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ᄔा  
㛔䞼䨞攳䘤ᶨ⣿㴟⟌⋨➇枸崲㲊㹊⟌枸嬎䲣䴙炻ㅱ䓐ἄ㤕⊾㔠ῤ㲊㴒㧉⺷冯伶⚳映幵ⶍℝ

⛀ (U.S. Army Corps of Engineers炻USACE) ⇞⭂ᷳ㴟Ⱡⶍ䦳ㇳℲ (CEM) 姕妰㸾⇯炻枸Ộ桙

桐㛇攻㲊㴒㕤役Ⱡ㴟⟌⛘⋨䘤䓇ᷳ㚨⣏㹗⋯檀冯⸛⛯崲㲊慷ˤ䁢㩊夾㹗⋯枸Ộ䳸㝄ᷳ㬋䡢⿏炻

㛔䞼䨞⎴㗪⛐冢⋿ⶪ㚦㔯㴟❼⛘㴟⟌炻⺢伖ᶨ⣿⟌朊㲊㴒㹗⋯⌛㗪慷㷔䲣䴙炻姀抬 2014 ⸜㴟

浿⍲沛↘桙桐㛇攻⟌朊㹗⋯ᷳ㺼嬲屯㕁炻↮㜸㚨⣏㹗⋯檀⹎炻㍸ὃ䴻槿℔⺷忚埴㭼⮵冯㟉槿ˤ

⎎⢾炻㛔䞼䨞ᷳ㔠ῤ㲊㼖㧉⺷⺽忚Ṍ忂悐ᷕ⣖㯋尉⯨ (CWB)ˣ㖍㛔㯋尉⺛ (JMA)ˣ⍲伶⚳⚳

⭞䑘⠫枸⟙ᷕ⽫ (NECP) 䫱⚳晃㯋尉╖ỵ℔ⶫᷳ桐⟜⍲㯋⡻⟜炻⮯䓊↢㲊㴒㹗⋯檀⹎⮶ℍ䲣普

枸⟙ (Ensemble Forcasting) 忚埴䴙妰妰䬿炻⎗㍸㖯㴟⟌⋨枸崲㲊㹊⟌枸㷔ᷳ㸾䡢⿏ˤ 

斄挝娆烉㴟⟌ˣ㲊㴒㹗⋯ˣ崲㲊ˣ䴻槿℔⺷ˣ䲣普枸⟙ 

Innovative of Technologies for Prediction Wave Runup 
and Overtopping on the Seawall  

Yu-Chen Chang  Chi-Min Chiu  Ching-Jer Huang*  Chun-Yuan Lin  Chao-Chun Chien  
Jia-Lin Ma  Zhong-Hao Wang 

*Professor, Department of Hydraulics and Ocean Engineering, National Cheng Kung University 
Director, Coastal Ocean Monitoring Center, National Cheng Kung University 

ABSTRACT 

This work developed an early warning system for predicting wave runup and overtopping on a 
seawall during typhoon period. The numerical ocean and wave models were applied to predict water 
levels and the waves, respectively. The wave runup empirical formula (U.S. Army Corps of Engineers, 
USACE) was used to estimate the maxiumn wave runup and the mean overtopping discharge, based 
on the predicted water level and wave height. A real-time wave runup monitoring system was 
developed and deployed on the Zeng-Wen seawall, locates at the southwest coast of Taiwan, for 
recording the wave runup during the KALMAEGI and FUNG-WONG typhoons in 2014. The 
predicted maxiumn wave runups during the typhoons agree quite well with those obtained using the 
method of ensemble forecasting. 

Keywords: Seawall; Wave runup; Overtopping; Empirical formula; Ensemble Forecasting
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㚫炻2012)ˤὝ冢桙桐㕤役Ⱡ㴟➇ⷠ忈ㆸ㤝䪗䘬㲊

㴒炻ḇ⮶农冢䀋大Ⱡ㴟⟌㚱㲊㴒崲㲊㹊⟌䘬桐晒ˤ

㱧Ⱡ㴟⟌㕤㤝䪗桙桐ḳẞ䘬Ὕ多ᶳ炻℞桙桐㲊㴒㕤

㴟⟌⟌朊㹗⋯䘬檀⹎㗗⣏⭞ᶨ䚜゛䝕妋冯㍊妶䘬悐

ấˤ䚖⇵㲊㴒㹗⋯枸㷔䘮⍫侫伶⚳映幵ℝⶍ⛀㴟Ⱡ

ⶍ䦳ㇳℲ䘬䴻槿℔⺷妰䬿炻旸㕤役Ⱡ⟌⇵㯜㶙⛘⼊

屯㕁ᶵ㖻慷㷔⍲⍾⼿炻ẍ䃉㱽⼿⇘㚨Ἓ䘬䴻槿℔

⺷⍫㔠ˤ 
桙桐㲊㴒㹗⋯崲㲊䘬䞼䨞⊭㊔䎦⟜慷㷔ˣ䓙⮎

槿⼿↢䘬䴻槿℔⺷ˣ⍲㔠ῤ㧉⺷䫱炻侴㛔䞼䨞䳸⎰

䎦⟜慷㷔冯䴻槿℔⺷Ἦἄ枸㷔ˤ⛐䎦⟜慷㷔㕡朊炻

De Rouck et al. (2007) ⛐㭼⇑㗪 Zeebregge ㉳䞛旚

㲊⟌ᶲ炻㚦⇑䓐⣏✳⎲兪㝞姕⼨暊Ⱡ㕡⎹↮Ự䘬㲊

檀妰炻⮯⮎晃㷔⼿㲊㴒㹗⋯檀⹎炻㍸ὃḰ䴻槿℔⺷

ἄ䁢⍫㔠䌯⭂冯槿嫱ˤ⛐䴻槿℔⺷㕡朊炻De Wall 

and van der Meer (1992) ⛐ᷡ湍㯜ⶍ娎槿䞼䨞㲊

㴒㕤ᶵ⎴㴟⟌䳸㥳䈑㹗⋯䘬䈑䎮䎦尉炻䞼䨞㡅ẞ䁢

㴟⟌✉⹎ṳ㕤 1:1.5 ~ 1:8炻㚱侫ㄖ㹹㶟㒔⛇⍲㉳

䞛䲁⹎⟌朊䘬墯⎰⺷⸛⎘炻憅⮵ᶵ⎴㲊㴒㡅ẞ冯㴟

⟌⼊⺷忚埴ᶨ䲣↿䘬䞼䨞炻⺢䩳㲊㴒㕤⟌朊㹗⋯䴻

槿℔⺷炻℞ᷕ墯⎰⺷㴟⟌⎗㍸ὃ姙⣂⮎晃㴟Ⱡ⺢伖

㴟⟌ᷳ⍫侫ˤvan der Meer (1998) ⛐匟嗕㴟Ⱡ姕妰

㴟⟌炻憅⮵㴟⟌ᶵ⎴䘬⼊⺷冯檀⹎炻⺢䩳㲊㴒㕤⟌

朊ᶲ㹗⋯冯⸛⛯崲㲊慷䘬䴻槿℔⺷炻᷎㔜䎮↢⟌朊

䲁⹎⮵㹗⋯檀䘬⼙枧炻Ṏ⍿⇘⺋㲃䘬ㅱ䓐ˤ 
㛔䞼䨞䘤⯽ᷳ㴟⟌⟌朊㹗⋯慷㷔㈨埻炻㔜⎰Ự

伖㕤㴟⟌⟌朊ᷳ⮶暣⹎妰⍲⡻≃妰炻⎗䲨抬桙桐㛇

攻⟌朊㯜ỵ檀䦳冯㲊⡻嬲⊾ˤ德忶㴟⟌⟌朊⮎晃慷

㷔炻⎗姽Ộ㴟Ⱡⶍ䦳姕妰㧁㸾⍲ㅱ䓐㕤冢䀋䈡⭂慵

溆⛘⋨ᷳ㹗⋯ˣ崲㲊慷䘬怑䓐⿏ˤ㬌⢾炻㛔䞼䨞Ṏ

ㅱ䓐ἄ㤕⊾㔠ῤ㲊㼖㧉⺷ẍ⍲伶⚳映幵ⶍℝ⛀ 

(U.S. Army Corps of Engineers炻USACE) ⇞⭂ᷳ

㴟Ⱡⶍ䦳ㇳℲ (CEM) 姕妰㸾⇯炻㍐Ộ桙桐㲊㴒㕤

役Ⱡ㴟⟌⛘⋨䘤䓇ᷳ㚨⣏㹗⋯檀⹎冯⸛⛯崲㲊慷ˤ 
䃞侴炻桙桐㯋尉䳸㥳墯暄炻⚈㬌㧉㒔桐⟜⍲㯋

⡻⟜䘬㬋䡢枸㷔㚱℞ᶵ䡢⭂⿏炻⮯攻㍍⼙枧㹗⋯䴻

槿℔⺷㍐Ộ㴟⟌㲊㴒㹗⋯ᷳ㬋䡢⿏ˤ䁢⡆≈㴟Ⱡ旚

䀥枸嬎䘬㸾䡢⿏⍲⮎䓐⿏炻㛔䞼䨞ᷳἄ㤕⊾㔠ῤ㲊

㼖㧉⺷炻⺽忚Ṍ忂悐ᷕ⣖㯋尉⯨ (CWB)x 㖍㛔㯋尉

⺛ (JMA) ⍲伶⚳⚳⭞䑘⠫枸⟙ᷕ⽫ (NCEP) 䫱⚳

晃㯋尉╖ỵ℔ⶫᷳ桐⟜ˣ㯋⡻⟜㡅ẞ炻䓊↢㴟⟌㲊

㴒㹗⋯檀⹎炻⮯㚨⣏㹗⋯檀⹎枸Ộ䳸㝄⮶ℍ䲣普䴙

妰㤪⾝炻ẍ㍸㖯㲊㴒㹗⋯崲㲊枸㷔ᷳ㸾䡢⿏ˤ 

Βǵፕϩ  
㛔䞼䨞䘤⯽ᶨ⣿㲊㴒㹗⋯⌛㗪慷㷔冯枸㷔䲣

䴙炻㬌䲣䴙⛐慷㷔悐ấ䘤⯽ᶨ⣿⟌朊㹗⋯⌛㗪慷㷔

䲣䴙炻侴⛐枸㷔悐ấ⇯ㅱ䓐伶⚳映幵ⶍℝ⛀䘬㹗⋯

䴻槿℔⺷炻℞㕡㱽婒㖶⤪ᶳˤ 

2.1 य़ྉϲջਔໆෳس 
桙桐㛇攻炻㲊㴒㹗⋯㗗姽Ộ桙桐㲊㴒忈ㆸ㴟Ⱡ

䳸㥳䈑㎵⢆ˣ⟌儛㌷⇟ˣ崲⟌㹊㶡䫱䀥⭛ᷳ慵天㊯

㧁ᷳᶨ炻䁢㴟⟌檀⹎姕妰⍲㴟Ⱡ㙜㼖枸㷔ᷳ慵天ὅ

㒂ˤ⺢伖⟌朊㲊㴒㹗⋯⌛㗪慷㷔䲣䴙炻⎗慷㷔桙桐

ḳẞᷳ㴟⟌⟌朊㹗⋯冯㲊⡻㺼嬲屯㕁炻᷎㍸ὃ㕤槿

嫱䚠斄㹗⋯䴻槿℔⺷ㆾ㔠ῤ㧉⺷䘬㸾䡢⿏ˤ 
⟌朊㲊㴒㹗⋯⌛㗪慷㷔䲣䴙ᷫ䓙 5 䳬檀䱦⹎⮶

暣⹎妰冯⡻≃妰ℙ䳬ㆸ炻㏕惵屯㕁⌛㗪⁛廠冯䲨抬

䲣䴙ˤ⚾ 1 䁢⟌朊㲊㴒㹗⋯⌛㗪慷㷔䲣䴙墅伖⚾炻

䓙⚾ᷕ⎗䞍炻㚦㔯㴟❼⛘㴟⟌檀䦳䁢 5.0 m炻⟌⇵㚱

㉳䞛炻侴㭷䳬₨☐ (⡻≃妰冯⮶暣⹎妰) 㱧㴟⟌⟌

朊忚埴Ự伖炻⎬䳬₨☐檀䦳攻嶅䁢 0.55 mˤ⟌⼴㚱

屯㕁⌛㗪⁛廠⍲䲨抬䲣䴙炻德忶 GPRS (General 

Packet Radio Service) ⎗⮯㹗⋯慷㷔屯㕁⌛㗪⁛廠

军㍏⇞ᷕ⽫炻⎴㗪ḇ⮯䲨抬屯㕁⃚⬀㕤 Data Logger
ẍᾅℐ桙桐㛇攻䘬屯㕁ˤ 

 

⚾ 1 ⟌朊㹗⋯⌛㗪慷㷔䲣䴙 

㛔䲣䴙㍉䓐⮶暣⹎妰慷㷔㲊㴒㕤⟌朊㹗⋯㺼嬲

ね㱩炻ᷣ天㗗桙桐㛇攻㚫Ờ晐㙜暐炻侴⮶暣⹎妰傥

⋨↮㴟㯜冯㶉㯜ᷳⶖ䔘炻ẍ⍾⼿⮎晃㲊㴒㕤⟌朊㹗

⋯䘬㺼嬲屯㕁ˤ⎎⢾炻⡻≃妰⎗姀抬桙桐㲊㴒⮵㴟

⟌⟌朊忈ㆸᷳ⡻≃嬲⊾炻ẍ忚ᶨ㬍䝕妋㲊⡻⮵㴟

⟌ᷳ⼙枧ˤ 
㚦㔯㴟❼⛘㴟⟌ (⤪⚾ 2) Ⱄ㕤㕄✉⺷㴟⟌炻Ṏ

⌛㲊㴒㕤㴟⟌ᶲ忈ㆸ䘬㲊⡻Ⱄ㕤㲊㴒⇘忼⟌嵦⇵⌛

䟜䠶忈ㆸᷳ㲊⡻炻㓭⇘忼⟌朊䘬⡻≃Ⲙῤ㚫庫
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✪䚜旚㲊⟌庫⮷ (Kortenhaus & Oumeraci, 1998)ʕ 斄

㕤⡻≃Ⲙῤ娛䳘婒㖶婳⍫侫恙䫱 (2014)ˤ 

Kirkgöz (1991 & 1995) 䴻䓙⮎槿栗䣢炻庫䶑ᷳ

⟌朊✉⹎炻℞㲊⡻Ⲙῤ役Ụ㕤朄㯜⡻炻⎗䓐ᶳ⺷堐

䣢烉 

yKPs � KJ/  (1) 

⺷ᷕ gUJ  烉㳩橼䘬╖ỵ橼䧵慵慷炻K 烉䘤䓇㚨⣏

堅㑲⡻≃㯜ỵ檀⹎炻 y烉朄㯜ỵ檀⹎炻 K烉≽⡻Ὢ

㔠 (0.8 ~ 2.0)炻㚨⣏⡻≃䲬↢䎦㕤朄㯜ỵ炻 0 y 炻

02.K  炻⺷ (1) ⇯⎗㓡⮓⤪ᶳ⺷烉 

KJ  2/  sP KU gPs  2   �  (2) 

㚦㔯㴟❼⛘㴟⟌⟌⇵㴟⸽⸽⸲✉⹎䲬 1烉500炻

Ⱄ㕤朆ⷠ䶑ᷳ✉⹎炻㲊㴒⛐⢾㴟⋨➇映临䘤䓇䠶

㲊炻⇘忼⟌⇵㲊㴒傥慷⣏慷便㎵炻⎗ὅ㒂⺷ (2) 
妰䬿ᷳ㚨⣏㲊⡻䁢朄㯜⡻䘬 2 ʕ 㚦㔯㴟❼⛘㴟⟌

⟌枪檀䦳䁢 5.0 m炻2 朄㯜⡻檀⹎䲬 10.0 m (朄

㯜⡻≃䲬䁢 14.5 psi)炻㛔䞼䨞姕妰⭡姙⡻≃妰⎗慷

㷔ᶱ䘬朄㯜⡻ (慷㷔䭬⚵䁢 0 ~ 20 psi)炻忚埴慷㷔

桙桐㛇攻㲊⡻㕤㴟⟌ᶲ嬲⊾䘬ね㱩ˤ 

2.2 ᡍϦԄ 
㛔䞼䨞ὅ㒂⮎槿⭌㹗⋯䴻槿℔⺷炻侫ㄖ㬟⎚桙

桐㲊㴒奨㷔屯㕁㤝ῤ炻Ộ䬿ᶵ⎴㴟⟌✉⹎⮵ㅱ䘬㚨

⣏㹗⋯檀⹎炻䓐ẍ⇞⭂㴟⟌⺢嬘檀⹎ˤ侴⎬⚳㴟Ⱡ

ⶍ䦳姕妰㧁㸾炻⤪伶⚳㴟Ⱡⶍ䦳ㇳℲ  (Costal 

Engineering Manual炻䯉䧙 CEM)ˣ㫸䚇崲㲊ㇳℲ 

(European Overtopping Manual炻2007炻䯉䧙 EurOtop) 
ẍ⍲匟嗕㳒㯜旚䥎㈨埻媖娊⥼⒉㚫⟙⏲ (Technical 

Advisory Committee for Flood Defence in the 

Netherlands炻2002炻䯉䧙 TAW) 䫱炻ᷫ➢㕤⮎槿⭌

ᶵ夷⇯㲊㴒㕤墯⎰⺷㕄✉㕟朊ᶲ㹗⋯ᷳ慷㷔䳸㝄炻

德忶䴙妰↮㜸炻㬠䲵↢崭崲㨇䌯 (2%) ⮵ㅱ䘬㹗⋯

檀⹎冯⸛⛯崲㲊慷ˤ㛔䞼䨞㍉䓐⚳晃ᶲ庫ⷠㅱ䓐䘬

伶⚳㴟Ⱡⶍ䦳ㇳℲᷳ㹗⋯䴻槿℔⺷忚埴⍫㔠䌯⭂ˤ 
㟡㒂 Van der Meer 冯 Stam (1992) ↮㜸ᶵ夷

⇯㲊㕤㹹⟌朊ᶲ㹗⋯䘬⮎槿䞼䨞ᷕ↮㜸㊯↢炻㲊

㴒㹗⋯檀⎗ẍ䣢⿏㲊檀⍲䠶㲊䚠Ụ⍫㔠 (breaker 

parameter) 堐䣢䁢烉 

p
s

u
H
R [� 5.1   %2  with a maximum of 3.0 (3) 

⺷ᷕ炻 %2uR 䁢ᶵ夷⇯㲊㚨⣏㹗⋯檀姀抬ᷕ炻㌺⸷

⇵ 2 % ⣏ᷳ㹗⋯檀⹎炻 sH 䁢⟌⛨嗽䘬䣢⿏㲊檀ˤ

p[ 䁢ᶵ夷⇯㲊ᷳ䠶㲊䚠Ụ⍫㔠炻⭂佑䁢烉 

p
p

s
D[ tan  (4) 

䔞ᷕ炻 Dtan 䁢⟌朊✉⹎ˤ ps 䁢㲊㴒⮾扛⹎ (wave 

steepness)炻⭂佑䁢烉 

2
2

P

s

p

s
p

T

H
gL

H
s S   (5) 

pT 䁢ᶵ夷⇯㲊㴒柣嬄 (wave spectrum) 㤝⣏

ῤ ⮵ ㅱ ᷳ 忙 㛇 炻 冯 ⸛ ⛯ 忙 㛇 mT ⬀ ⛐

2.1 - 1.1/  mp TT  䘬斄Ὢ⺷ˤ 

De Waal 冯 Van der Meer (1992) ⺞Ỡ Van 

der Meer 冯 Stam (1992) 䘬㹗⋯⮎槿䞼䨞炻㍸↢㲊

㴒㹗⋯檀 %2uR  䘬ᾖ㬋⺷炻怑䓐㕤℟䰿䲁⹎䘬墯⎰

⺷⟌朊炻᷎䁢伶⚳㴟Ⱡⶍ䦳ㇳℲ (CEM) ㍉䓐烉 

°̄
°
®


t���

�������
 

2                  0.3

2 0.5     5.1
%2

eqh

eqhbp

s

u
for

for

H
R

[JJJ
[JJJJ[

EJ

EJ
 (6) 

Ộ䬿⸛⛯崲㲊慷⇯⍫侫  van der Meer and 

Janssen (1995) ⮎槿䞼䨞䘬䳸㝄烉 
䔞 2�p[  㗪烉 

¸̧
¸

¹

·

¨̈
¨

©

§

���
� 

EJ JJJJD
D

hb

p

s

c

ps

s

H
R

sgH

q 1
tan

2.5exptan06.0
3

 (7) 

怑䓐䭬⚵烉 

21
tan

3.0 �
���

�
EJ JJJJD hb

p

s

c
s

H
R  (8) 

䔞 2tp[  㗪烉 

¸
¸
¹

·
¨
¨
©

§

���
�� 

EJ JJJJ hbs

c

s
H
R

gH

q 16.2exp2.0
3

 (9) 

⺷ᷕ eq[ 炻䁢侫ㄖ墯⎰⺷⟌朊⸛⛯✉⹎䘬䠶㲊䚠Ụ⍫

㔠ˤ JJ 䁢⟌朊䲁⹎⼙枧⚈⫸炻 bJ 䁢⸛⎘⼙枧⚈⫸炻

hJ 䁢㶢⊾⼙枧⚈⫸炻 EJ 㲊㴒㕄⎹ℍ⮬⼙枧⚈⫸ʕ q

䁢╖ỵ⮔⹎⸛⛯崲㲊慷 (╖ỵ烉cms/m)炻 cR 䁢⟌枪

↢㯜檀ˤ䁢怑↯⍵ㅱ⮎晃㴟⟌㕟朊䲁⹎炻㛔䞼䨞⍫

侫 TAW (2002)炻㪲慵㉳䞛冯㹹⟌朊⼙枧攟⹎炻

䓐ẍ㰢⭂⟌朊䲁⹎⼙枧⚈⫸ JJ 烉 

¦

¦
 

i i

i ii

L

LJ
JJ

 (10) 

℞ᷕ炻 iJ  䁢⎬㕟朊䲁⹎炻℞⮵ㅱ⼙枧攟⹎⇯䁢 

iL ˤ妰䬿⼙枧攟⹎ iL 暨⃰`⭂墯⎰㕟朊䁢㹹⟌

朊炻妰䬿℞⎗傥ᷳ㹗⋯䭬⚵⼴炻⥳㰢⭂㹗⋯忶䦳ᷕ

⎬⟌朊䲁⹎ᷳ⼙枧攟⹎炻娛教 TAW (2002)ˤ 



 

-134- 

䁢侫ㄖ⟌⛨⇵䣢⿏㲊檀⇘忼⟌嵦㗪䘬㶢⊾㓰

ㅱ炻㶢⊾⼙枧⚈⫸ hJ ⭂佑䁢烉 

°
°
°

¯

°°
°

®



t 

�d¸̧
¹

·
¨̈
©

§
�� 

4
H
hfor1

4
H
h1for

H
h403.01

s
h

s

2

s
h

J

J
 (11) 

℞ᷕ炻 h䁢⟌嵦㯜㶙ˤ䔞侫ㄖ墯⎰⺷㴟⟌姕伖⸛⎘ 

(Berm) 㗪炻䠶㲊䚠Ụ⍫㔠 p[ ⎗德忶⸛⎘⼙枧⚈⫸

ᾖ㬋䁢 eq[  ( bp J[ � )ˤ䴻墯⎰⺷⟌朊✉⹎ᾖ㬋⼴

䘬䠶㲊䚠Ụ⍫㔠⭂佑䁢烉 

p
p

s
D[ tan 炻

p

eq
eq

s

D
[

tan
  (12) 

Dtan 䁢侫ㄖ⸛⎘檀⹎ᷳ⸛⛯✉⹎  (average 

slope)炻 eqDtan 䁢侫ㄖ墯⎰⺷⟌朊⸛⎘⮔⹎ᷳ䫱ῤ

✉⹎ (equivalent slope)ˤ䁢怑↯姽Ộ㲊㴒㹗⋯檀⹎

冯⸛⛯崲㲊慷炻㒔`⭂㲊㴒㬋⎹ℍ⮬㴟⟌忼⇘㚨⣏

㹗⋯檀⹎ ( 0.1 EJ )炻䓐ẍᾅ⬰Ộ妰⎬㴟⟌䘬㚨⣏

㹗⋯檀⹎冯⸛⛯崲㲊慷ˤ 
㛔䞼䨞⎴㗪ㅱ䓐ἄ㤕⊾㔠ῤ㲊㼖㧉⺷⍾⼿⢾㴟

枸㷔㲊㴒冯㯜ỵ屯㕁炻ℵ德忶伶⚳映幵ℝⶍ⛀ (U.S. 

Army Corps of Engineers炻USACE) ⇞⭂ᷳ㴟Ⱡⶍ

䦳ㇳℲ (CEM) 姕妰㸾⇯炻妰䬿桙桐㲊㴒㕤役Ⱡ㴟

⟌⛘⋨䘤䓇ᷳ㚨⣏㹗⋯檀ˤ⎎⢾ℵ⺽忚Ṍ忂悐ᷕ⣖

㯋尉⯨ (CWB)ˣ㖍㛔㯋尉⺛ (JMA) ⍲伶⚳⚳⭞䑘

⠫枸⟙ᷕ⽫  (NCEP) 䫱⚳晃㯋尉╖ỵ℔ⶫᷳ桐

⟜ˣ㯋⡻⟜㡅ẞ炻㧉㒔桙桐Ὕ冢㛇攻㴟⟌⋨➇㛒Ἦ 

72 ⮷㗪ᷳ役Ⱡ㲊㼖㡅ẞ炻ẍ䓊↢㴟⟌㲊㴒㹗⋯檀⹎

ᷳ䲣普枸⟙ (ensemble forecast) 䳸㝄ˤ㬌㱽⎗⮯㚨

⣏㹗⋯檀⹎枸Ộ䳸㝄⮶ℍ䲣普䴙妰㤪⾝炻㵝味桙桐

㛇攻㴟⟌⎗傥䘤䓇㚨⣏㹗⋯檀⹎䘬䭬⚵ˤ 

Οǵ่݀ᆶፕ  

3.1 ่݀ 
2014 ⸜䞼䨞㛇攻炻㛔䞼䨞ㆸ≇德忶⟌朊㲊㴒㹗

⋯⌛㗪慷㷔䲣䴙㒟⍾⇘㴟浿 (09/13 ~ 09/17炻㛒Ὕ冢) 
⍲沛↘ (09/19 ~ 09/22) 桙桐⼙枧㛇攻炻桙桐㲊㴒㕤

㚦㔯㴟❼⛘㴟⟌⟌朊ᶲ䘬㹗⋯檀屯㕁ˤ⛐㹗⋯䴻槿

℔⺷ㅱ䓐㕡朊炻⢾㴟㲊㴒冯㯜ỵ㡅ẞᷫ䓙ἄ㤕⊾㔠

ῤ㲊㴒㧉⺷㍸ὃ烊䎦⛘㴟⸲䘬㯜㶙⛘⼊ˣ⟌朊⼊䉨

⍲䰿䲁⹎䫱屯㕁ᷫ䓙㯜⇑会䫔ℕ㱛ⶅ⯨㍸ὃˤ⟌

⇵⸛⛯㴟⸲✉⹎䲬䁢 1:500炻㴟⟌檀⹎䁢 5.0 m炻⟌

朊✉⹎䁢 1:1.5炻䁢㹹㶟㒔⛇⟌朊炻䰿䲁Ὢ㔠⭂佑

䁢 1.0烊⟌⇵㉳䞛檀⹎䁢 2 m炻㉳䞛✉⹎ 1烉7炻䰿䲁

Ὢ㔠ᷫὅ㒂 TAW (2002) ⺢嬘炻⭂佑䁢 0.55ˤ⮯ᶲ

徘㡅ẞẋℍ⺷ (6) 军⺷ (9)炻⌛傥Ộ䬿桙桐㲊㴒㕤

⟌朊ᶲ㹗⋯⍲⸛⛯崲㲊慷䘬⎗傥ね⼊ˤ 
⚾ 2 ⍲⚾ 3 ↮⇍䁢Ộ䬿㚦㔯㴟❼⛘㴟⟌⛐㴟浿

桙桐ẍ⍲沛↘桙桐⼙枧㛇攻炻ᶵ⎴桐⟜ˣ㯋⡻⟜㡅

ẞ⮵ㅱ䘬⟌朊㚨⣏㹗⋯檀⹎枸Ộ䳸㝄炻᷎冯䎦⛘慷

㷔屯㕁㭼⮵ˤ⚾ᷕ炻㨓庠ẋ堐㖍㛇 (徸㗪廠↢)烊䷙

庠ẋ堐 焏枸㷔㯜ỵ檀䦳焐ˣ焏枸㷔䣢⿏㲊檀焐 冯 焏枸

Ộ㹗⋯檀⹎焐炻╖ỵ䁢 mʕ ℞ 炻ᷕ焏枸㷔㯜ỵ檀䦳焐 ᷫ

䴻䓙㴟㲳㔠ῤ㧉⺷ἄ㤕⊾㍸ὃ㛒Ἦ 72 ⮷㗪䘬枸㷔

㯜ỵ檀⹎烊焏枸㷔䣢⿏㲊檀焐 ⇯德忶㔠ῤ桐㴒㧉⺷ἄ

㤕⊾㍸ὃ㛒Ἦ 72 ⮷㗪䘬枸㷔㲊⟜䳸㝄炻᷎䴻䓙 

Goda (1985) 㶢⊾䴻槿℔⺷炻㶢⊾军⟌⇵ 200 m 嗽

䘬䣢⿏㲊檀 (TAW炻2002)烊焏枸Ộ㹗⋯檀⹎焐 䁢㛔

䞼䨞⇑䓐伶⚳映幵ⶍℝ⛀㴟Ⱡⶍ䦳ㇳℲ㹗⋯䴻槿℔

⺷炻ὅ㒂䔞⛘㯜㶙⛘⼊ˣ⟌朊✉⹎冯䰿䲁⹎䫱⍫㔠

枸Ộ䘬䳗䧵㨇䌯 2% 㚨⣏㹗⋯檀⹎冯⸛⛯崲㲊

慷烊焏Measurement Data焐 䁢㴟⟌⟌朊㲊㴒㹗⋯慷㷔

䲣䴙㕤桙桐⼙枧㛇攻䎦⛘慷㷔䘬㚨⣏㹗⋯檀⹎ˤ⎛

“䷙庠Ṏ㧁䣢⬱墅㕤⟌朊⎬㷔溆ᷳ⮵ㅱ檀⹎炻䓙ᶳ

侴ᶲ↮⇍䁢 2.70 mx 3.25 mx 3.80 mx 4.35 m ⍲ 4.90 

mˤ䓙㭼⮵䳸㝄⎗䞍炻伶⚳映幵ⶍℝ⛀㴟Ⱡⶍ䦳ㇳ

Ⅎ㹗⋯䴻槿℔⺷Ộ䬿↢䘬㹗⋯檀冯䎦⛘慷㷔屯㕁㍍

役ˤ侴㚨⣏㹗⋯檀䘬㸾䡢枸Ộ炻⇯⎗㍸ὃ㴟Ⱡ⋨➇

旚䀥䥎㼖㚜䁢ὧ㌟ˣ⎗月䘬崲㲊㹊⟌枸嬎屯妲ˤ 
⚾ 4 ⯽䣢⛐⎬枸㷔㗪攻 (䷙庠) 怠䓐ᶵ⎴⚳晃

㯋尉䳬䷼℔ⶫᷳ桐⟜x 㯋⡻⟜㡅ẞ炻㍐Ộ㛒Ἦ 72 ⮷

㗪㴟⟌㲊㴒㹗⋯檀⹎炻⼿⎬㗪攻⺞㗪 (㨓庠) 䲣

普枸㷔䴙妰㧋㛔䳬㔠䘬䣢シ⚾ˤ侴⚳晃㯋尉䳬䷼䘤

ⶫ㚨㕘桐⟜ˣ㯋⡻⟜ᷳ㗪攻炻↮⇍䁢冢䀋㗪攻ᶲ⋰

ℑ溆冯ᶳ⋰ℑ溆ʕ ẍ㗪攻⺞㗪 (㨓庠) 䫔 N 㖍ᶳ⋰

ᷳ䲣普枸Ộἄ㤕䁢ἳ炻侫ㄖ㝸ᶨ⚳晃㯋尉䳬䷼䘤ⶫ

ᷳ桐⟜ˣ㯋⡻⟜炻᷎㍐Ộ㴟⟌㲊㴒㹗⋯䳸㝄炻℞䲣

普䴙妰㧋㛔⊭㊔䫔  N-2 㖍ᶲ⋰㍐Ộᷳ䫔ᶨ䫮䳸

㝄炻ẍ⍲䫔 N-2 㖍ᶳ⋰㍐Ộᷳ䫔Ḵ䫮䳸㝄䫱ˤὅ

㬌栆㍐炻㍐Ộ䫔 N 㖍ᶳ⋰㴟⟌㲊㴒㹗⋯䳸㝄ᷳ䲣

普枸㷔䴙妰㧋㛔ᾳ㔠ℙ妰ℕ䫮ˤ㛔䞼䨞㔠ῤ㲊㼖㧉

⺷⛐侫ㄖ⺽忚冢䀋ˣ㖍㛔⍲伶⚳䫱ᶱᾳ⚳晃㯋尉╖
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ỵ䘤ⶫᷳ㧉㒔桐⟜ˣ㯋⡻⟜㡅ẞᶳ炻⮯⎗䌚⼿ℙ妰

⋩ℓ䫮 ( 3 ǘ 6 = 18 ) 㴟⟌㲊㴒㹗⋯枸Ộᷳ䲣普䴙

妰㧋㛔㔠ˤ 

 (a) 

 (b) 

 (c) 

⚾ 2 㹗⋯䴻槿℔⺷冯䎦⛘慷㷔屯㕁㭼⮵ (㴟浿桙桐

⼙枧㛇攻)烊枸㷔㯜ỵ檀䦳⍲䣢⿏㲊檀↮⇍ὅ

㒂 CWB (a)ˣJMA (b)ˣ⍲ NCEP (c) 䘤ⶫᷳ

桐⟜⍲㯋⡻⟜㡅ẞ㯪⼿ 

(a) 

(b) 

(c) 

⚾ 3 㹗⋯䴻槿℔⺷冯䎦⛘慷㷔屯㕁㭼⮵ (沛↘桙桐

⼙枧㛇攻)烊枸㷔㯜ỵ檀䦳⍲䣢⿏㲊檀↮⇍ὅ㒂

CWB (a)x JMA (b)x ⍲ NCEP (c)䘤ⶫᷳ桐⟜

⍲㯋⡻⟜㡅ẞ㯪⼿ 

⮯䲣普枸㷔䴙妰㧋㛔䴻䓙䴙妰↮㜸⌛⎗䌚⼿㲊

㴒㹗⋯枸㷔⸛⛯ῤ x⍲㧁㸾ⶖ δ 烉 

n

x
x i¦

=  (13) 

( )
1n

x
i
x

2

−

¦ −
=δ

 (14) 

䔞ᷕ炻 ix  䁢䫔 i  䫮䲣普䴙妰㧋㛔烊n 䁢䴙妰㧋㛔

䷥䫮㔠ˤ`姕㲊㴒㹗⋯枸㷔䳸㝄 (㭵橼) ⏰ⷠン↮

惵炻⇯ δ2−x  冯 δ2+x  ⌛䁢 95% ᾉ岜⋨攻䘬

䲣普枸㷔ᶲᶳ旸䭬⚵ˤ 

 

⚾ 4 䲣普枸㷔㴟⟌㲊㴒㹗⋯檀⹎ᷳ䴙妰㧋㛔䣢シ⚾ 

⚾ 5 ⯽䣢怠䓐ᶵ⎴桐⟜ˣ㯋⡻⟜㡅ẞ炻⼿⟌

朊㲊㴒㚨⣏㹗⋯檀⹎䲣普枸㷔䳸㝄ˤ䳸㝄婒㖶㛔䞼

䨞㕡㱽炻⎗㵝味桙桐⼙枧㛇攻桙桐㲊㴒⎗傥忈ㆸ㴟

⟌⟌朊䘤䓇㚨⣏㹗⋯檀⹎䘬⎗傥䭬⚵炻⣏⣏㍸檀⮎

晃ㅱ䓐㕤㴟Ⱡ旚䀥㗪䘬㸾䡢⿏ˤ 

(a) 

(b) 

⚾ 5 ⟌朊㲊㴒㚨⣏㹗⋯檀⹎䲣普枸㷔䳸㝄冯䎦⛘

慷㷔屯㕁㭼⮵䳸㝄ˤ(a)㴟浿桙桐ˣ(b)沛↘桙

桐⼙枧㛇攻 

3.2 ፕ 
⛐ᶱᾳᶵ⎴㯋尉㧉⺷㍸ὃ䘬桐⟜⍲㯋⡻⟜㡅

ẞᶳ炻㴟浿桙桐⎗庫㸾䡢䘬枸Ộ㹗⋯檀炻侴沛↘桙

桐䘬枸Ộ㹗⋯檀晾冯䎦⛘慷㷔㚱ṃ婌ⶖ炻Ữṵ䃞⎗

枸Ộ℞嬲⊾嵐⊊ˤ䓙㬌⎗夳炻桙桐㯋尉䳸㥳墯暄炻

㧉㒔桐⟜⍲㯋⡻⟜䘬㸾䡢⿏㚱℞ᶵ䡢⭂⿏炻㬌⮯攻

㍍⼙枧㔠ῤ㲊㼖㧉⺷㧉㒔䳸㝄⍲㍐Ộ㴟⟌㲊㴒㹗⋯
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ᷳ㸾䡢⿏ˤ⎎⢾炻㛔䞼䨞⮶ℍ䲣普枸⟙㕡㱽炻⎗㍐

Ộ㴟⟌⟌朊䘤䓇㚨⣏㹗⋯檀⹎䘬⎗傥䭬⚵炻ẍ㍸㖯

⟌朊㚨⣏㹗⋯檀㍐Ộ䘬㸾䡢⿏ˤ 

Ѥǵ่ፕ  
㛔䞼䨞ㅱ䓐伶⚳映幵ⶍℝ⛀ (U.S. Army Corps 

of Engineers炻USACE) ⇞⭂ᷳ㴟Ⱡⶍ䦳ㇳℲ 

(CEM) 姕妰㸾⇯ᷳ㹗⋯䴻槿℔⺷炻䳸⎰ἄ㤕⊾㔠ῤ

㲊㼖㧉⺷炻Ộ䬿桙桐㲊㴒㕤役Ⱡ㴟⟌⛘⋨䘤䓇ᷳ㚨

⣏㹗⋯檀⹎冯⸛⛯崲㲊慷炻᷎冯⮎晃䎦⛘慷㷔㹗⋯

屯㕁ἄ槿嫱炻⼿⇘䔞⛘㹗⋯䴻槿℔⺷䘬⍫㔠炻Ṏ傥

㸾䡢⛘枸㷔桙桐㲊㴒㕤㴟⟌ᶲ䘬㹗⋯檀⹎ˤ⎎⢾炻

⮯㚨⣏㹗⋯檀⹎枸Ộ䳸㝄ℵ䴻䓙䲣普䴙妰㕡㱽妰䬿

⼴炻⎗⼿⇘桙桐㲊㴒忈ㆸ㴟⟌⟌朊䘤䓇㚨⣏㹗⋯檀

⹎䘬⎗傥䭬⚵炻傥㚜㚱㓰㌴㎉桙桐㛇攻⟌朊㹗⋯檀

䘬嬲⊾嵐⊊ˤ 
䴻㛔䞼䨞槿嫱⍲䌯⭂⼴㹗⋯䴻槿℔⺷⎗ἄ䁢㛒

Ἦ⺢伖㲊㴒崲⟌㹊㶡ᷳ枸嬎䲣䴙炻ḇ傥ὅ㬌㧉⺷⺢

伖⎘䀋大Ⱡ慵天㴟⟌䘬㹗⋯䴻槿℔⺷炻㍸ὃ㓧⹄㨇

斄㕤桙桐㛇攻㴟⟌㹊㶡䘬䵲⿍ㅱ嬲炻ẍ⍲⚈ㅱ㛒Ἦ

㴟⸛朊ᶲ⋯㩊妶㴟⟌䎦㱩⬱ℐᷳ慵天⍫侫ὅ㒂ˤ 

ᖴᇞ  
㛔婾㔯Ὢ䴻㾇悐㯜⇑会䥹⮰妰䔓焏㴟⟌⋨➇朆

㍍妠⺷㯜㔯奨㷔⍲崲㲊㹊⟌㕘冰㈨埻ᷳ䞼䘤(2/2)˭

(2014)ᷳ悐ấ䞼䨞ㆸ㝄炻㈧呁㯜⇑会䴻屣墄≑ἧ㛔

䞼䨞ㆸ㝄㚜冣⬴┬炻嫡农嫅⾙ˤ 

ୖԵЎ  
1. 埴㓧昊䴻㾇⺢姕⥼⒉㚫(2012)⚳⭞㯋῁嬲怟婧
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