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The Status of Wave Investigation in Taiwan Area

wRas BERMFARTE

ABSTRACT

The status of wave observation around Taiwan, including
location of wave station,wave instrument and applicable wave
data are described in this report. Six wave stations which
obtained long term wave data are analyzed and wave character-
istics for different zone around Taiwan are discussed. Wave
data recorded at Taichung station are used as an ezample for
more intensive statistic analysis in engineering application.
Finally, the existing problems of wave observation are men-
tioned and personal suggestions are proposed.
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il

R ERERBETIRZER

XmE  HAIFRARIATIBEREHE

1S3

B4 %44 % (Benoit Mandelbrot) # 1975432 th & H £ B 2 4% »
WAL AARRETHORRYE - Rl P AEEF .3k
BRGEZ o R LTRKA LR BRER T  AROBABRHENALE
&ﬁL’WEﬁM%Tﬂﬁﬁﬁﬁ%W%’ﬁWEzﬁﬁﬁmﬁﬁ%ﬁ
RT > BARIBBHA - FRBAHBDRAMLAL ) —ALBATLER
BT A-RRAABEREL - T~ FEOE T o AHBBRERGK 42
B BAZERL  AXEABEARBEH G RA— 548 o

HERG L W BEWELRE L5 (Pierre Laplace)® & A4
HEREFTHENGE RN ARE 7 . REMNSRTRB AR LOKS
FTRA O MEATAREF T EY o SHBEAR AL XM (Entropy)
MBRASBRZIK > HTEANEH o e @y kg (Ludwig Boltz-
mann) WM EEEINE T, ZHHW Lo LY TR EBRBBIIRER
R o

BRRETHRPH > SREERHEALEE > BRI HBEB RS L
MEBE A EFREMOARNARTRG c A S MR F4MZ
RTRAREFLYRELEF c RERE R AN AR S F S AL H R A e
DEA O REBER RATFRE o

LHBEME (BB E4) RTRYXAALRMMBE? 605
RAR > AEXIBAL LT BENF LRI R A4 R B RAR
Mg ITE o

19634 % # 2k (E.N. Lorenz) B R A — M i E ey sk 48 14 5 22 X, (RA&
EHFTRA) ARRZR Y BERAAARERERL  BATRAS
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M ZRBEGRDGER > ﬁgPiﬁﬂﬂﬂﬁﬁﬂ%%%ﬁé‘J%%%‘ﬂ% °o &
AR SR ER TS R (Butterfly Effect) Br#4n 454
MEREKR ARE—FUBBRLFTURAF LY BEATRAARER
BHP > FHREBEETRAERTEE-EMNE > T ALEAF  BREK
RSB EHALERL A TUAEAREHMTYRET AL o RE
Bk EAEE ARG RE E—BEEAS  BARELARAGRR  AbE
BAGEEAREY EXEAFHAEMTHTRATHOBRATRG ©
FEAETMAATMTUESARRAALYHATRIFERL > FIHTA
BEBAFABERNONGET HAZALAKKEZELYRE  AEH
BEEBEE 8 HAAGARBAREYEE > HEMELEZIRBERHN
B AAAREGKET  BEIRFERFoFaMEMYFTE—EHR
HEREEARA o HEREABBHSBHY & EHRTF o

% (Chaos) #9 & ¥ A & #4 % (James Yorke) 3T F o 4t & M
ERRALUFHAR REEREERBARL AL ANBEHILZ o R
B TP RFLGOEH AL RS AA AR TN AER » REFAKD
MR ARBRESFTEAGEIZRT °

ETHRRGLA G BN S msEEAE CARES(Qual-
itative Mathematics)” o MW ET BT HEZAEAL T E B HAKE
HAGRAIEABMOPE AXBBBEPARFAELGERFLGRL
TR H M A G AR RE LG LR o Bm T EMEFRK
(Lyapunov number) ##TEA “HAREKRAFRZAL WELETE &
E@P‘H}iﬁ]ﬂt%’ffﬂkx‘?% cRARE L EMEFAMEFALA LT AN
B KT KA TFRABERE > M ERGREBEE BT

EEZGRGAMEATGRE ARG HPEOEHRE

ﬁa‘lﬁig"ﬁlﬁ L RRABBCREAGOMEBEE R HGH T TR
RAFBFERSRAMFEGHETBREY ° PP iE # F R 189 L A AR
EATABEH -BZaRMOAREY > wRELEREGLER > A
MEKZER LRERLARAZLER ) MREHRSKERER &
BEEAXHBY BHAEEIMRAT  HREANARAYER R&EM

2—2




BEXGMAE > EXEZRABRYERK AEEFTRAAEYREARADH
ROBH > wAFERL - 1=064 AOHRCATRMAIwAELSR
» LM BGRE - EXE B KA T B o

BEMT > B ooty ARk B 3 R & D 8 TR S 4 KE
ETHRM X% B8O RFA EERE SRR —BHRLHHE
ALEABREGTE ELARTRLESHSAERGOHBRELL o &
MBRAERBRANETAMEL RN A AW ERERTAIRARG F
RAUNGITE > ATEH B EHEETHE > RELYTHEIFE L]
BA—FRAKR - BHEHOHE  ARUTETAEEKEH AT o
BLEABIABRAGEHSIETAELAGEE » T ERAE LT R R
HARRGARR RARA A IR L RARAAEEELNTEEM o

E—85  REEUGA

BRAORRYE > e FR - EAE - TNRaT 2 ERIRH
ERHBROETHK AR OLELSTESE "THRAELM, (scale-
invariance) &M H c BH M T £ L L LLFHE (n—BAX—18
BE) BRERAL AEARARBERBREROBHRNEE RS
HoORFHMANREITREAEEHM ERRARFLMYMRT R FA
BARAREAZITRAEETEHHER o

BTHAMRTARB T kAR SRF LS ELEEIMELGEE
ENZRIBBE > £ E1975% 8 £ 8% %8 (concept of fractals
) o &M (Fractals)R A& T x# a8 (frangere)#s i 5% (Fractus) »
W 3 ¥ A B (Fracture)f 49 % » w3 (fraction)M FH KL A FH b #
RRBHEBRETEHBYFR o PHABRANSEES “HHB” o ik al
B TR KATH KR EKR>% (power-law disttribution)ie st &
BEBER c BT RER > BEREBLARRKEATARALTRA G RL
CETHERR RS H R B HOR®
B ER

HRBEBTAGATL L4 M@ RLEM (pathology) EF o Ax

2—3



NEZHMBH > 252 =ZAFEHE (triadic von Koch curve)® @ -
# & = AH(Sierpinsky triangle) o &8 ¥ & 4 (Menger Sponge) A
PIRSH METATELEHYER IR ERZBIAZIK  ZAF
EwAKTEAMRFEY (RUHL EABBEIRAOER) #HF
EMGEE BEREHAZABBTEE B FERLALAETERT
PESGAGHERMARAAMMA  RARRKMEBHRASLKE L
BAHUKRERY  BATRLAMABRFINZCLEZRANL LB
e HREA ThH KM, (self-similarity) %q » B E4EF— 1A
BRAREZTHABREZE Ko

Mandelbrot# 32 7 Hausdorff $FAA N AR E LR > HURE
& % (fractals) ; £1975% R E &AM LR ; L EAFAMLRAR
BAARRAL  REWAEERAKROAEL R EZETR - TTH
s G H AR ETSE (chaotic behavior) ¥# A M A ¥
ey A% o

BAAARGYBRASBELIRARETARRFEFTAM > 2 TR R K
s R T YRGS (mEL) P RENARXRVHBAEAESBERIRARATY
BRATHRELS o kTZ ) BRARDBUELE —HERARARET
X EHRLRBEKE KL M(strictly self-similar) o ERHEHH A
EEMEL ERFEABLEARR Y EEH S L X LM E (random
sets) FARE TG LAREM ) W —K > THSFERETHHBRT
AGEGHBRETREAB GBI KARBLHAELAFESTERLEME
> BRROY BB IAAAERSLABOBRB c BAZ AR IXRHK
MREABREARRYME  MIAAHBFEMR I AR IRREMMESF o
FEFHERTASHBAREAGF ALY ERTE  ARF S ELH
BBAGRRBRGAARmMATE KA AAE—HITREAKEF
AARMBIHAAREBEETENGET  AXESHERE ¥5AFH
RPEEBETHS c HAEABLTUBHAM B B ZHmegfF
JeB T B KM, (natural fractals) o

BRHBURIERUELBRE BRASEIABRHBELA A&ZEME
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o> X FHAi#E X (Hausdorff) e » Dy» BAKF&YBHL A (topo-
logical dimension) (A MAHEEGEABRBETES ) o Hib
—EE KR AT M BMAD S E R A BT D LS A3 o

E k¥ (Falconer)#s i Mandelbrot¥ B B2 AL R LI H TH
BEBEEEG LRBBEUEZRAEEEH A EAROH R A EF T

T AREMRETABY R MEREKREE AARAEMBRAET
BHBEALEBALRA R EAG R LT RE A o
=—~8F é-siﬁw‘rw"’ TE& L i K4 (Statistical self-
similarity) (AMARERYZAMRBATEST) o
Z~BEAEBBRE (fractal dimension) kA% E o
W BFTARMEN TR EALERAA PHAZAFESLE > &
WIFMBE=ZAHBRALTHESGERER o
ok PR THE ) RARETURE FHARARE —H B
LRABBHERRENR LR o AR TR LAEARRE A Kb
ENER - EARRVBH S W HINEREER R —BRTHLLES
MRy HABEGF & o
EG - BEMESH
BEEME "HAE, (dimension) » FAMBAMBEA T RE »
H—F6MERM (neasurement) B » R EAPFRILGITSE o T4 o >
BRAANAERDREFMGETMNAETE LS R TH o BitinREE AR
FRRE > REGTRLABE S —HE/F o  BERFLSBRF BN
BUEREZFMREGZ I » WA HE M S HOBH OB o G AW
MAEATBAREM  MABETEORRWHRERR LR ETHURY
w1 4% o
A—TE HASABLERTORETAET S  REHF £
ME > AFAMERATRELARANBABARLLAE LA GSMK o 45
AAFIRAGBRETHRARERBABR c FARBFRBERAGRE R
RETEZ AT ERBMORALRAAABAZREF SN A EG&
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BRAF THZREA LK mAEZARN—RANEFYHEEAREA K
> R ERFENEZIMGRELTTRE 0.005 o
ATHBARGEEGEL A FTARRK M FEHER - BH
wERARWE  ATXBRALRAEL®R o B4 (Gallant) k4
ERARGEZAHGH LARGOBANAETRTHIAAGER
JRIEHERE (Topologic Dimension)
BHBEBEREAERR X —Kb5FE—BYEE I HE (neigh-
borhood) B EA XN —RLA K- 1409 E4  MBERESAEBHR KL
ERBRESAAZENAEREL - BRI A T  BRFMEZAY L
—gagg A (MEBRAT) ERLEHBIA—FHROBES (Liit
GEEEH I k=1) HELBERATFTMEAZAHBAEBHK 4o
BHBEEEMABREETRNTREAR - dALMEIWH LA LR
REM ARMAHEHTRE S 32 EH ORI LATERER
BRI o
SHTE XM E (Hausdorff Dimension)

EMA A GEXHEEE AR — B A LA %E (Hausdorff Besi-
covitch dimension)e R ER F ikt T | BEAKETRE R GHBUTAH
Ht o h(d)= g(d)ds B E > A¥g(O)EARLERTOHBRAT
(BB Ep/4) dEEEEE BARAERTOBRE c BATEAR
-%¥ # (d-measure) > M, > % F X7 7

My=Sg(d) d%=g(d) N(d) d (1)
AENAEZEEXBHEA TR THE - RARY —REMNTERA
HR B egs (d=1) %% (d=0) FEX 24 THABRKBYEFH (d
=2) EX o FRAEJMERNEYHERT (ARFLLEORETR) »
HHEON BEABRAREEZONEE  AAILFE-—BRERF G F
BESLBK HEBEREFMEEMBERALZD o . DAREDA T 72|
T —drgH X




5 (@)

d
M, =N(d) h(d) = & (3)

N(d) =

%%ﬁiﬁ&%ﬁ*%&ﬂﬂ%ﬁ?ﬁW%é@%%%—@&ﬁm%%
ﬁﬁ%ﬁ&K%k%&Eﬁ%$&°$wﬁ€’@%%ﬁ&@%%“ﬁ
BELERAFTH » E—FEFTLEFH > ALEHOBREEA2 o

é%%&&ﬁﬂi%%%&&ﬁﬁﬁ%%ﬁ?ii’Ek&%ﬂ%
ﬁ&ﬁii%ié°£%E%%%ﬁ&%%i&&ﬁ@T%éﬁﬁ&#
Mo X (D) RKX Q) RARBERALKRRAA AR &4 o
MILUMEMERE (Similarity dimension)

&M&ﬁ&%i%%I%%%—%é%%N@¢%ﬁ'&ﬁ¢%ﬁ
FEREY G T TR (1) MREAD SEAMRE > o F A -

In(N)
= T <4’

ﬁﬂﬁ?’iﬁ%W%%W%Q&E%ﬁ$;%ﬁ&W¢Eﬁ%'Ek
SRR Y & 2

_ _In(4)
T The) T ()

k%’iﬁ%EwﬁWﬁémw@ﬁ¢3%%¢&ﬁﬁ%:&%&w&
BETATKES .
In(4)
s In(3)
GRRERERRA S BRSO RERES > B S 5480344 4
SRR RBHBGHBE T LA o
EBHE (Box Dimension)
EH4%Z (box dimension) » D> XA LA B £ 4 (Komogorov
entropy) ~ ZAA4 & (capacity dimension) ~ W & # & (informa-

=1.2618 (6)
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tiondimension) e WAL A AARBMARA LR FRAMBELT R o A K
S ik > Bp & F3H#tk (box counting algorithm)» ¥ @& o & T
HEEFEFMETREL e > MEATH > TAIME L
log N(e) .

(7)
log 1/e

HAEBAALATREAEESAROAEKER » B@k
GHEARBEARARETHRT S AR  AARBARLMHER T &
MnhkesEF (ASRA %) BEaMa ket AT
BEMELFARDZHOMG > HERERTSREBGHEA LR
Bt o BLELAEIRMMAEZ AERABER ABAEHBEFERSR
ARG EFELR—RAFTH > TAREAHBIARBF o AHRARF G X
kB BEE > MABERALAVELRE  REHGH L R TFEURYE
PR o
MM #EE (Grid Dimension)

AR ABMARNSRLEE MG AKETHABEEIRFF NHH
Ap@ABtREIAEA R EAOYBEORE  APEEGRD ) AHE
MAEMEE > BAR (T) REBE o
HEFBHRE (divider dimension)

% #.4 & (or Compass Dimension) R MA W Geyil o AR F L
MEABER —EEMUEATHARERLENEN A ARERELAR K
EA o FEAEANACERAAERASERAMGNEc RE > AR
# (divider walking algorithm)aF A wESHEFARRETHRE AL
ATEBARALOBRE RAAREN T RESFRZEATFARBRENA
AEB GG AsE BHEASRMS (divider open length) RAAER
WERLBRUEBGHAAALERL XFRELHA%IHARd cAFEHY
o RBAEARBERD, =1-d °

ERERERETFHEER R TERAETHHEORALE
#%%i°ﬁﬁ?ﬁﬂ*%%%ﬁ%ﬁﬁ%%&%%%’é%&gﬁﬁ

b:
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A4 ( Cantor Set)B|E X% FWAB AGRELS TR A oMM T
’ﬁﬂ%%@ﬂﬂ%&%%&"ﬁ%ﬁﬁl’&Hﬁ@#ﬁf&°ﬁi
BEENEAETHARERAFORREE T EA — A5 MELEEE
DY BARFRAK ARTARKEGWA ARG G LS ELEERIGRE
Mlegta b AR e SMMBYBLTHRERERZUHEEL o

REHR I ANRERRRERNOBERES

ANREHELEE

ANBBEEZORREKREYEER M o AHALHNERARARRE
MERREFGRIRRABE o ZRANTRTIEBH KR >4 2Kk
XBRZEGMWAE  BABAERRE KRG L AKY TAES o & AR
*’ﬁﬁﬁm%ﬁﬁ%ﬁ%#ﬂﬁmﬁﬁ’6&*?%%%@&*%@
) SR ° BB By X 45 B 4 (Geomorphologic Unit Hy-
Mwmm,WMW%E%&HM%%%%%%%X&&HA%@—ﬂ%
ﬁi%#i@ii—’ﬁiﬁ%iWM%Rﬁ%ﬂﬂﬁiﬁ%ﬁﬁﬁ&
ARTBBEELMB o ERATTHRELERE w3 2 & R
ﬂ%ﬁﬂK&i%ﬂ%%ﬁﬁ&ﬂq%EEKEMKﬁﬁﬁ°E%’R
EREMTEMRRORISRESEEMNRAEL T #EFZ 2R
REKRXBEXZ Y o BMEAR-—MA 2HELAXBLEABELRERA
TORBEREELRMN B THML RO HER o AARBE > 38 (
Horton) & & # % (Strahler) B h T — &) E 5 4 4 64 5 3£ A &
HRERAR S FALE(Horton's laws) o AL LS F k&
DA BRALRAEE ) TAA ARSI B L4 > KamuALA
ﬁ%ﬁ%Tﬁ%%%ﬂ&?ﬁﬂﬁﬁ%ﬁ%ﬁﬁ%%%’Eﬂéﬂm%
RERRAHPIAZRZE o

AVARE — )l &R (individual river plan forms) & 4 » #
RBEORRGBRRAE—R A o THNHERELERBIE LT o BE%
RERGIREM BT ORE > 50T P RE 2R REAEY
3 Jm o RGBT KB TLIT | 4 B BE AL A A HL B (regular) £ % & M4

2—9




(purely random) 4R M o WABRE TN GHBREHT HH 4% M
o $3(Snow) R TH(19)FHAB I BRAERE -8 FEHRE
HAk ko

BAEEHMINEAMERIRARBL » T4 KL HHE MRS
# A %&(L.F.Richardson) o BERME AT AR ARE > Lk
AAFNAERBEAAMETURAR » AR R TEHRBEEGAR (
FRARE) AEAMNGARE oWl > AREFFHARANER—
oGt BRATASE A7 mrMAEL Y ERRAKRKE
AN EEMBER c EAXPTHERAYAREEAANEA-TH
AR EFLEEHEN TG ERNAE ARREMETALEAREKG S
s 4 & F (remainder) M@ ksl o AEFHRGFEL TN A
HEFRMRETHAEAER

AREMERAH SR TRARBRAAARSEZSN WA LGYRE o F
a4 (Gilbert) #5& » R A A AHGETAR K e 3 F R oy 42
MWE 2R A EABEEREGAREMENRT » HEFIAGERS
HEhoKMmE (19K 2EAAREERATEER ( Bty
EARGMEZ—H#) B TREABBABAAN  AERELFRAE
%%Laﬁﬁwﬁ%%%ﬁ°@%?ﬁﬁ%%%ﬁm#iﬁﬁﬁ%%ﬁ
o A AR G R4 E (self-affine sets) mE» BaTRYE TK
oy REM, —FORBLAAARA c REHEGREREARER
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AN TR~ dbEE S BAGE ~ ¥ R S b kR R b 3087 B & e AR BT
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—TEEIXL—RBEN 0258 o ANM K REMRAERES —F
BRABEELTHOMERBEI 2 HLER o
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°iiﬁﬁLKEHbﬁﬂlﬁﬁbﬁﬁﬁﬁ+ﬁ}ifikﬂwi’iﬂi%ﬂﬂ&iﬁ*“rﬁ
WRE BRRBSARAMER LY ARTERAS KB E X 485,
B ARBREYEN T RORER o ARomERE R E L H
&ummumMﬁR'ix%%&i%ﬁﬁ°%&ﬁﬁi¢’kk&%
B2 ERBLEmABERERGEIR Y o AL FTREAAA—L
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» I BP AT R R A A REEERBD =1-d o
i%ﬁi&(lgw)#ﬁﬁi&i(Hack)ﬁ%ﬁﬁ'ﬁ’--i%*@i?ﬁ.ﬁlﬁ—%ﬁ
& A% Wl 4% (length-area relationship) & # & — i )| MBERBBEE S
1.2 MR % T (Gray) A2 & ey & 4 B 14 » RABHBERL 1360 &
16 % (Tarboton) & & & ¥x A& 3% 77 4 64 37 1] SMERRBEIEYEE o
A—FERABTINERCRAELEE 71.082/1.28 £ A4 F3541.19
o LA RAMER 4E 1.1364 1% o BEAERMNFOTNEBRERS &4
%Pﬁiﬁiﬂdéﬁf‘ﬁ——ﬁrﬁlﬁ.f‘iﬁ&&ﬁt‘(ﬁa‘i'ﬂ'ﬁé#&%%i% o B MG ¥ M
ABRESWE—FNRE > EABHBYERRALE L& X HE i
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GG R TR RSHKEBEREL % o MR ERRFEA LR
f’ﬁ#ﬁ%%ﬁ”l”?—*ﬁﬁﬂiﬁﬂ?ﬁé&&k%l%}(&ﬁ s FINAB TR A
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2—11
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m%ﬂ%’%ﬁ&%mﬁﬁi\T%iﬁ%@%ﬁ&&°%?%ﬂ@%
THGMER AAXERAGLE A BEAL  (sinuosity fractal
dimension) &AL~ TRIMABERGHBEFTE ©
AAXTHEEABTRIEZOHBEE S TR LERRTHEY
BAETROREBUATHEERE ATEARNEZAAEELT ~E@E—
AN TFEALRBEAOEDEEGAEISETREAERTERER
By M A% o AR I T EFHE A TN s (sinvosity) o
AEREMRE
RTHEAAE TROREMBTALARE - EFARLATHRY
BREERATHARFAEAN
*‘ﬁﬁﬁlﬁﬁﬂﬁﬂﬁﬁﬁiﬁ%ﬁ’$W%%EE#EA%&
RETERLTARARLTRYRAE Y —M@EEK (order) »
A EERRTRREME mMsL T+ —od#h T H—
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A TTARE | BATEVTHERAGHSEIE e £ &Y
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— KM FARATERAHB SO TREAEAFHTELELARKX
ey 1R 4E o
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log G =0.6+0.8 log S (8)

X)) RTTSURBERTREZ 0.8 RFEMIEW o 2B ERXE
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RTEBBARVEL R TR () AERTERESE THERE o

L | (9)
At
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I-REEE ¥ 4
I BmMARKAE
K3 (1989)# L /L imiiey " Byase £ | ( fractal sinu-
0sity) » ERE MBI MARKEGEANEE B LTI o
A(DERFTERARTREEAE L c BEEEAB T RELER
L L ATEEMRENATRREBANGEAL c U EAART
k’EK&¢%Tﬁﬁ%iﬁ—%$¥ﬁ’ﬁ&**ﬁ%i%ﬁM&&
ﬁ@iﬁokiﬁ@ﬁh’ﬁﬁﬁm%rﬁﬁﬁﬁJ°ﬂ£—$ﬁL’
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& 1.073 o
B

KA BEFTEENELABRETERARTIN GHME EHAELX
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EERL o Rp A EHBEE /28 g2 EAE 1 (wB~()
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FREER > G4 E FTTHBEARARARM Sin B4 %24
B RARRIERS I A ERG X EHRE Sin J4 o Btk h i
FR oA Sin sk MEEBRMSin Z % XEHEAEG MM
ROTFZSinifam » PALMETE S o

AABRLEEEZABIAMRE ) 2HbALEFEEAL LR
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TRABEEEBEF o
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VRREZIEZELAE (B—) HEAABGBHAEFH > BAHK
EETR BRRAME AAFREAH RN F LA EREAH 4
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RERBARBIER IS > RBAEME ] o L%y q)
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S oM ABREMEMAZTHNBEEA2 o MMAETH » BHBBE S
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REBRGY O RAMR o
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s B L BERAREEEZIHITSIR c AMWEXIREEVELABERME
s A ERBILHRER R HF > LAX BT REAYZ R
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G ARAFEERELEHB ARG ERELEAR L o RETCLREARH
Firz s E#430cn HFARMEMRY Inn o AT H R —MmAL
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A EE —ESEE (Hele-Shaw cell) 89 ¥%®F » AL ELEZ
MAAANATAEEG  BXARSGAEUWHEHERCLETLRE B
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MAMEH o X% FESEAERGERANERBAR — R FAE
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°CEFENZHRE K Rl EEARSIHEE A dIlrg Mx#EHhH >
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BRANTLEOTE » EBARENL NSRS AAEL 2 &
B R o BEMF (Glass et al) ERABRFREANSHTH LY
MMSMWwH*’%ﬂ%ﬁmi%ki&5—$ﬁ°%ﬂi%%§&
LEE S A FREMNGZIH G E HA4 KRG E o
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- 5fﬂiﬁiﬁé§ﬁi-§c°%PX#EF]é‘Jﬁﬁﬁﬁigf%20£30ﬁP}‘i°3'25?
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) _
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l ﬁ ._l 0 l 1 3
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REBBIR—FREBEE  ARER—E

B : HB R AE KR %
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=] | [ menineg
- HWEITERNn BE% (B
LT — R=#) BEERRRE KW
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=L T 9CH Z M BB 1%
I . 1
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Landsat MSS (um) Resolution(m)
green 4 0.50-0.60 80

red 5 0.60-0.70 80

near-IR 6 0.70-0.80 80

near-IR 7 0.80-1.10 80

Landsat TM (um) Resolution(m)
blue 1 0.45-0.52 30

green 2 0.53-0.61 30

red 3 0.62-0.69 30

near—IR 4 0.78-0.90 30

mid-IR 5 1.57-1.78 30

mid-IR 7 2.10-2.35 30

thermal 6 10.42-11.66 120

Spot (um) Resolution(m)
Panchromatic 0.51-0.73 10

green 0.50-0.59 20

red 0.61-0.68 20

near-IR 0.79-0.89 20

MIRARWEZZERE
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Level 1

RADAR
DEFINITIONS
Radar is an acronym for RAdio Detection And Ranging.
® Radar remote sensing techniques can provide information
about the Eanth's surface related to:
- surface roughness
- topography
- moisture conditions
A radar
transmits e ARad has th f 4
microwave adar system has three primary functions: it transmits

. microwave (radio) signals towards a scene: it receives the
signals and portion of the transmitted energy backscattered from the
measures the scene; and it observes the strength (detection) and the
strength and time delay (ranging) of the return signals.
time delay of
returned energy
® Radar provides its own energy source and, therefore,
Operates independent of sunlight for illumination. This
type of system is known as an active remote sensing
system.

¢ Canadian industry is a leading manufacturer of state-of-
the-art radars and a major supplier of radar survey and
interpretation services around the world.

® The government of Canada is committed to the use of
imaging radar systems for Earth resource applications.
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Round Trip Time = 2 x Distance / ¢
Distance = Range =cx t /2

¢+ speed of hgh! (300.00 km/sec)

e o =** nOtes °** N\

Disgram Source CCRSTITDS
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DEFINITIONS

Radar can
operate both
day or night
and through
cloud cover

Level 1

ADVANTAGES

Microwave energy can penetrate cloud and to a high
degree, rain. For those parts of the world where cloud
and rain present a problem in acquiring images, radar is
highly beneficial.

Since radar is an active sensor, it can operate during both
day and night. This is especially advantageous in Polar
regions where long periods of darkness can hinder image
acquisition.

Interpretation of radar imagery can vyield valuable
information that is not available in the visible or infrared
region of the electromagnetic spectrum.
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Advantages
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Level 1

: THE ELECTROMAGNETIC SPECTRUM
DEFINITIONS

® The Electromagnetic Spectrum is an ordered array of
energy which travel at the speed of light in a harmonic
wave pattern. It is detectable through its interactions with
the environment.

® Electromagnetic energy is measured by frequency, and
by wavelength (the reciprocal of frequency).

Radar remote ) ,

sensing uses * Radar remote sensing uses the microwave portion of the

the microwave spectrum, from a frequency of 0.3 GHz to 300 GHz, or in
. wavelength terms, from 1 m to 1 mm.

portion of the '

electromagnetic
spectrum
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Level 1

MICROWAVES
DEFINITIONS
¢ Most remote sensing radars operate at wavelengths
between .5 cm to 50 cm.
® The microwave frequencies have been arbitrarily assigned
to bands identified by letter. The most popular of these
bands for use by imaging radars include:
There are four X-band: uses a wavelength range from 2.4 to 3.8 cm
main (12.5 to 8 GHz) and is widely used for military
frequencies of reconnaissance and commercially for terrain
- ' surveys.
microwave
energy which
are currently C-band: uses a wavelength range from 3.8 to 7.5 cm 8
used for satellite : to 4 GHz) and is used in many spaceborne
remote sensing SARs, such as ERS-1 and RADARSAT

S-band: uses a wavelength range from 7.5 to 15 cmi (4
to 2 GHz) and is used in Almaz.

L-band: uses a wavelength range from 15 to 30 cm (2to
1 GHz) used on SEASAT and JERS-1.

¢ The capability to penetrate through precipitation or into a
surface layer is increased with longer wavelengths.
Radars operating at wavelengths greater than 2 cm are
not significantly affected by cloud cover, however, rain
does become a factor at wavelengths shorter than 4 cm.




/ Radar Bands\

Band Wavelength (\) Frequency (/)
Designation cm GHz
X 24 -38 25-80
C 38-175 80-40
S. 715-150 40-20
L 15.0 - 300 20- 10

These are the mosl common bands lor use by imaging radars. An imporlant

(wfanlage is the ablily 1o penelrale thvough cloud and precipitation. /

eee notes ‘oo
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DEFINITIONS

Polarization
refers to the
orientation of
microwave
energy
transmitted and
received by the
radar

Level 1

POLARIZATION

Polarization refers to the orientation of the electric and
magnetic fields of electromagnetic waves.

Radar systems can be configured to transmit and receive
either horizontally or vertically polarized electromagnetic
radiation.

When transmitted and received energy is polarized in the
same direction, it is referred to as like-polarized. HH refers
to horizontally transmitted and received energy; VWV for
vertically transmitted and received energy.

When transmitted and received energy is polarized in
opposite directions, it is referred to as cross-polarized.
HV refers to horizontal transmission and vertical reception;
VH for vertical transmission and horizontal reception.

When the radar wave interacts with a surace, the
polarization is modified based on the properties of that
surface. This affects the way the scene appears on radar
imagery.




/ Polarization \
X |‘\W“e’ength
l \4

D' -
. Vertical Polarization réction of py; Opagation
— — - Horizontal Polarization
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DEFINITIONS

Average viewing
geometry is
more stable in
spaceborne
SARs but earth
curvature
becomes a
factor

Level 1

SPACEBORNE SARs

The viewing geometry of a spaceborne SAR, in
comparison to an airborne SAR with a similar swath width,
varies only over a few degrees and thus provides a more
uniform illumination geometry over the whole swath.

Depending on orbit parameters, a spaceborne SAR can
collect data more quickly over larger areas than its
airborne equivalent.

Frequency of coverage by a spaceborne SAR is set by
orbital constraints, and by imaging modes of the radar.
An area can be revisited typically every 3 - 34 days.

Once a spaceborne SAR is in orbit, flexibility and
serviceahility are severely restricted. However, the overall
mission. coverage is often,more uniform and repeatable
than for airborne systems.

While spaceborne SARs are not affected by air turbulence,
corrections must be made for the efiects of earth
Curvature, earth rotation and orbital variations. These are
routine operations built into the SAR processor. '




Ty o

Radar Imaging Geometry: Satellite

Flat earth approximation CANNOT be used.
0im = Near edge incidence angle
6w = far edge incidence amge

Relatively small variations in slant range

500 to and incidence angle across swath.

‘800 km

/, *** notes °-* \
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DEFINITIONS

Resolution is
defined as the
ability of a
system to
differentiate
between two
closely spaced
objects. In a-
radar system,
resolution is
defined for both
the range and
azimuth
directions.

Level 1

RESOLUTION

Range

¢ Range resolution of a SAR (Synthetic Aperture Radar) is
determined by builtsin radar and processor constraints
which act in the slant range domain.

® Range resolution is dependent on the length of the

processed pulse; shorter pulses result in “higher"
resolution.

® Radar data are created in the slant range domain, but
usually are projected onto the ground range plane when
processed into an image.

Azimuth

¢ Azimuth resolution is determined by the angular beam
width of the terrain strip illuminated by the radar beam.

¢ For two objects to be resolved, they must be separated in
the azimuth direction by a distance greater than the beam
width on the ground.

® Synthetic Aperture Radar (SAR) gets its name from the
azimuth processing and can achieve an azimuth resolution
which may be hundreds of times smaller than. the
transmitted antenna beam width.
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DEFINITIONS

ERS-1 was
launched in
1991 and is
currently
collecting C-
band SAR data

Level 1

SATELLITE SARs:

ERS-1

ERS-1 (European Earth Resource Satellite) is the
European Space Agency’s first remote sensing satellite.
It was launched in July 1991.

ERS-1 operates in a sun-synchronous, near-polar orbit,
at a mean altitude of 785 km.

ERS-1is a C-band (5.3 GHz) SAR with vertical polarization

- at an incidence angle of 23°. Data is collected in 100 km

x 100 km frames, with variable resolutions depending on
the product type.

Canada receives ERS-1 data at both Gatineau and Prince

Albert Sateliite Stations, but processing occurs only at
Gatineau. Radarsat International Inc. is the official North
American commercial distributor of ERS-1 data.
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THE HUMAN
EDGE

The radar image
is a repre-
sentation of the
strength of the
microwave
energy reflected
back to the
radar

Level 1

THE RADAR IMAGE

® Radar images (in photographic format) are a black and

white representation of the interactions between the radar
beam and the earth's surface.

The brightness of the image represents the amount of
energy received by the antenna from the returned pulse.
A black or dark feature indicates little or no returned

energy, whereas bright or light tones indicate higher
energy returns.

In most remote sensing radars, the recording format is
digital. Animage is a two-dimensional collection of digital
signal levels or pixel values. The brightness of each pixel
displayed in a visual image is proportional to the digital
signal level.



THE HUMAN
EDGE

Since radar
imagery is
substantially
different from
other forms of
remote sensing,
its unique
geometry and

properties must

be considered
during visual
interpretation

Level 1

VISUAL INTERPRETATION

Visual interpretation of radar imagery should be a
systematic process, with the objectives of identifying,
interpreting, and determining the meaning and significance
of features.

To aid in image interpretation, an interpretation key is
often used. A key is an organized list describing element
characteristics as they often appear on imagery and what
they commonly represent. These elements include tone,
texture, size and shape, association and surface
roughness.

Although the same interpretation key is used in other
forms of remote sensing, the unique properties of radar
must' be remembered and incorporated into the
interpretation.

Tone is the most basic element of human visual
perception. Tone in radar images is the result of reflection
at only one wavelength. The tonal variations in a SAR
scene are generally functions of the strength of the radar
backscatter from the ground area.

Texture is defined as the spatial pattern of tonal variation
within a particular area and can be classified as smooth,
fine, linear, grainy, speckled, flecked, or checkered.

Texture aids in identifying and delineating homogeneous
areas with particular surface properties and is important
for geological and vegetation mapping.



- THE HUMAN
EDGE

Level 1

VISUAL INTERPRETATION (Cont'd)

Pattern represents the orderly spatial arrangement or
repetition of features. Orientation, spacing, density or
uniformity are indicative of pattern.

The size of features is identified in terms of contrast from
their surroundings and can be helpful in the interpretation
process. The scale of the image will be one factor which
influences the size of an object or feature. As well, size is
a function of the radar system parameters and feature
characteristics are generally smaller in scale on radar
imagery compared to aerial photography.

Shape refers to the spatial form of an object or area.

Shape can help to distinguish between natural and cultural
features.

The shape of radar shadows can indicate terrain type,
while the length of shadows can be used to estimate
height. Shadow projections also indicate spatial form.
The crest of a mountain range may be more obvious from
its shadow than the feature itsel.

Visual interpretation of imagery can also be aided through
association. Association is the process of identifying a
feature by examining associated elements and/or
surrounding features. Association can take place at a
physical or a cultural level.
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Ao BB KRB AZFE—HPRABBERIE - b Ak - BOREE
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# (semidiurnal tides) ~ 1/3 B # #4(terdiurnal tides) ~ &M F BRI N R AHH 4
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20, | 12.8542862 28.0062225| s, 30 12

o, 12.9271398 27.8483876| R, | 30.0410667 11.9835958
Q, 13.3986609 26.8683567] k, | 30.0821373 11.9672348
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v, | 285125831 12.6260044| 25M, | 88.9841042 4.0456664
oP, | 28.9019669 12.4558997| Msk, | 89.0662415 4.0419355
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B 2 RAAKGREZIBRITELHH o
(A) BRiXkEiskeo
(B) A31NBE{KSAIE M 16 2 K4z $ 48 o
(C) = A-B s k#5429 Bk T 428 0 5 88 2 k42 B 4E o
(D) 313 B RIAB k2 A HIE > BERA > HI38 A LR
B2 # o
(E) RAiAf > HIrdz »AmAEAMNZ R X #H4E o
(F)=A-E> RAKGRSBRCHETAMNEZ B LS o
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# AR N Dl R L > M kR
RAAN+=Z4EA

SRSMAEEHMIAEAUMPMAIRERER REHMEKEBRA(RE
MY ARZER BN kG REH SHRAERRE  RAITHREIER
ZAREHBRSALBERAABRHILFEAABERKBEZL  FTARER 2D
XE Az HRARNREEEZ o HAEEEFXE B A2 AL IR RS
HTE2 BBl mE R AR EMBEEE R HRAARA A R RARKE
FRa(wd R RER RALE  RARRRERBEE)RSRARIARY
&, REEBREEITRAAGERE s MABRGEARARERX AT R AR
EARMAGZERTA  MEXTMERTHRES » BHKIIA o

BARAE XX TAKRIE LR A @5 X (continuity equation) ® 1E & 5 2 X
(motion equation) » HB R A ZMRE T & —4 - R @K - BARA
AERREES 2B ARG FATRALA(198421992) X £
WHR(ERZ 198 2@ XM EREXTHENM AAZHBRATHRRAF
PEEMETISEAE AWM TALERREE  AXERAZIEHFIAARECS
B A (wind stress) ~ K £ 77 SR %6 4 R A (ratiation stress) F # & 4% 77
Blsz s o A FRARBHRIBLAARLERZARIF > BHREA
Wk EsH o RHBEEHERKAL WM EHALT 2 THITRMA
Eekm > B ERBEABRXETHLFRRARBHRAA

R kMR AR AL Z MR o AR T A SR EH T AR
FRL ARBREALEMAEMERZI KERFEEFTHREIN AHX0.154 >
HBAARAERTHERA » Aok RITSEIRRHAMEZHE L RHRT o
FEEAEBEHRBRIAZHRR o H(1992,1993) 5B AERRITRERY
KrEL BREREEAARBMRAZ—HEAERLK o wA LXK~ =4
BERXZAAMNAERACHSAE  pBAL(1974) - TR X(1986) % =4
MAREKZBEX > LA THRAETEA » AAAEBRREHR S Z — HER
(% 1993 ARERARRRERXZHA o

LBEEKRERALME -~ EAER Y2 Rk ATRHFIKHNE(Coriolis term) # /K
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M LdmamdekiE > BB IRNR LA
REAAT+=Z4EA

BRHERIIERT > hF(1IBMBFBARBHRAZ - BHAFAXARL
# 1t (quasi-steady) 2 5 XML Tl b4 F

9 _ 1P, T-T M
8x =~ TPox T pC+h) T pCmox (6)

X ¥ g = & 5wk & (gravity acceleration)
x = H KB K E8% (offshore normal to the shore)
C= AXB &« H k&S A( water surface elevation from the datum)
p = 4K % K (water density)
p = #&¥ @& kz X RR A (atmospheric pressure at the sea surface)
h=8%%&&F zkE&%H (undisturbed water depth)
5= BF & EZ B Y AN (surface wind stress) & x F & 2 &
= HBEZYR A (bottom stress) & x FAZ ¥
S=&84% K25 K M%4 R N (radiation stress normal to the shore)

R(OFRAESWH R A A3 A2k BICE A 8K 5 > #3ELonguet-Higgins &
Stewart(1964)Z % » A A N THEB G ARBH FABREZ o ARAIE » T

MRHRARZAKRGEHARLTFASRAHE X AEREIRFESAGE T
# (Shore Protection Manual, 1977 )42 A £ & n=1-T,/Ts KR RSB EA T A KRS
ANABEAZFiE Bl (O ThEmdRZFXRE A

Ce=Cs+Cw | (7

" g% = ;gi * P(g::h) (7-1)
Cw=-1 ﬁhﬁ ¥ W 2H, (7-2a)
w=Cp+(1 +Cb)-1(h;,-(,/ ) % W<h, (7-2b)

At L= &RZ R M £ (total surge)
Cs= BRABAERBRY AL ZENBRE
Gw= sk #i(wave setup) » Bp iR 46 4t R K 2 k45 B At
Cp = 8(H/H})2/3
Ts = Ci Pa [Vw| Vax
Pa= EREK > #55 122 kg/m®
Cv= RW1a % > BxA 0.0025
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A Ak A M B e 0 R AR T AR
RAAN+=ZFEA

Ve= Bk » T xKREBRFOAZIEARSTE

W =h+U0s B ht {; 24 RAR
H=2t-KENWEREZES

k 2k kiR A = 8k # (wave number)

h; = #& % k% (water depth where the wave breaks)

Lo = B AR hy K2 k4B

Hy = 8 ik kKR b)) 82 % % B 8 ik & (breaker height)

&, (7-2a) & (7-2b) % %] & Longuet-Higgins, Stewart(1964) J; Horikawa (1978) Ff
HE > RIS RAKRTNY EAEM AR mHEHF(1992, 1993) £ R A X
(T-DREEHRBELGH GHRIAECIRZFRLHENmAKRL BTEA
Hh > RERBERXT-DHEAH L BRRAXN(DErBLRRRE Cr o 3
EBRBARYAHE -~ BRAWAR ~ A HERCHE M Z 3k %48 R (nonlinear
interaction effect) » to b T B & A H F X ()BT H & °

EXBRAXBERARYE RHBRRBZIELEERAT » £ (1993) R T F M E
BFE»ERBADFERAGZIFX BAXATORAZERRETRERRE
RGBSR EAARGEFRABRFE2SARMGEZAGERATE - B3(A)B K
Bl 6948 A 288 08F x5 i A & & 8 B (Typhoon Norris, 1980) & Mk 42 45 #1 B » B 45
ssRAERMERIEFEZ R c B3IB)ARBTIFTH298 655 2 ik 38 AL B
(Typhoon Andy, 1982) &AM F AMM » TR I KRB A RIE T A LIH o
BYZERRAEHSMNEATERNAERBEARIH AL  FRE-R+RI 25 4
FEBABAF R ABIEA T A B RBATHR AR AL ATHE RS LERA
BT BREEAMBEAS  HAZHARBERT  RAXRRAREZIBAET
AR o W RBIES T | PRERKZAANME  ABARLRR KRG PSR
mERZ S ARAGFRERBESF TR LS RARAZIEE -

r ol BB E ] £ E R kR A0.3 Mfloapsx & 1& 42 HP9000-345 = 1 35 » VAHP
BasiciE T AT AN » AH4B I KGRI ERAEER TUBRETHY > H
- XL ELRERES  HERTHFRAAZIAGRRAERARNREZ
BRERFRTE TARAFRLTARIENAREER  RESE AR AL
R &H o

5—14



gt E LS Y Y

REAN+Z%ZA
observed W. L.
2~ WLEL(M) 77 predicted tide
at GeengFang —o— computed W. L. (0)
~—+— computed W. L. (1)
1+
0
i max. observed surge 0.9 Meter
= during Typhoon Norris (1980) landfali on 0 AM Aug 28
_1 llIllllllllllllllllllllllllllllIllllllllll
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00
Aug 27, 1980 Aug 28, 1980

B 3(A) REOFERMERMMBH LI AKGERALEKE BFztsg
BEBIFRTEMAGRBEERCRALE > FHB-0- B2 5]
HBAHEREABAF B EABZI X EE o (KH 51993 4)

2 -~ W.LEL (M)
at FuhGang

observed W. L.
----- predicted tide

—o— computed W. L. (0)
—=— computed W. L. (1)

max. observed surge 1.0 Meter
during Typhoon Andy (1982) landfall on 6 AM Jul 29

‘1 11 1 1 S I l 1L )1 | l L1 i l . l .l L L L I LA 4Ll 1 l AL 1) 1 l L 1 1 1 l
18:00 0:00 6:00 12:00 18:00 0:00 6:00 .12:00 18:.00 0:00
Jul 27, 1882 ’ Jul 28, 1982 Jul 29, 1982

B 3(B) &@ﬂ$$é%ﬂ&%%m§m$i*ﬁ&ﬁwﬁﬁoE?z?
REBESHNETEMNAEBBEERXIINAL  FEL B4
MAETHEBERRE R EABZEX YA o (251993 &4)
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A EAER D R B EFREA
RAN+=Z#EAR

B3k 2 kR T &

FHAEZAZFRXEZEZORGHRETRBSE AHFRATTEARLIIRE
it M EE S FECEPREREIHMEE) - RitFEAARZAM AT P
PR 0 AR AREZIFETIRBELIE bR ERELGRRPETF=
AEF o EENHOSRX LT FRFEIFLAARY, ) ARESBRANZIKH T X
BEL AT kE BRABAZIGEHERAFHE  FTHEFEOHHRRHF
BzimMkiE  @AEBMAREETEERERLZI 0 ~ HEK BEREREL
Bz aMeaSRXRITER ) TR TRAELARHAG(RA - SAHALRHE
EREBEHTHREMERIT AL BT TFZIHA) o

MEMER IR FRAAAMNAGCHINERZARGLAIRETFROERT
A A FRAS A O 50 &M R (return period) » M Jtda B K4S R AR A RE
(return value) o #3348 7 st 5 & 38 % f (frequency )X M4 T X

T=1/f=1/(1-F) ' (8)

X P F % 35 A8 MM & (probability of nonexceedance) e L RMZ B MELRAEZ
B TAEE RATEFTARESE » R THERMBHEZH » AL
HEZBEAE I K AUARELLIG  EREIARFAFLZIAR
A EBx8766 BMEAHARE XEAHEE > AREA®UEFZILERT S
R IA365.24 K12 FHEMRBRERFRAZHRM o

LECE £ S R

ZEBAEEAFLEH  NEARNATHECHMIAREAFEECHEE
AR L[ FELZREAL- S SEHMEA F R(ifetime) A RE F 45 8 K
s A FREFEASMAE A RERBIRELA-H T2 ARREES
BF Ml A B4 R 43 % i % 4 £ E (encounter probability » & # 4 # % probability of

occurrence) &

E=1-(1-NHF=1-(1-)F

1 — e~ (RID) s ETHE R 9)
5—16




R RE DI R > BB R
RBA+=Z%32A

APRTLAFEA—BEHM > XO)ZMEL LG BIAT o

1.0

//
/
Y 7
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z A
F /
S os yi
e /
[+
s 04
€ /
[=]
2
lu 0.2 /

0.0

0 1 2 3 4 5

Ratio of Lifetime to Return Period, R/ T

B 4 Bl TRABAEALE R ERANRRABEARSE E2
Wiz B o

HAO)XBATH ot — A RBAREAMAGIR/ T=1DZEAMENA
3% BHITZ > XHMMIBEMERAIE  MEAMA0EZ ERB LS
FRABLZTHRESHAB4S%  HASOERBE L THRMAEG6I% o FIIZ > 46
MR AH600MEA > AIEAMAI200BA X B REAEAMBARELZ TGS
40% > M E300ME A A B A Z THMM A22% 0 B2 » sk L EE M ERI0OFHE4 T
REMEB20%Z B RME > P TAGKXO)XMIMRS R/ THA02 HELAAMY
HI50F > FAXG)HEAFLRE  RERBARAZHH SR TFRHE
BTREEEERM

548 &3t ik

B ERME R LM A LAR i ¥4 Z 42 44 (extreme value - & X 4 % &
DED B KT AP R 0 B AL I 4 E (plotting position) 2 # £ 4k A 6 8 =
MERHES R (ftting) KFLMMER » ZRE 8 (regressing) < B 4
AMZBEFRA BUERTAEAIREIRTRE S & 4o Fisher-Tippett I
(FT-I, Gumbel) - Fisher-Tippett II (FT-II) - Fisher-Tippett III (FT-III) - Weibull ~

Lognormal « Log Pearson Type III + Gama - Poisson-Gumbel % % » & rAEHLg
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AR B R > SER Akh  R AR
RAAN+ZH£EA

LERREZHESARCTRELIENAR - ZAREMBERELABKABRE I HE LD
4 RIARE SR KB (goodness of fittest)EZ c REM H LB ELHENE
ABREIRZEBBHLE  FHAAGERBAASREIBRARPHAEZIEIRN
FAAYTEZFSRBEE IR ERELARBEATEAREIRMRBK LW
TRAUMZ  BAAEEMFIAHEREARETIER  KAAXELHQQEY
i% (quantile-quantile plot) > FEF I HER SR E L BBESEIEHLBEE R
L EBFT AN o LR T A F 4 E X % (numerical goodness of fit test) #& &
Z o 8K 5 # 4o A8 M 1% ¥ (correlation coefficient) & chi-squaredi#t £ » & ¥ 3 £ 4o

Kolmogorov-Smirnovig & % % o

#& i 1t 4 # F ik (fitting method) A moments, least squares, maximum likelihood,
geometric meanslope¥ » AP AR A MM ERAKE > IR IR EZRLARS
FEBRAE o EARGEEBEHK T FE  —REFTEA IR E W4 & EH Gumbelt
FT-III% 4 > Ao BB KT ©

Gumbel (FT-I) : y=~In(-InF(H)) ' (10a)

FT-II : kIn(l-y)=-In(-InF(H)) (10b)

X¥y=(H-H,)a @ k- -H. a2 LFxaf 4% L+ HEKkiE
BEE FHALDBAEEZ BB E(FPREBEANAREFIHTZHRE) o
#HOL)Z FT-III EHHm T > Lk4EEmRE Hotao MFERLMRREZIEH
& # Gringorten(1963) Z 2 X, T & A&,

F(H)=1-(i-a)/(N+1-2a) , i=12,..,Nsand N2 N (11

XPNABEEE  iAYRAE > THRE EZRN MBI RE S # - Gringortendf
FENKH208F a R A044, I K(IDTHREMHAEZH TR EME o BSARE L&
FEAZR N REAFBAIXACEARSSHERENFZE S > BS(A)HAEAE
HEBMEER _KROARAHBREZIEHRER BSB)RAEZLIRFEE  RAERAE
LHEAZRBZANE BFYRECEBAKRA(NBHZEE > B8 - RIFEAT
#% 4 %] A Gumbel ~ Log Pearson Type IIIMFT-IIIF & Z HEFE o BEZT »
Gumbel 5 M # b 3% it 14 14 (extrapolating estimaion) B¥ 4 @B H 45 » A K F
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L E TR LY RE Y Py

REAN+Z%35A

CFT-II h RBRBAF S > RAM G ERLFIERZBEGE o

-In(-In(F(H))

Cumulative Probability F (% )
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FT -
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- LOG-PEARSONIII
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110 130
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AR REOBRXPEEARSSHERE D2 B4 o

B R oBBARXONNBSZ 8> B4 BT BT BN
# Gumbel - Log Pearson Type III®FT-III%$ & # < i f£ 44 o
BS(A)RAERABREER R RYRE ZHHEE o
BSB)RAERAMERE ALY ASALRS S HE o
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SR BREEFRA
RAANT+ZHEA

BRKBIHEAERA LR EARERZHETHS > —RASMERFEZERAMNF
FTRBEERBEEZIOE i BEESFEEZIBELER o A KA AR 2 © S
B EEEIkEEBEMIEH L BrAEFAZAHAEEZIRBERNEMNZ
MK ek BIERLA M2 M & (longterm trend) 8 > TH A A5 & P&
(moving average) BB Z > MM K BFEBMI KEREXT AR —FHAELRMA
mAkEZERBEERR AN oTRE @A EA B & kAL 47 R AL AR A © S
SR EHA—EH(RXXALOATHRMEABEIBEL  BRERAA
BEALESAE > NAXKEZANRSRER-—FHMERZIRSGAEAH
o ABHLANKEEREANIEIR RE  ¥RAHERFA A KA £
RSN TREFHEZIREBRRLAE

KA AL BT 2 B R 4 A7 5 kT A @A 0 — 4 4 B R 5 5L R & — 18
KBS > RN RGEMRAN-NEAGEE %AW AMARABLF
MR R KB IRZ o B R R BNAA K FMAN, » SR A 0B R
% 5| # 3% (partial-duration series data) » 7 4% Jk & # $ 4% (uncensored data) ; -
— P93 48 (threshold) » & kX A — PIEE X B 2k EREHERZ > RBIN @ B3
R AN B KA A B 0 B B R TR BB S F kR A
B 4305 B R T Ak BR) o ECHE A 3K 5 4 #3E (censored data) » WAL BB BATAT L
Bl 82 4 4% 2 7 & PP A 38 P14 4% {4 7% (peak over threshold method > #%POTik) ©
¥ AEu=N/N, & % $ 15 05 B 2 F 39 8 4 & % (mean rate) > & {Ev=N,/N B # 2
& # % ¥ (censoring parameter) ©

3 A Gumbel 3, FT-IIT & # & $ 5 47 448 W 4 3t » 8] b ol o A2 PR BOR £ RIEE
FEHEHTEXA) S IDFADH2#H o EALRMZEEREHRF > F—
HEEREANBE LM AN-NBEEIE » AANBEEFRAZERM > & K
(8) T3 E Sk BAMEF » BHMLRAR(10)R(11)2 &5 K B T 4545 3 K&
B RIAH WwBSB)Z 4] > HRIMASOEE > AHANE ¥ F 4i8F K 46008 A
s LA AR B 4999.83% s AL M ARILHEEARTHRA/A LIRS HIREARAM
B335 0
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BRI WAIADI R PR
REAAN+=Z%3%AR

EHF _RBIEREPOTE) Al A CroBAMATURARE AR EM)ZHERT
P ABRBZFRARRF (H) RATRIEE2

F(H)Y=1-1/(uT) (12)

R AR i RN K (10)K(11) & 85 X, Bp T 345 15 A4 4 BLAEH o

& i A ok
MALTBRIXMERRRBERR  MHREA R EEET S dRA ST
KAL o BB fim b Bk o AN 2 R AL B B A S AR T
PR ERRAARGHERATRREZ AL > R B TR TS A
REZBRR CALHBEFA SETH T~ BA XM BARBHT — K&k
RoATRA KNSRI R o SAE AR A R F R RG24
WARHFE FABMEHLAA T A LA

RARNT) bt BB 6F SHOB -+ BEZAEEH » RERG
FARXERERARM ~ B2 ok BRI o LW ABREZ AT
LRBEMERFEBR ARG REERARZEAEBEREN > B0
RERMMR -~ B B2 F39 Bk 55 A25 20 R E4 & % Colding 2 X
AR AT L hmithea o

ER-BFE(1980)  wid - BB - BB B - B EZ AL FH 0 R
FWERMRIXHE > EFHERXREZEANE > B b X5 RTH
MELBYSRECH B ERBERAR L FAEAE AR a8 EBE s
BRUARBRLEZAAM > BROABRBELAEZ R MR T F A AN
ZRBRERFERAL TR}k o

ﬁ##\%ii*@ﬂﬁﬂ%ﬁ:w*ﬁ%&$tﬂi+ﬂi?Mk%*ﬁ%%
G RBAFHUEHA R RING - R AERRRBEBEBET » sz
BRI Z BB SRR A AW & — o BB X+ I 58 3 R M SR W
MFRUEERNTZAGRHER > FURGSTAEAERBE T 2 ks B
RERE AL » AR LA Z %3k dz o
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BB R AER IO BN HER A
RAAN+Z4£EA

Lk A % ok
AXHEABRBEEZ B S BNBEAZPLAEMRLE > 5B RAHLE > FRR
2z HREAINSAFHNEAIEM  $EERMZRXHE - Bk EAKRL IR
BABRENNTALSAFALORENBRE > e b P TREARMZ BB EH
VERZEMBELBEMARSEREERE  RERGESREZ o Zp Bp; 7
B A KSR ENBE K E T A S (probability density function, pdf) » &
oA KREHZMEETEIEA p(H) ARG XTER

p(H) = [~ plH - y)ps(y) dy (13)
Flo¥» R4GH ZERBEREF (H)TATRAFHEZ

F(Hg) = prob(Hg<H) = [ p(H) dH (14)
ERAXNERERARENINAFMEAIZER » B X(1)THE XK

p(H)= XL, pi(H—-iAH)ps(iAH) | (15)

Rt DEMLELEMARXPLRENRAZSAKRBOr R X MR D
ERERRAR LI P ERXECRAERERRER AT A) o MEAH 2
RN TRASKION S » TRAESHEBR D AHALZ o

ARABITHEARESHZ R ARG RENGERIER GBI KETAER AP
N ENBARIG B6AF R AB2EAAGE AR S EZRIERANLELSMRE
EZEH c BO(AATRAAGEZREEAB(BRE)BEAIHFIR(TCE
B)Z BN B6B)AU TN AGEA S EERAREZIMREIFTABGEKRE)
RERIHHEFE(FCHAB)ZIESEH > B(OATAMNRXRAEZIREFFAE
(KB RERA>H ER(FCHAB)ZUEEN > B I UBRXKTHoERRK
EZ W BLET O RERASHRAERAIBE - LAEEAEHRKEZSHREM
BEIEEABREZSHAR ABEANRXAGISHMARARZILE -
D) A& KEREAFAZHEE B FroRlBRATMAGZIREFRL > T
ZuAMBOC)BEMNRAXMERBOBIRABES A KEIREFA B FHAT
SRAEZIGEBAERTAAEEFAL BATAREFELERARE I KE
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RAAN+=Z%3%A
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