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ABSTRACT 

 

In recent years, the impacts of climate change have become increasingly evident in Japan, as demonstrated by 

the frequent occurrence of extreme rainfall events exceeding historical records. The 2016 Hokkaido flood disaster 

marked the first recorded instance of three consecutive typhoon landfalls, resulting in widespread and severe damage 

due to flooding. These events highlight the urgent need for flood damage mitigation measures based on 

comprehensive flood risk assessments. Risk, defined as the potential for future loss or damage, is a concept widely 

applied across various domains, including natural hazards and economic activities. In the context of natural disasters, 

risk is generally composed of three elements: (1) hazard, (2) exposure, and (3) vulnerability. Flood-related hazards 

encompass a range of phenomena such as river flooding, debris flows, storm surges, and wind damage. This study 

focuses specifically on inundation caused by “external flooding due to levee failure,” which can result in large-scale 

and catastrophic impacts. Flood hazard assessments typically involve setting rainfall as an external forcing factor, 

estimating river discharge and water levels through runoff modeling, and analyzing flood flows in inundation areas 

following levee failure to estimate inundation depth. However, this process inherently involves uncertainties 

stemming from the accuracy of hydrological and observational data, as well as the spatiotemporal representativeness 

of survey data. Currently, uncertainties related to rainfall-runoff processes and structural resilience are often treated 

deterministically under single-condition scenarios. Frank Knight distinguished between “uncertainty measurable by 

probability,” referred to as risk, and “unmeasurable uncertainty.” While the former can be addressed through 

statistical methods, the latter remains difficult to predict or control. Both types of uncertainty coexist in natural 

disaster risk assessments. Recent advancements in high-resolution observational technologies in meteorology, 

hydrology, and structural engineering have enabled the quantification of previously qualitative uncertainties as 

probabilistic information. This shift represents a transition from Knight’s “unmeasurable uncertainty” to 

“measurable uncertainty.” Despite these advancements, the incorporation of quantified uncertainties into flood risk 

assessments remains limited. The objective of this study is to propose an integrated flood risk assessment 

methodology that incorporates probabilistically measurable uncertainties throughout the sequence of meteorological 

phenomena, runoff, and inundation processes. This methodology aims to enhance flood risk information using high-

precision data to support decision-making during both normal and emergency conditions. 

Chapter 2 presents an integrated flood risk assessment utilizing massive ensemble climate prediction data, 

tailored to both normal and emergency scenarios. The proposed methodology incorporates exposure and 

vulnerability elements alongside conventional hazard information and enables information provision based on user 

type (residents, businesses, municipalities) and purpose (preparedness, emergency response). For normal-time 

assessments, a method was developed to quantitatively evaluate damage per household and the cost-effectiveness 

of mitigation measures. Flood analysis using massive ensemble climate prediction data visualized the relationship 

between inundation depth and damage as risk curves, facilitating analysis of average annual damage, expected 

damage reduction, and investment efficiency. This approach demonstrates the potential to provide individuals with 

actionable information to perceive flood risk as a personal concern and make informed decisions regarding disaster 

preparedness. For emergency-time assessments, a decision-support method was proposed for issuing evacuation 

information based on disaster scenarios derived from climate prediction data, targeting municipalities as primary 

users. Demonstration experiments using the IDR4M system indicated improved response capabilities to 



unprecedented disasters and applicability to evacuation drills and disaster preparedness exercises. 

Chapter 3 proposes a methodology for evaluating probabilistic rainfall in river planning by quantifying 

uncertainties in the spatiotemporal distribution of rainfall using massive ensemble climate prediction data. High-

resolution downscaling to RCM5 improved the reproducibility of percentile values of observed rainfall events. Bias 

correction based on actual rainfall further enhanced model accuracy. Probabilistic rainfall was evaluated using a 

resampling method with 60-year samples and fitted to Gumbel and GEV distributions. Results indicated that under 

future climate conditions, the 1/150-year rainfall could increase by approximately 1.4 times. Additionally, runoff 

analysis using massive ensemble data and rainfall-dependent parameter settings improved the reproducibility of 

observed discharge and revealed that peak discharge could increase by approximately 1.7 times under future climate 

conditions. 

Chapter 4 aims to construct a levee failure probability evaluation model that incorporates uncertainty into flood 

risk assessments. Focusing on overtopping and erosion—primary failure mechanisms in Japan—the study evaluates 

probabilistically measurable uncertainties in each failure process and proposes models to assess levee failure 

conditions as failure probabilities. For overtopping-induced failure, a Monte Carlo-based model was developed 

using probabilistic variables such as water level-discharge relationships, levee height, and slope erosion resistance. 

For erosion-induced failure, a model was constructed based on uncertainties in shear stress and critical shear stress 

due to levee soil properties. These models were applied to levees along the Tokachi and Satsunai Rivers, illustrating 

longitudinal distributions of failure probabilities by mechanisms. Application to actual rivers confirmed that 

differences in levee geometry and water level time series are reflected in failure probabilities and that the 

relationship between flow velocity and failure aligns with observed phenomena. 

Chapter 5 proposes a practical method for integrating failure probabilities across levee segments, considering 

dependencies between failure points. Levee sections were divided into segments and subsections, with the maximum 

failure probability used as a representative value within subsections and upstream failures influencing downstream 

failure probabilities. This method was applied to the Tokachi River, revealing a failure probability of 1/40 due to 

overtopping and demonstrating that consideration of dependency significantly affects failure probability estimates. 

The calculated failure probabilities were then used to evaluate flood risk via risk curves. 

In conclusion, this study developed a quantitative evaluation methodology for uncertainties in flood risk 

assessments, in response to the increasing frequency of extreme rainfall events and the impacts of climate change. 

By incorporating probabilistic information into traditionally deterministic elements such as rainfall and levee 

structures, the study enables the generation of integrated flood risk information to support decision-making during 

both normal and emergency conditions. Ultimately, this research proposes a new concept and methodology for 

integrated flood risk assessment that incorporates probabilistically measurable uncertainties. 
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ự ʼd Υ⁯πψḢ Ṝ Ϭ ᵕϥ⁞֗χ ṓ̓Ῑ χֲốΥᾒ∕ᴟΰοΜϥ 2̔016 χ ᵤ
⁞֗←ᵲπψʼḢ ◊ ϛο Υ ΰο 3 ᾤ ΰʼᶆ π  τϢϥ σ ᵲΥ

ΰθʽάχϢΞσ ệϬ ϘΠʼ ᵲτϢϥ ᵲὖᾚτΰΪοʼ ᵲзІϼ ᴣτṁξΜθ ├χ
ΥếΨẐϛϣϦοΜϥʽзІϼρψʼ τΣΪϥ ﬞϞ ᵲχᴦ ϬӪ βϥᵵ πΚϤʼꜛ ←
ᵲϞὊↄᶨ ʼήϘίϘσ πῲΨ ΜϣϦοΜϥʽꜛ ←ᵲзІϼψԁ τʼ(1)МЃ˔Жʼ(2)

(̓3) פֿ χ 3 Τϣ  ήϦϥʽ ᵲ τΣΪϥМЃ˔Жτψʼ  ʼ ʼ‰ ʼ
ᵲ σᾝ ΥḯϘϦϥΥʼ ᾆẕπψʼῲӽ Τν σ ᵲϬϜθϣβ ὨᵗτϢϥᵰ
τϢϥ Ϭ ρΰοΜϥʽ ᵲзІϼχМЃ˔Ж ᴣπψʼ‭֗Ϭᵰ ρΰο ΰʼ ЯД

иτϢϤᴱ ʾ ӡϬ▄ ΰʼήϣτ Ὠᵗῇχ ᾖτΣΪϥ  χᵔ Ϭ αο Ϭ
βϥ︣ Υԁ πΚϥʽΰΤΰʼάχᵃ τψʼ ʾḢ Д˔Ќχ Ϟ Д˔ЌχⱲἋḧ

τṞԍβϥ ᶎם Υ ∕ΰοΣϤʼ‭֗ʾ ᾝ Ϟ  χ ρΜμθ ᶎם Υʼ
ԁχ Ὧτᴃΰ₅ϛϣϦοӌϩϦοΜϥχΥᾝ πΚϥʽὊↄᶘּיТжрϼʾЗϱЕψʼзІϼϬˮᶎ

ρΰο ᴦ σ ᶎם ˯ρ ṰΰʼάϦρψӰσϥˮ ᴦ σ ᶎם ˯ρỸ ΰο ΰ
θʽ ψיּ ὓ ︣ τϢμοӌΞάρΥᴦ πΚϥԁ ʼῇּיψ Ϟ ῈΥ₉ πΚϤʼꜛ ←ᵲ
зІϼχ ᴣτΣΜοϜ Υ₤∕ΰοΜϥʽựיּ πψʼṓ ʾ Ϟ  τḩβϥ‰ σḢ

Ṫ χ τϢϤʼάϦϘπ τӌϩϦοΦθ ᶎם τνΜοϜʼᶎ Ϭⱱν ρΰο
τ︡ϤӌΞάρΥᴦ ρσϤννΚϥʽάϦψʼЗϱЕΥ Ṱβϥˮ ᴦ σ ᶎם ˯Τ

ϣˮᶎ ρΰο ᴦ σ ᶎם ˯ϒχ Ḋρӡ ξΪϥάρΥπΦϥʽΰΤΰσΥϣʼάΞΰθ
ᶎם Ϭ ᴟΰʼ ᵲзІϼ ᴣτ ֳΰθⱧ ψӢ ρΰοᾢϣϦοΜϥʽ ᾆẕχ ψʼ
χ ὂϬ ϘΠʼṓ ᾝ Τϣ ʾ τ♩ϥԁ χᵃ τ ∕βϥ ᶎם χΞκʼᶎ ρΰο

ᴦ σ Ϭ ᴣᵃ τ βϥάρπʼ › σ ᵲзІϼ ᴣ︣ Ϭ ӛβϥάρπΚϥʽ ︣
ψʼḢ Ṫ χ ẉόД˔Ќχ Ϭם ϘΠθ‰ σ Ϭᶨ ΰʼ ᵲзІϼ Ϭ Ⱳʾ

ừẍⱲχӪ◘Ὠ ‰τⱢβϥἹπכ◦ ᴟβϥάρϬ ◙ΰθϜχπΚϥʽ 
2 πψʼ ṛ ϯрЂрУиṓῙ Д˔ЌϬᶨ ΰʼ ⱲẉόừẍⱲχζϦηϦχᶨ

τᴂαθ › ᵲзІϼ ᴣϬ“μθʽ ᴣ︣ χ  τΚθμοψʼ χМЃ˔Ж Ϭṁ ρ
ΰννʼ ʾ פֿ χ Ϭᴥ ΰθ︣ Ϭ ӛβϥρρϜτʼᶨ ︠ ˢ ʼḼỘʼꜛⱵ ˣẉ
όᶨ ˢ Ⱳχ ΠʼừẍⱲχ ᴂˣτᴂαθ ằϬᴦ ρβϥ ᴣ︣ Ϭ  ΰθʽ
Ⱳχ ᴣπψʼ Ϭ︠σᶨ ︠ ρΰʼᴪᴒ 1 ᾭΚθϤχ ᵲᶛϞ ᵲὖᾚ├χ Ɫ῟ᴮϬ τ

ᴣβϥ︣ Ϭ  ΰθʽ ϯрЂрУиṓῙ Д˔ЌϬ Μθ ᵔ τϢϤʼ ρ ᵲᶛ
χḩἰϬзІϼϸ˔Уρΰοᴦ♪ᴟΰʼ ỡ ᵲᶛϞ ᵲὖᾚṍ ᶛʼ ├ ρχ ᶓτϢϥ Ɫ
῟ᴮχ Ϭ“μθʽάϦτϢϤʼᾤ ΥꜛϣχзІϼϬ¬ЅУрЁЕºρΰο Πʼ σ ←“ Ϟ

├ Ϭ“Ξθϛχ ằχᴦ ϬꜘΰθʽừẍⱲχ ᴣπψʼꜛⱵ Ϭ︠σᶨ ︠ ρΰʼṓ
Ῑ Д˔ЌτṁξΨ←ᵲЄЗзϷϬᶨ ΰθ χ ︣כ◦ Ϭ ӛΰθʽIDR4M ЄІ
ГЭϬ Μθם ᾓϬם αοʼ Ὂᾓχ←ᵲτ βϥ ᴂ χΰ Ϟʼ Ἡ ʾ ם← ϒχᴂ
ᴦ Ϭꜘΰθʽ 

͏ πψʼᴱ ὓᵊτΣΪϥᶎ ֗ χ ᴣτ ΰοʼ ṛ ϯрЂрУиṓῙ Д˔ЌϬᶨ
βϥάρπʼ‭֗χⱲἋḧ τ ∕βϥ ᶎם Ϭᶎ τ ᴣΰʼḢ Д˔Ќχ ṛ τṞԍβ



ϥᶎ ֗ χ ᶎם Ϭ τ ᴣβϥ︣ Ϭ ӛΰθʽ Ω ‭֗ϱЦрЕχ τ∑ΰοψʼ
RCM5 ϒχ‰ᵔ ЍϳрІϾ˔зрϽϬ“Ξάρπ ם̓ ‭֗χО˔ЈрЌϱи χ™ᾝ Υΰ β
ϥάρϬꜘΰθʽϘθʼם ‭֗τṁξΨНϱϯІ τϢϤʼЯДи χ™ᾝ Ϭ‰ϛϥ︣ τνΜ
οϜᾁ Ϭ“μθ ᶎ̔ ֗ χ ᴣτΚθμοψ 6̓0 Ϭ 1 ρΰθзЂрФзрϽ︣ τϢϤ
χṓ ЄЗзϷϬ  ΰ G̓umbel ẉό GEV Ϭ Μο ᶎם Ϭ ᴣΰθ ζ̔χὫᴮʼ ṓ
ῙᴞτΣΜοψʼ1/150 ᶎ ֗ Υᾝ∕χ 1.4 τ ᴥβϥᴦ ΥΚϥάρϬꜘΰθʽήϣτʼ
ṛ ϯрЂрУиД˔ЌϬ Μθ ᵔ τΣΜοψʼ‭֗ τᴂαθОжЮ˔Ќ ︣ Ϭ βϥ
άρπ ם̓ χ™ᾝ Ϭΰ ήδϥρρϜτʼ ṓῙᴞπψС˔ϼ Υ 1.66 τ ᴥβϥά
ρϬ ϣΤτΰθʽ 

͐ πψʼ ᵲзІϼ ᴣτΣΪϥ Ὠᵗ Ὧρΰοʼ ᶎם Ϭ― ΰθ ᶎ ᴣЯДи
Ϭ  βϥάρ ρΰʼ τΣΪϥ︠ σ ЮϸИЇЭπΚϥׇ ẉό τνΜοʼᶆ Ф
кЈІτ ∕βϥ ᶎם χΞκᶎ ρΰο ᴦ σϜχϬ ᴣΰʼ Ὠᵗ ὯϬ ᶎ ρΰο

ᴣβϥЯДиϬ ӛΰθʽׇ τϢϥ τνΜοψʼׇ τϢϥ ϬЯДиᴟΰʼ ӡ˵
ḩἰʼ ‰ʼ χ χ ᶎם Ϭᶎ ρΰθЯрГϸик τϢϥ ᶎ ᴣЯ

ДиϬ  ΰθʽ τϢϥ τνΜοψʼ  τϢϥ χ ϬЯДиᴟΰʼ χ τל
Ṟԍβϥ τ βϥδϭ ᴂ Ϟᾢᵦδϭ ᴂ χ ᶎם Ϭᶎ ρΰθЯрГϸик τϢ
ϥ ᶎ ᴣЯДиϬ  ΰθʽ  ΰθЯДиϬ ẉό╘ χ τ ΰʼ ԍ χ

ᶎ χ Ϭꜘΰθʽםᴱ ϒχ τϢϤʼ Ἱ χ₯ӰϞ ӡχⱲὉ ᴟΥ ᶎ
τ ֳήϦϥάρϬᶎ ΰʼ ρ χḩἰΥםᾝ ρ ›βϥάρϬꜘΰθʽ 

͑ πψʼ ᵲзІϼ ᴣτΣΪϥ Ὠᵗ Ὧρΰο ᶎ Ϭ βϥτΚθϤʼ ḧχ
ḩἰϬ ϘΠννʼם ϒχ τΚθμοχḛ Ϭ― ΰθ Ϭ ӛΰθʽ ᴣ ρβϥ
ỸḧϬЈϽЮрЕρЈϼЄдрτ ᶤΰʼЈϼЄдр πψΩ ᶎ Ϭ ρΰʼЈϼЄд

рḧπψ χ Υᴞ χ ᶎ τֲốϬ― βϥάρρΰʼ Ỹḧ χ ᶎ ϒρ ›β
ϥ︣ Ϭ ӛΰθ ζ̔χὫᴮʼ τΣΪϥׇ τϢϥ ᶎ ψ 1/40 ρσϥάρϬꜘβρρϜτʼ

χ― χ Υ ᶎ τ ΦΨֲốβϥάρΥϩΤμθʽϘθʼ▄ ΰθ ᶎ Ϭ ᵲзІ
ϼϸ˔УτϢϥ ᴣτ Μθ ›χ ᵲзІϼϬꜘΰθʽ 

Ωῇτʼ ᾆẕψự βϥ⁞֗←ᵲρṓῙ χֲốϬ ὂτʼ ᵲзІϼ ᴣτΣΪϥ ᶎם
χ σ ᴣ︣ Ϭ  ΰθʽ ʼᶎ τӌϩϦοΦθ‭֗ᾝ Ϟ   χ τ ∕

βϥ ᶎם Ϭʼᶎ ρΰο ᴣτ︡Ϥ Ϧϥάρπʼ ⱲʾừẍⱲχӪ◘Ὠ τⱢβϥכ◦
› σ ᵲзІϼ χ Ϭᴦ ρΰθʽάϦϬ βϥτʼ χ ᵲзІϼ ᴣτ ΰʼᶎ ρ

ΰο ᴦ σ ᶎם Ϭ ΰθ › ᵲзІϼχᵵ ẉό ᴣ︣ Ϭ ӛΰθϜχπΚϥʽ 
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1.  
 

1.1. ὂ 

1.1.1. ṓῙ χᾒ∕ᴟ 
ự ʼṓῙ χֲốτϢϤʼớ σ‭֗Ϟ  χ ʾế Υ ᴥΰοΜϥʽIPCC 6 ⱳ ᴣ

⁮ πψʼ Ẕᴛ ᴟΥ “βϥ πʼ⁞֗Ϟ  χзІϼΥ ᵦ τ‰ϘμοΜϥάρΥꜘήϦοΜ
ϥ[1]ʽ τΣΜοϜ ά̓ϦϘπτὊᾓχσΜṛ χ‭֗Υᶆ π ΰʼE χ ᴞ Ϭ Πϥ 

τϢϥ ὨᵗϞ Υ ΰοΜϥʽӟᴞτự χ⁞֗τϢϥ ᵲ Ϭꜘβʽ 
 
  28 ᵤ ⁞֗ˢ2016 ˣʿ 8 Ὦ Τϣᴞ τΤΪοʼ 7 ‹ʾ9 ‹ʾ11 ‹ʾ10 ‹Υ

ⱳΜπ ᵤ τ ʾ ựΰʼ ὉϞ Ὁ π ὨᵗϞᴱ Υ ΰθʽ
Ἃ πψṇ Ỹχ ΥὨᵗΰʼ◕ᵹ Υ ΰθʽ ᵲψ♂ּי 4 ʼ ᴪ ᵲψ ᵗ 29

ʼ 273 Ὧʼ ᵲ ᶛψ 2,800 ᴑדϬ Πʼ ᵤ ◊ Ω ẘχ ᵲρσμθ[2]ʽ 
  30 7 Ὦ⁞֗ˢ2018 ˣʿ Ϭ τṜ σ⁞֗Υ ΰʼῲ ᾉʼᴎ╦ᾉʼһ

ᾉ π ṛ σ ʾ ₳←ᵲΥ ΰθʽ ᵲψ♂ּי 200 ӟ ʼ ᵲψ 5 Ϭ Πʼ
ӟ‭Ω ẘχ ᵲρσμθ[3]ʽ 

  ᾕ ˢ 19 ‹ 2̓019 ˣʿ ḩ ʾ Ϭ τῲ Ӥπᴱ Υ ΰθʽ
ʼ Ớ π ΥὨᵗΰʼ Υ ΰθʽ ᵲψ♂ּי 90 ӟ ʼ ᵲᶛψ 1 ד

Ϭ Πϥρ ήϦοΜϥ[3]ʽ 
  2 7 Ὦ⁞֗s 2020 ˣʿἝ ᾉϬ τỵ ӽπ⁞֗Υ ΰθ Ẕ̔ χ τϢϤʼ

ῐ Ш˔Эπ χṭ Υיּ ϥ ʼ ʾ ᵲΥ ρσμθ[3]ʽ 
 
άϦϣχⱧ τ ΰοʼ⁯ ḕẽᾆẕ Ϟ ᶘ χᾆẕṐḩπψʼṓῙЯДиϬ ΜθϱЦрЕʾϯ

ЕзРв˔ЄдрτϢϤʼ Ẕᴛ ᴟΥ⁞֗χ ᶎ Ϭ‰ϛοΜϥάρϬ τꜘΰοΜϥʽ Π
ωʼ 30 7 Ὦ⁞֗χ ᶎ ψʼᴛ ᴟΥσΤμθ ›ρ ᶓΰο 3.3 τ ᴥΰοΜθρ

ήϦοΜϥ[4]ʽ 
 

1.1.1.1. ←ᵲ τΣΪϥ⁯ χ︡Ϥ ϙ 
ṓῙ χᾒ∕ᴟϬ ϘΠʼ χṓῙ Ϭ ρΰθᶎ σзІϼ ᴣρ ᴂ├χ Υẍ
ρσμοΜϥʽ τ ᵤ πψʼ 28 χ⁞֗←ᵲϬἸṐρΰοʼ ⁯τ ἄΪθ︡Ϥ ϙΥ

ϛϣϦοΜϥʽ ᵤ ᵫ ộρ ᵤ ψẶ πˮ ᵤ τΣΪϥṓῙ Ϭ ϘΠθⱵ ├Ṫ
ᾁ ᵓ˯Ϭ ΰʼṓῙ ϯрЂрУиД˔ЌϬᶨ ΰθзІϼ ᴣϞʼ ӽ Ϭ ϘΠθⱵ
ᴂ├χṪ ᾁ Ϭ ϛοΜϥ[5],[6]ʽάϦϬ Ϊοʼ⁯ ῖ ψˮṓῙ Ϭ ϘΠθⱵ ὓᵊτ
ἰϥṪ ᾁ ᵓ˯Ϭ ΰʼ ᵦ ỡṓᴛΥ 2̆ ΰθ ›Ϭ ΰθ‭֗ᵰ χᾋ ΰϬ ϛοΜ
ϥ ἇ̔ τψ Ⱶ̓ ὓᵊπ βϥ‭֗ Ϭᾝ∕χ 1.1˙1.15 τԏΦ ΫϥάρΥ ᾠήϦοΣϤʼ

χὓᵊ τṁξΨⱵ ὓχᾋ ΰΥ ϣϦοΜϥ[7] ή̔ϣτʼ 3 Τϣψˮ ӽⱵ ФкЅ
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ϴϼЕ˯Υ ⁯π ᵫήϦοΣϤʼᴱ Ḛ τϢϥМ˔ЖʾЊТЕיּ ├τᴥΠʼꜛⱵ ʼⱧỘּיʼ
ӽχ σ︠ ΥẸ ΰο  ᵲχὖᾚτ︡Ϥ Ϛ Υ  ήϦννΚϥʽάχФкЅϴϼ

Еπψʼ ᵲзІϼ χ ρẶ χ ΥꜘήϦοΣϤʼ ᵲзІϼ χ‰ ᴟΥẐϛϣϦο
ΜϥʽᴥΠοʼ ᶕ Υ βϥ ϱЛЦ˔Єдр ФкϽжЭˢSIPˣˮ ІЫ˔Е ←КАЕм
˔ϼχ  ˯πψʼ5 νχЂУᴿ χԁνρΰοˮзІϼ τϢϥ ←“ χ ˯ΥἿΫϣϦοΜ
ϥʽάχᴿ πψʼ←ᵲϬ¬ЅУрЁЕºρΰο ΠϥθϛχзІϼ χ ʾᴦ♪ᴟʾּזᵓם τḩ
βϥᾆẕΥ ϛϣϦοΜϥʽάχϢΞτʼṓῙ τ Ξ ᵲχὣ ᴟʾ ᴟτ ᴂβϥθϛτψʼ
ᴬᶘ ₢ẤτṁξΜθзІϼ ᴣρʼζϦϬ◦Πϥ χ ʾᶨ Υ ᴦὧπΚϤʼ ├ʾṪ χ

Τϣχ › σ ᴂΥẐϛϣϦοΜϥʽ 
 

1.1.1.2. ᵰ⁯τΣΪϥ︡  
ᴆ ⁯πψʼṓῙ τϢϥớ ṓ χ ᴥϞ  зІϼχ‰ϘϤϬ Ϊοʼ χМ˔Ж χ

Ⱶ ├Τϣʼˮ ᴂ├ˢadaptationˣ˯ Ϭ ♪ΰθзІϼЦ˔ІχϯФк˔Ўϒρ ḊΥ ϭπΜϥʽ
IPCC χ ⁮ πϜʼᴛ ᴟχˮḜ ├˯ιΪπψ πΚϤʼˮ ᴂ├˯χּזᵓ ם Υ ᴦὧπΚ
ϥρήϦοΜϥ ά̔χϢΞσ ὂχϜρ ᴆ̓ ›s EU Ϭxψαϛρβϥᴆ ⁯πψʼˮ no regrets ῇ
ᵛΰσΜˣ˯ Ϟˮwin-wins τ ˯ˣ׃ σ ᴂ├Ϭṁ ЀрЈФЕτʼ  зІϼχΩ ᴟρּזᵓ
χ׃ Ϭ ◙β ├Υ ᵫήϦοΜϥ[8]ʽ 
  ᴆ ›ˢEUˣ:EU ψ 2009 τˮṓῙ ᴟϒχ ᴂτḩβϥ ˢWhite Paperˣ˯ Ϭ ΰʼ

ӟᴞχ 4 νχ Ϭ τ ᴂ Ϭ  ΰοΜϥʽ 
  ṓῙ ᴟχֲốτḩβϥ ꜡ṁ χ   
  ᴂ├χ︠ ├ ϒχ › 
  ◕ ЮϸИЇЭϞḂ ὀϬᶨ ΰθ ├︣ χ  
  ⁯∑Ẹ χ  
ϘθʼEU ψˮ  зІϼχ ᴣρḚ τḩβϥ◙ ˢFloods Directive, 2007/60/ECˣ˯ Ϭ
ΰʼ ӽ ӡπχ  зІϼ ᴣρḚ χ ϙϬᴥ ⁯τṰ ΪοΜϥʽ 

  ϱϻзІʿ2008 τˮṓῙ ᴟ ˢClimate Change Actˣ˯ Ϭ ΰʼ ᵦπ ϛο ⌡
ᾚρ ᴂ├χ Ϭ τṛ ΰθ⁯ρσμθ ά̔χ τṁξΦ 2̓009 τψˮ   ẉό χ
Ḛ τḩβϥ ˢFlood and Water Management Actˣ˯ Υ ήϦʼӟᴞχϢΞσ ΥΚϥʿ

ӽ ӡπχ  зІϼḚ χếᴟʼ ϒχ ᴂ χ ᶎᴟʼ ꜛⱵ χ ᶤếᴟρ
◕ ╥ᴥχ ʽ 

  ТжрІʿˮ ḕẽϽиКи ˢLoi Grenelleˣ˯ Ϭ αο ṓ̓Ῑ ϒχ ᴂρḕẽ Ϭ ›ΰθ
├Ϭ ΰοΜϥʽάχ πψʼ™ ᴦ ϵКиϻ˔χ Ϟ ὉКАЕм˔ϼχ ρ

ρϜτʼ Ὁχ ρ  ├Υ σ ρήϦοΜϥʽ 
  ЖϱБʿ2009 τˮᵠ Ḛ ˢWHGˣ˯ Ϭ ΰ  ̓ зІϼḚ ρ ὓᵊχ

›Ϭ ϛοΜϥʽάχ πψʼ  зІϼχ‰Μ ӽτΣΪϥὺ ᾢϞʼꜛ Ṑ Ϭᶨ
ΰθϽз˔рϱрТжχ Υ ήϦοΜϥʽ 

 
τʼϷжрЍψʼ⁯ χ 3 χ 1 Υᵤ ᴞτӡ βϥρΜΞ ὯΤϣʼᾥΨΤϣ  ├

τ ΰοΦθ⁯πΚϥʽự πψʼṓῙ τϢϥᵤ Ϟớ ‭֗χ ᴥτ ᴂβϥθϛʼзІ
ϼЦ˔ІʾϯФк˔ЎτṁξΜθⱵ ├Ϭ⁯ᴪ ρΰο ᵫΰοΜϥʽζχ ᶋϬσβχΥˮДи
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ЌФкϽжЭˢDelta Programmeˣ˯ [9],[10]πΚϤʼάϦψ  Ὲʼ ʼḾṐḚ χ╣  
τϢϥ σ  зІϼḚ Ϭםᾝβϥθϛχ⁯ᴪ ︡Ϥ ϙπΚϥʽάχФкϽжЭπψʼϘγ

Ϟ χếᴟʼᴱ Ἃḧχᶈ ρΜμθМ˔Ж ├Ϭ αοʼ  ζχϜχχ Ϭ ΩάρΥ
♪ήϦοΜϥʽ τ βϓΦψ  ̓ τϢϥ♂ зІϼϬ ḧ 10ϖ5s 10 τ 1 ӟxᴞτ Πϥά
ρΥ τṰ ξΪϣϦοΜϥ πΚϥ ά̔χṁ ψ 1̓953 χ ᵤ‰ ←ᵲπ 1,800 ӟ Υ♂ ΰ
θρΜΞ ◊ ễἩϬ ϘΠʼ⁯ χ Ϭ︢ϥθϛχΩ ᾢχӗ ρΰο ήϦθϜχπΚϥʽ
άχ♂ зІϼṁ ψʼ σϥМЃ˔Жˢ ᶎ ˣπψσΨʼ ˢ ῢ ˣϞ פֿ ˢ ₉

ˣϬ― ΰθзІϼЦ˔Іχ◙ πΚϤʼ ӽέρτӰσϥзІϼФкТϮϱиτᴂαο χ ὓ
ṁ Υ ήϦοΜϥʽ Πωʼ ῢ Υ‰Ψʼ Υ₉ σ ◕ πψʼϢϤ‰Μӗ ΥẐϛϣ
Ϧϥԁ ʼ πψ τ Μṁ Υ ήϦϥʽϘθʼϷжрЍπψ ꜛχṓῙ ЄЗз
ϷˢKNMI 14ˣϬ Μοʼ χ‭֗ Ϟᴱ χ ᴟϬᴬᶘ τ ᴣΰοΣϤʼάϦτṁξΜο 

Ὲṁ Ϟ Υ τᾋ ήϦοΜϥʽ Πω ж̓ϱр χС˔ϼ ψ 2̓050 τψΩ
18,000mÞ/s τ βϥᴦ ΥΚϥρ ήϦοΣϤʼάϦτ ᴂβϥθϛχᴱ Ἃḧχᶎ Ϟ

χ Υ ϛϣϦοΜϥ[11],[12]ʽάχϢΞτʼϷжрЍχⱵ ├ψʼᴬᶘ ₢ẤτṁξΨᵰ
ρʼзІϼτᴂαθӗ ṁ χ τϢϤʼṓῙ ᴞτΣΪϥⱱ ᴦ σ  зІϼḚ Ϭםᾝΰ

οΜϥʽ 
 

1.1.2. зІϼτνΜο 
зІϼρψʼ τΣΪϥ ﬞϞ ᵲχᴦ ϬӪ βϥᵵ πΚϤʼꜛ ←ᵲϞὊↄᶨ ʼּזᵓ

├ σ τΣΜοῲΨ ΜϣϦοΜϥʽзІϼψ σϥˮḾᾑ˯Ϟˮ ᶎם ˯ρψӰσϤʼΚ
ϥ ⱧΥ βϥᶎ ρ ζ̓ϦτϢμο αϥֲốχ Φήχ ϙ›ϩδρΰο ΠϣϦϥʽ Πωʼ
JIS Q 31000ˢ2019 [x13]πψʼзІϼϬˮ τ βϥ ᶎΤήχֲố˯ρ ṰΰοΣϤʼάϦψзІ
ϼΥ σϥӂֲốτᾢϣγʼῨֲốϬḯϚᴦ ϜΚϥάρϬꜘΰοΜϥʽάχᵵ ψʼήϘίϘσ

π σ ᶤϬᴮθΰοΜϥʽ Πωʼꜛ ←ᵲχзІϼπψʼ Ϟ ʼ  χ ᶎ ρʼ
ζϦτϢϥ ʾ ᵲχṛ Υ ᴣήϦϥʽὊↄ πψʼ ⱢϞ◕ χ τ Ξ ﬞχᴦ
Ϭ ΰʼзІϼḚ χ︣ ˢзІϼХАЅϞ ╩ Ɫ ˣΥᶨ ήϦϥʽּזᵓ ├τΣΜοψʼӺ

Ϟ Ỳ χⱱ ᴦ ʼḇ χᶈ зІϼ Υᾁ ήϦʼ ├Ὠ χ₢ẤρσϥʽϘθʼзІ
ϼχ τνΜοψʼᾝל ᶘ σ♪ Τϣˮ Υ τ ΰοⱱνІЕ˔з˔Υʼ ṍδυ ⱧτϢ
μο σϩϦϥᴦ ρ˯ΰο Πϥᾆẕ[14]ϜΚϥ ά̔Ϧψ з̓ІϼΥ σϥẁḢ σ πψσΨʼ
︠Ḣ σ ꜡Ϟᴣ ḢρϜ ΨḩἰΰοΜϥάρϬꜘΰοΜϥʽᾝ ᵓπψʼГϼЛкЅ˔χזּ Ϟ
Ͻк˔НиᴟτϢϤ з̓Іϼψ⁯ẽϬׇΠο ₵ τῲΥϥἱΰΥếϘμοΜϥ ά̔χϢΞσ ὂΤϣʼ
зІϼϬ ᶎτ ᴣΰʼ τḚ βϥ ψʼᾤ ʾḼỘʾ τρμοϘβϘβ σϜχρσμ
οΜϥʽ 

 
1.1.2.1. ꜛ ←ᵲ τΣΪϥзІϼ 

ꜛ ←ᵲ τΣΪϥзІϼ ᴣψʼԁ τˮМЃ˔Жˢhazardˣ˯ˮ ˢexposureˣ˯ˮ פֿ
ˢvulnerabilityˣ˯ χ 3 Τϣ  ήϦϥρήϦοΜϥʽάχ ϙψʼ⁯∑ τϜῲΨ Ϊ ϦϣϦ
οΣϤʼ Πω⁯ ←Ṑḩs UNDRR [x15]Ϟ IPCC[16]χзІϼ ᴣ◙ τΣΜοϜṁ σꜛ ←
ᵲ τΣΪϥзІϼχ Π ρΰο⅜ ήϦοΜϥʽМЃ˔Жρψʼ ʼ ʼ ʼ  χꜛ

ᾝ ζχϜχϬ◙ΰʼζχ Ϟṛ ʼἋḧ Υ ᴣ ρσϥʽ ψʼМЃ˔Жχֲ



4 

ốϬ Ϊϥᴦ χΚϥ ḧᶨ ϞⱢ▀χ ∕ϬӪ ΰʼ ῢ ʼ ʼὺ χ ΥḯϘ
Ϧϥʽ פֿ ψʼ ήϦθ Υ ᵲϬ ΪϞβΜ Ϭ◙ΰʼὺל χ Ϟ ʼּזᵓ יּפֿ
χ ∕ʼ χ ệ Υ ᴣήϦϥʽ τ ᵲзІϼτΣΜοψʼάϦϣ 3 ΥⱲḧ ʾἋ
ḧ τ ╛τ ῀⌠ βϥθϛʼзІϼ ᴣτψ‰ σЯДиᴟρᴠ ΥẐϛϣϦϥʽ ΠωʼМЃ˔
Жρΰοχ‭֗ψʼṓ ЯДиϞṓῙ ЯДиτṁξΜο χớ ‭֗χ ᶎ Ϭ βϥ
ΥΚϥʽ ᵃ πψʼ Ἱʼ ʼ χ ὯϬ― ΰθ ЯДиΥ ΜϣϦʼήϣ
τᴱ χ ᵔ τψ 2 ⱳᾕχ ᶘЯДиΥ ήϦϥʽ χ ᴣτΣΜοψʼ ӽτ ∕β
ϥ ʼ Ộ☼ ʼϱрТж χⱢ▀ Ϭ Ӄβϥ ΥΚϤʼự πψзЯ˔ЕЈрЄрϽϞ GIS
Ṫ χᶨ Υ ϭπΜϥʽ פֿ τνΜοψ ὺ̓ χ  Ϟ ʼ ʾ ᴞ χ ᵲḩ ˢdamage 
functionˣ Ϭ Μοʼ ᵲᶛϞ ᵲχ Υ“ϩϦϥʽάχϢΞτʼ ᵲзІϼ ᴣψʼꜛ ᴬ
ᶘ σМЃ˔Ж ᴣρʼּזᵓᴬᶘ σ ʾ פֿ ᴣϬ ›ΰθϯФк˔ЎΥ πΚϥʽήϣτʼ
άϦϣχ τψ Ψχ ᶎם Υ ∕ΰοΣϤʼζϦϬΜΤτ τӌΞΤΥʼᾝ χзІϼ ᴣ
χ Φσᴿ ρσμοΜϥʽ 

 
1.1.2.2. зІϼρ ᶎם  

зІϼ ᴣτΣΜοψʼˮ зІϼ˯ρˮ ᶎם ˯χᵵ Ϭ ᶎτỸ βϥάρΥ πΚϥʽТжр
ϼʾЗϱЕˢFrank H. Knightˣψʼ1921 χ ⌠˰Risk, Uncertainty and Pro°t˱[17]τΣΜοʼᶎ

τ ᴦ σⱧ ϬˮзІϼˢriskˣ˯ʼᶎ τ πΦσΜ χⱧ Ϭˮ χ ᶎם ˢtrue 
uncertaintyˣ˯ ρΰο Ṱΰʼ Ϭיּ ᶎτỸ ΰθ ά̔χỸ ψ ᾝ̓ χ←ᵲзІϼ ᴣτΣΜοϜ
῟σ♪ Ϭ ằβϥʽ ΠωʼΚϥ ӽτΣΪϥᵃẠχ‭֗Д˔ЌϞ  τṁξΜοʼ χ 

ᶎ Ϭ ὓ τ βϥάρψˮзІϼ˯ρΰοӌϩϦϥʽԁ πʼṓῙ τϢμο ςχϢ
Ξσớ ᾝ Υ βϥΤʼΚϥΜψּזᵓ  Ϟ χ ᴟΥ←ᵲзІϼτ Πϥֲố ʼṌ χ
Д˔ЌϞЯДиπψ Υ₉ σⱧ ψˮ ᶎם ˯ρΰο ΠϣϦϥϓΦπΚϥʽЗϱЕχ ψʼ

σϥ τρςϘϣγʼӪ◘Ὠ χ ϙτϜ ΜֲốϬ ΠοΜϥʽ ψʼзІϼχΚϥ ệπψ
ᾑϞ ὓ ︣ τϢμο ﬞϬḚ πΦϥΥʼ ᶎם χΚϥ ệπψʼḼỘᴪ Ϟ ΥẐϛ

ϣϦϥρ ϓοΜϥʽάχ―Π ψʼ←ᵲзІϼḚ τΣΜοϜ τ ᴦ πΚϤʼᶎ τӌΠ
ϥˮзІϼ˯τνΜοψ σ ᴣϬ“Μʼ ᵲзІϼ ᴣτ τ βϥ ΥΚϥάρϬꜘ€
ΰοΜϥʽ 

 
1.1.3. Ḣ Ṫ χ ʾД˔Ќχ  ם

ự ṓ̓ ʾ τΣΪϥḢ Ṫ χ ΰΜ τϢϤ ‭̓֗ Ϟ ρΜμθṓ ʾ ʼ
‰Ϟ Ἱ χ Ἱ τḩΰο ‰̓ Τν‰ χД˔ЌΥ︡ ᴦ ρσμοΜϥʽ Πωʼ

ṓ ʾ τḩΰοψ X НрЖ MP й˔Ѝ˔τϢϥ‰ᵔ ‭֗Ḣ Ϟ Ḣ τΣΪϥ ADCP
ˢᴝốЖАФж˔ ὓˣχ ΥấΫϣϦϥʽϘθʼ Ἱ τḩΰοψ ALBˢAirborne Laser 
Bathymetryˣ τϢϥᴱ ʾלḰӽχ ⇔σ Ἱ ӃΥấΫϣϦϥʽᴥΠοʼ χḢ Д˔ЌϞ

ᾁ ʼᴱ χӲⱱḚ τḩβϥ ϜὋ τ ήϦννΚϤʼἋḧ ʾⱲḧ τ χ‰Μ
Д˔ЌЦ˔Іχ  Υ ϭπΜϥʽάϦϣχṪ ᶗ ρД˔Ќχ τϢϤʼם ψ τΰΤӌΠ
σΤμθᾝ τνΜοϜʼ σ ᴣΥᴦ ρσϤννΚϥʽάχ ᴟψʼὊↄᶘּיТжрϼʾЗϱ
ЕΥ ΰθˮ ᴦ σ ᶎם ˢtrue uncertaintyˣ˯ Τϣˮ ᶎ ρΰο ᴦ σ ᶎם ˢriskˣ˯
ϒχ Ḋρӡ ξΪϥάρΥπΦϥʽάχϢΞσḢ Ṫ χ ρД˔Ќχ ψʼ←ᵲзІϼם ᴣτ
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ΣΜο ᶎם χ ӃϬᴦ τβϥϜχπΚϤʼ₈ῇχ ᵲзІϼ χ‰ ᴟτΚθμοψʼ
άϦϣχ ᶎם Ϭ ᴣΰθ χ Υ ρ―ΠϣϦϥʽ 

 
1.1.4. ᵲзІϼτΣΪϥ ᶎם χ ᴣ 

ꜛ ←ᵲзІϼχ ᴣτΣΜοψʼᶆᵃ τ ∕βϥ ᶎם Ϭ τ ӃβϥάρΥ πΚϥʽ
τ ᵲзІϼτḩΰοψʼ‭֗Τϣᴱ ʼ ρΜμθԁ χФкЈІτΣΜο σ ᶎם

Υ ∕βϥ ‭̔֗ᾝ τḩβϥ ᶎם τνΜοψʼ ϣ[18]ψᶎ ᾢᵦ ˢ ῢ, 1995 [x19]Ϭ
ΰ ᶎ̓ ֗ Υ︡Ϥ ϥ ӤϬ ὓ τ ᴣΰοΜϥ Ϙ̔θ ‭̓֗ ᵃ τḩΰοψ ṷ̓ᾋϣ[20], [21]
ψᶎ ꜠Ϭ Μϥάρπʼ‭֗χ ᶎם Υ ᵃ τ ΠϥֲốϬ τ ᴣΰοΜϥʽ
ήϣτʼ‭֗χḢ χᾢᵦΥС˔ϼ τ ΠϥֲốϞʼⱧ ֗ τϢϥ ӽ χ Υⱳχ‭֗
ϱЦрЕτΣΪϥС˔ϼ τẉϖβֲốϬ ᴣΰθᾆẕϜ ⁮ήϦοΜϥʽ‭֗Τϣ ʼήϣτ

τ♩ϥԁ χᵃ τΣΪϥ ᶎם τνΜοψʼWang ϣ[22]ψ‭֗χḢ τṞԍβϥ ᶎם
Ϭ― ΰʼᴱ χ ӡʾ χ ᶎם Ϭ ᴣΰθ πʼζϦτṁξΨ зІϼϬꜘΰοΜϥʽ
άϦϣχᾆẕψʼΜγϦϜ ὓ ︣ τṁξΜο ᵲзІϼτΣΪϥ ᶎם χ ᴣϬ“μθϜχπΚ
Ϥʼ‭֗ʼ ʼ ρΜμθᶆᵃ τ ∕βϥ ᶎם Ϭ τ Πϥ π σ ᾋϬ ằΰο
ΜϥʽΰΤΰσΥϣʼάϦϣχ︣ ψ︠τṌ χḢ Д˔ЌϞ ὓЯДиτӢẤΰοΣϤʼ χḢ
Ṫ χ ϞД˔Ќχ τם ΰʼζϦϣϬᶨ ΰθ ᶎם χ ᴣτψ♩μοΜσΜʽ 

ӟ χϢΞτʼự χ‰ σḢ Ṫ Ϟ ṛ σṓ ʾ Д˔Ќχ τϢμοʼ χ ὓ
︣ πψ ΠΦϦσΤμθ ᶎם χ ᴣΥᴦ ρσϤννΚϥτϜΤΤϩϣγʼάϦϣχṪ

Ϭ τ ֳΰθ ᴣ︣ χ  ψᶎ ήϦοΜσΜ ệτΚϥʽ 
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1.2.  

1.2.1. ᾆẕχ  
ᾆẕψʼ χ ὂϬ ϘΠʼṓ ᾝ Τϣ ʾ τ♩ϥԁ χᵃ τ ∕βϥ ᶎם χΞ

κʼᶎ ρΰο ᴦ σ Ϭ ᴣᵃ τ βϥάρπʼ › σ ᵲзІϼ ᴣ︣ Ϭ ӛβϥ
άρϬ ρβϥʽ ︣ ψʼḢ Ṫ χ ẉόД˔Ќχ Ϭם ϘΠθ‰ σ Ϭᶨ ΰʼ
ᵲзІϼ Ϭ ⱲʾừẍⱲχӪ◘Ὠ ‰τⱢβϥἹπכ◦ ᴟβϥάρϬ ◙βϜχπΚϥʽ 

 
1.2.2. χ   

ᾆẕψʼӟᴞχ 6 π  ήϦϥˢ  1.͍ˣ̔  
1 πψʼ ᾆẕχ ὂʼ ʼẉόζχӡ ξΪτνΜο ϓθʽ 
2 πψʼ ṛ ϯрЂрУиṓῙ Д˔ЌϬᶨ ΰʼ ⱲẉόừẍⱲχζϦηϦχᶨ

τᴂαθзІϼ χ Ϭ ρΰθ › ᵲзІϼ ᴣϬ“Ξʽ Ⱳχ ᵲзІϼτνΜοψʼ
ϞⱧỘּיτϢϥ ├ᾁ τⱢβϥ ρΰοʼᴪᴒԁᾭΚθϤχ зІϼϬ ᴣβϥʽừẍⱲχ

ᵲзІϼτνΜοψʼꜛⱵ τϢϥ χ τⱢβϥכ◦ ρΰοʼṓῙ Д˔Ќτ
ṁξΨ  ЄЗзϷϬ⌠ ΰʼꜛⱵ ρχ ṫἩ Ϭ αοζχ ῟ Ϭᾁ βϥʽ 

3 πψʼᴱ ὓᵊτ ΜϣϦϥ ὓ πΚϥᶎ ֗ Υ︡Ϥ ϥ ᶎם Ϭ ᴣβϥʽ
χᴱ ὓᵊπ ΜϣϦοΦθ Ω ‭֗ϱЦрЕχ ρ ṛ χ τϢϥ ᴣ︣ Ϭ ӛΰʼ
ᶎ ֗ χ ᶎם Ϭ ᴣβϥʽϘθʼ ᵔ Ϭ αοʼᴱ ὓᵊπ ΜϣϦϥ πΚϥС
˔ϼ τḩΰοʼ‭֗χⱲἋḧ τṞԍβϥ ᶎם Ϭꜘβʽ 

4 ẉό 5 πψʼ ᵲзІϼ ᴣτΣΪϥ χẽᵦ Ὧρσϥ Ὠᵗχ Ὧτν
Μοʼ ᶎ χ ︣ Ϭ ӛβϥʽ 4 πψʼᵈΥ⁯πם χ Μׇ ẉό τϢϥ Ὠᵗ
ФкЈІϬЯДиᴟβϥʽϘθʼᶆФкЈІτ ∕βϥ ᶎם χΞκʼᶎ ρΰο ᴦ σ Ϭ
ЯрГϸик τΣΪϥᶎ Ϭⱱν ρΰο ΰʼ ᶎ ᴣЯДиϬ  βϥʽ 

5 πψʼ 4 π ϣϦθᶆ χ ᶎ ϬʼỸḧ χ ᶎ ϒρ ›βϥ︣ Ϭ 
βϥʽ τʼ χ Υ ᴞ ḧπ ῀τֲốΰ›Ξ τ ΰʼ ᴣ ḧχẩ τᴂαο

ḩἰχếήϬᴦ ρβϥ Ϭ ӛβϥʽ 
6 πψʼ χ ᴮϬ ᶧβϥρρϜτʼ₈ῇχ τνΜο ϓϥʽ 
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2. › ᵲзІϼ ᴣ︣ τḩβϥᾆẕ 
2 χᵵ  χ ψʼ ṛ ϯрЂрУиṓῙ Д˔ЌϬᶨ ΰʼ ⱲẉόừẍⱲχζ

ϦηϦχᶨ τᴂαθ › ᵲзІϼϬ ᴣβϥάρπΚϥʽ ᴣ︣ χ  τΚθμοψʼ
χМЃ˔ЖϬṁ ρΰο τ ΰʼ ʾ פֿ Ϭḯϛθ︣ Ϭ ӛβϥρρϜτʼᶨ ︠ ˢ
ʼḼỘʼꜛⱵ ˣẉόᶨ ˢ Ⱳχ ΠʼừẍⱲχ ᴂˣτᴂαθ ằϬᴦ ρβϥ ᴣ

ϙϬ ӛΰθʽ Ⱳχ ᴣπψʼᴪᴒ 1 ᾭΚθϤχ ᵲᶛϞ ᵲὖᾚ├χ Ɫ῟ᴮϬ τ
ᴣβϥ︣ Ϭ  ΰʼ ϯрЂрУиṓῙД˔ЌϬ Μθ ᵔ τϢϤ з̓Іϼϸ˔УϬ⌠ ΰθʽ
άϦτϢϤʼ ΥꜛϣχзІϼϬ¬ЅУрЁЕºρΰο Πʼ σ ←“ Ϟ ├ Ϭ“Ξθϛχ

ằχᴦ Ϭꜘΰθ ⱳ̔τ ừ̓ẍⱲχ ᴣπψ ṓ̓Ῑ Д˔ЌτṁξΨ←ᵲЄЗзϷϬᶨ ΰʼ
ꜛⱵ χ Ϭ◦כβϥ︣ Ϭ ӛΰθʽIDR4M ЄІГЭϬ ΜθꜛⱵ ← Ϭיּ

ρΰθם ᾓϬם αοʼ Ὂᾓχ←ᵲτ βϥ ᴂ χΰ Ϟʼ Ἡ ʾ ם← ϒχ ῟
Ϭ ϣΤτΰθʽ 

 

2.1. ψαϛτ 

2.1.1. ᾆẕ ὂ 
ᵲзІϼψʼМЃ˔Жˢ‭֗ʼ ʼ ˣ̓ ˢⱢ▀Ϟ ῢχ ˣ̓ פֿ ˢ ᵲϬ ΪϞβ

ήˣχ 3 τϢμο  ήϦϥʽԁ ʼ χ ᵲзІϼ ᴣψʼ“ σⱵ ὓᵊϒχᶨ Ϭ︠
ρΰθ ᴣ︣ Υ ΜϣϦοΣϤʼ︠τМЃ˔ЖχἋḧ τ Ϭ οθ ằΥ πΚμθʽ

σ ρΰο  МЃ˔ЖЫАФΥấΫϣϦϥΥʼάϦϣψ Ϟ ṛ ʼ“ τϢ
ϥ Ϭ◦כβϥ π⌠ ήϦοΜϥ ζ̔χθϛ ᾤ̓ ϞḼỘΥ ᵲ ├Ϭᾁ βϥ∑τ ρσϥʼ

ήϦϥ ᵲᶛʼ ├τ βϥ ʼ ├χ ῟ᴮρΜμθ ψḯϘϦοΜσΜʽ₈ῇʼ ӽ
Ⱶ χ τΚθμοψʼ χМЃ˔Ж︠ χ τᴥΠʼ χ Ϟ פֿ Ϭ ϘΠθ ᵲзІ
ϼρΰοχ Υ πΚϥρ―ΠϣϦϥʽ 

Ϟ פֿ Ϭḯϛθ ᵲзІϼ ρΰοʼ⁯ Ṫ ├ ›ᾆẕ πψʼ ʾᵰ ʾ‰
Ϭ ρΰθ 25m ЮАЄв ӡχ › зІϼ ᴣ︣ Ϭᵫ ΰοΜϥ[1]ʽάχᾆẕπψʼὺ

χⱢ▀ר Ϟ ᵲᶛχ ʼ κ Φ τϢϥ ᵲχ ᾚ῟ᴮʼήϣτψ ᵰ
χ Ⱳ Ṟᶎ χ ᴣ ʼ ᶑ σ♪ ΤϣзІϼ ᴣΥ“ϩϦοΜϥʽϘθʼ ṛ ϯрЂрУиД
˔ЌϬᶨ ΰθ ᵲзІϼ ᴣϜם☼ήϦοΜϥ[2] ά̔ϦϣχṌᴁᾆẕψʼ › зІϼ ᴣχ‰ ᴟ
τΰΪθ σ ᾋϬ ằΰοΜϥΥʼΜγϦϜ“ ︠ χὓᵊ├ Ϟ Ϭ︠ḴρΰοΜϥʽζכ◦├
χθϛ ᾤ̓ ϞḼỘρΜμθ σᶨ ︠ τᴂαθзІϼ χ ᴣʼ ꜘ ψᶎ ήϦοΜσΜ  ̔

ᾤ ϞḼỘτϢϥ ᵲ ├χ τΚθμοψʼᶨ ︠ Ϟ τᴂαθзІϼ χ ằΥẐϛϣ
Ϧϥˢ  2.͍ˣ̔ ⱲτΣΜοψʼ ϞḼỘΥꜛϣχ ▀ϞⱢ▀τ βϥ ᵲᶛϬ Ӄΰʼ

← ⱢϞ ᾑᴥ χӪ◘Ὠ Ϭ“Ξθϛχ Υ πΚϥʽ ʼừẍⱲτψʼꜛⱵ Υ ◙
ꜘϞ←ᵲ ᴂϬ βϥθϛτʼ ﬞϞ ₉ ϬḯϚзІϼ ΥẐϛϣϦϥʽΰΤΰσΥ
ϣʼᾝ“χ ᴣ︣ πψʼάϦϣχ Υ › τӌϩϦοΣϣγʼ τ Ϟ פֿ τḩβϥ ψ
ᾢ πΚϥʽήϣτʼзІϼ χᶨ ︠ τϢμο ρήϦϥ χ Ϟ ΥӰσϥτϜΤ
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ΤϩϣγʼζϦϣχӸΜΥ τ― ήϦοΜσΜʽάχϢΞσ ὂΤϣʼзІϼ χᶨ ρ︠
τᴂαθ ᴣ︣ χ  Υ πΚϥʽ 
 

 
 2.͍ ᶆ︠ τρμοχзІϼχ ˢ ˣχϱЮ˔Ѕ 

˰ ᵤ τΣΪϥ ӽⱵ χΚϤ ˱̓ ᵤ τΣΪϥ ӽⱵ χΚϤ ᾁ ᵓʼ
7 4 ὮϢϤ 

 
2.1.2. ᾆẕ  

τΣΪϥᾆẕ ψʼ ṛ ϯрЂрУиṓῙ Д˔ЌϬᶨ ΰʼ ⱲẉόừẍⱲχζϦη
Ϧχᶨ τᴂαθ › ᵲзІϼϬ ᴣβϥάρπΚϥʽ ᴣ︣ χ  τΚθμοψʼ χ
МЃ˔ЖϬṁ ρΰο τ ΰʼ ʾ פֿ Ϭḯϛθ︣ Ϭ ӛβϥρρϜτʼᶨ ︠ ˢ ʼ
ḼỘʼꜛⱵ ˣẉόᶨ ˢ Ⱳχ ΠʼừẍⱲχ ᴂˣτᴂαθ ằϬᴦ ρβϥ ᴣ︣
Ϭ ӛβϥʽ 

 
  

…

…
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2.2. Ⱳχ ᵲзІϼ ᴣ 

πψʼ Ⱳχ ᵲзІϼρΰοʼзІϼ χᶨ ︠ Ϭ ϞⱧỘּיρΰʼ Ϭᴪᴒԁᾭ
ρΰθ ›χ ᵲзІϼ ᴣ︣ ẉό ὫᴮϬꜘβʽ 

 
2.2.1.  

ᾆẕτΣΪϥзІϼ ᴣχТк˔Ϭ  2.͎τꜘβʽ χМЃ˔Ж ᴣτṁξΜθ  МЃ˔ЖЫ
АФΤϣ ϣϦϥ τ ΰʼἇ σ χ Ϟζχ פֿ χᾁ Ϭ ϙ₅ϭπΜϥʽήϣτ ├
χᾁ ʼζϦϣχ῟ᴮϞ Ϭ ϘΠθ ᵲзІϼϬ ᴣβϥάρπ¬ЅУрЁЕᴟºτⱢβϥ χ

Ϭ ϥʽӟᴞτʼᶆ︣ χ ⇔Ϭꜘβʽ 
 

 
 2.͎ ᵲзІϼ ᴣχТк˔ 

 
  

•
•

•
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2.2.1.1. ӽ 

ᵤ τӡ βϥ ὉϬ ӽρΰθˢ  2.͏ˣ̔ ӽχ τψ ῲ◕Ϟᴝ  ʼ
ρΜμθ◕ᵹ Ϭ ΰοΣϤʼ ᶭᴱ Τϣχ Υ ΰθ ›τψ σ ᵲΥ ήϦ

ϥʽ 28 ᵤ ⁞֗πψʼ╘ π τϢϥ Υ 2 ᴷ ʼᴝ  πψ χ Υ 1 ᴷ
ΰθם ΥΚϤʼ χ ῲḢ πψὓᵊ‰ ӡΤϣ-19cm ρσϥṌᴁΩ‰ ӡϬḢ ΰο

Μϥʽ 
 

 
 2.͏ ᵔ χ Ӥ 
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2.2.1.2. МЃ˔Жχ ᴣ 

‭֗Ϟ τṞԍβϥМЃ˔Жτψʼᵰ ˢ ᶭᴱ ʾ ᴱ ˣϞ ʼ‰ Ϟ ₳←ᵲ
χᾝ ΥΚϥˢ  2.͐ˣ̔ ᾆẕπψʼῲӽ Τν σ ᵲΥ ήϦϥ ᶭᴱ Τϣχᵰ

Ϭ ρβϥМЃ˔Жρΰθ ⱳ̔τʼ χ ←Ἱ τᴂαθМЃ˔Жχ◙ Ϭ ΰθʽ Πωʼ
χ Ϭᴪᴒʼ ←Ἱ Ϭᴪᴒ ᵗρΰθ ›τψʼ χ τḩϩϥ◙ Υ ρσϥʽ

ᾆẕπψʼῇ χ Ϥ χ ϬᴪᴒρΰοΜϥʽᵃẠχᴪᴒχ ᵲⱧ πψ τϢϥ ẉό
Ɫ▀χ ᵲΥ ΜάρΤϣʼ ϬМЃ˔Жχ◙ ρΰο ΰθʽӟᴞτʼ‭֗χᴱ ϒχ ʼ

ᶭᴱ Τϣχ  τϢϥ χ ᴣ Ϭꜘβʽ 
 

 
 2.͐ ʾ‭֗τṞԍβϥМЃ˔Жχ  
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ᵰ χ  
ᾆẕπψʼ ЯДиτṁξΜο⌠ ήϦθṓ Д˔ЌϬᵰ ρΰο Μθʽἇ τψ d̓4PDF

ˢ Ẕᴛ ᴟ ├τⱢβϥϯрЂрУиṓῙ Д˔ЌЦ˔Іˣχ ᵔ 20km χД˔ЌϬʼ╦
ϣ[3]Υ ᵤ ӽϬ τ ᵔ 5km ϘπЍϳрІϾ˔зрϽΰθṓ Д˔ЌτΞκʼ ӽ
τΣΪϥ‭֗ Д˔ЌϬ ΜοΜϥ Ϙ̔θʼᴖ ρβϥ‭֗ϱЦрЕ ψ d̓4PDF Υ βϥᾝ∕ṓ
Ῑ 60 ˷50 ϯрЂрУиχД˔ЌΤϣ ΰθʼᶆ Ω χ‭֗ϱЦрЕ 3000 Ͼ˔Іρΰθʽ 

χ  МЃ˔ЖЫАФπψʼΚϥ χ‭֗ᵰ ʾ Ἱχ ὯϬ ΰʼ ʾ ᵔ τϢϤ
Ϭ ᴣΰοΜϥʽᵰ ṛ ψὓᵊ‭֗ṛ ˢ Πω 100 τԁ βϥṛ ˣϞ Ω ṛ

ρΰ ‭̓֗ ἹψᵃẠχם ‭֗ ἹϬ Μϥ χ Υ ΜϣϦοΜϥʽ ᾆẕπψ d̓4PDF Ϭ Μ
ϥάρπʼ ︣ πψ ρΰοΜσΜ ˑσ‭֗ṛ ẉό ἹϬ ΰθзІϼ ᴣΥᴦ ρσϥʽ
Ϙθʼ Ω χ‭֗ϱЦрЕϬ ρΰθ χ ʾ ᵔ τϢϤʼῇ βϥзІϼ ᴣτΣΜο

ỡᴟΰθ Υ ᴦ ρσϥʽ 
 

ẉό ᵔ  
‭֗Τϣᴱ ϒχ ψʼ χ ḩ τϢϥ ᵔ Ὣᴮ[4]Ϭ Μθ Я̔Диψʼ ӽϬ

ΜΨνΤχ ӽτ ᶤΰθ ӽЯДиρᴱ ЯДиΤϣ  ήϦοΜϥʽ 
ᴱ Τϣχ ψ  ̓ Ỹӽ ⌠ ЫИвϯиs 4 [x5]τ μο⌠ ήϦθЯДиτϢ

Ϥ ᴣΰθʽ ᵔ ЯДиψʼᴱ ʾ ӡϬ▄ βϥᴱ ЯДиʼᴱ Τϣ χ
Ϭ▄ βϥׇ ʾὨᵗЯДиʼ πχ Ϭὓ▄βϥ ᾖЯДиπ  ήϦοΜϥʽ ᾆẕτ
ΣΪϥ ᾖЯДиχ ᵔ ψ 100m πΚϥʽ ᴣỸḧψ ӽτΣΪϥ ᶭḚ Ỹḧs ʼ

ʼ╘ ẉόᴝ  ˣρΰʼ Ὧψᴱ ӡΥὓᵊ‰ ӡϬ ΰθ ›ρΰθʽ Ὠ
ᵗχ ᴣ ψʼᶆᴱ τΣΜο 200m ḧᶖπ ΰθʽ ԁ‭֗ϱЦрЕπ χ Ὠᵗ Υ

αϥ ›ʼᶆЮАЄвχ ψᶆ‭֗ϱЦрЕχ χΞκΩ Ϭ ᵺЮАЄвχ ρΰ
ο⅜ ΰθs   МЃ˔ЖЫАФ⌠ ⱲτΣΪϥΩ χ―Π ρ ˣ̔ ʾ ᵔ ЯДиψʼ
⁯ ῖ ᵤ ᵫ ộ ῲᵫ ὺ ϢϤ ằϬ ΪθϜχπΚϥʽ 
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2.2.1.3. χ  

χ ψʼ ᾖτḯϘϦϥ σ☼ Ϟ Υ ήϦϥʽ Πωʼ◕ χ῝Ặ☼ ʼ
ԚϞᶘ  χ ☼ ʼІ˔О˔ϞῬ χ Ộ☼ ʼ Ϟ Ṑἇ χ Ộḩ ☼ ʾ ʼ ʾ

ʼ ʼ ṓ χжϱТжϱрτḩϩϥ ΥấΫϣϦϥʽ ᾆẕπψзІϼχᶨ ︠ Ϭ ρ
ΰʼ  Ⱳχ ᵲρΰοΩϜḩ Υ‰Μρ―ΠϣϦϥ Ϭ χ ρΰθʽⱢ▀ᶛ τνΜοψʼ

ᵤ τΣΜοԁ σ 2 ᵬὺοχ ᾭὺοχᴪᴒϬᴠ ΰθʽ 
χⱵ Ὂↄ ₰ЫИвϯиψЮАЄв τḯϘϦϥ Ɫ▀τ βϥ ᵲᶛχ ὓρσμοΜ

ϥʽԁ ʼ ᵲзІϼχ¬ЅУрЁЕᴟºτΰΪοψʼ χ ᵲᶛχ ϢϤϜʼᾤ ӡχ ᵲᶛϬ
ꜘΰθ Υ῟ᴮ σ τσϥρ―ΠϣϦϥʽζάπʼ ᾆẕψЮАЄв τᴪᴒΥΚμθ ›τ
βϥ 1 ᾭΚθϤχ ᵲᶛϬ▄ ΰθˢ  2.͑ˣ̔  

 

 
 2.͑ ᾆẕτΣΪϥ χ―Π  
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פֿ .2.2.1.4 χᾁ  

פֿ ψ ᴪ̓ᴒχ τ βϥ ᵲχḩἰρΰο ΰθʽ  2.͒τ ΰθ ρᴪᴒ ᵲᶛχ
ḩἰϬꜘβʽṌᴁᾆẕ[6]πψ 2̓ ᵬὺοχ ᾭὺοχᴪᴒϬ τʼᴪᴒ 1 ᾭΚθϤχὺ τᴪ
ᴒχ  ӡ χᴣᶊ  Ϭ αʼ τᴂαθᴪᴒ ᵲᶛϬ ΰοΜϥʽ ᾆẕτΣΜοϜʼ

ᵤ χ ỡ σᴪᴒ 1 ᾭχὺ 2,334 ΤϣʼṌᴁᾆẕ[6]χ―Πד τṁξΦʼ ρᴪᴒ
ᵲᶛχḩἰϬ ΰθʽ 
 

 
 2.͒ ρᴪᴒ ᵲᶛχḩἰ 

 
2.2.1.5. ᵲὖᾚ├χᾁ  

ᴪᴒχ τϢϥ ᵲὖᾚ├ψʼ Ϭ Ω ├ρΰο χ ΫϞ χ ὺ̓ χ ᴟʼ
ᵲϬΩ ᾢτβϥ ├ρΰο χ Ӭᴟ ʼ ˑσ ├ΥấΫϣϦϥʽ ᾆẕπψʼ Ϭ Ω

├χԁνπΚϥṁ χ Ϋs ‰ ᴟ Ϭx ᴣ χ ᵲὖᾚ├ρΰθʽ  2.͒τ‰ ᴟχϱЮ˔Ѕρʼ
‰ ᴟם☼ῇχ פֿ ˢ ρᴪᴒ ᵲᶛχḩἰˣϬꜘβʽ‰ ᴟχ‰ήψ 2m ρΰθʽ τ☼ם├
Ϣϥ Ɫ῟ᴮϬ▄ βϥθϛʼ‰ ᴟτᶝΤϥ Ϭ ΰθʽἇ τψʼ ϢϤϜ 90cm ṁ Ϭ
‰ΨΰθρΦτ 210 χד Ϭ βϥ[6]ρήϦοΜϥάρΤϣ ‰̓ ᴟ 2m π 466 sד 210
90cmˣϬ/ד ├ ρΰο ΰθʽ 
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2.2.1.6. ᴣʾ  

ᵲзІϼψʼᶆϱЦрЕχ ᶎ ρ ᵲᶛχḩἰˢзІϼϸ˔УˣΤϣ▄ ΰθʽἇ τψʼ
ᶆЮАЄвτΣΜοӟᴞ ˙ χ Ϭ“μθʽ 

 ‭֗ϱЦрЕ τ τ ᴂΰθᴪᴒχ ᵲᶛϬ▄ ʽ 
 ‭֗ϱЦрЕ 3000 Ͼ˔Іχ Ϭ‭ τ ϓʼ ӡ ὓϬ Μο ᶎ τ Ḋ ά̔άπψ

ρΰθ‭֗ϱЦрЕϬṞάϤ ϥⱧ χ ρᴠ ΰοΜϥʽs Πωʼ30 τ Υ
ΦσⱧ ψʼ30/3000= ᶎ 1/100 χⱧ ρσϥʽx  

 ᶎ Ϭ ꞊ʼᴪᴒ ᵲᶛϬᴅ꞊ρΰʼᶆ‭֗ϱЦрЕϬФкАЕʽ 
 ФкАЕπӤϘϦθ ӤϬ ΰʼ ỡ ᵲᶛϬ▄ ʽ 
ᾆẕπψᶆЮАЄвτΣΪϥᾝệẉό ᵲὖᾚ├ρΰο‰ ᴟ 2m Ϭם☼ΰθ ›χ ỡ ᵲᶛ

Ϭ▄ ΰʼ ₯χיּ Τϣ ├῟ᴮτΚθϥ ᵲὖᾚṍ ᶛϬ▄ ΰθʽ  2.͓τзІϼϸ˔УϬ Μ
θᶆ◙ χ▄ ϱЮ˔ЅϬꜘβʽϘθʼ ᴣṍḧτΣΪϥᴪᴒ ᵲὖᾚṍ ᶛˢBˣρ ᵲὖᾚ├τᶝ
Τϥ ˢCˣχḩἰΤϣʼ ├ϒχ Ɫ῟ᴮˢB/CˣϬ ᴣΰθʽ ᴣṍḧψʼ τρμοḩ χ‰
Μṍḧρΰοʼԁ σ к˔рχ ↄṍḧτ βϥ 30 ḧρΰθʽ 

 

 
 2.͓ зІϼϸ˔УτṁξΨ ᵲᶛχ▄ ϱЮ˔Ѕ 

 
  

A

A

B
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2.2.2. Ὣᴮ 

ᾆẕπ ӛΰθзІϼ ᴣ︣ Ϭםᴱ ӽτ ΰʼ ӛ︣ τϢϥ ᵲзІϼ ᴣχὫᴮΤϣ
ϣϦϥ τνΜο―╔Ϭ“μθʽ 
 

2.2.2.1. τϢϥ  
├σΰχᴪᴒ 1 ᾭΚθϤχ ᵲᶛϬ  2.͔ʼ‰ ᴟ 2m χᴪᴒ 1 ᾭΚθϤχ ᵲᶛϬ  2.͕τꜘ

βʽ  2.͔  2.͕ϢϤ ᾝ̓∕ᴪᴒϬ ⱱΰοΜϥ τρμοψạ χ ᵲзІϼ ԏׇ̓ΰϬ―Π
οΜϥ τρμοψ ạῙ χ ᵲзІϼΥᶎ πΦϥ Ϙ̔θʼ  2.͔  2.͕χ ᶓτϢϤ ‰̓

ᴟ 2m Ϭם☼ΰθ ›χ ᵲὖᾚ῟ᴮΥ Ӄᴦ ρσϥʽ‰ ᴟ 2m χם☼τϢϤᴪᴒ ᵲᶛΥὖᾚ
βϥ ӽχ τρμοψʼ‰ ᴟΥ ├︣ χ 1 νρΰο ῟ρσϥʽԁ ʼ‰ ᴟΰοϜӢ ρΰ
οᴪᴒ ᵲᶛΥ ΦΜ ӽχ τρμοψʼ ᵲ ᾑϒχᴥ Ϟᴪᴒχ ᴟ ‰ ᴟӟᵰχ ├Υ

῟ρσϥʽ 
‰ ᴟ 2m ϒχ Ɫ῟ᴮˢB/CˣϬ  2.͍͌τꜘβʽ  2.͍͌ϢϤʼ‰ ᴟ 2m Υ Ɫ῟ᴮχḢ Τ

ϣ ῟ΤςΞΤ Ӄᴦ ρσϥʽϘθʼ  2.͕ρχ ᶓτϢϤʼ‰ ᴟτϢϤ ᵲᶛΥ ήΨσϥԁ
πʼ Ɫ῟ᴮϜ ήΜ ӽΥᶎ πΦϥʽάϦϣχ ӽψʼ ήϦϥ Υ Μθϛʼ ├ ☼ם
χ ›πϜᴪᴒ ᵲᶛΥ ήΨʼ ├τϢϥ Ɫ῟ᴮΥ ϣϦσΜ ӽρᵔּתπΦϥʽ τρμοψʼ
‰ ᴟӟᵰχ ├Ϭ ♥τβϥ Ɫ῟ᴮχḢ πꜛ τ ΰθ ├ᾁ Υᴦ ρσϥʽ 

ӟ χϢΞτʼᴪᴒ 1 ᾭΚθϤχ ᵲᶛϞ ᵲὖᾚ῟ᴮʼ ├ϒχ Ɫ῟ᴮρΜμθ ψʼᾤ χ
├ᾁ τⱢβϥ τσϥρ―ΠϣϦϥʽ 
 

  



20 

��

��


&�� �������2�h�²�ð�¬�y	Ö�û�y�J�2 �� �ƒ�M�j�•�y
…�’�»��

��

� � � �



21 

��

��


&�� �������� �ö	œ�? ���P �ð�¬�Î�y�J�2 �� �ƒ�M�j�•�y
…�’�»��

��

� � � �



22 

��

��


&�� ���������� �ö	œ�? ���P �y�f�Á�°�N��

��

� � � �



23 

 
2.2.2.2. зІϼϸ˔УϬᶨ ΰθ  

зІϼϸ˔УϬᶨ ΰθ ρΰοʼ Ɫ῟ᴮΥ͍Ϭ Πθ 2 χзІϼϸ˔УϬ  2.͍͍τ
ꜘβʽ  2.͍͍ χзІϼϸ˔УϢϤʼA τΣΜοψʼ‰ ᴟτϢϥ ᵲᶛχ ᾚ῟ᴮϬ‰ʾ

χςκϣχ ᵲτ ΰοϜᶎ πΦϥʽԁ ʼ  2.͍͍ᴞ χзІϼϸ˔УϢϤ B̓ τΣ
Μοψʼ‰ ᴟτϢϥ ᵲᶛχ ᾚ῟ᴮψ‰ χ ᵲτ ΰοχϙ ϦοΜϥʽϘθʼ ├ῇχ
▪ ᵲᶛΥ ΦΨʼ‰ ᴟ 2m χ ├Ϭם☼ΰθρΰοϜ ᵲзІϼΥӢ ρΰο‰Μ ệρσμοΜ
ϥʽάχϢΞτʼзІϼϸ˔УϬ Μθ τϢϤ ᵲὖᾚ├χ῟ᴮΥ ϣϦϥ  ṛ Ϭ Ӄβϥά
ρΥᴦ ρσϥʽϘθʼ σ ├ᾁ τψʼ Ɫ῟ᴮτᴥΠο▪ ᵲϜ ϘΠθ Υ πΚϥά
ρϬꜘ€ήϦθʽ 

 

 

 
 2.͍͍ зІϼϸ˔УϬᶨ ΰθ ˢ ῲ◕ᵹ ˣ 
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 2.͍͎ зІϼϸ˔УϬᶨ ΰθ ˢ › ựˣ 
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2.2.3. Ϙρϛ 

πψʼ Ⱳχ ᵲзІϼρΰοʼзІϼ χᶨ ︠ Ϭ ϞⱧỘּיρΰʼ Ϭᴪᴒԁᾭ
ρΰθ ›χ ᵲзІϼ ᴣ︣ ẉό ὫᴮϬꜘΰθʽ ᾆẕπψʼὓ▄ЮАЄвτᴪᴒΥΚμθ
›τ βϥ 1 ᾭΚθϤχ ᵲϬ ᴣΰθʽάϦτϢϤʼᾝệⱢ▀ τӢ ΰσΜʼ ӽ χ ᵲз
Іϼχ Υ Ӄᴦ ρσμθʽϘθʼ ϯрЂрУиД˔ЌϬ Μθ ᵔ τϢϤᶆЮАЄвτ
ΣΪϥ - ᵲᶛỚ ˢзІϼϸ˔УˣϬ⌠ ΰθʽάϦτϢϤʼ ỡ ᵲᶛχ ᴣʼᶆ τΣ
Ϊϥ ρ ᵲᶛḩἰχ Υ ᴦ ρσμθʽᴥΠοʼ ᵲὖᾚ├Ϭ ΰʼζχ ├ ρ
ᵲὖᾚṍ ᶛΤϣ Ɫ῟ᴮϬ ΰθʽзІϼϸ˔Уρ ϙ›ϩδθ τϢϤʼ Ɫ῟ᴮΥ ϣϦϥ

ᴂ├Ϟζχם☼йЦиχᾁ Υᴦ ρσμθʽ₈ῇʼ ӛ︣ τϢϥзІϼ τṁξΜθ ϞḼ
Ộ ρχзІϼЀЬвИϾ˔ЄдрϬ αθ¬ЅУрЁЕᴟºρ ᵲὖᾚχ῟ᴮᾁ Υ ϘϦϥʽ 
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2.3. ừẍⱲχ ᵲзІϼ ᴣ 

πψʼừẍⱲχ ᵲзІϼρΰοʼзІϼ χᶨ ︠ ϬꜛⱵ ρΰʼ Ϭ ρΰθ ›
χ ᵲзІϼ ᴣ︣ ẉό ὫᴮϬꜘβʽ 

σΣʼ ᾆẕψ ᶕ ›ᴬᶘṪ ʾϱЛЦ˔ЄдрᵓṳΥ ᶧβϥ 2 ṍ ϱЛЦ˔Єдр
ФкϽжЭ⁯ᴪйЅзϵрІ( ←ʾᾚ←)χếᴟ(SIP ⁯ᴪйЅзϵрІ)χΞκʼ◕ ←ᵲ ᴂ◦

כ ›ЄІГЭ(IDR4M)χᵫ ρΰοʼ ᵤ ᶘϬ ρΰθ▀ḂᶘχⱵ ẉό ← χᾆẕʾẸ
ṐḩχẸ τϢϥʼIDR4M χּזᵓם τΰΪθם ᾓχם π ϛϣϦθϜχπΚϥʽῇ βϥ

IDR4M ψỵ ᶘϬ ρΰθᾆẕṐḩτϢϤᵫ ήϦθꜛⱵ χ←ᵲ ᴂⱲχ χ
Ϭ Є̓ІГЭΥ ằβϥ τϢϤ◦כβϥϜχ[7]πΚϥʽ ЄІГЭχ ψ ṓ̓ Τϣ ằήϦ
ϥ‭֗Ϟṓ ὕ ʼᴱ Ḛ Τϣχᴱיּ ӡϞ ὕ χḢ ʾὕᵞ ʼάϦϣχ τṁξΜ
ο ήϦθ  МЃ˔Жẉό зІϼʼ ρΜμθכ◦ ΥзϯиЌϱЭτ ằήϦϥ¬
Я˔ЖºτᴥΠο Є̓ІГЭχ ˑσ Ϭ ρΰθ¬ᶘ Я˔ЖºΥ ∕βϥ πΚϥ ᶘ̔ Я˔Жψʼ
Ṍᴁχ Ⱳχṓ ệʾᴱ ӡ Ϭ ϛЄІГЭτᶊ βϥάρπʼᵃẠχ←ᵲⱲχ←ᵲ ᴂχ
Ϥ ϤϞζϦϣϬ ΰθἩ Υם☼ᴦ ρσϥʽ 

 
2.3.1.  
2.3.1.1. ӽ 

ᵤ τӡ βϥ ῲ◕ᵹ Ϭ ρΰθˢ  2.͍͏ˣ̔ ῲ◕ψʼ ᵤ τΣΪϥ IDR4M χ
ם ᾓχЯДиם ӽχԁνπΚϥʽ ῢψʼ 16 πΚϥʽ ῲ◕ᵹ ψ⁯ ᶭḚ ᴱ πΚϥ

ρ╘ χ› ựτӡ ΰοΜϥʽ◕ᵹ Ϭ ῲ Ϟ ῲ ρΜμθ ᴱ Υ ᴞΰ
οΜϥʽ ᵺ ӽπψʼ 28 8 Ὦχ ρ 10 ‹τϢϥ‭֗τϢϤʼ χ ʼ
ẉό╘ πχ ӡ τ Μʼ ◙ꜘΥ ήϦθם ΥΚϥʽ 

 

 
 2.͍͏ ӽ 
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2.3.1.2. ‭֗ЄЗзϷχ  

‭֗ЄЗзϷψʼd4PDF Υ ằβϥ ӽ 20km ЯДиˢӟᴞʼRCM20ˣϬ Μοʼ ӽ 5km ЯДи
ˢӟᴞ R̓CM5 τx ᶘ ЍϳрІϾ˔зрϽήϦθЯДи Τϣ ΰθ R̔CM5 ψʼ 29

ẔЄЬвй˔Ќ ᴿ ˢ ᴮ ᴥ χxΞκʼˮ ᵤ τΣΪϥṓῙ τϢϥ  зІϼ
ᴟχ ᴣ˯π⌠ ήϦθЯДи[3]πΚϥʽRCM20 ψʼᵃẠםᾓ 60 ˢ1951˙2010ˣ˷50 ЮрНχ

›ὓ 3000 4̓̆ ᴛⱲϬ ΰθ ᾓם 60 ˢRCP8.5 ЄЗзϷ 2090 ˣ˷ᵤ ᴛ 6 ОЌ
˔р˷15 ЮрНχ›ὓ 5400 χםᾓД˔ЌϬ ΰοΜϥʽ ᶘ ЍϳрІϾ˔зрϽψʼRCM20
τΣΪϥᶆ χΩ ‭֗χ ṍḧϬ τЍϳрІϾ˔зрϽΥם☼ήϦοΣϤ R̓CM5 ψᵃẠםᾓ
π 3000 Ⱨ ʼ4̆ ᴛϬ ΰθ ᾓπם 5400 Ⱨ χ Ω ‭֗χД˔ЌЈАЕρσμοΜϥʽά
χД˔ЌЈАЕχ Τϣʼ←ᵲЄЗзϷχ⌠ ρβϥ‭֗Ⱨ ρΰοʼ ᾓχᵤם ᴛОЌ˔
рΥ MIROC5 (MI)ʼϯрЂрУиЮрН˔Υ m103ʼםᾓ Υ 2056 χ‭֗ˢϾ˔І ʿ
HFB_MI_m103_2056 Ϭx ΰθʽ ᵺϾ˔Іψʼ τϢϥ‭֗ϱЦрЕπΚϤ ζ̓χὊ Υ 28

τ ᵤ τ ΰθ 10 ‹ρ ⱨχϾ˔ІπΚϥʽ 
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2.3.1.3. ᴱ ӡẉό Д˔Ќχ⌠  

ΰθ‭֗ЄЗзϷτṁξΦʼᴱ ӡД˔Ќρ ˢ ˣД˔ЌϬ⌠ ΰθʽᶆД˔Ќχ⌠
ψʼ ᴱ πχ←ᵲЄЗзϷ⌠ Ϟ χ←ᵲЄЗзϷχ⌠ Υ Ӭρσϥ︣ χᾁ τ Ϭ Φʼ

ᴱ ὓᵊχ├ Ϟ Ỹӽ ⌠ τΚθϤ  ήϦθṌ χЯДиϬᶨ βϥ ρΰοΜϥʽӟ
ᴞτᶆД˔Ќχ⌠ Ϭꜘβʽ 

 

ᴱ ӡД˔Ќ 
ᴱ ӡД˔Ќψʼ‭֗ЄЗзϷΥ βϥ‭֗ Д˔ЌϬ ρΰθ ᵔ τṁξΦ⌠ ΰθʽ

ᵔ ψ χ ḩ Ϭ Μθʽ ЯДиψʼ ӽϬΜΨνΤχ ӽτ ᶤΰθ ӽЯ
Д и ρ ᴱ Я Д и Τ ϣ   ή Ϧ ο Μ ϥ ʽ Я Д и ϒ χ ψ ʼ ΰ θ ‭ ֗ Є З з Ϸ
ˢHFB_MI_m103_2056ˣΥ βϥ‭֗ Д˔ЌϬ ӽЯДиχ ӽ χ ӽ ỡ ρΰο ΰθ
Ϝχρΰθʽ ᵔ τϢϤ▄ ήϦθⱲὉ Д˔ЌϬ H-Q ꜠τϢϤ ӡτḊ▄ΰʼⱲὉ χᴱ

ӡД˔ЌϬ⌠ ΰθʽᴱ ӡД˔Ќχ ψʼ ẉό╘ Υ ῲ◕ᵹ ρ ΰο
ᴞβϥỸḧχΞκʼ ӡ Ḣ Υ ήϦοΜϥ ῲ ˢKP56.70ˣẉόᵌע
(KP71.10) ╘̓ ╘ (KP4.00)ρΰθʽ ЯДиẉό H-Q ḩἰ꜠ψ ⁯̓ ῖ ᵤ ᵫ ộ

ῲᵫ ὺ ϢϤ ằήϦθϜχϬ► ΰθʽ 
 

 
 2.͍͐ ӡД˔Ќ⌠  
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Д˔Ќ 
Д˔Ќψʼ‭֗ЄЗзϷΥ βϥ‭֗ẉό π‮ ΰθᴱ Д˔ЌϬ ρΰθ ᵔ

τṁξΦ⌠ ΰθʽ ᵔ χ ρβϥᴱ ψʼ ẉό╘ τᴥΠοʼ◕ᵹ Ϭ ᴞβ
ϥ ῲ ʼ ῲ Ϭ ρΰθʽ 

ẉό╘ χ ᵔ ЯДиψʼᴱ ʾ ӡϬ▄ βϥᴱ ЯДиʼᴱ Τϣ χ
Ϭ▄ βϥׇ ʾὨᵗЯДиʼ πχ Ϭὓ▄βϥ ᾖЯДиπ  ήϦοΜϥʽ

ᴱ ЯДиπψỸḧ τ ▄π‮ ήϦθⱲὉ Д˔ЌϬ ρΰʼԁⱳᾕ ᵔ τϢ
Ϥ 200Ήḧᶖπχ ӡϬ▄ ΰθʽ ӡΥ Ὧτ ΰθ Ϭ τʼׇ ʾὨᵗЯДиτϢϤ

Ϭ▄ ΰθʽᴅׇ ῝꜠ψʼἢ χ꜠Ϭ ΜοΜϥʽ ᾖЯДиψ Τϣχ
τṁξΦʼ ⱳᾕ ᵔ τϢϤ τΣΪϥ Ϭ▄ ΰθʽ ᾖЯДиχ ᵔ
ψ 100m πΚϥʽ ЯДиψʼ⁯ ῖ ᵤ ᵫ ộ ῲᵫ ὺ ϢϤ ằϬ ΪθϜχπΚϤʼ
  Ỹӽ ⌠ ЫИвϯиˢ 4 ˣ[5]τ μο⌠ ήϦθϜχπΚϥʽ 

ῲ ẉό ῲ χ ᵔ τψʼᴱ ЄЬвй˔ЄдрЊТЕ iRIC (International River 
Interface Cooperative)χ χᵔ Υᴦ σЊиН˔Nays2DFlood Ϭ Μθʽ χẽᵦ Ὧψʼ
ᶆᴱ τΣΪϥ ὓᵊṛ χ‭֗ τΣΪϥ МϱЖкϽжТρΰθ Я̔Диχ ᵔ ψ 10m
πΚϥʽ ЯДиψʼ ᵤ ῲὺ Ḛ ϢϤ ằϬ ΪθϜχπΚϥʽ 

ᵔ τϢϤ ϣϦθⱲὉ χ Д˔ЌψʼIDR4M χ  МЃ˔ЖχЮАЄвτ GIS ЊТЕ
π ֲΰʼ ᵔ 250ΉχД˔Ќρΰο ΰθ I̔DR4M χЮАЄвχ ψʼ ᵔ Я

ДиχЮАЄвχ τϢϥᴥ ỡ ρΰθʽϘθʼᶆᴱ ʼ χ ᵔ Ὣᴮχ φ
›ϩδϬ“Μʼ χΩ Ϭ Д˔Ќρΰο ΰθʽ 
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 2.͍͑ ᵔ ᴱ☼ם ρ ›ϱЮ˔Ѕ 
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2.3.2. Ὣᴮ 
2.3.2.1. IDR4M πχ←ᵲЄЗзϷχ ꜘὫᴮ 

⌠ ΰθ←ᵲЄЗзϷψ χД˔ЌἹ꜠τ Ḋΰ I̓DR4M τᶊ ΰθ I̔DR4M ψ WEB УжϳЃ
π ⌠ʾא ΥπΦϥ▫ ρσμοΜϥʽӟᴞτʼ←ᵲЄЗзϷρΰο ΰθᶆ Д˔ЌϬ WEB У
жϳЃ(Google Chrome)π ꜘήδθὫᴮϬꜘβʽ 

 

‭֗Д˔Ќ 
‭֗ЄЗзϷτΣΪϥ 2056 8 Ὦ 17 9:00 Ⱳ χ‭֗ Ϭ  2.͍͒τꜘβʽ  2.͍͒ϢϤʼ

ῲ◕ᵹ πψ 5˙ 10mm/h ʼ ‰╦ Μπψל 30˙50mm/h χ‭֗ρσμοΜϥʽIDR4M πψ
ᾝ∕Ⱳ⁭Τϣ 6 Ⱳḧ Ϙπχ Υ ꜘήϦϥ▫ ρσμοΜϥʽзϯиЌϱЭχ Ϭꜘβ Я˔
Жπψʼ1 Ⱳḧ Ϙπψ‰ᵔ ‭ ЗϳϺаІЕˢ ᵔ 250mˣ̓ ζχῇχ 6 Ⱳḧ Ϙπψ‭

Ⱳḧ ˢ ᵔ 1kmˣΥ ꜘήϦϥʽ 
 

 
 2.͍͒ IDR4M τΣΪϥ‭֗ χ ꜘ  
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ᴱ ӡД˔Ќ 
ᵔ τṁξΦ ΰθ ῲḢ τΣΪϥ ӡϽжТϬ  2.͍͓τꜘβʽ  2.͍͓

ψ ꞊Υ ӡ (m)ʼᴅ꞊ψⱲḧ (h)πΚϤʼ2056 8 Ὦ 17 9:00 Ⱳ Ϙπχ ӡχὊᵃϬꜘΰοΜ
ϥʽзϯиЌϱЭχ Ϭꜘβ Я˔Жπψʼ⁯ ῖ ΥḚ βϥ χ ← π῝ᵫήϦοΜϥ
ᴱ ӡχ Υ ꜘήϦϥʽ 

 

 
 2.͍͓ IDR4M τΣΪϥᴱ ӡχ ꜘ  
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Д˔Ќ 
ᵔ τṁξΦ ΰθ ῲ◕ᵹ τΣΪϥ  МЃ˔ЖϬ  2.͍͔τꜘβʽ  2.͍͔ψʼ

2056 8 Ὦ 17 9:00 Ϭᾝ∕Ⱳ⁭ρΰ ζ̓χῇχ 3 Ⱳḧ 6̓ Ⱳḧ χ  МЃ˔ЖϬ ꜘΰθϜχπ
Κϥʽᾝ∕Ⱳ⁭πψʼ ῲ ʾ ῲ πχ Υ ΰοΣϤʼζχ 3 Ⱳḧῇπψ ʼ╘

χԁ π ὨᵗΥ ΰοΜϥʽζχ 6 Ⱳḧῇτψήϣχ Ψχ π ΰʼ Υῲ Ӥ
τῲΥϥ ệΥᶎ πΦϥʽзϯиЌϱЭχ Ϭꜘβ Я˔Жπψʼᾝ ẉό₈ῇχᴱ ӡ
Τϣ χзІϼΥ‰Μ Ϭ ρΰο ΰʼṌ χ Ỹӽ Ϟ Ἱ Τϣ AI τ
ϢϤ Ϟ ӤΥ ꜘήϦϥʽ 
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 2.͍͔ IDR4M τΣΪϥ  МЃ˔Жˢ ʾ Ӥˣχ ꜘ  
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ӽχ פֿ  
IDR4M πψʼ ӽχЄІГЭ  Ⱳτ ϛ ӽχ פֿ Υ ήϦοΜϥʽ  2.͍͕ψ ῲ◕

τΣΪϥ ӽχ פֿ Ϭ ꜘΰθϜχπΚϥʽ ӽχ פֿ ψᶆЮАЄвτΣΪϥ‰ יּ ῢϞ
Τϣχẩ τṁξΦ▄ ήϦοΜϥʽ 

 

 
 2.͍͕ IDR4M τΣΪϥ ӽχ פֿ χ ꜘ  
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зІϼ  
IDR4M πψ  ̓ МЃ˔Жρ ϛ ήϦθ ӽχ פֿ τṁξΦ←ᵲχ зІϼΥ ằήϦϥʽ
 2.͎͌ψʼ2056 8 Ὦ 17 9:00 Ϭᾝ∕Ⱳ⁭ρΰʼζχῇχ 6 Ⱳḧ χ←ᵲ зІϼϬ ꜘΰθ

ϜχπΚϥʽ ự Ϟ ρ╘ χ› ựπ←ᵲ зІϼχ‰ΜЮАЄвΥᶎ πΦϥ  ̔
 

 
 2.͎͌ IDR4M τΣΪϥзІϼχ ꜘ  
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כ◦  
IDR4M Τϣ ằήϦϥ χ τḩβϥ χכ◦ Ϭ  2.͎͍τꜘβʽ  2.͎͍ψʼ

2056 8 Ὦ 17 9:00 Ϭᾝ∕Ⱳ⁭ρΰʼζχῇχ 6 Ⱳḧ χ Ϭ ꜘΰθϜχπΚϥʽ
χכ◦ ψ з̓Іϼ τṁξΦ▄ ήϦ ¬̓ º ¬̓ º ¬̓ Ӫºχ 3 ᵬχ◙ π ằήϦϥʽ

Ϙθʼ ψ χꜛⱵ χ χ Ỹ ӡπ ằήϦϥʽ  2.͎͍πψʼԁ χ Ỹπ
χ Ϭ βʼ כ◦ Υ ꜘήϦοΜϥʽ 

 

 
 2.͎͍ IDR4M τΣΪϥ כ◦ χ ꜘ  
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2.3.2.2. ←ᵲЄЗзϷχᶨ τΰΪθם  ᾓם

ừẍⱲτΣΪϥ ᵲзІϼ ρΰοψʼ τḩϩϥ σ ᵲχ Υ σ ρσϥʽ
ẉό פֿ τḩΰʼ ᵲϬ῟ᴮ τ ᾚήδϥ ├ρΰοʼ←ᵲⱲχ ᶎσ χ ʼ

ᶎםσ χם☼ΥấΫϣϦϥʽṓῙ Υ “βϥ ệᴞπʼάϦϣχ ├Ϭ βϥ πχ ρ
ΰοʼάϦϘπ←ᵲ ᴂὊᾓΥ ΰΜ ӽτΣΜοϜ χ τ ϣϦϥ ệΥ ήϦϥʽ
Ϙθʼ‭֗χⱲἋḧ ОЌ˔рχ ᴟ τṞԍβϥʼάϦϘπ Ὂᾓχ←ᵲϒχ ᴂΥ ρσϥʽ
άϦϣχ τ βϥᵔὨ├χԁνρΰοʼṓῙ Д˔ЌτṁξΨ←ᵲЄЗзϷϬᶨ ΰʼ Ἡ
Ϟ ← ᴂם χם☼βϥάρΥ ῟ρ―ΠϣϦϥʽӟ Ϭ ϘΠʼ ᾆẕπψṓῙ Д˔Ќτṁξ
Ψ←ᵲЄЗзϷϬᶨ ΰθ Ἡ Ϟ χ χ ṫἩ Ϭם☼ΰθʽ 

ṫἩ ψʼ2022 6 Ὦτ Ḛ χẸ ꜛⱵ χ ← χẸיּ τϢϤם☼ΰθʽ⌠ ΰθ←
ᵲЄЗзϷϬ IDR4M π ꜘΰʼ←ᵲЄЗзϷϬᶨ ΰθ χ τḩβϥם Ϟ Ἡ

τνΜοχӪᾋῖḊϬ“μθʽΚϥꜛⱵ πψʼ ← ΥᵃẠχיּ ֗Ϟ χⱧ Ϭ╥―τ←ᵲ
ЄЗзϷϬ⌠ ΰʼ Ἡ Ϭם☼ΰοΜϥρχάρπΚμθʽԁ ʼάχ › Ὂᾓχ‭֗τ ΰο

ᴂᴦ Τᴿ ΥΚϥρχӪᾋΥ ΤϦθʽάϦτ ΰοʼ ϯрЂрУиםᾓτϢϥṓῙ
Д˔ЌτṁξΨ←ᵲЄЗзϷϬἩ τᶨ βϥάρπʼάϦϘπὊᾓΰθάρχσΜ←ᵲϒχ ᴂϞ

ˑσ‭֗ЄЗзϷϬ ΰθ χ ϬЄЬвй˔ЄдрΥᴦ ρσϥ Υṍ ήϦϥ  ̔
 

2.3.3. Ϙρϛ 
πψʼừẍⱲχ ᵲзІϼτḩΰοʼзІϼ χᶨ ︠ ϬꜛⱵ ʼ Ϭ ρΰθ

›χ ᵲзІϼ ᴣ︣ ρʼꜛⱵ ←ᵲ◦כЄІГЭ IDR4M τΣΪϥ←ᵲЄЗзϷχ ꜘὫᴮτνΜ
οꜘΰθʽ χϯрЂрУиṓῙ Д˔ЌϬ Μοʼ ӽτΣΪϥ‭֗ʾ ʾ χᶆ
ᾝ Ϭ ὓ▄τṁξΜο™ᾝΰʼ←ᵲЄЗзϷϬ⌠ ΰθʽ←ᵲЄЗзϷχ⌠ τΚθμοψʼ
ᵔ ẉό ᵔ τṌ χЯДиϞὓ▄ὫᴮϬᶨ ᴦ σ︣ Ϭ⅜ ΰʼ ᴱ ϒχ ᵫϞ χЄЗ
зϷ⌠ τ ᴂπΦϥ Ϭᶎ ΰθʽ₈ῇψʼṓῙ Д˔ЌτṁξΨ←ᵲЄЗзϷϬᶨ ΰθ←
ᵲ ᴂם Ϟ Ἡ ϬẸ ꜛⱵ ρ ὀΰοם☼ΰʼάϦϣχἩ Ϭ αοꜛⱵ χ ← ᴂ ΰ
τ βϥ ῟ Ϭᾁ βϥ ΥΚϥʽ 
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2.4. ͎ χϘρϛ 

πψʼ ṛ ϯрЂрУиṓῙ Д˔ЌϬᶨ ΰʼ ⱲẉόừẍⱲχζϦηϦχᶨ τ
ᴂαθ › ᵲзІϼ ᴣϬ“μθʽ ᴣ︣ χ  τΚθμοψʼ χМЃ˔Ж Ϭṁ ρΰ
ννʼ ʾ פֿ χ Ϭᴥ ΰθ︣ Ϭ ӛβϥρρϜτʼᶨ ︠ ˢ ʼḼỘʼꜛⱵ ˣẉό
ᶨ ˢ Ⱳχ ΠʼừẍⱲχ ᴂˣτᴂαθ ằϬᴦ ρβϥ ᴣ︣ Ϭ  ΰθʽ 

Ⱳχ ᴣπψʼ Ϭ︠σᶨ ︠ ρΰʼᴪᴒ 1 ᾭΚθϤχ ᵲᶛϞ ᵲὖᾚ├χ Ɫ῟ᴮϬ
τ ᴣβϥ︣ Ϭ  ΰθʽ ϯрЂрУиṓῙ Д˔ЌϬ Μθ ᵔ τϢϤʼ ρ

ᵲᶛχḩἰϬзІϼϸ˔Уρΰοᴦ♪ᴟΰʼ ỡ ᵲᶛϞ ᵲὖᾚṍ ᶛʼ ├ ρχ ᶓτϢ
ϥ Ɫ῟ᴮχ Ϭ“μθʽάϦτϢϤʼᾤ ΥꜛϣχзІϼϬ¬ЅУрЁЕºρΰο Πʼ σ ←
“ Ϟ ├ Ϭ“Ξθϛχ ằχᴦ Ϭꜘΰθʽ 

ừẍⱲχ ᴣπψʼꜛⱵ Ϭ︠σᶨ ︠ ρΰʼṓῙ Д˔ЌτṁξΨ←ᵲЄЗзϷϬᶨ ΰθ
χ ︣כ◦ Ϭ ӛΰθʽIDR4M ЄІГЭϬ Μθם ᾓϬם αοʼ Ὂᾓχ←ᵲτ

βϥ ᴂ χΰ Ϟʼ Ἡ ʾ ם← ϒχᴂ ᴦ Ϭꜘΰθʽ 
άϦϣχ ᴮψʼṓῙ χᾒ∕ᴟτ Μ ᴟʾ ╛ᴟβϥ ᵲзІϼτ ΰοʼᶨ ︠ Ϟ

τᴂαθ ᵲзІϼχ ᴣ︣ ρ ằχΚϤ ϬꜘβϜχπΚϤʼ₈ῇχꜛⱵ τϢϥ ←ʾᾚ←
├Ϟʼᾤ ʾⱧỘּיτϢϥ︡Ϥ ϙτϢϥ ӽ ← χΰ τṄ βϥάρΥṍ ήϦϥʽ 
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3. ‭֗ʾ ᾝ χ ᶎם τḩβϥᾆẕ 
͏ χᵵ  χ ψʼ ᵲзІϼ ᴣτΣΪϥМЃ˔Ж ᴣχᵰ πΚϥ‭֗ẉό τ

νΜοʼ ṛ ϯрЂрУиṓῙ Д˔ЌτṁξΦʼ ᶎם Ϭ― ΰθᶎ ᴣ︣ Ϭ ӛβϥ
άρπΚϥʽᾝ∕χᴱ ὓᵊπψʼ Τϣ 100 χᾢϣϦθḢ Д˔ЌτṁξΜοᵰ Υ
ήϦοΜϥʽԁ πʼự Υ Ϛ ṛ ϯрЂрУиṓῙ Д˔ЌτϢϤʼ χớ ‭֗ϱЦ
рЕχ︡ Υᴦ ρσμοΜϥʽ πψ ά̓ϦϣχД˔ЌϬᶨ ΰ 6̓0 Ϭ 1 ρΰθзЂрФз
рϽ︣ τϢϤ χṓ ЄЗзϷϬ  ΰʼᶎ ֗ χ ᶎם Ϭ τ ᴣβϥ Ϭ ӛΰθʽ
ήϣτʼ ṛ ϯрЂрУиД˔ЌϬ Μθ ᵔ Ϭ αοʼ ṓῙᴞτΣΪϥ χ ᴟϬꜘ
βρρϜτʼ‭֗χⱲἋḧ τṞԍβϥС˔ϼ χ ᶎם τνΜοϜ ϣΤτΰθʽ 

 

3.1. ψαϛτ 

3.1.1. ᾆẕ ὂ 
ᵲзІϼψԁ τˮМЃ˔Ж˯ˮ ˯ˮ פֿ ˯χ╣ Τϣ  ήϦϥΥʼάχΞκМЃ˔Ж

ᴣτΣΜοψʼ‭֗ẉόζϦτ Ξ ᵃ χ ᴣΥᵰ χ ρΰοớϛο σ ρσϥʽᵈΥ
⁯χᴱ ὓᵊτΣΪϥᵰ χ︣ πψʼᵃẠχם ‭֗Ϟ σ‭֗ ἹϬṁτʼ ὓ π
Κϥᶎ ֗ Ϭ ΰʼζϦτṁξΜο ʾ ᵔ Ϭם☼βϥάρπʼᴱ χ χ
ϞⱵ Ὂↄ ₰Υ“ϩϦοΜϥʽΰΤΰσΥϣʼάϦϣχ ᴣτ ΜϣϦϥṓ ʾ Д˔Ќψʼ

Τϣ χᾢϣϦθḢ Ṝ τӢ ΰοΣϤʼṓ ᾝ χ Υל χᴦ ΚϥЄЗзϷχ
ΤϣἌ ᾝΰθԁⱧ πΚϥάρϬ ϘΠϥρʼ χὨ ϯФк˔ЎπψʼᵃẠχⱧ τṁξ
Μθ ᴣτ ϘϤʼ σṓῙ τϢϤ ᴟβϥᴦ χΚϥ‭֗ Ϭ τ ֳπΦσΜρΜ
Ξᴿ ΥΚϥʽ 

ự ʼṓῙ ЯДиχᾆẕχ ʼὓ▄Ṑχ τϢϤʼϯрЂрУиὓ▄τϢϥ χớ ṓ
χⱧ Ϭ ϥάρΥᴦ ρσμοΦοΜϥʽ ᴬᶘ Υ ằβϥ ṛ ϯрЂрУиṓῙ Д˔Ќ
(d4PDF)[1]πψʼ ᵔ 20km χṓῙЯДиτϢϤʼᵃẠםᾓπ 60 ˷50 ЮрНχὓ 3000 ʼ
4 ᴛⱲϬ ΰθ ᾓπψם 60 ˷ᵤ ᴛ 6 ОЌ˔р˷15 ЮрНχὓ 5400 χṓ Д˔Ќ
Υ ήϦοΜϥʽάχϢΞσϯрЂрУиṓῙ Д˔Ќχᶨ τϢϤʼ χ Ω ‭֗ϱЦрЕ
χ︡ Υᴦ ρσϤʼ ψḢ Д˔Ќχ τϢϤᶎ τӌϩϦοΜθ‭֗ᵰ τ ΰοʼṓ
ᾝ Υ βϥⱲἋḧ χ ᶎם Ϭᶎ τ ᴣβϥάρΥᴦ ρσϥʽ 

ϯрЂрУиṓῙ Д˔ЌϬ Μθ‭֗ τḩΰοʼ ⁯ 109 ὉχὋ Ⱳḧ χ⁞֗ χᾝ∕
ρ χ ᴟ Ϭ ΰθⱧ ΥấΫϣϦϥ[2]ʽԁ πʼ ṍʾῇṍ RCM Υ βϥ 25 Д˔ЌϬ

Μθ πΚϤʼϯрЂрУи ΥᾢϣϦθᵔ ρσμοΜϥʽ χ d4PDF Ϭ ΜθṌᴁᾆẕρ
ΰοʼ ϣ[3]ψ Ω С˔ϼ χᶎ χ ᴟϬ ΰοΜϥʽϘθʼ ϣ[4]ψ‭
χớ ᴣϬם☼ΰοΣϤʼΜγϦϜ d4PDF Υ βϥ χ‭֗Ⱨ Ϭԁνχ Ἢρΰο︡ϤӌΞ
︣ Ϭ⅜ ΰοΜϥ ΰ̔ΤΰσΥϣ ά̓Ϧϣχ︣ πψ d̓4PDF χ ṛ σД˔ЌЈАЕϬᶨ ΰοΜ
ϥϜχχʼ χḢ Д˔ЌτΣΪϥ ṛ χᾢᵦΥϜθϣβ ᶎם τνΜοχ σ ᴣψ

τ“ϩϦοΜσΜʽ πψʼάϦϣχᴿ Ϭ ϘΠʼᴱ ὓᵊπ ΜϣϦϥᶎ ֗ χ ᴣτνΜ
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οʼ ṛ ϯрЂрУиД˔ЌϬ Μϥάρπ‭֗χⱲἋḧ χ ᶎם Ϭᶎ τ ᴣΰʼḢ Д
˔Ќχ ṛ τṞԍβϥᶎ ֗ χ ᶎם Ϭ ᴣβϥ Ϭ ӛβϥϜχπΚϥʽ 

 
3.1.2. ᾆẕ  

τΣΪϥᾆẕ ψʼ ᵲзІϼ ᴣτΣΪϥМЃ˔Ж ᴣχᵰ τνΜοʼ ṛ ϯрЂрУ
иṓῙ Д˔ЌτṁξΦ ᶎם Ϭ― ΰθᶎ ֗ ẉό χ ᴣ︣ Ϭ ӛβϥάρπΚϥʽ

ᴣ︣ χ  τΚθμοψʼḢ Д˔Ќχ ṛ τṞԍβϥ ᶎם Ϭ ᴟᴦ σ Ϭ ӛβ
ϥʽϘθʼ ṛ ϯрЂрУиṓῙ Д˔ЌτṁξΦṓῙ Υᶎ ֗ ẉό τ ΠϥֲốϬ

ϣΤτβϥʽ 
 

  



43 

 

3.2. Ω ‭֗ϱЦрЕχ  

πψʼᶎ ֗ χ ᴣτ ρσϥ Ω ‭֗ϱЦрЕτνΜοʼ ṛ ϯрЂрУиД˔ЌΤ
ϣχ ότṓῙЯДиΤϣ ΰθ Ω ‭֗ϱЦрЕχḢ Д˔Ќρχ ᶓᾁ χὫᴮτ
νΜοꜘβʽ 

 
3.2.1.  
3.2.1.1. ӽ 

2016 8 Ὦ ᵤ ֗ὣ ←ᵲπ Φσ ᵲϬ Ϊθ ӽẉό ӽϬ ᴱ ρΰθʽ
Ω ӽ ỡ֗ χ▄ ψʼ ӽχΞκ ῲ◕ᵹ Ϭᴞ ρβϥ ῲ ӽˢ ӽ

2,678km2 ẉxόʼ ӽχΞκ ᾋ◕ᵹ Ϭᴞ ρβϥ ᾋ ӽs ӽ 1,394km2 Ϭx
ρΰθˢ  3.͍ˣ̔ ‭֗Ὃ Ⱳḧψʼᾝ“ὓᵊπ  Ⱳḧ Ϭ― ΰ ήϦθʼ ῲ

ӽπ 72hrʼ ᾋ ӽπ 24hr ρΰθʽ 
 

 
 3.͍ ӽ 
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3.2.1.2. ṓῙ Д˔Ќχᵵ  

ᾆẕπψʼd4PDF Υ ằβϥ ӽ 20km ЯДиˢӟᴞʼRCM20ˣχ ʼẉό RCM20 Ϭ Μ
ο ӽ 5km ЯДиs ӟᴞ R̓CM5 τx ᶘ ЍϳрІϾ˔иήϦθЯДиχ Ϭ Μθ R̔CM5 ψʼ

29  ẔЄЬвй˔Ќ ᴿ ˢ ᴮ ᴥ ˣχΞκʼˮ ᵤ τΣΪϥṓῙ τϢ
ϥ  зІϼ ᴟχ ᴣ π˯⌠ ήϦθЯДи[5]Ϭ► ΰθʽ ЯДиρϜτ ṓ̓ ᾆẕ Υ ằβϥ
Ω χṓῙЯДиπΚϥ ᶘ ӽṓῙЯДиˢNHRCMˣϬ ΜοΣϤʼ ψ Ⱳḧχ Ϭם
☼βϥθϛ ЯДиτ MRI / JMA-SiB Ϭ ΜοΜϥ πΚϥ[6]ʽ 

d4PDF Υ ằβϥ RCM20 ψʼᵃẠםᾓ 60 ˢ1951˙2010ˣ˷50 ЮрНχ›ὓ 3000 ʼ4̆ ᴛ
ⱲϬ ΰθ ᾓם 60 ˢRCP8.5 ЄЗзϷ 2090 ˣ˷ ᵤ ᴛ 6 ОЌ˔р˷15 ЮрНχ›ὓ
5400 χД˔ЌϬ ΰοΜϥʽRCP8.5 ЄЗзϷψʼIPCC 5 ⱳ ᴣ ⁮ πꜘήϦϥ 4 νχṓῙ

ЄЗзϷχΞκʼ ήϦϥΩӂЄЗзϷπΚϥʽ 
RCM5 ϒχ ᶘ ЍϳрІϾ˔зрϽψ d̓4PDFΥ βϥ ϯрЂрУиД˔ЌϬ ΤΰσΥϣʼ

Д˔ЌϬ῟ τ⌠ βϥθϛʼӟᴞχϢΞτὓ▄ ӽẉόṍḧϬ ΰοΜϥʽ 
1) ὓ▄ ӽψʼ142.5Eʼ42.75N Ϭ ρΰʼ τ 800kmʼ τ 800km χ Ӥρΰθʽ
πχ χ Ϭ― ΰʼ ᵤ ϢϤ τὓ▄ ӽϬῲΨ ΰθʽ 
2) ὓ▄ṍḧψʼd4PDF χ‭֗ Д˔ЌΤϣ ӽχ Ω ӽ ỡ‭֗χ ⱲṍϬ ΰʼζ

χ Ϭṁ τ ṍḧ 5 ḧ+ 5 ḧ+ῇ 5 ḧχὓ 15 ḧρΰθʽ ὓ▄Ͼ˔І ψ
15 ḧ˷8400 Ͼ˔Іˢ 5400 ʼᵃẠ 3000 ˣ˷2 ᴱ ρσϥʽσΣʼ‭֗ ⱲṍΥ ᴱ π

βϥ ›ψέ ΰοΣϤʼ ὓ▄Ⱳḧψ 500 πΚϥʽ 
 

3.2.1.3. Ω ӽ ỡ֗ χ▄  
RCM20 ẉό RCM5 χ‭֗ Д˔ЌΤϣ ӽ ỡⱲḧ֗ Ϭ▄ ΰ ‭̓֗Ὃ Ⱳḧ χ ‭֗ Υ

Ω ρσϥ‭֗Ϭ Ω ӽ ỡ֗ ρΰθʽ ӽ ỡⱲḧ֗ ψʼ ӽτ βϥʼṓῙЯДиχ
ᶆЮАЄвΥ ϛϥ ᶤ›τϢϤʼ ϙξΪΰοΜϥʽ▄ ήϦθ RCM20 χ Ω ӽ ỡ֗ χ

ψʼЍϳрІϾ˔зрϽχὓ▄ṍḧχ τ► ΰθʽ 
 

ם .3.2.1.4 ‭֗χ  
ם ‭֗ψʼ ӽ χ Ḣ χⱲḧ֗ Д˔ЌϬṁτ ΰθʽД˔Ќχ ṍḧψʼṓῙ

ЯДиχᵃẠםᾓχṍḧs 1951˙2010 ρx›ϩδϥάρϬṁ ρΰθʽ ʾ Υᴦ πΚμθχψʼ
ῲ ӽπ 60 ˢ1951˙2010ˣ̓ ᾋ ӽψ 49 ˢ1962˙2010ˣπΚϥʽ

ᶆḢ χⱲḧ֗ Д˔ЌΤϣʼГϰ˔Јр ᶤ τϢμο ӽ ỡⱲḧ֗ Ϭ▄ ΰʼ‭֗Ὃ Ⱳḧ
χ Ω ӽ ỡ֗ Ϭ▄ ΰθʽ► ΰθḢ ψʼḢ χᵫ ʾ ₵τ Μ τӰσ

ϥΥʼ2010 πψ ῲ ӽ 30 ʼ ᾋṁ 16 πΚϥˢ  3.͍ˣ̔  
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3.2.1.5. НϱϯІ χם☼ 

НϱϯІ ψʼṓ ᾆẕ Ṫ ⁮ 73 ‹[6]π NHRCM χ‭ Д˔Ќτ ήϦοΜϥСϯ
Иχ︣ [7]Ϭ⅜ ΰθʽ ︣ ψḩἰ꜠ώ ὥὼ ὦχԁⱳ꜠π ήϦʼ χ︡ϤӌΜΥ Ӭσ︣
πΚϥ ἰ̔ ψЯДи ρם ϬζϦηϦ Ϙθψ‭ τ ό Πʼ αжрϼχϜχϬ ᴂήδʼ
ЯДи Ϭὼʼם ϬώρΰοФкАЕΰʼΩ τϢϤ▄ ήϦϥʽ 

ᾆẕπψʼ Ω ӽ ỡ֗ Ϭ ρΰʼ ῇχД˔ЌΥ χ ϬḯϘσΜϢΞʼ ꜠
ψώ ὥὼ ὦ 0 ρΰθ Ϙ̔θʼ ϯрЂрУиД˔Ќρ ΥᾢϣϦοΜϥם ‭֗Ϭ ᴂήδϥ
θϛʼӟᴞχ︣ πḩἰ꜠Ϭ⌠ ΰθˢ  3.͏ˣ̔  

1) ᵃẠםᾓχ 50 ЮрН τʼם ‭֗ρ ᴂήδʼζϦηϦχḩἰ꜠Ϭ⌠ ʽ ᾋ ӽ
τνΜοψʼם ‭֗Υ 49 ˢ1962˙2010ˣχθϛʼᵃẠםᾓϜ ԁṍḧχД˔ЌϬ► ʽ 

2) ⌠ ήϦθᶆЮрНχḩἰ꜠χἰ a Ϭ ỡΰʼ ꜠χἰ ρΰθʽ 
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 3.͎ ᾆẕτΣΪϥНϱϯІ ︣ χᵵ (1) 

 
 3.͏ ᾆẕτΣΪϥНϱϯІ ︣ χᵵ (2) 
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3.2.1.6. ‭֗ χ  

ם ‭֗ẉό RCM20ʼRCM5 Τϣ▄ ΰθ Ω ӽ ỡ֗ χ Ϭᶎ βϥθϛʼᵬẘ
10mm τ ẉό Ϭ▄ ΰθʽЯДи χם ‭֗χ™ᾝ ψʼ Ϭ
ᶓβϥάρπ ᴣΰθʽᾁ χ ρβϥ֗ χᵬẘψʼớ χ‭֗Ϭ Μθʼ 10%˙
90̋ χ ӤϬ ρΰθʽ 

ṓῙЯДиχ ᵔ χӸΜʼ ṓῙᴞτΣΪϥ‭֗ χ ᴟχᾁ πψʼ π βϥ‭
֗Ϭᶎ βϥ ΥΚϥ ζ̔άπ ᾆẕπψʼ ϣ[8]τϢϥʼ ϯрЂрУиД˔ЌϬ ΜθЛр
ОжЮЕзАϼ τϢϥᶎ ֗ χ Ϭ╥―τʼ ӡ ὓ ρΰοО˔ЈрЌϱи Ϭ Μο ᴣϬ
“μθʽם ‭֗ 60 ˢ ψ 49 ˣ̓ ᵃẠםᾓ 3000 Ͼ˔Іʼ ᾓם 5400 Ͼ˔ІʼζϦη
Ϧχ ״ ʼ95%Ќϱи ˢ ᵃᶎ 1/20 ˣ̓ 99%Ќϱи ˢ 1/100 ˣ̓ 99.3%Ќϱи
ˢ 1/150 ˣϬ▄ ΰθʽϘθʼớ Ϭᶎ βϥθϛʼΩ ẉόΩ Ϭ▄ ΰθʽ 
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3.2.2. Ὣᴮ 
3.2.2.1. ṓῙЯДиχ ᵔ χӸΜχϢϥ™ᾝ ᾁ  

RCM20 Д˔Ќρ RCM5 Д˔Ќχ Ω ӽ ỡ֗ χ Ϭ  3.͐τʼם ‭֗ρχО
˔ЈрЌϱи χ₯Ϭ  3.1 τꜘβʽ  3.͐ẉό  3.1 ϢϤʼ ӽρϜם ‭֗ρχ₯χ Ϭ
ᶆО˔ЈрЌϱи π ᶓβϥρ R̓CM5 Д˔Ќπᾚ ΰ Ѝ̓ϳрІϾ˔зрϽτϢϤם ‭֗χО˔
ЈрЌϱи χ™ᾝ ΰ Ϭᶎ ΰθʽ ῲ ӽˢ  3.1 ₮ˣπψʼ99.3%Ќϱи ˢ
ᵃᶎ 1/150 ˣχם ‭֗ρχ₯ψ-34.0mm/72hr Τϣ 0.2mm/72hr ρσϤ R̓CM5 Д˔Ќπם
‭֗ρχ₯Υ τᵔ ήϦʼṓῙЯДиχ ᵔ Ϭ‰ϛθ῟ᴮΥʼ ᾋ ӽϢϤϜế
Ψ ϦοΜϥʽ ᾋ ӽˢ  3.1 ֒ˣπψʼ99%Ќϱи ˢ ᵃᶎ 1/100 ˣχם
‭֗ρχ₯ψʼRCM20 Д˔Ќπ-4.0mm/24hr πΚϤʼם ‭֗Ϭᵵφ™ᾝΰοΜθʽάχὫᴮψʼ

ӽτϢϤם ‭֗χО˔ЈрЌϱи χ™ᾝΥᴦ ρσϥṓῙЯДиχ ᵔ τӸΜΥΚϥ
άρϬꜘ€ΰοΜϥʽ 

 3.͐ϢϤʼ ӽχΩ ψ RCM5 Д˔Ќπ ᴥΰʼЍϳрІϾ˔зрϽῇχṓῙЯДиτψ
Τν‰ế σ‭֗Ⱨ ΥḯϘϦοΜϥάρϬᶎ ΰθ ԁ̔ π R̓CM5 Д˔Ќπ֗ Υ mm ρσ

ϥϾ˔ІΥḯϘϦοΜθʽάϦψʼ► ΰθ RCM5 Д˔ЌψʼRCM20 Д˔Ќπχ Ω ‭֗χ
Ϭṁ τ 15 ḧχЍϳрІϾ˔зрϽϬם☼ΰοΜϥθϛʼЍϳрІϾ˔зрϽ ῇπχ‭֗χⱲἋ
ḧ σ ᴟτϢϤʼ ӽτΣΜοὓ▄ṍḧ τ Ω ṛ χ‭֗Υ ΰσΜϾ˔ІΥḯϘϦϥθ
ϛπΚϥ ԁ̔ R̓CM5 Ϭ Μθԁ χϯрЂрУиЮрНχ ЍϳрІϾ˔зрϽὓ▄ρ 1̓5 ḧ
ЍϳрІϾ˔зрϽὫᴮχ ᶓτϢϤ ‭̓֗ χ ӡ 20%ψ ԁχ‭֗Ⱨ ˢ πψ 70% πxΚ
ϥάρΥᶎ ήϦοΜϥ[9] Ϣ̔μοʼ ᾆẕπ ρβϥО˔ЈрЌϱи χ ӽϒχֲốψ ήΜρ
―ΠϣϦϥʽ 
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 3.͐ Ω ӽ ỡ֗ ˕RCM20 ρ RCM5 χ ᶓ˕ 

ˢ ˣ ῲ ʼs ᴞˣ ᾋ  
 

  

0 100 200 300 400 500

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

110%

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

22%

24%

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

C
u

m
u

la
ti

ve
 F

re
q

u
e

n
cy

Fr
e

q
u

en
cy

Maximum annual rainfall (mm / 72hr)

RCM20 (Freq.) N=3000 RCM5 (Freq.) N=3000 Obs. (Freq.)n=60
RCM20 (Cumulative Freq.) RCM5 (Cumulative Freq.) Obs. (Cumulative Freq.)

RCM5 99.3%ile
248mm/72hr

RCM20 99.3%ile
214mm/72hr

Obs. 99.3%
248mm/72hr

0 100 200 300 400 500

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

110%

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

20%

22%

24%

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

C
u

m
u

la
ti

ve
 F

re
q

u
en

cy

Fr
e

q
u

e
n

cy

Maximum annual rainfall (mm / 24hr)

RCM20 (Freq.) n=3000 RCM5 (Freq.) n=3000 Obs. (Freq.) n=49
RCM20 (Cumulative Freq.) RCM5 (Cumulative Freq.) Obs. (Cumulative Freq.)

RCM5 99%ile
157mm/24hr

RCM20 99%ile
156mm/24hr

Obs. 99%ile
160mm/24hr



50 

 
ם 3.1  ‭֗ρ RCM20 ẉό RCM5 χО˔ЈрЌϱи  

ˢ₮ˣ ῲ ʼs ֒ˣ ᾋ  

 
 

3.2.2.2. НϱϯІ χם☼ 
СϯИχ︣ τϢϥ ἰ ψʼ ῲ ӽπψ RCM5 Д˔Ќπὥ 0.99ʼRCM20 Д˔Ќ

πὥ 1.14ʼ ᾋ ӽπψ RCM5 Д˔Ќπὥ 1.10 R̓CM20 Д˔Ќπὥ 1.05ρσμθs  
3.͑ˣ̔ ῲ ӽπψ RCM5 χ ἰ Υ 1.00 τựΨʼ Д˔Ќπם ‭֗χ

χ™ᾝ Υ‰ΜάρϬꜘΰοΜϥ R̔CM5 Д˔Ќρζχ Д˔Ќχ Ω ӽ ỡ֗ χ
Ϭ  3.͒τʼRCM5 ẉό RCM20 χ ῇД˔Ќρם ‭֗ρχ χ₯Ϭ 10mm

χᵬẘ τ  3.2 τꜘΰθʽ  3.͒ẉό  3.2 ϢϤʼ Ϭם☼βϥάρπʼᶆᵬẘχם ‭֗ρ
χ χ₯ψʼ ӽʼᶆЯДиπ ỡ-3¤2pt ρσμθʽ ᾋ ӽπψ RCM5 Д
˔Ќπʼ ỡ 6pt Τϣ ῇ ỡ 0pt ρσϤʼ ῟ᴮΥᾒ τᶎ ήϦθʽ 

ᾆẕπ⅜ ΰθḩἰ꜠ y=ax ψ ḛ̓Ӭ σ︣ σΥϣ ӽπ χ῟ᴮΥᶎ ήϦθ ԁ̔ πʼ
ἰ a ϬЯДи τԁ τ αϥ ל ʼ γΰϜם ‭֗ρχ₯Ϭᵔ βϥ ΰτЯДи Υ ή
ϦσΜάρΥ―ΠϣϦϥʽ ᾁ πϜʼᾤ χᵬẘπψם ‭֗ρχ χ₯Υᵔ ΰσΜᵬ
ẘΥᶎ ήϦθʽϘθʼם ‭֗χ Υԁ χᵬẘτ ΰΨ ϤʼЯДи ρχ χ₯Υ

ΦΜ ›ʼḩἰ꜠ y=ax χ πψᾢᵦΥΚϥρ―ΠϣϦϥʽ τʼם ‭֗χ Υ σΜ ӽ
πψʼ χ ϤΥ ΰϞβΜθϛʼ ︣ χ τψ ӪΥ πΚϥʽ 

 
  

 (mm/72hr)  (mm/24hr)

283.8 340.1 (56.3) 439.6 (155.8) 167.2 216.8 (49.6) 252.7 (85.5)

99.3% 248.1 214.1 (-34.0) 248.3 (0.2) 162.1 168.6 (6.5) 164.1 (2.0)
99% 230.3 203.0 (-27.3) 239.0 (8.7) 159.6 155.6 (-4.0) 157.4 (-2.2)
95% 167.4 150.9 (-16.5) 178.6 (11.2) 134.6 118.9 (-15.7) 118.9 (-15.7)
50% 88.2 79.3 (-8.9) 87.2 (-1.0) 58.4 62.1 (3.7) 56.9 (-1.5)

36.5 32.3 (-4.2) 5.0 (-31.5) 26.7 19.3 (-7.4) 3.6 (-23.1)

│ ≤─

RCM20 RCM5RCM20 RCM5
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 3.͑НϱϯІ ἰ χ▄  

ˢ ˣ ῲ ʼs ᴞ ˣ ᾋ  
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 3.͒ Ω ӽ ỡ֗ ˕RCM5 НϱϯІ ῇχ ᶓ˕ 

ˢ ˣ ῲ ʼs ᴞˣ ᾋ  
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 3.2 ם ‭֗ρ RCM5 ẉό RCM20 χ ῇχ  

ˢ₮ˣ ῲ ʼs ֒ˣ ᾋ  

 
 

3.2.2.3. ṓῙτΣΪϥ‭֗  
RCM5 Д˔ЌχᵃẠםᾓρ ᾓχם Ω ӽ ỡ֗ χ Ϭ  3.͓τʼRCM5

ẉό RCM20 χ Д˔Ќχ ᾓτםᾓχᵃẠם βϥ ᴟ ϬО˔ЈрЌϱи τ  3.3 τꜘ
βʽ ᴟ ψʼ ῲ ӽˢ  3.͓ẉό  3.3 ₮ˣχ 99.3%Ќϱи ˢ ᵃᶎ 1/150 τ

ˣπψʼRCM5 Д˔Ќπ 1.37 ʼRCM20 Д˔Ќπ 1.30 ρσμθʽϘθʼ ᾋ ӽ
ˢ  3.͓ẉό  3.3 ֒ˣχ ᾓχם 99%Ќϱи ˢ ᵃᶎ 1/100 τ ˣπψʼRCM5 Д˔Ќ
π 1.39 ʼRCM20 Д˔Ќπ 1.35 ρσμθʽ 

ӽπʼRCM5 Д˔Ќρ RCM20 Д˔Ќχ ᴟ ψ πΚϤʼ ӽπψ RCM20 Д˔Ќπ
Ϝ‭֗χ ᴟ χ Υᴦ πΚϥάρΥꜘ€ήϦθʽԁ πʼ ṓῙπψ‭֗χⱲἋḧ σ ᴟ
Υ◙ ήϦοΣϤ[6] ṓ̓ῙЯДиχⱵ ├ϒχᶨ τΰΪοψӰσϥ‭֗Ὃ Ⱳḧʼ ӽІϾ˔иπ
χᾁ Υ πΚϥʽ 

⁯ ῖ πψ 2013 τʼA1B ЄЗзϷˢ21 ṙ Ⱳ 3.2̆ ˣτΣΪϥʼRCM5 ЯДиπχ
‭֗ χ ᴟ Ϭʼ ӽʼ ӽρϜτ 1.3 ӟ ρ▄ ΰοΜϥ[9]ʽάχⱲχ ▄

ψʼ ӽỸ τ▄ ΰθ Ϭʼ ᴱ χ ӽ πӛ ΰ▄ ΰοΜθʽԁ ʼ ᾆẕ
πψ ϯрЂрУиД˔ЌϬᶨ βϥάρπʼ ӽ ỡ֗ Ϭ Τν ϥάρΥᴦ ρσ
Ϥʼ ӡ ὓτṁξΨ ᵃᶎ χ‭֗ χ ᴟ Ϭ▄ ΰοΜϥʽ 

 
  

 

40 2% 12% (10) 9% (7) 2% (0) 2% (0)

50 16% 25% (9) 20% (4) 13% (-3) 10% (-6)

60 31% 40% (9) 34% (3) 29% (-2) 25% (-6)

70 53% 54% (1) 47% (-6) 46% (-7) 41% (-12)

80 59% 66% (7) 59% (0) 62% (3) 57% (-2)

90 69% 76% (7) 69% (0) 74% (5) 69% (0)

100 80% 84% (4) 77% (-3) 83% (3) 80% (0)

110 86% 89% (3) 84% (-2) 89% (3) 87% (1)

120 90% 93% (3) 89% (-1) 93% (3) 91% (1)

(6) (0) (1) (-3)

│ ≤─

RCM20(mm) RCM5
RCM5

RCM20

 

40 2% 3% (1) 4% (2) 1% (-1) 0% (-2)

50 2% 9% (7) 9% (7) 7% (5) 3% (1)

60 10% 17% (7) 18% (8) 20% (10) 10% (0)

70 20% 29% (9) 30% (10) 36% (16) 22% (2)

80 35% 42% (7) 43% (8) 51% (16) 36% (1)

90 52% 52% (0) 53% (1) 65% (13) 49% (-3)

100 60% 61% (1) 62% (2) 74% (14) 62% (2)

110 72% 69% (-3) 70% (-2) 81% (9) 71% (-1)

120 83% 76% (-7) 77% (-6) 86% (3) 78% (-5)

130 85% 82% (-3) 82% (-3) 90% (5) 84% (-1)

140 90% 86% (-4) 87% (-3) 93% (3) 88% (-2)

(1) (2) (8) (-1)

RCM20
RCM20(mm) RCM5

RCM5
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 3.͓ Ω ӽ ỡ֗ ˕ᵃẠםᾓρ ᾓχם ᶓˢRCM5 Д˔Ќˣ˕ 

ˢ ˣ ῲ ʼs ᴞˣ ᾋ  
 

 3.3 ם ‭֗ρ RCM5 ẉό RCM20 χО˔ЈрЌϱи  
ˢ₮ˣ ῲ ʼs ֒ˣ ᾋ  
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Histrical simulation 99%ile
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 (mm/72hr)  (mm/24hr)

435.2 639.7 1.47 387.7 663.0 1.71 278.0 468.9 1.69 227.7 373.8 1.64
99.3% 245.8 336.0 1.37 244.1 317.6 1.30 180.5 263.5 1.46 177.1 237.6 1.34

99% 236.6 316.4 1.34 231.4 297.9 1.29 173.1 240.6 1.39 163.4 220.4 1.35
95% 176.8 233.4 1.32 172.1 225.6 1.31 130.8 173.0 1.32 124.9 164.0 1.31
50% 86.4 100.0 1.16 90.4 105.6 1.17 62.6 68.3 1.09 65.2 76.5 1.17

4.9 3.0 0.61 36.8 31.1 0.85 3.9 0.4 0.10 20.3 14.6 0.72

RCM5 ♃כ♦ RCM20 ♃כ♦ RCM5 ♃כ♦ RCM20 ♃כ♦
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3.2.3. Ϙρϛ 

πψʼᶎ ֗ χ ᴣτ ρσϥ Ω ‭֗ϱЦрЕτνΜοʼ ṛ ϯрЂрУиД˔ЌΤ
ϣχ ότṓῙЯДиΤϣ ΰθ Ω ‭֗ϱЦрЕχḢ Д˔Ќρχ ᶓᾁ χὫᴮϬ
ꜘΰθʽ₈ῇʼṓῙЯДиχⱵ ├ϒχᶨ τΰΪοʼ ᾆẕπχ Ϭ Μθם ‭֗χ
™ᾝ χ ᴣϞ ṓῙᴞπχ‭֗ χ ᴟ χ▄ Ϭʼ ӽπ ΰᾁ βϥ ΥΚϥʽ ᾆẕ
χὫᴮΤϣ ϣϦθʼᾁ χ∑χ ӪⱧʽβꜘτᴞӟϬ‮ 

 

ṓ ЯДиχ ᵔ  
ᾆẕπψʼṓ ЯДиχ ᵔ τϢϤʼם ‭֗χ™ᾝ τӸΜΥ αϥάρΥꜘ€ήϦθʽ

ם ‭֗χ™ᾝτḩϩϥ ρΰοʼ ρβϥ ӽχṛ ʼ Ἱχ ˢ╦ ʼ ˣϞʼ‭֗Ϭ
ήδϥ ԍˢ ʼ ˣ χӸΜΥ―ΠϣϦϥʽ₈ῇʼ ӽπχ Ⱨ Ϭ Ϟΰʼṓ
ЯДиχ ᵔ τϢϥ™ᾝ χӸΜϞ ԍϬᾁ ΰοΜΨ ΥΚϥʽ ᵔ 20km χ
ӽЯДиπ™ᾝ Υᶎ πΦϥ ӽχ ὯΥꜘήϦϦω Ѝ̓ϳрІϾ˔зрϽϬם☼δγτ d̓4PDF

Υ πΦϥ ӽϬ πΦϥʽάχ ψʼṓῙ ᴞτΣΪϥⱵ ὓᵊχ ӛϬ“Ξ∑χ σ׃
τσϥρ―ΠϣϦϥʽ 
 

ם ‭֗χ ᶎם  

ᾆẕπψ ם̓ ‭֗ρ ›βϥϢΞτНϱϯІ Ϭם☼ΰοΜϥ ά̔Ϧψ ם̓¬ ‭֗ψᵃẠχ
Ω ‭֗χἱΰϬ ΰθ ºρ Πϥ―Π τṁξΜοΜϥ ԁ̔ π ᾝ̓∕ӌΞάρΥπΦϥם ‭
֗ψʼᵃẠτṞάϤ θ Ψχᴦ χ πʼἌ ΰθ σΜ ρϜ ΠϣϦϥʽάχ―Π τ
ṁξΨ ›ʼ¬ם ‭֗ψᵃẠτṞάϤ θ Ω ‭֗χԁ Ϭ ΰθ ºπΚϤʼם ‭֗ψ ᶎם

Ϭ ΰοΜϥʽ τ Υ σΨʼ ‭֗ϬḯϘσΜם ‭֗τ ›βϥϢΞτНϱϯІ
Ϭם☼βϥρʼṓῙЯДиτḯϘϦϥ ‭֗Ϭᵃ ᴣβϥ ΰτ ήϦʼЯДи χ︡Ϥ ϥ

χ Υ ΰʼ ϯрЂрУиД˔Ќχ βϥ ΥﬞϩϦϥᴦ ΥΚϥʽ ӽπ Ϭם☼
βϥ∑τψʼם ‭֗Υ βϥ ᶎם τ Ӫΰʼ ρβϥם ‭֗χ Ϭ ᶎ ΰθ πם☼
βϥ ΥΚϥʽ 
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3.3. ᶎ ֗ χ ᶎם χ  

πψʼ ṛ ϯрЂрУиД˔ЌτṁξΨᶎ ֗ χ ᶎם χ ᴣ ẉό ὫᴮϬꜘβʽ
σΣʼ χ ψʼ ΥẶיּ ρΰοḩיּ ΰθ ˢ ᴒϣ, 2018ˣ[10]τΣΪϥ︣ ότ

ὫᴮτνΜοʼ π ρβϥḢ Д˔Ќχ ṛ τṞԍβϥᶎ ֗ χ ᶎם τνΜο
ϬΚοθϜχπΚϥʽ 

 
3.3.1.  

άϦϘπχⱵ ὓᵊτΣΪϥ‭֗χ ᴣψʼΣϢζ 60 χם ‭֗Ϭ Μθᶎ ᴣτϢμοẐ
ϛθᶎ ֗ τṁξΜο“ϩϦοΦθʽ ṛ ϯрЂрУиД˔ЌϬ Μθᶎ ֗ ᴣτΚθμοϜʼ
Ḣ Д˔Ќχ ṛ τṞԍβϥᶎ ֗ χ ᶎם Ϭ ᴣβϥθϛʼ60 Ϭ χ ṛ ρβϥʽ
Ϙθʼṓ ᾝ Υ︡Ϥ ϥ χЄЗзϷϬ ᴣβϥθϛʼ ṛ ϯрЂрУиД˔ЌΥ βϥ χ

Ω ‭֗ϱЦрЕΤϣ 60 χ χЄЗзϷχ⌠ βϥ τϢϤʼ‭֗χⱲἋḧ Υ βϥ
ᶎם Ϭ ᴣβϥʽ 
 

 
 3.͔ ᶎ ֗ χ ᴣχϱЮ˔Ѕ 
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3.3.1.1. ᶎ ᴣ︣  

Ω ‭֗ϱЦрЕχ ᶎ χϢΞσớ ᾝ Ϭ︡ϤӌΞᶎ ᴣ︣ τψʼԁ ớ πΚϥ
Gumbel ˢ2 ˣ̓ GEV ˢ3 ˣ̓ ₢◙ ἷ πΚϥ SQRT-ET ΥΚϥʽ ᾆ
ẕπψᾝ∕χ‭֗χṛ Ϭ Ӄβϥθϛτʼ χӸΜπ ᾝήϦϥ Gumbel ρ GEV Ϭ Μ
οʼם ‭֗ẉόᵃẠםᾓχᶎ ᴣϬᶆЮрНπם☼βϥάρρΰθʽ 

 

Gumbel  
Gumbel ρΰο ϣϦοΜϥΩ χ 1 ἷ꜠ψ Ω   χ ḩ ρΰοχ

Υ ϣϦοӟ ʼ ὓᵔ π Ψ ήϦοΜϥʽGumbel χᶎ ḩ ρ ḩ ψⱳ
꜠π ΠϣϦϥʽ 

 

f ὼ
1
ὥ
Ὡὼὴ  

ὼ ὥ
ὥ

Ὡὼὴ  
ὼ ὧ
ὥ

     Њ ὼ Њ  (3.1) 

Ὂ ὼ Ὡὼὴ  Ὡὼὴ  
ὼ ὧ
ὥ

 
(3.2) 

c ρ a ψζϦηϦʼӡ ρּפ πΚϥʽ 
 

GEV ˢԁ ớ ˣ 
Jenkinsons ЅϴрϺрЊр ψx 3 χớ ớᾢ Ϭ 1 νχ꜠Ἱτ ԁΰο ԁ̓ ᴟớ ˢGEV

ˣχ Ϭ μθʽֽ⁯χ Natural Environment Research Council ψʼ Ω ֗ χᶎ ЯДи
τνΦᾁ Ϭ“Μ G̓EV Ϭṁ ρΰο ΰοΜϥ G̔EV χ ḩ ψⱳ꜠π ṰήϦϥʽ 

 

F ὼ Ὡὼὴ   1
Ὧ ὼ ὧ
ὥ

 

 
  

  Ὧ 0  (3.3) 

άάτ k̓˼0 χρΦʼ˵˿˻x˽c+(a/k)πΚϤʼk˻0 χρΦψʼc+(a/k)˽x˽˿ρσϥ c̔ ρ a ψ
ζϦηϦʼӡ ρἹ πΚϥʽρΨτʼk=0 χρΦʼGumbel τԁ βϥʽσΣʼGEV

χᶎ ḩ ψ ꜠Τϣʼf(x)=dF(x)/dx πẐϛϣϦϥʽ 
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3.3.1.2. ṓ ЄЗзϷχ⌠  

ṓ ᾝ Υ︡Ϥ ϥ χЄЗзϷϬ ᴣβϥθϛʼ ṛ ϯрЂрУиД˔ЌΥ βϥ χ Ω
‭֗ϱЦрЕΤϣ 60 χ ϬἣϤ ΰ βϥзЂрФзрϽτϢϤ χṓ ЄЗзϷϬ⌠
βϥʽ 
ἇ τψ  3.͕τꜘβϢΞτʼᵃẠםᾓτνΜοψʼd4PDF Υ βϥםᾓ χΞκ ˑ χ

ֲốϬ― ΰʼᶆ χ 50 ЮрНΤϣ 1 ЮрНϬ ⌠Ӯ ΰθϜχϬԁνχ ρβϥ Ϭם☼ΰ
θʽ ᾓτνΜοψʼם ˑ χֲốϬ ΰοΜσΜθϛʼ5,400 Ͼ˔ІϬ ρΰο︡ϤӌΜʼ
60 Ͼ˔ІϬ ⌠Ӯ ΰʼԁνχ ρβϥ Ϭם☼ΰθˢ  3.͕ˣ̔  

σΣ з̓ЂрФзрϽχ ψ 1̓/150 ᶎ ֗ 95% Ỹḧχ♯“ ˢ10 ᵕˣχ ״ ρχ₯χ
ӗ Ϭ― ΰὨ ΰθʽ ψʼ1.0˷102ʼ1.0˷103ʼ1.0˷104ʼ1.0˷105ʼ1.0˷106 ρΰοḇ

ˢ  3.͍͌ˣϬם☼ΰθʽΩ ΤϣΩ ϬԏΜθ῏₯Υ 1.0mm ӟ ρσϤʼ♯“ χ Υ χ
Ӥπψ ασΜάρϬᶎ ΰθ πʼ ᾆẕπψзЂрФзрϽχ Ϭ 1.0˷105 ᾤρΰθʽ 
 

 
  

 
 3.͕ ᾆẕτΣΪϥзЂрФзрϽ︣ χᵵ  

1.0 105
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5400

60

6SST 15

60

60

50

60

50
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 3.͍͌ зЂрФзрϽχḇ Ὣᴮ 

ᴅ꞊τзЂрФзрϽχ ʼ ꞊τᶆ♯“τΣΪϥ Gumbel χ ›χ 1/150 ᶎ
֗ χ 95% Ỹḧχ ״ Τϣχ₯ϬꜘΰοΜϥ з̔ЂрФзрϽχ 105 ᾤӟ
πʼ Ỹḧχ ᴞᾢχΩ ˙Ω Υ 1mm ӟ ρσϥʽ 
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3.3.2. Ὣᴮ 
3.3.2.1. ᶎ ֗ ᴣ 

ῲṁ πχᵃẠםᾓ‭֗ẉό ᾓ‭֗χᶎם ᴣὫᴮϬ  3.͍͍τꜘβʽGEV
πψʼ1/150 ᶎ ֗ χᵃẠםᾓχ 95% Ỹḧψ 188mm˙360mm ρσμθʽԁ ʼ ᾓχם

95% Ỹḧψ 252mm˙517mm ρσϤʼ ṓῙπψ‭֗Υ ΦΨσϥἱΰΥᾋϣϦθʽ π
ᾋοϙϥρʼGEV πψʼ ᾓχם ״ 353mm ΥᵃẠםᾓχ 95% Ỹḧ τḯϘϦϥʽ
״ πψʼ ῲṁ χ Ω 72 Ⱳḧ֗ ψʼ256mm Τϣ 353mm ϒρ 1.4 ᴥΰθʽ 

ᶆ χᵃẠםᾓΤϣ ᾓϒχם Ϭ ΰθ  3.͍͎ʽGEV πχᶆᶎ ṛ χ֗ ˢ
1/150 χx ϢϤʼ ῲṁ πχ Ω 72 Ⱳḧ֗ χ ψ 1.4 τ ᴥβϥ

άρΥϩΤμθʽ 
 

 
 3.͍͍ ᶎ ֗ χ ᴣὫᴮ 

ˢ₮ˣGumbel ʼs ֒ˣGEV  
̞ ΥẶיּ ρΰοḩיּ ΰθ ˢ ᴒϣ, 2018ˣ[10]ϢϤ ∏ΰθϜχπΚϤʼẨ
Ϭ ο► ΰοΜϥʽ 
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 3.͍͎ ᵃᶎ 1/150 ֗ χ  

ˢ₮ˣGumbel ʼs ֒ˣGEV  
̞ ΥẶיּ ρΰοḩיּ ΰθ ˢ ᴒϣ, 2018ˣ[10]ϢϤ ∏ΰθϜχπΚϤʼẨ
Ϭ ο► ΰοΜϥʽ 
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3.3.2.2. ὓ ᴣ︣ ρχ ᶓ 

ᾆẕπψʼ ṛ ϯрЂрУиṓῙ Д˔ЌϬ Μοʼᶎ ֗ Υ︡Ϥ ϥ ᶎם Ϭ τ
ᴣΰθʽ ӛ︣ ψʼṓῙЯДиτṁξΨ‭֗Д˔ЌϬᶨ ΰοΣϤʼ ФкЈІτṁξΨЄЬ

вй˔Єдр ρΰοӡ ξΪϣϦϥ ά̔Ϧτ ΰʼ ϣ[11]ψᶎ ᾢᵦ ᾁ ˢ ῢ, 1995 [x12]
τṁξΦʼᶎ ֗ χ ỸḧϬ ᴣβϥ ὓ ϯФк˔ЎϬ⅜ ΰοΜϥˢ  3.͍͏ˣ̔ χᾁיּ
Ϭ ϘΠʼ ЯДиτṁξΨớ χ︡Ϥ ϥ ρʼᶎ ᾢᵦ τϢϥớ χ︡Ϥ ϥ ρχ
ԁ Υᶎ [13]ήϦοΣϤʼᶎ ֗ χ ᶎם τḩβϥ ᴣχ Υʼ ẉό ὓ Τϣ

ΪϣϦοΜϥʽάϦϣχ ᴮψʼᾝ∕⁯ ῖ Υ ϛοΜϥṓῙ Ϭ― ΰθ‭֗ χ ᴟ
χ χᾁ τΣΜοʼṓῙ ЯДиχᶨ Ϭ ᴟβϥ₢Ấρΰο σӪṰϬ βϥʽ 
 
 

 
 3.͍͏ ₢ Ὁ Ḣ τΣΪϥ 54 ḧ χ Ω ‭ [mm/day]ẉόάϦϣ 54

ᾤχḢ Ϭ οψϛθ Gumbel ʼḢ Ϭ οψϛθ Gumbel χ 95% ỸḧϬṜ ΰ
θᶎ ♠ ̞n ψḢ χ πΚϥʽ 

̞ ϣˢ2017ˣ[10]ϢϤ ∏ 
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3.3.3. Ϙρϛ 

ʼψπ‮ ṛ ϯрЂрУиṓῙ Д˔ЌϬᶨ ΰʼ ᶎם Ϭ― ΰθᶎ ֗ χ ᴣ︣ Ϭ
ꜘβϥρρϜτʼ ṓῙᴞτΣΪϥᶎ ֗ χ ᴟτνΜο Ϭ“μθʽ ᾆẕπψʼᴱ ὓᵊ

τΣΪϥ ᴣṍḧπΚϥ 60 Ϭ 1 ρΰʼзЂрФзрϽ︣ τϢϤ χṓ ЄЗзϷϬ  β
ϥάρπ ᶎ̓ ֗ χ ᶎם Ϭ τ ᴣβϥ︣ Ϭ ӛΰθ ζ̔χὫᴮ ᶎ̓ ֗ χ ᶎם ψʼ
ᵃẠםᾓτΣΜο 160mmʼ ᾓτΣΜοם 260mm χ Ϭⱱκʼ ״ χ ᶓπψ ᾓΥᵃם
Ạםᾓχ 1.4 ρσϥάρΥꜘήϦθ ή̔ϣτʼ ЯДиτṁξΨớ χ ρʼ ὓ ︣ ˢᶎ

ᾢᵦ ˣτϢϥ ᴣὫᴮρχԁ Υᶎ ήϦʼ ʾ ὓχ Τϣᶎ ֗ χ ᶎם χ Υ
ΪϣϦθʽ 
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3.4. χ ᶎם χ  

πψʼ ṛ ϯрЂрУиД˔ЌϬ Μθ χ ὫᴮϬꜘβʽ 
 

3.4.1.  
3.4.1.1. ӽ 

ᵤ τӡ βϥ ῲ ӽˢ ӽ 2,678km2ˣϬ  3.͍͐ρΰʼᴞ πχ
С˔ϼ Ϭ ᴣΰθʽ 

 

 
 3.͍͐ ӽ 

Υ ʼ ψ ӽʼᴍ ψ⁯ ῖ ΥḚ βϥ ῲḢ ˢ ḮԊˣϬᴞ
ρΰθ ›χ ӽϬꜘβʽ 
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3.4.1.2. ἷ ὓ▄ЯДиχᵵ  
ЯДиψʼ ᵤ ᵫ ộτΣΜο  τ ΜϣϦοΜϥ ἷ 2 ЌрϼЯДиϬ► ΰθ

[14]ʽЯДиψʼ ʾ ḧ Ϭ Ἱ ꜠π β Ќрϼʼ ᴞ Ϭ Ἱ
꜠π βᴞ ЌрϼτϢϤ  ήϦϥ((3.4)¤(3.9)꜠)ʽᶊ◓ЂϱЇψʼ1km˷1km ρΰθʽ 

 

ί Ὧ  ή 
  Ὧ  

Ὠ
Ὠὸ

 ή 
  (3.4) 

Ὠί 
Ὠὸ

ὶ ή ὦ 
(3.5) 

ὦ Ὧ  ή  (3.6) 

ί ὑ  ή Ὧ  
Ὠ
Ὠὸ
ή  

(3.7) 

Ὠί 
Ὠὸ

ὦ ή  
(3.8) 

ή ή ή  (3.9) 
  
ί : 1 Ќрϼ ‰(mm) ί̓ : 2 Ќрϼ ‰( ) ὶ̓: Ḣ ֗ ( /h) ή̓: ‰( /h)ʼ

ή : ʾ ḧ ‰( /h) ή̓ : ᴞ ‰( /h) ὦ̓: 1 ЌрϼΤϣ 2 Ќрϼϒχ ằẚ
( /h)ʼὯ  ,Ὧ  ,Ὧ  ,Ὧ  : ἰ ʼὯ  : ἰ ʼὴ , ὴ : ◙ ʼὃ: ӽ (km2)ʼὶӶ: ỡ

֗ ế ( /h)ʼὧ  , ὧ  , ὧ  : ЯДи ( )ʼὪ : ӽ ʼὔ: ᴣ (ί ά  ⁄ )ʼὭ: ỡ
הּ ῠ ʼὴ 0.6,ὴ 0.4648,‏ 2.1ʼὢ: ʼὬʿ (m)ʼὄʿ ᴱ (m)ʼὲʿ ᴱ

ʼὭʿ ᴱ ῠ  
 

ӽΤϣᴱ χ ῇχ ὗψʼ(3.10)˙(3.12)꜠τϢϤ▄ ΰθʽ 
Ὠὃ
Ὠὸ

Ὠὗ
Ὠὼ

0 (3.10) 

ὗ Ὤὄὺ (3.11) 

ὺ
1
ὲ
Ὤ

 
 Ὥ

 
  

(3.12) 

πΚϥЯДи ὧ  , ὧ  , ὧ  ρ ἰ Ὧ  ,Ὧ  ,Ὧ  ,Ὧ  χḩἰψ(3.13)˙(3.19)꜠ρσμοΜ
ϥʽ 

Ὧ  ὧ  ὃ .   (3.13) 
Ὧ  ὧ  Ὧ  

 ὶӶ   .     (3.14) 
Ὧ  ὧ  1 (3.15) 

Ὧ  
ὧ 
ὧ 
Ὧ  ὧ ‏ Ὕ ⁄   (3.16) 

ὑ  
1
ὧ 
Ὧ  ὧ ‏  Ὕ ⁄  

(3.17) 

ὅ  ὢ Ὢ  (3.18) 
Ὢ  ὲ ЍὭ⁄  

 .  (3.19) 



66 

 
3.4.1.3. ► Д˔Ќ 

ЯДиϒχ ‭֗ψʼd4PDFˢ ӽ 20km ЯДиˣπ ῲ χ ӽ ỡ 72 Ⱳḧ֗ Υ Ω
ρσϥ‭֗Ⱨ Ϭ ᶘ ЍϳрІϾ˔зрϽΰθ ӽ 5km ЯДи[5]χ Ϭ Μθ Ͼ̔˔І ψʼ

ᵃẠםᾓ 60 (1951-2010)˷50 ЮрНχὓ 3000 ʼ4̆ ᴛםᾓ 60 (RCP8.5 ЄЗзϷ 2090
)˷90 ЮрНχὓ 5400 πΚϥ ם̔ ‭֗ψʼ Ḣ ֗ ẉόй˔Ѝ˔ʾϯЮЍІᵔ ֗ χⱲ

ḧ֗ Д˔ЌϬ► ΰθʽ 
 

3.4.1.4. ОжЮ˔Ќ  
ОжЮ˔Ќψʼӟᴞχ 2 Ϥχ π ΰʼ ὓ▄Ϭם☼ΰθʽ 

) Ṍᴁ Ω ᴟϾ˔І 
ם ‭֗Ⱨ χ™ᾝὓ▄τϢϤ ™̓ᾝ ‭֗τ βϥΩ ОжЮ˔ЌϬ ΰθ ™̔ᾝ ‭֗ψʼ

H23.9 ρṌᴁΩ ‭֗ϬḢ ΰθ H28.8 χ 2 Ⱨ Ϭ ΰθʽ 
ˣ ОжЮ˔Ќḩ ᴟϾ˔І 

ОжЮ˔Ќρ‭֗ χḩἰ꜠Ϭ⌠ ΰʼᶆṓῙЯДиםᾓχ‭֗ τᴂαοОжЮ˔ЌϬ ΰ
θʽḩἰ꜠χ⌠ ︣ Ϭӟᴞτꜘβʽ 

 ™ᾝ ‭֗Ⱨ χ ʿḢ Д˔ЌΤϣṌᴁ τΣΪϥᶆḢ χС˔ϼ ρ ӽ ỡ
72 Ⱳḧ֗ Ϭ ΰʼ™ᾝ ‭֗Ϭ 5 Ⱨ ΰθˢ  3.͍͑ˣ̔  

 ™ᾝὓ▄χם☼ʿ ΰθ‭֗Ⱨ τ βϥΩ ОжЮ˔ЌϬ ΰθʽ ОжЮ˔Ќψʼ
ἰ Ὧ  ʼὯ  τ βϥ X Ϭᴦ ρΰʼζϦӟᵰχОжЮ˔Ќψ ԁ ρσϥϢΞ
ΰθʽ 

 ḩἰ꜠χ⌠ ʿᶆ ΰθ‭֗Ⱨ χ ӽ ỡ 72 Ⱳḧ֗ ρОжЮ˔Ќ X Τϣʼḩἰ꜠Ϭ⌠
ΰθˢ  3.͍͒ˣ̔  
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ם ͍͑.3  ‭֗χ ӽ ỡ֗ ρС˔ϼ χḩἰ 

ῲḢ τΣΪϥ Ω ρζχρΦχ ῲḢ ӽτΣΪϥ 72 Ⱳḧ ӽ ỡ֗
χḩἰϬꜘβʽϷйрЅ χФкАЕψʼ ЯДиτϢϥ™ᾝὓ▄χ ρΰθ‭֗ϱЦрЕϬ
ꜘβʽ⁷ם ψʼH28.8 Ϭ ΜθựⱨỚ Ϭꜘβʽ 

 

 
 3.͍͒ ™ᾝ ‭֗ϱЦрЕχ ӽ ỡ֗ ρЯДи ͭχḩἰ 

ὓ▄ЯДиτϢϥ™ᾝὓ▄χ ρΰθ‭֗ϱЦрЕχ ӽ ỡ 72 Ⱳḧ֗ ρʼЯДи
ͭχḩἰϬꜘβʽ̔χ H28.8 χФкАЕψ╥―ʽ⁷ם ψʼH28.8 Ϭ ΜθựⱨỚ Ϭꜘβʽ 
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3.4.2. Ὣᴮ 
3.4.2.1. ОжЮ˔Ќ τϢϥḢ ם ™ᾝ  

Ḣ ם χ™ᾝ ψʼם Ω Ἢτ βϥ ᵃẠםᾓС˔ϼ χ ẉό χ ›
›ΜτϢϤ ᴣΰθˢ  3.͍͓ˣ̔ ״ τ βϥρʼṌᴁ Ω ᴟϾ˔Іπψʼם 647 m3/s τ

ΰοʼH23.9 π 1,294 m3/sʼH28.8 π 2,452 m3/s ρσϤʼ ψ ΦΨ ΰθʽάϦ
ψʼ‭֗ χ Φσ‭֗Ⱨ τ ΰοΩ ᴟΰθОжЮ˔ЌϬ Μθθϛʼ‭֗ χ ήσםᾓϾ˔І
χ Ϭᵃ τ▄ ΰθθϛρ―ΠϣϦϥʽԁ ʼОжЮ˔Ќḩ ᴟϾ˔Іπψ 746 m3/s ρḢ ם

ρựΜ τσϤʼ ẉό ψ ›ΰʼ™ᾝ Υ τΰ ΰθʽ 
 

 
 3.͍͓ ϯрЂрУиṓῙ Д˔ЌϬ Μθ ᵔ τϢϥС˔ϼ χ  

ϯрЂрУиṓῙ Д˔ЌχᵃẠםᾓ 3000 Ͼ˔Іχ ᵔ ὫᴮϢϤʼ ῲ τΣΪϥᶆϾ
˔ІχС˔ϼ χ Ϭꜘβʽ ϽжТΥ 100m3/s χ ʼ Ϧ ʾФкАЕψζχ

Ϭꜘβʽ χ ψʼᶆϾ˔Іχ ״ ˢ50%ile ˣϬꜘβʽ ψ ˣṌᴁ τϢϤΩ
ᴟήϦθЯДиʼᴞ ψ ˣОжЮ˔Ќḩ ᴟΰθЯДиτϢϥὫᴮϬꜘβʽ 

 
3.4.2.2. ṓῙᴞτΣΪϥ  

ṓῙᴞτΣΪϥ ψʼ ▄π‮ ΰθ ӽ 5km ЯДи ‭֗Τϣ ▄ ήϦθ ᵃᶎ
1/150 ֗ χ︡Ϥ ϥ ӤχС˔ϼ π ᴣΰθˢ  3.͍͔ˣ̔ С˔ϼ ψʼ4̆ ᴛםᾓπ

2,278m3/s˙9,485m3/s χ Ϭ ΰʼ ״ ψ 4,852m3/s ρσϤʼᵃẠםᾓˢ2,917m3/sˣτ ΰο 1.66 ρ
σμθʽϘθʼ ᵃᶎ 1/150 ֗ χ ״ ựπС˔ϼ ψʼ 3,500m3/s χ Ϭ ΰοΣ
Ϥʼ‭֗ Υ ԁπϜʼ‭֗χⱲἋḧ τϢϤʼ Υ ΦΨ βϥάρΥꜘ€ήϦθʽ 
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 3.͍͔ϯрЂрУиД˔ЌṓῙ Д˔Ќχ ӽ ỡ֗ ρ ᵔ С˔ϼ χḩἰ 

ФкАЕψʼ Υ H28.8 Ω ᴟ ʼᴍ Υ H23.9 Ω ᴟ ʼ ΥОжЮ˔ЌϬ
‭֗ ρχḩ ρΰθ ᵔ ὫᴮπΚϤʼ₮ ΥᵃẠםᾓ 3000 Ͼ˔Іʼ֒ Υ ᾓם 5400 Ͼ
˔ІχФкАЕϬꜘβʽ⁷ χ Ӥψ ᶎם Ϭ― ΰθ ›χ ᵃᶎ 1/150 χ Ӥʼ ʾ
ᴍʾ χ ψζχ ӤτḯϘϦϥС˔ϼ χ ӤϬꜘβʽ 

 
3.4.3. Ϙρϛ 

πψʼ ṛ ϯрЂрУиṓῙ Д˔ЌϬ Μθ χ ẉόὫᴮϬꜘΰθʽ σ
‭֗ᵰ τ βϥ ᵔ χ ΰ Ϭ ρΰοʼ‭֗ τᴂαθОжЮ˔Ќ ︣ Ϭ ΰθὫ
ᴮ ם̓ Ω χ τ βϥ™ᾝ Υΰ βϥάρΥᶎ ήϦθʽ ῲ τΣΜοʼ

ᵃᶎ 1/150 χ‭֗ ὯᴞπχС˔ϼ ψʼ ṓῙᴞτΣΜο 1.66 τ ᴥβϥάρΥꜘ
ήϦθʽϘθʼ ԁχ‭֗ πΚμοϜʼ‭֗χⱲἋḧ χӸΜτϢϤС˔ϼ τ₯Υ αϥάρ
Υ ϣΤρσμθʽάϦϣχὫᴮψʼṓῙ τϢϥ ᴥзІϼϬ ᴣβϥ∑τψʼ σϥ‭֗

χ ᴥιΪπσΨʼ‭֗χⱲḧ ʾἋḧ ρΜμθ‭֗ χ ᴟτϜ τ― βϥ ΥΚ
ϥάρϬꜘΰοΜϥʽ 
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3.5. 3 χϘρϛ 

πψʼᴱ ὓᵊτΣΪϥᶎ ֗ χ ᴣτ ΰοʼ ṛ ϯрЂрУиṓῙ Д˔ЌϬᶨ β
ϥάρπʼ‭֗χⱲἋḧ τ ∕βϥ ᶎם Ϭᶎ τ ᴣΰʼḢ Д˔Ќχ ṛ τṞԍβϥ
ᶎ ֗ χ ᶎם Ϭ τ ᴣβϥ︣ Ϭ ӛΰθʽ Ω ‭֗ϱЦрЕχ τ∑ΰοψʼ
RCM5 ϒχ‰ᵔ ЍϳрІϾ˔зрϽϬ“Ξάρπ ם̓ ‭֗χО˔ЈрЌϱи χ™ᾝ Υΰ β
ϥάρϬꜘΰθʽϘθʼם ‭֗τṁξΨНϱϯІ τϢϤʼЯДи χ™ᾝ Ϭ‰ϛϥ︣ τνΜ
οϜᾁ Ϭ“μθ ᶎ̔ ֗ χ ᴣτΚθμοψ 6̓0 Ϭ 1 ρΰθзЂрФзрϽ︣ τϢϤ
χṓ ЄЗзϷϬ  ΰ G̓umbel ẉό GEV Ϭ Μο ᶎם Ϭ ᴣΰθ ζ̔χὫᴮʼ ṓ
ῙᴞτΣΜοψʼ1/150 ᶎ ֗ Υᾝ∕χ 1.4 τ ᴥβϥᴦ ΥΚϥάρΥꜘήϦθʽήϣτʼ

ṛ ϯрЂрУиД˔ЌϬ Μθ ᵔ τΣΜοψʼ‭֗ τᴂαθОжЮ˔Ќ ︣ Ϭ β
ϥάρπ ם̓ χ™ᾝ Ϭΰ ήδϥρρϜτʼ ṓῙᴞπψС˔ϼ Υ 1.66 τ ᴥβϥ
άρΥ ϣΤρσμθʽᶎ ֗ χ ᶎם τḩβϥ ᴣχ ψʼ ᾆẕτΣΪϥ ︣ ẉό
ṌᴁᾆẕτṁξΨ ὓ ︣ χ Τϣ ΪϣϦοΣϤʼάϦϣχ ᴮψʼᾝ∕⁯ ῖ Υ ϛο
ΜϥṓῙ Ϭ― ΰθ‭֗ χ ᴟ χ χᾁ τΣΜοʼṓῙ ЯДиχᶨ χ Ϭ
ꜘβ σ₢ẤρσϥϜχπΚϥʽ 
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4. Ὠᵗ χ ᶎם τḩβϥᾆẕ 
͐ χᵵ  χ ψʼ ᵲзІϼ ᴣτΣΪϥ Ὠᵗ Ὧρΰοʼ ὨᵗФкЈІτḯϘ

Ϧϥ ᶎם Ϭ― ΰθ ᶎ ᴣЯДиϬ  βϥάρπΚϥʽ  МЃ˔ЖЫАФ⌠ Ϭ
ρΰθ ᵔ πψʼ Ὠᵗ Ὧψὓᵊ‰ ӡs HWL τx ΰθⱲ ρβϥὨ σ︣ Υ⅜ ή
ϦοΜϥʽԁ ʼם∑χ Ὠᵗψׇ Ϟ ʼ χ ԍΥ ╛τḩ βϥᾝ πΚϤʼ γ
ΰϜ HWL ϒχ τϢμο Υ αϥϩΪπψσΜʽϘθʼ ψ σ  ʼל χ ỡל
Ϭ ΰʼ τ βϥᵰ πΚϥ ӡϜⱲἋḧ σ ᴟϬ ΞϜχπΚϥθϛ, Ὠᵗ ϬⱧ τ

βϥάρψ₉ πΚϥʽ πψʼάϦϣχ ᶎם χΞκᶎ ρΰο ᴦ σϜχϬ ᴣΰʼ
Ὠᵗ ὯϬ ᶎ ρΰο ᴣβϥЯДиϬ  ΰθʽᵈΥ⁯π︠ σ ԍπΚϥׇ ẉό

τϢϥ ФкЈІϬЯДиᴟΰʼζϦηϦχФкЈІτḯϘϦϥ ᶎם χΞκᶎ τ ᴣᴦ σ
Ϭᶎ ρΰοӌμθЯрГϸик τϢϤ ᶎ Ϭ ᴣβϥЯДиϬ  ΰθʽ  ΰθЯ

ДиϬ ῲ◕ᵹ τ βϥ ẉό╘ χ τ ΰʼ ԍ χ ᶎ χ Ϭꜘ
ΰθʽ 
 

4.1. ψαϛτ 

4.1.1. ᾆẕ ὂ 
ᵲзІϼχ 3 χΞκМЃ˔Жψʼ ὨᵗτϢϥᴱ Τϣχ ẉό ᾖs Ϟ ˣ

τΣΪϥ ϬЯДиᴟΰθ ᵔ τϢϤ ᴣβϥχΥԁ πΚϥʽ  МЃ˔ЖЫАФ⌠
Ϭ ρΰθ ᵔ πψʼE ӡΥὓᵊ‰ ӡs HWL τx βϥάρΥ Ὠᵗχ ὯρσμοΜ
ϥʽԁ ʼם∑χ Ὠᵗψᴱ ӡΥ HWL Ϭ ᵃΰʼ τ ΰθⱲ πׇ Υ ΰʼׇ

τϢϥ χ ΥΚϥ ᵬϘπ “ΰθⱲ π βϥάρΥ ΜʽάχάρΤϣʼ  МЃ
˔ЖЫАФχ ψʼ Ὠᵗχ ὯϬϢϤӗ τ ΰο ᴣΰθϜχρΜΠϥʽԁ ʼ῟
σ ᵲὖᾚ ├χᾁ τΰΪθ ᵲзІϼχ ᴣϬ ρΰθ ›ʼάχ Ὠᵗχ Ὧψ ᵲᶛ
Ϟ ᵲΥᵃ ᴣρσμοΜϥᴦ ΥΚϥʽ ᵲзІϼχ ᴣτΰΪʼםᾝ τựΜ Ὠ
ᵗχ Ὧ Υ πΚϥʽ 

τΣΪϥ ὨᵗχЮϸИЇЭψʼ(a)ᴱ χׇ τϢϥ Ὠᵗʼ(b)ᴱ χ τϢϥ
Ὠᵗ (̓c)ᴱ χ ʾ τϢϥ Ὠᵗχ͏νχЯ˔ЖΥ︠ ԍρσμοΜϥʽζϦηϦχ

Я˔ЖχϱЮ˔Ѕ Ϭ  4.͍τꜘβʽ(a)ᴱ χׇ τϢϥ Ὠᵗψʼᴱ Υ Ϭׇ ΰθ∑
τʼׇ τϢϤ Τϣ Υ “ΰʼ Υ ᵗβϥάρτϢϤʼ Ὠᵗτ♩ϥʽ(b) ᴱ
χ τϢϥ Ὠᵗψ (̓1)ОϱСрϽ ᵗρ(2) ᵗτ ΪϣϦϥ (̔1)ОϱСрϽ ᵗψʼᴱ

ӡχ τϢϥ ӊ τϢϤṁ τОϱФ χ ϙκΥ ΰʼṁ   ∙Υ βϥάρ
π Υ ᴞΰʼ Ὠᵗτ♩ϥ (̔2) ᵗψ ‭̓֗Ϟᴱ ӡχ τϢϤ χ ӡΥ ΰʼ

  ∙χḧ ӊΥ ΰʼ ◓ḧχ ╗ Υᾚ βϥάρπʼβϓϤ ΥἹ ήϦʼ Υ
ᵗβϥάρπ Ὠᵗτ♩ϥ (̔c)ᴱ χ ʾ τϢϥ ὨᵗψʼE τϢϤ χ
χ ʾ Υ ΰʼζϦΥ “βϥάρτϢμο Υ ᵗΰʼ Ὠᵗτ♩ϥʽ 
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(a)ᴱ χׇ τϢϥ Ὠᵗ 

 
(b) ᴱ χ τϢϥ Ὠᵗ 
(1) ОϱСрϽ ᵗ 

 

(2) ᵗ 

 
(c) ᴱ χ ʾ ἕτϢϥ Ὠᵗ 

 
 4.͍ ὨᵗχЮϸИЇЭ 

̞⁯ ῖ Ɫ ϢϤ
ˢhttps://www.mlit.go.jp/hakusyo/mlit/h24/hakusho/h25/html/n2721ca0.htmlˣ̔  
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ᾕ τ Ϭ τ Φσ ᵲΥ ΰθ 19 ‹τϢϥ  πψʼׇ τϢϥ ὨᵗΥ
86%Ϭ ϛʼ Μο Υ͕̋ʼ Υ 1%Ϭ ϛϥάρΥ ⁮ήϦοΜϥˢ  4.͎ [x1]ʽϘθʼ⁯Ḛ

ᴱ Ϭ ρΰθ ₰Τϣʼׇ Υ ΰθᴷ τΣΜοϜ 81%ΥὨᵗτ♩μοΜσΜάρΥᶎ
ήϦοΜϥʽάχϢΞτʼם∑χ ψͬ͝͡τ ΰο ‰Ϭ― ΰθ ὓΥσήϦοΣϤʼ τ

⁯Ḛ ᴱ χ Ψχ ψḚ Ⱳχ ϞЂϱϼзрϽ χ ᶨ Ϭ ρΰθ ϜσήϦ
οΜϥʽζχθϛʼͬ͝͡Ϭ ᵃΰʼήϣτׇ Υ ΰθ ›τΣΜοϜʼὨᵗτ♩ϣσΜϾ˔ІΥ

ΨΚϥρ―ΠϣϦϥʽᴱ ὓᵊ ψͬ͝͡Υ χӗ Υ ήϦϥ ӤρσϥΥʼ ᾖτΣΪϥ
зІϼχ ᴣτΚθμοψʼάϦϣ χל σế Ϭ ϘΠθ ᴣΥ ρσϥʽ 

 

 
 4.͎ 19 ‹τϢϥ ← ԍ 

̞ ᾕ 19 ‹χ ←Ϭ ϘΠθᴱ τḩβϥṪ ᾁ ᵓ, 3 ᵕ,Ɫ 2 ϢϤʽ 
 

Ὠᵗ Ὧχ ρΰοʼ Ὠᵗ ᴣ τΣΪϥ χ  Ϟל Ϭ ₰ΰʼ Ὠᵗτ
♩ϥ ὯϬὨ τ βϥ︣ Υ―ΠϣϦϥʽԁ ʼ ψ ΰτ σ  πΚϤʼ ל
  ψ ỡל Ϭ ΰοΣϤʼ ᵲзІϼ ᴣτΣΪϥ ӽχ Ỹḧβϓοχ ₰Ϭם☼βϥά
ρψᾝם πψσΜʽάϦτ ΰʼϷжрЍʼϱϻзІʼϯЮзϸ πψʼ χ ᶘ ế χ
Ϭ― ΰʼ ᾝ Ϭᶎ τ Πϥ Υ⅜ ήϦοΜϥ[2] ά̔χϢΞτʼ ᵲзІϼχ ᴣτ
ΣΜοψ ᶎ χ Υ ῟ρ―ΠϣϦϥʽ⁯ τΣΜοϜʼ ϣ[3]ψ ˢ ˣρ χ
ᶪϤϬ τ ᵔ τϢϥ ᶎ Ϭ▄ ΰʼם  ⱲτΣΪϥ ←ᴷ ρχ™ᾝᾁ Ϭם☼ΰοΜ
ϥʽWang ϣ[4]ψʼ  Ⱳχ τ⌠ βϥᵰ Ϭ‭֗χ ᶎם Τϣ▄ ΰʼήϣτ χ ∙ל
τνΜο ρ ╗ᶑχ ỡל Ϭᶎ ρΰο― βϥάρτϢϥʼ χ ᴣϬ
ӛΰοΜϥʽԁ πʼ ᶎ χ ᴣτΣΜοψʼᵰ ρΰο⌠ βϥ ӡϞ‭֗χ ᶎם ρʼ
χ ᶘ χἋḧ ỡל χ Ϭ Ⱳτ― βϥ ΥΚϥΥʼάϦϣϬ ᶧ τ︡Ϥӌμθᾆ
ẕψᾢϣϦοΜϥʽζχθϛʼ⁯ χ ᵲзІϼ ᴣτΣΜοψʼᶎ σ Ὧχ Υ
ϭπΣϣγʼӢ ρΰοὨ σ︣ τӢ ΰοΜϥχΥᾝ πΚϥʽ ᾆẕψʼάΞΰθᴿ Ϭ
ϘΠʼ τΣΪϥ︠ σ ЮϸИЇЭπΚϥׇ ẉό τνΜοʼᶆ ФкЈІτ ∕βϥ
ᶎם χΞκᶎ ρΰο ᴦ σϜχϬ ᴣΰʼ Ὠᵗ ὯϬ ᶎ ρΰο ᴣβϥЯДиϬ
ӛβϥϜχπΚϥʽ 
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4.1.2. ᾆẕ  

τΣΪϥᾆẕ ψʼ ᵲзІϼ ᴣτΣΪϥ Ὠᵗ Ὧρΰοʼ ᶎם Ϭ― ΰθ ᶎ
ᴣЯДиϬ  βϥάρπΚϥʽЯДиχ  τΚθμοψʼ τΣΪϥ︠ σ ЮϸИЇЭ

πΚϥׇ ẉό Ϭ ρΰʼᶆФкЈІτϢϥ ϬЯДиᴟβϥρρϜτʼᶆᵃ τ ∕βϥ
ᶎם χΞκᶎ ρΰο ᴦ σ Ϭ ֳᴦ σ Ϭ ӛβϥʽ 

 

4.2. ׇ τϢϥ ᶎ χ ᴣ 

ׇτϛαψʼψπ‮ τϢϥ χ ЯДиϬ  βϥʽζχ πʼ ὨᵗЯДиτḯϘ
Ϧϥ ᶎם Ϭ ΰʼЯрГϸик τϢϥ ᶎ χ ᴣὫᴮϬꜘβʽ 

 
4.2.1.  
4.2.1.1. ӽ 

ᵤ τӡ βϥ ὉϬ ӽρΰθʽ ӽπψ 28 ᵤ ⁞֗τΣΜοʼ
╘ π τϢϥ Υ 2 ᴷ ʼᴝ  πψ χ Υ 1 ᴷ ΰθם ΥΚϤʼ χ ῲ
Ḣ πψ HWL Τϣ-19cm ρσϥṌᴁΩ‰ ӡϬḢ ΰθʽ ᾆẕπψʼ ΰθ ›τ σ

ᵲΥ ήϦϥ ῲ◕ᵹ τ βϥ ֒ḰKP53.8˙KP62.8Ỹḧ ╘̓ ₮ḰKP3.2˙KP16.6

ỸḧϬ ᴣ ρΰθs  4.͏ˣ̔ ᵺỸḧχᴱ χЈϽЮрЕỸ ψʼ ψЈϽЮрЕ 2-1ʼ╘
ψЈϽЮрЕ 1 τ ήϦϥʽᴱ ṁ ˢ 4 9 Ὦ  ˣτΣΪϥὓᵊ‰ ψʼ

π 7,600m3/s ʼ╘ π 2,900m3/s πΚϥʽ 

 

 
 4.͏ ᴣ Ỹḧ 
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4.2.1.2. ׇ ЯДиχ   

ᾆẕπψʼᴱ ӡΥ ‰Ϭ ᵃΰʼ  Υ Ϭ ᴞʼζϦτϢϤ Υ ήϦʼ Υ
ὨᵗβϥФкЈІϬᴠ ΰʼάχФкЈІτṁξΜθׇ ЯДиϬ  ΰθˢ  4.͐ˣ̔  
ΰθЯДиχᵵ Ϭ  4.͑τꜘβʽ ₮ ϢϤʼ ӡΥ ‰Ϭ ᵃΰׇ Υ ΰοΜϥⱲḧϬ▄
βϥʽ ״ ϢϤʼׇ Ⱳχ τṁξΦ Ϭ▄ βϥʽάχ ψʼ Υ
χᾢᵦ Ϭ ᵃΰοΜϥⱲḧτ Υ “ΰοΜϥ ệϬꜘΰοΜϥʽ ֒ ϢϤʼ τ⌠
βϥ▫Ⱨ χ Υ τ ΰθⱲ π Ὠᵗτ♩ϥʽ 

ἇ τψ(4.1) (̓4.2)꜠ϢϤׇ Ⱳχ χ χ ӡτṁξΦʼ τΣΪϥ Τϣׇ
Ϭ▄ ΰθʽ 

 
ό  ὫὬ  (4.1) 
ή ό Ὤ  (4.2) 

 
τΣΪϥ ό     , ψʼׇ ή ρ ῠ ɻτṁξΦʼ(4.3)꜠τϢϤ▄ ΰθʽάχρ

Φʼ ἰ Ὢψ 0.08 ρΰθʽ 
 

ό     ,  
8Ὣή 

sin‌
Ὢ

 

 
 

 
(4.3) 

 
ⱳτ Dean ϣ[5]Υ τֲốϬ Πϥ◙ ρΰο ӛΰθ χ⌠ βϥ▫Ⱨ χ Ϭ

Μο Ὠᵗχ Ϭ ΰθʽΚϥⱲ τΣΪϥ τ⌠ βϥ▫Ⱨ Ὁ Ϭ(4.4)꜠π βʽ 
Ὁ ὸ ὑ ὡ ὡ ὑ ‍  ό     ,

 ό ,  (4.4) 
άχρΦʼὑ ψ τ⌠ βϥ▫Ⱨ χἰ ʼ‍ ψ χל ρδϭ ᴂ ϬḯϚθϛρϘϬ‮

ἰ ʼό , ψ τ⌠ βϥ▫Ⱨ Υ αϥᾢᵦ πΚϤʼό     , ό , χρΦ τ⌠ βϥ▫Ⱨ
Υ βϥʽ χל τ ϩϦθ ›χ χᾢᵦ ψםІϾ˔иχםᾓ Ϭ Μθᵔ Ὣᴮρΰ
οʼ 

Ὁ ὸ ὑ ὡ ὡ ὑ ‍  ό     ,
 ό ,  (4.5) 

 
ρꜘήϦοΣϤʼ ᾆẕπϜάχ Ϭ ΜθʽσΣʼ  ΰθЯДиψ χ ל Ϟ

ʼ χ χ ⅝χֲốϬᾋ₅ϭπΜσΜʽ 
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 4.͐ЯДиᴟΰθ ФкЈІ 

 

 
 4.ׇ͑ τϢϥ Ὠᵗ ЯДиχᵵ  

 
4.2.1.3. ὨᵗЯДиτḯϘϦϥ ᶎם χ  

  ΰθׇ ЯДиτḯϘϦϥ χΞκʼᴱ ӡˢaˣ̓ ‰ˢbˣ̓ χ ˢcˣτ
ḯϘϦϥ ᶎם ˢ  4.͒ˣϬ ᴣΰθʽa˙c χᶆ Υ βϥ ᶎם ρζχ ᴣ Ϭӟᴞτꜘ
βʽ 

 

 

ᵑ ⅜ ╩
ќ ─ ᵒ ⌐╟╢ ─

ᵓ ─
ќ№╢ ⌐ ∆╢≤

 
 4.ׇ͒ τϢϥ χ Ϧρ ᶎם  

a: ─ b: ─

⅜№╢ ⌐ ∆╢≤

c: ─
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ӡ˕ ḩἰ 
ᵔ πψʼ ᵔ τṁξΨᴱ Ϭ ρ ӡχḩἰ꜠ˢӟᴞʼH-Q ꜠ˣτṁξΦ ӡτḊ

▄βϥʽԁ ʼם  πψ ỚᵰḰπ ӡ Υ αϥ ʼ χϙΤϣ ᶎτ ӡϬẐϛϥάρψ
ΰΜʽζάπ ᾆẕπψʼ ρ ӡχḩἰϬЯрГϸик τϢϥᶎ ᴣτΣΜο ρΰο Π
ϥ χԁνρΰθʽ  4.͓ψʼ ӡχ ᶎם χ ᴣχ πΚϤʼ ꞊Ϭ ӡʼᴅ꞊Ϭ ρΰʼ
H-Q ꜠ρם∑χḢ ӡϬФкАЕΰθϜχπΚϥʽ Πωʼ2,250m3/s ựχ H-Q ꜠τṁξΨ ӡ
ρḢ ӡρχ₯ψ 0.7m πΚϥˢ  4.͓ Ԋˣ̔ άχ₯ϬḢ ם τ ΰʼζχ ỡρ ╩Ϭ
▄ ΰθʽάάπχ ╩ψ ṛ τᴂαο ᴟβϥϜχπΚϤʼ τׇ Υ αϥṛ χ πψḢ

ρ H-Q ꜠τ Υ ΦΨʼ ╩ψϢϤ βϥρ―ΠϣϦϥʽ ⇔σ ᴣϬ“Ξτψ χḩ
ρΰθ ╩χᴦ σ ΥẐϛϣϦϥʽ ᾆẕπψ︣ χ ӛτ︠ḴϬ Φʼ ╩ψςχ ṛ
τΣΜοϜԁ χ Ϭ ΰοΜϥʽ 

 

 
 4.͓ ӡ˕ ḩἰΥ βϥ ᶎם  

 
  

31

32
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34

35
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38
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40
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ӡ
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‰ 

ᵔ πψʼ Ὠᵗχ ᴣ Ϭ ˢ ᶭᴱ χ ›ψᵵφ 200m ḧᶖˣΰʼ ᴣ χ
‰ρ ӡχḩἰΤϣׇ χ Ϭ βϥʽԁ ʼ ‰ψ☼ῬⱲχ ϞὊ σ ᴞ

τϢϤ ᴅ ΰτ ỡל Ϭ ΰοΣϤʼ ᴣ ḧπộ σׇ Υ βϥᴦ ΥΚϥʽζά
π ᾆẕπψʼ Ὠᵗχ ᴣ ḧτΣΪϥ ‰ϬʼЯрГϸик τϢϥᶎ ᴣτΣΜο
ρΰο Πϥ χԁνρΰθʽ  4.͔ψʼ ‰χ ᶎם χ ᴣχ πΚϤʼ ꞊Ϭ ‰ʼᴅ꞊
Ϭᴱ χẩ ρΰʼὓᵊ ‰ẉόם∑χ ‰ϬꜘΰθϜχπΚϥʽם∑χ ‰ψ LP Д˔
ЌϬṁτ ΰθʽ ΠωʼKP58 ựτΣΪϥὓᵊ ‰ρם∑χ ‰χ₯ψ 1.3m πΚϥˢ  
4.͔ Ԋˣ̔ άχ₯Ϭ ᴣ ρβϥ Ỹḧπ ΰʼζχ ỡρ ╩Ϭ 200m τ▄ ΰθʽ 

 

 
 4.͔ ‰Υ βϥ ᶎם  

 

χ  

ׇ χ τϢϤʼ Ϭ ϤׇΠθ  Υ Ϭ ᴞΰʼ χ Υ “βϥʽ
ψ︠τ ρσμοΣϤʼζχשׂ Ӿ ệ τϢϤ ψ ᴟβϥʽ ᾆẕπψʼάχ

χ Υשׂ βϥ χ ᶎם ϬЯрГϸик τϢϥᶎ ᴣτΣΜο ρΰο Πϥ
χԁνρΰθʽ χשׂ τψ Ṍ̓ᴁᾆẕ[5]τṁξΦׂשχ Ӿ ệΥ Ῠσ ›χ χᾢ

ᵦ ό , 1.8 ά ί⁄ ρζχ ╩ʎ 0.38 ά ί⁄ Ϭ Μθʽ 
  

30
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4.2.1.4. ЯрГϸик τϢϥ ᶎ χ ᴣ 

ᶆ ᴣ τΣΪϥ ᶎ χ▄ τΚθϤʼ ϣ[3]π ӛήϦθ︣ Ϭ╥―τ Я̓рГϸик
τϢϤ χ ЯДиϬἣϤ ΰὓ▄ΰʼ ᶎ Ϭ▄ βϥЯДиϬ  ΰθʽ ᾆẕτΣΪ
ϥ ᶎ ▄ χ ϦϬ  4.͕τꜘβʽ π ᶎם ρΰο ᴣΰθ ӡʼ ‰ʼ χ
ψʼ ỡρ ₯Ϭⱱν ṛ τ Ξ ρΰο Πθ (̔4.6)꜠ψʼ ṛ χᶎ ḩ Ϭ
ΰοΜϥʽС˔ϼ ӡτνΜοψʼМϱЖкϽжТχС˔ϼ Ϭ(4.7)꜠τϢϤ ӡτ Ḋΰʼ ӡτ
ψ π ΰθ H-Q ꜠χ ₯Ϭ Μοʼ(4.8)꜠χ ṛ τ μθ Ϭ ήδθʽ ‰
τνΜοϜ ὓ̓ᵊ ‰ρם∑χ ‰χ₯χ ₯Ϭ Μο (̓4.9)꜠χ ṛ τ μθ Ϭ

ήδθʽ 
 

Ὢ ὼ 2“„     ⁄ Ὡὼὴ  
1

2„  ὼ ‘  (4.6) 

Ὤ   
ὗ 

ὥ
ὦ (4.7) 

Ὤ    ~ὔ Ὤ ,„     (4.8) 
Ὤ    ~ὔ Ὤ ,„      (4.9) 

 
άάπʼh    ψ ρβϥМϱЖкϽжТχС˔ϼ τ βϥᶎ ʼh    ψᶆ ᴣ τΣΪ

ϥ ‰τ ᴂβϥᶎ πΚϥʽh   Ὤ    χρΦʼ(4.1)ẉό(4.2)꜠Τϣׇ χ ʽ(4.3)꜠
ϢϤ πχ Ϭ▄ βϥ Ὡῇτ (̓4.4)꜠τϢϤ▫Ⱨ χ Υ χ Ϭ ᵃβϥΤςΞ
ΤϬ βϥʽ(4.4)꜠τΣΪϥ χᾢᵦ ό , Ϝʼ τϢϤὨ ΰοΜϥʽ 

Ὠᵗᶎ ὖ       ψ(4.10)꜠τϢϤ▄ ΰθʽ 
 

ὖ       ὲ       ὔ⁄  (4.10) 
 
άάπ N̓ ψЯрГϸик τϢϥ ὓ▄ᵕ ὲ̓       ψζχΞκ Ὠᵗρ ήϦϥᵕ Ϭ βʽ
ᾆẕπψʼ ὓ▄ᵕ Ϭ 10,000 ᵕρΰθʽẽᵦ ὯρΰθМϱЖкϽжТχἹ ψЂϱрϸ˔УϬ

ᴠ ΰʼ ṍϬὝ 30 Ὤὶ ρΰ (̓4.11)꜠ϢϤ⌠ ΰθʽὬ    Ϭ 500m3/s ⁭ϙπ ᴟήδʼ ᶎ Ϭ
ᴣΰθʽ 
 

Ὤ  sin
2“
Ὕ
Ͻ ὸ Ὤ    ,  0

1
4
Ὕ t Ὕ

1
4
Ὕ  (4.11) 
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 4.ׇ͕ τϢϥ ᶎ ▄ χ Ϧ 

 
  

─

H-Q─

─

─

─

─

─

─

╡ ⇔
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4.2.2. Ὣᴮ 

ᶆ ᴣ τΣΪϥ 7,000m3/ss σΣʼ 28 8 Ὦ τΣΪϥ ῲ πχ6,334m3/s ʼ
╘ Ệ πχ 2,458m3/s ΥṌᴁΩ ˣχ ›χ ᶎ Ϭ  4.͍͌τꜘβʽ ᶎ ψʼ

τΣΜο 10-6˙10-2 ʼ╘ τΣΜο 10-5˙10-3 ρσμθʽ╘ KP6.5 ựπψ ӡΥ
‰Ϭ ᵃΰοΣϤʼ ᶎ ψ 10-3 ρσμοΜϥʽάχϢΞτʼ ︣ τϢϤׇ Υ ΰο

Ϝ Ὠᵗτ♩ϣσΜ ›ΥΚϥρΜΞםᾝ Ϭ ֳΰθ Ὠᵗχ ὯΥ ᴦ ρσμθʽ
KP60.8 ựπψỆ χ︡Ϥ ΪỸḧϬḯϭπΣϤ ‰Υ ỸḧϢϤ‰ΨσμοΜϥʽ ᶎ ψ
ῇỸḧτ ϓο ήΨʼ10-6 ρσμοΜϥʽάχϢΞσ ᴣ ḧχ ᶎ χӸΜΥ αϥ ԍ
τ ΰʼ ФкЈІτ ϙ₅ϭι ὯϞ ᶎם χ χḇ Ϭ ϛϥάρπʼ ︣
ψ Ὠᵗχ ♁τ῟ᴮ σ ├χ τᶨ πΦϥρ―ΠϣϦϥʽϘθʼ  ΰθЯДиψ
χ ל Ϟ ʼ χ χ ⅝χֲốϬᾋ₅ϭπΜσΜΥʼ  4.͕τꜘβТк˔τ ᴣЯ
ДиϞἰ ρΰο ϙ₅ϚάρπάϦϣχ Ϭ― ΰθ ᶎ χ ᴣΥᴦ πΚϥʽ 

 

 
 4.͍͌ᶆ ᴣ τΣΪϥ ᶎ ▄ Ὣᴮ 
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ᶎם ρΰο ΰθ Υ βϥ ᶎ ϒχֲốτνΜοḇ Ϭם☼ΰθʽ

KP56.4 τΣΪϥὫᴮϬ  4.͍͍τꜘβʽḇ χὫᴮʼ ᶎם ρΰο͏ ˢ ӡ˵ ḩ
ἰʼ ‰ʼ χ ˣϬ― ΰθϾ˔Іρ ӡ˕ ḩἰχϙϬ― ΰθϾ˔ІΥϕϖԁ ΰ
οΜϥὫᴮρσμθʽϘθʼ ᶎם ρΰο ‰χϙʼ χ χϙϬ― ΰθϾ˔Іρ ᶎ
ם Ϭ― ΰσΜϾ˔ІΥự βϥὫᴮρσμθʽάϦϢϤ ᵺ τΣΪϥ ᶎ ψ ӡ˵ ḩ
ἰχ ᶎם Υ◦ σ ρ ΠϥάρΥπΦϥʽάχϢΞτʼ ︣ π ӛΰθ ᶎם Ϭ― ΰ
θ ᶎ ᴣ︣ ψʼ Ὠᵗτֲốβϥ ԍχ Ϭᴦ ρΰʼ Ὠᵗ χ ᶎם χ ᾚτ
῟ᴮ σ ├χᾁ ϒχᶨ Υ―ΠϣϦϥʽ 

 
 

 
 4.͍͍ ᶎ τ Πϥ ᶎם Ϭ βϥ χḇ Ὣᴮ 

KP56.4 τΣΪϥ ᶎ Ϭꜘβʽ֒ ψᴅ꞊χС˔ϼ 10,000m3/s Τϣ
12,500m3/s χ ӤχὫᴮϬꜘΰʼ₮ ψζχԁ Ϭᶈ ΰθϜχπΚϥʽ ם Υ ᶎ
ם ρΰο― ΰθ͏ ˢ ӡ˵ ḩἰʼ ‰ʼ χ ˣϬ― ΰθ ›
χ ᶎ Ϭꜘβʽ ψζϦηϦʼ Υ ӡ˵ ḩἰχϙʼСрϼ Υ χ

χϙʼᴍ Υ ‰χϙϬ― ΰθ ›χ ᶎ Ϭꜘβʽ ψʼςχ ᶎם
Ϝ― ΰοΜσΜ ›Ϭꜘβʽ 
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ᶎם ρΰο ΰθ χΞκʼ ӡ˕ ẉό ‰τνΜο ᶆ̓ χ σ Ϭ  4.

͍͎ẉό  4.͍͏τꜘβʽζϦηϦχ πʼ ᴣ τϢμο ᶎם τψ₯Υ αοΜϥʽάϦ
ϣχ ᶎם χ σ₯χ ψʼ ᴣ ϞỸḧ χ ᶎ τֲốβϥ ԍχ ʼ₈ῇχḢ
Ṫ ᵫ χ ΰ ϞД˔Ќχ ʼᴱ Ḛ π ♪βϓΦ χᾁ ϒχᶨ Υ―ΠϣϦϥʽ 

σΣʼự ʼ ‰τνΜοψ ALB χ‰ σД˔Ќ︡ Υᴦ ρσμοΣϤʼ ᴣ χ
Ἃḧᵔ Ϭ ⇔ᴟΰθ Υᴦ πΚϥʽԁ ʼМЃ˔Ж ᴣᵃ π ρσϥ ӡ˕ ḩἰψʼ
ᴱ Ḛ τϢϥיּ ṍᴅ Υ ήϦοΜϥ ӟᵰπψᴡϣΤχ ḁϬ Ξθϛʼ ᶎם Υ
ΦΨσϥρ―ΠϣϦϥʽάχϢΞτʼ ᾆẕπ ρΰθ ‰ρ ӡ˵ ḩἰχ ᶎם ψʼ
‰χ ᶎם Ϭ ᾚήδϥρʼ ӡ˕ ḩἰχ ᶎם Υ βϥρΜΞϢΞσЕй˔ЖϷТχḩἰ
ρσμοΜϥʽ 

 

 
 4.͍͎ Ḣ τΣΪϥ ӡ˕ ḩἰχ ᶎם  

ᴅ꞊ψ χ KP ϬꜘΰοΣϤʼḢ τД˔ЌΥФкАЕήϦοΜϥʽ ꞊ψᶆ
Ḣ τΣΪϥ HQ ṁ χ ӡτ βϥʼם  Ⱳχ ӡχ 95% ỸḧϬꜘβʽ 

 
 4.͍͏ τΣΪϥ ‰χ ᶎם  

ᴅ꞊ψ χ KPʼ ꞊ψ ‰Ϭꜘβʽ Υ ᴣ χ ῇ 100m χὓ 200m Ỹḧχ
ם ‰χ ỡ Ϭꜘβʽ τψʼᶆ ᴣỸḧτḯϘϦϥ ‰Д˔Ќχ ỡρ ╩
Ϭ ṛ ρᴠ ΰθ ›χ Ớ Ϭꜘβʽ ψʼ╥―ρΰοᴱ ὓᵊ χὓᵊ
‰Ϭꜘβʽ 
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4.3. τϢϥ ᶎ χ ᴣ 

τϛαψʼψπ‮ τϢϥ χ ЯДиϬ  βϥʽζχ πʼζχФкЈІτḯϘϦ
ϥ ᶎם Ϭ― ΰθЯрГϸик τϢϥ ᶎ χ ᴣὫᴮϬꜘβʽ 

 
4.3.1.  
4.3.1.1. ӽ 

ᾆẕχ ӽψʼׇ τϢϥ ᶎ χ ᴣρ τ ᵤ τӡ βϥ ὉϬ
ӽρΰθˢ  4.͏ˣ̔  

 
4.3.1.2. τϢϥ ЯДиχ   

χФкЈІψᴱ τΣΪϥ₳ Ϟ τϢϥ χ ʼῐḰ χ  χ ʼ‰
χ χ ῀⌠ ϬὊοʼ τ♩ϥρΜΞ ╛σФкЈІϬ ΰοΣϤ[6] ά̓Ϧϣχṁ

ᾝ χ ᾋχ ʼ ῀ЮϸИЇЭϜ ᵔ σ Υ ΜάρΤϣʼ ᾆẕπψ τϢϥ ᶎ χ
ᴣ︣ χᶎ τΰΪʼ χФкЈІϬ ᴟΰθṁ σ ᴣ︣ Ϭ ӛΰʼםᴱ τ ΰ

ᶎ Ϭ♯▄βϥάρρΰθʽ τϢϥ ЯДиψʼϯЮзϸ ἫῬ τϢϥᴱ  
χӗ ᴣЫИвϯи[7]Ϭ╥―τ  ΰθʽ ᵺⱢ πχ χ ФкЈІψʼE πχ
  ᴞⱲτʼ τ⌠ βϥ τϢϤ Υ ήϦʼ τ♩ϥ ệϬ ΰοΣϤʼ ₳ӱ

χᴱ Ϟ‰ τΣΪϥᾝ ʼ  χ ←ʾ ﬞψ― δγʼ Ϝ τלμοԁ τ
“βϥρΜΞʼ ╛σםᾝ Ϭ ᴟΰθϜχρσμοΜϥˢ  4.͍͐ˣ̔ σΣʼ 28 ⁞֗Ⱳτ

ᴱ π ΰθ ψʼ  ΰθ ЯДиχФкЈІρψӰσϥʽἇ τψʼᾚ
ṍτΣΪϥᴱ τϢϥ Ϟ◦ Τϣχ τϢϥ πΚμθ[8]ʽάϦϣχᾝ ψ⁞֗
Ⱳχ ӡ Ϟ ₳ ệ χộ σ ὯϒχӢ ΥếΨʼᾝ ™ᾝτψᾤ ᴷ Ϭ ρΰ

θᴱ ᵔ Υ ρσϥʽ ᾆẕψ τϢϥ ᶎ χṁ σ ᴣ︣ χ  Ϭ ρΰʼ
Ỹḧ χ ᶎ χ ᴣʼ Ỹḧʾᴱ ϒχ Ϭ ♪ΰʼ ṜχϢΞτ ᴟΰθФкЈІϬ

ΰθʽ 
 

 
 4.͍͐ЯДиᴟΰθ ФкЈІ 

̞╥― ᾅ[7]Ἷ∏ Ϭᵠ  
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ᾆẕπψʼЫИвϯиπꜘήϦθ ᴣ︣ Ϭṁτΰννʼ ӡχⱲὉ ᴟΥ ΦΜ ᴱ χ
Ϭ ϘΠʼⱲὉ σ ӡ Υ― ᴦ σ ЯДиϬ  ΰθʽ  ΰθЯДиτϢϥ

Ὠᵗχ Тк˔Ϭ  4.͍͑τꜘβʽ 
 

 
 4.͍͑ τϢϥ Ὠᵗ χᵵ  



87 

 4.͍͑Ω τꜘβМϱЖкϽжТϬᵰ ὯρΰθρΦ ‰̓ Ϭ βϥ χ ψӟᴞ
χϢΞτ ήϦϥʽ 

(a) ‰ τΣΪϥ Ϭ▄ βϥʽ 
(b) π αϥδϭ ᴂ Ϭ▄ βϥʽ 
(c) χ Υ βϥᾢᵦδϭ ᴂ Ϭ ᵃΰοΜϥṍḧχ Ϭ▄ βϥʽ 
(d) χ Υ Ϭ ᵃβϥ ›τ ρ ήϦϥʽ 
άάπ‰ τΣΪϥ ψʼ ϛ⌠ ΰθᶆ ᴣ τΣΪϥ ρ‰ χ χḩἰτṁ

ξΦʼМϱЖкϽжТχᶆⱲ⁭ Ϭ τ Ḋΰθʽ ρ χḩἰψʼ ⱳᾕ ὓ▄τϢ
Ϥ⌠ ΰθʽάχρΦʼᴱ Ἱ ψ π 2020 ẉό 2021 ʼ╘ π 2022 τ︡ ήϦθ

ṍᴅ Д˔ЌϬ Μθʽ‚Ἃּא Τϣ ἪϬ ΰʼ♂ ӽϬ ΰθʽẽᵦ₤›ἰ f ψʼ
ẽᵦπ f =0.04ʼ Ἢẽᵦπ f =0.03 ρΰθʽ ẉό‰ τΣΪϥ ἰ ψʼự χ︠

  Ϭ ρΰθ™ᾝὓ▄τṁξΦ ΰθʽ 
π αϥδϭ ᴂ ψʼ(4.12)꜠Τϣ▄ ΰθ 

 

†  

1
2
Ͻ ” Ͻ Ὢ Ͻ ὺ, 

  (4.12) 

 
άάπ †̓  ψΚϥⱲ⁭τΣΪϥ π αϥδϭ ᴂ πΚϤ ”̓ψ χל [kg/m3] Ὢ̓ ψ
╗ἰ ϬꜘΰοΜϥʽ ᾆẕπψʼ χԁ σל ρΰο 1000kg/m3 Ϭ ΠθʽϘθʼ ╗ἰ
Ὢ ψ(4.13)꜠[7]Τϣ▄ ΰθʽ 
 

Ὢ 2 2.5 ln 30Ὤ Ὧ ⁄ 1  (4.13) 
 
άάπ h̓ ψ Ὧ̓ ψᴱ ϬꜘΰοΜϥʽE Ὧ ψ ᴱ τΣΪϥԁ ρΰο 0.0479 Ϭ
Πθ[7]ʽ†  

ψʼם∑τψ χ ρ ựπψӰσϥ ρσϥΥʼ ψ Ϭᴠ ΰοΜϥ
άρΤϣʼ τԁ σᴂ Υ αϥ ệϬ ΰοΜϥʽ 

χ ‐ψ(4.14)꜠τϢϤ▄ ΰθʽ 
 

‐  Ὧ † , †    (4.14) 

 
άάπʼ‐ ψ ӡⱲḧΚθϤχ [m/ h]πΚϤʼk ψ χ ήϦϞβήτᴂαο βϥἰ
†̓ ψ χ Υᵫ◐βϥᾢᵦδϭ ᴂ ϬꜘΰοΜϥ k̔ ẉό† ψʼ Ỹḧπχ χЩ˔

зрϽ ₰τϢϥ χ Ἲ Ϭ ϘΠʼ╥― ᾅ[7]τꜘήϦοΜϥ Ὧχ Τϣ¬
σ ΔϬ βϥρΦχ ὯϬ ΰθˢ  4.1ˣ̔  
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 4.1 Ὧẉό† χ Ὧ 

Ὧ ỡ  ₯ 
Ὧʿ χ ήϦϞβήτ 
ᴂαο βϥἰ  [ft3/ lb-hr] 

0.021 1.101 

† ʿᾢᵦδϭ ᴂ  [psf] 1.058 0.560 
̞╥― ᾅ[7]τἿ∏ήϦοΜϥ ʽ 

 
4.3.1.3. ЯрГϸик τϢϥ ᶎ χ ᴣ 

ЯДиτḯϘϦϥОжЮ˔ЌΥ βϥ ᶎם Ϭᶎ ρΰθЯрГϸик τϢϤ
ᶎ Ϭ ᴣΰθ Я̔рГϸик τϢϥ ᶎ χ ᴣψʼ ϣ[3]π ӛήϦθ︣ Ϭ╥―ρΰο

Μϥʽ ᾆẕτΣΪϥ ᶎ ▄ χ ϦϬ  4.͍͒ ᶎ χ▄ Тк˔τꜘβʽ π  ΰθ
ЯДиτḯϘϦϥ ὯχΞκ k̓ ẉό† Ϭ ṛ τ Ξ ρΰο Πθ (̔4.15)꜠ψʼ

ṛ χᶎ ḩ Ϭ ΰοΜϥʽὯψ(4.16)꜠ʼ† ψ(4.17)꜠χ ṛ τ μθ Ϭ
ήδθʽ 
 

Ὢ ὼ
1

ὼ„Ѝ2“
Ὡὼὴ  

lnὼ ‘
2„   (4.15) 

Ὧ ~ὒέὫὲέὶάὥὰ ‘ ,„ 
  (4.16) 

†  ~ὒέὫὲέὶάὥὰ ‘  
,„  

  (4.17) 
 
ЯрГϸик χᶆ♯“ n τΣΜοʼᶎ Ὧ ẉό†  

Υὓ▄τ ΜϣϦϥʽ 
Ὠᵗᶎ ὖ       ψ(4.18)꜠τϢϤ▄ ΰθʽ 

 
ὖ       ὲ       ὔ⁄  (4.18) 

 
άάπ N̓ ψЯрГϸик τϢϥ ὓ▄ᵕ ὲ̓       ψζχΞκ Ὠᵗρ ήϦϥᵕ Ϭ βʽ
ᾆẕπψʼ ὓ▄ᵕ Ϭ 10,000 ᵕρΰθʽ 
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 4.͍͒ ᶎ χ▄ Тк˔ 

 
  

N

n / N

ˍ

bh
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ᴱם .4.3.1.4 ϒχ  

τḩβϥД˔Ќχ  
ρΰθ ẉό╘ χ ᴣỸḧτΣΜοʼ0.2km ḧᶖπ ᶎ χ ᴣϬ“μθʽ⁯ ῖ

Υ ằβϥ ṍᴅ Д˔ЌτṁξΦʼᶆ ᴣ τΣΪϥ χ ‰ʼ‰ χ ‰Ϭ
ΰθʽ χ ῠ ẉό τνΜοψʼᶆᴱ τΣΪϥ χ χ ᾕτṁξΜο
ΰθs  4.2ˣ̔ ЯДиχΞκʼ ∙ Τϣ ήϦϥ ὯὯẉό† ψʼ ∙ Υ⇔ 5%

χ Τϣ  ήϦʼ ᶓ ӗ Υ‰Μ ὯϬ ΰθ ˢ  4.1ˣϬ ΰθʽ 
 

 4.2 ᴣỸḧχ ᾕ 
︣   

KP54.8˙KP61.8 
 

KP62.0˙KP62.8 
╘  

KP3.2˙KP16.6 
ῠ  1:3.0 1:3.0 1:3.0 
 [m] 8.0 7.0 8.0 

 

МϱЖкϽжТχ  
ЯДиϒ βϥᴱ ӡψʼ ϯрЂрУиṓῙ Д˔ЌτṁξΜο▄ ήϦθМϱ

ЖкϽжТϬ ΜθʽМϱЖкϽжТϬᶆ ᴣ τΣΪϥ H-Q ḩἰϬꜘβ(4.19)꜠τϢϤⱲὉ χ
ӡД˔Ќτ Ḋΰθʽ 
 

Ὤ   
ὗ 

ὥ  
ὦ   (4.19) 

 
άάπʼὬ ẉόὗ ψᶆⱲ⁭τΣΪϥ ӡʼ ϬꜘΰοΜϥʽϘθʼὥ  ẉόὦ  ψ ӡρ χḩἰ

Ϭ βἰ πΚϤʼ ỸḧτΣΜοӰσϥ ṛ τϢϥ ᵔ τṁξΜο ήϦθἰ πΚϥʽ
ϯрЂрУиṓῙ Д˔Ќψ d̓4PDFs Ẕᴛ ᴟ ├τⱢβϥϯрЂрУиṓῙ Д˔ЌЦ

˔Іˣ[9]χ ᵔ 20km χД˔ЌϬʼ╦ ϣ[10]Υ ᵤ ӽϬ τ ᵔ 5km ϘπЍϳ
рІϾ˔зрϽΰθṓ Д˔ЌΤϣʼ ӽτΣΪϥ‭֗ Д˔ЌϬ ΜοΜϥʽМϱЖкϽжТ
ψʼ ḩ τϢϥ▄ ήϦθϜχ[11]Ϭ Μθʽ ᾆẕπψ d̓4PDF Υ βϥϯрЂрУиϾ˔І
χΞκʼ ẉό╘ χᴱ ὓᵊ χ ṛ τ βϥС˔ϼ ρσϥϾ˔Іẉό 4̆
ᴛםᾓχΞκС˔ϼ ΥΩ ρσϥϾ˔ІϬ ΰʼζϦηϦχ ᶎ Ϭ ᴣΰθʽσΣʼ ᾆẕ
πψ τϢϥ χϙϬ ᴣβϥάρρΰʼ ӡΥ Ϭ ᵃβϥ ›ψ ӡϬ ‰τ ΦḊΠʼ
ׇ τϢϥ χ χ ФкЈІρχ ῀ֲốψ― ΰοΜσΜʽ 
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4.3.2. Ὣᴮ 
4.3.2.1. МϱЖкϽжТʼ Ἱ ΥӰσϥ ›χ ᶎ  

χ ῲḢ ˢKP56.4ˣϬ ᴣ ρΰʼМϱЖкϽжТẉό Ἱ Ϭ ᴟήδθ ›
χ ᶎ χ▄ ὫᴮϬ  4.͍͓τꜘβʽ  4.͍͓ ψ ᴣ τΣΪϥ Ἱ ρ ᴣτ Μθ
ⱲὉ χ ӡϬꜘΰοΣϤʼᴞ ψЯрГϸик χ♯“ χ χⱲὉ χ ρ ῟ Ϭ
ꜘΰοΜϥʽ χ Υ ῟ Ϭ ᵃβϥ♯“πψ ρ ήϦϥʽ 

 4.͍͓ a) b)ψӰσϥМϱЖкϽжТπχ ᶎ χ ᶓπΚϥʽa)ψ ᴱ ὓᵊχ ṛ
χС˔ϼ Ͼ˔Іʼb)ψ 4̆ ᴛםᾓχΞκС˔ϼ ΥΩ ρσϥϾ˔Іχ ᶎ ϬꜘΰοΣ
Ϥʼ π 1.0˷10-2ʼ π 19.1˷10-2 ρσμθʽάχὫᴮΤϣʼ‰ ӡχὋ ⱲḧΥ Ψʼ τ⌠ β
ϥ χ ⱲḧΥ ΜϾ˔Іπ ᶎ Υ ΦΨσϥάρϬᶎ ΰθʽ 

 

 4.͍͓ τΣΪϥ ᶎ  
 

4.3.2.2. ᶎ χ  
ᶎ χ Ϭ  4.͍͔τꜘβʽ ΰθᵰ ψʼ ᴱ ὓᵊχ ṛ χС˔ϼ Ͼ

˔Іʼ 4̆ ᴛםᾓχΞκС˔ϼ ΥΩ ρσϥϾ˔Іρΰθʽ ФкАЕΥἋ χỸḧψ
ᶎ Υ 10-4 ӟᴞρσϥᴷ ˢЯрГϸик πχ♯“ᵕ 10,000 ᵕχΞκ τ♩ϥϾ˔ІΥ ˣ
πΚϥʽϘθʼ ρ χḩἰτṁξΦ▄ ΰθ HWL πχ Ϭ╥―ρΰοꜘβʽ 

ᾤ τ βϥρʼ KP60.8 ψỆ ῇχ︡Ϥ ΪỸḧχθϛ ‰Υ ῇỸḧϢϤϜ‰
Ψʼ ῟ Υ ΦΨσϥθϛʼ ᶎ Υ ήΨσμοΜϥʽϘθʼ ‰Υ‰ΨσμοΜϥ

KP55.6¤ KP56.0ʼ╘ KP7.0ʼKP12.8 ẉό KP16.4 πψ ᶎ ψ 10-4 ӟᴞρσμθʽӟ
χϢΞτʼᾤ χ ὯΥ ᶎ τ ֳήϦοΜϥάρϬᶎ ΰθʽ 

σ τ βϥρʼ ᴣ ḧχ ᶎ χ‰ ρ χ ḩἰχ ᴂΥᶎ πΦϥʽԁ
ʼ Υ ᴟβϥ KP62.0 ῇπʼ ᶎ χᾒ σ ᴟψᶎ ήϦσΤμθʽ ᾆẕ

π ΰθ ФкЈІẉό  ΰθЯДиπψʼ ᶎ τ ΰο χֲốΥ ΦΜάρΥꜘ€ή
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ϦϥʽϾ˔І π ᶎ Υ 10-2 ӟ ρσϥ τΣΪϥ HWL πχ ψʼ π 3.0 m/sʼ╘
π 4.0 m/s ӟ ρσμοΣϤʼάϦϣ‰ χὋ τϢϤ τ♩μθρ―ΠϣϦϥʽ πχ
χ ᾓπψם ỚᵰḰχ ψ 2.5˙3.0m/s[12]ʼ 28 ᵤ ⁞֗Ⱳχᴝ  ẉόᾭ χ

χ™ᾝᵔ πψ ᴷ χ ψ 4.0˙5.0m/s πΚμθ[13], [14]ʽ ᾆẕπ τ
⌠ ΰθ ψʼםᾝ χ ρ πΚϤʼ ρ χḩἰψ ›ΰοΜϥʽԁ ʼ ᾆẕ
π▄ ΰθ ψʼ‰ Υ Ἢπ ϛϣϦοΜϥᴷ πψ Υớ τ ήΨσϥ ʼζχ

τψὓ▄︣ χᴿ Υ▪ϥʽ₈ῇʼ ⱳᾕπχᵔ τϢϤ‰ χ ᴅ σ χ
ᾁ Υ πΚϥʽ 

 

 
 4.͍͔ ᶎ χ  
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4.4. 4 χϘρϛ 

πψʼ ᵲзІϼ ᴣτΣΪϥ Ὠᵗ Ὧρΰοʼ ᶎם Ϭ― ΰθ ᶎ ᴣЯДиϬ
  βϥάρ ρΰʼ τΣΪϥ︠ σ ЮϸИЇЭπΚϥׇ ẉό τνΜοʼᶆ Фк
ЈІτ ∕βϥ ᶎם χΞκᶎ ρΰο ᴦ σϜχϬ ᴣΰʼ Ὠᵗ ὯϬ ᶎ ρΰο
ᴣβϥЯДиϬ ӛΰθʽׇ τϢϥ τνΜοψʼׇ τϢϥ ϬЯДиᴟΰʼ ӡ˵

ḩἰʼ ‰ʼ χ χ ᶎם Ϭᶎ ρΰθЯрГϸик τϢϥ ᶎ ᴣЯД
иϬ  ΰθʽ τϢϥ τνΜοψʼ  τϢϥ χ ϬЯДиᴟΰʼ χ τṞל
ԍβϥ τ βϥδϭ ᴂ Ϟᾢᵦδϭ ᴂ χ ᶎם Ϭᶎ ρΰθЯрГϸик τϢϥ

ᶎ ᴣЯДиϬ  ΰθʽ  ΰθЯДиϬ ẉό╘ χ τ ΰʼ ԍ χ
ᶎ χ Ϭꜘΰθʽםᴱ ϒχ τϢϤʼ Ἱ χ₯ӰϞ ӡχⱲὉ ᴟΥ ᶎ τ
ֳήϦϥάρϬᶎ ΰʼ ρ χḩἰΥםᾝ ρ ›βϥάρϬꜘΰθʽ ᾆẕπ ӛΰθʼ
ὨᵗχФкЈІχΞκᶎ ρΰο ᴦ σ ᶎם Ϭ ᶎ ᴣτ βϥ︣ ψʼ Ὠᵗτ

ֲốβϥ ԍχ Ϟʼ Ὠᵗ χ ᶎם χ ᾚτ῟ᴮ σ ├ᾁ ϒχᶨ Υ―ΠϣϦϥʽԁ
πʼ Ἢ τϢϥ χᵃ ᴣϞʼ χ ЮϸИЇЭρχ ῀⌠ χ ― ρΜμθᴿ Ϝ▪

ήϦοΣϤʼ₈ῇψ ⱳᾕᵔ χ ϞЯДиχᶈ τϢϥ ΰ ΥẐϛϣϦϥʽ 
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5. ᵲзІϼ ᴣϒχ ᶎ χ  
͑ χᵵ  χ ψʼ ᵲзІϼ ᴣτΣΪϥ ᶎ χ ︣ Ϭ  βϥάρπΚϥʽ
χ ᵲзІϼ ᴣπψʼ ὨᵗϬ ԁ χ Ⱨ ρΰοӌΞάρΥԁ πΚμθΥʼם∑

χ  ᾝ πψʼ χ Υ ᴞ ḧπ ῀τֲốΰ›Ξ Ⱨ ρΰοχ Ϭל ΰοΜϥʽ
πψʼάΞΰθ Ϭ ϘΠθ ᶎ χ ›︣ Ϭ ӛΰʼ ỸḧϬ χ ᴣ ӡτ ᶤΰθ

πʼ Υ ⱨβϥỸḧϬЈϼЄдрρΰο ṰΰʼЈϼЄдр ᵰχḩἰ Ϭ― ΰθ ᶎ
χ ᴣϬ“μθʽήϣτʼ ӛΰθ︣ Ϭ 2 π  ΰθ ᵲзІϼ ᴣЯДиτ ΰʼ ᶎ
Ϭ ֳΰθзІϼϸ˔Уχ⌠ Ϭ αοʼ ᶎ τϢϥ ᵲзІϼχ ᴟϬ τꜘΰθ  ̔
 

5.1. ψαϛτ 

5.1.1. ᾆẕ ὂ 
πψʼ 4 π ӛΰθ ᴣЯДиτϢϤ▄ ήϦθ ᶎ Ϭʼ ᵲзІϼ ᴣτ ֳήδϥ

︣ χ ӛϬ ρβϥʽἇ τψʼ 2 π ΜθМЃ˔Жχ ᶎ ρ ᵲχḩἰϬꜘβзІϼ
ϸ˔УϬᶨ ΰʼάϦτ ᶎ Ϭ βϥάρπʼ ᵲзІϼ ᴣ︣ χ‰ ᴟϬ ϥʽⱵ Ὂↄ
₰ЫИвϯи[1]πψʼ χᵰ Ͼ˔Іτ ΰο ὓ̓ᵊ‰ ӡϬ Ὠᵗ Ὧρΰθᶆ τΣΜο

ᵔ Ϭם☼ΰʼ ᾖ χᶆЮАЄвτΣΪϥ Ϭ▄ βϥʽΚϥЮАЄвτ ΰθ ›ʼ
ᶆ ᵔ Τϣ ϣϦθ χΞκΩ ϬʼζχЮАЄвχ σ ρΰο⅜ βϥʽάχ
︣ τϢϤʼᵰ χ ᶎ ρ ρχḧτԁ ԁχ ᴂḩἰΥ ΰʼ τᴂαθ ᵲᶛρχ
ḩἰΤϣзІϼϸ˔УϬ  βϥάρΥᴦ ρσϥʽάχ ψʼᶆ τΣΪϥ Ὠᵗ Ὧ
Υὓᵊ‰ ӡπ ԁήϦοΣϤʼ ᶎ Ϭ ᴣρϙσβάρΥπΦϥθϛ ΰοΜϥʽԁ πʼ

Ὠᵗ Ὧτ ᶎ Ϭ βϥ ›ʼᶆ τΣΪϥ ᵔ Ὣᴮψᶎ τ ᴣρψσϣσΜʽ
ζχθϛʼᶆ ᴣ χ ᶎ ϬςχϢΞτ ›βϥΤʼΚϥΜψςχ χ ᶎ Ϭ ρΰ
ο⅜ βϥΤΥʼם χᴿ ρσϥʽ 

ᵲзІϼ ᴣτ ᶎ Ϭ βϥ ρΰοʼ Ϭ βϥ︣ ΥấΫϣϦϥʽ Πωʼ
ᴱ Υ ΨϬ ϛϥϷжрЍπψʼ Ἱ Υ ἷπΚϥθϛʼ Υςχ πὨᵗΰοϜʼ
πψϕϖỡԁσ Υ αϥʽάχ τϢϤʼ ᶎ ΥΩϜ‰Μ χ Ϭ ρΰο

Μϥάρπʼ ᵲзІϼχ ᴣΥ“ϩϦοΜϥ[2]ʽԁ ʼẍ ᴱ Υ Μ πψʼ Ἱ ψ︠τ
ᴞἷπΚϤʼ τϢμο ӤϞ Υ ΦΨӰσϥʽϘθʼ πχ τϢϥ χᾚ

Ϟʼ χ ϤτϢϥ χᵕ ʼᴞ τΣΪϥ Ὧτψ ḧχ ḩἰΥ ∕βϥʽά
χϢΞσ ὂϬ ϘΠϥρʼ τΣΪϥ ᵲзІϼ ᴣτ ᶎ Ϭ βϥ∑τψʼ ḧχ

ḩἰϬ― ΰθ ᴣ︣ χ  Υ ᴦὧπΚϥʽ 
ṌᴁᾆẕτΣΜοϜʼ ᶎ Ϭ ᵲзІϼ ᴣτ ֳήδϥ︣ χᾁ Υ ϛϣϦοΜϥʽ ϣ

[3]ψʼ ᵗϬ ρΰθ ᶎ χ▄ τΣΜο ᶆ̓ ᴣ χ ᶎ Ϭᾤ τ ᴣΰθ πʼ
ᵔ τΣΜοψ σ Ϭ ΰʼζχ πχ Ϭ ρΰθ ЄЬвй˔ЄдрϬ

ΰοΜϥʽϘθʼWang☼ם ϣ[4]ψʼ‭֗χ ᶎם τṞԍβϥᵰ χ ρʼ ∙ χ ᶘ
χἋḧ ỡל Ϭᶎ ρΰο︡ϤӌΜʼ χ τΣΪϥ ᴣϬ“μοΜϥΥʼ
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ᵔ τΣΜοψ ḧχ ḩἰψ― ΰοΜσΜʽ ḧχ ḩἰϬ― ΰθᾆẕρΰοʼ
Alex ϣ[5]ψ Ỹḧπχ ὨᵗτϢϥᴞ Ỹḧχᴱ χ ᾚΥ αϥ  ЄЗзϷϬ― ΰθ

ᵲзІϼϬ ᴣβϥ Ϭ ӛΰοΜϥʽ ︣ ψʼ ʾ χԁ σᵔ Ϭ Ͼ˔Іπם☼
βϥ ΥΚϥʽζχθϛʼ χ τᴂαοᶆ χ ᶎ Υ ᴟΰθ ›τψʼ ᵲ
зІϼχ™ᵔ τ‰Μὓ▄ ᴻΥ Ξθϛʼם ϒχ τψᴿ ΥΚϥρ―ΠϣϦϥʽ ᾆẕψʼά
Ξΰθᴿ Ϭ ϘΠʼ ᵲзІϼ ᴣτΣΪϥ Ὠᵗ Ὧρΰο ᶎ Ϭ βϥτΚθϤʼ

ḧχ ḩἰϬ ϘΠννʼם ϒχ τΚθμοχḛ Ϭ― ΰθ Ϭ ӛβϥϜχπΚϥ  ̔
 

5.1.2. ᾆẕ  
τΣΪϥᾆẕ ψʼ ᵲзІϼ ᴣτΣΪϥ Ὠᵗ Ὧρΰο ᶎ Ϭ βϥ︣ Ϭ 

βϥάρπΚϥʽ︣ χ  τΚθμοψʼ χ Ϭ ԁ πχ Ⱨ ρΰοπψσΨʼ
ᴞ ḧπ ῀τֲốΰ›Ξ Ⱨ ρΰο ΠϥρρϜτʼם ϒχ Ϭ ϘΠṌ χ ᵲзІϼ

ᴣχ™ᵔ Ϭ ϩγτ ֳᴦ σ Ϭ ӛβϥʽ 
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5.2.  

ᾆẕπψʼᶆ ᴣ χ ᶎ Ϭ ›ΰʼ Ỹḧ χ ᶎ Ϭ ᴣβϥʽ Ỹḧ χ
ᶎ χ▄ τϢϤʼ 

‭֗ʾ χ ᶎ   Ỹḧ χ ᶎ ᶎ  (5.1) 

ρΰοʼ ᶎ Υ▄ ᴦ ρσϥʽάχ ᶎ Ϭʼ ᵲзІϼ ᴣτΣΪϥзІϼϸ˔
Уχᵰ χ ᶎ ρβϥάρπʼ™ᵔ Ϭ ϩγτ ᵲзІϼ ᴣϒχ ᶎ χ Υᴦ ρσϥ  ̔

ᴣ ḧχ Ϭ Ⱨ ρΰο︡ϤӌΞ ›ʼ Ỹḧ χ ᶎ ψᶆ ᴣ τΣΪϥ
ᶎ χ ρΰο ᴣπΦϥʽԁ ʼם  Ⱳψ π Υ ΰθ ›ʼ τϢϥᴱ

χ ᾚτϢϤᴞ χ χḾᾑ Υ ᴞβϥάρΥΚϥʽ ᾆẕπψʼ ᴣ ḧχ ψ Ⱨ
ρΰο︡ϤӌΞάρρΰʼ Ỹḧ χ ᶎ χ ᴣτΚθμοψ χ ᴣ τΣΪϥ ᶎ

Ϭᾋ₅ϙʼᴞ χ ᶎ Ϭ ᴣβϥʽ  5.͍χ̔ԊΥᶆ ᴣ ϬꜘΰοΜϥʽ ᶎ χ ›χ
∑ʼᶆ ᴣ ϬЈϽЮрЕʼ ᾖτΣΪϥ Ἱ Υ ⱨβϥỸḧϬЈϼЄдрˢ  5.͍ ʼ
Ϭ Ϊπ ꜘˣρΰο ṰΰʼζϦηϦχ ḩἰϬᴠ ΰο ᶎ Ϭ ᴣβϥʽ 

 

 
 5.͍ ᴱ ӡ ρ ᴣ  
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ᾆẕπψʼ ᴣ ḧχ ᾝ χӢ ḩἰϬ Ⱨ ẉό Ⱨ ρΰοӌΞ ›τᴥΠʼ יּ

Ϭ ϙ›ϩδο ᴣβϥάρρΰθʽἇ τψʼᶆ ᴣ ϬЈϽЮрЕʼ ӽΥ ⱨβϥЈϽЮ
рЕϬϘρϛθЈϼЄдрϬ ˢ  5.͎ˣΰʼᶆЈϼЄдр χЈϽЮрЕχ ᶎ Ϭ ›ΰθ

ᶎ Ϭ▄ ΰθ πʼᶆЈϼЄдрχ ᶎ Ϭ ›ΰʼỸḧ χ ᶎ Ϭ▄ βϥʽσΣʼ
τΣΪϥᶆ χ ᶎ ψʼ ͐ ͎ π▄ ΰθׇ τϢϥ ᶎ Ϭ Μϥʽ 
 

 
 5.͎ЈϽЮрЕρЈϼЄдрχḩἰ 

 
5.2.1. ᶆЈϼЄдрχ ᶎ χ▄  

ψπ‮ ᶆ̓ЈϽЮрЕχ ᶎ Ϭ ›ΰ Ј̓ϼЄдрχ ᶎ Ϭ ᴣβϥ τνΜο ϓϥʽ
ᾆẕπψЈϼЄдр πψ ᶎ ΥΩ χ π Υ ΰʼ πψ ψ ΰσΜρᴠ
ΰθʽЈϼЄдр χᶆЈϽЮрЕχ ψ Ⱨ ρΰο︡ϤӌΜʼ ΰθ ›ψ ЈϽЮ

рЕχ ᶎ Υ 0 ρσϥάρϬӪ ΰοΜϥ ά̔χρΦ (̓5.2)꜠ϢϤᶆ ὯπχЈϼЄдр χ
ЈϽЮрЕχ ᶎ χΩ ΥʼЈϼЄдрχ ᶎ ρσϥʽ 

 
ὖ ,        ή max

   
 ὖ ,       , ή  (5.2) 

 
άάπχὖ ,       ψΚϥЈϼЄдрτΣΪϥ ᶎ ʼ|q ψ q τΣΪϥ Ὧ Φᶎ πΚϥάρ

ϬꜘΰοΜϥ ὖ̔ ,       , ψЈϽЮрЕ i τΣΪϥ ᶎ πΚϥ n̔ ψЈϼЄдр τḯϘϦϥЈϽЮ
рЕ ϬꜘΰοΜϥʽ 

 
5.2.2. Ỹḧ τΣΪϥ ᶎ χ▄  

ⱳτᶆЈϼЄдрχ ᶎ Ϭ ›ΰʼ Ỹḧ χ ᶎ Ϭ ᴣβϥ τνΜο ϓϥʽ
ᾆẕπψ ԁ Ὧᴞπψʼ χЈϼЄдрπ Υ ΰθ ›ʼᴞ χЈϼЄдрπψ
ψ ΰσΜρᴠ ΰθʽάχρΦ (̓5.3)꜠ϢϤΩ χЈϼЄдрπψʼ χ χֲốϬ Ϊσ
ΜχπЈϼЄдрχ ᶎ ΥζχϘϘӲⱱήϦϥʽ(5.4)˙(5.6)꜠ϢϤᴞ χЈϼЄдрτΣΜο
ψʼ ᵺЈϼЄдрχ ᶎ τ χЈϼЄдрπ ΰσΜᶎ Ϭ αθϜχΥʼ ᵺЈϼЄд
рτΣΪϥ Ϭ― ΰθ ᶎ ρσϥʽ 
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ὖ ,   ,  ή ὖ ,       ,  ή (5.3) 

ὖ ,   ,  ή ὖ ,       ,  ή ẗ  1  ὖ ,   , |ή  (5.4) 
ὖ ,   ,  ή ὖ ,       ,  ή ẗ  1  ὖ ,   , ή ὖ ,   , ή  (5.5) 

ể  
ὖ ,   ,  ή ὖ ,       ,  ή ẗ  1 ίόά 

 ὖ ,   , |ή  (5.6) 
 
άάπχὖ ,   , ψʼ Ϭ― ΰθ ᶎ ϬꜘΰοΜϥʽ|q ψ q τΣΪϥ Ὧ Φᶎ ʼn

ψЈϼЄдр ϬꜘΰοΜϥʽ 
Κϥ ὯᴞτΣΪϥ Ỹḧ χ ᶎ ὖ ,   ,   |qψʼᶆЈϼЄдрχ Ϭ― ΰθ
ᶎ χ ρΰο(5.7)꜠τϢϤὓ▄ήϦϥʽ 
 

ὖ ,   ,     ὖ ,   , |ή
 

 
 (5.7) 

 
σΣʼם∑χ  Ⱳτψ χ τϢϥ ᾚϞ Ϥʼ◦ χ› ʼ ὯψỸḧ π

ԁ ρψσϣσΜʽᶆ χ ᶎ ϬϢϤ ⇔τ ᴣβϥτψʼάϦϣ ᴞ χ ᴟχֲốϬᾋ
₅Ϛ ΥΚϥʽ ᾆẕπψʼ ӛ︣ χὫᴮχᵔּתχ ╛ήϬᵕ βϥθϛʼ ὯψⱲḧ ᴟϬ

ϩσΜ Ὧρΰθᵔ Ϭם☼ΰθʽ 
 

5.2.3. ᶎ χ ᵲзІϼ ᴣϒχ  
Ωῇτʼ πψ ᵲзІϼ ᴣϒχ ᶎ χ ֳϬ♯ϙʼ Ὠᵗ ὯχӸΜτϢμο ᵲзІ

ϼΥςχϢΞτ ᴟβϥΤϬꜘβʽ ᵲзІϼ ᴣτψʼ 2 2.2 π▄ ΰθ Ⱳχ ᵲзІϼ
ᴣὫᴮϬ Μϥ ά̔ϦϣχὫᴮψ d̓4PDF Υ βϥ ϯрЂрУиṓῙ Д˔ЌχΞκʼa Ạם

ᾓ 3000 χД˔ЌΤϣ ΰθ Ω ‭֗ϱЦрЕϬᵰ ρΰθ ᵔ τṁξΜοΣϤʼᶆϾ˔
Іχ ᶎ ρ ᵲᶛχḩἰϬФкАЕΰθзІϼϸ˔УϬ⌠ βϥάρπ ᴣϬ“μοΜϥʽ 

зІϼϸ˔Уχ⌠ τΚθμοψʼᶆϾ˔Іχ ᶎ Ϭ d4PDF χϯрЂрУиД˔ЌϬ ρ
ΰθ ӡ ὓτϢϤ▄ ΰοΣϤʼᶆϾ˔Іψ Τν ᶎ χⱧ ρΰο︡ϤӌμοΜϥʽ ᾆẕπ
ψʼάχ Ϭ ϘΠθ πʼ ᶎ Ϭ― ΰθ  χ ᶎ ὖ     Ϭӟᴞχ꜠τϢϤ▄ ΰθʽ 

 
ὖ       ὖ      ὖ ,   ,    (5.8) 

 
άάπχὖ    ψ‭֗χ ᶎ ʼὖ ,   ,   ψỸḧ χ ᶎ Ϭꜘβʽ▄ ήϦθᶆϾ˔Іχ 

ᶎ ρ ᵲᶛχḩἰϬϜρτʼ ᶎ Ϭ ֳΰθ θσзІϼϸ˔УϬ⌠ ΰʼ ỡ ᵲᶛϞ
├τϢϥ ᵲὖᾚṍ ᶛχ ᴟτνΜο―╔Ϭ“μθʽ 
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5.3. Ὣᴮ 

5.3.1. ᶆЈϼЄдрχ ᶎ  
ЈϼЄдрχ ᶎ χ ›ὫᴮϬ  5.͏τꜘβ ᶆ̔ЈϼЄдрχ ᶎ Ϭ ›ΰθὫᴮʼ ᶎ
ΥΩ ρσϥЈϽЮрЕψ χЈϼЄдр 3 χϙ ὯτϢμο ᴟΰθʽἇ τψʼ

Υ 6,000m3/s ựπΩ ρσϥЈϽЮрЕΥ ם Τϣ ם ϒρ ᴟΰθ ԁ̔ ζ̓χ χЈϼЄд
рτΣΜοψ ὯτϢμο ᴟδγʼЈϼЄдрχ ᶎ ψԁνχЈϽЮрЕχ ᶎ π ᴣ
ήϦθʽάχϢΞτЈϼЄдр πΩ ρσϥ ᶎ Υςχ ὯτΣΜοϜ χЈϽЮрЕρ
σϥ ›ʼ ᵺЈϽЮрЕϬ ḗ♪ᴷ Ϟ ├ ᴷ τ βϥάρπʼ῟ τЈϼЄдр
χӗ Ḛ Ϟ ᶎ χ ᾚΥᴦ τσϥρ―ΠϣϦϥʽ 

 

 
 5.͏ЈϽЮрЕρЈϼЄдрχḩἰ 

Υ╘ ʼᴞ τ χ ᴣὫᴮϬꜘΰοΣϤʼЈϼЄдр ‹ψᴞ χЈϼЄ
дрτΰΤμο τ ‹ ΪΰοΜϥ ⁷̔ӟᵰχם ψЈϼЄдр τḯϘϦϥᶆЈϽ
ЮрЕχ ᶎ πΚϤ ם⁷̓ ΥЈϼЄдр πΩ ρσϥЈϽЮрЕχ ᶎ Ϭ

ΰθϜχπΚϥʽ 
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5.3.2. Ỹḧ χ ᶎ  

χЈϼЄдрχ ᶎ χ Ϭᾋ₅ϭι ›χᴞ χ ᶎ Ϭʼ  5.͐τꜘβ Ὡ
τΚθϥЈϼЄдр 1 τΣΜοψʼ Ϭ― ΰθ ᶎ ˢ⁷ם ˣΥζχϘϘЈϼЄдр 1 χ

ᶎ ρσϥʽᴞ χЈϼЄдрπψ χЈϼЄдрπ βϥ ›ψζχᶎ Υ₯ΰԏΤϦϥ
θϛ Ϣ̓Ϥ ὯΥ Φσ ᶎ ϕς Ṍ̓τ π Υ βϥθϛ ᶎ Υᾚ ΰοΜϥs

ˣ̔ ╘ τΣΜοψΩᴞ τΚθϥЈϼЄдр 4 τΣΜοψςχ ὯτΣΜοϜ πβ
πτ‰Μ ᶎ Ϭ ΰοΜϥθϛʼςχ ὯτΣΜοϜ ᶎ ψ 0 τựΨσμθʽ 

 

 
 5.͐ᶆЈϼЄдрτΣΪϥ Ϭ― ΰθ ᶎ χ▄ Ὣᴮ 

Υ╘ ʼᴞ τ χ ᴣὫᴮϬꜘΰοΣϤʼЈϼЄдр ‹ψᴞ χЈϼЄ
дрτΰΤμο τ ‹ ΪΰοΜϥʽ⁷ם ΥᶆЈϼЄдрχ ᶎ ʼ Υ

χЈϼЄдрρχ Ϭᾋ₅ϭι ›χ ᶎ ϬꜘΰοΜϥʽ 
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ⱳτ ᾆẕπ ΰθᶆ χḩἰτ ΰοʼ οϬ Ⱨ ʼ Ⱨ ρϙσΰθ ›χ

τΣΪϥ ᶎ χ ᶓϬ  5.1 τꜘβʽ ο Ⱨ ρϙσΰθ ›ψᶆЈϼЄдрχ ᶎ Ϭ
αʼ ο Ⱨ ρϙσΰθ ›πψᶆЈϼЄдрχ ᶎ χ Ϭ▄ ΰοΜϥʽζχὫᴮʼ ᾆẕ
π ΰθ ḩἰπΚϥʼЈϼЄдр πΩ ρσϥЈϽЮрЕχ ᶎ Ϭ⅜ ʼЈϼЄдрḧπ
ψ χ ᶎ Ϭ― βϥ Ὧψ ḧ σᶎ ρσμθʽάχϢΞτ ḩἰχ― χ Ϟ Ὧ

τϢμοʼ Ỹḧ χ ᶎ ψ ΦΨ ᴟβϥάρΥϩΤμθʽ ︣ πψΜΨνΤχᴠ
τṁξΜο χ ὯϬ ΰοΜϥʽ₈ῇʼϢϤם τ ΰθ ᶎ Ϭ▄ βϥθϛʼם∑χᴱ

χ ʼ τ ᴂΰθ Ὧ χ︣ Υ πΚϥʽ 
 

 5.1 Ỹḧ χ ᶎ  
︣  ᶎ  
ḁ Ӣ  0.00883(1/110) 

ᾆẕπ ΰθ Ὧ 0.02564(1/40) 
ḁ  0.07476(1/10) 
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5.3.3. ᵲзІϼ ᴣϒχ ֳ 

ᵲзІϼ ᴣϒχ ᶎ χ τϢϥ ᵲᶛзІϼϸ˔Уχ ᴟϬ  5.͑τꜘβ ᶆ̔Ͼ˔Іτ
ᶎ Υ‭֗χ ᶎ Τϣʼ ᶎ Ϭ― ΰθ  ᶎ ϒρ ḊήϦϥθϛʼ π ꞊χФ

кАЕӡ Υ ᴟΰοΜϥʽᶆϾ˔Іχ ᵲᶛτψ ᴟψσΜʽ ᶎ Ϭ― βϥάρπʼ ᵲзІ
ϼϸ˔Уψ ꞊ ΰτᾚ ΰʼζχ ỡ ᵲᶛψ a̓) ᶎ ― χ ›χ 50 /ד Τϣ b)

ᶎ ― χ ›χ 1.3 /ד ρ ΦΨᾚ ΰθʽ 
άάπ ϣϦθὫᴮψʼ ᶎ Ϭ βϥάρπʼϢϤᾝם σ ᵲзІϼχᾋ ϜϤΥᴦ ρσ

Ϥʼa σ ᵲ τϢϥ ӗχὖᾚϞʼ ├χ ῟ᴮχ™ ᴣτνσΥϥρΜΞ π πΚϥʽ׃
τʼ ỡ ᵲᶛΥ τ ᴞβϥάρπʼ‰ ᴟϞ ṛ σ ᵠ ρΜμθ‰ЀІЕσ ├χ

Υᾋ ήϦʼ♁ χ Ϟᴪἇχ ᴟ ʼ Υꜛϣ︡Ϥ ϙϞβΜӗᴣπᾝם σ ├χ
τνσΥϥᴦ ΥΚϥʽԁ πʼзІϼΥ Ψᾋ ϜϣϦϥάρτϢϤʼˮ ꜛ χ ӽψӗ πΚ

ϥ˯ρ῏ ήϦʼ χ ←Ӫ꜡Ϟ “ Υ ᴞβϥὼ ϜΚϥʽ τʼᶎ σ ψ ḇ τ
ᵔΰξϣΨʼ ᶎ πΚμοϜԁ βϦω σ ᵲϬϜθϣβᴦ ΥΚϥάρϬʼ τ Π
ϥзІϼЀЬвИϾ˔ЄдрΥẐϛϣϦϥʽ 
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 5.͑ ᶎ Ϭ― ΰθ ›χ ᵲзІϼϸ˔Уχ ᴟ 

ˢaˣ ᶎ ― ʼs bˣ ᶎ ―  
(a)ψ 2 2.2 Ⱳχ ᵲзІϼ ᴣχὫᴮʽ(b)ψ ᶎ Ϭ― ΰ ᶎ Ϭ
™ ΰθϜχʽ 
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5.4. 5 χϘρϛ 

πψʼ ᵲзІϼ ᴣτΣΪϥ Ὠᵗ Ὧρΰο ᶎ Ϭ βϥτΚθϤʼ ḧχ
ḩἰϬ ϘΠννʼם ϒχ τΚθμοχḛ Ϭ― ΰθ Ϭ ӛΰθʽ ᴣ ρβϥ
ỸḧϬЈϽЮрЕρЈϼЄдрτ ᶤΰʼЈϼЄдр πψΩ ᶎ Ϭ ρΰʼЈϼЄдр

ḧπψ χ Υᴞ χ ᶎ τֲốϬ― βϥάρρΰʼ Ỹḧ χ ᶎ ϒρ ›βϥ
︣ Ϭ ӛΰθʽζχὫᴮʼ τΣΪϥׇ τϢϥ ᶎ ψ 1/40 ρσϥάρϬꜘβρρϜτʼ

χ― χ Υ ᶎ τ ΦΨֲốβϥάρΥϩΤμθʽϘθʼ▄ ΰθ ᶎ Ϭ ᵲзІ
ϼϸ˔УτϢϥ ᴣτ Μθ ›χ ᵲзІϼϬꜘΰθʽ πꜘΰθ ᵲзІϼψʼ ὨᵗϬϢϤ
ᾝם τ ΰθ Ὧπ ᴣΰθρΜΞ πʼ ᾤ τρμοϢϤᾝם σзІϼ χ ằϬᴦ ρ
βϥϜχπΚϥʽ₈ῇʼםᴱ χ ʾ τ ᴂΰθ χ ︣ χ‰ ᴟϞʼ ʾ
χԁ σᵔ τϢϥ ᶎ ρχ ῀ᾁ Υ πΚϥʽ 
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6. Ὣ  
ự ʼᵈΥ⁯πψḢ Ṝ Ϭ Πϥ⁞֗χ χṓῙ χֲốΥᾒ∕ᴟΰοΣϤʼ ᵲτϢϥ

ᵲὖᾚτΰΪοʼ ᵲзІϼ ᴣτṁξΜθ ├ ΥẐϛϣϦοΜϥʽꜛ ←ᵲ χзІϼ ᴣψ
МЃ˔Жʾ ʾ פֿ χ╣ Τϣ  ήϦʼζχ ᴣᵃ τψ ˑσ ᶎם Υ ήϦϥʽ Π
ωʼМЃ˔Ж ᴣψʼ‭֗Ϭᵰ ρΰθ ᵔ τϢϥᴱ ʾ ӡχ▄ ʼήϣτ Ὠᵗῇχ

ᵔ τϢϤ Ϭ βϥ Υԁ πΚϥΥʼάϦϣχᵃ τψ ʾḢ Д˔Ќχ Ϟ
Д˔ЌχⱲἋḧ τṞԍβϥ ᶎם ΥḯϘϦοΜϥʽự πψʼṓ ʾ ʼ  χ‰
σḢ Ṫ χᵫ τϢϤʼάϦϘπ τӌϩϦοΦθ ᶎם τνΜοᶎ Ϭⱱν ρΰ

ο τ︡ϤӌΞάρΥᴦ ρσϤννΚϥʽάϦψʼὊↄᶘּיТжрϼʾЗϱЕχ Ṱβϥˮ
ᴦ σ ᶎם Τ˯ϣˮ ᶎ ρΰο ᴦ σ ᶎם ϒ˯χ Ḋρӡ ξΪϣϦϥ ΰ̔ΤΰσΥϣʼ

άΞΰθ ᶎם Ϭ ᴟΰʼ ᵲзІϼ ᴣτ ֳΰθⱧ ψᾢϣϦοΜϥʽ ᾆẕψʼ χ ὂ
Ϭ ϘΠʼṓ ᾝ Τϣ ʾ τ♩ϥԁ χᵃ τ ∕βϥ ᶎם χΞκʼᶎ ρΰο ᴦ
σ Ϭ ᴣᵃ τ βϥάρπʼ › σ ᵲзІϼ ᴣ︣ Ϭ ӛβϥάρϬ ρΰθϜχπ
Κϥʽ 

͎ πψʼ ṛ ϯрЂрУиṓῙ Д˔Ќˢd4PDFˣϬớ ‭֗ϱЦрЕχ ṍḧϬ ρ
ΰθЍϳрІϾ˔зрϽτϢϤἋḧᵔ Ϭ‰ϛθṓῙ ЯДиϬᶨ ΰʼ ⱲẉόừẍⱲχζϦ
ηϦχᶨ τᴂαθзІϼ Ϭ ρΰθ › ᵲзІϼϬ ᴣΰθʽ Ⱳχ ᴣπψʼ

Ϭ︠σᶨ ︠ ρΰʼᴪᴒ 1 ᾭΚθϤχ ᵲᶛϞ ᵲὖᾚ├χ Ɫ῟ᴮϬ τ ᴣβϥ︣ Ϭ
  ΰθʽ ϯрЂрУиṓῙ Д˔ЌϬ Μθ ᵔ τϢϤʼ ρ ᵲᶛχḩἰϬзІϼ
ϸ˔Уρΰοᴦ♪ᴟΰʼ ỡ ᵲᶛϞ ᵲὖᾚṍ ᶛʼ ├ ρχ ᶓτϢϥ Ɫ῟ᴮχ Ϭ“
μθʽάϦτϢϤʼᾤ ΥꜛϣχзІϼϬ¬ЅУрЁЕºρΰο Πʼ σ ←“ Ϟ ├ Ϭ“Ξ
θϛχ ằχᴦ ϬꜘΰθʽừẍⱲχ ᴣπψʼꜛⱵ Ϭ︠σᶨ ︠ ρΰʼṓῙ Д˔Ќτ
ṁξΨ←ᵲЄЗзϷϬᶨ ΰθ χ ︣כ◦ Ϭ ӛΰθʽIDR4M ЄІГЭϬ Μθם

ᾓϬם αοʼ Ὂᾓχ←ᵲτ βϥ ᴂ χΰ Ϟʼ Ἡ ʾ ם← ϒχᴂ ᴦ Ϭꜘΰθʽ 
͏ πψʼᴱ ὓᵊτΣΪϥᶎ ֗ χ ᴣτ ΰοʼ ṛ ϯрЂрУиṓῙ Д˔ЌϬᶨ

βϥάρπʼ‭֗χⱲἋḧ τ ∕βϥ ᶎם Ϭᶎ τ ᴣΰʼḢ Д˔Ќχ ṛ τṞԍβ
ϥᶎ ֗ χ ᶎם Ϭ τ ᴣβϥ︣ Ϭ ӛΰθʽ Ω ‭֗ϱЦрЕχ τ∑ΰοψʼ
RCM5 ϒχ‰ᵔ ЍϳрІϾ˔зрϽϬ“Ξάρπ ם̓ ‭֗χО˔ЈрЌϱи χ™ᾝ Υΰ β
ϥάρϬꜘΰθʽϘθʼם ‭֗τṁξΨНϱϯІ τϢϤʼЯДи χ™ᾝ Ϭ‰ϛϥ︣ τνΜ
οϜᾁ Ϭ“μθ ᶎ̔ ֗ χ ᴣτΚθμοψ 6̓0 Ϭ 1 ρΰθзЂрФзрϽ︣ τϢϤ
χṓ ЄЗзϷϬ  ΰ G̓umbel ẉό GEV Ϭ Μο ᶎם Ϭ ᴣΰθ ζ̔χὫᴮʼ ṓ
ῙᴞτΣΜοψʼ1/150 ᶎ ֗ Υᾝ∕χ 1.4 τ ᴥβϥᴦ ΥΚϥάρΥϩΤμθʽήϣτʼ

ṛ ϯрЂрУиД˔ЌϬ Μθ ᵔ τΣΜοψʼ‭֗ τᴂαθОжЮ˔Ќ ︣ Ϭ β
ϥάρπʼם χ™ᾝ Ϭΰ ήδϥρρϜτʼ ṓῙᴞπψС˔ϼ Υ 1.7 τ ᴥβϥ
άρΥ ϣΤτΰθʽ 

4 πψʼ ᵲзІϼ ᴣτΣΪϥ Ὠᵗ Ὧρΰοʼ ᶎם Ϭ― ΰθ ᶎ ᴣЯДи
Ϭ  βϥάρ ρΰʼ τΣΪϥ︠ σ ЮϸИЇЭπΚϥׇ ẉό τνΜοʼᶆ Ф
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кЈІτ ∕βϥ ᶎם χΞκᶎ ρΰο ᴦ σϜχϬ ᴣΰʼ Ὠᵗ ὯϬ ᶎ ρΰο
ᴣβϥЯДиϬ ӛΰθʽׇ τϢϥ τνΜοψʼׇ τϢϥ ϬЯДиᴟΰʼ ӡ˵

ḩἰʼ ‰ʼ χ χ ᶎם Ϭᶎ ρΰθЯрГϸик τϢϥ ᶎ ᴣЯ
ДиϬ  ΰθʽ τϢϥ τνΜοψʼ  τϢϥ χ ϬЯДиᴟΰʼ χ τל
Ṟԍβϥ τ βϥδϭ ᴂ Ϟᾢᵦδϭ ᴂ χ ᶎם Ϭᶎ ρΰθЯрГϸик τϢ
ϥ ᶎ ᴣЯДиϬ  ΰθʽ  ΰθЯДиϬ ẉό╘ χ τ ΰʼ ԍ χ

ᶎ χ Ϭꜘΰθʽםᴱ ϒχ τϢϤʼ Ἱ χ₯ӰϞ ӡχⱲὉ ᴟΥ ᶎ
τ ֳήϦϥάρϬᶎ ΰʼ ρ χḩἰΥםᾝ ρ ›βϥάρϬꜘΰθʽ 

5 πψʼ ᵲзІϼ ᴣτΣΪϥ Ὠᵗ Ὧρΰο ᶎ Ϭ βϥτΚθϤʼ ḧχ
ḩἰϬ ϘΠννʼם ϒχ τΚθμοχḛ Ϭ― ΰθ Ϭ ӛΰθʽ ᴣ ρβϥ
ỸḧϬЈϽЮрЕρЈϼЄдрτ ᶤΰʼЈϼЄдр πψΩ ᶎ Ϭ ρΰʼЈϼЄд

рḧπψ χ Υᴞ χ ᶎ τֲốϬ― βϥάρρΰʼ Ỹḧ χ ᶎ ϒρ ›β
ϥ︣ Ϭ ӛΰθ ζ̔χὫᴮʼ τΣΪϥׇ τϢϥ ᶎ ψ 1/40 ρσϥάρϬꜘβρρϜτʼ

χ― χ Υ ᶎ τ ΦΨֲốβϥάρΥϩΤμθʽϘθʼ▄ ΰθ ᶎ Ϭ ᵲзІ
ϼϸ˔УτϢϥ ᴣτ Μθ ›χ ᵲзІϼϬꜘΰθʽ 

 
ᾆẕψʼṓ ᾝ Τϣ ʾ τ♩ϥԁ χᵃ τ ∕βϥ ᶎם χΞκʼᶎ ρΰο ᴦ

σ Ϭ ᴣᵃ τ βϥάρπʼ › σ ᵲзІϼ ᴣ︣ Ϭ ӛβϥάρϬ ρΰθϜχ
πΚϥʽ 2 ẉό 4 πψʼ χ ΥᾢϣϦθḢ Д˔Ќτ ΰοʼ ṛ ϯрЂрУиṓ
Ῑ Д˔ЌϬᶨ βϥάρπʼṓ ЄЗзϷϞ‭֗χⱲἋḧ τ ∕βϥ ᶎם Ϭ τ ᴣ
ΰθʽϘθʼ 4 ẉό 5 πψʼ Ὠᵗ Ὧτ ΰʼ ὨᵗФкЈІτḯϘϦϥ ӡ˕
ḩἰʼ ‰ʼ χ χ ᶎם Ϭ τ ᴣΰθʽάϦϣχ ᴮϬ ϘΠʼ ψᶎ

τ︡ϤӌϩϦοΦθ‭֗ᵰ Ϟ   χ τ ∕βϥ ᶎם Ϭʼᶎ ρΰοзІϼ
ᴣФкЈІτ βϥ︣ Ϭ  ΰθʽβσϩκʼ χ ᵲзІϼ ᴣτ ΰοʼᶎ ρΰο ᴦ

σ ᶎם Ϭ ΰθ › ᵲзІϼχᵵ ẉό ᴣ︣ Ϭ ӛΰθάρΥʼ ᾆẕχ︠ σ ᴮ
πΚϥʽ₈ῇχ ρΰοψʼᴬᶘ ᾋϞḢ Ṫ χήϣσϥ τϢϤʼ θτᶎ ρΰο ᴦ

ρσμθ Ϭ ᵲзІϼ ᴣτ ֳήδϥάρπʼϢϤ‰ π σзІϼ ᴣχםᾝΥṍ ήϦ
ϥʽ 
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