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Synopsis
The main objective of this study is to assess the risk of river flooding from the Jamuna River by
using a two-dimensional flood simulation model. Firstly, we examined the methods of the nested
flood simulation model focusing on the situation where dry beds are frequently present. Secondly,
methods were applied to the target area in Bangladesh. Consequently, the results of the nested
method using water depth were superior on the viewpoint of flooded area, depth and volume. Also,
the simulation result showed good agreement in terms of the extent of flooding. For the further
research, consideration of the roughness depending on the grid size was suggested.
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1. ͸͡Ίʹ

όϯάϥσγϡ͸యܕతͳߑਫ൙ཞৗश஍Ͱ͋Γɼ໿

10 ೥ʹҰ౓ͷִؒͰେن໛ͳߑਫ൙ཞ͕ൃੜ͢Δɽಛ
ʹɼ1987 ೥ɼ1988 ೥ͷߑਫ൙ཞͷඃ֐͸ਙେͰɼࠃ

ͷ໿ ɽ౰஍Ҭͨͬ͜ى͕֐ࡂਫ͢Δఔͷਁਫף2/3͕

Ͱ͸༷ʑͳλΠϓͷਁਫ͕֐ࡂੜ͓ͯ͡ΓɼՏ઒൙ཞɼ
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ղੳΛ͏ߦ৔߹ɼڀݚର৅஍Ҭ͸େن໛ʹͳΒ͟ΔΛ

ಘͳ͍ҰํͰɼॅຽଆ΁ͷग़ྗʹཁ͞ٻΕΔղ૾౓͸

౎ࢢͰ͋Ε͹ͲͷྲྀҬͰ͋Ζ͏ͱৄࡉͳ΋ͷͰͳͯ͘

͸ͳΒͳ͍ɽ௨ৗ͸ඞཁղ૾౓ͱࢉܭίετΛྀ͠ߟ

ͯɼର৅ྖҬɼࢠ֨ࢉܭɼλΠϜεςοϓͳͲɼࢉܭ

ෛՙΛࠨӈ͢ΔཁҼΛదٓઃఆ͢Δ͜ͱʹͳΔɽେ཮

Տ઒ͷྲྀҬεέʔϧͰ͋Ε͹਺ kmͷ͕ࢠ֨ࢉܭ༻͍

ΒΕɼ౎ࢢεέʔϧͰ͸਺mͷ͕ࢠ֨ࢉܭ༻͍ΒΕΔɽ
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δϟϜφ઒ͷߑਫ൙ཞʹ͍ͭͯ͸ɼؔ࿈͢Δ༷ʑͳط

ԟ͕͋ڀݚΓɼӴ੕ը૾Λਁͨͬ࢖ਫϚοϓ࡞੒ʹؔ͢

Δڀݚ (Islam et al., 2010)ɼԊ઒ͷఅ๷ͷ৵৯ϝΧχζ
Ϝͱਫཧֶతಛੑʹؔ͢Δڀݚ (Nakagawa et al, 2013)ɼ
ڀݚΔؔ͢ʹ֐ඃۀਫ൙ཞʹΑΔ೶ߑ (Paul, 1984)ɼՏ
ಓ಺ͷ࠭भͷߏݩ࣍ࡾ଄ʹؔ͢Δڀݚ (Best et al, 2003)
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ղੳͨ͠ڀݚ͸গͳ͘ɼόϯάϥσγϡߑਫ༧ܯใη

ϯλʔ ( Flood Forecasting and Warning Center) ͕όϯ
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Fig. 1 Simplified figure for nesting methods.

εέʔϧͷϦεΫධՁ·Ͱ͸͍ͯͬߦͳ͍ɽ

·ͨɼωεςΟϯάࢉܭ๏ʹؔͯ͠͸ɼߑਫ൙ཞͷω

εςΟϯάࢉܭ๏ͱͯ͠ࠤ౻Β (2005)΍෢ాΒ (2009)ɼ
ాதΒ (2014) ʹΑͬͯใ͞ࠂΕ͍ͯΔڀݚ͸ଘ͢ࡏΔ
΋ͷͷɼద༻ྫ͸গͳ͘ɼى෬ͷஶ͍͠஍ܗʹ͓͍ͯυ

ϥΠϕου͕ଟ͘ݱΕΔΑ͏ͳ৚݅ͰͷωεςΟϯάܭ

ͷதگ๏͸͍·ͩ։ൃ͞Ε͍ͯͳ͍ɽ͜ͷΑ͏ͳঢ়ࢉ

ͰஶऀΒ͸൙ཞղੳʹ͓͚ΔωεςΟϯάࢉܭͷ๏ͷ

։ൃΛਐΊ͍͕ͯͨɼৠൃͱਁಁΛ͑ߟΒΕ͍ͯͳ͍

ͳͲɼ͍͔ͭ͘ͷ՝୊͕͞࢒Ε͍ͯͨ ɽ(ຊΒɼ2015ڮ)
·ͨɼେ཮ڊେՏ઒ͷߑਫ൙ཞͳͲΛର৅ʹ͢Δ৔߹

ʹ͸਺ϲ݄ͷղੳΛ͜͏ߦͱ΋ଟ͘ɼͦͷΑ͏ͳ௕ظ

ؒͷղੳʹ͓͍ͯ΋ωεςΟϯάࢉܭ๏ͷޮࢉܭ཰͕

଴Ͱ͖Δɽظ

ͦ͜Ͱຊڀݚ͸ɼ1) υϥΠϕουΛ༗͢Δ৔ʹద༻
Մೳ͔ͭɼৠൃࢄɾਁಁΛྀ͠ߟಘΔωεςΟϯάख

๏Λ։ൃ͢Δ͜ͱɼ2) େ཮ڊେՏ઒ʹ͓͚Δߑਫ൙ཞ
͢౼ݕ΁ͷద༻ੑΛܗ෬ͷஶ͍͠஍ىద༻͠ɼʹࢉܭ

Δ͜ͱɼ3) όϯάϥσγϡ๺੢෦ͷΨΠόϯμ஍۠ʹ
͓͚Δߑਫ൙ཞϦεΫΛධՁ͢Δ͜ͱΛ໨తͱ͢Δɽ

2. ख๏ڀݚ

ɹຊڀݚͰ͸ͭࡾͷωεςΟϯάख๏Λࢉܭͯͬ࢖

Λ͍ߦɼશͯͷྖҬʹ͍͔ࡉඪߴσʔλΛࢀͨͬ࢖র

͍ͯͭʹɽͦΕͧΕͷख๏ͷಛ௃ͨͬߦͱൺֱΛࢉܭ

Ұ൪͍ۙ݁Ռʹͳͬͨख๏ʹࢉܭরࢀͰɼ্ͨ͠࡯ߟ

Λ༻͍ͯɼωεςΟϯάྖҬʹ͓͍ͯߑਫ൙ཞϦεΫ

ධՁΛͨͬߦɽ

2.1 ൙ཞϞσϧ

ຊڀݚͰ͸ɼՏಓͷྲྀΕͱ൙ཞྲྀΛҰମʹฏ໘ೋ࣍

ϞσϧͰղੳͨ͠ɽେάϦουΛ༻͍ΔྖҬʢҎԼݩ

ʮେྖҬʯʣɼখάϦουΛ༻͍ΔྖҬʢҎԼʮখྖҬʯʣ

ͱ΋ʹɼҎԼͷࣜૅجΛ༻͍Δ (ࣜ (1), (2))ɽ
∂h

∂t
+

∂M

∂x
+

∂N

∂y
= qr − qe − qi (1)

∂M

∂t
+

∂uM

∂x
+

∂vM

∂y
=

− gh
∂H

∂x
− gn2u

√
u2 + v2

h1/3
(2a)

∂N

∂t
+

∂uN

∂x
+

∂vN

∂y
=

− gh
∂H

∂y
− gn2v

√
u2 + v2

h1/3
(2b)

͜͜Ͱɼh:ਫਂ (m), H: ਫҐ (m), M ,N : x,y ͷ୯޲ํ
Ґ෯͋ͨΓͷྲྀྔϑϥοΫε (m2/s), u, v: x, y ͷ޲ํ
ྲྀ଎ (m/s), qe: ୯Ґ໘ੵ͋ͨΓͷৠൃྔࢄ (m/s) qi: ୯
Ґ໘ੵ͋ͨΓͷਁಁྔ (m/s) qr: ߱Ӎྔ (m/s) Ͱ͋Δɽ

2.2 ൙ཞղੳʹ͓͚ΔωεςΟϯάϞσϧͷ໰୊఺

ωεςΟϯάͨ͠খྖҬͷ֎෦ڥք৚݅ͱͯ͠ɼେ

ྖҬͰ͞ࢉܭΕͨྲྀྔΛड͚౉͢ࡍͷ༷ࢠΛ Fig. 1ʹ
ࣔ͢ɽখྖҬͷڥքʹे෼ͳਫྔ͕͋Δ৔߹ɼಉ͡୯Ґ

෯ྲྀྔΛ༩͑Δ͜ͱͰɼେখͷ྆ྖҬͰಉ͡ྲྀྔͷ΍

ΓͱΓΛ͢Δ͜ͱ͕Ͱ͖Δɽւֶ޻؛෼໺Ͱ͸༷ʑͳω

εςΟϯάख๏͕։ൃ͞Ε͓ͯΓɼLaurent et al. (2008)
ʹΑͬͯͦͷ઀ଓํ๏͕঺հ͞Ε͍ͯΔɽ

͔͠͠ɼຊڀݚͷΑ͏ʹཞݱ৅Λର৅ͱ͢Δ৔߹ɼখ

ྖҬͷڥքʹυϥΠϕου͕ଘ͢ࡏΔ͜ͱ͕গͳ͘ͳ

͍ͨΊɼྲྀྔͷ΍ΓͱΓʹಛผͳऔѻ͍͕ඞཁʹͳΔɽ

͜ͷΑ͏ͳ઀ଓڥքͰͷυϥΠϕουͷॲཧ͸ɼߑਫ

൙ཞʹ͓͚ΔωεςΟϯάϞσϧಛ༗ͷ໰୊Ͱ͋Δɽ·

ͨɼਁಁ΍ৠൃࢄΛྀ͢ߟΔ৔߹Ͱ͸େখ྆ྖҬͷਁ

ਫ໘ੵ͕ҟͳΔͨΊͦΕͧΕͷਫऩࢧΛ߹ΘͤΔͨΊ

ͷಛผͳऔΓѻ͍͕ඞཁͰ͋Δɽ

2.3 ωεςΟϯάࢉܭ๏

ຊڀݚͰ͸ɼFig. 1ʹࣔͨ͠ 3 छྨͷωεςΟϯά
ख๏Λͯͬ࢖൙ཞࢉܭΛ͏ߦɽ·ͨɼྖࢉܭҬ͢΂ͯ

ʹখάϦουΛ༻͍ͨ৔߹ͷղੳ݁ՌΛൺֱର৅ͱ͠

ͯɼωεςΟϯάख๏ʹΑΔղੳ݁Ռͷଥ౰ੑΛূݕ

ͨ͠ɽҎԼʹͦΕͧΕͷ઀ଓํ๏ͱৠൃྔࢄɾਁಁͷ

๏Λࣔ͢ɽํྀߟ

(1) ྲྀྔड͚౉͠Ϟσϧ (Case1)
ຊख๏Ͱ͸ɼখྖҬͷ֎෦ڥքʹେྖҬͷྲྀྔΛ༩

͑Δ 1way ख๏Λجຊͱͨ͠ɽ͜͜ͰɼখྖҬͷ֎෦
քʹ͋ͨΔάϦουͰ͸ڥ dry/wetͷ໰୊ʹΑΓɼখྖ
Ҭ͔Βྲྀग़͢Δ৔߹ʹɼେྖҬͱͷྲྀྔʹࠩҟ͕ੜ͡

Δ৔߹͕͋ΔɽΑͬͯɼখྖҬ͔Βྲྀग़͢Δ৔߹ͷྲྀ

քʹ͓͚ΔਫਂʹԠͯ͡഑ڥ͸ɼখྖҬͷ֎෦ࢉܭྔ
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෼্ͨ͠Ͱ (ࣜ (3))ɼখྖҬ͔Βྲྀग़͢Δྲྀྔ͕େྖҬ
ͱҟͳΔ৔߹ʹݶΓɼখྖҬͷྲྀྔΛେྖҬͱͷ઀ଓ

෦෼ʹ൓өͤ͞Δ (ࣜ (4))2way ख๏Λ࠾༻ͨ͠ɽ·ͨɼ
ྲྀྔͷड౉͠͸λΠϜεςοϓຖʹͨͬߦɽ

qfi = qc + (
∑

qdry
f )

hf
i,wet∑
hf
wet

(3)

qc =

∑
qfdxf

dxc
(4)

͜͜Ͱɼq: ୯Ґ෯ྲྀྔ, qdry: υϥΠϕουʹׂΓ౰ͯ
ΒΕͨྲྀྔɼhwet: ൙ཞਫ͕ଘ͢ࡏΔ֨ࢠʹਫਂ, dx:
άϦουͷล௕ɼهݞ߸ͷ f , c͸ͦΕͧΕখάϦου
(fine grid), େάϦου (coarse grid)ͷ෺ཧྔͰ͋Δ͜ͱ
Λද͍ͯ͠Δɽ

(2) ྲྀྔड͚౉͠-ਫҐஔ͖͑׵Ϟσϧ (Case2)
CASE2 ͷ઀ଓ͸ CASE1 ͷख๏ʹՃ͑ͯɼେྖҬͷ

໘ࢠͷ૯ਫྔΛେྖҬͷ֨ࢠରԠ͢ΔখྖҬ֨ʹࢠ֨

ੵͰআ͢͜ͱʹΑͬͯɼେྖҬͷ֨ࢠͷਫਂʹ൓ө͞

ͤΔ (ࣜ (5)). ͜ͷਫਂͷஔ͖࡞ૢ͑׵͸ӡಈํఔ͕ࣜ
ຬ଍͞Εͳ͍ܗͰ࣮͞ࢪΕ͍ͯΔͨΊɼ෺ཧతʹෆࣗ

વͳ݁ࢉܭՌ͕ಘΒΕΔ͜ͱ͕ใ͞ࠂΕ͍ͯΔ͕ (ೋළ
Β, 2008)ɼຊख๏Ͱ͸খྖҬͰͷ݁ࢉܭՌʹॏ͖Λஔ
͖ɼ࿈ଓࣜͷΈΛຬ଍ͤͯ͞઀ଓΛͨͬߦɽ

hc =

∑
(hfdxfdyf )

dxcdyc
(5)

͜͜Ͱɼdx, dy ͸ x ,޲ํ y ෯ΛͦΕͧΕࢠͷ֨޲ํ

ࣔ͢ɽ

(3) ਫҐड͚౉͠-ਫҐஔ͖͑׵Ϟσϧ (Case3)
ຊख๏͸෢ాΒ (2009) ʹΑΔ h-VA ख๏Λ༻͍ͨω

εςΟϯάࢉܭ๏Λߟࢀʹͨ͠΋ͷͰɼେྖҬͰࢉܭ

͞ΕͨਫਂΛখྖҬͷपΓʹ 1 άϦου༨෼ʹ༻ҙ͞
ΕͨάϦουʹ༩͑ɼͦΕͧΕͷάϦουؒͰখྖҬ

͞ࢉܭɽ͞ΒʹɼখྖҬͰ͏ߦΛࢉܭքͰͷྲྀྔͷڥ

ΕͨྲྀྔΛ૯࿨͠ɼେྖҬͷ֨ࢠ෯Ͱআ͢͜ͱͰେྖ

Ҭ΁ྲྀྔΛ൓өͤͨ͞ɽͪ͜Βͷख๏ʹ͓͍ͯ΋ਫҐ

ͷड౉͸λΠϜεςοϓຖʹͨͬߦɽͳ͓ɼେྖҬͷ

ωεςΟϯά͞ΕͨྖҬʹ͓͚ΔਫҐ͸CASE2ͱಉ༷
ʹۭؒฏͨ͠ۉ΋ͷΛେྖҬͷ݁ࢉܭՌͱஔ͖ͯ͑׵

͍Δɽ

(4) ৠൃྔࢄͷࢉܭ

ৠൃྔࢄͷࢉܭʹ͸ιʔϯε΢ΣΠτ๏ (Thornth-
waite, 1948)Λ༻͍Δɽຊख๏ʹΑͬͯٻΊΒΕΔՄೳ

೔ৠൃྔࢄΛࣜ (6), (7) ʹࣔ͢.

Ep = 0.553D0

[
10Ti

J

]a
, J =

12∑

i=1

[
Ti

5

]1.514
(6)

a = 6.75× 10−7J3 − 7.71× 10−5J2

+ 1.79× 10−2J + 0.492 (7)

͜͜Ͱ Ep ͸ j ݄ͷฏۉৠൃࢄೳྗ (mm/day), Ti ͸ j

݄ͷ݄ฏؾۉԹ, D0 (hr/12hr) ͸݄ฏۉՄরؒ࣌, Λͦ

ΕͧΕࣔ͢. ݄ฏؾۉԹ͸όϯάϥσγϡؾ৅ہʹΑ

Γϩϯϓʔϧ஍۠ʹ͓͍ͯ؍ଌ͞ΕͨσʔλΛ༻͍ͨɽ

ຊख๏͸ɼ࣪५஍ҬͰ͸աେධՁ͢Δ͜ͱ͕ࢦఠ͞Ε

͍ͯΔ͕ɼର৅ྖҬʹ͓͚ΔৠൃྔࢄͷؾԹมԽΛߟ

ྀ͢ΔͨΊʹద༻ͨ͠ɽߟࢀ·Ͱʹɼ͞ࢉܭΕͨ೥ฏ

͸ྔࢄՄೳ೔ৠൃۉ 4.15mm/dayͰ͋ͬͨɽ

(5) ਁಁྔͷࢉܭ

ਁಁͷࢉܭʹ͸Green AmptϞσϧΛ༻͍Δɽຊख๏
ʹΑͬͯٻΊΒΕΔਁಁೳΛࣜ (8) ʹࣔ͢ɽ

f = Ks

[
1 +

Sf (φ− θi)

F

]
(8)

͜͜Ͱ f ͸ਁಁೳ (m/s), F ͸ྦྷੵਁಁྔ (m), Sf ͸࣪

५લઢʹ͓͚ΔٵҾѹ (m), φ͸౔৕ͷۭܺ཰ɼθi ͸ॳ

ͷମੵؚਫ཰ɼKsظ ͸Ԗ௚ํ޲ͷ๞࿨ಁਫ܎਺ (m/s)
ΛͦΕͧΕࣔ͢ɽ্ࣜʹ͓͍ͯɼ஍ද໘ʹਁਫ͕ੜ͡

͍ͯͳ͍৔߹ʹ͸ྦྷੵਁಁྔਫ෼͕ৠൃ͢Δ͜ͱΛߟ

ྀ͍ͯ͠Δɽ

લઅͰड़΂ͨ௨ΓɼେྖҬͱখྖҬͷਁਫ໘ੵ͕ҟ

ͳΔͨΊʹɼৠൃࢄɾਁಁʹΑΔਫऩࢧΛ߹ΘͤΔͨ

ΊͷऔΓѻ͍͕ඞཁͰ͋ΔɽຊڀݚͰ͸ɼখྖҬͰܭ

ΕΔਫ໘ੵʹॏ͖Λஔ͖ɼCase1͞ࢉ Ͱ͸খྖҬͰى
,ɾਁಁྔΛେྖҬʹฦ͢͜ͱͰɼCase2ࢄΕͨৠൃ͞ࢉ
3 Ͱ͸ਫਂͷஔ͖͑׵Λ͜͏ߦͱͰɼେྖҬʹ͓͍ͯ
΋ৠൃࢄɾਁಁྀ͕͞ߟΕΔ͜ͱͱͨ͠ɽ

2.4 ৚݅ࢉܭ

όϯάϥσγϡ๺੢෦ͷδϟϜφ઒पลͷ஍ҬΛର৅

ͱͯ͠ɼ2007೥ 1݄ 1೔͔Β 12݄ 31೔·Ͱͷ௨೥ͷ
ͨͬߦΛࢉܭਫ൙ཞߑ (Fig. 2 (a),(b))ɽ·ͨɼωεςΟ
ϯάର৅஍Ҭ͸ɼਁਫৗश஍Ͱ͋ΔΨΠόϯμʢFig.
2 (c)ʣΛબΜͩɽ౰஍Ҭ͸δϟϜφ઒ͷ͕͋ྲྀࢧΓɼӍ
ຊ઒͔Β૎্͢ΔྲྀΕʹΑͬͯਁਫ͢Δɽʹظ

ඪߴ͸Ӵ੕ඪߴσʔλ (SRTM) Λ༻͍ɼେྖҬ͸ۭ
ؒղ૾౓ 30 ඵ (930 m)ɼখྖҬ͸ 6 ඵ (໿ 186m) ͱ͠
ͨɽ6ඵάϦουʹ͍ͭͯ͸ 3ඵάϦουͱͯ͠ถࠃ஍
࣭ௐࠪॴ (USGS) ΑΓൃ͞ߦΕ͍ͯΔσʔλΛڑٯ཭
Ճॏ๏ʹΑΓิؒͯ͠࡞੒ͨ͠ɽେྖҬ͸ 180 ʷ 180
ͷ 32,400 άϦουɼখྖҬ͸ 95 ʷ 80 ͷ 7,600 άϦο
υͰࢉܭΛͨͬߦɽͳ͓ɼఅ๷ߴ͸ 2.0mΛҰ༷ʹԾఆ

ͯ͠άϦουؒʹྀ͠ߟɼૈ౓܎਺͸ྖࢉܭҬશମʹ

0.030 Λ༻͍ͨɽ
δϟϜφ઒ͷՏ઒ྲྀྔ͸όϯάϥσγϡਫݯࢿল

(Bangladesh Water Development Board: ҎԼ BWDB) ʹ
ΑΓ Bahadurabad ଌॴ؍ (େྖࢉܭҬ΄΅தԝ: Fig.
2 (b)) ͰಘΒΕͨ೔ฏྔྲྀۉσʔλ͔Βྲྀࢧͷ Teesta
઒ͷྲྀྔΛࠩ͠Ҿ্͍ͯྲྀ୺ʹ༩͑ͨɽࢉܭʹ༻͍ͨ

2007 ೥ͷδϟϜφ઒ͷ೔ฏྔྲྀۉΛ Fig. 3ʹࣔ͢ɽ7
݄ 28೔ (208೔໨)͕ߑਫͷϐʔΫͰ͋Γ,9݄ 9೔ (251

3
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Fig. 2 Tagret area. (a) Map of Bangladesh (the rectangle located in the central-western section indicates the large calculation area); (b)
Large calculation area (the rectangle located in the central-west part section, indicates the small calculation area); and (c) small
calculation area.
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Fig. 3 Discharge of the Jamuna River in 2007.

೔໨) ʹೋ౓໨ͷϐʔΫ͕͋Δͷ͕ಛ௃Ͱ͋Δɽྲྀࢧ

ͷ Teesta઒ͷՏ઒ྲྀྔ͸Kaunia؍ଌॴ :্ࠨҬྖࢉܭ)
Fig. 2 (b)) ͰಘΒΕͨਫҐσʔλΛ౳ྲྀެࣜʹΑΓྲྀྔ
ʹม͠׵ɼ্ྲྀ୺ (্ࠨҬྖࢉܭ) ʹ༩͑ͨɽର৅ྖҬ
಺ͷ߱ਫσʔλ͸ BWDBʹΑΓDewanganj؍ଌॴ (େ
:Ҭ΄΅தԝྖࢉܭ Fig. 2 (b)) ͰಘΒΕͨ؍ଌӍྔΛ༻
͍ͨɽ

γϛϡϨʔγϣϯͷਁਫҬݱ࠶ਫ਼౓ͷূݕͱͯ͠ɼ

AquaMODIS ʹΑΔ 2007 ೥ 8 ݄ 3 ೔ͷӴ੕ը૾Λ༻

͍ͨɽ

·ͨɼωεςΟϯά݁ࢉܭՌͷൺֱͷͨΊʹେྖҬ

શͯʹখάϦουΛద༻ͨ͠ղੳΛ࣮͠ࢪɼCASE4ͱ
ͨ͠ɽຊڀݚͰ͸ɼCASE 4ͷ݁ՌΛൺֱର৅ͱ͠ɼਁ
ਫਂྻܥ࣌ɼਁਫମੵΛൺֱͨ͠ɽਁਫਂྻܥ࣌ͷൺ

ֱʹ͍ͭͯ͸ Fig. 2 (c)ʹࣔͨ͠ 4఺ͷਫਂͰ͏ߦɽਫ
ਂൺֱ஍఺ʹ͍ͭͯ͸ɼਁਫ͕࢝·Δڥք෇ۙͰ 2, 4
ͷ 2 ஍఺ɼখྖҬͷ಺ଆͷೖΓ૊Μͩ஍ܗͷ৔ॴͰ 1,
3 ͷ 2 ஍఺Λબग़ͨ͠ɽ

3. ωεςΟϯάࢉܭͷ݁Ռɾূݕ

3.1 ਁਫҬͷൺֱ

খྖҬͷ CASE ຖͷਁਫҬͷൺֱΛ Fig. 4ʹࣔ͢ɽ

ਤ͸ͦΕͧΕࢉܭ։࢝ 215೔ޙɼCASE4ͷ݁Ռʹ͓͍
ͯਁਫମੵ͕࠷΋େ͖͔ͬͨ࣌ͷਁਫҬΛද͍ͯ͠Δɽ

ͦΕͧΕͷ݁Ռʹେ͖ͳҧ͍͸ݟΒΕͳ͔͕ͬͨɼਤத

ͷӈԼ෦෼ʹ஫໨͢ΔͱCASE4ʹҰ൪͍ۙ݁ՌΛද͠
ͨͷ͸ CASE3 Ͱ͋ΓɼCASE1 ͸աখධՁ, CASE2 ͸
աେධՁͰ͋ͬͨɽCASE3ͷਁਫҬ͸CASE4ͱ΄΅Ұ
க͍͕ͯͨ͠ɼ෦෼తʹաখධՁ͕ݟΒΕͨɽCASE1,
2 ͷաେධՁʹ͍ͭͯ͸ɼ֨ࢠ෯ͷେ͖͍άϦουΛ
ΑΔʹܗΒΕΔΑ͏ͳඍ஍ݟͰ͸খྖҬͰࢉܭͨͬ࢖

ΕͣɼਁਫͷਐΈ͕ૣ͘ͳͬͨ݁Ռ͕Өྀ͞ߟ෬͕ى

,ΒΕΔɽCASE1͑ߟ΋ͷͱͨ͠ڹ 2͸େྖҬͰ͞ࢉܭ
ΕΔྲྀೖྔʹେ͖͘ґଘ͢ΔͨΊɼ͜Ε͕աେධՁʹ

ͭͳ͕ͬͨͱ͑ߟΒΕΔɽ෢ాΒ (2009) ʹΑΓใ͞ࠂ
Ε͍ͯΔΑ͏ʹɼ֨ࢠ෯ͷେ͖͍άϦου͸ඍ஍͕ܗ

ฏ׈Խ͞Εɼఈ໘ૈ౓Λద੾ʹදݱͰ͖͍ͯͳ͍͜ͱ

ΒΕΔɽ͑ߟ͕

ʹͰ·ߟࢀ଎౓ʹ͍ͭͯ͸ɼࢉܭ 365 ೔෼ͷࢉܭΛ
,ͷʹɼCASE1͏ߦ 2, 3Ͱ͸࣮ؒ࣌ࢉܭͰ 1೔ɼCASE4
Ͱ͸ 10 ೔Λཁͨ͠ɽ

3.2 ਁਫਂͷൺֱ

Fig. 2ʹࣔͨ͠ 4஍఺Ͱͷਁਫਂྻܥ࣌Λ Fig. 5ʹࣔ
͢ɽ͜͜ͰɼਁਫਂΛදࣔͨͦ͠ΕͧΕͷ஍఺Ͱਁਫ͕

ͷ͸ͨͬ·࢝ 160 ೔ޙͰ͋ͬͨͨΊɼྻܥ࣌Λ 150 ೔
େਁਫਂΛ࠷ͱࠁ࣌Β͍ࣔͯ͠ΔɽਁਫਂϐʔΫ͔ޙ

Table 1ʹࣔ͢ɽ·ͣɼશͯͷ஍఺ʹ͓͍ͯɼCASE4ͱ
Ұ൪͍ۙྻܥ࣌Λࣔͨ͠ͷ͸ CASE3Ͱ͋ͬͨɽਁਫਂ
ϐʔΫͰͷਁਫਂͷ஋΋ۙ͘ɼͦͷࠩҟ͸࠷େͰ 0.1m

4
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Fig. 4 Comparison of simulation results on 215th day (Case1, 2, 3 and 4 from the left).
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Fig. 5 Flooding depth time series.(a)Point1, (b)Point2, (c)Point3, (d)Point4.

Table 1 Flooding depth peak time and maximum flooding depth.

Point 1 Point 2 Point 3 Point 4
Case 1 254 (1.9) 212 (3.6) 212 (3.1) 212 (4.3)
Case 2 254 (1.8) 212 (5.0) 213 (3.2) 213 (4.5)
Case 3 254 (1.6) 212 (4.5) 214 (3.0) 212 (4.3)
Case 4 254 (1.5) 212 (4.5) 214 (3.0) 212 (4.4)

unit: day(m)

Ͱ͋ͬͨ (Table 1 )ɽ·ͨɼਁਫਂϐʔΫࠁ࣌ʹ͍ͭͯ
͸ 1೔Ҏ಺ͷࠩҟͰ͋ͬͨɽطԟͷڀݚ ,ຊΒڮ) 2015)
Ͱ͸ਁਫ౸ୡؒ࣌ͷҧ͍ʹ͍͍ͭͯͯ͠࡯ߟΔ͕ɼຊ

ਫਁʹڞΓͱ·࢝Ͱ͸ͦΕͧΕͷέʔε͕߱Ӎͷڀݚ

ΔͨΊɼಛʹେ͖ͳࠩҟ͸ͳ͔ͬͨɽਁ͍ͯͬ·͕࢝

ਫਂͷࢉܭऴྃ࣌ͷ஋͸ͭࡾͷ஍఺ (Point1,2,3)Ͱ΄΅
Ұக͍͕ͯͨ͠ɼ઀ଓڥքʹҰ൪͍ۙϙΠϯτ 4 Ͱ͸
CASE1,2ͱCASE3,4Ͱ݁Ռ͕ҟͳͬͨɽ͜Ε͸ڥքʹ
͓͚Δྲྀྔͷ΍ΓͱΓʹґଘ͍ͯ͠Δͱ͑ߟΒΕɼྲྀ

ग़ೖྔ͕ۃ୺Ͱ͋ΔେྖҬͷ݁ࢉܭՌʹӨڹΛड͚ͨ

CASE1 ,2Ͱ͸ߑਫ͕Ҿ͍ͯ࣌͘ߦʹɼখྖҬͷڥք֨
ͳΓɼେ͖͘ྲྀग़ͨ͠΋ͷʹ͖޲֎Ҭͷྖ͕޲ͷྲྀࢠ

ͱ͑ߟΒΕΔɽ

3.3 ਁਫମੵͷൺֱ

ωεςΟϯάྖҬ಺ͷਁਫମੵྻܥ࣌Λͯͬ࢖ͷൺ

ֱΛ Fig. 6ʹࣔ͢ɽ͜͜ͰɼখྖҬͰਁਫ͕։࢝͢Δ

5
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Fig. 6 Flooding volume time series.

Table 2 The peak time of flooding volume and the flood reach-
ing time.

Flood peak time Flood start time
Case 1 210 (2.11) 155
Case 2 210 (2.27) 155
Case 3 211 (1.87) 118
Case 4 212 (1.91) 118

unit: days(108m3)

·Ͱͷؒ࣌Λলུ͠ɼ110 ೔͔ޙΒͷ݁ՌΛදࣔͯ͠
͍ΔɽਁਫମੵͷϐʔΫࠁ࣌ͱਁਫମੵٴͼਁਫ։࢝

Λࠁ࣌ Table 2ʹࣔ͢ɽਁਫਂྻܥ࣌Λͯͬ࢖ͷൺֱʹ
ͱಉ༷ʹɼਁਫମੵͷ৔߹΋CASE4ʹҰ޲܏ΒΕͨݟ
൪͔ۙͬͨͷ͸ CASE3 Ͱ͋ͬͨɽ͔͠͠ɼCASE3 ͷ
݁ՌʹएׯͷաখධՁ͕ݟΒΕͨɽ͜Ε͸઀ଓڥքͰ

ӡಈྔͷड͚౉͕͠͞Ε͍ͯͳ͍͜ͱ͕ݪҼͰ͋Δͱ

ΒΕΔɽ͑ߟ

ҰํͰɼCASE2΋CASE4ʹ͍ۙ೾ܗΛ͕ࣔͨ͠ɼߑ
ਫϐʔΫͷલޙͰաখධՁͱաେධՁ͕ஶ͔ͬͨ͠ɽ·

ͨɼCASE1͸શମతʹաେධՁͰ͋ΓɼେྖҬͰࢉܭ
͞ΕͨྲྀྔΛड͚౉ͨ͜͠ͱ͕աେධՁͷݪҼͰ͋Δ

͜ͱ͕͑ߟΒΕΔɽେখྖҬͷڥքͰ΍ΓͱΓ͞ΕΔ

ྲྀྔʹ͍ͭͯɼCASE3Ͱڥք֨ࢠͷͦΕͧΕͰҟͳΔ
,ΕΔͷʹରͯ͠,CASE1͞ࢉܭ͕޲ྲྀ 2 Ͱ͸େྖҬͰ
ͳʹ޲քͰͷྲྀڥͷ··খྖҬͷ͕ͦ޲Εͨྲྀ͞ࢉܭ

ΔͨΊɼྲྀग़ͱྲྀೖͷࡍͷਫͷग़ೖΓ͕ܹ͘͠ɼաେ

Β͑ߟҼͱͳ͍ͬͯΔͱݪ͢͜ىͼաখධՁΛҾ͖ٴ

ΕΔɽ

4. ਫ൙ཞϦεΫධՁߑ

4.1 ূݕՌͷ݁ࢉܭ

ՌͱӴ੕ը૾ͷൺֱΛ݁ࢉܭ Fig. 7ʹࣔ͢ɽ݁ࢉܭ
Ռ͸ࢉܭ։࢝ 214 ೔ޙΛද͓ͯ͠ΓɼӴ੕ը૾͸ಉ࣌

Fig. 8 Dyke breach site (Aug. 10 2014).

Ռ͸ਁ݁ࢉܭӨ͞Εͨ΋ͷͰ͋ΔɽൺֱΑΓɼࡱʹظ

ਫҬΛେํྑݱ࠶ʹ޷Ͱ͖͍ͯΔ͜ͱ͕Θ͔Δɽ͔͠

͠ɼ͍͔ͭ͘ͷ෦෼ͰաେɾաখධՁ͕ݟΒΕͨͨΊɼ

ҎԼʹ࡯ߟΛՃ͑Δɽ·ͣɼਤதͷ (A)ͷ෦෼Ͱ͸աখ
ධՁ͕ݟΒΕͨɽ͜Ε͸߱Ӎͷํྀߟ๏͕Өͨ͠ڹ΋

ͷͱ͑ߟΒΕΔɽຊڀݚͰ͸ Dewanganj ଌ؍ଌॴͰ؍
͞ΕͨӍྔΛର৅ྖҬશମͰۉҰʹྀ͓ͯ͠ߟΓɼա

খධՁ͸ͦͷ݁Ռͱ͑ߟΒΕΔɽMegaraya ͷೆ෦຺ࢁ
Ͱ͸ͦͷӨ͕ڹಛʹݦஶͰ͋ͬͨɽ

ɼਤதͷʹ࣍ (B)ͷ෦෼Ͱ͸աେධՁ͕ݟΒΕͨɽ͜
ͪΒͷࠩҟʹ͍ͭͯ͸ɼఅ๷ͱՏচߴͷํྀߟ๏͕Ө

ʹΛҰ཯ߴͰ͸అ๷ڀݚΒΕΔɽຊ͑ߟ΋ͷͱͨ͠ڹ

2.0mͱ͓ͯ͠ΓɼՏচߴ͸USGSΑΓఏ͞ڙΕ͍ͯΔ
σʔλΛՃͣͤ޻ɼݻఆচͱͯ͠༻͍ͨɽ͔͠͠ɼ࣮

͸ߴ͸అ๷ʹࡍ 2.0m Ҏ্ͷ৔ॴ΋͋ΓɼՏচ͸Ұ೥

Λ௨ͯ͠มԽ͢ΔͨΊ (Ashworth et al., 2000)ɼ͜ΕΒ
ΒΕΔɽ·ͨɼ͑ߟҼͱͳͬͯաখධՁʹͳͬͨͱݪ͕

2014೥ʹݱͨͬߦ஍؍ଌͰ͸ഁఅՕॴ΋ݟΒΕͨͨΊ
(Fig. 8 )ɼޙࠓͷڀݚͰྀ͢ߟΔඞཁ͕͋Δɽ
ωεςΟϯάྖҬͷ݁ࢉܭՌͱӴ੕ը૾ͷൺֱΛFig.

9ʹࣔ͢ɽߑਫϦεΫධՁͰ͸ࢀরࢉܭͱҰ൪͍ۙ݁Ռ
Λࣔͨ͠ case3 ͷ݁ՌΛ༻͍͍ͯΔɽͪ͜Β΋ਁਫҬ
Λྑ͓ͯ͠ݱ࠶ʹ޷Γɼࢠ͍͔֨ࡉΛͨͬ͜࢖ͱͰਁ

ਫҬ͕ΑΓৄ͞ݱ࠶ʹࡉΕ͍ͯΔ͜ͱ͕Θ͔Δɽ͞΄

Ͳେ͖͍ࠩҟ͸ݟΒΕͳ͍͕ɼখن໛ͳਫͨ·Γఔ౓

ͷਁਫ෦෼Ͱࠩҟ͕ݟΒΕΔͨΊɼޙࠓͷڀݚͰ͸খ

Տ઒΍ഉਫ࿏ͷྀ͕ߟඞཁͰ͋Δɽߟࢀ·Ͱʹɼωε

ςΟϯάࢉܭΛࢉܭͨͬߦ͸શମʹࢠ͍͔֨ࡉΛͬ࢖

ͨ৔߹ͷ࣮ؒ࣌ࢉܭͷ 10 ෼ͷ 1 ఔ౓Ͱ͋ͬͨɽ

4.2 ॅ୐஍ͷਁਫঢ়گ

ωεςΟϯάྖࢉܭҬͷ౔஍ར༻ਤΛFig. 10ʹࣔ͢ɽ
ਤ͸όϯάϥσγϡͷؔػͰ͋Δ஍ํߦ੓ٕज़ہ (Local
Government Engineering Department: ҎԼ LGED) ͕ൃ
Δ஍ਤ͔Βஶऀ͕ඞཁͳ৘ใͷΈࣔͨ͠΋ͷ͍ͯ͠ߦ
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Fig. 7 Validation of the simulation result using satellite image on Aug. 3 2007 for the case of large calculation area. (a) Simulation
result. (b) Satellite image.
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Fig. 9 Validation of the simulation result using satellite image on Aug. 3 2007 for the case of small calculation area. (a) Simulation
result. (b) Satellite image.

Ͱ͋Δɽ౰֘஍Ҭ͸మಓͷԊઢͰ͋Δ͜ͱ͔Βɼશମ

తʹॅ୐஍͕ଘ͍ͯ͠ࡏΔɽॅຽ͸ूམΛͯͬ࡞ੜ׆

͓ͯ͠Γɼେ͖͍ूམͰ 1km2ɼখ͍͞ूམͰ 100m2ఔ

౓ͷूམ͕ܗ੒͞Ε͍ͯΔɽϦεΫධՁͷ͔͞ࡉʹ΋

ΑΔ͕ɼूམຖͷϦεΫͷҧ͍ΛධՁ͢Δ৔߹ʹ͸਺

100m ͷ֨ࢠ෯ͰղੳΛ͏ߦඞཁ͕͋Δ͜ͱ͕Θ͔Δɽ

.ͷूམ෦෼ʹ͓͚Δਁਫͷׂ߹Λࣔͨ͠ͷ͕Figه্
11Ͱ͋Δɽ݁Ռ͔Βɼ໿ 4ׂͷूམͰ 0.3mҎ্ͷਁਫ

͕ൃੜ͠ɼ3ׂͷूམͰ 0.5mҎ্ɼ2ׂͷूམͰ 1.0m
Ҏ্ͷਁਫ͕ൃੜ͢Δ͜ͱ͕Θ͔ͬͨɽ·ͨɼ2ׂऑͷ
ूམͰ͸ߑਫΠϕϯτޙ΋ 0.3mҎ্ͷਁਫ͕௕ظతʹ

ଓ͘͜ͱ͕Θ͔ͬͨɽ

ϦεΫධՁख๏ͱͯ͠͸ਁਫਂ͔Βඃֹ֐Λࢉఆ͢

Δ͜ͱ΋͑ߟΒΕΔ͕ɼूམʹΑͬͯ͸ਁਫΛࣄલʹ༧

૝ͯ͠চͷډॅ͍ߴΛ͍ͯ͑ߏΔ͜ͱ΋͋ΔͨΊɼਁ

ਫʹΑͬͯ૝ఆ͞ΕΔඃ֐Λݱ஍ௐࠪ͢Δ͜ͱ͕ߋͳ

ΔϦεΫධՁͷͨΊͷ՝୊Ͱ͋Δɽ

4.3 ൙ཞਫͷྲྀگ

ର৅ྖҬͷ൙ཞਫͷྲྀگΛ Fig. 12ʹࣔ͢ɽਤ͸ࢉܭ
։࢝ 214 ೔ޙͷҰճ໨ͷਁਫϐʔΫͷ࣌ͷ༷ࢠΛද͠
͍ͯΔɽਁਫ͸େํՏ઒෦෼ʹԊͬͯਐΜͰ͍Δ༷ࢠ

தԝ෦෼ͷํ֯΁ͷྲྀΕ͕͋ΔࠨΕ͍ͯΔ͕ɼਤݱ͕

͜ͱ͕Θ͔Δɽ

ର৅஍ҬͰ͸ൃ͕ྲྀٸੜ͢Δ͜ͱ͸كͰ͋Γɼຊݚ

ͰγϛϡϨʔγϣϯ͞Εͨڀ 2007೥ͷߑਫͰ΋ྲྀٸ͸
ೝΊΒΕͳ͔ͬͨɽ͔͠͠ɼ૬ରతʹྲྀ଎ͷେ͖͍৔

ॴͰ͸ 2007೥Ҏ্ͷେߑਫͷൃ͕ྲྀٸʹࡍੜ͢ΔՄೳ
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Fig. 10 Land use map of the nesting target area (remade based
on a published map by Local Government Engineering
Department).
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Fig. 11 Parentage of the flooded area.

ੑ͕͋Γɼ஫ҙ͕ඞཁͱ͑ߟΒΕΔɽ·ͨɼ༗֐෺࣭

ͷ֦ࢄ΍ਫײܥછ঱ͷྲྀߦΛ͑ߟΔ৔߹ɼਫͷྲྀΕ͕

ଓ͍͍ͯΔ஍ҬͰ͸͕޿Γ͕ૣ͍͜ͱ͕͑ߟΒΕɼྲྀ

Εͷແ͍৔ॴͰ͸༗֐෺࣭౳͕ଯੵ͢Δ͜ͱ͕͑ߟΒ

ΕΔɽ

όϯάϥσγϡͷΑ͏ʹ݄୯ҐͰ௕ظతʹਁਫ͢Δ

஍ҬͰ͸ɼྲྀମྗͷେ͖͍ྲྀΕʹΑͬͯɼՈ͕ྲྀ͞Ε

ΔͳͲͷඃ֐͸গͳ͍͕ɼආ೉Ͱ࢖ΘΕΔϘʔτͷૢ

ॎ͕ࠔ೉ʹͳΔঢ়گ΍ɼ༗֐෺࣭ͷ֦ࢄͳͲʹΑΔඃ

஍ௐࠪΛ௨ͯ͠༧ଌݱ૝ఆ͞ΕΔͨΊɼͪ͜Β΋͕֐

͠ಘΔϦεΫΛϦετΞοϓ͢Δ͜ͱ͕ޙࠓͷ՝୊Ͱ

͋Δɽ

4.4 ආ೉৔ॴީิ஍ͷਁਫਂͱྲྀ଎ͷಛ௃

ຊڀݚͰ͸ର৅஍Ҭ಺ͷߍߴͷݐ෺Λආ೉৔ॴͱ͠

ͯ૝ఆ͠ɼ஍ཧ৚݅ͷҟͳΔ 3ͭͷ஍఺ΛબΜͰɼਫਂ

Fig. 12 Flooding depth and flow direction in the target area (Red
vector indicates flow direction and velocity).
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Fig. 13 Flooding depth and velocity on evaluation points.

Table 3 Maximum flood depth and velocity on each points.

Max. flood depth Max. velocity
Point A 0.41 m 0.061 m/s
Point B 0.78 m 0.380 m/s
Point C 0.94 m 0.001 m/s

ͱྲྀ଎Λൺֱͨ͠ɽͦΕͧΕͷ஍఺Ͱͷਁਫਂͱྲྀ଎

ͷྻܥ࣌Λ Fig. 13ʹɼਁߴ࠷ਫਂɼྲྀߴ࠷଎Λ Table
3ʹࣔ͢ɽલड़ͷ௨Γɼൃ͕ྲྀٸੜ͢Δ৔ॴ͸ͳ͔ͬͨ

͕ɼߍߴ B Ͱ͸૬ରతʹྲྀ଎͕େ͖͔ͬͨɽ౰஍Ҭ͸

0.8mఔ౓ͷਁਫ΋֬ೝ͞ΕͨͨΊɼՏ઒൙ཞͷӨڹΛ

ड͚΍͍͢৔ॴͰ͋Δ͜ͱ͕Θ͔Δɽ·ͨɼਁਫਂʹ

ಉ༷ͷมಈ͕ݟΒΕͨͷ͕ɼߍߴ A Ͱ͕͋ͬͨɼͪ͜

Β͸ྲྀ଎͕খ͘͞ɼਁਫਂ΋ 40cm ఔ౓Ͱ͋ͬͨͨΊɼ

ຊڀݚͰબ͹Εͨ 3 ஍఺ͷதͰҰ൪ආ೉৔ॴʹదͯ͠
͍Δ৔ॴͰ͋ͬͨɽҰํͰɼߍߴ C ͷΑ͏ʹྲྀ଎͸খ

8

― 384 ―



͍͕͞ɼ0.8m ఔͷਁਫ͕௕͘ଓ͘৔ॴ΋͋Γɼ৔ॴʹ

Αͬͯਁਫܗଶ͕༷ʑͰ͋Δ͜ͱ͕Θ͔ͬͨɽ

͜ͷΑ͏ͳධՁΛ͜͏ߦͱͰɼݱଘ͢Δݐ෺ͷආ೉

৔ॴͱͯ͠ͷ҆શੑΛ஌Δ͜ͱ͕Ͱ͖Δଞɼ৽͘͠ආ

೉༻ͷγΣϧλʔΛݐઃ͢Δ৔߹ʹ΋ɼਁਫਂͱྲྀگ

Λྀ͢ߟΔ͜ͱʹΑͬͯద੾ͳආ೉৔ॴͷܾఆΛ͢Δ

͜ͱ͕Ͱ͖Δɽ

5. ͓ΘΓʹ

ຊڀݚͰ͸ɼυϥΠϕου͕සൟʹग़͢ݱΔΑ͏ͳ

৔߹ͷωεςΟϯάࢉܭ๏ΛఏҊ͠ɼى෬ͷஶ͍͠஍

ɽͨ͠౼ݕ΁ͷద༻ੑΛࢉܭ໛ͷنͼɼ௨೥ٴࢉܭͷܗ

·ͨɼఏҊ͞ΕͨωεςΟϯάࢉܭ๏Λͯͬ࢖ɼਁਫ

ਂͱਁਫྲྀ͔گΒߑਫϦεΫΛධՁͨ͠ɽ

ຊڀݚͰࢼΈͨͭࡾͷωεςΟϯάࢉܭ๏ͷ͏ͪɼࢀ

রࢉܭͱ͍ۙ݁ՌΛࣔͨ͠ͷ͸ਫҐΛͨͬ࢖ωεςΟ

ϯάࢉܭ๏Ͱ͋ͬͨɽ·ͨɼৠൃࢄɾਁಁͷྀߟʹ͓

͍ͯ΋ɼ໰୊ͳ݁͘ࢉܭՌΛग़ྗͰ͖Δ͜ͱΛࣔͨ͠ɽ

͔͠͠ɼຊڀݚͰର৅ͱͨ͠஍Ҭ͸ൺֱత؇͍ޯ഑Ͱ

͋ͬͨͨΊɼٸͳޯ഑Λͭ࣋஍ҬͰద༻ͨ͠৔߹ͷݕ

౼͕ඞཁͰ͋Δɽ·ͨɼҟͳΔ֨ࢠ෯Λ༻͍ͨ৔߹Ͱ

ͷਁਫͷ͕޿Γ͕ҟͳͬͨͨΊɼ֨ࢠ෯ʹԠͨ͡ఈ໘

ૈ౓ͷݕ౼͕ඞཁͰ͋Δɽ

ͰఏҊ͞Εͨωهਫ൙ཞϦεΫධՁʹ͍ͭͯɼ্ߑ

εςΟϯάࢉܭʹΑͬͯɼΑΓৄࡉͳਁਫ৘ใ͕ಘΒ

Εɼॅ୐஍ʹ͓͚ΔਁਫϦεΫධՁΛ͜͏ߦͱ͕Ͱ͖

ͨɽ·ͨɼৄࡉͳྲྀگΛ೺Ѳ͢Δ͜ͱʹΑΓɼϘʔτʹ

ΑΔආ೉ʹ͓͚Δݥةͳ৔ॴͷ৘ใఏ͕ڙՄೳʹͳͬ

ͨɽޙࠓͷ՝୊͸ɼݱ஍ௐࠪΛ௨ͯ͠ɼॅຽͷੜ༷׆

ࣜ΍ආ೉ํ๏ɼݱঢ়ͷ๷ࡂରࡦΛ֬ೝ͠ɼ૝ఆ͠ಘΔ

ϦεΫΛϦετΞοϓ͢Δ͜ͱͰ͋Δɽ

ँࣙ

ɹຊڀݚ͸஍نٿ໛՝୊ରԠࡍࠃՊֶٕज़ۀࣄྗڠ

(SATREPS) (୅දऀڀݚ: த઒Ұ) ͷࢧԉΛड͚·ͨ͠ɽ
·ͨɼόϯάϥσγϡͰͷݱ஍ௐࠪͰ͸όϯάϥσγϡ

ՊେֶͷMunsur޻ Rahmanڭतʹ͝ྗڠΛ͍͖ͨͩ·
ͨ͠ɽँͯ͠هҙΛද͠·͢ɽ
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