x

(5.2.12)
6Q+6(PQJ (Qj+gHaZ+fP+TH:0
ot ox dy oy '

(5.2.13)

AP tERER . JRpd AL gBokir o HE 2 KFE P2 QA
MEXBEYFezZ g o gsEA @A SPNS ST ST R

B A XE Y e RIS .
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I I I
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4 4 4
| 19,01
Ay —_ ) = T = T e
Zi,j lIrf+£ J
4 1 > 4
I I |
—_ O == O = O —
Y 4 4 A
I I I

‘ T Ax
X

W56 245587 LA R

KIRAIE v ¢ % Chezy= ;¢ >

fE e PPN 1= s QUPF Q)Y (5.2.14)

_ gI’I2 2 2\V2 _ gn2 2 2\V2
r, =9 p(p+Q)* 7, =L p(P+Q
( ) Tl ) (5.2.15)
(5.2.14)% ¢ 1C, % 7 Chezy2 ¥ chB i tidicr @ (5.2.15)% n i £
IR e > B R R G R § M e

PEAUHE S ARSN 0 AR SRR R A BB TR R A g
FII% F R 2 (Upwind Schemedu® » e f B @ 3 5 AP et 4 /) ch-

COMCOT #53% g Aid Be(GeiB) e h aark * BB @ R ix 2 5 2k
B OXLE N PR EE S R FFFARGE M b R BV BRI R AT IE
P2 R ERERIFR o BEERHLTTT SR 5.7 2 B 5.8 77
T s R RN AT 2 AR -1 2 IHL gt R 2 oRE
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% 59 & BE3LR3 53E A A - X=5000 m s« AR i

» # A& 0.001 # A 0.002 # A& 0.003
il g A7 4ok = (m) A7 4ok = (m) A 0 S (11)
| mivs)
% 45| 5 6 7 9 | 10| 11| 12| 13515 | 16.5/ 18
(m)
0 0.00| 0.00| 6.40| 8.02| 0.00|10.23/11.81{13.46| 0.00 (15.26(17.77/19.84
-2 6.14| 6.21| 7.10| 8.64|10.95/11.22/12.82/13.76/15.89(16.1718.28| 20.00
2 | -4 |6.72|6.79|7.36| 8.92(11.45(12.07/14.0214.43 16.31/ 16.90/19.23| 20.24
-6 7.20| 7.30| 7.83| 8.81|12.6314.44/14.65/14.88/16.67/19.11/19.82| 20.81
-8 7.57| 7.70| 9.41|10.21]15.00/15.05/15.07;15.80{19.28/19.91/20.27| 21.22
0 | 0.00| 0.00|6.29| 7.58| 0.00|10.30/11.81/13.79| 0.00|15.4717.8320.10
-2 6.14| 6.20| 6.81| 8.15|10.95/11.20/12.82/13.79/15.89[16.07|18.54| 20.04
3 -4 6.72| 6.78| 7.24| 8.85|11.47/12.52/13.99/14.69/16.32/17.16/19.17| 20.56
-6 | 7.20| 7.27| 7.83| 9.48|12.47/14.3814.88 15.32 16.68 19.20 20.13/ 20.99
-8 7.55| 7.62| 8.22110.88 14.73,15.40/ 15.60/ 15.88/18.28] 20.10{20.58) 21.40
0 0.00| 0.00| 6.27| 7.55| 0.00{10.36/11.83/13.36| 0.00{15.58/17.99 20.11
-2 | 6.14| 6.22| 6.84| 8.11[10.95/11.48/12.90/ 13.94| 15.89| 16.33/ 18.37/ 20.14
4 -4 6.73| 6.82| 7.27| 8.55|11.46|12.27/14.22/14.76/16.32/17.83/19.37| 20.64
-6 7.22| 7.30| 7.87| 9.00|12.71/14.71/14.98/15.42/16.69[19.19/20.00| 21.16
-8 7.57| 7.66| 9.41|11.15/14.97/15.19/15.70/16.17;19.05(20.03|20.60| 21.70
(2 = :m)
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% 5-11 # & 0.001 3| 0.003 e85 -t i & X=2000 m e % -RiF

~at| Lo # & 0.001 # & 0.002 # & 0.003
B (’m 37‘-8 o 4ok i (m) A 4ok i (m) A bk i (m)
(m) 15| 2 | 3| 4| 3| 4| 5| 6| 45 6 | 75| 9
0 |0.00|0.12|1.40|2.81| 0.00| 0.34| 1.90| 3.67| 0.00| 0.71| 3.13| 5.46
-2 [1.24/1.19/1.80|/3.02/0.95(/1.08|3.01|4.17|0.96| 1.21| 3.56| 5.28
2 | -4 |1.78/1.75/2.15/3.26|1.42|1.47|3.78|4.81|1.37| 1.88| 4.31| 5.51
-6 |2.22|2.17|2.52|3.35|1.78| 1.82| 4.66| 5.17| 1.60| 3.05| 4.80| 5.87
-8 |2.62|2.55|2.88|3.68|2.13| 2.14| 5.25| 5.73| 1.83| 4.23| 5.56| 6.42
0 0.15|1.41| 2.95/0.00| 0.35| 1.97| 3.54| 0.00| 0.61| 3.44| 5.50
-2 1.22/1.84/3.17|/0.95/1.09| 2.86| 4.21| 0.96| 1.43| 3.53| 5.60
3| 4 1.77|2.21/3.31|1.42| 1.49| 2.60| 4.62| 1.37| 1.95| 4.34| 6.03
-6 2.20(2.60|3.48|1.78|1.84| 2.92|5.18| 1.60| 3.33| 4.90| 6.29
-8 2.58|2.94|3.71| 2.13| 2.14| 3.13| 5.78| 1.83| 4.17| 5.57| 6.78
0 1.46|3.12|0.00| 0.38| 1.82| 3.30| 0.00| 0.62| 3.15| 5.62
-2 1.95(3.21/0.95| 1.21| 3.13| 3.84| 0.95| 1.50| 3.74| 5.59
4 | -4 2.29(3.33(1.42|1.57|2.74| 4.63|1.37| 2.16| 4.46| 6.02
-6 2.67|3.48|1.78|1.87|3.44(5.19| 1.60| 3.54| 4.94| 6.44
-8 3.00|3.74| 2.14| 2.15| 3.19| 5.68| 1.83| 4.30| 5.70| 6.78
0 2.96 0.45| 1.85| 3.45( 0.00| 0.66| 3.29| 5.85
-2 3.30 1.31|2.81|3.97|0.95| 1.69| 3.82| 5.62
5 | -4 3.49 1.71| 2.87|4.80| 1.37| 2.54| 4.49| 5.99
-6 3.63 1.92| 3.07|5.26| 1.60| 3.72| 4.87| 6.42
-8 3.83 2.22|3.16|5.92| 1.83| 4.51| 5.60| 6.81
0 0.54|1.93|3.78/0.00| 0.69| 3.23| 5.26
-2 1.41|2.84|3.92|0.95| 2.16| 3.73| 5.09
6 | -4 1.76| 3.01| 4.47| 1.37| 2.54| 4.55| 5.98
-6 2.02|3.33|5.20( 1.61| 3.82| 5.03| 6.33
-8 2.27|3.49|/5.91|1.83|4.59| 5.67| 6.73
(= :m)
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% 5-12 # & 0.004 3| 0.005 e85 -t i & X=2000 m ¢ % -RiF

AE | Y2rE 0,004 S 0.005
W (;j;) PIGKAL (m) VIEKAL (m)
(m) 6 8 10 12 7.5 10 12.5 15

0.00 | 0.96 | 3.96 | 6.54 | 0.00 | 1.18 | 5.00 | 7.26
094 | 142 | 420 | 6.37 | 095 | 1.82 | 4.82 | 7.42
1.29 | 2.07 | 4777 | 6.58 | 1.12 | 2.34 | 5.31 | 7.71
1.46 | 2.88 | 5.35 | 6.90 | 1.42 | 2.63 | 5.70 | 7.70
1.67 | 437 | 5775 | 7.07 | 1.65 | 4.11 | 6.23 | 8.12
0.00 | 1.08 | 451 | 7.27 | 0.00 | 1.43 | 5.33 | 8.53
095 | 1.41 | 442 | 6.96 | 0.96 | 1.88 | 491 | 7.97
1.29 | 212 | 5.15 | 7.31 | 1.12 | 2.31 | 5.62 | 8.24
1.46 | 3.42 | 544 | 7.72 | 1.41 | 3.28 | 5.89 | 8.79
1.67 | 4.64 | 592 | 7.62 | 1.65 | 440 | 6.34 | 8.71
0.00 | 1.12 | 4.62 | 7.34 | 0.00 | 1.26 | 5.94 | 9.04
095 | 1.89 | 418 | 7.19 | 0.95 | 1.63 | 4.85 | 8.48
1.29 1236 | 495 | 7.23 | 1.12 | 1.99 | 5.81 | 8.52
1.46 | 3.65 | 553 | 7.42 | 1.42 | 3.39 | 5.95 | 8.93
1.67 | 453 | 599 | 7.80 | 1.65 | 4.51 | 6.62 | 9.18
0.00 | 096 | 479 | 7.07 | 0.00 | 1.52 | 5.63 | 8.72
095 | 1.85 | 448 | 6.79 | 0.95 | 2.04 | 499 | 8.99
1.29 1225 | 499 | 7.01 | 1.12 | 2.32 | 5.39 | 8.93
1.47 | 3.81 | 556 | 7.36 | 1.41 | 3.40 | 5.94 | 8.82
1.67 | 4.63 | 598 | 7.70 | 1.65 | 429 | 6.52 | 9.11
0.00 | 1.04 | 4.45 | 7.49 | 0.00 | 1.61 | 6.12 | 9.01
095 | 1.84 | 446 | 6.92 | 0.94 | 2.05 | 4.82 | 8.60
1.29 1221 | 5.00 | 7.11 | 1.12 | 2.65 | 5.59 | 8.48
1.46 | 320 | 545 | 7.50 | 1.41 | 3.52 | 5.98
1.67 | 480 | 6.19 | 7.77 | 1.65 | 4.47 | 6.50
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