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A7 #&5 a1 9ok AE7 713 39 d (Intergovernmental Panel on Climate Change, IPCC)2] 3%}
71FWslel] #ek HrE HaA(IPCC, 2001)00A Ak A7) &<t AAF+ Ht 7122 oF 06 C 53
o 21A 7)o AA T Hi 7] AFEL 14-58TC7F 2 Ao Adalgth HEe HEAgEd wE
W $gvEhe A 100d(1912-2008) 183 712 1.7 C dsstda A35HE 19% S/t
2 BEAE, 2009). 2000 k= A 7128 1990 d el Hlske] 02 C AEstdtth =@ A
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A0 7IF¥s md APES T3 vy W Ao w 214 7]12(2079-21001) > 2041 71 2(1979-2000
Well Hlgl @Rt A7 4C S7hstaL, AT 17% 718 Aoz o4t & =wolA
= Ao 712 Ae dFe nFZe Bokn Ag2dse A

S

Z1FWEE 7 el MY 2 d9dFE = Q
SITHIPCC WGL 2001). sl o] A d3&F& v
AE EAretin s ¥ ok AR Ak 7 AHE #
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TE Yelz dth(Japan Meteorological Agency, 2006) ageA & ‘F
afutet Srkstal S7bES Hol FEEHAAL Ytk AAR oA TVFETE gl
Al Atdl7E o 18 2% 2004 AE3 4R Q% Igarashlﬂ-J AWET AL2E HoFh GA
Zﬂ Woe R Qlete] Be 4 AEol AYUA FAlE YA F 12 2004 Niigata torrential rainfall

A% Tt welzeh,
~1 A Gl 4 ATl W AW F5ol AFAGe) oW AAE zstAd] vt A
= g @asih w7 Fussh X}°42H6H7} A BT A3 0% A4F 4GS dod & 9

th(Yasuhara 5, 2007). el & £ ATeuse] Be A5 dol AR (D) 5 AAAN} FA 8

U ARl £ ASULG Fare xMTM HEE AQBYA A3eE dod & Joka @

A Aok 19 32 FRbAE &

|Il!|||l||[ll1|||||Il|\||||[||
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gy 1. dEe H 7§ 5 3(Japan Meteorological Agency 2006)

¥ 1. 20043 = Niigata 7|5 252 <13+ v a4

Completely destroyed house

70 (68 household)

Half destroyed house

5354 (5437 household)

Partially destroyed house

94 (94 household)

House flooded above floor board

2178 (2222 household)

House flooded below floor board

6117 (6176 household)
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’= e’ .
e
evee crashing at Igarashi rwr (2004/7/14) % b

a9 2. 20049 HFE G2 23 lgarashiZde] AW-s-3 Apa

(1) Sea-levelrise

g (2) Increased
Climate —p ﬁ‘e(lmcy and Great > Dual
change magnitude of typhoon earthquake hazards

(3) Increased amount
and intensity of ¥
rainfall

a9 3. 9 Qe ®EA%(Yasuhara %, 2007)

sete] A9 2 FRe] Aol AF WASA 2t Fokd Adow A Ao AT 2000
W 29 9Y 18A] 08% 14xol A& FLolA &R 3.09 A o] AT X zo] A A= 7%=
23% &

A AEH HAEo] £5d7E shor, iR Atge] dEs =2 5 USdHh o] AXE Sl
2010 o] 7HAR AZ Xxom, Abgo] = g = FaAxle]l AR AL 23 5ol AFel
[e)

ok obgel, 200090 Fulol Al F 608]9] A7le] Wwasigom, o F Fm 30 ol el A
AAAL 5 103 wATe] FHE o o4 ANomRE kAUt opehs Fgo] M5 Qa9
o 2B ARew dAF Wel Awd FRAAW d4R Aom deigoy ¥ o4 AVEE o)
o A=Y HAsA etk Aol 4FHL Qi Aolth HSo] AFLUsE AR HFU A
Fol AL BE AWA JFe FoE AL ke ool U Ao AFa

e

Yasuhara and Adachi(1994)2] Aol o]l A F2sbr7t v X = o
Zlegkel Wt 3) AW x| 4 55 24

o]gk AL event trees HoTrh ®2% AWHEE F ARk A wstel #AS dAS HoFErh ®2
A HE vl o] X HElE gE goduT 2% ol ¥& & 4+ A
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: : water level
: Sea level rise Relative rise
Slebsl vianios (SLR) in sea level —
<Category 1> Rise in GWL
Tidal wave change
Increased

<Category 2>

el Cl'-;ange in air Magnification
circulation of typhoon
Change in
Syt ——| Increased of geo-hazard ‘

Decrease of |Decrease in permafiost ‘
cold region

<Category 3>

Increase of = >
skl vouioh —i Magnification of desert |

Acceleration of
weathering

Rise in ground
surface temperature

<Category 4>

Increase in residual
soil area

a8 4 AFed3stE Qs Aukasha EAo #3l event tree(Yasuhara and Adachi, 1994)

Astert AN AsE9A7E Wb Au Aol AT & Adx ol W F5v HFguHe] T
229 9P o & Un WERTHE A BHA HE APAA Ao dedd 9

(Yasuhara 5, 2007). S A=A NAE Jobd AFE3E AW A @3S dosmE 53 2
o delth wekd %@ g5 vig dEstm Aw AR A Hete Aveled AU A

9@ gt AAVE Fasi
HFH Yasuhara 5(2007)9] Ao ostH &4

il Zefste] 719 bAA A
7Rt Qe MNAE Aow dHA Advk wd S s

o
=
A 727 AAH UA &

2] HAEA] & o
2 A AEATS 2Hste dHEoR ety 7z A wAlE oA 4 vk old Ag
TERES F9S A7 fF oA 7HA] o] Alggk Aol
% 2. AF2dstE gk AwkEar4 o]fp(Yasuhara and Adachi, 1994)
Category Physical event Possible concrete event
. . . Decrease in bearing capacit
(1) Sea-level rise (SLR) Decrease in effective stress § capacty

. . Collapse of soil structure
Increase in groundwater level Swelling b

Floating of structure

(GWL) Uplift force .
L Seepage failure
Increase in river-water level Seepage o
Piping
Displacement and settlement of
Change in tidal wave foundations
(2) Increased water depth g.
Wave-induced force Damage of structures
Increase of erosion
. . Prolongation of rainfall Increase in landslide and slope
(3) Change in rainfall i i . ) .
Increase in rainfall intensity failure
Thawing of frozen soil Decrease in bearing capacity
(4) Rise in ground-surface temp.|/Acceleration of weathering Increase in disasters of residual
Magnification of desert soils
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2.2 sli+=M #s0] =20 Ojxl= FE
2.21 sli=H &s g

204171 e Wskel thdh ool At AVl 2f AR oEskal vk (Cho, 2003). IPCC 3%k
BuM(IPCC WG I, 20002 o5 AIES ol&dto] 2047] A7-FE+ i F5ELS 1.072.0 mm/yr
2 g@rpskdvh. 20417] A2 ste] mE s e FE MY v Aese §F A IR,
S Wk 2 oWRe &, I ® adds B 8, d7EE Y ol 71 HIPCC WG T,
2001). Ag-2kstel wE el 3 A T AN e
A Fetar = Aot k= e wskel st T 23 2AAREE
Abgste] SR 7IA A ES BAste] A& sl WEs ] W= 2.30£2.22mm/yrel Ao ® Bl
&t

e o

|
A7 R
=

21471 sl dEe AT dste] JhEste] 7t ThEEE Ao® oS o ok A FE 3§
2 21009 1990l i) 0.0970.88 m AEetH 1 T3 #e 048 mE S FHJTH T S
Vo ® 21A17] e ASES 2041719 BlEte] 2.2744v) St AR dSFHJTHETRS ¢
2007). #gd Ase A Fwsle] 94w 7HFE Ha 9u)

IPCC-Working Group [ &l %¢] du 3 Abebsle] gal= <Qlate] 21008 7bA] sl =H o] 30cmel 4]
110cm7HA] 753 Aoleti AA ATt 183 FSES 4
ok =l s Aol ok st e FE = WEd Sk
Fee FEve ek A5 ARdlE) = E
oH(H, 1994).

2.2.2 oii+=M &s0] AIZHAILR Ojxl= S

= AT Solrh(Eds- 9. 2007). 53] At

e =T 2 Ak 5 ]

ZIMAAE g A SEo] wAE JIoRE T8 AS] VWA, dUdxER, R 5, dAckity
AF 2 AfF s 34 5) 2 Avjze] g3 ez BEX 9 AE AL spA s dled As
Aol digk B H& Fo, R¥E5 T, XA AEH EF H A s8 55 LT A
A AAC Ak AAHE dubgoz g H 7t % To] HF HiE otk AAYoRE Adtel =
Fo] AFHoz FxsFe Ak 30km ool AlAl A2 20%, 100km o] Wjol] 37%7F wE3FAL =
Aoz el gtk IPCC (1994)o] w2 A AQIF7F 539 == Aldol= AA Fv¥lo 50770%7F <A
Qtoll ATt MAL] HEAZFY FEFrE kel f1x Aol skt

o] e} Ze Ao A9 Uzt EFe AAX SR FA e} o] Agtel A7tgk S Fa o
Ao A o] thekst AE A A s BFedl o Wy Zo] vkt At fPS om AP Q)
th ooldl 7] ¥ 84e dFH Fed Atel Azt dEFgS 7AW AFdste] o g )%
wsleto] A5 28-S FaA e g Fds vH 5 g

A Hat 47 69w o] A7) wid EF ol 93 IS AAst Yo 50cmel HFH A
o] dojuw o] = 9H29 Yk i Im SFH S 19 13- 89wt oz o] X7t TS Ao
o 45 ATHIPCC WG 1, 2001). ©] FH ] A+ 43 dFE Frtstd 1 x5 @4 71 ol
(235 ¢, 2007). B2 A7 A% 4238 A 9 A5 A5 53] 1m dldW s Hgg o=
UEebar 9lth(Brown, 2001). A g $habgx] A (A A4 5)E FHSA R A4S A £
o] FES A$ 1%, UDTE= 6%, WZFetdlA]l 175%, v EE oF 80%°l E3lm FHwk Meo] Fwlo]
AFAE KAk 3t AAY &Y & It A= A FE7F F449 7FsAd o] Atk (Brown, 2001).

aL
oot A 2FLQONS AT BEW AW G5 AP ALRA HFE G5l BE W
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Influences on river embankments and riverbanks
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Sea water
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ea-level rising at estuary of rivers

Expansion of brackish-region in rivers
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Aol o5t Ashsrt Asetel 7% webA ol=W (1) FHOE A% AEAW swelling A4
@ AAY & 3) AW AW ¥ FAZ A% 5P F7b ol WAL A5 Fk w7

7}Y &2 Yasuhara 5 (2003)°] AAIS] AlE AL A4 Ao wE ARFH A4,
stk Al 2 Ndst T

71%9 A3 | B3 A ZsHAY 25 Aol wad JE ARkt
APEE ARbI A A X H Farh FEHHL Astedeh 7l 2AEE dojol wEt 7] i AAY i

Ground surface
B FARNSAN

Foundation

_ Eﬁﬂ_ﬂ_ﬂuu | Frictional force |
RN

18—
I 0 i ﬂtl-lw

/__,

B
]

a7 7. 08 MH sl A Astrd] S xRS Ak Sk wE 22 VE AF
R 2 % (Murakami et al., 2005)

71e18}aL o] Z=9(retreat), #-3-(accommodate) o}U™ H 3 (protect)e} 2 ¢ Ao #A3 AAHS
Aoz of7| Al ZItk(Barth and Titus, 1984). B& AFAREL 7|FHele] Axtz I3 dAto] ¢
S HIWsE] A Aojgtar AAFsEATE AlAl 715 Al~'le U BEA olslst el ofEwo] il AlA
ArHS BES = dAY A" T8 79 WstE gAEA Ko v sl s dek 24,
Al71, A7)ol #ste] st B8] dolglth Aolu IS Atald A Eolxl S
& 23 A AA wiFE Helete] B2 dE, $H9dA S HaEE Frh

Azak abgdstd EA]e] dde 13 dYg ) 2 AdE Azt AJdo] FTHEel wet sied s
2e 7]FHstE ek AA Asle] FEiv g AF Furel glok A EAS vie} 2ol AE e
dd AZgAEE e, dvt F2E U 2 oA JEgS Fa ekt s AgkFel =9
Fee FA Mg oA st 2R, AE E wduiAd FJME = 5 dok sFHY A5 UF
Hslo] AN e vhdsta FFAEA T 1ol gigk A g0 Bagk Ao i g7 gl

AT dste) sl dsol o Ay AR Aol AsrR Y EY Ve s Ad ey bk
Eo] At FAAA A4 Hdes dodls B4 S A4 & o} Fehd gk
B3 A obz 3 Fol dtH(Yasuhara 5, 2007). =8 X<l #HE o= Ak Ao o3 A H
Al et Azl AAA Mt Astro] Ao HFALd g HA FHsrr Advk of# E3S
ARSI AL EAbT A A s mE d-§& HSHeEes BoFEn
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sl 4

23]
w
of»

o= Qg e uinlgt )&} A-§ HF(Yasuhara 5, 2007)

Traditional or

. Innovative measures
conventional measures

Revetment .
. Gabion
. Groin
Developing . Concrete wall
. Revetment and groin .

countries . Ground improvement

Planting mangrove .
Geosynthetics

Natural geosynthetics such as jute

Against single hazard
* Installation of piles
e Lowering groundwater level (GWL)
e Upgrading embankment (e.g., superdykes)
* Ground improvement
-Improvement of density
-Adding drainage system
-Adding chemical material

Developed -Utilization of carbon oxide
i Concrete wall )
countries * Ground reinforcement
-Geosynthetics

-Geosynthetics with cement or quicklime
Against dual hazard
* Lowering GWL
* Piles for mitigation of liquefaction
* Cement treatment
 Gravel drain, particularly using recycled

materials

A9 Aol o3 AW A (and subsidence)o] WE hEHo 7= X4 Al A(groundwater
abstraction)®] A|gto] 7hg B\ A olal FaFH Fdolal AL EA el WAt WAE st wigAlA

B A7 AR A ggade] 2 & Quh B3 FxREo] BRAdS W] st ot A
dS #Hlste] WA = 3 Ak A7 (ground abstraction)®= AstrEREI AdSE2EY T
A4S =9 F Advk. 28y A=A A(ground abstraction):= A ¥FA Z (land subsidence)S Z#| & 4
ornz A E FoAUA #AFEs FHALY ANbAF(and subsedence)s BT FY & A=
Ao At E A 287t dth(Yasuhara &5, 2007). AkAZA o2 IS = AX o 2 A<tk

A Fo| A= A% (adaptation)ol] ERE Fo71 Q3
ey s 7lEHste] FAA g WsAolal BEAsith sk RE o]o] gk A-§¥ ffgol
dasitts Ao 9Alo] gt A S (adaptation)o]ldtE MES WHEd Ao =235t Aolghd, g
(response)°l b= 7Md-& WstE Aol st oletar Hojgttt webx AdE oWetil tiAste
] 2 7|FRse] wep dAsE Alde] disiAe s8ske A AdEte S

e 2}9401]/\ i
e Wgel del Bast

4. LiR| J|=Wste| CiSHEr I SF Bl

dEANAE AT A A4 (beforehand countermeasures)l = & st A3 2FA Aj 8] B X
= B7FsslER AsiA gl AT (aftercare) = 5 2.3k %] -3-(adaptations)@} -3 (countermeasures)
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b3k ot (Komine, 2008). L@ 8ol A4 H& ulel Zo] 2004 Niigata Chuetsu A 22
A7 Eo] HAES & 5 Ak AGA g2 HaEE dAAG #H7ES xel UYERWSA

713 8. Houses damaged by 2004 Niigata Chuetsu A2 22 313E 4L 712417 (Komine, 208)

¥ 5 2004 Niigata Chuetsu A ¥ o2 1%+ 3] &) Al (Komine, 2008)

A2t 65
H2d A 4795
7hse] ghd 9 3175
Jpe o] HEA whas 2165
A& & 40343

a9 9t dEoA AdArE B8] F& dF HolFErh 20049 Niigata Chuetsu Ao QA A
7)1 E2 = Al (debris barrier) S %393 o= A& AlE#E]e] HS (adaptation)T S
A (countermeasures)?] =& oz s}

} 4 (Komine, 2008)

s TH7N2ALE FH T
o glew, 7 %“—ﬂ-t* %iﬂk ’ﬁe—:’.—% 7o]'§]r3]'5—7- SAVFA S A, 45U sy 5 71l
Hestr] Al Ade 7Ierla Ao FAHeR, $HE deE A% T8 37 ob (7] §-HEkasl
71 FAstg - A8 - F A, I HstgsheE FAHcE ARAde] Vi s FEEAgE 7Y
<ol e, o] & Al#er|d A WHOoR Vs A rEHo] e Sl Ao

- 904 -




A Ad 20089 69 V1FWaANSHE AMste] FRAA S FU B ol THFol
W, i EsL g A A e

2 g

Aew gool UE 9% 2 anE oeae e
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